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ABSTRACT

Background: Information is scarce about the presence of molecular alterations related  
to human papillomavirus (HPV) infection in squamous cell carcinomas of the genital skin 
and about the effect of this infection in the number of Langerhans cells present in these 
tumors. Aims: To determine the presence of HPV in genital skin squamous cell carcinomas 
and to see the relationship between HPV infection and changes in the expression of 
Ki‑67 antigen (Ki‑67), p53 protein (p53), retinoblastoma protein (pRb) and E‑cadherin and 
to alterations in Langerhans cell density, if any. Methods: A  descriptive, comparative, 
retrospective and cross‑sectional study was performed with all the cases diagnosed as 
squamous cell carcinomas of the genital skin at the Dermatopathology Service from 2001 
to 2011. The diagnosis was verified by histopathological examination. The presence of 
HPV was examined using chromogenic in situ hybridization, and protein expression was 
studied via immunohistochemical analysis. Results: The 34 cases studied were verified 
as squamous cell carcinomas and 44.1% were HPV positive. The degree of expression 
of pRb was 17.50% ±14.11% (mean ± SD) in HPV‑positive cases and 29.74% ±20.38% 
in HPV‑negative cases  (P  =  0.0236). The degree of expression of Ki‑67 was 47.67% 
±30.64% in HPV‑positive cases and 29.87% ±15.95% in HPV‑negative cases (P = 0.0273). 
Conclusion: HPV infection was related to lower pRb expression and higher Ki‑67 expression 
in comparison with HPV negative samples. We could not find a relationship between HPV 
infection and the degree of expression of p53 and E‑cadherin or with Langerhans cell density.
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INTRODUCTION

The effect of human papillomavirus (HPV) infection 

on cell cycle regulatory proteins  (CCRP) has been 
related to the development of squamous cell 
carcinomas  (SCC) in mucosal surfaces; however the 
few studies about this relationship in genital skin 
show contradictory results.[1,2] There is even less 
information available about the presence of HPV 
and the number of Langerhans cells  (LC) present in 
these neoplasms. None of these studies have been 
performed on penile skin.[3] Therefore, we designed 
a study to determine if HPV was related to changes 
on CCRP and E‑cadherin in neoplastic cells and to 
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alterations in Langerhans cell density in genital skin 
SCC.

METHODS

Type of study and case selection
A descriptive, observational, retrospective, 
cross‑sectional and comparative study was performed. 
We examined every skin biopsy that was diagnosed 
as genital skin SCC  (penile and vulvar) by the 
Dermatopathology Service between 2001 and 2011. 
Genital skin biopsies that did not have a definitive 
histopathological diagnosis of SCC, that did not have 
paraffin‑embedded tissue in the archives, or that did 
not have enough remaining tissue in the paraffin 
blocks were excluded. The study variables were sex, 
age, topography, presence of genital skin SCC (penile 
or vulvar), presence of HPV, degree of expression of 
p53, pRb, ki‑67 and E‑cadherin, and Langerhans 
cell density. The whole tumor present in the slides 
was analyzed with a conventional dual head light 
microscope  (Carl Zeiss, Jena, Germany) and pictures 
were taken with a Canon PowerShot G5 Digital 
Camera (Canon Inc., Yokohama, Japan).

Histological analysis
In order to confirm the presence of genital skin SCC, 
two slides were sectioned from each paraffin block 
and were stained with hematoxylin and eosin.

In situ hybridization
The presence of HPV was determined with chromogenic 
in situ hybridization (CISH) using a ZytoFast HPV DNA 
Probe that detects HPVs 16, 18, 31, 33 and 35 (ZytoVision 
GmbH, Bremerhaven, Germany) and the ZytoFast CISH 
implementation Kit AP‑NBT/BCIP (ZytoVision GmbH, 
Bremerhaven, Germany) following the manufacturer’s 
instructions with a few modifications. Briefly, 5 μm 
sections of formalin‑fixed, paraffin‑embedded tissues 
underwent deparaffinization, heat‑induced target 
retrieval in EDTA buffer and proteinase K digestion. 
Slides were hybridized with the previously mentioned 
biotinylated probe. Probe binding was detected using 
a streptavidin‑alkaline phosphatase conjugate and a 
nitro‑blue tetrazolium chloride (NBT)/5‑bromo‑4‑ chlo 
ro‑3’‑  indoly phosphate  (BCIP) chromogen. Nuclear 
Fast red was used as counterstain  (Manufacturing 
Chemists, Cincinnati, OH).

Immunohistochemistry
The effect of HPV infection on CCRP was studied by 
immunohistochemical staining for p53  (Clone DO7, 

Bio SB Inc., Santa Barbara, CA), pRb (Clone SPM353, 
Bio SB Inc., Santa Barbara, CA), ki‑67 (Clone SP6, Bio 
SB Inc., Santa Barbara, CA) and E‑cadherin  (Clone 
EP700Y, Bio SB Inc., Santa Barbara, CA) following 
the manufacturer’s instructions. The expression 
degree of each marker was calculated as the 
percentage of neoplastic cells that expressed the 
immunohistochemical staining in the nucleus  (p53, 
pRb, Ki‑67) or in the cell membrane (E‑cadherin). In 
order to determine this percentage, we counted the 
positive cells present in the whole tumor. The amount 
of high‑power fields counted varied according to 
variations in tumor size. We counted an average of 
21 high‑power fields. After obtaining the degree 
of expression of CCRP for each case, we calculated 
an average for all cases and then we calculated an 
average for HPV‑positive and HPV‑negative cases. We 
also determined if the pattern of staining was uniform 
or patchy.

Langerhans cells  (LC) were identified by 
immunohistochemical staining for CD1a antigen 
using a rabbit monoclonal antibody  (Clone EP80, 
Bio SB Inc., Santa Barbara, CA) following the 
manufacturer’s instructions. The whole tumor 
present in the slide was analyzed. LC was identified 
by the presence of the immunohistochemical 
staining in the membrane and cytoplasm of cells with 
dendritic morphology. LC density was calculated as 
the mean number of LC present per high‑power field 
of neoplastic tissue. As described before, we counted 
an average of 21 high‑power fields. After obtaining 
the LC density for each case, we calculated an average 
for all HPV‑positive cases and for all HPV‑negative 
cases.

Statistical analysis
The statistical analysis was performed with Epi 
Info v. 3.4.3©, and we determined absolute or 
relative  (percentage) frequencies for the variables. 
Data were expressed as mean and standard deviation. 
The statistical significance was determined with the 
independent Student t‑test. A P ≤ 0.05 was considered 
statistically significant.

Ethical considerations
This protocol was approved by the Review Board and 
Ethics Committee of our Hospital. We followed the 
principles of the Helsinki Declaration of 1975 with 
the modifications of 1993, the International Ethical 
Guidelines for Biomedical Research involving Human 
Subjects and the Mexican General Health Law.
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RESULTS

Thirty‑four patients were studied, 73.5% were male 
and the median age was 52 years (range: 23-91 years). 
The glans penis was the most commonly affected 
area [Table 1]. None of the patients had associated warts. 
The evolution of the lesions was not specified. All 
cases were verified as SCC through histopathological 
analysis  [Figure  1]. The degree of expression of 
p53  (30.37% ±19.12%), pRb  (24.34% ±18.68%), 
ki‑67  (37.72% ±24.85%) and E‑cadherin  (83.53% 
±13.85%) and the mean LC density  (7.34  ±  6.96) 
were determined in all cases and an average for each 
marker was calculated. HPV was present in 44.1% of 
the cases studied with CISH [Figure 2]. pRb expression 
was reduced in HPV‑positive cases; while Ki‑67 
expression  [Figure  3] was increased in HPV‑positive 
cases [Table 2]. We could not determine if there was a 

Figure 1: Well-differentiated squamous cell carcinoma of the vulva, 
representative case (H and E, ×40)

Figure 3: Immunohistochemistry for Ki-67: approximately 75% of 
neoplastic cells show nuclear positivity (×100) 

Figure 2: Chromogenic in situ hybridization showing nuclear 
positivity in HPV infected keratinocytes (×400)

Figure 4: Immunohistochemistry for CD1a: positivity is observed 
in the membrane and cytoplasm of Langerhans cells (×400)

Table 1: Topography of genital skin SCC

Topography Specific 
topography

Number 
of cases

Percentage

Penis Glans 10 29.41
Penis Coronal sulcus 2 5.88
Penis Foreskin 4 11.76
Penis Shaft 9 26.47
Vulva Labia majora 3 8.82
Vulva Labia minora 3 8.82
Vulva Fourchette 2 5.88
Vulva Clitoris 1 2.94
Total 34 100
SCC: Squamous cell carcinoma

relationship between HPV infection and p53 expression 
or E‑cadherin expression [Table 2]. We could not find 
a relationship between HPV infection and LC density, 
not even after analyzing vulvar and penile cancers 
separately [Figure 4] [Table 3]. The pattern of staining 
was uniform in immunohistochemistry.
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DISCUSSION

The mechanisms that explain the development of SCC 
of the genital skin are not well understood. By analogy 
to what has been shown in mucosal epithelia, HPV 
infection has been proposed as one of the factors that 
could lead to the development of genital skin SCC. 
HPV are small  (55  nm) DNA viruses that infect the 
epithelial cells of the skin and mucous membranes.[4‑12] 
The oncogenic role of some HPV types like HPV‑16 has 
been clearly established in several mucous membrane 
cancers such as cervical carcinoma.[13] Approximately 
80-90% of HPV‑positive vulvar cancers are infected 
with HPV‑16, 18, 31, 33 or 35.[7] Several pathogenic 
mechanisms could explain the relationship between 
mucosal HPV infection and the development of SCC. 
E5, E6 and E7 are potent HPV oncogenes that promote 
cell cycle dysregulation, increased proliferation and 
survival of malignant cells.[6,10,14‑19] HPV may also play 
a role in the development of SCC by reducing local 
immune surveillance. Several studies have linked HPV 
infection of mucosal and skin epithelial cells with a 
reduction in the number of LC in these tissues.[3,20‑25] 
Langerhans cells are dendritic cells that play a key 
role in immune surveillance because they are the 
most potent epidermal antigen‑presenting cells. LC 
are found on a regular basis in the epithelial layers 
of normal skin and mucous membranes.[20] E‑cadherin 
is one of the main adhesion molecules expressed by 
squamous epithelial cells and it plays a key role in the 
definition of tissue architecture and differentiation. 
It has been shown that LC express high levels of 
E‑cadherin on their cell membranes allowing them to 
adhere to keratinocytes.[21]

In our study, HPV was found in 44.1% of the cases 
of genital skin SCC  (CISH). This result is similar to 
other studies. Tsimplaki, et al., found that 50% of the 
cases of vulvar SCC and 71.4% of the cases of vulvar 
intraepithelial neoplasia  (VIN) were HPV positive.[26] 
Insinga, et al., in a systematic review in the United States, 
found that 65.3% of vulvar SCC were HPV positive and 
49.5% of the cases were caused by HPV‑16.[27] Sutton, 
et al., found HPV in 69.8% of the cases of vulvar SCC.[28] 
Larsson, et  al., in a study of vulvar SCC in Sweden, 
found HPV in 30.8% of the cases.[29]

We could not find a difference between the degree of 
expression of p53 in HPV‑positive and HPV‑negative 
cases. As in our study, Stankiewicz, et al. could not 
find a correlation between HPV infection and p53 
expression in penile SCC.[2] However, studies of 
SCC involving other sites had different findings. 
Stasikowska‑Kanicka, et  al., in a study of sinonasal 
inverted papilloma and laryngeal carcinoma;[14] Zhang, 
et al., in head and neck squamous cell carcinoma[30] and 
Conesa‑Zamora, et al. in precursor lesions of cervical 
carcinoma,[16] showed that HPV positivity was related 
to a relative decrease in p53 expression.

The degree of expression of pRb was 
17.50% ± 14.11% (mean ± SD) in HPV‑positive cases and 
29.74% ± 20.38% in HPV‑negative cases (P = 0.0236). 
Stankiewicz, et al. obtained similar results in a study of 
penile SCC. They found that HPV infection negatively 
correlated with pRb concentrations.[2] This could be 
explained by the capacity of the E7 oncoprotein of 
high risk HPVs to induce the proteasomal‑mediated 
degradation of pRb.[16,18]

The degree of expression of Ki‑67 was 47.67% ± 30.64% 
in HPV‑positive cases and 29.87% ± 15.95% in 
HPV‑negative cases  (P  =  0.0273). Our results agree 
with the data obtained by Conesa‑Zamora, et  al. 
in the previously mentioned investigation 
of  precursor  lesions  of  cervical carcinoma.[16] Samir, 
et al. in a study of cervical intraepithelial neoplasia (CIN) 
found that HPV infection correlated with the degree 
of expression of Ki‑67.[31] However, not every study 
has been able to prove this relationship. Stankiewicz, 
et al., in a study of verrucous carcinoma of the penis, 
found low levels of Ki‑67 expression. This suggests 
that HPV infection might not be implicated in the 
pathophysiology of this subtype of SCC.[2]

We could not find a relationship between HPV 
infection and E‑cadherin expression. Our results differ 

Table 3: Relationship between the presence of HPV and 
Langerhans cell density in penile and vulvar carcinomas

Presence 
of HPV

LC density 
in penile 

carcinomas*†

LC density 
in vulvar 

carcinomas*†

LC density 
in all cases 

studied*†

Positive 10.81±9.98 6.93±5.21 9.51±8.68
Negative 5.07±4.84 7.69±4.71 5.62±4.80
P 0.0586 0.4136 0.0673
*Mean±SD. HPV: Human papilloma virus, LC: Langerhans cell, †Number of 
Langerhans cells by high‑power field

Table 2: Relationship between the presence of HPV and the 
degree of expression of pRb, Ki‑67, p53 and E‑cadherin

Presence of 
HPV

pRb* Ki‑67* p53* E‑cadherin*

Positive (%) 17.50±14.11 47.67±30.64 28.17±18.58 80.67±16.78
Negative (%) 29.74±20.38 29.87±15.95 32.11±19.87 85.79±10.96
P 0.0236 0.0273 0.2795 0.1455
*Mean±SD. HPV: Human papilloma virus



Rios‑Yuil, et al.: Molecular fingerprint of HPV infection in genital SCC

from the findings of other studies. Hubert, et al. found 
that E‑cadherin expression was reduced in CIN and in 
cervical SCC when compared with normal exocervical 
epithelia.[32] Caberg, et  al. showed that HPV‑infected 
epithelial cells from cervical dysplastic lesions had 
lower levels of E‑cadherin.[21]

We could not prove a relationship between HPV 
infection and LC density, not even after analyzing 
vulvar and penile cancers separately. We were unable 
to find previous studies of this relationship in penile 
SCC. Research on SCC of other sites has revealed 
contradictory results. Most of the studies have 
shown that HPV is associated with a reduction in LC 
density; however, in some of them, this density was 
not affected or was increased. Jiménez‑Flores, et  al. 
found that the frequency of CD1a‑positive dendritic 
cells per area was reduced in approximately 50% in 
HPV‑positive epithelial sheets prepared from fresh 
cervical biopsies.[33] Li, et  al. found fewer LC in 
HPV‑positive esophageal cancers than in HPV‑negative 
cases.[22] Caberg, et al. demonstrated a reduction in LC 
in HPV‑infected cervical dysplastic lesions.[21] Hubert, 
et al. showed that the density of CD1a‑positive LC was 
lower in squamous intraepithelial lesions and SCC 
of the uterine cervix when compared with normal 
exocervical epithelia.[32] Conversely, Pereira, et  al. 
found that HPV infection was related to a reduction 
in LC in oral SCC but this relationship did not reach 
statistical significance.[23] McArdle, et  al. found 
an increase in LC density in cases with CIN when 
compared with normal ectocervix.[34]

The fact that HPV infection did not cause a reduction 
in LC density in our study could be attributed to the 
small number of cases available to study. It is important 
to state that our findings are not necessarily indicative 
of a normal immune response against the tumor. LC 
might have been present but not properly functioning. 
There could be a defective recognition, internalization, 
processing, or presentation of tumor antigens by LC, 
as well as a deficit in their migration to gain access 
to T‑cells. They could also be inhibited by physical 
contact with regulatory T cells or by the presence 
of myeloid‑derived suppressor cells in the tumor 
microenvironment.[35] LC might also be inactivated due 
to a lack of secretion of proinflammatory cytokines by 
the infected keratinocytes. It has been shown that HPV 
infection limits the capacity of the keratinocyte to 
secrete proinflammatory cytokines such as interferon 
α, interferon β, interleukin 1, interleukin 6, among 
others.[36] For these reasons, further studies are needed 

to address the effect that HPV infection might have on 
LC function in genital skin SCC.

In conclusion, HPV infection was associated with 
lower pRb expression and higher Ki‑67 expression 
in comparison with HPV negative samples. We could 
not find a relationship between HPV infection and the 
degree of expression of p53 and E‑cadherin or with 
LC density. The main limitation of this study was 
the small number of patients that could be included 
because this is not a frequent disease. We recommend 
additional studies with larger sample sizes including 
patients from other medical centers.
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