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An exfoliat ing substance elaborated by cer tai n phage Group 2 staphylococci causes tox ic 
e pidermal necrolys is. Both in man a nd in t he newborn m ouse, in traep iderm al cleavage is t he 
predominant histologic featu re following exposure to t his tox in. Electron microscopic study 
of sequentia l biopsy spec imens obtained from neonata l mice a nd from organ cul ture of hu
man skin revea led intercellula r cleavage and ce ll separation . The extra cellular nature of t he 
exfoliative process was confirmed in severa l ways: (1) perfused t racers did not penetrate ce ll s 
during cell separation; (2) cultured cells ex posed to high doses of exfoliating fractions demon
strated no s igns of injury ; and (3) cleaved surfaces examined by scanning electron microscopy 
and surface replication d emonstrated in tact plasma membranes. When fract ions capable of 
inducing exfoliation were applied to cultured keratinocytes or fibroblasts, sperm, or 
lymphocyte suspensions, and to huma n or mouse skin in vivo, t hey did not a lter t he 
distribution or intensity of concanava lin A binding, ruthenium red sta ining, pemphigus 
antibody binding, or HL-A surface a ntige ns. Therefore, while t he pathogenesis of staphylo
cocca l toxic epidermal necrolys is involves inte rcellul ar cleavage, t he molecul ar cell surface 
target remains unknown. 

The etiology of staphylococcal tox ic epidermal 
necrolysis (TEN) or t he scalded-skin syndrome [2 ] 
is noW firm ly linked to a product of certain phage 
Group 2 organisms [3- 6]. The exfoli ative fraction 
(EF) h as been isolated from culture supernatan ts 
[3-6], extensively characterized [3- 5 ], and the 
disease reproduced in mice [2- 6] and human 
volunteers [6,7]. However, knowledge a bout path
ogenes is is still scanty. Affected skin demonstrates 
intra epidermal cleavage histologica lly [8] . Ultra
structural studies in t he new born mouse a nd in 
rnan indicate that predominantly extracellula r 
sites are attacked [6,9 ], but the precise subcellula r 
a nd molecular s ites are unknown. 

The purposes of the present study a re to: (1) 
describe the sequential pathogenesis of t he sy n
drome in man and the neonatal mouse on an 

) ultrastructura l level; (2) determine whet her ex
foliatio n is purely a n extracellular event, a nd not 
preceded or accompan ied by cytolys is; (3) describe 
the interaction of EF with morphologically and 
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immunologically demonstrable surface substances 
in hopes of d etermining the molecular target on t he 
cell surface. 

MATERIALS AND METHODS 

Anim.als and Experimell tal Mat erial 

One- to three-day-old suckl ing Swiss or wild -type 
albino mice were used in all animal studies . Surgical 
specimens of normal, viable adult human skin , as well as 
neonatal mouse skin , were used for organ cul ture experi 
ments (see below) . 

Organisms, Toxin Isolation, and Assay for Staphy lococ
cal Exotoxins 

Standard inoc ula (1 x 10' organisms) of two strains of 
phage Group 2 staphylococci, known to elaborate consid
erabJe amounts of EF and negligible alpha toxin, and 
control, nonphage Group 2 staphylococci were used in all 
these experiments (Tab. I) [10 ]. The cul ture system , cell 
count method, newborn mouse assay for EF, and assays 
for other staphylococca l tox ins have been described in 
detail elsewhere [6- 10]. Toxic epiderm al necrolysis 
(TEN) occurred between '/2 and 4 hr, depending on 
dilution and batch potency, after injection ofEF-contain
ing fra ctions. TEN was considered present when neonatal 
mice manifested either spontaneou skin wrinkling or a 
positive Nikolsky sign (skin wrinkling produced by rub
bing normal-appearing skin ). 

EF-containing fractions were isolated and partially 
purified from supernatants of cu ltured phage Group 2 
orga nisms as previously described [6, 10]. The potency of 
individual EF -containing batc hes was determined by 
subcutaneous injection of sequential di lutions into neo
natal mi ce. For the t issue cul ture and immunologic 
experiments detailed below, material from the same 
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TABLE I. TEN act ivity of staphy lococci and sterile 
ceU-f ree filtrat es 

Effect ive Time Steril e Strain Phage type dose (live (hr)" fil trates organisms) 

1 3A/3C/55/7 1 (G r. II )" 10'-10' 9-10 + 
2 3C/55/71 (G r. II) 10' - 10' 12 + 
3 29/80/42E/54 (G r. I) No Act ivity - -

10'- 10' 0 

n Time when TEN was first detectable by posit ive 
Nikolsky sign . 

" Obtained from Cross Infection Reference Laboratory, 
London, England. 

batc h adj usted to a concentration of 10 mg protein / ml 
norm al saline (NS), was used . In general, this was about 
100 t imes the minimum concentration necessary to 
induce skin wrinkling or a positive N ikolsky sign . 

Tissue Culture 

Pieces of hu man or neonata l mouse skin for organ 
cu lture were scraped free of excessive subcutaneous fa t 
a nd floated , dermis s ide down, on cul ture med ium . EF 
activ ity in orga n cul ture was assayed as previously 
described [6 J. In these experiments exposure to EF (5 
mg/m l) always prod uced cleavage by 2 hr. Media in a ll 
cases was Eagle's Minim al Essential Media (MEM) 
conta ining 20 mM H epes (N-2-hydroxyethylpiperazine
N-ethanesulfonic ac id ) buffer, 20 % calf serum , and 
genta mycin (50 Itgm/m l). Cul t ures were incubated at 
37°C in a ir . 

Primary and secondary cultures of guinea-pig karatino
cytes a nd primary cul tures of neonata l mouse keratino
cytes were prepared using stand ard techniques [11]. 
Prim a ry and monolayer subcul tures ex posed to . EF or 
cont rol fractions for t imes up to 4 days were periodica lly 
exami ned for ev idence of toxicity on a phase microscope 
equipped with a heated stage and microcinematography 
a pparatus. Toxicity manifested itself as vacuoli zation 
and rounding up of cells, followed finall y by detac hment 
of cells from the substratum . 

Suspensions of gu inea- pig and mouse sperm, obtained 
from adul t an im als under ether anesthesia, and fibro 
blast li nes from dermis an d lung of mice a nd guinea-pigs, 
were also used in the cytotox icity and cytochemi cal 
experiments descr ibed below. 

Tra cer Injections 

Injections of staphylococci, rather than EF, were used 
in t racer experiments, because the latent period prior to 
onset of TEN is constant regardless of differences in 
strain or inoculum size (Tab . 1) . Horserad ish peroxid ase 
(HRP, S igma, 50 mg/ml normal saline), thorium dioxide 
(Thorotrast), or norm al saline alone was injected in to 
neonata l mice inocu lated previously with cocc i 6, 3, and 1 
hr , and 30 min prior to onset ofTEN . Other mice received 
tracers s imul taneous with , and 30, 60, and 180 min after 
TEN was detectable. Biopsies were performed 20 to 30 
min afte r t racer inject ion, and processed for electron 
mi croscopy (see below). 

Surfa ce-Coat Stains 

Ruthenium red. The following t issues were exposed to 
EF and control fractions, and then treated with Luft's 
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ruthenium red [1 2 J prior to furth er processing for elect ron 
mi croscopy (see Electron Microscopy below): 

a. Skin from neonata l mice biopsied at severa l in ter
vals during t he course ofTEN. 

b . Organ cultures of neonata l or hum a n skin incubated 
with EF for 2 hr. 

c. Primary a nd subcul tures of guinea -pig a nd mouse 
kera t inocytes, as well as several fibroblast lines incu 
bated with EF (5 mg/ml ) for 2 hr . 

d. Gu inea- pig and mouse sperm suspensions incubated 
with EF (5 mg/m l) for 2 hr. Para llel contro ls in a ll 
experiments were incubated with equa l volu mes of nor
mal sa line or with con trol nonphage Group 2 supernata n t 
fractions. At te rmination, the persistent potency of 
EF-conta ining culture supernatants was ascerta ined b y 
injection of a liquots in to neonatal mice. 

Monolayer cultures were gently pelleted at 1,000 g for 
10 min , t hen resuspended in ruthenium red -containin g 
fi xa ti ve. 

Concana va lin A plus horseradish peroxidase (HRP). 
S kin biopsies from neonata l mice undergo ing TEN or 
NS- injected cont rols, as well as mouse and guinea-p ig 
keratinocyte monolayer cultures treated with EF or NS 
a lone were incubated with concanavalin A (Con-A, Miles 
Lab., 50 Itmg/ml) fo llowed by HRP (50 Itgm/ ml) accord
ing to the method of Huet and H erzberg [13 ]. Additional 
controls were incubated with Con-A or HRP a lone. Pellets 
were prepared as above a nd processed for elec tron m i
croscopy (see below). 

Surface Replication and Scanning Electron Microscopy · 

In order to assess fin e structura l surface a lterations 
neonata l mice undergoing TEN were sacrifi ced a nd 
immed iately immersed in cacodylate-b uffered glutara l_ 
dehyde. While in the fixative, cleaved epidermal sheets 
were removed and sampl es of both denuded surfaces a nd 
sheets were fix ed , dehydrated, and critica l-point dried 
from CO, in a n Aminco Instrum ent Co. apparatus [14). 
Specimens were then either shadowed with gold- pal_ 
ladium and exa mined in a Ca mbridge Stereoscan scan -· 
ning electron m icroscope (SEM) or replicated with ca r
bon- platinum in a Balzers Freeze-Etch apparatus and 
examined by trans mission electron mi croscopy. 

Electron Microscopy 

Skin sa mples and pellets were fixed in half-strength 
Karnovsky's fixative [15 J, washed with several rinses of 
0.1 M cacodylate buffer, postfixed in unbuffered osmium 
tetroxide, dehydrated , and embedded in Epon. Peroxi _ 
dase- perfused tissues a nd pellets were fix ed a nd rinsed as 
above, sectioned at 40 to 50 It with a tissue chopper 
incubated with d ia minobenzidine according to th ~ 
method of Graha m and Ka rnovsky [16], postfixed in 
osmium tetroxide conta ining potassiu m ferrocyanid e 
[17), and processed as above. Ruthenium red -fix ed t is
sues were processed in fi xatives a nd buffers as described 
by Luft (12 ), then dehyd rated a nd embedded as other 
specimens. Sections were mounted on na ked copper grids 
and exa mined in a Zeiss EM 9S elect ron microscope. 

Immunologic T echniques 

Direct and indirect immunofluorescence (IF) were 
performed as previously described [18 ] using a 1:30 
dilution of fluorescein -labeled anti huma n IgG as conju
gate (undi lu ted spec ificat ions: a ntibody 2.5 mg/ml; pro
te in 12.4 mg/ml ; antibody protein Molar rat io 0.20, 
antibody prote in-fluorescein Molar rat io 0.063; protein
bound FITC 95.5 I'gm/m l). 
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EF and pemphigus vulgaris. Evidence for interaction 
of EF with pemphigus vulgaris binding sites was sought 
in the fo llowing ways (Tab. II): 

a . Frozen 4'1i sect ions of rhesus monkey esophagus 
were incubated with EF (5 mg/ ml NS) or NS a lone for 60 
min at 37°C. Sections were then washed in 0.85% 
phosphate.buffered saline, pH 7.4 , with agita tion, and 
used as s ubstrates for indirect IF with 2·fold dilutions of 
serum from a patient with pemphigus (antibody titer 
1:80). 

b. Three subcuta neous inject ions of 0.1 ml of undiluted 
pemphigus serum (titer 1:80) were administered every 8 
I1r over a 24·hr period to each of 6 neonatal mice, while 6 
matched animals received t he same dose of normal 
l1uman serum . Animals were t hen chall enged with se· 
quential dilutions of EF: 2 anim a ls in each group received 
undiluted EF (10 mg/ml) , 1:10 dilution and 1:100 dilu · 
tion, respectively. All animals were evaluated for TEN at 
2 hr. 

c. Frozen 4-1i sections of full-thickness ski n from 
neonatal mice undergoi ng TEN, or injected with NS, 
were incubated with pemphigus serum for indirect IF as 
above. 

d. Indirect IF with titered pemphigus serum was a lso 
performed on frozen 4-1i sect ions of a skin biopsy from a 
3_year-old female inpatient in H.C . Moffitt Hospital , San 
Francisco, Californ ia (C.C ., #6060152-1) undergoing 
staph y lococcal TEN. 

e. Specimens of normal ad ul t breas t sk in , obtained at 
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surgery, were incubated with EF for 2 hr in organ culture, 
at which time cleavage was occurring, t hen treated for 
indirect IF. 

f. A sk in les ion from a patient with active pemphigus 
vulgaris was biopsied, divided into two portions, a nd 
incubated with either EF (5 mg/ ml) or NS for 2 hr as 
above, and frozen 4-1i sections were exam ined by direct IF 
for the presence of pemphigus a ntibody . 

HL-A typing and ly mphocytotoxicity studies. To 
determine whether EF ca used Iymphocytotoxic ity, lym
phocytes of HL-A types I , 2, 3, 5, 7, 9, 11, 12, 13, WI0, 
W15, and W19 were incubated with EF undiluted and at 
dilutions 1 :2, 1 :4, 1:8, 1: 16, and 1 :32. Lymphocytotoxicity 
was determined by a fluorochromatic microcytotoxicity 
method 119, 20 l. 

To determine whether prior incubation of lymphocytes 
with EF removed cell -surface HL-A a ntigens, lympho
cytes of specificity HL-A, 1, 3, and 12 (M.V.D.) were 
typed after incubation with both EF 0:2 dilution} a nd NS. 

RESULTS 

Ultrastructural Features of Early Cleavage 

The fine structural features accompa nyi ng 
cleavage were identical in animals injected with 
either staphylococc i or EF, and in either human or 
mouse skin exposed to EF in organ cu lture. Imme
diately prior to t he onset of a demonstrable Ni -

TABLE II. Summary of immunofluorescent studies 
Specimens exposed to EF, NS, or PS either in vivo or in vitro (Incubation I) were overlaid with EF, NS, or PS in 

frozen t issue section or organ cul ture (Incubation II) . Specimens were then sta ined with fluorescein-labeled a ntihuman 
19G and examined for intercellula r fluorescence (reaction) . 

First Second In ter· 
Tissue incubation Substrate incubation Substrate cellular Titer 

antibody 

Monkey esophagus NS Frozen tissue sect ion NS Frozen tissue 0 
(in vitro) section 

EF NS 0 
NS PS + 1:160 
EF PS + 1:160 

Newborn mouse skin NS Liver newborn mouse NS Frozen tissue 0 
(i njec tion) (in vivo) section 

EF N8 0 
N8 PS 0 
EF PS 0 

Normal human skin N8 Organ culture NS Frozen t issue 0 
(in vitro) sect ion 

EF NS 0 
NS PS + 1:160 
EF PS 1:160 

TEN staph skin EF Patient with.TEN NS Frozen tissue 0 
(in vivo) section 

EF PS + 1:160 
Pemphi gus sk in PS Patient with pemphigus NS Frozen tissue + NA 

(in vivo) section 
PS EF + NA 

Pemphi gus skin P8 Patient with pemphigus NS Orga n culture + 1" • .n 

(in vivo) 
PS EF + NA 

Key: NS = normal saline; EF ex foliative fraction ; PS pemphigus serum; NA not appl icable (direct 
im m u nofluorescence). 
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kolsky phenomenon, keratinocytes on thin section 
appeared completely normal, and could not be 
differentiated from those of control skin samples. 
Furthermore, even when a Nikolsky sign could 
already be elicited, keratinocytes appeared nor
mal. At the time that early, spontaneous wrinkling 
occurred, two fine structural patterns emerged: 
focal interdesmosomal dilatations formed in some 
regions (Fig. 1a) , while in other samples separation 
occurred simultaneously along both desmosomal 
and interdesmosomal surfaces (Fig. 1b). Here too, 
keratinocytes appeared normal. At later stages, 
acantholytic keratinocytes floated free ly in cleav
age spaces; but even in advanced lesions, cells 
bordering cleavage cavities and acantholytic cells 
appeared normal. Cells displayed villous-like pro
jections topped by split half-desmosomes which 
remained associated wit h tonofila ments (Fig. la, 
b). 

Features of Cleaved Intraepidermal Surfaces 

Surface replicas of cleaved surfaces revealed a 
smooth surface coat studded by regular knob-like 
protrusions (Fig. 2a). In some regions, the surface 
coat was interrupted, exposing a still smoother 
membrane bearing regu lar 6-nm to 10-nm part i
cles, presumed to represent the outer surface of the 
trilaminar membrane (Fig. 2b). In no case did we 
observe cracks, holes, or other irregularities of this 
surface, which might represent damage to the cell 
membrane. 

On SEM, a similar pattern was seen: a very 
homogeneous surface film covered la rge portions of 
the denuded surfaces (Fig. 3a), but in some cases 
this " coat" or film detached or curled to reveal an 
underlying surface with a somewhat more compli 
cated to pography (Fig. 3b) . Again , no " breaks" or 
defects suggesting cytolysis were seen in this lower 
plane. 

Ultrastructure of Tracer-Perfused Tissues 

After int racutaneous injections of HRP or Tho
rotrast, tracer percolated freely upward from the 
dermis fi lling t he intercellular spaces. Again t he 
fine structure of control specimens and early TEN 
specimens (posit ive Nikolsky sign wi thout sponta
neo us wrinkling) were ident ical, i. e., tracer was 
confined to t he intercellular space and keratino
cytes were unaltered (F ig. 4a) . During both ea rly 
(Fig. 4a, b) and late (F ig. 4b, c) cleavage, t racer 
remained localized to t he in terce llul ar space . Ce lls 
bordering cavities, as well as free -fl oating, acan
tholytic cells, did not adm it tracer. 

Cytologic Features of Cultured M onolayers Ex
posed to EF 

In Figures Sa and Sb are compared the micro
scopic appearance of control (NS) and EF-treated 
mouse keratinocyte cui tures, respectively. After a 
4-hr exposure to EF t he appearance of cells is 
comparable to controls. Trypan blue exclusion 
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studies revealed no differences between the viabil
ity of EF and control cultures. Culture superna
tants retained their full capacity to produce TEN 
in neonatal mice , and comparable concentrations 
of EF produced cleavage of human and neonatal 
mouse skin in organ culture. 

Surface-Coat Staining of EF-Treated and Control 
Cells 

In order to detect EF removal of stainable cell 
surface polysaccharides, treated cells were stained 
with ruthenium red (acidic mucopolysaccharides) 
and Con-A (neutral polysaccharides). 

Ruthenium red. Bot h control mice and EF
injected an imals demonstrated faint ruthenium 
red surface-coat sta ining. In specimens where early 
separation was occurring, ruthenium red continued 
to be deposited on adjacent surfaces (Fig. 6a). 
Monolayer cultures of keratinocytes and fibro_ 
blasts , as well as sperm suspensions stained 
equally intensely with ruthenium red , whet her 
exposed to EF or control solutions (Fig. 6b, c, d). 

Con-A plus HRP. The epidermal intercellular 
spaces of neonatal mice undergoing TEN and t hose 
of NS-injected controls stained similarly with Con
A (Fig. 7). Furthermore, cultures of murine keratin_ 
ocytes incubate with EF for 2 hr demonstrated 
normal staining with Con-A. On the other hand, in 
cultures incubated with either Con-A alone of HRP 
alone, surface-coating sta ining was absent or neg_ 
ligible. 

Immunologic Studies (Table II) 

Pemphigus vulgaris . Pemphigus vulgaris is a 
bullous disease characterized by intraepidermal 
intercellular separation accompanied by the fixa_ 
tion of specific antibody and complement within 
the in tercellular space . In order to detect whether 
EF interacts with the sa me cell-surface compo_ 
nents that bind pemphigus antibodies , the follow_ 
ing immunologic studies were performed: Indirect 
IF of sections of monkey esophagus, normal human 
skin, and newborn mouse skin, incubated first with 
EF then with pemphigus antibody, appeared indis_ 
tinguisha ble from cont rol skin sections that had 
not been incubated with EF. Neonatal mouse skin 
did not bind pemphigus antibody from either of 
two se ra from patients with pemphigus, and 
fluorescence could not be demonstrated. When 
indirect IF tests were performed on the patient 
with staphylococcal TEN, a normal pattern of 
pemphigus antibody binding was observed; in 
direct IF of both the patient 's and cont rol sections 
was positive to a titer of 1:160. 

Direct IF of active pemphigus skin lesions 
treated with EF in organ culture or on sections 
revealed persistent, normal intercellular f1 uores_ 
cence . Incubation of sections of skin from the 
patient with pemphigus vegetans likewise showed 
no qualitative diminution of intercellular staining 
after incubation with EF. 
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FiG. 1. Patterns of early cell separation following injection of exfoliatin. In both Ia and Ib the cells appear in tact and 
uninjured . Early separation may involve in terdesmosomal ballooning (*) (compare ]a insert and Fig. 6a) or 
simultaneous cleavage of both desmosomes and in terdesmosomal regions (Ib) at the spinous (SS)-granular layer (SG) 
interface. The end result is the same-acantholys is without evident cell disruption , and the formation of a cleavage 
space (CS) Ia x 16,000, insert x 35,000; Ib x 9,500) . 
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FIGs . 2 and 3. Surface replicas of exfoliatin-separated cell surfaces viewed by transmission (2a, 2b) and scanning 
(3a, 3b) electron microscopy. In both cases a surface coat or film covers all (2a) or much of the exposed surfaces. Where 
the coat is detached (arrows) a subjacent layer, presumably t he outer leaflet of the plasma membrane (PM) is revealed 
No defects or holes can be seen in this layer. In some regions adjacent cells in early stages of detachment appear to be 
connected by attenuated cell processes (double arrows), probably linked by desrnosomes (2a x 85,000, 2b x 40,000; 3a 
x 1,050, 3b x 1,850) . 
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FIG. 4. Tracer-perfused neonata l mouse skin in various stages of exfoliation . Figures 4a- 4c depict various stages of 
cleavage in horserad ish peroxidase (HRP)-perfused tissues. At the t ime when spontaneous wrinkling had not occurred, 
but a positive Nikolsky sign could be elicited (4a), no leakage of tracer into gran ular ( G) and sp inous (88) cells 
occurred , and cells appear completely unpert urbed . Durin~ early, sponta neous c l eava~e (4b) and late cleavage (4c), 
HRP still does not enter either ce ll 's lining cleavage space (CS) or free-floati ng acantholytic ce lls (AC) (4c). Figure 4d 
depicts intermediate cleavage in T horotrast-perfused epidermis. Again, tracer does not enter cells in affected regions 
(4a x 10,000, 4b x 22,000, 4c x 16,000, 4d x 12,000). 
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FIG. 5. Primary culture of mouse kt:ratinocytes expo~t:d to either exfo liat in-co~taini~g fract ions (EF) (5a) or un. 
treated controls (5 b). After 4 hr there IS no apparent difference 111 cytomorphology o! either cul ture. EF-containing 
supernatants retai ned capacity to cause exfoliation in neonata l mi ce throughout incubat ion period (5a a nd b x I,OOO), 

HL-A and Lymphocytotoxicity Studies 

EF was not cytotoxic to lymphocytes of spec ifici
t ies HL-A I, 2, 3, 5, 7, 9, 11, 13, WlO, W15, and 
W19 when diluted at least 1:2 in fres h, heat- inac
tivated seru m, producing no detectable decrease in 
lymphocytotoxicity titer as compared to sa line 
preincubated controls. At the conclusion of experi
me nts, TEN was produced in neonata l mice in
jected with the most dilute solutions. Lymphocytes 
of specificities HL-A 1, 3, and 12 typed normally 
after pr ior incubation with EF diluted 1:2 in fres h, 
heat- inactivated serum. 

DISCUSSION 

Evidence for an Extracellular Site of Action of 
Staphylococcal Ex/oliatin. 

Histo logic featu res. The histologic picture which 
distinguishes all cl inical forms of staphylococcal 
TEN (i.e., bullous impetigo, generalized TEN, 
TEN in the experimental mouse model) fro m other 
types of TEN is the presence of a subgranular, in
traepidermal cleavage plane [8,21 ]' Fur thermore, 
while other forms of TEN are histologically charac
terized by widespread epidermal necrosis, the cells 
adjoining early cleavage planes in staphylococcal 
TEN appear norma l. 

Ultrastructura l studies-evidence from morpho 1-

ogy. In a n ul trastructura l study of newborn mice. 
undergoing experimental stap hylococcal T EN, Lil. 
libridge et al first noted that t he d isease process 
involves cell separation without significant cytol. 
ysis [9 ]. T hey a lso observed fine structura l a lter a_ 
tions in the vicini ty of desmosomes preceding cell 
separation, and therefore considered desmosom a l 
regions t he primary site of EF at tack. In a prev ious 
study of experimental staphylococcal TEN in man 
and the mouse [6, 10], we noted that both in in vivo 
and in organ cul ture, t.he exfoliatin caused cell 
separation without evident cytolys is. In this study 
we have studied t he pathogenes is of the syndrome 
in neonatal mice in grea ter deta il. D uring early 
separation desmosomes often clung together, while 
interdesmosoma l regions ba llooned (e.g., F igs . Ia 
6a), but in other sites separation appeared to occu; 
simultaneously along ent ire adj acent cell surfaces 
(Fig. I b). T hus, desmosomes do not appear to be 
t he prim ary target of EF [9]. Instead, substance(s) 
along interdes mosomal regions or unifor mly pres. 
ent a long the entire surface appears to be attacked. 

T he bas is for the mid epiderma l site of action 
remains enigmatic. No unique epidermal struc. 
t ures are present or forming at this interface. 
Lamellar bodies (Odland bodies, membrane-coat. 
ing granules) are extruded apical to this site, and 
their contents may prevent access of EF to more 



D ec . 1975 STAPH EXFOLIATI SITE OF ACTION 509 

#0 , . .. 1 

"I 

; ~. 

> 

~ 

FIG. 6 . Tissues and cells stained with ruthenium red (RR) after exposure to EF. Figure 6a depicts ea rly cleavage in 
neonata l mouse skin . Mouse skin in vivo generally stains weakly, but staining persists in regions of ea rly separation 
(0). Figures 6b and 6e illustrate persistent RR sta ining of mouse kerat inocytes (6 b) and fibroblasts (6e) after exposure 
to EF, while Fig. 6d demonstrates staining of surface coat of bot h acroso mal (arrows) and plasma membrane (doubLe 
(arrows) of guinea·pig sperm afte r EF t reatment (6a x 8,000, 6b x 36,000, 6e x 19,000, 6d x 58,000) . 



510 ELIAS ET AL Vol. 65, No.6 

FIG. 7. Neonatal mouse skin exposed to Con A + HRP. Note intercellul ar sta ining (arrows) of control ce lls at 
junct ion of stratum granulosum (SG) and stratum spinosum (SS) . Insert illustrates persistence of Can A staining 
along surfaces cleaved by EF (D, desmosome; CS, cleavage space) ( x 6,000, insert x 22,500). 

apical intercellular regions. Furthermore, while 
gap junctions occur commonly between cells in the 
basal layer, they disappear during apical migra
tion . Since gap junctions resist enzymatic cleavage 
more than desmosomes [22), the location of the 
cleavage plane may reflect the inability of the 
staphylococcal exfoliatin to cleave gap junctions 
and extruded material derived from lamellar 
bodies . 

Ultrastructural studies- evidence from surface 
replication and scanning electron microscopy. Us
ing the relatively low resolution of the SEM, the 
exposed intraepidermal surfaces of exfoliating 
sheets appeared remarkably uniform, and showed 
no evidence of cell-surface injury. Furthermore , 
with the much higher resolution afforded by trans
mission images of surface replicas, even more 
surface detail could be observed, and again, af
fected cell surfaces appeared to be unperturbed . 

Ultrastructural studies-evidence from tracer 
perfusion. The tracer perfusion studies reported 
here lend further credence to the concept that 
staphylococca l TEN is an acantholytic rather than 
a cytolytic process. At no point prior to, simultane
ous with, or subsequent to the development of 
TEN did perfused tracers leak into adjacent cells, 
indicating that the permeability of the cell mem
brane was not affected, at least with regard to 

water-soluble tracer molecules of the size (molecu
lar weight greater than 40,000) employed in this 
study. These observations suggest that the staphy
lococcal exfoliatin may be ab le to cleave without ' 
the participation of the keratinocyte cytoplasm. 

Cytology of cultured keratinocytes. Further evi
dence that the staphylococcal exfoliatin is not 
cytolytic was provided by the absence of observed 
cytotoxicity when exfoliatin was added to lines of 
cultured keratinocytes. Since primary and second_ 
ary keratinocyte cultures presumably consist of 
germinative cells, these results must be interpreted 
with some caution: the exfoliatin in vivo cleaves 
cells in the upper spinous and lower granular layer 
whereas in cu lture we may be observing a nonsus~ 
ceptible (basal layer) cell population . Neverthe_ 
less, exfoliatin was also nontoxic to human lym_ 
phocytes, guinea-p ig and mouse sperm, and fibro_ 
blasts cu ltured from several tissues. Recently, a 
similar cytomorphologic assay was developed, and 
proved to be a valid method for the assessment of 
cytotoxicity of two other bacterial exotoxins [23). 
Therefore, we feel that these cytologic studies add 
major evidence to the concept of a nontoxic ex
foliatin. 

An essentially extrace llular site of action of 
staphylococcal exfoliatin is supported by: (1) fine 
structural morphology, (2) absence of leakage of 
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intercellular tracers into cells, (3) unaltered cell 
surfaces of toxin-separated cells on SEM and 
surface replication, and (4) absence of demonstra
ble cytotoxicity to cultured keratinocytes and lym
phocytes. 

Search for Specific Target Substances on the Cell 
Surfa ce 

Immunologic markers-interaction with pem
phigus antibody binding sites. Since acantholysis 
of epidermal cells is a prominent feature of the 
bullous disease, pemphigus, we sought evidence of 
similar pathophysiologic mechanisms for pem
phigus and staphylococcal TEN. Sera of patients 
with pemphigus conta in antibodies which attach 
to the intercellular space of stratified squamous 
epithelia [24 ], including surfaces attacked by EF. 
Our hypothesis was that the cell membrane recep
tor for the staphylococcal exfoliatin and the pem
phigus antigen might be related or identical. This 
interest was spurred by recent evidence that de 
nOVO deposition .of pemphigus antibody in intercel
lular sites may be the actual cause of the acanthol
ysis in pemphigus [25,26], and not merely a con
comitant event. However, the studies reported 
here fa iled to demonstrate blockade of pemphigus 
antibody sta ining by EF on indirect and direct IF. 
Furthermore, passive infusion of pemphigus anti
body into neonatal mice, as well as in vivo binding 
of pemphigus antibody to skin in a patient with 
pemphigus, did not interfere with subsequent in 
vivo or in vitro production of TEN by exfoliatin. It 
appears that : (1) EF does not alter pemphigus 
antigen, or sterically or otherwise interfere with 
pemphigus antibody binding, and (2) the sub
stance(s) attacked by EF is probably different from 
pemphigus antigen. 

Immunologic markers-interaction with HL-A 
antigens. Exfoliatin did not remove or interfere 
with HL-A antigens on lymphocyte surfaces, nor 
did it appear to interfere with normal typing of 
cells bearing the HL-A specificities 1, 3, and 12. 
Since HL-A antigens are a lso present on keratino
cyte surfaces [27], it is likely that EF does not 
attack HL-A antigen ic sites of the specificities 
tested in epidermis either. 

Cytochemical markers-ruthenium red staining 
, in uivo and in vitro. While anionic charges present 

on cell surfaces may play a role in intercellular 
repulsion [28 ], the sialic acid residues contained i~ 
acid mucosaccharides could also be important for 
aggregation and adhesion [29]. These acidic mu
cosu bstances present on ce ll surfaces can be 
stained with ruthenium red [12], and sta inable 

! material is removed by treatment of cells [13 ], 
including keratinocytes [301 with hyaluronidase 
and neuraminidase. Accordingly, an analogous ef
fect was sought for exfoliatin. However, tissues 
and ce lls treated with EF both in vivo and in vitro 
demonstrated no diminution in ruthenium red 
staining, while neuraminidase and hyaluronidase 
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remove stainable material [29], indicating that EF 
probably does not remove stainable surface acid 
mucopolysaccharides in significant quantities. 

Cytochemical markers-concanavalin A plus 
HRP staining in vivo and in vitro. Neutral oligo
saccharides on cell surfaces play an important role 
in cell agglutination (reviewed in [31]). The lectin, 
concanavalin A (Con-A), displays a striking affin
ity for the a-D-methyl glucopyranoside moieties of 
such neutral sugars r311, and lectin binding sites 
can be visualized ultrastructurally by stain ing 
bound Con-A with horseradish peroxidase [13]. 
Since we observed no diminution in Con-A-HRP 
staining of murine keratinocytes treated with EF 
fractions both in vivo and in vitro, we believe that 
cell surface neutral sugars are not the primary tar
get of the staphylococcal exfoliatin. 

The staphylococcal exfoliatin is remarkably non
toxic to keratinocytes, producing the clinical fea
tures of the "scalded-skin syndrome" by a purely 
extracellular attack on an as yet unidentified 
substance(s). Yet, utilizing several cytochemical 
and immunologic markers, we have been unable to 
demonstrate removal of morphologically detecta
ble surface-coat substances from keratinocytes. 
Therefore, the exfoliatin may attack other, as yet 
unidentified, surface substances, or it may be able 
to cleave keratinocytes through removal of small , 
morphologically undetectable quantities of the 
target molecules that we have studied. 

Dr. Helmut Mitterm ayer cultured the organis ms a nd 
Dr. Gerd Tappeiner helped purify toxin fractions. The 
studies on epidermal cell surfaces were immeasurably 
aided by the faciliti es and thoughtful interpretations of 
Dr. Daniel Friend. In addition, we received expert 
technica l ass istance from Susan Cegezi, S. Lotte Polasek , 
Heidi Duffek, E laine Van der Breugel, Francis Sturte· 
vant, and Irene Rudolf. 

REFEREN CES 

1. Elias P, Fritsch P , Wolff K: Subcellula r and molecu· 
lar sites of staphylococcal exfoliat ive toxin activity 
(abstr). J Invest Dermatol 62 :546, 1974 

2. Melish ME, Glasgow LA: The staphylococcal scalded 
s kin syndrome-development of an experimental 
model. N Engl J Med 282: 1114- 1119, 1970 

3. Kapral FA, Miller MM: Product of Staphy lococcus 
aureus responsible for the sca lded skin syndrome. 

, Infect Immunity 4:145- 149, 1971 
4. Arbuthnott JP, Kent J, Lyell A, Gemmel CG: 

Stud ies of staphylococcal toxins in rel at ion to toxic 
epidermal necrolysis (the scalded skin syndrome). 
Br J Dermatol 86 (suppl 8):35- 39, 1972 

5. Melish ME, Turner M, Glasgo\v LA: The 
staphylococcal scalded skin syndrome: isolation 
and partial characterization of the exfoliating 
toxin . J Infect Dis 125:129- 140, 1972 

6. Elias P, Fritsch P, T appeiner G, Mittermayer H, 
Wolff K: Experimental staphylococcal toxic epi· 
dermal necrolysis (TEN) in adult humans a nd 
mice. J Lab Clin Med 84:414- 424 , 1974 

7. Wiley DB, Allman S, Rogolsky M , Norden CW, 
Glasgow LA: Staphylococca l scalded ·skin syn· 
drome. Potentiation by immunosuppression in 
mice: toxin· mediated exfoliation in a healthy adult. 
Infect Immunity 9:636- 640, 1974 

8. Koblenzer PJ: Acute epidermal necrolysis (Ritter von 



512 ELIAS ET AL 

Rittershain- Lyell}: a clinicopathologic study. Arch 
Dermatol 95:608- 617, 1967 

9. Lillibridge CB, Melish ME, Glasgow LA: Site of 
action of exfoliat ive toxin in the staphylococcal 
scalded -skin sy ndrome . Pediatrics 50:728- 738, 
1972 

10. Elias PM, Mittermayer H, Fritsch P , Tappeiner G, 
Wolff K: Staphylococcal toxic epidermal necrol
ysis: the expanded mouse model. J Invest Derma
tol 63:467- 475, 1974 

11. Pruneiras M, Delescluse C, Regnier M: Culture de 
longue duree de cellules issues de I'epiderme de 
cobaye adulte. Pathol Bioi (Paris) 17:235- 259, 1969 

12. Luft J: Ruthenium red and v iolet. 1. Chem istry, 
purification , methods of use for electron micros
copy and mechanisms of action. Anat Rec 
171:347-368,1971 

13. Huet C, Herzberg M: Effects of enzymes and EDTA 
on ruthenium red and concanavalin A labeling of 
the cell surface. J Ultrastruct Res 42:186- 199,1973 

14. Anderson TF: Technique for the preservation of three 
dimensional structure in preparing specimens for 
scanning electron microscopy. Trans NY Acad Sci 
13:130- 133, 1951 

15 . K a rnovsky MJ: A formaldehyde-glutaraldehyde fixa 
tive of high osmolarity for use in electron micros
copy. J Cell B ioi 27: 137a, 1965 

16. Graham RC Jr, Karnovsky MJ: The early stages of 
absorption of injected horseradish peroxidase in 
the proximal tubules of mouse kidney: ultrastruc 
ture cytochemistry by a new technique. J Histo
chern Cytochem 14:291- 302, 1966 

17. Karnovsky M: Use of ferrocyanide-reduced osm ium 
tetrox id e in electron microscopy (abstr ). Proc 11th 
Meeting Am Soc Cell Bioi, 1971, p 146a 

18. Dahl MV , Katz SI, McGowen JH , Vineyard WR: 
Pemphigus- like antibodies in sera of patients with 
thermal burns, gunshot wounds , and skin grafts. 
Milit Med 139:196- 198, 1974 

19. Mittal KK , Mickey MR, Singal DP, Terasaki PI: 
Serotyp ing for homotransplantation. XVIII . R e
finement of microdroplet lymphocyte cytotoxicity 

Vol. 65, No.6 

test. Transplantation 6:913- 915, 1968 
20. Cochrum KC, Sturtevant FK, Fundenberg HH, Shep

ard DH: A new' method for automatic quantita
tion of the f1uorochroma t ic microcytotoxicity test. 
Clin Immunol Immunopathol 2:526-529, 1974 

21. Elias PM , Arndt KA: Scalded skin syndrome in 
adults. N Engl J Med 228:582-583. ~973 

22. Berry MN, Fri!!nd DS, Scheuer J : Morphology and 
metabolism of intact muscle cells isolated from 
adult rat heart. C irc Res 26:679- 687, 1970 

23 . Douta ST, Sack DA, Wallace RB, DuPont HL, Sack 
RB: Tissue-culture assay of antibodies to hea t 
labi le Escherichia coli enterotoxins. N Engl J 
Med 291:117- 121, 1974 

24. Beutner EH, Jordan RE: Demonstration of skin 
an t ibodies in sera of pemphigus vulgaris patients 
by indirect immunof1'uore-scent sta ining. Proc Soc 
Exp BioI Med 117:505- 510, 1964 

25. Cram D, Fukuya ma K: Immunohistochemistry of 
ultraviolet light-induced pemphigus and pem
phigoid les ions. Arch Dermatol 106:819- 824, 1972 

26. Holubar K, Chorzelski TP, Gauto M, Beutner EH: 
Studies in immunodermatology. III. Induction of 
intraepithelialles ions in monkeys by intra mucosal 
injections of pemphigus antibodies. Int Arch Al 
lergy Appl Immunol 44:631 - 643, 1973 

27. Krain LS: Histocompatibility a ntigens: a labora_ 
tory and epidem iologic tool. J Invest Dermatoi 
62:67- 73, 1974 

28. Quinton PM, Philpott CW: A role for anionic s ites in 
epithelial architecture: effects of cationic polYmers 
on cell membrane stru ctu re. J Ce ll Bioi 
56:787- 796, 1973 

29. Kemp RB: Eflect of t he removal of ce ll surface sialic 
acid on aggregat ion in vitro. Nature (Lond) 
218: 1255- 1256, 1968 

30. Fritsch P , Wolff K, Honigs mann H: Glycocalyx of 
ep idermal cells in vitro: demonstration a nd en
zymatic removal. J Invest DermatoI64:30- 37, 1975 

31. Nicolson GL: The in teraction of lect ins with animal 
cell surfaces. Int Rev Cytol 39:89- 190, 1974 




