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Aim: determination of alleles of HLA genes associated with autoimmune hepatitis (AIH) and overlap syndrome (OS)

in the Russian population.

Materials and methods. The study included 160 adult patients with a verified diagnosis of AIH or OS. The control

group consisted of 320 conditionally healthy participants. A custom NGS panel was used to type the alleles of the

HLA class | and Il genes. The statistical analysis was carried out using Pearson’s 2 test with multiple FDR correction

(p < 0.05). Alogistic regression model was used to evaluate HLA alleles as predictors of the disease.

Results. Alleles and haplotypes which frequencies have statistically significant difference in the study and control

groups were identified. In the study group, alleles HLA-A*01:01:01 (OR=2.15; 95 % CI: 1.43-3.23), HLA-B*08:01:01

(OR=23.88;95 % Cl: 2.10-5.44), HLA-C*07:01:01 (OR = 1.90; 95 % CI: 1.30-2.78), HLA-DPB1*01:01:01 (OR = 3.22;

95 % Cl: 1.58-6.55), DQB1*02:01:01 (OR = 3.11; 95 % CI: 2.06-4.70), HLA-DRB1*03:01:01 (OR = 3.03; 95 % ClI:

2.02-4.55) were more common. Frequency of occurrence of the DQB1*03:01:01 allele in the study group was lower
than in the control group (OR = 0.49; 95 % CI: 0.34-0.71). A logistic regression model was built, which was charac-
terized by an accuracy of 0.688, a sensitivity of 0.487, and a specificity of 0.887.

Conclusion. Alleles and haplotypes of HLA genes associated with AIH and OS were identified in a representative

sample of the Russian population.
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BcTtpeyaemocTtb annenei redos HLA-A/B/C/DPB1/DQB1/DRB1

npu ayTromMmmMyHHOM renatTute (pesyn bTaTbl OAHOLUEHTPOBOIo Mccnenoaanz)

M.[. Yaubiwes'™, tO.I. Cangnep?, H.B. Bnacenko', H.A. BoayHoBa?, A.l. ThyuwieHko', A.C. Yerogapb?, A.B. Beixoguesa',

E.B. BuHHuukas?, K.®. Xadpuszos', B.I. AKUMKUH'

" ®BYH «l{eHTpasibHbIii Hay4HO-UCCeA0BaTEbCKUI UHCTUTYT anvaemuoiorun» denepasbHovi ciyx6bl Mo Haa3opy B chepe
3aLnThl NpaB rnoTpebutenei n 6aarornony4us yenoseka, Mocksa, Poccurickas Penepauusi

2 BY3 «MoCKOBCKUIA KIIMHUYECKMNI HayYHO-MpakTudeckuii ueHTp um. A.C. JloruHoBa» [JenaptamMmeHTa 34paBooXpaHeHus
ropoaa Mocksbi, MockBa, Poccuiickasi enepavms

Llenb paGoTbl: onpeaeneHve annenei reHos HLA, accouMmMpoBaHHbIX C ayTOMMMYHHbIM renatutomM (AU n nepe-
KPEeCTHbIM cuHapomoM (IMC), B pocCMNCKON NONyNsaLnn.

MaTtepuansbi u metoapl. ViccnenosaHuve Bkatodano 160 B3pocbix MAUUMEHTOB C BEPUPULMPOBAHHLIM OMArHO30M
AUT nnn MNC. KoHTponbHaga rpynna — 320 yCcnoBHO 300POBbIX YHAaCTHUKOB. [Ans TMnMpoBaHus annenen reHos HLA
knacca | n Il ncnonb3oBanun paspadboTaHHyio Hamu naHenb NGS. CTaTUCTMYeCKnin aHanu3 NPoBOAMIICS C UCMOJb-
30BaHNeM kpuTepus cornacus NMupcoHa y? ¢ MHOXeCTBEHHOW nonpaekon FDR npu ncxogHom 3agaHHom p < 0,05.
[ns oueHkn annenein HLA kak NpeankTopoB 3ab0/1eBaHUs NPUMEHSIACh MOAESb NOrMCTUYECKOWN PEFPECCUN.
Pe3ynbraTbl. Bbiin onpeneneHbl anaeny 1 ranioTunbl, YacToTa BCTPEYAEMOCTM KOTOPbIX CTAaTUCTUYECKU O0C-
TOBEPHO pasnuyanacb B UCCNEQYEMON 1 KOHTPONLHOW rpynnax. B uccnegyemown rpynne yawie BCTPEYanuCb an-
nenun HLA-A*01:01:01 (O = 2,15; 95 % OWN: 1,43-3,23), HLA-B*08:01:01 (O = 3,38; 95 % AU: 2,10-5,44),
HLA-C*07:01:01 (O = 1,90; 95 % AW: 1,30-2,78), HLA-DPB1*01:01:01 (OLW = 3,22; 95 % AOWN: 1,58-6,55),
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DQB1*02:01:01 (OLU = 3,11; 95 % AW: 2,06-4,70), HLA-DRB1*03:01:01 (OLL = 3,03; 95 % OW: 2,02—-4,55). YacTo-
Ta BcTpeyaemocTu annens DQB1*03:01:01 B uccnegyemoit rpynne Obiia HUXe, Yem B KOHTpoJibHOW (OLL = 0,49;
95 % OW: 0,34-0,71). Bbina nocTpoeHa Moaesb OrMCTUYECKON PErpPeccum, KoTtopas xapakTepnsoBasacb TOHHO-
cTbio 0,688, yyBcTBUTENBLHOCTLIO 0,487, cneunduyHocTbio 0,887.

BbeiBOAbI. Ha penpeseHTaTBHOMN BLIOOPKE POCCUIACKOM MOMyAs\LmMn Obinv onpeaeneHbl anienm U ranioTunbl reHoB

HLA, accoummpoBaHHbie ¢ AUT n TC.

KnioueBble cnoBa: ayTOMMMYHHbIN FENATUT, YeJIOBEYECKUIA NenkouuTapHbin aHTureH, HLA | v Il knacca, annenu,

rariotTun

KoHdnukT uHTEepecoB: aBTopbl 3as8BASI0OT 06 OTCYTCTBUN KOHMINKTA UHTEPECOB.

Ana uutupoBanua: Yauoiwes M.A., Cangnep tO.I., Bnacerko H.B., bogyHoBa H.A., MmyweHko A.T., Yerogapb A.C., Beixogue-
Ba A.B., BuHHuukas E.B., Xadpunsos K.d., AkumkuH B.T. BcTpeyaemocTs anneneii reHoB HLA-A/B/C/DPB1/DQB1/DRB1 npu ayTo-
VMMYHHOM renatmute (pesynsratbl OOHOLLEHTPOBOIo NCCNefoBaHus). POCCUNCKNA XypHan racTpoO3HTEPONOrnm, renatosiorum, Ko-
nonpoktosorumn. 2025;35(2):105-118. https://doi.org/10.22416/1382-4376-2025-35-2-105-118

Introduction

Autoimmune diseases represent a broad group
of pathological conditions characterized by the
immune system’s loss of tolerance to self-antigens
and tissues. Autoimmune hepatitis (AIH) is one
such disorder. In general, autoimmune liver dis-
eases are relatively rare. According to a meta-ana-
lysis by J.W. Hahn et al. (2023), the global pooled
incidence and prevalence of ATH are 1.28 cases per
100,000 population per year and 15.65 cases per
100,000 population, respectively [1]. Specifically,
the incidence of ATH is reported to be 1.68 cases
per 100,000 population per year in Denmark [2]
and 4 cases per 100,000 per year in the United
States [3]. Notably, the global prevalence of ATH
is steadily increasing, affecting individuals across
all age groups from pediatric to elderly. The dis-
ease exhibits a marked female predominance, with
a female-to-male ratio averaging 4 : 1 [4—6]. The
etiology of ATH remains incompletely understood;
however, genetic predisposition, environmental
factors, infections, and pharmacological agents
are presumed to play significant roles in disease
development [7, 8].

One of the key diagnostic markers of AIH is
the presence of autoantibodies (AAbs). Although
the International Autoimmune Hepatitis Group
has not endorsed classifying ATH based on auto-
antibody profiles [9], historically, patients have
been categorized into type 1 and type 2 ATH ac-
cording to their serological profiles. Type 1 ATH
is associated with positivity for antinuclear anti-
bodies (ANA) and/or smooth muscle antibodies
(SMA). Type 2 AIH, which is significantly less
common, is defined by the presence of circulating
anti-liver kidney microsomal type 1 antibodies (an-
ti-LKM1), anti-LKM3, and/or anti-liver cytosol
type 1 antibodies (anti-LC1) [10]. Among adult
patients, neither the autoantibody titer nor profile
at disease onset or during therapy reliably reflects
disease severity or prognosis [11]. Multiple au-
toantibodies may coexist in a single patient, and

their spectrum can evolve over time; specific an-
tibodies may disappear and be replaced by oth-
ers. The loss of autoantibodies may correlate with
improvements in laboratory and histological ac-
tivity markers but does not reliably predict ther-
apeutic success [12]. In genetically predisposed
individuals, ATH may be accompanied by autoim-
mune-mediated bile duct destruction, resulting in
a mixed clinical phenotype of ATH and primary
biliary cholangitis (PBC). The coexistence of two
autoimmune liver diseases in a single patient is
referred to as autoimmune overlap syndrome (OS),
or a variant form of AIH with PBC features (ATH/
PBC). This condition is considered a distinct hy-
brid form or atypical ATH phenotype, character-
ized by the presence of laboratory, immunological,
and/or histological features of PBC in addition
to the clinical and morphological picture of ATH.
Identifying OS phenotypes is clinically significant,
as these patients often require combination thera-
py including both immunosuppressive agents and
ursodeoxycholic acid (UDCA), which may result
in more favorable biochemical and histological
outcomes [13, 14].

Among genetic factors, the greatest focus has
been on HLA genes, which encode components
of the major histocompatibility complex (MHC).
These genes, located on chromosome 6, exhibit high
polymorphism. Numerous studies have demon-
strated associations between specific HLA alleles
and haplotypes with various diseases, including
autoimmune disorders [15, 16]. Associations be-
tween HLA alleles and AIH susceptibility have
been established, with considerable inter-popu-
lation variation in risk and protective alleles. In
North American and Danish populations, ATH
has been linked to HLA-DRB1*03:01 and HLA-
DRB1*04:01 [17, 18]. HLA-DRB1*04:01 has
also been identified as a high-risk allele in the
Japanese population [19]. In Argentine cohorts,
HLA-DRB1*04:05 and HLA-DRB1*13:01 were
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found to be high-risk alleles, whereas HLA-
DRB1*13:02 was associated with reduced risk [20].
DRB1*08:02 and DRB1*08:03 have been associat-
ed with increased risk in Japan; DRB1*04:05 —
in Korea; DRB1*13 and DRB1*14 — in Pakistan;
and DRB1*04:05, DRB1¥13:01, DQB1*02, and
DOB1*06:03 — in Latin America [8]. Among
Chinese ATH patients positive for anti-SLA/LP anti-
bodies, elevated frequencies of B¥35:01 and C*08:01
alleles have been reported [21]. To our knowledge,
only one study investigating ATH and HLA has been
published in Russia. This study included 54 patients
with autoimmune liver diseases (18 with AIH and
14 with OS) and 100 control samples. It reported an
increased frequency of HLA-A*24, B*27, DRB1*04,
DOB1*02:01, and DQB1*03:02 alleles in ATH pa-
tients, and B*35, DRB1*14, and DOB1*06:03 in
patients with OS [22].

It should be noted that most of the afore-
mentioned HLA studies employed serological or
PCR-based methods, which are considered less
precise [23]. The only Russian study involved a
very limited ATH patient sample. We developed
an NGS-based panel for rapid and reliable typing
of HLA-A/B/C/DPB1/DQB1/DRB1 alleles
and determined their frequencies in 160 patients
samples with ATH or OS, and 320 control samples.

Materials and methods

Patients

The study group included 160 adult patients
with ATH (n = 124) and PS (n = 36), predomi-
nantly women (91 %). The general characteristics
of the patients are presented in Table 1.

The diagnosis was established according to the
simplified diagnostic criteria [24]. All patients un-
derwent liver biopsy with histopathological veri-
fication. The study also included 36 patients with
overlap syndrome (AIH with features of PBC),
who, in addition to the clinical, immunological,
and morphological features of AIH (elevated 1gG
levels, presence of autoantibodies typical of ATH
such as ANA, ASMA, SLA/LP, LKM-1, LC-1,
and interface hepatitis with lymphoplasmacyt-
ic infiltration and moderate or high histological
activity), also exhibited certain features charac-
teristic of PBC. Among these patients, 15 out of
36 tested positive for PBC-specific autoantibodies
(AMA or sp100, gp210), 20 out of 36 had alka-
line phosphatase (ALP) levels ranging from 1.5
to 3.0 times the upper limit of normal, and 17
out of 36 showed mild histological signs of bile
duct injury. All patients received immunosuppres-
sive therapy (IST): systemic glucocorticosteroids
(topical forms were used less frequently, n = 14)
and azathioprine. Patients with AIH/PBC also

received ursodeoxycholic acid (UDCA) as part of
combination therapy.

The control group consisted of 320 conditional-
ly healthy adult participants. Figure 1 presents the
age and sex distribution of the study and control
groups. The Mann — Whitney U test was used
to compare the groups. There were no statistically
significant differences in age (p < 0.05) between
the study and control groups, either when strati-
fied by sex (females: p = 0.54; males: p = 0.81) or
when considered as a whole (p = 0.6).

HLA sequencing

Genomic DNA was extracted from peripher-
al blood samples using the “RIBO-prep” reagent
kit (AmpliSens, Russia). DNA concentration
was measured with the Quantum kit (Evrogen,
Russia). Exons of the HLA-A/B/C/DPB1/
DQB1/DRB1 genes were amplified using a cus-
tom-designed primer panel. Multiplex PCR ampli-
fication was performed in two separate reactions,
each containing 10 ng of template DNA, 10 pL of
PCR-mix-2-blue (AmpliSens, Russia), 1.4 pL of
4.4 mM dNTP mix (AmpliSens, Russia), primers,
and sterile water to a final volume of 25 uL.. The
PCR conditions were as follows: 1) initial dena-
turation at 95 °C for 3 minutes; 2) 16 cycles of am-
plification: 95 °C for 30 seconds; 55 °C for 30 sec-
onds; and 72 °C for 20 seconds; 3) final extension
at 72 °C for 3 minutes. Pooled PCR products
were purified using AMPure XP magnetic beads
(Beckman Coulter, USA) at a bead-to-sample ratio
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Age sex distribution
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Figure 1. Age and gender diagram of the study
(n = 160; 145 women and 15 men) and control
(n = 320; 290 women and 30 men) groups

Pucynox 1. TlosoBo3pactHast JuarpaMma nccjerye-
Moit (n = 160; 145 sxeHmmH u 15 My>KUnH) U KOHTPOJIb-
Hoit (n = 320; 290 skerH u 30 My>KUMH) TPYIIIT
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Table 1. Overall characteristics of patients
Tabauua 1. O61ast XapaKTEPUCTHKA HAIUEHTOB

Characteristics
Xapaxmepucmuxa

Patients included
in the study

Bx.arouennoie nauueHmosl

n=160

Demographics / [emoepapuueckue dannvie

Age, years / Bospacm, aiem; Me (IQR)

51.0 (36.0—60.0)

Women; n (%) / Kenwunwv,, n (%)

145 (91 %)

BMI / HMT; Me (IQR)

25.0 (20.5—27.0)

Biochemical parameters / Buoxumuueckue noxazamenu, Me (IQR)

Alanine aminotransferase, U/L / Aaanunamunompanceepasa, EO./ n

610.0 (260—1100)

Aspartate aminotransferase, U/L / Acnapmamamunompancgepasa, EJ./n

450.0 (190.0—965.0)

Gamma-glutamyltranspeptidase, U/L
Tanma-zaymanunsmpancnenmudasa, Eo./n

83.0 (39.0—175.0)

Total bilirubin, umol /L / O6wuii 6urupybun, mxmonv,/ n

19.7 (14.0—49.0)

Alkaline phosphatase, U/L / II[exounas ¢ocghamasa, EQ./ 1

121 (105—230)

Immunoglobulin G, g/L / Humynozrobyiun G, 2/ 1

21.5 (17.0—29.0)

Presence of antibodies / Haauuue anmumen

AymouMMyHHblﬂ zenamum € nPU3HAKAMU NepeudHozo 6ufludeOZO XojaaHeuma

ANA, n 159,160
ASMA, n 33/139
LKM-1, n 9/130
AMA / sp100, gp210, n 15/160
Seronegative, n / Ceponezamusnuie, n 1,/160
Morphological verification, n (%) / Mopghoaozuuecras sepugpuxauus, n (%)

Autoimmune hepatitis / Aymoummymnmnoul zenamum 125 (78.1)
Autoimmune hepatitis with signs of primary biliary cholangitis 25 (21.9)

Histological features: activity and fibrosis (according to METAVIR)
T'ucmonozuueckue npusnaxu: axmuenocmo u ¢uoépos (no METAVIR)

FO, n (%)

18 (11.2 %)

F, n (%) 36 (22.5 %)
F2, n (%) 30 (18.8 %)
F3, n (%) 39 (24.4 %)
F4, n (%) 37 (23.1 %)

Severe fibrosis > F3, n (%) / Taxenvui ¢puépos > F3, n (%)

76 (47.5 %)

Liver cirrhosis F4, n (%) / [uppos neuenu F4, n (%)

37 (23.1 %)

A0, n (%) 00 %)
Al, n (%) 41 (25.6 %)
A2, n (%) 60 (37.5 %)
A3, n (%) 59 (36.9 %)
Activity > A2, n (%) / Axmusnocmo > A2, n (%) 119 (74.4 %)
Presence of immune-mediated diseases, n (%) 64 (40 %)
Hanuuue ummynoonocpedosannvix 3abonesanui, n (%) °
Autoimmune thyroid diseases, n
. 21 / 64
Aymoummynnvle 3a601e6anuUs WUMOBUOHOU Keae3bl, I
Autoimmune connective tissue disease, n
U . 15 / 64
YmoumMmynHoe 3aboaesanue coeouHUmeHol MKaAnu, n
Inflammatory bowel diseases, n / Bocnaiumenvnvie 3a001e6anus Kuueunukd, n 10 / 64
Others, n / Apyeue, n 18 / 64

Note: F — stage of fibrosis according to the METAVIR scale; A — degree of histological activity according to the METAVIR scale.
IIpumeuanue: F — cmadus ¢u6po3a no wxanre METAVIR; A — cmenenv zucmosiozuuecxkou axmuenocmu no wxaie METAVIR.
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of 0.8:1, with an elution volume of 15 uL.. PCR in-
dexing was performed in a 25 pL reaction mixture
containing 10 pL of PCR-mix-2-blue (AmpliSens,
Russia), 1.4 pL of 4.4 mM dNTP mix (AmpliSens,
Russia), 5 pL of purified PCR products, sterile
water, and Nextera Illumina index adapters, with
a final primer concentration of 200 nM. The PCR
conditions were as follows: 1) denaturation at
95 °C for 1 minute; 2) 25 cycles of amplification:
95 °C for 20 seconds; 55 °C for 30 seconds; and
72 °C for 20 seconds; 3) final extension at 72 °C
for 3 minutes. PCR products were visualized via
electrophoresis in a 1.7 % agarose gel. Indexed
libraries were pooled and purified using AMPure
XP magnetic beads (Beckman Coulter, USA) at a
bead-to-sample ratio of 0.8 : 1. The concentration of
the purified library was measured using the Qubit
dsDNA HS Assay Kit and Qubit 4.0 fluorometer
(Invitrogen, USA). High-throughput sequencing
was performed on the Tllumina MiSeq platform
using the MiSeq Reagent Kit v3 (600 cycles).

Bioinformatics: HLA allele typing

Sequencing data quality was assessed using
FastQC. Adapter sequences were removed with
Trimmomatic, and primer sequences were trimmed
using Cutadapt. Bowtie2 was used to align the
reads to the reference genome. Allele typing was
performed using the SpecHLA software [25].
SpecHLA results were further validated using a
custom Python script.

Statistics

All statistical analyses were conducted in the
Python programming environment using the Numpy,
Pandas, SciPy, and Stats libraries. Data visualiza-
tion was carried out with Seaborn and Matplotlib.
Pearson’s chi-squared test was used to compare al-
lele and haplotype frequencies. Multiple compari-
sons were corrected using the false discovery rate
(FDR) method; p-values with FDR < 0.05 were
considered statistically significant.

Results

Frequency of HLA alleles

Initially, we analyzed the frequency of in-
dividual HLA alleles in the study and control
groups. The results are shown in Figures 2—7.
The HLA-A*01:01:01 allele was significantly more
frequent in the study group (OR = 2.15; 95 % CI:
1.43-3.23; pype = 0.0128), with a more pro-
nounced effect in patients with AIH than those
with OS. The frequency of HLA-B*08:01:01 was
also significantly higher in the study group com-
pared to the control group (OR = 3.38; 95 % CI:
2.10—-5.44; p., < 0.01). HLA-B*08:01:01 was
equally prevalent among patients with both
ATH and OS. The HLA-C*07:01:01 allele was
significantly more frequent in the study group
(OR = 1.90; 95 % CI: 1.30—2.78; p,,, = 0.0391),
again with a more pronounced effect in patients
with ATH. The frequency of HLA-DPB1*01:01:01
was significantly higher in the study group
(OR = 3.22; 95 % CI: 1.58—6.55; pp,, = 0.0433),
with a stronger effect in patients with ATH than
OS. The frequency of the DQB1¥02:01:01 allele
was increased in the study group compared to
the control group (OR = 3.11; 95 % CI: 2.06—
4.70; pope < 0.01), with this allele being equal-
ly common among patients with AIH and OS.
Conversely, the frequency of the DQB1*03:01:01
allele was reduced in the study group (OR = 0.49;
95 % CI: 0.34—0.71; p,,, = 0.0083). The HLA-
DRB1*03:01:01 allele was significantly more fre-
quent in the study group compared to controls
(OR = 3.03; 95 % CI: 2.02—4.55; pype < 0.01)
and was equally distributed among AIH and OS
patients. Overall, we observed no significant
sex-related differences in HLA allele frequencies.
The described findings are presented in Table 2.

HLA haplotype frequencies were also analyzed
in the study and control groups. Considering that

Table 2. Alleles of HLA genes, which occurrence differs in the study and control groups (p,,, <0.05)
Ta6auua 2. Annenn renoB HLA, BCTpedaeMOCTb KOTOPBIX PA3JinYaeTcsi B UCCIEAYEMON U KOHTPOJIb-

Hoii rpynmax (p,,, < 0,05)

Study group Control group
Allele Hccaedyemas | Konumpoavnas OR (95 % CI)
Aanenw epynna epynna P Pror o1l (95 % AH)
n=160 n =320
A*01:01:01 52 33 0.0003 0.0128 2.15 (1.43; 3.23)
B*08:01:01 47 31 2.791077 2.01 x10°° 3.38 (2.10; 5.44)
C*07:01:01 59 68 0.0011 0.0391 1.90 (1.30; 2.78)
DPB1*01:01:01 20 13 0.0014 0.0433 3.22 (1.58; 6.55)
DQB1%02:01:01 61 45 3.85 x 1078 6.05 x 106 3.11 (2.06; 4.70)
DOB1*03:01:01 44 157 0.0002 0.0083 0.49 (0.34; 0.71)
DRB1*03:01:01 62 47 5.60 x 108 6.05 x 106 3.03 (2.02; 4.55)
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Figure 2. Distribution of HLA-A gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (ATH; 7 = 124) and overlap syndrome (OS; n = 36)
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BKJIIOYAJIA TIAIMEHTOB € MArHOCTHPOBAHHBIM ayToMMMyHHbIM renatutoM (AUT; 7 = 124) u nepekpecTHbIM CHHAPOMOM
(IIC; n = 36)
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Figure 3. Distribution of HLA-B gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (AIH; n = 124) and overlap syndrome (OS; n = 36)

Pucynox 3. Pacnpezenenne amneneii rena HLA-B B ucciemyeMoli 1 KOHTPOJIbHOH Tpymmax. Mccsemyemasi rpymia
BKJIIOYA/Ia TAMEHTOB ¢ JJMArHOCTUPOBAHHBIM ayToMMMyHHBIM renatutoM (AUT; 7 = 124) n nepexpecTHbIM CHHAPOMOM
(IIC; n = 36)
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Figure 4. Distribution of HLA-C gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (AIH; 7 = 124) and overlap syndrome (OS; n = 36)
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Figure 5. Distribution of HLA-DPBT gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (AIH; n = 124) and overlap syndrome (OS; n = 36)

Pucynox 5. Pacnpenenenne amreneit rena HLA-DPB1 B uccremnyeMoii 1 KOHTPOJIbHOI Tpyrmax. Vceaeayemas rpyiia
BKJIIOYA/Ia TAMEHTOB ¢ JMAarHOCTUPOBAHHBIM ayToMMMyHHBIM renatutoM (AUT; 7 = 124) n nepexpecTHbIM CHHAPOMOM
(TIC; n = 36)
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Figure 6. Distribution of HLA-DQBT1 gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (ATH; 7 = 124) and overlap syndrome (OS; n = 36)
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Figure 7. Distribution of HLA-DRB1 gene alleles in the study and control groups. The study group included patients
diagnosed with autoimmune hepatitis (AIH; n = 124) and overlap syndrome (OS; n = 36)

Pucynox 7. Pacupenenenue aieneit rena HLA-DRB1 B ucciemayeMoii 1 KOHTPOJIbHOI Tpyrmax. Vccaeayemas rpyina
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Table 3. Haplotypes of HLA genes, which occurrence differs in the study and control groups

(popy < 0.05)

Ta6auua 3. Tannorunnl reroB HLA, BcTpeuaeMocTh KOTOPBIX pasinyaercsl B UCCJAeyeMON W KOH-
TposIbHOI rpymmax (p,,. < 0,05)

Study group

Control group

Haplotype Hccredyemasn | Konmpoavnas OR (95% CI)
Tanaomun epynna epynna Py Pror oIl (95% AH)
n=160 n =320

gg};ﬁj&g}ﬁ;ﬂ?&gg};%;?()7{:0011:01‘ 32 16 5.66 x 107 | 0.0340 | 4.75 (2.52; 8.96)
/133)113:10*10:(2)-16%2&01:017C*07:01:017 32 16 5.66 x 107 | 0.0075 | 4.75 (2.52; 8.96)
g’g)éﬂgg.g%?&m:01-c*o7:01:01- 32 16 5.66 x 107 | 0.0075 | 4.75 (2.52; 8.96)
?)1‘90113:10*10:3:16?;3%1501%8};03:01;01 33 17 521 x 107 | 0.0075 | 4.63 (2.49; 8.62)
38113:10*16(2);16%2?31%(3)};03:01:01 32 16 5.66 x 107 | 0.0075 | 4.75 (2.52; 8.96)
583:10*168:165B??S)éﬁ};o&m:01 39 21 6.09 x 105 |  0.0040 | 4.59 (2.59; 8.12)
A*01:01:01-B*08:01:01-C*07:01:01 33 19 230 < 10| 0.0081 |4.12 (2.26; 7.51)
/[*)8113:10*10:8,16%?&01:01‘ 33 17 521 x 107 | 0.0022 | 4.63 (2.49; 8.62)
R ot 08:01:01 33 17 521 x 107 | 0.0022 | 4.63 (2.49; 8.62)
348113:10*168,16%27:01:01‘ 32 16 5.66 x 107 | 0.0022 | 4.75 (2.52; 8.96)
R e C 70101 32 16 5.66 x 107 | 0.0022 | 4.75 (2.52; 8.96)
e 34 21 402 % 10| 0.0127 |3.84 (2.15; 6.88)
38%:1()*16(2);6E327:01:01- 39 21 6.09 x 10| 0.0005 | 4.59 (2.59; 8.12)
D b € 00T 39 21 6.09 x 10|  0.0005 |4.59 (2.59; 8.12)
T 46 25 2.61 x 109 | 8.23 x 105 | 4.76 (2.79; 8.11)
8’8173110*1631(;?5131*04:01:01’ 27 15 1.84 x 105 | 0.0484 |4.13 (2.13; 8.01)
C*07:01:01-DPB1*04:01:01- - ,
oot oy 27 15 1.84x 105 | 0.0484 | 4.13 (2.13; 8.01)
C*07:01:01-DOB1*02:01:01- ) .
oL D 42 23 2.00 x 10| 0.0003 | 4.60 (2.65; 7.98)
A*01:01:01-B*08:01:01 34 20 2.04<10°| 0.0016 |4.05 (2.24; 7.30)
A*01:01:01-C*07:01:01 36 % 321 x 10| 0.0175 |3.15 (1.83; 5.41)
A*01:01:01-DOB1*02:01:01 34 21 402 10°| 0.0024 |3.84(2.15; 6.88)
A*01:01:01-DRB1*03:01:01 34 21 402 10°| 0.0024 |3.84(2.15; 6.88)
B*08:01:01-C*07:01:01 40 26 8.64 x 107 | 0.0008 |3.77 (2.20; 6.45)
B*08:01:01-DOB1*02:01:01 46 25 2.61 x 109 | 7.10 x 10°° | 4.76 (2.79; 8.11)
B*08:01:01-DRB1*03:01:01 46 25 2.61 x 109 | 7.10 x 10°° | 4.76 (2.79; 8.11)
C*07:01:01-DOB1*02:01:01 42 23 2.00 x 109 | 2.72 x 10> | 4.60 (2.65; 7.98)
C*07:01:01-DRB1*03:01:01 42 23 2.00 x 10-° | 2.72 x 105 | 4.60 (2.65; 7.98)
DPB1*04:01:01-DOB1*02:01:01 36 28 5.46 x 10| 0.0248 |3.03 (1.77; 5.18)
DPB1*04:01:01-DRB1*03:01:01 36 28 5.46 x 105| 0.0248 |3.03 (1.77; 5.18)
DOB1*02:01:01-DRB1*03:01:01 58 44 2.66 x 108 | 2.90 x 10 |3.57 (2.27; 5.61)
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the alleles HLA-A*01:01:01, HLA-B*08:01:01,
HLA-C*07:01:01, HLA-DQB1*02:01:01, and
HLA-DRB1#*03:01:01 were significantly more
frequent in the study group, haplotypes includ-
ing these alleles were also more frequently ob-
served among participants with AIH and OS.
Additionally, the haplotypes DPB1*04:01:01-
DQB1*02:01:01 and DPB1*04:01:01-DRB1*03:
01:01 were more frequently found in the study
group. Table 3 presents the haplotypes whose
frequencies differed significantly between the
study group and the comparison group.

Logistic regression was used to evaluate HLA
gene alleles as prognostic markers. To balance
the odds, half of the comparison group was
randomly removed, resulting in 160 participants
from both the study and control groups being
included in the analysis. A table was created
indicating the presence or absence of alleles
and haplotypes listed in Tables 2 and 3. The
study participants were evenly divided into
two samples with stratification by disease.
The first group was used to train the logistic
regression model, and the second group was
used for testing. The logistic regression model
yielded the following metrics: accuracy —
0.688, sensitivity — 0.487, specificity — 0.887.
The resulting ROC curve is shown in Figure 8.

Discussion

In this study, we obtained the allele distri-
butions of the HLA-A/B/C/DPB1/DQB1/
DRB1 genes in a representative sample
of patients with AIH/OS, as well as in
conditionally healthy participants. We found a
statistically significant association between the
alleles A*01:01:01, B*08:01:01, and C*07:01:01
with ATH/OS. In most recent studies focused on
HLA and ATH, the alleles of these genes were not
investigated. Interestingly, these alleles were
noted in some earlier studies. The association
between HLA-A1 and HLA-B8 was first reported
by I.R. Mackay and P.J. Morris (1972), and
subsequently observed in several other works
[26—29]. M.D. Strettell et al. (1997) found an
increased frequency of HLA-C*07 in a sample of
87 AIH patients and 100 conditionally healthy
participants from the English population [30].
We also observed that the HLA-DPB1*01:01:01
allele was significantly more frequent in the
study group compared to the control group. To
the best of our knowledge, this observation has
not been reported in other studies. G. Opelz et
al. (1977) found that the DPB1*04 allele was
more characteristic of AIH patients compared
to healthy controls in a Danish population

HLA ROC-kpuBasi
HLA ROC-curve
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Figure 8. ROC-curve of logistic regression built
on the alleles and haplotypes given in Tables 1 and 2;
AUC — area under the curve

Pucynox 8. ROC-kpuBas JOTHCTHYECKON perpec-
CHH, TIOCTPOEHHON HA aJUIEJISIX ¥ TaIyIOTUIIAX, [PUBEIEH-
ubix B Tabmiiax 1 u 2; AUC — 1mwioma/ib noj KpuBoit

(26 alleles in 38 ATH patients and 22 alleles in 91
controls) [28]. In our study, the frequency of
DPB1*04:01:01 was not significantly different
between the study and control groups. The
HLA-DQB1%02:01:01 allele was more common
in the study group than in the control group.
This observation is consistent with findings in
both Russian [22] and UK populations [31].
On the other hand, the DQB1*03:01:01 allele
was statistically significantly more frequent in
the control group, aligning with findings from
the Mexican population by M.N. Viazquez-
Garcia et al. (1998) [32]. The alleles of the
HLA-DRB1 gene are the most commonly
studied in AIH research. In this study, we
found a statistically significant association
between DRB1*03:01:01 and AIH. Tt should
be noted that DRB1*03 is a well-established
risk factor in many populations [29, 31, 33, 34].
According to the literature, the DRB1*04 allele
is also frequently associated with AIH. For
instance, an increased frequency of DRB1*04
has been reported in Russian [22], Mexican
[32], and Indian populations [35]. However,
in this study, the frequency of DRB1*04
alleles did not differ significantly between
the study and control groups. Notably, the
haplotypes DPB1#*04:01:01-DQB1*02:01:01
and DPB1%*04:01:01-DRB1*03:01:01  were
more frequently observed in the study group.
To assess the potential of these alleles/
haplotypes as predictors for ATH, we applied
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a logistic regression model. The model showed
a relatively low accuracy of 0.688, which may
reflect the fact that the development of AIH
and OS could be influenced by multiple factors
beyond HLA genes. The sensitivity of the
model was relatively low (0.487). In general,
low sensitivity of genetic factors in complex
autoimmune diseases is expected, as disease
development clearly depends on a multitude
of factors. For example, it has been shown
that over 90 % of patients with ankylosing
spondylitis carry the HLA-B*27 allele [36],
but only 1—2 % of these allele carriers actually
develop the disease [37]. Despite the low
predictive accuracy, the logistic regression
model in our study demonstrated relatively
high specificity (0.887). Overall, despite
the moderate predictive accuracy, the high
specificity suggests that HLA alleles could be
used to identify individuals at potential risk
for AIH.
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