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Fig. 1. Epstein—Barr virus types and DNA concentrations per 1 ml of oral cavity wash sample: @, in the Kalmyk group; b, in the Slavic group.
Puc. 1. Tuns! Bupyca Dminreiina—bapp u xonnentpanus JJHK B 1 M1 cMbIBa MOJOCTH pTa: @ — B IPYIINE KaJIMBIKOB; 6 — B TPYIIIC CIIABSIH.

prevalence and distribution of EBV types in different
ethnic populations of the Russian Federation. Fig. 1 also
shows that in the group of Kalmyks, the number of
washings containing copies of viral DNA (of both types)
was slightly higher compared to the group of Slavs
(70.2%; 33/47 against 48.6%; 18/37, respectively). It can
be explained by the larger number of virus-containing
cells in MW samples in the first case.

EBV LMPI gene polymorphism in Kalmyks and
Slavs. The distribution of LMPI gene variants in the
virus isolates from the biomaterials of representatives
of the Kalmyk and Slavic ethnic groups gives an idea
of the polymorphic profile of EBV strains (specifically,
in CTAR regions of the studied oncoprotein samples)
circulating in the respective populations (Table 2).
The analysis of nucleotide and deduced amino acid se-
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Table 2. LMPI gene polymorphism in Epstein—Barr virus isolates from oral cavity wash samples in groups of Kalmyks and Slavs

Ta6auna 2. [Tomumopdusm rena LMPI B nzonsrax Bupyca dnumreiina—bapp U3 cMbIBOB N10JIOCTH PTa B IPYNNAaxX KAJIMbIKOB H CJIaBAH

Number
of LMP1 samples

Number of persons (absolute value/

LMP] variants according to classification
of Edwards et al. (1999) [13] out of positive samples
Bapuantel LMP1 1o kinaccuuxaniu

Mutations in CTAR regions of the LMP1 gene
(aa positions) (absolute value/
percentage)

studied (n) ercentage) Edwards u coasr. (1999) [13] u3 uucia Myranuu B obnactsix CTAR rena LMP1
Yucno p qI/ICJ'IOg TIOJIOKHUTEIBHBIX 00pa3IoB (mo3unud a.o.) (1/%)
00cIIeI0BaHHBIX (71) o6pastion LMPI
. CTARI CTAR2 CTAR3
(n/%) B95.8 China Med+ Med— NC 191-232 351_386 275330
Ethnic Kalmyks, Republic of Kalmykia
DTHUYecKHe KaaMbIkH, Pecrryonnka Kamvbikus

50 29 22/29 0/29 5129 1/29 1/29 0 S366A/T: S309T/N: 8/29

(58.0) (75.9%) (0.0%) (17.2%)  (3.4%) (3.4%) (0.0%) 6/29 (20.7%) (27.6%)

Ethnic Slavs, Moscow region
DTHHYECKHE cllaBsiHe, MOCKOBCKas 001acTh
40 40 33/40 3/40 0/40 1/40 3/40 0 0 0
(100.0) (82.5%) (7.5%) (0.0%) (2.5%) (7.5%) (0.0%) (0.0%) (0.0%)

Note. CTAR, C-terminal activator region. B95.8, China, Med+, Med—, NC are EBV LMP] variants.

IMpumeuanue. CTAR — C-repmuHanbHas aktuBupytomias oonacts. B95.8, China, Med+, Med—, NC — Bapuantst LMP1 BOB.

quences of 29 LMPI amplicons obtained from MWs
of the Kalmyks (n = 50) and Slavs (n = 40) revealed
certain similarities. The LMPI samples belonging to
its prototype variant LMP1-B95.8 (75.9% and 82.5%,
respectively) prevailed in all cases. Both ethnic groups
also had other variants of the protein: Med— (3.4%
and 2.5%, respectively) and NC (3.4% and 7.5%, re-
spectively). The difference was that the China variant
was detected only in the Slavs (75.9%), while Med+
was detected in the Kalmyks. Both variants have the
so-called Cao deletion (named after the Cao LMPI
variant amplified from the tumor tissue of a patient
with NPC in the 2000s) and belong to high-transform-
ing variants [25].

The sequence analysis of the amplified LMPI
samples in the group of Kalmyks detected the Cao-
associated S366A/T substitution in CTAR2 (C-terminal
activating region) in 6 samples of 29 (20.7%), while
the S309T/N substitution was detected in CTAR3 (8
samples of 29). Note that 5 samples from this group
of LMP1 contained the 30-bp deletion (positions 326—
355) forming, in its turn, the 10-amino acid deletion
typical of the del-LMP1 variant [26]. We will have
to significantly expand the observation sampling to
measure the extent to which such mutations are typical
of the specified population.

Genotyping of EBV isolates in samples from the
group of ethnic Kalmyks. The C-terminal domain of
LMP1 is known to have three C-terminal activating
regions initiating signal transmission: CTARI (re-
gion 191-232 aa), CTAR2 (351-386 aa) and CTAR3
(275-330 aa) located between them. It has also been
found that this domain contains different numbers of
repeats (motifs) consisting of 11 amino acids (PQDPD-
NTDDNG) located between positions 253 and 306 aa.
[11, 27]. The prototype variant LMP1-B95.8 con-
tains 4 similar fragments as well as 2 insertions of five
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amino acids (PHDPL): between the 2™ and 3™ repeats
(275-279 aa) and after the last repeat (302-306 aa).
The high-transforming Cao-LMP1 variant carries 7 of
the above repeats and the insertion of PHDPL, which
is also located after the last repeat. The role of changes
in the number of repeated sites of PQDPDNTDDNG
is still unclear. The insertion consisting of 5 amino
acids represents the so-called JAK3-site of CTAR3
(275-330 aa), which assumedly participates in JACK3/
STAT-signaling [23, 27].

In 24 (82.3%) cases, the analysis of 29 LMP1 samples
from MWs of the ethnic Kalmyks detected a structure
composed of a 11-amino-acid fragment and a PHDPL
insertion, which was similar to the prototype variant
LMP1-B95.8 (Fig. 2).

The other 5 samples contained 7 repeats of 11 amino
acids and an insertion of 5 PHDPL fragments after the
last repeat. Point (site-specific) mutations D (Asp, aspar-
tic acid) — G (Gly, glycine) in the region of PQDPD-
NTDDMG repeats were detected in 7 samples.

The obtained data lead to the conclusion that the
LMPI1 samples from the group of Kalmyks have a
structure of repeating elements, which is similar to that
of the LMP1-B95.8 variants of the African and Japa-
nese origin [28]. However, compared to Japanese vari-
ants of the protein, the LMP1 variants from RK can
have point substitutions D—G similarly to LMP1 sam-
ples from other Russian isolates [28]. The difference in
the number of repeats of the PQDPDNTDDMG frag-
ment and PHDPL insertions (JAK3-motif) is explained
by re-combinations occurring during virus replication
[27]. There are also hypotheses assuming that muta-
tion changes depend on the geographic origin of EBV
strains [29].

Correlation of EBV types with cancer incidence. The
analysis of the relationship between the EBV types in
the representatives of two ethnic groups and rates of
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Fig. 2. Variants of 11 amino acid repeat fragments in the C-terminal domain of Epstein—Barr virus LMP1 gene in isolates from a group
of ethnic Kalmyks, Republic of Kalmykia.

Note. B95.8, Cao are variants of the LMPI gene; K-6-K-42, coding for LMP] isolates from the Kalmyk group; PQDPDNTDDNG, repeat fragment of 11 amino
acid residues; PHDPL, insertion of 5 amino acid residues (highlighted in bold); D—G, point (site-specific) mutations in 11 amino acid fragment (positions
highlighted in red). The names of the amino acids are given according to the international nomenclature.

Puc. 2. BapuanTtsl moBTOpOB y4acTKoB U3 11 aMuHOKHCIOT B C-KOHIIEBOM JIOMEHE H30J1ATOB TeHa LM P Bupyca Dnmreitna—bapp B rpymnme
ITHHYECKNX KaJIMBIKOB (PecrryOmmka Kanmbikms).

Ipumeuanue. B95.8, Cao — Bapuantsl rena LMP1; K-6-K-42 — xonoBoe o603Hauenue n3onsitoB LMP1 rpymnnsl kanmbikoB; PQDPDNTDDNG — noBropsiornm-

ecs rpynnsl 11 amunoxucinor; PHDPL — BcTaBka 3 5 mocienoBaTeIbHOCTEH aMHHOKHUCIIOT (BbLAENCHA KUPHBIM); D—G — Toueunsle (caifiT-cnenupuaecKue)

MyTanuu B 00nacTu GpparmMenTa u3 11 aMUHOKHCIIOT (IO3HIIMK BBIACICHBI KPACHBIM 11BeTOM). Ha3BaHMs aMHHOKHUCIIOT IaHbI B COOTBETCTBUH C MEX/LyHAPOHOI
HOMEHKJIATypOil.

incidence of malignant tumors of different location
showed that (Fig. 3) the incidence of gastric cancers and
lymphomas in the Slavic population of MR was approx-
imately 2 times as high as that of the RK population.
The dominance of in vitro transforming EBV-1
among the ethnic Slavs led to the assumption that the
incidence of respective malignancies in MR (affecting
a significant proportion of the Slavic population) is
higher compared to RK where the Kalmyks accounted
for 57.4%, considering that representatives of both
ethnic groups were infected with both types of EBV
approximately in equal proportions. The incidence rates
per 100,000 population of MR for gastric cancer, mouth
and throat cancers as well as for malignant lymphomas
(including EBV-associated cases) were substantially
higher than the rates in the RK population (115, 29, 15,
and 97 compared to 68, 26, 7, and 52, respectively);
however, the differences were statistically insignificant

(» <0.05). The obtained data are consistent with findings
of researchers from other countries, which failed to find
increased incidence of EBV-associated tumors in the
countries with the dominant type 1 virus that is able (as
opposed to EBV-2) to transform B cells in vitro [30].
Some authors report that the prevalence of type 2 virus
characterized by T cell tropism is not also associated
with the increased number of EBV-associated diseases
among the population [31].

Discussion

EBYV is etiologically associated with development of
human benign and malignant tumors characterized by
diversity and nonuniform distribution across countries.
Studies on the polymorphism of genes influencing the
biological functions of the virus are aimed to explain
geographic differences in the risks of EBV-associated
diseases, to identify the role of the virus in their occurrence
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Fig. 3. Incidence of malignant tumors partially associated with Epstein—Barr virus in the population of the Republic of Kalmykia
and Moscow Region in 2019.
Puc. 3. 3a0011€BaeMOCTh 3710KaUECTBEHHBIMHU OITYXOJISIMH, YACTHYHO aCCOLMMPOBAHHBIMH C BUPYCOM DmIuTeiiHa—bapp, y HaceneHus
Pecnyonukn Kanmbikus 1 MockoBckoii o6iactu B 2019 1.

and, consequently, to help create an effective vaccine
against this virus.

The results of this and previous studies point to
the fact that in ethnic groups of the same country (the
Russian Federation), both types of EBV can persist
in different proportions. For example, our data show
that type 2 of the virus is dominant (81%) among the
Adygeans living in the Republic of Adygea [32], while
in populations of Slavs in MR and Tatars living in the
Republic of Tatarstan [19], the dominant type is EBV-1
(81% and 71%, respectively), while in Kalmyks of RK,
both types are distributed almost equally (52% and 48%,
respectively). The presence and the pattern of infection
with EBV of either type, apparently, depend on multiple
factors, including the ethnic genotype, which may affect
the outcome of infection turning either into chronic virus
carriage or EBV-associated pathology.

The results of the study show that the detection
rates for either type 1 or type 2 EBV among the
representatives of both ethnic groups do not have
any effect on cancer incidence rates (including
those attributable to EBV-associated cases) in the
population representing the respective ethnic groups.
The absence of the association is primarily explained
by the small (in most situations) number of EBV
positive cases among the analyzed malignancies
(gastric cancer, mouth and throat cancers, malignant
lymphomas), which do not belong to the category
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of malignancies highly associated with EBV like,
for example, NPC. Furthermore, the population of
RK and MR consists of representatives of different
ethnic groups, with the ethnic Kalmyks and Slavs
accounting only for a certain percentage (see the
Appendix). Cancer incidence rates for these regions
are generalized in terms of the composition of their
ethnically heterogenous residents. Therefore, cancer
incidence in the total population of the specified
regions cannot be associated with any specific type of
EBYV detected in the selected ethnic representatives.
The difference in EBV-1 and EBV-2 distribution
among them also did not have any significant effect
on the range of the detected variants of the LMPI
gene or on the structure of repetitive elements of the
oncoprotein encoded by the above gene.

Thus, the analysis of the obtained data makes it possible
to assume that EBV strains circulating in two ethnic
populations have almost identical biological properties.
The detected tendency toward increased incidence of
gastric cancer, mouth and throat cancers, malignant
lymphomas in the population of MR compared to
residents of RK is not associated with the dominance of
the transforming type of EBV among the representatives
of Slavs; rather, this tendency can be explained by
genetic susceptibility to the above malignancies among
people living in MR. The percentage breakdown of
the virus-associated cancer cases in representatives
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of specific ethnic groups can be used to confirm or
disprove the assumption that EBV types have any effect
on development of malignant tumors in the respective
populations. In the absence of such data, the above
relationship has not been proven yet and needs to be
studied further.

Conclusion

The obtained data lead to the conclusion that each
of 2 EBV types in different populations can have both
dominant and mixed-type distribution, which may
be associated with a specific ethnic group, including
its genotype. Attention should be also given to other
factors, including geographic factors, environmental
characteristics of regions. Further studies delving into the
prevalence of EBV types in other populations and, first
of all, in groups characterized by high frequency of EBV-
associated malignancies (for example, NPC), will most
likely provide insights into molecular and submolecular
mechanisms employed by each type of the virus to initiate
and promote carcinogenesis.
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