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Summary

Genetic polymorphism in the HLA system is extremely high, thus rendering a search for individuals exhibiting iden-
tical genetic characteristics difficult. Meanwhile, successful allografting of unrelated donor hematopoietic stem cells
(allo-HSCT) is determined mainly via genetic similarity between the recipient and donor. A Republican Register that
unites the databases of HLA-typed donors from the Russian and Kirov Research Institutes of Hematology and Blood
Transfusion, and the blood banks of Nyzhni Novgorod, Rostov-on-Don, Samara, and Pervouralsk has been cooperating
for several years with the Stefan Morsch Registry in Germany, performing bilateral donor searches for patients with
hemoblastosis.

The study has shown that the most pronounced differences in prevalence, both for certain antigens and their haplo-
types, are observed between the general cohorts of the German and Russian Registers. Donors from St. Petersburg and
Nyhzni Novgorod express maximal similarity in their genetic features. The donors from Samara Region are, for some
characteristics, more related to German donors, whereas donors from Kirov possess some features that are typical to
Northern folk. This data confirms an urgent need for expansion of the Russian Donor Registry, since the probability
of finding a donor in the Russian population is sufficiently higher when performing the search in a local Registry.
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Introduction

Human leukocyte antigens (HLA), or the major histocompatibility
complex represents a genetic system which plays a central role in
the immune response, recognizing “own” and “foreign” cells, and
presenting processed antigens to immunocompetent cells. This
system is characterized by extreme polymorphism. The HLA gene
complex is located at chromosome 6 (short arm), includes over
4000 base pairs, and consists of three gene groups (Class I, II, and
IIT). According to the Classification of 2005, it includes 47 loci,
encoding over 2000 known allelic variants [7]. Such an extreme
polymorphism is stipulated by a necessity to withstand a huge
number of evolving environmental antigens, and to maintain the
genetic individuality of the human organism. Therefore, a search
for two individuals with identical genetic characteristics is prone
to sufficient problems.
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At the same time, successful transplantation of unrelated
hematopoietic stem cells (HSCT) is primarily determined by the
genetic similarity between recipient and donor [2]. This highly
technological therapeutic approach is successfully employed
worldwide to treat many diseases, including different leukemias,
combined immune deficiencies, generalized autoimmune diseases
and so on. To carry out a selection of donor-recipient pairs, a
network of regional HSC donor registries is arranged throughout
the world, under active cooperation within this community. For
several years, the Russian Registry has been cooperating with the
Stefan Morsch Foundation [1], in performing mutual searches for
donors for patients with hemoblastosis.

The aim of our study was to evaluate immunogenetic characteristics
among HSC donors, including the populations from various
Russian regions, as well as comparisons with appropriate data
from German Registries.



Materials and methods

Characteristics of the group under study

HLA typing for class A and B loci was performed on 1198
persons included in the Registry of potential bone marrow donors,
based upon the Russian Research Institute of Hematology and
Transfusion. Most of these cohorts were represented by regular
blood donors. Small numbers of volunteers and relatives of
the patients with hemoblastosis were also involved. In general,
distribution for age and gender corresponds to appropriate
parameters for blood donors, i.e., males prevailed in the samples
(63%). With respect to age, the group mainly represents a cohort
from 26 to 40 years (50%), followed by individuals of 40 to 50
years old (35.7%). The least numerous group was represented
by persons 18 to 25 years old (14%). In Samara, Kirov, Rostov-
upon-Don, and Nizhny Novgorod 161, 196, 347, and 817 persons
respectively, were studied (Fig. 1). All these persons were active
blood donors.

HLA Class I typing

Class A and B HLA typing was performed by serological
techniques, in a standard microlymphocytotoxic test, using a panel
of histotyping anti-leukocyte sera produced at Russian Institute of
Hematology and Transfusion.

Statistical analysis

The prevalence of antigen (A) was calculated according to
equation: A=n/N, where n is number of donors with given antigen,
and N, total number of persons studied.

The prevalence of the gene (p) was determined by the following

equation: .
q Formula 1.

p=1-rl-A
where A is the prevalence of the appropriate antigen [4].

Haplotype frequency for the two genes (H) was estimated using

the equation: Formula 2.

Huyz=p1 = pz+ 2z

where p, and p, are gene frequencies for HLA antigens, and A,
is an inter-allelic disequilibrium linkage.

The values of disequilibrium linkage (A, ) were calculated
accordingly, using a formula from a four-field table (2x2 tables)

(3]

Formula 3.

A=wvd/N— vbtd /I N s vetd /N

where a, b, ¢, and d comprise values in the fields of the tables;

N = at+b+c+d, the volume of sample;

a = + + (number of donors in the given sample in whom both
antigens of the given haplotype are present);

b =+ — (number of donors in the given sample in whom the first
of two antigens of the given haplotype is present);

¢ =—+ (number of donors in the given sample in whom the second
of two antigens of the given haplotype is present);

= — — (number of donors in the given sample in whom both

antigens of the given haplotype are absent).

From: http://www.lib.utexas.edu/maps/commonwealth/russia.gif © public domain

To evaluate the statistical significance of differences for HLA
antigen frequencies between the groups, we used ¥? criterion
[10].

Formula 4.

(faed = heg/ = (1,5} = 0

(ot by = (ctd) » (atc) s (bed)

where

a is the number of donors in group 1 with a given antigen,

b is the number of donors in group 1 without this antigen,

c is the number of donors in group 2 with a given antigen,

d is the number of donors in group 2 without this antigen,

n, the numbers of persons in the group, /asd — bec/ — absolute value
of difference, 0,5¢n — correction for continuity in small samples.

The determination of the p level corresponding to the assessed y?
value was performed with computer software, taking into account
one degree of freedom (df=1). With respect to the polyallelic
nature of the HLA set, calculation of corrected p levels was carried
out when testing the significance of differences for distribution of
a given trait [8].

,where n is a number of traits
studied.

Formula 5.

Pon=mep{l—p)'
x> values exceeding 3,841

(corresponding to P<0,05), were
regarded as a stable borderline index for significant difference
between the frequencies in the groups compared.

Results

As seen in Table 1, the HLA class I study at the St. Petersburg
Registry reveals that among locus A specificities, A2 and A3
(48.9% and 28.7% respectively) are the most common specificities.
When analyzing distributions in locus B antigens for the same
populations, B7 and B35 are frequently represented (26.8% and
20.9% resp.; see Table 2).

The common incidence of these genes is characteristic of the
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Table 1. Relative frequencies of HLA antigens (Iocus A) in various regions of Russia and Germany
Antioen Pe tefzi) . Germany Samara Kirov Rostov-upon- NTZ]::% d
8¢ "8 n=13000 | n=161 n=196 | Donn=347 Ve
n=1198 n=817
Al 20.8* 28.9! 28.8'3 20.423 20.223 19.1%3
A2 48.9 50.8 44.7 48.5 48.7 51.2
A3 28.7 27.9 28.6 30.1 25.6 26.4
A9* 23.77 20.6! 22.4 311123 26.22 23.6%3
(A23.24) . . . . . .
Alo* 2 1 2 2 2 2
(A25.26) 19.7 13.3 24.2 18.9 23.1 19.2
All 11.8 10.3 14.9 17.3'23 11.0° 11.9°
A19*
(A29,30, 16.4 22.3 19.3 22.8 15.9 17.7
31,32,33)
A28 7.4 83 14.9* 23 25123 7.8° 10.8* 23
' - significant differences in antigen frequency between Russian cities and St. Petersburg (P<0.05),
? - significant differences in antigen frequency between Russian cities and Germany (P<0.05),
® - significant differences in antigen frequency between Russian cities (P<0.05),
*- the data is provided for broad specificities, due to the incomplete nature of the split analysis data obtained
from all the participating laboratories.

general European population [3]. However, if compared with the  These differences are even more pronounced for locus B; for
German Registry [6], which is among the largest in the Europe,  example B8, a quite common gene, occurs among Germans much
one may see that in spite of a general similarity, the frequency of  more often than in the Russian Registry (20.3% and 12.4% resp.).
some genes differs quite significantly. It concerns such locus A Meanwhile, the frequencies of the B13 and B18 antigens that are
specificities as A1 (20.8% in St. Petersburg vs 28.9% in Germany),  rather common in St. Petersburg proved to occur half as often in
A9 (23.7% vs 20.6%), and A10 (19.7% vs 13.3%). the German population (11.7% vs 6.9%, and 14.9% vs 9.7%). The

Figure 2. Numbers of differences in frequencies of HLA-antigens between
the donors from various regions of Russia, as compared with Gennan donors
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incidence of the B41 antigen was almost 3-fold
higher in St. Petersburg than in Germany—thus
suggesting a different distribution of some genes
in Russia and Germany, in spite of the general
similarity of both populations.

When studying haplotype incidence for A and B
loci (Table 3), we have shown that the following
haplotypes are the most common in the St.
Petersburg Registry: A2-B7 (4.25%), A2-B35
(3.44%), and A3-B7 (3.31%); whereas A11-B35
and A25-B18 proved to be more rare (0.13% and
1.11% resp.).

A comparative study of haplotype frequencies for
two genes from the A and B loci in the Russian
and German Registries (Table 3) has shown that
their incidence is sufficiently different: the most
common in St. Petersburg, the A2-B7 haplotype,
is at the 5th position in the German sample,
whereas the A1-B8 haplotype, which occurs
most commonly in Germany and in a majority of
European countries, occupies only 9th position



in the population of St. Petersburg.

The absence of certain highly prevalent haplotypes is another
important feature of the Russian Registry, thus being indicative for
a more pronounced genetic heterogeneity in the local population,
i.e., neither of the most common haplotypes in St. Petersburg is
over-represented, as compared to the German population with
8.29% for A1-BS8, 5.73% for A3-B7, or 4.65% for A2-B44. In
St. Petersburg, the most common A2-B7 haplotype was found in
4.25% of cases.

Our results suggest that the distribution of HLA genes and
haplotypes of the MHC complex in the St. Petersburg Registry
shows gross similarities to the gene distribution in Western
Europe. The St. Petersburg Registry, however, displays some
specific features due to an altered frequency due to some antigenic
specificity and more pronounced genetic heterogeneity among the
populations represented in the Registry.

We analyzed the opportunities for unrelated donor matching
for 52 patients with oncohematological disorders treated at the
Institute clinics. Comparisons of phenotypically determined HLA

sets for the patients with those represented in the donor Registry
showed that HLA-A,B-compatible donors were found for 48%
of the patients. When based on the patient’s phenotype, the ratio
of class I-compatible donors for each patient proved to be 1 to
14, thus providing evidence in favor of finding a donor for the
patients even within a relatively small registry of potential donors
from the same region.

When comparing the frequencies of loci A and B specificities
among the donors from Russian regions and Germany, the most
pronounced differences, both for single antigens and haplotypes,
were revealed between the general cohorts from the German
Registry and the Russian Republican Registry (Fig. 2, Tables 2,
3).

That is, the most similar genetic characteristics are expressed in
the donors from St. Petersburg and Nizhny Novgorod (Fig. 3).

Donors from the Samara Region are, for some characteristics,
closer to German donors (Fig. 2), whereas the persons from
Kirov possess some markers that are typical to Northern folk.
Donors from Rostov-upon-Don represent a highly heterogeneous

Table 2. Relative frequencies of HLA antigens (locus B) in various regions of Russia and Germany

Antigen Petei[i)urg Germany Samara Kirov u};(())rslfcl))vc;n Nlj\izzg}gzd
1=1198 n=13000 n=161 n=196 1=347 =817

B5* (B51,52) 12.6 13.1 16.8 13.7 16.7 15.3

B7 26.8 25.4 24.2 26.0 233 22.2

BS 12.4? 20.3! 273123 7.1123 12.123 11.4%3

B12* (B44.,45) 18.0 23.6 14.3 17.3 18.7 21.5

BI13 11.72 6.9 8.7 17.9123 12.42 11.8

B14 3.8 4.7 2.5 4.1 4.9 5.6

B15* (B62,63) 11.8 16.0 8.7 12.2 9.52 8.32

B16* (B38,39) 11.82 8.0 11.8 16.8'2 13.32 10.4?

B17* (B57,58) 8.2 7.7 9.9 3.5123 8.13 7.5°

BI18 14.92 9.7! 16.82 13.22 16.12 12.52

B21* (B49,50) 2.82 4.8 7.5 4.6 5.21 5.3!

B22* (B54, 55,56) 4.2 4.4 3.7 5.1 52 3.3

B27 10.8 8.7 11.2 15.8'2 10.4 11.3

B35 20.9 18.5 19.3 20.4 18.7 23.1

B37 1.32 2.6 3.1° 1.0 0.92 0.5%3

B40* (B60,61) 11.2 13.9 14.9 9.7 10.4 10.2

B41 4.7? 1.8! 1.9 4.6 4.6 5.6%3

! - significant differences in antigen frequency between Russian cities and St. Petersburg (P<0.05),

2 - significant differences in antigen frequency between Russian cities and Germany (P<0.05),
? - significant differences in antigen frequency between Russian cities (P<0.05),
*- the data is provided for broad specificities, due to the incomplete nature of the split analysis data obtained

from all the participating laboratories.
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Figure 3. Mumber of differences in lrequencies of HLA-antigens between the
donors from Russian vegions and St. Petershurg
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population with respect to their nationality, since this region is
inhabited by Russians, as well as Ukrainians, Armenians, Greeks,
etc. However, their immunogenetic features tend to be more
similar to other representatives of the Russian Republican Register
than to the German population. As seen in Table 3, containing a
synopsis of 10 most common haplotypes, the A2-B7 haplotype
is encountered most often in St. Petersburg, as well as in Rostov-

upon-Don and Kirov. In Nizhny Novgorod, however, it holds 2nd
position, whereas in Samara Region, a European A1-B8 haplotype
is clearly prevalent (Fig. 4).

This data confirms the need for an urgent expansion of the Russian
Register for potential HSC donors, since the probability of finding
a donor for Russian patients becomes sufficiently higher when the
search is performed in a regional Registry. Taking into account the
significant rate of current migration to Germany, a closer working
cooperation would be desirable between the Russian and German
Registries.

Discussion

HLA polymorphism has evolved since the very origin of human
beings. Its evolution was influenced by many factors, as the
immune system has undergone its development for effective
protection against the invasion of potential pathogens, i.e., from
viruses to pathogenic worms.

The ability for a rapid response to single pathogens is mediated
by the adaptive immune system, including an appropriate scale of
host responses provided by the HLA molecules, together with T
and B cell receptors. The type of pathogens existing in the various
geographic regions inhabited by different human populations

Table 3. Relative frequency of HLA haplotypes in various regions of Russia and Germany

Haplotype Pe tef;)urg Germany | Samara | Kirov l;;s::i‘ll)_on EZZJ;:));O d
A2-B7 4.25 3.67 2.99 4.02 4.10 3.39
A2-B35 3.44 1.32 1.45 2.53 1.83 3.30
A3-B7 3.31 5.73 3.15 3.10 2.78 2.47
A2-B44 3.08 4.65 1.64 3.37 2.55 3.92
A3-B35 2.78 3.02 1.88 2.87 1.23 2.28
A2-B18 2.32 1.27 1.46 1.56 2.37 2.05
A24-B7 1.99 1.34 2.14 2.54 1.63 1.37
A2-B62 1.88 4.23 1.27 2.02 1.65 1.51
A1-B8 1.83 8.29 4.38 1.08 2.18 1.32
A2-B27 1.83 1.87 1.97 2.60 1.63 1.99
A2-B13 1.79 1.17 2.04 2.79 3.09 1.68
A2-B51 1.75 2.04 2.11 1.85 1.91 1.71

A24-B44 1.15 1.12 0.68 1.80 0.83 1.21
A25-B18 1.11 1.46 1.19 0.61 0.92 0.57
Al1-B35 0.13 1.86 1.05 1.26 0.28 0.82
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may determine the selection of specific HLA gene products. Gene
conversions, i.e., substitutions of existing nucleotide sequences
of HLA genes with short segments from other HLA alleles
or loci within the HLA complex, comprise the main source of
biodiversity created within relatively short timelines (e.g., several
centuries). This process reconstitutes an HLA gene repertoire
for effective protection against pathogens that exist in steadily
renewing environment.

Hence, the combined set of HLA gene products expressed in each
human population is, mainly, a result of interactions with the
flora and animals of the region inhabited by the population over
centuries and millennia. Some cases of linkage disequilibrium
observed with certain HLA genes reflect evolutionary advantages
of appropriate gene-gene interactions.

A history of people inhabiting the region comprises the second
important factor that determines the divergence of genetic features
between the populations (the so-called ,,ancestor effect™). For
example, A1-B8 is the most common haplotype in the German
Registry. As suggested by G. Rodey [9], this genetic feature could
be traced back to the Goths and ancient German tribes, whereas
the A2-B7 haplotype (the most common in the St. Petersburg
Registry) is typical for Vikings. This assumption seems quite
probable, due to the close relations between North-Western Slaves
and Vikings. The increased frequency of the A1, B8 haplotype
in Samara may be due to the mass migration of Germans to the
Volga Region, which has taken place since the times of Catherine
the Great of Russia in XVIII century (Fig. 4).

As far as the broad phenotypic diversity that is characteristic of the
Russian population is concerned, this could be directly connected
with the vast habitation areas of Russian people and sharing these
territories with other national groups.

Summarizing the above results, we may state that a search for
donors for recipients living in other regions is associated with
significant difficulties, irrespective of the Register size. However,
such a search would be facilitated if the donor and the recipient
originate from the same region.

Conclusions

1. When performing a comparative analysis of St. Petersburg and
German Registries with other regional Russian Registries, we
have revealed certain differences in frequencies of HLA genes
and haplotypes (A and B loci).

2. The probability of a successful search for a histocompatible
HSC donor is higher for a Registry in the country of recipients’
origin.

3. There is a need for the urgent expansion of the Russian HSC
Donor Registry.

4. International cooperation between the Registries is necessary,
especially when searching for donors for migrants from
abroad.
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Pe3ome

[omumopdusm renetndeckoit cuctemsl HLA HMCKITIOYUTETHHO BBICOK, TOITOMY TOHCK JABYX
MHIMBUAYYMOB, 00JaAaf0MNX WACHTHYHBIMU T€HETHUYECKUMH XapaKTEePUCTUKaMH, CBSI3aH
CO 3HAUYUTENBHBIMU TPYAHOCTSIMU. B TO ke Bpems, yclex TPAHCIUIAHTALUH aJJIOTEHHBIX
HepoactBeHHBIX ['CK mpexkae Bcero cBsizZaH ¢ T€HETHYECKOH OJIM30CTBIO PElUITHEHTa
u JoHOpa. PecnmyOnmMKaHCKUN pETHCTpP, OOBEAWHSIONMN 0a3bl MaHHBIX, COMCPIKAIINX
CBEJICHUS O THUINHMPOBaHHBIX JoHOpax Poccuiickoro u Kuposckoro HHUU remaronoruu
1 TpaHC(Y3HONOTHH, CTaHIMHA mepenwBaHug KpoBu Hmxuero Hosropoma, PocroBa-na-
Hony, Camapsl, IlepBoypanbcka B T€4eHHE HECKOJIBKHX JIET COTPYAHHUYAET C HEMEUKUM
peructpom Credana Mopima, OCymIECTBISISI B3aWMHBIA TOWUCK JOHOPOB JJISI OOJNBHBIX
remobuiactozamu. [Ipu muccienoBaHny yCTaHOBIIEHO, YTO HanOoJiee BEIPaKEHHBIE Pa3TudIus
KaK YacTOT BCTPEYAEMOCTH OTIENIBHBIX AHTHUTCHOB, TaK W TaIUIOTHUIOB, OOHAPYXEHBI
MexAy mnpeactaButenamu Peructpa I'epmanmm m Pecnybnukanckoro Pernctpa B 1iemom.
HawnbGonee 6mu3kuMu ApyT APYTy TEHETHUYECKUMH XapaKTEPUCTUKAMH O0JalaroT JOHOPHI
Canxkr-IletepOypra nu Huxxnero Hosropona. Jlonopsr CaMapcKkoro peruoHa Mo OTACTbHBIM
XapakTepucTukam Ommke K goHopam lepmanmm, a moHopsl m3 Kuposa obGmagaror
PAIOM TPHU3HAKOB, XapaKTEPHBIX ISl CEBEPHBIX HAPOMOB. DTH JaHHBIE MOATBEPKIAIOT
HEO0OXOIMMOCTh CPOYHOTO pACHIMPEHHUs] Hamero Perucrpa NOTEHIIMATBHBIX JTOHOPOB
I'CK, mockombKy BEpOSTHOCTh HAXOXJCHHS AOHOpa ang kutens Poccnn 3HAYMTENTHHO
YBEITUYNBAETCS, €CIIN TIOMCK OCYIIECTBIISIETCSI B COOCTBEHHOM PErucTpe.

KawueBble cJa0Ba: TeMOIOATHYECKHE KIJIETKH, PETHUCTp moHopoB, HLA, TummpoBanwme,

TCHOTHUII, TallJIOTUII, aJIJIOT€HHAs TPaHCIIJIAaHTAllusA T'EMOMNO3THYCCKUX KIIETOK, PETUOHBI
Poccumn, I'epmanus
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