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Preface

Purpose of this book

We envision this book serving as a comprehensive review for 
dermatology residents and practicing dermatologists. We 
hope that the book is used not only in the United States, but 
all over the world.

How the book should be used

The book can be used in many ways:

• As a resource for practicing dermatologists 
preparing for recertification examinations or  
simply as a quick reference

• As a resource for dermatology residents preparing for 
board examinations, in-service examinations, or simply 
as a quick reference (it could even be used throughout 
residency as a place to compile notes and facts learned 
from reading textbooks and journal articles, much the 
way First Aid© was used during medical school)

How the book should NOT be used

There is NO substitution for reading textbooks and journal 
articles during residency. This book should serve as a review 
or a syllabus of dermatology, but should not take the place 
of textbooks and original literature. Many great resources to 

truly learn dermatology exist – our favorites are Dermatology 
(commonly referred to as Bolognia), Andrews’ Diseases of the 

Skin, Comprehensive Dermatologic Drug Therapy (commonly 
referred to as Wolverton), The Requisites in Dermatology Series 
(particularly dermatopathology and dermatologic surgery), 
Practical Dermatopathology (commonly referred to as Rapini), 
and Hurwitz Clinical Pediatric Dermatology.

Other information

Please remember that space was limited for this book, as it is 
for all books – we had to make important choices to leave 
certain information out of the book.

We are extremely grateful to the authors and editors of the 
textbooks listed above, as well as those of McKee’s Pathology of 

the Skin and Weedon’s Skin Pathology, as nearly all of the figures 
came from these resources.

Despite reading and re-reading this text many times, we 
imagine that some errors may have snuck by (particularly as 
this is our first edition). We encourage you to email us at 
reviewofdermatology@gmail.com with any errors or sugges-
tions so we can correct these for our second edition. Please 
also email us if you have ideas to improve the book or would 
like to contribute to future editions.
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Basic Science
Adnan Mir and Rahul Chavan

1 
CONTENTS LIST

1.1 STRUCTURE AND FUNCTION OF THE SKIN
1.2 EMBRYOLOGY
1.3 WOUND HEALING
1.4 GENETICS
1.5 LABORATORY TECHNIQUES AND MOLECULAR BIOLOGY
1.6 ULTRAVIOLET LIGHT
1.7 IMMUNOLOGY

1.7.1 INNATE VS ADAPTIVE IMMUNITY
1.7.2 IMMUNOLOGIC MEDIATORS
1.7.3 COMPLEMENT PATHWAYS
1.7.4 CELLS OF SIGNIFICANCE
1.7.5 MAJOR HISTOCOMPATIBILITY COMPLEX

1.1 STRUCTURE AND FUNCTION OF 

THE SKIN

• Functions: interfaces with environment, collects sensory 
data, protects against infection and chemical penetration, 
temperature regulation, water retention, and excretion of 
drugs/waste

• Comprised of three layers: epidermis, dermis, and 
subcutis
■ Epidermis

○ Squamous epithelium comprised of keratinocytes 
connected by desmosomes, adherens junctions, 
tight junctions, and gap junctions (see Table 1-1)
 Intercellular junctions

 Desmosomes: primary keratinocyte 
intercellular junction
 Provide structure and integrity to the 

epidermis by anchoring/attaching to 
keratins

 Consist of desmoplakin (cytoplasmic), 
plakophilin (cytoplasmic), plakoglobin 
(cytoplasmic), desmocollin 1/2/3 
(transmembrane), and desmoglein 1/3 
(transmembrane)

 Desmocollin, desmoglein, and other 
cadherins are calcium-dependent

 Adherens junctions: also mediate tight 
intercellular binding (Fig. 1-1)
 Anchor/attach to actin filaments

 Consist of α-catenin (cytoplasmic), 
β-catenin (cytoplasmic), plakoglobin 
(cytoplasmic), and classic cadherins (E and 
P; transmembrane)

 Tight junctions: composed of claudins and 
occludins; form tight seal against water loss 
in granular layer

 Gap junctions: facilitate intercellular 
communication; composed of connexons 
(tubular channels composed of six connexins)

○ Cells originate in the cuboidal basal layer and 
flatten out as they ascend to the surface – four to 
five layers/strata (deep to superficial): stratum 

basale, s. spinosum, s. granulosum, s. lucidum 
(only on palmoplantar surfaces), and s. corneum

○ Stratum basale: mitotically active cuboidal cells 
from which the upper layers of the epidermis are 
derived
 Attached to dermis by hemidesmosomes
 Keratins 5 and 14 produced here

 Cellular proliferation stimulated by various 
factors, including trauma and UV (↑ornithine 

decarboxylase expression is associated with 
(a/w) proliferative states)
 Ornithine decarboxylase is inhibited by 

corticosteroids, retinoids, and vitamin D3
 10% of cells in the basal layer are stem cells, 

which give rise to other stem cells and 
transient amplifying cells that can still replicate, 
but only for a few cycles, until they reach a 
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which contain profilaggrin (converted to filaggrin 
at junction of stratum granulosum and stratum 
corneum), loricrin, keratin intermediate filaments, 
and involucrin
 Cells begin to lose nuclei, but keep overall 

structure
 Cornified cell envelope production primarily 

takes place in the granular layer (Fig. 1-2)
 Cross-linked protein and lipid structure 

encased in extracellular lipids forming a 
strong polymer that eventually replaces the 
plasma membrane
 Process starts with envoplakin, periplakin, 

and involucrin scaffolding along the inner 
cell membrane (which is eventually replaced 
by ceramides from lamellar granules)

 Further reinforcement by cross-linking 
loricrin (#1 component of cornified 

envelope, first appears in granular layer; 
mutated in Vohwinkel syndrome variant 
lacking deafness), small proline-rich 
proteins, keratin, and filaggrin

 Cross-linking occurs via 

transglutaminase I ➔ γ-glutamyl lysine 
isopeptide bonds (Boards factoids: TG-1 
is mutated in lamellar ichthyosis; TG-3 is 
antigenic target in dermatitis 
herpetiformis)

 Other components include envoplakin 
(helps connect desmosomes to cornified 
envelope), periplakin, elafin, and others

 Outer surface of the cornified envelope is 
ultimately surrounded by lipids (primarily 
ceramide) = cornified lipid envelope

terminal differentiation phase, where they move 
upwards and eventually desquamate

 Transit time from basal layer to stratum 
corneum = 14 days; transit through the stratum 
corneum/desquamation = 14 days (total = 28 

days from basal layer to desquamation)

○ Stratum spinosum: named for the "spiny" 
appearance of intercellular desmosomal 
connections on microscopy
 Contain multiple types of intercellular junctions
 Keratins 1 and 10 made here
 Terminal keratinocyte differentiation 2° to 

↑intracellular calcium in suprabasal epidermis
 Odland bodies (lamellar granules) are produced 

by Golgi bodies in spinous layer
 Primarily contain ceramide (most important 

lipid involved in epidermal barrier function; 
the most prevalent/important lipid in the 
stratum spinosum), along with glycoproteins, 
glycolipids, and phospholipids

 Are specialized lysosomes that exert most of 
their action in the stratum corneum, by 
discharging ceramides and other lipids to the 
extracellular space of the junction between 
the stratum granulosum and stratum 
corneum ➔ ceramides help form the 

cornified cell envelope (see below), and 
eventually replace the cell membrane

 Flegel’s disease and Harlequin ichthyosis are 
2° to ↓lamellar granules

 X-linked ichthyosis occurs due to absent 
steroid sulfatase in lamellar granules

○ Stratum granulosum: flattened cells with 
prominent basophilic keratohyaline granules, 

Table 1-1. Intercellular Junction Proteins

Protein Protein Family Junction Type Disease State

Desmoglein 1 Cadherin Desmosome Autoimmune: pemphigus foliaceus, PNP, PV (mucocutaneous form), 

IgA pemphigus (intraepidermal neutrophilic type)

Inherited: striate PPK

Infectious: bullous impetigo and SSSS

Desmoglein 3 Cadherin Desmosome Pemphigus vulgaris (mucosal-predominant and mucocutaneous 

forms), PNP, IgA pemphigus (intraepidermal neutrophilic type)

Desmoglein 4 Cadherin Desmosome Monilethrix (autosomal recessive form), autosomal recessive 

hypotrichosis

Desmocollin 1 Cadherin Desmosome IgA pemphigus (SPD type)

Desmocollin 2 Cadherin Desmosome Carvajal-like phenotype in one family

Desmocollin 3 Cadherin Desmosome Hypotrichosis

Plakoglobin Armadillo (catenin) Desmosome and Adherens Naxos syndrome

Plakophilin Armadillo Desmosome Ectodermal dysplasia with skin fragility

Desmoplakin Plakin Desmosome Carvajal syndrome

E-Cadherin Cadherin Adherens Somatic mutations in many neoplasms

β-Catenin Armadillo Adherens Somatic mutations in many neoplasms, including pilomatricomas; 

also may be seen in myotonic dystrophy and Rubenstein-Taybi

Connexin 26 (GJB2) Connexin Gap Vohwinkel syndrome, KID syndrome, Bart-Pumphrey syndrome, 

PPK with deafness; also common in nonsyndromic deafness!

Connexin 30 (GJB6) Connexin Gap Hidrotic ectodermal dysplasia

Connexin 30.3 

(GJB 4)

Connexin Gap Erythrokeratoderma variabilis

Connexin 31 (GJB 3) Connexin Gap Erythrokeratoderma variabilis
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Figure 1-2. Formation of the cornified cell envelope (CE). Terminal differentiation of keratinocytes is triggered by an increase in the intracellular Ca2+ concentration of the 

suprabasal epidermis. CE assembly is initiated in the upper spinous layer via formation of a cross-linked scaffold composed of envoplakin, periplakin, and involucrin along 

the inner surface of the cell membrane (1). This is followed by (or perhaps coincident with) extrusion of lamellar granules into the extracellular space (2). Specialized 

ω-hydroxyceramides are delivered to, and eventually replace, the cell membrane, where they become linked to scaffold proteins. Reinforcement occurs via cross-linking and 

translocation to the cell periphery of loricrin (accounts for >80% of the mass of the CE) and small proline-rich proteins (SPRs) (3). Complexes of keratin and filaggrin also 

become cross-linked to the CE. In addition, proteases play important roles in processing of CE proteins and the proteolysis of corneodesmosomes that is required for 

desquamation. A mature and terminally differentiated cornified cell thus consists of keratin filaments covalently attached to the CE, which is composed of protein and lipid 

envelope components and is imbedded in the extracellular lipid lamellae. Defects in transglutaminases, lipid metabolism, CE structural proteins, and proteases leads to a 

variety of diseases characterized by ichthyosis and/or keratoderma (1–3). CHILD, congenital hemidysplasia with ichthyosiform erythroderma and limb defects; LI, lamellar 

ichthyosis; CIE, congenital ichthyosiform erythroderma. (Courtesy, Julie V Schaffer, MD) (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012) 
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melanosomes) or eumelanin (black/
brown; made by elliptical melanosomes)

 Melanosomes are transported along 
dendritic processes and transferred to 
keratinocytes through phagocytosis of 
dendrite tips

 Racial variation in pigmentation: identical 
melanocyte density in dark and light 
skinned individuals; melanosomes in 

darker skinned individuals are larger, 

darker (↑melanin), more stable, and are 

transferred individually (vs smaller, lighter, 
less stable, and clustered melanosomes in 
lighter skin)

 Melanin production is stimulated by 
melanocyte-stimulating hormone (MSH) 
and ACTH activity on MC1-R on 
melanocytes; also stimulated through 
various pathways induced by UV radiation

 MC1-R loss of function mutations ➔ 
↑pheomelanin:eumelanin ratio (phenotype 
= red hair/fair skin, ↑risk of melanoma)

 Melanin absorbs UV ➔ protects against 
UV-induced mutations

 UV exposure ➔ immediate tanning (from 
oxidation of existing melanin) and delayed 
tanning (requires new melanin synthesis)

 Other high-yield examination facts:
 Defects in enzymes required to convert 

tyrosine to melanin ➔ oculocutaneous 

albinism; OCA1 (Tyrosinase), OCA2 (P 

gene), OCA3 (TRP-1)
 Defects in packaging of melanosome-specific 

proteins ➔ Hermansky-Pudlak syndrome 
(HPS1 > HPS3 > other gene mutations)

 Defects in lysosome and melanosome 
trafficking to dendrites ➔ Griscelli 
(MYO5A, RAB27A, and MLPH mutations) 
and Chédiak-Higashi syndrome (LYST 
mutations)

 Langerhans cells (LCs): major antigen 
presenting cells (APC) of the skin
 Dendritic histiocytes characterized by 

reniform (kidney shaped) nuclei, and tennis 
racket-shaped Birbeck granules seen on 
electron microscopy

 Interact with keratinocytes via E-cadherin
 Positive immunostains: CD207 (langerin; 

most sensitive IHC stain; specific for Birbeck 
granules), CD1a, S100, CD34, vimentin, and 
actin

 Originate from CD34+ progenitor cells in 
bone marrow like other monocytes/
macrophages

 Found mainly in stratum spinosum, where it 
first encounters and processes antigens, and 
subsequently migrates to the lymph nodes 
to activate T-cells

 Downregulated in skin after UV exposure ➔ 
↓immune surveillance

 See p. 24 for further discussion of function

 Ultimately provides strong water-

impermeable outer barrier

○ Stratum corneum: outermost layer, which serves as 
a mechanical barrier between the epidermis and 
the environment
 Composed primarily of protein-rich corneocytes 

(“bricks”; contain NO nuclei; keratin filaments 
attached to cornified envelope) embedded in a 
lipid matrix (“mortar,” cornified lipid envelope)

 Serves as a barrier to water loss (conditions that 
perturb the skin ➔ ↑transepidermal water loss) 
and toxins/infectious agents

○ Epidermal cells of importance
 Keratinocytes are the primary cells of the 

epidermis and produce proteins (e.g., keratin 
filaments) and lipids important for barrier 
function
 Keratins: intermediate filaments that comprise 

the primary cytoskeleton of the epidermis  
(see Table 1-3)
 Type I keratins: low-MW; acidic; K9-28, 

K31-40 (hair keratins); chromosome 17

 Type II keratins: high-MW; basic; K1-8, 
K81-86 (hair keratins); chromosome 12

 Basic structure is an α-helical rod domain 
(consisting of heptad amino acid repeats) 
divided into four segments (1A, 1B, 2A, 
and 2B) that are interrupted by three 
nonhelical segments (“linkers”)

 Functional unit consists of heterodimers 

of type I and type II filaments that form 
tetramers and ultimately filaments

 Anchored to plasma membrane by 
desmosomes

 40–70 kD
 Keratinocytes produce IL-1, IL-6, IL-8, IL-10, 

IL-12, and TNF-α, among others
 Keratinocytes respond to IL-2, IL-4, IL-13, 

IL-22, and TNF-α, among others
 Melanocytes

 Neural crest-derived melanin-producing 
dendritic cells found in the stratum basale 
(≈1 : 10 ratio with keratinocytes, when viewed 
in 2-dimensional plane)
 c-kit activation is needed for melanocyte 

development/migration; piebaldism 
occurs as a result of c-kit loss ➔ impaired 
melanocyte migration and proliferation; 
c-kit mutations are a/w mucosal and acral 
melanoma

 Each melanocyte interfaces with 36 

keratinocytes when analyzed three-
dimensionally (epidermal melanin unit)

 Melanin is produced in melanosomes 
(lysosome-type organelles) from its precursor, 
tyrosine, through a multistep enzymatic 
process involving tyrosinase (copper-

dependent enzyme)
 Tyrosine ➔ (tyrosinase-dependent step) DOPA 
➔ (tyrosinase-dependent step) DOPAquinone ➔ 
pheomelanin (yellow/red; made by round 
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the thin filaments result in an electron-lucent 
region; is the weakest portion of BMZ ➔ is zone 
of separation in salt-split skin and also in 
suction blisters

 Lamina densa: anchoring filaments attach to type 

IV collagen (#1 component) and other proteins 
(laminin 332, laminin 331, and nidogen) in the 
lamina densa ➔ results in attachment between 
basal keratinocyte and lamina densa

 Sublamina densa: loops of type VII collagen 

(anchoring fibrils) arise from the underside of 
lamina densa, extend down into the dermis, 
hooking around dermal type I and III collagen 

fibers, and then loop back up to reattach to 
lamina densa (or anchoring plaques in dermis) 
➔ firmly anchors the lamina densa (and all 
aforementioned structures) to the papillary 
dermis

○ BMZ also functions as a permeability barrier: 
heparan sulfate proteoglycan (negatively charged) 
in lamina densa is a major contributor

■ Dermis

○ Located below the epidermis, derived from 
mesoderm, and divided into papillary dermis 
(superficial) and reticular dermis (deep)

○ Cells of significance
 Fibroblasts-create extracellular matrix and are 

involved in wound healing

 Merkel cells: slow-adapting mechanoreceptors 
found in fingertips, lips, oral cavity, and hair 
follicle ORS
 Found in stratum basale; communicate with 

neurons
 CK20+ in perinuclear dot pattern sensitive/

specific for Merkel cells; also (+) for 
neurofilaments, S100, synaptophysin, 
chromogranin A, vasoactive intestinal 
peptide, neuron-specific enolase, and 
calcitonin gene-related peptide

■ Basement membrane zone (BMZ) (Fig. 1-3 and see 
Table 1-2)

○ Semipermeable barrier between epidermis and 
dermis that also serves to adhere basal 
keratinocytes to the underlying dermis

○ Key steps within each location:
 Basal keratinocyte/hemidesmosome: intracellular 

keratin filaments (K5 and K14) attach to 
electron-dense hemidesmosomal plaques 
(plectin and BPAG1 [BP230]) on the basal 
plasma membrane ➔ hemidesmosomal plaque 
proteins bind to intracellular portions of the 
anchoring filaments (BPAG2 and α6β4 integrin) 

 Lamina lucida: extracellular portion of 
anchoring filaments (BPAG2, α6β4 integrin, 
and laminin 332) extend from the 
hemidesmosome down to the lamina densa;  

Figure 1-3. Interactions of selected molecules within the epidermal 

basement membrane. These interactions promote epidermal adhe-

sion and also play a key role in a number of dermatologic diseases. 

Important molecular interactions include those between: (1) plakin 

family members, BPAG1 and plectin, with keratin intermediate fila-

ments; (2) the former with BPAG2 and integrin α6β4 (specifically the 

large cytoplasmic domain of integrin subunit β4); (3) the cytoplasmic 

domains of BPAG2 and integrin subunit β4; (4) the extracellular 

domains of BPAG2 and integrin subunit α6 as well as laminin 332 

(formerly laminin 5); (5) integrin α6β4 in hemidesmosomes and laminin 

332 in the lamina densa; (6) laminin 332 and type VII collagen; (7) 

type VII collagen with type IV collagen, fibronectin, and type I col-

lagen in the sublamina densa region. (From Bolognia JL, Jorizzo JL, 

Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

INTERACTIONS OF SELECTED MOLECULES WITHIN THE
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Table 1-2. Basement Membrane Zone Proteins

Protein Site Source Family Function Disease State

BPAg1

(230 kD)

Hemidesmosome/

keratinocyte

Keratinocyte Plakin Binds keratins and integrins; intracellular/

part of attachment plaque

BP, EB simplex

BPAg2

(180 kD)

Hemidesmosome/ 

keratinocyte ➔ lamina 

lucida

Amino terminus is 

intracellular and carboxy 

terminus is extracellular

–NC16A domain is closer 

to amino terminus but is 

extracellular

Keratinocyte Collagen (XVII) Transmembrane protein and one of the 

anchoring filaments; interacts with 

BPAg1, laminin 5, β4 integrin, and 

plectin

N16A Terminus: BP, 

pemphigoid gestationis, 

linear IgA bullous disease

Carboxy Terminus: Cicatricial 

pemphigoid

α6β4 Integrin Hemidesmosome/ 

keratinocyte ➔ lamina 

lucida

Keratinocyte Integrin Interacts with keratins, laminin 5, plectin, 

BPAg1, BPAg2; part of the anchoring 

filaments

Ocular cicatricial pemphigoid 

(antibodies to β4), EB with 

pyloric atresia (85%)

Laminin 332 

(laminin 5, 

epiligrin)

Lamina lucida ➔ Lamina 

densa

Keratinocyte Laminin Connects other anchoring filaments 

(BPAg2 and α6β4 integrin) to collagen 

VII; part of the anchoring filaments

Antiepiligrin pemphigoid 

(a/w malignancy), JEB-

Herlitz

Plectin Hemidesmosome Keratinocyte Plakin Binds keratins and integrins; intracellular/

part of attachment plaque

EB with muscular 

dystrophy, EB with pyloric 

atresia (15%)

Nidogen 

(entactin)

Lamina densa Unclear Nidogen Adaptor between laminin 1 and collagen 

IV in lamina densa; stabilizes proteins of 

lamina densa

Collagen IV Lamina densa Unclear Collagen Anchors laminins in lamina densa ➔ 

structural support; also a component of 

anchoring plaques in dermis, which 

attach collagen VII to collagen I and III

Goodpasture disease, Alport 

syndrome

Collagen VII Sublamina densa Fibroblasts Collagen Major component of anchoring fibrils Dystrophic EB, bullous 

lupus, EB acquisita

Heparan 

sulfate 

proteoglycan

Lamina densa Fibroblasts Proteoglycans Contribute to matrix of and give an 

overall negative charge (creating a 

permeability barrier) to the basement 

membrane

 Mononuclear phagocytes – discussed on p. 23
 Mast cells – discussed on p. 23
 Glomus cells – specialized smooth muscle cells 

derived from Sucquet-Hoyer canals, which 
allow for blood shunting from arterioles to 
venules (bypassing capillaries); found mainly in 
the palms/soles

 Overproduction ➔ glomus tumor (favors 
acral sites because of ↑glomus cell density)

 Dermal dendritic cells – bone marrow-derived 
APC that resides within dermis; highly 

phagocytic

○ Extracellular matrix (ECM)
 Provides structure and support to the dermis; 

essential for water retention and for signal 
transduction

 Synthesized by dermal fibroblasts
 Composed of collagens, elastin, fibrillins, 

fibulins, integrins, laminins, glycoproteins, and 
proteoglycans
 Collagens are triple helices formed by 

amino acid chains where every third residue 
is glycine (Gly-X-Y), with a high likelihood 
of proline and hydroxyproline/

hydroxylysine in the X and Y positions, 
respectively

 Accounts for 75% of dry weight of the 
skin; #1 component of the dermis

 Collagen I is the primary collagen (85%) 
of the ECM; type III (10%; important and 
prevalent in blood vessels, fetal skin, GI 
tract, new scars, and keloids) and V are 
also present

 Lysyl hydroxylase and proline hydroxylase 
catalyze crosslinking of collagen;  
vitamin C-dependent process (deficiency 
➔ scurvy)

 Defects in collagen and/or collagen 
cross-linking result in most forms of 
Ehlers-Danlos syndrome: COL1A1/2 (EDS 
arthrochalasia type, and osteogenesis 
imperfecta); COL3A1 (EDS vascular type); 
COL5A1/2 (classical EDS); Lysyl 
hydroxylase/PLOD1 gene (EDS 
kyphoscoliosis type)

 Matrix metalloproteinases degrade collagen
 Retinoids ➔ ↑collagen production
 Corticosteroids and UV ➔ ↓collagen 

production
 Elastic fibers provide resilience from 

stretching and modulate TGF-β and BMP 
signaling
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(Buschke-Ollendorf syndrome; defect 
results in increased desmosine); ABCC6 
mutation (Pseudoxanthoma elasticum; 
mutation results in fragmentation and 
calcification of elastic fibers)

 Elaunin fibers run horizontal/parallel in 
reticular dermis and oxytalan fibers run 
vertical/perpendicular to DEJ in papillary 
dermis; mnemonic: “stand (= vertical) 
up-high (= high in dermis) with OXYgen 
(= OXYtalan)”

 UV radiation ➔ damage of elastic fibers

 Account for 4% of dry skin weight
 90% elastin (core) and 10% fibrillin 

(surrounds elastin); elastin contains high 
levels of desmosine and isodesmosine ➔ 
these crosslink with fibrillin via lysyl 

oxidase (copper necessary for function)

 Notable defects in elastic tissue: Fibrillin 1 
mutation (Marfan’s syndrome); Fibrillin 2 
mutation (Congenital contractural 
arachnodactyly); Fibulin 5 (Cutis laxa; 
gene defect results in decreased 
desmosine); LEMD3 mutation 

Table 1-3. Protein Components of the Epidermis (Including Nonepidermal Keratins)

Protein Site of Synthesis Function Disease State

Keratin 1 Suprabasal keratinocytes 

(produced in spinous layer)

Primary keratinocyte cytoskeleton Epidermolytic ichthyosis (preferred new 

name for EHK), epidermolytic and 

nonepidermolytic (Unna-Thost) PPK, 

ichthyosis hystrix of Curth-Macklin*

Keratin 2 Granular layer Superficial epidermolytic ichthyosis 

(Siemens)

Keratin 3 Cornea Meesmann’s corneal dystrophy

Keratin 4 Mucosal epithelium White sponge nevus

Keratin 5 Basal keratinocytes EBS, Dowling-Degos disease*

Keratin 6a Outer root sheath of hair Pachyonychia congenita I*

Keratin 6b Nail bed epithelium Pachyonychia congenita II

Keratin 9 Palmoplantar suprabasal 

keratinocytes

Vorner (epidermolytic) PPK

Keratin 10 Suprabasal keratinocytes 

(produced in spinous layer)

Epidermolytic ichthyosis*

Keratin 11 Granular layer

Keratin 12 Cornea Meesmann’s corneal dystrophy

Keratin 13 Mucosal epithelium White sponge nevus

Keratin 14 Basal keratinocytes EBS, Naegeli-Franceschetti-

Jadassohn syndrome, dermatopathia 

pigmentosa reticularis

Keratin 16 Outer root sheath of hair Pachyonychia congenita I*

Keratin 17 Nail bed epithelium Pachyonychia congenita II, 

steatocystoma multiplex

Keratin 19 Stem cells of basal layer

Keratin 71, 73, 74 Hair inner root sheath Wooly hair

Keratin 32, 35, 82, 85 Hair cuticle

Keratin 17, 33, 34, 

36, 37, 75, 81

Hair medulla Pseudofolliculitis barbae

Keratins 31–38, 81, 

83, 85, 86

Hair cortex Monilethrix (KRT81, KRT83, KRT86 

most commonly; also DSG4)

Filaggrin/profilaggrin Granular layer Aggregates keratin, flattening granular layer 

cells. Degraded in the stratum corneum into 

urocanic acid and pyrrolidone carboxylic acid, 

which help block/absorb UV radiation.

Urocanic acid is also a component of natural 

moisturization factor – helps keep stratum 

corneum hydrated/moist

Ichthyosis vulgaris, atopic dermatitis

Loricrin Granular layer Most abundant component of cornified 

cell envelope. Cross-linked to involucrin by 

transglutaminase 1**.

Vohwinkel syndrome with ichthyosis 

(NO deafness)

Decreased in psoriasis

Involucrin Granular layer Component of cornified cell envelope. Proteins 

are cross-linked together by transglutaminase 

1 ➔ strong border

Increased in psoriasis

*In psoriasis and other hyperproliferative states, keratin 6 and 16 are upregulated and keratin 1 and 10 are downregulated

**Transglutaminase 1 mutations ➔ lamellar ichthyosis and NBCIE
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 All aforementioned fibers are set in a matrix of 
proteoglycans and glycosaminoglycans (GAGs) 
that retain large quantities of water (up to 
1000× their volume!) = ground substance
 Most important GAGs = hyaluronic acid, 

chondroitin sulfate, dermatan sulfate, and 
heparan sulfate

 GAGs are broken down by lysosomal 
hydrolases

○ Cutaneous vasculature
 Cutaneous vasculature important for metabolic 

support of the skin and maintenance of body 
temperature

 Two vascular plexuses: superficial (➔ vessels of 
the reticular dermis) and deep (➔ follicles, 
glands)

 VEGF is the primary mediator of vasculogenesis

 ↑VEGF: most cancers, psoriasis, POEMS 
syndrome, and other diseases with increased 
vasculature

 Lymphatic vessels collect fluid and proteins from 
interstitium and direct it into the lymph 
circulation

 Prox1, Podoplanin (D2-40), LYVE-1, and 
VEGFR-3 are lymphatic vessel markers

○ Cutaneous neurology
 Nerves of the skin are responsible for 

detecting touch/pressure, pain, itch, and other 
sensations

 Cutaneous sensory nerves are divided into free 
nerve endings and corpuscular nerve endings 
(round/globular collection of neural and other 
cells)
 Free nerve endings

 Itch and pain: A-δ (larger; myelinated) 
and C-polymodal nociceptor afferent 
fibers (smaller; unmyelinated)

 End in the epidermis/superficial dermis
 Specialized nerve receptors (corpuscular nerve 

endings)
 Krause end bulbs: genitalia, perianal 

region, and vermillion lips; mnemonic 
“Krazy Krause ends on erotic areas”

 Meissner’s corpuscle: superficial (dermal 
papillae) mechanoreceptor of digits; 
fast adapting; suited for pressure/light 

touch

 Pacinian corpuscle: deep (deep dermis/fat) 
mechanoreceptor of palmoplantar  
skin, nipples, and genital region; fast 
adapting; suited for vibration and deeper 
pressure

 Merkel nerve ending: superficial (basal 
epidermis) mechanoreceptor most 
concentrated in fingertips, lips, and 
external genitalia; slow adapting; suited for 
pressure/touch

 Ruffini corpuscle: deep (fat) 
mechanoreceptor most concentrated 
around fingernails; slow adapting; suited 
for sustained pressure

 Innervation of cutaneous appendages:
 Adrenergic control: vascular smooth muscle, 

apocrine glands, and arrector pili contraction
 Cholinergic control: eccrine glands

■ Adnexal structures

○ Eccrine glands
 Secretory exocrine gland primarily responsible 

for thermoregulation and waste excretion
 Found on all cutaneous surfaces except: external 

auditory canal, lips, glans penis, clitoris, and 
labia minora

 Highest concentration = palms and soles
 Controlled by hypothalamus; innervated by 

postganglionic sympathetic fibers, which 
synapse with muscarinic acetylcholine 

receptors on the glands
 Isotonic sweat secreted in secretory gland ➔ 

NaCl reabsorbed in duct ➔ hypotonic sweat is 
delivered to surface
 ↑rate of sweating ➔ more isotonic solution 

(less time to reabsorb in duct)
 Maximal rate of sweating ~ 3 L/hr
 Merocrine secretion

 Components (deep to superficial): 
secretory coil (deep dermis), intradermal/ 
straight duct (eosinophilic cuticle seen on 
histology), and acrosyringium (intraepidermal 
portion; spiral duct that opens onto the skin 
surface)

 Stains for S100, keratin, and CEA

○ Apocrine glands
 Secretory exocrine glands with unclear function 

in humans, though in animals they mediate 
sexual attraction through pheromone release
 Activity begins around puberty

 Located primarily in anogenital skin, axillae, 
external ear canal, vermillion border, 
periumbilical region, eyelid margin, and breast

 Empty into follicular infundibulum 
(above sebaceous duct)

 Secretory control unclear ➔ glands 
noninnervated, but do have β-adrenergic 

receptors, which are likely stimulated by 

circulating catecholamines

 Secretory products released through decapitation 

secretion: cholesterol and cholesterol esters, 
triglycerides, squalene, and fatty acids
 Lipofuscin = pigmented mixture of lipids and 

proteins ➔ responsible for yellow-brown 
color of chromhidrosis

 Initially odorless secretions ➔ later modified by 
surface bacteria ➔ results in body odor

 Ectopic or modified apocrine glands: mammary 

glands, ceruminous glands of the external 
auditory canal, and Moll’s gland of the eyelids

 These empty directly to the surface

○ Sebaceous glands
 Secretory exocrine glands found primarily 

on the scalp, face, and upper anterior trunk 
(“seborrheic areas”)
 NOT on the palms/soles
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Table 1-4. Hair Anatomy

Portion of Hair Description

Hair bulb Lowermost portion of the hair follicle

Hair matrix Rapidly proliferating keratinocytes that terminally differentiate to produce the hair shaft

Infundibulum Region extending from the skin surface down to the point where the sebaceous gland opens into the hair follicle; ORS displays 

cornification similar to that of the interfollicular epidermis (i.e., contains keratohyaline granules)

Isthmus Region located between the opening of the sebaceous gland, down to the site of insertion of the arrector pili muscle; ORS 

displays trichilemmal keratinization (no inner root sheath and IRS is shed before this point)

Lower hair follicle Region located between hair bulb to proximal isthmus; encapsulates dermal papilla; has inner and outer root sheaths; critical 

line of Auber is the widest area

Arrector pili muscle Inserts at the level of the bulge; pulls up hair (“goose bumps”)

Bulge Segment of the outer root sheath located at the level of arrector pili muscle insertion; major seat of epithelial stem cells of the 

hair follicle

Secondary hair germ Additional seat of epithelial and also of melanocyte stem cells; located between club hair and dermal papilla in telogen hair follicle

Connective tissue 

sheath (CTS)

Special mesenchymal follicular sheath that is tightly attached to the hair follicle basement membrane and is continuous with the 

follicular dermal papilla

Follicular dermal 

papilla (DP)

Onion-shaped, closely packed, specialized fibroblast population with inductive and morphogenic properties; hair cycle-dependent 

fibroblast trafficking occurs between CTS and DP; volume of DP determines size of hair bulb and, thus, hair shaft diameter

Inner root sheath 

(IRS)

Packages and guides the hair shaft; cornifies normally; stains red secondary to citrulline; not present in telogen hairs; is present 

in lower hair follicle but not in the isthmus/infundibulum

Outer root sheath 

(ORS)

Merges distally into the epidermis and proximally into the hair bulb; provides slippage plane, nutrition, regulatory molecules, and 

stem cells

Critical line of Auber Widest section of the hair bulb and where most mitotic activity essential for hair growth occurs

Follicle pigmentary 

unit

Melanin-producing hair follicle melanocytes located up and around the upper one-third of the DP; transfer pheomelanosomes 

or eumelanosomes to differentiating hair follicle keratinocytes in the precortical matrix; goes largely into apoptosis during each 

catagen phase, regenerated from melanocyte stem cells in hair germ during anagen

(Adapted from Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

 Functions include water retention and innate 
immune defense

 Consist of sebocytes, which contain lipid 
vacuoles

 Normally associated with hair follicles 
and empty into inferior portion of the 
infundibulum

 Pubertal androgen production is major signal 
for sebaceous gland maturation (under 
adrenergic control)
 Transient maternal androgen stimulation 

present in infancy
 Other endocrine factors stimulating maturation 

and sebum production: MSH, CRH, and 
substance P

 Secretory products released through holocrine 

secretion (entire cell lyses to release contents):
 Triglycerides (#1 component; ≈50%) > wax 

esters (#2) > squalene (#3)
 Others: cholesterol esters, cholesterol, 

antimicrobial peptides, androgens, and 
cytokines

 Ectopic sebaceous glands: Meibomian glands 
on eyelid tarsal plate, Fordyce spots (vermillion 
lip/oral mucosa), Montgomery tubercles 
(areolae/nipples), Tysons glands (labia minora/
prepuce), and Zeis glands (eyelid margin, close 
to Moll’s gland)

○ Hair
 Epithelial-derived appendage important for 

temperature regulation, protection of other 

structures (nasal mucosa, eyes, and ears), social 
and sexual cues, and tactile sensory input

 Three types of hairs:
 Lanugo – fine hairs shed late in gestation and 

during the first month of life
 Vellus – fine hairs over face, trunk, and 

extremities early in life
 Terminal – coarse, darker hairs of scalp, 

eyebrows, and eyelashes; postpubertal 
androgens induce switch to terminal hairs in 
other sites

 Hair density: ~100,000 hairs on scalp; 
more in blonde and fewer in red-haired 
individuals

 Anatomy: Table 1-4
 Follicular layers (outer to inner): glassy 

membrane, outer root sheath, inner root sheath 
(Henle’s layer, Huxley’s layer, and cuticle), and 
hair shaft (cuticle, cortex [where most hair 
keratins located], and medulla)
 Cuticle helps keeps hair intact – damage ➔ 

split ends (trichoptilosis)
 Cuticle from hair shaft and inner root sheath 

merge
 Dermal papilla: mesenchymal structure (from 

embryonic mesoderm) containing vasculature; 
contributes to hair cycle regulation

 Hair cycle: Table 1-5
 Exogen: phase of active shedding of club hair 

between telogen and anagen
 Lose about 100 hairs/day
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Table 1-6. Nail Anatomy

Nail Location Description

Proximal nail fold Superficial layer continuous with skin, 

deep layer continuous with nail matrix

Eponychium (cuticle) Located between nail plate and nail 

matrix; acts as seal against the 

environment

Nail matrix At the proximal end of nail unit, 

generates the plate. Proximal 

matrix➔ superficial portion of 

nail plate; distal matrix ➔ ventral 

portion of plate. Melanocytes found 

in nail matrix

Lunula (distal nail matrix) Junction between matrix and bed

Nail plate Hard, functional unit of nail, composed 

primarily of keratins; strong 

attachment to nail bed

Nail bed Extends from lunula to onychodermal 

band. Provides support for nail plate. 

Very minimal contribution to nail 

plate synthesis

Onychodermal band Red/pink transverse band marking 

end of bed

Hyponychium Continuous with ventral edge of free 

nail plate and distal fingertip skin

Lateral nail folds Guide growth of nail plate

Table 1-5. Hair Growth Cycle

Anagen Catagen

Telogen 

(Club Hairs)

Phase activity Growth (~0.4 mm/

day or ~1 cm/

month on 

scalp); follicular 

melanocytes only 

active in anagen 

phase)

Regression 

(melanocytes 

in matrix 

apoptose; inner 

root sheath lost)

Resting

Duration 2–6 years 2–3 weeks 3 months

Percentage (%) 

of scalp hairs

85–90 1–2 10–15

 Kenogen: subphase of telogen in which no 
shaft is present

 Color of hair 2° to hair melanocytes in anagen 
bulb/matrix (melanin unit = 1 melanocyte: five 

keratinocytes; melanocytes only produce 
pigment in anagen phase!)
 Eumelanin (brown/black hair pigment) 

vs pheomelanin (red/blonde hair pigment)
 Hair follicle stem cells reside in bulge and 

contribute to hair cycling, tissue regeneration, 
and wound healing; follicular melanocytes can 
migrate to interfollicular areas in disease states 
(e.g., vitiligo) to assist with repigmentation
 As with interfollicular stem cells in the 

basal layer of skin (see p. 1), also produce 
transient amplifying cells with restricted  
mitotic capacity

 Disulfide bonding via cysteine residues 
determines curliness of hair – these bonds are 
broken when hair is straightened, but 
subsequently reform with time

○ Nail
 Appendageal structure important for protection 

and function of fingertips, for proper function of 
the feet, ability to scratch, and aesthetic appearance

 Plate is composed of keratin-producing onychocytes
 Important anatomic structures: Table 1-6
 Growth rate

 Fingernails: 2 to 3 mm/month (~6 months 
to grow out)

 Toenails: 1 mm/month (~12 months to 
grow out)

1.2 EMBRYOLOGY

• Skin structures derived from two of three primary 
germ layers
■ Ectoderm: epidermis, adnexal structures, Merkel cells, 

melanocytes (neural crest), and nerves 
(neuroectoderm)

■ Mesoderm: fibroblasts, LCs, vessels, and inflammatory 
cells

• Epidermis
■ 5 weeks: outer periderm and inner basal epidermal 

layer

■ 8 weeks: epidermal stratification
■ 9–12 weeks: melanocytes, LCs, and Merkel cells 

migrate into the epidermis
■ Late second trimester: terminal differentiation, with 

full stratification

• Basement membrane, dermis, and subcutis
■ 6–8 weeks: fibroblasts appear beneath 

the epidermis
■ 9 weeks: distinct border between epidermis and 

dermis (DEJ present)
■ 9–12 weeks: primordial vasculature formed
■ 16–18 weeks: initial fat formation in subcutis
■ 20 weeks: mature thickness of dermis and dermal 

ridges present

• Hair
■ 9–12 weeks: initial follicle development on the 

eyebrows, scalp, upper lip, and chin – spreads 
caudally and ventrally; epidermal placodes (derived 
from ectoderm) induce underlying dermal papilla 
formation (derived from mesoderm)

■ 18–20 weeks: hair canal fully formed
■ 24–28 weeks: initiation of cycling through anagen, 

catagen, and telogen

○ Sonic hedgehog is an important molecule for 
telogen to anagen transition

• Nails
■ 8–10 weeks: nail bed demarcation
■ 12 weeks: proximal nail folds formed
■ 17 weeks: nail plate formed, covers nail bed by week 

20

• Adnexal glands
■ 10 weeks: eccrine gland anlage formation on palms 

and soles
■ 14–16 weeks: eccrine primordia bud down, glands 

begin to develop
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■ 22 weeks: initiation of truncal eccrine gland 
formation; eccrine glands and ducts nearly mature  
on volar skin

■ Apocrine gland formation initiated later than eccrine 
glands, at 22 weeks

■ Sebaceous gland formation parallels hair follicle 
development (derived from outer root sheath)

• Melanocytes
■ Neural crest-derived cells, migrate under the direction 

of KIT and KIT ligand
■ 12 weeks: melanocytes present in epidermis
■ 12–16 weeks: melanin production begins
■ 16–20 weeks: melanocytes proliferate and become 

fully functional (transfer melanosomes to 
keratinocytes)

• Skin stem cell biology
■ Epidermal stem cells responsible for maintenance, 

repair, and renewal of epidermis
■ Keratinocyte stem cells located within the bulge 

region of the hair follicle and at the base of rete 

ridges of interfollicular epidermis
■ Complete renewal of epidermis every 40 to 56 weeks
■ Stem cells are multipotent with unlimited capacity 

to divide
■ Asymmetric division gives rise to transient amplifying 

cells, which divide rapidly to produce terminally 
differentiated cells

1.3 WOUND HEALING

• Three phases: inflammatory, proliferative, and 
remodeling
■ Inflammatory phase (starts within first 6–8 hours, 

and can last 3–4 days):

○ Clot formation and coagulation are initial steps
 Platelets come to site of wound first ➔ release 

various factors (ADP, clotting factors, PDGF, 
EGF, fibrinogen, fibronectin, TGFα, and TGFβ), 
some of which are chemotactic for platelets, 
fibroblasts, and immune cells; interact with 
fibrin

 Fibrin (first ECM component deposited) and 
fibronectin (helps provide a matrix for 
fibroblasts to rebuild) are essential to the 
process of clotting and coagulation
 Important to remember that the clot must be 

cleared (by plasminogen/plasmin and 
metalloproteinases) for appropriate scar 
healing

○ Vasodilation caused by histamine, prostaglandins, 
complement, and kinins

○ Influx of neutrophils in first 48 hours 
(fibrinogen/fibrin products, C5a, and other 
cytokines chemoattract neutrophils)
 Involved in clearance of bacteria and 

debridement

○ Macrophages arrive next ➔ they are the cell 
type that is ABSOLUTELY REQUIRED for wound 
healing!!!

 Phagocytose/debride tissue/organisms and set 
the stage for the proliferative stage (via secretion 
of growth factors ➔ ↑fibroblasts and ECM 
development)

■ Proliferative phase (starts around day 5–7 and may 
last up to 1 month):

○ Initiated by growth factors (PDGF, 
TGF-α/β, FGF, and others) released by 
macrophages

○ Reepithelialization beginning within 24 hours, and 
is mediated by EGF, KGF, IGF-1, and other growth 
factors released by fibroblasts, platelets, and 
keratinocytes
 Keratinocytes from sites adjacent to the wound 

leapfrog over each other (lateral mobilization 
2° to breakdown of desmosomes) ➔ 
reepithelialization
 Collagenase produced by monocytes 

also helps with keratinocyte  
migration

○ Formation of granulation tissue (macrophages, 
fibroblasts, and vessels) at 3 to 5 days, and  
deposition of extracellular matrix scaffolding for 
repair
 Fibronectin needed for granulation tissue 

formation ➔ replaced by collagen III and 

ultimately collagen I

○ Fibroplasia at 3 to 14 days – deposition of 
collagen and other ECM components by  
fibroblasts (migrate about 2 days after wound 
creation; rely on fibronectin framework for 
migration/travel)
 Wound contraction mediated by myofibroblasts 

(maximal at 1–2 weeks; these cells contain actin 
microfilaments)

○ Neovascularization/angiogenesis – mediated by 
VEGF, TGF-β, angiogenin, and other molecules
 Starts in first week of wound healing

■ Remodeling (starts at 3–4 weeks and can take 
1 year):

○ Scar matrix formation (via fibroblast production of 
collagen/fibronectin/hyaluronic acid), and 
regression of granulation tissue (endothelial cells 
are first to undergo apoptosis and macrophages are 
last); collagen remodeling

• Scar strength (High-Yield!)
■ 1 week: up to 5%
■ 3 weeks: 20%
■ 3 months: 50%
■ 1 year: 80%

1.4 GENETICS

• Genetic basis of diseases can be straightforward, a 
single-gene defect (epidermolysis bullosa), polygenic, or 
only partially genetic (diabetes and psoriasis)

• Inheritance patterns: examination of family tree and its 
affected individuals can predict risk of future offspring to 
be affected (Table 1-7)
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Table 1-7. Patterns of Inheritance

Pattern Parents Affected Gender Affected Transmission Recurrence Risk Risk Factors

Autosomal 

recessive

No (carriers) Both equally Disease seen in siblings 

of proband, not in 

parents or offspring

Usually seen in one 

generation

1 in 4 Consanguinity, 

isolated 

population (e.g., 

geographically, 

linguistically)

Autosomal 

dominant

Yes* Both equally Disease seen in every 

generation

1 in 2 De novo mutations

X-linked 

recessive

Mother a “carrier” Males have the “full” disease

Female “carriers” may have 

mild manifestations (e.g., 

in a mosaic pattern)

No male-to-male 

transmission (but 

all daughters of an 

affected male are 

“carriers”)

1 in 2 male children 

born to a female 

“carrier” will be 

affected (and 1 in 2 

of her female children 

will be carriers)

De novo mutations

*Unless the proband has a de novo mutation and is therefore the first generation affected.

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

1.5 LABORATORY TECHNIQUES AND 

MOLECULAR BIOLOGY

• See Tables 1-8 to 1-13

1.6 ULTRAVIOLET LIGHT

Ultraviolet light (Fig. 1-4)

• Ultraviolet light (UV) is made up of:
■ Vacuum UVC (10–200 nm)
■ UVC (200–280 nm)
■ UVB (280–320 nm)
■ UVA (320–400 nm) ➔ divided into UVAII 

(320–340 nm) and UVAI (340–400 nm)

• Solar radiation is made up of approximately 50% visible 
light, 40% infrared, and 9% UVR
■ UVA is present consistently from sunrise to sunset, 

whereas UVB peaks around noon

• Light has properties of both waves and photons

• For light to have a cutaneous effect it must be 
absorbed by a chromophore of the epidermis  
(nucleic acid, protein, urocanic acid, and melanin) or 
chromophores of the dermis (hemoglobin and 
porphyrins)

• Absorption spectrum: the portion of the electromagnetic 
(EM) spectrum that is absorbed by a particular molecule 
or chromophore

• Action spectrum: the portion of the EM spectrum that 
produces a particular effect

• UVB is responsible for converting provitamin D3 
(7-dehydrocholesterol) to previtamin D3, which is 
isomerized in the peripheral circulation to vitamin D3; 
vitamin D3 is converted to 25-hydroxyvitamin D3 

in the liver
■ 90% of vitamin D produced in this manner, 10% 

from dietary intake
■ 25-hydroxyvitamin D3 is measured to assess vitamin 

D stores; active form is 1,25-hydroxyvitamin D3 

(conversion occurs in the kidneys)

Minimal erythema dose

• Minimal erythema dose (MED) is the minimal amount 
of a particular UVR that leads to minimal erythema of 
the exposed skin

• Typically measure 16 to 24 hours after exposure

• MEDs are important to determine the appropriate 
starting dose of phototherapy

Important definitions

• Irradiance/power (watts) is the intensity of UVR to which 
a patient is exposed

• Exposure time (seconds) is the length of time a patient 
undergoes UVR treatment

• The dose (J/cm2) is the amount of light energy a patient 
is exposed to

• These three values are important for the formula: dose 

(J/cm2) = irradiance (J/s.cm2) × exposure time (s)

1.7 IMMUNOLOGY

1.7.1 Innate vs adaptive immunity

Innate immunity

• Initial defense with no memory response; present from 
birth; recognize foreign antigens only (not 
self-antigens)

• Pathogen-associated molecular patterns (PAMPS; 
conserved patterns in microorganisms) bind to pattern 
recognition receptors, such as Toll-like receptors (TLRs) 
and nucleotide oligomerization domain (NOD) receptors

• Activated in the first few hours after a break in the 
epithelial barrier

• Cells involved include granulocytes, phagocytes, dendritic 
cells, and NK-cells

• Complement cascade plays an important role in the 
defense against bacterial and viral infections

• Both cathelicidins and defensins are antimicrobial 
peptides of the innate immune system (increased in 

psoriasis and decreased in atopic dermatitis)
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Table 1-8. Polymerase Chain Reaction

Purpose

Amplify a specific piece of DNA from a complex mixture

Requirements

Need to know sequence of the DNA of interest (or at least its ends)

Underlying concepts

• Double-stranded DNA can be melted or unwound to single strands with increased temperature; when cooled, the single strands come back together to form 

double strands (hybridize) if the nucleotide sequences are complementary*

• During the hybridization process, two complementary strands bind to each other. The A nucleotides on one strand bind to T nucleotides on the 

complementary strand, C nucleotides of one strand bind to G nucleotides on the complementary strand, and vice versa

• In PCR, short DNA strands called oligonucleotide primers are designed for hybridization to specific sequences in the template DNA

Outline of method

• Oligonucleotide primers are designed to hybridize to specific sequences at each end of the DNA of interest. These primers are added to a reaction vessel 

mixture containing the template DNA along with a thermostable DNA polymerase, the nucleotides dATP (A), dTTP (T), dGTP (G) and dCTP (C), and the buffer

• The reaction vessel is placed in a thermal cycler, which controls the temperature of the reaction through many cycles

• Each cycle follows these steps: (1) denaturation; (2) primer annealing or primer hybridization; (3) primer extension; and (4) repeat the complete cycle 

of PCR 30–40 times

Benefits

• PCR is simple and rapid

• Because the PCR product is exponentially increased, it is extremely sensitive in amplifying low amounts of DNA. Each cycle increases the number of PCR 

products two-fold. The total number of PCR products after n cycles will be 2n

Limitations/errors

• Because of its high degree of sensitivity, laboratory contamination of a DNA sample by trace amounts of the PCR product can cause misleading results

• Primers used for PCR can anneal to sequences that are similar, but not identical, to the sequence of interest. This can be countered with “hot start” 

techniques (DNA polymerase is prevented from acting until after the first denaturation step) or nested PCR (after the PCR amplification, repeat the PCR 

amplification using a second set of primers that hybridize to sequences inside the first set of primers). In nested PCR, the second set of primers will only 

hybridize to the correct PCR products resulting from the first PCR amplification

• DNA polymerase occasionally incorporates incorrect nucleotides. For sequencing by PCR, polymerases that possess proofreading enzymatic activity can be 

used. This also allows the generation of even longer PCR products, up to approximately 50 kb long

Experimental applications

• DNA can be amplified either for detection of a specific sequence or for cloning that sequence

• PCR can be used to label DNA with radioactive nucleotides

• PCR can be used for rapid haplotype analysis

Modifications/alternatives

• Quantitative PCR – the amount (number of copies) of a specific piece of DNA can be quantified by a variety of methods utilizing PCR. A relatively simple 

and high-throughput method, called real-time quantitative PCR, uses a specially designed thermal cycler that measures the amount of PCR product formed 

after each cycle. The higher the level of DNA, the earlier the product can be detected. This can be used to measure genetic changes in cancer such as 

gene amplification, to quantify the amount of residual cancer following treatment, or to quantify the amount of a pathogen in a sample. Modifications of this 

procedure allow for discrimination of gene polymorphisms

• Southern blot, in situ hybridization, comparative genomic hybridization

*Hybridization actually forms the basis of several techniques in molecular biology, as the two strands can be DNA:DNA (PCR, Southern blotting), DNA:RNA 

(Northern blotting, in situ hybridization), or RNA:RNA. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 1-4. Electromagnetic spectrum. (From Baron ED and Suggs AK. Introduction to Photobiology, 2014-07-01Z, Volume 32, Issue 3, Pages 255–266. 

Elsevier. 2014)
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Table 1-9. DNA Sequencing

Purpose

Determine the sequence or order of nucleotides (A, G, C, T) in a stretch of DNA

Requirements

The piece of DNA to be sequenced can be either a PCR product or a cloned piece of DNA present in a plasmid, but it should be pure

Underlying concepts

• Chain termination, or a variation thereof, is the preferred method for DNA sequencing

• In chain termination, the extension of a new strand of DNA is stopped by the addition of an analog of dATP, dCTP, dGTP, or dTTP (ddATP, ddCTP, ddGTP, 

or ddTTP, respectively, to the sequencing mixture. When the DNA polymerase incorporates the analog nucleotide instead of the correct normal nucleotide, 

DNA synthesis is terminated because the polymerase is no longer able to link to the next nucleotide

• Gel electrophoresis is used to separate the different sizes of DNA fragments that result from chain termination synthesis. The DNA fragments are forced to 

travel through a gel using an electric current; the smaller molecules are less impeded by the gel and travel faster than larger molecules*

Outline of method

• An oligonucleotide primer hybridizes to the DNA to be sequenced and DNA polymerase synthesizes a second complementary strand

• The synthesis of the second strand is interrupted randomly by the incorporation of the fluorescent nucleotide analogs (ddATP, ddGTP, ddCTP, ddTTP), and 

the DNA fragments containing this final nucleotide analog can be identified because each of the four ddNTPs is labeled with a different color fluorochrome

• The different DNA fragments are electrophoresed through a polyacrylamide gel or capillary tubes

• The different lengths of DNA strands terminating with different fluorochrome-labeled nucleotide analogs pass a fluorescence detector and indicate the order of 

the DNA sequence

Benefits

• The fluorescent chain termination method is able to rapidly sequence large amounts of DNA with automated analysis of results

Limitations/errors

• Routinely sequence only approximately 500 bases per run

• Difficulty with G-rich and C-rich regions

• DNA must be high quality

Experimental applications

• Determine previously unknown sequence

• Confirm sequence following the cloning of a DNA fragment of interest and other manipulations

Modifications/alternatives

• Pyrosequencing

• Sequencing by oligonucleotide ligation and detection

• Solid phase amplification followed by sequencing by synthesis of randomly fragmented DNA

*Gel electrophoresis is used in many molecular biologic techniques to separate DNA, RNA, or protein molecules of differing sizes.

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Table 1-10. Reverse Transcription PCR (RT-PCR)

Purpose

• To amplify mRNA by PCR, the mRNA is first converted to DNA (called complementary DNA or cDNA), followed by PCR amplification of a specific region of the 

cDNA to detectable levels

Requirements

• Starting material can be total cellular RNA (including ribosomal, transfer, and messenger RNA [mRNA]) or purified mRNA

Underlying concept

• In order to facilitate studies of RNA, many techniques that study RNA first convert the RNA to cDNA with an enzyme called reverse transcriptase, an RNA-

dependent DNA polymerase

Outline of method

• Reverse transcriptase can convert mRNA to cDNA by three different methods, depending on the primer used for the initial RT step.* (1) Random hexamer 

primers contain six nucleotides (6-mer) that have all possible sequence combinations of the dA, dG, dC, and dT nucleotides (46 possible combinations). These 

random hexamers will hybridize to the corresponding complementary sequences in the sample RNA. (2) Oligo dT primers contain only dT nucleotides and 

hybridize to the complementary string of dA nucleotides that are present at the end of mRNA molecules (poly A tail). (3) The third choice is a primer that will 

only hybridize to a specific mRNA sequence

• After the mRNA has been converted to cDNA, primers that can hybridize to specific sequences are added and PCR amplification is performed

Benefits

• As for PCR, RT-PCR is simple and rapid

• RT-PCR is extremely sensitive in detecting low levels of mRNA transcripts

Limitations/errors

• If the RNA sample is contaminated with DNA (that contains the gene of interest), a PCR product may be amplified from the DNA even though the 

corresponding mRNA for the gene is not present. To control for this, RT-PCR of RNA samples can be done with and without reverse transcriptase†

• RNA is fragile and the absence of a specific mRNA transcript may result from RNA degradation during and following extraction. RNA quality can be tested 

by gel electrophoresis and/or by RT-PCR of a housekeeping gene (expressed by all cells)

Continued
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Table 1-11. Western Blot

Purpose

• Western blot analysis can measure the size and amount of protein present in a sample

Requirements

• Western blot analysis requires an antibody that is specific for the protein of interest (i.e., does not cross-react with other proteins)

Underlying concepts

• Polyclonal antibodies that react to several epitopes on a protein antigen are obtained by injecting a protein into an animal and later isolating the antibodies 

from the serum immunoglobulin fraction

• Monoclonal antibodies that react to only one epitope of a protein antigen are obtained by immunizing mice (or rats, rabbits, or chickens) with the antigen, then 

fusing the animal’s reactive lymphocytes with an immortal myeloma cell line to create cells that are able to provide antibodies indefinitely

• A secondary antibody is used to detect the protein or the primary antibodies bound to the protein. These detection antibodies can be visualized by attaching a 

fluorescent probe or by attaching an enzyme that can produce either light or color by enzymatic action on a substrate

Outline of method

• A solubilized protein mix is separated on a polyacrylamide gel and transferred electrophoretically to a membrane. The membrane is then soaked in a buffer 

containing the antibody. Bound antibody is detected by a chromogenic or chemiluminescent assay

Benefits

• Western blot analysis is a simple and sensitive method to detect and quantify proteins present in a complex mixture

• Western blot analysis can determine the molecular weight of a specific protein relative to standard controls

Limitations/errors

• Proteins are subject to degradation during extraction. The use of protease inhibitors in the extraction buffer helps to prevent degradation

• To perform analysis by Western blot, one must possess a highly specific antibody that can recognize denatured proteins

• Western blots may contain a high background of nonspecific staining. To correct this, blocking agents such as bovine serum albumin or milk protein are used

• Large proteins transfer poorly from the gel to membrane, and small proteins may transfer through the membrane without binding. Adequate transfer to the 

membrane can be accomplished by controlling the duration of the transfer procedure

Experimental applications

• Detection, quantification, and characterization of a specific protein

• Identification of antibody activity to a known antigen

Modifications/alternatives

• Dot blot – a drop of the protein mixture is placed on a paper membrane and the protein of interest detected with antibodies, as in a Western blot. The 

disadvantage of this technique is that, owing to the elimination of size separation by gel electrophoresis, specific binding to the protein of correct size cannot 

be distinguished from nonspecific background binding to proteins

• Immunoprecipitation (IP) – in this technique, the specific antibody is added to the protein mixture and the resulting antibody-protein complexes are then 

isolated. Because proteins are not first denatured in IP, they can be detected in a more native configuration

• IP–Western – protein-protein interactions can be studied by first immunoprecipitating the protein with one antibody, bringing down a protein complex. The 

protein complex is then separated on a polyacrylamide gel, followed by Western blotting to detect members of the protein complex

• Enzyme-linked immunosorbent assay (ELISA) – this is a sensitive and specific method for quantifying the amount of a protein. The protein of 

interest is captured on a plate coated with a monoclonal antibody and other proteins are washed away. The protein is then detected using a secondary 

antibody that has been modified for detection using a colorimetric or luminescent assay

• Immunohistochemistry – this is used to visualize the cellular localization of a protein. An antibody to the protein of interest is applied to a tissue section. The 

antibody is detected using a secondary antibody coupled to an enzyme that reacts with a substrate to produce a colored precipitate

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Experimental applications

• The mRNA gene transcripts can be amplified for subsequent cloning or sequencing

• The mRNA gene transcripts (instead of the gene) could be analyzed for the presence of mutations

Modifications/alternatives

• Quantitative RT-PCR – by adding a reverse transcription step to quantitative PCR, the levels of mRNA transcripts from genes of interest can be quantified. 

This is very important because it allows us to precisely measure and compare the number of mRNA transcripts in different types of cells or cells 

grown under different conditions

• Correspondingly, samples that contain less mRNA transcripts will require more PCR cycles before the exponential phase. Therefore different RNA samples 

can be precisely compared by measuring the number of PCR cycles (x axis) needed to produce a defined amount of PCR product (y axis)

• By carefully designing the primers, quantitative RT-PCR can be used to measure the amounts of alternatively spliced forms of a gene

• Alternative methods to measure RNA levels, not based on RT-PCR, include Northern blots and ribonuclease protection assays

• Differential display – this is used to find differences in gene expression in several samples. It is an RT-PCR-based system that uses short arbitrary primers 

that amplify numerous genes in a sample. By comparing the complex banding pattern of PCR products observed after gel electrophoresis, bands can be 

observed that are present in some samples but not others. With further study, these differing bands can be identified as corresponding to known or novel 

genes

*In addition to the RNA, the reaction mixture contains the reverse transcriptase enzyme, an oligonucleotide primer, dNTPs, and buffer.
†If DNA contamination is not present, PCR products will not be amplified from RNA that has not been reverse transcribed, and PCR products will be present 

only in RNA samples that have been reverse transcribed into cDNA.

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Table 1-10. Reverse Transcription PCR (RT-PCR)—cont'd
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Table 1-12. Nucleic Acid Arrays

Purpose

• To profile the mRNA expression of thousands of genes in one experiment

Requirements

• Total RNA or mRNA from samples (larger amounts than required for RT-PCR)

Underlying concepts

• Hybridization to DNA – the same principle of hybridization applies as in PCR, except that many different genes are being evaluated simultaneously. DNA is 

attached to beads, chemically synthesized on a surface at thousands of specific locations, or spotted onto glass slides. If cells express the mRNA of the 

corresponding gene, labeled cRNA prepared from mRNA in those cells will hybridize and generate a signal intensity related to its level of expression

Outline of method

• RNA is reverse transcribed to generate cDNA. In vitro transcription of the cDNA in the presence of biotinylated nucleotides yields biotin-labeled cRNA. Labeled 

cRNA molecules are then hybridized to small DNA fragments attached to beads or on a chip. The samples are stained with streptavidin phycoerythrin, 

the streptavidin binding the biotin on the cRNA and the phycoerythrin generating a fluorescent signal. Usually, the patterns of gene expression of two 

samples are compared, such as normal vs tumor, or treated vs untreated

• Alternatively, oligonucleotide arrays can be used. Using this approach, the RNA is directly labeled with either fluorescent or radioactive nucleotides, and 

hybridized to oligonucleotides on a slide or membrane. When using radioactive probes, the samples are hybridized to separate microarrays. If the mRNA 

samples to be compared are labeled with differently colored fluorescent probes, the two samples can be hybridized to the same array simultaneously

• A scanner measures the intensity of the signals at each spot and computer software determines those genes that are over- and underexpressed in one 

sample compared with the other

Benefits

• Thousands of genes can be rapidly and quantitatively profiled in one experiment

Limitations/errors

• Genes expressed at low levels may not be detected

• For some genes, the cRNA may not hybridize under the conditions used

• The RNA must be of very high quality

Experimental applications

• Microarray analysis can be used to profile changes in gene expression

• The patterns of gene expression can be used to group samples

Modifications/alternatives

• Subtractive hybridization

• Serial analysis of gene expression (SAGE)

• Deep sequencing

• MicroRNA arrays

• Comparative genomic hybridization (CGH) to detect differences in DNA copy number

• Single nucleotide polymorphism (SNP) arrays to assess markers of genetic variation; useful for linkage analysis, including genome-wide association studies

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Adaptive immunity

• Lag phase before activation and differentiation of 
lymphocytes in response to antigens produced from a 
specific pathogen ➔ antigen-specific effector T- and 
B-cells are generated (via gene rearrangement)

• “Memory” is the response following reexposure to 
antigen ➔ increased and rapid effector lymphocytes

• The T- and B-cell receptors can recognize both foreign 

and self-antigens (and do not distinguish between them)
■ Recognition of self-antigens can ➔ autoimmune 

disease processes

• Complement has recently been identified to play a role 
in generation of both antigen specific T- and 
B-lymphocytes

• Cells involved include dendritic cells, T-, and B-cells 
(antibodies important in adaptive immunity)

1.7.2 Immunologic mediators

Cytokines

• Cytokines bind to cellular receptors ➔ activation or 
inhibition of downstream signaling pathways ➔ 
modulates proliferation, function, and/or differentiation

• Have traditionally been classified into three groups 
(interleukins, lymphokines, and chemokines) based on 
their functions, cellular source, and target; however, 
much cross-over exists and each cytokine may have a 
variety of functions (pleiotropism) (Table 1-14)

Toll-like receptors

• TLRs in humans recognize PAMPS (see innate immunity 
above) and are usually expressed on APCs

• Interaction between TLRs on APCs and PAMPS on 
pathogens ➔ activation of APCs and presentation of 
pathogen-derived antigen to T-cells ➔ forms a link 
between the innate and adaptive immune systems

• Activation of TLRs ➔ phagocytosis of the pathogen 
followed by activation of a proinflammatory 

environment with secretion of cytokines and chemokines

• All TLRs except TLR3 use the myd88 signaling pathway 
following activation (Table 1-15 and Table 1-16)

1.7.3 Complement pathways

• Small plasma proteins found in the blood, or on cell 
membranes, that are usually present in an inactive state 
as zymogens
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Table 1-13. Proteomics with Mass Spectrometry

Purpose

• The proteome of a cell represents all the cellular proteins that are being expressed under a particular set of conditions. High-throughput analysis that allows 

investigators to rapidly and quantitatively assess the complex mixtures of proteins present in a cell at a given point in time is under development

Requirements

• A mixture of cellular proteins, or peptides derived from these proteins, is purified from a defined population of cells. The protein mixture may represent total 

cellular proteins or a subcellular fraction of proteins, depending on the isolation procedure

Underlying concepts

• Mass spectrometry is able to measure very precisely the size or mass of proteins, peptides, or peptide fragments by giving these peptides a positive charge 

(ionization) and then measuring the time required for the positively charged peptide ions to move through a tube to a detector (time-of-flight)

• The mass of the peptide ion precisely correlates to the time-of-flight, with smaller peptides moving faster (shorter time-of-flight) than larger peptide ions (longer 

time-of-flight)

Outline of method

• The first step is to reduce the complexity of the mixture of cellular proteins or peptides to be analyzed, before mass spectrometry analysis. The two main 

methods to separate proteins/peptides from each other are two-dimensional gel electrophoresis and/or liquid chromatography columns

• In two-dimensional gel electrophoresis, proteins are first separated (first dimension) by isoelectric focusing in a gel containing a pH gradient. The pH gradient 

(acidic to basic) influences the overall charge of the protein, and in isoelectric focusing, proteins migrate through the different pH levels until they reach their 

isoelectric point (no charge), at which point the electrical current no longer induces their migration

• Following first-dimensional separation by isoelectric focusing, these proteins are then further separated by size through a second polyacrylamide gel (second 

dimension), with smaller proteins moving through the gel faster than the larger ones

• After the second-dimension separation, each unique protein will be present in a distinct “spot” on the gel. This protein spot can be physically cut out of the gel 

and analyzed by mass spectrometry

• Liquid chromatography can be also used to separate proteins (or peptides derived from the proteins) as they flow through columns that contain different types 

of resins. These resins differentially bind the cellular proteins/peptides based on their ionic strength (ion exchange columns) or their relative hydrophobicity 

(reverse phase columns)

• After the protein mixture is bound to the liquid chromatography columns, the proteins/peptides can be eluted from the column into different fractions or 

aliquots and then analyzed by mass spectrometry. Many high-throughput approaches for protein analysis utilize liquid chromatography

• Mass spectrometry analysis is then performed on the separated proteins/peptides by first ionizing them to positively charged ions using lasers or the 

processes of electrospray ionization and nanospray ionization. Based on the time-of-flight of the charged ion, mass spectrometry can measure, record, and 

print out the mass/charge ratio of every peptide along with signal intensity of that peptide

• With the help of powerful computers and bioinformatics software, the peptide mass/charge ratio measurement may allow the identification of the peptide 

sequence and the protein that contained this peptide

• Mass spectrometry machines are now available (tandem mass spectrometry [MS/MS]) that can “ion trap” a given peptide ion and then sequence the peptide 

by fragmenting it into its component amino acids. Bioinformatics software can use this sequence information to search protein databases for rapid protein 

identification

Benefits

• Mass spectrometry is extremely sensitive and able to detect very small amounts of proteins/peptides

• The field of proteomics promises to provide a tremendous amount of information regarding cell biology and disease

Limitations/errors

• Better technology to reduce the complexity of protein/peptide mixtures and differentially separate the proteins/peptides in a high-throughput manner is being 

developed

• Although mass spectrometry can measure the mass of proteins/peptides very precisely, it is more difficult to measure the amount of protein/peptide 

quantitatively, and more robust techniques for quantification by mass spectrometry are being developed

Experimental applications

• Mass spectrometry can be used to determine the complete set of proteins present in a defined population of cells that are being subjected to experimental 

conditions

• Mass spectrometry can differentially compare the proteins in one population of cells to those in a distinct group of cells (e.g., normal melanocytes vs tumor 

melanoma cells)

• Because of the sensitivity of mass spectrometry analysis, it holds promise as a sensitive diagnostic tool. For example, mass spectrometry could be used for 

early detection of small amounts of serum proteins that are characteristic of a particular cancer or systemic disease

Modifications/alternatives

• Liquid chromatography can also be used to separate proteins (or peptides derived from the proteins) as they flow through columns that contain different types 

of resins. Many high-throughput approaches for protein analysis utilize liquid chromatography

• Multidimensional protein identification (MudPIT)

• Isotope labeling approaches for quantitative mass spectrometry, including isotope-coded affinity tag (ICAT), stable isotope labeling by amino acids in cell 

culture (SILAC), tandem mass tags (TT), and isobaric tags for relative and absolute quantification (iTRAQ)

• Label-free quantitative proteomics, including peak intensity-based comparative liquid chromatography-mass spectrometry (LC-MS) and spectral count-based 

liquid chromatography-tandem mass spectrometry (LC-MS/MS)

• Antibody protein arrays

• Reverse-capture protein microarrays

• Tissue microarrays

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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Table 1-14. Major Cytokines

Cytokine Immune System Source Principal Effects

IL-1α, IL-1β Macrophages, B-cells, 

keratinocytes

Increased production of acute phase proteins, fever, lymphocyte activation, macrophage 

activation, ↑ leukocyte/endothelial adhesion; involved in innate immunity inflammatory 

responses

IL-2 T-cells Proliferation of T-, B-, and NK-cells; T-cell differentiation into different subsets 

including memory T-cells

IL-3 T-cells Stimulates and leads to maturation of multiple immature hematopoietic cell lineages

IL-4 Th2-cells Isotype switching to IgE upon stimulation of B-cells; ↑Th2 cellular proliferation and 

differentiation

IL-5 Th2-cells Eosinophil activator, B-cell activation, ↑ IgA secretion

IL-6 T- and B-cells Involved in innate immune response and neutrophil production, B-cell differentiation, and 

induction of acute phase proteins

IL-8 Monocytes, T-cells, keratinocytes Chemokine ➔ neutrophil chemotaxis

IL-10 Tregs, macrophages Inhibition of macrophages/dendritic cells and proinflammatory cytokine production; 

↓expression of IL-12/Th1 response, costimulatory molecules, and class II MHC

IL-12 Macrophages, dendritic cells Activator of Th1 response; ↑IFN-γ/TNF-α production; enhances cytotoxic activity of 

T- and NK-cells (cell-mediated immunity); composed of p40 and p35 subunits (NOTE: 

IL-23 also has p40 subunit, but is paired with p19)

IL-15 Monocytes Proliferation of T- and NK-cells; enhance survival of memory T-cells

IL-17 Th17 cells Increased cytokine and chemokine production of keratinocytes and macrophages ➔ key 

role in psoriasis pathogenesis

IL-18 Macrophages Induces IFN-γ production and NK-cell proliferation

IL-22 Th2 cells, Th17 cells Activation and proliferation of B-cells; proliferation of Th17 cells; stimulation of NK-cells

IL-23 Dendritic cells, macrophages Promotes Th17 proliferation and differentiation, ➔ key role in psoriasis 

pathogenesis; composed of p40 and p19 subunits (NOTE: IL-12 also has p40 subunit, 

but is paired with p35)

TNF-α Macrophages, mast cells, 

lymphocytes

Activation of macrophages and T and B lymphocytes, ↑proinflammatory cytokine 

production, leukocyte/endothelial cell adhesion, cachexia, pyrexia, induction of acute 

phase proteins, ↑ MHC class I production

IFN-α Plasmacytoid dendritic cells, 

macrophages

Activation of antiviral/antitumor state (antiproliferative), ↑ MHC I expression, NK-cell 

activation

IFN-β Fibroblasts, plasmacytoid 

dendritic cells

↑ MHC class I expression, antiviral/antitumor state (antiproliferative)

IFN-γ T-cells, NK-cells MHC class I and II induction, macrophage activation and cytokine synthesis, ↑ 

endothelial cell/lymphocyte adhesion, antiviral state, antiproliferative (Th1 cells)

Differentiation of Th1 cells, isotype switching with opsonization activity, macrophage 

activation, increased MHC I/II expression; downregulation of Th2 pathway

G-CSF Macrophages Stimulates division and differentiation

GM-CSF T-cells, macrophages Proliferation of granulocyte and macrophage precursors and activators

(Adapted from Male D, Brostof, J, Roth D, Roitt I. Immunology, 8th Ed. Elsevier. 2012)

Table 1-15. Toll-Like Receptors

Toll-Like Receptor Ligand/Key Facts

TLR1 Lipopeptides from gram-negative bacteria and mycobacteria can dimerize with TLR2

TLR2 Lipopeptides from gram-positive bacteria (activated by Propionibacterium acnes); bacterial lipopolysaccharide (LPS) 

binding is dependent on TLR2

TLR3 Viral dsRNA

TLR4 LPS of gram-negative bacteria

TLR5 Flagellin (bacterial)

TLR6 Lipopeptides (mycobacterial)

TLR7 Viral ssRNA/synthetic ligand imiquimod activates IFN-γ production

TLR8 Viral ssRNA

TLR9 Unmethylated CpG DNA (bacterial)

(Adapted from Male D, Brostof, J, Roth D, Roitt I. Immunology, 8th Ed. Elsevier. 2012)
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Table 1-16. Antimicrobial Peptides

Name Cellular Source Antimicrobial Activity Inducibility Disease Implications

Antileukoprotease 

(ALP)

Keratinocytes airway epithelia Bacterial and fungal − ↑in psoriasis

Dermcidin (DCD)-1 Sweat glands Bacterial and fungal − ↓in atopic dermatitis

Human β-defensin 

(HBD)-2

Keratinocytes airway epithelia, 

intestinal tract

Bacterial and fungal + ↑in psoriasis

↓in atopic dermatitis

HBD-3 Keratinocytes airway epithelia Bacterial and fungal + ↓in atopic dermatitis

HBD-4 Keratinocytes airway epithelia (mRNA) Bacterial and fungal + –

LL-37/cathelicidin Keratinocytes airway epithelia, 

urogenital tract granulocytes

Bacterial and fungal + ↑in psoriasis, rosacea,

condyloma acuminatum, 

verucca vulgaris

Lysozyme Keratinocytes airway epithelia Bacterial − –

Psoriasin Keratinocytes sebocytes Bacterial and fungal + ↑in psoriasis

RNase 7 Keratinocytes airway epithelia Bacterial and fungal +

(Adapted from Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 1-5. Complement activation pathways. The classi-

cal complement cascade is activated by antibody bound 

to microbial surfaces, which is a binding site for the C1 

complex. The alternative pathway is activated by the 

binding of spontaneously generated C3b to microbial sur-

faces. Microbial bound C3b binds factor B, which is con-

verted to factor Bb, forming C3 convertase. The lectin 

pathway is activated by the binding of MBL to mannose 

residues on microbial surfaces. MBL binds MBL-associated 

serine proteases, which bind and cleave C4 and C2, 

forming C3 convertase. (From Rich RR et al. Clinical Immu-

nology, 4th ed. Saunders. 2013)

• Upon activation, they have serine protease activity that 
leads to either cleavage or activation of the subsequent 
protein in the complement cascade

• Complement has a number of important functions
■ Direct lysis of bacteria
■ Opsonization of bacteria (complement binds to an 

organism and augments phagocytosis)
■ Chemotaxis
■ Clearing immune complexes (hence, complement 

deficiency syndromes are a/w increased risk of lupus)
■ Activating immune responses
■ Anaphylaxis

• Amplification occurs at each step, as one active 
complement protein can activate numerous zymogens

• The complement proteins play an important role in both 
arms of the immune system (innate and adaptive)

• Most complement proteins are synthesized in the liver 
and also are acute phase reactants

• Three complement pathways: 1) classical pathway, 2) 
alternative pathway, and 3) lectin/mannose-binding 
pathway all lead to the formation of the membrane 
attack complex (MAC), C5b to C9 (Fig. 1-5)
■ MAC forms a transmembrane channel/pore in the 

pathogenic organism’s cell membrane ➔ lysis/death

• Classical pathway
■ Activated by immune (antibody-antigen) complexes
■ C1 has three protein subunits: C1q, C1r, and C1s

○ C1q binds to the Fc portion of the antigen-bound 
antibodies: IgM or IgG (IgG3 > IgG1 > IgG2; IgG4 

does NOT activate classical complement pathway) 
➔ activated C1r/s

○ Activated C1s ➔ activation/cleavage of C4 and then 
C2, forming C3 convertase (C4b/C2a)

■ C3 convertase cleaves C3 into C3a (anaphylotoxin 
that also enhances vascular permeability) and C3b 
(opsonin – binds to pathogens ➔ phagocytosis)



1.7 Immunology

21

■ C3b and C4b2b join to form C5 convertase
■ C5 convertase cleaves C5 into C5a (neutrophilic 

chemotactic factor and anahylotoxin) and C5b
■ C5b, C6, C7, C8, and C9 bind together to form the 

MAC

• Alternative pathway
■ Recognizes microbial cell surface structures without 

antibodies (e.g., LPS in gram-negative bacteria) ➔ low 
levels of C3 cleavage

■ C3b binds bacterial cell surface structures and binds 
factor B, which is subsequently cleaved by factor D ➔ 
Ba and Bb ➔ Bb and C3b form the C3 convertase 
(stabilized by properidin) with subsequent steps 
similar to the classical pathway

■ Factor H is a regulatory protein that inhibits 
formation of C3 convertase

• Lectin pathway
■ Activated by mannose-binding lectin protein 

(without antibodies), which is a plasma protein
■ Mannose-binding protein (has mannose-associated 

serine proteases) binds to cell’s surface polysaccharides 
(via pattern recognition) on various bacteria/fungi/
viruses/protozoa ➔ cleavage of C4 and C2 ➔ then 
follows a pathway similar to the classical pathway

• Important players in the complement pathways 
(Adapted from Structural and functional homologies in 
complement pathways. Clinical Immunology, Fourth 
Edition Rich, Robert R., Chapter 20)
■ Recognition: C1q, mannose-binding lectin (MBL), and 

ficolins
■ Initiating enzymes: C1r, C1s, MBL 

associated serine protease (MASP)-1,  
MASP-2, factor-Df, and C3 convertases C4b2b and 
C3bBb

■ C5 convertases: C4b2b3b and C3bBb3b
■ Enzyme subunits of convertases: C2b 

and Bb
■ Assembly subunits: C3b, C4b, and C5b
■ Anaphylatoxins: C3a and C5a
■ MAC subunits: C5b, C6, C7, C8, and C9
■ Regulatory proteins: C4BP, factor H, complement 

receptor 1, complement receptor 2, and membrane 
cofactor protein

1.7.4 Cells of significance

• There are three main cell type families that play 
an important role in the adaptive phase of the  
immune response, which results in the generation  
of cytotoxic T-cells, CD4 T-helper cells, Th17 T-cells,  
and antibodies
■ Lymphocytes: T-cells, B-cells, and NK-cells
■ Monocytes: dendritic cells, LCs, and macrophages
■ Granulocytes: mast cells, eosinophils, and neutrophils

• B-cells
■ B-lymphocytes are formed from pluripotent 

progenitor stem cells in the bone marrow
■ Located in lymphoid follicle of lymph node
■ Main function is antibody production and 

differentiation into plasma cells (requires surface 
immunoglobulin receptors to bind antigen)

■ B-lymphocytes isotype switch (can switch from one 

antibody class to another) if they interact with 

T-helper cells (IgM to IgG, IGA, or IgE)
■ Can also present antigen in context of MHC class I to 

T-cells
■ Initial exposure to antigen leads to a primary 

immune response:

○ Has lower antibody production (typically IgM with 
a lower-affinity antibody)

○ Some B-cells differentiate into memory B-cells or 
plasma cells

■ Subsequent exposure leads to a secondary immune 
response:

○ Memory B-cells more rapidly develop into plasma 
cells

○ ↑High-affinity antibody production (IgA, IgE, 
and IgG)

○ ↑Isotype switching in the presence of helper 
T-cells, CD40 ligand, and other cytokines

■ B-cell markers/receptors: FC receptor, MHC class II, 
various complement receptors, CD19, CD20, and 
CD79a

■ Antibody structure has two identical heavy and two 
identical light chains with variable and constant 
domains that are connected by disulfide bonds. The 
variable region (Fab) has a unique/specific antigen-

binding domain. The constant region (Fc) interacts 
with cell surface receptors ➔ complement activation. 
Of note, papain cleaves antibody into two Fab 
fragments and one Fc fragment (Fig. 1-6, Table 1-17 
and Table 1-18)

• T-cells (majority of lymphocytes)
■ Derived from the bone marrow, but mature in the 

thymus; reside in paracortex of lymph nodes
■ Stimulation ➔ cytokine release or cell lysis
■ Primary stimulation: T-cell receptor recognizes the 

antigen only when it is complexed with MHC class I/II 
molecules (see Page 24 1.7.5 Major histocompatibility 
complex)

■ Costimulation: in addition, costimulatory signals 
between receptors and ligands present on the  
cell surface of the T-lymphocytes and APCs are  
necessary:

○ CD28 on T-cells binds to B7-1 and B7-2 
on APCs

○ CD2 on T-cells binds to LFA-3 on APCs

○ LFA-1 on T-cells binds to ICAM-1 on APCs
■ Signaling pathways can also be inhibitory

○ CTLA-4 expressed on T-lymphocytes binds to B7-1 
and B7-2 on APCs ➔ inhibition

○ Clinical relevance: ipilimumab blocks the CTLA-4 
signaling pathway ➔ enables greater T-cell 
activation and antimelanoma tumor activity

■ IL-2 is produced after T-cell activation and leads to 
proliferation of antigen-specific T-cells

■ A subset of T-cells become memory T-cells
■ Markers include: CD2, CD3, CD4 (on helper T-cells), 

and CD8 (on cytotoxic T-cells)
■ T-cells are divided into CD4+ T-helper cells (Th1, Th2, 

Th17, and Treg) and CD8+ cytotoxic T-cells

○ T-helper 1 (Th1) cells
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Figure 1-6. Antibody structure and functional domains. The basic structure of the antibody contains heavy chains and light chains, showing intradisulfide and inter-

disulfide bonds and the characteristic hinge region. The interactions between variable domains constitute the antigen-binding domain, and the constant  

regions confer specific biologic properties of the molecule. CHO, carbohydrate. (From Actor J.A. Elsevier’s Integrated Review Immunology and Microbiology, 2nd 

ed. Elsevier. 2012)
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Table 1-17. Immunoglobulin Class

Isotype IgM IgD IgG IgE IgA

Structure Pentamer Monomer Monomer Monomer Monomer, dimer

Complement activation Strong No Yes, except IgG4 No No

Bacterial toxin 

neutralization

Yes No Yes No Yes

Antiviral activity No No Yes No Yes

Binding to mast cells 

and basophils

No No No Yes (➔ 

release of 

mediators)

No

Additional properties Promotes bacterial opsonization 

but does not opsonize itself

1st antibody in primary 

immune response

Does not cross placenta

Surface 

receptor 

on B-cells

Antibody-dependent 

cell cytotoxicity

Only antibody 

that crosses the 

placenta

Allergic/

atopic 

responses, 

helminthic 

responses

Active as dimer 

on epithelial/ 

mucosal 

surfaces

• Antibodies bind to antigens ➔ neutralization ➔ opsonization or death. Antibody classes (e.g., IgD vs IgA) are determined by the heavy chain.

(Adapted from Actor JK, Elsevier’s Integrated Review Immunology and Microbiology, 2nd ed. Elsevier-Saunders. 2011.)

Table 1-18. Properties of IgG Subclasses

IgG Subclasses IgG1 IgG2 IgG3 IgG4

Occurrence (% of 

total IgG)

70 20 7 3

Half-life (days) 23 23 7 23

Complement binding + + Strong No

Placental passage ++ ± ++ ++

Opsonizing + No + No

Neutralizing No + No +

Receptor binding to 

monocytes

Strong + Strong ±

(Adapted from Actor JK, Elsevier’s Integrated Review Immunology and 

Microbiology, 2nd ed. Elsevier-Saunders. 2011.)

 Activated by intracellular pathogens ➔ activate 
macrophages ➔ response is mediated by 
macrophage activity

 Important in maintaining cell-mediated 

immunity and are involved in delayed-type 
hypersensitivity reactions

 Th1 differentiation requires stimulation by IL-12 
and IFN-γ, which activate the transcription 
factors T-bet, STAT1, and STAT4

 Th1 cells produce IFN-γ (downregulates Th2 
pathway), IL-2 (➔ ↑T-cells/B-cells/NK-cells), 
IL-12, and TNF-α

 Stimulate IgG2 and IgG3 class switching
 Promote phagocytic activity through:
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 Lymphomas of the γ/δ type are highly 
aggressive!

○ Disease associations
 Th1: multiple sclerosis, psoriasis, type 1 diabetes 

mellitus, tuberculoid leprosy, cutaneous 
leishmaniasis, sarcoidosis, delayed-type 

hypersensitivity reactions, and CTCL 
(non-Sezary)

 Th2: atopic dermatitis, helminthic infections, 
lepromatous leprosy, disseminated 
leishmaniasis, Sezary syndrome, scleroderma, 
and systemic lupus

 Th17: asthma, multiple sclerosis, psoriasis, 
rheumatoid arthritis, transplant rejection, and 
allergic contact dermatitis

 Th22: psoriasis and wound healing

• NK-cells
■ Key component of the innate immune system
■ Lack T-cell receptors or immunoglobulins
■ Cell surface markers include CD2, CD56, and CD16
■ Identify infected (viral) or tumor cells that have 

decreased MHC I surface expression and destroy these 
cells via perforin/granzymes

■ Secrete IFN-γ that can enhance the phagocytic capability 
of macrophages and have cytoplasmic granules that have 
a similar mechanism to cytotoxic T-lymphocytes

■ NK-cells are activated by IL-12, IL-15, and type I 
interferons

■ Work synergistically with macrophages (Fig. 1-7)

• Mononuclear phagocytes
■ Monocytes (in bloodstream) and macrophages (in 

tissue) represent different stages of a cell from the 

 IFN-γ-mediated macrophage activation
 FcγRIII cross-linking
 Complement deposition
 Opsonization

○ Th2 cells
 Th2 cells activate eosinophils, which help mediate 

systemic immune responses against helminthic 
parasites, and downregulate macrophage activity 
(IL-10 ➔ ↓MHC II expression on APCs)

 Important in humoral immunity

 IL-4 is a key cytokine that stimulates Th2 
proliferation by activating the transcription 
factors STAT6 and GATA-3

 Produce IL-4, IL-5, IL-6, IL-10 (suppresses Th1 
response), and IL-13 (like IL-4, important in 
allergies)

 Stimulate IgG4 and IgE class switching
 Response mediated by mast cells and 

eosinophils
 Increase degranulation through:

 FcεRI cross-linking
 IL-5-mediated eosinophil activation

○ Th17 cells
 Th17 cells are dependent on activation of the 

transcription factors RORγT, STAT3 (mutated in 

Job’s syndrome), and TGF-β
 Th17 cells typically recruit neutrophils that can 

destroy extracellular pathogens
 Produce IL-6, IL-17, IL-22 (➔ ↑ keratinocytes), 

IL-23 (essential for survival/division of cells), 
IL-36, and TNF-α

 Activate local endothelium
 Induce cytokine and chemokine production
 Increase infiltration by neutrophils
 Activate cell-mediated inflammation

○ Treg cells
 downregulate immune response (as name 

suggests); express CD25 and transcription factor 
FOXP3

○ CD8+ T-cells
 CD8+ T-cells can become functional cytotoxic 

T-cells, with cytotoxic granules, or memory 
T-cells

 They require, in some instances, activation from 
Th1 cells and Th1 cytokines

 CD8+ T-cells recognize cytoplasmic antigens 
when bound to MHC class I

 Kill via the perforin/granzyme pathway
 Perforin enables granzyme to enter the 

cytoplasm of virally infected cells ➔ 
subsequent initiation of apoptotic pathways

 Additionally, Fas ligand on CD8+ T-cells binds 
Fas on target cells ➔ cell death

 Immune modulation
 Inflammatory cytokine production, including 

IFN-γ and TNF
 Chemokine secretion

○ Other T-cell subsets
 γ/δ T-cells have γ/δ T-cell receptor (rather than 

predominant α/β)
 Suppress Th1 system via IL-10

Figure 1-7. Functions of NK-cells. (A) NK-cells kill host cells infected by intracel-

lular microbes, thus eliminating reservoirs of infection. (B) NK-cells respond to 

IL-12, produced by macrophages, and secrete IFN-γ to activate macrophages 

and kill phagocytosed microbes. (From Abbas A, Lichtman AH, Pillai S. Basic 

Immunology 4th ed. Elsevier. 2014)
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■ Important in immediate-type hypersensitivity 

reactions (e.g., anaphylaxis, urticaria, and 
angioedema)

■ Mast cells express high levels of FcεRI (high-affinity 
receptor for IgE)

■ Mast cell degranulation triggers: cross-linking of 

FcεRI-bound IgE, anti-FcεRI antibodies, stem cell 
factor, neuropeptides (e.g., substance P), drugs 
(opiates, aspirin, vancomycin, curare, and polymyxin 
B), C5a anaphylatoxin, and radiocontrast media

■ Mediators (Table 1-19)

• Neutrophils
■ Highly abundant myeloid cell type; short-lived and 

produced in the bone marrow
■ First cells to arrive at acute inflammatory sites 

(neutrophil chemotactic factors include c5a, IL-8, 
LTB4, kallikrein)

■ Function to destroy microbial pathogens 
(phagocytosis followed by oxidation (via ROS) ➔ 
death)

■ The cytoplasm contains four granule types.

○ Primary granules (azurophilic) containing 
defensins, myeloperoxidase (along with NADPH 
oxidase, creates ROS ➔ oxidation of engulfed 
organisms ➔ death; of note, defect in NADPH 
oxidase ➔ chronic granulomatous disease and 
negative nitroblue tetrazolium test [cannot turn 
color from yellow to blue]), lysozyme, proteinase-3, 
cathelicidin, and cathepsin B/D

○ Secondary granules (specific) containing 
lactoferrin, lysozyme, alkaline phosphatase, 
collagenase, and phospholipase A

○ Gelatinase-containing granules

○ Secretory granules containing receptors that 
enhance the ability of neutrophils to respond to 
inflammatory signals

• Langerhans cells
■ Bone marrow-derived dendritic cells that are 

dependent on transforming growth factor-β1 (TGF-β1) 
and macrophage colony-stimulating factor receptor 
(M-CSFR) ligands for development

■ LCs usually not visualized during routine histologic 
analysis, and on electron microscopy have rod-shaped 
organelles (Birbeck granules)

■ Langerin is a very sensitive and specific 

immunohistochemical marker for LCs, because it 

same lineage; dermal dendrocytes are another type of 
mononuclear cell

■ Derived from a common CD34+ progenitor cell in the 
bone marrow

■ Cell markers: CD11a/b/c, CD6, Fc receptor for IgG, 
and MHC II (for antigen presentation)

■ Macrophages have several key functions:

○ Antigen presenting cells

○ Cytokine production ➔ modulation of 
inflammation

○ Tissue remodeling, wound healing (absolutely 
required), and coagulation

■ Macrophages ingest pathogens into phagosomes, followed 
by fusion with lysosomes to form phagolysosomes, 
and finally pathogen destruction by reactive oxygen/
nitrogen species and proteolytic enzymes

• Eosinophils
■ Bone marrow derived
■ Important role in defense against parasitic/helminth 

infections and allergic disease
■ Weakly phagocytic
■ Activated by IL-5
■ For helminths, initially there is activation of Th2 cells 

with increased production of IL-4 and IL-5, leading 
to elevated levels of IgE

■ IgE coats helminths by binding to the FcΕ 
receptor on bound eosinophils, leading to their 
degranulation

■ Cytoplasmic granules containing major basic protein 
(➔ degranulation of mast cells/basophils), 
eosinophilic cationic protein, eosinophil peroxidase, 
and eosinophil-derived neurotoxin

■ Numerous eosinophil-derived mediators:

○ Lipid mediators usually derived from arachidonic 
acid (leukotriene)

○ Cytokines (VEGF, GM-CSF, and IL-4)/chemokines 
(RANTES and Mip-1alpha)

○ Oxidative products (superoxide)

• Mast cells
■ Bone marrow derived from progenitor cells expressing 

CD34/c-kit/CD13

○ Also stain with Giemsa, toluidine blue, and Leder
■ Mast cells express high levels of c-kit receptor 

(CD117) and its ligand, stem cell factor, which are 
critical for the survival and proliferation of mast cells

■ Typically located in papillary dermis

Table 1-19. Mast Cell Mediators

Mediator Function

Preformed and stored 

in granules

Histamine Vasodilation, smooth muscle cell contraction, tissue edema

Heparin Anticoagulant, controls function of other mediators

Tryptase Production of C3a and bradykinin, increased fibroblast proliferation

Chymase Increased mucous secretion

Cathepsin G Protease

Carboxypeptidase Protease

Major lipid mediators – 

newly formed

Prostaglandin D 2 Bronchoconstriction, leukocyte chemotaxis, dendritic cell activation

Leukotrienes C4, D, E4 Bronchoconstriction, dendritic cell recruitment and activation

Platelet-activating factor Vasoconstriction

Cytokines – newly formed IL-3, IL-4, IL-5, IL-6, IL-8, IL-13, TNF-α See cytokine section

(Adapted from Bradding P, Saito H, et al. Middleton’s Allergy: Principles and Practice 7th ed. Elsevier. 2009.)
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Further Reading

stains Birbeck granules; CD1a is also a fairly specific 
marker

■ LCs are poorly phagocytic, but are professional APCs
■ LCs are S100+, langerin (CD207)+, vimentin+, and 

CD1a+; adhere to keratinocytes via E-cadherin
■ Following antigen uptake, LCs move to the lymph 

nodes where MHC-bound antigen is presented to 

T-lymphocytes followed by subsequent activation of 

T-lymphocytes

1.7.5 Major histocompatibility complex

• MHC locus in humans is known as the human leukocyte 
antigen (HLA) locus

• The MHC locus is found on chromosome 6, and its key 
role is to present antigen to T-cells

• Divided into three classes: MHC class I, MHC 
class II, and MHC class III (encodes for complement 
molecules)

• Typically T-cells only recognize peptides in the presence 
of MHC molecules

• MHC genes are codominantly expressed

• During immune activation, the expression of MHC genes 
is increased in response to the surrounding cytokine 
milieu
■ MHC class I molecules present antigens 

(endogenous peptides) to CD8+ T-cells, and have the 
ability to induce apoptosis in both virally infected 
and tumor cells

○ Expressed on all nucleated cells

○ Peptide size bound by MHC class I is 8 to 10 
residues

○ Intracellular proteins are processed by 
proteasomes into cytosolic peptides that are 
transported to the endoplasmic reticulum, followed 
by binding to MHC class I on the surface

○ Three main MHC I genes: HLA-A, HLA-B, and 
HLA-C

■ MHC class II molecules present antigens (exogenous 
peptides) to helper T-cells

○ Expressed on APCs (i.e., monocytes, macrophages, 
dendritic cells, B-lymphocytes, and activated 
T-lymphocytes)
 Not expressed on plasma cells

○ Peptide size bound by MHC class I is 10 to 34 
residues

○ Endocytosis of extracellular antigens into vesicles 
where the antigens are processed, peptides loaded  
on class II MHC molecules, and expressed on the 
surface

○ Three main MHC II genes: HLA-DP, HLA-DQ, and 
HLA-DR

• MHC-associated diseases (High-Yield exam factoids!):
■ Lupus (SCLE and SLE): HLA-DR3
■ Psoriasis: HLA-Cw6 (most linked to psoriasis), B17 

and B13 (guttate psoriasis), and B27 (psoriatic 
arthritis)

■ Reactive arthritis: HLA-B27
■ Behçet’s disease: HLA-B51
■ Chronic idiopathic urticaria: HLA-DR4, HLA-DRB4, 

and HLA-DQ8

■ Pemphigoid gestationis: HLA-DR3 and HLA-DR4
■ Pemphigus vulgaris: HLA-DR4 and DRw6
■ Dermatitis herpetiformis: Class I: HLA-A1 and 

HLA-B8; Class II: HLA-DR3 and HLA-DQ2
■ Lichen planus: Class I: HLA-B57 and HLA-B8; Class II: 

HLA-DR1 and DR10
■ Vitiligo: Class I: HLA-A33 and HLA-B13; Class II: 

HLA-B44, HLA-DRB1, and HLA-DR4
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2.1 ANTIHISTAMINES

Mechanism of action (MoA)

• H1 and H2 antihistamines are inverse agonists 
(downregulate constitutively activated state of receptor) 
or antagonists at histamine receptors

• Histamine levels are elevated in the skin of chronic 
urticaria; itching is largely histamine-mediated  
(H1 receptors, but NOT H2 receptors)
■ H1 antihistamines are primarily used in dermatology

○ Good for urticaria and some cases of eczema, but 
not as monotherapy

■ H2 antihistamines can be added for chronic urticaria, 
but evidence is poor

Important facts

• H1 antihistamines are likely safe in pregnancy, but none 
are FDA category A – diphenhydramine or 
chlorpheniramine may be best choices if needed  
because of their long safety record; also appear safe  
in lactation

• Best for urticaria and angioedema, but likely not a great 
option for atopic dermatitis (though first-generation H1 
antihistamines may be helpful for itching at night)

First-generation H1 antihistamines

• Adverse effects: sedation, impaired cognitive function 
(from lipophilicity; cross blood-brain barrier), and 
anticholinergic effects (dry mouth, constipation, 
dysuria, and blurred vision)

• Metabolized by cytochrome P-450 system

• Examples: diphenhydramine (pregnancy category B), 
cyproheptadine (interferes with hypothalamic function 
→ may ↑appetite and retard growth in children), 
promethazine, chlorpheniramine (pregnancy category  
B – long track record of safety), and hydroxyzine

Second-generation H1 antihistamines

• Less sedating (because of ↓ability to cross 
blood-brain barrier) and lack anticholinergic 
effects

• Appear to be relatively equivalent for dermatologic 
indications (e.g., chronic urticaria)

• Fexofenadine: active metabolite of the prodrug 
terfenadine (which was withdrawn because of Q-T 
elongation and torsades de pointes); not metabolized  
by the liver and excreted unchanged

• Loratadine: ↓dose in patients with hepatic or renal 
impairment; pregnancy category B

• Cetirizine: carboxylic acid metabolite of hydroxyzine, 
mainly excreted unchanged; ↓dose in patients with 
hepatic or renal impairment; >10% get drowsiness 
(most sedating of second-generation antihistamines); 
pregnancy category B

• Desloratadine: active metabolite of loratadine, 
5× more potent than loratadine in suppressing 
histamine wheal

• Levocetirizine: active metabolite and R-enantiomer 
of cetirizine

Other antihistamines

• Doxepin: tricyclic antidepressant with H1 and H2 
antihistamine activity; effective in urticaria and depressed 
patients with neurotic excoriations; available orally and 
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■ ↑TH1 cytokines and ↓TH2 cytokines (helpful in 
CTCL) (Table 2-1 and Table 2-2)

Side Effects (SEs) of systemic retinoids

Mucocutaneous

• Earliest and most common SE is cheilitis (dry lips)

• Thirst, dry nasal mucosa, epistaxis, xerosis, 
xerophthalmia, palmoplantar peeling, photosensitivity, 
exacerbation of eczema, and Staphylococcus aureus 
colonization in isotretinoin patients (75%–90%;  
as a result of dryness of the nasal mucosa), telogen 
effluvium, nail fragility, pyogenic granuloma-like lesions, 
and sticky sensation (palms and soles)

Systemic

• Myalgias, arthralgias, anorexia, nausea, diarrhea, abdominal 
pain, IBD (controversial), headache, pseudotumor cerebri 
(esp. if used in conjunction w/ tetracyclines), fatigue, 
reduced night vision, questionable depression/suicidal 
ideation, hepatitis, pancreatitis secondary to 
hypertriglyceridemia, rarely bone toxicity (diffuse 
idiopathic skeletal hyperostosis [DISH]; more common 
with acitretin), calcification of tendons and ligaments, and 
premature epiphyseal closure

Labs

Hyperlipidemia/hypertriglyceridemia

• Most common laboratory abnormality, highest risk 
w/ bexarotene

• Discontinue if fasting TGs >800 mg/dL 
because of a pancreatitis risk

Elevated LFTs

• Usually transient within 2 to 8 weeks of starting 
treatment, return to normal after another 2 to 4  
weeks of treatment

• If elevations are greater than 3× the upper limit of 

normal, should discontinue

• More frequent with acitretin than isotretinoin or 
bexarotene

Central hypothyroidism  

(occurs in 80% on bexarotene)

• Decreased TSH and T4

• Is reversible

• Current recommendations are to start low-dose 
levothyroxine in all patients

Leukopenia (neutropenia) and agranulocytosis 

(bexarotene ≫ others)

Teratogenicity

• 50%–60% of isotretinoin-exposed pregnancies result in 
“healthy-appearing” births (lack obvious retinoid 
embryopathy)
■ However, ↓mental function becomes apparent in 

majority of these children over time: 30% have gross 
mental retardation and 60% have mild-moderate 
mental deficits

topically (5% cream – can cause allergic contact 
dermatitis and drowsiness)
■ Much higher affinity for histamine receptors than 

most antihistamines
■ Therapeutic effect longer lasting than 

diphenhydramine and hydroxyzine because of long 
half-life (thus QHS dosing)

■ Sedation is most common side effect (SE); others 
include anticholinergic SEs and orthostatic 
hypotension

■ Do not give with other antidepressants, or with severe 
heart disease (risk of heart block)

■ Can ↓seizure threshold
■ Can induce manic episodes in patients with manic-

depressive disorder
■ Black box warning for suicidality

2.2. RETINOIDS

Introduction

• Vitamin A and related natural and synthetic compounds 
are known as retinoids

• Three interconvertible forms: retinol (alcohol), retinal 
(aldehyde), and retinoic acid (acid)

• Acquired through diet (dairy, fish, meat, eggs, leafy 
greens, and orange/yellow vegetables)
■ Carotenoids (beta-carotene) are precursors of vitamin A

• Stored in the liver as retinol

• Retinol is transported in plasma by binding to a complex 
of retinol binding protein and transthyretin

Mechanism

• Binds cytosolic retinoid binding protein → transported 
to the nucleus → binds intracellular nuclear receptors

• Binds to two families of nuclear receptors: retinoic acid 
receptors (RARs) and retinoid X receptors (RXRs)
■ Each receptor family contains 3 isotypes (α, β, 

and γ)
■ Different retinoids bind to different receptors
■ The major receptors in keratinocytes are RXR-α and 

RAR-γ (most abundant in skin)

○ Photoaging → ↓RXR-α and RAR-γ
○ Topical retinoids → ↑stratum corneum thickness, 

epidermal hyperplasia, correction of atypia, 
dispersion of melanin granules, ↑dermal collagen I, 
↑papillary dermal elastic fibers, ↑hyaluronic acid, 
↓matrix metalloproteinases, and ↓angiogenesis

• Binding to RAR/RXR affects various genes and 
transcription factors that are involved in many  
functions (cellular proliferation, differentiation, 
embryonic development, cellular cohesiveness, and 
inflammatory effects)
■ Inhibits AP1 and NF-IL-6, which are important in 

proliferation and inflammatory responses
■ Inhibits TLR2, which is important in inflammation
■ ↓tumorigenesis and induces apoptosis
■ Antikeratinization (downregulates K6 and K16)
■ Inhibits ornithine decarboxylase
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Table 2-1. Topical Retinoids

Retinoid Generation

Systemic 

Absorption (% 

Dose)

Timing of 

Improvement

Pregnancy 

Category

Nuclear 

Receptor 

Profile

Uses/Treatment 

Indications Side Effects Miscellaneous

Tretinoin (all-

trans-RA)

First 

(nonaromatic)

1%–2% in 

normal skin

8–12 weeks C All RAR Acne, photoaging, 

(hyperpigmentation, 

AKs on face, disorders 

of keratinization, and 

striae)*

Irritation, 

erythema, 

peeling, 

pruritus, 

photosensitivity, 

and temporary 

worsening of 

acne

Inactivated by 

UV → apply 

at night

Oxidized by 

benzoyl 

peroxide

Alitretinoin 

(9-cis-RA)

First Not measurable 4–8 weeks D All RAR 

and 

RXR

Kaposi sarcoma Irritation, 

erythema, and 

pruritus

“AL(L)itretinoin 

binds ALL 

forms (RARs 

and RXR) of 

receptors”

Adapalene Third (poly 

aromatic)

Trace amounts 8–12 weeks C RAR-β/γ 
> α

Acne (photoaging and 

hyperpigmentation)

Irritation, 

erythema, 

peeling, and 

pruritus

Light stable

Tazarotene Third <5% in normal 

skin

8–12 weeks X RAR-β/γ 
> α

Acne and plaque 

psoriasis (photoaging, 

hyperpigmentation, 

disorders of 

keratinization, and 

AKs)

Irritation, 

erythema, 

peeling, and 

pruritus

Bexarotene Third Trace amounts 20 weeks X All RXR CTCL (stage 1A and 

1B), (LyP, hand 

dermatitis, psoriasis, 

and alopecia areata)

Irritation and 

erythema

“beXarotene = 

RXR”

Retinol Precursor of 

RA

8–12 weeks Cosmeceutical product, 

photoaging, and 

hyperpigmentation

Less irritation

Retinaldehyde Precursor of 

RA

8–12 weeks Cosmeceutical product, 

photoaging, and 

hyperpigmentation

Less irritation

*Off-label uses listed within ( )

RA = retinoic acid

• Most common adverse results in pregnant patients 
exposed to isotretinoin:
■ Spontaneous abortion (20%)
■ Retinoid embryopathy (18%–28%): craniofacial, 

cardiac, CNS, and thymic abnormalities are most 
common

Specific features of RE:

• Craniofacial: microtia, cleft palate, mircophthalmia, 
hypertelorism, dysmorphic facies, and ear abnormalities

• CNS: microcephaly, hydrocephalus, CN7 palsy, and 
cortical and cerebellar defects

• CV: cardiac septal defects, tetralogy of Fallot, 
transposition of great vessels, and aortic arch hypoplasia

• Thymic: thymic aplasia/ectopia

• No risk of retinoid embryopathy reported in male 
partners taking retinoids; however, iPledge requires male 
registration because pregnancies have been reported 
where women have “borrowed” their male partner’s 
medication

Contraindications

• Absolute: pregnancy, women contemplating pregnancy, 
noncompliance with contraception, breastfeeding, 

hypersensitivity to parabens (some capsules may contain 
parabens)

• Relative: leukopenia, moderate to severe 
hypercholesterolemia or hypertriglyceridemia, significant 
hepatic or renal dysfunction, and hypothyroidism 
(bexarotene)

Interactions

• Oral retinoids are lipophilic → fatty meals 

↑bioavailability

• Avoid vitamin A supplements (hypervitaminosis A)

• Methotrexate (MTX) (increased liver toxicity)

• Alcohol + acitretin → conversion of acitretin to 
etretinate, hepatotoxicity

• Isotretinoin + tetracyclines → pseudotumor 

cerebri

• Bexarotene + gemfibrozil → bexarotene is metabolized 
by cytochrome P450 3A4; avoid with gemfibrozil  
as it inhibits 3A4 → ↑plasma levels of bexarotene → 
severe hypertriglyceridemia
■ Treatment of ↑LDL: statin (may use any except 

simvastatin, because it interacts with 3A4)
■ Treatment of ↑TG: fenofibrate and/or omega 3



CHAPTER 2 • Dermatopharmacology

30

T
a

b
le

 2
-2

. 
S

ys
te

m
ic

 R
e
ti
n
o
id

s

R
e

ti
n

o
id

G
e

n
e

ra
ti

o
n

H
a

lf
-l

if
e

M
e

ta
b

o
li
s
m

E
x
c

re
ti

o
n

P
re

g
n

a
n

c
y
 

C
a

te
g

o
ry

N
u

c
le

a
r 

R
e

c
e

p
to

r 

P
ro

fi
le

U
s
e

s
/T

re
a

tm
e

n
t *

S
id

e
 E

ff
e

c
ts

†
M

is
c

e
ll
a

n
e

o
u

s

T
re

ti
n
o
in

 

(A
T
R

A
 o

r 

a
ll-

tr
a
n
s
-

R
A

)

F
ir
s
t 

(n
o
n
a
ro

m
a
ti
c
)

1
 h

o
u
r

H
e
p

a
ti
c

B
ile

, 
u
ri
n
e

X
A

ll 
R

A
R

A
c
u
te

 p
ro

m
ye

lo
c
yt

ic
 

le
u
k
e
m

ia

T
re

a
ts

 A
P

M
L

 

(a
c

u
te

 

p
ro

m
y
e

lo
c

y
ti

c
 

le
u

k
e

m
ia

)

Is
o
tr

e
ti
n
o
in

 

(1
3
-c

is
-

R
A

)

F
ir
s
t

2
0
 h

o
u

rs
H

e
p

a
ti
c
, 

m
e
ta

b
o
liz

e
s
 t

o
 

tr
e
ti
n
o
in

B
ile

, 
u
ri
n
e

X
 (
w

o
m

e
n
 

m
u
s
t 

h
a
ve

 

2
 n

e
g
a
ti
ve

 

p
re

g
n
a
n
c
y 

te
s
ts

 p
ri
o
r 

to
 in

it
ia

ti
n
g
; 

re
q

u
ir
e
s
 

c
o
n
tr

a
c
e
p

ti
o
n
 

fo
r 

1
 m

o
n
th

 

b
e
fo

re
, 
d

u
ri
n
g
, 

a
n
d

 1
 m

o
n
th

 

a
ft
e
r 

c
e
s
s
a
ti
o
n
 

o
f 
th

e
ra

p
y)

N
o
n
e

S
e
ve

re
 a

c
n
e
 a

n
d

 o
th

e
r 

fo
lli
c
u
la

r 
d

is
o

rd
e
rs

U
s
u
a
l d

a
ily

 d
o

s
e
: 

0
.5

–
2

 m
g
/k

g
 p

e
r 

d
a
y

G
o
a
l c

u
m

u
la

ti
ve

 d
o

s
e
: 

1
2
0
–
1
5
0

 m
g

/k
g

 f
o

r 

s
e
ve

re
 a

c
n
e

M
a
y 

fla
re

 in
 fi

rs
t 

fe
w

 

w
e
e
k
s
, 
la

g
 p

e
ri
o

d
 o

f 

1
–
3

 m
o

n
th

s
 b

e
fo

re
 

e
ff
e
c
t,

 c
o

n
ti
n
u
e
d

 

h
e
a
lin

g
 a

ft
e
r 

d
is

c
o

n
ti
n
u
a
ti
o

n
; 
1

/3
 

re
q

u
ir
e
 s

e
c
o

n
d

 c
o

u
rs

e

H
y
p

e
ro

s
to

s
is

 (
lo

n
g

-

te
rm

 u
s
e
),
 p

y
o

g
e

n
ic

 

g
ra

n
u

lo
m

a
s
, 

e
x
c
e
s
s
iv

e
 g

ra
n
u
la

ti
o

n
 

re
s
p

o
n
s
e
, 
te

lo
g

e
n
 

e
ffl

u
vi

u
m

, 
a
n
d

 ↑
S

.

a
u

re
u

s
 i
n

fe
c

ti
o

n
s

O
n

ly
 r

e
ti

n
o

id
 t

o
 

a
ff

e
c

t 
s
e

b
u

m
 

p
ro

d
u

c
ti

o
n

 

s
o

 P
. 
a

c
n

e
s
 

u
n

a
b

le
 t

o
 t

h
ri

v
e

A
v
o

id
 w

it
h

 

te
tr

a
c

y
c

li
n

e
s
 

(↑
ri

s
k

 o
f 

p
s
e

u
d

o
tu

m
o

r 

c
e

re
b

ri
)

E
tr

e
ti
n
a
te

S
e
c
o
n
d

 (
m

o
n
o
-

a
ro

m
a
ti
c
)

1
2
0
 d

a
y
s

H
e
p

a
ti
c
, 

m
e
ta

b
o
liz

e
s
 t

o
 

a
c
it
re

ti
n

B
ile

, 
u
ri
n
e

N
o
 lo

n
g
e
r 

a
va

ila
b

le

N
o
n
e

N
o
 lo

n
g
e
r 

a
va

ila
b

le
5

0
 t

im
e

s
 m

o
re

 

li
p

o
p

h
il
ic

 t
h

a
n

 

a
c

it
re

ti
n

 →
 

p
e
rs

is
ts

 v
e
ry

 lo
n
g

A
c
it
re

ti
n

S
e
c
o
n
d

2
 d

a
y
s

H
e
p

a
ti
c
, 

re
e
s
te

ri
fic

a
ti
o
n
 

to
 e

tr
e
ti
n
a
te

 

b
y 

a
lc

o
h
o
l

B
ile

, 
u
ri
n
e

X
 (
re

q
u
ir
e
s
 

c
o
n
tr

a
c
e
p

ti
o
n
 

fo
r 

1
 m

o
n
th

 

b
e
fo

re
, 
d

u
ri
n
g
, 

a
n
d

 3
 y

e
a

rs
 

a
ft
e
r 

c
e
s
s
a
ti
o
n
 

o
f 
th

e
ra

p
y)

N
o
n
e

P
s
o
ri
a
s
is

 (
p

u
s
tu

la
r,

 

e
ry

th
ro

d
e
rm

ic
, 
s
e
ve

re
 

a
n
d

 r
e
c
a
lc

it
ra

n
t 

p
la

q
u
e
)

C
a
n
 b

e
 c

o
m

b
in

e
d

 w
it
h
 

P
U

V
A

 (
R

e
-P

U
V

A
);
 

a
c
it
re

ti
n
 is

 g
iv

e
n
 1

0
–
1

4
 

d
a
ys

 p
ri
o
r 

to
 s

ta
rt

in
g

 

P
U

V
A

, 
w

h
ic

h
 a

c
c
e
le

ra
te

s
 

th
e
 r

e
s
p

o
n
s
e

U
s
u
a
l d

o
s
e
: 

2
5

–
5

0
 m

g
/d

a
y

M
u

s
t 

a
v
o

id
 

c
o

n
c

u
rr

e
n

t 

a
lc

o
h

o
l 
u

s
e

 

b
e
c
a
u
s
e
 a

lc
o

h
o

l 

→
 c

o
n
ve

rs
io

n
 

to
 e

tr
e
ti
n
a
te

 

→
 s

ig
n
ifi

c
a
n
tl
y 

p
ro

lo
n
g

e
d

 e
ff
e
c
ts

B
e
x
a
ro

te
n
e

T
h
ir
d

 (
p

o
ly

a
ro

m
a
ti
c
)

7
–
9
 h

o
u
rs

H
e
p

a
ti
c

H
e
p

a
to

-

b
ili
a
ry

X
 (
re

q
u
ir
e
s
 

c
o
n
tr

a
c
e
p

ti
o
n
 

fo
r 

1
 m

o
n
th

 

b
e
fo

re
, 
d

u
ri
n
g
, 

a
n
d

 1
 m

o
n
th

 

a
ft
e
r 

c
e
s
s
a
ti
o
n
 

o
f 
th

e
ra

p
y)

A
ll 

R
X

R
C

T
C

L
 r

e
s
is

ta
n
t 

to
 a

t 
le

a
s
t 

o
n
e
 s

ys
te

m
ic

 t
h
e
ra

p
y

U
s
u
a
l s

ta
rt

in
g

 d
o

s
e
 is

 

7
5

 m
g
/d

a
y 

u
p

 t
o

  

3
0
0
 m

g
/d

a
y

R
e
s
p

o
n
s
e
 t

o
 t

re
a
tm

e
n
t 

ta
k
e
s
 u

p
 t

o
 6

 m
o

n
th

s

C
e

n
tr

a
l 

h
y
p

o
th

y
ro

id
is

m

↑
↑

T
G

s
 (
s
e
ve

re
)

L
e
u
k
o

p
e
n
ia

A
v
o

id
 

g
e

m
fi

b
ro

z
il
 

(w
o

rs
e
n
s
 h

yp
e
r-

T
G

)

“b
e
X

a
ro

te
n
e
 =

 

R
X

R
”

*O
th

e
r 

o
ff
-l
a
b

e
l 
u
s
e
s
 i
n
c
lu

d
e
: 

d
is

o
rd

e
rs

 o
f 

ke
ra

ti
n
iz

a
ti
o
n
 (

ic
h
th

yo
s
is

, 
p

it
y
ri

a
s
is

 r
u

b
ra

 p
il
a

ri
s
, 

ke
ra

to
d

e
rm

a
, 

a
n
d

 D
a

ri
e

r’
s
),
 c

h
e

m
o

p
ro

p
h

y
la

x
is

 o
f 

p
re

m
a
lig

n
a
n
t 

a
n
d

 m
a
lig

n
a
n
t 

s
ki

n
 c

a
n
c
e
rs

 (
n
e
vo

id
 b

a
s
a
l 
c
e
ll 

c
a
rc

in
o
m

a
 s

yn
d

ro
m

e
, 

xe
ro

d
e
rm

a
 p

ig
m

e
n
to

s
u
m

, 
a
n
d

 t
ra

n
s
p

la
n

t 
p

a
ti

e
n

ts
).

†
S

e
e
 s

id
e
 e

ff
e
c
ts

 o
f 

s
ys

te
m

ic
 r

e
ti
n
o
id

s
 a

b
o
ve

 f
o
r 

d
e
ta

ils
.



2.3 Corticosteroids (CS)

31

• MoA via immunosuppressive and antiinflammatory 
effects, primarily via cytokine alterations (e.g., 
↓proinflammatory cytokines and ↑antiinflammatory 
cytokines)
■ Decreased: NFκB, AP-1, phospholipase A2, 

eicosanoids (e.g., leukotrienes, prostaglandins, 
12-HETE, and 15-HETE), COX-2, activity of all types 
of WBCs, fibroblast activity, and prostaglandin 
production

■ Increased: IL-10 (major downregulator of cell-
mediated immunity), antiinflammatory proteins  
(e.g., vasocortin, lipocortins, and vasoregulin), and 
↑apoptosis of lymphocytes and eosinophils

■ Major effects on cellular immunity (> humoral 
immunity) and cell trafficking

• Physiologic CS therapy = 5 to 7.5 mg/day of prednisone; 
pharmacologic CS therapy is anything higher

Adverse effects (systemic)

HPA axis suppression (see Box 2-1)

• Resulting from systemic steroids ≫> topical CS 
(risk nearly nonexistent, except in setting of whole-body 
clobetasol application for autoimmune blistering 
diseases)

• Basics: hypothalamus releases corticotropin releasing 
factor (CRH) → anterior pituitary releases ACTH → 
adrenal glands release cortisol

2.3 CORTICOSTEROIDS (CS)

Pharmacology key points (Table 2-3)

• Basic structure = 3 hexane rings and 1 pentane ring 
– modifications to this structure result in various CS 
(e.g., addition of 1,2 double bond to hydrocortisone → 
prednisone)

• Exogenous CS absorbed in upper jejunum – of note, 
more than 50% of prednisone is absorbed

• CS used in dermatology achieve their desired effects via 

glucocorticoid activity; mineralocorticoid effects are 

never desirable (sodium and water retention, HTN) for 
dermatologic purposes
■ Short-acting (hydrocortisone and cortisone): 

↓glucocorticoid, ↑mineralocorticoid activity
■ Intermediate-acting (prednisone, prednisolone, 

methylprednisolone, and triamcinolone): 
↑glucocorticoid and ↓mineralocorticoid activity

■ Long-acting (dexamethasone and betamethasone): 
↑↑glucocorticoid, no mineralocorticoid activity

• Glucocorticoid receptor (GCR) binds to CS in the 

cytoplasm → translocates to nucleus → binds nuclear 
DNA to act as transcription factor → altered gene 
regulation/transcription

• Cortisol-binding globulin (CBG) is main carrier protein 
– steroid that is bound to CBG is inactive and unbound 
steroid (free fraction) is active
■ ↑CBG: estrogen therapy, pregnancy, and 

hyperthyroidism → ↓CS free fraction
■ ↓CBG: hypothyroidism, liver disease, renal disease, 

and obesity → ↑CS free fraction

• 11β-hydroxysteroid dehydrogenase in liver converts 
steroids to active forms:
■ Cortisone (inactive form) → cortisol 

(aka hydrocortisone, active form)
■ Prednisone (inactive form) → prednisolone (active 

form)
■ Liver disease can impair conversion → preferable to 

give active forms of steroids in this setting 
(prednisolone instead of prednisone, for example)

Table 2-3. Pharmacology Key Concepts – Systemic Corticosteroids

Corticosteroid

Equivalent 

Dose (mg)

Glucocorticoid 

Potency*

Mineralocorticoid 

Potency

Plasma Half-life 

(min) Biologic Half-life (hr)

Short-acting

Cortisone 25 0.8 2 + 30–90 8–12

Cortisol (hydrocortisone) 20 1 2 + 60–120 8–12

Intermediate-acting

Prednisone 5 4 1 + 60 24–36

Prednisolone 5 4 1 + 115–212 24–36

Methylprednisolone 4 5 0 180 24–36

Triamcinolone 4 5 0 78–188 24–36

Long-acting

Dexamethasone 0.75 20–30 0 100–300 36–54

Betamethasone 0.6–0.75 20–30 0 100–300 36–54

*Glucocorticoid potency is expressed in a relative scale without specific units of measure; this relative potency number is inversely related to the equivalent 

dose in the first column. (From Wolverton S. Comprehensive Dermatologic Drug Therapy, 3rd Ed. Elsevier. 2012)

Box 2-1. Layman’s Explanation of Exogenous Adrenal Insufficiency

If you keep giving a person systemic steroids with glucocorticoid 

(cortisol-like) effects, their adrenal glands become “lazy” and stop making 

endogenous cortisol → over time, the adrenals become shrunken/atrophic, 

and can no longer produce adequate cortisol; immediately upon cessation 

of systemic steroid administration → “exogenous adrenal insufficiency” as 

a result of insufficient cortisol → may appear to be steroid withdrawal 

syndrome (most common), or very rarely, adrenal (Addisonian*) crisis.

*Of note, the mineralocorticoid axis (renin-angiotensin-aldosterone) is 

almost NEVER suppressed in “exogenous adrenal insufficiency” → almost 

never get true adrenal (Addisonian) crisis with hypotension, coma.
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postmenopausal women; greatest absolute loss of bone 

mass occurs in young men (they have highest baseline 
bone mass)

• Osteonecrosis: usually at least 2 to 3 month courses; 
proximal femur most common

• Hypocalcemia

Gastrointestinal effects

• Bowel perforation, peptic ulcer disease (mainly if total 
dose ≥1 g, H2 antagonists or proton pump inhibitors can 
help), fatty liver changes, esophageal reflux, and nausea/
vomiting

Ocular effects

• Cataracts (risk does NOT change with QOD dosing), 
glaucoma, infections, and refraction changes

Psychiatric changes

• Psychosis, hypomania, insomnia, agitation, and 
depression

Neurologic effects

• Pseudotumor cerebri, seizures, epidural lipomatosis, and 
peripheral neuropathy

Opportunistic infections

• Tuberculosis reactivation, deep fungi, prolonged herpes 
virus infections, and Pneumocystis jiroveci pneumonia

• ↓risk with QOD dosing

Muscular effects

• Myopathy (proximal lower extremity weakness) and 
muscular atrophy

Cutaneous effects

• ↓wound healing, striae, atrophy, telangiectasias, steroid 
acne, purpura, infections (staphylococcal, herpes virus), 
telogen effluvium, hirsutism, pustular psoriasis flare 
(upon drug withdrawal), perioral dermatitis, contact 
dermatitis, and hypopigmentation

Contraindications

Systemic fungal infections, herpes simplex keratitis, and 
hypersensitivity reactions

Pregnancy

Category C, but likely safe for short courses if needed (severe 
PUPPP or gestational pemphigoid, for example)

Clinical use

Systemic steroids are used in autoimmune bullous dermato-
ses, connective tissue disorders (treatment of choice in der-
matomyositis), vasculitides, neutrophilic dermatoses, allergic 
contact dermatitis, papulosquamous dermatoses, and various 
other dermatoses

• Pemphigus: start at 1 mg/kg daily in divided doses and 
increase up to 2 mg/kg daily (if needed) for 4 to 6 
weeks, consolidate dose to once a day and taper quickly 
to 40 mg daily, and slowly thereafter; a steroid-sparing 

• HPA axis (CRH → ACTH → cortisol) is suppressed by 
use of exogenous CS
■ Hypothalamus: first to be suppressed, but quickest to 

recover
■ Adrenals: last to be suppressed, but slowest to recover

• Mineralocorticoid axis (renin-angiotensin-aldosterone) 
is NOT suppressed by exogenous CS used in 
dermatology → true adrenal (Addisonian) crisis w/ 
severe hypotension and coma is extremely uncommon in 
secondary exogenous adrenal insufficiency, because of 
the preserved MC axis function

• Exogenous adrenal insufficiency (HPA axis suppression) 
typically seen in patients taking pharmacologic CS doses 
for ≥3 to 4 weeks

• Risk factors:
■ Abrupt cessation of CS (always taper if CS course is 

>4 weeks)
■ Major stressor (surgery, trauma, or illness)
■ Divided dosing (BID or TID)
■ Daily dose given at any time other than the morning

• QOD (alternate day) dosing → ↓risk of nearly all major 
complications
■ ↓risk of: HPA axis suppression, growth suppression, 

HTN, opportunistic infections, and electrolyte 
disturbances

■ Does not lower risk of: cataracts or osteoporosis

• Two clinical presentations of exogenous adrenal 
insufficiency:
■ Steroid withdrawal syndrome (SWS): most common 

presentation; presents with (p/w) arthralgias, myalgias, 
mood changes, headache, fatigue, and anorexia/
nausea/vomiting; no change in serum cortisol level, 
but rather ↓available intracellular CS

■ Adrenal (Addisonian) crisis: extremely uncommon; 
life-threatening; p/w symptoms of SWS + 
hypotension, ↓↓↓cortisol levels

Glucocorticoid effects

• Hyperglycemia and increased appetite/weight gain

Mineralocorticoid effects (tend to occur  

with CS with high MC effect)

• As a result of “aldosterone-like” activity of some CS

• p/w HTN, CHF, weight gain, and hypokalemia

Lipid effects

• Hypertriglyceridemia (may result in acute pancreatitis), 
cushingoid changes, menstrual irregularity, and 
lipodystrophy (moon face, buffalo hump, 

and central obesity)

Pediatric effects

• Growth impairment (as a result of ↓growth hormone 
and IGF-1 production)

• ↓risk with QOD dosing

Bone effects

• Osteoporosis: QOD dosing does NOT ↓risk; consider 
calcium + vitamin D and/or bisphosphonates, 
teriparatide, nasal calcitonin; greatest reduction in bone 

mass occurs in first 6 months; ↑fracture risk in 
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scans (T score < −2.5 = osteoporosis), MRI if pain in hip/
shoulder/knee (osteonecrosis), and slit-lamp 
examination q6–12 months

• TB screening and chest X-ray

• Tests to evaluate adrenal insufficiency
■ AM cortisol: primary screening tool, >10 mcg/dL = 

good basal adrenal function
■ 24 hour urine free cortisol: more accurate test for 

basal adrenal function (advantage); main disadvantage 
is patient compliance with 24 hour urine collection

■ ACTH stimulation: most commonly used provocative 
test for adrenal function; check basal cortisol level → 
then inject ACTH → check cortisol levels at 30 and 60 
minutes

■ Others: insulin hypoglycemia, metyrapone, and 
corticotropin-releasing factor

2.4 IMMUNOMODULATORY AGENTS

Apremilast

• Phosphodiesterase-4 (PDE-4) inhibitor

• Used for psoriasis and psoriatic arthritis

• Most common SEs are diarrhea and nausea – resolve on 
their own within 4 weeks usually

• Depression and weight loss have also been reported

• Dose halved in patients with severe renal impairment

• No laboratory monitoring required

Janus kinase inhibitors

Tofacitinib

• JAK 1 and 3 inhibitor

• FDA approved for moderate to severe rheumatoid 
arthritis (RA) patients who have failed MTX

• Topical and oral have been tested in psoriasis; reports of 
oral used in alopecia areata

• Most common SEs: URI, mild headaches, and nausea

• May have ↓hemoglobin and mean neutrophil count, but 
usually normalize on treatment

• May have ↑LDL, HDL, CK, TGs, and LFTs

• Tuberculosis reactivation not reported

Ruxolitinib

• JAK 1 and 2 inhibitor

• FDA approved for treatment of intermediate- or high-risk 
myelofibrosis

• Topical version tested in psoriasis; reports of oral used in 
alopecia areata

• Mainly local SEs

Azathioprine

Mechanism of action

• Azathioprine’s active metabolite, 6-TG (thioguanine), 
is produced by the hypoxanthine guanine 
phosphoribosyltransferase (HGPRT) pathway and shares 
similarities with endogenous purines → therefore, it gets 

agent should either be started at the get-go or  
before tapering

• Toxicodendron dermatitis: be careful not to stop oral 
CS too early because of the ↑likelihood of flare; best 
option is a 3 week tapering course starting at about 
1 mg/kg daily

• Note that oral CS ↓acute pain in herpes zoster, but 

likely do not prevent postherpetic neuralgia

• Longer duration of treatment = ↑SE risk

• Divided dose regimens are more effective, but have a 
higher risk of SEs than single dose regimens (best taken 
in AM to simulate body’s diurnal variation of cortisol 
production)

• Alternate day (QOD) dosing: the antiinflammatory 
effects of CS last longer than the HPA axis suppressive 
effects → QOD dosing helps maintain control of disease 
activity after course with daily CS

Intramuscular CS

• Unique adverse effects: cold abscesses, subcutaneous fat 
atrophy, crystal deposition, menstrual irregularities, and 
purpura

• Main advantages (vs oral CS): compliance, can be given 
in setting of nausea/vomiting

• Main disadvantages (vs oral CS): ↑HPA axis suppression 
because levels are constant throughout the day 
(↑frequency of IM injections → ↑risk of HPA axis 
suppression), and less ability to precisely taper
■ Per Wolverton, do not use long-acting IM CS (such as 

Kenalog) more than 3 to 4×/year

Pulse IV CS

• Generally 0.5–1 g of methylprednisolone IV over ≥ 1 h × 
5 consecutive days

• Indications: systemic vasculitis, systemic lupus 
erythematosus, pyoderma gangrenosum, and bullous 
pemphigoid

• Adverse effects: sudden cardiac death, atrial fibrillation, 
anaphylaxis, electrolyte shifts, and seizures

Intralesional CS

• Typically triamcinolone acetonide 2 to 40 mg/mL, 
depending on disorder/location/thickness of lesion

• Used for localized dermatoses such as prurigo nodularis, 
keloids, and alopecia areata

• SEs: atrophy (inject in dermis!) and hypopigmentation

Topical CS

• Most commonly used in dermatology for various 
conditions including dermatitis and psoriasis

• Of note, more potent topical steroids (e.g., clobetasol) 
and those in more highly absorbed bases (e.g., gels and 
ointments) are more likely to → adverse cutaneous 
effects
■ Remember that topical steroids do not usually cause 

systemic symptoms!

Monitoring

Consider monitoring:

• Fasting glucose levels, blood pressure (mild ↑ is ok), 
triglycerides, weight, height/weight for children, DEXA 
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Interesting facts for boards

• The killed hepatitis B virus vaccine administered to 
patients on azathioprine and corticosteroids has shown a 
decreased response

• If given with TNF-α inhibitor → ↑risk of hepatosplenic 
T-cell lymphoma

Cyclosporine

Mechanism of action

• Forms a complex with cyclophilin, which inhibits 
calcineurin – an intracellular enzyme – which in turn 
reduces the activity of NFAT-1 (transcribes various 
cytokines, such as IL-2)

• ↓IL-2 production leads to decreased numbers of CD4 
and CD8 cells.

Important pharmacology points

• Cyclosporine should ideally be gradually tapered while 
an alternative therapy is instituted to prevent flaring

• Maximum dermatologic dose = 5 mg/kg daily and can 
be used continuously for up to 1 year according to the 
FDA (2 years for worldwide consensus data)
■ Cyclosporine lipid nanoparticles formulation 

maximum dermatolyte dose = 4 mg/kg

• For obese patients, ideal body weight should be used to 
calculate starting dose

Indications

• FDA approved for psoriasis

• Off-label uses include atopic dermatitis, chronic 
idiopathic urticaria, pyoderma gangrenosum, lichen 
planus, bullous dermatoses, autoimmune connective 
tissue diseases, neutrophilic dermatoses, and pityriasis 
rubra pilaris among others

SEs

• Contraindicated in patients with cutaneous lymphoma 
(risk of progression)

• Nephrotoxicity and hypertension are the two most 
notable SEs of cyclosporine, which are dose- and 
duration-dependent
■ Irreversible kidney damage is avoided if patients receive 

dermatologic doses (2.5–5 mg/kg daily), have dose 

adjusted when creatinine increases by 30% from 
baseline, and use cyclosporine for no longer than 1 year

■ Hypertension occurs in 27% of psoriasis patients who 
receive cyclosporine and is thought to be secondary to 
renal vasoconstriction

○ When HTN develops, it can be controlled with 
medication and is not a contraindication to 
continuing therapy

○ Prescription of choice = CCBs (e.g., nifedipine or 
isradipine), because they do not alter cyclosporine 
serum levels

• ↑risk of NMSC in psoriasis patients, particularly when 
treated >2 years
■ Risk of other malignancies, such as lymphoma, is 

unclear

• Hyperlipidemia not uncommon – dietary changes and ↑ 
physical activity should be recommended

incorporated into DNA and RNA → inhibits purine 
metabolism and cell division (particularly in fast-growing 
cells that do not have a salvage pathway, like 
lymphocytes)

• Xanthine oxidase and thiopurine methyltransferase 
(TPMT) convert azathioprine into inactive metabolites

• Diminishes T-cell function and antibody production by 
B-cells

Important pharmacology points

• TPMT activity is reduced in certain populations, and 
functional enzyme allele sequencing is available
■ ↓activity of TPMT (measured by allele activity) or 

↓xanthine oxidase (as a result of allopurinol or 
febuxostat) → ↑azathioprine levels → ↑risk of 
life-threatening myelosuppression

■ ACE inhibitors, sulfasalazine, and concomitant use of 
folate antagonists also increases risk of myelosuppression

• Azathioprine may decrease anticoagulant effects of 
warfarin and reverse neuromuscular blockade

Indications

• FDA approved indications: organ transplantation and 
severe RA

• Off-label dermatologic uses include atopic dermatitis, 
chronic actinic dermatitis, Behçet’s disease, bullous 
pemphigoid, cicatricial pemphigoid, dermatomyositis, 
oral lichen planus, and pemphigus

Side effects

• Leukopenia, thrombocytopenia, and immunosuppression 
(correlates with low TPMT activity)

• Squamous cell carcinoma (SCC) and lymphoma 
(particularly non-Hodgkin’s B-cell lymphoma)
■ No clear evidence of increased risk for 

dermatologically dosed indications

• Infection (particularly human papilloma virus, herpes 
simplex, and scabies)

• Teratogenicity

• Hypersensitivity syndrome (usually between first 
and fourth week of therapy and more common in 
patients who are receiving concomitant cyclosporine or 
MTX)

• Gastrointestinal SEs – most common adverse effect of 
azathioprine – include nausea, vomiting, and diarrhea 
(often present between first and tenth day of therapy); 
also gastritis and pancreatitis

• Transaminase elevation and severe hepatocellular toxicity 
are rare

Important monitoring points

• Baseline pregnancy test (for women of childbearing 
potential; pregnancy category D) and tuberculin skin test 
(strongly consider performing depending on clinical 
situation)

• Annual complete physical examination with particular 
attention to possible lymphoma and squamous cell 
carcinoma

• CBC with differential and liver function tests every 
2 weeks for the first 2 months and every 2 to 3 months 
thereafter
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■ Other tests for which further studies are needed to 
confirm utility: ultrasound, dynamic radionuclide 
scans, and the amino terminus of type III procollagen 
peptide assay (PIIIP)

• Pretreatment liver biopsy may be considered for patients 
who have baseline ↑LFTs, history of liver disease, 
heritable liver disease, diabetes, obesity, or exposure to 
alcohol/hepatotoxic drugs

Indications

• FDA approved for extensive, severe, debilitating, or 
recalcitrant psoriasis and Sezary syndrome

• Off-label dermatologic uses include: PLEVA, LyP, 
pemphigus, pemphigoid, autoimmune connective  
tissue diseases, sarcoidosis, mycosis fungoides, and 
cutaneous vasculitis

SEs

• Absolute contraindications: pregnancy (category X) and 
lactation

• Relative contraindications: unreliable patient, ↓renal 
function, hepatic disease, metabolic disease  
(i.e., obesity or diabetes mellitus), severe hematologic 
abnormalities, man or woman contemplating conception 
(3 months off drug for men, off one ovulatory cycle for 
women), active infectious disease or history of 
potentially serious infection that could reactivate, and 
immunodeficiency syndrome

• Rarely reported to cause acute pneumonitis, which is 
idiosyncratic and can be life threatening if MTX is not 
stopped, and pulmonary fibrosis (even less common).
■ Routine radiography or pulmonary function studies, 

without symptoms to suggest pneumonitis, are not 
helpful in preventing lung toxicity.

• Pancytopenia, which can be life threatening, usually 
occurs early (initial 4–6 weeks) in therapy and may be 
idiosyncratic
■ Risk factors: old age, poor renal function, and lack of 

folic acid supplementation

• No data that patients with psoriasis and taking MTX have 
↑risk of malignancy such as lymphoma

• GI SEs are common (nausea, anorexia > diarrhea, 
vomiting, and ulcerative stomatitis)

• MTX has been reported to accumulate in renal tubules 
and cause renal toxicity when given at high doses for 
chemotherapy

• Other adverse effects: alopecia, headaches, fatigue, 
dizziness, accelerated nodule development in patients 
with rheumatoid arthritis (similar to rheumatoid 
nodules, but smaller and classically on fingers)  
and phototoxicity (including UV and radiation 
“recall reactions”)

• ↑risk myelosuppression when coadministered 
with agents that inhibit folic acid metabolism  
(e.g., trimethoprim, sulfonamides, and dapsone) or 
increase MTX levels by displacing plasma proteins 
(tetracyclines, phenytoin, phenothiazines, sulfonamides, 
NSAIDs, and salicylates)

Important monitoring points

• CBC w/ differential, LFTs, creatinine, BUN, and viral 
hepatitis panel at baseline, then repeat weekly for first 

• Other SEs include: hypertrichosis, gingival hyperplasia, 
myalgia, paresthesia, tremors, malaise, hyperuricemia 
(can precipitate gout), hypomagnesemia, and 
hyperkalemia

Important monitoring points

• Recheck creatinine level if ↑ by >30% from baseline → if 
remains elevated above 30%, ↓dose by at least 1 mg/kg 
for 4 weeks, then:
■ If the creatinine level drops back down to <30% above 

baseline, can continue therapy
■ If it does not drop, then discontinue therapy; if it 

returns to within 10% of baseline, cyclosporine can be 
resumed at lower dose 

• If at any time creatinine increases by ≥50% above 
baseline, discontinue therapy until level returns to 
baseline

• Obtain two baseline blood pressures at least 1 day apart 
and two baseline creatinine values at least 1 day apart

• Baseline, BUN, CBC, LFTs, fasting lipid profile, 
magnesium, potassium, and uric acid

• Reevaluation of labs and blood pressure every 2 weeks 
for the first 1 to 2 months, then every 4 to 6 weeks with 
blood pressure checked at every visit

Interesting facts for boards

• Recent case report suggesting efficacy in treating 
poststreptococcal pustulosis and SPTCL as single agent 
therapy

Methotrexate

Mechanism of action

• Binds dihydrofolate reductase with greater affinity than 
folic acid → prevents conversion of dihydrofolate to 

tetrahydrofolate (a necessary cofactor of purine 
synthesis) → inhibition of cell division

Important pharmacology points

• The inhibition of dihydrofolate reductase may be 
bypassed by leucovorin (folinic acid) or thymidine
■ Folinic acid is an active, naturally occurring version of 

folate (vitamin B9); most commonly used medication 
for rescue of high-dose MTX adverse effects/overdose

• Folic acid (synthetic) and folinic acid (naturally 
occurring): ↓MTX-induced adverse effects
■ ↓GI adverse effects by 26% (nausea, vomiting, and 

abdominal pain)
■ ↓risk of LFT abnormalities by 76%
■ ↓risk of pancytopenia
■ ↑ability to tolerate MTX (↓MTX discontinuation rate 

for any reason)

• Recent Cochrane review showed that coadministration of 
folates (folic acid or folinic acid) does NOT decrease 

efficacy of MTX

• MTX-induced hepatic fibrosis:
■ Testing indicated for high cumulative doses 

(≥ 1.5–4 g), particularly for patients with preexisting 
liver disease, alcohol abuse, hepatitis C, psoriasis, or 
those who did not receive folic acid supplementation

■ Liver biopsy (gold standard)
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Monitoring guidelines

• CBC with differential, basic metabolic profile (with 
creatinine) and LFTs at baseline, then 2 to 4 weeks after 
initiating treatment or dose escalation, and then every 2 
to 3 months once dose is stable

• Baseline hepatitis B and C panel, tuberculosis screen, and 
pregnancy test

Cytotoxic agents

Hydroxyurea

• Impairs DNA synthesis through inhibition of 
ribonucleotide diphosphate reductase; hypomethylates 
DNA resulting in altered gene expression

• FDA approved for sickle cell anemia, chronic 
myelogenous leukemia, SCC of head and neck, and some 
forms of metastatic melanoma

• Dermatologic uses are mainly off-label for treatment of 
recalcitrant psoriasis, Sweet’s syndrome, erythromelalgia, 
and hypereosinophilic syndrome

• Severe anemia, thrombocytopenia, and leukopenia are 
relative contraindications

• Most common adverse effect: megaloblastic anemia 
(myelosuppression)

• Can cause dermatomyositis-like eruption, lichenoid 
drug eruption resembling graft-versus-host disease, leg 

ulcers, alopecia, photosensitivity, radiation recall, and 
hyperpigmentation of the skin and nails

Cyclophosphamide

• An alkylating agent (exerts its effect by directly 
damaging DNA via cross-linking)
■ Nitrogen mustard derivative
■ Aldophosphamide – one of its metabolites – is 

cleaved intracellularly into acrolein and enhances 
cellular damage by depleting glutathione store

• FDA approved for the treatment of mycosis fungoides 
(advanced disease)

• Off-label dermatologic uses: severe immunobullous 
disease (e.g., ocular cicatricial pemphigoid), severe 
systemic vasculitides, neutrophilic dermatoses, and 
autoimmune connective tissue diseases

• Hemorrhagic cystitis occurs in 5% to 41% as a result of 
acrolein (prevented by adequate hydration as well as 
mesna, which binds acrolein in the bladder and reduces 
irritation)
■ a/w ↑risk of transitional cell carcinoma of the 

bladder, non-Hodgkin’s lymphoma, leukemia, and 
squamous cell carcinoma (in transplant and oncology 
patients)

■ Monitoring: periodic urine analysis with cytologic 
examination

• Nausea and vomiting are the most common SEs and can 
be decreased by coadministering with ondansetron and 
dexamethasone

• ↑risk infertility: amenorrhea (27%–60%); premature 
ovarian failure (up to 80%)

• Cutaneous SEs permanent pigmented band on the 
teeth, anagen effluvium, and hyperpigmentation of 

skin and nails

month (excluding the viral hepatitis panel), and 
gradually decrease frequency to every 3 to 4 months 
(e.g., every 2 weeks × 2 months, every month × 2 
months, every 3 months thereafter)

• Liver biopsy information discussed on p. 35

• “Leucovorin rescue”: folinic acid (leucovorin) bypasses 
dihydrofolate reductase → may be given when MTX 
induces significant myelosuppression

Interesting facts for boards

• Pediatric patients may have reduced oral absorption of 
MTX when taken with various foods or have underlying 
diseases and therefore may consider injectable form of 
MTX for this select population

• MTX causes UV and radiation recall (toxic cutaneous 
reactions reappear on previously irradiated skin)

Mycophenolate mofetil

Mechanism of action

• Binds and inhibits inosine monophosphate 

dehydrogenase – a key enzyme for the de novo synthesis 
of purines – which is essential in activated lymphocytes

Important pharmacology points

• Requires gastric acidity for cleavage into its active 
state (antacids and proton pump inhibitors  
↓serum levels)

• Dermatologic doses range from 2 to 3 g divided in twice 
daily doses

Indications

• FDA approved for renal, cardiac, and liver allograft 
rejection prevention

• Off-label dermatologic uses include: psoriasis, atopic 
dermatitis, pemphigus, pemphigoid, autoimmune 
connective tissue diseases, vasculitis, lichen planus,  
and sarcoidosis

Side effects

• Absolute contraindications: pregnancy (category D) 
and drug allergy

• Relative contraindications include lactation (may be 
excreted in breast milk), peptic ulcer disease, hepatic or 
renal disease (may require dose adjustment), drugs that 
interfere with enterohepatic circulation (e.g., 
cholestyramine), and concomitant administration with 
azathioprine (↑risk of bone marrow toxicity)

• Risk of carcinogenesis (lymphoma and 
lymphoproliferative malignancies) shown in transplant 
population (who usually had several immunosuppressive 
medications given concomitantly) – unknown  
whether this holds true in dermatologic patients  
and whether there is increased risk of nonmelanoma 
skin cancer

• Most common SEs = diarrhea, abdominal pain, 

nausea, and vomiting

• Associated with a form of neutrophil dysplasia termed 
pseudo-Pelger-Huet anomaly, which is characterized by 
nuclear hypolobulation with a left shift – this may 
predict the development of neutropenia
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• CQ is contraindicated in patients who have 
myasthenia gravis

• Mucocutaneous drug reactions:
■ Yellow pigmentation of the skin (quinacrine)
■ Drug-induced LP
■ Morbilliform hypersensitivity eruption; may also 

present as erythroderma or SJS

○ Risk is much greater in dermatomyositis (31%) 

than lupus (3%)
■ Psoriasis exacerbation (CQ in particular)
■ Bluish-gray to black hyperpigmentation in 

10% to 30% of patients treated for ≥4 months 
typically affecting the shins (clinically 
indistinguishable from type II minocycline 
hyperpigmentation), face, and palate

■ Nail hyperpigmentation

• Ophthalmologic toxicity includes corneal deposits 
(keratopathy), neuromuscular eye toxicity (ciliary body 
dysfunction)), and retinopathy (maculopathy)
■ All except retinopathy are reversible with 

discontinuation of treatment
■ Ocular toxicity is NOT seen in quinacrine therapy

• Current eye monitoring recommendations (based on 
recent ophthalmologic literature):
■ Baseline examination including visual field testing
■ Dilated examination and visual acuity testing within 

first year of starting therapy
■ Dilated examination and visual acuity testing 

yearly after 5 years of treatment (some patients, 
such as the elderly, may require more frequent 
examinations)

• GI SEs (CQ > HCQ): most common reason for early 
reduction or D/C of treatment

• Restlessness, excitement, confusion, and seizures 
(usually in patients on higher than recommended  
doses)

• Rare, but potentially fatal, bone marrow toxicity 
has been reported with quinacrine and agranulocytosis 
with CQ

• Hemolysis in the G6PD deficient population is mainly 
a concern for 8-aminoquinoline and primaquine, but not 
for usual doses of HCQ and CQ

Important monitoring points

• G6PD testing is not necessary for HCQ, CQ, and 
quinacrine given low risk of hemolysis with therapeutic 
doses

• Baseline ocular examination as mentioned on p. 37; 
CBC w/ differential, complete metabolic profile,  
and LFTs periodically; G6PD screening and measurement 
of porphyrin levels in selected clinical settings

Interesting facts for boards

• The use of HCQ delays the time to fulfill criteria for SLE 
in patients treated for cutaneous LE

• Low-dose HCQ or CQ may be used in porphyria cutanea 
tarda (i.e., 100–200 mg/day of HCQ vs 400 mg/day used 
for DLE)

• Quinacrine may be added to HCQ or CQ for 

↑therapeutic effect

• CQ and HCQ should not be given together

Chlorambucil

• Alkylating agent that directly damages DNA via 
cross-linking

• FDA approved for chronic lymphocytic leukemia

• Off-label dermatologic uses: NXG (shown to be effective 
and safe in a retrospective review of 48 cases), pyoderma 
gangrenosum, and several immunobullous and 
connective tissue diseases, such as Behcet’s and 
dermatomyositis

• Allergy to nitrogen mustard is a contraindication

• Epileptogenic and mood-altering potential

• Other SEs include nausea, vomiting, azoospermia, 
amenorrhea, pulmonary fibrosis, hepatotoxicity, bone 
marrow suppression, and oral ulcers

Antimalarial agents

• Include hydroxychloroquine (HCQ), chloroquine 
(CQ), and quinacrine (taken off the market in the 
United States, but still available in compounding 
pharmacies)

Mechanism of action

• Antimalarials work via several different proposed 
mechanisms:
■ Inhibit ultraviolet-induced cutaneous reactions 

by binding to DNA and inhibiting superoxide 
production

■ Raise intracytoplasmic pH and stabilize 
the microsomal membrane → ↓ability of 
macrophages to express MHC complex antigens  
on cell surface

■ Reduce lysosomal size and impair chemotaxis
■ Inhibit platelet aggregation and adhesion

Important pharmacology points

• CQ and HCQ have long half-lives and steady-state 
concentration is attained at 3 to 4 months, which 
explains the long treatment duration required to achieve 
clinical benefit

Indications

• FDA approved for SLE, malaria, and RA

• Off-label dermatologic uses: particularly useful in 
disorders with significant lymphocytic infiltrates 
(polymorphous light eruptions, lymphocytic infiltrate of 
Jessner, lupus panniculitis, and discoid LE)

Side effects

• Pregnancy category C

• Absolute contraindications include hypersensitivity to the 
drug (may have cross-reaction between CQ and HCQ); 
continued use is contraindicated in patients who develop 
retinopathy

• Relative contraindications include severe blood 
dyscrasias, significant hepatic dysfunction, significant 
neurologic disorders, retinal or visual field changes, 
pregnancy and lactation (however, some suggest that the 
risk of discontinuing treatment in pregnancy in patients 
with SLE outweighs the risk of toxicity to the fetus), and 
psoriasis
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Important monitoring points

• Baseline G6PD level (lower levels may preclude patient 
from receiving medication, or require ↓dose)

• CBC w/ differential, LFTs, renal function tests, and UA at 
baseline

• Must monitor CBC very closely during “high-risk 
window” for agranulocytosis: CBC weekly for 4 weeks, 
then every 2 weeks until 3 months into treatment 
(agranulocytosis is most common in first 12 weeks of 
treatment)

• After 3 months, continue checking renal function, 
LFTs, and UA every 3 to 4 months

• Methemoglobin levels are needed if there is clinical 
suspicion of decreased oxygen circulation or anemia

Interesting facts for boards

• Cimetidine decreases risk of methemoglobinemia 
without affecting dapsone’s plasma level
■ Vitamin E may also provide small amount of 

protection against methemoglobinemia

• Methemoglobinemia emergency → use methylene blue

• Worsening of methemoglobinemia has been shown 
intra- and postoperatively after both local amide and 
general anesthetic; vitamin C can be used when this 
occurs

• Most patients treated with dapsone for 
dermatitis herpetiformis rapidly respond within 

24 to 36 hours; bullous SLE also responds very well to 
Dapsone (in contrast with EBA, which does not)

Biologics

TNF-α inhibitors

Etanercept

• Fully human dimeric fusion protein (TNF-receptor 
linked to Fc portion of IgG) that binds both TNF-α 
(soluble and membrane-bound) and TNF-β

• Subcutaneous

Infliximab

• Chimeric monoclonal IgG antibody binding TNF-α only 
(targets soluble and transmembrane TNF-receptor)

• Intravenous

Adalimumab

• Fully human monoclonal IgG antibody against 
transmembrane TNF-receptor

• Subcutaneous

Indications

• FDA approved for plaque psoriasis and psoriatic 
arthritis. Off-label dermatologic uses include  
neutrophilic dermatoses, autoimmune connective  
tissue diseases, granulomatous dermatoses, bullous 
dermatoses, hidradenitis suppurativa, and pityriasis  
rubra pilaris.

Side effects

• Pregnancy category B

• Contraindicated if patient has active infection

Dapsone

Mechanism of action

• Inhibits myeloperoxidase → ↓oxidative damage to 
normal tissue in various neutrophilic dermatoses 
(affects eosinophils and monocytes to a lesser extent)

• Also ↓hydrogen peroxide and hydroxyl radical levels

• It may also ↓chemotaxis of neutrophils, although this 
has not been demonstrated in therapeutic doses

Important pharmacology points

• Dapsone undergoes significant enterohepatic 
recirculation, thus remaining in the circulation 30 days 
after a single dose

• Hemolysis has been demonstrated in nursing infants of 
mothers taking dapsone. No harmful in utero 
developmental effects are demonstrated when taken 
during pregnancy; however, it is classified as pregnancy 
category C

• There is significant variability both in individual rates of 
acetylation (not clinically relevant) and hydroxylation. 
The hydroxylamine metabolite (DDS-NOH) is 
responsible for hematologic adverse effects.

Indications

• FDA approved indications are dermatitis herpetiformis 
and leprosy

• Off-label dermatologic uses are numerous and include 
various neutrophilic dermatoses (linear IgA dermatosis, 
bullous SLE, erythema elevatum diutinum, pyoderma 
gangrenosum, Sweet’s syndrome, neutrophilic urticaria, 
subcorneal pustular dermatosis/IgA pemphigus and 
Behcet’s syndrome), and vasculitides

Side effects

• Cross-reactivity between dapsone and sulfapyridine, or 
other sulfonamide-type drugs, is quite rare

• Greater care should be taken in patients with increased 
risk of developing hematologic, cardiovascular, or 
pulmonary adverse effects (patients with G6PD 

deficiency; significant cardiopulmonary, liver, or renal 
disease)

• Patients with preexisting peripheral neuropathy should 
be treated with caution

• Hemolytic anemia and methemoglobinemia: dose-
related and occurs in ALL individuals to some degree 
(related to oxidative stress from N-hydroxy metabolites)
■ ↑methemoglobin → ↓oxygen-carrying capacity → may 

exacerbate preexisting cardiopulmonary disease

• Agranulocytosis, the most serious idiosyncratic reaction 
to dapsone, usually occurs at 7 weeks (3–12 weeks) and 
may manifest as fever, pharyngitis, and occasionally 
sepsis
■ Most recover quickly after cessation of dapsone; may 

consider giving G-CSF

• Peripheral neuropathy (predominantly distal motor) + 
some degree of sensory involvement; may present as 
wasting of hand muscles; reversible if detected early

• Nausea, gastritis, reversible cholestasis and hepatitis, and 
hypersensitivity syndrome (typically after 3–12 weeks of 
therapy) have also been reported



2.4 Immunomodulatory Agents

39

• Studies show that ADA’s directed against infliximab 
(5.4%–43.6%) and adalimumab (6%–45%) → ↓efficacy 
and serum levels
■ Effect not seen with etanercept
■ In one study, the adalimumab dose interval was 

shortened because of lack of efficacy in 15 patients, 7 
with and 8 without ADA. Improvement in responder 
status only occurred in 1 of 7 patients with ADA 
compared with 4 of 8 without ADA.

• Coadministration with MTX may lead to lower 
rates of ADA

Ustekinumab

• Fully human monoclonal IgG1 antibody directed 
against the common p40 subunit of IL-12 and 
IL-23

• FDA approved for adults with psoriasis and psoriatic 
arthritis; some evidence for efficacy in hidradenitis 
suppurativa

• Head-to-head trial with etanercept (50 mg biweekly) 
suggests superior efficacy of ustekinumab, at both 45 mg 
and 90 mg, given at week 0 and 4 when compared with 
week 12

• Upper respiratory infections are the most frequently 
reported adverse effects; also increased risk of infections, 
including TB reactivation, fungal disease, and viral 
illnesses

• Possible association with reversible posterior 

leukoencephalopathy syndrome, although more studies 
are needed

• No dose-related/cumulative toxicity was observed with 
increasing duration of ustekinumab exposure for up to 5 
years

• Rates of adverse effects reported in ustekinumab psoriasis 
trials are generally comparable with those reported for 
other biologics approved for the treatment of moderate-
to-severe psoriasis

Rituximab

• Chimeric IgG monoclonal antibody targeting the B-cell 
surface antigen (CD20)

• FDA approved for non-Hodgkin’s lymphoma, chronic 
lymphocytic leukemia, and RA unresponsive to other 
treatments

• Off-label dermatologic uses include bullous dermatoses 
(especially pemphigus vulgaris and severe bullous 

pemphigoid), autoimmune connective tissue diseases, 
chronic graft-versus-host disease, vasculitis, and 
cutaneous B-cell lymphoma

• Depletion of B-cells occurs within 2 to 3 weeks of initial 
treatment with sustained depletion for an average of 6 
months; B-cell numbers return to normal within the first 
year of treatment

• Relative contraindication in patients with history of 
bronchospasm, hypotension, or angioedema

• Pregnancy category C

• Common adverse effects include: hypertension, 
nausea, upper respiratory tract infection, arthralgia, 
pyrexia, and pruritus; most common are infusion 

• Injection site reactions: etanercept (14%) > 
adalimumab (3.2%)
■ For etanercept, these are believed to be most 

pronounced during the second injection and usually 
improve after 1 month of therapy (hypothesized to be 
caused by delayed-type hypersensitivity)

• Infliximab commonly causes infusion reactions (20%):
■ p/w nausea, headache, flushing, dyspnea, injection site 

infiltration, and taste perversion
■ ↓infusion rate and premedication may help
■ Epinephrine and systemic corticosteroids are given for 

serious reactions (less than 1% of treated patients) 
including hypotension, chest pain, dyspnea, 
anaphylaxis, and convulsions

• Infliximab-associated-antidrug antibodies (ADA) → 
↑infusion reactions and ↓efficacy

• Practice caution if there is family history of 
demyelinating disease – multiple case series report 
patients on TNF-inhibitors developing various 
demyelinating diseases (e.g., MS, Guillain-Barré 
syndrome, and optic neuritis)

• Psoriasis, palmoplantar pustulosis, and cutaneous 

vasculitis have been reported with all TNF-inhibitors

• Malignancy risk, particularly lymphoma and possibly 
skin cancer, may be increased in patients treated with 
biologic agents
■ Hepatosplenic T-cell lymphoma (fatal) may be seen in 

patients on TNF-inhibitor + azathioprine

• ↑risk of tuberculosis (primary infection and 
reactivation), invasive fungal infections, and 
opportunistic infections like legionella and listeria 
reported with all TNF-inhibitors

• Conflicting evidence exists as to whether TNF-inhibitors 
may increase risk of developing or exacerbating 
congestive heart failure → should be used w/ caution in 
at-risk population (particularly infliximab)

• Although there are relatively high rates of ANA and 
anti-dsDNA positivity in patients treated with biologic 
agents (infliximab in particular), SLE or lupus-like 
syndrome is uncommon and resolves after drug 
discontinuation

Important monitoring points

• Although there are no strict FDA mandated guidelines, 
most authors agree with checking PPD/quantiferon gold 
annually, viral hepatitis panel at baseline, and CBC w/ 
diff + LFTs every either 3 (for infliximab) or 6 to 12 
months (for etanercept and adalimumab) given rare 
hematologic toxicity and liver failure/autoimmune 
hepatitis (with ASMA autoantibodies).

Interesting facts for boards

• Can be used safely in patients with active hepatitis C 

infection. Caution is advised, however, if patient has 
HBV because reactivation has been reported.

• Multiple case reports claim safety in HIV patient 
population

• ADA can either be neutralizing or nonneutralizing
■ Neutralizing ADA usually form before week 

24 of treatment and interfere with the biologic  
agent’s binding activity → ↓decrease efficacy
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• SEs: anaphylaxis, malignancy, and injection 
site reaction

2.5 ONCOLOGIC AGENTS IN 

DERMATOLOGY

Vismodegib

• Targets sonic hedgehog pathway by inhibiting 

smoothened receptor → GLI1/2 transcription 
factors stay inactive → inhibition of transcription 
of target genes

• Used for metastatic and locally advanced basal cell 
carcinoma, as well as those unamenable to surgery/
radiation; may be used in patients with nevoid basal cell 
carcinoma syndrome

• SEs: muscle spasms (#1), alopecia, dysgeusia, fatigue, 
nausea, anorexia, and diarrhea

BRAF inhibitors (vemurafenib  

and dabrafenib)

• BRAF: serine/threonine signal transduction kinase 
important to the MAPK pathway, which regulates cell 
division
■ Mutations in BRAF can → various malignancies

• BRAF inhibitors target the V600E mutation of BRAF
■ V600E = valine (V) is replaced by glutamic acid (E) at 

amino acid position number 600

• Used in late stage melanoma, ↑survival rates

• Cutaneous reactions are most common SE:
■ Exanthematous rash – papulopustular on face, torso, 

and arms
■ Keratotic lesions

○ SCC and keratoacanthoma

 Treatment = excision/Mohs; dose modification 
NOT required

○ Verrucous keratosis: most common skin lesion; 
benign

■ Photosensitivity, alopecia, and plantar 
hyperkeratosis

• Noncutaneous SEs: arthralgias, nausea, diarrhea, fatigue, 
QT prolongation, and retinal vein thrombosis

MEK inhibitors (trametinib)

• Inhibit MEK1/2 of the MAPK pathway

• Used in late stage melanoma

• Can be used as monotherapy or in combination with 
dabrafenib (combination more effective than BRAF 
inhibitor alone in BRAF V600E mutation-positive 
metastatic melanoma)
■ May ↓SCC risk when given with BRAF 

inhibitor

• Nonspecific cutaneous and noncutaneous reactions (GI 
SEs most common (diarrhea, nausea, and vomiting), 
hypoalbuminemia, dysgeusia, xerostomia, 
cardiomyopathy, interstitial lung disease, and retinal 

vein occlusion)

reactions, which are generally mild and occur with 
the first infusion
■ Patients with history of cardiac or pulmonary 

conditions should be more closely monitored  
as they are susceptible to severe infusion reactions

• Serious SEs: HBV reactivation, progressive multifocal 
leukoencephalopathy SJS/TEN, serious infection, hepatic 
failure and myelosuppression

IL-1 inhibitors

• Canakinumab, Anakinra, Rilonacept, and Gevokizumab

• Anakinra is FDA approved for moderate to severe RA that 
has failed other disease modifying treatments

• Off-label uses in dermatology: pyoderma gangrenosum, 
PAPA syndrome, hidradenitis suppurativa, lamellar 
ichthyosis, Sweet’s syndrome, panniculitis, Muckle-Wells 

syndrome and other autoinflammatory syndromes, and 
SAPHO syndrome

• Risk of tuberculosis reactivation appears to be lower in 
IL-1 inhibitors than in TNF-α agents, although more 
studies are needed

• Most common adverse effects are injection site reactions; 
important to monitor absolute neutrophil count as 
neutropenia can occur

• IL-1 inhibitors should not be initiated in patients with 
active infections; the safety of this agent in 
immunosuppressed patients or those with chronic 
infections has not been evaluated

IL-17 inhibitors

• Ixekizumab and secukinumab neutralize IL-17A

• Brodalumab antagonizes the IL-17 receptor

• These agents have produced the most impressive results 
to date for treatment of plaque psoriasis

• Similar SE profile to TNF-α inhibitors but no increased 
risk of lymphoma, heart failure or neuromuscular 
disorders has been reported

• Most commonly reported SE = nasopharyngitis
■ Other common SEs include upper respiratory 

infection, injection site reactions, and headache; 
candidiasis and herpes infections have also been 
reported

• Long-term efficacy and safety in all three agents has been 
demonstrated in moderate to severe plaque psoriasis

• IL-17 inhibitor class shown to be more effective than 
etanercept and ustekinumab:
■ A 12-week trial demonstrated that 77.1% and 67.0% 

of patients treated with 300 mg and 150 mg of 
secukinumab every 4 weeks, respectively, achieved 
PASI 75 compared with only 44.0% with etanercept

■ Ixekizumab also superior to etanercept in comparative 
trials

Omalizumab

• Monoclonal anti-IgE antibody → ↓IgE levels and ↓IgE 
receptors on mast cells and basophils

• FDA approved for allergic asthma and chronic idiopathic 
urticaria
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Imatinib mesylate

• Tyrosine kinase inhibitor
■ Binds to the kinase domain of various tyrosine kinases 

(e.g., Bcr-Abl, c-Kit receptor [CD117], and platelet-
derived growth factor receptor [PDGFR])

• Dermatologic applications: melanoma, myeloproliferative 
hypereosinophilic syndrome, and dermatofibrosarcoma 

protuberans

• Cutaneous reactions are common
■ Most common: superficial edema (periorbital edema 

mainly)
■ Second most common: rash (maculopapular, 

nonspecific)
■ Other SEs: hypopigmentation/depigmentation 

(via inhibition of c-Kit pathway, which is involved in 
melanocyte activation), hyperpigmentation  
(less common), lichenoid eruptions (oral and 
mucosal), and photosensitivity

Mechlorethamine hydrochloride

• a nitrogen mustard alkylating agent, is used for patch/
plaque MF; contact dermatitis is the most common SE,  
but anaphylaxis and SCC development are the most 
concerning

• Carmustine is also an alkylating agent used for patch/
plaque MF; it can cause severe local reactions and 
myelosuppression

Other topical agents for NMSC  

(see Table 2-4)

2.6 ANTIMICROBIAL AGENTS

Topical antibacterial agents

Bacitracin

• Made by Bacillus subtilis

• Bactericidal

• Binds to C55-prenol pyrophosphatase → disruption of 
bacterial cell wall peptidoglycan synthesis

• Activity against Neisseria and gram positives (GP); poor 
activity vs gram negatives (GN)

• Commonly causes allergic contact dermatitis 
(especially common in patients with stasis dermatitis/
ulcers)

Polymyxin B

• Made by Bacillus polymyxa and B. subtilis

• Bactericidal

• ↑cell membrane permeability via detergent-like 

phospholipid interaction

• Activity against GN (e.g., Pseudomonas)

• Pregnancy category B

Ipilimumab

• Fully human monoclonal antibody that binds 
and inhibits cytotoxic T-lymphocyte-associated  
antigen 4 (CTLA-4) → ↑ T-cell activation against 
tumor cells

• Used to treat metastatic melanoma

• SEs are called immune-related adverse events:
■ Cutaneous SEs are most common 

(24%)

○ Rash (most common): maculopapular or 
eczematous on trunk/extremities

○ Pruritus, alopecia, and hypopigmentation
■ Gastrointestinal SEs (most severe issue)

○ Most common: diarrhea, constipation, and 
bloating

○ Most severe: life-threatening colitis with bowel 
perforation

■ Less common: hypothyroidism, transaminitis, 
hepatitis, and hypopituitarism

PD-1 inhibitors (pembrolizumab, 

nivolumab)

• Ipilimumab was the first checkpoint inhibitor to improve 
overall survival in randomized phase III trials of 
advanced melanoma; however, checkpoint inhibitors that 
target the Programmed cell death-1 (PD-1) receptor have 
quickly become the preferred approach to 
immunotherapy since they are more effective and have 
fewer side effects

• PD-1 is an immune checkpoint receptor expressed by 
activated T cells
■ Normally functions as a “brake” on the immune 

response
■ PD-1 on activated T cells binds to its ligands PD1-L1 

(B7-H1) and PD1-L2 (B7-DC), which are expressed 
on tumor cells → deactivation of T cells → loss of 
immune response against tumor

• Nivolumab and pembrolizumab
■ Monoclonal antibodies that target PD-1 → prevent T 

cell deactivation → ↑ immune-mediated tumoricidal 
activity

■ Both are FDA approved for advanced 
melanoma

■ Phase 3 RCTs in patients w/advanced melanoma have 
demonstrated ↑ overall survival, ↑ progression-free 

survival, and fewer side effects with either agent 
when compared to ipilimumab or conventional 
chemotherapy

○ Some patients have durable responses even after 
completion of treatment

○ Efficacy improved when used in combination 
with ipilimumab (main disadvantage = ↑ immune-
mediated side effects)

■ Most common adverse events: fatigue, pruritus, 
and rash

○ Less common (far less common than w/ 
ipilimumab): pneumonitis, colitis, hepatitis, 
nephritis and renal dysfunction, and thyroid 
dysfunction
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• Binds to bacterial 30s ribosomal subunit →↓protein 
synthesis

• Activity against GP and GN (e.g., Pseudomonas)

Silver sulfadiazene

• Binds bacterial DNA → ↓DNA synthesis; also disrupts 
cell walls and membranes

• Activity against GP and GN, including MRSA and P. 

aeruginosa

• May cross-react with sulfonamides; pregnancy category B

• Used extensively for burn wounds

• Rare SEs include: hemolysis in G6PD patients, 
methemoglobinemia, renal insufficiency, argyria, 
leukopenia, and unmasking porphyria

Iodoquinol

• Quinolone-derivative with high iodine concentration

• Activity against GP and GN and dermatophytes/yeasts

Benzoyl peroxide

• Broad-spectrum antibacterial agent that functions via 
strong oxidizing properties (good vs P. acnes) – 
no bacterial resistance reported to date

• Used for acne (alone and in combination with topical 
antibiotics and adapalene); has keratolytic properties

• When used with certain formulations of tretinoin, 
can → oxidation/degradation of retinoid agent

• Most common SE is local irritation; can bleach 
hair/fabric

Metronidazole

• Nitroimidazole that disrupts 
DNA synthesis

Neomycin

• Aminoglycoside made by Streptomyces fradiae

• Binds 30s subunit of bacterial ribosomal RNA → 
↓protein synthesis

• Activity against GP and GN

• Can be combined with bacitracin and polymyxin B 
(e.g., Neosporin)

• Common contact allergen, like bacitracin (co-react w/ 

each other); allergy more common in those w/ stasis 
dermatitis and when applied to ulcers; possibility of 
ototoxicity/nephrotoxicity but very rare

• Pregnancy category D

Mupirocin

• Made by Pseudomonas fluorescens

• Binds to bacterial isoleucyl tRNA synthetase → ↓RNA/
protein synthesis

• Activity against MRSA (can ↓nasal carriage) and S. 

pyogenes; resistance has been reported

• Not effective against Pseudomonas (made by Pseudomonas)

• Pregnancy category B

Retapamulin

• Pleuromutilin made by Clitopilus scyhpoides

• Binds to L3 protein on 50s subunit of bacterial 

ribosome → ↓protein synthesis

• Activity against MRSA, S. pyogenes, and anaerobes; FDA 
approved for impetigo to MSSA and S. pyogenes

• Can cause contact dermatitis

Gentamicin

• Aminoglycoside made by 
M. purpurea

Table 2-4. Topical Treatments for Actinic Keratoses and Non-Melanoma Skin Cancer

Mechanism of Action FDA Approved Indications Adverse Effects

5-fluorouracil Antimetabolite/pyrimidine analog which binds 

to thymidylate synthase (normally converts 

deoxyuridine → thymidine), and results in 

↓DNA synthesis

AKs, and superficial BCCs 

(5% strength only)

Local reactions (e.g., erythema, 

blistering, necrosis, erosions, and 

burning)

Pregnancy category X

Imiquimod Activator of Toll-like receptors 7 and 8 → 

activation of NF-κB transcription factor → 

↑ cytokines/chemokines (e.g., TNF α and 

IFN γ) → innate/acquired immune pathway 

stimulation → antitumor and antiviral activity

Also antiangiogenic, proapoptotic, and 

↑lymphatic transport of immune cells/factors 

→ tumor destruction

AKs, superficial BCCs (5% 

strength only), and genital/

perianal warts

Local reactions similar to 

5-fluorouracil

Sometimes flu-like or GI 

symptoms (especially if larger 

areas treated), and psoriasis 

exacerbation

Pregnancy category C

Diclofenac ↓ cyclooxygenase enzymes → ↑apoptosis AKs Mild irritation, rare photosensitivity/ 

photocontact dermatitis; 

avoid in patients with NSAID 

hypersensitivity and known 

bleeding diatheses

Pregnancy category B

Ingenol mebutate 1) induces rapid cellular death (within hours) 

via mitochondrial swelling/plasma membrane 

disruption; 2) intense inflammatory response 

(within days) via protein kinase C activation

AKs Local reactions (erythema, scaling, 

and crusting), which are worse 

on days 4–7
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ticarcillin-clavulanate good for diabetic foot ulcers 
and burn wounds)

○ Ticarcillin/piperacillin → hypernatremia, ↑LFTs, 
neutropenia, and ↑bleeding times

○ ↑risk of cholestatic injury with amoxicillin/
clavulanate

• Good for various common streptococci (treat β-hemolytic 
streptococci for at least 10 days to prevent possible 
rheumatic fever) and MSSA skin infections (e.g., erysipelas, 
cellulitis, impetigo, folliculitis, furunculosis, and ecthyma)

• Other uses include SSSS (IV nafcillin), syphilis (IM 

injection of penicillin G), erysipeloid, cutaneous 
anthrax, Lyme disease, and leptospirosis

• SEs: hypersensitivity reactions (common association; 
2% of cephalosporin-allergic patients are penicillin-

allergic), GI SEs (common), hematologic SEs, shore nails 
(dicloxacillin), onychomadesis/photo-onycholysis 
(cloxacillin), interstitial nephritis (very rare), and AGEP

• Probenecid prolongs renal excretion → ↑penicillin 
levels (also can ↑cephalosporin levels)

Cephalosporins

• MoA similar to penicillins as structure is β-lactam ring + 
6-membered dihydrothiazine ring

• Resistant to β-lactamases

• Generations
■ First: cefadroxil and cephalexin

○ Best for GP cocci, but not good for MRSA or 
penicillin-resistant S. pneumonia

■ Second: cefaclor and cefuroxime

○ More GN activity and less GP activity

○ Good for H. influenzae, M. catarrhalis, N. 

meningitides, and N. gonorrhoeae

○ Cephamycins (cefoxitin and cefotetan) are good for 
B. fragilis

■ Third: cefixime, cefdinir, cefotaxime, ceftazidime, 
cefpodoxime, and ceftriaxone

○ Good GN activity, but not GP activity

○ Some good for P. aeruginosa (i.e., ceftazidime)

○ Good for soft tissue abscesses and diabetic foot 

ulcers
■ Fourth: cefepime (IV)

○ Broad coverage – MSSA, nonenterococcal 
streptococci, and GNs (including P. aeruginosa)

■ Fifth: ceftaroline (IV)

○ MRSA, VISA, hVISA, VRSA, MSSA, and CNS

○ Good for acute bacterial skin infections

• Oral cephalosporins used frequently in dermatology 
for uncomplicated skin and soft tissue infections; may 
need IV agents for complicated cellulitis or necrotizing 
fasciitis

• SEs: GI symptoms (most common), hypersensitivity 
reactions (cross-reactivity in ≈ 5%–10% of penicillin-

allergic patients), Candida infections, hematologic SEs 
(e.g., hemolytic anemia – cefotetan most common), 
↑LFTs, serum sickness-like reaction (cefaclor), Jarisch-
Herxheimer reaction (in Lyme disease patients receiving 
cefuroxime axetil), disulfiram-like reaction (cefotetan), 
and AGEP

• Activity against protozoa and anaerobes; not active 
against P. acnes, staphylococcus, streptococcus, fungi, or 
Demodex

• Pregnancy category B; used primarily for rosacea 
(likely because of its antiinflammatory properties)

Azelaic acid

• Dicarboxylic acid that disrupts mitochondrial 
respiration, ↓DNA synthesis (especially 
in abnormal melanocytes), and ↓ROS production 
by PMNs

• Also competitively inhibits tyrosinase → ↓pigmentation

• Activity against P. acnes; used in acne and rosacea 
(including perioral dermatitis)

• May be used in acne and hyperpigmentation disorders 
(e.g., melasma and PIH)

Sodium sulfacetamide

• Activity against P. acnes

• Inhibits bacterial dihydropteroate synthetase 

(prevents conversion of PABA → folic acid) → ↓nucleic 
acid/protein

• Used in acne and rosacea as a combination agent with or 
without precipitated sulfur

Systemic antibacterial agents

Penicillins

• MoA: β-Lactam ring binds to bacterial enzyme 
DD-transpeptidase → inhibits formation of 
peptidoglycan cross-links in the bacterial cell wall → 
cell wall breakdown

• Many are susceptible to β-lactamases

• Generations
■ First: dicloxacillin, oxacillin

○ Good for GP cocci, like MSSA
■ Second: aminopenicillins (ampicillin and amoxicillin)

○ GN bacilli and GP cocci

○ Amoxicillin has fewer GI SEs

○ Ampicillin + mononucleosis/allopurinol/

lymphocytic leukemia → generalized 

morbilliform itchy eruption starting 1 week after 
antibiotic initiation

○ May be associated with allergic reactions
■ Third and Fourth: carboxypenicillins (carbenicillin) 

and ureidopenicillins (piperacillin)

○ Antipseudomonal activity
■ Combination β-lactam + β-lactamase inhibitor

○ Amoxicillin-clavulanate, ampicillin-sulbactam 
(IV), ticarcillin-clavulanate (IV), and piperacillin-
tazobactam (IV)

○ β-lactamase inhibitors inhibit β-lactamase → 
allows the β-lactam antibiotic to function – helpful 
in MSSA, Haemophilus, Klebsiella, E. coli, Proteus, 
and B. fragilis infections

○ Good for polymicrobial infections 
(e.g., amoxicillin-clavulanate is the treatment of 

choice for animal or human bites; 
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○ SEs: metallic/bitter taste, fixed drug eruption, LCV, 
and hypersensitivity reactions; contraindicated in  
renal dysfunction

Fluoroquinolones

• MoA: inhibits DNA gyrase (bacterial topoisomerase II) 
+/− topoisomerase IV → DNA fragmentation
■ DNA gyrase is predominant target in GN; whereas 

topoisomerase IV is target in GP

• First- and second-generation quinolones (ciprofloxacin, 
ofloxacin, and nalidixic acid): only target DNA gyrase 
(topoisomerase II) → only effective against GN

• Third- and fourth-generation quinolones (levofloxacin, 
moxifloxacin, sparfloxacin, and gatifloxacin): target both 
topoisomerase forms (IV > II) → ↑GP coverage and 
↓bacterial resistance; slightly ↓efficacy against GN

• Good for GNs, like P. aeruginosa (especially 
ciprofloxacin); may be used with some GPs like S. aureus 
and S. pyogenes (primarily third- and fourth-generation 
quinolones); ciprofloxacin is the treatment of choice 

for cutaneous anthrax (B. anthrax); various 
fluoroquinolones effective for mycobacterial infections

• Generally excreted renally, except for moxifloxacin

• Used in dermatology to treat GN skin and soft tissue 
infections, some GP skin/soft tissue infections, GN toe 
web-space infections, diabetic foot ulcers, and GN folliculitis

• SEs: GI symptoms (#1), CNS SEs (headache, dizziness, 
seizures, psychosis, and depression), tendinitis/tendon 

rupture, hypersensitivity (especially ciprofloxacin), and 
photosensitivity/photo-onycholysis (lomefloxacin, 

enoxacin, and sparfloxacin ≫ ciprofloxacin > 

norfloxacin > ofloxacin ≫ levofloxacin)
■ Photosensitivity is from the UVA spectrum (and 

visible spectrum for sparfloxacin)
■ Levofloxacin NOT associated with photosensitivity

• Administration with divalent cations (calcium, 
magnesium, aluminum, and zinc) → ↓absorption

• CYP1A2 inhibitors (caution with warfarin, theophylline, 
caffeine, antiarrhythmics (↑QT/torsades), zileuton, and 
beta blockers); also caution with cyclosporine (in setting 
of organ transplant, can → ↑creatinine levels)

Tetracyclines

• MoA: binds 30s subunit of bacterial ribosome → 
↓protein synthesis; antiinflammatory properties (e.g., 
inhibits multiple matrix metalloproteinases, neutrophil 
migration, and ↓innate cytokines)

• Main uses in dermatology: acne, perioral dermatitis, 
rosacea, immunobullous diseases (e.g., bullous 
pemphigoid), CARP (minocycline), cutaneous 
sarcoidosis/other granulomatous diseases 
(minocycline), acne keloidalis nuchae, PLEVA/PLC, and 
acneiform eruptions 2° to EGFR inhibitors

• Also useful for various GP and GN skin infections, 
including MRSA (doxycycline and minocycline) 
and those caused by Chlamydia spp. (doxycycline 

is the treatment of choice in LGV), Rickettsia spp. 
(doxycycline is the treatment of choice for rickettsial 

and rickettsial-like infections – RMSF, rickettsialpox, 

• Do not give w/ aminoglycosides → ↑risk of 

nephrotoxicity

Vancomycin

• MoA: tricyclic glycopeptide that inhibits bacterial cell 

wall synthesis

• Only works for GP organisms – most important use in 
dermatology is against MRSA skin and soft tissue infections

• SEs: red man syndrome, LABD (most common cause of 
drug-induced LABD; as a result of IgA antibodies to 
LAD285 and IgA/IgG to BP180), hearing loss (patients 
with renal failure), and nephrotoxicity (if given with 
aminoglycosides)

Macrolides

• MoA: bind to 50s subunit of bacterial ribosome → 
↓protein synthesis; also has antiinflammatory properties

• Good for GP, except MRSA and enterococcus – used in 
dermatology for skin and soft tissue infections
■ Erythromycin

○ Not used as commonly these days because of 
↑resistance (particularly S. aureus) and GI SEs

○ Some indications include: Lyme disease, 
erythrasma/pitted keratolysis, anthrax, erysipeloid, 
chancroid, and LGV

○ May be used for acne, rosacea, and pityriasis rosea

○ Potent CYP3A4 inhibitor (e.g., monitor use of 
warfarin, mexiletine, theophylline, and statins  
[↑ rhabdomyolysis])

○ SEs: GI symptoms (most common and dose-
limiting), ototoxicity/hear loss, QT prolongation/

torsades de pointes (worse when given with 
terfenadine, astemizole, cisapride, and certain 
quinolones), and hypersensitivity reactions; 
erythromycin estolate in pregnancy may → 

hepatotoxicity (intrahepatic cholestasis) in 

mother; possible association of cardiovascular 
malformation and pyloric stenosis if fetus exposed 
in utero

■ Azithromycin

○ Better than erythromycin for GPs (→ often used 
as second line prophylactic antibiotic in 
dermatology surgery for PCN/CSN-allergic 
patients); has some GN activity (E. coli, N. 

gonorrhoeae, H. ducreyi, and C. trachomatis)

○ Activity against P. multocida (animal bites), 
E. corrodens (human bites), and atypical 
mycobacteria, T. pallidum, B. burgdorferi, T. gondii, 
and K. granulomatis (granuloma inguinale)

○ Has been used for acne

○ SEs: deafness, angioedema, photosensitivity, 
hypersensitivity, and contact dermatitis; antacids 
can ↓absorption

■ Clarithromycin

○ Better than erythromycin for GPs

○ CYP3A4 inhibitor (less potent than erythromycin)

○ Has activity against some GNs, atypical 
mycobacteria (good activity against M. leprae), 
T. pallidum, B. burgdorferi, and T. gondii
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■ Do NOT give as monotherapy, because of rapid 

development of resistance

• Major CYP450 inducer → ↑drug clearance/↓efficacy 
(e.g., OCPs, warfarin, azoles, CCBs, statins, and 
cyclosporine)

• Dermatologic uses: mycobacterial infections (part of 
multidrug therapy), Bartonella infections (e.g., cat-scratch 
disease and bacillary angiomatosis), MRSA/MSSA, 
rhinoscleroma, and cutaneous leishmaniasis

• SEs: orange-red discoloration of body fluids, CNS 
(headache and drowsiness), GI symptoms, development 
of rifampin-dependent antibodies (can → anaphylaxis, 
flu-like symptoms, renal failure, and hemolytic anemia), 
hepatotoxicity (especially w/ isoniazid), DVTs, 
pulmonary fibrosis, ocular SEs, worsening of porphyria 

(induces δ-ALA synthetase), and possible hemorrhagic 
disease of the newborn and mother in pregnancy

Trimethoprim-sulfamethoxazole  

(aka cotrimoxazole)

• Dihydrofolate reductase inhibitor (trimethoprim) + 

dihydropteroate synthetase inhibitor 

(sulfamethoxazole) → ↓tetrahydrofolic acid → 

↓bacterial nucleic acid/protein synthesis

• Effective against various GP cocci (e.g., MRSA, E. faecalis, 
and S. pyogenes), H. influenzae, P. jirovecii, Nocardia spp., 
Chlamydia, and various GNs

• Dermatologic uses: acne, hidradenitis suppurativa, 
granuloma inguinale, actinomycetoma, cat-scratch 
disease, and chronic meliodosis (Burkholderia 

pseudomallei)

• Caution in patients w/ renal insufficiency as it is 
primarily renally cleared

• SEs: most commonly GI and CNS, but also antibiotic-
associated colitis, hypersensitivity reactions (cutaneous 
eruptions much more common in HIV patients; TMP/
SMX accounts for 30% of SJS/TEN cases), hematologic 
SEs (agranulocytosis, thrombocytopenia, folate deficiency 
+ megaloblastic anemia, neutropenia, and hemolytic 
anemia in patients w/ G6PD deficiency)

• Pregnancy category C – can result in jaundice, hemolytic 
anemia, and kernicterus of baby if taken in third 
trimester

• Can ↑dapsone levels, ↑hematologic toxicity in patients 

taking MTX (both ↓THF), ↑renal toxicity in patients 
taking cyclosporine, ↑K+ in patients on ACEIs/ARBs

Clindamycin

• Lincosamide that binds to 50S subunit of bacterial 
ribosomal RNA → ↓ribosomal translocation/protein 
synthesis

• Effective against GP cocci (e.g., Staphylococcus spp. and 
Streptococcus spp.) and anaerobes (Bacteroides spp. and 
C. perfringens), but not usually GNs (except 
Capnocytophaga canimorsus)
■ “D zone” test helps determine whether inducible 

resistance is present in an erythromycin-resistant, 
clindamycin-sensitive organism  
(bacteria with erm gene)

Q fever, trench fever, and ehrlichiosis), Mycoplasma 
spp., atypical mycobacteria, spirochetes (syphilis  
[if patient is PCN-allergic], and Lyme disease – 

doxycycline is the treatment of choice in early  

disease)
■ Subantimicrobial doses, like doxycycline modified-

release (40 mg per day) or extended-release 
minocycline (various doses) effective for rosacea and 

acne, and do NOT ↑bacterial resistance; may also 
have ↓rate of vaginal candidiasis

■ Bacterial resistance via ribosomal protection and/or 
drug efflux

■ Lipophilic (minocycline > doxycycline > tetracycline)
■ Various metallic cations (e.g., calcium, iron, zinc, 

magnesium, bismuth, and aluminum) can 
↓absorption via chelation (tetracycline > doxycycline 
> minocycline)

○ Found in products like antacids, laxatives, dairy, 
and supplements

• SEs: GI symptoms (esophagitis, nausea, and abdominal 
pain; most common with doxycycline, but less so with 
enteric-coated form), acute vestibular SEs (dizziness and 
vertigo; usually with minocycline), benign intracranial 
hypertension/pseudotumor cerebri (usually minocycline; 
↑risk if given w/ isotretinoin), photosensitivity/photo-

onycholysis (demeclocycline > doxycycline > tetracycline 

> minocycline), hyperpigmentation of skin/nail beds/teeth/ 
mucous membranes/bone (minocycline), vaginal 
candidiasis, GN acne/folliculitis, serum sickness-like 
reactions (minocycline), drug-induced Sweet’s syndrome 
(minocycline), autoimmune hepatitis (minocycline), 
DRESS/DHS (minocycline), lupus-like syndrome 
(minocycline; usually ANA+ and antihistone AB+ ), 
and cutaneous PAN/vasculitis (minocycline; 

pANCA+)
■ Minocycline hyperpigmentation types:

○ Type 1: Blue-gray in sites of facial scarring – stains 
for iron and melanin

○ Type 2: Blue-gray on shins and/or forearms – stains 
for iron and melanin

○ Type 3: Diffuse muddy brown on sun-exposed 

skin – stains melanin only; represents a low-grade 
phototoxic eruption with PIH

• Pregnancy category D → affects fetal teeth/bones; 
debatable ↓in OCP efficacy

• Food decreases absorption, more so in tetracycline than 
doxycycline or minocycline

• Do not give to patients under 8 years old → tooth 

discoloration
■ Tetracycline and minocycline can also induce adult-

onset tooth pigmentation

• Tetracyclines excreted renally, except doxycycline (mainly 
via GI tract – so can be used in renal failure)

Rifampin

• MoA: binds β-subunit of bacterial DNA-dependent RNA 

polymerase → ↓RNA/protein synthesis

• Effective against various mycobacteria (e.g., M. 

tuberculosis, M. leprae, and M. marinum) and some other 
GP and GN organisms (e.g., staphylococcus)
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• Topical and systemic forms available; pregnancy category B
■ Topical form only approved for HSV, not VZV

• Dermatologic uses: herpes simplex infections, varicella 
zoster, and recurrent EM 2° to HSV
■ Consider suppressive doses in HSV patients if >6 

outbreaks per year
■ IV form used in cases of disseminated HSV/

VZV, eczema herpeticum, and in immunosuppressed 
patients

• Low rate of SEs and interactions:
■ IV infusions rarely associated with renal impairment 

(2° to crystalline nephropathy)
■ AZT + acyclovir can → drowsiness/lethargy
■ Probenecid → ↑bioavailability and ↓renal 

clearance

• If viral resistance occurs (via mutations in thymidine 
kinase, or less commonly in DNA polymerase) → use 
foscarnet or cidofovir
■ Patients resistant to acyclovir will also be resistant to 

valacyclovir, famciclovir and penciclovir

Valacyclovir

• Prodrug of acyclovir with great bioavailability (almost as 
much as IV acyclovir); oral and topical forms

• Same uses as acyclovir with excellent SE profile
■ Rarely can cause TTP/HUS in HIV patients

Famciclovir and penciclovir

• Famciclovir is prodrug of penciclovir
■ Famciclovir available orally, but penciclovir only 

available topically
■ Penciclovir triphosphate has significantly longer 

half-life than acyclovir triphosphate
■ Famciclovir has even better bioavailability than 

valacyclovir
■ Famciclovir and valacyclovir more effective at 

↓VZV pain than acyclovir
■ Indications:

○ Famciclovir: same indications as acyclovir/
valacyclovir

○ Penciclovir: herpes labialis only

Cidofovir

• Nucleoside phosphate analog of deoxycytidine 
monophosphate effective in HPV, HSV, CMV retinitis 
(“Cidofovir = CMV”), orf, and molluscum
■ Must be phosphorylated twice, to cidofovir 

diphosphate, in order to be active
■ Does NOT require viral thymidine kinase like 

previously mentioned agents
■ Once active, acts as a competitive inhibitor and 

alternate substrate for viral DNA polymerases → 
incorporates into DNA strand → blockage/termination 
of DNA synthesis

• IV and topical forms available (topicals are not 
commercially available, however)

• SEs: nephrotoxicity (most common), neutropenia, 
alopecia, uveitis/iritis, and cardiomyopathy

• Dermatologic uses: skin and soft tissue infections 
(e.g., staphylococci, MRSA, and MSSA), including some 
deep soft tissue infections (e.g., streptococcal myositis,  
C. perfringens infection, and diabetic foot ulcers)

• SEs: antibiotic-associated colitis, rashes, and rare bone 
marrow suppression may ↑neuromuscular blocking

Linezolid

• MoA: binds 23S portion of 50S ribosomal subunit of 
bacteria

• Good for skin infections caused by staphylococcus 
(including MRSA) and streptococcus

• Typically not first line, but good for resistant cases

• SEs: myelosuppression in 2%, serotonin syndrome (if 

given with serotonergic drugs like SSRIs, MAOIs, and 

tricyclics), and optic/peripheral neuropathy

Quinupristin and dalfopristin

• MoA: diffuses through bacterial cell wall and binds 50s 

ribosomal subunit sites → ↓protein synthesis

• Used in complicated skin and soft tissue infections 
caused by GPs (e.g., MRSA and VRE)

• Can cause anaphylaxis, angioedema, and ↑bilirubin

• Potent CYP3A4 inhibitor

Daptomycin

• MoA: depolarizes bacterial cell membrane → cell death

• Good for complicated skin and soft tissue infections 
caused by GPs (e.g., MRSA, VRE, and linezolid-resistant 
GPs)

• SEs: neuropathy, myopathy (check CPKs; caution w/ 
statins), eosinophilic pneumonia, and nephrotoxicity

Others

• Some new antibiotics for complicated skin infections 
include: telavancin, tigecycline, dalbavancin, and 
oritavancin

Antiviral agents

Acyclovir

• Guanosine analog that requires:
■ Phosphorylation first by herpes-specific thymidine 

kinase → acyclovir monophosphate
■ Subsequent phosphorylation by human cellular GMP 

kinase and other cellular kinases → acyclovir 

triphosphate

○ At this stage, it competes with deoxyguanosine 
triphosphate as a substrate for viral DNA 
polymerase → incorporates into viral DNA → 
chain terminates and ↓viral duplication

• Penciclovir also works in this fashion

• Valacyclovir and famciclovir are prodrugs of 
(and converted to) acyclovir and penciclovir, respectively, 
so they are also dependent on these enzymes and 
pathways
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↓cell membrane synthesis, ↑ membrane rigidity/
permeability, growth inhibition, and cell death

Itraconazole

• Metabolized mainly in liver (CYP3A4); absorption 

enhanced in an acidic environment

• FDA approved indications: dermatophyte onychomycosis 
(12 week 200 mg/day course for toenails), 
oropharyngeal/esophageal candidiasis, blastomycosis, 

histoplasmosis, and aspergillosis refractory to 
amphotericin B

• Off-label dermatologic uses: other tinea infections, 
candida infections, extensive tinea versicolor 
(for very short courses or even single doses), and 
nondermatophyte/saprophytic onychomycosis

• Contraindications:
■ Ventricular dysfunction and CHF
■ Active liver disease or h/o liver toxicity with other drugs
■ Concurrent use of certain drugs metabolized via 

CYP3A4 (e.g., pimozide, quinidine, and cisapride) 
as it is a CYP3A4 inhibitor

■ Concurrent use with levomethadyl, dofetilide, 
statins, midazolam, triazolam, nisoldipine, and 
ergot alkaloids

• Common SEs: GI (e.g., nausea, vomiting, and abdominal 
pain), cutaneous (e.g., rash – more common if also using 
immunosuppressive meds), neurologic (e.g., headache), 
edema, ↑LFTs, rhinitis, and fever

• Rarer SEs: hearing loss, peripheral neuropathy, CV events 
(e.g., CHF), dysgeusia, pancreatitis, hepatotoxicity, 
neutropenia/leukopenia, pulmonary edema, and 
hypokalemia

Fluconazole

• Very little hepatic metabolism; pregnancy category D

• FDA approved for vaginal/oropharyngeal/esophageal 

candidiasis and cryptococcal meningitis

• Off-label dermatologic uses: tinea infections, systemic 
Candida infections, cutaneous candidiasis, coccidioidal 

meningitis, and onychomycosis (150–300 mg once a week 
for 3–6 months in fingernails and 9–12 months in toenails; 
≈ 40%–50% clinical cure rate; also good for 
nondermatophyte types, such as Scopulariopsis and Candida)

• Contraindications:
■ Potent CYP2C9 inhibitor – caution with substrates
■ Do NOT administer with pimozide, quinidine, 

cisapride, erythromycin, terfenadine, astemizole, 
voriconazole, or statins

• Common SEs: GI (e.g., nausea and abdominal pain), 
skin rash, and headache

• Rare SEs: CV events (e.g., torsades), cholestasis/
hepatocellular damage/liver failure, severe skin reactions, 
seizures, leukopenia/thrombocytopenia, dysgeusia, and 
hyperlipidemia

Ketoconazole

• Systemic form not commonly used today because of the 
associated high rate of hepatic toxicity
■ If used, typically <10 days

• FDA approved for tinea corporis/cruris/pedis/capitis, 
chronic mucocutaneous candidiasis, vaginal and 

Foscarnet

• An intravenous pyrophosphate analog that binds to 
pyrophosphate-binding site on viral DNA polymerase → 
inhibition of pyrophosphate cleavage from deoxyadenosine 
triphosphate → disruption of DNA elongation

• Treatment of choice for acyclovir-resistant HSV (does 
not require same enzymes as acyclovir and penciclovir); 
also used to treat CMV retinitis and CMV skin infection 
in HIV patients

• SEs: penile erosions (boards favorite), 
thrombophlebitis, nephrotoxicity, seizures, and 
electrolyte disturbances

Bleomycin

• Chemotherapeutic agent that can be used intralesionally 
for warts

• MoA: binds DNA → single strand breaks → ↓protein 
synthesis → ↑apoptosis/necrosis of keratinocytes

• SEs: injection pain, Raynaud’s phenomenon, loss of nail 
plate/nail dystrophy, and flagellate hyperpigmentation

Podophyllin and podofilox  

(0.5% podophyllotoxin)

• Podophyllin administered in office and its derivative 
podofilox administered at home by patient
■ Podofilox is safer – fewer mutagens; pregnancy category C

• Antimitotic agent that binds tubulin → cell cycle arrest 
in metaphase

• FDA approved for genital warts

• SEs are typically local (DO NOT use in pregnancy – 
teratogenic)

Cantharidin

• Blistering agent (comes from blister beetle/Spanish fly, 

Lytta vesicatoria)

• MoA: disrupts desmosomes → intraepidermal 
acantholysis → bullae

• Applied in office under occlusion for warts/molluscum; 
washed off at home 4 hours later

• SEs: pain from blister and ring wart formation

Sinecatechins

• Green tea (Camellia sinensis)–derived polyphenol 
epigallocatechin gallate → apoptosis, inhibition of 
telomerase, and an antioxidant effect on cells

• Approved for genital/perianal warts; SEs are local 
(e.g., upain, itch, and swelling)

5-fluorouracil and imiquimod  

(discussed in the section 2.5)

Antifungal agents

I. Azoles

• MoA: inhibit 14α demethylase (catalyzes conversion 

of lanosterol to ergosterol) → ↓ergosterol → 
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• 6 week 250 mg/day course for fingernail 

onychomycosis and 12 week 250 mg/day course for 

toenail onychomycosis (clinical cure ≈ 60%–70%)

• Tinea capitis:
■ Highly effective against endothrix organisms 

(most commonly T. tonsurans)
■ Less effective against ectothrix organisms like M. canis 

(griseofulvin preferred)

• Most common SEs: GI (e.g., diarrhea), cutaneous 
(e.g., rash), headache, and ↑LFT

• Rarer SEs: taste/smell disturbance, severe skin 
reactions (e.g., SJS/TEN), visual disturbance, 
hepatobiliary dysfunction/hepatitis/liver failure 

(idiosyncratic), hematologic abnormalities 
(e.g., neutropenia or thrombocytopenia), 
rhabdomyolysis, depression, exacerbation of SLE, 

drug-induced SCLE

• Inhibits CYP2D6, so exercise caution if giving 
with CYP2D6 substrates (e.g., doxepin or  
amitriptyline)

Naftifine (Naftin®)

• Topical formulation only – effective for dermatophyte 
infections primarily (may be more effective than azoles 
in treatment of cutaneous dermatophytoses)

Butenafine (Mentax®)

• Benzylamine class topical antifungal effective in 
cutaneous dermatophyte infections, tinea versicolor,  
and cutaneous candidal infections

III. Griseofulvin

• FDA approved for dermatophyte onychomycosis and 
tinea corporis/cruris/pedis/capitis
■ More effective in tinea capitis caused by Microsporum 

(e.g., M. canis) than terbinafine

• SEs: GI disturbance and headache are most common; 
FDE, photosensitivity, and exfoliative dermatitis; can 
instigate or worsen porphyria and lupus

• MoA: interferes with tubulin → inhibition of mitosis; 
binds to keratin in keratin precursor cells → resistance to 
fungal infections

IV. Ciclopirox olamine (Loprox®)

• MoA: disrupts fungal cell membrane transport of 
important molecules, ↓cell membrane integrity, inhibits 
cellular respiratory enzymes, and blocks important 
enzymatic cofactors

• Topical formulations only – cutaneous 
dermatophyte infections, Malassezia spp., tinea versicolor, 
cutaneous candidiasis, and onychomycosis (in lacquer 
form)
■ Ciclopirox and topical azoles are superior to 

allylamine/benzylamine drugs for Candida

V. Selenium sulfide

• Topical formulations only – tinea versicolor, seborrheic 
dermatitis of scalp, and CARP

cutaneous candidiasis, chromoblastomycosis, 
blastomycosis, histoplasmosis, coccidioidomycosis, and 
paracoccidioidomycosis

• Topical uses: tinea infections, cutaneous candidiasis, 
tinea versicolor, and seborrheic dermatitis

• Do NOT administer with cisapride, terfenadine, or 

astemizole, as interaction can → serious CV events like 
↑QT syndrome

• SEs (systemic form only): GI symptoms, idiosyncratic 
hepatotoxicity, pruritus, and urticaria

Voriconazole

• New generation of azoles used primarily for serious, 
invasive fungal infections in immunosuppressed hosts 
(invasive aspergillosis, Candida infections, and Fusarium 
infections)

• Unique SEs: severe phototoxicity (including 
pseudoporphyria, and xeroderma pigmentosum-like 

changes) and ↑risk SCC, visual disturbances 
(e.g., blurriness), hepatotoxicity, GI issues, and QT 
prolongation

Miconazole, clotrimazole, and econazole

• Topical azoles active against various dermatophytes, 
M. furfur, and C. albicans

• Good for tinea infections, tinea versicolor, and cutaneous 
candidiasis

Efinaconazole

• Novel solution formulation for onychomycosis – daily 
48-week course – only 15% to 20% complete cure

Luliconazole

• A new once-daily 1% cream used for short courses to 
treat various cutaneous tinea infections (e.g., 2 week 
treatment for interdigital tinea pedis)

• Other topical antifungals good for cutaneous 
dermatophyte infections and possibly cutaneous Candida 
infections include oxiconazole, sulconazole, and 
sertraconazole

II. Allylamines/benzylamines

• MoA: inhibit squalene epoxidase (catalyzes conversion 
of squalene to lanosterol) → ↓cell membrane synthesis

Terbinafine (Lamisil®)

• Oral and topical formulations

• Metabolized mainly in liver – do NOT give in active liver 
disease; also do not give if CrCl ≤50 mL/min

• FDA approved for dermatophyte onychomycosis and 
tinea capitis (granule formulation)

• Off-label dermatologic uses (systemic formulation): 
other tinea infections, subcutaneous/systemic mycoses 
(e.g., histoplasmosis and chromoblastomycosis), and 
other types of onychomycosis (good for Aspergillus, but 
not Candida)

• Topical formulation: utility limited to superficial 
dermatophyte infections
■ More effective than clotrimazole and oxiconazole for 

tinea pedis
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Antiparasitic agents  

(Table 2-5 and Table 2-6)

• Interesting facts about drugs not in the tables: benzyl 
benzoate may → disulfiram-like reaction; precipitated 

sulfur is safe in pregnant women with scabies, but so 

is permethrin; topical thiabendazole compound may be 
helpful for cutaneous larva migrans

2.7 PHOTOTHERAPY

• Divided into ultraviolet A (UVA) (320–400 nm) and 
ultraviolet B (UVB) (280–320 nm) modalities

VI. Nystatin

• Polyene topical agent that binds Candida cell membrane 

sterols → ↑permeability → cell death

• Used for cutaneous/mucosal Candida infections

VII. Echinocandins (caspofungin, 
micafungin, and anidulafungin)

• MoA: inhibit β-(1,3)-D-glucan synthase → ↓ glucan 
production → disrupt cell wall synthesis

• Used primarily in invasive Candida infections and 
invasive aspergillosis (second line)

• Unique SEs: facial swelling (caspofungin), ↑alkaline 
phosphatase (caspofungin), hypokalemia (caspofungin), 
and hematuria/proteinuria (caspofungin)

Table 2-5. Systemic Antiparasitic Treatments

Agent Mechanism Uses Side Effects

Ivermectin Binds glutamate-gated 

chloride ion channels of 

parasite nerve/muscle cells 

→ ↑membrane permeability 

→ hyper-polarization → 

death

Of note, resistance can 

occur due to SNPs of 

P-glycoprotein-like protein

FDA: onchocerciasis, intestinal 

strongyloidiasis (secondary to Strongyloides 

stercoralis)

Off-label: scabies (less effective in crusted 

form), cutaneous larva migrans, and 

pediculosis

Commonly rashes, pruritus, fever, and 

lymphadenopathy (less with scabies 

infection)

Rarely death and encephalopathy when 

used in patients with loiasis

Mazzotti reactions = rash/systemic 

symptoms/ocular reactions; occurs in  

patients with onchocerciasis → 

doxycycline helps reduce these reactions

Albendazole Stops tubulin polymerization 

→ immobilization and death 

of parasite

FDA: neurocysticercosis and hydatid disease

Off-label: Ascaris lumbricoides, Trichuris 

trichiura, Enterobius vermicularis, 

Ancylostoma duodenale and Necator 

americanus (hookworms), Taenia, 

Strongyloides stercoralis, Giardia, scabies

Bone marrow suppression (↑risk if patient 

has liver disease), aplastic anemia, 

agranulocytosis, hepatotoxicity, GI SEs, 

rash

May ↑theophylline levels

Resistance higher in patients with HTLV-1 

infection

Thiobendazole Inhibits fumarate reductase FDA: strongyloides, cutaneous larva migrans, 

and visceral larva migrans

Off-label: trichinosis, uncinariasis, Necator, 

Ancylostoma, trichuriasis, and ascariasis

Hepatotoxicity, GI SEs, CNS SEs, SJS

May ↑theophylline levels

Table 2-6. Topical Antiparasitic Treatments

Agent Mechanism Uses Side Effects

Permethrin Related to pyrethrins, which come 

from flowers of genus Compositae

Disables sodium transport channels 

on cell membranes of arthropods 

→ paralysis

Scabies (5% cream is the treatment 

of choice; neck down application 

– 2 overnight applications 

separated by 1 week) and 

Pediculosis capitis (1% cream 

rinse)

Local SEs

Malathion Organophosphate that inhibits 

acetylcholinesterase in arthropods 

→ neuromuscular paralysis

Pediculosis capitis (0.5% lotion; 

most effective treatment in the 

United States; treatment of choice 

in children ≥ 6 years old)

Local SEs

Potentially flammable

Malodorous

If ingested → symptoms of organo-

phosphate poisoning/↓cholinesterase

Spinosad Instigates arthropod motor neurons 

→ paralysis

Pediculosis capitis (very rapid effect 

– 10 minute application)

Local SEs

Lindane Organochlorine → 

↓neurotransmission → arthropod 

respiratory/muscular paralysis

Scabies and Pediculosis capitis Seizures if ingested or multiple applications

Aplastic anemia, leukemia
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• Various skin disorders including SLE (low dose), 
scleroderma/other sclerodermoid skin conditions (need 
at least 30 treatments), atopic dermatitis, and MF

• SEs include erythema in the short-term; no long-term 
studies for SEs

UVB modalities

• MoA: ↓DNA synthesis (i.e., in psoriatic epidermis) and 
↑p53 → cell cycle arrest/keratinocyte apoptosis; 
↓proinflammatory cytokines, ↓Langerhans cells in skin

• Narrowband UVB (311–313 nm)
■ Treatments given 3×/week initially (based on skin 

type or 70% MED) and increased by 10–15% each 
treatment; may have to adjust dose based on erythema 
severity

■ UV-opaque goggles during treatment and covering 
face/genitals

■ SEs: skin reactions (e.g., erythema or pruritus), 
mucosal reactions (recurrent herpes labialis, or 
blepharitis), exacerbation of SLE and blistering 
disorders, and NMSC (lower risk than BB-UVB or 
PUVA)

■ Used in psoriasis (most commonly prescribed 
phototherapy), vitiligo (treatment of choice), 
mycosis fungoides (patch and plaque), atopic 
dermatitis, photodermatoses (using desensitization 
protocols), and pruritus (idiopathic and secondary)

■ Similar contraindications to PUVA

• Broadband UVB – 280–320 nm; more convenient in 
darker skinned individuals than NB-UVB (shorter 
treatment times), but largely has been replaced by 
NB-UVB

• Excimer laser – 308 nm; high-intensity treatment with 
higher efficacy than standard NB-UVB for treating smaller 
surface areas (<2 cm2; e.g., in psoriasis and vitiligo)

Extracorporeal photochemotherapy

• Pheresis via venous catheter in arm vein → blood cells 
separated into leukocyte-rich buffy coat and RBCs 
(returned back to patient) → 8-methoxypsoralen added 
to leukocytes → UVA radiation → reinfusion (net gain of 
500 mL of fluid, but initially 200–400 mL are pheresed) 
(Fig. 2-1)
■ Usually 2-day cycle every 4 weeks and slow weaning 

after desired response

• Various effects on immune system, including T-cells 
(e.g., apoptosis of activated T-cells, induction of 
regulatory T-cells/immunologic tolerance), cytokines 
(e.g., favors immunoregulatory cytokines), and dendritic 
cells (↓#)

• Effective in CTCL (selectively targets lymphoma cells; can 
be used in combination with other treatments) and other 
dermatoses (e.g., scleroderma, chronic GVHD, 
nephrogenic systemic fibrosis, and pemphigus)

• Contraindicated in severe cardiac disease (because of 
difficulty in handling added fluid volume); caution in 
patients with low BP, hematocrit, and CHF

• SEs: nausea, photosensitivity, hypotension, CHF, and 
tachycardia

• Doses of light determined by skin type usually or 70% of 
minimum erythema dose (MED; lowest dose that results 
in minimally visual erythema) and increased as tolerated 
each visit up to a maximum dose

UVA modalities

Psoralen plus UVA (PUVA)

• Photochemical reaction between psoralen 
(8-methoxypsoralen usually) and UVA
■ Psoralen (0.4–0.6 mg/kg 1–2 hours before UVA) can 

be administered orally or topically

○ Of note, before UV exposure, psoralen intercalates 

into DNA

○ Photoactivated psoralen molecules form 3,4 or 4’,5’ 
cyclobutane monofunctional adducts to 
pyrimidines in DNA → interstrand DNA cross-link 
→ ↓DNA synthesis/cell cycle arrest

○ PUVA → selective immunosuppression, selective 
cytotoxicity (via production of ROS and free 
radicals), and melanocyte stimulation

○ Psoralens ideally taken fasting, because food slows 
absorption

○ Absorption and bioavailability vary widely with 
8-methoxypsoralen (8-MOP)

○ Metabolized by liver

○ Used in many dermatoses including psoriasis, 
vitiligo, CTCL, dermatitis, photodermatoses  
(using desensitization protocols), GVHD, and 
lichen planus

○ SEs include: nausea/vomiting (food may help), 
phototoxic reactions (e.g., symptomatic erythema 
[if widespread, hold treatment] and pruritus), 
hepatic toxicity, bronchoconstriction, herpes 
simplex recurrences, cardiovascular stress, CNS 
disturbances, photoaging, melanoma, and  
NMSC (SCC≫BCC; usually if ≥250 treatments; 
skin examinations every 6–12 months), and ocular 
issues (e.g., cataracts)

○ UV-opaque goggles and face/genital protection in 
unit; UV-opaque glasses after exposure until sunset, 
along with good photoprotection

○ Contraindications: lactation and certain skin 
disorders (lupus erythematosus, pemphigus/
pemphigoid, albinism, porphyria, and XP)

■ Treatments administered two to three times per week 
initially till mostly clear, then a maintenance schedule 
where radiation dose is kept the same and visit 
frequency slowly decreased (even to one treatment a 
month), then stopped

■ Safe in combination with other treatments 
(e.g., topicals, MTX, acitretin, and UVB)

UVA-1 (340–400nm)

• Treatments can be low, medium, or high dose

• Dose based on MED as sensitivity to UVA-1 can vary 
greatly between people

• Not many centers in the United States have 
UVA-1 units and not necessarily superior to PUVA and/or 
NB-UVB
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Figure 2-1. Extracorporeal photochemotherapy. Blood is accessed via a 16-gauge needle in a peripheral vein, heparinized, and collected by the ECP unit. UVADEX 

(8-methoxy-psoralen; 8-MOP) is automatically injected into the ECP unit at an appropriate dose. The patient undergoes discontinuous pheresis cycles to separate 

out the leukocyte-rich buffy coat, which is eventually fed through a one-cell-thick transparent cassette for exposure to UVA light in the presence of 8-MOP. These 

photochemically altered cells are then reinfused, as are the previously separated red blood cells and plasma. The entire procedure takes approximately 3 hours. The 

treatment is typically repeated a second day, and this 2-day cycle is typically repeated monthly. (Reprinted from Feldman, Steven R., Levender, Michelle M., Adher-

ence to drug therapy. In: Wolverton, Steven E. Comprehensive Dermatologic Drug Therapy, 3rd ed. Edinburgh: Elsevier Saunders; 2007. p. 292 Fig. 23-1)
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UVA
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Photochemical

alteration

ECP Device

Photodynamic therapy (PDT)

• Activation of topical photosensitizer by light
■ Aminolevulinic acid (ALA): activated by blue light 

(Blu-U device); no need for occlusion
■ Methyl aminolevulinate (MAL): activated by red light 

(Aktilite) and is more lipophilic; occlusion 

recommended

○ Mnemonic: “Red = Evil = Mal (Spanish for evil)”
■ These photosensitizers are ultimately converted to 

protoporphyrin IX within cells → activated to a 
higher energy state (along with production of reactive 
oxygen species, including singlet O2) primarily with 
light ≈ 410 nm (Soret band, blue), but also has other 
peaks (e.g., 635 nm, red) → localize by mitochondria 
→ necrosis/apoptosis of malignant cells

○ Neoplastic cells accumulate more porphyrins 

than normal cells – thus PDT effective in actinic 
keratoses and nonmelanoma skin cancers

○ Of note, protoporphyrin IX is also elevated in the 
inherited condition, protoporphyria

○ In acne, targets sebaceous glands and P. acnes, 
which accumulates porphyrins (light alone is 
effective in acne +/− photosensitizer)

■ Only FDA approved indication is actinic keratosis 
(≈90% response on individual lesions), but also used 
in BCC, SCCIS, acne, photoaging, hidradenitis, and MF

■ Technique: 1) skin cleansed (acetone for ALA and 
gentle curette debridement of scale/crust for MAL), 2) 
photosensitizer applied, 3) incubation time (3–4 
hours for MAL, 1–4 hours for ALA usually), 4) light 
exposure (37 J/cm2 for MAL – 7–9 mins, 10 J/cm2 for 
ALA – 16 mins), and 5) retreat in 7 days for MAL and 
1 to 2 months for ALA if needed

■ Protective eyewear during procedure and avoid 
sunlight for 48 hours

■ Pregnancy category C and unknown lactation 
potential

■ SEs: phototoxic reactions/photosensitivity, 
hypo-/hyperpigmentation, hypersensitivity to 
photosensitizer, pain, systemic absorption, and 
inflammation (edema, blistering, and crusting)

2.8 MISCELLANEOUS AGENTS

Sunscreens (Box 2-2)

• SPF = MED of protected skin divided by MED of 
unprotected skin; SPF ≥ 15 or 30 recommended

• Broad-spectrum = UVA + UVB protection

• Water resistant = maintenance of SPF after 40 or 80 
minutes in water

• Chemical absorbers: aromatic compounds that absorb 
radiation and convert it into longer, lower-energy 
wavelengths
■ Some are more targeted against UVB (e.g., octinoxate, 

PABA, cinnamates, octylocrylene, and padimate O); 
whereas others favor UVA spectrum (e.g., oxybenzone, 
avobenzone, and ecamsule)

• Physical blockers: chemically inert compounds that 
reflect/scatter radiation
■ Zinc oxide and titanium dioxide
■ More broad-spectrum coverage (UVA, UVB, and visible 

light) → better for patients with photosensitivity 
disorders

■ Do not generally cause contact dermatitis
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Topical calcineurin inhibitors (TCIs)

Pimecrolimus and tacrolimus

• MoA: bind to FK506-binding protein forming a 
complex → complex binds to enzyme calcineurin → 
prevention of calcineurin from dephosphorylating 
transcription factor NFAT-1 → ↓transcription of cytokine 
IL-2 → ↓T-cell activation/proliferation

• Dermatologic uses: atopic dermatitis (FDA approved), 
lichen planus, vitiligo, psoriasis, cutaneous lupus, and 
Zoon’s balanitis

• SEs: black box warning for malignancy (likely extremely 
low, if any, true risk); be aware of high levels of 

absorption in Netherton syndrome; burning sensation 
with initial use of tacrolimus

Psychiatric agents

• For a proper discussion of the subject, we recommend 
reading Chapter 31 of Comprehensive Dermatologic Drug 

Therapy by Wolverton

• Some classic uses in dermatology include:
■ Doxepin for depressed patients with 

neurotic excoriations
■ Pimozide (low doses of 3–5 mg/day) for delusions of 

parasitosis

○ Antipsychotic (potent centrally acting dopamine 
receptor antagonist)

○ SEs include: extrapyramidal adverse effects 
(tardive dyskinesia – may be irreversible with 
long-term use, withdrawal dyskinesia, and 
akathisia), and cardiac effects (e.g., arrhythmias 
from a prolonged QT interval) – not typically seen 
with low doses

■ Atypical antipsychotics (e.g., risperidone, olanzapine, 
and quetiapine) for delusions of parasitosis

○ Dopamine (D2) and serotonin receptor antagonists

○ Significantly ↓risk of extrapyramidal adverse effects 
(vs pimozide)

■ Amitriptyline for nonspecific cutaneous sensations, 
such as burning/stinging/pain

○ Works as analgesic in this scenario

○ SEs are anticholinergic, cardiac, sedative, and 
orthostatic hypotension (use low doses)

IVIG

• Comes from purified plasma of more than 1000 donors; 
contains supraphysiologic IgG primarily

• MoA:
■ ↓antibody production
■ ↓complement activation
■ Neutralization of pathogenic antibodies and bacterial 

superantigens
■ Binds various immune receptors → 

immunomodulation
■ ↓TNF-α and other proinflammatory cytokines
■ Antioxidant
■ Blocks Fc receptors
■ ↓T-cell activation through various pathways
■ ↑regulatory T-cells

• SEs: irritation, contact urticaria, irritant 
contact dermatitis, allergic and photo-allergic 

contact dermatitis (oxybenzone is #1 culprit; 
cinnamates and PABA also common), 
photosensitivity, and may ↓vitamin D synthesis 
(can supplement)

• Dihydroxyacetone (found in sunless tanning products) 
has only SPF 3 to 4 protection

Topical cosmetic agents

Eflornithine

• Binds/inhibits ornithine decarboxylase; used in 
treatment of female facial hirsutism; acne is most 
common SE

Hydroquinone

• Lightens skin color via active reduction of 
pigment production (i.e., auto-oxidation of  
melanin, tyrosinase, and phenol oxidases into various 
reactive substances); competes with tyrosine as 

substrate for tyrosinase; production of ROS → 
melanocyte damage
■ Dermatitis is most common SE and most concerning 

SEs are paradoxical hyperpigmentation or exogenous 

ochronosis (usually at higher concentrations for 
longer time periods)

■ Other bleaching agents: monobenzyl ether of 
hydroquinone (potent; used for permanent 
depigmentation of normal skin in severe vitiligo)  
and mequinol

Bimatoprost

• Prostaglandin analog that is approved for eyelash 
hypotrichosis (↑length, thickness, and pigment); 
SEs include periorbital skin pigmentation, iris 

hyperpigmentation (more so with glaucoma 
treatment than treatment of thin eyelashes), and  
ocular irritation

Box 2-2. Common Sunscreen Components

UVB blockers

Octinoxate (octyl methoxycinnamate)

Octisalate (octyl salicylate)

Octocrylene

Ensulizole (phenylbenzimidazole sulfonic acid)

UVA blockers

Oxybenzone

Meradimate (methyl anthranilate)

Avobenzone (Parsol 1789)

Ecamsule (Mexoryl SX)

Physical blockers

Titanium dioxide

Zinc oxide

(Reprinted from Levy, Stanley B., Sunscreens. In: Wolverton, Steven E. 

Comprehensive Dermatologic Drug Therapy, 3rd ed. Edinburgh: Elsevier 

Saunders; 2007. p552, Box 46-1)
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Vitamin D3 analogs

Calcipotriene and calcitriol

• MoA: product binds to vitamin D receptors → 
drug-receptor complex + RXR-α binds to DNA at vitamin 
D response elements → ↓keratinocyte proliferation/
epidermal differentiation, ↓IL-2/IL-6/IFN-γ/GM-CSF, 
↓NK-cell and cytotoxic T-cell activity, ↑involucrin/
transglutaminase → enhanced cornified envelope 
formation

• Dermatologic uses: primarily psoriasis, but also 
morphea, vitiligo, and prurigo nodularis

• SEs: hypercalcemia (uncommon), irritation 
(most common), and mild photosensitivity

Attenuated androgens

Danazol and stanozolol

• MoA: complex, but involves ↑ production of various 
proteins by the liver, including various clotting factors, 
inhibitor of first component of complement (C1 INH), 
fibrinolytic proteins

• Dermatologic uses: hereditary angioedema (FDA 

approved), cryofibrinogenemia, lipodermatosclerosis, 
and livedoid vasculitis

• SEs: hormonal-related SEs (hirsutism, deeper voice, 
alopecia, acne, and menstrual irregularities), muscle 
cramps, myalgias, myopathy (in patients on statins), 
hematuria/hemorrhagic cystitis, insulin resistance, 
headaches, worsening HTN and CHF (drugs retain 
sodium), hyperlipidemia, and hepatic SEs (jaundice and 
liver tumors)

• Do NOT use in childhood or pregnancy

Agents used for antiinflammatory 

properties

Clofazimine

• Riminophenazine dye used for antibiotic 
(i.e., antimycobacterial, especially multibacillary leprosy 
and erythema nodosum leprosum) and 
antiinflammatory (e.g., SLE, pyoderma gangrenosum, 
erythema dyschromicum perstans, and discoid LE) 
purposes

• SEs: reversible orange-brown skin and body fluid 
discoloration, xerosis, and crystal deposition in organs → 
enteropathy/splenic infarction/eosinophilic enteritis/
cardiac dysrhythmia

Colchicine

• MoA: binds tubulin dimers in leukocytes → mitotic 
arrest in metaphase and ↓chemotaxis

• Dermatologic uses: familial mediterranean fever 
(treatment of choice), neutrophilic dermatoses (e.g., 
Behcet’s disease), cutaneous small vessel vasculitis, 
autoimmune connective tissue disorders, and gout

• SEs: GI SEs (e.g., cramping, diarrhea, and abdominal 
pain, which can → discontinuation); rarely bone 

marrow suppression, neuropathy, and myopathy

■ Contains anti-Fas receptor antibodies → ↓keratinocyte 
apoptosis

■ ↓migration of immune cells to target tissues

• Dose: varies, but generally 1 cycle = 2 g/kg total, 
divided into 3 doses, with 1 dose given on each  
of the 3 consecutive days; usually spaced  
2 to 4 weeks apart until clinical remission, then 
↑intervals thereafter

• Dermatologic uses: autoimmune blistering disorders, 
dermatomyositis, SJS/TEN (high-dose IVIG), Kawasaki 

disease, SLE, chronic autoimmune urticaria, scleroderma, 
and livedoid vasculopathy

• SEs: infusion-related adverse effects 
(e.g., headache, myalgia, flushing, fever, and  
wheezing; pretreatment with antihistamines/NSAIDs/
corticosteroids may help), fluid overload (i.e., in cardiac 
failure and renal failure patients), aseptic meningitis, 
thromboembolic events (e.g., MI and stroke; as a result 
of ↑serum viscosity), and dyshidrotic hand eczema
■ Screen for immunoglobulin levels before treatment 

– patients with IgA deficiency may develop 

anaphylaxis with treatment
■ Patients with ↑rheumatoid factor and/

or cryoglobulins have ↑risk of renal failure with 
treatment

Antiandrogens and androgen inhibitors

Spironolactone

• MoA: antiandrogen; blocks androgen receptor → 
↓androgen production; aldosterone antagonist = diuretic 
properties

• Dermatologic uses: hirsutism, acne (at lower doses), and 
androgenetic alopecia

• SEs: hyperkalemia (typically in patients with renal 
insufficiency; do not give with agents that ↑K+), 
gynecomastia, agranulocytosis (rare), and estrogen-
dependent malignancies (debatable)

• Category X in pregnancy → feminizes male fetuses

Finasteride and Dutasteride

• MoA: finasteride is type II 5-α reductase inhibitor 
(of note, 5-α reductase converts testosterone to 
dihydrotestosterone [DHT]) and dutasteride inhibits  
type I and II 5-α reductase

• Dermatologic uses: androgenetic alopecia 
(dutasteride may be more effective than finasteride 
based on a recent head-to-head study), hirsutism, and 
hidradenitis suppurativa

• SEs: sexual (↓libido, impotence, and abnormal 
ejaculation), gynecomastia, ↓overall risk of prostate 
cancer, and a possible slight ↑high-grade prostate cancer 
and breast cancer; teratogenic (if pregnant female 
is exposed)
■ A recent, large random, controlled trial found: 

↓overall risk of prostate cancer, ↓low-grade 
prostate cancer, and slight ↑high-grade prostate 
cancer (3.5% vs 3.0%; RR = 1.17); no difference 
in mortality between the finasteride and placebo 
groups
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■ ↓TNF-α
■ ↓neutrophil adhesion

• Used in Raynaud’s, livedoid vasculopathy, necrobiosis 
lipoidica, venous ulcers, and lipodermatosclerosis

• SEs are primarily gastrointestinal; decrease dose 
in renal dysfunction

Agents for hyperhidrosis

Glycopyrrolate

• Anticholinergic agent used orally or topically for 
hyperhidrosis

• MoA: blocks acetylcholine’s effects on sweat 
glands

• SEs include anticholinergic effects (e.g., dry mouth and 
blurred vision), seizures (rare), and hyperthermia (rare)

• Caution with tricyclic antidepressants, atenolol, 
and digoxin

Oxybutynin

• Antichlolinergic agent

• Approved for overactive bladder but can be used for 
hyperhidrosis

• SEs: anticholinergic effects (eg. urinary retention, 
constipation) primarily

2.9 DRUG INTERACTIONS AND THE 

CYTOCHROME P-450 SYSTEM

• This is a very brief review of drug interactions, mainly as 
they relate to cytochrome P-450 (CYP) system

Key points

• CYP enzymes metabolize endogenous and exogenous 
compounds (e.g., drugs)

• Most commonly located in endoplasmic reticulum of 

hepatocytes

• Divided into families and subfamilies based on genetic 
similarity

• Defects in CYP genes can → altered drug metabolism 
(e.g., CYP2D6 mutations may → poor tolerance to 
doxepin)

• Substrate drugs = drugs metabolized by a certain CYP 
isoform
■ If given with a drug that inhibits the CYP → 

↓clearance of substrate drug → ↑levels of substrate 
drug and possible toxicity

○ In this scenario, may need ↓dose of substrate drug
■ If given with a drug that induces the CYP → 

↑clearance of substrate drug → ↓levels of substrate 
drug and ↓therapeutic effect

○ In this scenario, may need ↑dose of substrate drug

Specific CYP isoforms

CYP1A2

• Substrates: theophylline/caffeine, warfarin, 
and pimozide

Nicotinamide (vitamin B3)

• MoA: inhibits PARP-1 →↓NFκB transcription → 
↓leukocyte chemotaxis; ↓lysosomal enzyme release; 
stabilizes leukocytes by inhibiting PDE → 
immunomodulation; ↓lymphocytic transformation/
antibody production; ↓mast cell degranulation

• Dermatologic uses: pellagra, autoimmune bullous 

disorders (in combination w/ TCN), NMSC 

chemoprevention (2015 NEJM study showed 23% 

reduction in new skin cancers compared to placebo, 
with no increase in adverse side effects)

• SEs: very safe – occasional GI complaints, flushing and 
headaches

Potassium iodide

• MoA: unknown, likely antiinflammatory 
(especially toward neutrophils)

• Dermatologic uses: sporotrichosis, erythema nodosum, 
and erythema induratum

• SEs: hypothyroidism (with chronic high-dose 
treatment, mainly in patients with preexisting thyroid 
issues), chronic iodine intoxication, skin eruptions (e.g., 
iododerma, acneiform, dermatitic, and vascular), 
GI SEs (most common), “iodism” (metallic taste, sore/
burning mouth, and headache), and exacerbation of 

dermatitis herpetiformis

• Check for thyroid disorders before starting medication; 
do not give large doses during pregnancy (can → goiter/
hypothyroidism in fetus)

• Pregnancy category D

Thalidomide

• MoA:
■ CNS effects of sedation
■ Antiinflammatory effects: inhibits TNF-α and IFN-γ, 

↓IL-12 production, ↓helper T-cells, ↑suppressor 
T-cells, ↑IL-4/5 production, ↓PML chemotaxis, and 
↓histamine/acetylcholine/prostaglandins

■ Neural effects – helpful in prurigo nodularis
■ Vascular effects (i.e., inhibits angiogenesis) – helpful 

in Kaposi sarcoma

• Dermatologic uses: erythema nodosum leprosum 

(FDA approved), HIV-related disorders, lupus 

erythematosus, GVHD, prurigo nodularis, 
and neutrophilic dermatoses (e.g., Behcet’s disease)

• SEs: teratogenic (category X – most common defect is 
phocomelia), peripheral neuropathy (proximal 
muscle weakness + distal painful paresthesias/sensory 
loss), venous thrombosis, hypersensitivity reaction 
(more common in HIV patients), sedation/drowsiness 

(most common), constipation, and various drug 
interactions

• Medication is regulated in the United States by the STEPS 
program, involving laboratory monitoring, neurologic 
monitoring, and pregnancy monitoring (pregnancy 
category X)

Pentoxifylline

• Phosphodiesterase inhibitor that:
■ ↑erythrocyte/leukocyte deformability
■ ↓platelet aggregation
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3.1 PAPULOSQUAMOUS DERMATOSES

Psoriasis

Epidemiology

• 2% worldwide prevalence

• Psoriatic arthritis (PsA) in 5%–30%

• Peaks at 20–30 yrs and 50–60 yrs

Pathogenesis (Fig. 3-1)

• Genetic factors (family history, twin studies) 
important

• Psoriasis susceptibility regions, PSORS1–9: PSORS1 
(chromosome 6p and contains HLA-Cw6 allele) is most 

important
■ PSORS1 in 50% of patients

• Important HLA associations in psoriasis:
■ HLA-Cw6 (strongest association): 10–15 times ↑risk

○ Positive in 90% of early-onset psoriasis, 50% of 
late onset (vs 7% of control population)

○ Strongest HLA risk factor for early-onset disease 
(Cw6 > B57, DR7)

○ Also strongly a/w guttate psoriasis (74%)
■ HLA-B27: sacroiliitis-associated psoriasis, PsA, and 

pustular psoriasis
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Figure 3-1. Immunopathogenesis of psoriasis. The occurrence of triggering environmental factors in genetically predisposed individuals, carrying susceptibility alleles of 

psoriasis-associated genes, results in disease development. During the initiation phase, stressed keratinocytes can release self DNA and RNA, which form complexes with 

the cathelicidin LL37 that then induce interferon-α (IFN-α) production by plasmacytoid dendritic cells (pDCs; recruited into the skin via fibroblast-released chemerin), thereby 

activating dermal DCs (dDCs). Keratinocyte-derived interleukin-1β (IL-1β), IL-6, and tumor necrosis factor-α (TNF-α) also contribute to the activation of dDCs. Activated dDCs 

then migrate to the skin-draining lymph nodes to present an as-yet-unknown antigen (either of self or of microbial origin) to naive T-cells and (via secretion of different types 

of cytokines by DCs) promote their differentiation into T helper 1 (Th1), Th17, and Th22 cells. Th1 cells (expressing cutaneous lymphocyte antigen (CLA), CXC-chemokine 

receptor 3 (CXCR3) and CC-chemokine receptor 4 (CCR4)), Th17 cells (expressing CLA, CCR4 and CCR6), and Th22 cells (expressing CCR4 and CCR10) migrate via 

lymphatic and blood vessels into psoriatic dermis, attracted by the keratinocyte-derived chemokines CCL20, CXCL9–11, and CCL17; this ultimately leads to the formation 

of a psoriatic plaques. Th1 cells release IFN-γ and TNF-α, which amplify the inflammatory cascade, acting on keratinocytes and dDCs. Th17 cells secrete IL-17A and IL-17F 

(and also IFN-γ and IL-22) which stimulate keratinocyte proliferation and the release of β-defensin 1/2, S100A7/8/9, and the neutrophil-recruiting chemokines CXCL1, CXCL3, 

CXCL5, and CXCL8. Neutrophils (N) infiltrate the stratum corneum and produce reactive oxygen species (ROS) and α-defensin with antimicrobial activity, as well as CXCL8, 

IL-6, and CCL20. Th22 cells secrete IL-22, which induces further release of keratinocyte-derived T-cell–recruiting chemokines. Moreover inflammatory DCs (iDCs) produce 

IL-23, nitric oxide (NO) radicals, and TNF-α, whereas natural killer T-cells (NKT) release TNF-α and IFN-γ. Keratinocytes also release vascular endothelial growth factor (VEGF), 

basic fibroblast growth factor (bFGF), and angiopoietin (Ang), thereby promoting neoangiogenesis. Macrophage (M)-derived chemokine CCL19 promotes clustering of Th 

cells expressing chemokine receptor CCR7 with DCs in the proximity of blood vessels and further T-cell activation. At the dermal–epidermal junction, memory CD8+ cytotoxic 

T-cells (Tc1) expressing very-late antigen-1 (VLA-1) bind to collagen IV, allowing entry into the epidermis and contributing to disease pathogenesis by releasing both Th1 

and Th17 cytokines. Cross-talk between keratinocytes producing TNF-α, IL-1β, and transforming growth factor-β (TGF-β) and fibroblasts, which in turn release keratinocyte 

growth factor (KGF), epidermal growth factor (EGF), and TGF-β. Th22 cells releasing FGFs possibly contribute to tissue reorganization and deposition of the extracellular 

matrix (e.g., collagen, proteoglycans). LC, Langerhans cell Courtesy, Dr Paola DiMeglio. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

IMMUNOPATHOGENESIS OF PSORIASIS

Initiation phase Plaque progression

CCL19

CCL17

CCL27

M

NKT

CCL20

CXCL9–11

NO

CXCL1

CXCL3

CXCL5

CXCL8

β-defensin 1/2

S100A7/8/9

Collagen IV

ROS

α-defensin

CXCL8

CCL20

VEGF

bFGF

Ang

Lymph

vessel

LC

N

DNA

RNA

IL-1β
IL-6

IL-12

IL-17A/F

IL-22

IL-23

IFN-α
IFN-γ
TGF-β
TNF-α

KGF

EGF

FGFs

Chemerin

Fibroblasts

Collagen

Proteoglycans

Stressed

cells

Trigger

Environment

Imiquimod

Microorganisms

Drugs

Trauma

Genotype

HLA-C

IL23R
LL37

dDC

iDCpDC

Th1

Th22
Th22

Th22

Th22

Th17

Naive T

Th17

Th17

Tc1

Th1

E-selectin

DC

dDC

CLA

CXCR3

CCR4

CCR6

CCR7

CCR10

VLA-1

CD45RO



3.1 Papulosquamous Dermatoses

61

• Generalized pustular psoriasis:
■ Impetigo herpetiformis: pregnancy-associated; begins 

in flexures then generalizes w/ toxicity; early delivery 
recommended

■ von Zumbusch: rapid and generalized, painful skin, 
fever, leukocytosis, hypoalbuminemia, and malaise; 
a/w hypocalcemia (risk factor)

• Palmoplantar pustulosis: pustules and yellow-brown 
macules localized to palms/soles; has a chronic course
■ May be a/w sterile inflammatory bone lesions 

(SAPHO syndrome)

• Acrodermatitis continua of Hallopeau: “lakes of pus” on 
distal fingers, toes, and nail beds → scale, crust, and nail 

shedding

• Site-specific types
■ Scalp: can coexist w/ seborrheic dermatitis; may 

advance to edge of face, retroauricular areas, and 
upper neck

○ Psoriasis is #1 cause of pityriasis amiantacea
■ Inverse: shiny pink-red, well-defined thin plaques w/ 

fissuring

○ Axillae, inguinal crease, intergluteal cleft, 
inframammary region, and retroauricular folds

■ Oral: annulus migrans (presents like geographic 
tongue, seen in pustular psoriasis)

■ Nail: fingernails > toenails (vs opposite pattern in 
onychomycosis)

○ Proximal matrix → pits

○ Distal matrix → leukonychia and loss of 
transparency; subungual hyperkeratosis

○ Nail bed → oil spots, Salmon patches, splinter 
hemorrhages, onycholysis, and subungual 
hyperkeratosis

• Psoriatic arthritis (PsA): affects up to 30% of psoriasis 
patients (correlated w/ skin severity); typically 
RF-negative (“seronegative”); classic early symptom = 
morning joint stiffness lasting >1hr; vast majority have 

nail changes +/− tendon/ligament involvement 
(enthesopathy/enthesitis); strong genetic predisposition 
(50% HLA-B27+); Rx: biologics, MTX, apremilast, 
cyclosporine, and tofacitinib
■ Five distinct PsA patterns:

○ Oligoarthritis w/ swelling and tenosynovitis of 
hands (60%–70%): affects DIP + PIP joints of 
hand and feet (may → “sausage digit”) +/− large 
joint involvement; spares MCP (vs RA)

○ Asymmetric DIP involvement + nail changes 
(16%): exclusively affects DIP → “sausage digit,” 
nail damage

○ Rheumatoid arthritis-like (15%): symmetric 
polyarthritis of small and medium joints (PIP, 
MCP, wrist, ankle, and elbow); hard to DDx from 
RA and may be RF+

○ Ankylosing spondylitis (5%): axial arthritis 
+/− sacroiliac, knee and peripheral joint 
involvement; M > F, usually HLA-B27+, a/w IBD 
and uveitis

○ Arthritis mutilans (5%): least common, most 
severe (osteolysis of phalanges/metacarpals→ 
short, wide, and soft digits w/ “telescoping 

phenomenon”)

■ HLA-B13 and HLA-B17: guttate and erythrodermic 
psoriasis

■ HLA-B8, Bw35, Cw7, and DR3: palmoplantar 
putsulosis

• Immunologic factors:
■ T-cell disorder, primarily: CD8+ in epidermis and mix 

of CD4+/CD8+ in dermis

○ Primarily memory T-cells with CLA and chemokine 
receptors (e.g., CCR4); also some NK T-cell 
involvement

○ Increased: Th1 cytokines (e.g., IFNγ and IL-2), IL-1, 
IL-6, and TNF-α

○ Decreased: IL-10

○ IL-23 (from DCs) → Th17 cell stimulation → 

IL-17 and IL-22 release → dermal inflammation 
and keratinocyte replication

■ ↑dendritic cells in psoriatic skin
■ ↑CXCL8 → neutrophil chemotaxis (spongiform 

pustules of Kogoj and microabscess of Munro)
■ VEGF → angiogenesis
■ Keratinocytes secrete antimicrobial proteins (hBD1-2, 

cathelicidin LL37, and SLP1), IL-1, IL-6, IL-8, and 
TNF-α; also express TLRs

■ STAT-3 expression → keratinocyte proliferation

• Triggering factors:
■ External: trauma (Koebner phenomenon) – 2 to 6 

week lag time
■ Systemic: infections (streptococcal pharyngitis #1), 

HIV, endocrine factors (e.g., hypocalcemia in 
generalized pustular psoriasis and pregnancy in 
impetigo herpetiformis), stress, drugs (lithium, IFNs, 
β-blockers, antimalarials, TNF-α inhibitors, and CS 

tapers in pustular psoriasis), alcohol consumption, 
smoking, and obesity

○ Latency period between drug initiation and skin 
eruption varies:
 Short latency (<4 weeks): terbinafine, 

NSAIDs
 Intermediate latency (4 to 12 weeks): 

antimalarials, ACE inhibitors
 Long latency (>12 weeks): β-blockers, 

lithium

○ TNF-α inhibitors may → plaque psoriasis and/or 
palmoplantar pustulosis

Clinical features

• Chronic plaque psoriasis (most common)
■ Symmetric, well defined red papules and plaques w/ 

prominent white scale
■ Most common sites: scalp, elbows, knees, presacrum, 

hands, feet, and genitalia

• Guttate psoriasis: children and adolescents; drop-like 
lesions measuring 2–6 mm; symmetric distribution; 
favors trunk and proximal extremities
■ Triggers: group A Strep infection (oropharynx or 

perianal) or URI (1–3 weeks prior to onset)
■ 40% progress to plaque-type

• Erythrodermic psoriasis: generalized erythema and scale 
(>90% BSA)
■ Triggers: poor management decisions most common 

(e.g., abrupt withdrawal of systemic steroids)
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w/ phototherapy (Re-PUVA) effective for plaque 
psoriasis

■ Biologics

○ TNF-α inhibitors: infliximab, etanercept, and 
adalimumab

○ IL-12 and IL-23 inhibitor: ustekinumab

○ IL-17 inhibitors: secukinumab (FDA approved in 
2015), brodalimumab, and ixekizumab (FDA 
approved in 2016)

Prognosis/clinical course

• Depends on the type; often chronic

• Spontaneous remission in ≤35%

Additional boards factoids

• Woronoff ring: pale blanching ring around psoriatic 
lesions

• Auspitz sign: scraping of psoriasis scale → pinpoint 
bleeding (due to dilated capillaries and suprapapillary 
plate thinning)

• ToC for psoriasis subtypes:
■ Pustular (von Zumbusch): acitretin (>cyclosporine, 

MTX, and biologics)
■ Impetigo herpetiformis: early delivery, prednisone
■ Guttate: BB-UVB at erythemogenic doses (>NB-UVB)
■ Erythrodermic: cyclosporine, infliximab, and acitretin

Pityriasis rubra pilaris (PRP)

Pathogenesis/epidemiology

• Bimodal age distribution: first and sixth decade

• Unknown etiology

Clinical features

• Classically begins on head/neck → progresses caudally

• Most important features:
■ Scalp erythema w/ fine, diffuse scaling
■ Folliculocentric keratotic papules on erythematous 

base (“nutmeg-grater” papules)

○ Papules coalesce into orange to salmon-colored 
plaques w/ “islands of sparing” on trunk and 
extremities → can progress to erythroderma w/ 
exfoliation

■ Orange-red waxy keratoderma of palms/soles 
(“sandal-like PPK”) w/ fissures

■ Thick, yellow-brown nails w/ subungual debris; lacks 

nail pits (vs Pso)!

• Five distinct subtypes (Fig. 3-2) and a sixth newer 
subtype (generalized PRP in HIV patients w/ hidradenitis 
suppurativa, acne conglobata, and elongated follicular 
spines); all except type 4 are generalized
■ Type 1 (55%, classic adult): most common form, 

rapid onset of classic PRP features, good prognosis 
(80% resolve within 3 yrs)

■ Type 2 (5%, atypical adult): slow onset, 
ichthyosiform leg lesions + keratoderma w/ coarse 

and lamellated scale +/− alopecia; chronic course
■ Type 3 (10%, classic juvenile): same presentation/course 

as type 1; peaks in adolescence and first 2 yrs of life
■ Type 4 (25%, circumscribed juvenile): most common 

form in children (Fig. 3-3); only localized form of 

• Comorbidities
■ ↓risk of allergic diseases
■ ↓risk of superinfection (due to ↑antimicrobial 

peptides)
■ Possible ↑risk of lymphoma
■ ↑risk of cardiovascular diseases, HLD, HTN, DM, 

NASH, and metabolic syndrome

○ Systemic psoriasis treatments may ↓risk
■ Asymmetric anterior uveitis (15% of juvenile 

psoriasis)

Histopathology

• Mature plaques:
■ Confluent parakeratosis
■ Regular acanthosis w/ elongated rete ridges
■ Thinning of suprapapillary plates
■ ↓ or absent stratum granulosum
■ Dilated capillaries in dermal papillae
■ Micropustules of Kogoj (stratum spinosum) and 

microabscesses of Munro (stratum corneum)

○ Mnemonic: “Marilyn Munro is always on top 
(higher in epidermis)”

• Guttate:
■ Milder acanthosis, spongiosis, foci of intraepidermal 

neutrophils, mounded parakeratosis, ↓granular layer
■ Thin, tortuous capillaries in papillary dermis
■ Mixed perivascular infiltrate w/ scattered neutrophils

• Pustular:
■ Large clusters of neutrophils in upper epidermis

Treatment

• Topical treatments – may be used alone for mild 
psoriasis
■ Corticosteroids: first line for mild-moderate 

psoriasis
■ Anthralin: second line
■ Vitamin D3 analogs: typically used in conjunction w/ 

topical corticosteroids
■ Topical retinoids: tazarotene
■ Miscellaneous: salicylic acid, coal tar, and topical 

calcineurin inhibitors (especially facial and flexural)

• Phototherapy: first line in moderate to severe psoriasis
■ NB-UVB (311–313 nm): highly effective, ↓risk of 

secondary NMSCs relative to BB-UVB and PUVA
■ BB-UVB: more effective than NB-UVB for guttate 

psoriasis flares
■ Excimer laser (308 nm): useful for limited/localized 

disease
■ PUVA: topical for limited areas; oral for more 

generalized disease
■ Goeckermann regimen: combination of crude coal tar 

and BB-UVB

• Systemic therapy: moderate-severe psoriasis
■ Apremilast (PDE-4 inhibitor), tofacitinib (JAK 1/3 

inhibitor) = newest oral agents for psoriasis
■ Methotrexate (MTX)
■ Cyclosporine: do not use >1yr; ↑risk SCCs 

(particularly in a/w PUVA)
■ Systemic retinoids: acitretin is the only systemic 

retinoid used in psoriasis; monotherapy effective in 

erythrodermic and pustular psoriasis; combination 
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• Multifactorial etiology
■ ↑Malassezia furfur in cutaneous lesions
■ Sebum composition altered (↑triglycerides/cholesterol; 

↓squalene and FFA)
■ Immune dysregulation (some cases)

Clinical features

• Pediatric:
■ Erythematous, scaly, sometimes pruritic rash affecting 

“seborrheic” areas (scalp, face, postauricular, 
presternal, and intertriginous areas)

■ Infants often present w/ “cradle cap” (greasy yellow 
scales adherent to scalp)

■ Erythematous, scaly, macerated plaques in body creases 
(anterior neck crease, axillae, groin, and popliteal fossae)

• Adolescent/adult:
■ Well-defined, pink-yellow patches w/ “greasy” scale in 

highly sebaceous areas (scalp, eyebrows, nasolabial 
folds, forehead, ears/retroauricular, central chest, and 
intertriginous areas)

■ Often itchy (particularly scalp)
■ Dandruff (pityriasis simplex capillitii) – mild form on 

scalp

Histopathology

• Irregular to psoriasiform acanthosis, spongiosis, 
“shoulder parakeratosis,” superficial perivascular/
perifollicular lymphocytic infiltrate

Treatment

• Gold standard = topical azoles

• Other options: ciclopirox, topical CS, TCIs, pyrithione 
zinc, selenium sulfide, salicylic acid, and coal tar shampoos

• “Cradle cap:” frequent shampooing (antiseborrheic 
shampoos), baby or mineral oil, brushing/combing, and 
low potency topical CS

Prognosis/clinical course

• Infants: spontaneous resolution by 8–12 months

• Adolescents: tends to be more chronic

• Adults: chronic and relapsing

Additional boards factoids

• ↑incidence and severity in HIV and Parkinson’s

Pityriasis rosea (PR)

Epidemiology

• Female predominance; 10–35 yo

• Peaks in spring and fall

Pathogenesis

• Possibly viral (HHV-7 and HHV-6)

• Drug-induced PR: ACE inhibitors (most common), 
NSAIDs, gold, bismuth, β-blockers, barbiturates, 
isotretinoin, metronidazole, and clonidine

Clinical features

• Begins w/ “herald patch” = solitary pink, enlarging 
plaque w/ fine central scale and larger trailing collarette 
of scale; favors trunk

PRP; p/w follicular papules and erythema on elbows 
and knees; prepubertal onset; variable course

■ Type 5 (5%, atypical juvenile): first few years of life, 
PRP + sclerodermoid changes of hands/feet; chronic

Histopathology

• Alternating vertical and horizontal orthohyper- and 
parakeratosis (“checkerboard pattern”)

• Follicular plugging

• “Shoulder parakeratosis” (parakeratosis at edges of hair 
follicle orifice)

• Irregular acanthosis w/ thickened suprapapillary plates 
(vs Pso)

• Focal acantholysis or acantholytic dyskeratosis (recently-
appreciated findings)

Treatment

• First line: isotretinoin or acitretin

• Others: high-dose vitamin A, MTX, TNF-α inhibitors, 
phototherapy

Prognosis/clinical course

• Classic forms (type 1 and 3) reliably self-resolve in 3–5 yrs

• Atypical and circumscribed forms (types 2, 4, and 5) 
persist much longer

Additional boards factoids

• Phototherapy may induce flares → phototesting 
recommended

Seborrheic dermatitis

Epidemiology/pathogenesis

• Peak in fourth to sixth decades, but occurs in all ages; 
M > F

Figure 3-3. Circumscribed juvenile (type IV) PRP. PRP, pityriasis rubra pilaris 

(From Schachner LA, Hansen RC. Pediatric Dermatology, 4th ed. Elsevier. 

2011.)
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• Not a defined entity, but rather a clinical presentation of 
various disorders, characterized by:
■ Pruritus (>90% of cases, especially atopic dermatitis 

or Sezary); lichenification (>30%); dyspigmentation 
(>50%); PPK (30%); nail changes (40%, typically 
“shiny nails”)

■ Other skin findings: S. aureus colonization, eruptive 
SKs, ectropion, and conjunctivitis

■ Systemic findings: peripheral lymphadenopathy (#1 
extracutaneous finding), hepatomegaly (20%), pedal/
pretibial edema (50%), tachycardia (40%), 
thermoregulatory disturbances (hyperthermia > 
hypothermia), hypermetabolism, and anemia

• Primary (erythema involves whole skin surface in days to 
weeks) vs secondary (generalization of localized skin 
disease)

• Causes:
■ Psoriasis (most common cause in healthy patients):

○ Usually preceded by typical plaques

○ 25% are idiopathic; less scaly than typical psoriasis 
lesions

○ Erythroderma is usually due to drug withdrawal 
(steroid, MTX, or CSA)

○ Nails w/ characteristic psoriasis findings

○ Histologically, changes of early psoriasis seen
■ Atopic dermatitis:

○ Typically have atopic history

○ Severe pruritus and lichenification

○ ↑serum IgE and eosinophilia
■ Drug reactions:

○ Most common cause in HIV patients (40% vs 23% 
in non-HIV patients)

○ Lesions may become purpuric in ankles and feet

○ Shorter duration than other erythrodermas 
(resolves 2 to 6 weeks after drug withdrawal)

○ Most common drugs: allopurinol, sulfa (TMP-
SMX, dapsone), antiepileptics, INH, minocycline, 
and HAART

• Diffuse eruption (begins hours to weeks later): oval 
patches/plaques on trunk and proximal extremities
■ Lesions appear similar to “herald patch,” but smaller
■ Vertical axes oriented along Langer’s lines (“Christmas 

tree pattern”)
■ 25% experience significant pruritus

• Atypical pityriasis rosea: term utilized when rash has 
unusual features, including:
■ Inverse PR pattern: prominent involvement of 

intertriginous sites, or more prominent involvement 
of limbs (> trunk)

■ Papular, vesicular, or targetoid morphology

○ PR is often more papular and extensive in African 
American children

■ Oral involvement (e.g., ulceration)

• Drug-induced PR-like eruptions: ↑inflammation/pruritus, 
lacks herald patch; older patient population

Histopathology

• Non-adherent thin mounds of parakeratosis (vs thicker, 
adherent mounds in guttate psoriasis), spongiosis, 
perivascular lymphohistiocytic infiltrate, and RBC 

extravasation

Treatment

• Not required; symptomatic treatment w/ topical CS, 
antipruritic lotions

• Oral erythromycin hastens clearance

Prognosis/Clinical course

• Self-limited (6–8 weeks)

• Drug induced PR-like eruptions resolve rapidly (<2 
weeks) after discontinuing drug

Intertriginous/axillary granular 

parakeratosis

• Adult women > infants (diaper area)

• Pruritic, keratotic red-brown papules and plaques 
in intertriginous areas (axillae > inguinal, 

inframammary)

• Possible defect in filaggrin metabolism → retention of 
keratohyaline granules in SC
■ Alternative theories: irritant dermatitis, reaction to 

deodorants/antiperspirants

• Histology: characteristic thickened eosinophilic stratum 
corneum w/ prominent parakeratosis and retained 

keratohyalin granules; vascular ectasia (Fig. 3-4)

• Can be chronic/recurrent

• Rx: topical (corticosteroids, vitamin D analogues, 
keratolytics, and antifungals), destructive (cryotherapy), 
and systemic (isotretinoin, antifungals)

Erythroderma

Epidemiology

• M > F, average age =50 yo

Clinical features

• Erythema and scale involving >90% 

of BSA

Figure 3-4. Axillary granular parakeratosis. Marked, compact parakeratosis with 

small bluish granules within the stratum corneum representing keratohyaline 

granules (insert). Courtesy, Luis Requena, MD. (From Bolognia JL, Jorizzo JL, 

Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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3.2 ECZEMATOUS DERMATOSES

Atopic dermatitis (AD)

Epidemiology

• Part of atopic triad: AD (often first manifestation), 
allergic rhinitis, and asthma

• More common in high income and urban areas 
(exposure to pollutants and lack of exposure to 
infectious agents may trigger development of AD)

• Affects 25% of children, 3% of adults

• Prevalence is increasing

• Subsets:
■ Early onset (most common): arises by 1–2 yo, 50% 

have allergen-specific IgE antibodies, 60% resolve by 
12 yo

■ Late onset: arises after puberty
■ Senile onset: arises after 60 yo

• Onset: 50%–60% by first year of life (often 3–6 months), 
90%–95% by 5 yo

Pathogenesis

• Complex interaction of epidermal barrier dysfunction, 
immune dysregulation, and environment

• Genetic factors are important
■ Twin studies (monozygotic > dizygotic concordance) 

and family history (high probability that one or both 
parents are atopic)

■ Genes encoding epidermal proteins (e.g., FLG and 
SPINK)

○ Filaggrin (FLG) mutations cause alterations in 
epidermal barrier; strongly a/w AD development, 
especially severe early onset AD

○ Barrier dysfunction causes transepidermal water 
loss and xerosis, allowing penetration of allergens

■ ↑transcription of genes encoding immunologic 
proteins (TLR2, FCER1A, and DEFB1) and cytokines 
(Th2 > Th1 cytokines involved in regulation of IgE 
(especially IL-4, IL-5, IL-12, and IL-13))

○ Acute AD: Th2 predominance w/ eosinophilia, 
↑IgE production and ↓cutaneous antimicrobial 
peptides

○ Chronic AD: Th1 predominance w/ ↑IFN-γ
• Mediators of itch

■ Histamines less important than neuropeptides, 
proteases, kinins, and certain cytokines

Clinical features

• Clinical criteria
■ Essential: pruritus
■ Plus ≥ three of the following:

○ History of xerosis

○ Personal history of allergic rhinitis or asthma

○ Onset <2 yo

○ History of skin crease involvement (antecubital, 
popliteal, ankle, neck, and periorbital)

○ Visible flexural dermatitis

• Acute form: erythema, edema, vesicles, oozing, and crusting

• Subacute and chronic forms: lichenification, papules, 
nodules, and excoriations

■ Idiopathic erythroderma: elderly men w/ relapsing 
course

○ Lymphadenopathy, PPK, and peripheral edema 
seen frequently

■ CTCL (Sezary and erythrodermic MF):

○ Sezary: primary erythroderma; T-cell clone in 
blood plus one of the following: 1) ≥ 1000 Sezary 
cells/µL; 2) CD4:CD8 ratio of ≥ 10 : 1; or 3) 
↑percentage of CD4+ cells w/ abnormal phenotype 
(loss of CD7 or CD26)

○ Erythrodermic MF: secondary erythroderma; due to 
progression from classic MF patches/plaques

■ Less common causes: PRP, GVHD, paraneoplastic 
erythroderma, bullous dermatoses, and ichthyoses

Treatment

• Initial management: nutritional assessment, fluid and 
electrolyte correction; prevention of hypothermia; 
treatment of secondary infections

• Tailor treatment to underlying condition: sedating 
antihistamines, topical and/or systemic steroids (caution 
when tapering), wet dressings, and emollients

Confluent and reticulated  

papillomatosis (CARP)

• Starts at puberty; F > M; blacks > whites

• Unknown etiology

• Red or brown, rough, keratotic, slightly raised papules 
that first appear in intermammary region → spreads 
outward and forms reticulated pattern (Fig. 3-5) laterally

• Histology: acanthosis nigricans-like (hyperkeratosis, 
acanthosis, and papillomatosis)

• ToC: Minocycline 100 mg BID x 6 weeks (effective in 
50%)

• Other options: oral retinoids, oral antibiotics, or topical 
antifungals

• Pseudoatrophoderma colli: variant that occurs on neck; 
appears as vertically-oriented hyperpigmented 
papillomatous lesions w/ wrinkling; also responsive to 
minocycline

Figure 3-5. Confluent and reticulated papillomatosis (CARP). Multiple hyperpig-

mented papules that are confluent centrally and assume a reticulated pattern 

laterally. Courtesy, Julie V Schaffer, MD. (From Bolognia JL, Jorizzo JL, Rapini 

RP. Dermatology, 3rd Ed. Elsevier. 2012)
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• Diaper (napkin dermatitis; please refer to Pediatric 
Dermatology chapter)

• Id reactions (autosensitization)
■ Classic example: a vesicular eczematous id reaction of 

the hands arising in a pt w/ tinea pedis; secondary id 
reaction resolves when underlying dermatosis is 
treated

• Juvenile plantar dermatosis (please refer to Pediatric 
Dermatology chapter)

• Lip (cheilitis sicca): irritant contact dermatitis 
(including “lip-licker’s eczema”) > allergic contact 
dermatitis (fragrance mix most commonly) > atopic 
dermatitis > eczema of unknown cause
■ Worse in winter; vermilion lip most affected

• Head and neck: occurs post-puberty, Malassezia may 
aggravate

Histopathology

• Acute: prominent spongiosis, intraepidermal vesicles/
bullae, and perivascular lymphohistiocytic inflammation 
w/ eosinophils

• Subacute: milder spongiosis w/ ↑acanthosis; lacks 
vesicles

• Chronic: marked irregular to psoriasiform acanthosis 
(key feature), minimal to no spongiosis, +/− dermal 
fibrosis, and hyperkeratosis

Laboratory testing

• IgE not typically helpful

• In some patients identification of allergens via 
fluorescence enzyme immunoassays, RAST testing,  
skin prick testing, and atopy patch testing may be 
warranted

• Consider testing for food hypersensitivity (eggs, milk, 
peanuts, soy, and wheat) in children with severe/
refractory AD and reliable history of immediate  
reaction, or worsening dermatitis after ingestion of 
specific food
■ Food allergy most commonly causes a type I 

immediate hypersensitivity reaction
■ 10%–15% of children with severe AD have coexistent 

food allergies

• Consider testing for aeroallergens (dust mites, pollen, 
animal dander, and fungi) in teens/adults w/ severe or 
refractory AD on exposed skin surfaces
■ ↑incidence of airborne allergy w/ ↑age

Treatment

• Review Guidelines in the Care and Management 
of Atopic Dermatitis published in the JAAD  
2013–2014

• Education regarding emollients, short lukewarm baths 
w/ minimal soap, bleach baths (especially if history  
of skin infection), and wet dressings +/− topical 
steroids

• Avoid irritants: overheating, wool, sweating, saliva, harsh 
soaps, fabric softeners, bubble baths, and smoke

• Treatment ladder that ranges from topical treatments 
(steroids, and calcineurin inhibitors) to light therapy 
(nbUVB > bbUVB, UVA1, and PUVA) to systemic meds 

• Pediatric AD
■ Infantile (birth to 6 months of age)

○ Acute presentation and clinical features

○ Favors face, scalp, and extensor surfaces

○ May have overlap with seborrheic dermatitis
■ Childhood (2 yo to puberty)

○ Clinical manifestations typically more chronic in 
nature, though acute flares may occur

○ Favors flexures

○ Diffuse xerosis becomes more prominent

• Adolescent/adult AD (>12 yo)
■ Lichenified plaques > weeping eczematous lesions
■ Prominent involvement of flexures, face, neck 

(retroauricular) upper arms, back, and acral sites
■ AD beginning during childhood is a/w more severe, 

treatment-resistant disease as in adults
■ May manifest as isolated prurigo nodularis, hand or 

eyelid dermatitis

• Senile AD: marked xerosis rather than typical AD lesions

• Pruritus
■ Worse in evening
■ Triggers: wool clothing, sweat, and stress

• Associated features of AD: xerosis, ichthyosis vulgaris, 

keratosis pilaris, palmoplantar hyperlinearity, Dennie-

Morgan lines, periorbital darkening, circumoral pallor, 
anterior neck folds, Hertoghe sign (diminished lateral 
eyebrows), white dermatographism, follicular 
prominence (favors darker skin types), “allergic shiners” 
(grey infraorbital discoloration), and exaggerated linear 
nasal crease (“allergic salute”)
■ Children have ↑incidence of: pityriasis alba 

(hypopigmentation seen on face/neck; more common 
in darker skin types and more visible after sun 
exposure), lichen spinulosis, nummular dermatitis, 
dyshidrotic eczema, and juvenile plantar dermatosis

• Infectious complications: secondary to impaired barrier 
function and immunologic factors
■ Bacterial: impetiginization w/ S. aureus > S. pyogenes
■ Viral: eczema herpeticum, molluscum dermatitis, and 

eczema vaccinatum (seen w/ smallpox vaccination)

• Ocular complications: atopic keratoconjunctivitis 
(adults), vernal keratoconjunctivitis (children, warm 
climates), posterior subcapsular cataracts, keratoconus 
(elongation of the cornea), and retinal detachment

Regional variants

• Ear: erythema/scaling/fissuring under earlobe and 
retroauricular region

• Eyelid: lichenification of periorbital skin

• Nipple dermatitis

• Frictional lichenoid eruption: occurs during spring and 
summer in boys on elbows/knees/dorsal hands (clusters 
of small 1–2 mm lichenoid papules)

• Hand: may be intrinsic (atopic, psoriasis, dyshidrotic, 
hyperkeratotic), extrinsic (irritant or water exposure, or 
allergic), or infectious (tinea, S. aureus) in nature
■ Dyshidrotic eczema on lateral fingers and palms: 

“tapioca-like,” firm and deep-seated pruritic vesicles

○ Pathogenesis is multifactorial (irritant, atopic, and 
allergic contact)

○ Often chronic and recurrent/relapsing
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Progesterone dermatitis

• Cyclic flares of dermatitis during luteal phase of 
menstrual cycle (starts 1 week before menses → resolves 
a few days after menses)

• Variable morphology (urticarial, vesicles, and oral 
erosions)

• Diagnostic test = intradermal injection of progesterone 
→ skin reaction

• Rx = OCPs or tamoxifen to inhibit ovulation

• Estrogen dermatitis (chronic w/ exacerbations just prior 
to menses; Rx = tamoxifen) is major DDx → intradermal 
estrone test distinguishes

Contact dermatitis

Epidemiology

• Irritant (ICD, 80%) > allergic (ACD, 20%)

• Occupations most affected:
■ Manufacturing/mining (UK)
■ Agricultural workers (USA)

• Most common causes of ACD:
■ Nickel (worldwide)
■ Poison ivy (USA)

• ICD is the most common form of occupational skin 
disease
■ Petrochemical, rubber, plastic, metal, and automotive 

industries
■ Causes: soaps > wet work > petroleum products > 

cutting oils > coolants

• Infants, elderly, and those w/ AD have increased risk, due 
to ↑penetration of contactants

Pathogenesis

• ICD: direct damage of keratinocytes by irritant; not 

immune-mediated, does NOT require previous 
sensitization
■ Acute ICD: strong irritants (acids/bases) → direct 

cytotoxic damage to keratinocytes
■ Chronic ICD (more common): repetitive use of mild 

irritants (soap/water) → over time removes lipid and 
water-retaining substances of keratinocytes → 
↑transepidermal water loss, ↑epidermal turnover, 
inflammation

■ Frictional irritants: repeated rubbing, vibration, and 
pressure

■ Cold temperature, low humidity → ↑permeability to 
irritants

■ Occlusion/maceration/↑humidity may → 
↑permeability of water-soluble compounds

• ACD: immune-mediated, delayed-type (type IV) 

hypersensitivity, initial sensitization to allergen is 
required
■ Sensitization can occur with just a few exposures, or 

after years of exposure
■ Subsequent reexposure to allergen → T-cell mediated 

release of cytokines/chemotactic factors → eczema 
within 48 hrs

○ Only need exposure once every 3 weeks to keep 
allergic reaction going

(systemic corticosteroids, cyclosporine, azathioprine, 
MMF, and MTX) depending on severity
■ Topical corticosteroids are mainstay
■ May experience rebound flares after short courses of 

systemic steroids
■ Sedative antihistamines as adjunctive treatment for 

itch
■ Treat secondary infections (AD skin has 

↓antimicrobial peptides and a compromised barrier 
→ ↑infection risk)

• Primary prevention via breastfeeding or formulas w/ 
hydrolyzed milk products for the first 4 to 6 months of 
life is protective in high risk AD patients
■ Evidence suggests that prenatal, followed by postnatal 

probiotic supplementation, and postnatal prebiotic 
supplementation, may ↓risk of AD

○ Prebiotics = non-digestible plant fibers/
oligosaccharides that help nourish the “good gut 
bacteria”

• If true IgE-mediated allergy → practice avoidance or 
undergo allergen-specific immunotherapy through 
allergist

Prognosis/clinical course

• AD tends to clear in most children by puberty
■ Classic teaching: 75% resolve by adolescence 

(however, new study suggests that only 50% remit by 
early adulthood)

• If disease persists beyond childhood → tends to be 
chronic

Asteatotic dermatitis (eczema craquelé)

• Typically >60 yo; worse in winter

• In elderly, ↓natural moisturizing factor → ↓water 
binding capacity → when humidity is low in wintertime, 
get skin dehydration/xerosis → scaling, cracking, and 
dermatitis

• Xerotic skin w/ fine cracking (resembles “cracked 

porcelain” →hence eczema craquelé), erythema and scale 
+/− oozing, and crusting

• Pruritic; favors lower legs

• Histology: xerosis (compact stratum corneum) + 
spongiotic dermatitis

• Rx: emollients to treat xerosis/prevent flares (applied 
immediately after bathing); avoid aggravating factors; 
topical corticosteroids and TCIs for flares

Nummular dermatitis

• Unknown pathogenesis

• Associated factors: external irritants, venous HTN, 
infection, atopy, and xerosis

• Round or coin-shaped (“nummular”) pink plaques often 
on extremities; very pruritic; can have acute 
(eczematous) or chronic (lichenified) appearance
■ Secondary Staph infection common

• Histology: subacute-chronic spongiotic dermatitis

• Rx: mid to high potency topical steroids (ointments 
preferable to creams), TCIs, and phototherapy; good skin 
care w/ emollients
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○ Other allergens: gold (rings), other metals, volatile 
gases, fragrances/balsam of Peru, neomycin, 
surfactants, and preservatives

■ Lips: gallates, dyes, flavorings, sunscreens, and 
propolis

■ Earlobe: nickel
■ Neck: fragrances and hair products
■ Wrist: chromates (leather)
■ Hands: gloves (latex, rubber (thiuram), and acrylates 

in medical gloves)
■ Clothing dermatitis: spares the folds (axillary vault) 

and is accentuated where clothing fits tightly 
(waistline); most common allergens:

○ Fabric finishers (i.e., anti-wrinkle and stain 
repellant): formaldehyde and formaldehyde 

releasers

○ Dyes (disperse blue dyes 106 and 124)

○ Rubber (bleached underwear → bleaching causes 
release of carbamates)

■ Cosmetics dermatitis: commonly on face/neck; 
fragrances are #1 cause, preservatives are second 
most common

■ Perianal: lidocaine and preservatives (e.g., MCI/MI)
■ Shoe dermatitis: spares toe webs, begins on base of 

great toe and spreads over the dorsal surface, plantar 
surfaces generally spared)

○ Causes: adhesives (colophony, p-tert-butylphenol 
formaldehyde resin), rubber and rubber 
accelerators (mercaptobenzothiazole), leather 
(chromates), and dyes

■ Ulcers: bacitracin, neomycin, and lanolin
■ Oral stomatitis: dental fillings (mercury/gold/

amalgam → lichenoid reaction), epoxy resins, and 
flavoring (mint/cinnamon)

■ Airborne ACD: usually from plants (Compositae = #1 

cause), but other chemicals also implicated
■ Systemic ACD: diffuse dermatitis due to systemic 

allergen (e.g., systemic dermatitis from IV 
aminophylline in pt w/ ethylenediamine  
sensitivity)

• Occupational ACD: rubber > nickel > epoxy and other 
resins > aromatic amines

• Adhesives
■ Most tape reactions are ICD
■ ACD to tape: rubber, resins, and acrylates

Histopathology

• ICD: mild spongiosis, scattered necrotic keratinocytes, 
and mild perivascular inflammation

• ACD: spongiotic dermatitis (may be acute/subacute/
chronic, depending on stage), more prominent dermal 
inflammation
■ vs ICD: ↑spongiosis, ↑dermal inflammation w/ 

eosinophils, and lacks necrotic keratinocytes

Laboratory testing

• Patch testing will confirm diagnosis of ACD
■ Tailor the examined allergens to patient; NEVER apply 

unknown product during patch testing (can cause 
severe reaction/burn); determine relevance of any 
positive reaction

■ Cross-reactions and co-reactions can occur:

○ Cross-reaction: sensitization to one compound 
results in sensitization to compounds w/ a similar 

chemical structure (e.g., poison ivy and mango 

peel; neomycin and gentamicin)

○ Co-reaction: sensitization to two chemicals 
simultaneously because they are contacted/used 

together, but otherwise allergy to one would not 
result in allergy to the other (e.g., nickel and 
cobalt; neomycin and bacitracin)

Clinical features

Irritant contact dermatitis

• Clinical presentation variable; burning may be more 
common than itch

• Hands most common site of involvement; face is #2
• Ranges from acute ICD with vesiculation/necrosis that 

has more clearly defined margins to chronic ICD w/ 
dryness, scaling, lichenification, and fissuring

• Pustular/acneiform irritant ICD: metals, croton oil, 
mineral oils, tars, greases, cutting and metal working 
fluids, and naphthalenes

• Airborne ICD: resembles photoallergic reaction, but 
involves upper eyelids, philtrum, and submental 

region

• Phytophotodermatitis: fucocoumarins + light (UVA; 

320–400nm) → erythema +/− blistering (24–72 hrs 
postcontact) followed by hyperpigmentation (1 to 2 
weeks later)
■ Berloque dermatitis: pigmentation of neck/trunk/arms 

from cologne application containing bergamot oil 
(bergapten = 5-methoxypsoralens; a furocoumarin)

• Can have concomitant ulceration, folliculitis, miliaria, 
pigmentary alterations, alopecia, and urticaria

Allergic contact dermatitis

• Acute: erythema/edema/papules/oozing/vesiculation; 
sharp demarcation between normal and involved skin

• Subacute: ↑acanthosis, ↑crusting/scaling, and 
↓vesiculation

• Chronic: marked lichenification/fissuring/scaling, no 

vesicles, less well-defined than acute, and may spread 
beyond site of exposure

• Distribution depends on exposure:
■ Linear streaks on extremities: rhus (poison ivy/poison 

oak/poison sumac)
■ Fingertips in florists: flowers (tulips #1)
■ Scalp is fairly resistant to allergens → often only the 

surrounding skin is involved (neck, cheeks, and 
postauricular)

○ Allergens: hair products (especially dyes), perms, 
and rinse off products (shampoo)

■ Perioral/baboon syndrome: flavorings, foods, 
cosmetics, shellac, meds, and sunscreens

■ Periocular/eyelid:

○ Nail products (tosylamide > acrylates, 
formaldehyde, resin, glutaraldehyde, and 
benzalkonium chloride)

○ Cosmetics (false eyelashes, adhesives, mascara, 
rubber sponges for make-up, and eye-shadow)
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■ Oxalic acid

○ Paresthesia of fingertips; cyanosis; gangrene
■ Phenol

○ Used in cosmetic peels

○ Produces white eschar and temporary anesthesia; 
systemic absorption → glomerulonephritis and 

arrhythmias

○ Neutralized by 65% ethyl or isopropyl alcohol

• Plants
■ May cause non-immunologic contact urticaria, irritant 

dermatitis (mechanical or chemical), 
phytophotodermatitis, and allergic contact dermatitis 
(discussed in ACD section)

■ Non-immunologic contact urticaria:

○ Urticaceae family (nettle family): Urtica dioica

 Sharp hairs on plants contain toxins (histamine, 

serotonin, and acetylcholine) → rapid edema, 
pruritus, and burning

■ Mechanical ICD:

○ Opuntia spp. (prickly pear)
 Causes glochid dermatitis: mechanical ICD as a 

result of larger spines or smaller glochids 
(collections of short barbed hairs) that cause 
penetrating injuries → inoculation of C. tetani, 

S. aureus, S. shenckii, and atypical mycobacteria

 Remove larger pieces w/ tweezers; use glue and 
gauze for smaller pieces

■ Chemical ICD (Boards Favorite!):

○ Bromelin
 Ananas cosmosus (pineapples)

○ Calcium oxalate
 Family Amaryllidacea/Lilaceae

 Daffodil (Narcissus spp.), hyacinth, and tulip 
bulbs

 Most common cause of ICD in florists, 
“daffodil itch”

 Family Araceae
 Dumb cane (Dieffenbachia; house plant)

 Ananas comosus
 Pineapple (also contains bromelin)

○ Capsaicin
 Family Solanaceae

 Hot peppers
 Neutralized with acetic acid (vinegar) or 

antacids

○ Phorbol esters
 Family Euphorbiacea

 Croton plant, spurges, and poinsettias
 Also contains diterpenes (latex)

 May cause temporary blindness

○ Protoanemonin/ranunculin

 Family Ranunculaceae
 Buttercups and marigolds
 Classic linear vesicles like 

phytophotodermatitis, but NO 
hyperpigmentation afterwards

○ Thiocyanates
 Family Alliacea

 Garlic
 Family Brassicaceae

 Black mustard, radish

■ Patches applied to upper back area free of dermatitis 
on day 0; patches removed at 48 h (day 2); reactions 
recorded day 2 (first reading) and day 3–7 (second 
reading, usually 96 h)

○ Reactions that fade between first and second 
readings = irritant

○ Reactions that continue or develop between first 
and second readings = allergic

○ Delayed positive patch tests (arise after 7 days) 
can be seen with: gold, neomycin, dodecyl gallate, 
palladium, p-phenylenediamine, and 
corticosteroids

○ Gold can cause a persistent positive reaction at the 
site of patch testing

■ TRUE test: currently three panels of 12 allergens each 
(www.truetest.com)

○ Not as complete as comprehensive patch testing

• Repeat open application test (ROAT): use if patient 
cannot do patch test, or to confirm patch test results
■ Apply product to single clear area of skin twice daily 

for 1–2 weeks → monitor for reaction

• Material safety data sheets (MSDS) and workplace visit 
can help determine what workers are handling

Specific contactants

Irritant contact dermatitis

• Fiberglass dermatitis
■ Injury via skin penetration → pruritus/tinging → pink 

papules
■ Rx: talcum powder

• Bodily fluids (e.g., saliva, urine, feces) and water
■ Rx: provide barrier protection (e.g., zinc oxide paste, 

improved hygiene)
• Alkalis

■ Strong alkalis are corrosive: dissolve keratin and 
penetrate deeply → worse rxns than acids

■ Ca/Na/K hydroxides; ammonia; lye
■ Soap, detergent, bleaches, and depilatories
■ Treatment: apply weak acid (vinegar or lemon juice)

• Acids
■ Powerful acids are corrosive and weaker ones are 

astringent (a compound that shrinks or constricts 
tissues)

■ Sulfuric acid

○ Causes severe burns, produces brownish staining

○ Brass and iron workers, battery makers, jewelers, 
weapon of vitriol attacks (“acid throwers”)

■ Nitric acid

○ Distinctive burns with yellow discoloration

○ Explosives, fertilizer
■ Hydrofluoric acid

○ Penetrates very deeply due to low dissociation rate 
→ severe damage to bones, nerves; exquisitely 

painful; symptoms may be delayed for up to 24 hrs

○ Used for dissolving/etching glass in semiconductor 
industry

○ Rx: neutralize w/ calcium gluconate gel, seek 
emergency care

■ Hydrochloric acid

○ Superficial burn → produces blisters
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Figure 3-6. Phytophotodermatitis; the patient had rinsed her hair with lime juice 

in Mexico. (From Andrews et al. Andrews’ Diseases of the Skin, 11th Ed. Else-

vier. 2011)

■ Phytophotodermatitis (Boards Favorite!):

○ Caused by foucoucomarins in plants + UVA light 

(320–400nm) (Fig. 3-6)

○ Apiaceae/Umbelliferae
 Hogweed (Heracleum), cow parsley, and wild 

chervil: “strimmer dermatitis” after weed 
whacking

 Parsley, parsnips, celery, and carrots: 
“harvester’s dermatitis” in gardeners

 Flowers easily identified as they are clustered on 
a stalk and arise from a single point (mnemonic: 
“Apiaceae/Umbelliferae phytophotodermatitis = 
Ape holding an Umbrella-looking plant to stay 
protected from sun”)

○ Rutaceae
 Citrus (lemon, lime, grapefruit), rue
 Citrus bergamia (bergamot orange): causes 

berloque dermatitis

 Pelea anisate (Hawaiian leis)

 Common cause in bartenders and spring 
breakers

 “Mexican beer dermatitis:” 
phytophotodermatitis variant that may be 
widespread rather than linear, due to 
aerosolization of lime-beer mixture

○ Moraceae
 Fig and fig leaves
 Mulberry

○ Fabaceae (legumes):
 Bavachee/scurf pea (used as vitiligo 

treatment)
 Balsam of Peru (Myroxylon balsamum, 

Myroxylon pereiae)

Allergic contact dermatitis

• Specific allergens involved in ACD (refer to Table 3-1)
• ACD due to plants (Table 3-2)

■ Rhus dermatitis: Anacardiaceae family, Toxicodendron 
species

○ Allergen: urushiol (an oleoresin)
 Sensitizing ingredient: pentadecylcatechol

○ Poison ivy/poison oak/poison sumac
 Contained in leaves, stems, and roots

○ Direct contact (plant/fingers) → linear/streaky 
erythematous vesicles/bullae

○ Indirect contact (pet/burning plant) → diffuse

○ Black lacquer/spot dermatitis: sap from 
Toxicodendron species turns black w/ oxidation in 
stratum corneum

■ Asteraceae (Compositae): causes airborne ACD

○ Unlike photosensitive dermatitis, involves eyelids/

melolabial folds/submental/retroauricular sulci/
antecubital fossae

○ Classically affects middle-aged men

○ Worse in summer, resolves in winter
■ Essential oils: cinnamon oil (cassia), eucalyptus oil, 

and citrus peel
■ Exotic hardwoods (cocobolo/rosewood): can cause 

erythema multiforme-like reaction
■ Foods: variety of vegetables, fruits, and spices can 

cause ACD
■ Photoallergic contact dermatitis

○ Allergen + light (usually UVA) → dermatitis via 
immune mechanisms

Treatment

• Gold standard is education and avoidance of allergen/
irritant

• Additional treatments similar to other dermatitides

• For ICD, many cases resolve spontaneously due to 
“hardening” phenomenon

• After acute ACD exposure (i.e., poison ivy), whole area/
body should be first washed with water – then soap can 
be considered; systemic corticosteroids over 3 weeks are 
very effective

Stasis dermatitis

• Incompetent valves of lower extremities → venous HTN 
→ capillary distention and leak → extravasation of fluid, 
plasma proteins, and erythrocytes → edema, hemosiderin 
deposition, fibrosis, ulceration, inflammation, and 
microangiopathy

• Contact sensitization (often from topical products or 
medicaments), irritant factors, and superinfection may 
complicate the picture

• Pitting edema and hemosiderin deposits over distal 
third of leg, scaling, inflammation, and pruritus or 
tenderness; skin changes often begin on medial ankle; 
can become lichenified from rubbing

• a/w lipodermatosclerosis (stasis panniculitis; “inverted 

wine bottle” appearance w/ tight circular cuff over distal 
calf from chronic inflammation → adherent skin/
subcutaneous tissue/fascia)
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Table 3-1. High-Yield Allergic Contact Dermatitis Allergens

Metals and Metal Salts

(Pure metals generally do not cause sensitivity; metals in salts more often cause reactions)

Nickel Most common positive patch test (relevance ≈50%)

Sources: jewelry (white gold, 14-carat gold), buckles, belts, cell phones, buttons, zippers, clothing hooks, musical 

instruments, keys, doorknobs, European coins, and cement

Direct relationship between nickel allergy and number of pierced sites

Nickel in foods: cocoa, licorice, margarine, peanuts, brown lentils, walnuts, almonds, hazelnuts, and beans

Nickel testing: dimethylglyoxime in 10% ammonia test (turns pink in presence of nickel)

Safe metals for pts w/ nickel allergy: titanium, platinum, and sterling silver

Chromates Sources: dyes (green felt fabric on pool table), yellow-green pigment (tattoos/cosmetics), leather (shoe dermatitis), 

cement, matches, and crude oils (engine/aircraft workers and photographers)

Cross-reacts w/ nickel and cobalt

Cobalt Sources: metal products, cosmetics, dyes (blue-green dyes, paint, tattoos), glass/pottery, cement, vitamin B12 

injections (can lead to intractable hand dermatitis), and artificial joints

Poral reaction: irritant reaction w/ purpuric pores

Cross-reacts w/ nickel and chromate

Mercury Common cause of oral lichenoid reaction (mercury amalgams)

Sources: amalgams (dentistry), insecticides, industry (glues and starch pastes), felt hat workers, etching/artwork, and furs

Gold Common cause of oral lichenoid reactions and eyelid dermatitis

Sources: jewelry (hand/facial/eyelid dermatitis) and amalgams/fillings

Most frequent cause of persistently positive patch test reactions

Cross-reacts w/ nickel and cobalt

Rubber and Rubber Additives

Sources: shoes, gloves, adhesives, elastic (if bleached), pacifiers, cosmetic applicators, latex (gloves, balloons, condoms), swim goggles, tires, fungicides 

(thiurams), and neoprene (synthetic rubber)

Latex Derived from Hevae brasiliensis sap

Far more likely to cause immunologic contact urticaria (type I hypersensitivity reaction) than type IV delayed-type 

hypersensitivity reaction

Risk factors: healthcare profession, spina bifida

Latex cross-reacts w/ “Back Passion” (Bananas, Avocado, Chestnut, Kiwi, Passion fruit)

Thiuram (tetramethylthiuram 

disulfide)

Most common glove allergy and most common allergen in health workers

Cross reacts with disulfiram

Carba mix/carbamates Released from bleached elastic; perform use-test (patch test often false negative)

Mercaptobenzothiazole (MBT) #1 cause of allergic shoe dermatitis

Black Rubber mix Found in heavy-duty rubber products (tires, rubber balls)

May cause purpuric reaction

Dialkyl thioureas (neoprene) Wetsuit dermatitis and allergy to goggles

p-phenalenediamine (PPD) Sources: hair dye, black henna (temporary tattoos), black rubber (rubber vulcanization, antioxidant), photograph 

development, photocopies, printer ink, other darkly colored cosmetics

Rubber workers p/w eczema of hands, wrists, forearms, eyelids, nose

Adhesives

Substances used for gluing things together

Rosin (colophony and abietic acid) Uses: de-epilation waxes, adhesives, painting, chewing gum, violin and other musical instruments

p-tert-butylphenol formaldehyde 

resin (PTBP)

Used for gluing together leather products (watchbands, leather handbags, shoes)

Can cause depigmentation

Epoxy resin (bisphenol A) Encountered in: PVC and plastic materials, electrical insulation, paint, artists, sculptors, glues

Only produce ACD when in their liquid (non-cured, monomeric) state → fully polymerized product is non-sensitizing

Cyanoacrylates Used for different purposes, depending on specific type

Ethyl cyanoacrylate: KrazyGlue; used to glue-on artificial nails; is more toxic to skin than butyl- and octyl 

cyanoacrylates → not used for skin

Butyl cyanoacrylate (GluStitch): sutureless skin closures

Octyl cyanoacrylate (Dermabond): sutureless skin closures

Methacrylate Very hard, rigid plastic; may also be used as adhesive in orthopedic and dental prostheses

Uses: artificial nail plates, hard contact lenses, adhesive (“bone cement”) for artificial joints, dental prostheses, dental 

sealant

Diffuses through rubber and polyvinyl gloves → paresthesias

Preservatives

Added to anything with water in order to prevent spoilage; most commonly found in personal care products and cosmetics

Formaldehyde Frequent sensitizer, but decreased cosmetic use recently (formaldehyde releasers now more commonly used)

Found everywhere – meds, textiles/clothing, paints, embalming process, and paper – but most notably wrinkle-free 

clothing

100% cotton or cotton/synthetic fiber blends have most formaldehyde

Polyester has least formaldehyde of any textile
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Formaldehyde-releasing 

preservatives (chemical 

compounds that slowly release 

formaldehyde)

Formaldehyde-releasing preservatives are #2 cause overall of cosmetic-related ACD (fragrances are #1)

Quaternium-15 (Dowicil 200): found in soaps, shampoos, moisturizers; #1 preservative sensitizer in USA

Imidazolidinyl urea

Diazolidinyl urea

DMDM hydantoin

Kathon CG 

(methychloroisothiazolinone/ 

methylisothiazolinone (MCI/MI)

Found in wet wipes → common cause of perianal ACD

Also present in Eucerin and other personal care products

Parabens Preservative in topical medications, antiperspirants

Cross-reacts with PPPASTA family (Para-aminosalicylic acid, PABA, PPD, Azo dyes, Sulfonamides, Thiazides, ester 

Anesthetics

Thimerosal (ethyl mercury) Mercury-containing preservative in vaccines, eye-drop solutions, cosmetics, and nasal sprays

Positive thimerosal patch test almost never relevant! → ok to give vaccines even w/ positive patch test

Cross-reacts with piroxicam and mercury

Other preservatives 2-bromo-nitropropane-1,3-diol (Bronopol)

Euxyl K 400 (methyldibromoglutaronitrile)

Benzylkonium chloride

Triclosan

Benzyl alcohol

Tea tree oil

Vehicles, Emollients, and Emulsifiers

Propylene glycol Vehicle base in many creams and lotions

Also in ECG and lubricant jelly, antifreeze, brake fluid, food dyes/flavorings

Cocoamidopropyl betaine Non-ionic surfactant found in shampoo, soaps

Derived from coconut oil

Ethylenediamine Found in topical steroid and antifungal creams (Mycolog)

Cross reacts w/ aminophylline and hydroxyzine → can develop systemic ACD if allergic and receive aminophylline!

Lanolin Used in emollients

Allergen is wax-wool alcohol (derived from sheep)

Allergy common among leg ulcer pts

Cross-reacts w/ Aquaphor and Eucerin

Propolis Made by bees from resinous exudates of plants

Most notable for ACD of lips (lip balms)

Fragrances

Fragrance allergy is #1 cause of all cosmetic-related ACD; almost all cosmetics contain fragrance; “fragrance free” ≠ no fragrance (still may have 

masking fragrances!); fragrances are used for cologne, perfumes, and food flavoring; patch test to balsam of Peru and fragrance mix detects 90% 

of fragrance allergies

Fragrance mix Patch test to mixtures of eight fragrances (cinnamic alcohol, cinnamic aldehyde, amyl cinnamic alcohol, eugenol, 

isoeugenol, geraniol, hydroxycitronellal, oak moss absolute)

Rash typically limited to face, hands, arms, and tongue

Cross-reaction w/ propolis, colophony, turpentine

Balsam of Peru Derived from Myroxylon pereirea tree

Detects 50% of fragrance-related ACD

Hair Products

p-phenalenediamine (PPD) Potent sensitizer!

Sources: hair dye, black henna (temporary tattoos), black rubber (rubber vulcanization, antioxidant), photograph 

development, photocopies, printer ink, and other darkly colored cosmetics

Hairdressers, photographers, rubber workers: eczema of hands, wrists, forearms, eyelids, nose

Clients who get hair dyed: scalp and hairline dermatitis

Beard dermatitis in those who dye their beards

Note: natural henna (Lawsonia inermis) is a traditional red-brown dye used in South Asian cultures; does not 

commonly cause ACD

Perms Alkaline (home) perm: ammonium thioglycolate (rare sensitizer, more likely to cause ICD than ACD)

Acid (professional/salon) perm: glyceryl monothioglycolate (allergen); a common sensitizer, remains in hair shaft for >3 

months, penetrates rubber and vinyl gloves

Neutral perm: cysteamine hydroxyhloride (uncommon sensitizer)

Hair bleach (contains ammonium 

persulfate and peroxides)

Ammonium persulfate → contact urticaria reaction and generalized histamine reaction

Nail Products

Tosylamide (toluene-sulfonamide) 

formaldehyde resin

Nail lacquer/polish

Very common cause of eyelid, neck, and finger/periungual dermatitis

Artificial nails Ethyl cyanoacrylate: KrazyGlue; used to glue-on artificial nails

Methacrylate: rigid plastic material, forms artificial (acrylic) nail plates

Medications

Transdermal patches Clonidine has highest rate of sensitization

Table 3-1. High-Yield Allergic Contact Dermatitis Allergens—cont'd

Continued
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Table 3-2. ACD Due to Plants

Family Sensitizer Sources Cross Reaction

Anacardiacea 

(Toxicodendron genus)

Pentadecylcatechol in 

oleoresin (urushiol)

Poison ivy/poison oak/poison sumac Japanese lacquer tree; cashew nut (nutshell); 

mango rind/leaves/sap; Indian marking nut; 

ginkgo (fruit pulp); Brazilian pepper tree

Alstromeriaceae Tuloposide or tulipalin A Peruvian lily (Alstromeria)

favors dominant hand

Liliceae Tulipalin A/B Tulip bulb (favors dominant hand, usually 

first/second fingertips), asparagus, hyacinth

Parmelia d-usnic acid Lichens

Pinaceae Colophony (abietic acid) Pinus palustris (pine) tree Balsam of Peru, turpentine, colophony, benzoin, 

wood tars, spices

Asteraceae (Compositae) Sesquiterpene lactone Ragweed, dandelion, pyrethrum, mugwort, 

chrysanthemum (dominant hand), weeds, 

feverfew, artichoke, daisy, sunflower, 

endive, arnica, marigold, chamomile

Permethrin

Alliaceae Diallyl disulfide Onions, garlic (non-dominant hand w/ 

hyperkeratosis/fissuring of thumb, 

index, and middle finger tips), chive

Primulaceae Primin Primrose (dominant hand)

Myrtaceae D-limonene Tea tree oil/malaeuca oil

Antihistamines Doxepin > diphenhydramine

Anesthetics (esters ≫ amides) Esters = one “i” = benzocaine (#1 sensitizer; used for hemorrhoids, toothaches, and sore throats), procaine, tetracaine

Esters cross react w/ “PPPASTA” family (PPD, PABA, Para-aminosalicylic acid, Azo dyes, Sulfonamides, Thiazides, 

ester Anesthetics)

Amides = two ‘i’s’ = dibucaine, lidocaine, mepivcaine, and prilocaine

Cross reactivity: occurs for drugs within each class, but rarely between classes

Antibiotics (Neomycin, Bacitracin, 

Polymyxin)

Late reactions on patch testing (day 7)

Risk factors: use on chronic leg ulcers, chronic otitis externa, post-operative application

Co-reactions may occur with all, but most common with neomycin and bacitracin

Cross-reactions: neomycin and aminoglycosides (gentamicin, tobramycin)

Corticosteroids Grouped into categories based on allergenic potential. Each group with standardized screening allergen for patch testing:

• Group A (screening agent = Tixocortol pivalate): most frequently allergenic; includes hydrocortisone, prednisone, 

prednisolone, and methylprednisolone

• Class B (screening agent = Budesonide): includes triamcinolone, desonide, fluocinolone, fluocinonide, halocinonide, 

and hydrocortisone butyrate

• Class C (screening agent = Betamethasone): least allergenic; includes betamethasone, desoximetasone, 

dexamethasone, and flucortisone

• Class D (screening agent = Hydrocortisone-17-butyrate): includes mometasone, aclomethasone, betamethasone 

valerate, and clobetasol
■ Class B and D cross-react with each other
■ On patch testing, positive test may be an allergenic ring at edge of patch test site (steroid suppresses allergic 

response in center)
■ Delayed reading important!

Nitrogen mustard/

methlorethamine

ACD occurs in 66% w/ aqueous solution, but <5% w/ ointment

Sunscreens Oxybenzone (UVA): most common sunscreen allergen

PABA/padimate O (UVB): no longer commonly used; PABA cross reacts w/ other “PPPASTA” allergens (PPD, PABA, 

Para-aminosalicylic acid, Azo dyes, Sulfonamides, Thiazides, ester Anesthetics)

Zinc oxide and titanium dioxide (physical sun blockers): do NOT cause ACD

Miscellaneous Allergens

Disperse blue dyes Disperse blue dyes 106 and 124 are best screening agents

Spares axillary vault

Dimethylfumarate Antifungal agent used to prevent mold growth in leather couches (“Chinese sofa dermatitis”) and shoes

Table 3-1. High-Yield Allergic Contact Dermatitis Allergens—cont'd
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○ Other causes: henna, ammonium persulfate (hair 
bleach), and bacitracin (may lead to anaphylactic 
reactions when applied to chronic leg ulcers)

• Non-immunologic CU: more frequent, occurs in any 
exposed individual, and much lower risk of 

anaphylaxis
■ Urticaceae/stinging nettles (#1), euphorbiaceae 

(spurge nettle), caterpillars, and jellyfish

○ Agents lead to direct release of histamine, 
acetylcholine and serotonin

■ Other causes: DMSO, sorbic acid, benzoic acid, and 
cinnamic aldehyde

• Protein contact dermatitis: dermatitic reaction to 
protein-containing products in foods/animal products; 
reactions both allergic (type I and/or type IV) and 
non-allergic

Clinical features

• Pruritic cutaneous urticaria (wheal and flare) within 1 hr 
of exposure (3–5 min for stinging nettles); resolves in 
24 hrs
■ Oral allergy syndrome = mucosal CU (type of 

immunologic CU)

• Foods are common cause of CU; can get cross-reactions 
between foods and other topical/aeroallergens:
■ Birch pollen allergy a/w CU to various fruits/

vegetables (apples, pears, and cherries)
■ Latex CU a/w cross allergy to “back passion” 

(bananas, avocado, chestnuts, kiwi, passion fruit)

Laboratory testing

• Standard closed patch testing method is ineffective → 
use open patch test instead
■ Open patch test: apply substance to forearm and wait 

30 min for wheal and flare response; if no response 
can wait 30 min longer

■ Open patch testing is superior to prick, scratch, and 
intradermal testing as these can lead to anaphylaxis

• RAST testing detects 75% of latex allergies

Treatment

• Varies depending on severity: avoidance and 
antihistamines (most cases), systemic steroids 
(generalized urticaria or asthmatic reactions), and 
epinephrine + supportive care (anaphylaxis)

3.3 INTERFACE DERMATITIS

Vacuolar interface dermatitis

Autoimmune connective tissue  

disease (AICTD)

Discussed in Section 3.5

Erythema multiforme (EM)

Epidemiology

• Predominantly young adults (M ≈ F) in spring and fall

• Atrophie blanche and ulceration from venous changes 
can occur (typically medial supramalleolar region)

• Histology: spongiotic dermatitis, lobular capillary 

hyperplasia +/− fibrin cuffing, hemosiderin, and fibrosis 
of dermis and SQ fat septae (later stages)

• Rx: manage venous HTN w/ compression stockings and 
elevation

• For dermatitic component: emollients/topical steroids

Autosensitization (id reaction and 

disseminated eczema)

• Secondary eczematous lesions develop in sites distant 
from primary exposure site (usually allergic contact 
dermatitis +/− stasis dermatitis (>60% w/ contact 

dermatitis and stasis dermatitis develop id reactions); 
can also occur in tinea pedis)

• Disseminated lesions appear days to weeks after primary 
lesion

• Eczema tends to be ill-defined and symmetric, often 
occurring in analogous anatomical sites (e.g., palms, 
soles, extremities)

• Pathogenesis unknown but possibly related to:
■ Hematogenous dissemination of allergens
■ ↓sensitization threshold in distant skin sites after 

primary inflammation
■ Circulating activated memory T-cells

• Rx: topical steroids, systemic antihistamines, treatment of 
any underlying causes

Contact urticaria (CU)

Epidemiology

• In Finland, cow dander > natural rubber latex > flour/
grain/feed

• Bakers > agricultural workers > butchers

• Risk factors: atopy, hand dermatitis, and allergy to fruits 
(kiwi, avocado, banana, and melon)

Pathogenesis

• Immunologic CU: mediated by allergen-specific IgE on 
mast cells → mediator release (e.g., histamine); since IgE 
mediated can be a/w anaphylaxis
■ Raw vegetables/meats: potato (#1 and often a/w 

asthmatic response), celery (more likely to cause 
anaphylaxis), raw meat, fish, and shellfish

■ Latex:

○ Most common in healthcare workers (up to 10% 
incidence)

○ Increased risk in spina bifida patients and atopics

○ Type I reaction to latex is much more common 
than type IV (delayed type hypersensitivity)

○ Symptoms include itching and swelling of hands 
within minutes of applying gloves → resolves 
within 1 h; chronic exposure may lead to chronic 
hand eczema

○ Aerosolized glove powder or mucosal exposure 
may induce anaphylaxis

○ 50% have cross-reaction w/ “back passion” 
(bananas, avocado, chestnuts, kiwi, passion fruit)
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• EM major: target lesions w/ severe mucosal involvement 
and systemic symptoms (fever, arthralgias)
■ Buccal mucosa and lips most common mucosal sites 

(> ocular, genital)
■ Primary mucosal lesions are raised targets → rapidly 

become painful erosions

• Oral EM (clinical variant): middle-aged women w/ 
recurrent disease limited primarily to oral cavity

Histopathology

• Individual keratinocyte apoptosis, prominent basal 

vacuolar change, spongiosis w/ lymphocyte exocytosis, 
moderately dense superficial dermal perivascular 
lymphohistiocytic infiltrate (Fig. 3-8), and absent/rare 

eosinophils (vs SJS/TEN)
■ vs SJS/TEN: ↑↑dermal inflammation, ↓epidermal 

necrosis, and ↓eosinophils

Laboratory testing

• 80% have detectable HSV DNA by PCR in early 
erythematous papules or outer rim of targets

Treatment

• Most cases: symptomatic treatment

• Severe cases: consider systemic steroids or 
immunosuppressants

• HSV prophylaxis to prevent future outbreaks
■ Antiviral prophylaxis (Valtrex 1 gm/day or Famvir 

250 mg/day): ↓frequency and duration of recurrence 
in 90% of HAEM cases

Prognosis/clinical course

• Acute onset of lesions over 24 hrs → eruption fully 
developed by 72 hrs → self-resolves without sequelae 
within 2 weeks
■ Exceptions: EM major w/ severe mucosal 

involvement → persists for up to 6 weeks and may be 
a/w ocular complications (if proper eye care not 
instituted)

Pathogenesis

• 90% of cases are caused by infection:
■ HSV (HSV1 > HSV2) infection by far most common 

trigger

○ Herpes-associated EM (HAEM) is most common 
cause of EM minor (von Hebra’s disease)

○ Herpes labialis outbreak most commonly precedes 
EM by 1–3 weeks

■ Mycoplasma pneumoniae: severe mucous membrane 
involvement (simulates SJS) and atypical papular 
target lesions; most common cause of EM major

• Less common causes:
■ Histoplasma capsulatum: commonly have concomitant 

erythema nodosum
■ Drug-induced (<10%): NSAIDs, antibiotics, 

sulfonamides, antiepileptics, and TNF-α inhibitors
■ Other: radiation-induced, idiopathic, and chronic oral 

EM

Clinical features

• Abrupt onset of numerous symmetric, fixed red macules 
→ papules → “target” lesions (mixture of typical targets 
and papular atypical targets)

• Typical target (classic primary lesion of EM):
■ Three zones: dusky, vesicular or necrotic center; 

elevated, edematous pale surrounding ring; outer rim 
of macular erythema

■ Well-demarcated
■ Favors face and distal extremities (UE > LE; dorsal 

hands and forearms most common) (Fig. 3-7)

• Papular (elevated) atypical target:
■ Only two zones, but is palpable
■ Ill-defined peripheral border

○ Important clinical pearl: macular (non-palpable, 
non-elevated) atypical targets are seen in SJS/TEN, 

but not EM!

• Presence of elevated/papular target lesions and acrofacial 
distribution allow for reliable distinction from SJS/TEN

• EM minor: target lesions w/ minimal mucosal 
involvement and no systemic symptoms

Figure 3-7. Erythema multiforme involving the dorsal hands and penis. (From 

Andrews et al. Andrews’ Diseases of the Skin, 11th Ed. Elsevier. 2011)

Figure 3-8. Histopathologic features of erythema multiforme. Early lesion – focal 

sites of apoptosis of keratinocytes with an interface dermatitis and vacuolar 

degeneration of the basal layer (insert). A perivascular lymphocytic infiltrate is 

also present. Courtesy, Lorenzo Cerroni, MD. (From Bolognia JL, Jorizzo JL, 

Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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○ Antibiotics (sulfonamides > β-lactams, 
cephalosporins, minocycline, quinolones, and 
antifungals)

○ NSAIDs

○ NNRTIs (nevirapine, abacavir, efavirenz, and 
etravirine)

○ Other notable causes:
 Mycoplasma pneumoniae (more commonly causes 

EM major), contrast medium, dengue virus, and 
cytomegalovirus

Clinical features

• SJS and TEN are two intimately related, potentially 
life-threatening adverse drug reactions that differ only in 

their degrees of severity, as determined by degree of 
epidermal detachment (% BSA):
■ SJS: <10%
■ SJS-TEN overlap: 10%–30%
■ TEN: >30%

• Skin findings preceded by prodrome (fever, malaise, 
anorexia, and rhinorrhea) → atypical targetoid macules, 
mucocutaneous erythema, and skin pain → dusky 

plaques w/ full-thickness sloughing

• Mucosal involvement almost always present (92%–100% 
of SJS; ~100% of TEN)
■ Erosions and erythema of oral/ocular/genital 

mucosae
■ Photophobia and painful urination
■ Eye and genital care is essential for preventing 

adverse sequelae
■ Respiratory involvement in 25%

• Characteristic cutaneous lesional morphology:
■ Poorly demarcated erythematous to dusky macules of 

variable size and shape

○ Macules commonly become confluent (TEN > 
SJS-TEN overlap > SJS)

■ Flat/macular atypical targets (macules w/ central 
dusky hue)

○ Resemble target lesions of EM, but lack three 
concentric rings and are flat (non-palpable)

○ SJS/TEN lacks raised targets (vs. EM)!

• Lesions appear first on trunk → spreads to neck/face, 
proximal upper extremities
■ Unlike EM, distal extremities are largely spared
■ Early lesions are erythematous, dusky or purpuric 

macules, or flat atypical targets of varying size and 
shape → macules rapidly coalesce → hours to days 
later full thickness necrosis ensues → dusky red 
macules develop a grey hue → flaccid blisters develop 
with positive Nikolsky and Asboe-Hansen signs 
(Fig. 3-9)

○ (+) Nikolsky sign: tangential pressure induces 
dermal-epidermal cleavage

○ (+) Asboe-Hansen sign: vertical pressure (applied 
to top of a bulla) results in extension of blister 
onto adjacent previously unblistered skin

Histopathology

• Early: individual apoptotic keratinocytes scattered about 
all layers of epidermis; scant dermal lymphohistiocytic 
infiltrate w/ eosinophils

Stevens-Johnson Syndrome (SJS),  

and Toxic Epidermal Necrolysis  

(TEN, Lyell’s syndrome)

Epidemiology

• Overall incidence of SJS/TEN = five cases/million people 
annually

• F > M; elderly more frequently affected

• Groups with ↑risk of SJS/TEN:
■ Slow acetylator genotypes
■ HLA-B*1502 (Asians and East Indians exposed to 

carbamazepine; up to 220-fold ↑risk)
■ HLA-B*3101 (Europeans exposed to carbamazepine)
■ HLA-B*5701 (abacavir)
■ HLA-B*5801 (Han Chinese exposed to allopurinol)
■ HLA-DQB1*0601 (white patients with SJS + ocular 

complications)
■ AIDS patients (1000-fold ↑risk)
■ Patients undergoing radiotherapy + anticonvulsant 

therapy

Pathogenesis

• Exact mechanism still being elucidated, but the key 
players are known:
■ Drug

○ Binds to MHC I complex or other intracellular 
peptides → forms antigen recognized by cytotoxic 
CD8+ T-cells → downstream proapoptotic effects

■ Granulysin

○ Currently felt to be the major mediator of 

apoptosis in SJS/TEN

○ Found in cytotoxic granules of CD8+ T-cells, 
NK/T-cells, and NK-cells

○ Secreted granulysin directly damages target 
keratinocytes → apoptosis

■ FasL (CD95L)

○ Transmembrane protein of TNF family, found on 
cytotoxic T-cells, NK-cells, and keratinocytes

○ FasL binds to the Fas death receptor (CD95/Apo-1) 
on target keratinocytes → FasL-Fas complex leads 
to activation of caspases → apoptosis

■ Granzyme B and perforin

○ Activated cytotoxic CD8+ T-cells exocytose 
granzyme B and perforin → molecules poke holes 
in target cell and activate caspases → apoptosis

• SJS/TEN is almost always drug-induced
■ Typically occurs 1 to 2 weeks after initiation of med
■ Occurs later with anticonvulsants (within first 2 months)
■ Even within the same class, drugs with longer 

half-lives are more likely to cause drug reactions and 
fatal outcomes than drugs with short half-lives

■ Most common culprit drugs:

○ Allopurinol

○ Anticonvulsants

 Lamotrigine, carbamazepine, phenytoin, and 
phenobarbital

 Risk highest in first 2 months
 Valproic acid does NOT cross-react w/ others
 Lamotrigine does not cross-react w/ aromatic 

anticonvulsants
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• Early Dx is critical!
■ Prognosis correlated w/ rapidity of drug 

discontinuation
■ Drug timeline: typically meds started 7–21 days prior 

(as early as 2 days with reexposure)

• Initiate intensive supportive skin regimen (ICU setting if 
extensive epidermal detachment) +/− high-dose IVIG, 
nutritional/fluid/electrolyte support
■ Majority of studies suggest early administration of 

high-dose IVIG (2–4 gm/kg over 3–4 days) → 
↓mortality

■ Drug list should be aggressively minimized; especially 
avoid drugs w/ long half-lives

■ Use of systemic steroids and other immunosuppressive 
drugs is controversial

Prognosis/clinical course

• Ocular sequelae are most common complication 
(up to 80%)
■ Dry eye syndrome (most common), entropion, 

symblepharon, blindness, scarring, and persistent 
erosions

• Other sequelae: phimosis, vaginal synechiae, nail 
dystrophy/loss, hair loss, and eruptive nevi

• Mortality:
■ SJS: <5%
■ TEN: 30% (reported range: 25%–50%)

○ SCORTEN must be performed during hospital days 
1 (within first 24 h) and 3 to maximize predictive 
value

○ Rapid withdrawal of causative agent ↓risk of death 
by 30% per day

○ Death is most commonly due to infection (S. 

aureus and Pseudomonas)
 Other causes: transepidermal fluid loss, 

electrolyte imbalance, inhibition of insulin 
secretion, and insulin resistance

 Wood lamp can be used to identify Pseudomonas 
fluorescence

Additional boards factoids

• In 2013 the FDA issued a warning about clobazam 
(benzodiazepine class), an anti-seizure medicine that has 
been shown to cause SJS/TEN
■ Typically occurs in first 8 weeks, or when drug is 

stopped and restarted

• Markedly ↑risk of SJS/TEN in HIV patients recently 
shown to be due to loss of skin-protective CD4+/CD25+/
regulatory T-cells

• Sulfonamide antibiotics do NOT cross-react w/ 

non-antibiotic sulfonamides (HCTZ and hypoglycemic 
agents)

• Serologic tests for granulysin (80% sensitivity and 95% 
specificity) and high mobility group protein B1 
(HMGB1) have been shown to differentiate SJS/TEN 
from ordinary morbilliform drug eruptions

Pityriasis lichenoides

• PLEVA (acute) and PLC (chronic) represent two ends of a 
disease spectrum; both are characterized by recurrent 

crops of self-resolving lesions

• Later: confluent full-thickness epidermal necrosis, 
subepidermal blister (due to diffuse keratinocyte necrosis); 
scant dermal lymphohistiocytic infiltrate w/ eosinophils

Laboratory testing

• SCORTEN system relies on seven parameters (Tables 3-3 
and 3-4):
■ Serum bicarbonate (<20 mmol/L) is the single most 

important risk factor for mortality
■ Mnemonic: TAMEBUG (tachycardia, age, malignancy, 

epidermal loss >10%, bicarbonate, urea, glucose)

Treatment

• Prevention is ideal
■ FDA recommends routine screening for HLA-B*1502 

in East Asian patients prior to giving carbamazepine, 
and screening for HLA-B*5701 in all potential 
abacavir patients prior to treatment

Figure 3-9. Toxic epidermal necrolysis. Patient with denudation of the epidermis 

in sheets resembling wet cigar paper. Note the widespread involvement of the 

trunk. (From Schwartz RA1, McDonough PH, Lee BW. J Amer Acad Dermatol. 

e1–e13; quiz 185-6. doi: 10.1016/j.jaad.2013.05.003. Toxic epidermal necroly-

sis: Part I. Introduction, history, classification, clinical features, systemic mani-

festations, etiology, and immunopathogenesis. Elsevier. 2013)

Table 3-3. SCORTEN Criteria

Finding 0 Points 1 Point

Age (yrs) <40 >40

Associated malignancy No Yes

Heart rate (beats/min) <120 >120

Serum BUN (mg/dL) <27 >27

Detached or compromised body surface (%) <10 >10

Serum bicarbonate (mEq/L) >20 <20

Serum glucose (mg/dL) <250 >250

Table 3-4. SCORTEN-predicted mortality rates

# of Points Mortality Rate (%)

0–1 3.2

2 12.1

3 35.3

4 58.3

5 or more >90
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Histology

• PLEVA: Parakeratosis, Lichenoid infiltrate, Extravasation 
of erythrocytes, V-shaped dermal lymphocytic infiltrate, 
Acute epidermal changes (dyskeratosis, ulceration, 
neutrophilic scale crust)

• PLC: similar changes as PLEVA, but much more subtle 
– mild parakeratosis, milder vacuolar interface w/ fewer 
necrotic keratinocytes, milder RBC extravasation, and less 
dermal inflammatory infiltrate; almost never ulcerates

• Both have strict absence of eosinophils!

Treatment

• First line: topical steroids, phototherapy, and systemic 
antibiotics (erythromycin, azithromycin, and TCN)

• Severe forms: MTX, cyclosporine, and IVIG

Additional boards factoids

• Distribution is the best predictor for speed of disease 
resolution: diffuse distribution is fastest to resolve 

• Etiology unclear; may represent response to infections/
drugs, or may represent a low-grade T-cell 
lymphoproliferative disorder

• Pityriasis lichenoides et varioliformis acuta (PLEVA) 
(Fig. 3-10)
■ Rapid onset of widespread (trunk, buttock, and 

proximal extremities > other sites) pink papules → 
evolves into vesicular, ulceronecrotic, purpuric, and 
crusted papules → heals w/ varioliform scars

○ Febrile ulceronecrotic Mucha-Haberman disease 
(PLEVA variant): severe form w/ high fever, 
constitutional symptoms, lymphadenopathy, 
arthritis, mucosal, pulmonary, and GI involvement; 
a/w ↑TNF-α levels

• Pityriasis lichenoides chronica (PLC)
■ Widespread, scaly, red-brown, scaly papules and 

plaques
■ Resolves w/ hypopigmentation
■ Persists longer than PLEVA
■ Adults: PLC > PLEVA

Figure 3-10. (A) The polymorphic eruption of pityriasis lichenoides; note the mixture of acute (crusted) and chronic (scaly) lesions. (B) Higher power of (A). (C) 

Postinflammatory hypopigmentation associated with pityriasis lichenoides. Courtesy of A. Torrelo, MD (From Schachner LA, Hansen RC. Pediatric Dermatology, 4th 

ed. Elsevier. 2011.)

A

B

C
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■ vs. SJS/TEN: ↑inflammation, ↑lymphocyte exocytosis, 
↓necrosis, and ↑pigment incontinence

Laboratory testing

• Patch testing within a site of prior involvement may be 
used to identify culprit med

Prognosis/clinical course

• Benign; self-resolves in days to a few weeks if causative 
med is discontinued

• Exception: GBFDE may have mortality rate comparable 
to SJS/TEN (up to 22%)

Additional boards factoids

• Occasionally, a “refractory period” after drug exposure 
occurs → thus, FDE does not necessarily occur every time 
implicated med is administered

Graft versus host disease (GVHD)

Epidemiology

• Frequent (>50%) complication of allogeneic 

hematopoietic stem cell transplants (HSCT) → severe 
skin disease and ↑mortality

• Less commonly occurs in setting of:
■ Transfusion of non-irradiated blood products to 

immunocompromised hosts
■ Maternal-fetal transmission
■ Solid organ transplantation (small intestine > liver > 

kidney > heart)

• Single most important predictor of developing GVHD 
after HSCT is HLA compatibility
■ ↑frequency of GVHD largely due to increasing use of 

matched unrelated donor (MUD) transplants over 
past few decades → MUD transplants have ↑rate of 
minor HLA mismatch compared to matched related 
donors

• Other risk factors for GVHD:
■ Female donor (especially multiparous women) w/ 

male recipient
■ Older age
■ Stem cell source

○ Risk of GVHD: peripheral blood (PB-HSCT) > 
bone marrow > cord blood
 ↑popularity of PB-HSCTs in USA due to ease of 

collection; but must consider GVHD risk
■ Myeloablative preconditioning regimen (↑risk of acute 

GVHD due to damage to host tissues)

○ Many centers now performing non-myeloablative/
reduced-intensity conditioning regimens to 
↓toxicities → older people are able to tolerate 
transplants better nowadays
 Non-myeloablative regimens may ↓risk of acute 

GVHD, but may also delay the onset to beyond 
the classic ≤100 day period → ↑incidence of 
“delayed-onset acute GVHD”

• Risk of developing GVHD in HSCT recipients:
■ HLA-matched: 40%
■ HLA-mismatched: 60%–70%

• Skin is most commonly affected organ in all forms of 
GVHD

(average of 11 months) > central distribution > 
peripheral distribution (slowest resolution; average of 33 
months)

• CD8+ T-cells predominate within infiltrate → helps 
distinguish from majority of other conditions in DDx

Fixed drug eruption (FDE)

Pathogenesis

• Most common causative meds:
■ Sulfonamides (75% of cases; #1 cause on genitalia)
■ NSAIDs (especially naproxen and other pyrazolone 

derivatives), predilection for lips
■ TCNs
■ Phenolphthalein (previously in laxatives; now less 

common because it has been removed)
■ Others: barbiturates, ASA, OCPs, and carbamazepine

• Non-pigmented FDE (clinical variant)
■ Pseudoephedrine (classic cause)
■ Others: NSAIDs, acetaminophen, and tetrahydrozoline 

(eye drops)

Clinical features

• Most commonly affects oral and genital mucosa (#1 

sites), face, and hands/feet

• Initial episode: develops 1–2 weeks after administration 
of causative drug

• Subsequent episodes: eruption recurs at same site very 

rapidly after reexposure (30 min to 8 hrs)

• If meds are continued may → generalized FDE
■ Generalized FDE may have mucosal involvement 

(difficult to distinguish from EM or SJS)

• Well-demarcated, edematous plaques w/ erythematous-
violaceous hue

• Epidermal damage from interface reaction commonly 
leads to central dusky hue, bulla, or erosion

• Lesions self-resolve over 1–2 weeks, w/ prominent 
postinflammatory hyperpigmentation

• Clinical variants:
■ Non-pigmenting FDE

○ Most commonly due to pseudoephedrine

○ Very large, tender, “juicy red” plaques
■ Linear FDE: sometimes confused w/ linear lichen 

planus
■ Vulvar FDE: symmetrical erosive vulvitis on labia 

minora/majora and perineum
■ Generalized bullous FDE (GBFDE): significant overlap 

with SJS/TEN

Histopathology

• EM-like vacuolar interface changes w/ scattered 
apoptotic keratinocytes in all layers of epidermis, 
moderately brisk superficial to mid dermal perivascular 
lymphohistiocytic infiltrate w/ admixed eosinophils and 

neutrophils, ↑↑dermal melanophages within papillary 
and reticular dermis (deeper than other interface 
processes)
■ vs. EM: “dirtier” inflammatory infiltrate (admixed 

eosinophils and neutrophils), deeper pigment 
deposition
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violaceous-to-pink papules arranged in reticulate 
pattern (Fig. 3-11)
 Most common sites: dorsal hands/feet, forearms, 

and trunk

○ Other morphologies of non-sclerotic cGVHD: 
atopic dermatitis-like (recently reported), 
psoriasiform, poikilodermatous, lupus-like, and 
keratosis pilaris-like

■ Sclerotic cGVHD: encompasses multiple 
morphologies, favor areas of pressure

○ Lichen sclerosis-like

○ Sclerodermoid/morphea-like plaques
 Unlike true scleroderma, the distribution is 

more patchy and lacks classic features of 
scleroderma (bird facies, puffy/indurated hands, 
and sclerodactyly)

○ Eosinophilic fasciitis-like

Histopathology

• Acute GVHD: basal vacuolar interface, +/− keratinocyte 
necrosis (seen only in grade 2 and higher), sparse 
superficial perivascular lymphohistiocytic infiltrate
■ Apoptotic cells in adnexal structures (hair follicles 

and sweat ducts): very helpful clue to distinguish from 
simple drug eruptions!

■ Background of epidermal dysmaturation (resembles 
Bowenoid AK or chemotherapy effect): almost always 
present, useful clue

Pathogenesis

• Acute GVHD:
■ HSCT conditioning regimen damages host tissues 

→ activation of host antigen presenting cells (APCs) 
→ host APCs bind altered host proteins/neo-antigens 
→ donor lymphocytes recognize altered host 
protein-APC complex → donor lymphocytes 

proliferate and target host tissue in skin, GI tract, 
and liver

• Chronic GVHD:
■ Molecular pathogenesis still unclear
■ May involve interaction of B- and T-cells

○ Rituximab (anti-CD20 antibody) helpful in some 
cases of chronic GVHD

Clinical features

• Acute GVHD:
■ Traditionally defined as starting within first 100 days 

after transplant

○ Time period now felt to be arbitrary and not 
essential for diagnosis

■ Typically starts 2–6 weeks (peak at day 30) after 
HSCT

■ Initially p/w morbilliform eruption

○ First sites affected: acral sites (hands, feet, ears) and 
upper trunk

○ Early clues to diagnosis:
 Acral erythema

 Violaceous hue on ear

 Follicular/peri-eccrine erythema (darker 
punctate lesions help distinguish from simple 
morbilliform eruptions)

■ Rash may progress to confluent erythematous plaques 
(SJS/TEN-like)

■ GI tract and liver involvement usually accompany 
skin findings

■ Clinical staging based on three factors:

○ Skin: severity assessed by % BSA

○ GI: severity assessed by volume of diarrhea (and 
severe abdominal pain)

○ Liver: severity assessed by degree of bilirubin 
elevation

• Chronic GVHD:
■ Traditionally defined as starting ≥100 days (average: 

120 days) after transplant

○ Time period is now felt to be arbitrary and not 
essential for diagnosis

■ Preceded by acute GVHD in 50%

○ Occurs de novo in 50%
■ Chronic GVHD affects a greater variety of organ 

systems (nearly any organ)
■ The old terms “lichenoid” and “sclerodermoid” 

GVHD are no longer the preferred terms

○ Currently favored terms: “non-sclerotic GVHD” and 
“sclerotic GVHD”

■ Non-sclerotic cGVHD:

○ Often, but not always, precedes sclerotic cGVHD 
phase

○ Most common presentation is lichenoid eruption 
(80% of cases of cGVHD): coalescent, slightly scaly, 

Figure 3-11. Chronic graft-versus-host disease (GVHD). Epidermal GVHD char-

acterized by lichen planus-like changes on the posterior surface of the neck and 

upper aspect of the back. (From J Amer Acad Dermatol 2012 Apr;66(4):515.e1–

e18; quiz 533-4. doi: 10.1016/j.jaad.2011.11.960. Graft-versus-host disease: 

part I. Pathogenesis and clinical manifestations of graft-versus-host disease. 

Hymes SR1, Alousi AM, Cowen EW. Elsevier. 2012)
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Pathogenesis

• Various triggers (viral, contact allergens, drugs, or 
idiopathic) → basal keratinocytes express altered 
self-antigens on cell surface → T-cells target basal 
keratinocytes → lower level (basal) keratinocyte 
apoptosis
■ Viral

○ Hepatitis C virus

 Implicated in subset of oral ulcerative/erosive 

LP

 Meta-analysis supported association with LP in 
selected regions only (Asia, South America, 
Europe, Middle East countries), but failed to 
detect an association in North America

○ Hepatitis B (vaccine): a/w oral LP, and bullous LP 
in children (an otherwise uncommon presentation)

■ Contact allergens (mercury amalgam, copper, and 
gold)

○ a/w oral LP

○ 95% improve w/ removal of sensitizing metal

○ Even w/ negative patch test, 75% clear when metal 
is removed (may be related to irritant effects)

■ Drugs

○ Most common: HCTZ, β-blockers, ACE inhibitors, 

antimalarials, gold salts, TNF-α inhibitors, 
NSAIDs, penicillamine, and quinidine

Clinical features

• Inflammatory disease of the skin, hair, nails, and mucous 
membranes

• Pruritic, Purple-violaceous Polygonal, flat-topped 
Papules
■ Papules may be umbilicated
■ Wickham’s striae and small grey-white puncta
■ Koebnerization very common

• Most common sites: oral mucosa (#1 site), ventral 

wrists/forearms, dorsal hands, shins, genitalia, presacral 
area, and neck
■ Oral mucosa involved in 75% of all cases 

(often the only site of involvement); only 10% of 

patients who have oral LP subsequently develop 

cutaneous LP

• Although LP is pruritic, rarely see excoriations or 
impetiginization

• Multiple clinical variants (Table 3-5)

Histopathology

• All clinical variants have similar histology

• Classic features: orthohyperkeratosis, wedge-shaped 

hypergranulosis, irregular acanthosis w/ “saw-toothed” 

rete ridges, vacuolar degeneration of the basal layer, 
apoptotic keratinocytes confined to the basal layer of 
epidermis with some falling into superficial dermis 
(cytoid/civatte/colloid bodies), and superficial dermal 
band-like (“lichenoid”) lymphocytic infiltrate

• Lacks eosinophils
■ Exceptions: drug-induced LP, hypertrophic LP (recent 

study found frequent eosinophils in hypertrophic LP)

• Lacks parakeratosis
■ Exceptions: drug-induced LP and oral LP

• Chronic GVHD: variable; the two most common 
patterns are:
■ Lichenoid: moderately dense perivascular to band-like 

lymphohistiocytic infiltrate w/ vacuolar or lichenoid 
interface changes and keratinocyte apoptosis; degree 
of lichenoid inflammation is typically less dense than 
in classic LP

■ Sclerotic: dermal sclerosis, +/− subcutaneous and 
fascial fibrosis, may see overlying vacuolar or 
lichenoid interface

Laboratory testing

• Acute GVHD: bilirubin and diarrhea volume

• Chronic GVHD: MRI can detect fasciitis (may eliminate 
need for fascial biopsy)

Treatment

• Prophylaxis improves survival
■ Most common prophylactic regimens: MTX + 

cyclosporine or tacrolimus

• Acute GVHD:
■ Limited GVHD (skin only): topical steroids, TCIs, and 

phototherapy
■ Most cases (skin + internal involvement): systemic 

corticosteroids are first line treatment (added to 
existing immunosuppressive regimen)

○ Systemic steroids achieve durable response in only 
50% of patients

○ Mortality rate for steroid-refractory cases = 70%

• Chronic GVHD
■ Very difficult to treat
■ First line: topical + systemic corticosteroids added to 

immunosuppressive regimen

○ Only 50% respond
■ Second line: no option shown to be reliably effective

○ ECP, PUVA +/− isotretinoin, imatinib, and mTOR 
inhibitors

Prognosis/clinical course

• Acute GVHD: mortality = 30%–50% if moderate-severe 
disease (70% if steroid refractory)

• Chronic GVHD: most common cause of death is 
infection

Additional boards factoids

• Maraviroc (CCR5 inhibitor) decreases incidence of 
visceral GVHD by blocking CCR5-mediated CD8+ T-cell 
recruitment to liver and gut → may be useful for patients 
at high risk for GVHD
■ Does not ↓incidence of skin GVHD

Lichenoid interface dermatitis

Lichen planus (LP)

Epidemiology

• Cutaneous LP affects up to 1% of adults; oral LP affects 
4% of adults

• Most common in middle aged adults (peak onset: 
40–50 yo); F > M
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Treatment

• First, rule out lichenoid drug eruption (biopsy NOT a 
reliable distinguishing test → need careful drug history)
■ Lichenoid drug eruptions may persist for many 

months after drug discontinuation

• Once drug-induced LP has been ruled out, there are 
multiple treatment options:
■ Corticosteroids (first line): topical, intralesional 

(good for hypertrophic LP), and systemic (for more 
severe forms)

■ TCIs: very effective for oral LP, but some experts are 
concerned about theoretical ↑SCC risk in oral LP

■ MTX: useful for generalized LP (>90% response rate)
■ Acitretin: effective in recalcitrant LP (64% have 

significant improvement)
■ Metronidazole: generalized LP (79% effective)

• Dyskeratotic keratinocytes are not present in higher levels 
of epidermis (spinous and granular layers) → 
differentiates from EM, FDE, and SJS/TEN (all have 
suprabasilar keratinocyte apoptosis)
■ Exceptions: drug-induced LP

• Deep dermal and peri-eccrine/perifollicular inflammation 
is not seen → differentiates from DLE and lichen striatus
■ Exceptions: drug-induced LP

• Minimal lymphocyte exocytosis (vs lichen striatus and 
PLEVA/PLC)

• DIF: “shaggy” fibrinogen along BMZ; colloid bodies 
stain with IgM (>IgA, IgG, C3)

Laboratory testing

• Patch testing to metals in patients w/ oral LP may be 
helpful

Table 3-5. Key Features of Lichen Planus Variants

Acute (exanthematous) LP Rapid onset of disseminated lesions; heals with PIH; rapidly self-resolves (3–9 mos)

Actinic LP Most common in Middle Eastern and Indian patients (also Africans); young adults or children; onset in spring or summer 

on sun-exposed sites (face, forehead > dorsal UE, neck, intertriginous sites); comprised of red-brown annular plaques or 

melasma-like patches (less common)

Annular LP Usually asymptomatic; annular plaques with raised violaceous-white edge with central clearing; resembles GA but is scaly; 

axilla is most common site, followed by penis

Atrophic LP May represent resolving phase of LP with centrally depressed/atrophic, hyperpigmented area; clinically resembles early 

morphea or LS&A; legs most common site

Bullous LP Blisters develop on longstanding LP lesions due to extensive epidermal damage (expanded Max-Joseph spaces)

Drug-induced LP In comparison to idiopathic LP: patients typically 10 yrs older (mid 60s); often spares “classic LP sites;” lesions more 

generalized and more eczematous or psoriasiform than classic morphology; Wickham’s striae absent; frequently 

photodistributed (esp HCTZ); spares mucous membranes; histology: like LP but frequently has parakeratosis, deeper 

infiltrate, eosinophils, apoptotic keratinocytes in higher levels of epidermis; average latency period of 12 mos; delayed 

resolution (months)

Genital LP Men: annular LP on glans penis

Women: vulvar LP is most commonly erosive and 70% have concomitant vaginal involvement; often a/w oral involvement 

(“vulvovaginal-gingival syndrome:” protracted course with scarring, chronic pain, dyspareunia, and ↑ nail involvement)

Hypertrophic LP (aka LP 

verrucosus)

Extremely pruritic, thick, scaly plaques; most commonly on dorsal feet and shins; symmetric; lasts longer (avg duration 6 yrs); 

may lead to multiple KAs or follicular-based SCCs; biopsy may show many eosinophils

Inverse LP Axilla > inguinal and inframammary folds > antecubital and popliteal fossae; hyperpigmentation usually present (thus may 

overlap with LP pigmentosus)

Linear LP Refers to lesions that appear spontaneously (not due to koebnerization) in a Blaschkoid distribution; favors younger patients 

(20–30 yo); likely due to somatic mosaicism

Oral LP Over half of patients with cutaneous LP have oral involvement

• Reticular LP: most common; lacy white raised linear lines; usually asymptomatic; most commonly on bilateral buccal 

mucosa > gingivae > tongue > lips

• Atrophic, erosive, and bullous oral LP: more painful, F > M; must check for esophageal and genital involvement; may 

progress to SCC (1%–2%)

Nail LP Seen in 10% of LP patients; usually affects several nails; classic findings = longitudinal ridging, lateral thinning, fissuring, 

and dorsal pterygium; kids lack these other nail findings but may present as 20-nail dystrophy (rare in adults)

LP/LE overlap Acral sites with bullae, ulceration, nail loss, and pain; overlapping features of lupus and LP seen clinically and on H&E/DIF

Palmoplantar LP Commonly ulcerative (esp on soles); occurs in 30–40 yo age group; extremely painful and recalcitrant to therapy; usually with 

typical LP elsewhere

LP Pemphigoides Vesicobullous lesions occur anywhere on skin (most commonly on uninvolved skin) due to circulating IgG antibodies 

against BPAG2 (180 kD antigen, type XVII collagen); occurs weeks to months after onset of LP; pathogenesis: LP 

damages epidermis → exposes hidden antigens that are recognized by T-cells

LP Pigmentosus Skin types 3 and 4; brown or grey-brown macules on sun-exposed face, neck, and flexures; lacks preceding erythema; 

evolves into reticulate hyperpigmented patches; classic LP lesions in only 20%; occurs later in life (30–40 yo) than ashy 

dermatosis (childhood to late 20s)

Lichen planopilaris (LPP) Perifollicular hyperkeratosis with narrow violaceous rim on scalp (> other hair-bearing areas); frontal fibrosing alopecia: 

variant in elderly women along the frontal hairline

Graham-Little-Piccardi-Lasseur 

syndrome

Variant of LPP; classic triad = non-scarring pubic and axillary hair loss w/disseminated spiny follicular papules (KP-

like), cutaneous or mucosal LP, and scarring alopecia on scalp
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Lichen nitidus

• More common in children and young adults

• Multiple/grouped pinpoint, uniform, discrete, shiny, 
flat-topped or umbilicated, flesh-colored papules  
(Fig. 3-12)
■ Tend to be hypopigmented in dark skinned patients
■ Koebnerization common

• Favored sites: genitalia, lower abdomen, dorsal hands, 
flexor wrists, and inner thighs
■ Oral, nail, and palm/sole involvement uncommon

• Histology: classic “ball and claw” appearance
■ Well circumscribed, superficial dermal inflammatory 

nodule comprised of lymphocytes, histiocytes, and 

giant cells confined between two to three rete ridges; 
inflammatory infiltrate is surrounded by hyperplastic 
epidermal rete ridges that “clasp the dermal infiltrate”

■ Infiltrate is more “mixed” than LP (giant cells and 
CD1a+ Langerhans cells)

■ Interface changes (vacuolar-lichenoid)
■ Atrophic overlying epidermis w/ loss of granular 

layer +/− parakeratotic cap

• Majority (60%–70%) resolve spontaneously within 1 
year

• Treatment often just symptomatic: topical steroids, TCIs, 
and phototherapy

• DDx:
■ Lichen spinulosis: follicular hyperkeratotic papules 

w/ central keratotic spine on neck, buttocks, 
abdomen, and upper arms

■ Disseminate and recurrent infundibofolliculitis: 
pruritic follicular-based eruption of trunk and 

proximal extremities; almost exclusively affects 
young, healthy black adults, often hx of atopic 
dermatitis; worsened by hot and humid environments; 
Rx = UVR or oral retinoids

Lichen striatus

• F > M (average age = 4 yo)

• 50% of affected children are atopic

■ Hydroxychloroquine: mainly used for LPP/frontal 
fibrosing alopecia

■ Oral cyclosporine (recalcitrant cases)
■ Phototherapy (UVB, UVA1, and PUVA)

Prognosis/clinical course

• Duration depends on type of LP variant

• Most forms of LP resolve in 1–2 years (60% by 1 year)

• Oral (especially ulcerative), hypertrophic, and nail LP 
tend to persist
■ Ulcerative oral LP very rarely resolves
■ Conjunctival and esophageal involvement are 

particularly worrisome

• ↑SCC risk in hypertrophic LP, oral (ulcerative type), and 
vulvovaginal LP

Keratosis lichenoides chronica (KLC)

• Symmetric eruption on extremities and trunk comprised 
of violaceous keratotic papules coalescing into plaques 
w/ linear to reticular arrangement

• Classic clue: greasy, sebopsoriasis-like centrofacial plaques

• Nails and scalp may be involved

• Typically chronic and progressive; no effective treatment

• Histologic and DIF findings are identical to LP

Erythema dyschromicum perstans  

(ashy dermatosis, EDP)

• Asymptomatic, symmetric eruption of upper trunk, neck, 
and proximal extremities

• Preferentially affects Latin Americans

• Characterized by slow onset of slate grey-brown or 
grey-blue, oval macules and patches w/ erythematous rim

• Histology: subtle basal vacuolar change (usually only 
discernable at active inflammatory edge), numerous 

dermal melanophages, +/− band-like dermal 
lymphocytic infiltrate (sparse)

• DIF identical to LP

• Course: 70% of kids resolve within 2–3 years; adults 
typically more persistent

• Treatment: clofazamine (ToC), dapsone, and LP 
treatments

Lichenoid keratosis (BLK and  

LP-like keratosis)

• 85% occur between 35–65 years of age; F > M

• Usually due to inflammation of a lentigo, SK or AK

• Solitary, pink or red-brown, scaly, 0.5–1.5 cm plaques; 
lesions often confused for BCC

• Most common sites: forearm, upper chest > shins 
(women), and other sun damaged sites

• Histology: similar to LP, but often has eosinophils, 
spongiosis, parakeratosis, and less wedge-shaped 
hypergranulosis than LP

• DIF: Like LP

• No treatment necessary

• Caution: Elston showed that up to 1%–2% of “BLKs” 
may actually demonstrate regressing melanoma in situ 
on deeper sections!

Figure 3-12. Isomorphic phenomenon in child with lichen nitidus. (From William 

L. Weston, Alfred T. Lane and Joseph G. Morelli. Color Textbook of Pediatric 

Dermatology. Elsevier: Mosby. 2007.)
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■ Males: glans penis (most commonly), but also 
prepuce and coronal sulcus with atrophic ivory 
plaques, scars, and erosions → can develop phimosis 
if uncircumcised

■ Purpuric/ecchymotic areas in anogenital LS&A are 
often misdiagnosed as sexual abuse

■ ↑risk of SCC in patients w/ genital LS&A (5% risk)
■ Koebnerization possible

• Extragenital LS&A (15% of cases):
■ Usually asymptomatic
■ Most common sites: upper trunk/neck, proximal 

upper extremities, and flexor wrists
■ Disease evolution: begins as polygonal blue-white 

shiny papules → coalesce into sclerotic plaques with 
ivory white color → follicular plugging, 
telangiectasias, and bruising

Histopathology (Fig. 3-13)

• Compact orthohyperkeratosis, follicular plugging, 
epidermal atrophy with mild vacuolar interface changes, 
and papillary dermal edema or homogenization w/ 
underlying lichenoid lymphocytic infiltrate
■ Mnemonic: “Red, white, and blue sign” = 

orthohyperkeratotic stratum corneum (pink-red), 
hyalinized/edematous papillary dermis (pale/white), 
and band-like lymphocytic infiltrate (blue band)

Treatment

• First line: ultra-potent topical steroids (e.g., clobetasol) 
in adults and children
■ Safe even if used long-term

• Circumcision is ToC in males w/ phimosis

• Second line: TCIs
■ Theoretical risk of ↑SCC and HPV reactivation

• Refractory cases: PUVA/UVA1, systemic 
immunosupperssants

• ↑incidence in spring and summer

• Typically asymptomatic 2–4 mm pink or hypopigmented 
scaly papules, linear/Blaschkoid distribution
■ Extremities ≫ face, trunk, buttocks
■ Nail dystrophy may occur if a digit is affected

• Treatments: topical steroids and TCIs

• Resolves spontaneously in 3–24 months

Lichen sclerosus (LS, LS&A, and 

balanitis xerotica obliterans)

Epidemiology

• F ≫ M, whites > non-whites

• Any age, but has bimodal peaks:
■ Major peak = 40–50 yo post-menopausal females
■ Second peak = prepubertal girls (8–13 yo)

• a/w autoimmune diseases (especially in women)
■ Most common: autoimmune thyroid disease (15%)
■ Others: pernicious anemia, localized scleroderma/

morphea (6%), psoriasis, and vitiligo

• Most commonly affects male and female anogenital 

region (85%)

• Extragenital LS&A accounts for only 15%

• Male penile involvement = balanitis xerotica obliterans 
(BXO)
■ Common cause of phimosis

Pathogenesis

• Unclear, but thought to be genetic predisposition and 
associated with HLA-DQ7

• 80% of patients have circulating IgG autoantibodies 

against ECM-1
■ ECM-1 = glycoprotein involved in regulation of BMZ 

integrity, collagen fibril assembly and other functions

• Hormonal factors: predominance in postmenopausal 
women, resolution in pregnancy, and ↑OCP use in pts

Clinical features

• Classic lesions: sclerotic, ivory-white, atrophic, and 
flat-topped papules coalescing into plaques
■ Follicular plugging more prominent in extragenital 

LS&A

• Genital LS&A is usually symptomatic (itching, pain, 
and burning), whereas extragenital LS&A is typically 
asymptomatic

• Unlike LP, LS&A very rarely affects oral cavity or vagina

• Genital LS&A (85% of cases):
■ Most commonly affects vulvar and perianal area with 

classic “figure of 8” pattern in women (rarely see 
perianal involvement in men)

■ Pruritus and/or soreness is typical (often severe) → 
dysuria, constipation (especially in kids; related to 
pain with defecation), dyspareunia, and discharge

■ Disease evolution: starts as well demarcated, thin 
erythematous plaques that may have focal superficial 
erosions → epidermal atrophy, dermal scarring, 
hypopigmentation, dermal hemorrhage/bruising, and 
fissures → fusion of labia minora to majora, 
obliteration of clitoral hood, and narrowing of 
vaginal introitus

Figure 3-13. Lichen sclerosis. (From Rapini R. Practical Dermatopathology, 1st 

Ed. Elsevier. 2007)
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mucosa → if Dsg3 function is lost (as in P. 

Vulgaris), mucosal blisters ensue
■ Desmoglein 3: expressed mostly in lower portion of 

epidermis and throughout mucosal epithelium

○ Dsg3 CANNOT compensate for Dsg1 loss in 
superficial epidermis → if Dsg1 is targeted (as in P. 

Foliaceus and mucocutaneous P. Vulgaris), the skin 
develops blisters

○ Dsg3 is the major desmoglein involved in mucosal 
epithelial adhesion

■ Desmoglein 4: important role in hair follicles

○ Dsg4 is mutated in autosomal recessive localized 
hypotrichosis and also autosomal recessive 

monilethrix

Pemphigus vulgaris (PV)

Epidemiology

• Most common form of pemphigus in most of world 
(PV : PF ~3 : 1)

• M = F; 50–60 yo

• Jewish ancestry a/w 10x ↑incidence

• May be a/w other autoimmune diseases: myasthenia 

gravis, thymoma, and autoimmune thyroiditis

Pathogenesis

• Autoantibodies to Dsg3 (mucosal-dominant pemphigus) 
or both Dsg1 and Dsg3 (mucocutaneous pemphigus)

• In neonates of mothers w/ PV, maternal IgG 
autoantibodies against Dsg3 cross placenta → transient 
blistering in infant
■ Does not occur in mothers with PF, because neonatal 

skin has same Dsg expression pattern as adult mucosa 
(Dsg1 loss can be compensated for by Dsg3 
expression)

Clinical features

• All patients have painful oral erosions (most common 
sites = buccal and palatine mucosa) w/ irregular borders 
and different shapes and sizes
■ Other sites: esophagus (sloughing/cast formation), 

conjunctiva, nasal mucosa, vagina, penis, and anus

• Skin involvement (50%): flaccid vesicles/bullae (Fig. 
3-14), positive Nikolsky and Asboe-Hansen signs → 
bullae easily rupture, erode, and form crust
■ Heals without scarring
■ Widespread denudation may result in death from 

fluid imbalance or secondary infection

• Pemphigus vegetans: vegetative variant of PV affecting 
intertriginous areas (> scalp and face)
■ Reactive phenomenon to friction
■ Early lesions are flaccid pustules rather than vesicles 

→ erosions → vegetative/papillomatous plaques

Prognosis/clinical course

• May resolve spontaneously in childhood (especially in 
puberty for girls), but relapsing course in adults

• Up to 50% of all vulvar SCCs occur in setting of LS&A!!!

• Estimated 5% risk of genital LS&A progressing to SCC
■ Vulvar SCC in setting of LS&A has recently been 

shown to be distinct from HPV-induced vulvar SCC

○ Much higher risk of developing invasive disease 
(33% vs 5.7%)

○ SCC due to LS&A may be difficult to diagnose 
histologically because it is well differentiated → 
mistaken for reactive epidermal hyperplasia

• Up to 55% of penile SCC is a/w LS&A

Additional boards factoids

• ECM-1 is mutated in lipoid proteinosis

• Randomized trials of vulvar LS have shown:
■ Superiority of clobetasol over TCIs and UVA-1
■ Equivalence of mometasone and clobetasol

3.4 BLISTERING DISEASES

Pemphigus disease family

• In normal tissue, epithelial cells are held together by two 
major types of junctions:
■ Adherens junctions: classic cadherins (calcium-

dependent adherins; E-, P-, and N-cadherins) are 
transmembrane proteins that bind to the armadillo 
family intracytoplasmic plaque proteins (β-catenin, 
plakoglobin) → bind to intracytoplasmic α-catenin → 
anchor bundles of actin microfilaments → mediate 
quick but weak cellular adhesion

■ Desmosomes: desmosomal cadherins (calcium-
dependent adherins; desmogleins and desmocollins) 
are transmembrane proteins that bind to the 
armadillo family intracytoplasmic plaque proteins 
(plakophilin and plakoglobin) → bind to 
intracytoplasmic plakins (desmoplakin 1 and 2, 
BPAG1, plectin, envoplakin, and periplakin) → 
anchors keratin intermediate filaments → mediate 
slow but strong cellular adhesion (Box 3-1)

• In various forms of pemphigus, autoantibodies (IgG or 
IgA) interfere w/ various proteins in desmosomal 
complex → loss of connection between adjacent 
epithelial cells → acantholysis at various mucocutaneous 
sites/levels
■ Desmoglein 1: expressed in all levels of the epidermis 

(top > bottom)

○ Dsg1 can compensate for Dsg3 loss in skin → 
therefore, if only Dsg3 is targeted (as in P. Vulgaris), 
the skin remains intact

○ Dsg1 has no significant role in mucosal epithelial 
adhesion→ CANNOT compensate for Dsg3 loss in 

Box 3-1. Boards Factoid

Plakoglobin is an armadillo protein that is present in both desmosomes 

and adherens junctions; it can substitute for β-catenin in the latter

Box 3-2. Boards Factoids

1) Dsg1 is cleaved by S.aureus exfoliatoxins (bullous impetigo, SSSS)

2) Dsg1 mutation (AD) is present in striate PPK 1 (of note, desmoplakin is 

mutated in striate PPK 2, and keratin 1 in striate PPK 3; all are part of 

the desmosome complex)
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intercellular “chicken wire” staining with IgG (100%) 
+/− C3; lower epidermis most strongly stained

• IIF: assesses patient’s serum for circulating IgG 
autoantibodies (80%–90%); monkey esophagus is best 
substrate (Box 3-3); levels correlate w/ disease activity 
→ useful for monitoring

• Immunoprecipitation and immunoblotting: detects target 
antigens of specific molecular weights via protein 
electrophoresis; distinguishes between pemphigus types 
more accurately than DIF or IIF

• ELISA: assesses patient’s serum for circulating IgG 
autoantibodies (both Dsg1 and Dsg3); levels correlate 

w/ disease activity → useful for monitoring; can 
distinguish between pemphigus types

Treatment

• First line: oral steroids (1 mg/kg a day) + steroid-

sparing immunosuppressive (azathioprine appears to be 
most effective)
■ TCNs + nicotinamide may be sufficient for very mild 

cases

• Second line: plasmapheresis useful for rapid control of 
severe disease; high dose IVIG and rituximab effective for 
recalcitrant disease

• Monitor treatment response with IIF or ELISA levels

Pemphigus foliaceus (PF)

• Second most common form of pemphigus*; milder
■ *Exceptions: Brazil (17 : 1 PF : PV), Tunisia (4 : 1), 

Finland (2 : 1)

• Important clinical variants:
■ Fogo selvagem: endemic variant of PF with identical 

clinical and histologic features; highest incidence in 
rural Brazilian towns within 10 miles of rivers rich in 
black flies (Simulium spp); affects children and 

young adults (vs middle aged to elderly in typical PF)
■ Pemphigus erythematosus (Senear-Usher syndrome): 

lupus/PF overlap; localized to malar region of face 
and other seborrheic areas; DIF shows intercellular 
pemphigus pattern + granular to linear IgG and C3 

along BMZ (lupus pattern)

○ ANA+ in 30%

○ Rx: sun protection, steroids +/− dapsone

• Pathogenesis: autoantibodies to Dsg1 (IgG4 subclass)

• Clinical presentation:
■ Subacute onset of well-demarcated, transient, 

impetigo-like crusted erosions on an erythematous 
base

■ Favors seborrheic distribution (face, scalp, upper 
trunk) (Fig. 3-16)

■ Blisters are so superficial and fragile that usually only 
eroded/crusted lesions or plaques with “cornflake” 
scale are seen

■ Histology: PEH, intraepidermal eosinophilic 

abscesses, and suprabasilar acantholysis (often subtle)

Histopathology

• Eosinophilic spongiosis (earliest finding) → later, see 
classic findings of suprabasilar acantholysis without 
keratinocyte necrosis, “tombstoning” (vertically-oriented 
basilar keratinocytes attached to BMZ, but not 
surrounding keratinocytes), and individual rounded-up 

(acantholytic) keratinocytes within blister cavity (Fig. 
3-15); hair follicles extensively involved
■ vs. Hailey-Hailey (the main histologic DDx): 

prominent acantholysis of hair follicles, 
↑eosinophils, lacks “dilapidated brick wall” 
appearance (i.e., lacks diffuse acantholysis in upper 
layers of epidermis), and lacks epidermal hyperplasia

Laboratory testing

• DIF: most reliable test (~100%); perilesional biopsy; 
assesses patient’s skin for in vivo bound IgG; characteristic 

Figure 3-14. Flaccid blisters and erosion as a result of a ruptured bulla. (From 

Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-15. Histology of pemphigus vulgaris. Blisters in the skin show supra-

basilar acantholysis with a few acantholytic cells in the blister cavity. Attachment 

of the basal cells to the basement membrane via hemidesmosomes leads to 

the “tombstone” appearance. (From Bolognia JL, Jorizzo JL, Rapini RP. Der-

matology, 3rd Ed. Elsevier. 2012)

Box 3-3. Boards Factoids

Best IIF Substrates for pemphigus variants:

PF: Guinea pig esophagus

PV: Monkey esophagus

PNP: Rat bladder
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■ Severe scarring conjunctivitis; esophageal, genital, and 
nasopharyngeal lesions also common

• Skin findings are polymorphous:
■ Most commonly pemphigus-like or lichenoid (most 

common chronic presentation)

○ Other presentations: pemphigoid-like, EM-like
■ Palms/soles frequently affected (unlike PV)

• Histopathology: polymorphous, just like the clinical 
presentation (overlap between PV, LP, and EM findings):
■ Suprabasilar acantholysis, vacuolar or lichenoid 

interface dermatitis w/ necrotic keratinocytes (not seen 
in PV), and far fewer eosinophils than PV

• DIF: IgG and C3 deposited in intercellular spaces and 
linearly along BMZ

• IIF shows same pattern using rat bladder (best 

substrate)

• Diagnostic gold standard: immunoprecipitation/
immunoblotting (detects anti-plakin IgG) + anti-Dsg IgG 
by ELISA

• Treatment:
■ Excision of benign neoplasms (thymomas and 

localized Castleman’s) → resolution within 6–18 
months

■ PNP a/w malignant processes is highly recalcitrant

○ Attempt to treat underlying malignancy

○ Poor prognosis (up to 90% mortality rate)

■ (+) Nikolsky sign
■ Lacks mucosal involvement
■ Not severely ill; low mortality

• Histopathology: eosinophilic spongiosis (early) → 
subcorneal acantholysis (granular layer ≫ midlevel 
epidermis) w/ acantholytic single cells in roof or floor of 
blister cavity; +/− neutrophils and eosinophils in blister 
cavity
■ PF, pemphigus erythematosus, SSSS, and bullous 

impetigo all show nearly identical findings on H&E

• DIF: same as PV, but upper epidermis most intensely 
stained
■ Unique exception: Senear-Usher syndrome shows 

intercellular pemphigus pattern + granular to linear 

IgG and C3 along BMZ (lupus pattern)

• IIF: same appearance as PV; guinea pig esophagus is 
best substrate (Box 3-3)

• Must differentiate from drug-induced PF and other 
pemphigus variants (Table 3-6)

• Rx: systemic steroids +/− dapsone (widespread disease); 
super potent topical steroids (localized disease)

• Like PV, may be a/w other autoimmune diseases

Paraneoplastic pemphigus (PNP)

• Multisystemic, erosive, paraneoplastic syndrome a/w 
various underlying neoplasms (one third undiagnosed at 
time of PNP onset):
■ Non-Hodgkin’s lymphoma (40%) > CLL (30%) > 

Castleman’s disease (10% overall, #1 cause in 

children) > thymoma (6%), sarcoma (6%), and 
Waldenström’s macroglobulinemia (6%)

• Autoantibodies against nearly all components of 
desmosome:
■ Entire plakin family: desmoplakin 1 and 3, BPAG1, 

plectin, periplakin, envoplakin, and A2ML1
■ Desmogleins: Dsg1 and Dsg3

• Mucosal involvement is severe:
■ Severe stomatitis w/ extension onto vermillion is the 

earliest, most common, and most persistent sign

Figure 3-16. Pemphigus foliaceus. Scaly, crusted erosions widely distributed 

on the back. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. 

Elsevier. 2012)

Table 3-6. Pemphigus Variants

Pemphigus 

herpetiformis

Variant of PF (>PV) that clinically resembles DH; p/w 

pruritic urticarial plaques and small, DH-like vesicles 

in herpetiform arrangement; Histopathology: Minimal 

to no acantholysis; eosinophilic spongiosis and 

subcorneal pustules; DIF: same as PF; Antigen: 

Dsg1>Dsg3; chronic, but not severe; may evolve into 

classic PF (>PV)

IgA Pemphigus Middle-aged to elderly; p/w pruritic flaccid 

vesicles/pustules in annular/circinate pattern with 

central crusting; most common on axillae, groin; no 

mucosal involvement; no significant morbidity; DIF+ in 

100%; IIF+ in 50%; may be a/w IgA gammopathy 

(and possibly multiple myeloma); ToC = Dapsone 

(#1; resolution within 48hrs), sulfapyridine, steroids.

SPD-type: clinically and histologically indistinguishable 

from Sneddon-Wilkinson→ need DIF/IIF; DIF 

shows intercellular IgA staining in upper epidermis; 

Target antigen = Desmocollin 1; Histopathology: 

Subcorneal neutrophilic pustule; acantholysis not 

usually present.

Intraepidermal Neutrophilic type: Characteristic 

“Sunflower-like” arrangement of vesicopustules; 

DIF: IgA intercellular staining throughout entire 

epidermis; Target antigen = Dsg1/Dsg3; 

Histopathology: Suprabasilar neutrophilic pustule in 

lower-mid epidermis +/− mild acantholysis.

Drug-induced 

Pemphigus

Typically has PF-like presentation (4 : 1, PF : PV); 

most commonly induced by Thiol (sulfhydryl)-

containing drugs (> non-thiols)

Thiols (may cause acantholysis directly): 

Penicillamine (50%), ACE-inhibitors (captopril 

>enalapril, lisinopril), ARBs.

Non-thiol (acantholysis via immune mechanisms, 

more likely to cause PV-like presentation): β-lactams, 

gold, CCBs, β-blockers, piroxicam, rifampin.
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• Slight male predominance

• a/w HLA-DQB*0301 (Caucasians)

Pathogenesis

• IgG (IgG1 and IgG4) autoantibodies bind 
hemidesmosomal proteins → complement activation → 
eosinophil and neutrophil recruitment to tissues → 
release of matrix metalloproteinases, proteases, and 
neutrophil elastase → degradation of ECM proteins → 
subepidermal blister

• Most important target antigens:
■ BP180 (BPAG2, type XVII collagen): 180 kD 

transmembrane protein; primary mediator of BP; 
main pathogenic target = non-collagenous NC16A 

domain
■ BP230 (BPAG1): 230 kD cytoplasmic plaque protein 

belonging to plakin family; not the primary 

mediator of BP → antibodies arise as secondary 
phenomenon (“epitope spreading”)

• IgE a/w early urticarial phase of BP and IgE 
autoantibodies to type XVII collagen have been detected

Clinical features

• Non-bullous phase (early): persistent, polymorphous 
eruption; may p/w isolated intense pruritus or fixed 

urticarial papules/plaques (often annular); usually 
affects trunk, abdomen, and flexural extremities

• Bullous phase: tense, fluid-filled vesicles/bullae (clear > 
blood tinged) arising on urticarial background; intense 
pruritus; trunk, abdomen, and flexural extremities most 

○ Most common causes of death = underlying 
malignancy and bronchiolitis obliterans (detect 
w/ PFTs ≫ CT/X-ray)

■ Symptomatic treatment: high dose steroids + steroid-
sparing immunosuppressants

Autoimmune subepidermal  

blistering diseases

• Subepidermal bullae result from damage to components 
of BMZ
■ Damage may be mediated by autoantibodies, mutated 

genes, or trauma

• Sites of damage: 1) basal keratinocyte (and its 
hemidesmosomal plaques); 2) lamina lucida; 3) lamina 
densa; and 4) sublamina densa

• Know the location and interactions of various 
components of BMZ (boards favorite!) (Fig. 3-17) and 
(Table 3-7)

Bullous pemphigoid (BP, pemphigoid)

Epidemiology

• Most common autoimmune blistering disorder

• Usually chronic; may be a/w significant morbidity but 
usually low mortality

• Elderly (>60 yo, mean 75–81 yo) most commonly 
affected
■ Drug-induced BP commonly affects younger age groups

Figure 3-17. Interactions of selected molecules within the epider-

mal basement membrane. These interactions promote epidermal 

adhesion and also play a key role in a number of dermatologic 

diseases. Important molecular interactions include those between: 

(1) plakin family members, BPAG1 and plectin, with keratin inter-

mediate filaments; (2) the former with BPAG2 and integrin α6β4 

(specifically, the large cytoplasmic domain of integrin subunit β4); 

(3) the cytoplasmic domains of BPAG2 and integrin subunit β4; (4) 

the extracellular domains of BPAG2 and integrin subunit α6 as well 

as laminin 332 (formerly laminin 5); (5) integrin α6β4 in hemides-

mosomes and laminin 332 in the lamina densa; (6) laminin 332 and 

type VII collagen and; (7) type VII collagen with type IV collagen, 

fibronectin, and type I collagen in the sublamina densa region. 

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. 

Elsevier. 2012)
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Laboratory testing

• DIF (most sensitive): skin test for in vivo bound 
antibodies; substrate = biopsy from patient’s perilesional, 
uninvolved skin
■ Linear C3 (n-serrated pattern) (~100%) and IgG 

(>90%) located along DEJ

• Salt-split skin DIF: modified DIF study that allows for 
localization of in vivo bound antibodies
■ Technique: first use 1M NaCl to split the biopsied skin 

specimen at lamina lucida → examine w/ DIF for in 
vivo bound antibodies → determine which side of 
blister (roof vs. floor) the antibodies are bound to

■ Enables differentiation of BP (“roof staining”) from 
“floor-staining” blistering diseases (mainly EBA)

common; bullae rupture to leave erosions and crusted 
areas; oral involvement (10%–30%) may occur, but 
much less common than PV; other mucosal sites less 
commonly affected; peripheral eosinophilia (50%)

• Pemphigoid variants: Table 3-8

Histopathology

• Urticarial phase: eosinophilic spongiosis w/ eosinophils 
lining up at DEJ and scattered in superficial dermis, 
vacuoles at DEJ (represents early blister formation)

• Bullous phase (Fig. 3-18) subepidermal split w/ 
numerous eos in blister cavity, dense dermal 
lymphoeosinophilic inflammation
■ May see flame figures at any phase

Table 3-7. Subepidermal Blistering Disease Characteristics

Disease Antigen Size (kDa) DIF Salt-Split Skin

Bullous pemphigoid BPAG1 (plakin) 230 Linear C3 and IgG along BMZ in 

“n-serrated” pattern

Epidermal

BPAG2 (collagen XVII) 180

Pemphigoid gestationis BPAG2 (Collagen XVII) 180 Linear C3 > IgG along BMZ Epidermal

LABD LAD-1 (120kD cleaved 

portion of BPAG2)

LABD97 (97kD cleaved 

portion of LAD-1)

120→ 97 Linear IgA +/-C3 along BMZ Epidermal (IgA)

Mucous membrane 

pemphigoid (classic form)

BPAG2 (C-terminus) 180 Linear IgG and C3 along BMZ Epidermal (or both sides with 

stronger staining on epidermal side)

Ocular-predominant MMP β4 integrin NA Linear IgG and C3 along BMZ Epidermal

Anti-epiligrin MMP Laminin 332 400-440 Linear IgG and C3 along BMZ Dermal

p200 pemphigoid Laminin γ1 200 Linear IgG and C3 along BMZ Dermal

p105 pemphigoid NA 105 Linear IgG and C3 along BMZ Dermal

EBA Type VII collagen 

(anchoring fibrils)

290 Linear IgG > C3 along BMZ in “u-serrated” 

pattern

Dermal

Bullous SLE Type VII collagen 

(anchoring fibrils)

290 Granular to linear staining w/multiple 

reactants (IgG, IgA, IgM, C3)

Dermal

PCT NA NA Linear IgG (>IgM), C3 and fibrinogen along 

BMZ and around superficial vessels

Negative

Table 3-8. Pemphigoid Variants

Pemphigoid vegetans Vegetative plaques in intertriginous areas

Infantile/childhood 

Pemphigoid

Frequently p/w acral bullae → generalizes; ↑facial/genital involvement; clinically indistinguishable from childhood LABD/CBDC 

→ need DIF/IIF

Pemphigoid nodularis Clinically resembles prurigo nodularis; typically lacks bullae

Lichen Planus 

pemphigoides

LP/BP overlap syndrome w/circulating antibodies against BP180; p/w LP-like papules/plaques and tense bullae arising on skin 

unaffected by LP

Pemphigoid gestationis 

(gestational pemphigoid, 

herpes gestationis)

Abrupt onset; any trimester (second and third most common), immediately post-partum, or a/w trophoblastic tumors 

(choriocarcinoma, hydatidiform mole); starts as urticarial/vesicular plaques on trunk, abdomen, umbilicus → rapidly 

generalizes; 75% flare at time of delivery; anti-HLA antibodies (~100%); strongly a/w HLA-DR3 (70%), DR4 (50%), or 

both (45%); DIF: linear C3 (100%) > linear IgG (30%); IIF: only positive in 30%; ELISA for BP180-NC16A is best serum test; 

↑risk of premature delivery and SGA neonates; neonates may develop transient blistering (10%); recurs in subsequent 

pregnancies; a/w Graves’ disease and anti-thyroid antibodies; Rx: systemic steroids

Localized pemphigoid Pretibial, peristomal, vulvar, umbilical, distal portion of amputated limb (“stump pemphigoid”), radiotherapy sites, paralyzed limbs

Drug-induced pemphigoid Furosemide (#1), ACE inhibitors, cephalosporins, β-lactams, D-penicillamine, Sulfasalazine, NSAIDs, neuroleptics, gold, 

SSKI, bumetanide, phototherapy

Mnemonic: “Fat Abdomens Covered By Pemphigoid = Furosemide, ACE-inhibitors, Cephalosporins, β-lactams, Penicillamine”

Anti-p200 pemphigoid Most often p/w classic BP eruption (>DH, eczematous presentations); head and mucous membranes more frequently involved; 

often a/w psoriasis; target antigen: laminin γ1; salt-split skin: IgG binding to dermal side

Anti-p105 pemphigoid Extensive blistering and denudation on both mucous membranes and skin, resembling SJS/TEN (“p105 = TEN”); target antigen: 

105 kDa protein; salt-split skin: IgG binding to dermal side
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Mucous membrane pemphigoid  

(MMP, cicatricial pemphigoid)

Epidemiology

• Rare, chronic disease of elderly (60–80 yo)

• F > M

Pathogenesis

• Autoreactive IgG antibodies directed against various 
antigens in anchoring filament zone (vs 
hemidesmosomal plaque in conventional BP)

• Three well-defined subgroups:
■ Anti-epiligrin MMP: target = laminin 332 (laminin 5, 

epiligrin); salt-split skin shows dermal staining; 
strongly a/w underlying solid organ malignancy (#1 
= adenocarcinoma)

■ Ocular MMP: target = β4 subunit of α6β4 integrin; 
nearly exclusive ocular involvement

■ Anti-BP antigen MMP: target = BP180 (C-terminus); 
skin and mucosal involvement

Clinical features

• Chronic disease characterized by predominant 
involvement of mucosae (≫ skin) w/ scarring; all 
mucosal sites susceptible, but oral (85%) and 
conjunctival mucosa are most common (Fig. 3-19)
■ Oral (#1 site): gingiva, buccal mucosa, and palate (> 

tongue, lips); p/w erythema and erosions of gingiva 
(desquamative gingivitis), painful chronic erosions 
(especially palate), and rarely blisters

■ Conjunctiva (#2 site): bilateral > unilateral; begins as 
non-specific conjunctivitis → subepithelial 
conjunctival fibrosis → symblepharon (adhesion of 
bulbar and palpebral conjunctivae), trichiasis (inward 
facing eyelashes), entropion, ectropion, and xerosis → 
trauma induces corneal neovascularization, ulceration, 
and blindness

■ Other mucosal: nasopharyngeal/upper aerodigestive 
tract (epistaxis and airway obstruction); laryngeal 

■ Examination of serration pattern (n-serrated vs. 

u-serrated) on standard DIF can be used in lieu of 
this technique (Box 3-4)

• IIF (60%–80% sensitive): serum test for circulating 
anti-BMZ IgG; substrate = salt-split normal human skin 
(not patient’s skin); allows for localization of antigens 
targeted by circulating autoantibodies
■ Serum from BP patients → epidermal (roof) staining 

(vs. EBA = dermal/floor staining)
■ IIF levels do NOT correlate well w/ BP disease activity 

(unlike IIF for PV)

• ELISA (80%–90% sensitive): serum test for detecting 
circulating antibodies to BP180 and BP230
■ ELISA levels (both IgG and IgE) correlate strongly w/ 

BP disease activity → useful for monitoring response 
to treatment

Treatment

• First line: systemic steroids + steroid-sparing 

immunosuppressives (MMF, MTX, azathioprine, and 
cyclophosphamide)
■ Newly-reported alternative: widespread superpotent 

topical steroids (high risk of skin atrophy)

• Other treatment options:
■ TCN class + nicotinamide (mild disease)
■ Dapsone (mucosal-predominant BP)
■ Rituximab (emerging utility; effective in recalcitrant 

cases)
■ IVIG, plasma exchange

Prognosis/clinical course

• Tends to be chronic, w/ significant morbidity and 
variably reported mortality (10%–40% in first year)

• ↑ELISA levels and/or positive DIF at time of therapy 
cessation → high chance of relapse

Figure 3-18. Bullous pemphigoid – histologic features. Subepidermal blister 

which contains fibrin, eosinophils, and mononuclear cells. Courtesy, Lorenzo 

Cerroni, MD. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. 

Elsevier. 2012)

Box 3.4. Serration Patterns in Subepidermal Blistering Diseases

n-serrated linear DIF pattern: BP, linear IgA

u-serrated linear DIF pattern: EBA

Figure 3-19. Scarring ocular disease in a patient with cicatricial pemphigoid. 

(From Callen JP, et al. Dermatological Signs of Internal Disease 4th ed. Elsevier. 

2009)
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• Clinical presentation
■ Tense vesicles/bullae and urticarial plaques in an 

annular, polycyclic, or herpetiform (“crown of 

jewels”) arrangement (Fig 3-20)
■ Most common sites: flexures of lower trunk/thigh/

groin/buttocks, and face (kids)
■ Vesiculopustules located at peripheral/expanding edge 

of plaques (helpful clue)
■ +/− mucosal involvement resembling MMP
■ Drug-induced LABD may have a TEN-like or 

morbilliform appearance → need biopsy and DIF

• Histopathology (cannot reliably distinguish from DH→ 
need DIF):
■ Early urticarial lesions: neutrophils diffusely lined up 

along BMZ w/ basal vacuolar change (represents early 
epidermal separation) +/− neutrophilic papillitis

■ Fully developed bullae: subepidermal blister w/ 
neutrophils in blister cavity and in superficial dermis 
+/− neutrophilic papillitis

• DIF: linear IgA along BMZ

• IIF (+ in 65%): usually stains epidermal side/roof on 
salt-split skin

• Rx: dapsone (ToC) or sulfapyridine→ rapid response 
(<72 hrs)
■ Oral steroids and immunosuppressants can be added 

in refractory cases (uncommon)

• Usually undergoes spontaneous remission within a few 
years

Epidermolysis bullosa acquisita (EBA)

• Very rare, acquired subepidermal bullous disease

• Most commonly adults

• ↑incidence in East Asians and African Americans

(hoarseness, life-threatening stenosis); esophageal 
(dysphagia and strictures); anogenital (strictures and 
obliteration of orifices)

■ Skin involvement (25%): fewer lesions, different 
distribution and morphology than conventional BP

○ Most common sites: scalp/face/neck and upper 
trunk

○ Erythematous plaques and recurrent blisters/
erosions → heal w/ atrophic scars (not seen in BP)

• Brunsting-Perry variant: lesions limited to head/neck → 
scarring alopecia; no mucosal involvement

Histopathology

• Similar to BP, except has fewer eosinophils (mostly 
lymphocytes and plasma cells) and ↑dermal fibrosis/
scarring

Laboratory testing

• DIF: most reliable test (80%–95% sensitive)→ linear 
IgG, IgA, and/or C3 along BMZ

• IIF: only a minority (20%–30%) have detectable 
circulating antibodies (low titers)

• Salt-split skin: epidermal (roof) staining in all forms of 

MMP, except anti-epiligrin (anti-laminin 332) MMP 
(= dermal/floor staining)

Treatment

• Mild-moderate oropharyngeal and cutaneous disease: 
dapsone (first line; may also help in mild ocular disease) 
+ potent topical/IL steroids; other options include:
■ TCNs + nicotinamide (ok for mild disease)
■ Short courses of oral steroids

• Severe or progressive ocular disease: cyclophosphamide 
(ToC) + systemic steroids or steroid-sparing 
immunosuppressive (MMF and azathioprine)
■ IVIG and biologic agents are other options for severe 

disease
■ Surgical correction of severe ocular scarring may only 

be attempted AFTER disease controlled!

Prognosis/clinical course

• Chronic, disfiguring, and blindness-inducing (most 
common concern); but rarely fatal

Linear IgA bullous dermatosis/chronic 

bullous disease of childhood  

(LABD/CBDC)

• Rare autoimmune subepidermal blistering disease 
defined by linear IgA deposition along BMZ

• Affects elderly adults (average >60 yo; termed LABD) and 
preschool-aged children (average age: 4 yo; termed CBDC)
■ Adult-onset LABD is typically drug-induced → 

vancomycin (most common) > PCN/CSN, captopril 
(> other ACE inhibitors), NSAIDs > phenytoin, 
sulfonamides > many others (e.g., furosemide and 
lithium)

• Pathogenesis: IgA autoantibodies directed against two 
related antigens, both derived from BPAG2:
■ LAD-1 (120 kD cleaved portion of BP180 antigen)
■ LABD97 (97 kD cleaved portion of LAD-1)

Figure 3-20. Chronic bullous disease of childhood. (From Andrews et al. 

Andrews’ Diseases of the Skin, 11th Ed. Elsevier. 2011)
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• Vesicles/bullae arising on urticarial background

• Histopathology: neutrophil-predominant subepidermal 
blister

• DIF: multiple immunoreactants (IgG, C3, IgA, IgM) 

present in continuous granular pattern along BMZ

• Salt-split skin: dermal staining

• Laboratory studies reveal serologic evidence of SLE 
(positive ANA and anti-DS DNA)

• Rx: dapsone (ToC)

Dermatitis herpetiformis  

(Duhring’s disease)

Epidemiology

• Northern Europeans most commonly affected; rare in 
blacks and Asians

• Average age of onset = 30–40 yo, but kids and elderly 
may also be affected

• M > F

• Over 97% of DH and celiac disease (CD) patients have 
one or both of the following HLA II alleles:
■ HLA-DQ2 (90%)
■ HLA-DQ8 (7%)
■ Boards note: older textbooks also cite HLA-B8, 

HLA-DR3, HLA-DR5, and HLA-DR7, but these are no 
longer felt to be directly associated

• Strongly a/w other autoimmune diseases: Hashimoto’s 
thyroiditis (most common; >50%) > IDDM > pernicious 

anemia ≫ Addison’s, alopecia areata, myasthenia gravis, 
vitiligo, and SLE

Pathogenesis

• Gluten is a grain protein found in wheat, rye, and barley
■ NOT in oats, rice, or corn

• Gliadin (antigenic component of gluten): soluble 
by-product of gluten

• TTG2: transglutaminase protein present in GI lamina 
propria; anti-TTG2 IgA antibodies responsible only for 
gut involvement (not skin) in DH and CD

• TTG3 (epidermal transglutaminase): present in epidermis 
and dermal papillae; anti-TTG3 IgA antibodies 
responsible for skin involvement in DH

• Pathogenesis: ingestion of gluten-containing grains → 
gluten broken down into gliadin inside GI lumen → 
gliadin transported across GI mucosa to lamina propria 
→ TTG2 in lamina propria deamidates gliadin → 
deamidated gliadin forms a covalent bond w/ TTG2 → 
TTG2-gliadin complex is a neoantigen recognized by 
HLA-DQ2 (or HLA-DQ8) on APCs → specific Th and 
B-cells activated → production of IgA autoantibodies 
against TTG2 or TTG2-gliadin complex → IgA antibodies 
bind to TTG2 complexes in lamina propria → neutrophil 
recruitment, damage to intestinal villi → enteropathy 
and villous atrophy → later, epitope spreading results in 
IgA autoantibodies against epidermal transglutaminase 

(TTG3) → circulating anti-TTG3 IgA binds locally to 

TTG3 within dermal papillae → neutrophils recruited to 
dermal papillae (“neutrophilic papillitis”) → release 
elastase and MMPs → subepidermal blister most 
prominent above papillae

• Associated diseases: Crohn’s disease/IBD (most 

common; 25%–50%) > multiple myeloma, SLE, RA, 
diabetes, and thyroiditis

• Autoantigen: IgG autoantibodies against NC1 domain 

of type VII collagen (major component of anchoring 

fibrils, located in lamina densa/sublamina densa)

• MHC class II HLA-DR2 association

• Two distinct clinical patterns:
■ Classic mechanobullous EBA (Fig. 3-21): mimics a mild 

form of dystrophic EB; p/w non-inflammatory bullae 
(often hemorrhagic) and erosions on acral/trauma-

prone sites (elbows, knees, and dorsal hands/feet) → 
may result in “mitten” deformities of the hands, 
syndactyly, and nail dystrophy/loss; bullous lesions 
heal w/ atrophic scars, milia, and dyspigmentation; 
scalp involved in 20% (→ scarring alopecia); 
Histopathology: cell-poor subepidermal blister

■ Inflammatory (BP-like) EBA: clinically 

indistinguishable from BP; p/w widespread vesicles 
and bullae affecting same sites as BP; lesions may heal 
without classic scarring or milia seen in 
mechanobullous form; may closely mimic MMP with 
erosions/vesicles in mouth, eyes, larynx, and 
esophagus → same complications; Histopathology: 
indistinguishable from BP → must differentiate via 

DIF serration pattern, salt-split skin DIF, IIF, 
immunoblotting, or ELISA

• DIF: perilesional skin shows a broad linear band of IgG 

(> linear C3) (u-serrated pattern) along BMZ
■ Pattern is opposite of BP (linear C3 > linear IgG; 

n-serrated pattern)

• IIF: circulating antibodies only detectable in 50%

• Salt-split skin: dermal (floor) staining

• Rx: refractory to treatment; may try systemic steroids, 
immunosuppressants, cyclophosphamide, colchicine, 
dapsone, IVIG, rituximab, or photopheresis

Bullous systemic lupus erythematosus

• Rare autoimmune blistering disease seen in pts w/ 
systemic lupus

• Autoantigen: IgG autoantibodies against collagen VII

Figure 3-21. Epidermolysis bullosa acquisita. (From James WD, Berger T, 

Elston D. et al. Andrews’ Diseases of the Skin: Clinical Dermatology, 12th Ed. 

Elsevier. 2015)
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Clinical features

• Extremely itchy herpetiform vesicles arising on urticarial 
plaques
■ Vesicles rupture easily → excoriations usually the only 

finding on exam

• Classic distribution (most helpful clue): symmetric 
extensor extremities, buttocks, and back/neck 
(> face/scalp)
■ Hemorrhagic palmoplantar lesions (useful clue)

• Only 20% of pts w/ DH have symptomatic GI disease, 
but >90% have some degree of gluten-sensitive 
enteropathy on GI biopsy

Histopathology

• Ideally, biopsy an early blister for H&E: subepidermal 

bulla (most pronounced above dermal papillae), 
neutrophilic papillitis (neutrophils “stuffing” dermal 
papillae)

• In reality, findings often indistinguishable from LABD, 
but for test-taking purposes, DH has less confluent 
dermal neutrophilic inflammation and blisters are more 
localized to dermal papillae

Laboratory testing

• DIF: granular IgA deposits +/− C3 in dermal 
papillae (90%)
■ Other pattern (10%): continuous granular IgA 

deposition along BMZ
■ Ideal biopsy site for DIF: 1 cm away from blister

• Serologic tests:
■ Antiendomysial antibodies may be positive in DH 

(80%) and CD (>95%); titers correlate w/ degree of 
gluten-related enteropathy

■ Anti-gliadin antibodies may also be positive, but have 
high false (+) rates

• Check for G6PD deficiency before initiating dapsone

Treatment

• Dapsone (ToC): controls skin disease very rapidly 
(<48–72 hrs); no effect on GI disease/lymphoma risk
■ If dapsone not tolerated, use sulfapyridine (good 

second line agent w/ ↓risk of hemolysis)

• Gluten-free diet: controls both skin and GI disease; is 
only way to ↓risk of GI lymphoma (MALT-lymphoma)

• Avoid iodide (ingestion or topically) since may → DH 
exacerbation

Prognosis/clinical course

• Lifelong (90%), waxing and waning

Comparative DIF images

• PV (Fig. 3-22) – epidermis stained in chicken-wire 
pattern; strongest in lower epidermis (vs PF)

• PF (Fig. 3-23) – chicken wire pattern evident diffusely in 
epidermis (upper epidermis > lower epidermis)

• BP vs EBA (Fig. 3-24) and (Fig. 3-25)

• PNP – pemphigus erythematosus looks similar 
(Fig. 3-26)

• DH (Fig. 3-27) vs LABD (Fig. 3-28)

• PCT (Fig. 3-29)

Figure 3-22. Pemphigus vulgaris sera containing anti-desmoglein 3 (anti-Dsg3). 

IgG alone stains the cell surface in the lower epidermis. (From Bolognia JL, 

Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-23. Pemphigus foliaceus sera, which contains only anti-Dsg1 IgG, 

stains the cell surfaces throughout the epidermis, but more intensely in the 

superficial layers. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd 

Ed. Elsevier. 2012)

Figure 3-24. Circulating IgG autoantibodies from BP patients bind to the epi-

dermal side (roof) of the salt-induced split (arrows); the artificial separation is 

indicated by an asterisk. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 

3rd Ed. Elsevier. 2012)

*
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always see keratotic palmar papules/pits; longitudinal 

red and white alternating nail streaks w/ distal 
“V-shaped” notching; 50% have oral cobblestoning 
(hard palate most common)

• Segmental Darier’s
■ Type 1 (most common): Blaschkoid streaks of Darier’s 

lesions; post-zygotic ATP2A2 mutation
■ Type 2: generalized Darier’s w/ focal areas of severe 

involvement; heterozygous germline mutation + 
postzygotic loss of other allele

Figure 3-25. IgG autoantibodies from patients with EBA, anti-p200 pemphi-

goid, and certain forms of mucous membrane pemphigoid (e.g., with antibodies 

against laminin 5/332) react with the dermal side (floor) of the blister (arrows). 

Courtesy, H Pas, MD. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 

3rd Ed. Elsevier. 2012)

*

*

Figure 3-26. DIF of PNP patient skin sections shows IgG depositions along the 

epithelial cell surfaces of keratinocytes and often with concurrent basement 

membrane zone (BMZ) IgG depositions. (Poot AM, et al. Direct and indirect 

immunofluorescence staining patterns in the diagnosis of paraneoplasticpem-

phigus. Br J Dermatol 2016 Apr;174(4):912–915)

Figure 3-27. Dermatitis herpetiformis. Granular IgA deposition along the 

dermal–epidermal junction of normal-appearing skin adjacent to a lesion. (From 

Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-28. Linear IgA bullous dermatosis – direct immunofluorescence. A 

linear pattern of IgA deposition is present within perilesional skin. (From Bolognia 

JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Inherited blistering diseases

Epidermolysis bullosa (see Pediatric 

Dermatology chapter)

Darier’s disease (keratosis follicularis)

• AD; complete penetrance, variable expressivity

• Peak age of onset = puberty (70% prior to 20 yo)

• Chronic course, without spontaneous remission

• Mutation: ATP2A2 (encodes SERCA2 = calcium ATPase 
of endoplasmic reticulum) → defective Ca2+ 
sequestration into ER → impaired synthesis and folding 
of cell adhesion proteins → keratinocyte acantholysis 
and apoptosis

• Malodorous, warty, crusted, and red-brown papules/
plaques in seborrheic distribution (Fig. 3-30); almost 
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■ Corps grains: flattened cells comprised of bright pink 
condensed keratin and a very thin dark nuclear 
remnant (looks like parakeratotic nucleus); located 
mostly in s.corneum

• Rx: systemic retinoids (>90% effective), topical steroids 
and retinoids, and topical antimicrobials to ↓odor

Hailey-Hailey disease (familial benign 

chronic pemphigus)

• AD; complete penetrance, variable expressivity

• Wider range of onset age than Darier’s (teens – 20 yo 
mostly, but may arise later)

• Mutation: ATP2C1 (encodes hSPCA1, a Ca2+ ATPase of 
the Golgi apparatus) → defective Ca2+ sequestration into 
golgi → impaired processing of proteins involved in 
cell-cell adhesion → acantholysis

• Most commonly affects intertriginous sites (lateral neck, 
inframammary, axillae, groin, and perianal)

• Subtle, flaccid vesicle on normal or inflamed skin → 
ruptures to give macerated, eroded plaques (Fig. 3-31), 
often w/ circinate shape

• No mucosal involvement (helps DDx from Darier’s)

• Prone to secondary infections (Kaposi’s varicelliform 

eruption is most concerning)

• Histopathology: psoriasiform hyperplasia (differentiates 
from pemphigus) w/ diffuse acantholysis (resembling a 
“dilapidated brick wall”); fewer dyskeratotic 
keratinocytes than Darier’s

• Rx: topical steroids; surgical intervention (e.g., CO2 
laser ablation) is very effective
■ Retinoids not nearly as effective as in Darier’s

Other blistering diseases

• Multiple non-immunobullous and non-inherited diseases 
may cause blistering disorders

• Clinicopathologic correlation is often needed for accurate 
diagnosis

• See Table 3-9 and Table 3-10

• Prone to secondary infections (Kaposi’s varicelliform 

eruption is most concerning)

• ↑incidence of epilepsy, intellectual impairment, bipolar 

disorder, and depression

• Histopathology: papillomatous epidermal hyperplasia w/ 
epidermal acantholysis and dyskeratosis (corps ronds 
and grains)
■ Corps ronds: large, round, acantholytic keratinocytes 

w/ dark nuclei surrounded by a bright pink rim of 
condensed keratin; located mostly in spinous layer

Figure 3-30. Darier’s disease. Typical seborrheic distribution of brown, keratotic 

papules. (Courtesy of Dr. Lawrence Lieblich).

Figure 3-29. Homogeneous staining of C5b-9, accompanied by concomitant 

granular deposition within the microvasculature of this patient with underlying 

PCT. (Direct immunofluorescence; original magnification: ×1000). (From KE. 

Vasil, CM. Magro. J Amer Acad Dermatol 56(1):96–104. Elsevier. 2007)

Figure 3-31. 47-year-old patient with axillary Hailey-Hailey disease (From M. 

Pretel-Irazabal, J.M. Lera-Imbuluzqueta and A. España-Alonso. Dermatology 

(Actas Dermo-Sifiliográficas, English Edition) 104(4):325–333. Elsevier. 2013.)
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Table 3-9. Other Blistering Disorders

Disease Clinical Setting Clinical Presentation Blister Location

Bullous diabeticorum Longstanding diabetics w/

peripheral neuropathy, 

retinopathy, or nephropathy

p/w sudden eruption of tense, non-inflammatory, clear fluid-filled vesicles/

bullae, 0.5 to several cm, on feet (>lower legs > hands > forearms); 

histopathology: cell-poor subepidermal blister; DIF negative; Rx: 

spontaneous resolution in 2–6 wks; may aspirate if uncomfortable

Subepidermal

Coma blister Coma due to meds 

(barbiturates > benzos, 

alcohol, opioids), or non–

drug-induced coma

Tense blisters arising on sites of pressure 48–72 hrs after loss of 

consciousness; blisters due to pressure-induced necrosis; histopathology: 

cell-poor subepidermal blister w/sweat gland necrosis +/-epidermal 

necrosis; DIF negative; Rx: heals spontaneously in 1–2 wks

Subepidermal

Friction blisters New pair of ill-fitting 

shoes; sports or military 

involvement

Very common in young, physically active, repetitive friction; initially red 

macules at site of friction → painful intraepidermal blisters w/blood-tinged 

fluid; histopathology: pauci-inflammatory blister just under granular layer; 

DIF negative; Rx: heals spontaneously; may aspirate to relieve pressure

Intraepidermal

Bullous small vessel 

vasculitis

Pts w/small vessel vasculitis 

(cutaneous or systemic)

LCV w/superimposed hemorrhagic vesicles and bullae, usually on 

distal extremities → may ulcerate; histopathology: LCV w/massive 

subepidermal edema/bullae and epidermal necrosis

Subepidermal

Bullous drug eruptions Pts receiving meds See Table 3-10 See Table 3-10

Bullous Arthropod 

Assault

Most common in children 

or pts with hematologic 

malignancy (CLL > mantle 

cell lymphoma, NK/T-cell 

lymphoma)

Grouped pruritic papules w/central blistering; may have persistent 

papulonodules (persistent arthropod assault); pts w/lymphoma may 

have reaction in absence of definitive insect bite (“bug bite-like 

reactions”); histopathology: eosinophilic spongiosis, superficial and deep 

PV/PA lympho-eosinophilic inflammation (+/− flame figures ), superficial 

dermal edema; Rx: topical steroids, oral antihistamines

Intraepidermal 

> subepidermal 

blister (may occur 

if dermal edema 

severe)

Delayed postburn/

postgraft blisters

Blisters at sites of prior 

trauma (burns, graft site)

Tense vesicles/bullae appearing weeks to months (avg 37 days) after original 

wound has completely healed; due to fragility of new DEJ; histopathology: 

cell-poor subepidermal blister; negative DIF; Rx: spontaneous resolution

Subepidermal

Edema blisters Anasarca or acute 

exacerbation of chronic 

edema

Tense blisters in edematous dependent sites (distal LE, feet most common); 

histopathology: cell-poor subepidermal bullae with massive dermal edema 

and epidermal spongiosis; Rx: treat underlying edema, compression wraps

Subepidermal

(Modified from Table 33.1 in Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012).

Table 3-10. Bullous Drug Eruptions

Disease Characteristic Features Commonly Implicated Drugs

Fixed drug eruption Sharply circumscribed erythematous to dusky violaceous patches

Central blisters or erosions may appear

Often resolves with postinflammatory hyperpigmentation

Recurrence at same location(s) following drug re-exposure

Sulfonamides, NSAIDs, tetracyclines, barbiturates, 

aspirin, acetaminophen (paracetamol), metronidazole, 

phenolphthalein

Stevens–Johnson 

syndrome (SJS), toxic 

epidermal necrolysis 

(TEN)

Prodrome of fever and painful skin

Areas of dusky erythema associated with epidermal detachment 

(varying from <10% [SJS] to >30% [TEN])

Mucosal involvement

NSAIDs, antibiotics (sulfonamides and β-lactams), 

anticonvulsants, allopurinol

Drug-induced 

autoimmune blistering 

diseases

Primarily linear IgA bullous dermatosis, pemphigus, bullous 

pemphigoid

Diagnosis based on histologic findings, immunofluorescence 

studies, and drug history

Linear IgA bullous dermatosis: vancomycin > β-lactams, 

captopril, NSAIDs

Pemphigus: penicillamine, captopril, β-lactams, gold

Bullous pemphigoid: diuretics (especially furosemide), 

antibiotics

Drug-induced 

pseudoporphyria

Eruption resembles porphyria cutanea tarda

Porphyrin determinations are within normal limits

NSAIDs (especially naproxen), nalidixic acid, thiazides, 

furosemide, tetracyclines

Acute generalized 

exanthematous 

pustulosis

Acute onset, usually occurring within 2 days of drug exposure

Areas of erythema studded with pustules; occasionally vesicles

Fever, malaise, leukocytosis

β-lactams, macrolides, pristinamycin, terbinafine, calcium 

channel blockers (diltiazem), hydroxychloroquine, 

carbamazepine, acetaminophen, metronidazole

Phototoxic drug eruptions Limited to sun-exposed areas

Resembles exaggerated sunburn

Tetracyclines (especially doxycycline), quinolones, 

psoralens, NSAIDs, diuretics

Bromoderma and 

iododerma

Acneiform lesions, papulopustules, nodules, or even vegetating 

lesions simulating pemphigus vegetans

Clear or hemorrhagic blisters can develop (more common in 

iododerma)

Bromides, iodine-containing drugs (e.g. amiodarone), 

radiographic contrast media

Palmoplantar 

erythrodysesthesia (acral 

variant of toxic erythema 

of chemotherapy)

Painful erythema develops primarily on the palms, soles and digits 

following chemotherapy administration

The skin becomes edematous, its color changes to dark red or 

violet, and blisters and erosions may develop

Cytarabine, doxorubicin, capecitabine, 5-fluorouracil 

(especially prolonged infusions), multi-kinase inhibitors 

(e.g., sorafenib, sunitinib), busulfan, taxanes, clofarabine, 

pralatrexate

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Occasionally, eczematous drug reactions (e.g., secondary to warfarin, calcium channel blockers) and systemic contact dermatitis can be papulovesicular; 

patients with drug reaction eosinophilia and systemic symptoms (DRESS)/drug-induced hypersensitivity syndrome (DIHS) can also develop vesicles.
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• ANAs may be detected by ELISA (newer, cheaper 
method) or IIF (older but more sensitive method; 
substrate is Hep2 cancer cell line)
■ Despite its limitations, the classic IIF ANA test still 

remains the most efficient screening test for systemic 
autoimmune connective tissue disorders

■ ELISA studies useful for identifying specific antigenic 
targets → helpful in serologically narrowing the 
diagnosis between CTDs

• ANA titer = highest dilution of patient’s serum that still 
produces fluorescence (considered positive if >1 : 40)

• Range of ANAs in “healthy” individuals
■ ≥1 : 40 (20%–30%)
■ ≥1 : 80 (10%–12%)
■ ≥1 : 160 (5%)
■ ≥1 : 320 (3%)

• Rates of ANA positivity:
■ SLE: 99%

○ Less than 1% of SLE patients have negative ANA by 
IIF → highly unlikely to get false (−) result by 
current testing methods!

■ SSc: 90%
■ SjS: 70%
■ DM/PM: 40%–65%

• Common ANA IIF patterns (and corresponding antigenic 
targets by ELISA) (Fig. 3-32):
■ Homogenous (aka “diffuse”): anti-dsDNA and 

anti-histone antibodies

○ a/w SLE and drug-induced SLE
■ Peripheral (aka “rim”): dsDNA

○ a/w SLE
■ Speckled (aka “particulate”): Ro/SS-A, La/SS-B, 

U1RNP, Smith, RNA polymerases, and Scl-70

○ Non-specific but may be a/w Sjogren’s and MCTD

3.5 CONNECTIVE TISSUE DISEASES 

(CTDs) AND SCLEROSING 

DERMOPATHIES

Connective tissue disease  

laboratory studies

Antinuclear antibodies (ANA)

• ANAs are autoantibodies that target various nuclear 
antigens:
■ Extractable nuclear antigens (ENAs):

○ Ro/SSA: most strongly a/w Sjogren syndrome 
(70%) and neonatal lupus (~100%), but also 
present in SCLE (75%–90%) and SLE (50%)

○ La/SSB: most strongly a/w Sjogren syndrome 
(40%), but also in SCLE

○ Scl-70 (DNA topoisomerase I): most strongly a/w 
diffuse SSc (60%)

○ Jo-1 (histidyl tRNA synthetase): DM/PM with 
antisynthetase syndrome

○ Smith (Sm): highly specific for SLE (only 
10%–30% sensitive)

○ RNP (U1 RNP): very high titers correlate with 
MCTD (100%); lower titers in SLE

■ Non-ENA targets:

○ dsDNA (double-stranded DNA): highly specific 
for SLE (60% sensitive), a/w lupus nephritis, 
correlates with lupus band test from sun-protected 
skin

○ Histone: most a/w drug-induced SLE (95%)

○ Centromere: a/w CREST (80%)

Figure 3-32. Detection of antinuclear antibodies (ANA) by indirect immunofluorescence. Utilizing HEp-2 tumor cells as the substrate. Patterns of nuclear immunofluo-

rescence include: homogeneous (A); peripheral (B); speckled (C); nucleolar (D); and centromeric (E). Part (E) is illustrated on a chromosome preparation during 

metaphase arrest. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

A B C

D E
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■ Nucleolar: RNA processing molecules (fibrllarin/

U3RNP), anti-PM/Scl

○ a/w SSc, polymyositis-SSc overlap
■ Centromere (aka “discrete speckled”): anti-centromere 

antibodies

○ Specific for CREST

• Know the autoantibody associations for each AI-CTD 
(highly testable!) (Table 3-11)

Lupus band test (LBT)

• Granular continuous band of immunoglobulin deposits 
(IgM > IgG > IgA) and complement (C3) at DEJ in 
lesioned and non-lesioned skin of sun-exposed or 
sun-protected sites in patients w/ SLE visualized 
via DIF

• Three different types of LBTs exist:
■ Lesional LBT

○ High sensitivity in patients w/ SLE

○ LBT may also be positive in patients with CCLE 
(60%–80%)

○ Helpful in differentiating from other rashes in 
non-SLE patients
 Can see false (+)s in rosacea, telangiectasias and 

PMLE → band is usually weaker in intensity and 
more focal/interrupted

○ Positive LBT seen in <5% of dermatomyositis

○ ↑# of immunoreactants → ↑specificity for SLE
■ Sun-exposed, non-lesional skin (shoulder, proximal 

extensor forearm)

○ Positive in 70%–80% of SLE

○ Useful in making diagnosis of SLE in patients 
without skin lesions

○ 25% of people without SLE will demonstrate a 
weak interrupted linear and granular DEJ 
deposition of IgM and Clq (less frequently IgG, 
IgA, and C3), which usually does not meet criteria 
for a positive LBT

■ Sun-protected, non-lesional skin (medial flexor 
forearm, medial upper arm, and buttocks)

○ Positive in 35%–55% of SLE

○ Useful for measuring disease activity and assessing 
prognosis

○ Correlates with anti-dsDNA autoantibodies → 
a/w severe extracutaneous disease including renal 

disease

Lupus erythematosus

• There are three major forms of cutaneous lupus: acute 
(ACLE), subacute (SCLE), and chronic (CCLE)
■ These three forms are not mutually exclusive→ pts 

may have more than one cutaneous morphology at 
any given time

■ Every form of cutaneous lupus may be seen in the 
setting of SLE or as an isolated cutaneous disease

■ The degree of association with SLE varies by cutaneous 
subtype (Table 3-12)

• All patients with cutaneous lupus should be evaluated 

for systemic disease (SLE) via clinical exam, biopsy 
(H&E and DIF), and serologic studies

Chronic cutaneous lupus  

erythematosus (CCLE)

Epidemiology

• Female predominance

• Discoid lupus (DLE) accounts for the majority of 

CCLE cases
■ 40%–70% of SLE patients will have discoid lesions
■ However, only 5%–20% of patients with DLE 

progress to SLE

○ 5% for patients w/ head-only involvement

○ 20% for patients w/ diffuse involvement
■ African Americans more commonly affected 

w/ DLE

Pathogenesis

• UVR (UVB > UVA) is important trigger for all CCLE 
subtypes

• Type I interferon signature w/ CD4+ T-helper 1 (Th1) 
cells and CD8+ cytotoxic T-cell recruitment and 
activation

• Tobacco:
■ Smoking is a risk factor for DLE
■ Stopping may help resolve recalcitrant lesions

• Genetic predisposition (multiple genes)

CCLE clinical subtypes

1. Discoid lupus erythematosus (DLE)

• Begin w/ red macules or plaques → later develop scale, 
atrophy, and scarring, w/ central hypopigmentation 

and peripheral hyperpigmentation (more apparent in 
darker-skinned patients) (Fig. 3-33)

• Langue du chat (cat’s tongue): carpet “tack-like” spines 
on undersurface of scale

• Typical locations: face, scalp (cicatricial alopecia), and 
ears (esp. conchal bowl)
■ Can also occur in photoprotected sites
■ 25% have mucosal involvement

• ANA (+) in 5%–25%

• DLE variants:
■ Localized DLE

○ Above neck only
■ Widespread DLE

○ Above and below neck

○ Stronger association w/ SLE, more likely to have 
serologic abnormalities

■ Childhood DLE

○ Higher rate of progression to SLE
2. Hypertrophic (verrucous) LE

• Thick, hyperkeratotic and verrucous scaling plaques w/ 
indurated border

• ↑risk SCC (akin to hypertrophic LP)

• Typical locations: extensor forearms, face, and upper 
trunk (sun-exposed sites)
■ Favors upper half of body (vs hypertrophic LP = 

lower half)

• Usually accompany typical discoid lesions
3. Chilblain lupus erythematosus

• Red or dusky purple papules/plaques on fingertips, rims 

of ears, calves, and heels
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Table 3-11. High-Yield Autoantibodies in Connective Tissue Diseases

Target Prevalence (%) Molecular Specificity Key Association

Lupus Erythematosus (listed prevalence is for SLE)

ANA 99 N/A Most sensitive serologic test for SLE → most common IIF pattern in 

SLE = homogenous, peripheral

SCLE positive in 60%–80% (speckled/particulate IIF)

DLE positive in 5%–25%

ssDNA 70 Denatured DNA Risk for developing SLE in DLE patients; also seen in linear 

morphea

C1q 60 C1q component of 

complement

Severe SLE, hypocomplementemic urticarial vasculitis 

syndrome

dsDNA 60 Double-stranded (native) DNA Highly specific test for SLE; a/w LE nephritis → useful for 

monitoring nephritis activity

U1RNP 50 (low titers) Splicesome RNP Overlapping features with other AI-CTDs; high titers in MCTD (100%)

Ro/SSA 50 hyRNP Neonatal LE/congenital heart block (99%); SCLE (75%–90%); 

primary SjS (70%); a/w photosensitivity

Cardiolipin 50 Cardiolipin (phospholipid) Antiphospholipid syndrome in SLE: recurrent abortions, 

thrombocytopenia, hypercoagulable state, livedo reticularis, leg 

ulcers, acral infarction, hemorrhagic cutaneous necrosis

Histone 40 Histones Drug-induced SLE

Smith (Sm) 10–30 Splicesome RNP Highly specific for SLE; higher prevalence in African Americans 

and Asians (30%–40%)

β2 glycoprotein 25 Cofactor for cardiolipin High risk of thrombosis in SLE; primary antiphospholipid syndrome

rRNP 7–15 (40% in Asians) Ribosomal P proteins Highly specific for SLE; a/w neuropsychiatric LE

Ku 10 DNA repair complex Overlap syndromes with DM/PM and SSc

DM/PM

ANA 40 N/A Most common IIF patterns: speckled, nucleolar

p155/140 80 (amyopathic)

10–30 (classic)

Transcriptional intermediary 

factor 1-γ
Clinically amyopathic DM; cancer-associated DM (adults); 

severe cutaneous disease in adults and kids

p140 25 (Juvenile DM) NXP-2 Juvenile DM with calcinosis

Aminoacyl tRNA synthetases Up to 20 tRNA synthetases Anti-synthetase syndrome: myositis, mechanic’s hands, 

arthritis, Raynaud’s phenomenon, severe ILDAnti-Jo1 Jo1 (20)

Anti-PL7 PL7 (5)

Anti-PL12 PL12 (3)

EJ/OJ EJ/OJ (<1)

Mi-2 15 Helicase Classic DM skin findings, mild muscle disease; good response 

to treatment

MDA5/ CADM-140 10–15 MDA5 CADM w/rapidly progressive ILD (adults and kids); distinctive 

skin findings (skin/oral ulcers, palmar papules, mechanic’s hands, 

panniculitis)

SRP 5 Signal recognition particle Fulminant DM/PM with cardiac involvement, poor prognosis

Ku 3 DNA repair complex DM overlap syndromes with SLE, Sjogren’s, or SSc

SAE N/A Post-translational modification Some cases of adult CADM

Systemic Sclerosis

ANA 95 N/A Most common patterns: speckled, nucleolar, centromere (CREST)

Centromere 30 (PSSc)

80 (CREST)

CENP-B Most specific for CREST, a/w pulmonary HTN

Scl-70 60 (PSSc)

15 (CREST)

DNA topoisomerase I Most strongly a/w PSSc with pulmonary fibrosis

RNA polymerases (I and III) 45 (PSSc)

6 (CREST)

RNA polymerase I / III High levels correlate w/ severe skin involvement and renal crisis 

in PSSc

Fibrillarin (U3RNP) 5 (overall) U3RNP a/w internal organ involvement

Morphea

ANA 40 NA N/A

Topoisomerase IIα 75 Topo IIα Not used clinically

ssDNA 50 NA Most prevalent in linear morphea, correlates w/ disease severity/

activity

Histones 35 Histones Most prevalent in linear and generalized morphea, correlates w/ 

disease severity/activity

Fibrillin-1 30 Fibrillin-1 (component of ECM) Rarely positive in PSSc or CREST
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Target Prevalence (%) Molecular Specificity Key Association

Rheumatoid Arthritis

Rheumatoid factor 80 Fc portion of IgG Low levels: very nonspecific, may be seen in other AI-CTDs, 

infections, liver dz, sarcoid, systemic vasculitides

High levels: a/w severe, crippling, erosive RA and extra-articular 

manifestations of RA (systemic vasculitis, neuropathy); may also 

have high levels in mixed cryoglobulinemia (types II and III) 

secondary to Hep C infection

Cyclic citrullinated proteins 70 CCP proteins in skin (filaggrin) 

and joints

a/w severe RA; also a predictor for development of RA

Sjogren’s Syndrome

α-fodrin 70 Actin-binding protein (involved 

in secretion)

Most specific antibody for SjS

Ro/SSA 60-70 hyRNP Also important in neonatal LE (~99%) and SCLE (may be a/w 

photosensitivity)

La/SSB 20-40 hyRNP N/A

Mixed Connective Tissue Disease (MCTD)

U1RNP 100 (by definition) Splicesome RNP Low titer positivity can be seen in SLE

(Modified from Tables 40.2–40.5 in Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Table 3-11. High-Yield Autoantibodies in Connective Tissue Diseases—cont'd

Table 3-12. Different Forms of Cutaneous Lupus and Their Association 

With Systemic Lupus Erythematosus (SLE)

Type of Cutaneous Lupus

Association 

with SLE

• Acute cutaneous lupus erythematosus (ACLE) ++++

• Subacute cutaneous lupus erythematosus (SCLE) ++

• Chronic cutaneous lupus erythematosus (CCLE)

Localized DLE (head and neck) +

Widespread/disseminated DLE ++

Hypertrophic DLE +

Lupus erythematosus tumidus (LET) +/−

Lupus panniculitis +

Chilblain lupus ++

• Other variants

Bullous eruption of SLE ++++

Rowell’s syndrome ++ to ++++

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 

2012)

Figure 3-33. Extensive scarring from discoid lupus erythematosus. (From 

Andrews et al. Andrews’ Diseases of the Skin, 11th Ed. Elsevier. 2011)

• Chronic relapsing course

• Precipitated by cold, but often persist year-round (vs 
non-lupus-associated chilblains)

4. Tumid lupus erythematosus

• Edematous, indurated, erythematous, often annular 
plaques without epidermal involvement (Fig. 3-34)
■ Plaques may have central clearing

• Typical locations: face and trunk

• Responds well to antimalarials

• Considered to be on a clinical spectrum w/ Jessner’s and 
reticular erythematous mucinosis (REM), with similar 
findings on histology

• Differentiating Tumid LE vs Jessner’s vs REM:
■ Jessner’s: similar clinical appearance, but has CD8+ 

predominant infiltrate w/ ↓mucin
■ REM is histologically identical to tumid LE, but is 

morphologically distinctive (erythematous macules 

and papules or plaques on mid back/chest in a 
reticular pattern)

5. Lupus erythematosus panniculitis/profundus

• Indurated, non-tender, subcutaneous nodules or plaques 
that heal w/ atrophy

• Overlying skin often normal, but may have overlying 

discoid changes

• Typical locations: face, upper arms, upper trunk, breasts, 
buttocks, and thighs
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• Hypertrophic (verrucous) LE
■ Similar histologic features as DLE but w/ greater 

orthohyperkeratosis and endophytic buds of 

hyperplastic follicular epithelium (> interfollicular 
epidermal hyperplasia)

○ Pseudoepitheliomatous hyperplasia is often 

mistaken for SCC

• Chilblain LE
■ Demonstrates features of both chilblains (papillary 

edema, perivascular and dermal lymphohistiocytic 
infiltration) and DLE

■ DIF: (+) LBT

• Tumid LE
■ No significant epidermal changes (e.g., lacks 

follicular plugging, vacuolar interface, and BMZ 
thickening)

■ Shares characteristic dermal features of DLE:

○ PV/PA lymphoid aggregates in upper and lower 
dermis

○ Massive mucin deposition (more than classic DLE; 
amount rivals that seen in DM)

■ Histologically similar to REM and Jessner’s, except 
Jessner’s has CD8+ predominant infiltrate and lacks 
mucin

■ DIF: (+) LBT in 50%

• LE panniculitis
■ May have histologic findings of overlying DLE without 

clinical findings of DLE
■ Dermal mucin deposition
■ Subcutaneous findings:

○ Lymphocytic lobular panniculitis

○ Hyaline (“waxy pink”) fat necrosis

○ Nodular lymphoid aggregates

• Antimalarials effective

• 15% a/w SLE (panniculitis may be first sign)
6. Discoid lupus-lichen planus overlap

• Coexisting DLE and lichen planus w/ overlap lesions

• Palmoplantar involvement is characteristic

• DDx: a lichen planus-like rash can also occur in SLE 
patients on antimalarials

7. Mucosal LE

• Does not include non-lupus specific mucosal ulcers a/w 
SLE

• Most commonly seen in conjunction w/ cutaneous DLE

• Lesions:
■ Classic plaque with central erythema and surrounding 

white keratotic border, usually on hard palate
■ Discoid lesions most commonly on the lip

• Typical locations: buccal mucosa, hard palate, and 
vermillion lip (lower > upper)

• ↑risk SCC

• Presence of ulceration→ a/w ↑risk for systemic 
involvement

Laboratory testing

• (+/−)ANA, leukopenia, and ↑ESR
■ Serologic abnormalities more common in patients 

w/ widespread DLE

Histopathology

• Discoid lupus
■ H&E: compact othrohyperkeratosis, vacuolar interface 

dermatitis w/ necrotic keratinocytes and pigment 
incontinence, epidermal atrophy, BMZ thickening, 

follicular plugging, superficial and deep perivascular/
periadnexal lymphohistiocytic inflammation with 
plasma cells, and mucin deposition (Fig. 3-35)

○ Lacks eosinophils
■ DIF

○ LBT(+) on lesional skin in 75%; ideal to choose 
lesion that has been present for a few months or 
more
 More likely to be positive on head/neck and 

extremities compared with trunk

Figure 3-34. Lupus erythematosus tumidus. Annular pink plaques on the chest. 

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-35. Histologic features of cutaneous lupus erythematosus (LE). 

Chronic discoid LE showing focal interface dermatitis and dense perivascular 

and periadnexal lymphoid infiltrates throughout the entire dermis. A thickened 

basement membrane is a characteristic finding and can be highlighted by PAS 

staining (insert). Courtesy, Lorenzo Cerroni, MD. (From Bolognia JL, Jorizzo JL, 

Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)



3.5 Connective Tissue Diseases (CTDs) and Sclerosing Dermopathies

103

Subacute cutaneous  

lupus erythematosus (SCLE)

Epidemiology

• Female predominance (4 : 1)

• More common in whites (vs DLE)

• 30%–50% of patients w/ SCLE lesions will eventually 
meet criteria for SLE, but most usually only have mild 
disease

Pathogenesis

• Proposed mechanism: UVR-induced apoptosis → 
apoptotic bodies containing high levels of nuclear 
antigens (e.g., Ro, La, DNA) + reduced clearance of 
apoptotic cells (particularly in complement-deficiency 
related LE) → loss of immune tolerance → release of 
proinflammatory cytokines and production of ANAs, 
most importantly anti-Ro/SS-A autoantibodies

• Genetic associations:
■ HLA-B8 (strongest association), HLA-DR3, and others
■ Hereditary complement deficiencies

○ Fat lobules may be rimmed by lymphocytes
 Important to differentiate from subcutaneous 

T-cell lymphoma (atypical cells, lacks dermal 
lymphoid nodules, lacks mucin)

■ DIF: (+) LBT in 35%–70%

• Discoid lupus-lichen planus overlap
■ Typical lesions of LE or LP will demonstrate H&E and 

DIF findings for that condition
■ Overlap lesions may show features typical for both

• Mucosal LE
■ Hyperkeratosis, atrophy of rete pegs, vacuolar-to-

lichenoid interface dermatitis; superficial and deep 
perivascular lymphocytic infiltrate

■ DIF: (+) LBT

Treatment

• Treatment algorithm: (Fig. 3-36)

Prognosis/clinical course

• 5%–20% progress to SLE

• ↑risk of progression w/ widespread DLE and 

childhood DLE

Figure 3-36. Cutaneous lupus erythematosus: update of therapeutic options. Algorithm of treatment for CLE. Topical agents include topical steroids, calcineurin 

inhibitors, and retinoids. Consider retinoids earlier for discoid lupus-lichen planus overlap. HCQ, hydroxychloroquine; CQ, chloroquine; MTX, methotrexate; MMF, 

mycophenolate mofetil; EC-MPS, mycophenolate sodium. (From Kuhn A, Ruland V, Bonsmann G. Cutaneous lupus erythematosus: Update of therapeutic options 

Part I. J Amer Acad Dermatol 2011;65:e179–e193)
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Histopathology

• Compact hyperkeratosis, prominent epidermal atrophy, 

vacuolar interface dermatitis w/ pigment incontinence, 
BMZ thickening, PV/PA lymphoid aggregates (limited to 
superficial dermis) w/ scattered plasma cells, and mucin 
deposition
■ Lacks eosinophils and follicular plugging

• DIF:
■ (+) LBT in 60%–85% (usually not as thick or 

intensely stained as in DLE)

Treatments

• First line: antimalarials and sun protection

• Recalcitrant: may require other immunosuppressive meds 
(see Fig. 3-34)

Additional boards factoids

• Always think about drugs and complement 
deficiencies!

• Drug-induced SCLE:
■ Skin always involved!
■ Rare to have systemic involvement
■ Photosensitive papulosquamous eruption (often 

psoriasiform to lichenoid) w/ annular plaques on 
upper body and extensor upper extremities

■ Antibodies: anti-Ro/SS-A (80%), anti-La/SS-B
■ Most important implicated drugs: HCTZ (most 

common), terbinafine, griseofulvin, NSAIDs 
(piroxicam), CCBs, antihistamines, PPIs, docetaxel, 
ACE inhibitors, and TNF-α inhibitors (most 
commonly etanercept)

SCLE-like syndromes

Neonatal lupus erythematosus (NLE)

• Epidemiology
■ Female predominance for NLE of skin (3 : 1) and 

cardiac NLE (2 : 1)

• Pathogenesis
■ Result of transplacental passage of maternal 

autoantoantibodies, most importantly anti-Ro/SS-A 

(99%)

○ Autoantibodies can result in heart block requiring 
pacemaker

○ Unselected women with anti-Ro/SS-A 
antibodies → 1%–2% risk of having child 
with NLE

○ Women w/ SLE or another defined CTD with 
anti-Ro/SS-A antibodies→ 15% risk having a child 
w/ NLE

○ Women who have a prior child w/ NLE → 25% 

risk of NLE in subsequent children

• Clinical features
■ Cutaneous findings:

○ Lesions arise within first weeks of life but usually 
not present at birth

○ Skin lesions (similar to adults w/ SCLE but more 
prominent facial involvement):
 Photosensitivity
 Periorbital erythema = “raccoon eyes”

• Antibodies
■ Anti-Ro/SS-A (75%–90%)

○ Thought to be pathogenic in SCLE

○ May cause clinical overlap w/ Sjogren’s

• Complement
■ SCLE is a/w complement deficiencies, especially 

deficiencies in the early intrinsic pathway (C1q/r/s, 
C2, and C4)

Clinical features

• Often has a chronic, relapsing course

• Photosensitivity prominent in 50%

• Two clinical variants:
■ Papulosquamous SCLE: psoriasiform plaques 

(Fig. 3-37)
■ Annular SCLE: scaly polycyclic annular plaques with 

central clearing

• Typical locations: sun-exposed areas of lateral face 

(central face spared), neck, V-chest, and upper back/
extremities

• Often heals w/ hypopigmentation, but no scarring

• May have clinical overlap w/ Sjogren’s (both have Ro/
SS-A autoantibodies)

• Systemic manifestations are common, but only 

30%–50% fully meet criteria for SLE
■ Arthritis/arthralgias = most common systemic finding 

(up to 70%)

Laboratory testing

• Antibodies
■ Anti-Ro/SS-A (75%–90%)
■ Anti-La (30%–40%)
■ ANA (60%–80%; usually in a speckled/particulate 

pattern)

• Other
■ Leukopenia (20%)

Figure 3-37. Subacute cutaneous lupus erythematosus (SCLE), papulosqua-

mous. Psoriaform lesions coalesce to form retiform arrays. Courtesy of Okon 

LG, Werth VP. Cutaneous lupus erythematosus: diagnosis and treatment. Best 

Pract Res Clin Rheumatol 2013;27(3):391–404
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■ Hematologic and LFT abnormalities

○ Usually no treatment is needed

• Prognosis/clinical course
■ Children with NLE may be at ↑risk of developing SLE 

or autoimmunity later in life
■ Skin disease

○ Lesions resolve without scarring by ~6 months (as 
maternal antibodies clear from neonatal 
circulation)

○ Residual atrophy, dyspigmentation and 

telengiectasias persist for months to years
■ Cardiac disease

○ Low-grade AV blocks are reversible and sometimes 
normalize without therapy

○ Complete (third degree) heart block is 

irreversible

○ Cardiac NLE has 20%–30% mortality rate
■ Hematologic and LFT abnormalities

○ Transient with spontaneous resolution within 4 to 
6 months

Complement deficiencies

• Epidemiology
■ Primary C2 deficiency

○ Most common hereditary complement disorder

○ Only 10%–20% with homozygous C2 deficiency 
will develop SLE (low risk)
 However, because C2 deficiency is so much 

more common compared to other early 
complement deficiencies, C2 deficiency is the 
most common cause of complement 

deficiency-associated SLE
■ Primary C1q and C4 deficiencies

○ Homozygous deficiencies are very rare, but when 
present are associated with a very high risk of 
developing autoimmune disease

○ SLE risk with homozygous mutations: C1q (~90%) 

> C1r/s > C4 > C2 (10%–20%)

• Pathogenesis
■ UV-damaged apoptotic keratinocytes express 

autoantigens (esp. Ro/SSA) on cell surface
■ Early components of complement normally help clear 

out these apoptotic keratinocytes
■ Deficiencies in early components (C1, C4, C2) of 

classic complement pathway → impaired phagocytic 

clearance of apoptotic bodies containing high levels 
of autoantigens → loss of immune tolerance and 
autoantibody-mediated inflammation

• Clinical
■ Deficiency of any early classical complement 

component (C1, C2, C4) is a/w ↑risk for SLE and 

infections w/ encapsulated bacteria
■ C2 deficiency-associated SLE (most common but 

least severe):

○ Adult onset (avg 30 yo)

○ F > M

○ SLE w/ less severe systemic disease (e.g., mild or 
absent renal disease)

○ Prominent photosensitivity and SCLE lesions

○ ↑bacterial infections w/ encapsulated bacteria, 
especially S. pneumonia

 Annular, polycyclic erythematous plaques 
w/ central clearing and raised red border,  
fine scale, typically located on scalp, neck,  
or face

 Non-scarring
 Resolves w/ dyspigmentation and 

telangiectasias
■ Systemic findings:

○ Cardiac (70% overall have some cardiac 
abnormality; 30%–40% have congenital third 

degree heart block)
 Heart block is almost always present by birth, 

developing in utero between 16 and 24 weeks 
gestation

 Usually p/w bradycardia and irreversible 

complete heart block (third degree)

 Occasionally p/w first or second degree heart 
block → may progress to complete heart 
block

○ Hepatobiliary disease (50%)
 p/w transient conjugated hyperbilirubinemia in 

first weeks of life, or transient elevations of 
aminotransferases

○ Hematologic abnormalities
 Thrombocytopenia
 Neutropenia, lymphopenia, and hemolytic 

anemia
■ Mother

○ 50% of women with a child w/ NLE are 

asymptomatic at time of child’s birth

 Half of mothers who are initially asymptomatic 
later develop Sjogren’s syndrome or SLE

• Histology
■ Same as SCLE
■ DIF: (+) LBT in 50%

• Laboratory testing
■ Autoantibodies

○ Anti-Ro/SS-A antibodies (99%)

○ Anti-La/SS-B and anti-U1RNP antibodies may be 
found in combination with anti-Ro/SS-A antibodies 
(rarely present alone)

■ ↑LFTs
■ Hematologic cytopenias (mainly thrombocytopenia)

• Treatment
■ Skin disease

○ Sun protection + topical corticosteroids
■ Cardiac disease

○ In utero:
 Prenatal systemic corticosteroids may ↓risk of 

developing congenital heart block
 Does not decrease rate of cutaneous NLE, 

however
 Hydroxychloroquine throughout pregnancy → 

↓risk of a child w/ cardiac NLE for women w/ 
SLE and anti-Ro/SS-A (+) women with a 
previous child affected by NLE

○ Neonatal:
 Once complete heart block occurs, it is 

irreversible

 Pacemaker required for heart block in two 
thirds of pts w/ cardiac NLE
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classically sparing the knuckles (in contrast to the 
confluent macular violaceous erythema of DM)

• Histopathology: vacuolar interface dermatitis, dermal 
edema, and sparse perivascular lymphocytic infiltrate 
limited to upper dermis
■ Lacks follicular plugging and other dermal changes

• DIF: (+) LBT

• Laboratory tests: ACLE is highly a/w SLE → perform 

same lab studies as in SLE to search for end-organ 
damage

• Treatment: skin lesions of ACLE respond to treatment for 
systemic symptoms; for recalcitrant skin disease, refer to 
treatment algorithm presented in DLE section
■ Cutaneous flares tend to correlate w/ systemic disease 

activity

Other rare cutaneous lupus variants

Bullous SLE

• Epidemiology
■ Female predominance
■ Predominately African Americans

• Pathogenesis
■ Antibodies against NC1 and NC2 domains of type VII 

collagen (same as EBA)
■ a/w HLA-DR2

• Clinical
■ By definition, patients must meet ACR criteria for 

diagnosis of SLE in order to term it “bullous SLE”
■ Widespread, symmetric eruption of tense, 

subepidermal bullae on erythematous-to-urticarial 
base (Fig. 3-39)

■ Involves both sun-exposed and non-exposed areas
■ Typical locations: face, neck, upper trunk, and 

proximal extremities

○ Also, commonly involves mucosa
■ Systemic symptoms same as SLE

• Histopathology
■ Subepidermal bulla with neutrophils at DEJ and in 

dermal papillae
■ DIF: continuous granular to linear deposition of IgG, 

IgM, IgA and/or C3 along BMZ

■ C1q/r/s and C4 deficiency-associated SLE (less 
common but more severe)

○ Childhood onset

○ Severe, recalcitrant renal disease

○ Photosensitivity with CCLE or SCLE

○ Palmoplantar keratoses (C4 deficiency only)

○ ↑risk of infection with encapsulated bacteria and 
candida

■ Anti-C1q autoantibodies (acquired)

○ Arise in 30%–50% of SLE patients, a/w lupus 

nephritis

○ Seen in ~100% of pts w/ hypocomplementemic 

urticarial vasculitis

• Laboratory findings
■ Low or absent ANA titers
■ Anti-Ro/SS-A antibodies in majority
■ ↓complement levels (screening test is CH50, which 

is markedly decreased)

Acute cutaneous lupus (ACLE)

• 60% of SLE patients develop a malar rash

• Of the three major cutaneous lupus subtypes, ACLE is 

most strongly a/w SLE

• Classically p/w localized (malar) erythema = “butterfly 

rash” (Fig. 3-38); a transient eruption following sun 
exposure lasting hours to weeks
■ Classically involves the nasal bridge and bilateral 

malar eminence, sparing the melolabial folds (in 
contrast to the facial erythema of dermatomyositis), 
but may also involve the forehead, periorbital areas, 
and sides of neck

■ Morphology ranges from mild erythema to edematous 
lesions

■ Lesions may develop scaling, papules, erosions, 
poikoloderma, atrophy, or dyspigmentation that can 
help distinguish it from other facial rashes

■ Malar discoid lesions do not count as a “butterfly 
rash”

• Butterfly rash may occasionally be accompanied by a 
more generalized photodistributed eruption involving 
the V-neck, upper back, extremities, and dorsal hands, 

Figure 3-38. Acute cutaneous lupus erythematosus (ACLE). The facial ery-

thema often referred to as a “butterfly rash” may be variable. The presence of 

small erosions can aid in the clinical differential diagnosis (From Bolognia JL, 

Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-39. Bullous lupus erythematosus. (From Andrews et al. Andrews’ 

Diseases of the Skin, 11th Ed. Elsevier. 2011)
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Clinical

• SLE diagnostic criteria (ACR criteria for SLE)
■ Need to satisfy four items (at least one clinical and 

one immunologic item) OR have biopsy-proven 
nephritis compatible w/ SLE in the presence of ANA 
or anti-dsDNA antibodies (Table 3-13)

• Cutaneous manifestations of SLE
■ Lupus-specific skin findings:

○ ACLE

○ SCLE

○ CCLE

○ Rowell syndrome

○ TEN-like LE

○ Bullous SLE
■ Non-specific skin findings suggestive of SLE:

○ Diffuse non-scarring alopecia

○ Periungal telangiectasias and erythema
 Dermoscopy: “wandering” dilated glomeruloid 

loops (in contrast, DM and SSc both have 
symmetric dilation and dropout of vessels; 
Osler-Weber-Rendu has ectasia of half of the 
capillary loop)

○ Non-specific mucosal ulcers

○ Vasculitis:
 LCV (most common)
 Urticarial vasculitis (especially HUV)
 Medium vessel PAN-like lesions
 PNGD/IGDA

○ Cutaneous signs of antiphospholipid syndrome 
(APLS):
 Livedo reticularis (LR + ischemic strokes = 

Sneddon syndrome)
 Atrophie blanche-like lesions
 Degos’-like lesions

 Ulcerations
 Purpura fulminans and retiform purpura due 

catastrophic APLS

○ Papulonodular mucinosis
 Asymptomatic skin colored to red papules 

w/ central depression and pigmentation;  
favors V-neck, upper chest/back, and upper 
extremities

○ Others:
 Secondary Raynaud’s, multiple eruptive 

dermatofibromas, and calcinosis cutis

• SLE and pregnancy
■ Course may be stable, worsen, or improve
■ Patients w/ lupus nephritis are at ↑risk of 

complications
■ Postpartum period is highest risk
■ Fetal complications

○ Preterm birth

○ Preeclampsia, especially w/ lupus nephritis

○ Anti-cardiolipin antibodies → ↑risk of fetal loss

○ Neonatal LE in patients w/ anti-Ro/SS-A and 
anti-La/SS-B

■ Management in pregnancy

○ Continuation of hydroxychloroquine and low dose 
steroids

○ Consider azathioprine

○ Anticoagulation for APLS

• Laboratory testing
■ Salt-split skin: dermal reactivity on salt-split skin
■ ELISA: autoantibodies to collagen VII
■ ANA (+) in ~100%

○ Frequently positive for dsDNA, Sm, Ro/SSA, and 
La/SSB

■ Also, perform standard labs as per SLE to search for 
end-organ damage

• Treatment
■ Dapsone (ToC) → dramatic response within 

1–2 days

○ Differentiates bullous SLE from EBA!
■ Immunosuppressant meds may be needed for 

recalcitrant disease

• Prognosis/clinical course
■ Often a/w systemic lupus flare
■ Lesions of bullous LE respond dramatically to 

dapsone with cessation of new lesions and healing 
over a few days

Rowell’s syndrome

• Targetoid lesions clinically resembling EM, arising in 
setting of ACLE, SCLE, or DLE; typically Ro/SSA (+)

Toxic epidermal necrolysis-like lupus erythematosus

• Triggered by excessive UV exposure in patients with 
preexisting ACLE or SCLE

Systemic lupus erythematosus (SLE)

Epidemiology

• 80% of SLE patients will have skin findings
■ ACLE is the cutaneous phenotype most strongly a/w 

systemic lupus, but pts with any form of cutaneous 
lupus may develop SLE

■ Also, pts with SLE may have any combination of the 
various forms of cutaneous lupus

• Female predominance

• African Americans have a 4-fold ↑incidence, earlier age 
of onset, and higher mortality

Pathogenesis

• Type I interferon-inducible gene signature in peripheral 
blood leukocytes
■ Other major cytokines: B-lymphocyte stimulator 

(BLys), IL-6, IL-17, IL-18, and TNF-α
• Phagocytic defect of monocytes and macrophages to 

clear apoptotic cells

• Autoreactive B-cells undergo clonally selective specificity, 
maturation, and class switching specific for DNA and 
nuclear antigens

• Genetics
■ Strong genetic component
■ Susceptibility loci conferring the highest risk for SLE:

○ Genes encoding early complement components 
(C1, C2, C4)

○ TREX1

○ ITGAM

• Environmental triggers: sunlight, cigarettes, infections, 
vitamin D deficiency, estrogen



CHAPTER 3 • General Dermatology

108

■ Anti-Smith antibodies (10%–30%)

○ Not sensitive, but highly specific for SLE
■ Anti-U1RNP (50%)

○ Lower titers in SLE compared to MCTD (most 
important association)

■ Anti-Ro/SS-A antibodies (50%)
■ Anti-histone antibodies

○ Drug-induced SLE (>95%)
■ Anti-RNP (ribosomal P) antibodies

○ High specificity but low sensitivity for SLE

○ a/w neuropsychiatric SLE

○ Not currently used in clinical practice
■ Antiphospholipid antibodies

○ Anti-β2-glycoprotein IgM/IgG/IgA

○ Anti-anticardiolipin IgM/IgG/IgA

○ Lupus anticoagulant activity

Treatment

• Mild active disease (no life-threatening visceral organ 
involvement): hydroxychloroquine and NSAIDs

• Moderate-severe active disease lacking renal involvement: 
prednisone + steroid-sparing agent (azathioprine, MTX, 
or MMF)

• Severe active disease w/ renal involvement: prednisone 

(high dose) + pulsed IV cyclophosphamide or MMF

Histopathology

• Please refer to sections on types of lupus-specific skin 
lesions

Laboratory testing

• Routine labs: ↑inflammatory markers (ESR and CRP), 
hemolytic anemia (Coombs positive), leukopenia or 
lymphopenia, thrombocytopenia, proteinuria, and 
hematuria

• Complement abnormalities: ↓total complement levels 

(CH50), autoantibodies against C1q (a/w severe 
SLE nephritis and hypocomplementemic urticarial 
vasculitis)

• Serologies:
■ ANA (99%)
■ Anti-ssDNA antibodies

○ Neither sensitive nor specific for SLE
■ Anti-dsDNA (60%)

○ Not sensitive, but highly specific (95%) for SLE

○ Useful in monitoring disease activity (esp. lupus 

nephritis)

○ Correlates strongly w/ LBT from sun-protected 

skin

○ Likely contribute to pathogenesis of disease

Table 3-13. The American College of Rheumatology 1982 Revised Criteria for Classification of Systemic Lupus Erythematosus*

Criterion Definition

Malar rash Fixed erythema (flat or raised) over the malar eminences, tending to spare the nasolabial folds

Discoid rash Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur in older lesions

Photosensitivity Skin rash as a result of unusual reaction to sunlight, by patient history or physician observation

Oral ulcers Oral or nasopharyngeal ulceration, usually painless, observed by physician

Arthritis Non-erosive arthritis involving two or more peripheral joints, characterized by tenderness, swelling, or effusion

Serositis a) Pleuritis – convincing history of pleuritic pain, rubbing heard by a physician, or evidence of pleural effusion

OR

b) Pericarditis – documented by ECG, rub, or evidence of pericardial effusion

Renal disorder a) Persistent proteinuria greater than 0.5 g/day or greater than 3+ if quantitation not performed

OR

b) Cellular casts – may be red cell, hemoglobin, granular, tubular, or mixed

Neurologic 

disorder

a) Seizures – in the absence of offending drugs or known metabolic derangements, e.g., uremia, ketoacidosis, or electrolyte imbalance

OR

b) Psychosis – in the absence of offending drugs or known metabolic derangements, e.g., uremia, ketoacidosis or electrolyte imbalance

Hematologic 

disorder

a) Hemolytic anemia with reticulocytosis

OR

b) Leukopenia – less than 4000/mm3 total WBC on two or more occasions

OR

c) Lymphopenia – less than 1500/mm3 on two or more occasions

OR

d) Thrombocytopenia – less than 100 000/mm3 in the absence of offending drugs

Immunologic 

disorder

a) Anti-DNA antibody to native DNA in abnormal titer

OR

b) Anti-Sm: presence of antibody to Sm nuclear antigen

OR

c) Positive finding of antiphospholipid antibodies based on: (1) an abnormal serum level of IgG or IgM anti-cardiolipin antibodies; (2) a 

positive test result for lupus anticoagulant using standard methods; or (3) a false-positive serologic test for syphilis known to be positive 

for at least 6 months and confirmed by Treponema pallidum immobilization or fluorescent treponemal antibody absorption test (FTA-ABS)

Antinuclear 

antibody

An abnormal titer of antinuclear antibody by immunofluorescence (or an equivalent assay) at any point in time and in the absence of drugs 

known to be associated with “drug-induced lupus” syndrome

ECG, electrocardiogram; Sm, Smith; WBC, white blood cell

*The proposed classification is based on 11 criteria. For the purpose of identifying patients in clinical studies, a person shall be said to have systemic lupus 

erythematosus if any four or more of the 11 criteria are present, serially or simultaneously, during any interval of observation.

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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Lupus-related diseases

Jessner’s lymphocytic infiltrate of skin

• Epidemiology
■ Primarily middle-aged adults
■ No gender predilection

• Pathogenesis
■ Photosensitive eruption
■ Possibly a variant of LE, on a spectrum w/ tumid LE 

and REM

• Clinical
■ Red papules or plaques (often annular w/ central 

clearing)
■ Absent epidermal changes
■ Typical locations: head, neck, and upper back
■ Duration: weeks to months
■ No systemic manifestations

• Histopathology
■ Similar to tumid LE and REM, but with a 

predominance of suppressor CD8+ T-cells and 
↓mucin

■ Absent interface dermatitis
■ Superficial and deep dense PV/PA lymphocytic 

infiltrate
■ DIF: negative

• Laboratory testing
■ No associated laboratory abnormalities

• Treatment: sun protection, antimalarials

• Prognosis/clinical course: resolves spontaneously without 
sequelae

Reticular erythematous mucinosis

• Middle-aged females often w/ history of tanning 

bed use

• Likely variant of LE, on spectrum w/ tumid LE

• p/w persistent, photoaggravated (UVA and UVB) 
eruption consisting of erythematous papules or plaques 
on middle of chest/back, typically in a reticular 
configuration

• Exacerbating factors: OCPs, menses, pregnancy, heat, and 
sweating

• Moderate-severe recalcitrant disease:
■ Rituximab:

○ May be beneficial for moderate to severe disease w/ 
lupus nephritis, especially in African Americans 
and Latinos, but has not met primary end points in 
clinical trials

■ Belimumab

○ A monoclonal human antibody that inactivates 
BLyS (B-lymphocyte stimulator) causing apoptosis 
and inhibition of B-cell maturation

○ Two trials have supported the efficacy of 
belimumab in recalcitrant SLE, but skin disease was 
not assessed independently

Prognosis/clinical course

• Childhood onset has a higher risk of lupus nephritis and 
mortality

• 10 year survival: ~90%

• Most common causes of death:
■ First 5 years: inflammatory lesions of SLE and 

infection
■ Beyond 5 years: arterial (e.g., MI) and venous (i.e., 

DVT/PE) thromboses

○ ↑risk of thrombosis w/ anticardiolipin antibodies 
and OCPs

Drug-induced SLE (DILE)

• Lupus-like syndrome related to continuous drug 
exposure (usually >1 yr after drug initiation) that 
typically resolves within 4 to 6 weeks of discontinuation 
of offending drug

• Serologically characterized by (+) anti-histone 

antibodies (>95%) and (−) dsDNA autoantibodies
■ Positivity for antinuclear antibodies may persist for up 

to 12 months, even in absence of clinical symptoms!

• Patients generally do not meet ACR criteria for SLE

• DILE typically lacks skin findings and has milder 
systemic involvement (lacks renal and CNS findings) 
than idiopathic SLE

• Most common clinical findings:
■ Arthritis/arthralgia (90%)
■ Myalgia (50%)
■ Serositis (pericarditis, pleuritic)
■ Fever and weight loss

• Most important implicated drugs:
■ High risk: procainamide, hydralazine

○ a/w slow acetylators
■ Medium and low risk: quinidine, methyldopa, 

isoniazid, chlorpromazine, D-penicallamine, 
propylthiouracil, PUVA, minocycline, TNF-α 

inhibitors (infliximab and etanercept > adalimumab)

○ D-penicillamine may “unmask” true SLE

○ Minocycline differs from classic DILE:

 Often negative for anti-histone antibodies
 (+) ANCA against MPO or elastase

○ TNF-α inhibitors differ from classic DILE:

 anti-dsDNA antibodies frequently positive (> 
anti-histone)

 ↑↑↑skin involvement (malar rash, 
photosensitivity, SCLE and DLE lesions)

Figure 3-40. Lymphocytic infiltrate of Jessner. Annular erythematous plaque on 

the face. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Else-

vier. 2012)
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○ Eyelids = heliotrope sign +/− periorbital edema
 Arises as a result of inflammation of underlying 

orbicularis oculi muscle, NOT the skin!

○ Lateral thigh = Holster sign

○ Overlying joints = Gottron’s sign

 Elbows, knees, DIP, PIP, and MCP joints

○ Overlying extensor tendons of hands and forearms 
= linear extensor erythema

○ Photodistributed CMVE or poikiloderma 
(hyperpigmentation, hypopigmentation, 
telangiectasais, and atrophy)

○ Chest/upper back = “V-sign” (aka “Shawl sign”)

• Other common skin findings:
■ Mechanic’s hands

○ Rough, hyperkeratosis and fissuring of the lateral 
and palmar side of fingers, usually more radial 
digits involved (Fig. 3-42)

○ Strongly a/w anti-synthetase syndrome
■ Nail changes

○ “Ragged” cuticles

○ Proximal nailfold w/ dilated capillary loops 
alternating with areas of vessel dropout (Fig. 3-43)

○ Periungual erythema

• Histopathology: same as tumid lupus; DIF negative 
(most cases)

• Laboratory testing: no associated laboratory 
abnormalities

• Treatment: sun protection, antimalarials → resolution 
within 4 to 8 weeks w/ antimalarials

Other autoimmune connective tissue 

diseases and sclerosing dermopathies

Dermatomyositis (DM)

Epidemiology

• Female predominance

• Bimodal peaks: childhood (5–14 yo) and adulthood 
(45–65 yo)

Pathogenesis

• Environmental factors (e.g., malignancy, viral infections) 
trigger an immune-mediated process in susceptible 
individuals

• Genetic predisposition:
■ Polymorphisms in various HLA alleles
■ TNF-α308A polymorphism (a/w juvenile DM) → 

↑thrombospondin-1 (a potent anti-angiogenic factor) 
→ ↑occlusion of capillaries

• Drug-induced dermatomyositis:
■ Hydroxyurea (most common, >50%)
■ Statins
■ D-penicillamine
■ Cyclophosphamide
■ BCG vaccine
■ TNF-α inhibitors

Clinical features

• Muscle disease:
■ Slowly progressive, symmetric proximal muscle 

weakness (extensors > flexors)
■ Generally lacks muscle pain (myalgias)
■ Typically affects shoulders, hip girdle, and neck flexors 

→ difficulty walking up stairs, standing up from 
sitting position, or brushing hair

■ Esophageal/oropharyngeal muscles → dysphagia, 
aspiration pneumonia

■ Cardiac disease (common)

○ Mostly subclinical EKG abnormalities

○ Clinically overt disease (CHF, complete heart block, 
dangerous arrhythmias, and coronary artery 
disease) is rare but life-threating

■ Diaphragm weakness (rare but life-threatening)

• Classic skin findings:
■ Gottron’s papules (pathognomonic)

○ Lichenoid papules overlying knuckles (> other 
extensor joints) (Fig. 3-41)

○ Less common than Gottron’s sign (macular 
erythema overlying joints)

■ Symmetric confluent macular violaceous erythema 
(CMVE)

○ Facial erythema w/ malar involvement, usually 

involving the melolabial folds (vs lupus)

Figure 3-41. Dermatomyositis – Gottron’s papules. Obvious accentuation of 

skin lesions over the metacarpophalangeal (MCP) joints with coalescence of 

pink–violet lichenoid papules. Courtesy, Julie V Schaffer, MD. (From Bolognia 

JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)

Figure 3-42. “Mechanic’s hands” in dermatomyositis. (From Andrews et al. 

Andrews’ Diseases of the Skin, 11th Ed. Elsevier. 2011)
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■ Clinically amyopathic DM (amyopathic or 
hypomyopathic)

○ Classic skin findings without clinical muscle disease

○ a/w ILD

○ a/w anti-CADM-140 (MDA5) autoantibodies
■ Cancer-associated myositis

○ May p/w Classic DM or CADM

○ Associated with: ↑age (fifth to sixth decades most 
common), rapid disease onset, skin necrosis, 
periungal erythema, markedly elevated ESR or CK, 
anti-p155/140 autoantibodies, lack of anti-
synthetase syndrome features, and lack of 
Raynaud’s phenomenon

○ Most common cancers:
 Ovarian (classic exam answer!) and GI (colon > 

other) cancer are overrepresented
 Nasopharyngeal carcinoma overrepresented in 

Asians
 Others: breast, lung, pancreatic, and non-

Hodgkin’s lymphoma

○ Timing:
 Malignancy may be discovered before, after, or 

at the same time as the diagnosis of DM
 Cancers diagnosed before DM precede diagnosis 

by ≤2 years
 Most cancers are detected within 1–2 years of 

DM diagnosis
 Risk for most cancers returns to normal 5 

years after diagnosis (exceptions = pancreatic 
and colorectal cancers → risk remains elevated 
beyond 5 years)

■ Anti-synthetase syndrome (boards favorite!)

○ Acute disease onset

○ Constitutional symptoms

○ Raynaud’s phenomenon

○ Mechanics hands

○ Non-erosive arthritis

○ ILD

○ Anti-synthetase autoantibodies
■ DM overlap syndromes

○ Definition: DM + other CTD

○ Autoantibodies suggestive of overlap
 Anti-U1-RNP = mixed CTD
 Anti-Ku = polymyositis overlapping with either 

SLE, Sjogren syndrome, or scleroderma

■ Pruritus – often severe (especially on scalp)

○ Helps to differentiate from lupus and psoriasis, 
which do not tend to itch

■ Psoriasiform dermatitis of scalp

• Less common skin findings:
■ Calcinosis cutis

○ Much more common in Juvenile DM (25%–70%) 
than adults (<20%)
 a/w anti-p140 (NXP-2) autoantibodies in JDM

○ Favors elbows, knees, and buttocks

○ a/w fingertip ulcers and prolonged course
■ Palmar papules

○ Erythematous palmar papules or macules +/− 
overlying hyperkeratosis/ulceration; painful (unlike 
Gottron’s papules)

○ a/w anti-CADM-140 antibodies
■ Clinical features overlapping w/ PRP (Wong-type 

dermatomyositis)
■ Vasculitis (never a good sign!)

○ In adults → a/w malignancy

○ JDM w/ severe systemic vasculitis = Banker variant 

JDM

 Cutaneous ulcerations, muscle infarction, GI 
involvement (hemorrhage, ulceration, 
perforation), widespread calcinosis, and a 
severe course w/ poor response to therapy

■ Others: flagellate erythema, acquired lipodystrophy, 
hypertrichosis, Raynaud’s phenomenon, and 
erythroderma

• Other common (non-muscular) systemic findings:
■ Pulmonary disease (15%–65%)

○ p/w diffuse interstitial lung disease (ILD) of 
varying severity

○ Rapidly progressive ILD → a/w anti-synthetase and 
anti-CADM-140 autoantibodies

■ Arthralgia and/or non-erosive arthritis

Classification (Box 3-5)

• Adult onset DM
■ Classic DM

○ Slowly progressive symmetric, proximal muscle 
weakness w/ classic skin findings

Figure 3-43. Cuticular hypertrophy, splinter hemorrhages, and periungual tel-

angiectases in a patient with dermatomyositis. (From Callen JP, et al. Derma-

tological Signs of Internal Disease 4th ed. Elsevier. 2009)

Box 3-5. Dermatomyositis Classification

Adult-onset

• Classic DM

• Cancer-associated myositis (CAM)

• DM overlap syndrome

• Clinically amyopathic DM (CADM)

■ Amyopathic DM

■ Hypomyopathic DM

Juvenile DM

• Classic DM

• Clinically amyopathic DM (CADM)

■ Amyopathic DM

■ Hypomyopathic DM
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○ Second line: MTX, MMF, IVIG, and other 
immunosuppressive meds

■ Calcinosis cutis: diltiazem, surgical excision; early 
aggressive treatment of JDM → decreased risk of 
calcinosis cutis

■ Disease monitoring:

○ Re-check muscle enzymes and clinical exam q 2 to 
3 months → if muscle disease arises → initiate 
systemic steroids

○ Physical exams q 4 to 6 months to screen for 
malignancy for the first 2–3 years after diagnosis

• Skin + muscle disease
■ First line: systemic corticosteroids, MTX, and 

azathioprine

• Second line: IVIG and other immunosuppressive meds

Prognosis/clinical course

• Adult DM
■ Most common causes of death = malignancy, 

ischemic heart disease, and pulmonary complications

• Juvenile DM
■ Prior to the availability of corticosteroids, JDM had 

poor prognosis: one third of children died, one third 
had a progressive crippling course, and one third had 
chronically active disease

■ With corticosteroid therapy, majority have favorable 

outcomes with minimal to no sequelae
■ Delayed or inadequate corticosteroid therapy = 

important predictor of poor outcome and chronic 
course

Additional boards factoids

• Drug-induced DM is separated into hydroxyurea-

induced and non-hydroxyurea-induced groups:
■ Hydroxyurea-induced DM: much longer latency 

period (average 60 months) after drug initiation; 
myositis never seen (0%); only 16% have (+) ANA

■ Non–hydroxyurea-induced DM: occurs within 2 
months after drug initiation; 80% have muscle 

weakness/myositis; ANA usually (+) (54%)

• Both groups have pathognomonic skin lesions of DM 
(heliotrope rash, Gottron’s papules), and may have (+) 
ANA

• Both forms resolve within 1 to 2 months of drug 
discontinuation

Sjogren syndrome (SjS)

Epidemiology

• Mean age of onset: 30–50 yo

• Strong female predominance (F : M = 9 : 1)

• One third with extraglandular disease

• May be primary or secondary to other CTDs (RA, SLE, SSc)

Pathogenesis

• Lymphocytic infiltration of exocrine glands (lacrimal 

and salivary glands)

• Frequently a/w anti-Ro/SS-A (60%–70%) and anti-La/

SS-B (20%–40%) antibodies
■ (+) autoantibodies a/w ↓age of onset and ↑risk of 

extraglandular disease

 Anti-PM/Scl (PM-1) = DM/PM + scleroderma 
(“sclerodermatomyositis”)

• Juvenile DM
■ DM in patients <16 yo (average 7 yo); F > M (2–5 : 1)
■ JDM is not a/w ↑risk malignancy!
■ Important autoantibodies in JDM (some antibodies 

may have different associations in kids vs adults):

○ anti-CADM-140 (MDA5) → a/w ILD in kids

○ Anti-p155/140 → a/w extensive skin disease in kids 
but no increase in malignancy

○ Anti-p140 (recognizes nuclear matrix protein 
NXP-2) → a/w calcinosis and contractures in kids

■ Variants:

○ Classic JDM (Brunsting variant):

 Most common (90%)
 Gradual onset of classic skin and muscle disease
 Frequent calcinosis cutis → favors sites of 

trauma (fingers, elbows, knees, and buttocks); 
may ulcerate

 Corticosteroid responsive

○ Vasculopathic/ulcerative JDM (Banker variant):

 Fortunately rare (<10%)
 Rapid onset of severe muscle disease
 Severe vasculitis w/ cutaneous ulcerations, livedo 

reticularis, severe periungal capillary alterations, 
muscle infarction, and GI ulceration, 
pneumatosis, and perforation

 Recalcitrant to corticosteroid therapy, poor 

prognosis

Histopathology

• Subtle vacuolar interface w/ rare scattered necrotic 
keratinocytes, epidermal atrophy, ↑BMZ material, sparse 
PV/PA lymphocytic inflammation, and massive dermal 

mucin deposition

• DIF (non-specific): granular deposition of 
immunoglobulins and C3 at DEJ (50%) and on colloid 
bodies

Laboratory testing

• (+) ANA (40%)

• ↑↑muscle enzymes (CK, aldolase)
■ CK is a more sensitive marker of muscle involvement 

in DM, but there can be a discordant elevation in 
aldolase w/ normal CK levels

• EMG

• Imaging: MRI or contrast induced US

• Muscle biopsy (gold standard)

• Myositis specific autoantibodies (Table 3-11)
■ Abbreviations used in Table 3-11: CADM (clinically 

amyopathic DM); CAM (cancer-associated myopathy); 
MDA5 (melanoma differentiation-associated gene 5); 
NA (not applicable); TIF1-γ (transcriptional 
intermediary factor 1-γ)

Treatment

• Skin-limited disease:
■ First line: photoprotection, topical corticosteroids and 

calcineurin inhibitors +/− antimalarials

○ Caution w/ antimalarials → ↓efficacy and ↑risk of 
cutaneous drug eruptions in DM, relative to lupus
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○ Vasculitis is a/w:
 Systemic involvement (arthritis, peripheral 

neuropathy, Raynaud’s phenomenon, and renal 
involvement)

 Positive serology (anti-Ro/SS-A, ANA, 
and RF)

 ↑ESR
 Lymphoma

 ↑mortality
■ Annular erythema of Sjogren syndrome (AE-SS)

○ Clinically similar to SCLE; mostly in Japanese
■ Raynaud’s phenomenon
■ Purpura with capillaritis on histology
■ Waldenstrom’s hypergammaglobulinemic purpura
■ Erythema nodosum
■ Livedo reticularis

• Systemic
■ Neurologic

○ Neuropathy: distal, symmetric, painful sensory 
or sensorimotor polyneuropathy (most  
common)

○ Other: memory loss, hearing loss, and Devic 
syndrome (aka neuromyelitis optica; variant of MS 
with optic neuritis and transverse myelitis)

■ Arthritis

○ Usually polyarticular, chronic progressive

○ May be asymmetric

○ Ankles and knees most commonly involved
■ Lymphomas (most severe complication)

○ 19-fold ↑risk of non-Hodgkin lymphomas, 
predominately extranodal marginal zone B-cell 
lymphomas (aka MALT = mucosa-associated 
lymphoid tissue), usually involving organs in 
which SjS is most active, such as major salivary 

glands (most common)
■ Glomerulonephritis
■ Pregnancy

○ ↑risk of neonatal LE in mothers with anti-Ro/SSA 
antibodies

Histopathology

• Salivary gland histology
■ Presence of focal lymphocytic sialoadenitis with two 

or more aggregates of 50 or more lymphocytes per 
4 mm of glandular tissue

■ A mixture of T-cells and B-cells with a normal 
CD4:CD8 ratio

Laboratory testing

• Autoantibodies:
■ Anti-fodrin (70%), most sensitive and specific test
■ Anti-Ro/SSA (60%–70%)
■ Anti-La/SSB (20%–40%)

• Other: ↑ESR/CRP, hypergammaglobulinemia, anemia, 
leukopenia, and mixed cryoglobulinema

Treatment

• Treatment primarily symptomatic
■ Xerophthalmia

○ Preservative-free artificial tears during the day

○ Lubricating ointments at night

• Germline abnormality of TNFAIP3 → ↑risk of antigen-
driven B-cell lymphomas

Clinical

• ACR diagnostic criteria
■ In individuals with signs/symptoms suggestive of SjS, 

at least two of three objective features are required for 
diagnosis:

○ Anti-SSA/Ro and/or anti-SSB/La OR positive RF and 
ANA titer ≥1 : 320

○ Positive labial salivary gland biopsy

○ Keratoconjunctivitis sicca w/ ocular staining 
score ≥3

Symptoms and signs

• Mucous membranes
■ Mucosal xerosis occurs later in disease course after 

>50% of glands destroyed, so early disease may 
present with only non-specific symptoms of fatigue, 
arthralgias, and myalgias

■ Xerophthalmia (aka keratoconjunctivitis sicca):

○ Due to involvement of lacrimal gland

○ Symptoms: dry eyes, pain, photophobia, or foreign 
body sensation

○ Complications: keratitis, corneal ulceration, and 
recurrent infections

○ Signs of impaired lacrimal gland function 
(uncommonly performed)
 Schirmer test: Whatman paper wick fold over 

lower eye (tear film migrates <5 mm in 5 min = 
positive test)

 Rose Bengal test: measures quality of ocular 
surface epithelium

■ Xerostomia:

○ Due to involvement of major (parotid and 
submandibular) and minor salivary glands

○ Symptoms: dry mouth, sore/burning mouth/lips, 
dysphagia, and transient bilateral or unilateral 
swelling of parotid and submandibular glands
 If persistent swelling → consider workup for 

lymphoma

○ Complications: perlèche, thrush, dental caries, and 
severe GERD

○ Tests for impaired salivary gland function/flow rate: 
salivary gland scintigraphy, sialometry or parotid 
sialography (uncommonly performed)

■ Vaginal xerosis

○ Symptoms: dyspareunia, dryness, and burning

○ Complication: bacterial and Candida 
overgrowth

• Skin
■ Xerosis/pruritus

○ Most common skin finding
■ Vasculitis (most important skin finding because of 

associated complications)

○ May present as small to large vessel vasculitis (any 
size)
 Classic LCV (+/− cryoglobulins)
 Urticarial vasculitis (either hypo- or 

normocomplementemic)
 PAN-like subcutaneous nodules and ulcers
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■ Non-erosive inflammatory polyarthritis (50%–75%)

○ Episodic, migratory, asymmetric, non-erosive 
oligo- or polyarthritis, typically effecting knees, 
wrists, MCPs, and PIPs

○ Peripheral arthritis has worse prognosis

○ Other joints involved:
 Costochondritis
 Sternoclavicular and sternomanubrial joints

■ Inflammation of ocular structures (65%)

○ Any part of eye affected → conjunctivitis, corneal 
ulcers, scleritis, iritis, or uveitis

■ Chondritis of respiratory tract (laryngeal/tracheal/
bronchial cartilages)

○ Hoarseness, wheezing, coughing, dyspnea, and 
subglottic strictures

○ May → airway collapse/obstruction and ↑risk of 
pneumonia (#1 cause of mortality)

■ Cochlear and/or vestibular damage

○ Neurosensory hearing loss, tinnitus, and vertigo

• Other clinical findings
■ Cardiovascular

○ Valvulopathy: usually mitral or aortic valve 
regurgitation

○ Vasculitis
 Portends worse prognosis (second most 

common cause of death)
 Ranges from cutaneous small vessel vasculitis to 

large vessel vasculitis w/ aneurysmal dilation, 
most commonly involving abdominal and 
thoracic aorta

■ Non-specific skin/mucosal findings (35%)

○ Aphthous ulcers, erythema nodosum

○ Punctae occlusion: plugs placed in the lacrimal 
puncta to ↑accumulation of tear film

○ Cyclosporine (0.05%) eye drops BID for moderate 
to severe dry eyes

■ Xerostomia

○ Artificial saliva (not usually tolerated well)

○ Frequent water ingestion

○ For patients with residual salivary gland function
 Salivary stimulants (e.g., acid-free and sugar-free 

gum containing xylitol and sorbitol)
 Sialagogue therapy: pilocarpine and 

cevimeline

○ Meticulous dental hygiene and fluoride treatments 
to prevent dental caries

○ Avoid alcohol, smoking, and low pH drinks 
(e.g., soda)

• Immunosuppressive meds only used for severe 
extraglandular systemic involvement

• Rituximab may be considered for refractory cases

Prognosis/clinical course

• On average, mortality rate similar to general population, 
but is two to three times higher in patients with 
extraglandular disease

• Adverse prognostic factors a/w ↑mortality: 
hypocomplementemia, cryoglobulinemia, vasculitis, and 
lymphoproliferative diseases

Relapsing polychondritis

Epidemiology

• Age of onset 20–60 yo

• a/w second autoimmune disease in 30%

• M = F

Pathogenesis

• Intermittent episodes of inflammation of articular and 
non-articular cartilage → chondrolysis and structural 
collapse

• Autoantibody titers against type II collagen correlate w/ 
disease activity, but are only present in 30%–50% of 
patients

• a/w HLA-DR4

Clinical

• Diagnostic criteria: three of six criteria required for 
diagnosis
■ Recurrent chondritis of both auricles (90%)

○ Presenting sign in 25%

○ Bright red, swollen, tender cartilaginous portion of 
ears, and sparing earlobes

○ Recurrent episodes leading to floppy 
(“cauliflower”) ears (Fig. 3-44)

○ May lead to conductive hearing loss due to 
collapse and edema of external auditory canal

■ Chondritis of nasal cartilages (70%)

○ Nasal congestion, rhinorrhea, crusting, epistaxis, 
decreased sense of smell

○ May lead to saddle nose deformity 
(more common in females and younger  
patients)

Figure 3-44. Relapsing polychondritis characteristically involves cartilaginous 

portions of the ear but spares the lobe. (From Andrews et al. Andrews’ Diseases 

of the Skin, 11th Ed. Elsevier. 2011)
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• Clinical findings
■ Scleroderma-like findings:

○ Raynaud’s phenomenon (~100%): earliest and 
most common sign; can develop digital infarcts 
and gangrene

○ Esophageal dysmotility (85%)

○ Edema of hands, sausage digits

○ Sclerodactyly

○ Periungal telangiectasias w/ dropout areas

○ Pulmonary HTN (25%) = most serious 
complication of MCTD → accounts for 40% of 
MCTD deaths

○ Pulmonary fibrosis (usually mild)

○ Notably, do NOT see diffuse sclerodermoid 
involvement of face, trunk, and proximal 
extremities

■ DM-like findings:

○ Inflammatory myopathy +/− poikilodermatous 
areas on upper trunk and proximal extremities

○ Do NOT usually see DM-specific signs (Gottron’s 
papules, heliotrope, psoriasiform scalp dermatitis)

■ Lupus-like findings: DLE, SCLE, or ACLE-like skin 
lesions

■ Other findings: arthralgias/arthritis (50%–70%), 
serositis (pleuritis and pericarditis), neurologic 
findings, cytopenias, APLS, and glomerulonephritis

Histopathology

• Varies depending on type of skin lesion biopsied

Laboratory testing

• (+) ANA with speckled nuclear pattern

• High titer anti-U1RNP autoantibodies (serologic 
hallmark)
■ Lacks anti-dsDNA, Smith antibodies, and 

hypocomplementemia → helps differentiate from SLE

• Cytopenias

• Antiphospholipid autoantibodies

Treatment

• First line: prednisone

• Adjuncts: NSAIDs, antimalarials
■ Lupus, RA, and DM-like features are more likely to be 

steroid-responsive compared with scleroderma-like 
features (e.g., sclerodactyly, Raynaud’s, and pulmonary 
HTN)

• MTX is first line for severe arthritis, but should be used 
with caution due to frequent pulmonary fibrosis in 

MCTD patients

Prognosis/clinical course

• Good response to corticosteroid therapy and favorable 
prognosis

• 40% evolve into one of the six diffuse CTDs
■ Presence of anti-dsDNA → a/w evolution into SLE
■ Presence of esophageal hypomotility/dilation or 

sclerodactyly → a/w evolution into systemic sclerosis

• Survival rates
■ 5 year survival: 98%; 10 year survival: 88%
■ Mortality is due to: pulmonary artery HTN (40%) > 

acute cardiovascular events, TTP/HUS > infections

• Associated with:
■ Other autoimmune diseases

○ MAGIC syndrome (Mouth And Genital ulcers with 
Inflamed Cartilage) = Behcet’s disease + relapsing 

polychondritis
■ Hematologic malignancies, most commonly 

myelodysplastic syndrome

Histopathology

• Early: cartilaginous neutrophilic infiltrate

• Later: lymphoplasmacytic infiltrates with replacement of 
cartilage by granulation tissue and fibrosis

Laboratory testing

• Normochromic/normocytic anemia (a/w worse 
prognosis), ↑ESR/CRP, mild leukocytosis, ↑Cr/BUN 
and microscopic hematuria (if vasculitis affects  
kidneys)

Treatment

• First line: prednisone (0.5–1 mg/kg per day, or higher if 
systemic involvement)
■ Adjunct: NSAIDs, colchicine and dapsone for fever, 

auricular chondritis, and arthralgias

• Immunosuppressive agents have variable response (MTX 
most effective)

Prognosis/clinical course

• In the past was a/w high morbidity and mortality

• Currently, w/ treatment, survival rates are >95% at 8 
years

• Chronic course w/ acute flares lasting days to weeks → 
destruction of cartilage and collapse of supported 
structures

• Most common causes of death = infection #1 

(pneumonia) > systemic vasculitis > large artery 
aneurysm dissection or rupture, airway collapse, renal 
failure, and malignancy

• Poor prognostic factors: anemia, saddle-nose deformity, 
arthritis, and vasculitis

Mixed connective tissue disease

Epidemiology

• Strong female predominance (9 : 1)

• Majority present in second to fourth decades

Pathogenesis

• CTD characterized by overlapping features of ≥ 
two of the following: SLE, PM/DM, scleroderma,  
or RA

• Anti-U1RNP (high titers) antibodies thought to play 
pathogenic role

• a/w HLA-DR4

Clinical

• Three classification criteria for MCTD have been 
published, but no current consensus

• Most common constellation: Raynaud’s, esophageal 
dysfunction, swollen fingers/hands (“sausage digits”), 
arthralgias/arthritis, and inflammatory myopathy
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■ Acute phase reactants:

○ Normal CRP and normal ESR (0 points)

○ Abnormal CRP or abnormal ESR (1 point)
■ Duration of symptoms

○ Shorter than 6 weeks (0 points)

○ ≥6 weeks (1 point)

• Skin findings:
■ Rheumatoid nodules (20%–30%)

○ Usually occurs in patients w/ high titer RF

○ Firm, non-tender papules or nodules over bony 

prominences (esp. extensor forearm, dorsal hands 
and elbow), but can occur anywhere including 
visceral organs (Fig. 3-45)

○ Nodules located in dermis, subcutaneous tissue, or 
attached to periarticular capsule or tendons → may 
lead to tendon rupture

○ Rheumatoid nodulosis: disease variant where pts 
p/w multiple ulcerative nodules and high RF, but 

in absence of active joint disease

○ Therapy-induced rheumatoid nodulosis

 Occurs in patients w/ preexisting RA, classically 
following initiation of MTX (termed MTX-
induced accelerated nodulosis = “MAIN”)
 More recently described following initiation 

of TNF-α inhibitors
 p/w acute onset of numerous symmetrically-

grouped rheumatoid nodules; often painful 
(unlike normal rheumatoid nodules)

 Typical locations: fingers, helix of ears, soles of 
feet, penis, chest, and surgical incision sites

■ Rheumatoid vasculitis

○ Late complication arising in pts w/ history of 
severe erosive RA (but joint disease is now burnt-
out), high titer RF and rheumatoid nodules

○ CSVV or PAN-like eruption w/ systemic vasculitis 
(neuropathies, alveolitis, carditits, and cerebral 
infarction)

○ a/w high mortality (up to 40%) → must refer to 

rheumatology for aggressive treatment 
(cyclophosphamide + systemic steroids)

Rheumatoid arthritis

Epidemiology

• 1%–3% US adult population

• Female predominance (F : M = 3 : 1)

• Peak onset between 30–55 yo

• a/w HLA-DR1 and DR4

Pathogenesis

• Self-reactive CD4+ T-cells produce Th1 and Th17 
cytokines → promotes inflammation, stimulates synovial 
macrophages and fibroblasts to produce proinflammatory 
cytokines (e.g., TNF-α, IL-1, and IL-6) and proteases that 
break down cartilage and activate B-cells to differentiate 
into plasma cells → downstream effects:
■ RANKL (expressed by stromal cells, synovial 

fibroblasts, and T-cells) binds RANK on osteoclasts → 
bone erosion

■ RF and anti-CCP antibodies form immune complexes 
inside joints → activates complement cascade

• Majority of cutaneous findings are due to neutrophil-

mediated damage (as a result of complement activation)

• Genetics:
■ PTPN22 gene

○ Encodes a lymphoid-specific protein tyrosine 
phosphatase, in which a gain of function 
polymorphism results in selection of autoreactive 
T-cells and B-cells (confers susceptibility to RA, JIA, 
and other CTDs)

■ HLA-DRB1

○ ↑propensity to develop autoantibodies against 
cyclic citrullinated proteins (CCP)
 CCPs are proteins located within skin and joints!

Clinical

• 2010 ACR/EULAR diagnostic criteria: requires score ≥6 
points (out of 10 total possible points) for definite 
diagnosis
■ Joint involvement: swollen or tender joint, which may 

be confirmed by imaging (“large joints” = shoulders, 
elbows, hips, knees, and ankles; “small joints” = MCP, 
PIP, second to fifth MTP, thumb IP, and wrists joints 
with exclusion of DIP, first MTP, and first 
carpometacarpal joints)

○ One large joint (0 points)

○ 2–10 large joints (1 point)

○ 1–3 small joints (with or without involvement of 
large joints) (2 points)

○ 4–10 small joints (with or without involvement of 
large joints) (3 points)

○ More than 10 joints (at least one small joint) (5 
points)

■ Serology:

○ Negative RF and negative CCP (0 points)

○ Low positive RF (≤ three times upper limit of 
normal) or low positive anti-CCP antibody (≤ three 
times upper limit of normal) (2 points)

○ High positive RF (> three times upper limit of 
normal) or high positive anti-CCP antibody (> 
three times upper limit of normal) (3 points)

Figure 3-45. Rheumatoid nodules. Large rheumatoid nodules are seen in a 

classic location along the extensor surface of the forearm and in the olecranon 

bursa. (From Goldmann L, Schafer AI. Goldman-Cecil Medicine, 25th ed. Else-

vier 2015)
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Treatment

• Arthritis management
■ Goal of therapy: decrease disease activity to control 

symptoms and prevent end-organ damage
■ Glucocorticoids: used for rapid disease control before 

onset of efficacy of DMARDs
■ Disease-modifying anti-rheumatic drugs (DMARDS)

○ Non-biologic DMARDs (first line)
 MTX, sulfasalazine, hydroxychloroquine, and 

leflunomide

○ Biologic DMARDs (second line)
 TNF-α inhibitors, abatecept, tocilizumab (IL-6R 

inhibitor), and rituximab
■ NSAIDs used as adjunct to DMARDs

• Rheumatoid nodules
■ Do not respond to treatment for arthritis → 

consider intralesional corticosteroids (↓size) or 
excision (but recurrences common)

Prognosis/clinical course

• Majority have chronic progressive disease activity that 
waxes and wanes over time

• A few patients may exhibit an aggressive form of rapidly 
progressive and erosive arthritis

• Mortality rate two times higher than general population 
→ most common causes of death = ischemic heart 
disease (most common) and infection

• Poor prognostic factors: extraarticular disease, low 
functional capacity, low socioeconomic status, low 
education, and chronic prednisone use

Additional boards factoids

• Felty syndrome: seropositive RA characterized by 
neutropenia, splenomegaly, and refractory leg ulcers 
(may resemble PG)
■ a/w ↑risk of lymphomas/leukemias
■ Rx: G-CSF and/or splenectomy

■ Bywater’s lesions

○ Purpuric papules usually on digital pulp; 
demonstrates LCV histologically

○ Not a/w systemic vasculitis of other organs (vs 
rheumatoid vasculitis)

■ Superficial ulcerating necrobiosis (aka rheumatoid 
necrobiosis)

○ Atrophic, shiny, telangiectatic, yellow plaques 
w/ red-brown edges resembling NLD w/  
ulceration

○ Typically numerous lesions on bilateral lower 

extremities

○ Occurs in patients with severe RA w/ high titer RF 
and rheumatoid nodules

■ Neutrophilic dermatoses

○ Erythema elevatum diutinum

○ Sweet’s syndrome

○ Pyoderma gangrenosum

○ Rheumatoid neutrophilic dermatitis/dermatosis

 Persistent urticarial red papules/plaques 
symmetrically distributed on extensor forearms 
and hands

 Histology: neutrophilic urticaria (or occasionally 
Sweet’s-like)

○ MTX-induced papular eruption
 Erythematous urticarial papules and plaques on 

buttocks and proximal extremities
 Arise during treatment of disease flares 

w/ MTX

○ PNGD

 Symmetrically distributed eroded, umbilicated 
papules overlying joints (elbows, knees, and 
knuckles)

 May represent earliest phases of rheumatoid 
nodules

○ IGDA

 Annular red-violaceous plaques on trunk and 
intertriginous areas, sometimes with “rope sign” 
(red-flesh colored cords extending down flanks 
or back)

Histopathology

• Rheumatoid nodules
■ Early lesions (resembles PNGD and IGDA): 

interstitial granulomatous or neutrophilic infiltrate 
+/− LCV

■ Later (well-developed lesions): large palisading 

granulomas surrounding degenerated eosinophilic 
connective tissue (“necrobiosis”) and fibrin in deep 
dermis or subcutaneous tissue, often w/ neutrophilic 
debris

• Rheumatoid vasculitis: histologic features correlate w/ 
clinical morphology → may see palpable purpura or 
PAN-like changes
■ DIF: strong IgM and C3 in small and medium sized 

vessels (vs weaker and limited to medium sized 
vessels in classic PAN)

Laboratory findings

• (+) RF (sensitivity 80%, specificity 85%)

• Anti-CCP (sensitivity 70%, specificity 95%)

Figure 3-46. Rheumatoid nodule – histologic features. A large irregular area of 

necrobiosis surrounded by a palisade of histiocytes. Courtesy, Lorenzo Cerroni, 

MD. (From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 

2012)
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Histopathology

• Two types of cutaneous lesions, each w/ distinctive 
features:
■ Evanescent transient exanthem: edema of superficial 

dermis, superficial, perivascular, and interstitial 
neutrophilic infiltrate (denser and more neutrophil-
predominant than urticaria) in absence of vasculitis

■ Persistent papules/plaques: same as above + 
parakeratosis, superficially-scattered necrotic 

keratinocytes

Laboratory testing

• Leukocytosis, anemia, and thrombocytosis

• ↑ESR/CRP

• ↑↑↑Ferritin (extremely high)

• RF-negative (>95%)

• ANA-negative (>95%)

Treatment

• Mild articular or extra-articular disease: NSAIDs 
+/− Hydroxychloroquine

• Moderate or severe disease: Systemic steroids +/− 
steroid-sparing immunosuppressants (MTX, TNF-α 
inhibitors)

• IL-1 receptor (e.g., anakinra, rilonacept, canakinumab) 
and IL-6 receptor (e.g., tocilizumab) antagonists have 
demonstrated promising results for Still’s; may consider 
hematopoietic stem cell transplantation for refractory 
disease

Prognosis/clinical course

• Arthritis resolves completely in 50%
■ Other 50% have a chronic course w/ persistent 

arthritis and systemic complications

Systemic-onset juvenile idiopathic 

arthritis (Still’s disease)

Epidemiology

• Still’s disease is just one of many forms of JIA (20% of 
all JIA), but is more relevant to Dermatologists because 
other forms of JIA rarely have skin findings
■ Other forms of JIA (will not be discussed further):

○ RF(−) Polyarthritis (5%): Favors small joints (hands 
and feet); usually non-erosive; RF(−) and ANA(−)

○ RF(+) Polyarthritis (15%): Favors small joints 
(hands and feet); usually erosive; shares same 
features as adult RA → Rheumatoid nodules, 
RF(+) in 100%, usually ANA(+)

○ Oligo/pauciarticular arthritis (60%): Most common 
form of JIA; favors knees; divided into two types → 
Type I (most common subtype; onset = 1-8yo; 
uveitis in 50%; ANA(+), RF-negative); Type II 
(onset = 9–16 yo; strongly a/w HLA-B27; RF(−), 
ANA-negative)

○ Other rare forms: Enthesitis-related arthritis 
(a/w HLA-B27), PsA (ANA-negative, a/w anterior 
uveitis)

• JIA is the most common rheumatologic disease in 

childhood

• M = F (in contrast, all other forms of JIA have female 
predominance)

• By definition, onset ≤ 16 yo (mean age = 6 yo)

Pathogenesis

• Best classified as an autoinflammatory syndrome 
(disorder of innate immune system), rather than 
autoimmune disease (disorder of adaptive immune 
system)
■ Activation of innate immune system → ↑IL-1 

production by the inflammasome → downstream effects

○ Recent (2014) study demonstrated up to 3-fold 
increased risk of JIA in kids exposed to multiple 
courses of antibiotics

Clinical

• Diagnostic criteria:
■ High episodic fevers (>38.9°C) daily for ≥ 2 weeks 

and documented to be quotidian for ≥ 3 days

○ Classically arises in late afternoon to early 
evening

■ Plus one of the following features:

○ Transient evanescent, salmon pink, blanching 

eruption (90%): typically arises in late afternoon/
evening (corresponds w/ fever spikes); p/w 
generalized distribution (favors axilla and waist); 
Koebnerization w/ linear lesions (Fig. 3-47)
 Less common skin findings: persistent papules 

and plaques, periorbital edema, rheumatoid 
nodule-like lesions

○ Generalized lymphadenopathy

○ Hepatomegaly/splenomegaly

○ Serositis (pericarditis, pleuritis, and peritonitis)

○ Symmetric polyarthritis > oligoarthritis; erosive 
in 20%

Figure 3-47. Evanescent eruption of Still’s disease. (From Andrews et al. 

Andrews’ Diseases of the Skin, 11th Ed. Elsevier. 2011)
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Treatment

• Majority require systemic steroids (Prednisone 
40–60mg/day)
■ May add steroid-sparing agent (MTX = first choice)

• Inhibitors of IL-1 receptor (anakinra), and IL-6 receptor 
(tocilizumab) may be beneficial

Prognosis/clinical course

• Usually benign, non-fatal course, w/ low mortality 
(3%–10%)

• Deaths due to infections, ARDS, and multiple organ 
failure from MAS and thrombotic microangiopathy

Morphea (localized scleroderma)

Epidemiology

• Two thirds of cases present in childhood

• F > M (2.6 : 1)
■ Exception: linear morphea has no gender predilection

• Frequencies of various morphea types:
■ Plaque (>50%): most common subtype in adults
■ Linear (20%): most common subtype in children
■ Generalized (13%)
■ Morphea profunda (11%)

Pathogenesis

• Genetic predisposition + environmental trigger → 
vascular injury (e.g., decreased capillary density, 
endothelial injury) → inflammation → profibrotic Th2 
cytokines (IL-4, IL-6, and TGF-β) → fibroblast 
proliferation and collagen deposition

• Environmental triggers: trauma, radiation, medications 
(e.g., bleomycin, bromocriptine, and D-penicillamine), 
and Borrelia spp. (Europe and Japan mainly; a/w Borrelia 

afzelii and B.garinii)

Clinical features

• Clinical subtypes
■ Plaque morphea (most common form overall, and in 

adults)

○ Begin as erythematous to violaceous patches on 
trunk and proximal extremities → evolve into 
indurated hyperpigmented or ivory plaques; 
plaques often hairless and anhidrotic, w/ 
prominent follicular orifices

○ May have surrounding lilac-violaceous 

inflammatory rim (indicates persistent activity) 
(Fig. 3-48)

○ Often develops in areas of pressure
■ Guttate morphea

○ Multiple, small chalk white, flat or slightly 
depressed macules; only minimally indurated

○ Appears similar to guttate LS&A but lacks follicular 
plugging and epidermal atrophy

○ Typical locations: upper half of trunk
■ Linear morphea

○ Important because a/w significant morbidity (esp. 
in kids)

○ Morphology similar to plaque morphea, but with 
linear distribution, often following Blaschko’s lines

■ Extensive arthritis or symptoms lasting > 6 months → 
a/w poorer prognosis

• 5% develop macrophage activation syndrome 
(life-threatening)
■ Highly activated immunologic state → 

hemophagocytosis and cytokine overproduction
■ Characterized by pancytopenia, coagulopathy, hepatic 

dysfunction, and neurologic complications
■ Requires treatment w/ high dose systemic 

corticosteroids/other immunosuppressants

Adult onset Still’s disease

Epidemiology

• Vast majority < 30 yo

• Slight female predominance

Pathogenesis

• Possibly a reactive condition triggered by an infectious 
agents

• a /w numerous HLA groups, suggesting genetic 
element

Clinical

• Prodrome of flu-like illness w/ sore throat, 
constitutional symptoms, high fever, arthralgias, and 
myalgias

• Fever usually >39°C w/ spiking pattern (late afternoon 
to early evening)

• Skin manifestations
■ Salmon patch exanthema (asymptomatic and 

transient)

○ Occurs concomitantly with fever spikes

○ Typical location: trunk and sites of pressure with 
Koebnerization

■ Violaceous to reddish-brown, scaly, persistent papules 

and plaques (50%)

• Systemic manifestations
■ Arthralgias/arthritis (65%–100%)

○ Typically involves knees, wrists, and ankles 
symmetrically

○ Carpal ankylosis (characteristic feature): limited 
range of motion with minimal pain

■ Hepatosplenomegaly

• Complications
■ Macrophage activation syndrome (15%) → 

life-threatening!

Histopathology

• Same as SoJIA (classic Still’s disease)

Laboratory findings

• Negative ANA and RF

• Anemia, leukocytosis and thrombocytosis common

• ↑ESR/CRP

• ↑↑↑ferritin
■ Levels correlate w/ disease activity
■ a/w chronic pattern of disease, recurrent flares, and 

poor prognosis

• Laboratory abnormalities a/w macrophage activation 
syndrome (MAS)
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■ Generalized morphea

○ Widespread indurated plaques that expand to 
involve entire trunk and extremities → muscle 

atrophy and difficulty breathing (due to 
constrictive effect of taut skin on chest)

○ Most likely form to have extracutaneous 
symptoms (fatigue, malaise, and myalgias/
arthralgias)

○ Spontaneous resolution uncommon

○ Usually (+)ANA

○ Variant:
 Pansclerotic morphea:

 Children <14 yo
 Type of generalized morphea involving deep 

structures → disability and contractures of 
extremities

■ Bullous morphea

○ Rare, usually only seen in context of generalized 
morphea

○ Etiology: diffuse sclerosis of skin → impaired 
lymphatic flow → formation of lymphoceles/bullae

■ Deep morphea (morphea profunda)

○ Morphea primarily involving subcutaneous tissue 
(fascia, muscle, and bone) w/ deep induration; 
overlying skin can appear normal, puckered 
(“pseudo-cellulite”), or hyperpigmented

○ Poor response to corticosteroids (vs eosinophilic 
fasciitis)

○ Can develop osteoma cutis in lesions

○ Complications: deformity, ulcers, SCC formation, 
joint restriction, and contractures

■ Nodular morphea (keloidal morphea)

○ Hyperpigmented sclerotic nodules that mimic 
keloids; can be a/w classic plaque morphea

■ Morphea-lichen sclerosis overlap

○ Patients w/ combination of morphea and LS&A 
lesions

Histopathology

• Early
■ Lymphocytic infiltrate w/ plasma cells at dermal-SQ 

junction
■ Loss of CD34+ dendritic cells (vs ↑in NSF and 

scleromyxedema)

• Later
■ Decreased inflammation
■ “Square-biopsy” sign
■ Pale, edematous, and homogenized papillary 

dermis
■ Loss of pilosebaceous units/periadnexal fat
■ “Trapped eccrine glands” = eccrine glands/ducts 

compressed by surrounding sclerotic collagen

Laboratory testing

• All forms of morphea lack anti-Scl70 (Topo I) and 

anti-centromere antibodies! (in contrast to SSc)

• All forms have (+) anti-topoisomerase II antibodies 
(75% overall, 85%–90% in generalized morphea)

• Plaque morphea:
■ Usually (−)ANA
■ Lacks anti-ssDNA and anti-histone antibodies

○ Variant:
 Linear atrophoderma of Moulin: linear form of 

atrophoderma that is chronic but non-
progressive with benign course; less induration 
and pigmentary changes compared with other 
types of morphea

Figure 3-50. Marked atrophy of subcutaneous structures, including bone. 

(Courtesy of Sommer A et al. J Amer Acad Dermatol. 2006;54(2):227–233)

Figure 3-51. Hemiatrophy of the tongue. (Courtesy of Sommer A, et al. J Amer 

Acad Dermatol 2006;54(2):227–233)
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Prognosis/clinical course

• Superficial plaque morphea often self-limited; softens 
over 3–5 years

• Generalized morphea has worse prognosis

• Important to treat childhood linear morphea aggressively 
→ prevents limb shortening and joint contractures

Additional boards factoids

• Melorheostosis = roughening long bone surfaces 
underlying area of linear morphea (also Buschke-
Ollendorff syndrome) that resembles wax dripping down 
the side of a candle on X-ray

Scleroderma (aka systemic sclerosis)

Epidemiology

• F > M (3 : 1)

• Typical age of onset: 30–50 yo

Pathogenesis

• Key pathogenic features include vascular dysfunction, 
cellular and humoral immune dysregulation, and excess 

• Linear and generalized morphea:
■ More likely to be (+)ANA than other forms
■ Often (+) anti-ssDNA and (+) anti-histone antibodies 

→ correlates w/ disease severity/activity

• ESR/CRP may be↑, especially in linear or deep 
morphea

Treatment

• See treatment algorithm (Fig. 3-52)

• Treatment can halt disease progression

• Topical therapies used for superficial circumscribed 
lesions
■ Topical or intralesional corticosteroids can be used, 

but may cause atrophy
■ TCIs, vitamin D analogues, and imiquimod all have 

reported efficacy

• UVA1 phototherapy considered for more extensive 
disease, but can only penetrate the dermis so no benefit 
for deeper lesions

• ToC for moderate to severe morphea is MTX, often in 
combination with systemic corticosteroids for the first 2 
to 3 months

Figure 3-52. Therapeutic algorithm for morphea based on existing evidence. Superficial involvement is defined by histologic evidence of papillary dermal involvement. 

Deep involvement is defined as sclerosis or inflammation of reticular dermis, subcutis, fascia, or muscle. Histologic examination and/or magnetic resonance imaging 

are encouraged to evaluate lesions for depth of involvement and, likewise, determine appropriate treatment and evaluation of therapeutic efficacy. BB (Broadband); 

MTX (methotrexate); NB (narrowband); PCMT (pulsed intravenous corticosteroids plus methotrexate); PT (physical therapy); OT (occupational therapy); UV (ultraviolet). 

*There is very little evidence for any therapy addressing disease damage in morphea. There is minimal evidence for efficacy of these measures. Risk of disease 

reactivation is also unknown, but surgical measures should only be undertaken in long-standing, inactive disease. Topical therapies should not be used as mono-

therapy in the presence of active and progressively functional impairment (e.g., decreased range of motion, contracture, and limb length discrepancy). Systemic 

manifestations most commonly reported to occur in morphea include arthritis, seizures/headaches (en coupe de sabre), and ocular manifestations. All patients with 

morphea should be assessed for their presence and appropriate referrals made. (Courtesy of Zwischenberger BA et al. J Am Acad Dermatol 2011;65:925–941)
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○ Fingertip pitting scars (3 points)
 Thought to be due to ischemia

■ Telangiectasia (2 points)

○ Matted telangiectasias of face/lips/palms (more 
common in limited SSc/CREST):
 Telangiectasias have smoot/“mat-like” squared-

off edges
 In contrast, hereditary hemorrhagic 

telangiectasia (HHT, Osler Weber Rendu)  
has irregular telangiectasias w/ radiating  
vessels

■ Abnormal nail fold capillaries (2 points)

○ Dilated capillary loops alternating w/ capillary 

drop out
■ Pulmonary arterial hypertension (PAH) and/or 

interstitial lung disease (ILD) (maximum score 
is 2)

○ PAH (2 points)

○ ILD (2 points)
■ Raynaud’s phenomenon (3 points)

○ Leading cause of secondary Raynaud’s 
phenomenon

○ Initial presenting sign in 50% of SSc
■ Any SSc-related autoantibodies: anti-centromere, 

anti-topoisomerase I (Scl-70), or anti-RNA polymerase 
III) (3 points)

• SSc subtypes:
■ Limited systemic sclerosis (SSc)

○ Definition: limited involvement of distal 

extremities (distal to MCP/MTP joints) 
and face

○ Lacks severe renal/pulmonary involvement → 
improved overall mortality
 Commonly see isolated pulmonary artery 

hypertension

○ Variants:
 CREST syndrome

 Calcinosis cutis (40%)
 Raynaud’s phenomenon (99%)
 Esophageal dysmotility (90%)
 Sclerodactyly
 Telangiectasias (mat telangiectasias; 90%)

 Systemic sclerosis sine scleroderma:
 Raynaud’s phenomenon and positive 

serology, but no cutaneous involvement
■ Diffuse systemic sclerosis (“progressive systemic 

fibrosis,” PSS)

○ a/w more severe visceral disease and worse 
prognosis

○ Sclerosis involving distal and proximal extremities 
as well as the face and trunk

• Other cutaneous findings
■ Beaked nose, microstomia, and loss of wrinkles
■ Calcinosis cutis, usually over joints, may ulcerate
■ Xerotic itchy skin
■ Dyspigmentation: two types

○ Diffuse hyperpigmentation in sun-exposed or 
pressure related areas

○ Hypopigmentation of upper trunk/face with 
perifollicular sparing (“salt and pepper” sign) 
(Fig. 3-54)

collagen/ECM protein deposition in skin and internal 
organs

• Vascular dysfunction, primarily of microcirculation, is 
the earliest feature and consists of endothelial injury 
with vascular leakage, abnormal vasospasms, intimal 
proliferation, luminal obstruction, capillary destruction 
and devascularization

• Autoantibody production (e.g., anti-centromere and 
anti-Scl70), auto-antigen driven T-cell activation with a 
Th2-predominant profile and ↑production of profibrotic 

cytokines/growth factors (IL-2, IL-13, TGF-β, PDGF, and 
endothelin-1) → accumulation of myofibroblasts in 
affected tissues → excess collagen production 
(predominately types I and III) and other ECM proteins

Clinical features

• Diagnostic criteria: score ≥9 classified as definite SSc 
(sensitivity 91%; specificity 92%)
■ Skin thickening of fingers of both hands extending 

proximal to MCP joints (9 points, sufficient criterion)

○ Early (edematous) phase (Fig. 3-53): pitting edema 
of digits
 Initial presenting sign in 50%

○ Indurated phase: edematous fingers harden and 
become tight and shiny

○ Late (atrophic) phase: skin atrophy with flexion 
contractures

■ Skin thickening of fingers (only count higher score)

○ Puffy fingers with diffuse, non-pitting increase in 
soft tissue (2 points)

○ Sclerodactyly of the fingers (distal to the four MCP 
joints, but proximal to the PIP joints) (4 points)

■ Fingertip lesions with loss of substance from finger 
pad (only count higher score)

○ Digital tip ulcers (2 points)
 Thought to be due to trauma

Figure 3-53. Early edematous phase of systemic sclerosis. Note the demon-

stration of pitting edema on two of the digits. Courtesy, Jean L. Bolognia, MD. 

(From Bolognia JL, Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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• Anti–topoisomerase I (anti-Scl-70)
■ a/w diffuse SSc > limited SSc
■ ↑risk of ILD, digital ulcers, synovitis, joint 

contractures, and cardiac involvement

• Others: Table 3-11

Treatment

• Most important goal = control internal organ 

involvement!
■ Renal disease: ACE inhibitors prevent SRC
■ Pulmonary disease:

○ ILD: cyclophosphamide, rituximab, MMF, HSCT, 
and adjuvant N-acetylcysteine

○ PAH: endothelin receptor antagonists, 
phosphodiesterase type 5 inhibitors, and 
prostanoids

■ GI involvement: PPIs for GERD symptoms and 
promotility agents

■ Cardiac involvement: anti-hypertensives, MMF, and 
cyclophosphamide

• Specific skin-directed treatments (often ineffective):
■ Raynaud’s phenomenon: tobacco cessation, cold 

temperature avoidance, and vasodilators (CCBs, 
phosphodiesterase type 5 inhibitors, topical 
nitroglycerin, prostanoids, and endothelin receptor 
antagonists)

■ Digital ulcers: first line = same measures as per 
Raynaud’s; other options include IV iloprost 
(prostacyclin analogue; proven efficacy in RCT) and 
Bosentan (endothelin receptor antagonist; efficacy in 
RCT preventing new ulcers)

■ Cutaneous sclerosis: phototherapy (PUVA, UVA1), 
extracorpeal photophoresis, glucocorticoids, 
immunosuppresives (MMF and rituximab), and 
autologous HSCT (has shown efficacy in RCT)

■ Calcinosis cutis: surgical excision (can recur), CCBs 
(questionable efficacy), and extracorporeal shock-wave 
lithotripsy

Prognosis/clinical course

• Mortality (10 year survival):
■ Diffuse SSc (PSS): 50%
■ Limited SSc: 70%

• Due to the use of ACE-inhibitors for SRC, ILD is now 

the #1 cause of death
■ Screen for lung disease w/ high-resolution CT 

and PFTs

• Indicators of poor survival
■ Older age, male, African Americans, poor 

socioeconomic status
■ ↑ ESR and anemia
■ Major organ involvement: myositis, extensive 

cutaneous disease, heart involvement, ILD,  
and PAH

■ Presence of palpable tendon friction rubs

Additional boards factoids

• Raynaud’s and hand edema are the two earliest and most 
common presenting features of SSc

• CXCL4 is a new biomarker for skin and lung fibrosis 
and PAH

■ Pterygium inversum unguis: extension of 
hyponychium on undersurface of nail plate

• Extracutaneous findings ranging from asymptomatic to 
severe
■ Pulmonary (70%)

○ Most common cause of mortality

○ ILD (more common in diffuse SSc/PSS)

○ Pulmonary hypertension (more common in limited 
SSc/CREST)

■ Cardiovascular

○ ↑risk of atherosclerosis, MI, and stroke

○ Myocardial fibrosis → restrictive cardiomyopathy 
and arrhythmias

■ GI (90%)

○ Most common site of visceral disease

○ a/w morbidity but no ↑risk of mortality

○ Lower esophageal dysphagia/dysmotility (90%) → 
aspiration and esophagitis

○ Gastroparesis

○ Gastric antral vascular ectasia (GAVE, aka 
watermelon stomach) (1%–20%)

○ Small and large bowel dysmotility

○ Weak rectal tone → stool incontinence
■ Renal

○ Scleroderma renal crisis (SRC)
 p/w rapid rise in creatinine
 Affects 20% of diffuse SSc patients (PSS)
 Almost never seen in limited SSc
 ACE-I will decrease risk

■ MSK

○ Arthralgias/arthritis

○ Palpable tendon friction rubs

Histopathology

• Same as morphea

Laboratory testing

• (+)ANA (>90%)

• Anti-centromere
■ a/w limited SSc > diffuse SSc
■ ↑risk of PAH and digital ulcers

Figure 3-54. The “salt and pepper” sign. Leukoderma with retention of perifol-

licular pigmentation in a patient with systemic sclerosis. (From Bolognia JL, 

Jorizzo JL, Rapini RP. Dermatology, 3rd Ed. Elsevier. 2012)
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