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Abstract. Objective: To compare genetic structure of the main Epstein—Barr virus (EBV) oncogene, latent membrane protein
1 (LMPI), in EBV strains circulating in two genetically distinct ethnic populations in Russian Federation, Tatars and Slavs,
as well as assess an impact of diverse LM P1 variants on incidence and mortality rate for some malignant tumors partially
associated with EBV infection. Materials and methods. Oral washing samples were collected from 60 ethnic Kazan Tatars
and 65 ethnic Moscow Slavics. Carboxy-terminal nucleotide sequences (41 and 40 sequences, respectively) derived from
hypervariable LMP1 gene region were amplified from EBV DNA samples. Next, final nucleotide sequences were translated
into amino acid sequences and analyzed according to classification by Edwards et al. Results. Analysis of 41 and 40 LMP1
samples obtained from ethnic Kasan Tatars and ethnic Moscow Slavics, respectively, revealed significant difference in rel-
evant amino acid structures. In particular, all LMP1 samples derived from Moscow Slavics were found to belong to the four
protein variants: B95.8/A, Med—, Chinal and NC. Among them, low-transforming variant B95.8/A was dominant (82.5%).
In contrast, solely 21 out of 41 LMP1 samples derived from ethnic Tatars were classified as B95.8/A, Med— and Chinal vari-
ants. Importantly, the percentage of low-transforming B95.8/A variant among ethnic Tatar samples was significantly lower
compared to that one found in Moscow Slavics (29.3% vs. 82.5%). On the other hand, seven (17.1%) out of 20 other samples
formed a unique protein mono group characterized by LMP1 amino acid sequence differed from that one available in the
GenBank database. Such group of variants was designated as LM P1-TatK. The remaining 13 samples (31.7%) did not match
either protein variants, thereby forming the “beyond classification” (LMP1-TatBC) group. Conclusion. The data obtained
suggest that various LMP1 variants exist in EBV strains persisting in ethnic Tatrs and ethnic Slavics examined in Russian
Federation. It was also found that EBV strains isolated from ethnic Tatars contained a unique LMP1 gene variant encoding
protein LMPI1-TatK lacked in EBV strains derived from ethnic Moscow Slavics. Taking into account the genealogy of Tatars,
it cannot be ruled out that EBV strain bearing LM P1-TatK variant represented ethnically specific EBV strain that might cir-
culate many centuries ago among their historical human predecessors called Mongol-Tatar tribes. In addition, it was shown
that the LMPI variants in EBV strains isolated from ethnic Kazan Tatars and ethnic Moscow Slavics did not affect the inci-
dence and mortality of different forms of cancer consisting of EBV-associated cases.

Key words: Epstein—Barr virus, latent membrane protein 1, ethnic tatars and slavs, sequence analysis, phylogenetic analysis, real-time
PCR, Epstein—Barr virus DNA copies.
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Pestome. Llerb pabOTHL: BRISICHUTH, OTIIMYACTCS JIM TeHETUYECKAsT CTPYKTYpa OCHOBHOTO OHKOT'€Ha BHpyca DIIITEH-
Ha—bapp (BOb), narentHoro memb6panHoro 6esnka 1 (LMP1), y mrammoB BOB, uupkyaupyommx B AByX pOCCUMCKMX
TeHETMYECKH Pa3HBIX IMOMYJISIIUSIX, STHUUECKUX TaTap M 3THUYECKUX CIIaBSH, U KaKOBO BIMSTHHUE Pa3JIMUHBIX Bapy-
aHToB LMPI B 3TUX nmonynsiuusax Ha ypoBeHb 3JI0KaU€CTBEHHBIX MATONOI M1, YaCTh KOTOPBIX accoliuupoBaHa ¢ BOB.
Mamepuanvt u memodsi. CMBIBBI TIOJIOCTY PTa OBIIM MOJyYeHbl OT 60 3THUYECKUX KAa3aHCKUX TaTap W 65 3THUYe-
CKHX MOCKOBCKHMX cJiaBsiH. COpoK 0JiHa U COPOK (COOTBETCTBEHHO) C-KOHIIEBBIX HYKJICOTUIHBIX MTOCIEI0BATEIbHO-
creii Haubouee BapuabeabHoii yacTu LMP1 6111 ammudunuposans u3 oopasiuos JHK BObB, sakcrparnpoBaHHBIX
13 COOTBETCTBYIOLINX CMBIBOB. HyKJIeoTHIHBIE ITOCIeA0BATETbHOCTH OBLIN IMTePEBEICHB B AMUHOKHUCIOTHBIE TTOCTIe-
JOBATEJBHOCTHU U KJIACCU(UIIMPOBAHBI B COOTBETCTBUM ¢ Kinaccubukamueit Edwards u coaBT. Pe3yromamsr. AHATN3
41 oopasua LMPI, monyyeHHOro oT aTHUYecKUX Tatap, 1 40 LMP1 o6pa31ioB, moJy4eHHBIX OT STHUYECKUX CIaBsIH,
BBISIBUJI CYIIIECTBEHHBIC pa3IMIus B CTPYKTYPe X aMIHOKUCIIOT. Bee 06pasisl LM P1 MOCKOBCKOTO IIPOUCXOKICHU ST
TIpUHAJJIEXaIN K YeThipeM OeqKoBbIM BapuaHTaM, B95.8/A, Med—, Chinal u NC. Cpenu HUX BapuaHT ¢ HU3KUM
ypoBHeM TpaHchopmanuu, B95.8/A, 6p11 momuaupytomum (82,5%). U3 41 obpasma LMPI Tarapckoro mpomcxox-
IeHUST TOJIBKO 21 661 KNaccuduumpoBad Kak B95.8/A, Med— u Chinal BapuanThl. [IpolieHTHOE comep:KaHUe HU3-
Ko TpaHchopmupytouiero Bapuanta B95.8/A cpenn KazaHCKuUX TaTap ObIJIO 3HAUMTEIBHO HUXE, YUeM Y MOCKOBCKUX
cnaBsiH (29,3% nporus 82,5%). W3 npyrux 20 o6pasio cemb (17,1%) o6pa3oBain YHUKAJIbHYIO MOHOTPYIIITY O€JIKOB
C aMUHOKHUCJIOTHOI CTPYKTypoii mocienoBaTenbHocTeir LMP1, otnuyHoit ot umetomeiics B GenBank. Dra rpynmna
BapuaHTOB Obls1a 0003HaueHa Kak LMP1-TatK. OcranbHbie 13 o6pasios LMP1 (31,7%) He cOOTBETCTBOBAIM HU OTHO-
MY U3 BapMaHTOB B BbIIIEyKa3aHHOM Kaaccudukanuu, GopMupys, TaKUM 00pa30oM, TPYIINY «BHE KJacCU(PUKALINN»
(LMP1-TatBC). 3akawuenue. IlonydeHHbIe TaHHBIE YKA3bIBAIOT Ha pa3HooOpa3ue BapuaHnToB LMPI B mrammax BOb,
MIEPCUCTUPYIOIINX Y STHUYECKMX TaTap M claBsH. Takxke ObII0 00HApyKeHO, 4To mTamMMbl BOb TaTapckoro mpouc-
XOXAEHUS coaepKaT YyHUKaAbHbIM BapuaHT reHa LMPI1, konupytomuit onko6enok LMP1-TatK, koTopblii OTCyTCTBY-
eT B mrTaMmMax BOb ciaBssHCKOTO TTporcxoxaeHus. [IpyHIMas Bo BHUMaHNE TeHEaJIOTUIO TaTap, HeJIb3sl UCKTIOUNTH,
yto mrtaMmm BOB, koaupytoniuit Bapuant LMP1-TatK, siBasgeTcs aTHUYeCKU crielupUIYecKUM ITaMMOM, KOTOPBII,
BO3MOXKHO, IIUPKYJIMPOBAJ CPEIU UX UCTOPUYECKUX MTPEIIIeCTBEHHUKOB, MOHTOJIO-TaTaPCKUX TJIEMEH, MHOTO BEKOB
Hazaj. bblio Takxxe nmokasaHo, uto BapuaHThl LMP1 B iiTammax BOb Tatapckoro v ciaBssHCKOTO MPOMCXOXKACHUS
HE OKa3bIBalOT KaKOT0-T100 BIMSHUS Ha TIOKa3aTe v 3a00JIeBAeMOCTH OITYXOJISIMUA M CMEPTHOCTHU OT HUX, KOTOPbIE
BKJIIOYAIOT U CJIyYau, aCCOLIMMPOBAHHBIE C 3TUM BUPYCOM.

Karouesnie caosa: supyc Inwmeiina—bapp, aamenmuoiii membpannbsiii 6enox 1, smuuyeckue mamapsl u cAagsme, AHANU3
nocaedogamenvHocmu, (hurocenemuueckuil anaau3s, I[P é pearvnom epemenu, konuu IHK eupyca Inumeiina—bapp.

Introduction

Epstein—Barr virus (EBV; Human herpesvirus 4)
is a double-stranded DNA virus with a genome size
of about 170 kb, belonging to the Herpesviridae
family, = Gammaherpesvirinae  subfamily and
Lymphocryptovirus genus. EBV is estimated to in-
fect up to 95% of the global adult population over their
lifetime [11]. Infection with the virus usually occurs
when someone comes into contact with the saliva
of an infected person, but can also occur through
blood transfusion and organ transplantation from in-
fected individuals [19, 40]. In early childhood, infec-
tion with the virus is usually asymptomatic; however,
infection of young people who have not previously
encountered the virus can lead to the development
of infectious mononucleosis [14].

Inahealthyperson, Blymphocytes (mainly mem-
ory B cells) and epithelial cells are the main targets
of the virus. EBV primarily infects epithelial cells
of the mucous membrane that lines the nasopharynx
and lymphoid formations surrounding the entrance
to the respiratory and digestive tracts (Valdeyer’s
ring, consisting of the tonsils and adenoids) [43].
Cells that are infected with the virus, other than
B lymphocytes, can also determine the development
and pathogenesis of a number of EBV-associated pa-
thologies [45]. Through the Valdeyer’s ring, the vi-
rus enters the peripheral blood and infects memory
B cells, in which EBV persists for life [29]. There
is no expression of latent proteins in these cells, as
only non-translated RNAs are transcribed from
episomal viral DNA. The recognition of a “related”
antigen by the receptor on memory B cells induces
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reactivation of EBV in the cell pool, and the dif-
ferentiation of plasma cells leads to the develop-
ment of a lytic infectious virus. In the bloodstream,
the virus is implanted by circulating memory B cells
into all parts of the peripheral lymphoid system, and
then returns to the oral cavity through the lymphoid
ring. In this case, the number of infected memory B
cells in the population of lymphoid elements of the
Valdeier’s ring and the peripheral blood are similar,
according to Laichalk et al. For every 10 million B
cells in the lymphoid formations of the Valdeyer’s
ring and peripheral blood, the number of infected
memory B cells averages 175 and 110, respectively,
although only 1% of infected B cells are in the pe-
ripheral blood [7]. In an infected person, the virus
avoids recognition by the immune system. This
is due to the expression of a limited number of vi-
ral genes in memory B cells, as well as interruption
of the mechanism of viral antigen expression on the
surface of these cells [38]. In the body of a healthy
person, the virus is under strict immunological con-
trol [37]. Weakening of the immune system for vari-
ous reasons allows the virus to actively multiply, and
the restoration of immunocompetence suppresses
the replication of the virus, reducing it back to the
background level.

Being a ubiquitous virus, EBV is able to simulta-
neously initiate a number of benign and malignant
pathologies. Benign neoplasms are the infectious
mononucleosis mentioned above and hairy leuko-
plakia of the oral cavity. The malignant neoplasms
include Burkitt’s lymphoma, nasopharyngeal car-
cinoma, certain histological variants of classical
Hodgkin’s lymphoma, a number of non-Hodgkin’s
Iymphomas and certain variants of stomach cancer,
among others [42, 45].

Numerous studies have shown that one of the la-
tent EBV infection genes, latent membrane protein 1
(LMP1), which encodes the oncoprotein LM P1, plays
an active role in the development of EBV-associated
pathologies. This protein has the ability to stimulate
cell growth, inhibit apoptosis in various cells types
[27, 34] and induce tumours in transgenic mice [28].
LMPI reduces the immunogenicity of viral proteins
and enhances their signalling activity [8, 23]. Studies
have shown that nucleotide substitutions in LMPI
sequences are usually located in regions that regulate
transcription or translation [16, 25].

The LMPI protein consists of 386 amino acids
that affect functional activity, immunogenicity, half-
life and the transforming potential, which can vary
significantly in viral isolates [42]. Unlike the pro-
totype variant LMP1-B95.8 of American origin,
LMPI1 “Cao” (LMPI1-Cao), of Chinese origin with
high tumourigenic activity, contains a characteristic
10-member deletion (30 bp) in the C-terminal do-
main, adjacent to the CTAR2 region, as well as three
I11-amino acid repeats, numerous point mutations
[13, 24].

Of the three LMPI domains identified,
the C-terminal domain is the most studied [31].
Analysis of this domain in different geographic re-
gions allowed Edwards et al. in 1999 to propose
a widely used classification, according to which all
studied LM P1 samples were subdivided into variants
that differed with respect to their key amino acid sub-
stitutions compared to the prototypic LMP1-B95.8
variant [15]. In this classification system, LMP1 vari-
ants are named according to their geographic origin.
However, the above classification of LM P1 was crea-
ted for EBV strains circulating among a population
inhabiting of a limited number of territories, thus
it is unclear whether it can be applied for the analy-
sis of LMP1 from other geographic regions [17, 36].
Unfortunately, a classification uniting all possible
variants of the gene has not yet been suggested, and
it would be very difficult to achieve. It is known that
the genetic structure of the population, environmen-
tal hazards and the spectrum of EBV-associated dis-
eases in different regions can differ significantly, and
it cannot be ruled out that LMP1 variants for each
population will contain unique structural changes
that are not related to the proposed classification.

The goal of this study was to find out whether
EBYV strains spread in representatives of two Russian
ethnic groups, Volga Tatars and Moscow Slavs, differ
in their EBV LMPI oncogene structure, and influ-
ence LMPI1 variants onto the incidence of some tu-
mors in above ethnic groups, part of which are EBV-
associated.

Materials and methods

Sampling. Throat washing samples were collected
from 65 ethnic Slavs and 60 ethnic Tatars. The latter
were students at the Kazan State Medical University
(KSMU), no less than third generation Tatars. This
group consisted of 15 males and 45 females, with an
average age of 21.5 years old. Similar washing samp-
les were obtained from ethnic Slavs (21 males and
19 females) with an average age of 47.5 years old.
This group consisted of Moscow city residents, who
were no less than third generation Russian Slavs.
Each throat washing sample was a cell suspension
obtained from each person after rinsing their mouth
with 15 ml of sterile PBS for 30 seconds. Washing
samples were collected in hermetically sealed plastic
vials and stored at +4°C before the study. The Ethics
Committee of the FSBI “N.N. Blokhin National
Medical Research Center of Oncology” approved
this study, which included randomly selected indi-
viduals in Moscow city and the R. Tatarstan who had
given their informed consent.

Extraction and amplification of the LMPI gene.
DNA from the throat washing samples was isolated
by phenol-chloroform deproteinisation. The pres-
ence of viral DNA in the isolated samples was evalu-
ated by real-time PCR, as described previously [20].
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Amplification of LMP1 was carried out in two stages
with the corresponding external and internal prim-
ers, according to a previously described technique
[22]. Each PCR product was purified using a mini-
column (Qiagen, Germany) according to the manu-
facturer’s instructions. Approximately 100—200 ng
of PCR product was used for each reaction, and
the DNA concentration was assessed visually in an
agarose gel. As a positive control, 100 ng of DNA iso-
lated from the B95—8 cell line was used. Each sam-
ple was analysed in duplicate. Negative water blanks
were included in every analysis.

Sequencing of LMPI PCR products. LMP1 am-
plicons were sequenced in both directions. DNA se-
quencing was performed by means of a panel of ABI
PRISM BigDye Terminator v3.1 reagents (Thermo
Fisher Scientific, USA), with subsequent analysis
of the reaction products on an automatic DNA se-
quencer (ABI PRISM 3100-Avant, Thermo Fisher
Scientific, USA). Data processing was carried out us-
ing Vector NTI software (Thermo Fisher Scientific,
USA).

LMPI classification. The nucleotide sequences
of LMPI1 samples amplified from DNA extracted
from throat washing samples and translated into
amino acid sequences were classified according to the
presence of mutations resulting in amino acid sub-
stitutions, deletions and duplications in the primary
protein structure. The LMP1 variants were deter-
mined according to the Edwards et al. classification
published in 1999. In this classification, the name
of LMPI variants reflected their geographic origin:
Alaskan (Ala), Chinal (Chl), China2 (Ch2), China3
(Ch3), Mediterranean-plus (Med+), Mediterranean-
minus (Med—), and North Carolina (NC). The vari-
ant LMPI1-Chinal has been reported to be an ana-
logue of the highly tumourigenic variant LMP1-Cao
[15, 33].

Quantitative  determination of viral DNA.
The number of copies of viral DNA in 1 ml of throat
washing sample was determined by real-time PCR.
To construct the calibration curves, the DNA of dip-
loid Namalwa cells containing two integrated viral
genomes was used. This was based on the ratio of 3.3
pg of genomic DNA per copy of viral DNA [30].
For real-time PCR, primers for the 76-bp fragment
in the BamHI-W region of viral DNA (GenBank
ID no. VO01555) were used: sense primer W-44F
(5>-CCCAACACTCCACCACACC-3’), antisense
primer W-119R (5-TCTTAGGAGCTGTCCGA
GGG-3’); fluorescent probe W-67T (5’-FAM-CAC
ACACTACA-CACACCCACCCGTCTC-RTQI)
[32]. The DNA extracted from throat washings can
be used as a template for PCR when the unique
K-RAS gene is used as a control, as described pre-
viously [9]. The reaction was conducted in 96-well
plates on a CFX96 device (Bio-Rad Laboratories,
USA). The 50-pl reaction mixture (Synthol, Russia)
contained 0.3 uM of each of the primers, 25 nM

of the fluorescent probe, 4 mM of MgCl, 200 mM
of each ANTP, 1 unit of Taq polymerase, 10 pul
of DNA solution in 10 mM Tris-HCI buffer (pH 8.0)
and 1 mM EDTA (corresponding to 50 ul of wash
sample). Each analysis included two negative con-
trols that did not contain DNA. The PCR conditions
were denaturation for 5 min at 95°C, followed by 40
cycles at 95°C for 15 s then at 56.5°C for 30 s. The re-
al-time PCR was analysed using CFX Manager soft-
ware (BioRad).

Phylogenetic analysis. To analyse the phyloge-
netic relationship among ethnic Tartar EBV isolates,
the LMP1 C-terminus sequences were compiled. All
sequences were aligned, and the distances between
each sample were calculated with the ClustalW
program using the Kimura two-parameter model.
A phylogenetic tree was constructed from these ma-
trices by the neighbour-joining method using MEGA
software. The main LMP1 EBV variants (Alaskan,
NC, B95.8/A, Med—, Chinal, China2) available
in GenBank were used for phylogenetic comparison.

Statistical analysis. Standardized rates (SR)
for the incidence and mortality and their standard
errors (SE) in 2015—2017 years for some malignant
tumours among which EBV-associated cases are di-
agnosed in Moscow and the R. Tatarstan, were ob-
tained from the publication “Malignant neoplasms
in Russia in 2015—2017 (incidence and mortality)”,
Eds.: A.D. Kaprin, V.V. Starinskiy, G.V. Petrova;
Moscow, 2018; Mean values of SR for incidence and
mortality and their SE in 2015—2017 for both sexes
were analysed. 95% confidence intervals (CI) for SR
were calculated as SR+1.96 SE. Absence of overlap-
ping of CI for Moscow and the R. Tatarstan proves
statistically significant difference between SR at P =
0.05 level, the overlapping of CI shows that the differ-
ence is not significant.

Results

The multinational population of the Russian
Federation is known to consist of numerous an-
cient ethnic groups that have preserved their own
culture and customs, and have occupied certain re-
gions of the country for centuries. Therefore, it was
important to perform a comparative analysis of the
LMPI1 oncogene structure of EBV strains persisting
in these groups (which we assume have been trans-
mitted from generation to generation since histori-
cal times) and to clarify the effect of these strains
on the incidence of tumours of certain localizations
due to the cases associated with the virus included
in these tumours.

Tatars represent one such ethnic group, the sec-
ond largest one in the Russian Federation after Slavic
people (fig. 1, A and B). Representatives of Slavic
nation are dominant in Moscow (91.5%), while
Tatars occupy only the third position (1.38%) after
Ukrainians (1.42%; fig. 1A). In the R. Tatarstan,
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“ Ethnic composition of the Moscow
population (12.5 million) according to 2018

1.42% 1.38%

91.5%

[] Ethnic Russians

B Ethnic Ukrainians

E Ethnic composition of the Tatarstan
population (3.893 million) according to 2018

3.1%

39.7% 53.2%

[ Ethnics Tatars B Ethnics Chuvash

Figure 1. Leading ethnic nations in Moscow city (A) and the Republic of Tatarstan (B)

the Tatar population is slightly higher than the Slavic
population (53.2% vs. 39.7%, respectively), and sig-
nificantly exceeds the third ethnic nation, Chuvash
(3.1%; fig. 1B).

LMP1 polymorphism

The investigation of LMPI1 in the EBV strains
circulating among ethnic Tatars was carried out by
studying the throat washings from students of the
KSMU, representatives of all administrative territo-
ries of the R. Tatarstan (tabl. 1). Analysis of the nu-
cleotide and translated amino acid sequences of the
41 LMPI1 amplicons obtained from 60 samples re-
vealed significant polymorphism. According to the
Edwards et al. classification [21] of the 41 sequences
only 21 could be classified. Of these, 12 sequences
corresponded to B95.8/A (29.3%, 12/41) variant, 6 —
to Med— (14.6%) and 3 — to Chinal (7.3%) variants.
LMPI1 sequences homologous to Alaskan, Med+,
China2, China3 and NC variants were not detected.
Among the other 20 LMPI1 sequences that did not
correspond to any variants of the above classifica-
tion, seven (17.1%) formed a mono group consisting

of sequences which differed not only from the se-
quences of Moscow Slavs, but also from sequences
of other Kazan Tatars. This group was designated as
LMPI1-TatK. The remaining 13 unclassifiable Tatar
sequences (31.7%) formed a group that was desig-
nated as LMPI outside the classification (LMP1-
TatBC). In contrast to the low percentage of the low-
transforming variant LM P1-B95.8 found in the Tatar
group, this variant was dominant among the repre-
sentatives of the Slavs (82.5% and 29.3%, respectively).
Among representatives of the Moscow Slavs, the per-
centage of LM P1-Med-variant was lower than in the
Kazan Tatars (2.5% vs. 14.6%, respectively); however,
the difference between these values was not statisti-
cally significant. The percentage of LMPIChinal
variant was practically identical in both ethnic groups
(7.5% vs. 7.3%, respectively) (tabl. 1).

LMP1 sequence analysis

Analysis LMP1 samples of Tatar origin showed
that many of them contained so-called Cao-
associated mutations (tabl. 2). One such mutation,
a deletion of 5 aa (276—280) observed in 16 samples

Table 1. Polymorphism of LMP1 in the EBV strains circulating among Moscow Slavs and Kazan Tatar

LMP1 variants according to the LMP1 variants outside the Edwards et al.
Edwards et al. classification* classification
Number Number Total: 21 (51.2%) Total: 20 (48.8%)
of examined of amplified
individuals LMP1 samples Beyond Edwards’ Unique to the
B95.8/A | Med- Chinat NC et al. classification ethnic Tatars
(TatBC) (TatK)
Ethnic Moscow Slavs
65 40 33/40 1/40 3/40 3/40 0/40 0/40
(100%) (82.5%) (2.5%) (7.5%) (7.5%) (0%) (0%)
Ethnic Kazan Tatars
60 4 12/41 6/41 3/41 (0%) 13/41 7/41
(69.5%) (29.3%) | (14.6%) (7.3%) ° (31.7%) (17,1%)

* Edwards et al. 1999 (20)
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Table 2. C-terminal domain mutations in the LMP1-Tat* variants in comparison with low (LMP1-B95.8) and

highly transforming (LMP1-Cao) LMP1 variants

Mutations in CTAR Cao-associated LMP1 mutations unique
LMP1 and other regions LMP1 mutations to the ethnic Tatars
variants @322N | CTAR1 | CTAR2 | CTAR3 | Deletion | Insertion | Deletion | Deletion | Deletion
191-232| 351-386 |275-330| 276-280 | 302-303 | 346-355 | 312-316 | 382-386
LMP1-B95.8 & LMP1-Cao variants
B95.8 - - - - - - - - -
Cao Q322N G212S S366T | 276-280 Haa (11aa x3) 10 aa - -
LMP1-Tat* variants
T-2 - - - 276-280 5aa. 11aa x3 - 5aa 5aa
T-4 - S229T - 276-280 5aa 11aa x3 - 5aa 5aa
T-5 - S229T S366T | 276-280 5aa 11aax3 - 5aa 5aa
T-6 - S229T - 276-280 5aa 11aax3 - 5aa 5aa
T-33 - S§229T S366A - - 11aa x3 - 5aa 5aa
T-44 - - S366T | 276-280 5aa 11aax3 - 5aa 5aa
T-45 Q334R S229T - - - - - Saa 5aa

(39.0%), belongs to the CTAR-3 region of the LMP1.
This region is required for activation of the Jak3/
STAT signalling pathway, and is located between
the CTAR-1 and CTAR-2 carboxy-terminal LMP1
regions. In 22 samples (53.7%), rare LMP1 insertions
of 33 aa (302—303) were detected, which were found
to be located within the same CTAR-3 region. Single
point mutations that do not occur in known LMP1
variants were also identified. Among them, a mu-
tation in codon 252 (G — A) was detected in seven
samples (17.1%). This mutation is within the CTAR-2
region, which is the region that recruits the TNFR-
associated death domain protein (TRADD) and
the so-called receptor-interacting protein (RIP).
In six samples (14.6%), LM P1 mutations were found
in codon 317 (D — E) within the CTAR-3 region, as
well as in codon 229 (S — T) in five samples (12.2%).
The latter substitution is located in the CTAR-1 re-
gion, which actively interacts with TNFR proteins
(TRAFI, 2 and 5). It can be assumed that the detect-
ed mutations may change the intracellular activity
profile of a number of signalling pathways, as well as
their biological activity. Sequence analysis of LMP1
samples from representatives of Slav group showed
a similar result, which is not surprising, given that
mutual enrichment of gene pools, as well as the ex-
change of EBV strains, between the Slavic and Tatar
populations took place over the centuries.

However, particular interest are the seven LMP1-
TatK samples of Tatar origin, which are structur-
ally different not only from the other LMP1 sam-
ples of Tatar origin and those of Slav origin, but also
from LMP1 samples of healthy people and patients
with head and neck tumours from different regions
of Russia [41]. This group of samples was character-
ized by the combined content of 5-amino acid dele-
tions in codons 312—316 and 382—386, which were

absent in all other LMP1 samples that we have ana-
lysed so far (tabl. 2). Given the genealogy of the ethnic
Tatars studied (at least the third generation) it can be
assumed that the LMPI1-TatK variant probably rep-
resents an evolutionarily ancient strain of the virus.

Amino acid repeats and insertions

A number of studies have shown that the C-termi-
nal LMP1 domain contains a different number of re-
peats consisting of 11 aa (PQDPDNTDDMG), lo-
calised between aa 253 and 306. The prototype vari-
ant LMP1-B95.8 contains four such repeats and two
inserts consisting of 5 aa (PHDPL), one of which
is located between the second and third repeats (275—
279), and the second after the last repeat (302—306).
Box 5 aa is a JAK3 motif within the CTAR3 domain
(aa 275—330), which presumably participates in the
JACK3/STAT signalling pathway [31, 33]. To char-
acterise LMP1 of ethnic Tatars, the C-terminal
domains were analysed for repeats and insertions
(fig. 2). Forty-one samples denoted by the letter T
were studied. A structure of 11-aa repeats and 5-aa
inserts, similar to the prototype strain LM P1-B95.8,
was found for 16 samples. Seven 11-aa repeats were
observed in 21 samples, 13 of which lacked the 5-aa
insert between the second and third repeats, as pre-
sent in the prototype variant LMP1-B95.8. In ad-
dition, point mutations (D — G) were detected
in 17 samples in the region of 11-aa repeats. Similar
mutations were found in patients with nasopharyn-
geal carcinoma, who were residents of the North
Caucasus of Russia [41]. The findings suggest that
EBV isolates from ethnic Tatars contain LMPI
variants which possess both a B95.8-like structure
of repeating elements and a structure characteristic
of LMP1 variants of African and Japanese origin [26].
However, unlike EBV isolates of Japanese origin,
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253aa

306aa

95.8 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

A Hd A A A A d W
I
- O OO U1 H WN =

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPHNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

0 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

—-11 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQGPDNTTDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDSLDDNG PQDPDNTDDNG PQDPHNTDDNG PQDPDNTDDNG PHDPL

T-20 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-25 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-27 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQGPDNTDDNG PHDPL
T-28 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-29 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PHDPL

PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-32 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQGPDNTDDNG PHDPL

T-33 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-34 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-35 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PHDPL

T-36 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

T-42 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-43 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQGPDNTDDNG PQDPDSTDDNG PHDPL

T-44 PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-45 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-46 PQDPDNTDDNG PQGPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-48 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTTDNG PHDPL

T-49 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDSTDDNG PHDPL

T-50 PQDPDNTDDNG PQGPDNTDDNG PQDPDNTDDNG PQDPDNTTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-52 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-53 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL
T-54 PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDSLTDNG PQDPDNTDDNG PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-56 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQDPDNTDDNG PHDPL

T-57 PQDPDNTDDNG PQDPDNTDDNG PHDPL PQGPDNTDDNG PQDPDNTDDNG PHDPL

T-58 PQDPDNTDDNG PQGPDNTDDNG PHDPL PQDPDNTDDNG PQGPDNTDDNG PHDPL

T — Number of throat flushing samples from ethnic Tatars;
PQDPDNTDDNG — 11 aa repeating elements;

PHDPL — 5 aa sequences insertion;

D — G — point mutations in the region 11 aa

Figure 2. 11 aarepeats and 5 aa insertions in the C-terminal domain of LMP1 isolates from ethnic Tatars

point mutations D—G in LMP1 were often en-
countered in isolates from Tatar and Slavic samples.
The difference in the number of repeats and 5-aa in-
sertions between repeats for the JAK3 motif could be
explained by recombination events that arise during
the process of viral replication [33]. However, others
have hypothesised that the mutational changes are
related to the geographical origin of EBV [26].

EBV concentration in throat washing samples

From the literature and the results of own inves-
tigations, the saliva of even healthy individuals can
contain EBV particles [12, 21]. In general, the con-
centration of viral particles in saliva is much higher
than in peripheral blood. These particles, which are

mixed with saliva, appear in the oral cavity as a result
of EBV-induced lytic destruction of infected epithe-
lial cells of the mucous membrane lining the naso-
pharynx and the Valdeier’s lymphoid ring, in particu-
lar. In our study, the median number of EBV DNA
copiesin 15 ml of throat washing samples varied from
833 in the group of Moscow Slavs to 3538 in Tatar
students from KSMU (tabl. 3). However, the medi-
an number of viral DNA copies per cell in identical
volumes of throat washing samples was 0 in students
and 0.01 in Moscow Slavs. The data obtained prob-
ably indicates moderate replication of the virus in the
oral mucosa of individuals tested, as we detected less
than 1 copy of the viral genome per cell in the cell
suspension, which is in line with other studies [7, 10].
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Table 3. Oral cavity EBV infection in representatives of ethnic Tatars and ethnic Slavs

Number of EBV DNA Number of EBV DNA
copies in 15 ml of throat copies per 1 cell
Number Average age . .

Groups of observations (years) washings of throat washings

Median IQR* Median IQR**
Students of the KSMU* ethnic 60 21.5 3538 0-183792 0.00 0-0.009

atars

Healthy adults, ethnic Slavs 65 475 833 0-3281025 0.01 0-0.257

* KSMU — Kazan State Medical University. ** IQR — interquartile range.

Phylogenetic analysis

The 41 LMP1 sequences of Tatar origin were used
to generate a phylogenetic tree to elucidate the genet-
ic relationship between EBYV isolates of ethnic Tatars.
The neighbour-joining tree, constructed with addi-
tional LMP1 C-terminus sequences from GenBank

B95-8 S
T14
T42
T53
B95.8/A
P
(0]6;
P
Cao
Med-
Chinat
T21 Chinat
_r':‘mg
T35
T45
o T4
— T33 Tat®
T5
T2
T44
0.05

Figure 3. Phylogenetic analysis of the LMP1
samples from throat washing of ethnic Tatars

(Alaskan, NC, B95.8/A, Med—, Chinal and China2),
showed that the LM P1 sequences of the tested throat
washing samples represent a heterogeneous group.
Based on their sequence variations, the LM P1 alleles
under investigation could be classified into five vari-
ants, for which corresponding clusters were created
in the phylogenetic tree: B95.8/A, Chinal, Med—,
BC, and TatK (fig. 3). The LMP1 B95.8/A and TatBC
variants were represented with the same frequen-
cy (both 29.3%). The estimated frequencies of the
LMPI1 Med— and Chinal variants were lower (14.6%
and 7.3%, respectively). As seen in the phylogenetic
tree, part of the investigated LM P1 sequences formed
a separate phylogenetic group, TatK one, which most
likely had a different EBV ancestor. It was also shown
that LMP1 TatBC samples, which did not relate
to any variant in the phylogenetic tree, were located
quite close to the branches belonging to previously
reported LMPI1 variants with increased transforming
activity (NC, Alaska, Med—) and the new TatK vari-
ant, but they were genetically distant from sequences
of the prototype LMP1 B95.8/A variant.

The higher polymorphism of the LMP1 gene
identified for EBV strains among ethnic Tatars
compared to that of the Slavic group (tabl. 1) allow
us to suggest a higher rates of incidence and mortal-
ity among the Tatar population for some malignant
neoplasms in which cases associated with EBV are
included. To find out the validity of our assump-
tion the tumours of the oropharynx, nasopharynx,
gastric cancer and Hodgkin’s lymphoma were in-
cluded in the list of analysed pathologies (tabl. 4).
It is known, that EBV-associated cases of tonsil and
lymphoepithelial salivary gland cancers are part
of the oral cavity tumours [44]. Among tumours
located in the pharynx, nasopharyngeal carci-
noma associated with EBV is often diagnosed [6].
Among stomach tumours some cases are associated
with EBV [35]. And among the Hodgkin’s and non-
Hodgkin’s lymphomas EBV-associated cases can be
also detected [2, 4, 5].

An analysis of the standardized incidence and
mortality rates per 100,000 populations in 2015—
2017 years revealed that no statistically significant
differences between above rates for nasopharyngeal
and oropharyngeal tumours and Hodgkin’s lym-
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phomas, were found for geographical regions com-
pared. Statistically significant differences for both
the incidence and mortality rates were obtained only
for gastric cancer. However, given the fact that EBV-
associated gastric cancers make up only a small per-
centage of tumours of this localization (up to 10%),
their effect on morbidity and mortality rates can
hardly be taken into consideration.

Discussion

Since the discovery of EBV in 1964, numerous
studies have been devoted to its study. The interest
in EBV has not waned due to the unique properties
of the virus. EBV, which is present in virtually eve-
ry human body without harming it, has a powerful
transforming potential. Due to this ability EBV is ae-
tiologically associated with a wide range of benign
and malignant human neoplasms.

Molecular biological studies revealed that
the transforming and oncogenic (under certain con-
ditions) properties of EBV are due to the function
of nine latent viral proteins, comprising six nuclear
and three membrane proteins. Each of these proteins
contributes to virus-associated carcinogenesis, but
the transforming capacity of LMP1 prevails. It has
also been found that LM P1 samples from various ge-
ographical regions are characterised by a wide variety
of polymorphisms, upon which several LMPI classi-
fications have been based. Among these classification
systems, the most widely used in the literature is the
Edwards et al. classification [15]. However, in some
geographical regions, LMP1 samples do not fit into
the “Procrustean bed” of the above classification [18,

39] and additional efforts should be made to create
a more universal classification system.

It is important to note that, according to our
knowledge, not a single study has been devoted
to the investigation of ancient EBV strains. As la-
tency genes are characterised by a large nucleotide
diversity, particularly LMP1, it cannot be ruled out
that mutations that occurred in the virus genome
over the course of evolution led to the formation
of virus strains with new structures and properties.
In this regard, it is important to compare so-called
“modern” EBV strains with strains that circulated
among our ancestors several centuries ago.

This study represents an attempt to clarify this
issue. To this end, the genetic structures of LMP1
from representatives of ethnic Tatars and Slavs, pos-
sible carriers of ancient virus strains, were compared.
The genetic succession of Kazan Tatars to their an-
cient predecessors is based on the following histori-
cal facts, “... after the conquest of the Volga Bulgaria
in 1236 by the Mongols and a number of Bulgarian
uprisings of 1237 and 1240, the Volga Bulgaria be-
comes a part of the Golden Horde. Later on, after
the collapse of the Golden Horde and the emergence
of a number of independent khanates in its place,
the Kazan Khanate was formed on the Bulgarian
lands. As a result of the consolidation of part of the
Bulgars with another Kypchak and partly Finno-
Ugric population of the region, the Kazan Tatars
are formed” [1]. The ethnic Slavs in our study
were represented by native inhabitants of Moscow.
It should be noted, however, that Moscow was
captured by the Mongol-Tatar troops in 1238 [3]
and, consequently, there was mutual enrichment

Table 4. Standardized incidence and mortality rates for malignant tumors in Moscow and the R. Tatarstan
per 100,000 populations in 2015-2017, among which EBV-associated cases are diagnosed (both sexes)

Region Nasopharynx Oropharynx Gastric Hodgkin’s Lip, oral cavity,
9 (C11%) (C10) cancer(C16) Lymphoma (C81) | pharynx (C00-14)
Incidence per 100,000 population
Moscow 0.16 (0.03**) 0.94(0.7) 10.67 (0.22) 1.64 (0.12) -
R. Tatarstan 0.25(0.075) 0.84 (0.11) 15.08 (0.48) 1.85(0.22) -
Statistically
significant No No Yes*** No -
differences
Mortality per 100,000 population
Moscow - - 9.39(0.19) 0.36 (0.5) 3.33(0.12)
R. Tatarstan - - 11.22 (0.42) 0.38(0.8) 4.09 (0.25)
Statistically
significant - - Yes No No
differences

*C11 — The section in the book “Malignant neoplasms in Russia in 2015-2017 (incidence and mortality)”, eds.: A.D. Kaprin, V.V. Starinskiy, G.V. Petrova;
Moscow, 2018 [45]. **Standard error. ***Yes — The difference between the standardized incidence and mortality rates was statistically significant at P =

0.05 level.
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of the gene pools of the Slavic and Tatar popula-
tions for centuries, as well as the exchange of EBV
strains. Therefore, it is not surprising that among
representatives of the Tatar and Slav ethnic groups
studied, the EBV strains contained the same variants
of LMPI1. On the other hand, detection among eth-
nic Tatars, i.e. Tatars no less than in the third gen-
eration, unique LMP1 variant (TatK), which does
not comply with Edwards et al. classification and
was not found among LMPI1 variants of representa-
tives of ethnic Slavs, raises the question of the ori-
gin of the EBV strain carrying this variant of LM P1.
It can be assumed that this viral strain is related ei-
ther geographically to the territory of Tatarstan, or
ethnically to the Tatar ethnic group. In the latter
case, why it is impossible to assume that this EBV
strain has an ancient origin? Further investigations
involving increased number of ethnic Tatars, as well
as a detailed analysis of the structure and molecular
properties of the TatK LMPI variant, will probably
allow us to clarify the question of whether an an-

cient EBV strain exists indeed and whether it affects
the morbidity and mortality rates of certain tumours
in the Tatar population.
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