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Abstract

Introduction: The discovery of two molecular types of Epstein-Barr virus, EBV-1 and EBV-2, with different biological 
properties, stimulated the search for new neoplasms associated with each type of the virus. 
Objective: The aim of this study was to analyze the prevalence of EBV-1 and EBV-2 in NPC patients from different climatic and 
geographical regions of Russia, representatives of different gender, ethnic and age groups of patients.
Materials and Methods: Using nested PCR EBV types were determined in blood plasma of NPC and other non-EBV-associated 
tumors of the oral cavity (OTOC/EBV-) patients from the North Caucasus (NCFD) and the Central (CFD) Federal Districts of 
Russia. IgG and IgA antibody titers to viral capsid antigen (VCA) were determined by indirect immunofluorescence. 
Results: The studies carried out have shown that NPC and OTOC/EBV- patients were infected with both EBV types in roughly 
the same ratio. There were also no statistically significant differences in serological activities of NPC patients infected with 
EBV-1 or EBV-2. The prevalence of EBV-2 types 1 and 2 was not influenced by gender or ethno-geographic affiliation of NPC 
patients. The only difference was EBV-2 predominance in NPC patients under 60, and EBV-1 predominance in those over 60 
years old. 
Conclusion: The absence of a predominance of one of the EBV types in NPC patients indicates that neither EBV-1 nor EBV-2 
is strictly NPC-associated in Russia, and that different ethnic and climatic-geographical factors in the spread of virus types in 
NPC patients are not playing an essential role. 
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Introduction 

It is known that the Epstein-Barr virus (EBV) permanently 
infects over 95% of the adult population worldwide. In most 
cases, EBV infection is asymptomatic, and the virus typically 
persists in a latent state in memory B-cells [1]. However, 
there is substantial evidence that the virus is involved in 
the development of malignant neoplasms of lymphoid and 
epithelial origin. Based on this evidence, the International 
Agency for Research on Cancer (IARC) has classified EBV 
as a Group 1 carcinogen, meaning it has direct carcinogenic 
effects on humans [2].

Among the epithelial neoplasms associated with EBV, 
nasopharyngeal carcinoma (NPC) occupies a special place, 
being one of the most common cancers in the southern 
provinces of China and Southeast Asian countries (25-30 cases 
per 100,000 people per year). NPC is less common among 
Arabs in North Africa, indigenous peoples of Greenland, 
Alaska, and relatively rare in most European countries and 
the United States [3]. In Russia, the incidence rate of NPC is 
0.1-0.2% of the overall cancer morbidity, with rates of 0.55 
for males and 0.29 for females per 100,000 population [3]. 
Established risk factors for NPC, apart from early childhood 
infection, include host genotype, male gender, and a family 
history of NPC. Risk factors also include high consumption 
of preserved foods (such as salted fish in China and Russia), 
as well as the presence of specific human leukocyte antigen 
(HLA) class I alleles in the infected individual [4,5]. It is also 
important to note that the histological variant of the tumor 
associated with EBV is predominantly non-keratinizing and 
undifferentiated.

The mechanism of carcinogenesis in EBV-associated 
NPC is largely determined by the functional characteristics 
of the virus itself, which require further investigation. It 
has been shown that EBV exhibits dual tropism, infecting 
both B-lymphocytes and epithelial cells. Infection of both 
cell types in the nasopharyngeal tonsils is an important 
step in establishing viral persistence in the body [6,7]. The 
lytic phase of infection in epithelial cells promotes viral 
replication and progeny spread, while latent infection of these 
same cells allows the virus to evade detection and immune 
system-mediated destruction, potentially leading to tumor 
development. Importantly, the expression of latent EBV genes 
is only possible in immortalized epithelial cells with altered 
activity in specific cellular genes (such as cyclin-D and p16), 
which contribute to overcoming cell cycle arrest. Moreover, 
the expression of latent genes also occurs in the presence 
of local inflammation and the inflammatory cytokine 
TGF-1 [8,9]. These findings suggest that the malignant 
transformation of EBV-infected epithelium requires not only 
a specific host genotype but also the acquisition of genomic 
and epigenetic changes by the epithelial cells.

The arising tumor cells of epithelial origin often undergo 
lysis with release of viral progeny because of reactivation 
of the virus within them [10]. This is evident from high 
concentrations of EBV DNA in the blood plasma and elevated 
levels of IgG and IgA antibodies to viral antigens [11]. The 
process of EBV reactivation in tumor cells also contributes 
to the progression of NPC. This is due to the release of viral 
proteins that cause cellular genome instability, integration 
of the virus into areas of the cellular genome located near 
tumor-suppressor and inflammation-related genes, as 
well as the activation of vascular endothelial growth factor 
(VEGF) production, and so on [12-14]. Thus, while the latent 
genes of the virus ensure the survival of NPC tumor cells, the 
lytic phase of infection promotes tumor progression through 
genome instability and angiogenesis.

The encoded by the virus nuclear protein EBNA1 plays 
an important role in EBV-associated carcinogenesis. It has 
recently been discovered that in cells latently infected with 
EBV, EBNA1 binds to EBV-like sequences on fragile site 11 of 
the human chromosome, and increased levels of EBNA1 on 
this chromosome lead to its destruction. The consequence of 
this event became evident after whole-genome sequencing 
of 2439 malignant neoplasms belonging to 38 nosological 
forms. It was found that tumors associated with EBV 
demonstrate higher levels of chromosome 11 abnormalities, 
and these abnormalities are found in 100% of patients with 
NPC [15].

The discovery of two types of Epstein-Barr virus (EBV-1 
and EBV-2 or types A and B) based on genetic differences in 
the genes encoding nuclear proteins EBNA-2, EBNA-3a, and 
EBNA-3c prompted a series of studies aimed at elucidating 
the biological properties of these virus types [16-19]. In 
particular, it has been shown that EBV-1, unlike EBV-2, has 
the ability to transform B lymphocytes in vitro, while EBV-
2 is characterized by a unique cell tropism for T cells [20]. 
It was also found that EBV-2 easily infects mature CD3 T 
cells of humans in vitro, remaining in a latent state in these 
cells [21]. Moreover, the consistent detection of EBV-2 in T 
cells of patients with Burkitt lymphoma in Kenya and New 
Guinea, as well as its infection rate of over 20% in healthy 
Kenyan infants, indicates that EBV-2 infection of T cells is a 
natural part of the life cycle of this virus type. It may also be 
a necessary condition for realizing the oncogenic potential 
of this type of virus. [22]. These observations led to the 
hypothesis that each of the viral types, EBV-1 and EBV-2, 
uses alternative approaches to establish its latency - a stage 
preceding the development of malignant neoplasms - in the 
in vivo situation. Support for this hypothesis is provided by 
the fact that EBV-2 infection in humanized mice, previously 
vaccinated with human umbilical cord blood CD34 stem 
cells, led to the development of B-cell lymphoma resembling 
human diffuse large B-cell lymphoma in the majority of them 
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[23]. The above-described and other data served as a basis 
for studies trying to establish the connection between each 
of the two viral types and specific EBV-associated neoplasms, 
and the ability to establish a more aggressive malignant 
phenotype in one of them [24].

According to literary data, EBV-1 infects the majority 
of EBV-positive Burkitt lymphomas in Brazil, dominates 
among patients with NPC in China, nasal and peripheral 
T-cell lymphomas in Taiwan, and predominates among EBV-
positive cases of Hodgkin lymphoma in England, etc [25-
27]. At the same time, EBV-2 is more frequently detected 
in patients with immune suppression of various origins 
[28]. Despite existing data on the preferential persistence 
of one type of EBV in a specific pathology, the contribution 
of each type to the carcinogenesis process remains largely 
understudied.

Since both EBV types and NPC incidence are characterized 
by geographic and ethnic variability, determining the 
contribution of each virus type to NPC development in 
genetically distinct populations from different geographic 
regions is an important task [29]. Based on the above, 
the aim of this study was to investigate the nature of the 
association between EBV-1 and EBV-2 with NPC in patients 
from the Central and North Caucasus federal districts of 
Russia, located in geographically and climatically different 
regions of the country with diverse ethnic composition of the 
population. In addition, it was important to determine the 
gender and age characteristics of the association with virus 
types, serological response to them in NPC patients.

Materials and Methods

Study Subjects

Study Material
The objects of the study were samples of blood plasma from 

patients with non-keratinizing undifferentiated histological 
variant of nasopharyngeal carcinoma (NPC) associated with 
Epstein-Barr virus (EBV) from the North Caucasus (NCFD) 
and Central (CFD) Federal Districts of the country (26 and 31 
cases, respectively). As controls, 50 samples of blood plasma 
from patients with oral cavity tumors not associated with 
EBV (non-EBV-associated oral cavity tumors, OTOC/EBV-) 
were studied. These included neoplasms of the oral cavity 
mucosa, tongue, palate, sublingual tonsil, and cases of NPC 
with keratinizing differentiated histological variant of tumor 
not associated with EBV from the same Federal districts (27 
and 23 cases, respectively). All patients were treated at the 
N.N. Blokhin National Medical Research Center of Oncology 
of the Ministry of Health of Russia. Blood sampling from 
patients was conducted with their consent and was approved 
by the Ethics Committee of the N.N. Blokhin National Medical 

Research Center of Oncology of the Ministry of Health of 
Russia.

EBNA-2 Genotyping by Nested PCR

EBNA-2 genotyping for EBV-1 and EBV-2 types in 
the samples of patients’ blood plasma was performed 
using a “nested” PCR, following the previously described 
method with minor modifications [30]. The primers used 
demonstrated high specificity of testing and absence of 
cross-reactivity with the human genome and other viruses 
or microorganisms [31].

Serological Test for EBV Antibodies

Titers of IgG and IgA antibodies to EBV capsid antigen 
(VCA) were determined in the plasma of patients using the 
indirect immunofluorescence method (the so-called “gold 
standard”), the conditions of which and the measurement 
of the obtained results were described earlier [32]. The 
antibody titers are presented as their mean geometric values 
(MGV).

Statistical Analysis

The number of EBV-1 and EBV-2 sequences in the 
studied blood plasma samples of NPC and OTOC/EBV-patients 
was assessed with the Mann-Whitney U-test. Using Fisher’s 
exact test, the P value was calculated by comparing the 
values of the percentage of EBV-1 and EBV-2 genotypes 
for the studied groups of patients; the differences were 
considered statistically significant at P≤ 0.05. Calculations 
were performed using statistical packages “Statistica for 
Windows, 10.0”.

Results

In order to determine the association of NPC with EBV 
types in Russia, plasma samples from NPC and OTOC/EBV-
patients, representatives of the North Caucasus (NCFD) and 
Central (CFD) Russian Federal Districts, were tested for the 
presence of EBV-1 and EBV-2 copies. In addition, titers of 
IgG and IgA antibodies to viral capsid antigen (VCA) of EBV 
were determined in plasma samples from above patients. 
The obtained data are shown in Figure 1, which shows that 
the prevalence of EBV-1 was higher in OTOC/EBV- patients 
(54%; 27/51 compared to 41%; 21/51 in NPC patients). In 
contrast, EBV-2 was more dominant in NPC patients (60%; 
30/50 compared to 46%; 23/50 in OTOC/EBV- patients). 
However, the differences between the percentage of the 
number of EBV-1 and EBV-2 copies in patients with NPC 
and OTOC/EBV- turned out to be statistically insignificant 
(P=0.12). Figure 1 also shows that the titers of IgG and IgA 
antibodies to VCA were significantly higher in NPC patients 
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compared to OTOC/EBV- patients (P<0.0001 and P<0.0001, 
respectively). These findings indicate that NPC patients do 
not have a preferential association with either type of EBV, 

at the same time confirming the strong NPC association with 
EBV.

Figure 1: EBV types and serological markers in nasopharyngeal carcinoma (NPC) and other EBV negative tumor of oral cavity 
(OTOC/EBV-) patients.

To analyze the biological activity of each EBV type, the 
serologic response was studied in two groups of NPC patients 
infected with either EBV-1 or EBV-2. As shown in Figure 2, 
higher titers of IgG and IgA antibodies to VCA were detected 
in NPC patients infected with EBV-2 compared to those 
infected with EBV-1 (383 and 102 compared to 312 and 80, 
respectively). The differences in the corresponding values 

between the two groups of NPC patients were statistically 
insignificant, although there was a tendency towards higher 
activity of EBV-2 compared to EBV-1. Further investigation 
of additional properties of EBV-1 and EBV-2 using a larger 
sample size may provide a more accurate determination of 
the biological activity of each of these types of viruses.

Figure 2: Serological reactivity to EBV VCA in two nasopharyngeal carcinoma (NPC) patient groups, infected with EBV-1 and 
EBV-2.
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Taking into account the peculiarities of physiological 
and metabolic processes in men and women, it seemed 
important to find out whether a preferential association 
with one of the EBV types there is in representatives of the 
two genders of NPC patients. The data presented in Figure 
3 indicate that men are slightly more frequently infected 
with EBV type 1 (47% versus 38% in women), while women 
are more frequently infected with EBV type 2 (62% versus 
53% in men), but the differences in the percentage of EBV-1 

and EBV-2 in the male and female groups were statistically 
insignificant (P=0.24). Despite higher VCA IgG and IgA 
antibody titers in women (453 and 108 versus 283 and 77 
in men), the differences in these comparable indicators were 
also statistically insignificant (0.054 and 0.560, respectively). 
These findings suggest that gender differences do not 
influence the susceptibility of NPC patients to specific EBV 
types.

Figure 3: EBV types and serological markers in NPC male and female patients.

The influence of genetic factors and environmental 
triggers on the pattern of EBV-1 and EBV-2 infection was 
studied in NPC patients from North Caucasian (NCFD) and 
Central (CFD) Federal Districts of Russia. As mentioned 
above, these Federal Districts are located in different climatic 
and geographical regions of the country and are populated 
by genetically distinct populations - mainly numerous 
Caucasian and Slavic ethnic groups, respectively. The analysis 
conducted (Figure 4) showed that the prevalence of EBV 
infection in NPC patients from both Federal Districts was 
higher for EBV-2 compared to EBV-1 (55% and 54% versus 

45% and 46%, respectively), although the differences in the 
prevalence of EBV-1 and EBV-2 among the two ethnic groups 
were statistically insignificant (P=0.39). The geometrical 
mean titers of VCA IgG and IgA antibodies to EBV in NPC 
patients from the NCFD and CFD were also statistically 
insignificant (P=0.406 and P=0.110, respectively). These 
findings suggest that the genetic characteristics of NPC 
patients and environmental factors do not significantly 
influence the distribution of EBV types and the serological 
response to them in NPC patients.

Figure 4: EBV types and serological markers in NPC patients, residents of North Caucasus and Central Russia.
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It is known that the human immune system functions 
at its maximum capacity from 16-18 to 55-60 years old, and 
its activity gradually declines in later years. This decline 
can be accompanied by the activation of EBV replication, 
which is a risk factor for the development of EBV-associated 
malignancies such as Kaposi’s sarcoma, Castleman’s disease, 
and various lymphomas including Hodgkin’s and non-
Hodgkin’s lymphomas. To elucidate the features of the EBV-1 
and EBV-2 distribution, as well as the serological activity of 
both viral types in the host organism depending on age, two 
groups of NPC patients aged up to 60 (n=11; mean age 44.1 

years) and older than 60 were studied (n=31; mean age 71.5 
years). The analysis showed (Figure 5) that patients over 60 
years old were significantly more often infected with EBV-1 
(55% vs 48% type 2; P=0.01), while patients under 60 years 
old were significantly more often infected with EBV-2 (52% 
vs 45% type 1; P=0.01). It was also found that the levels of 
IgG and IgA antibodies to viral capsid antigen (VCA) were 
higher in the group of patients under 60 years old (320 and 
99 vs 265 and 58, respectively), but the differences between 
these levels were not statistically significant (P=0.310 and 
P=0.242, respectively).

Figure 5: EBV types and serological markers in NPC patients before and after 60 years of age.
 

Discussion

The conducted research allowed identifying a practically 
indistinguishable pattern of association between EBV-
1 and EBV-2 in NPC and OTOC/EBV- patients as well as in 
NPC patients of two genetically different populations from 
different geographical and climatic regions of Russia. There 
were no gender differences in the distribution of virus types 
among NPC patients. In addition, in NPC patients mono-
infected with EBV-1 and EBV-2, approximately the same 
serological activity of the virus against VCA was detected. 
There was also no dominance of any virus type in NPC 
patients with different sizes of primary tumor, tumor-
involved lymph nodes, and disease stages (data not shown). 
The only difference found was a higher prevalence of EBV-1 
in NPC patients over 60 years of age and EBV-2 in patients 
under 60 years, an observation that appears to need further 
study with more patients in each age group to confirm or 
refutation of the data obtained.

The obtained data overall suggest the absence of a 
dominant role of any EBV type in the development of NPC 
in Russia. The differences in the gene sequences of EBNA-
2, EBNA-3A, and EBNA-3C, which provide some functional 
characteristics to the type 1 and type 2 viruses, are not 
associated with the acquisition of NPC -specific properties 
by either of them, nor with the loss of oncogenic potential 

by either of them, which can be realized under required 
conditions. 

The predominantly observed infection with type 1 
viruses in most EBV-positive Burkitt’s lymphomas in Brazil, 
Hodgkin’s lymphomas in England, and non-Hodgkin’s 
lymphomas in China, as well as the regular detection of type 
2 viruses in T-cells of Burkitt’s lymphomas in Kenya and New 
Guinea, is likely not related to tumor-specific properties of 
the local virus types [22,25-27]. It is more likely the result of 
dominant persistence of one virus type in the corresponding 
populations of specific geographical regions. Testing healthy 
individuals in these regions for EBV-1 and EBV-2 could clarify 
this issue.

Attempts to detect the existence of EBV variants 
specifically associated with specific human tumors have 
been made by many researchers, but so far have been 
unsuccessful. However, it is not possible to completely 
exclude the existence of EBV strains etiologically associated 
with the development of certain neoplasms. An example of 
this is the recently isolated EBV strain M-81 from a Chinese 
NPC patient, which is characterized by a high affinity for 
epithelium [33]. This viral property increases the likelihood 
of infection of the nasopharyngeal epithelium and the 
development of cancer in this anatomical area. In this 
regard, the search for EBV variants specific to certain types 
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of tumors in endemic regions among different ethnic groups 
is justified. The complexity of the task, however, lies in the 
fact that the identification of high-risk EBV strains, similar to 
human papillomaviruses (HPV-16, HPV-18), is difficult due 
to the heterogeneity of its viral genes, the joint functioning 
of which likely leads to the acquisition of oncogenic potential 
by the virus.

Conclusion

The varying prevalence of EBV types (EBV-1 and EBV-2) 
worldwide is determined by many factors, including genetic 
characteristics of populations. Factors influencing the 
selection of EBV types in vivo include immune surveillance 
by the host organism and the major histocompatibility 
complex (MHC) type. Since predominant MHC types differ 
between ethnic groups and populations from different 
geographic regions, these factors may play a significant role 
in determining structural modifications of EBV and its types 
[34-36].

The absence of dominance of one the EBV types in the NPC 
patients we studied suggests that the type of the virus does 
not play a fundamentally important role in the development 
of NPC in Russia. It is likely that each of these types, EBV-1 or 
EBV-2, is capable of manifesting its oncogenic potential but 
only under the necessary conditions. However, the search for 
oncogenic tumor-specific variants of EBV in Russia remains 
a relevant task, as the detection of a virus with specific organ 
tropism would contribute to the development of an effective 
vaccine for successful management of corresponding 
neoplasms.
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