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Abstract 

Background: There have been few studies regarding viral involvement in the pathogenesis of renal cell carcinoma 
(RCC). The aim of this study was to examine the possible association of Epstein–Barr virus (EBV) infection with clin‑
icopathological features and cellular biomarkers including p53, p16INK4a, Ki‑67 and nuclear factor‑kappa B (NF‑κB) in 
RCC tumors.

Methods: In this prospective study, 122 histologically confirmed Formalin‑fixed Paraffin‑embedded RCC tissue speci‑
mens along with 96 specimens of their corresponding peritumoral tissues and 23 samples of blunt renal injuries were 
subjected to nested polymerase chain reaction (nPCR) in order to amplify EBV DNA sequences. The expression of p53, 
p16INK4a, Ki‑67 and NF‑κB was investigated by immunohistochemistry (IHC) assay. Statistical analysis was employed 
to demonstrate the possible associations.

Results: Infection with EBV was found to be significantly associated with RCC. Our results indicate that p65 NF‑κB 
signaling pathway is probably involved in EBV‑mediated RCC pathogenesis. Moreover, we found p53, Ki‑67 and cyto‑
plasmic NF‑κB expression to be associated with tumor nuclear grade in RCC patients. The expression of p53 and Ki‑67 
was associated with primary tumor category as well. In addition, p53 overexpression was significantly more frequent 
among nonconventional RCC tumors than the conventional histologic type.

Conclusions: Infection with EBV is likely to play an important role in the development of RCC through the constitu‑
tive and permanent activation of NF‑κB p65 signaling pathway. However, more experiments and supporting data are 
required to reach a decisive conclusion.
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Background
Renal cell carcinoma (RCC) is among the 10 most com-
mon cancers around the world and accounts for over 
90% of renal neoplasms [1]. RCCs are a heterogene-
ous group of cancers originating from renal tubular 

epithelial cells [1, 2]. These tumors are often asympto-
matic, have diverse clinical manifestations, and can be 
associated with hereditary syndromes [3]. Clear cell, 
papillary, and chromophobe RCCs account for the 
majority of RCC cases [4]. Recent advances in renal cell 
molecular biology and genetics have associated the dis-
ease with various hereditary and non-hereditary risk 
factors [3, 5]; however, they cannot explain all RCC 
cases. A growing body of evidence suggests that at least 
15 percent of all human malignancies may be attributed 
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to oncogenic viruses, one of which is Epstein–Barr 
virus (EBV) [6].

EBV, also known as human herpes virus 4, is a mem-
ber of the subfamily Gammaherpesvirinae, genus Lym-
phocryptovirus which causes lifelong latent infections 
in memory B lymphocytes following primary infec-
tion [7]. Approximately 90% of the general population 
may be infected with this ubiquitous double stranded 
DNA virus as a result of a primary lytic infection in the 
oropharynx that can be asymptomatic or manifest as 
infectious mononucleosis [8]. EBV was present in the 
renal biopsies of individuals suffering from glomerular 
mesangial injury [9], and in the proximal tubule cells of 
human kidney tissue samples of patients with chronic 
interstitial nephritis [10]. In addition, the expression 
of EBV nuclear antigen 2 (EBNA2) in renal tubule cells 
has been reported to induce renal tumors in transgenic 
mice [11]. Furthermore, there are accumulating data 
available suggesting a role for EBV in RCC pathogen-
esis [12–14]. Together, these findings not only suggest 
that renal tissue is a likely reservoir of EBV, but also 
imply the oncogenic potential of EBV in the renal tis-
sue. However, it is not yet known how EBV infection 
could be associated with RCCs.

p53 is a well-studied key tumor suppressor molecule 
that is mutated in half of human malignancies [15]. p53 
expression has been reported to be an independent 
prognostic factor in patients with RCC in such a way 
that increased expression of p53 is associated with poor 
clinical outcome [16]. Furthermore, the overexpression of 
p53 has been shown to be an independent predictor of 
cancer-specific survival [17, 18], and correlate with high 
nuclear grade, tumor invasion, metastasis, late stage and 
cancer-caused death in clear cell RCC (ccRCC) [19]. In 
addition, a relationship between EBV infection and p53 
expression has been reported in several cancers [20]. 
EBV nuclear antigen 3C (EBNA3C) has been reported to 
inhibit p53 binding to DNA, resulting in the repression of 
its transcriptional activity [21]. Further, it has been found 
that p53-mediated apoptosis is inhibited by latent mem-
brane protein 1 (LMP1), another major protein of EBV 
[22].

p16INK4a is another tumor suppressor molecule which 
is involved in the retinoblastoma protein (Rb) pathway. 
It is well known that by arresting the S phase, p16INK4a 
contributes to the regulation of cell cycle progression 
[23]. The inactivation of p16INK4a gene by mutation, 
hypermethylation of the promoter, and homozygous 
deletion has been detected in various cancer cell lines 
including those obtained from RCC [24–26]. EBNA3C 
has been reported to inhibit p16INK4a to promote 
G1/S transition. Furthermore, EBV nuclear antigen 3A 
(EBNA3A) and EBNA3C have been shown to repress 

p16INK4A expression, leading to the proliferation of 
EBV-transformed cells [27].

Ki-67 is a nuclear protein which can be employed as a 
cell proliferation marker [28]. Ki-67 expression is known 
to correlate with ccRCC tumor grade and higher expres-
sion levels of this molecule is associated with worse 
prognosis [29]. This marker has also been considered 
a molecular representative of the aggressive behavior 
of tumor and response to therapy for survival outcome 
assessment in several tumors including RCC [30]. Fur-
thermore, Ki-67 expression has been found to correlate 
with EBV infection in patients with nasopharyngeal car-
cinoma [31].

Nuclear factor-kappa B (NF-κB) is a pro-inflammatory 
transcription factor involved in a wide range of physi-
ological and pathological cellular processes, including 
carcinogenesis [32]. The inactive form of NF-κB is local-
ized in the cell cytoplasm while it is bound to the NF-κB 
inhibitor (IκB). During activation, IκB is degraded in the 
proteosome, leading to NF-κB release and transloca-
tion to the nucleus. While its activation in normal cells 
is short and transient, NF-κB becomes activated con-
stitutively and permanently in tumor cells [33]. High 
rates of NF-κB activation have been associated with low 
apoptotic activity of tumor cells in ccRCC [34]. Further, 
higher expression of overall and nuclear NF-κB subunits 
has been reported to correlate with worse cancer-specific 
survival in RCC patients [35]. NF-κB signaling pathway 
has been found to be used by EBV to drive the cell cycle 
and lower the apoptotic activity of the cells. LMP1 of 
EBV interacts with NF-κB to promote G1/S transition, 
thereby giving the cells proliferation advantages [36].

In this study, we aimed to investigate the prevalence 
of EBV infection in RCC tumors. Further, due to the 
importance of p53, p16INK4a, Ki-67 and NF-κB in the 
viral oncogenesis, the expression of each biomarker was 
evaluated in all RCC tumor specimens and their corre-
sponding peritumoral tissues as well. In addition, the 
correlation between EBV infection, demographic char-
acteristics and the expression of cellular biomarkers were 
analyzed for the first time.

Methods
Study population
A total of 127 histologically confirmed RCC cases were 
included in this study, all of whom underwent surgery in 
Namazi hospital, Shiraz University of Medical Sciences, 
Iran. There were no restrictions on gender, age, ethnic-
ity, or cancer stage at recruitment. The classification of 
different histological subtypes of RCC tumors was con-
firmed by two pathologists using hematoxylin and eosin 
(H&E) slides based on Heidelberg classification system 
[37]. Moreover, for 104 of these RCC cases, peritumoral 
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kidney tissue sample was available. The histopathologi-
cal grading of the nuclei of tumor cells was performed 
according to the four-group Fuhrman nuclear classifica-
tion system [38]. The primary tumor staging was carried 
out according to the 2010 version of the American Joint 
Committee on Cancer (AJCC) TNM staging [39], and the 
Union for International Cancer Control (UICC) classifi-
cation system [40]. Furthermore, 23 samples of normal 
kidney tissue from patients with blunt renal injuries were 
available for this study.

Sample preparation and DNA extraction
Four 5  µm thick slices were cut and collected in auto-
claved Eppendorf microcentrifuge tubes (1.5  ml) for 
each patient. In order to avoid contamination among 
specimens, precautions were taken including cutting one 
case at a time, changing the microtome blade before cut-
ting every new case and cleaning the microtome and the 
workspace thoroughly with ethanol between each case. 
Moreover, paraffin blocks without tissue were sectioned 
after cutting every real specimen and included as nega-
tive controls of DNA extraction procedures. Genomic 
DNA was extracted from the Formalin-fixed Paraffin-
embedded tissue sections using QIAamp DNA FFPE 
Tissue Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. Extracted DNA was eluted in 
50  ml ATE buffer and stored at −70  °C until analyzed. 
The total amount of DNA was quantified by a NanoDrop 
(ND-1000) spectrophotometer (peQLab Biotechnologie, 
Erlangen, Germany). The quality of the extracted DNA 
was evaluated by PCR amplification of each sample using 
ß-globin gene specific primers, PC03 and PC04 produc-
ing a 110 bp PCR product as described by Saiki et al. [41]. 
Only positive samples were chosen for further analysis.

Nested PCR amplification of EBV DNA
A nested PCR system for diagnosis of EBV infections in 
tissue specimens from patients with RCC was applied as 
described by Espy et al. [42] using oligonucleotide prim-
ers directed to a conserved region of EBV genome encod-
ing the capsid protein gp220 (BamHI region) (Table  1). 
All primers were custom synthesized by Bioneer (Dae-
jeon, Korea). EBV positive specimens were amplified and 
analyzed in duplicate in order to ensure consistency and 
reliability of the results. Sterile distilled water was used as 
negative control for all reactions.

Sensitivity assay and control cell line
In order to test the sensitivity of primers used for nested 
PCR amplification of EBV DNA, LCL-PI7 (Pasteur Insti-
tute of Iran, Tehran), an EBV transformed lymphoblas-
toid cell line, with approximately 50 copies of the EBV 
genome integrated in each cell was employed. Ten-fold 

dilutions of EBV DNA-containing LCL-PI7 cells were 
made. The dilution series started with  105 cells/ml (cor-
responding to approximately 5 ×  106 of EBV DNA copies) 
and ended with 1 cell/ ml of LCL-PI7 cells (correspond-
ing to approximately 50 viral target copies). Genomic 
DNA was extracted from each of these dilutions and 
tested using nested PCR assay as described for the sam-
ple group.

Immunohistochemical staining
Paraffin-embedded tissue samples were sectioned at 
5  µm thickness and mounted onto slides pre-coated 
with 300  ml of poly-l-lysine solution (0.1% w/v, 
Sigma–Aldrich; St. Louis, MO). Deparaffinization was 
performed by fresh xylene, followed by endogenous per-
oxidase activity quenching by 10%  H2O2 solution. Epitope 
retrieval was carried out by heat-induced microwave 
treatment in the corresponding buffer solutions (Table 2). 
Protein block agent (Dako, Glostrup, Denmark) was used 
in order to block non-specific binding sites. After incu-
bation with antibodies and buffer washes, sections were 
covered with EnVision + Dual Link System-HRP solution 
(Dako) for 30 min at room temperature. The reaction was 
visualized using 3,3’-diaminobenzidine (DAB) staining. 
Sections without primary antibody served as negative 
controls in each run. Positive controls were included as 
presented in Table 2.

Evaluation of immunohistochemical staining
Immunostainings with p16INK4a, p53, Ki-67 and NF-κB 
antibodies were examined in a double-blind protocol and 
scored under 400 × magnification standard light micros-
copy. In the case of p53 and Ki-67 immunoexpression, 
only nuclear staining was interpreted positive and the 
evaluation of results was performed according to a semi-
quantitative scoring system adopted from a previous 
study [43] (Table 3). The 10% cut-off value was selected 
for the interpretation of p53 and Ki-67 nuclear immu-
nostaining results, so that the reactions were considered 

Table 1 Primer names and sequences

Primer name Sequences (5′–3′) Product 
size (bp)

References

EBV‑1F‑outer GTG CCT CGT CTA CCT CTG TTC 277 Espy et al. [42]

EBV‑2R‑outer TTG ATT CTC GTG GTC GTG TTCC 

EBV‑3F‑inner CAG TGC CTC CGC CTG AGC 
CGCT 

170

EBV‑4R‑inner GGT CAG ATT TTG CAA TAT ATTTT 

PC03 ACA CAA CTG TGT TCA CTA GC 110 Saiki et al. [41]

PC04 CAA CTT CAT CCA CGT TCA CC
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positive while 10% or more of the cancer cells were 
stained [44, 45].

For p16INK4a immunostaining analysis, the percent-
ages of tumor cells reactive with p16INK4a antibody 
were evaluated using a semi-quantitative scoring system 
adopted from previous studies [46, 47] (Table  4). Both 
nuclear and cytoplasmic staining were interpreted as 
positive reaction. Samples were counted as positive when 
more than 5% of cells (cut-off) were stained.

The evaluation of NF-κB immunostaining results was 
performed based on the staining intensity as well as the 
percentage of positive cells, according to Zhou et  al. 
[48] (Table  5). The nuclear expression of NF-κB p65 
was examined separately to investigate the NF-κB/relA 

Table 2 Antibodies used for immunohistochemistry assay

Antibody Source Clone and 
manufacturer

Antigen retrieval 
solution pH

Dilution and 
incubation

Positive control

Anti‑p53 Mouse monoclonal IgG1 DO‑7, Dako, Glostrup, 
Denmark

10 mM Citrate buffer 
pH 6.0

1:50, overnight at 4 °C Breast cancer sections 
with p53‑positive nuclear 
staining

Anti‑p16INK4a Mouse monoclonal IgG1 JC8, Santa Cruz Biotech‑
nology, California, USA

10 mM Tris–EDTA buffer 
pH 9.0

1:50, overnight at 4 °C Formalin‑fixed HeLa cell 
blocks

Anti‑Ki‑67 Mouse monoclonal IgG1 MIB‑1, Dako, Glostrup, 
Denmark

10 mM Citrate buffer 
pH 6.0

1:100, overnight at 4 °C Intestine tissue sections

Anti‑NF‑κB (p65) Mouse monoclonal IgG1 Santa Cruz Biotechnol‑
ogy, California, USA

10 mM Citrate buffer 
pH 6.0

1:400, 1 h at room 
temperature

Formalin‑fixed HeLa cell 
blocks

Table 3 Semi‑quantitative scoring system of p53 and Ki‑67 
immunostaining

Percentage of 
immunoreactive 
cells

Score p53 and Ki-67 protein 
overexpression 
assessment

Reference

No reactivity 0 Negative Zigeuner et al. [43]

Less than 10% 1 Negative

10–25% 2 Positive

26–50% 3 Positive

51–75% 4 Positive

76–90% 5 Positive

More than 90% 6 Positive

Table 4 Semi‑quantitative scoring system of p16INK4a immunostaining

Percentage of immunoreactive 
cells

Staining pattern p16INK4a expression assessment Reference

0–5% Negative Negative Gabrielli Fregonesi et al. [46]

6–10% Sporadic Positive (low expression)

11–30% Focal Positive (moderate expression)

More than 30% Diffuse Positive (high expression)

Table 5 Semi‑quantitative scoring system of NF‑κB immunostaining

For statistical analysis, the scoring index was calculated by addition of percentage-based scores and intensity-based scores, and the cut-off value was selected as three 
so that < 3 was defined as low expression and ≥ 3 was considered as high expression

Percentage of immunoreactive 
cells

Percentage-based score Staining intensity Intensity-based score Reference

0–5% 0 No staining 0 Zhou et al. [48]

6–25% 1 Straw yellow 1

26–50% 2 Brown 2

51–75% 3 Tan 3

More than 75% 4
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signaling pathway which can be interpreted through p65 
translocation from cytoplasm to the nucleus [49].

Statistical analysis
Statistical analysis was performed using SPSS version 
25.0 (SPSS Institute, Chicago, IL, USA). The associations 
between clinicopathological characteristics and the pres-
ence of EBV and/or the expression of cellular biomark-
ers were analyzed using two-sided Chi-square or Fisher’s 
exact test, where appropriate. To assess the significance 
of the difference between the prevalence of viral DNA 
in tumor tissue specimens and the corresponding peri-
tumoral tissues, McNemar test was used. However, Chi-
square/ Fisher’s exact test was applied to evaluate the 
significance of the difference between the prevalence of 
viral DNA in RCC tissue specimens and normal kidney 
tissue blocks. P values less than 0.05 were considered to 
be statistically significant.

Results
Study set
Tissue blocks of a total number of 122 patients with renal 
cell carcinoma (mean age: 54  years; range: 3–81) and 
96 specimens of their corresponding surrounding nor-
mal kidney tissue in addition to 19 tissue blocks from 
patients with renal trauma (12 men and 7 women; mean 
age: 39 years) were available for analysis. DNA fragments 
of ß-globin gene were not amplifiable in tumoral tissue 
blocks of five patients, peritumoral tissue blocks of eight 
patients, and four specimens from renal trauma speci-
mens, all of which were excluded from the study. The 
clinicopathological features of the patients are presented 
in Table 6.

Detection of EBV
It appeared that the sensitivity of EBV1F/EBV2R primers 
at the primary PCR was approximately 5 ×  103 viral tar-
get copies/ml. However, the results from the secondary 
PCR amplification showed the ability of EBV3F/EBV4R 
primers to detect less than 500 viral genome copies/ml. 
Of 122 RCC specimens, 96 blocks of their correspond-
ing surrounding tissue and 19 tissue blocks from patients 
with renal trauma, 33 (27%), 8 (8.3%) and 1 (5.2%) tested 
positive for EBV DNA, respectively. EBV DNA was not 
detectable in two RCC cases whereas their related peritu-
moral tissues tested positive for EBV DNA. The compar-
ison of the presence of EBV DNA between RCC tumor 
tissues and their corresponding peritumoral tissues 
showed a statistically significant difference (p < 0.001, 
McNemar Test). Furthermore, when RCC tumor tissues 
were compared with tissue blocks from patients with 
renal trauma in terms of the presence of EBV DNA, a 

significant difference was found (p = 0.044, Fisher’s Exact 
Test).

Immunohistochemical staining of p53, p16INK4a, Ki-67 
and NF-κB proteins
The immunohistochemical staining of p53, Ki-67, 
p16INK4a and NF-κB was carried out for 118 RCC 
cases. The immunoreactivity of p53 was detected in 
27 (22.9%) of all RCC cases. Semi-quantitative analy-
sis showed immunoreactivity of less than 10% of tumor 
cells in 16 (59.3%) cases, 10% to 25% in 9 (33.3%) cases, 
and 26% to 50% in 2 (7.4%) cases of p53 positive RCC 
tumors. Since the overexpression of p53 was defined 
as nuclear immunostaining in ≥ 10% of tumor nuclei, 
only 11 (9.3%) of total RCC tumors were considered 
cases of p53 overexpression. Moreover, the association 
between the detection of p53 protein overexpression 

Table 6 The comparison of clinicopathological characteristics 
between EBV positive and negative RCC patients (n = 122)

pT primary tumor

Variable All patients EBV 
positive 
patients
N (%)

EBV 
negative 
patients
N (%)

p value

Total 122 (100) 33 (27.0) 89 (72.9)

Gender

 Male 70 (57.4) 17 (51.1) 53 (59.5) 0.425

 Female 52 (42.6) 16 (48.4) 36 (40.4)

Age

 ≥ 54 58 (47.5) 17 (51.1) 41 (46) 0.592

 ˂ 54 64 (52.5) 16 (48.4) 48 (53.9)

Tumor location

 Right 67 (54.9) 19 (57.5) 48 (53.9) 0.719

 Left 55 (45.1) 14 (42.4) 41 (46)

Tumor grade

 G1 55 (45.1) 13 (39.3) 42 (47.1) 0.893

 G2 44 (36.1) 13 (39.3) 31 (34.8)

 G3 20 (16.4) 6 (18.1) 14 (15.7)

 G4 3 (2.4) 1 (3) 2 (2.2)

pT category

 pT1 58 (47.5) 16 (48.4) 42 (47.1) 0.725

 pT2 43 (35.2) 13 (39.3) 30 (33.7)

 pT3 19 (15.6) 4 (12.1) 15 (16.8)

 pT4 2 (1.6) 0 2 (2.2)

Histologic types

 Conventional 77 (63.1) 23 (69.7) 54 (60.6) 0.357

 Papillary 26 (21.3) 6 (18.1) 20 (22.4)

 Chromophobe 14 (11.5) 2 (6) 12 (13.4)

 Collecting duct 1 (0.8) 1 (3) 0

 Unclassified 4 (3.3) 1 (3) 3 (3.3)
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and clinicopathological parameters in RCC patients was 
examined (Table  7). It was revealed that p53 positivity 
was significantly associated with Fuhrman nuclear grade 
(p = 0.006). Furthermore, p53 overexpression was found 
to be significantly more frequent among patients with 
nonconventional RCCs than those with conventional 
type (p = 0.020). Example of p53 protein expression in 
a patient with type II papillary RCC is demonstrated in 
Fig. 1.

The expression of p16INK4a was observed in 24 
(20.3%) cases. Specifically, 94 (79.7%) cases were nega-
tive, 7 (5.9%) cases showed low expression, 15 (12.7%) 
cases exhibited moderate and 2 (1.7%) cases demon-
strated high expression of p16INK4a. Immunostaining 
of p16INK4a was predominantly detected in the tumor 
cell nuclei and in some cases accompanied by additional 
staining in the cell cytoplasm. Strong antibody localiza-
tion in the cytoplasm was, nevertheless, detected in three 
RCC cases. Investigating the expression of p16INK4a in 
relation to that of p53 in 118 cases of RCC, a significant 
association was found (p = 0.045).

Immunostaining for Ki-67 was localized to the nuclei 
of the cancer cells with a fine brown granularity. The 
representative positive staining of Ki-67 in a tissue sam-
ple from a patient with type II papillary RCC is demon-
strated in Fig. 1. The evaluation of Ki-67 immunostaining 
showed a wide range of indices, from 1 to 60%, with a 
mean value corresponding to 9.1%. Using nuclear immu-
nostaining of Ki-67 in ≥ 10% of tumor nuclei as cut-off, 
the overexpression of Ki-67 protein was considered 
positive in 24 (20.3%) out of 118 RCC cases. There was a 
significant association between Ki-67 positivity and Fuhr-
man nuclear grade (p < 0.0001). Moreover, we found a 
significant association between Ki-67 overexpression and 
primary tumor categories (p = 0.0002). Ki-67 overexpres-
sion was investigated in relation to p53 and p16INK4a 
protein expression in 118 RCC cases as well (Table  8). 
Data analysis showed a significant association between 
Ki-67 and p53 (p = 0.045), as well as between Ki-67 and 
p16INK4a expression in RCC tumors (p = 0.043).

High cytoplasmic NF-κB expression was detected in 
98 (83.0%) cases whereas high nuclear NF-κB expres-
sion was observed in 70 (59.3%) RCC cases. Cytoplasmic 
NF-κB expression was found to be significantly associ-
ated with Fuhrman nuclear grade (p = 0.003). Further-
more, it was revealed that high nuclear NF-κB expression 
was significantly associated with EBV infection in 
RCC cases (p < 0.0001). Examining the relationship 
between the expression of NF-κB and that of p53, Ki-67 
and p16INK4a, several associations were discovered 
(Table 8); cytoplasmic NF-κB expression was associated 
with Ki-67 overexpression (p = 0.012); nuclear NF-κB 
expression was associated with p53 overexpression 

(p = 0.027); and there was a negative association between 
nuclear NF-κB expression and p16INK4a expression in 
RCC cases (p = 0.001).

Discussion
In spite of the increasing amount of evidence for the 
impact of viral infections on cancer development, limited 
data exists on the relationship between viral infections 
and RCC. Taking into account that renal tissue is a prob-
able reservoir of EBV [50], and considering the onco-
genic potential of this virus [11, 51], we conducted this 
study to investigate the possible role of EBV in RCCs. We 
studied 122 RCC cases along with 96 corresponding nor-
mal kidney tissue samples and 19 tissue specimens from 
patients with renal trauma. Our results suggest a correla-
tion between EBV infection and RCC. This finding is in 
line with a study by Shimakage et al. on 9 RCC cases and 
2 RCC cell lines, all of which were found to be infected 
with EBV [12]. The frequency of EBV infection in RCC 
tumors was reported to be 15.6% and 29.6% in two other 
former studies [13, 14]. Our results, along with the oth-
ers’, show that EBV infection is common in RCCs. Fur-
ther, in spite of a previous study reporting a correlation 
between EBV infection and tumor grade in RCC patients 
[14], we did not find such a relationship. This may have 
been due to the small sample size of the mentioned study 
which consisted of 27 RCC patients and also missing data 
on tumor grades in 2 RCC cases.

p53 is a tumor suppressor with a high rate of mutations 
in human tumors [52]. In surgical pathologic evaluation, 
immunohistochemistry is known as a well-established 
means to evaluate p53 status, and positive staining is 
linked to the accumulation of mutant p53 protein [43]. The 
current study revealed that elevated levels of p53 expres-
sion were significantly more common in nonconventional 
RCC histologic subtypes compared to the conventional 
subtype. This finding is in agreement with a previous study 
which demonstrated p53 overexpression in 70%, 27.3%, 
and 11.9% of papillary, chromophobe, and conventional 
subtypes of RCC, respectively [43]. Furthermore, the fact 
that the overexpression of p53 protein was accompa-
nied by higher grades of the tumor in our study, which is 
in agreement with other studies [53], suggests a straight-
forward link between p53 expression and tumor progres-
sion in RCCs. However, our study revealed no relationship 
between p53 expression and EBV infection in these cases.

p16INK4a protein which inhibits the progression of 
cell cycle is shown to be downregulated in several can-
cer cell lines including those derived from RCC tumors 
[24, 25]. The complete or approximately complete loss 
of p16INK4a has been frequently reported in RCC 
specimens, strongly suggesting that low p16INK4a 
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levels participate in the pathogenesis of RCC [54, 55]. 
In the present study, the expression of p16INK4a was 
absent in the majority (79.7%) of RCC cases which 
is consistent with the referred previous studies. Fur-
thermore, the investigation of p16INK4a expression 
in relation to EBV infection in RCC cases revealed no 
correlation.

Another potential candidate to determine the progno-
sis and survival in RCC cases is Ki-67 biomarker. Ki-67 
is regarded as an index of the tumor proliferative activity 
[56]. The findings of this study confirm those of previous 
reports that high-level expression of Ki-67 was strongly 
associated with high primary tumor stage [56–58]. In 
RCCs, high-level staining of Ki-67 has been found to 
correlate with high tumor grade and poor prognosis [29, 
59]. Our results confirm increased expression of Ki-67 in 
RCC tumors of higher Fuhrman grades and yet demon-
strate no association between Ki-67 expression and EBV 
infection in RCC.

NF-κB dysregulation, among others, is a pivotal step 
in the occurrence and development of many tumors. 
The expression of NF-κB is upregulated in several can-
cers, including head and neck squamous cell carcinoma 
(HNSCC), pancreatic ductal adenocarcinoma, colorectal 
cancer, and gastric cancer [60, 61]. The expression and 
activation of p65, the most well-studied NF-kB subunit 
in cancer, is increased in RCC tissues [62]. p65 has been 
correlated with apoptosis as well as proliferation markers 
in RCC [19]. The activation of NF-κB induces anti-apop-
totic factors such as the anti-apoptotic Bcl-2 family of 
proteins [63]. Moreover, the expression of NF-κB p65 has 
been associated with that of vascular endothelial growth 
factor (VEGF) in ccRCC [64]. Hence NF-κB is probably 
involved in the development and progression of RCC. In 
this study, cytoplasmic NF-κB was found to be associated 
with RCC tumor grade in such a way that high tumor 
nuclear grades were accompanied by high levels of cyto-
plasmic NF-κB. Moreover, we found high nuclear NF- κB 

expression to be associated with EBV infection in RCC 
cases.

Epstein–Barr virus plays a key role in driving the cell 
cycle and oncogenesis of EBV-positive neoplasms. Mul-
tiple genes and signaling pathways are involved in the 
occurrence of EBV-related neoplasms, including the 
interaction of viral and host genes [36]. EBV-encoded 
genes activate oncogenes such as Bcl-2 and MYC and 
inhibit tumor suppressor genes such as p53, p16INK4A, 
PTEN, etc. [36]. Further, the latent proteins and miRNAs 
of EBV drive the cell cycle into various signaling path-
ways such as NF-κB, phosphoinositide-3-kinase/protein 
kinase B (PI3K/AKT), mitogen-activated protein kinase 
(MAPK), Janus kinase/signal transducer and activator 
of transcription (JAK/STAT), Wnt/β-catenin, and trans-
forming growth factor-β (TGF-β) [60]. There is evidence 
that NF-κB activation is enhanced by LMP1, the most 
studied EBV oncoprotein, leading to increased cell prolif-
eration, migration and invasion [36]. Further, it has been 
found that the combination of LMP1 and p65 is able to 
activate hTERT and also inhibit PINX1, leading to cell 
immortalization [60]. Taking this body of evidence into 
account, investigating the association between NF-κB 
p65 and viral LMP1 in RCC patients seems of great 
importance to confirm this potential mechanism through 
which EBV may play its role in the pathogenesis of RCC.

Conclusions
In summary, the new findings of this study imply that 
EBV plays a part in RCC pathogenesis through the acti-
vation of NF-κB p65 signaling pathway, leading to the 
acceleration of tumor formation. However, it is notewor-
thy that the experimental results of this study may not 
adequately support the conclusion and more experiments 
such as examining the expression of viral RNA or EBV 
proteins need to be performed to draw more decisive 
conclusions.
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Fig. 1 Representative hematoxylin and eosin (H&E) staining and immunohistochemical analysis of cellular biomarkers of tissue specimens from a 
patient with type II papillary RCC with Fuhrman nuclear grade 3. a hematoxylin staining, 100× b hematoxylin staining, 400× c p53 immunostaining, 
400× d p16INK4a immunostaining, 400× e Ki‑67 immunostaining, 400× f NF‑κB (p65) immunostaining, 400×
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