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Abstract

Background: HPV-related lesions represent an attractive model
to study the interaction between proliferation and apoptosis
regulatory factors that ultimately control cell dynamics and determine
tissue mass.

Aim of the work: was to study the expression pattern of some
proliferation and apoptosis regulatory proteins in two of the HPV-
related lesions namely verruca vulgaris and condyloma acuminata.

Material and methods: Eleven lesions of verruca vulgaris,
eleven lesions of condyloma acuminata and eight normal skin
specimens were examined immunohistochemically for reactivity for
survivin, p-53, Bcl-2 and PCNA.

Results: Markedly increased staining for survivin and p-53 was
observed in both VV and CA in comparison to normal skin. PCNA
expression was also enhanced in both types of viral lesions but more
in VV. Bcl-2 expression was very faint in both VV and CA. Strong
positive correlation could be seen between survivin and p-53 scores
of reactivity.

Conclusion: Both enhanced proliferation and decreased

apoptosis seem to play some role in the evolution of HPV-related
neoplasms. A major role for survivin can be postulated while its
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significance in relation to malignancy seems to be doubtful. A
possible role for p-53 in restoring the balance to the dynamics of
virally infected cells can be suggested

Introduction

Tissue homeostasis requires a tightly regulated program of cell
division and cell death. Apoptosis, or programmed cell death,
counters proliferation and is regulated by an intricate system of pro-
apoptotic and anti-apoptotic molecules.[1]

Dysregulation of apoptosis is a common feature of cancer|[2]and
a likely factor in the development of both benign and malignant
cutaneous neoplasms.[3]

For many reasons, the HPV-induced skin lesions (the so-called
verruca) represent an attractive field for studying proliferative and
apoptotic control of neoplasms. The relation of these hyperplastic,
relatively non inflammatory lesions to the specific viral aetiology is
well documented and exhaustingly classified[4], the genetic aspects
of viral replication and their influence on the host cell machinery are
well studied|5], the viral papillomas represent a striking example of
somewhat rapidly evolving hyperplastic lesions, the incidence of the
infection is relatively high[6]and their cutaneous and superficial
location makes the lesions easily accessible for clinical follow up and
for biopsy. Lastly, the diversity of the clinical spectrum
corresponding to different serotypes|[4], as well as the propensity of
some variants for malignant transformation[7], make them invaluable
for the purpose of analytic studies.

Both apoptosis and proliferation seem to be regulated by
complex interplay of numerous factors. Among these, survivin stands
as one factor that has gained much interest in the last few years.[8]

Survivin is an [AP family member that has been implicated as a
regulator of cell division as well as an inhibitor of apoptosis. Survivin
associates with the mitotic spindle in the G2/M phase of the cell cycle
and is essential for proper execution of mitosis and cell division.[9]Its
specific expression in G2/M is transcriptionally controlled,[10]as is
typical of mitotic genes.[11]Interference with survivin-microtubule
interaction results in a failure of the antiapoptotic function of survivin
and an increase in caspase-3 activity with subsequent
apoptosis.[12]Disruption of survivin function has likewise been
linked with cell division defects.[8]

Unlike other IAP proteins, survivin appears to function more as
a regulator of mitochondrial apoptosis rather than as a caspase
inhibitor. However, the precise mechanism by which survivin
suppresses apoptosis is still incompletely understood. Several
mechanisms are theorized which include direct suppression of
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caspase-3,[13]binding to caspase-9,[14]Hepatitis B X-interacting
protein-mediated binding to procaspase-9, thus preventing apoptosis
via the intrinsic pathway,[15]and indirect inhibition of caspases
through interaction with intermediate proteins e.g. By binding the
proapoptotic protein Smac/DIABLO.[16]The antiapoptotic
cytoprotection offered by survivin is ineffective against the Fas-
induced apoptotic pathway.[8]

Survivin is expressed during embryonal development but is
almost absent in most normal, terminally differentiated tissues.
Normal adult human tissues that express survivin include
thymus,[17]basal colonic epithelium,[18]gastric mucosa,[19]and
CD34+ hematopoietic stem cells. In contrast to its limited distribution
in normal, terminally differentiated tissues, survivin expression is
significantly upregulated in many human malignant tumors where its
expression seems to be associated with a more aggressive phenotype,
shorter survival times, and a decreased response to chemotherapy.[8]

Survivin expression has been also associated with viral-induced
neoplasms where it is again suggested as an early indicator of
malignancy.[20]

It is not known why this protein is upregulated in cancer.
Multiple tumorigenic pathways seem to be potentially involved.
Wild-type p53 transcriptionally represses survivin, whereas mutant
p33 (associated with many malignancies) may contribute to
upregulation of survivin. Constitutive STAT3 activation and
upregulation by c-H-Ras oncoprotein may also result in survivin
over-expression. As regards non-transformed cell lines, upregulation
of survivin in endothelial cells is observed after stimulation with
VEGF, basic fibroblast growth factor, and angiopoietin-1. In CD34+
hematopoietic stem cells, there is upregulation of survivin after
incubation with a combination of thrombopoietin, FIt3 ligand, and
stem cell factor.[8]

As regards the skin, survivin has been also shown to be almost
absent under normal conditions. Its expression was found to be
upregulated in melanoma, non-melanoma skin cancers, benign
melanocytic nevi, and some benign keratinocytic neoplasms.[21],
[22]

P53 is another regulatory protein that is encoded by one of the
tumor suppressor genes and is implicated in normal tissue
homeostasis as well as in the pathogenesis of many neoplastic
disorders. It contributes to several cellular activities including
apoptosis, transient growth arrest, and sustained growth arrest (or
senescence). It plays a major role in the cellular response to DNA
damage and other genomic aberrations. In normal cells, p53 is present
in a latent form and its levels are very low as the MDM2 protein
binds to p53 and increases its susceptibility to proteolysis by the 26S
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proteosome. In a cell that undergoes stress, p53 can be activated by
phosphorylation at multiple sites e.g. by ATM, ATR, and DNA-PK.
This phosphorylation impairs the ability of MDM?2 to bind p53,
promoting both the accumulation and functional activation of p53. In
response, the cell may undergo cell-cycle arrest at G1 checkpoint (to
allow for DNA repair before replication) or undergo apoptosis (if
DNA damage is beyond repair)[23]

The active p53 would induce cell cycle arrest or apoptosis
through transcriptional regulation of several genes including the cell
cycle inhibitor p21, DNA repair gene GADDA45, and the apoptotic
inducer Bax. p53 can also initiate apoptosis through a direct signaling
pathway.[24]

Besides MDM2 inactivation under normal conditions, p53 can
be functionally inactivated under pathologic conditions e.g. by
mutation or binding to DNA tumor virus encoded proteins, such as
SV40 large T antigen, Adenovirus E1B and papilloma virus E6
proteins. If p53 function is lost from any cell, the ability to eliminate
potentially cancerous cells is lost and cancers can form. In fact, p53
has been found to be frequently mutated in the majority of human
cancers.[25], [26], [27], [28], [29], [30], [31]

PCNA is a marker for cells in early G1 phase and S phase of the
cell cycle. It is found in the nucleus and is a cofactor of DNA
polymerase delta. It helps increase the processivity of leading strand
synthesis during DNA replication. In response to DNA damage,
PCNA is ubiquitinated and is involved in the DNA repair
pathway.[32]

Bcl-2 is a proto-oncogene found on the mitochondrial membrane
and acts to protect the cell from undergoing cell death.[33]It acts
through two mechanisms: firstly, it prevents increased mitochondrial
permeability thus blocking cytochrome c release from the
mitochondrial membrane. Secondly, it acts as a "docking protein" to
bind and sequester APAF-1 in order to prevent the activation of
caspase 9.[34]

Within the epidermis, Bcl-2 is found in abundance only in
proliferating basal keratinocytes, thus making it an important
inhibitor of basal cell apoptosis.[35], [36]There seems to be loss of
Bcl-2 expression as epidermal cells migrate upward, thus making
suprabasal cells more susceptible to apoptosis.[33]Furthermore, it has
been proposed that the loss of Bcl-2 may even be a signal for upward
migration of cells within the epidermis.[35]

Aim of the work

The goal of the present study was to determine the expression
pattern of survivin in two types of HPV- induced lesions namely
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verruca vulgaris (as an example of totally benign neoplasms) and
condyloma acuminata (as an example of benign neoplasm with
occasional oncogenic potential).[37]The study also aims to correlate
survivin expression with that of some other apoptosis and
proliferation markers namely p53, Bcl-2, and PCNA.

Material and methods

Eleven clinically typical lesions of verruca vulgaris (from 8
patients) and 11 typical lesions of condyloma acuminata (from 7
patients) have been excised under local anesthesia and immediately
fixed in 10% formalin for subsequent embedding in paraffin blocks.
Each biopsy was cut into 4 um-sections (10 were prepared for each
specimen). One section was stained with hematoxylin and eosin
(H&E) for routine histopathologic examination (to confirm the
diagnosis and to record relevant histopathologic features) while other
sections were subjected to immunohistochemical staining where 4
sections from each biopsy have been stained for each of the 4 markers
under evaluation (namely survivin, p-53, Bcl-2 and PCNA).

Excluded from the study were clinically or histopathologically
atypical lesions, lesions showing evidence of inflammation or trauma,
cases with previous trials of treatment, patients with major medical
illness or associated skin disease and cases below the age of 10 years
or above the age of 50 years.

Eight normal skin specimens from 8 healthy individuals have
been included as control.

Informed consent has been taken from all patients and control.

All the biopsied warty lesions were subjected to routine light
microscopic examination of hematoxylin and eosin-stained sections
to confirm the diagnosis before immunohistochemical staining.

Immunohistochemistry:

i. Four-micron thick tissue sections cut from the representative
paraffin-embedded tissue blocks, overlaid on APES (Sigma, St.
Louis, USA) coated slides, were deparaffinized (2 changes of Xylene
X 5 minutes each, 1 change of acetone X 1 min) followed by
rehydration in decreasing ethanol concentrations (95% ethanol X 3
mins, 70% ethanol X 3 mins, distilled water X 1 min).

ii. For staining with all the antibodies, the tissue sections were
subjected to antigen unmasking by heating the sections immersed in
10 mM citrate buffer pH 6.0 (2.1 gm. of anhydrous citric acid crystals
dissolved in 1L of distilled water and pH adjusted to 6.0) inside a 600
watt microwave oven in full power for 35 minutes, allowed to cool to
room temperature and then washed briefly with 0.05 M Tris-Hcl
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buffer pH 7.4.

iii. Endogenous peroxidase activity was then quenched by
immersing the sections in methanolic H202 (1 part 3% H202 plus 4
parts absolute methanol) for 30 minutes. After brief rinsing, the
sections were placed in 0.05 M Tris-Hcl buffer pH 7.4 for 10 minutes.

iv. Sections were then overlaid with adequate amount of primary
antibody diluted optimally using 0.05 M Tris-Hcl buffer pH 7.4
containing 1% bovine serum albumin (Sigma, St. Louis, USA)
followed by incubation at 40C overnight.

v. The slides were then washed with three changes (5 mins each)
0f 0.05 M Tris-Hcl buffer pH 7.4 followed by incubation for 30
minutes at room temperature after application of biotinylated
secondary (link) antibody in phosphate buffered saline containing
carrier protein and 15 mM sodium azide (LSAB Plus Kit, DAKO,
Denmark).

vi. After three washings (5 mins each) in Tris-Hcl buffer,
peroxidase conjugated streptavidin was applied to cover the
specimens and incubated at room temperature for 30 minutes.

vii. Slides were rinsed with 3 changes of Tris-Hcl buffer for 5
mins each. Sections were then covered with substrate chromogen
solution prepared freshly by dissolving 1 mg of 3,3?-
diaminobenzidine tetrahydrochloride (Sigma, St. Louis, USA) in 1 ml
0f 0.05 M Tris-Hcl buffer pH 7.4 containing 1 ?I of hydrogen
peroxide. The slides were incubated at room temperature for 5 to 10
minutes under microscopic control till the optimal development of
brown colored peroxidase reaction product.

viii. After rinsing in distilled water, the sections were lightly
counterstained with Harris' hematoxylin, followed by mounting with
cover slips with DPX as mounting medium.

ix. Precaution was taken so that drying of tissue sections strictly
did not occur at any time during the entire procedure of
immunostaining. All incubations were done inside humid chambers.

x. Controls: During each batch of staining, positive and negative
controls appropriate for the particular antibody were incorporated.

The details of primary and secondary antibodies used in the
study are shown in table (1).
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Antigen 1ry antibody 2ry antibody

species| Conc. |manufacturer|species|dilution|manufacturer

survivin| Mouse| 2-4 Abcam* |Rabbit[0.73611| Abcam
pg/ml

p-53 |Mouse|5 pg/ml| Abcam |Rabbit|0.73611| Abcam

Bel-2 | Goat 15 R&D Rabbit|0.73611| Abcam
pug/ml | Systems**

PCNA |Mouse[1.15278] Abcam |Rabbit|0.73611| Abcam

Table (1): The details of antibodies utilized in the study.

The slides were examined for both routine histopathology and
immunohistochemistry using Olympus light microscope equipped
with SIS Image Analysis Computer System for the purpose of
quantitative assessment of immunohistochemical reactivity.
Examination was done under X40, X100, X200 and X400
magnification.

Scoring method:

The scoring method for different markers was modified from
that described by Sinicrope et al.. (1995).[38]Four sections per
specimen have been examined for each marker evaluated in the study.
The mean percentage of positive tumor cells was determined in at
least five fields per section (at 400-fold magnification) and assigned
to one of the following 8 categories: 0, <5%; 1, 5-12.5%; 2, 12.5-
25%; 3, 25-37.5%; 4, 37.5-50%, 5, 50-67.5%, 6, 67.5-75%, 7, 75-
87.5%, 8, >87.5%. (N.B. the score refers to the percent of positively
stained cells). The intensity of immunostaining was scored as
follows: 1+, weak; 2+, moderate; and 3+, intense. Because the lesions
showed heterogeneous staining, the dominant pattern was used for
scoring. The scores indicating percentage of positive cells and
staining intensity were multiplied to produce a weighted score for
each field. The average weighted score for the 20 (X200) fields
examined for each specimen (5 fields/section X 4 sections) is then
calculated. Cases with weighted scores <1 were defined as negative,
and cases were otherwise defined as positive.
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Comparative analysis between two groups was done through
unpaired T-test and chi-square test using graphpad software
downloaded from the website: http://www.graphpad.com[39]

Correlation between different parameters was done through
graphpad software downloaded from the website:
http://calculators.stat.ucla.edu/correlation.php[40]

Results

The study included 15 patients and 8 control subjects of matched
age and sex. Eleven clinically typical lesions of verruca vulgaris
(from 8 patients) and 11 typical lesions of condyloma acuminata
(from 7 patients) have been biopsied in addition to 8 biopsies from
matched areas of normal skin (from 8 healthy subjects of matched age
and sex). The clinical data of the patients and control group are
shown in table (2).

Control Verruca vulgaris Condy} oma
— — Acuminata
(n=8) (n=8) 0=7)
Range |Mean +/-SD| Range | Mean +/-SD | Range | Mean +/-SD
Age
(years)
12 - 45 231';-3’_/- 11-48 (20.4+/-17.8|21 -42| 30.2+/-9.8
Males| Females | Males | Females [Males| Females
Sex 4 4 5 3 5 2
INEEElEEr Gif 8 11 11
biopsies
Hands (2) Hands (4) .
. . Fingers (2) Pubic area (4)
Site Thigh (3) o
. . Legs (2) Genitalia (5)
of biopsied | Pubic area (2) hich (2
lesions Scrotum (1) Abdomen (2) Thigh (2)
Pubic area (1)
Approximate range | Mean+/-SD | range |Mean +/-SD | range | Mean +/-SD
duration of
lesions
(months)
_____________ 1-20 | 83+/-74 [2-24]| 6.1+/-10.7

Table (2): clinical data of the study material.
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Immunohistochemical examination of both V.V. and C.A.
lesions could reveal significantly increased reactivity for survivin as
well as for p-53 compared to normal skin (in terms of percent positive
lesions and of average weighted score). Normal skin was almost
negative for both markers in most biopsies studied. Lesions of C.A.
were more reactive for both markers than those of V.V. but the
difference was statistically significant only for p53. (p<0.05)

The reactivity for survivin was diffuse all over the epidermis but
more prominent in the lower epidermal layers. The cellular staining
pattern was finely granular and more nuclear than cytoplasmic.

For p-53, the staining was also diffuse all over the epidermis
(basal and suprabasal). At the cellular level, staining was either
granular or homogeneous and compact and was either nuclear or both
nuclear and cytoplasmic (especially in areas of heavy staining).

Anatomic correlation could be observed in many lesions
between areas of intense immunoreactivity for both markers.

For Bcl-2, staining in both types of verrucous lesions was weak
and did not significantly differ from corresponding staining of normal
skin. The staining in all skin specimens examined was mainly in the
basal or immediate suprabasal layers and always cytoplasmic
(perinuclear).

Both V.V and C.A. lesions showed significantly enhanced
staining for PCNA in comparison to normal skin, with V.V. lesions
more reactive to PCNA than lesions of C.A. although the difference
was not statistically significant between V.V. and C.A. Reactivity
was nuclear, homogeneous and most marked in the basal layer and
gradually becomes less higher up in the epidermis.

See figs. (1 to 3).
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Fig.(1): Immunohistochemical staining of verruca vulgaris
(V.V.) lesions showing markedly enhanced expression of P-
53 (throughout the epidermis, both nuclear and cytoplasmic),
of survivin (throughout the epidermis, mainly nuclear and to
a less extent cytoplasmic) and of PCNA (mainly in lower
epidermis & nuclear). No significant staining for Bel-2 could
be observed.
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Fig 2: Immunohistochemical staining of condyloma
acuminata (C.A.) lesions showing markedly enhanced
expression of P-53 (throughout the epidermis, both nuclear
and cytoplasmic), of survivin (throughout the epidermis,
mainly nuclear and less prominently cytoplasmic) and of
PCNA (mainly in lower epidermis & nuclear). No significant
staining for Bcl-2 could be observed.

s Nl e _ AT Y,

Fig.(3): Immunohistochemical staining of normal skin
showing no staining for p-53 or survivin. Poor staining could
be seen for Bcl-2 (in lower epidermis - mainly perinuclear).
Staining for PCNA could be seen clearly in lower epidermis

Immunoreactivity for survivin showed strongly positive
correlation with that of p-53 in both types of verrucous lesions. No
correlation could be observed between survivin and other markers
evaluated in the study. Table (3)c

Results of immunohistochemical examination are shown in
tables (3)a,b & ¢
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Normal [Verruca vulgaris| Condyloma
skin acuminata

weighted | Mean +/- | Mean +/- Mean +/-
-value -value
score SD SD P SD P

survivin| 0-0 +/-0.0|3.2 +/- 3.8 <0.05* |7.6 +/-7.5| <0.05*

p-53 |00+-0.0[2.8+/-2.9] <0.05% [7.3 +/-6.1] <0.01*

Bel-2 [1.0 +- L1[1.7 +-34] >0.05 (0.9 +/- 1.1 >0.05

PCNA [2.1+- 1.1[11.73 +/-| <0.01* [8.7 +/- 6.2 <0.01*
7.0

* = statistically significant

Table (3)a Results of immunohistochemical examination
(Weighted score).

Normal [Verruca vulgaris| Condyloma
skin acuminata

poo/:igie percent | percent |p-value| percent |p-value

lesions

survivinl (0/8) | (7/11) | <0.05% | (8/11) | <0.01*

0.0% | 63.6% 72.7%
p-33 | (0/8) | (7/11) | <0.05% | (10/11) [<0.001*
0.0% | 63.6% 90.9%

Bel2 | 3/8) | G3/11) | >0.05 | (6/11) | >0.05
62.5% | 27.3% 54.5%
PCNA | 88) [ (U1l | >0.05 | (11/11) | >0.05
100% | 100% 100%

* = statistically significant

Table (3)b Results of immunohistochemical examination
(Number & percentage of positive lesions)
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survivin| p-53 | Bcl-2 | PCNA
survivin 097* | 0.21 | 0.05
p-53 -0.17 | 0.003
Bcl-2 0.39
PCNA

* = statistically significant
(Figures shown refer to correlation coefficient)

Table (3)c Results of immunohistochemical examination
(Correlation matrix)

Fig.(4) illustrates comparative staining scores for different
markers in V.V., C.A. and control.

124

110

m NS
[ Ria%
" O ca

survivin P33 bel-2 PCMA

Fig.(4): comparative expression of survivin, p53, Bel-2 and
PCNA in VV, CA and control skin

Discussion

Among the regulatory proteins evaluated in the study, only
overexpression of survivin and PCNA seems to be of relevance to the
hyperplastic nature of HPV lesions. On the contrary, overexpression
of p-53 (with its known pro-apoptotic and anti-proliferative
activities)[23]and weak expression of Bel-2 (with its known anti-
apoptotic properties),[34]may represent unexpected findings in a
hyperplastic lesion and undermine the possibility of a major role of
these proteins in the evolution of HPV-related lesions.
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Similar findings in both types of HPV-related lesions may
suggest similar evolutionary pathway of these lesions in spite of
different serotype of the causative virus.4 It may also cast doubts on
the prognostic value of some of these markers in distinguishing
between benign and potentially malignant lesions. Although survivin
overexpression has been usually linked to malignancy, occurrence in
totally benign neoplasms could be shown in this study as well as in
some previous studies both in cutaneous and non-cutaneous
lesions.[8]This would compromise its prognostic value suggested in
earlier studies as an indicator of high grade
malignancy[411,[42],[43],[441,[45],[46],[47] and argues that
inhibition of apoptosis and/or alteration of cell cycle by survivin is
not necessarily equivalent to (or followed by) cell transformation.
The possibility, however, is there of low risk serotypes as the
causative agent of CA in our patients with no oncogenic potential.
Moreover, the possibility of the presence of mutant forms of some of
these markers (especially for p-53) that are non-functional but
overexpressed can not be ruled out as was confirmed in some other
neoplasms.[25], [26]

In the present study, there was poor correlation between the
proliferation index (as indicated by PCNA score) and that of survivin
indicating that possible contribution of survivin to hyperplastic skin
reaction in HPV-induced neoplasms may be mediated through
inhibiting apoptosis rather than by inducing cell division. In fact,
some HPV-related benign lesions have been shown in other
studies[21]to exhibit low apoptotic index comparable to that of
normal skin. Survivin may be one of the factors contributing to this
suppression of apoptosis in spite of the viral insult to keratinocytes.
On the other hand, hyperproliferation that has been confirmed in this
study (as shown by PCNA overexpression) may be mediated through
other mechanisms.

Although the overall average score of survivin positive cells is
significantly high, some lesions were totally negative for survivin.
This can be explained in several ways. First of all is the age (or stage)
of lesion as tissue hyperplasia may be a consequence of transient state
of imbalance between tissue proliferation and apoptosis after which
maintenance of the stationary state may just necessitate
reestablishment of the original balance between these two processes.
This may be expected in lesions like viral warts where -in most cases-
the lesion exhibits an initial state of expansion followed by cessation
of growth in contrast to the relentlessly expanding malignant
neoplasms.[48]Another possible reason is the probable difference in
the causative viral serotype as clinically similar HPV lesions can be
caused by different serotypes that have different gene characteristics
and more importantly different potential (or mechanisms) of inducing
cell transformation and/or altering host cell dynamics.[49]

Nevertheless, the demonstration of increased reactivity to PCNA
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(as regards the average weighted score of staining in all studied
verrucous lesions) suggests a continuous state of hyperproliferation
that is probably necessary to maintain the hyperplastic state in the
face of other opposing mechanisms (e.g. overexpressed p-53).

Again, lack of significant Bcl-2 expression would be
inconsistent with a major role of B¢l-2 anti-apoptotic action in the
evolution of HPV-related lesions. The reduced levels of Bcl-2 may be
related in some way or another to the upgraded expression of p-53 (a
known inhibitor of Bel-2 expression)[50], although no clear
correlation (negative or positive) could be demonstrated in this study
between these two markers.

The minimal expression of Bcl-2 agrees with previous studies
carried out on benign HPV lesions,[51]reporting reduced Bcl-2 in
contrast to normal BAX expression in the lesional skin. This does not
exclude the presence of another HPV-induced anti-apoptotic
mechanism independent of (or bypassing) that mediated by Bcl-2
(e.g. at the caspase level as suggested for survivin).[8]

Another study carried out on a variety of cutaneous neoplasms
could show similar reduction of Bcl-2 within V.V. and C.A. lesions
while the malignant (or premalignant) nature of other tumors
subjected to evaluation (not the mere hyperplasia) was associated
with increased Bcl-2 expression.[52]

The strikingly enhanced expression of P-53 in HPV lesions
shown in the present study contradicts with previous reports of
reduced p-53 immunoreactivity in HPV-induced lesions.[52]Likely
explanation to the observed expression is the possible lack of
malignant potential of the biopsied lesion (probably related to the
underlying serotype of the virus which has not been assessed in the
current study and also in most of the previous related studies).
Epidemiological difference in the prevalence of different human
papilloma viral serotypes in different communities (with different
potential of malignant transformation) may be one possible cause.
The loss of p-53 has been typically reported in (and also etiologically
linked to) those lesions with potential of malignant transformation. In
cases of HPV-induced lesions, high risk serotypes were reported to
induce cell transformation through expression of 2 main gene
products namely E-6 and E-7genes. E-6 gene products -in particular-
have potent inhibitory effect on p-53 expression and p-53 action
(through inhibiting p-21).[49]So, the demonstration of p-53 in most
biopsied lesions in the present study could point to benign nature of
the underlying viral serotype.

Another controversy is the contrast between overexpression of
p-53 (a potent anti-proliferative and pro-apoptotic factor)[23]and the
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nature of warts as hyperplastic lesions. The answer may again reside
in the age (or stage) of the lesion where stimulation of proliferation
and/or inhibition of apoptosis seem to be necessary only in the initial
stage of evolution after which a stationary state is reached where
maintenance of the lesion may just require re-institution of the
balance between proliferation and cell deletion by apoptosis. In
harmony with this possibility is the well-established link between
apoptosis and proliferation where enhanced proliferation has been
shown to stimulate enhanced apoptosis under physiological and also
in many pathological conditions.[53]

Some studies could demonstrate the ability of p-53 to suppress
HPV-related hyperproliferation and made the suggestion that at a
certain stage of viral cycle, a feedback loop begins to operate in
which some viral proteins (e.g. E1 or E2) may act to block the initial
viral suppressor effect on p-53 action &/or expression giving it a
chance to check the hyperactive cell proliferative process.[54]

However, It is possible that the contribution of p-53 to the
process of evolution (or maintenance) of wart lesions is a minor one
or is overcome by opposing and more effective mechanisms. The
presence of p-53 in a mutant form that is overexpressed but non-
functional is another possibility that, however, could not be verified
by our conventional immunohistochemical technique. If true, the
question remains as whether the mutation is intrinsic or induced by
the viral infection itself.

Another striking finding in the present study is the strongly
positive correlation between p-53 and survivin. This is also
unexpected keeping in mind the inhibitory effect which p-53 is
supposed to exert on survivin expression.[8]

Again, the existence of p-53 in a mutant ineffective form is one
possibility.[25] Another explanation is the presence of many other (&
probably more potent) regulators of survivin expression apart from p-
53 including other oncogene products and a number of growth
factors. The relative importance of these different factors and their
possible alteration in HPV-induced lesions are still to be elucidated
but seem to vary even from one type of lesions to another.[§]

In addition to the negative effect p53 has on survivin
expression,[8]both factors have antagonistic effect on cell dynamics.
P-53 appears to be capable of inducing cell cycle arrest and/or
apoptosis through a large number of regulatory pathways. Some of
these can intersect with the action of survivin (e.g. as regards caspase
inhibition).[55]Although the exact mechanism(s) [or site(s)] of action
of survivin are not yet settled,[8]some of these mechanisms may be
probably capable of either bypassing or overcoming the opposing
action of p53 at least in case of HPV-induced lesions.
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As p53 was overexpressed in both types of HPV-lesions
evaluated in the study, it may not be a sinister indicator of cell
transformation. It would rather represent a natural cytoprotective
reaction to the stress imposed on the cell as a result of viral insult.
The overexpressed p53 may then start (or try to start) a state of cell
cycle arrest so as to give a chance for DNA repair &/or cell
apoptosis.[23]Given the persistent nature of the cellular insult (in the
form of persistent viral infection), the overexpression may be also
persistent but may be somewhat ineffective in halting the hyperplastic
tissue reaction.

Conclusions and Recommendations

Although the study could strongly suggest involvement of some
proliferative and apoptotic mediators (in particular survivin) in the
pathogenesis of tissue reaction of HPV-induced lesions, the exact
sequence of events seems to be more complicated and may involve a
large number of factors interacting in a sophisticated way. In-vitro
studies may be more helpful in studying the role of each factor in
isolation. There may be also a great need for long term studies to
correlate the immunohistochemical findings of the early stages with
the long term clinical course of the lesions and in particular in
relation to the potential for malignant transformation and also with
the susceptibility to spontaneous (or immune-mediated) regression.

Furthermore, correlation with the underlying serotype can not be
overemphasized as the clinically similar group of lesions could be
largely heterogeneous when considering the underlying viral
serotypes. Establishment of a clear view of the specificity or
sensitivity of any of the studied factors as a prognostic marker of
malignancy may necessitate long term as well as large scale studies
on a wide variety of lesions before firm conclusions can be made.

Lastly, therapeutic manipulation of some of these pro- or anti-

apoptotic factors stands as an attractive option in the management of
this type of skin lesions.
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ATR: Ataxia telangiectasia and Rad3 related protein
BAX: Bcl-2 associated x protein

Bel-2: B- cell leukemia/ lymphoma-2
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GADD45: Growth Arrest and DNA Damage--inducible Gene 45
HPV: Human papilloma virus

IAP: inhibitors of apoptosis proteins

MDM2: Mouse double minute 2

NS: Not significant

PCNA: proliferating cell nuclear antigen

STAT-3: signal transducer and activator of transcription 3
V.V.: Verruca vulgaris
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