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ABSTRACT

BACKGROUND: Bullous pemphigoid is known to be an autoimmune, life-threatening blistering skin disorder characterized by
subepidermal blister formation. In bullous pemphigoid activation of B-cell immunity depends on the interaction between T-cell
receptors and classic HLA Il molecules. Similar interrelation has been revealed in a vast variety of studies on severe allergic
reactions such as Stevens-Johnson syndrome and toxic epidermal necrolysis. It was also suggested that Stevens-Johnson
syndrome and toxic epidermal necrolysis might be associated both with HLA | and Il classes.

AIM: To assess the prevalence of HLA-DRB1 and DAB] alleles at a low and high-resolution levels in patients with bullous
pemphigoid and Stevens-Johnson syndrome / toxic epidermal necrolysis.

MATERIALS AND METHODS: 29 Bullous pemphigoid, 14 Stevens-Johnson syndrome / toxic epidermal necrolysis patients and
92 health volunteers were included in the study. HLA-DRBT and DQB] alleles were assessed by polymerase chain reaction
using specific primers.

RESULTS: At a low-resolution level, HLA-DRB1*4 (p <0.02) and DRB1*14 (p <0.0015) alleles were statistically significantly
revealed in bullous pemphigoid patients compared to health controls. Additionally, at the high-resolution level the predisposing
to bullous pemphigoid HLA-DRB1*04:02 allele was also identified (p <0.01). At the low-resolution level of HLA-D@BT typing
we displayed protective and predisposing to bullous pemphigoid alleles HLA-DQB1*1 (p <0.01) and HLA-DQB1*2 (p <0.039)
respectively. At the low-resolution level of HLA-DQBT typing, the chances to obtain DQBT*03:02 allele were 3.71 times higher
compared to healthy volunteers (p <0.01). In patients with Stevens-Johnson syndrome / toxic epidermal necrolysis, HLA-DRB1*4
allele was shown to be predisposing (p <0.03). For all other types of HLA alleles (ORB7 and DABT) at the high-resolution level
no any statistically significant results have been observed in these patients.

CONCLUSION: We identified HLA-DRB1*4, DRB1*14, DRB1*04:02 alleles predisposing to the development of bullous
pemphigoid, with the HLA-DQB1*1 allele being protective for the development of bullous pemphigoid and HLA-DRB1%4 allele
predisposing to the development of severe drug reactions of Stevens-Johnson syndrome / toxic epidermal necrolysis. No any
protective alleles in Stevens-Johnson syndrome / toxic epidermal necrolysis patients were detected.

Keywords: bullous pemphigoid; Stevens—Johnson syndrome; toxic epidermal necrolysis; HLA-DRB1 and DQB1 alleles; HLA
typing; Russian population.
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AHHOTALMSA

O6ocHoBaHMe. bynnésubiii nemMdurons npeactaBnseT coboi TAXENOE ayTOMMMYHHOe 3aboNieBaHMe KOXW M XapaKTepu-
3yeTca GopMMpoBaHUEM cybanuaepManbHbIX My3bipei. M3BecTHO, YTO MMeHHO mpu BynnésHoM nemMduromae akTUBaUmMs
B-KNneToyHoro MMMyHUTETa 3aBMCMT OT B3aMMOJENCTBUA T-KJIETOYHBIX PELENTOPOB C KacCMYecKuMM Mosiekynamu HLA
Il knacca. Moxoas B3aMMOCBA3b BbISBIEHA B Pa3/IMyHbIX UCCIIEA0BAHUAX U MPU TAKENBIX aNNepruyeckux LUTOTOKCUYECKUX
peakuMsAX, TaKuX Kak cuHapoM CTuBeHca—[XKOHCOHA M TOKCMYECKUW anuaepManbHbii HeKponu3. MHorve aBTopbl Npoge-
MOHCTpPMpOBanK, YTo cMHApPoM CTuBeHca—[IKOHCOHA M TOKCUYECKMIA ANUAEPMabHBIA HEKPOSIU3 MOTYT BbITb aCCOLMMPOBaHbI
¢ HLA-annensamu | n Il knaccos.

Lienb uccnepoBaHms — oLeHnUTb YyacToTy pacnpoctpaHeéHHocTu HLA-DRBT v DABT anneneii Ha YpoBHAX HU3KOMO U BbICOKO-
ro paspeLueHus y 6onbHbIX BynnesHbIM neMpuronsoM 1 cuHapoMoM CtuBeHca—[DKOHCOHA / TOKCUMYECKUM 3NMAepManbHbIM
HEKPOJIN30M.

Marepuanbl n MeToAbl. B uccnegoBaHum npuHanm ydactue 29 60nbHbIX BYNne3HbIM neMduronaom, 14 ¢ cuiapoMoM CTueeH-
ca—[])KOHCOHa / TOKCMYECKMM 3nnaepManbHbIM HEKponu3oM 1 92 3a0poBbix aoHopa. HLA-Tunuposanue ana DRBT n DRQAT
MPOBOAMNIOCH C MOMOLLbK NOSIMMEPA3HOi LEMHOM peakLmmn ¢ MPUMEHEHNEM CrielMdUYecKuX npaiMepoB.

Pesynbtatbl. Ha ypoBHe Hu3Koro paspelwenus HLA-DRB1*4 (p <0,02) u DRB1*14 (p <0,005) annenu cTaTUCTUYECKW 3Ha-
YMMO Yalle BbISBASAMC Y 60MbHbIX BYNNE3HBIM NEMPUroMAOM MO CPaBHEHWMKO C FPYMMoM KOHTpons. Ha ypoBHe BbICOKO-
ro paspeLleHus BbIBNIEH Npeapacnonaraowwmii K passutuio bynnésHoro nemouronaa DRBT*04:02 HLA annenb (p <0,01).
Ha ypoBHe Hu3Kkoro paspelueHus no HLA-DQBT obHapyeHbl Takxe NpOTEKTMBHblE W Mpejpacnofaralline K pasBuThio
bynnésHoro nemduronaa annenu HLA-DAB*1 (p <0,01) n HLA-DQBT (p <0,039) cooTBeTCTBEHHO. Ha ypoBHE HU3KOro pas-
pewwenus no HLA-DQBT*1 waHcel y 60/bHBIX 6ynné3HeiM nemMdurongoM nonyuuts DAB1*03:02 annenb 6biam B 3,71 pasa
BbILLIE MO CPABHEHMIO C rPYNMoii 340poBbix AoHOPoB (p <0,01). Y 6onbHbIX cuHapoMoM CtuBeHca—[IXKOHCOHa / TOKCMYECKUM
anuaepManbHbIM HEKPOSIM30M 0bHapyXKeH npeapacrnonaraowwmid K 3abonesanuio annenb HLA-DRB*4 Ha ypoBHe HM3KOro
paspeLuenus (p <0,03). Ins Bcex octanbHbix BuooB HLA-TunmpoBanus no DRBT n DABT Ha ypoBHe BbICOKOTO pa3peLLeHus
y 6onbHbIX cuHApoMoM CTuBeHCa—[XKOHCOHA / TOKCMYECKWUM 3NMAepMalbHbIM HEKPOJIM30M CTaTUCTUYECKU 3HAUMMBIX pe-
3y/bTaToB He 0OHapYHEHO.

3aknouenune. B HaweM uccnepoBaHuu obHapyKeHbl Npegpacnonaralllye K passutuio bynnésHoro neMduronaa annenm
HLA-DRBT1*4, DRB1*14, DRB1*04:02, npw 3ToM annenb HLA-DQB1*1 6bin NpoTEKTUBHBLIM K pa3BuTuto bynnésHoro nemduroun-
Aa, HLA-DRB1*4 — npefapacnonaratlolimM K pasBUTUIO TAXKENbIX IEKapCTBEHHbIX peakumii cuiapoma CtueeHca—[KoHcoHa /
TOKCMYECKOr0 3NMAEpMabHOr0 HeKpom3a. poTeKTUBHBIX annienen He 0bHapyXeHo.

KntoueBble cnoa: 6ynnésHbiii nemdurons; cuuapoM CtueHca—[IKOHCOHA; TOKCMYECKUI 3NMAEpMalibHbIA HEKPOSu3;
HLA-DRBI1 v DQBT annenu; HLA-TMnupoBaHue; poccuicKas nonynsuus.
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DERMATOLOGY

BACKGROUND

Bullous pemphigoid, an autoimmune, life-threatening
blistering skin disease, primarily affects patients aged >60
years and is clinically characterized by the appearance
of subepidermal blisters with a dense cap. In bullous
pemphigoid, autoantibodies interact with the major bullous
pemphigoid antigens located in the basement membrane
region BP180 (non-collagenous domain 16 [NC16A] and
BP230 [plakin family protein]) [1]. HLA alleles of classes |
(HLA-A, HLA-B, and HLA-C), Il (HLA-DR, HLA-DP, and HLA-
DQ), and IIl (complement and cytokine genes) are important
in the development of autoimmune diseases, such as
multiple sclerosis, pemphigus, and diabetes types | and II.
HLA class Il alleles are directly responsible for the regulation
of cellular immunity. Their main function involves binding and
presenting peptide fragments on the cell surface to T- and
natural killer cell receptors [1, 2].

HLA class Il alleles are associated with antibody-
mediated diseases. In bullous pemphigoid, the activation of
antigen-specific B cells and the secretion of IgG antibodies
depend on the interaction between T-cell receptors and
classical HLA class Il molecules [3, 4].

The relationship between HLA class Il alleles and
the development of bullous pemphigoid was identified in
British, German, Chinese, Japanese, and Iranian populations
[5-8]. For example, in the Chinese population, the authors
revealed a higher incidence of the HLA-DQB1*03:01
allele in patients with bullous pemphigoid compared with
healthy donors. In addition, according to the study results,
this allele increased T-cell tropism to various epitopes of
BP180, particularly the BP-NC16A domain, and, therefore,
played a key role in inducing the immune response to
various antigenic domains in the basement membrane
and forming the subepidermal bladder [1]. In the Chinese
population, the DAB1*05:01 and DAB1*10:01 alleles are
significantly more common [1].

Stevens—Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) are severe, drug-induced life-threatening
diseases of an allergic nature and characterized by total
detachment of the epidermis resulting from the activation of
cytotoxic CD8+ T lymphocytes. TEN provokes Fas ligand, which
interacts with Fas receptors on the surface of keratinocytes,
thereby stimulating the activation of a cascade of caspase
enzymes responsible for apoptosis and cell death [9]. These
diseases are quite rare, with incidence ranging from 1.2 to
6 cases per 1 million people per year [10].

Antiepileptic drugs, allopurinol, and some antiviral drugs
(abacavir) have demonstrated their relationship with HLA in
many populations [9].

In general, HLA polymorphism depends on the so-
called antigen-binding groove located in the lower part of
HLA-B*57:01. For example, unchanged abacivir, which is
used to treat HIV infection, binds to this groove and changes
its shape and chemical composition, changing directly
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the repertoire of endogenous peptides capable of binding
HLA-B*57:01 [11, 12].

In 2004, W.H. Chung et al. [13] suggested that genetic
factor plays one of the fundamental roles in SJS and
TEN development, emphasizing the identified strong
relationship between carbamazepine-induced SJS/TEN
and the HLA-B*15:02 allele. The same association was
registered in Korean, Japanese, and European populations
[14-16]. For example, in Taiwan, HLA-B*15:02 screening
reduced the incidence of carbamazepine-induced SJS and
TEN [9]. Interestingly, other studies revealed an association
between the HLA-B*58:01 allele and allopurinol-induced
SJS/TEN in Taiwanese, European, Japanese, Korean, and
Thai populations [9, 14, 15, 17]. In the Russian population,
the incidence of various HLA class Il alleles in patients with
bullous pemphigoid, SJS, and TEN has not been studied.

This study aimed to assess the prevalence of HLA-
DRBT1 and DABT alleles at low- and high-resolution levels in
patients with bullous pemphigoid, SJS, and TEN.

MATERIALS AND METHODS

Study design

In this case—control study, the primary endpoint was the
identification of differences in HLA class Il DRBI and DQB1
alleles in patients with bullous pemphigoid, patients with
SJS/TEN, and healthy donors. This study had no intermediate
endpoints.

Eligibility criteria

The inclusion criteria were as follows: histologically and
immunohistochemically confirmed bullous pemphigoid and
SJS/TEN and age of >18 years.

The exclusion criterion was as follows: patient’s refusal
to participate in the study.

Conditions

The study was conducted at the V.A. Rakhmanov
Department of Skin and Venereal Diseases of the .M. Sechenov
First Moscow State Medical University of the Ministry of Health
of Russia (Sechenov University); Academician P.V. Sergeev
Department of Molecular Pharmacology and Radiobiology of
the N.I. Pirogov Russian National Research Medical University
of the Ministry of Health of Russia; and Blood Center of the
I.M. Sechenov First Moscow State Medical University of the
Ministry of Health of Russia, City Clinical Hospital No. 24 of
the Moscow Healthcare Department.

Study duration
The study covered the period from 2016 to 2023.

Description of medical intervention

The bullous pemphigoid group received an initial dose
of systemic glucocorticoids of 40-60 mg/day, followed by
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its gradual decrease, as well as topical steroids. The SJS/
TEN group received systemic glucocorticoids at a dose of
90-150 mg/day or pulse therapy with methylprednisolone
at a dose of 1000 mg intravenously together with infusion
therapy (potassium chloride + sodium chloride + magnesium
chloride 400.0 mL intravenously), according to clinical
recommendations. Venous blood tests were also performed
to determine HLA alleles using HLA typing and real-time
polymerase chain reaction (PCR).

Study outcomes

Main outcome of the study. A fatal outcome was recorded
in a patient with carbamazepine-induced SJS. However,
no severe complications were registered in the bullous
pemphigoid group. The main outcome of the study was the
identification of differences in the incidence of DRBT and
DABT HLA class Il alleles in the bullous pemphigoid, SJS/
TEN, and healthy donor groups using HLA typing in high and
low resolutions.

Subgroup analysis

In the bullous pemphigoid group, 19 (65.5%) patients
were female, and 10 (34.5%) patients were male. The SJS/
TEN group included 10 women (71.4%) and 4 (28.6%) men
(Fig. 1). SJS/TEN was caused by nonsteroidal inflammatory
drugs in 36% of cases, amotrigine in 29%, and nonsteroidal
aromatase inhibitors, allopurinol, dietary supplements,
carbamazepine, and pantoprazole in 7% each (Fig. 2). The
control group of healthy donors consisted of 40 (43.47%) men
and 52 (56.53%) women (Fig. 1). For all diagnoses without
exception, women predominate among patients, which may
indicate the greater vulnerability of women in these types of
dermatoses.

The average age of the bullous pemphigoid group was
60 (median 59) years. The greatest age range was noted in
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the SJS/TEN group. The youngest and oldest patients were 19
and 92 years old, respectively. On average, all patients were
>40 years (Table 1).

Methods for recording outcomes

A blood sample was obtained from all patients for low-
and high-resolution HLA typing of DRBT and DB alleles. The
incidence of DRBT alleles was estimated at low (HLA DRB1*4,
DRB1*14, DRB1*13, DRB1*11, DRB1*1, DRB1*7, DRB1*15,
DRB1*3, DRB1*16; HLA DQB1*5, HLA DQB1*3, HLA DAB1*6,
and HLA DQB1*2) and high (DRB1*04:02, DRB1*14:05,

DRB1*13:01, DRB1*11:04, DRB1*14:04, DRB1%15:01,
DRB1%04:03, DRB1%07:01, DRB1%01:02, DRB1%13:02,
DRB1%04:04, DRB1*14:01, DRB1%03:01, DRB1*16:01,
DRB1*11:01, DRB1%01:07; DQB1%03:02, DQB1705:03,
DQB1*05:01, DQ@B1*03:01, D@B1*05:02, DQB17*02:01,

DAB1*06:03, DAB1*06:04, DAB1*06:02, and DAB1*02:02)
resolutions. Alleles were registered using the Qiagen QlAamp
DNAMini Kit (Germany). HLA typing for the DRBT and DQB1
alleles was performed using 50 ng DNA extraction and PCR
using specific primers (HISTOTYPE SSP Kits, BAG, Germany;
AllSet+TM Gold SSP Typing Kits, Invitrogen Corp., Madison,
Wi, USA). PCR products were separated by electrophoresis on
a 2% agarose gel and stained with ethidium bromide. Images
obtained were analyzed using HISTO MATCH software.

Ethical considerations

The study was approved by the ethics committee of
Sechenov University (Protocol No. 03-22 of 02/03/2022).

Statistical analysis

Fisher's test was used to compare differences in
the incidence of HLA alleles in sick and healthy donors.
The strength of the association between HLA alleles
and diagnoses was assessed using odds ratios and 95%

56.53
43.47

345 29

Bullous pemphigoid

= Men

SJS/TEN Control group

Women

Fig. 1. Distribution of groups of sick and healthy donors by sex. CC[/T3H — Stevens—Johnson syndrome / toxic epidermal necrolysis.
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NSAIDs
= |Lamotrigine

Nonsteroidal aromatase
inhibitors

= Allopurinol

Fig. 2. Distribution of drugs that
induced Stevens-Johnson syndrome/
toxic epidermal necrolysis (%).

HMNBC — non-steroidal anti-
= Pantoprazole inflammatory drugs; BAL —
biologically active supplement.
Table 1. Distribution of patients by age
Diagnosis Total Min Max Mean Median MST
Bullous pemphigoid 29 23 86 ~60 59 ~19
SJS/TEN 14 19 92 ~45 46,5 ~20

Note. Cko — mean standard deviation. CC[l/T3H — Stevens—Johnson syndrome / toxic epidermal necrolysis.

confidence intervals (chi-square test, x?). Quantitative
indicators are described as mean and median values.
P values were adjusted for multiple comparisons according
to the Benjamini—-Hochberg method.

RESULTS

Objects (participants) of the study

The study enrolled 43 patients with severe autoimmune
skin diseases, including 29 patients with bullous pemphigoid,
14 patients with SJS/TEN, and 92 healthy donors.

Main results of the study

Low-resolution distribution of HLA DRBT1 class Il alleles
in the bullous pemphigoid group. A significant result was
obtained by calculating the values of DRB1*14. The odds
of obtaining a DRB1*14 value at the low-resolution level
in the bullous pemphigoid group was 6.45 times higher
than in the control group (p = 0.0015) (Table 2). A four-fold
higher odds of obtaining DRB1%4 values were registered in
the bullous pemphigoid group compared with the control
group (p < 0.02). Considering a significance level of 5%, the
p-value, and confidence interval, calculated using the ¥ test,
the results were significant (Table 2). For the remaining DRB1
values at the low-resolution level, considering a significance
level of 5%, the results were not significant.

Low-resolution distribution of HLA DRBT1 class Il alleles
in the SJS/TEN group. According to the ¥ test, the DRB1*14

DOl https://doi.org/10.17816/dv625526

allele was significantly more common at the low-resolution
level in the SJS group than in the control group (Table 3).
For the remaining DRBT values at the low-resolution level in
the SJS group, given the significance level of 5%, confidence
interval, and p-value calculated using the ¥ test, the results
were not significant (Table 3).

High-resolution distribution of HLA DRB1 class Il alleles
in the bullous pemphigoid group. At the high-resolution level,
the DRB*04:02 allele was significantly more common in the
bullous pemphigoid group than in the control group (p <
0.01) (Table 4). For other types of DRBI HLA typing at the
high-resolution level, no significant results were revealed
(Table 4).

High-resolution distribution of HLA DRB1 class Il alleles
in the SJS/TEN group. For all types of DRBT HLA typing at the
high-resolution level in this group, no significant result was
obtained at a significance level of 5%, confidence interval,
and p-value calculated using the ¥ test (Table 5).

Low-resolution distribution of HLA DQB] class Il alleles in
the bullous pemphigoid group. At the low-resolution level, the
D@BT1*2 allele was significantly more common in this group
than in the control group (p < 0.039), whereas DAB1*1 was
significantly more common in the control group (33.7%) than
in the bullous pemphigoid group (6.9%) (p < 0.01) (Table 6).
For all other HLA typing values, no significant results were
obtained (Table 6).

Low-resolution distribution of HLA DQB1 class Il alleles in
the SJS/TEN group. For all values of D@BT HLA typing at the
low-resolution level in this group, no significant results were
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Table 2. Distribution of DRBT HLA typing at the low-resolution level for patients diagnosed with bullous pemphigoid and controls

Study participants, n (%)

Statistical processing

DRB1

Patients Control group 0dds ratio (OR) Confidence interval (CI) P
14 9 (31.03) 6 (6.52) 6.45 2.06-20.21 0.0015
4 8 (27.59) 8 (8.70) 4.00 1.34-11.90 0.02
13 3(10.34) 11(11.96) 0.85 0.22-3.28 1
1 3(10.34) 20 (21.74) 0.42 0.11-1.51 0.27
7 2 (6.90) 6 (6.52) 1.06 0.20-5.57 1
1 1(3.45) 9(9.78) 0.33 0.04-2.72 0.49
15 1(3.45) 8 (8.70) 0.38 0.04-3.13 0.59
3 1(3.45) 8 (8.70) 0.38 0.04-3.13 0.59
16 1(3.45) 10(10.87) 0.29 0.04-2.39 0.40

Note. A statistically significant result is highlighted with a bold font.

Table 3. Distribution of DRBT HLA typing at the low-resolution level for patients diagnosed with Stevens—Johnson syndrome/toxic epidermal
necrolysis and controls

Study participants, n (%)

Statistical processing

DRB1

Patients Control group 0dds ratio (OR) Confidence interval (CI) P
14 4 (28.57) 6 (6.52) 5.73 1.38-23.83 0.03
15 3(21.43) 8 (8.70) 2.86 0.66-12.43 0.32
1 2 (14.29) 9 (9.78) 1.54 0.30-7.98 0.96
4 2 (14.29) 8 (8.70) 1.75 0.33-9.24 0.86
12 1(7.14) 6 (6.52) 1.10 0.12-9.91 1
1 1(7.14) 20 (21.74) 0.28 0.03-2.25 0.36
7 1(7.14) 6 (6.52) 1.10 0.12-9.91 1

Note. A statistically significant result is highlighted with a bold font.

Table 4. Distribution of DRBT HLA typing at the high-resolution level for patients diagnosed with bullous pemphigoid and controls

Study participants, n (%)

Statistical processing

DRB1

Patients Control group 0dds ratio (OR) Confidence interval (CI) P
DRB1704:02 7 (8.14) 5 (5.43) 5.54 1.6-19.11 0.01
DRB1%14:04 6 (6.98) 0(0) - - -
DRB1*14:05 3(3.49) 3(3.26) 3.42 0.65-17.98 0.3
DRB1*13:01 3 (3.49) 11(11.96) 0.85 0.22-3.28 1
DRB1707:01 2(2.32) 6 (6.52) 1.06 0.2-5.57 1
DRB1*11:01 2(2.32) 5(5.43) 1.29 0.24-7.02 1
DRB101:01 1(1.16) 6 (6.52) 0.51 0.06-4.44 0.87
DRB1*15:01 1(1.16) 88.7) 0.38 0.04-3.13 0.59
DRB1*04:03 1(1.16) 0(0) - - -
DRB1%11:03 1(1.16) 0(0) - - -

Note. A statistically significant result is highlighted with a bold font.
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Table 5. Distribution of DRBI HLA typing at the high-resolution level for patients diagnosed with Stevens—Johnson syndrome/toxic

epidermal necrolysis and controls

Study participants, n (%)

Statistical processing

DRB1

Patients | Control group 0dds ratio (OR) Confidence interval (CI) p
DRB1*14:04 3(21.43) 0(0) - - -
DRB1*15:01 3(21.43) 8 (8.70) 2.86 0.66-12.43 0.32
DRB1*04:02 2(14.29) 5 (5.43) 2.9 0.51-16.65 0.51
DRB1*14:05 1(7.14) 3 (3.26) 2.28 0.22-23.62 1
DRB1707:01 1(7.14) 6 (6.52) 1.1 0.12-9.91 1
DRB1*01:02 1(7.14) 4 (4.35) 1.69 0.18-16.34 1
DRB1*11:01 1(7.14) 5 (5.43) 1.34 0.14-12.38 1
DRB1%01:01 1(7.14) 6 (6.52) 1.1 0.12-9.91 1

Table 6. Distribution of DAB1 HLA typing at the low-resolution level for patients diagnosed with bullous pemphigoid and controls

DaB1 Study participants, n (%) Statistical processing
Patients | Control group 0dds ratio (OR) Confidence interval (CI) P
2 17 (58.62) 32 (34.78) 2.65 1.13-6.24 0.039
3 9 (31.03) 22 (23.91) 1.43 0.57-3.60 0.6
1 2 (6.90) 31 (33.70) 0.15 0.03-0.65 0.01
4 1(3.45) 7 (7.60%) 0.43 0.05-3.68 0.72

Note. A statistically significant result is highlighted with a bold font.

obtained based on a significance of 5%, confidence interval,
and p-value calculated using the ¥ test (Table 7).

High-resolution distribution of HLA DQB1 class Il alleles
in the bullous pemphigoid group. At the high-resolution level,
the HLA DQB1*03:02 class Il allele was significantly more
common in the bullous pemphigoid group than in the control
group (p < 0.01). For other types of HLA D@BT, no significant
differences were found (Table 8).

High-resolution distribution of HLA DQB1 class Il alleles
in the SJS/TEN group. For all types of DABT HLA typing, no
significant results were registered at the high-resolution
level in the SJS/TEN group (Table 9).

Study limitations

Given the extreme rarity of the dermatoses presented,
a relatively small number of patients were enrolled in this
study, which could have caused a selection bias. Thus, to

eliminate potential errors, multicenter studies on a large
sample of patients (>1000 people) are necessary to confirm
the present results. The case—control design may also be
a limitation.

DISCUSSION

Genetic predisposition and various environmental factors
are important in the onset of many autoimmune diseases.
The major histocompatibility complex (MHC) is a highly
polymorphic locus located on the short arm of chromosome
6 (6p21). MHC is an extremely significant component of the
immune response [1]. Thus, a striking example is bullous
pemphigoid, which is characterized by a loss of tolerance
of the immune response to self-antigens. A certain set
of so-called risk alleles was suggested to induce the
dysregulation of autoimmunity while interacting with as-yet

Table 7. Distribution of DABT HLA typing at the low-resolution level for patients diagnosed with Stevens-Johnson syndrome/toxic epidermal

necrolysis and controls

Study participants, n (%)

Statistical processing

DaB1
Patients | Control group 0dds ratio (OR) Confidence interval (Cl) p
2 7 (50.00) 32 (34.78) 1.875 0.6-5.82 0.42
3 4 (28.57) 2 (23.91) 1.27 0.36-4.46 0.96
1 2 (14.29) 31(33.70) 0.33 0.07-1.56 0.25
4 1(7.14) 7 (7.60) 0.93 0.1-8.22 1
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Table 8. Distribution of DABT HLA typing at the high-resolution level for patients diagnosed with bullous pemphigoid and controls

Study participants, n (%)

Statistical processing

DaB1

Patients | Control group 0dds ratio (OR) Confidence interval (CI) P
DQB1703:02 11 (37.93) 13 (14.13) 3.7 1.43-9.62 0.01
DQB1*05:03 7 (24.14) 10 (10.87) 2.6 0.89-7.64 0.14
DQBT1*05:02 3(10.34) 12 (13.04) 0.77 0.20-2.94 0.95
DQB1706:03 2 (6.90) 7 (7.60) 0.90 0.18-4.59 1
DAB1*05:01 1(3.45) 9(9.78) 0.33 0.04-2.72 0.49
DQBT1*04:02 1(3.45) 2 (2.17) 1.61 0.14-18.39 1
DQB1*02:01 1(3.45) 4 (4.35) 0.79 0.08-7.32 1
DQB1*06:04 1(3.45) 7 (7.60) 0.43 0.05-3.68 0.72
DQB1*06:02 1(3.45) 0(0) - - -
DQB1*02:02 1(3.45) 0(0) - - -

Note. A statistically significant result is highlighted with a bold font.

Table 9. Distribution of DABT HLA typing at the high-resolution level for patients diagnosed with Stevens-Johnson syndrome/toxic

epidermal necrolysis and controls

Study participants, n (%)

Statistical processing

bati Patients Control group 0dds ratio (OR) Confidence interval (CI) P
DQBT1703:02 5(35.71) 13 (14.13) 3.38 0.98-11.67 0.1
D@AB1*05:03 3(21.43) 0(10.87) 2.24 0.53-9.40 0.49
DQBT1+05:02 1(7.14) 2 (13.04) 0.51 0.06-4.28 0.85
DQABT1+06:03 1(7.14) 7 (7.60) 0.93 0.11-8.22 1
DQBT*03:01 1(7.14) 18 (19.57) 0.32 0.04-2.58 0.45
DAB1*02:01 1(7.14) 4 (4.35) 1.69 0.18-16.34 1
DQB1*06:04 1(7.14) 7(7.60) 0.93 0.11-8.22 1
DAB1*02:02 1(7.14) 0(0) - - -

unknown environmental factors, leading to the formation of
autoantibodies and initiation of autoimmune diseases [18].

Thus, HLA class Il alleles are significant risk factors
associated with antibody-mediated diseases. In bullous
pemphigoid, the activation of antigen-specific B cells
and secretion of antibodies depend on the interaction of
T-cell receptors with classical MHC class Il receptors [3].
Many studies have shown that the HLA DQB1703:01 allele
predisposes to the development of bullous pemphigoid in
various populations, including Iranian, German, Chinese,
and American populations [6, 19-21]. In patients with the
HLA-DQB1*03:01 allele, T-cell tropism to various epitopes
of BP180 antigens, particularly the BP180-NC16A domain,
increased. This allele apparently plays one of the key roles
in the presentation of antigens to T cells and activation of the
immune response [19].

Interestingly, the HLA-DQB1*03:02 and HLA-DQB*04:01
alleles were associated with bullous pemphigoid in various
Asian populations, particularly Japanese and Iranian [7,
20]. In this study, in patients with bullous pemphigoid at

DAl https://doiorg/10

low- and high-resolution levels, HLA-DRB1*14, DRB1*4, and
HLA-DRB1*04:02 alleles were significantly more common
(Tables 2 and 4). At the low-resolution level for HLA-DQBT
alleles, the DQBT*2 allele was significantly more common
in these same patients, whereas DAQB1*] can be considered
protective for the Russian population (Table 6). At the high-
resolution level, the HLA-DQB1*03:02 allele was most often
detected in patients with bullous pemphigoid than in healthy
donors, which was consistent with data from studies in Asian
populations (Table 8) [7, 20].

In the Chinese population, the HLA-DRB1*10:01 allele was
associated with bullous pemphigoid, whereas DRB1*07:01
had a protective function [8].

In the Chinese population, H. Fang et al. [1] revealed
a relationship between HLA class | alleles (HLA-A*11:01 and
HLA-B*37:01) and the onset of bullous pemphigoid.

HLA alleles of classes | and Il are also significant in the
development of severe drug-induced allergic reactions. Most
drugs and their metabolites are prohaptens; therefore, they
require certain immunogenicity through covalent binding
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to carrier proteins (hapten antigen). Hapten antigens form
a specific complex with HLA in antigen-presenting cells and
then recognized by T-cell receptors [14, 22-25].

In SJS/TEN, different drug haptens were associated with
different HLA allele variants. For example, in Taiwan, the
HLA-B*15:02 allele in patients with TEN was associated with
the intake of anticonvulsants, particularly carbamazepine
[26]. In addition, a definite association between the
HLA-B*58:01 allele and allopurinol-induced SJS/TEN has
been found in many Asian populations [14-16, 22, 25, 27].
On the contrary, in abacavir-induced SJS, the HLA-B*57:01
allele was detected [28, 29]. HLA-A*11:01 and HLA-B*13:01
alleles are factors increasing the risk of sulfanilamide-
associated SJS and TEN in various Asian populations [30,
31]. However, in some cases, SJS/TEN can be associated
with multiple HLA alleles. For example, phenytoin-induced
SJS/TEN in the Malaysian population was associated not only
with HLA-B*15:02 but also with HLA-B*15:13 alleles, and
HLA-B*15:13 can stimulate the development of phenytoin-
induced DRESS syndrome [32].

In this study, at a low-resolution level, a significant
increase in the incidence of the HLA-DRB1*14 class Il
allele was registered in patients with SJS/TEN (Table 3). No
protective alleles were identified, which may be due to the
insufficiently large sample of patients.

Thus, further data on HLA-DRBT and D@BT class Il alleles
can be considered important differential diagnostic genetic
biomarkers for severe bullous dermatoses in the Russian
population. Considering the results of existing studies on
the influence of HLA on the development of severe bullous
dermatoses in other populations worldwide, the type and
frequency of alleles presented in this study could contribute
to the understanding of the development of the autoimmune
response in these life-threatening diseases and identify
possible similar pathogenetic aspects.

CONCLUSION

For the first time in the Russian population, we were
able to identify DRBT and DQBT alleles characteristic

REFERENCES

1. Fang H, Shen S, Zheng X, et al. Association of HLA class | and
class Il alleles with bullous pemphigoid in Chinese Hans. J Dermatol
Sci. 2018;89(3):258-262. doi: 10.1016/j.jdermsci.2017.11.014

2. Brochado MJ, Nascimento DF, Campos W, et al. Differential
HLA class | and class Il associations in pemphigus foliaceus and
pemphigus vulgaris patients from a prevalent Southeastern Brazilian
region. J Autoimmun. 2016;(72):19-24. doi: 10.1016/] jaut.2016.04.007
3. Zakka LR, Reche P, Ahmed AR, et al. Class Il genes in
the pathogenesis of pemphigoid. Autoimmun Rev. 2011;11(1):40-47.
doi: 10.1016/j.autrev.2011.07.002

4. Hertl M, Eming R, Veldman C. T cell control in autoimmune
bullous skin disorders. J Clin Invest. 2006;116(5):1159-1166.
doi: 10.1172/JCI28547

Vol. 27 (3) 2024

DOl https://doi.org/10.17816/dv625526

Russian journal
of skin and venereal diseases

of bullous pemphigoid and SJS/TEN at high- and low-
resolution levels and detect HLA protective against bullous
pemphigoid. However, major prospective studies in a larger
sample of patients are warranted to estimate the incidence
of other types of HLA alleles, particularly HLA class |
alleles. According to scientific literature, genetic differences
in susceptibility to severe bullous dermatoses persist
across different ethnic groups in patients living outside their
countries of ethnic origin, which emphasizes the importance
of genetic factors in the development of these diseases.
Moreover, detailed studies of the relationships were found
between HLA and autoimmune and/or cytotoxic response of
the immune system to various antigens in these complex
diseases.

ADDITIONAL INFORMATION

Funding source. This study was not supported by any
external sources of funding.

Competing interests. The authors declare that they have no
competing interests.

Authors’ contribution. All authors made a substantial
contribution to the conception of the work, acquisition,
analysis, interpretation of data for the work, drafting
and revising the work, final approval of the version to be
published and agree to be accountable for all aspects of
the work. A.A. Lepekhova — writing an article, literature
review, statistical processing, analysis of study groups;
N.L. Shimanovsky — conducting HLA research methods
in the laboratory (sequencing, polymerase chain reaction),
critical analysis of the study; A.S. Dukhanin — conducting
HLA research methods in the laboratory (sequencing,
polymerase chain reaction), critical analysis of the study,
interpretation and evaluation of the results; N.P. Teplyuk —
critical analysis of the study, observation of patients with
bullous pemphigoid, Stevens—Johnson syndrome / toxic
epidermal necrolysis, evaluation of the results obtained;
A.A. Yudin — critical analysis of the study, management of
bullous pemphigoid and Stevens—Johnson syndrome / toxic
epidermal necrolysis patients.

5. Banfield CC, Wojnarowska F, Allen J, et al. The association of
HLA-DQ7 with bullous pemphigoid is restricted to men. Br J Dermatol.
1998;138(6):1085-1090. doi: 10.1046/}.1365-2133.1998.02350.x

6. Budinger L, Borradori C, Yee R, et al. ldentification and
characterization of autoreactive T cell responses to bullous
pemphigoid antigen 2 in patients and healthy controls. J Clin Invest.
1998;102(12):2082-2089. doi: 10.1172/JCI3335

7. Okazaki S, Miyagawa Y, Yamashina W, et al. Polymorphisms of
HLA-DR and DQ genes in Japanese patients with bullous pemphigoid.
J Dermatol 2000;27(3):149-156. doi: 10.1111/j.1346-8138.2000.tb02141.x
8. Gao XH, Winsey S, Li G, et al. HLA-DR and DQ polymorphisms
in bullous pemphigoid from northern China. Clin Exp Dermatol.
2002;27(4):319-321. doi: 10.1046/}.1365-2230.2002.01037 x

257


https://doi.org/10.1016/j.jdermsci.2017.11.014
https://doi.org/10.1016/j.jaut.2016.04.007
https://doi.org/10.1016/j.autrev.2011.07.002
https://doi.org/10.1172/JCI28547
https://doi.org/10.1046/j.1365-2133.1998.02350.x
https://doi.org/10.1172/JCI3335
https://doi.org/10.1111/j.1346-8138.2000.tb02141.x
https://doi.org/10.1046/j.1365-2230.2002.01037.x

258

JEPMATONOMMA

9. Hasegawa A, Abe R. Recent advances in managing and
understanding Stevens-Johnson syndrome and toxic epidermal
necrolysis. F1000Res. 2020;(9):F1000 Faculty Rev-612.
doi: 10.12688/f1000research.24748.1

10. Hsu DY, Brieva J, Silverberg NB, et al. Morbidity and mortality
of Stevens-Johnson syndrome and toxic epidermal necrolysis in
United States adults. J Invest Dermatol. 2016;136(7):1387-1397.
doi: 10.1016/j.jid.2016.03.023

11. llling PT, Vivian JP, Dudek NL, et al. Immune self-reactivity
triggered by drug-modified HLA-peptide repertoire. Nature.
2012;486(7404):554-558. EDN: RIXWQD doi: 10.1038/nature11147
12. Ostrov DA, Grant BJ, Pompeu YA, et al. Drug hypersensitivity
caused by alteration of the MHC-presented self-peptide repertoire.
Proc Natl Acad Sci USA. 2012;109(25):9959-9964. EDN: PHTRTH
doi: 10.1073/pnas.1207934109

13. Chung WH, Hung SI, Hong HS, et al. Medical genetics: A marker
for Stevens-Johnson syndrome. Nature. 2004;428(6982):486.
doi: 10.1038/428486a

14. Kaniwa N, Saito Y, Aihara M, et al. HLA-B locus in Japanese patients
with anti-epileptics and allopurinol-related Stevens-Johnson syndrome
and toxic epidermal necrolysis. Pharmacogenomics. 2008,9(11):1617-
1622. EDN: NAXNWX doi: 10.2217/14622416.9.11.1617

15. Park HJ, Kim YJ, Kim DH, et al. HLA allele frequencies in
5802 Koreans: Varied allele types associated with SJS/TEN
according to culprit drugs. Yonsei Med J. 2016;57(1):118-126.
doi: 10.3349/ym;}.2016.57.1.118

16. Lonjou C, Borot N, Sekula P, et al. A European study of HLA-B in
Stevens-Johnson syndrome and toxic epidermal necrolysis related to
five high-risk drugs. Pharmacogenet Genomics. 2008;18(2):99-107.
doi: 10.1097/FPC.0b013e3282f3ef9c

17. Alfirevic A, Jorgensen AL, Williamson PR, et al. HLA-B locus
in Caucasian patients with carbamazepine hypersensitivity.
Pharmacogenomics. 2006;7(6):813-818. doi: 10.2217/14622416.7.6.813
18. Raj P, Rai E, Song R, et al. Regulatory polymorphisms modulate
the expression of HLA class Il molecules and promote autoimmunity.
Elife. 2016;(5):212089. EDN: WUSMNT doi: 10.7554/eLife.12089

19. Budinger L, Borradori C, Yee R, et al. Identification and
characterization of autoreactive T cell responses to bullous
pemphigoid antigen 2 in patients and healthy controls. J Clin Invest.
1998;102(12):2082-2089. doi: 10.1172/JCI3335

20. Esmaili N, Mortazavi H, Chams-Davatchi C, et al. Association
between HLA-DQB1*03:01 and bullous pemphigoid in Iranian
patients. Iran J Immunol. 2013;10(1):1-9.

21. Delgado JC, Turbay D, Yunis EJ, et al. A common major
histocompatibility complex class Il allele HLA-DQB1*0301 is

CMUCOK JIUTEPATYPHI

1. Fang H., Shen S, Zheng X, et al. Association of HLA class
| and class Il alleles with bullous pemphigoid in Chinese
Hans // J Dermatol Sci. 2018. Vol. 89, N 3. P. 258-262.
doi: 10.1016/j.jdermsci.2017.11.014

2. Brochado M.J., Nascimento D.F., Campos W., et al. Differential
HLA class | and class Il associations in pemphigus foliaceus and
pemphigus vulgaris patients from a prevalent Southeastern
Brazilian region // J Autoimmun. 2016. N 72. P. 19-24.
doi: 10.1016/j.jaut.2016.04.007

Tom 27,Ne 3, 2024

DOl https://doi.org/10.17816/dv625526

Poccuickmit KypHan
KOMHBIX 1 BEHEPMYECKMX DONe3Hen

present in clinical variants of pemphigoid. Proc Natl Acad Sci USA.
1996;93(16):8569-8571. doi: 10.1073/pnas.93.16.8569

22. Hung SI, Chung WH, Liou LB, et al. HLA-B*5801 allele as
a genetic marker for severe cutaneous adverse reactions caused
by allopurinol. Proc Natl Acad Sci USA. 2005;102(11):4134-4139.
doi: 10.1073/pnas.0409500102

23. Niihara H, Kaneko S, Ito T, et al. HLA-B*58:01 strongly
associates with allopurinol-induced adverse drug reactions in
a Japanese sample population. J Dermatol Sci. 2013;71(2):150-152.
doi: 10.1016/}.jdermsci.2013.04.013

24.Yu KH, Yu CY, Fang YF. Diagnostic utility of HLA-B*5801
screening in severe allopurinol hypersensitivity syndrome:
An updated systematic review and meta-analysis. Int J Rheumn Dis.
2017;20(9):1057-1071. doi: 10.1111/1756-185X.13143

25. Wu R, Cheng YJ, Zhu LL, et al. Impact of HLA-B*58:01 allele
and allopurinol-induced cutaneous adverse drug reactions: Evidence
from 21 pharmacogenetic studies. Oncotarget. 2016;7(49):81870-
81879. doi: 10.18632/oncotarget.13250

26.Chen P, Lin JJ, Lu CS, et al. Carbamazepine-induced toxic
effects and HLA-B*1502 screening in Taiwan. N Engl J Med.
2011;364(12):1126-1133. doi: 10.1056/NEJMoa1009717

27. Jutkowitz E, Dubreuil M, Lu N, et al. The cost-effectiveness of
HLA-B*5801 screening to guide initial urate-lowering therapy for
gout in the United States. Semin Arthritis Rheum. 2017;46(5):594—
600. doi: 10.1016/j.semarthrit.2016.10.009

28. Mallal S, Nolan D, Witt C, et al. Association between presence of
HLA-B*5701, HLA-DR7, and HLA-DQ3 and hypersensitivity to HIV-1
reverse-transcriptase inhibitor abacavir. Lancet. 2002;359(9308):727—
732. doi: 10.1016/s0140-6736(02)07873-x

29. Saag M, Balu R, Phillips E, et al. High sensitivity of human
leukocyte antigen-b*5701 as a marker for immunologically confirmed
abacavir hypersensitivity in white and black patients. Clin Infect Dis.
2008;46(7):1111-1118. doi: 10.1086/529382

30. Nakamura R, Ozeki T, Hirayama N, et al. Association of
HLA-A*11:.01 with sulfonamide-related severe cutaneous adverse
reactions in Japanese patients. J Invest Dermatol. 2020;140(8):1659—
1662.e6. doi: 10.1016/}.jid.2019.12.025

31. Wang CW, Tassaneeyakul W, Chen CB, et al. Whole genome
sequencing identifies genetic variants associated with co-trimoxazole
hypersensitivity in Asians. J Allergy Clin Immunol. 2021;147(4):1402—
1412. doi: 10.1016/}.jaci.2020.08.003

32. Chang CC, Ng CC, Too CL, et al. Association of HLA-B*15:13
and HLA-B*15:02 with phenytoin-induced severe cutaneous
adverse reactions in a Malay population. Pharmacogenomics J.
2017;17(2):170-173. doi: 10.1038/tpj.2016.10

3. Zakka LR, Reche P., Ahmed AR, et al. Class Il genes in the
pathogenesis of pemphigoid // Autoimmun. Rev. 2011. Vol. 11, N 1.
P. 40-47. doi: 10.1016/j.autrev.2011.07.002

4. Hertl M., Eming R., Veldman C. T cell control in autoimmune
bullous skin disorders // J Clin Invest. 2006. Vol. 116, N'5. P. 1159-
1166. doi: 10.1172/JCI28547

5. Banfield C.C., Wojnarowska F., Allen J,, et al. The association of HLA-
DQ7 with bullous pemphigoid is restricted to men // Br J Dermatol. 1998.
Vol. 138, N 6. P. 1085-1090. doi: 10.1046/}.1365-2133.1998.02350.x



https://doi.org/10.1016/j.jdermsci.2017.11.014
https://doi.org/10.1016/j.jaut.2016.04.007
https://doi.org/10.1016/j.autrev.2011.07.002
https://doi.org/10.1172/JCI28547
https://doi.org/10.1046/j.1365-2133.1998.02350.x
https://doi.org/10.12688/f1000research.24748.1
https://doi.org/10.1016/j.jid.2016.03.023
https://elibrary.ru/rixwqd
https://doi.org/10.1038/nature11147
https://elibrary.ru/phtrth
https://doi.org/10.1073/pnas.1207934109
https://doi.org/10.1038/428486a
https://elibrary.ru/naxnwx
https://doi.org/10.2217/14622416.9.11.1617
https://doi.org/10.3349/ymj.2016.57.1.118
https://doi.org/10.1097/FPC.0b013e3282f3ef9c
https://doi.org/10.2217/14622416.7.6.813
https://elibrary.ru/wusmnt
https://doi.org/10.7554/eLife.12089
https://doi.org/10.1172/JCI3335
https://doi.org/10.1073/pnas.93.16.8569
https://doi.org/10.1073/pnas.0409500102
https://doi.org/10.1016/j.jdermsci.2013.04.013
https://doi.org/10.1111/1756-185X.13143
https://doi.org/10.18632/oncotarget.13250
https://doi.org/10.1056/NEJMoa1009717
https://doi.org/10.1016/j.semarthrit.2016.10.009
https://doi.org/10.1016/s0140-6736(02)07873-x
https://doi.org/10.1086/529382
https://doi.org/10.1016/j.jid.2019.12.025
https://doi.org/10.1016/j.jaci.2020.08.003
https://doi.org/10.1038/tpj.2016.10

DERMATOLOGY

6. Budinger L., Borradori C., Yee R, et al. Identification and
characterization of autoreactive T cell responses to bullous
pemphigoid antigen 2 in patients and healthy controls // J Clin Invest.
1998. Vol. 102, N 12. P. 2082-2089. doi: 10.1172/JCI3335

7. Okazaki S., Miyagawa Y., Yamashina W., et al. Polymorphisms
of HLA-DR and DQ genes in Japanese patients with bullous
pemphigoid // J Dermatol. 2000. Vol. 27, N 3. P. 149-156.
doi: 10.1111/}.1346-8138.2000.tb02141.x

8. Gao XH., Winsey S, Li G, et al. HLA-DR and DQ
polymorphisms in bullous pemphigoid from northern
China // Clin Exp Dermatol. 2002. Vol. 27, N 4. P. 319-321.
doi: 10.1046/j.1365-2230.2002.01037 x

9. Hasegawa A, Abe R. Recent advances in managing and
understanding Stevens-Johnson syndrome and toxic epidermal
necrolysis // F1000Res. 2020. N 9. P. F1000 Faculty Rev-612.
doi: 10.12688/f1000research.24748.1

10. Hsu D.Y., Brieva J., Silverberg N.B., et al. Morbidity and mortality
of Stevens-Johnson syndrome and toxic epidermal necrolysis
in United States adults // J Invest Dermatol. 2016. Vol. 136, N 7.
P. 1387-1397. doi: 10.1016/.id.2016.03.023

11.1lling P.T., Vivian J.P., Dudek N.L., et al. Immune self-
reactivity triggered by drug-modified HLA-peptide repertoire //
Nature. 2012. Vol. 486, N 7404. P. 554-558. EDN: RIXWQD
doi: 10.1038/nature11147

12. Ostrov D.A,, Grant B.J., Pompeu Y.A,, et al. Drug hypersensitivity
caused by alteration of the MHC-presented self-peptide repertoire //
Proc Natl Acad Sci USA. 2012. Vol. 109, N 25. P. 9959-9964.
EDN: PHTRTH doi: 10.1073/pnas.1207934109

13. Chung W.H., Hung S.I, Hong H.S., et al. Medical genetics:
A marker for Stevens-Johnson syndrome // Nature. 2004. Vol. 428,
N 6982. P. 486. doi: 10.1038/428L486a

14. Kaniwa N., Saito Y., Aihara M., et al. HLA-B locus in
Japanese patients with anti-epileptics and allopurinol-related
Stevens-Johnson syndrome and toxic epidermal necrolysis //
Pharmacogenomics. 2008. Vol. 9, N 11. P. 1617-1622. EDN: NAXNWX
doi: 10.2217/14622416.9.11.1617

15. Park H.J., Kim Y.J., Kim D.H, et al. HLA allele frequencies in
5802 Koreans: Varied allele types associated with SIS/TEN according
to culprit drugs // Yonsei Med J. 2016. Vol. 57, N 1. P. 118-126.
doi: 10.3349/ym;}.2016.57.1.118

16. Lonjou C., Borot N., Sekula P., et al. A European study of HLA-B
in Stevens-Johnson syndrome and toxic epidermal necrolysis related
to five high-risk drugs // Pharmacogenet Genomics. 2008. Vol. 18,
N 2. P. 99-107. doi: 10.1097/FPC.0b013e3282f3ef9c

17. Alfirevic A., Jorgensen A.L., Williamson PR. et al. HLA-B
locus in caucasian patients with carbamazepine hypersensitivity //
Pharmacogenomics.  2006. Vol. 7, N 6. P. 813-818.
doi: 10.2217/14622416.7.6.813

18.Raj P, Rai E, Song R. et al. Regulatory polymorphisms
modulate the expression of HLA class Il molecules and promote
autoimmunity // Elife. 2016. N 5. P. e12089. EDN: WUSMNT
doi: 10.7554/eLife.12089

19. Budinger L., Borradori C., Yee R, et al. Identification and
characterization of autoreactive T cell responses to bullous

Vol. 27 (3) 2024

DOl https://doi.org/10.17816/dv625526

Russian journal
of skin and venereal diseases

pemphigoid antigen 2 in patients and healthy controls // J Clin Invest.
1998. Vol. 102, N 12. P. 2082-2089. doi: 10.1172/JCI3335

20. Esmaili N., Mortazavi H., Chams-Davatchi C., et al. Association
between HLA-DQB1*03:01 and bullous pemphigoid in Iranian
patients // Iran J Immunol. 2013. Vol. 10, N 1. P. 1-9.

21. Delgado J.C., Turbay D., Yunis E.J, et al. A common major
histocompatibility complex class Il allele HLA-DQB1*0301 is present
in clinical variants of pemphigoid // Proc Natl Acad Sci USA. 1996.
Vol. 93, N 16. P. 8569-8571. doi: 10.1073/pnas.93.16.8569

22. Hung S.I, Chung W.H,, Liou LB, et al. HLA-B*5801 allele as
a genetic marker for severe cutaneous adverse reactions caused by
allopurinol // Proc Natl Acad Sci USA. 2005. Vol. 102, N 11. P. 4134-
4139. doi: 10.1073/pnas.0409500102

23. Niihara H., Kaneko S., lto T, et al. HLA-B*58:01 strongly
associates with allopurinol-induced adverse drug reactions in
a Japanese sample population // J Dermatol Sci. 2013. Vol. 71, N 2.
P. 150-152. doi: 10.1016/}.jdermsci.2013.04.013

24.Yu KH., Yu CY., Fang Y.F. Diagnostic utility of
HLA-B*5801 screening in severe allopurinol hypersensitivity
syndrome: An updated systematic review and meta-
analysis // Int J Rheum Dis. 2017. Vol. 20, N 9. P. 1057-1071.
doi: 10.1111/1756-185X.13143

25. Wu R, Cheng Y.J,, Zhu L.L,, et al. Impact of HLA-B*58:01 allele
and allopurinol-induced cutaneous adverse drug reactions: Evidence
from 21 pharmacogenetic studies // Oncotarget. 2016 Vol. 7, N 49.
P. 81870-81879. doi: 10.18632/0ncotarget.13250

26.Chen P, Lin J.J,, Lu CS,, et al. Carbamazepine-induced toxic
effects and HLA-B*1502 screening in Taiwan // N Engl J Med. 2011.
Vol. 364, N 12. P. 1126—1133. doi: 10.1056/NEJM0a1009717

27. Jutkowitz E., Dubreuil M., Lu N, et al. The cost-effectiveness
of HLA-B*5801 screening to guide initial urate-lowering therapy for
gout in the United States // Semin Arthritis Rheum. 2017. Vol. 46, N 5.
P. 594—600. doi: 10.1016/j.semarthrit.2016.10.009

28. Mallal S., Nolan D., Witt C., et al. Association between presence
of HLA-B*5701, HLA-DR7, and HLA-DQ3 and hypersensitivity to HIV-1
reverse-transcriptase inhibitor abacavir // Lancet. 2002. Vol. 359,
N 9308. P. 727-732. doi: 10.1016/s0140-6736(02)07873-x

29.Saag M., Balu R., Phillips E., et al. High sensitivity of human
leukocyte antigen-b*5701 as a marker for immunologically
confirmed abacavir hypersensitivity in white and black
patients // Clin Infect Dis. 2008. Vol. 46, N 7. P. 1111-1118.
doi: 10.1086/529382

30. Nakamura R., Ozeki T., Hirayama N., et al. Association of
HLA-A*11:.01 with sulfonamide-related severe cutaneous adverse
reactions in Japanese patients // J Invest Dermatol. 2020. Vol. 140,
N 8. P. 1659-1662.e6. doi: 10.1016/].,jid.2019.12.025

31. Wang C.W., Tassaneeyakul W., Chen C.B., et al. Whole genome
sequencing identifies genetic variants associated with co-trimoxazole
hypersensitivity in Asians // J Allergy Clin Immunol. 2021. Vol. 147,
N 4. P. 1402-1412. doi: 10.1016/j.jaci.2020.08.003

32. Chang C.C, Ng C.C, Too C.L, et al. Association of HLA-B*15:13
and HLA-B*15:02 with phenytoin-induced severe cutaneous adverse
reactions in a Malay population // Pharmacogenomics J. 2017.
Vol. 17, N 2. P. 170-173. doi: 10.1038/tpj.2016.10

259


https://doi.org/10.1172/JCI3335
https://doi.org/10.1111/j.1346-8138.2000.tb02141.x
https://doi.org/10.1046/j.1365-2230.2002.01037.x
https://doi.org/10.12688/f1000research.24748.1
https://doi.org/10.1016/j.jid.2016.03.023
https://elibrary.ru/rixwqd
https://doi.org/10.1038/nature11147
https://elibrary.ru/phtrth
https://doi.org/10.1073/pnas.1207934109
https://doi.org/10.1038/428486a
https://elibrary.ru/naxnwx
https://doi.org/10.2217/14622416.9.11.1617
https://doi.org/10.3349/ymj.2016.57.1.118
https://doi.org/10.1097/FPC.0b013e3282f3ef9c
https://doi.org/10.2217/14622416.7.6.813
https://elibrary.ru/wusmnt
https://doi.org/10.7554/eLife.12089
https://doi.org/10.1172/JCI3335
https://doi.org/10.1073/pnas.93.16.8569
https://doi.org/10.1073/pnas.0409500102
https://doi.org/10.1016/j.jdermsci.2013.04.013
https://doi.org/10.1111/1756-185X.13143
https://doi.org/10.18632/oncotarget.13250
https://doi.org/10.1056/NEJMoa1009717
https://doi.org/10.1016/j.semarthrit.2016.10.009
https://doi.org/10.1016/s0140-6736(02)07873-x
https://doi.org/10.1086/529382
https://doi.org/10.1016/j.jid.2019.12.025
https://doi.org/10.1016/j.jaci.2020.08.003
https://doi.org/10.1038/tpj.2016.10

260

JEPMATONOMMA

AUTHORS' INFO

* Anfisa A. Lepekhova, MD, Cand. Sci. (Med.), Associate Professor;
address: 8/2 Trubetskaya street, 119048 Moscow, Russia;

ORCID: 0000-0002-4365-3090;

eLibrary SPIN: 3261-3520;

e-mail: anfisa.lepehova@yandex.ru

Alexander S. Dukhanin, MD, Dr. Sci. (Med.), Professor;
ORCID: 0000-0003-2433-7727;

eLibrary SPIN: 5028-6000;

e-mail: das03@rambler.ru

Natalia P. Teplyuk, MD, Dr. Sci. (Med.), Professor;

ORCID: 0000-0002-5800-4800;

eLibrary SPIN: 8013-3256;

e-mail: teplyukn@gmail.com

Nikolai L. Shimanovsky, MD, Dr. Sci. (Med.), Professor,
Corresponding member of the Russian Academy of Sciences;
ORCID: 0000-0001-8887-4420;

eLibrary SPIN: 5232-8230;

e-mail: shiman@rsmu.ru

Alexander A. Yudin, MD, Cand. Sci. (Med.), Associate Professor;
ORCID: 0000-0003-3419-8521;

eLibrary SPIN: 8955-0169;

e-mail: youdine@gmail.com

* Corresponding author / ABTop, 0TBETCTBEHHbIN 3a Nepenucky

Tom 27,Ne 3, 2024

DOl https://doi.org/10.17816/dv625526

Poccuickmit KypHan
KOMHBIX 1 BEHEPMYECKMX DONe3Hen

0b ABTOPAX

* JlenexoBa AHduca AnekcaHapoBHa, KaH. Mefl. HayK, JOLEHT;
agpec: Paccus, 119991, Mockea, yn. Tpybeukas, A. 8, c1p. 2;
ORCID: 0000-0002-4365-3090;

eLibrary SPIN: 3261-3520;

e-mail: anfisa.lepehova@yandex.ru

[yxanun Anekcanap CepreeBuu, 4-p Mefl. HayK, npodeccop;
ORCID: 0000-0003-2433-7727;

eLibrary SPIN: 5028-6000;

e-mail: das03@rambler.ru

Tenniok Hatanus MaBnoBsHa, 4-p Meq. HayK, npodeccop;
ORCID: 0000-0002-5800-4800;

eLibrary SPIN: 8013-3256;

e-mail: teplyukn@gmail.com

LLinmaHoBckmiA Hukonai JibBoBuMY, A-p Meq. HayK, npodeccop,
un.-kopp. PAH;

ORCID: 0000-0001-8887-4420;

eLibrary SPIN: 5232-8230;

e-mail: shiman@rsmu.ru

10amH Anekcangp AnekcaHApOBUY, KaH[. Me[, HayK, [OLEHT;
ORCID: 0000-0003-3419-8521;

eLibrary SPIN: 8955-0169;

e-mail: youdine@gmail.com



https://orcid.org/0000-0002-4365-3090
https://www.elibrary.ru/author_profile.asp?spin=3261-3520
mailto:anfisa.lepehova@yandex.ru
https://orcid.org/0000-0003-2433-7727
https://www.elibrary.ru/author_profile.asp?spin=5028-6000
mailto:das03@rambler.ru
https://orcid.org/0000-0002-5800-4800
https://www.elibrary.ru/author_profile.asp?spin=8013-3256
mailto:teplyukn@gmail.com
https://orcid.org/0000-0001-8887-4420
https://www.elibrary.ru/author_profile.asp?spin=5232-8230
mailto:shiman@rsmu.ru
https://orcid.org/0000-0003-3419-8521
https://www.elibrary.ru/author_profile.asp?spin=8955-0169
mailto:youdine@gmail.com
https://orcid.org/0000-0002-4365-3090
https://www.elibrary.ru/author_profile.asp?spin=3261-3520
mailto:anfisa.lepehova@yandex.ru
https://orcid.org/0000-0003-2433-7727
https://www.elibrary.ru/author_profile.asp?spin=5028-6000
mailto:das03@rambler.ru
https://orcid.org/0000-0002-5800-4800
https://www.elibrary.ru/author_profile.asp?spin=8013-3256
mailto:teplyukn@gmail.com
https://orcid.org/0000-0001-8887-4420
https://www.elibrary.ru/author_profile.asp?spin=5232-8230
mailto:shiman@rsmu.ru
https://orcid.org/0000-0003-3419-8521
https://www.elibrary.ru/author_profile.asp?spin=8955-0169
mailto:youdine@gmail.com

	Human leukocyte antigen class II (DRB1 and DQB1) alleles frequencies in patients with bullous pemphigoid, Stevens–Johnson syndrome and toxic epidermal necrolysis in Russian population
	Abstract
	To cite this article: 


	Оценка распространённости HLA аллелей II класса (DRB1 и DQB1) у больных буллёзным пемфигоидом, синдромом Стивенса–Джонсона и токсическим эпидермальным некролизом в российской популяции 
	Аннотация
	Как цитировать:

	Background
	Materials and methods
	Study design
	Eligibility criteria
	Conditions
	Study duration
	Description of medical intervention
	Study outcomes
	Subgroup analysis
	Methods for recording outcomes
	Ethical considerations
	Statistical analysis

	Results
	Objects (participants) of the study
	Main results of the study
	Study limitations

	Discussion
	Conclusions
	Additional information
	References
	Список литературы 
	Authors' info
	Об авторах


