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Background: Penile squamous cell carcinoma (PSCC) is the most common
malignancy of the penis. Considering the increase in incidence of PSCC in
many countries, there is a need for better and effective therapies for these
patients. The tumor microenvironment may offer insights into a better
understanding of the tumor, which may inform on predictive and prognostic
targets. In this study, we investigated immune cell infiltration into the stroma of
PSCC, and how it may be affected by multiple factors including smoking, HIV
infection, and/or HPV infection.

Methods: We carried out a prospective analytical cross-sectional study at the
University Teaching Hospital in Lusaka, Zambia. Consenting patients with
confirmed PSCC, attending the Urology Clinic and scheduled for partial or
total penectomy were enrolled into the study. HIV testing by serology, HPV
detection and genotyping on fresh tumors by real time PCR, hematoxylin and
eosin (H&E) staining and immunohistochemistry staining for CD3* and CD8"*
cells on formalin-fixed paraffin-embedded tissue, and flow cytometry for
immunophenotyping circulating immune cells were done.

Results: We enrolled 33 participants into the study. The participants had a mean
age of 56 years, the majority (84.8%) were HIV positive, high-risk HPV was
detected in 63.6% of the tumors, and 57.6% were positive for both HIV and high-
risk HPV. HPV-positive PSCC tumors had a significantly lower proportion of
infiltrating lymphocytes in the stroma on H&E staining than HPV-negative tumors
[18% vs 53%; p=0.025]. Smokers had a significantly lower number of infiltrating
CD8™ cells in the stroma than non-smokers [68 vs 99; p=0.035]. No difference in
the density of stromal lymphocytes between HPV/HIV co-infected and non-co-
infected individuals was observed. There was a statistically significant positive
correlation in number of CD3* (p=0.38; p=0.027) and CD8* (p=0.40; p=0.02)
cells in the stroma and intra-tumor. Factors including histological stage, tumor
grade, HPV status, and HIV status seem to influence the correlation in number of
stroma and intra-tumoral immune cells.
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Conclusion: Smoking and presence of hrHPV is associated with a lower density
of infiltrating lymphocytes in the stroma of PSCC. There is a positive correlation in
the number of CD3" and CD8" cells between the stroma and intra-tumoral
compartment of PSCC.

penile squamous cell carcinoma, tumor microenvironment, stroma, lymphocytes, HIV,
human papillomavirus, smoking

1 Introduction

Squamous cell carcinoma is the most common histological
morphotype of cancer of the penis (1). Penile squamous cell
carcinoma (PSCC) has a low incidence in developed countries,
less than 1 per 100,000 males, while in other parts of the world
including South America, Southeast Asia and Africa, have higher
incidence rates ranging from 1-8 per 100,000 males (2, 3). However,
several developed countries are also observing an increase in age-
standardized incidence rates for PSCC (2).

High-risk Human Papilloma virus (hrHPV) is an important
risk factor for penile cancer, and was detected in about a third of
penile cancers from multiple regions of the world, including a few
sub-Saharan Africa (SSA) countries (4). In geographic locations
with high HPV prevalence, like some countries in SSA, penile
cancer rates are higher and tend to affect younger individuals (5).
Infection with HIV is another important risk factor for PSCC
development and progression, with a relative risk of 3.7 to 5.8
among infected individuals, and a 4-fold increased risk of death
among HIV-infected PSCC patients (6). The high prevalence of
both HIV and HPV infections in SSA may explain the reason for a
high incidence of PSCC, and especially affecting younger males, in
this region (7).

Unfortunately, a majority of PSCC patients in SSA present with
advanced stage disease, which is often associated with a poor prognosis
(8). Surgical treatment and other treatment modalities such as
chemotherapy may not be indicated or may be ineffective in
management of advanced PSCC (9). Therefore, effective targeted
therapies, especially immune therapy, may be more effective in
treating such patients with advanced disease. The tumor immune
microenvironment may offer insights into possible immunotherapeutic
options for PSCC patients (10).

Although previous studies have reported on the infiltration of
immune cells and expression of immune checkpoints in PSCC
tumors, there is paucity of data on whether stromal tumor
infiltrating lymphocytes (sTILs) correlate with treatment outcomes,
clinical and histologic tumor characteristics, and/or intra-tumoral
infiltration of immune cells in PSCC tumors. In luminal breast
cancer, unfavorable histologic tumor characteristics, such as high
histological grade and proliferative index, have been shown to
associate with a higher percentage of sTILs (11, 12). However, in
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HER-2 positive and triple negative breast cancer, a high number of
sTIL has been associated with better pathological complete response
to neoadjuvant chemotherapy, and better invasive disease-free
survival (13-15).

In this study, we evaluated the density of immune cells
including all lymphocytes, CD3", and CD8" cells in the stroma of
PSCC tumors. We investigated whether known risk factors
including HIV infection, HPV infection, and smoking, and tumor
characteristics including grade and stage associate with the density
of sTILs. We also determined whether the number of sTILs
correlates with the number of intra-tumoral immune cells.

2 Materials and methods
2.1 Study design and participants

This was a prospective analytical cross-sectional study, conducted
at the Urology section of the department of surgery at the University
Teaching Hospital in Lusaka, Zambia. Ethical approval was obtained
from the University of Zambia Biomedical Research Ethics
Committee (Ref. No.: 3233-2022) and the Zambia National Health
Research Authority (Ref No.. NHRA0000010/31/10/2022).
Participants were only recruited upon obtaining informed written
consent between December 2022 and December 2023, and the study
was performed in accordance with the declaration of Helsinki.
Sociodemographic and clinical information were obtained from the
patient using a questionnaire. Penile squamous cell carcinomas were
collected after surgical treatment of primary tumor by either partial
or total penectomy, processed in the pathology laboratory at UTH,
stained with hematoxylin and eosin (H&E), and then histologically
typed, graded and staged. Approximately 18mls of venous whole
blood was also collected preoperatively.

2.2 HIV viral load and CD4 counts

A portion of the collected whole blood at baseline was subjected
to HIV testing, HIV viral load determination, and CD4 counting.
HIV-1 viral load was determined using the Aptima HIV-1 Quant
Dx Assay kit (Hologic) on the Hologic Panther, according to the
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manufacturer’s instructions. HIV viral load levels below the lower
limit of detection (<30 copies/ml) were recorded as zero for
analytical purposes. The BD FACSCalibur instrument (BD
Biosciences) was used to determine the CD4 counts using the BD
TriTest kit (BD Biosciences) on 50uL whole blood, according to
manufacturer’s instructions. These are part of routine investigations
for HIV-infected individuals, and are done at a dedicated laboratory
at the institution.

2.3 Flow cytometry

A portion of the peripheral blood was also subjected to
peripheral blood mononuclear cell (PBMC) isolation by density
gradient centrifugation. The PBMCs were then subjected to CD4
and CD8 T cell sorting on an automated cell sorter (AutoMACS,
Miltenyi Biotec). The sorted cells were then stained with
monoclonal antibodies against the following surface markers:
CD3 APC-Vio770, CD45RO APC, CCR7 PE-Vio770, PD-1
BB515, and CD69 PERCP. Upon incubation in the dark for 20
minutes at room temperature, the cells were washed, resuspended
in phosphate-buffered saline, and evaluated by flow cytometry on a
BD FACSVerse instrument. Fluorescence-minus-one controls were
used to define the gates, and analysis was done using Flow jo version
10. The gating strategies are shown in Supplementary Figure 1.
Briefly, gating was done on sorted CD4 and CD8 cells. Then CD3*
cells were gated on, followed by phenotypic characterization of T
cell subsets based on their expression of CD45RO and CCR?7. T cell
subsets included naive (CD45RO CCR7"), central memory
(CD45RO"CCR7"), effector memory (CD45RO"CCR7") and
Terminally-differentiated effector cells (TEMRA) (CD45RO"
CCR7’). Gating was also done on CD3" cells expressing PD-1
and CD69.

2.4 HPV detection and genotyping

HPV detection and genotyping was done on fresh PSCC
tumors. DNA was first extracted using the QIAampRDNA Mini
Kit. We then detected and genotyped HPV using the AnyplexTM II
HPV28 detection kit by qPCR on the CFX96TM Real-time PCR
detection system (BIO-RAD). The kit allows for the detection of 28
different HPVs that include 19 high-risk (16, 18, 26, 31, 33, 35, 39,
45,51, 52,53, 56, 58, 59, 66, 68, 69, 73, and 82) and 9 low-risk (6, 11,
40, 42, 43, 44, 54, 61, and 70) HPV genotypes.

2.5 Immunohistochemistry and cell
enumeration

Immunohistochemical (THC) staining of formalin-fixed paraffin-
embedded penile tumors was performed using a semi-automated slide
preparation system. We stained the tumor using antibodies against
CD3 and CD8. Mononuclear cells with morphological characteristics

Frontiers in Oncology

10.3389/fonc.2025.1568764

of lymphocytes were enumerated. Briefly, four (4) micrometer sections
were mounted on adhesive slides (Leica Biosystems). During each
staining, we included palatine tonsil or lymph-node as positive
controls, while the negative control was tissue incubated without the
primary antibody. After baking the samples and controls for 1-2 hours
at 60°C, the semi-automated PT Link (Agilent) was used for antigen
retrieval according to manufacturer’s guidelines. The primary antibody
was then added to the samples, after some washing and blocking steps,
and left for an hour. The samples were then washed in wash buffer and
then incubated with a post primary linker (Novolink polymer
detection; Leica Biosystems) for 30 minutes. Peroxidase activity was
developed using Diaminobenzidine working solution. Hematoxylin
was then finally applied as a background stain.

The THC stained slides and corresponding hematoxylin and
eosin (H&E) stained slides were assessed by an experienced
reviewer, and the density of stromal tumor infiltrating immune
cells (sTILs) was assessed microscopically at high power
magnification (x400) in five different fields that were
representative of the tumor stroma, which included the invasive
front and intra tumoral stroma. The count was expressed as an
average absolute count (for CD3 and CD8 IHC) and average
percentage of stroma infiltrated by mononuclear cells with
morphological features of lymphocytes (for H&E). Counting was
also done in the intra-tumoral compartment and expressed as count
in a high-power field.

2.6 Data analysis

Baseline characteristics were analyzed using summary statistics.
Since the absolute cell counts and percentages were non-normally-
distributed continuous variables, comparisons of these variables
between dichotomous groups (e.g. by high-risk HPV (hrHPV),
HIV, or smoking status) was done using the Mann-Whitney test.
Correlation between the number of sTILs and number of intra-
tumoral immune cells was done using the Spearman’s rank
correlation (Rho (p)). Multivariate analysis was not done due to
the small sample size. P values less than 0.05 were considered

statistically significant.

3 Results
3.1 Baseline characteristics

Thirty-three (33) participants with PSCC were enrolled into the
study. The participants had a median age of 56 years, 24% were
below 50 years, 36% were below 60 years, and the youngest was 29
years old. The majority (84.8%) of the participants were HIV
positive, all HIV™ individuals were on anti-retroviral therapy, and
about half of the participants (51.5%) were smokers. High-risk HPV
was detected in 63.6% of all the tumors, and all HPV-positive
tumors had high-risk HPV. The rest of the baseline characteristics
are shown in Table 1.
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3.2 Factors associated with stromal T-cell
density in PSCC

We observed that the stroma of HPV-negative tumors had a
statistically significant higher proportion of lymphocytes on
hematoxylin and eosin-stained tumors than hrHPV-positive
tumors (Figure 1 and Supplementary Figure 2). We also observed
on IHC staining that the stroma of PSCC patients with a history of
smoking had a significantly lower number of CD8" cells than non-
smokers (Figure 2). No significant difference in number and
proportion of immune cells was observed in PSCC stroma by HIV
status, HIV/HPV co-infection, histological stage, and histological
grade (Supplementary Table 1). Other parameters including age,
size of the primary tumor, and duration of the lesion did not show
any correlation with the number of stromal immune cells.

3.3 Correlation between stromal and intra-
tumoral lymphocyte density

A higher absolute number of CD3" and CD8" cells in the tumor
stroma positively correlated with a higher infiltrate in the intra-
tumoral compartment, and the correlation was statistically
significant (Table 2 and Supplementary Figure 3). We also
assessed parameters that could affect the correlation between the
number of stromal lymphocytes and intra-tumoral lymphocytes
(Table 2). We observed that early-stage tumors had a statistically
significant positive correlation in number of CD3" cells between the
stroma and intra-tumoral compartment. We also observed that
HPV" tumors had a statistically significant positive correlation in
the number of both CD3" and CD8" cells between the stroma and
intra-tumoral compartment. High grade tumors showed a
statistically significant positive correlation in proportion of
lymphocytes between the stroma on H&E staining and number of
CD3" cells in the intra-tumoral compartment. HIV"® individuals
had a statistically significant positive correlation in number of both
CD3" and CD8" cells between the stroma and intra-tumoral
compartment. On the other hand, HIV- individuals had a
statistically significant negative correlation in number of CD3"
cells between the stroma and intra-tumoral compartment.

TABLE 1 Baseline characteristics of study participants.

Age (Years) 56 [50-62]

Smoking 17/33 (51.5%)
HIV Positive 28/33 (84.8%)
Advanced Histological Stage 8/33 (24.2%)
High-Grade Lesion 6/14 (42.9%)
On ART (for HIV") 28/28 (100%)
CD4 Count (cells/pL) 467 [310-656]
HIV Viral Load (Copies/mL) 0 [0-0]

High-Risk HPV Detected 21/33 (63.6%)

ART, Antiretroviral Therapy; Normal reference range for CD4 count was 410-1590cells/pL.
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A correlation between absolute counts and proportions for CD8" T
cells (Table 2) was also done for several reasons. Firstly, the number of
cells in the intra-tumoral compartment is much lower than that in the
stroma, hence it was not possible to obtain realistic proportions of
infiltrating lymphocytes in the intra-tumoral compartment. Secondly,
since the stroma has high number and diverse populations of immune
cells, both the absolute and relative counts may be useful in assessing
the correlation with the absolute number of immune cells in the intra-
tumoral compartment. Thirdly, an expansion of a particular immune
cell type (e.g. CD8" T cells) relative to other cells, could be more
informative with regards to the number of that particular cell
population migrating into the tumor.

3.4 Characteristics of circulating T cells in
smokers compared to non-smokers

Since we observed a significantly lower number of CD8" cells in the
stroma of individuals with a history of smoking compared to non-
smokers, we further compared the characteristics of T cells in the blood
circulation by smoking status. Age, HIV status, CD4 counts,
proportion of CD8 T cell subsets, including proportion of cells
expressing the immune checkpoint PD-1 were not significantly
different between the groups (Supplementary Table 2). The
proportion of CD4" T cells expressing the homing and activation
marker CD69 was higher among the non-smokers than the smokers,
but this difference was not statistically significant (Supplementary
Table 2). In addition, non-smokers had a borderline significantly
higher proportion of circulating effector CD4" T cells than non-
smokers (Figure 3). Also, the median proportion of CD4 effector
memory T cells was higher among non-smokers than smokers,
although this difference was also not statistically significant.

4 Discussion

In this study, we have investigated the factors associated with the
number and relative proportion of T-cells in stroma of PSCC. We have
also investigated factors influencing the correlation between the
number of T-cells in the stroma and the intra-tumoral compartment
of PSCC. As expected, we had a high proportion (almost 25%) of
individuals below the age of 50, and the median age was 56 years. This
is a younger age at presentation compared to most developed countries
where PSCC often occurs in elderly males above 60 years (16, 17).

In a previous study by Hladek L. et al,, a report of significantly
higher density of CD3" immune cells in low-stage PSCC tumors
when compared to advanced-stage tumors was made (18). In this
study, we observed that tumors with a low histological stage had a
higher number of CD3" cells than those with an advanced stage.
However, this observation was not statistically significant, possibly
due to the small number of examined tumors. A high number of
CD3" immune cell infiltration has been shown to correlate with
better survival in several cancers (19). On the other hand, there are
subpopulations of T cells, such as CD3"/CD4" regulatory T cells, that
are known to promote tumor progression (20). We did not look at
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B. Stromal CD3" T Cells by HPV Status
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C. Stromal CD8* Cells by HPV Status
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FIGURE 1

Stromal tumor infiltrating lymphocyte density by HPV status. (A) Statistically significantly higher density of sTILs in HPV™ tumors than HPV™" by
hematoxylin and eosin-stained tumor evaluation. (B, C) Higher but statistically insignificant number of CD3* and CD8" cells in HPV negative tumors

compared to HPV positive tumors, respectively.

this and other T cell subsets in our study, and therefore we cannot
make absolute conclusions on whether the actual differences between
early and advanced tumors are in the number of subpopulations of T
cells as opposed to absolute number of CD3" T cells.

In this study, hrHPV-positive PSCC tumors had significantly lower
numbers of lymphocytes in the stroma, on H&E staining, compared to
hrHPV-negative tumors. Also, the numbers of CD3" and CD8" T cells
were higher in hrHPV-negative than hrHPV-positive tumors, although
this difference was not statistically significant. These findings may be
supported by previous studies on immune evasion mechanisms of
HPV, including observations that HPV oncoproteins E6 and E7 inhibit
expression and signaling of interferons (IFN), which promote anti-viral
immunity and apoptosis of cancer cells (21, 22). Also, hrHPV
oncoproteins have been shown to downregulate pro-inflammatory
cytokines such as IL-1(3 and chemokines such as CCL2 (23-25), which
may lead to low infiltration of inflammatory cells in HPV-associated

tumors. Some previous studies have reported findings similar to ours,
of lower numbers of infiltrating T cells in the tumor environment of
HPV-positive PSCC tumors than HPV-negative tumors (26), while
others have reported higher numbers in HPV-positive tumors than
HPV-negative tumors (27). For instance, several studies in head and
neck cancers have reported higher TIL levels in HPV-positive tumors
than HPV-negative tumors (28-30). Therefore, our findings require
further validation with a larger sample size. Moreover, other co-existing
factors including HIV infection, which showed higher presence of
infiltrating lymphocytes in our study population, could influence the
number of infiltrating immune cells in co-infected individuals. A
plausible explanation for a significant difference in stromal TILs on
H&E staining and not immunohistochemistry for CD3 and CD8 is that
on H&E staining multiple cell types including T cells (multiple subsets),
B cells, and natural killer cells are captured together. There could be
differences in composition of the lymphocyte-appearing cells, other

A. Stromal TILs by Smoking Status B. Stromal CD3+ T Cells by Smoking Status C. Stromal CD8" Cells by Smoking Status

1004 400 400
.12 -
p=0 0059 p=0.035
L]
804 *
@ .o L, 00 . 300 *
o) 3 = 2 .
O [ o o = .
5 607 . g . o .
[ o °l® 1) .
) 5 200 . 5 200
E o . o
o 40 g o: g [
E Z. L4 Z —{ X
Ky 100 o 100 +4,
20 * HI .1°
L)
2| T . e |
L]
0 . e tee 0 T 0 . +
Non-Smokers Smokers Non-Smokers Smokers Non-Smokers Smokers
FIGURE 2

Stromal tumor infiltrating lymphocyte density by smoking status. (A) Higher but statistically insignificant stromal lymphocytes on H&E staining in
non-smokers compared to smokers. (B) Higher but statistically insignificant stromal CD3* cells in hon-smokers versus smokers. (C) There was a
statistically significantly higher number of CD8" cells in PSCC tumors of non-smokers than in smokers.
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TABLE 2 Correlation between number of cells in stroma and intra-tumoral compartment.

sTILs (%) and

sCD3"* Count and

sCD8" Count and

sCD8" (%) and

tCD3 Count tCD3 Count tCD8 Count tCD8 Count
All p=0.30; p=0.10 p=0.38; p=0.027 p=0.40; p=0.02 p=0.42; p=0.016
Early Stage p=0.42; p=0.039 p=0.43; p=0.033 p=0.34; p=0.10 p=0.34; p=0.09
Advanced Stage p=0.0001; p=1.0 p=0.42; p=0.30 p=0.62; p=0.10 p=0.67; p=0.07
Low Grade p=-0.05; p=0.91 p=0.40; p=0.32 p=0.62; p=0.10 p=0.64; p=0.09
High Grade p=0.87; p=0.025 p=0.72; p=0.10 p=0.26; p=0.62 p=0.31; p=0.54
HPV p=0.29; p=0.35 0=0.39; p=0.21 p=0.37; p=0.23 p=0.30; p=0.34
HPV* p=0.12; p=0.61 p=0.43; p=0.05 p=0.33; p=0.14 p=0.45; p=0.04
HIV' p=0.10; p=0.87 p=-0.90; p=0.037 p=-0.10; p=0.87 p=0.46; p=0.43
HIV* p=0.42; p=0.027 p=0.48; p=0.01 p=0.49; p=0.01 p=0.47; p=0.01

TIL, Tumor infiltrating lymphocyte; p=Rho/correlation coefficient; s: all lower case ‘s’ indicate “stroma”; t: all lower case ‘t’ indicate “intra-tumoral compartment”. Values in bold indicate

significant p values.

than CD8 cells alone, that could explain the differences by HPV status.
Other studies have similarly observed that H&E staining may be more
useful in assessing the density of stromal TILs and predicting prognosis
for various cancers (31-34).

PSCC patients who had no history of smoking had significantly
higher number of CD8" cells in their tumor stroma compared to
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Effector CD4 T cells. A higher proportion of terminally-differentiated
effector CD4* T cells among non-smokers compared to smokers,
with borderline significance.
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smokers. In a previous study on esophageal squamous cell
carcinoma, it was also found and reported that tumor stroma of
smokers had significantly lower number of activated cytotoxic T
lymphocytes compared to non-smokers (35). Smokers are known to
have a chronically activated inflammatory state way before the onset
of conditions such as cancer (36). This early state of chronic
immune activation is thought to ultimately result in exhaustion
and depletion of immune cells (37, 38), which may affect anti-tumor
immunity when a cancer develops. Other reported effects of
smoking on T cells, that may impair anti-tumor immunity and
surveillance, include the suppression of Granzyme B expression in
CD8" T cells, reduced activation of cytotoxic T lymphocytes, and
promotion of senescence and exhaustion (39). The known effects of
smoking on immune surveillance and our findings could be further
supported by our other observation that non-smokers had a
borderline significantly higher proportion of CD4 effector cells
than smokers. Although we did not explore the proportion of
cells expressing CD103, an important homing marker, it is
possible that non-smokers may have more effector T cells
destined for migration to the PSCC tumor environment.

The interaction and correlation between immune cells in the
stroma and tumor space is important for anti-tumor immunity. A
strong positive correlation between stromal and intra-tumoral
lymphocytes has previously been associated with pathologic
complete response after chemotherapy in breast cancer (40). In
penile cancer, a study by Chu et al. has previously shown that
number of immune cells, such as CD8-positive cells, in the stroma
are positively correlated with number of the same cells in the intra-
tumoral space (41). These observations are similar to ours where we
found that the number of CD3" and CD8" cells in the stroma are
positively correlated with those in the intra-tumoral compartment.
However, this correlation seems to be affected by other factors. For
instance, a significant correlation was observed in early stage and
not advanced stage tumors, which could imply that as tumors
advance, they acquire some characteristics that may hinder
infiltration by immune cells. Also, high grade lesions showed a
positive correlation between proportion of stromal TILs on H&E
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staining and number of intra-tumoral CD3™ cells, which may be a
result on higher tumor infiltration by immune cells due to high
mutational burden in high grade tumors (42). HPV" tumors and an
HIV™ status showed a significant positive correlation in number of
immune cells in stroma and intra-tumor. On the other hand,
tumors from HIV™ patients had a significant negative correlation
between CD3™ cells in the stromal and intra-tumoral compartment.
Hence, factors such as HPV and/or HIV status may influence the
correlation between number of stromal and intra-tumoral immune
cells. Therefore, HPV and/or HIV infection status, and lymphocyte
density in the stroma of PSCC, may serve as predictive markers on
patients likely to respond to treatments such as immune therapy.

This study has a number of limitations. The sample size may
not have been adequate to address all the investigated immune
parameters. Also, since we only stained for CD3" and CD8" T cells,
evaluation on numbers of CD4" T cells and/or other immune cells
such as professional antigen presenting cells may have given a more
complete picture on the immune cell population in the stroma of
PSCC tumors. In addition, information on extent and duration of
smoking was not collected. Therefore, we could not perform the
correlation between chronic inflammation associated with smoking
and duration of smoking. Another limitation was inability to assess
regulatory T cells, as they are anti-inflammatory and could explain
some of the observed tumor characteristics. Furthermore, assessing
how stromal infiltration correlates with prognosis would have been
more informative, despite the fact that all our study participants
underwent surgical treatment with or without chemotherapy and/
or radiotherapy, and none of the participants received
immune therapy.

5 Conclusions

HrHPV-negative PSCC tumors have a higher number of
stromal tumor-infiltrating lymphocytes, while smoking is
associated with a lower number of stromal infiltrating
lymphocytes. Factors such as early histological stage, high tumor
grade, HIV-positivity, and HPV-positivity display a positive
correlation between number of CD3" and CD8" cells in the PSCC
stroma and intra-tumoral compartment.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by University of
Zambia Biomedical Research Ethics Committee. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

Frontiers in Oncology

10.3389/fonc.2025.1568764

Author contributions

CM: Conceptualization, Data curation, Investigation, Project
administration, Writing — original draft. VM: Investigation, Project
administration, Validation, Writing — review & editing. NM: Validation,
Writing - review & editing. ON: Conceptualization, Formal Analysis,
Funding acquisition, Investigation, Methodology, Resources,
Supervision, Validation, Visualization, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The study was supported
by grants from the National Institutes of Health (Award numbers
K43TW011095 and D43TW010354).

Acknowledgments

We would like to thank the staff at the HHV-8 Molecular Virology
Laboratory, Musonda Kawimbe, Marie-Claire Mukasine, and Keagan
Mutale for processing the samples for molecular studies. We also thank
Anglin Hamasuku and Jane Musumali from the pathology laboratory
at UTH for processing the samples for histologic assessments. The
authors would also like to sincerely thank the study participants for
consenting to participate in this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1568764/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1568764/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1568764/full#supplementary-material
https://doi.org/10.3389/fonc.2025.1568764
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mumba et al.

References

1. Thumma N, Pitla N, Gorantla V, du Plessis M. A comprehensive review of current
knowledge on penile squamous cell carcinoma. Front Oncol. (2024) 14:1375882.
doi: 10.3389/fonc.2024.1375882

2. FuL, Tian T, Yao K, Chen XF, Luo G, Gao Y, et al. Global pattern and trends in
penile cancer incidence: population-based study. JMIR Public Health Surveill. (2022) 8:
€34874. doi: 10.2196/34874

3. TARC. Cancer today. (2022). Available online at: https://gco.iarc.who.int/media/
globocan/factsheets/cancers/26-penis-fact-sheet.pdf (Accessed March 26, 2025).

4. Alemany L, Cubilla A, Halec G, Kasamatsu E, Quiros B, Masferrer E, et al. Role of
human papillomavirus in penile carcinomas worldwide. Eur Urol. (2016) 69:953-61.
doi: 10.1016/j.eururo.2015.12.007

5. Manzotti C, Chulo L, Lopez Del Campo R, Trias I, Del Pino M, Saude O, et al.
Penile squamous cell carcinomas in sub-saharan africa and Europe: differential
etiopathogenesis. Cancers (Basel). (2022) 14(21):5284. doi: 10.3390/cancers14215284

6. Amini AP, Brookes TS, Shah H, Bhate K, Alnajjar H, Muneer A, et al. The
association between penile cancer and HIV infection: A literature review. Int ] STD
AIDS. (2023) 34:214-28. doi: 10.1177/09564624221148622

7. Lekoane KMB, Kuupiel D, Mashamba-Thompson TP, Ginindza TG. The
interplay of HIV and human papillomavirus-related cancers in sub-Saharan Africa:
scoping review. Syst Rev. (2020) 9:88. doi: 10.1186/s13643-020-01354-1

8. Clark PE, Spiess PE, Agarwal N, Biagioli MC, Eisenberger MA, Greenberg RE,
et al. Penile cancer: clinical practice guidelines in oncology. ] Natl Compr Canc Netw.
(2013) 11:594-615. doi: 10.6004/jnccn.2013.0075

9. Pagliaro LC, Williams DL, Daliani D, Williams MB, Osai W, Kincaid M, et al.
Neoadjuvant paclitaxel, ifosfamide, and cisplatin chemotherapy for metastatic penile
cancer: a phase II study. J Clin Oncol. (2010) 28:3851-7. doi: 10.1200/JC0O.2010.29.5477

10. de Vries HM, Ottenhof SR, Horenblas S, van der Heijden MS, Jordanova ES.
Defining the tumor microenvironment of penile cancer by means of the cancer
immunogram. Eur Urol Focus. (2019) 5:718-21. doi: 10.1016/j.euf.2019.02.019

11. Duong TT, Pham DTN, Duong HNT, Ly TT, Thai TA. Stromal tumor-
infiltrating lymphocytes associated with immunohistopathology and molecular
subtypes of breast cancer in Vietnam. Asian Pac ] Cancer Prev. (2023) 24:2523-30.
doi: 10.31557/APJCP.2023.24.7.2523

12. Garcia-Torralba E, Perez Ramos M, Ivars Rubio A, Navarro-Manzano E, Blaya
Boluda N, de la Morena Barrio P, et al. Clinical meaning of stromal tumor infiltrating
lymphocytes (sTIL) in early luminal B breast cancer. Cancers (Basel). (2023) 15
(10):2846. doi: 10.3390/cancers15102846

13. Kolberg-Liedtke C, Feuerhake F, Garke M, Christgen M, Kates R, Grischke EM,
et al. Impact of stromal tumor-infiltrating lymphocytes (sTILs) on response to
neoadjuvant chemotherapy in triple-negative early breast cancer in the WSG-
ADAPT TN trial. Breast Cancer Res. (2022) 24:58. doi: 10.1186/s13058-022-01552-w

14. Loi S, Drubay D, Adams S, Pruneri G, Francis PA, Lacroix-Triki M, et al. Tumor-
infiltrating lymphocytes and prognosis: A pooled individual patient analysis of early-stage
triple-negative breast cancers. J Clin Oncol. (2019) 37:559-69. doi: 10.1200/JC0O.18.01010

15. Dieci MV, Mathieu MC, Guarneri V, Conte P, Delaloge S, Andre F, et al.
Prognostic and predictive value of tumor-infiltrating lymphocytes in two phase III
randomized adjuvant breast cancer trials. Ann Oncol. (2015) 26:1698-704.
doi: 10.1093/annonc/mdv239

16. Christodoulidou M, Sahdev V, Houssein S, Muneer A. Epidemiology of penile
cancer. Curr Probl Canc. (2015) 39:126-36. doi: 10.1016/j.currproblcancer.2015.03.010

17. Favorito LA, Nardi AC, Ronalsa M, Zequi SC, Sampaio FJ, Glina S.
Epidemiologic study on penile cancer in Brazil. Int Braz J Urol. (2008) 34:587-91;
discussion 91-3. doi: 10.1590/51677-55382008000500007

18. Hladek L, Bankov K, von der Grun J, Filmann N, Demes M, Vallo S, et al.
Tumor-associated immune cell infiltrate density in penile squamous cell carcinomas.
Virchows Arch. (2022) 480:1159-69. doi: 10.1007/s00428-022-03271-1

19. Gooden MJ, de Bock GH, Leffers N, Daemen T, Nijman HW. The prognostic
influence of tumour-infiltrating lymphocytes in cancer: a systematic review with meta-
analysis. Br J Canc. (2011) 105:93-103. doi: 10.1038/bjc.2011.189

20. Ohue Y, Nishikawa H. Regulatory T (Treg) cells in cancer: Can Treg cells be a new
therapeutic target? Cancer Sci. (2019) 110:2080-9. doi: 10.1111/cas.2019.110.issue-7

21. Zhou F, Chen J, Zhao KN. Human papillomavirus 16-encoded E7 protein
inhibits IFN-gamma-mediated MHC class I antigen presentation and CTL-induced
lysis by blocking IRF-1 expression in mouse keratinocytes. ] Gen Virol. (2013) 94:2504-
14. doi: 10.1099/vir.0.054486-0

22. Smola S. Immunopathogenesis of HPV-associated cancers and prospects for
immunotherapy. Viruses. (2017) 9(9):254. doi: 10.3390/v9090254

23. Karim R, Meyers C, Backendorf C, Ludigs K, Offringa R, van Ommen GJ, et al.
Human papillomavirus deregulates the response of a cellular network comprising of

Frontiers in Oncology

08

10.3389/fonc.2025.1568764

chemotactic and proinflammatory genes. PloS One. (2011) 6:17848. doi: 10.1371/
journal.pone.0017848

24. Huang SM, McCance DJ. Down regulation of the interleukin-8 promoter by
human papillomavirus type 16 E6 and E7 through effects on CREB binding protein/
p300 and P/CAF. J Virol. (2002) 76:8710-21. doi: 10.1128/JV1.76.17.8710-8721.2002

25. Kleine-Lowinski K, Rheinwald JG, Fichorova RN, Anderson DJ, Basile ], Munger
K, et al. Selective suppression of monocyte chemoattractant protein-1 expression by
human papillomavirus E6 and E7 oncoproteins in human cervical epithelial and
epidermal cells. Int J Canc. (2003) 107:407-15. doi: 10.1002/ijc.11411

26. Guimaraes SJA, Vale AAM, Rocha MCB, Butarelli ALA, da Silva JM, de Deus
AJS, et al. Human papillomavirus infection affects the immune microenvironment and
antigen presentation in penile cancer. Front Oncol. (2024) 14:1463445. doi: 10.3389/
fonc.2024.1463445

27. Stenzel PJ, Thomas A, Schindeldecker M, Macher-Goeppinger S, Porubsky
S, Haferkamp A, et al. Tumor-infiltrating plasma cells are a prognostic factor in
penile squamous cell carcinoma. Virchows Arch. (2025). doi: 10.1007/s00428-
024-04013-1

28. Ward MJ, Thirdborough SM, Mellows T, Riley C, Harris S, Suchak K, et al.
Tumour-infiltrating lymphocytes predict for outcome in HPV-positive oropharyngeal
cancer. Br ] Canc. (2014) 110:489-500. doi: 10.1038/bjc.2013.639

29. Matlung SE, Wilhelmina van Kempen PM, Bovenschen N, van Baarle D,
Willems SM. Differences in T-cell infiltrates and survival between HPV+ and HPV-
oropharyngeal squamous cell carcinoma. Future Sci OA. (2016) 2:FSO88. doi: 10.4155/
fs0.15.88

30. Nasman A, Romanitan M, Nordfors C, Grun N, Johansson H, Hammarstedt L,
et al. Tumor infiltrating CD8+ and Foxp3+ lymphocytes correlate to clinical outcome
and human papillomavirus (HPV) status in tonsillar cancer. PloS One. (2012) 7:¢38711.
doi: 10.1371/journal.pone.0038711

31. Zhou G, Zheng ], Chen Z, Hu D, Li S, Zhuang W, et al. Clinical significance of
tumor-infiltrating lymphocytes investigated using routine H&E slides in small cell lung
cancer. Radiat Oncol. (2022) 17:127. doi: 10.1186/s13014-022-02098-z

32. Nakkireddy SR, Jang I, Kim M, Yin LX, Rivera M, Garcia JJ, et al. Integrative
analysis of H&E and IHC identifies prognostic immune subtypes in HPV related
oropharyngeal cancer. Commun Med (Lond). (2024) 4:190. doi: 10.1038/s43856-024-
00604-w

33. Hwang C, Lee SJ, Lee JH, Kim KH, Suh DS, Kwon BS, et al. Stromal tumor-
infiltrating lymphocytes evaluated on H&E-stained slides are an independent
prognostic factor in epithelial ovarian cancer and ovarian serous carcinoma. Oncol
Lett. (2019) 17:4557-65. doi: 10.3892/01.2019.10095

34. Zheng J, Zhang H, Li S, Kang Z, Zheng F, Yao Q, et al. Prognostic value of
Hematoxylin and eosin staining tumor-infiltrating lymphocytes (H&E-TILs) in
patients with esophageal squamous cell carcinoma treated with chemoradiotherapy.
BMC Canc. (2023) 23:1193. doi: 10.1186/s12885-023-11684-7

35. Wang G, Pan C, Cao K, Zhang J, Geng H, Wu K, et al. Impacts of cigarette
smoking on the tumor immune microenvironment in esophageal squamous cell
carcinoma. J Canc. (2022) 13:413-25. doi: 10.7150/jca.65400

36. Takahashi K, Pavlidis S, Ng Kee Kwong F, Hoda U, Rossios C, Sun K, et al.
Sputum proteomics and airway cell transcripts of current and ex-smokers with severe
asthma in U-BIOPRED: an exploratory analysis. Eur Respir J. (2018) 51(5):1702173.
doi: 10.1183/13993003.02173-2017

37. Qiu F, Liang CL, Liu H, Zeng YQ, Hou S, Huang S, et al. Impacts of cigarette
smoking on immune responsiveness: Up and down or upside down? Oncotarget. (2017)
8:268-84. doi: 10.18632/oncotarget.13613

38. Jiang Y, Li H. The effect of smoking on tumor immunoediting: Friend or foe?
Tob Induc Dis. (2024) 22:108. doi: 10.18332/tid/189302

39. Cheng CC, Lin HC, Chiang YW, Chang J, Sie ZL, Yang BL, et al. Nicotine
exhausts CD8(+) T cells against tumor cells through increasing miR-629-5p to repress
IL2RB-mediated granzyme B expression. Cancer Immunol Immunother. (2021)
70:1351-64. doi: 10.1007/s00262-020-02770-x

40. Denkert C, Loibl S, Noske A, Roller M, Muller BM, Komor M, et al. Tumor-
associated lymphocytes as an independent predictor of response to neoadjuvant
chemotherapy in breast cancer. J Clin Oncol. (2010) 28:105-13. doi: 10.1200/
JC0.2009.23.7370

41. Chu C, Yao K, Lu J, Zhang Y, Chen K, Lu J, et al. Inmunophenotypes based on

the tumor immune microenvironment allow for unsupervised penile cancer patient
stratification. Cancers (Basel). (2020) 12(7):1796. doi: 10.3390/cancers12071796

42. Mumba C, Muhimbe Z, Mapulanga V, Kawimbe M, Mutale K, Hamasuku A,
et al. The effects of HIV and oncogenic human papillomavirus on the tumor immune
microenvironment of penile squamous cell carcinoma. PloS One. (2024) 19:€0300729.
doi: 10.1371/journal.pone.0300729

frontiersin.org


https://doi.org/10.3389/fonc.2024.1375882
https://doi.org/10.2196/34874
https://gco.iarc.who.int/media/globocan/factsheets/cancers/26-penis-fact-sheet.pdf
https://gco.iarc.who.int/media/globocan/factsheets/cancers/26-penis-fact-sheet.pdf
https://doi.org/10.1016/j.eururo.2015.12.007
https://doi.org/10.3390/cancers14215284
https://doi.org/10.1177/09564624221148622
https://doi.org/10.1186/s13643-020-01354-1
https://doi.org/10.6004/jnccn.2013.0075
https://doi.org/10.1200/JCO.2010.29.5477
https://doi.org/10.1016/j.euf.2019.02.019
https://doi.org/10.31557/APJCP.2023.24.7.2523
https://doi.org/10.3390/cancers15102846
https://doi.org/10.1186/s13058-022-01552-w
https://doi.org/10.1200/JCO.18.01010
https://doi.org/10.1093/annonc/mdv239
https://doi.org/10.1016/j.currproblcancer.2015.03.010
https://doi.org/10.1590/S1677-55382008000500007
https://doi.org/10.1007/s00428-022-03271-1
https://doi.org/10.1038/bjc.2011.189
https://doi.org/10.1111/cas.2019.110.issue-7
https://doi.org/10.1099/vir.0.054486-0
https://doi.org/10.3390/v9090254
https://doi.org/10.1371/journal.pone.0017848
https://doi.org/10.1371/journal.pone.0017848
https://doi.org/10.1128/JVI.76.17.8710-8721.2002
https://doi.org/10.1002/ijc.11411
https://doi.org/10.3389/fonc.2024.1463445
https://doi.org/10.3389/fonc.2024.1463445
https://doi.org/10.1007/s00428-024-04013-1
https://doi.org/10.1007/s00428-024-04013-1
https://doi.org/10.1038/bjc.2013.639
https://doi.org/10.4155/fso.15.88
https://doi.org/10.4155/fso.15.88
https://doi.org/10.1371/journal.pone.0038711
https://doi.org/10.1186/s13014-022-02098-z
https://doi.org/10.1038/s43856-024-00604-w
https://doi.org/10.1038/s43856-024-00604-w
https://doi.org/10.3892/ol.2019.10095
https://doi.org/10.1186/s12885-023-11684-7
https://doi.org/10.7150/jca.65400
https://doi.org/10.1183/13993003.02173-2017
https://doi.org/10.18632/oncotarget.13613
https://doi.org/10.18332/tid/189302
https://doi.org/10.1007/s00262-020-02770-x
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.1200/JCO.2009.23.7370
https://doi.org/10.3390/cancers12071796
https://doi.org/10.1371/journal.pone.0300729
https://doi.org/10.3389/fonc.2025.1568764
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Smoking and presence of human papillomavirus correlates with lymphocyte density in the stroma of penile squamous cell carcinoma
	1 Introduction
	2 Materials and methods
	2.1 Study design and participants
	2.2 HIV viral load and CD4 counts
	2.3 Flow cytometry
	2.4 HPV detection and genotyping
	2.5 Immunohistochemistry and cell enumeration
	2.6 Data analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Factors associated with stromal T-cell density in PSCC
	3.3 Correlation between stromal and intra-tumoral lymphocyte density
	3.4 Characteristics of circulating T cells in smokers compared to non-smokers

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


