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Abstract. Epstein Barr virus (EBV) stimulates neoplastic 
transformation of nasopharyngeal epithelial cells through 
various molecular mechanisms, predominantly affecting 
inactivation of tumor‑suppressor genes and activation of onco‑
genes. EBV infection is a major risk factor for nasopharyngeal 
carcinoma (NPC), yet its role in the carcinogenesis is not clear. 
EBV infection alters the expression of antiapoptotic proteins 
and tumor suppressor proteins. Therefore, this study investi‑
gated the correlation between EBV infection status with B cell 
lymphoma‑2 (Bcl‑2) and TP53 protein expression amongst 
laryngeal and nasopharyngeal cancer cases. This study was 
performed using 22 nasopharyngeal and 11 laryngeal cancer 
cases. EBV infection status, TP53 and Bcl‑2 protein expres‑
sion was studied using immunohistochemistry. The majority 
of the laryngeal cancer cases exhibited a poor prognosis and 
presented low Bcl‑2 expression. A total of 22.7% cases were 
infected with EBV in the NPC cases. Upregulated TP53 expres‑
sion was associated with EBV infection in the NPC cohort, 
and EBV infection was correlated with TP53 upregulation in 
the patients with NPC, suggesting mutual regulation between 
TP53 and EBV.

Introduction

Head and neck squamous cell carcinomas  (HNSCCs) 
comprise a group of cancers that evolve in the mucosal lining 
of the upper aerodigestive tract. HNSCCs are heterogeneous 
in nature (1). Nasopharyngeal carcinoma (NPC) and cancer of 
the larynx are the most prevalent cancers amongst HNSCC, 

followed by lip and oral cavity carcinomas (2). As per global 
cancer statistics, it was reported that 177,422 new laryngeal 
cancers and 129,079 new NPC cases were diagnosed globally 
in 2018, and they ranked the 23rd and 25th most commonly 
occurring cancers, respectively, with an incidence of 1.7% of 
all cancers (2).

In 1964, the Epstein‑Barr virus (EBV) was the first human 
tumor virus discovered in Burkitt lymphoma tumor cells (3). 
Later studies found antibodies in Burkitt lymphoma patients 
and postnasal space carcinomas (4). De Schryver et al (5) 
demonstrated EBV antigen detection by immunofluores‑
cence assay, which was followed by zur Hausen et al  (6) 
who used the hybridization method in NPC. EBV infection 
is very common amongst individuals, and infects  >90% 
of populations globally (7,8). Usually, an EBV infection is 
asymptomatic; however, the involvement of EBV in cancer 
pathogenesis was established in several epithelial and 
lymphoid malignancies (9).

The global burden of EBV‑associated malignancies 
increased by 14.6% between 1990 and 2010, and East Asia 
accounted for almost 50%  of EBV infected cancer cases 
during this time period (10). The incidence of EBV‑associated 
cancers is ~1.5% of all cancers globally and represents 1.8% of 
all cancer‑associated deaths (11‑13). Amongst EBV associ‑
ated cancer deaths, 92% are attributable to NPC and gastric 
cancer  (10). The involvement of EBV in the pathogenesis 
of NPC may be through modification of epigenetic profiles, 
inducing genomic instability, evading host immunity, 
promoting cell survival, or contributing stem cell like prop‑
erties in NPC cells and somatic mutations in apoptotic and 
tumor suppressor genes (14).

The tumor suppressor p53 and the anti‑apoptotic protein 
B cell lymphoma‑2 (Bcl‑2) are hypothesized to play a key role 
in carcinogenesis, and upregulated expression of these proteins 
has been observed in other types of HNSCC (15). TP53 is a 
critical tumor suppressor that responds to various stress signals 
by regulating an anti‑proliferative transcriptional program, 
including transient cell cycle arrest, cellular senescence and 
apoptosis (16). Despite the wide variety of TP53 network regu‑
lators and various TP53 regulated biological pathways, a clear 
comprehension is lacking about how and in what context TP53 
exerts its diverse effects (17).
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Amongst EBV‑associated cancers, upregulated expression 
of wildtype TP53 has been observed, and this was shown to be 
associated with the latent EBV membrane protein 1 (LMP1). 
The mutual regulation between TP53 and LMP1 may play a 
vital role in EBV infection and latency (18). Similarly, Bcl‑2, 
an antiapoptotic protein, is a key inhibitor of programmed cell 
death or apoptosis in cancer (19,20). In the pathogenesis of 
NPC, the upregulated expression of Bcl‑2 plays an important 
role by regulating apoptosis (21). The present study evaluated 
the protein expression pattern of TP53 and Bcl‑2 in association 
with EBV infection in a Saudi cohort with nasopharyngeal and 
laryngeal cancer to determine the correlation and interplay 
between these two proteins with EBV infection.

Materials and methods

Study cohort. Formalin fixed paraffin embedded  (FFPE) 
tissue samples from confirmed nasopharyngeal (n=22) and 
laryngeal (n=11) carcinoma patients were collected from the 
Pathology Department, King Fahd Hospital of the University, 
Imam Abdulrahman Bin Faisal University (IAU), Dammam, 
Saudi Arabia. The median age of the patients was 51 years (age 
range, 18‑90 years) with 22 males and 11 females forming the 
cohort. This study was approved by IAU's Institutional Review 
Board (approval no. IRB‑2017‑01‑059). A signed informed 
consent form was obtained from each patient included in the 
study. The procedures in the present study adhered to the prin‑
ciples of the Declaration of Helsinki (22). All the samples were 
biopsy specimens. Sample size was determined based on the 
cancer incidence report, Saudi Arabia, 2014 using the ‘sample 
sizeʼ module from the Open‑Source Project in Epidemiologic 
Computing program (openepi.com/SampleSize/SSPropor.
htm). The tissue samples were collected from the patients who 
attended the oncology clinic at the King Fahd Hospital of the 
University between May 2000 and February 2015. Inclusion 
criteria for the collection of samples was based on the confir‑
mation of a carcinoma of the larynx and/or nasopharynx by 
histopathology analysis. FFPE samples with <50%  tumor 
tissue content were excluded. The present study included only 
tumor tissue obtained from the patients.

Immunohistochemistry. The FFPE blocks were reas‑
sessed for tumor content and diagnosis using Hematoxylin 
(cat. no. 6765001; Thermo Fisher Scientific, Inc.) and Eosin 
(cat. no. 6766008; Thermo Fisher Scientific, Inc.) staining. The 
tissue sections were prepared at room temperature and the total 
duration of Hematoxylin and Eosin staining procedure was 
45 min. Immunohistochemistry was performed to detect TP53 
and Bcl‑2 protein expression, and EBV infection on 4‑µM FFPE 
sections. The primary antibody for TP53 (cat. no. 760‑2542; 
Ventana Medical Systems, Inc.; Roche Diagnostics) used in 
this study detected the wild and mutant form of the TP53 
protein. The anti‑Bcl‑2 antibody (cat. no. 790‑4604; Ventana 
Medical Systems, Inc.; Roche Diagnostics) binds to the N 
terminal region of human Bcl‑2 protein. EBV primary anti‑
bodies bind to latent membrane protein (LMP‑1) of EBV 
(cat.  no.  760‑2640; Cell Marque; Sigma‑Aldrich; Merck 
KGaA). All of the above antibodies were used without dilution, 
as they were obtained in a ready to use form. The incubation 
temperature was 37˚C for all three antibodies and the timing of 

the incubation for TP53, Bcl‑2 and EBV was 16, 20 and 26 min, 
respectively. Ultra‑View Universal DAB Detection kit 
(Ventana Medical Systems, Inc.; Roche Diagnostics) was used 
to visualize the primary antibodies bound to target antigens 
with hydrogen peroxide substrate and 3,3'‑diaminobenzidine 
tetrahydrochloride chromogen, which produces a brown 
colored precipitate  (Fig.  1). BenchMark ULTRA staining 
instrument (Roche Diagnostics) was used for staining, and 
the results were interpreted qualitatively by two independent 
pathologists using a light microscope (magnification, x40; 
Leica Microsystems, Inc.). A tumor cell was considered TP53 
positive if they showed nuclear staining and Bcl‑2 positivity 
was confirmed if neoplastic cells showed cytoplasmic and/or 
nuclear staining. Positive and negative tissue control was used 
with every staining procedure (Fig. 2). The origin of the control 
samples for Bcl‑2 and TP53 immunohistochemistry were from 
the tonsils and colon cancer, respectively. The patients were 
both male, aged 51 years old (tonsil cancer) and 48 years old 
(colon cancer). These samples were collected from the patients 
who attended the oncology clinic at the King Fahd Hospital 
of the University after obtaining consent. An EBV positive 
control slide was commercially procured (cat. no. CSE0125P; 
StatLab).

Statistical analysis. The clinical and histopathological data 
along with studied protein expression (qualitative) results were 
analyzed using SPSS version 20 (IBM Corp.). Distribution of 
proportions across category variables were analyzed using a 
Fisher's exact test (Table I), and for continuous variables an 
unpaired Student's  t‑test was used (Table  I). The bivariate 
relationships between the variables were determined using a 
Spearman's Rank Correlation test (Tables II and III). P<0.05 
was considered to indicate a statistically significant difference.

Results

Sex distribution analysis revealed that in the nasopharynx 
and larynx groups, 59 and 81% of the patients, respectively, 
were males. The median age of patients with nasopharyngeal 
carcinoma is 49.5 years compared to 65 years in the larynx 
group (P=0.008). In the nasopharynx group, 68.2% had undif‑
ferentiated tumors, poorly differentiated tumors accounted 
for 22.7 and 9.1% were moderately differentiated tumors. 
In the larynx group 27.3% tumors were well differentiated, 
63.6% tumors were moderately differentiated and 9.1% were 
poorly differentiated. The majority of the patients with NPC 
presented with grade 3 (86.4%) disease, whereas in laryngeal 
cancer cases, grade 1 and 2 tumors (91%) were predominant 
(P=0.0004). Similarly, 54.5% of the patients with NPC were 
at an advanced stage of the disease and in the larynx cancer 
group, the advanced stage was observed only in 27.3%. With 
regards to smoking, the percentage was higher in the larynx 
cancer group of patients (72.7%) compared to the patients with 
NPC (36.4%).

Prognosis was calculated based on the follow‑up of the 
patient for 5 years. Recurrence or death due to disease was 
considered a poor prognostic outcome. A poor prognosis was 
observed in 91% of the larynx cancer patient group compared 
to  50% in the patients with NPC (P=0.027). EBV infection was 
completely absent in the larynx carcinoma patients, whereas 
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22.7% of patients were infected with EBV in the NPC group. 
A high proportion of Bcl‑2 expression was seen in the patients 
with NPC (P=0.027) compared to the laryngeal carcinoma 
group. TP53 expression did not yield any significant difference 
between both patient groups (Table I). Bivariate association 
between clinical, histopathological and protein expression 
variables overall, also confirmed the poor prognosis in laryn‑
geal carcinoma patients (P=0.002) and advanced tumor grade 
in NPC cases (P≤0.005; Table II). These results showed that 
EBV infection was associated with TP53 expression in the 
NPC cohort (P=0.009; Table III).

Discussion

EBV is currently a well‑established carcinogen and an etio‑
logical factor implicated in several cancers, including cancer 
of epithelial and lymphoid origins, gastric cancer, NPC, and 
Hodgkin's and non‑Hodgkin's lymphoma (10). There was a 
14.6% increase in EBV associated cancers between 1990‑2010, 
and 50% of these cases were observed in patients in East 
Asia (10). Approximately 1.5% of cancer cases are associated 
with EBV infection amongst all cancer cases globally (11‑13). 

NPC is primarily associated with EBV, and the EBV infection 
frequency in NPC is varied based on ethnic and geographical 
differences (23). Almost all the NPC cases from the endemic 
regions presented with EBV infection and in non‑endemic 
regions, NPC was negative for EBV. The EBV associated 
NPC prevalence is highest in Southeast Asia (24); data on 
the frequency of EBV in NPC is scarce in the Saudi popula‑
tion. The present study revealed that 22.7% of NPC cases had 
EBV infection. Similarly, the frequency of EBV in NPC was 
found to be 28% in an Iranian cohort (8), 44% from a Brazilian 
study (25) and 53.84% in a study from Oman (26). The rela‑
tively lower percentage of the EBV infection‑associated NPC 
in the present study may be due to the region of study being 
non‑endemic for EBV (27).

Identifying a single biomarker to calculate the risk and 
prognosis of a cancer is difficult due to tumor heterogeneity, and 
distinct clinical and histopathological conditions. However, a 
single biomarker interaction with other biomarkers in pathways 
such as cell signaling, apoptosis and cell differentiation may 
reveal the mechanism of oncogenesis. Hence, Bcl‑2 and TP53 
protein expression was assessed in all the cases to determine 
the correlation between EBV infections. The Bcl‑2 family 

Figure 1. Representative immunohistochemical staining profile images of Bcl‑2, EBV and TP53. Representative images of (A) a Bcl‑2 positive nasopharyngeal 
carcinoma sample; (B) EBV positive nasopharyngeal carcinoma sample; and (C) TP53 positive laryngeal carcinoma sample. Magnification, x40. Bcl‑2, B cell 
lymphoma‑2; EBV, Epstein Barr virus.

Figure 2. Representative positive and negative immunohistochemical staining profile images of Bcl‑2, EBV and TP53. (A) Bcl‑2 negative control; (B) TP53 
negative control; (C) EBV negative control; (D) Bcl‑2 positive control; (E) TP53 positive control; and (F) EBV positive control. Bcl‑2, B cell lymphoma‑2; 
EBV, Epstein Barr virus.
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of proteins are key regulators in the apoptotic pathway (19). 
Amongst Bcl‑2 family proteins, there were pro and anti‑apop‑
totic regulators; the Bcl‑2 protein is an anti‑apoptotic member. 
Bcl‑2 protein upregulation was observed more frequently in 
NPC cases compared to other types of HNSCC (28), and a 
similar pattern was observed in the present study; there was 
a lower frequency of upregulated Bcl‑2 expression in patients 
with larynx cancer compared with patients with NPC. Bcl‑2 
upregulation was seen in 74.3% of NPC cases (29), similarly 
the present study showed that Bcl‑2 upregulation was observed 
in 50% of NPC tumors. Bcl‑2 upregulation may contribute 
towards tumor cell survival by inhibiting apoptosis in NPC. 
Thus, Bcl‑2 upregulation may highlight a vital mechanism 
involved in NPC pathogenesis, although the exact molecular 
mechanism is unclear (30).

TP53 plays a vital role in cell cycle arrest and apoptosis 
through different mechanisms  (31). The positive rate of 

TP53 expression in NPC tumors was varied in different 
studies, with reported values of 34.7%  (32), 65.6%  (33) 
and 52.2% (34). The results of the present study are in line 
with these previous studies with 50% of the NPC tumors 
exhibiting TP53  upregulation. The present data revealed 
that TP53 upregulation is associated with EBV infection in 
NPC. Similarly, several studies reported wildtype TP53 is 
upregulated in EBV associated cancers (18,35‑37). Apoptosis 
is induced by TP53 upregulation. However, EBV transformed 
cells are sensitive to TP53‑mediated apoptosis  (38). This 
shows that the EBV positive and EBV negative tumors are 
distinct groups. The present study detected EBV infection by 
immunohistochemistry targeting the 60 kDa LMP‑1 of EBV, 
and the results suggested that the mutual regulation between 
TP53 and LMP1 may play an important role in EBV associated 
NPC. Additional mechanistic studies need to be performed to 
determine TP53‑mediated LMP1 stimulation. The limitation 

Table I. Clinical, pathological and protein expression parameters amongst the nasopharynx and larynx group of patients.

Parameter	 Nasopharynx	 Larynx 	 P‑value

Sample size	 22	 11	
Age, years, mean ± standard deviation	 48.8±15.4	 63.3±16.2	 0.008b

Sex, n 			   0.258
  Male	 13	  9	
  Female	   9	  2	
Grade, n			   0.0004b

  1	   0	  3	
  2	   3	  7	
  3	 19	  1	
Stage, n			   0.265
  I and II	 10	  8	
  III and IV	 12	  3	
Smoking status, n			   0.07
  Smokers	   8	  8	
  Non‑smokers	 14	  3	
Prognosis, n			   0.027a

  Good	 11	  1	
  Bad	 11	 10	
Epstein Barr virus, n			   0.143
  Positive	   5	  0	
  Negative	 17	 11	
B cell lymphoma‑2, n			   0.027a

  Positive	 11	  1	
  Negative	 11	 10	
TP53, n			   0.712
  Positive	 11	  7	
  Negative	 11	  4	
Chemotherapy, n			   0.067
  Yes	   7	  0	
  No	 15	 11	

aP<0.05, bP<0.01.
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of this study is the absence of quantitative data for the immu‑
nohistochemistry experiments.

HNSCCs exhibit a variable prognosis with varying responses 
to standard treatment modalities, and this may be due to the 
significant etiological and molecular heterogeneity (39). The 
present data indicates that laryngeal carcinomas have a poor 
prognosis compared to NPC. The majority of the patients with 
NPC tumors presented with a higher grade tumor with a good 
prognosis. It has been reported that a combination of adjuvant 
chemotherapy and radiotherapy treatment improves prognosis 
and survival (40). To the best of our knowledge, this is the first 
pilot study to reveal the EBV associated NPC frequency using 
immunohistochemistry in the ethnic population. This study also 
attempted to divulge the poorly understood cellular mechanisms 
of EBV associated NPC pathogenesis by determining the corre‑
lation between EBV infection and the major tumor suppressor, 
TP53. Additional mechanistic studies are required to determine 
the TP53‑mediated LMP1 stimulation of EBV in NPC. An 
improved understanding of the EBV carcinogenic process may 
aid in the development of novel therapeutics in NPC.

In conclusion, EBV infection was correlated with TP53 
upregulation in patients with NPC, which suggests mutual 
regulation between TP53 and EBV.
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