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PEMPHIGUS SERUM-INDUCED LOSS OF MICROVILLI FROM HUMAN
EPIDERMAL CELLS
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Abstract. Scanning electron microscopic examination of
human epidermal cells prepared from suction blister roofs
by treatment with trypsin and dithioerythritol and in-
cubated (37°C, 18 hours) with pemphigus sera revealed
a smooth or wrinkled surface texture in 83 to 96% and
surface microvilli in only 17 to 4%. The disappearance of
microvilli was not affected by the presence of comple-
ment. In the control specimen 54% of the cells retained
their microvilli. The difference between cells incubated
with pemphigus and those incubated with control sera was
highly significant (»<0.001). Epidermal cell suspensions
were also incubated with pemphigus vulgaris sera plus a
protease inhibitor (ovomucoid). The loss of microvilli
from human epidermal cells induced by pemphigus vul-
garis serum was highly signilicantly inhibited by ovo-
mucoid (p<0.001). The results suggest that the loss of
microvilli induced by pemphigus sera, irrespective of the
presence of complement. may be an important factor in
acantholysis of pemphigus. Proteolytic enzymes may be
responsible for the loss of microvilli and smoothing of the
cell surface of human epidermal cells in vitro.
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A study using scanning electron microscopy (SEM)
has revealed that normal human epidermal cells
separated by treatment with trypsin and dithio-
erythritol have numerous microvilli on their surface
(7). On the other hand, it has been suggested by
Lever (15) that with the progress of acantholysis
and desmosomal loss the epithelial cells in pemphi-
gus develop numerous cytoplasmic processes.
Transmission electron microscopic studies of the
lesions in pemphigus and in Hailey-Hailey disease
have demonstrated numerous villous projections on
the cells of the acantholytic areas (2, 3, 9. 10,
16. 17).

In an SEM study of acantholytic cells in oral pem-
phigus, Hietanen (1) found that the cells displayed
either smooth. wrinkled or microvillous surfaces.

The histological changes typicai of pemphigus

can be induced in vitro by pemphigus sera, as re-
ported by many authors (1, 12, 18, 19, 21-25). These
in vitro changes are not dependent on the presence
of active complement (4, 12, 15, 18. 19. 21-26). but
proteolytic enzymes seem to be involved in the
acantholytic process (4. 19. 21, 25. 26).

The present study was performed to examine the
effect of pemphigus sera in vitro on the surface tex-
ture of human epidermal cells separated with trypsin
and to examine the effect of ovomucoid. an en-
zyme inhibitor of proteolysis, on the pemphigus
serum-induced surface changes in isolated epi-
dermal cells.

MATERIALS AND METHODS

Source of skin samples and separation

of epidermis

Suction blisters were produced on the abdominal skin of
two clinically healthy volunteers according to the method
described by Kiistala and Mustakallio (13). Suction time
was usually 14 hours and the pressure varied from 160 to
210 mmHg.

Preparation of epidermal cell suspension

The epidermal cell suspension was prepared ad modum
Gommans et al. (7) with slight modifications: the blister
roofs were removed with scissors and tweezers and trans-
ferred to test tubes containing a solution of trypsin (0.25
mg/ml Difco trypsin. 1:250, Difco Laboratories, Detroit.
Michigan, USA) and dithioerythritol (3 mg/ml pi-dithio-
threitol, Sigma® Chemical Company, St. Louis. USA) in
10 ml of phosphate-buffered saline (PBS Ca & Mg free.
Orion Diagnostica, Helsinki, Finland).

Blister roofs were incubated in this solution at 37°C for
30 min. After incubation the intact blister roofs were
transferred with a loop to test tubes containing 0.4 ml of
fresh serum from a clinically healthy volunteer (blood
group AB) and 2 ml of MEM (Eagle) Minimum essential
medium (Orion Diagnostica. Helsinki). MEM was supple-
mented each time with 100 [.U./ml penicillin and 50 ug/mt
streptomycin. In two test tubes the complement of the
serum was inactivated at 56°C for 30 min. The test tubes
with intact blister roofs were agitated gently (**Vortex™

Dermatevener (Stuckholm) 63



116  J. Hietanen et al.

mixer) for | min. This caused separation of the epidermal
cells. After all the visible clumps of celis and horny layers
had been removed with a loop the cells were washed twice
with MEM (10 min at 2000 r.p.m.).

Incubation of epidermal cells

Experiment A. The epidermal cell suspensions were in-
cubated with MEM at 37°C for 18 hours in a 1:20 dilu-
tion of the following sera:

1. Serum from a patient with untreatcd pemphigus vul-
garis verified by histology. direct and indirect immuno-
fluorescence tests. Antibody titre 1: 160.

. Serum 1 inactivated 30 min at 56°C.

3. Serum from a patient with pemphigus vulgaris under-
going steroid treatment (70 mg prednisone daily), diag-
nosis verified as in 1. Antibody titre 1: 160.

4. Serum 3 inactivated 30 min at 56°C.

5. Pooled serum from 20 dermatological patients with
diseases other than pemphigus.

~

The inactivated pemphigus sera were also used for incuba-
tion of the cell suspensions from which trypsin was inac-
tivated with serum heated previously at 56°C. 30 min.

Experiment B. The epidermal cell suspensions were
prepared and incubated as in Experiment A with the
following sera:

1. (a) Serum | of Experiment A.
(b) Serum 3 of Experiment A.

2. Serum 1 (a) or 1(b) with ovomucoid (100 xg/ml, Tryp-
sin inhibitor No. T-9253 from egg white. Sigma®, St.
Louis, Missouri 63178, USA).

3. Serum 5 of Experiment A.

All operations were conducted under sterile conditions
and the sera were filtered through an Acrodisc® single
use filter unit (0.45 um. Gelman Sciences Inc.. Ann Arbor.

Michigan 48106, USA).

Preparation of cells for SEM

After incubation for 18 hours at 37°C the cells were washed
twice with MEM (10 min at 2000 r.p.m.) resuspended in
0.5 ml of MEM, and 0.2 ml of this cytocentrifuged (Cy-
tospin® Shandon, 10 min at 800 r.p.m.). Agralon® (pre-
vious name Melinex®, ICl) polyester film with grid marks
(approximate size 8x37x0.075 mm) was used instead of
a microscope slide to collect the cells. They were im-
mediately covered with a large drop of 2% glutaraldehyde
in 0.1 M phosphate buffer, pH 7.2. During the first 10 min
of fixation the Agralon® plastic was laid flat to prevent cell
detachment. It was then transferred to a bottle (10 ml)
filled with 2% glutaraldehyde. The fixation time was ap-
proximately 23 hours. When the fixation was completed,
the samples were rinsed twice with 0.1 M phosphate
buffer. pH 7.2, dehydrated in graded alcohols, and critical
point dried in an Aminco critical point drier (American
Instrument Co.).

The samples were mounted on stubs for SEM examina-
tion. Gold coating was performed with a JEOL FINE
COAT JFC-1100 sputtering device, using air. The speci-
mens were coated at 1.2 kV and 7 mA for 4 min, yield-
ing a gold coating approximately 30 nm thick. The samples
were studied with a JEOL JSM-35C scanning electron mi-
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croscope at the Department of Electron Microscopy, Uni-
versity of Helsinki, at 16kV using a tilt angle of 45°. Photo-
graphs were taken using IlIford FP4 (ASA 125) black and
white film and prints were made. From each sample ap-
proximately 100 basal or spinous cells were studied and
the number of microvilli was counted. SEM was per-
formed on coded samples and the investigator (J. H.) did
not know the code used.

The x*-test was used in the statistical analysis of the
results.

RESULTS

In all samples. cells from all layers of the epidermis
were encountered. However, the number of super-
ficial epidermal cells was small. In all specimens,
clumps of epidermal cells were also found. The
basal and spinous epidermal cells were round or
slightly ovoid. and three main types were identified
on the basis of surface appearance. These were
smooth-surfaced (Fig. 1), wrinkled. and micro-
villous (Fig. 2) basal or spinous epidermal cells.
The number of microvilli on the cell surface varied
from fewer than 10 to over 100. The thickness and
length of the microvilli varied too, the control sam-
ple presenting the thinnest and longest microvilli.

Experiment A

The effect on the epidermal cells of incubation with
various sera is presented in Table 1. Between 83 and
96 % of the epidermal cells incubated with pemphi-
gus sera had a smooth or wrinkled surface texture
and only 17 to 4% had microvilli on their surfaces.
This disappearance of the microvilli occurred ir-
respective of the presence of active or inactive
complement.

In the control specimen the microvillous cells ac-
counted for 54 out of 100 cells studied. Statistical
comparison of samples 1-6 separately with control
sample 7 gave a highly significant difference
(p<0.001).

Experiment B

Because the same results were obtained in Experi-
ment A irrespective of the presence of complement.
it was not inactivated in Experiment B.

The effect of incubation with various sera on the
surface texture of epidermal cells is presented in
Table 11. Because identical results were obtained in
three experiments, two with serum from the un-
treated pemphigus patient, and one from the treated
pemphigus patient, the results are pooled in Table
[1. Of the cells incubated with pemphigus sera
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Fig. 1 (a). Scanning electron micrograph of a rounded, 1 um. (5) Higher magnitication of the cell in (). showing
smooth-surfaced epidermal cell incubated with pemphigus ~ smooth surface and variable-sized indentations, x24000,
serum in the presence of active complement, x 11000, bar  bar { pum.

Dermatovener (Stockholm) 63




118 J. Hietanen et al.

Fig. 2 (a). Scanning electron micrograph of a rounded fication of the cell in («). showing microvillous surface
epidermal cell with many microvilli, incubated with nor-  texture and a few indentations. x 17000, bar | um.
mal control serum. x 12000, bar 1 um. () Higher magni-
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Table 1. Surfuce texture of normal epidermal cells after 18 hours' incubation at 37°C with various sera

Serum used for

Surface texture of basal and/or spinous cells.

Percentage of cells with

No microvilli Microvilli

. inactivation of
Sample no. Serum trypsin Smooth  Wrinkled Total 0-10 10-100 >100 Total
1. Pemph | Active Active 75 10 85 - 8 ? 15
2. Pemph | Inactive® Active 87 S 92 2 4 2 8
3. Pemph ! Inactive® Inactive® 71 15 86 - 9 S 14
4. Pemph 2 Active Active 72 11 83 - 9 8 17
5. Pemph 2 Inactive?® Active 86 10 96 - 2 2 4
6. Pemph 2 Inactive¢ Inactive? 48 40 88 - S U 2
7. Pooled control

serum Active Active 42 4 46 - 25 29 54

3

30 min at 56°C.

81.3% displayed a smooth surface texture, whereas
42.1% and 42.7 % of the cells incubated with a com-
bination of pemphigus serum plus ovomucoid or
with the pooled control serum, respectively. had a
smooth surface texture. Statistically there was a
highly significant ditference (p <0.001) between the
effects of pemphigus serum and the other two in-
cubation media (pemphigus serum plus ovomucoid.
pooled control serum). There was no statistically
significant difference between the control serum
and pemphigus serum plus ovomucoid.

DISCUSSION

The suction blister method of Kiistala and Musta-
kallio (13) provides epidermal material which does
not contain any dermal contaminating cells. The
preparation of an individual cell suspension by the
method of Gommans et al. (7) minimizes the detri-
mental effects of chemical treatment on the plasma
membrane. as shown by the viability of the cells.
The trypsinization used does not prevent the bind-
ing of the pemphigus antibody to the cell surface,
thus making acantholytic changes possible in vitro

(23). By combining these two methods it is possible
10 prepare a suspension containing mostly spinous
and basal cells, since the more superficial cells stay
attached to the cell clumps as remnants ofthe blister
roof and are removed from the suspension.

Several studies have shown that during in vivo
acantholysis in pemphigus and in Hailey-Hailey
disease, villous projections are seen on the epi-
dermal cells with transmission electron microscopy
(2, 3,9. 10, 16. 17). On the other hand, it has been
shown by Gommans et al. (7) that keratinocytes
from normal epidermis display large numbers of
microvilli on their surface.

Histological changes typical of pemphigus can be
induced in vitro by pemphigus sera (1, 12, 18, 19,
21-25). According to Barnettet al. (1) and Hu et al.
(12) the changes are identical under a transmission
electron microscope with those occurring in vivo,
the cells presenting either villous projections or a
smooth surface texture. Most of the acantholytic
cells sampled from oral lesions of patients with
pemphigus show a smooth surface texture (11), al-
though some cells with a microvillous or wrinkled
surface are also present.

Table Il. Surface texture of normal epidermal cells after 18 hours' incubation with various sera

Surface texture of basal and/or spinous cells. Number of celis with

Sample no. No microvilli Microvilli

1. Pemphigus serum 244 (81.3%) 56 (18.7%)
2. Pemphigus serum + ovomucoid 128 (42.1%) 176 (57.9%)
3. Pooled controf serum 125(42.7%) 168 (57.3%)

Tests:  1-2;p<0.001.  1-3: p<0.001.

2-3: Not significant.
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In the present study, incubation of isolated epi-
dermal cells with pemphigus sera caused disap-
pearance of the microvilli. The smooth-surfaced
cells were indistinguishable under the scanning
electron microscope from the oral acantholytic
cells (11).

The disappearance of the microvilli in the pres-
ent experiment was not affected by the presence of
active complement. This agrees with the findings
that acantholysis produced by pemphigus serum in
organ culture is not dependent on the presence of
active complement (4, 12, 15, 18, 19. 21-26).

It seems feasible that one of the functions of the
microvilli on epidermal cells is to increase the area
available for adhesion. The smoothing of the cell
surface induced by pemphigus autoantibody may be
an additional factor in the loss of cellular coherence
of pemphigus. The dissolution of glycocalyx and
desmosomal loss, as seen under the transmission
electron microscope, are well established mecha-
nisms in acantholysis of pemphigus (8, 15).

It has been suggested that in vitro pemphigus
antibody induces or activates enzyme systems
which then cause acantholysis. Schiltz et al. (23)
have suggested that hydrolytic ¢enzymes may cause
human acantholysis. According to Farb et al. (4) a
proteinase might be responsible for acantholysis
in vitro in mouse skin. In their study, it was found
that the cell detachment from the culture plates
could be blocked by the addition of soybean trypsin
inhibitor and a,-macroglobulin to the culture me-
dium.

In the present study ovomucoid was used as pro-
teinase inhibitor. Ovomucoid is a glycoprotein
isolated from the eggs of several avian species (6,
20). It has an inhijbitory effect on trypsin, chymo-
trypsin and possibly other proteinases. as well (5, 6,
14, 20). According to the presentresults, ovomucoid
is capable of inhibiting the smoothing effect of pem-
phigus sera on epidermal cells. This seems to indi-
cate that the loss of microvilli is caused by a pro-
teolytic process.

The present findings agree with those of Morioka
et al. (19), who were the first to demonstrate the
inhibition of acantholysis with soybean trypsin
inhibitor in human skin in vitro. Schiltz et al. (25)
and Schiltz (21) postulated that pemphigus antibody
induces the activation of an enzyme (pemphigus
acantholysis factor) which degrades glycocalyx
and later desmosomes. Our results suggest that the
enzyme(s) is probably also responsible for the loss
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of microvilli and smoothing of the surface of epider-
mal cells. As the acantholytic cells found in pemphi-

gus blisters are mostly smooth surfaced (11). it
seems possible that the loss of microvilli is also part
of the in vivo acantholytic process.
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