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ABSTRACT

Statement of the Problem: Pemphigus vulgaris is characterized by intraepithelial
vesicles, but pathogenesis of vesicle formation in this disease has not been substanti-
ated yet.

Purpose: The present study investigate extrinsic apoptotic pathway in oral pemphi-
gus vulgaris using TUNEL and important immunohistochemical markers of extrinsic
pathway, TNFR1 and FasL.

Materials and Method: In the present cross sectional study, 25 oral pemphigus
vulgaris samples and 6 normal oral mucosa were analyzed for the presence of apop-
tosis by TUNEL and the staining of TNFR1 and FasL in basal and parabasal layers
around vesicle, vesicle floor, vesicle roof and acantholytic cells. The staining expres-
sion and intensity were measured and the obtained data were analyzed by Wilcoxon
and Mann-Whitney tests.

Results: There was no or faint staining of TUNEL, FasL and TNFR1 in normal oral
mucosa. In addition, there was no significant difference between the staining of
TUNEL technique in different layers. The staining of TNFR1 marker was very high
in all regions. FasL marker was not positive in the basal and parabasal layers around
vesicle in 92% of samples but showed a varied and different staining in vesicle re-
gion. There was a significant difference between the each two markers in all layers (
p <0.001).

Conclusion: Apoptosis is probably is a preceding phenomenon to acantholysis in
pemphigus vulgaris. It appears that the apoptosis occurs mostly by extrinsic pathway
using proapototic mediators TNFR1 and FasL.
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Introduction

the increased staining expression of proapoptotic factors

Suprabasilar vesicle in pemphigus vulgaris (PV) is cre-
ated by the formation of 1gG autoantibody against sur-
face glycoproteins of epithelial cells (Desmoglein 1&3).
These autoantibodies cause acantholysis. [1-3] However
their exact mechanism regarding how PV-IgG antibody
induces acantholysis is unknown. Apoptosis is one of
the suggested mechanisms involved in pemphigus and

TNFa, FasL, Fas and caspase in pemphigus has been
reported by various studies. [1, 4-11] Apoptosis is acti-
vated through intrinsic (mitochondrial) and extrinsic
(apoptotic death receptors) pathways. Both pathways
lead to activation of caspase-3. Caspase-3 induces DNA
fragmentation, which can be identified by Poly ADP-
Ribose Polymerase, fraction and TUNEL. [12-15]
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The extrinsic apoptotic pathway is initiated by the
activation of apoptotic death receptors at cell surface.
The most known apoptotic receptors are TNFR1 and
Fas. Fas/FasL system is one of the important mecha-
nisms involved in the induction of apoptosis in the cells
and tissues that plays a significant role in pathogenesis
of PV. The cytotoxic T cells are the most important
sources of FasL staining expression. [4, 12-14, 16-17]
TNF is a potent cytokine that acts through TNFR1 and
TNFR2 receptors. TNFR1 is expressed in all human
tissues and is a significant signaling receptor for TNFa.
[17-18]

Schmidt et al. reported that apoptosis occurs fol-
lowing acantholysis, but apoptosis is not a prerequisite
for acantholysis. [19] Other studies have also reported
apoptosis as a delayed event and have asserted that
apoptosis occurs after acantholysis. [20-23] On the other
hand, researchers such as Pacheco-Tovar et al., Li et al.,
Zayed et al., Gniadecki et al., Rodrigues et al., Frusic-
Zlotkin et al. and also Deyhimi&Tavakoli reported that
apoptosis occurs before acantholysis and can even be
the cause of acantholysis, not a secondary phenomenon.
[1, 3-4, 7, 10, 24-25] Frusic-Zlotkin et al. stated that
apoptotic mechanisms are inducer factors of acantho-
lysis in PV-1gG. They observed the activated pathway
of Fas and its components in the skin of PV patients
around vesicles.[10] Further, Zayed et al. showed that
activity of proapoptotic pathways was essential for the
formation of vesicles in PV and activation of the com-
ponents of apoptotic signals, including Fas, FasL, and
caspase-3 could intensify vesicular response. [1] More-
over, Deyhimi&Tavakoli suggested that since TUNEL
was positive in the keratinocytes around vesicle, apop-
tosis process occurs early in PV before acantholysis.
Furthermore, they suggested that the extrinsic apoptotic
pathways are probably involved in PV because of the
negative immune reaction to Bax marker, a proapoptotic
mitochondrial or intrinsic marker. [3] In reality, this
suggestion is a predisposing factor for the present re-
search. However Janse et al. argued that there is no evi-
dence to support the role of apoptotic cells in acantho-
lysis. [2]

In the present study, TUNEL technique was used
to analyze the role of apoptosis in oral PV. Also, for
defining the type of apoptotic pathway, the effective
markers of extrinsic apoptotic pathway, namely TNF R-

133

eceptorl (TNFR1) and Fas Ligand (FasL) were used.

Materials and Method

In the present cross-sectional and descriptive-analytical
study, the same 25 oral PV samples of our previous
study [3] and 6 normal oral mucosa were obtained from
archive of department of oral and maxillofacial patholo-
gy at school of dentistry, Isfahan University of medical
sciences, Iran. All samples had histopathologic proper-
ties of PV, including acantholysis and suprabasal vesi-
cles, which their diagnosis had been confirmed by direct
immunofluorescence. The samples had also sufficient
perivesicular tissue. The samples with severe inflamma-
tion, surface ulcer, and inadequate perivesicular tissue
were excluded from the study. At first, sections (4-5
pum) were prepared from the paraffin blocks and then
deparaffinization and rehydration in five descending
stages were performed on them. Next following staining
procedures were done:

TUNEL (TDT-mediated dUTP-biotin nick end Labeling) tech-
nique

After washing with phosphate buffer saline (PBS), the
slides were fixed with 4% paraformaldehyde and then
incubated in Tween solution and after washing with
PBS, incubated in Terminal Deoxynucleotidyl Transfer-
ase (TDT) end labeling solution at ambient temperature.
Then, after washing with PBS, the samples were incu-
bated with blocking buffer at room temperature, then
incubated in 3% H,O, and after washing with distilled
water (DW), incubated in TUNEL (Germany, Merck,
17-141) at 37 °C. Thereafter incubation of secondary
antibody (Novolink polymer RE7140-K; Novocastra (Li
CA, UK) was performed in two phases: At first incuba-
tion was carried out with post primary solution and then
polymer+HRP solution. Next, the secondary antibody
was washed with PBS and incubated with diaminoben-
zydine (DAB). Afterwards, hematoxylin staining was
performed and finally samples were mounted.

Natural pulmonary tissue of mouse was used as
positive control and the same samples were used as
negative control by eliminating the TDT.

TNFR1 Immunohistochemical staining

The samples were incubated inTris-EDTA (pH=9) in
microwave for antigen retrieval. The samples were then
placed in 3% H,O, to block endogenous peroxidase
activity and then were washed with PBS. Next, the An-
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ti-TNF Receptor 1 polyclonal primary antibody
(TNFR1ab19139; Abcam, USA) at 1/25 dilution was
added and samples were incubated at ambient tempera-
ture. They were then incubated with Polymer Envision
secondary antibody (Envision K4061; DAKO, Den-
mark) at room temperature. After placing the samples in
DAB, opposite hematoxylin staining was performed.
The samples were then mounted. Prostate adenocarci-
noma was used as positive control, and the same sam-
ples were used as negative control by eliminating the
primary antibody.

FasL Immunohistochemical staining

Incubation was performed inTris Ethylene Diamine
Tetra acetic Acid (EDTA) and H,O, the same as
TNFR1. After washing with PBS, Anti-Fas Ligand pol-
yclonal antibody (Anti FasL ab2440; Abcam, USA) at
1/100 dilution were added to the tissue and incubated at
room temperature. Then, the samples were incubated
with the secondary antibody (Biogenex QD430-XAKE;
USA), including a super enhancer and SS Label solution
at room temperature. Next, the samples were incubated
in DAB the same as TNFRL1, stained with hematoxylin
and finally the mounted. Breast adenocarcinoma was
used as positive control, and the same samples were
used as negative control by eliminating the primary an-
tibody.

Sample evaluation

The samples were observed by two pathologists using
light microscope (Olympus BX41TF Tokyo, Japan).
The cells were analyzed in basal and parabasal layers of
the perivesicular mucosa, vesicle floor, vesicle roof, and
intravesicular acantholytic cells in PV in addition to
basal and parabasal layers of normal oral mucosa.

The staining expression level of the cells for
TUNEL, FasL and TNFR1 was calculated as percent
positive cells in 100 cells with 400x magnification in 10
high power fields. The results were recorded semiquan-
titatively and ranked as 1=1-25%, 2=26-50%, 3= 51-

Table 1: Results of the TUNEL staining expression

75% and 4= more than 75%. In addition, the staining
intensity level was evaluated with O=negative, +1=poor,
+2= moderate, +3=moderate to high and +4=very high
rankings. [3]

Staining Intensity Distribution (SID) index was
calculated by multiplying the scores obtained for the
staining expression and intensity in each sample. [26-
27] The obtained data analyzed by SPSS-20 software
and Kruskal-Wallis, Mann-Whitney, Friedman and
Wilcoxon tests. p <0.05 was considered significant.

Results
The results of SID index of TUNEL staining in basal
and parabasal cells of normal oral mucosa showed sig-
nificant difference with those in perivesicular tissues by
Mann- Whitney test (p < 0.001), because there was not
expression of TUNEL staining in normal oral tissues
(Figure 1).

The results of TUNEL staining obtained from
study of staining expression in basal and parabasal cells

Figure 1: No expression of TUNEL+ cells in normal mucosa
(magnification400)

Number (percentage) of positive samples

Ranking of staining positivity Perivesicular area

Vesicular area

Basal layer Parabasal layer ~ Tomb stone Roof of vesicle Acantholytic cells
0 1(4%) 1(4%) 0 0 0
1-25% 3(12%) 3(12%) 1(4%) 2(8%) 2(8%)
26-50% 1(4%) 1(4%) 0 3(12%) 2(8%)
51-75% 1(4%) 2(8%) 1(4%) 4(16%) 3(12%)
75%> 19(76%) 18(72%) 23(92%) 16(64%) 18(72%)
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)
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Table 2: Results of the TUNEL staining intensity

Number (percentage) of positive samples

Ranking of staining positivity Perivesicular area

Vesicular area

Basal layer  Parabasal layer ~ Tomb stone Roof of vesicle Acantholytic cells
0 1(4%) 1(4%) 0 0 0
1+ 4(16%) 5(20%) 1(4%) 5(20%) 3(12%)
2+ 2(8%) 2(8%) 4(16%) 1(4%) 2(8%)
+3 5(20%) 7(28%) 3(12%) 2(8%) 4(16%)
+4 13(52%) 10(40%) 17(68%) 17(68%) 16(64%)
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)

around vesicle showed that >75% of these cells were
stained in 76% and 72% of samples, respectively. The
staining intensity levels in the basal and parabasal layers
around vesicle were reported to be very high (+4) in
52% and 40% of samples, respectively.

The findings of TUNEL staining obtained from
study of staining expression in vesicle area indicated
that >75% of cells were stained in 92% of samples in
the vesicle floor, 64% of samples in the vesicle roof and

Figure 2: Appearance of TUNEL+ cells in tombstone region
(), roof of vesicle (b), acantholytic cells(c) and Perivesicular
tissue(d) (magnification400)

Figure 3: appearance of TUNEL+ cells in perivesicular tissue(a),
tomb stone region(b) and roof of vesicle(c) (magnification400)
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72% of samples in the acantholytic cells. The staining
intensity in most of these samples (approximately >65%
of cases) was very high (+4) (Tables 1 and 2, Figures 2
and 3). Further, the results of Kruskal-Wallis test on
SID index of TUNEL staining showed no significant
difference between different layers ( p = 0.381).

The results of SID index of TNFRL1 staining in ba-
sal and parabasal cells of normal oral mucosa showed
significant difference with those in perivesicular tissues
by Mann-Whitney test (p<0.001), because staining ex-
pression and intensity of TNFR1 in normal oral tissues
were faint with mean SID=1 (Figure 4).

Evaluation of the staining level of TNFR1 marker
indicated a high expression and intensity, so that in all
samples, >75% of cells were stained with very high
intensity (+4) in the basal layer around vesicle, vesicle
floor and acantholytic cells. This level was reported to
be 92% in parabasal layer around vesicle and vesicle
roof. Staining intensity was very high (+4) in 76% of
samples in parabasal layer and 96% of samples in the
vesicle roof (Tables 3 and 4, Figures 5 and 6).

cells in normal mucosa (magnification400)
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Table 3: Results of theTNFR1 staining expression

Number (percentage) of positive samples

Ranking of staining positivity

Perivesicular area

Vesicular area

Basal layer Parabasal layer

Tomb stone  Roof of vesicle Acantholytic cells

0 0 0 0 0 0
1-25% 0 0 0 0 0
26-50% 0 0 0 0 0
51-75% 0 2(8%) 0 2(8%) 0
75%> 25(100%) 23(92%) 25(100%) 23(92%) 25(100%)
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)

Table 4: Results of the TNFR1 staining intensity

Number (percentage) of positive samples

Ranking of staining positivity

Perivesicular area

Vesicular area

Basal layer Parabasal layer

Tomb stone  Roof of vesicle Acantholytic cells

0 0 0 0 0 0
+1 0 0 0 0 0
+2 0 1(4%) 0 0 0
+3 1(4%) 5(20%) 0 1(4%) 0
+4 24(96%) 19(76%) 25(100%) 24(96%) 25(100%)
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)
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Figure 5: Appearance of TNFR1+ cells in tombstone region (a),
roof of vesicle (b) and acantholytic cells(c) (magnification400)
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Figure 6: Appearance of TNFR1+ cells in perivesicular tissue (a),
tomb stone region (b) and roof of vesicle(c) (magnification400)

SID index of TNFR1 staining, no significant difference
was reported between basal layer and vesicle floor (p=
0.317), basal layer and vesicle roof (p =0.540), basal
layer and acantholytic cells (p =0.317), parabasal layer
and vesicle roof (p =0.132), vesicle floor and vesicle
roof (p= 0.153) and also vesicle roof and acantholytic
cells (p = 0.153). However, a significant difference was
found between basal and parabasal layers (p= 0.014),
parabasal layer and vesicle floor (p= 0.01), parabasal
layer and acantholytic cells (p= 0.01) and also vesicle
floor and acantholytic cells (p= 0.099).

The results of SID index of FasL staining in basal
and parabasal cells of normal oral mucosa did not show
significant difference with those in perivesicular tissues
by Mann- Whitney test (p= 0.643), because there was
not expression of FasL staining in normal oral tissues,
approximately similar to perivesicular tissues (Figure 7).

The analysis of the staining expression rate of
FasL marker in basal and parabasal layers around vesi-
cle revealed that in 92% of all samples, staining expres-
sion and intensity of cells were zero. This marker
showed a varied staining expression and intensity in
vesicle area, as presented in details in the Tables 5 and
6, Figures 8 and 9.

Moreover, the results of Mann-Whitney test on
SID index of FasL staining showed a significant differ-
ence between basal layer and vesicle floor, basal layer
and vesicle roof, basal layer and acantholytic cells, para-
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Table 5: Results of the FasL staining expression

Ranking of staining positivity

Number (percentage) of positive samples

Perivesicular area

Vesicular area

Basal layer Parabasal layer Tomb stone Roof of vesicle  Acantholytic cells
0 23(92%) 23(92%) 1(4%) 4(16%) 2(8%)
1-25% 2(8%) 2(8%) 6(24%) 9(36%) 6(24%)
26-50% 0 0 1(4%) 8(32%) 4(16%)
51-75% 0 0 4(16%) 4(16%) 4(16%)
75%> 0 0 13(52%) 0 9(36%)
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)

Figure 7: No expression of FasL+ cells in normal mucosa

(magnification400)

3 - ¥ . 4
Figure 8: Appearance of FasL+ cells in tombstone region(a),
roof of vesicle(b) and acantholytic cells(c) (magnification400)

Table 6: Results of the FasL staining intensity

FasL- in perivesicular tissue(b) (magnification400)

basal layer and vesicle floor, parabasal layer and vesicle
roof, parabasal layer and acantholytic cells, vesicle floor
and vesicle roof, and also vesicle roof and acantholytic
cells ( p <0.001). No significant difference was ob-
served, however, between basal and parabasal layers (p
= 0.99) and also vesicle floor and acantholytic cells (p
=0.259).

In addition, Wilcoxon test on SID index was used
to compare both markers in different layers and the res-

Ranking of staining positivity

Number (percentage) of positive samples

Perivesicular area

Vesicular area

Basal layer Parabasal layer Tomb stone Roof of vesicle Acantholytic cells
0 23(92%) 23(92%) 1(4%) 4(16%) 2(8%)
+1 2(8%) 2(8%) 4(16%) 6(24%) 5(20%)
+2 0 0 7(28%) 11(44%) 8(32%)
+3 0 0 13(52%) 4(16%) 10(40%)
+4 0 0 0 0 0
Total 25(100%) 25(100%) 25(100%) 25(100%) 25(100%)
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ults showed a significant difference in all cases between
TNFR1 and TUNEL, TNFR1 and FasL and TUNEL
and FasL in various layers (p <0.001).

Discussion

Considering negative immunoreactivity with Bax mark-
er, a proapoptotic marker involving in intrinsic apoptot-
ic pathway in our previous research in 2013 [3] and
based on the suggestion of same research, the present
study was planned to investigate the extrinsic pathway
of apoptosis in oral PV using TUNEL technique and the
most important immunohistochemical markers effective
in extrinsic apoptotic pathway, namely TNFR1 and
FasL on the same 25 oral PV samples of previous com-
ment. [3]

According to the results obtained from the present
study and considering TUNEL negativity of normal oral
mucosa, TUNEL positivity in the vesicle layer and
acantholytic cells, as well as perivesicular tissues in
basal and parabasal layers, it can be deduced that apop-
tosis is involved in the formation of vesicle or even pre-
ceding to vesicle in PV. In reality, the presence of
TUNEL-positive cells around vesicle confirmed the
occurrence of apoptosis in the early stages of the disease
and before acantholysis.

The results of the present study are in line with
those of Li et al, Zayed et al., Gniadecki et al.,
Pacheco- Tovar et al., Rodrigues et al., Frusic-Zlotkin et
al., and also Deyhimi and Tavakoli. [1, 3-4, 6, 10, 24-
25] All aforementioned authors contend that apoptosis
occurs prior to acantholysis and in reality, apoptosis
could be the cause of acantholysis, not a secondary phe-
nomenon, because TUNEL-positive epidermal cells
presented not only in the vesicular but also in the
perivesicular epidermis of the patients with PV.

The apoptolysis hypothesis presented by Grando
et al. is also indicative of concurrence of apoptosis and
acantholysis, each of which is neither a prerequisite nor
prior to the other one, but interdependent. [5, 28]

Unlike the above studies, the findings of Schmidt
et al., Waschke et al., Arredondo et al., Baroni et al. and
Takahashi et al. showed that apoptosis occurs following
acantholysis, and is not a prerequisite for acantholysis.
[19-23] Moreover, Janse et al. [2] reported no evidence
of apoptotic cells in acantholysis.

The difference between results of the present rese-

arch with those of some above mentioned studies could
be owing to limited number of the samples in the given
studies, location of the biopsies that was cutaneous in
most of the above studies, accuracy of the techniques
which might not have shown low intensity rates and
over fixation of the samples which their antigens might
not have activated.

In the present study, TNFR1 expressed both with-
in vesicles and around vesicles with very high intensity,
which is indicative of the onset of apoptotic process
before vesicle stage in PV. In normal oral mucosa,
staining expression and intensity of TNFR1 were faint.
These findings are indicating the overexpression of
TNFR1 in apoptotic process of PV.

In the studies of Lopez-Robles et al., Felicini et al.
and Rodrigues et al., [6-7, 11] inflammatory cytokine of
TNFa were proposed as the factor affecting the induc-
tion of apoptotic processes. Furthermore, Chiapa-
Labastida et al. [8] demonstrated the expression of
TNFa within the vesicles and around vesicles. It was
found out that TNFa was induced by keratinocytes in
response to pemphigus autoantibodies, which conse-
quently both stimuli induced apoptosis and then accu-
mulation of apoptotic cells reinforced or furthered high-
er production of TNFo by monocytes or macrophages
that in turn led to advancement of the disease. Based on
the results of this study, apoptosis and acantholysis are
relevant processes because antigen-antibody complex
stimulates apoptotic process; however, apoptosis occurs
not necessarily after acantholysis but it can simultane-
ously occur with acantholysis or even prior to acantho-
lysis. [8]

Nevertheless, the expression of TUNEL around
vesicle in the present study was less than the expression
of TNFRL1. This difference may be due to different ex-
pression rates of TNFR1 and TUNEL. In fact, TUNEL
shows the morphological changes of apoptotic cells and
DNA fragmentation whereas TNFR1 shows the stage
before morphological changes, i.e. molecular changes of
apoptosis. As it is evident, biomolecular changes always
occur prior to morphological changes and are earlier,
more evidently and more severe than morphological
changes that take place with a time delay and conse-
quently lower expression and intensity.

The study of the expression rate of FasL indicated
a relatively well expression for this mediator in vesicle,
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but showed a minimum expression in the basal and pa-
rabasal layers of perivesicular region. Considering min-
imum expression of FasL in the basal and parabasal
layers of perivesicular region, it appears that non-
expression of FasL in normal oral tissues is logical.
Comparison of the expression of FasL and TNFR1
markers showed that TNFR1 acts at the very early stag-
es and before the formation of vesicle, as TNFR1 had a
very high expression in the basal and parabasal layers of
perivesicular region, unlike FasL that had a low expres-
sion around vesicle but a rather well expression within
vesicle and acantholytic cells. Moreover, the significant
difference between these markers in different layers
confirms the issue that TNFR1 marker acts earlier in
apoptotic cascade and even in the surrounding of vesi-
cle. It seems that FasL acts more as an accelerator for
bulla formation rather than an initiator. Nevertheless, it
can be concluded that the extrinsic pathway of apoptosis
is promoted through both mediators of cell death so that
TNFR1 acts as an initiator of apoptotic process and
FasL is activated in the following stages after TNFR1.

Another reason for the lower expression of FasL
marker is that it is produced by the cells of immune
system such as T cells (mainly cytotoxic T cells), natu-
ral killer cells, and macrophages that induce apoptosis
by connecting to the Fas cell surface receptor. [1, 4] In
the present study, however, an attempt was made to
select the samples with no severe inflammation in order
to eliminate the confounding factor of inflammation.
Therefore, the lower expression of FasL could be owing
to lower inflammation of the samples, which conse-
quently resulted in lower production of FasL. In addi-
tion, the expression of FasL and TNFR1 was observed
in the inflammatory cells within connective tissue,
which is a reason for the origin of these apoptotic medi-
ators. However, since Fas receptors present in keratino-
cytic cells, if Fas was measured, probably higher ex-
pression and intensity of Fas compared with FasL
would be reported. These results are confirmed by other
studies and are in line with the findings of Puviani et al.,
Frusic-Zlotkin et al., Pacheco-Tovar et al. and Zayed et
al. [1, 4, 9-10] In study of Pacheco-Tovar et al. [4] con-
sistent with our results, Fas was increased in acantholyt-
ic cells and perivesicular keratinocytes, but FasL did not
show any increase in both the control group and
perivesicular keratinocytes.
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Involvement of the extrinsic pathway of apoptosis
in PV was reported in the studies of Orlov et al., Frusic-
Zlotkin et al., and Lippens et al. [10, 29-30] It was also
shown that accumulation of Fas, FasL, and TNFa re-
sulted in amplification of ability of PV-IgG, separation
of cells and induction of acantholysis. [10, 29-30] Fur-
thermore, Moravvej et al. [31] reported that serum FasL
level in PV patients was increased and more interesting-
ly, serum FasL level was increased more in mucosal
lesions than in cutaneous lesions, which is indicative of
the role of extrinsic apoptotic pathway in the occurrence
of apoptosis in mucosal lesions.

According to the results of the present study, it
can be concluded that it might be feasible to mitigate the
complications resulting from overconsumption of corti-
costeroid medications and reduce corticosteroid dose
along with the use of antiapoptotic drugs such as Fas,
FasL, TNFa, and TNFR1 inhibitors in patients with PV.
Also based on study of Puviani et al. [9] about substan-
tial reducing FasL by cortone, it can be concluded that
these treatments are also done through the modulation
of the apoptosis and so using antiapoptotic drugs such
as antiFas, antiTNF and antiCaspase can reduce cortico-
steroid dose and consequently the complications result-
ing from their high dose. Li et al. and Pacheco-Tovar et
al. [24, 32] showed that inhibition of caspase could stop
blister formation. Moreover, Ragab et al. and Frusic-
Zlotkin et al. [10, 33] reported that evaluation of serum
TNF before treatment could be helpful as a guide for
analysis of prognosis and treatment selection.

For confirmation of the obtained results from the
present study, the pathophysiology of PV should be
more investigated. Moreover, it is suggested to employ
more advanced immunohistochemical methods such as
immunogold silver staining and cell culture in order to
attain results that are more accurate; however, this was
not possible in the present study because of high cost
and lack of availability.

Conclusion

Although there are limitations of making conclusions
about the biological and pathogenic significance of
molecules assessed only by their immunohistochemical
expression; however , according to the results obtained
by present study, it can be deduced with more certainty
that:
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1. Apoptosis is probably necessary for the induction
of acantholysis in PV and is a preceding phenome-
non to acantholysis or at least these two phenome-
nons are interdependent and not necessarily prereg-
uisite to other one.

2. It appears that the apoptosis induced in PV occurs
mostly, but probably not purely in extrinsic path-
way.

3. Proapoptotic mediators FasL and TNFR1 are in-
volved in the induction of apoptosis in PV.

4. Regional inflammation is involved in the induction
of apoptosis.

5. Inhibition of apoptosis probably prevents acantho-
lysis and so using TNF and FAS inhibitors can
probably slow down the development of disease.
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