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Abstract

Background: Oncoviruses such as HPV, KSHV, and EBV have been reported in patients with HIV infection and AIDS.
How oncovirus-associated cancers rise in AIDS patients has not been fully established. The purpose of our study
was to identify the viral agents in vulvar cancer and to assess their contribution to pathogenesis.

Method: We retrospectively identified a total of 13 vulva tissue samples from HIV-1 positive and 9 vulvar samples
from HIV-1 negative patients from the Botswana National Health Laboratory in Gaborone, Botswana, a Southern
African country with a high incidence of HIV. We utilized PCR and IHC to identify HPV, EBV, KSHV, and JC virus in
FFPE preserved tissue samples.

Results: Using the GP5+/GP6+ primer set we detected several HPV types in tissue samples. EBV was detected in all
of the positive cases (100%) and in most of the negative cases (89%). KSHV was detected in 39% of the HIV-1
positive samples and in 11% of the negative samples, and no JC virus was detected in any of the samples.
Using IHC we demonstrated that LANA was expressed in 61% of the positive samples and in 44% of the negative
samples. The ubiquitous EBV was more consistently expressed in negative cases (100%) than in positive cases (69%).
Interestingly, the HPV-16 E6 transcript was detected in 56% of the negative samples compared to 31% of the
positive samples. However, the cell cycle protein P21 used as a surrogate marker for HPV was detected in 77%
of the positive samples and in 44% of the negative samples, while VEGF signals were similar in both positive
(92%) and negative samples (89%).

Conclusion: Our study, suggests that in Botswana, vulvar squamous cell carcinoma (VSCC) is associated with
oncogenic viruses present in the niche but the contribution and progression may be regulated by HPV and other
immunosuppressive infections that include HIV-1.
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Introduction
There are two types of vulvar cancer. The first type that
develops from intraepithelial neoplasia caused by human
papillomavirus (HPV) infection, shows multifocality, and
is increasing in prevalence among young women and es-
pecially those with multiple co-infections including HIV
[1]. The second type, differentiated or simplex, is more
often seen in older women with p53 alterations and
likely develops from non-neoplastic epithelial disorders
as a result of chronic inflammation [1]. Basta et al., ob-
served strong correlation between patients younger than
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45 years and HPV, cigarette smoking, having more than
two sexual partners, sexual initiation before age 19 years,
and low socioeconomic status [2]. In patients older than
45 years, there was correlation between vulvar intrae-
pithelial neoplasia (VIN) and non-neoplastic epithelial
disorders (VNED), residence in rural area, low economic
status, menopause before age 45, poor hygiene, endocrine
disorders, and low serum vitamin A levels. Pilotti et al. in
a study of patients with intraepithelial lesions reported a
strong correlation with the presence of HPV-16 DNA,
cigarette smoking, and herpes simplex cofactor [3]. Fur-
ther they reported that alteration of p53 by either inter-
action with viral oncoproteins or somatic mutations could
be crucial to the pathogenesis of vulva carcinomas, and
that p53 mutations are mainly associated with disease
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progression [4]. In another study looking at HPV infection
and co-infection with HSV-2 and Chlamydia trachomatis
in vulvar intraepithelial neoplasia Kwasniewska et al. re-
ported that 73% were HPV-16 positive, 14.63% were HSV-
2 positive, and 14.63 Chlamydia trachomatis positive [5].
Hampl et al., in a German study of 224 patients with vulva
cancer identified between 1/1980 and 6/2007 noted a sig-
nificant shift in age with the initial period having 11% of
the women being under 50 years while the third period
had 41% of the women being less than 50 years, and that
two thirds of the women under 50 years were HPV posi-
tive [6]. They also noted that the tumor localization had
changed from labia to the area between the clitoris and ur-
ethra [6].
In sub-Saharan Africa there has been a paucity of vul-

var carcinoma studies and in the referenced studies the
rates of vulvar carcinomas are low and recently more as-
sociated with HIV infection [7-9]. Importantly, these stud-
ies have not investigated the link of vulvar cancer and
viral infections [10-12].
Table 1 Patient characteristics

HIV negative

Age Bx site Diagnosis

1 32 Vulva SCC

2 79 Vulva SCC

3 35 Vulva SCC

4 52 Vulva SCC

5 79 Vulva SCC

6 69 Vulva SCC

7 62 Vulva SCC

8 42 Vulva SCC

9 70 Vulva SCC

HIV positive

1 39 Vulva SCC

2 37 Vulva SCC

3 41 Vulva SCC

4 49 Vulva SCC

5 35 Vulva SCC

6 32 Vulva SCC

7 35 Vulva SCC

8 41 Vulva SCC

9 35 Vulva SCC

10 40 Vulva SCC

11 29 Vulva SCC

12 48 Vulva SCC

13 32 Vulva SCC

The table shows age, patient diagnosis, the retroviral therapy status, and CD4 coun
carcinoma of the Vulva.
+= HIV positive; NO=HAART not administered and CD4 count not done.
The aim of this study was to identify the oncogenic vi-
ruses in vulvar carcinoma tissues in HIV positive and
negative vulvar cancer patients from Botswana and to
assess the differential expression of cell cycle proteins
and growth factors that may be associated with trans-
formation of cells. Further, from strong evidence associ-
ating these proteins with G1 phase arrest dysregulation
and angiogenesis in some cancers we wanted to confirm
their expression in VSCC [13-15].

Materials and methods
We retrospectively identified a total of 13 vulva tissue sam-
ples from HIV-1 positive and 9 vulvar samples from HIV-1
negative patients from the Botswana National Laboratory
in Gaborone, Botswana (Table 1). Botswana Ministry
of Health, Princess Marina Hospital, and University
of Pennsylvania IRB approved this study (protocol #
812041). Princess Marina Hospital resident patholo-
gist and University of Pennsylvania dermatologist histo-
logically confirmed all tissue samples as vulvar squamous
HIV status HAART Dx CD4 counts

- NO NO

- NO NO

- NO NO

- NO NO

- NO NO

- NO NO

- NO NO

- NO NO

- NO NO

+ NO 676

+ NO 477

+ NO 347

+ NO 166

+ NO 157

+ NO 112

+ NO 350

+ YES 497

+ YES 303

+ NO 854

+ YES 189

+ YES 751

+ YES 254

ts of each patient in the study. All patients were diagnosed with squamous cell
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cell carcinoma (VSCC). Tissue samples were procured
from women above age eighteen with in situ or invasive
squamous cell vulvar cancer. Tissue samples were pre-
pared from the paraffin embedded samples by cutting
5 μm thick sections using different blades to limit cross
contamination, followed by de-paraffinization and extrac-
tion of the DNA. Total cellular DNA was extracted from
the vulvar tissues by digestion with proteinase K and
phenol-chloroform extraction as previously described
[16]. PCR analysis was performed as previously described
[17-21] with each virus specific primer including HPV
types using consensus primer GP5+/GP6+ that detects
more than 20 HPV types including, 11, 16, 18, 31, 33 and
45; EBV, KSHV, and JC virus. The PCR assay was per-
formed with primers HPV-L1 (150 bp); 5’TTTGTTAC
TGTGGTAGATACTAC-3’, 3’-CTTATACTAAATGTCAA
ATAAAAAG-5’; EBV-BamH1W (129 bp); 5’- CCAGACA
GCAGCCAATTGTC-3’, 3’-GGTAGAAGACCCCCTCTT
AC-5’; KSHV-ORF-73 (293 bp); 5’-CCATCTCTTGCATT
GCCAC-3’, 5’-AACTACGGTTGGCGAAGTCA-3’; and JC
VP2/VP3 (133 bp); 5’GAAGAACCCAAAACTATTTGTT
GAAA-3’, 5’-GCCTAACTGGAGACAATCTAGAATAAT
AGTC-3’. The PCR conditions were as follows: For HPV-
GpP5+/GP6+ 94°C for 5 minutes, 94°C for 30 seconds,
48°C for 30 seconds, and 72°C for 30 seconds, for 40 cy-
cles; elongation at 72°C for 5 minutes; and then incubation
at 4°C. For EBV-94°C for 5 minutes, 94°C for 30 seconds,
47°C for 30 seconds, and 72°C for 30 seconds, for 40 cy-
cles; elongation at 72°C for 5 minutes; and then incubation
at 4°C. For KSHV- 94°C for 5 minutes, 94°C for 30 sec-
onds, 52°C for 30 seconds, and 72°C for 30 seconds, for
40 cycles; elongation at 72°C for 5 minutes; and then incu-
bation at 4°C. The PCR products were run on 2.5% agar-
ose gel at 100 V for 1 hour.
In order to prevent PCR contamination we prepared

PCR reagents before each assay in a master mixture that
was then aliquoted. We prepared the master mixture,
extracted the DNA and added the template to the PCR
mixture in one area. The thermal cycling was performed
in a separate area. We took precautions against contam-
ination by using aerosol-barrier-protected pipette tips,
frequent changes of gloves, and repeated decontamin-
ation of surfaces with sodium hypochlorite.
Our sample extracts including positive controls and a

water specimen as an additional negative control to rule
out contamination of the reagents by aerosols, were also
subjected to PCR as described above. To support the
PCR findings for the presence of the oncogenic viruses,
HPV, EBV, and KSHV while concomitantly monitoring
changes associated with oncogenesis through expression
of known surrogate markers in tissues we performed im-
munohistochemistry on 5 μm thick paraffin- embedded
sections to detect virus specific antigens, cell cycle pro-
teins and vascular endothelial growth factor (VEGF) [9].
We used commercial antibodies to HPV 16-E6 and E7
and HPV 18-E6 and E7 (DAKO Inc., Carpentaria, CA),
monoclonal antibody S12 for detection of EBV-LMP1,
monoclonal antibody derived from KSHV encoded LANA
[22], Cyclin D antibody (Santa Cruz, TX), p53 antibody
(Santa Cruz, TX), VEGF antibody (Abcam, MA), and p21
antibody (Abcam, MA).

Data analysis
The data for this study was collected in Excel and
imported into a statistical software program. Analysis
encompassed determination of proportions (MedCalc
Software bvba MedCalc Software, Ostend, Belgium) was
used for analysis.

Results
Study population characteristics
In this study tissue blocks from 9 HIV negative patients
and 13 HIV positive patients were used (Table 1). We
performed PCR using different primers of HPV types,
EBV, KSHV, and JC virus. A larger percentage of high-
risk HPV types were detected in the tissues than low risk
HPV types. Using the GP5+/GP6+ primers we detected
HPV in 67% of the negative cases and 54% of the posi-
tive cases (OR = 0.57, CI = 0.32-1.02, P = 0.06) (Table 2).
HPV-18 was not detected in negative cases and in only 1
(8%) positive case. Though HPV-18 is usually detected
in fewer cases than HPV-16, the low number of positive
cases was surprising in this unique population. Equally
surprising was the detection of HPV-16 at similar levels
in the negative cases and positive cases 78% and 77% re-
spectively (OR = 0.94, CI = 0.48-1.83, P = 0.86) indicating
the ubiquity of HPV-16 in this population (Table 2).
More HPV-45 (56%) was detected in negative samples
than positive samples (39%) (OR = 0.50, CI = 0.28- 0.88,
P = 0.01) while HPV-33 was undetectable in negative
samples and in only one positive case (OR = 18.47, CI =
1.05-324, P = 0.04). Moreover HPV-31 was detected to a
greater degree in positive samples (85%) than negative
samples (67%) (OR =1.94, CI = 0.94-4.01, P =0.07). The
low risk HPV-11 was detected in fewer negative sam-
ples than positive samples (OR = 2.41, CI = 1.10-5.27,
P = 0.02) while HPV-6 was the same in the negative
samples (44%) and positive samples (46%) (OR = 1.08,
CI = 0.62-1.89, P = 0.78). EBV was detected in all the posi-
tive cases and in 89% of the negative cases (OR = 25.82,
CI = 1.50-444.6, P = 0.02). KSHV was detected in 39%
of the positive cases and 11% of the negative cases
(OR = 5.17, CI = 2.45-10.8, P < 0.01), and no JC virus was
detected in any patient sample (Table 2).

Immunohistochemistry
We performed IHC using a panel of antibodies that in-
cluded anti LANA in KSHV (Figure 1B), anti-LMP1 in



Table 2 PCR summary of HIV-1 negative and positive vulva cancer samples

Negative GP5+/6+ HPV-18 HPV-16 HPV-45 HPV-33 HPV-31 HPV-11 HPV-6 EBV KSHV P1/P2 KSHV F/R JC

1 + - - - - - - - + - - -

2 + - + + - + - + + - - -

3 - - + - - + - + + - - -

4 + - + + - + - - + - - -

5 + - + + - + - - + + - -

6 + - + + - + + - + - - -

7 + - + + - - - - + - - -

8 - - - - - - - + - - - -

9 - - + - - + - + + - - -

Total 67% 78% 56% 67% 11% 44% 89% 11%

Positive

1 + - + - - + - + + + + -

2 + - + - - + - + + + + -

3 + - + + + + - + + - + -

4 + - + - - + - + + - - -

5 + + + + - + - - + - + -

6 - - - - - - - + + + + -

7 - - - - - - + + + - - -

8 - - + - - + - - + - - -

9 - - + + - + + - + - - -

10 + - + - - + + - + + - -

11 - - - - - + - - + + - -

12 + - + + - + - - + - - -

13 - - + + - + - - + - - -

Total 54% 8% 77% 39% 8% 85% 23% 46% 100% 39% 39%

OR 0.57 18.47 0.94 0.50 18.47 1.94 2.41 1.08 25.82 5.17 129.09 NA

CI 0.32-1.02 1.05-324.5 0.48-1.83 0.28- 0.88 1.05- 324 0.94-4.01 1.10-5.27 0.62-1.89 1.50-444.6 2.45-10.8 7.7-2138.5 NA

P Value 0.06 0.04 0.86 0.01 0.04 0.07 0.02 0.78 0.02 <0.01 <0.01 NA

Oncogenic viruses identified in each VSCC patient as determined by PCR analysis. Most cases tested positive for HPV, EBV, KSHV, and HSV in HIV-1 positive and
negative samples. None was positive for JC virus.
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EBV (Figure 1A), and anti HPV-16, E6 (Figure 1C) and
E7 (Figure 1D). We also used antibodies against the cell
cycle proteins P21 (Figure 1F), Cyclin D1 (Figure 1E),
and VEGF. We observed that LANA was expressed in a
larger percentage of positive HIV-1 samples (61%) com-
pared to the negative samples (44%) (OR = 1.99, CI =
1.13-3.49, P = 0.01) (Table 3). The ubiquitous EBV, noted
earlier in our previous paper [23] was highly expressed
in more negative cases (100%) compared to the HIV
positive cases (69%) (OR = 0.01, CI = 0.01-0.18, P =
0.001). Surprisingly, HPV-16 E6 was detected in more
negative samples (56%) than positive samples (31%)
(OR = 0.35, CI = 0.19-0.63, P = 0.004). HPV-16 E7 was
similar in both negative and positive samples (77%)
(OR = 1.0, CI = 0.51-1.93, P = 1.0). The P21 cell cycle
marker was detected in more positive samples (77%)
than in negative samples (44%) (OR = 4.26, CI = 2.31-
7.84, P < 0.001). Cyclin D1 was expressed in more nega-
tive samples (88%) than positive samples (54%) (OR =
6.24, CI = 3.04-12.83, P < 0.001) while VEGF signals were
detected in 89% of negative samples and 92% of the
positive samples (OR = 1.42, CI = 0.54-3.6, P = 0.47)
(Table 3).
Multiple HPV types detected in vulvar samples
GP5+/GP6+ and specific HPV primers were used for
our PCR amplification. GP5+/GP6+ primer can detect at
least 20 HPV types and has been used widely in clinical
assays [19,20,23]. In our experiments using these primers
we detected multiple HPV types in the VSCC tissues. The
results showed that high risk HPV-16, 18, 45, 31, and 33



Figure 1 Representative immunohistochemistry results of selected VSCC tissues. Panel A. shows brown staining positive cells for LMP1
using supernatant from the S12 hybridoma; panel B. shows brown staining positive cells using KSHV-LANA antibody; panel C. shows brown
staining positive cells using HPV-16-E6 antibody; panel D. shows brown staining positive cells using HPV-16 E7 antibody; panel E shows brown
staining using Cyclin D1 antibody; panel F. shows brown staining using p21Waf1/Cip1 antibody; panel G. shows negative staining without
antibody, and panel H shows negative sample control. Magnification at 40X.
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Table 3 Immunohistochemistry summary of HIV-1 negative and positive vulva cancer samples

Negative IHC-LANA LMP1 Cyc. D1 HPV16-E7 HPV16 E6 p21Waf1/Cip1 VEGF

1 - + + +++ + + -

2 - + + - + ++ +++

3 - + - - + - +

4 + + + + - + ++

5 + + ++ ++ - - ++

6 + + ++ ++ - - +++

7 - + + + + + +

8 + + + + + - +

9 - + + + - - +

Total 44% 100% 88% 77% 56% 44% 89%

Positive

1 - - + - - - -

2 + + + + - + +

3 - - - - - - +

4 - + + + - + +

5 - - - + - + ++

6 + + + ++ + ++ +

7 - - - - - - +

8 + + - + + + ++

9 + + + ++ + ++ ++

10 + + - + + + +

11 + + + +++ - +++ ++

12 + + + + - + ++

13 + + - + - + ++

Total 61% 69% 54% 77% 31% 77% 92%

OR 1.99 0.01 0.16 1.0 0.35 4.26 1.42

CI 1.13-3.49 0.01-0.18 0.07-0.32 0.51-1.93 0.19-0.63 2.31-7.84 0.54-3.6

P value 0.01 0.001 <0.01 1.00 0.004 <0.001 0.47

Oncogenic viruses identified in each VSCC patient as determined by Immunohistochemistry analysis. Most cases tested positive for KSHV, EBV, Cyclin D1, HPV16-E7,
HPV16-E6, p21, and VEGF.
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and low risk HPV-6 and 11 were prevalent in our small
sample, a possible representation of the general popula-
tion prevalence (Table 2).

We detected high risk HPV in vulvar tissues by PCR and IHC
Utilizing PCR and IHC, high risk HPV-16 (OR = 1.05, 95%
CI = 0.54-2.05, P = 0.86); 18 (OR = 0.05, 5% CI = 0.03-9.09,
P = 0.046); 45 (OR = 2.3, 95% CI = 1.3-4.03, P = 0.003);
33 (OR = 1.05, 95% CI = 0.54-2.05, P = 0.86); and 31
(OR = 0.35, 95% CI = 0.17-0.71, P = 0.003) were de-
tected in the tissues of patients (Table 2). The level
of expression varied from patient to patient, however
it was observed that HPV-16, 31, and 45 were the
most frequently detected (Table 2). HPV-16 E6 and
E7 (Figures 1C,D) were detected in tissues by IHC.
Of interest was the detection of these viral types in
both the negative and positive cases almost to equiva-
lent levels suggesting similar exposure to these agents
in HIV positive and negative individuals.
The ubiquitous agent EBV was detected at similar levels
in VSCCs and controls
EBV DNA was detected to almost equal levels in controls
and VSCC cases underscoring the ubiquity of the virus in
the population by PCR (OR = 0.03, 95% CI = 0.02-0.66, P =
0.02) (Table 2), and by IHC (OR = 91, 95% CI = 5.4-1513,
P = 0.001) (Table 3). The EBV viral genetic DNA was de-
tected in the tissues with other herpesviruses such as HPV
and KSHV. The similar levels of EBV in controls and cases,
and the possible association of EBV in initiation of VSCC
in HIV-1 infected cases warrants further investigation.
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KSHV was detected mostly in HIV positive VSCC
compared to HIV negative VSCC control samples
KSHV, another oncogenic gammaherpesvirus that has
been associated with Kaposi’s sarcoma (KS) was identified
in positive cases more than in the negative controls by
PCR (OR = 0.193, 95% CI = 0.09-0.41, P < 0.001) (Table 2)
and by IHC (OR = 0.502, 95% CI = 0.28-0.88, P = 0.05)
(Table 3). Even though the findings are from a small sam-
ple, we noted similar results [23] with EBV, KSHV, and
HPV types equally represented in the cancerous tissues
suggesting further investigation on effects of oncogenic
viral interactions in initiation and maintenance of the
cancers.

Expression of cell cycle protein markers p21 and Cyclin
D1, as well as VEGF in vulvar samples as detected by IHC
We assayed for the cell cycle regulators p21 (Figure 1F)
and Cyclin D1 (Figure 1E), as well as VEGF in the tissue
samples using IHC. It was observed that p21 was signifi-
cantly higher in cases than in controls (OR = 0.23, CI =
0.21-0.43, p < 0.001) while Cyclin D1 was higher in the
negative controls (OR = 6.24, CI = 3.04-12.83, P < 0.001).
Interestingly, VEGF signals were similar in controls and in
VSCC cases (OR = 0.70, CI = 0.27-1.83, P = 0.47), respect-
ively (Table 3).

The PCR assay did not detect JC virus used as a negative
control for the samples
John Cunningham (JC) virus [18], which has been iden-
tified mostly in transplant patients, was also tested for
its presence in the samples. No JC virus signals were de-
tected in the controls nor the VSCC cases (Table 2).

CD4 counts and the cell cycle proteins
CD4 has been used as a marker of immunocompetence
in HIV infected patients, with higher CD4 counts indi-
cating better immune response in these patients to op-
portunistic infections and other pathogenic infections.
We assessed CD4 counts in relation to Cyclin D1 in the
VSCC cases and controls. We observed that in the HIV
positive VSCC cases the counts were 437.9 compared to
409.8 for the controls. For p21 signals the CD4 counts
were 410 for the HIV positive cases and 457 for the HIV
negative controls. For VEGF positive samples CD4 counts
were 430.1 for the HIV positive cases and 477 for the HIV
negative controls.

HAART therapy may contribute to the progression of
VSCC in HIV positive patients
The CD4 range for HIV positive individuals who were
not currently taking HAART average was 392 compared
to HIV positive cases taking HAART with an average of
457.5.
There was a significant difference between cases who
were currently on HAART and those not taking HAART
(OR = 152.1, 95% CI = 9.1-2516.9, P = 0.0005). When com-
parison was made between HAART therapy and human
papilloma virus detection by PCR HPV-18 (OR = 0.0083,
95% CI = 0.0001-0.50, P = 0.02), HPV-33 (OR = 0.0083,
95% CI = 0.0001-0.50, P = 0.02), HPV-31 (OR = 121, 95%
CI = 2.02-7259.7, P = 0.02), HPV-6 (OR = 0.0083, 95%
CI = 0.0001-0.50, P = 0.02), as well as oncogenic her-
pesviruses EBV (OR = 121, 95% CI = 2.02-7259.7, P = 0.2),
and KSHV (OR = 0.0083, 95% CI = 0.0001-0.50, P = 0.02)
were significant while HPV-16 (OR = 16, 95% CI = 0.7215-
354.8, P = 0.07), HPV-45 (OR = 2.25, 95% CI = 0.17-28.3,
P = 0.53), and HPV-11 (OR = 0.06, 95% CI = 0.0028-1.39,
P = 0.08) were borderline significant (Table 2).

Age may have significant role in vulvar cancer in
Batswana women who are HIV positive
It was observed that the HIV positive cases with vulvar
cancer were typically younger with a median age of 38 years
while the HIV negative cases were generally older, me-
dian age 62 years (OR = 0.3757, 95% CI = 0.2122-0.66650,
P = 0.0008). This strongly suggests that in vulvar cancer,
HIV may be contributing to the initiation of the cancer in
younger females through pathways that have not been
fully delineated (Table 1).

ARV therapy and cell cycle protein expression
When we looked at the expression of cell cycle proteins
in cases on HAART compared to controls, we observed
no significant difference for Cyclin D1 (OR = 2.25, 95%
CI = 0.18-28.26, P = 0.53), whereas there were significant
differences for p21 (OR = 121, 95% CI = 2.02-7259.7, P =
0.02). For the growth factor VEGF (OR = 121, 95% CI =
2.02 = 7259.7, P = 0.02) also showed a significant differ-
ence for women who are on HAART compared to con-
trols (Table 3), though due to the small sample size it
may be important to evaluate this question with a larger
sample size.

Discussion
Studies indicate that a majority of keratinizing squamous
cell carcinomas usually found in older women are likely
to be non-HPV related [24,25]. Yet, due to other factors
such as cigarette smoking, multiple sex partners, and
other infections, women over 60 years can have HPV-
associated vulvar cancers [26]. In their study Madeleine
et al. observed high prevalence of HPV-16, and less
prevalence of HPV-18 and HPV-6 [26]. The authors also
indicated that HSV-2 may contribute to vulvar cancer
independently of HPV-16, through another yet to be
identified pathway. This may be routed in the stimula-
tion of the immune response as a result of the HSV in-
fection. Our study showed a similar trend, with more
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detection of HPV-16 than HPV-18 and other HPV-types
in both patients younger than 50 years and older who
were HIV-1 infected, with the younger HIV positive cases
having increased risk of having VSCC than older cases.
We observed a high incidence of EBV in both the HIV-1
negative and HIV-1 positive samples. Interestingly, as it
would be expected for opportunistic infections, more
KSHV was detected in the HIV-1 positive cases than HIV-
1 negative cases by both PCR and immunohistochemistry.
These findings were not entirely surprising since we ob-
served similar distribution of these viruses in Ocular sur-
face squamous neoplasia (OSSN) tissues from same
population in Botswana [23]. The implications of detec-
tion of oncogenic viruses from the small sample size calls
for more investigation. HPV was detected in positive sam-
ples as well as in controls. It is likely that in our cohort
contributing factors to VSCC initiation and maintenance
may include HIV-I and other infections that elicit inflam-
matory responses and also cause immunosuppression, be-
sides HPV.
The viral genes of HPV-16, E6 and E7 have been shown

to interfere with 2 pathways associated with cell cycle de-
regulations. E6 has been shown to interact with p53, caus-
ing p53 dysfunction and eventually disrupting cell cycle
arrest [27]. HPV-16 encoded E7 inactivates pRb leading to
overexpression of p16INK4A resulting in hyperproliferation
that can be detected by antibodies against Ki-67 nuclear
antigen present in all cell cycle stages of proliferating cells
except for the G0 phase that was expressed to a lower level
than HPV-16 E7 in our samples (Figure 1D) [27]. The
range in expression could be due to viral load of both
HIV-1 and HPV types and associated immunosuppres-
sion. The HIV-1 viral load depended on when HAART
therapy was initiated in each patient. In our study some of
the patients were on HAART, however, because of the
sample size it was difficult to decipher the effect of
HAART that could be generalized, though significant dif-
ferences were observed between those on HAART and
those not on HAART at the time of data collection.
Chaturvedi et al. [28], observed increased incidence, preva-
lence, and persistence of HPV infections and cofactors
such as cigarette smoking among HIV-1 infected patients
which led them to hypothesize that low CD4 count during
the pre-HAART era masked the association between im-
munosuppression and the risk of HPV related invasive
cancer that increased survival during the HAART era pro-
viding adequate time for progression of premalignant le-
sions to invasive cancers as suggested in our paper [23].
Chaturvedi et al. suggest that poor immune control
of premalignant lesions that may facilitate the devel-
opment of cancer and later progression to invasive cancer
is not affected by immunosuppression [28]. HAART has
been shown not to alter HPV persistence or rates of pro-
gression or regression of premalignant anogenital lesion
[29,30]. Palesfky et al. suggest that the increase in anal
cancer in the HAART era may reflect the possibility that
in the pre-HAART era patients at highest risk of anal can-
cer would have died from other causes [29,30]. Since the
introduction of large scale HAART therapy in Botswana
took place in 2002 (WHO, 2006), most of the patients
who had these oncogenic neoplasias pre-HAART era died
without diagnosis or therapy.
Perturbation of cell cycle proteins was also considered a

factor in VSCC, thus we assayed for Cyclin D1 which is in
the p53 pathway, p21 which is downstream target of p53,
and VEGF whose contribution to vascularity is considered
essential for tumor progression [9,13-15,31,32]. Our ob-
servation of significant differences in p21, and Cyclin D1,
and no difference in VEGF necessitates a more robust and
broader study with a larger sample size. However, these
results do provide new evidence for a role of oncogenic vi-
ruses in development of VSCC.

Conclusion
Though our sample size is small we do suspect that simi-
lar immunological surveillance dysfunction and dysregula-
tion of specific pathways associated with viral oncogenesis
may be a factor in vulvar carcinoma pathogenesis. Add-
itional levels of investigation are needed in HIV-1 associ-
ated vulvar carcinoma to delineate the dysregulation these
viruses will initiate that leads to oncogenesis.
The findings of different oncogenic viruses and expres-

sion of cancer associated markers in tissues of women
with and without HIV in Botswana with VSCC warrants
further investigation with a larger sample size that may
lead to identification of molecular moieties for targeted
therapeutic and vaccine development. This Botswana co-
hort was unique in exposure to different environmental
and infectious agents that may have additional epigen-
etic effects on the outcome of VSCC [33].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
KOS designed the study, conducted experiments, interpreted data and
drafted the manuscript and supervised the study, HCJ interpreted data and
drafted the manuscript, MK identified VSCC tissues, CK identified VSCC
tissues, and ESR designed the study, interpreted data, edited the manuscript,
and supervised the study. All authors have read and approved the final
manuscript.

Acknowledgements
The authors thank Dr. James Hoxie, Director UPENN CFAR program, Dr.
Rameshwari Thakur of Botswana UPENN partnership, and Ms. Tuelo Baitseng
of Botswana UPENN partnership. We would also like to extend special thanks
to all the patients and physicians as well as the personnel at the Princess
Marina Hospital without whom this study would not have been possible.

Funding
This work was supported by the UPENN Center for AIDS Research
(P30-A1455008 to JH); the pilot project award to ESR and CK and the
Botswana UPENN partnership in Gaborone, Botswana; Public Health awards
from the National Cancer Institute of the National Institutes of Health



Simbiri et al. Infectious Agents and Cancer 2014, 9:28 Page 9 of 9
http://www.infectagentscancer.com/content/9/1/28
(CA137894, CA138434, CA72150, CA91792, CA91792-S1, CA91792-S2,
CA108461 to ESR); the National Institute of Allergy and Infectious Diseases
(A167037 to ESR), and a CFAR Pilot study grant to CK.

Author details
1Department of Microbiology and Immunology, Upstate Medical University,
R2120A, Weiskotten Hall, 750 East Adams Street, Syracuse, NY 13210, USA.
2Department of Microbiology, Abramson Cancer Center, Tumor Virology
Program, Perelman School of Medicine at the University of Pennsylvania,
202A Johnson Pavilion, 3610 Hamilton Walk, Philadelphia, PA 19104-6076,
USA. 3National Health Laboratory, Gaborone, Botswana. 4Botswana-University
of Pennsylvania Partnership, Gaborone, Botswana. 5Department of
Dermatology, University of Pennsylvania Perelman School of Medicine,
Philadelphia, PA, USA.

Received: 2 May 2014 Accepted: 4 July 2014
Published: 24 August 2014
References
1. Horn LC, Klostermann K, Hautmann S, Höhn AK, Beckmann MW, Mehlhorn

G: HPV-associated alterations of the vulva and vagina. Morphology and
molecular pathology. Pathologe 2011, 32(6):467–475. doi:10.1007/s00292-
011-1476-5.

2. Basta A, Adamek K, Pityński K: Intraepithelial neoplasia and early stage
vulvar cancer. Epidemiological, clinical and virological observations.
Eur J Gynaecol Oncol 1999, 20(2):111–114.

3. Pilotti S, Rotola A, D’Amato L, Di Luca D, Shah KV, Cassai E, Rilke F: Vulvar
carcinomas: search for sequences homologous to human papillomavirus
and herpes simplex virus DNA. Mod Pathol 1990, 3(4):442–448.

4. Pilotti S, D’Amato L, Della Torre G, Donghi R, Longoni A, Giarola M,
Sampietro G, De Palo G, Pierotti MA, Rilke F: Papillomavirus, p53 alteration,
and primary carcinoma of the vulva. Diagn Mol Pathol 1995, 4(4):239–248.

5. Kwaśniewska A, Korobowicz E, Visconti J, Zdunek M, Szymańiski M,
Goździcka-Józefiak A: Chlamydia trachomatis and herpes simplex virus 2
infection in vulvar intraepithelial neoplasia associated with human
papillomavirus. Eur J Gynaecol Oncol 2006, 27(4):405–408.

6. Hampl M, Deckers-Figiel S, Hampl JA, Rein D, Bender HG: New aspects of
vulvar cancer: changes in localization and age of onset. Gynecol Oncol
2008, 109(3):340–345. doi:10.1016/j.ygyno.2008.01.041. Epub 2008 Apr 14.

7. Sitas F, Pacella-Norman R, Carrara H, Patel M, Ruff P, Sur R, Jentsch U, Hale
M, Rowji P, Saffer D, Connor M, Bull D, Newton R, Beral V: The spectrum of
HIV-1 related cancers in South Africa. Int J Cancer 2000, 88(3):489–492.

8. Babarinsa LA, Fakokunde FA, Ogunbiyi JO, Adewole IF: Vulvar and vaginal
cancers as seen at the University College Hospital Ibadan, Nigeria. Afr J
Med Med Sci 1999, 28(1-2):77–80.

9. Hari Prasad D, Nesland JM, Mette F, Trope CG, Ruth H: Primary Tumor
Vascularity, HIF-1α and VEGF expression in vulvar squamous cell
carcinomas: their relationships with clinicopathological characteristics
and prognostic impact. BMC Cancer 2013, 13:506. doi:10.1186/1471-2407-
13-506.

10. Tanko MN, Kayembe MA, Cainelli F, Vento S: Malignant tumours of the
genital tract among Batswana women. Ghana Med J 2012, 46(3):142–146.

11. Tonato Bagnan JA, Denakpo JL, Aguida B, Hounkpatin L, Lokossou A, De
Souza J, Perrin RX: Epidemiology of the gynecological and mammary
cancer to the HOMEL and in the CUGO Cotonou, Bénin. Bull Cancer 2013,
100(2):141–146. doi: 10.1684/bdc.2013.1702.

12. Ugwu EO, Iferikigwe ES, Okeke TC, Ugwu AO, Okezie OA, Agu PU: Pattern
of gynaecological cancers in University of Nigeria Teaching Hospital,
Enugu, south eastern Nigeria. Niger J Med 2011, 20(2):266–269.

13. Rolfe KJ, Crow JC, Benjamin E, Reid WM, Maclean AB, Perrett CW: Cyclin D1
and retinoblastoma protein in vulvar cancer and adjacent lesions. Int J
Gynecol Cancer 2001, 11(5):381–386.

14. Tarek A, Anindya D: p21 in cancer: intricate networks and multiple
activities. Nat Rev Cancer 2009, 9(6):400–414. doi: 10.1038/nrc2657
DOI:10.1038%2Fnrc2657.

15. Carmeliet P: VEGF as a key mediator of angiogenesis in cancer. Oncology
2005, 69(Suppl 3):4–10. Epub 2005 Nov 21.

16. Hoshikawa Y, Satoh Y, Murakami M, Maeta M, Kaibara N, Ito H, Kurata T,
Sairenji T: Evidence of lytic infection of Epstein-Barr virus (EBV) in
EBV- positive gastric carcinoma. J Med Virol 2002, 66:351–359.
17. Johnson G, Nelson S, Petric M, Tellier R: Comprehensive PCR-based assay
for detection and species identification of human herpesviruses. J Clin
Microbiol 2000, 38:3274–3279.

18. Holman CJ, van Burik JA, Hinrichs SH Jr, Balfour HH Jr: Specific detection
of human BK polyomavirus in urine samples of immunocompromised
patients. Clin Diagn Lab Immunol 2003, 10:66–69.

19. de Roda Husman AM, Walboomers JM, van Den B, van Den AJ, Meijer CJ,
Snijders PJ: The use of general primers GP5 and GP6 elongated at their
3’ ends with adjacent highly conserved sequences improves human
papillomavirus detection by PCR. J Gen Virol 1995, 76(Pt4):1057–1062.

20. Baay MF, Quint WG, Koudstaal J, Hollema H, Duk JM, Burger MP, Stolz E,
Herbrink P: Comprehensive study of several general and type-specific
primer pairs for detection of human papillomavirus DNA by PCR in
paraffin-embedded cervical carcinomas. J Clin Microbiol 1996, 34:745–747.

21. Nakamura Y, Mashima Y, Kameyama K, Mukai M, Oguchi Y: Detection of
human papillomavirus infection in squamous tumours of the
conjunctiva and lacrimal sac by immunohistochemistry, in situ
hybridisation, and polymerase chain reaction. Br J Ophthalmol 1997,
81:308–313.

22. Simbiri KO, Robertson ES: Characterization of the OSSN Microbiome in
HIV-1 Infected Patients. Canc Clin Oncol 2012, 1(1):88–101.

23. Simbiri KO, Murakami M, Feldman M, Steenhoff AP, Nkomazana O, Bisson G,
Robertson ES: Multiple oncogenic viruses identified in Ocular surface
squamous neoplasia in HIV-1 patients. Infect Agent Cancer 2010,
5:6. doi:10.1186/1750-9378-5-6.

24. Kurman RJ, Trimble CL, Shah KV: Human papillomavirus and the
pathogenesis of vulvar carcinoma. Curr Opin Obstet Gynecol 1992,
4(4):582–585.

25. Crum CP: Carcinoma of the vulva: epidemiology and pathogenesis.
Obstet Gynecol 1992, 79(3):448–454.

26. Madeleine MM, Daling JR, Carter JJ, Wipf GC, Schwartz SM, McKnight B,
Kurman RJ, Beckmann AM, Hagensee ME, Galloway DA: Cofactors with
human papillomavirus in a population-based study of vulvar cancer.
J Natl Cancer Inst 1997, 89(20):1516–1523.

27. Cattoretti G, Becker MH, Key G, Duchrow M, Schlüter C, Galle J, Gerdes J:
Monoclonal antibodies against recombinant parts of the Ki-67 antigen
(MIB 1 and MIB 3) detect proliferating cells in microwave-processed
formalin-fixed paraffin sections. J Pathol 1992, 168(4):357–363.

28. Chaturvedi AK, Madeleine MM, Biggar RJ, Engels EA: Risk of human
papillomavirus-associated cancers among persons with AIDS. J Natl
Cancer Inst 2009, 101(16):1120–1130. doi:10.1093/jnci/djp205. Epub 2009
Jul 31.

29. Palefsky JM, Holly EA, Efirdc JT, Da Costa M, Jay N, Berry JM, Darragh TM:
Anal intraepithelial neoplasia in the highly active antiretroviral therapy
era among HIV-positive men who have sex with men. AIDS 2005,
19(13):1407–1414.

30. Heard I, Palefsky JM, Kazatchkine MD: The impact of HIV antiviral therapy
on human papillomavirus (HPV) infections and HPV-related diseases.
Antivir Ther 2004, 9(1):13–22.

31. Klemba A, Kukwa W, Semczuk A, Czarnecka AM: Vulvar cancer as a target
for molecular medicine. Front Biosci 2011, S3:136–144.

32. Hefler L, Tempfer C, Obermair A, Frischmuth K, Sliutz G, Reinthaller A,
Leodolter S, Kainz C: Serum concentrations of vascular endothelial
growth factor in vulvar cancer. Clin Cancer Res 1999, 5(10):2806–2809.

33. Sasco AJ, Jaquet A, Boidin E, Ekouevi DK, Thouillot F, Lemabec T, Forstin
MA, Renaudier P, N’dom P, Malvy D, Dabis F: The challenge of AIDS-related
malignancies in sub-Saharan Africa. PLoS One 2010, 5(1):e8621.
doi:10.1371/journal.pone.0008621.

doi:10.1186/1750-9378-9-28
Cite this article as: Simbiri et al.: Oncogenic viruses associated with
vulva cancer in HIV-1 patients in Botswana. Infectious Agents and Cancer
2014 9:28.


	Abstract
	Background
	Method
	Results
	Conclusion

	Introduction
	Materials and methods
	Data analysis

	Results
	Study population characteristics
	Immunohistochemistry
	Multiple HPV types detected in vulvar samples
	We detected high risk HPV in vulvar tissues by PCR and IHC
	The ubiquitous agent EBV was detected at similar levels in VSCCs and controls
	KSHV was detected mostly in HIV positive VSCC compared to HIV negative VSCC control samples
	Expression of cell cycle protein markers p21 and Cyclin D1, as well as VEGF in vulvar samples as detected by IHC
	The PCR assay did not detect JC virus used as a negative control for the samples
	CD4 counts and the cell cycle proteins
	HAART therapy may contribute to the progression of VSCC in HIV positive patients
	Age may have significant role in vulvar cancer in Batswana women who are HIV positive
	ARV therapy and cell cycle protein expression

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Funding
	Author details
	References

