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Abstract
Introduction: Several studies have shown an association between prostate carcinoma (PCa) and certain
viral infections, such as HPV, EBV, CMV, etc. Despite the evidence about the presence of the EBV in PCa
tissues, it is unknown if the presence of EBV is associated with any distinct histopathological
characteristics and/or survival advantages/disadvantages in patients with PCa. In this study, therefore,
we analyzed the LMP-1 expression, and histopathological characteristics of EBV-positive and -negative
PCa tissues, followed by the survival analysis in patients from the two groups.

Material & Methods:  LMP-1 expression was determined using immunohistochemistry in the EBV PCR-
positive FFPE PCa samples. Subsequently, two key parameters for the characterization of PCa, i.e.,
Gleason scores and perineural invasion (PNI), along with intratumoral lymphocytes and stromal
lymphocytic in�ltration was studied in the EBV-positive and -negative PCa tissues. Lastly, the survival
bene�t analysis of EBV-positive and EBV-negative PCa patients was performed.

Results: EBV LMP1 protein expression was found in 70.96% of EBV PCR-positive PCa tissues.
 Histopathological analysis showed signi�cantly higher (p<0.05) mean major and total Gleason scores,
and perineural invasion (80%) in EBV-positive as compared with the EBV-negative PCa samples. We also
found a higher percentage of intratumoral and tumor-stromal lymphocytic in�ltration in EBV-positive PC
samples as compared to EBV-negative PCa samples. Overall, the survival proportion was similar in both
EBV-positive and EBV-negative groups. However, a small difference in survival bene�t emerged in the
38th month, where the mean percent survival was higher in EBV-positive PCa (41.6%) patients as
compared to EBV-negative PCa patients (19.96%).

Conclusion: In conclusion, the presence of EBV in the PCa tissues may lead to aggressive forms of
cancer. Further studies with a larger sample size are required to strengthen the link between EBV, PCa
prognosis, and survival.

Introduction
Despite being one of the most common carcinomas in men worldwide (1), the etiology and events related
to the onset and progression of prostate carcinoma (PCa) remain poorly understood (2). Several studies
have shown an association between PCa and certain viral infections, such as HPV, EBV, CMV, BK virus,
and SV40 (3–9). Epstein-Barr virus (EBV) has been found in the PCa specimens (3, 4), however, the role of
EBV in either onset or progression of PCa is not well characterized (5). Despite the evidence about the
presence of the EBV in prostate carcinoma tissues, it is not known whether the presence of EBV in PCa
tissue is associated with any distinct histopathological characteristics in the PCa tissues and/or survival
advantages/disadvantages in patients with PCa.

We have recently shown and characterized EBV in PCa tissues (10). In this study, we report the
immunohistochemical (IHC) analysis of the EBV LMP1 expression on the prostate carcinoma tissue
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samples, followed by the analysis of the differences in the histopathological characteristics, and survival
of the patients with EBV-positive and EBV-negative PCa.

Materials & Methods

Samples collection
This study is a sequel to our previous study, where we reported PCR-based EBV-positivity in 39/99 FFPE
prostate carcinoma (PCa) samples, followed by characterization of EBV-latency associated genes
expression (11). In this study, we determined LMP-1 expression using IHC in the EBV PCR positive tissues
followed by the differential analysis of key histopathological features of EBV positive (PCR and LMP-1)
and negative PCa samples. The study was approved by the Aga Khan University Ethics Review
Committee (AKU-ERC #: 2021-1460-18525).

Immunohistochemical detection of EBV LMP1 protein in
prostate carcinoma tissues
For this analysis, 31/39 EBV PCR-positive PCa samples were used for immunohistochemical expression
analysis of EBV LMP1 oncoprotein, while eight samples were dropped due to insu�cient tissue. The
formalin-�xed tissue sections were depara�nized and rehydrated. Antigen retrieval was enhanced by
revealing epitopes with the use of citrate buffer at pH 9.0. Subsequently, the sections were stained with
mouse antibody anti-EBV LMP1 (CS1-4) (Dako, Agilent Technologies Denmark). The detection of LMP1
has been carried out through staining with a Horseradish peroxidase-labeled anti-mouse secondary
antibody, while Diaminobenzidine (Dako DAB) was used as substrate chromogen, and hematoxylin was
used as a counterstain. The slides were further processed using Autostainer Link 48 (Dako Agilent)
following the manufacturer’s instructions. The slides showing either the membranous or the cytoplasmic
staining (brown color) of tumor cells in the specimens were considered positive for LMP1. The slides
were scored using the following criteria described by Mao et al. (12): score 4 = 81–100% LMP1 positivity,
score 3 = 51–80% LMP1 positivity, score 2 = 11–50% LMP1 positivity, and score 1 = 0–10% LMP1
positivity in the cells. Furthermore, the intensity of immunostaining was scored 0 for negative, while 1, 2,
and 3 for, respectively, weak, moderate, to strong immunostaining.

Histopathological characterization of EBV + ve and EBV-ve
PCa samples
The EBV-positive and EBV-negative PCa samples were graded by an experienced histopathologist using
the WHO 2016/ ISUP 2014-based prostate cancer grading system (13). All the PCa samples were
diagnosed as prostatic adenocarcinoma of acinar type. In this study, two of the most important
parameters for the characterization of PCa, i.e. Gleason scores (major, minor, and total) and perineural
invasion (PNI) (14, 15), along with the presence of intra-tumoral lymphocytes, stromal lymphocytes, and
benign tissue lymphocytic in�ltration was noted, and used for the analysis for the quantitative
parameters such as mean, standard deviation, and the standard error of the mean; whereas for the
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qualitative data, the counts and percentages were used. To characterize the presence of lymphocytic
in�ltration in the tissue, criteria in solid tumors by the International Immuno-Oncology Biomarker Working
Group (16) were used with the modi�cation where the intensity of lymphocytic in�ltration was rated using
a scale of 0 to + 3; with 0 being no lymphocytes observed, whereas + 1, +2, + 3 indicated the presence of
1–15, 16–25, and > 25 lymphocytes, respectively. On light microscopy, the PCa samples were scanned for
the presence of the lymphocytes and were categorized into the intratumoral, stroma, and adjacent benign
tissue in�ltration in the specimens. Subsequently, Spearman correlation analysis was performed to
examine the association between different histopathological parameters, described above, in the two
groups. The analysis was performed using GraphPad Prism 8.4 and in all analyses, p < 0.5 was
considered statistically signi�cant.

Survival bene�t analysis in EBV-positive and EBV-negative
PCa groups
For survival bene�t analysis, the 99 PCa positive (including both EBV-positive and -negative groups)
patients or next of kin were contacted over the phone. Out of 99 patients, only 74 patients or their next of
kin responded. Hence, the survival analysis was performed for 74 patients for a period of 38 months,
starting February 2019 (date of sample collection) till February 2022, using Logrank (Mantel-Cox) test
(17).

Results

IHC analysis of EBV LMP1 protein expression in EBV PCR-
positive PCa samples
Immunohistochemical staining of EBV PCR-positive PCa samples showed focal cytoplasmic granular
LMP1 expression in 70.96% (22/31) PCa tissues (Fig. 1). All LMP1 positive PCa samples had an intensity
score of 1–2, with weak to moderate immunostaining (Fig. 1).

EBV status of the prostate carcinoma samples and its
correlation to histopathological characteristics
The analysis of the Gleason scores (major, minor, and total) showed that the EBV-positive PCa samples
had signi�cantly higher mean major (4.12 ± 0.64; p < 0.05) and total (8.24 ± 1.22 p < 0.05) Gleason scores
as compared with the EBV-negative PCa samples (major: 3.84 ± 0.58; total: 7.75 ± 1.03). Descriptive
analysis for distribution of perineural invasion in EBV-positive and EBV-negative PCa samples showed
that a higher percentage of EBV-positive PCa (80%) had perineural invasion as compared to EBV-negative
PCa (67.3%) samples (Fig. 2). This �nding was further supported by correlation analysis, which showed a
moderate positive correlation (r = 0.47; p < 0.05) between Gleason score (total) and perineural invasion
only in EBV-positive PCa tissues (Table 2).
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Table 2
Correlation between histopathological parameters in EBV-positive and -negative PCa samples: The table

shows the correlation coe�cients observed between different histopathological parameters (Gleason
(major, minor, and total) scores and perineural invasion) in EBV-positive and EBV-negative PCa samples.

The r values found to be statistically signi�cant (p < 0.05) are shown in bold.
Variables EBV + 

Gleason
major

EBV + 
Gleason
minor

EBV + Gleason total EBV + Perineural invasion

EBV + Gleason
major

— 0.46 0.86 0.33

EBV + Gleason
minor

0.46 — 0.85 0.47

EBV + Gleason
total

0.86 0.85 — 0.47

EBV + 
perineural
invasion

0.33 0.47 0.47 —

Variables EBV-
Gleason
major

EBV-Gleason minor EBV-Gleason total EBV-Perineural
invasion

 

EBV- Gleason
major

— 0.50 0.81 0.28  

EBV-Gleason
minor

0.50 — 0.90 0.07  

EBV-Gleason
total

0.81 0.90 — 0.20  

EBV-Perineural
invasion

0.28 0.07 0.20 —  

Furthermore, the analysis of lymphocytic in�ltration showed tumor-stromal lymphocytic in�ltration in
74.07% of EBV-positive and 66.67% in EBV-negative PCa tissues (Figs. 3A and 3B). Similarly, intratumoral
lymphocytic in�ltration was observed in 33.34% of EBV-positive and 31.11% of EBV-negative PCa tissues
(Figs. 3C and 3D). Additionally, 92.59% of EBV-positive PCa samples showed lymphocytic in�ltration in
the benign tissue adjacent to the tumor cells, as compared to 80% of EBV-negative PCa tissue samples
(Figs. 3E and 3F).

Survival analysis of EBV-positive and EBV-negative prostate
cancer group
For EBV-positive and EBV-negative prostate carcinoma groups, the percent survival over 38 months was
calculated using Logrank (Mantel-Cox test). Overall, the survival proportion was similar in both EBV-
positive and EBV-negative groups (Fig. 4). However, a small difference in survival bene�t emerged in the
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38th month, where the mean percent survival was higher in EBV-positive PCa (41.6%) patients as
compared to EBV-negative PCa patients (19.96%) (p = 0.69). The month and year-wise distribution of
deaths in EBV-positive and EBV-negative PCa samples are described in Supplementary Fig. 1.

Discussion
Here we studied LMP-1 expression, and histopathological characteristics of the EBV-positive and -
negative PCa tissues, followed by survival analysis of the patients from the two groups

Descriptive and association analysis showed that the mean major and total Gleason scores in EBV-
positive PCa samples were higher as compared to EBV-negative PCa samples, and a positive association
between Gleason scores (total). This �nding suggests an association between EBV infection in the
prostate cancer tissues and the higher total Gleason scores. This observation was corroborated by an
analysis of PNI distribution, where a higher percentage of EBV-positive PCa (80%) had PNI as compared
to EBV-negative PCa samples (67.3%), and EBV status was positively correlated with PNI, further
strengthening the possibility that EBV infection might be associated with the aggressive forms of cancer.
These �ndings are clinically important as Gleason score and PNI are associated with an aggressive form
of PCa (18–21). Although in literature, nothing is known about EBV and its relationship with PCa,
however, it has been reported that the presence of EBV in nasopharyngeal carcinoma is associated with
the progression of cancer since it involves multiple hallmarks of cancer (22, 23). Clinically, EBV-positive
nasopharyngeal carcinoma tends to be more invasive with increased metastasis as compared with EBV-
negative nasopharyngeal carcinoma cases (24). At the same time, EBV-positive nasopharyngeal
carcinoma cases are more responsive to radiotherapy and chemotherapy (25) as compared to EBV-
negative NPC cases.

Next, LMP1 expression was determined in PCa samples. Although, for EBV detection, an RNA in situ
hybridization (ISH) is the test of the choice (26), however, IHC-based detection of LMP1 is commonly
performed especially in low and middle-income countries (27, 28). Some studies have reported that the
rates of detection between IHC LMP and ISH are comparable (29, 30). We found LMP1 expression in
70.96% of the cases. To the best of our knowledge, IHC-based expression of EBV LMP1 in PCa tissues
has been reported for the �rst time in this study. Among EBV-associated epithelial cancers, the IHC-based
expression of EBV LMP1 is better characterized in EBV-associated nasopharyngeal carcinoma and has
been observed in variable percentages in different studies, ranging from 40–86% (27, 31–35).

In this report, we have found higher percentage of intratumoral lymphocytic in�ltration, tumor stromal
lymphocytic in�ltration and the lymphocytic in�ltration in the benign tissue adjacent to the tumor tissue
in EBV-positive PC samples as compared to EBV-negative PCa samples. These �ndings seem to support
earlier reported studies where EBV-positive nasopharyngeal carcinoma samples had a signi�cantly higher
number of tumor-in�ltrating lymphocytes as compared with EBV-negative nasopharyngeal carcinoma
samples (36), and the presence of a higher number of tumor-in�ltrating lymphocytes is associated with
better survival (37). Similarly, better survival is associated with the presence of tumor-in�ltrating
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lymphocytes in EBV-associated gastric carcinoma (38). Tumor-in�ltrating lymphocytes have an important
role in prostate carcinoma (39), however, further studies are required to establish the role of EBV-
associated tumor-in�ltrating lymphocytes in prostate carcinoma.

Lastly, a survival bene�t analysis in EBV-positive and EBV-negative patients with PCa was performed.
Overall, the EBV status was independent of survival proportions, however, a survival advantage was
observed in the 38th month, where the EBV-positive PCa group was found to have a higher survival as
compared to the EBV-negative group. Previous studies have suggested a con�icting role of EBV in cancer;
Song et al showed that the presence of EBV conferred a survival advantage to the patients with EBV-
associated gastric carcinoma (40), whereas in EBV-associated nonkeratinizing subtype of
nasopharyngeal carcinoma, EBV infection has been associated with increased risk of distant metastasis
(41, 42). The role of EBV in the progression of prostate carcinoma has not been previously reported. As
indicated earlier, the enhanced survival may be attributed to increased lymphocytic in�ltration, as is
observed in EBV-associated nasopharyngeal and gastric carcinoma (37, 38). There are certain limitations
with respect to the survival analysis. Firstly, other clinical parameters, such as treatment regimens during
the period of this analysis could not be included as this information was not available for biopsies.
Secondly, there was an imbalance in the number of EBV-positive (n = 25) and EBV-negative retrospectively
collected PCa samples (n = 49), which might introduce some sampling bias (43). However, this bias may
be limited as events (deaths) were considered and not the actual sample number in the analysis. Finally,
the survival analysis was limited to 38 months (the current month) only. Analysis beyond 38 months may
provide additional information on survival bene�ts.

In conclusion, this study provides evidence that the presence of EBV in the prostate carcinoma tissues
may lead to aggressive forms of PCa. Further studies with a larger sample size are required to strengthen
the link between EBV, PCa prognosis, and survival.
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Figures

Figure 1

Immunohistochemical staining of LMP1 in PCa tissue samples. A) LMP1 negative PCa tissue sample. B)
Positive control: EBV-associated nasopharyngeal carcinoma sample with con�rmed EBV LMP1
expression (black arrows) C-D) PCa tissue samples showing weak-moderate EBV LMP1 staining (black
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arrows) in the tumor cells. The presence of granular cytoplasmic LMP1 immunostaining was labeled as
positive. Original magni�cation: 200X in A, B, and C and 400X in D. 

Figure 2

Representative histopathological images of EBV-positive and EBV-negative PCa with present and absent
PNI, respectively. A) representative histopathological images of EBV-positive PCa, Gleason score of 9
(4+5), showing the crowded cribriform glands in�ltrating the perineurium of the nerve in the center,
indicating the presence of perineural invasion (PNI) (marked by black arrow). (H&E; original
magni�cation: 200X). B) histopathological image of EBV-negative PCa, Gleason score of 8 (4+4),
showing the poorly formed glands with hypernephroid cells. The center shows an un-involved nerve (PNI
is absent) marked with an arrowhead (H&E; original magni�cation: 200X).
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Figure 3

Lymphocytic in�ltration in EBV-positive and EBV-negative PCa tissues: Histological images showing
lymphocytic in�ltration (shown with black arrowheads) in A) EBV-positive tissue with tumor stromal
lymphocytic in�ltration (3+) and Gleason score 3+3 (Hematoxylin and Eosin (H&E); original
magni�cation: 100X), B) EBV-negative sample with tumor stromal lymphocytic in�ltration (1+) and
Gleason score (4+4) (H&E; 200X), C) EBV-positive sample with intratumoral lymphocytic in�ltration (1+)
and Gleason score (5+5) (H&E; original magni�cation: 200X), D) EBV-negative sample with intratumoral
lymphocytic in�ltration (1+) and Gleason score (5+5) (H&E; original magni�cation: 200x), E) EBV-positive
sample with lymphocytic in�ltration in the adjacent benign tissue (3+) (H&E; original magni�cation: 40X)
F) EBV-negative sample with lymphocytic in�ltration in the adjacent benign tissue (1+) (H&E; original
magni�cation: 200X)
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Figure 4

The percent survival analysis of EBV-positive and EBV-negative PCa patients. The x-axis shows percent
survival, while the y-axis shows months considered in this analysis, for both EBV-positive and -negative
PCa groups.
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