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Toxic epidermal necrolysis is a life-threatening, typically drug-induced mucocutaneous disease. It is
clinically characterized as a widespread sloughing of the skin and mucosa, including both external and
internal surfaces. Histologically, the denuded areas show full thickness epidermal necrosis. The pathogenic
mechanism involves antigenic moiety/metabolite, peptide-induced T cell activation, leading to keratinocyte
apoptosis through soluble Fas ligand, perforin/granzyme B, tumor necrosis factor—alfa, and nitric oxide.
Recent studies have implicated granulysin in toxic epidermal necrolysis apoptosis and have suggested that
it may be the pivotal mediator of keratinocyte death. (J Am Acad Dermatol 2013;69:173.e1-13.)

Key words: apoptosis; drug eruption; erythema multiforme; granulysin; Stevens—Johnson syndrome; toxic

epidermal necrolysis.

TOXIC EPIDERMAL

NECROLYSIS

¢ Toxic epidermal necrol-
ysis is most commonly
caused by drugs and be-
gins with a prodrome of
fever, anorexia, pharyn-
gitis and morbilliform

CAPSULE SUMMARY

« Toxic epidermal necrolysis is
characterized by widespread sloughing
of the skin and the mucosal surface of
the oral cavity, gut, kidneys, eye,
genitalia, and/or lungs.

and revealed an association
with a high frequency of
antiretroviral drug use. H

TEN occurs in all age
groups, with 1 case de-
scribed in a fetus, and is
more frequently found in
women and the elderly.”'*"*

rash « The mechanism of cell death is apoptosis

¢ Toxic epidermal necrol-
ysis is a systemic dis-
ease involving the
ophthalmic, pulmonary,
genitourinary, and gas-
trointestinal systems, in
addition to the skin

Toxic epidermal necroly-
sis (TEN) is an acute life-
threatening mucocutaneous
disorder that has an esti-
mated incidence of 0.4 to
1.9 per million people annu-

ally worldwide.'™ The over-  « Certain human leukocyte antigen
allotypes are associated with toxic
epidermal necrolysis and engender an
increased risk of toxic epidermal
necrolysis caused by drugs including
allopurinol and aromatic anticonvulsant

all combined incidence of
Stevens—Johnson syndrome
(SJS), SJS/TEN overlap, and
TEN is estimated to be 2 to 7
per million cases per year."®
SJS has an annual incidence
of 1.2 to 6 per million peo-
ple,” approximately outnum-
bering TEN threefold. Studies have shown a
thousand-fold increase in the incidence of SJS and
TEN among those with an HIV infection, which is
estimated at 1 in 1000.' A multicenter study from sub-
Saharan Africa, where there isa high prevalence of HIV,
confirmed the association between SJS/TEN and HIV

agents.

via drug-induced CD8" cell exocytosis of
granzyme B/perforin and granulysin and ¢ Toxic epidermal necroly-
through the activation of the Fas—Fas
ligand pathway and tumor necrosis
factor—alfa/death receptor pathway.

+ The pathogenesis of toxic epidermal
necrolysis is initiated either by
noncovalent, direct interaction of a drug
antigenic moiety with a specific major
histocompatibility complex | allotype or
by covalent binding of a drug metabolite
to a cellular peptide to form an
immunogenic molecule.

HISTORY

sis is most commonly
caused by drugs and be-
gins with a prodrome. It
is also known as Lyell
syndrome, which was
first delineated by Alan
Lyell in 1956

In 1939, Debre et al' first
described a case that ap-
peared to be TEN. The name
TEN was proposed by Lyell'®
in 1956 after he recognized “a
toxic eruption, which closely
resembles scalding” in 4 pa-
tients, 1 of whom was later
reclassified as having staphy-
lococcal scalded skin syn-
drome."” SJS  was first
reported in 2 pediatric pa-
tients as a “new eruptive fe-
ver associated with stomatitis and ophthalmia” in
1922 by 2 American physicians, Albert Mason Stevens
and Frank Chambliss Johnson.'® Erythema multi-
forme (EM) was first described by von Hebra in
1862 as mild, self-limited eruption caused by a herpes
simplex virus (HSV) infection.”'”
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Abbreviations used:

ALDEN: algorithm for drug causality for
epidermal necrolysis

APC: antigen presenting cell

BSA: body surface area

CD40L:  CD40 ligand

EM: erythema multiforme

FasL: Fas ligand

HLA: human leukocyte antigen

MHC: major histocompatibility complex

NF-«kB: nuclear factor kappaB

NK: natural killer

NO: nitric oxide

PBMC: peripheral blood mononuclear cell

sFasL: serum Fas ligand

SJS: Stevens—Johnson syndrome

TEN: toxic epidermal necrolysis

CLASSIFICATION

¢ While Stevens—Johnson syndrome and toxic
epidermal necrolysis may well be variants of
the same spectrum of disease, differing by
the severity of body surface area affected,
some experts believe that they are etiologi-
cally and pathologically distinct diseases

¢ Stevens—Johnson syndrome may be defined
by the involvement of =2 mucous mem-
branes or by the relatively smaller percent-
age of body surface area affected when
compared to toxic epidermal necrolysis

The categorization of EM, SJS, and TEN remains a
topic of ongoing controversy because of the incom-
plete elucidation of pathogenic mechanisms. There
are differing opinions on the classification of EM
major and SJS as well as SJS and TEN. Based on similar
histologic findings, SJS has been synonymously as-
sociated with EM major since 1983**—both feature
the involvement of =2 mucous membranes in addi-
tion to skin lesions. Bastuji-Garin et al*! in 1993 and
Roujeau et al** in 1994 proposed differentiation of the
two based on clinical and etiologic information®: EM
major is characterized by acrally distributed typical
targets related to mycoplasma infection. SJS consists
of widespread blisters caused by a drug reaction,
arising on erythematous or purpuric macules pre-
dominantly located on face and trunk. In contrast,
TEN and SJS, initially described as separate entities,
gradually have been unified as aspects of a spectrum
within the same entity based on similar clinical and
histopathologic features with variable severity in
epidermal detachment.*!

EM minor, EM major, SJS, and TEN share many
features and were once considered to be in the same
spectrum of reactive skin disorders.”* EM is now
regarded to be a separate condition with clinical,
epidemiologic, and etiologic characteristics distinct
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from those of SJS and TEN.? Bastuji-Garin et al*'
proposed SJS, SJS/TEN overlap, and TEN as classifi-
cations based on severity of epidermal detachment.
This classification system divides the spectrum of
these reactive skin disorders into 5 categories: (1) EM
major—detachment of <10% of BSA plus localized
target lesions; (2) SJS—detachment of <10% of BSA
plus widespread erythematous or purpuric macules
or flat atypical target lesions; (3) overlapping SJS/
TEN—detachment between 10% and 30% of BSA
plus widespread erythematous or purpuric macules
or atypical target-like annular patches; (4) TEN with
spots—detachment of >30% of BSA plus widespread
erythematous or purpuric macules or atypical target
lesions; and (5) TEN without spots—detachment in
large epidermal sheets >10% BSA without purpuric
macules or target lesions.”! We believe that SJS, SJS/
TEN overlap, and TEN are variants of the same entity,
but this classification scheme is imperfect because it
does not take into account the differences in etiol-
ogies of these diseases.

CLINICAL FEATURES

¢ Drug reactions are responsible for 80% to
95% of cases of toxic epidermal necrolysis,
which involves epidermal sloughing of
>30% of the body surface area

¢ Toxic epidermal necrolysis may be morbilli-
form, defined as a fine, discrete maculopap-
ular exanthem, or consist of atypical
targetoid macules

e Nearly all patients with toxic epidermal ne-
crolysis have flaccid bullae, skin erosions, and
painful inflammation and ulceration in the
oral cavity over the span of 1 day to 2 weeks

Clinically, EM should be differentiated from
SJS/TEN. EM is a self-limited condition associated
with mild or no systemic involvement. It is charac-
terized by the pathognomonic “target” lesions with 3
concentric zones: a central dusky/dark red area, a
paler pink/edematous zone, and a peripheral red
ring. “Atypical papular lesions” have round, edem-
atous, palpable lesions with only 2 zones and/or
poorly defined borders.***® EM is symmetrically
distributed on the distal extremities with minimal
epidermal detachment, often to 1% or 2% of BSA
(<10% of BSA).?”** Various mucosal site involve-
ment is observed in EM, SJS, and TEN (25-60% for
EM, with minimal mucosal involvement for EM
minor; 92-100% of patients for SJS; and nearly all
patients for TEN),?#-3!

TEN displays denudation of the epidermis in
sheets during the acute phase (Figs 1-3). SJS is
characterized by confluent purpuric macules or
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Fig 1. Toxic epidermal necrosis. Patient with denudation Fig 4. Toxic epidermal necrosis. Extensive blisters and
of the epidermis in sheets resembling wet cigar paper. erosions involving >30% of the body surface area.
Note the widespread involvement of the trunk.

Fig 5. Toxic epidermal necrosis. Extensive blisters and
erosions.

Fig 2. Toxic epidermal necrosis. Patient with denudation
of the epidermis in sheets resembling wet cigar paper.
Note the widespread involvement of the right upper
extremity.

Fig 3. Toxic epidermal necrosis. Patient with denudation
of the epidermis in sheets resembling wet cigar paper.
Note the widespread involvement of the bilateral lower
extremities.

Fig 6. Toxic epidermal necrosis. Intense bullae formation
that is positive for the Nikolsky and Asboe—Hansen signs.

atypical flat targetoid lesions, with blisters and ero- purpuric macules or atypical flat target lesions. They
sions covering <10% of BSA, 10% to 30% of BSA for most often begin with a prodrome of fever, malaise,
SJS/TEN overlap, and >30% of BSA for TEN by anorexia, pharyngitis, headache, and rash, which may
definition®’ (Figs 4 and 5). As previously mentioned, be morbilliform, defined as a fine, discrete maculo-
there are a few exceptions in which “TEN without papular exanthem, or consist of atypical targetoid
spots” exhibit >10% epidermal detachment on a large macules.'®*** Flaccid bullae, skin erosions, and

patch of erythema without preceding confluent painful inflammation and ulceration in the oral cavity
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Fig 7. Toxic epidermal necrosis. Severe oral mucositis that
may result in dysphagia and dysphasia.

comprise the major signs, which develop over a
period of 1 day to 2 weeks™ (Fig 6). The skin is often
tender to the touch, with lateral pressure producing
shedding of the epidermis from the dermis, known as
the Nikolsky sign,")’(”37 which is also seen in patients
with autoimmune bullous skin disease.” Painful
inflammation and ulceration of the mucosal surfaces
occurs in 87% to 100% of cases of TEN, with oral
involvement in 71% to 100% (Fig 7), ocular involve-
ment in 50% to 78%, genital involvement in 40% to
63%, and lesions at all 3 sites occurring in 34% to 50%
of patients.'"'?%3%3? Reepithelialization in TEN be-
gins within several days, with slower healing occur-
ring at mucosal sites and in areas of pressure,
maceration, or infection.'%3%3®

SYSTEMIC MANIFESTATIONS

¢ Toxic epidermal necrolysis is associated with
erosion, necrosis, and severe dysfunction of
the ocular, pulmonary, cardiovascular, gas-
trointestinal, and renal systems, as well as
aberrations in the hematopoietic system

TEN has been described as acute skin failure,*
but multiple organ systems are also involved, with
erosion and necrosis occurring in the conjunctivae,
trachea, bronchi, gut, and kidney.?’s'm’45 We there-
fore view TEN as an extensive sloughing of both the
internal and external mucocutaneous membranes.
Acute renal failure with increased microalbuminuria
and renal tubular enzymes in the urine, which is
suggestive of glomerular structure alteration and
proximal tubular damage, has been identified.*"*°
However, no direct correlation has been found
between the extent of TEN and microalbuminuria
or enzymuria. The nephrotoxic properties of the
cytokines implicated in the pathogenesis of TEN
have been linked to the destruction of the tubular
cells, glomerular filtration barrier, and mesangial
cells.*! In the absence of histologic data, other
etiologies of renal dysfunction cannot be excluded,
such as stress, hypovolemia, and low cardiac output.

Schwartz, McDonough, and Lee 173.e5

Pulmonary involvement causing adult respiratory
distress syndrome, bronchiolitis obliterans, and sub-
cutaneous emphysema has been documented.***” A
prospective clinical study of pulmonary complica-
tions in patients with TEN found that 25% of them
developed early pulmonary dysfunction, as evi-
denced by hypoxemia (mean PO, of 59 = 8 mm
Hg), dyspnea, and bronchial mucosal sloughing on
fiberoptic bronchoscopy. Although pulmonary dys-
function is often not detectable on a chest radiograph
at the time of admission, subsequent series have
revealed interstitial infiltrates.*® Anemia, leukopenia,
and hepatitis are commonly seen. Severe abdominal
pain, diarrhea, transiently elevated liver enzymes,
hypoalbuminemia, hyponatremia, encephalopathy,
and myocarditis may also be present,'#3>3%47:49

ETIOLOGY

e The majority of cases of toxic epidermal
necrosis are the result of a hypersensitivity
reaction to a drug

e Other causative agents include Mycoplasma
pneumonia, dengue virus, cytomegalovirus,
and contrast medium

Although TEN has occurred after measles-
mumps-rubella  vaccination,””>" infection with
Mycoplasma prneumonia’>>>® and dengue virus,”*
reactivation of cytomegalovirus,”” and after the ad-
ministration of contrast agents,56’57 the overwhelm-
ing number of cases are related to drug
hypersensitivity. In the European Severe Cutaneous
Adverse Reaction (EuroSCAR) study surveillance of
medications, a number of them were classified as
being high risk: nevirapine, lamotrigine, carbamaz-
epine, phenytoin, phenobarbital, cotrimoxazole and
other antiinfective sulfonamides, sulfasalazine, allo-
purinol, and oxicam nonsteroidal antiinflammatory
agents (Table 1).”® Roujeau et al*® previously impli-
cated many of these drugs in TEN and also noted an
increased risk with aminopenicillins, cephalospo-
rins, and quinolones. TEN usually occurs between 7
days and 8 weeks after drug ingestion, with a mean
time of onset ranging from 6 days to 2
weeks.”'#?%37°? Upon readministration of the im-
plicated drug, TEN may develop within hours.

Sassolas et al®® developed an algorithm of drug
causality for epidermal necrolysis (ALDEN) and
reassessed the risk—benefit profiles of all cases
enrolled in the EuroSCAR study (Table II). ALDEN
assigned each drug a score from —1 to 10 based on 6
parameters: (1) the time delay from initial drug
intake to onset of reaction; (2) the probability of
drug presence in the body on the index day; (3) a
previous history of adverse reaction to the same
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Table 1. Drugs at risk for causing toxic epidermal
necrolysis*
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Table III. Algorithm for drug causality for
epidermal necrolysis*

Nevirapine

Lamotrigine

Carbamazepine

Phenytoin

Phenobarbital

Cotrimoxazole and other antiinfective sulfonamides
Sulfasalazine

Allopurinol

Oxicam nonsteroidal antiinflammatory drugs
Aminopenicillins

Cephalosporins

Quinolones

*Data from Roujeau et al*® and Mockenhaupt et al.*®

Table II. Drugs that are commonly associated with
a risk of Stevens—Johnson syndrome/toxic
epidermal necrolysis based on the algorithm for
drug causality for epidermal necrolysis*

Allopurinol Minocycline
Carbamazepine’ Nevirapine
Fluoroquinolones Nonsteroidal
antiinflammatory
drugs
Phenobarbital

Phenytoin

Sulfasalazine

Trimethoprim-
sulfamethoxazole

t

Lamotrigine

*Data from Dobrosavlijevic et al,*® Mockenhaupt et al,*® Guillaume
et al,>® and Sassolas et al.®°

THuman leukocyte antigen-B*1502 pharmacogenetic screening
recommended for patients of Han Chinese/Southeast Asian
ancestry.

drug; (4) the presence of the drug beyond the
progression phase of the disease; (5) the drug
notoriety based on previous results of the SCAR
study; and (6) the presence or absence of other
etiologic causes. The score is categorized as very
probable (= 6), probable (4-5), possible (2-3), un-
likely (0-1), and very unlikely (<0; Table IID.

There was an overall accordance between the
results of ALDEN and the case control analysis of the
EuroSCAR study.’®° ALDEN may be a practical,
objective tool that allows immediate causality as-
sessment of drugs in SJS and TEN without the need
for expensive case control analysis in the future.
ALDEN has practical implications not only for the
clinicians, but also for pharmaceutical companies,
regulatory agencies, and research institutes.

IMMUNOPATHOGENESIS

¢ Toxic epidermal necrolysis is a T cell-medi-
ated disease with CD8" cells acting as the
major mediator of keratinocyte death

Category and description Score

Period between the drug intake and onset of
reaction (index day)
5-28 days
29-56 days
1-4 days
>56 days —
Drug started on index day —
With previous history of adverse reaction,
1-4 days
With previous history of adverse reaction, 1
5-56 days
Presence of drug in the body on index day
Stopped on the index day or within 5 times the 0
elimination half-life before the index day
Stopped at a time point before the index day -1
by >5 times the elimination half-life’
Stopped at a time point before the index day -3
by >5 times the elimination half-life
Previous history of adverse reaction
SJS/TEN from same drug 4
SJS/TEN from similar drug 2
1
0

w w = =NWw

Other reaction from similar drug
No history of exposure to the drug

Previous use without any reaction -2
Continued drug use beyond index day

Stopped or unknown 0

Continued -2

Drug notoriety derived from previous results of the
SCAR study*
“High risk” 3
“Lower risk” 2
“Under surveillance” 1
All other drugs, including newly released drugs 0
“No evidence of association” —1
Other possible etiologic alternatives
Infectious agent -1
If the patient is taking multiple drugs and at -1
least 1 drug has a score >3, subtract 1 point
from each of the other drugs

SCAR, Severe cutaneous adverse reaction; SJS, Stevens—Johnson
syndrome; TEN, toxic epidermal necrolysis.

*Data from Dobrosavlijevic et al.>

Tpresence of liver or kidney dysfunction classification: very
probable (=6), probable (4-5), possible (2-3), unlikely (0-1), and
very unlikely (<0).

*Data from Hung et al*® and Yamane et a

|.47

¢ Two theories have emerged to explain the
activation of CD8" cells: the pharmacologic
interaction of drugs with the immune system
and the pro-hapten theory

¢ Particular human leukocyte antigen allo-
types are involved in the pathogenesis of
toxic epidermal necrolysis and increase the
risk of experiencing this drug reaction
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TEN is a T cell-mediated disease with a prepon-
derance of CD8" lymphocytes found in blister
fluid®** and in perivascular superficial dermis with
evidence of epidermal exocytosis.(’l"65 CD8™ cyto-
toxic T cells, along with natural killer (NK) cells, are
theorized to be the major inducers of keratinocyte
apoptosis.®’®® Despite the central role of CD8™ cells,
CD4™" cells and cells of the innate immune system
(CD37CD56" NK cells, dendritic cells, mast cells,
CD14"CD16" monocytes, granulocytes, and NK/T
cells) also play a role in TEN.®® However, the mere
presence of a cell type in lesional skin does not by
itself imply causality. The complex interplay be-
tween many of these cells makes it difficult to
distinguish the primary culprit. Caproni et al®® stud-
ied the cellular infiltrate in skin samples from patients
with TEN and found a strong representation of CD40
ligand (CD40L) staining cells in the dermis with some
of the CD40L cells infiltrating the epidermis. CD40L is
a molecule expressed on the surface of activated
CD4" cells and is an important costimulator of
macrophages, dendritic cells, B cells, and epithelial
cells, leading to the release of tumor necrosis
factor—alfa (TNF-a), nitric oxide (NO), interleukin
8 (IL-8), and cell adhesion molecules. Caproni et al®’
also found soluble CD40L (sCD40L) elevated in the
sera of patients with TEN, raising the possibility that
sCD40L could be used as a marker of TEN/SJS. The
CD4™" cells in the dermis and epidermis of patients
with TEN were documented to have no Thl or Th2
polarization, with equal concentrations of Thl-re-
lated cytokines and Th2-related cytokines found in
the skin samples. Th1 helper T cells secrete IL-2 and
interferon-gamma (INFy) and are responsible for the
activation of macrophages and cytotoxic T cells. Th2
helper T cells secrete 1L-4, 1L-5, 1L-10, and IL-13 and
are responsible for eosinophil activation and B cell
class switching to immunoglobulin E antibodies.*®
Although little is known about the Th2 response in
TEN, it could be an attempt to downregulate the Th1
response and limit the damage caused by cytolytic T
cells.*”

Macrophages, neutrophils, and NK cells have
been implicated in TEN, with some studies reporting
macrophages as the most abundant cell type found
in cutaneous szurnples.“’70 Tohyama et al”' noted the
presence of numerous CD14"CD16" monocyte lin-
eage cells infiltrating the epidermis and the dermoe-
pidermal junction of SJS/TEN skin lesions, which
may enhance the proliferation and cytotoxicity of
CDS8™ T cells via the CD137/CD137L system. The
monocyte/macrophages may contribute to the apo-
ptotic process via production of TNF-«, TNF-related
apoptosis-inducing ligand, and TNF-related weak
apoptosis inducer.”* Neutrophils and factor XIIla™
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dendritic cells have also been found in these skin
samples,®>’"7% but their role in TEN has not been
clarified. NK cells have been found in the blister fluid
along with highly toxic cytolytic T cells that express
the NK receptor CD56. These 2 cell types are under-
stood to be the main inducers of keratinocyte apo-
ptosis.(’z’65 The importance of CD8" T lymphocytes
in TEN pathogenesis has been reinforced recently
with the advent of a novel, human-oriented TEN
mouse model. This new mouse model unlocks vast
potential in diagnostic and therapeutic research.”®

The mechanism of T cell activation in TEN re-
mains under investigation. There are 2 predominant
theories: the pharmacologic interaction of drugs with
the immune system (p-i concept) and the pro-hapten
concept. In the pro-hapten concept, drugs are
digested into metabolites that bind covalently to
cellular peptides, creating an immunogenic mole-
cule capable of stimulating the breadth of the
immune system. The p-i concept asserts that a drug
can stimulate the immune system by noncovalently
binding directly to the major histocompatibility com-
plex (MHO) T and the T-cell receptor (TCR), much
like the drug would bind to its pharmacologic target.
In this model, the drug’s affinity for the MHC I
molecule and TCR would induce only a T cell
response, which would account for the lack of B
cell proliferation seen in TEN.”” Sulfamethoxazole
(SMX) and abacavir have been studied in an effort to
determine which theory is responsible for T cell
activation; however, no clear answer has emerged.
Castrejon et al’® took lymphocytes from patients with
known hypersensitivity reactions to SMX, including
1 patient who experienced SJS, and found that SMX-
induced clonal expansion of T cells could occur
independent of antigen presenting cells (APCs),
confirming studies showing that SMX can directly
bind to the MHC I molecule and TCR to activate T
cells.”””® This study also found that SMX metabolites
were unable to induce T cell proliferation when the
APCs were incubated with glutathione and glutaral-
dehyde, known inhibitors of antigen presentation,
supporting the idea that SMX can stimulate T cells by
acting as a pro—hapten.76

Recent work on abacavir-induced hypersensitiv-
ity reactions revealed that CD8" cell proliferation
was prevented by inhibition of antigen processing
by APCs and by the use of APCs with deficiencies in
the MHC antigen presentation pathway, favoring
the role of the pro-hapten concept in abacavir-
induced T cell activation.”” Additional research on
drug-induced T cell activation is necessary to de-
termine whether the p-i concept, the pro-hapten
concept, or both are responsible for T cell activation
in TEN.
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Many studies have revealed the genetic relation-
ship between MHC I allotype and drug hypersensi-
tivity reactions. In Han Chinese patients with TEN/
SJS, a strong association exists between aromatic
antiepileptic agents, including carbamazepine,
phenytoin, oxcarbazapine, and lamotrigine, and
the MHC I allotype human leukocyte antigen
(HLA)-B*15028%%2 a5 well as between allopurinol
and HLA-B*5801.%° The association between HLA-
B*1502 and carbamazepine-induced TEN/SJS also
exists in Thai,®"® Malaysian,% and South Indian®
populations, but not in Japanese, Korean,**° or
European”’ populations, while the association be-
tween allopurinol and HLA-B*5801 is also found in
patients of European descent.”” In addition, a corre-
lation was also shown between HLA-B*5701 and
abacavir-induced hypersensitivity reactions” 2% and
between carbamazepine-induced hypersensitivity
reactions and HLA-A*3101 in Europeans.95

The strong association between TEN and certain
MHC allotypes has led to the speculation that these
allotypes are not simply genetic markers, but are
involved in the pathogenesis of TEN.”® This idea was
explored by investigating the role of HLA-B*5701 in
the pathogenesis of abacavir drug hypersensitivity
reaction. In this study, peripheral blood mononu-
clear cells (PBMCs) from abacavir-naive patients
with the HLA-B*5701 allotype were found to activate
CD8" but not CD4" cells when incubated with
abacavir. In contrast, none of the PBMCs from
abacavir-naive patients without the HLA-B*5701 al-
lotype elicited T cell activation. In addition, alteration
of a single serine residue at position 116 in the F
pocket of the HLA-B*5701 allotype prevented the
abacavir-induced CD8™ cell activation. These results
show the CD8™ cell—specific activation by abacavir,
the importance of the MHC T allotype in the patho-
genesis of drug hypersensitivity reactions, and the
specificity between abacavir and a particular HLA
allotype. It is unclear whether the antigen that binds
to the F pocket of HLA-B*5701 is abacavir itself, a
metabolite of abacavir, or a hapten—peptide
adduct.”

ETIOLOGY OF APOPTOSIS

* Apoptosis is the cause of keratinocyte death,
with CD8" cell exocytosis of granzyme B/
perforin and granulysin implicated as the
primary mediators of apoptosis

¢ Soluble Fas ligand, nitric oxide (NO), and
tumor necrosis factor—alfa also contribute to
keratinocyte apoptosis

While a complete understanding of the patho-
physiology of TEN remains elusive, recent studies
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have expanded our knowledge of the mechanisms
underlying epidermal death. Apoptosis was found to
be the cause of cell death in TEN,”” with granulysin
most recently implicated as the pivotal trigger of the
apoptosis. Other pathogenic factors include Fas
ligand (FasL), TNF-a, perforin/granzyme B, and NO.

A strong case has been evinced for granulysin as
the predominant cause of keratinocyte apoptosis in
TEN.”® Granulysin is a molecule found in the cyto-
toxic granules, along with granzyme B and perforin,
of CD8™, NK, and NK/T cells and is important as a
tumoricidal and bactericidal agent. Upon activation
of the cytolytic or NK cell, granulysin is exocytosed
and appears to “scissor through” the membranes of
target cells, causing ionic instability, which leads to
mitochondrial damage and cell apoptosis.”” In a
study on granulysin and TEN, Chung et al”® com-
pared the gene expression of blister fluid cells with
PBMCs and found a 10- to 20-fold increase in blister
cell expression of granulysin, an eightfold increase in
granzyme B, a threefold increase in perforin, and a
twofold increase in serum FasL (sFasL). Measurement
of granulysin levels in the blister fluid followed
the same pattern, revealing a 2- to 4-orders of
magnitude increase in granulysin compared with
perforin, granzyme B, and sFasL, with granulysin
levels correlating with the disease severity.
Immunohistochemistry of skin biopsy specimens
found intense granulysin staining of the edges of
the necrotic epidermis in patients with TEN, with
only weak granulysin staining in patients with a drug-
induced maculopapular eruption. When the cytotox-
icity of the purified recombinant forms of the above
proteins was assessed using the concentrations
found in the blister fluid, only granulysin elicited
significant apoptosis of keratinocytes, and was able
to do so at concentrations much lower than sFasL,
perforin, or granzyme B found in the blister fluid.'
In the final portion of this study, Chung et al®®
intradermally injected purified recombinant granu-
lysin and granzyme B into separate rats and found
that skin necrosis and blistering, reminiscent of TEN,
occurred only in the rats injected with granulysin.
Granulysin was also found to exhibit cytotoxicity in a
dose-dependent fashion. Abe et al'’! then showed
that serum levels of granulysin were increased in 4 of
5 patients with TEN/SJS before skin detachment or
the development of mucosal lesions, and that gran-
ulysin levels were increased in only 1 of 24 patients
with ordinary drug-induced skin reactions. Together,
these studies strongly argue for granulysin as an
important inducer of apoptosis in TEN and as a
promising marker for early diagnosis.”®'"!

FasL is a transmembrane protein from the TNF
family that is expressed on the surface of cytotoxic
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T cells, NK cells, immune privileged cells of the testes
and eye, and keratinocytes. When cytotoxic T cells
are activated, FasL is expressed on their surface and
binds to its receptor on target cells, which activates
intracellular caspases, leading to the controlled de-
struction of the target cell. In addition, FasL can be
cleaved from its cell membrane by metalloprotei-
nases, producing a soluble from of FasL, which
retains the capacity to bind to the Fas receptor and
trigger apoptosis.'’*'%> Multiple studies have estab-
lished the importance of the Fas—FasL pathway in
the pathogenesis of TEN, %107

Granzyme B and perforin have been shown to
play a role in TEN keratinocyte and endothelial
apoptosis. Cytolytic T cells, when activated by a
target cell, exocytose perforin and granzyme B
molecules, which create channels in the target cell
membrane and activate caspases, respectively,
causing cell apoptosis.'® In a study of patients
with TEN, mononuclear cells from the blister fluid
were shown to induce apoptosis in the presence of
anti-Fas antibodies, but not in the presence of
inhibitors of perforin/granzyme B, implicating per-
forin/granzyme B as the cause of the apoptosis.®%?
The level of these molecules was also found to be
correlated with severity of the drug reaction,
suggesting that perforin/granzyme B testing could
be used to differentiate TEN from more mild drug
eruptions.'”” Recent studies on biopsy specimens
from patients with drug-induced eruptions, includ-
ing TEN, reported endothelial apoptosis, with im-
munohistochemical staining revealing granzyme B
and TNF-a around the dermal vessels. Although
FasL was not found in the biopsy specimens, sFasL
could not be excluded as a cause of the endothelial
apoptosis, because the biopsy specimens were
drawn 2 to 4 days after the drug eruption, when
sFasL levels have been shown to precipitously
decline. "'

Other cytokines and molecules, such as TNF-«
and NO, have been implicated in the apoptosis of
TEN. TNF-a has been shown to activate the “death
receptor” TNF-R1, causing caspase activation and
cell death, and TNF-a is elevated in the blister
fluid,'” skin,''* and sera” of patients with TEN.
Although increased TNF-a is found in TEN, its role
remains unclear. In addition to causing apoptosis,
TNF-a is also known to activate the antiapoptotic
nuclear factor-kappaB (NF-kB) pathway,'"? leading
to speculation that it functions mainly in a protective
role in TEN.'"%'" This idea may explain the in-
creased mortality found in TEN patients treated with
the anti—TNF-a agent thalidomide. Although the
increased mortality may have been caused by a
paradoxical increase in TNF-a, the specter that
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TNF-a mainly acts in an antiapoptotic capacity in
TEN could not be excluded."'* NO has been impli-
cated in apoptosis, and is believed to stimulate the
activity of caspases through the action of p53.'"
Prebullous skin samples of patients with TEN/SJS
have shown increased levels of inducible NO syn-
thase (iNOS).''® IFN-a and TNF-a secreted by acti-
vated T cells have been shown to induce iNOS
expression, NO-dependent FasL upregulation, and
ultimately apoptosis in keratinocytes; this implicates
IFN-a, TNF-«, and iNOS as the potential molecular
bridge between the drug-specific immune response
on one side and the expression of proapoptotic
molecules on the other.""” The combination of TNF-
a, NO, and the ensuing elevation of reactive oxygen
species may also contribute to resultant oxidative
stress and the disruption of the intracellular machin-
ery and membrane, which leads to apoptosis.' '

In summary, TEN is initiated either by noncova-
lent, direct interaction of a drug with a specific MHC1
allotype or by covalent binding of a drug metabolite
to a cellular peptide, forming an immunogenic
molecule. CD8" cells, activated by keratinocytes
and APCs expressing specific MHC I and antigen,
release INF-vy, causing the activation of macrophages
and keratinocytes and perforin/granzyme B and
granulysin. The activated macrophages and kerati-
nocytes upregulate MHC I and release TNF-a and
chemoattractants, while granulysin and perforin/
granzyme B diffuse through the epidermis, acting
as the major inducers of apoptosis. Activated CD8™
cells and keratinocytes also upregulate FasL, which,
along with TNF-e, induces additional apoptosis.
Neutrophils, drawn to the skin by chemoattractants,
and NO, released from activated keratinocytes,
would seem to play a minor role in apoptosis. The
presence of Th2 cytokines most likely indicates an
attempt to dampen the inflammatory response and
to curtail the activation and proliferation of cytotoxic
T cells.

CONCLUSION

TEN is a life-threatening, usually drug-induced
mucocutaneous reaction that is characterized by
flaccid bullae and cutaneous and mucosal epithe-
lial denudation. Drug-induced CD8™ cell activation
is highly specific for particular HLA allotypes,
placing certain populations at a greater risk for
developing TEN. While sFasL, TNF-«, and gran-
zyme B/perforin are important in the pathogenesis
of TEN, granulysin appears to be the main medi-
ator of the apoptosis. The importance of this
molecule in TEN should continue to be elucidated
with the hope of spurring new treatment options to



173.e10 Schwartz, McDonough, and Lee

lower the morbidity and mortality associated with
this deadly condition.
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