CYCTEMATHECKIME OB30PHI Tom 19 N 4, 2022 PoCCUVCKIY annepronorvecKin xypHan 0
494

DOI: https://doi.org/10.36691/RJA1582 ' o.)

leHeTUyeckue (aKTOpPbI PUCKA NULLEBOI anneprum:
0630p NONHOreHOMHbIX MCC/eA0BaHUM

Y.B. Kyrac', 0.C. ®epnoposa’, E.10. Bparuna?

1 CMBMpPCKMI rocyAapcTBEHHbI MeAULMHCKUA YHuBepcuTeT, ToMck, Poccuitckas ®eaepaumst
2 TOMCKMI HaLMOHabHBINA MCCNe0BaTeNbCKUA MeAMLMHCKIA LEHTp, HayuHo-1CCriejoBaTENbCKMIA MHCTUTYT MeAMLMHCKON reHeTUKM, TOMCK,
Poccuiickas ®epepaums

AHHOTALMA

06ocHoeaHue. TnLLEBas anneprus ABNSETCA aKTyabHOM NpobneMoii s 00LLeCTBEHHOr0 3[1paBo0XpaHeHMs BO BCEM MUpe: 3a-
boneBaHMe CHUKAET KaueCTBO KM3HU NaLMEHTOB, MOBbILIAET PUCK Pa3BUTUS HEMPOTHO3MPYEMbIX aHaQUNAKTUUYECKUX peaKLIA.
Llesb — aHanu3 reHeTUYECKUX UCCIIe0BaHMIA B KOropTax NaLMEHTOB C NMULLEBOI anyeprueil, HanpaBneHHbIX Ha OLLEHKY posu
FeHeTUYECKMX (DaKTOpOB B Pa3BUTUM AaHHOW NATONOTUM.

Mamepuaner u Memodel. [poBefEH aHanu3 pe3yNbTaToB NMOHOrEHOMHBIX aCCOLMATMBHBIX MCCeL0BaHMIA M0 U3YYEHUHO BNN-
SHWSA TeHeTMYecKnX (haKTOpPOB Ha pa3BUTME MULLEBOW anneprum. B 0630p BKIKOUEHbI OpUrMHaNbHbIE CTaTby, ONYHIMKOBaHHbIE
B nepuoga ¢ 01.01.2012 no 31.12.2021.

Pe3ynbmamel. [laHHbIi 0630p N0O3BOAMA CUCTEMATU3UPOBATL [aHHbIE O CBA3M FEHETUHECKUX BapuaLMii, CBA3AHHBIX C MULLe-
BOW annepruei, B pesysbTare MOSHOFEHOMHOr0 CKpUHUHra. M3 8 aHanusupyeMbix uccnenoBaHWid MakCUManbHbli 3 ekt
c pa3suTveM IgE-onocpenoBaHHOM NULLEBOM anneprum Ha apaxuc yctaHoBneH Anis BapuaHta rs10018666 rena SLC2A9
y esponeiues. [Ing HEKOTOPbIX anfepreHoB HalfeHbl accoumaumm co cneumduyeckMK JIOKycaMu: HanpuMep, BapuaH-
Tbl 1s9273440 (HLA-DQBT), rs115218289 (/TGA6), rs10018666 (SLC2A9) v apyrvie sIBASIOTCA YHUKANbHBIMU LS apaxuca.
AccoummnpoBaHHble BapuaHTbl CBS3aHbl MPEUMYLLECTBEHHO C HApYLLIEHUSIMU BPOXAEHHOr0/aAanTMBHOr0O MMMYHHOTO OTBETa
1 YHKLMOHMPOBaHMS 3NUTENManbHOro 6apbepa, NOATBEPXAas UX BeAYLUYI0 Posib B Pa3BUTUM NMULLEBON anneprin. MomMuMo
accoumauui ¢ NULLeBOI anneprieit, HONBLUMHCTBO MAEHTU(GULMPOBAHHbIX FTEHOB BAMSIOT Ha pa3BUTUE ApYruX GEHOTUMOB an-
NIepryecKoro MaplLa, BKIIouas aTonnyecKkuii AepMaTuT, aTonnyecKyto BpoHXUanbHyIo acTMy, aniepriuyeckuii pUHUT, a Takxe
Heanepruyeckux 3aboneBaHni (caxapHbli amabeT 2-ro Tuna, 6onesHb MapKMHCOHa, MHGAPKT MUOKapaa U ap.).
3aknwoyenue. CyMMupys pesynbTaTbl NOIHOTEHOMHBIX aCCOLMATUBHbIX UCCe0BaHMIA, HE0DX0MMO OTMETUTb, YTO B pa3Bu-
TUM NULLLEBOI anneprum y4acTBYKT BapuaHTbl, I0KaNWM30BaHHbIE KaK B U3BECTHbIX [IS aTOMWUMW, TaK U BO BHOBb BbISBNIEHHBIX
NOKyCaXx, He UMEIOLLMX OTHOLLEHMWE K Pa3BUTMIO APYTUX annepruyeckux 3abonesanuin. 0cobeHHOCTU CTPYKTYpbI NULLEBON CEH-
CMBMNM3aLMM 1 HEAOCTATOYHOCTb UCCNEA0BAHUA MO BOMPOCaM MOABEPIKEHHOCTM NULLEBOIA annepruv B Poccum onpepenstot
HanpasfieHne fanbHeiWMX HayyHbIX MCCNefoBaHWi B 3TOW 0bnacTy.

KnioueBble cnoBa: nuuieBas anneprus; reHetu4yeckue (I)aKTOpr PUCKa; OAHOHYKNeoTUaHble FIOJ'IMMOpCIJHbIE BapUaHTbl;
MOJIHOreHOMHble accolunaTuUBHbIE UCCIef0BaHUA.
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ABSTRACT

BACKGROUND: Food allergy (FA) is an urgent problem for public health worldwide. This disease reduces the quality of life of
patients and increases the risk of developing unpredictable anaphylactic reactions.

AIM: Conduct an analysis of genetic studies in cohorts of patients with FA aimed at assessing the role of genetic factors in the
development of this pathology.

MATERIALS AND METHODS: The results of genome-wide association studies aimed at studying the influence of genetic factors
in FA development. The review includes original articles published for the period from January 1, 2012 to December 31, 2021.
RESULTS: This systematic review analyzed data on the relationship of genetic variations associated with FA. Eight studies
were analyzed, and the maximum effect with the development of IgE-mediated FA on peanuts was found for the rs10018666
variant of the SLC2A9 gene in Europeans. Some allergens associated with specific loci have been found, for example, variants
rs9273440 (HLA-DQBT), rs115218289 (ITGA6), rs10018666 (SLC2A9), and others are unique to peanut. Associated variants
are predominantly associated with disorders of the innate/adaptive immune response and functioning of the epithelial barrier,
confirming their leading role in FA development. In addition to associations with FA, most of the identified genes affect the
development of other “allergic march” phenotypes, including atopic dermatitis, bronchial asthma, allergic rhinitis, and non-
allergic (type 2 diabetes mellitus, Parkinson’s disease, myocardial infarction, and others) diseases.

CONCLUSIONS: Summarizing the results of genome-wide associative studies, it should be noted that the development of food
allergies involves variants localized both in known atopic and newly identified loci that are not related to the development of
other allergic diseases. The peculiarities of the structure of food sensitization and the lack of research on the susceptibility to
food allergies in Russia determine the direction of further scientific research in this area.
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BACKGROUND

Food allergy (FA) is a recent public health problem
worldwide. It reduces the quality of life of patients and
increases the risk of unpredictable anaphylactic reactions [1].
Literature data revealed a trend toward an increase in FA
prevalence worldwide. The prevalence rates of FA in different
countries varied from 1%-5% in Europe and the USA to 10% in
Australia [2, 3]. Most often, this pathology presents in infancy
and early childhood [2, 3]. In the USA, significant allergens
in the pediatric population are peanuts, milk, shellfish, and
hazelnuts, and those in China include chicken eggs, milk,
fish, shrimp, and soy [3, 4]. In the Russian Federation, the
incidence of FA is 1.2% in children aged 7-10 years, and
the main food allergens are fish, apples, eggs, carrots,
hazelnuts, and peanuts [4]. Moreover, FA plays a significant
role in the onset of atopic march and the further development
of allergic diseases such as atopic dermatitis, asthma, and
allergic rhinitis in older children [5-7].

The prevalence of FA among urban residents is higher
than those among rural areas and increases with the level
of the country’s urbanization [8]. Globally, the incidence
of anaphylactic reactions is steadily increasing, i.e., the
hospitalization rate for anaphylactic shock caused by food
triggers is increasing [9, 10].

According to accumulated data, both environmental
factors and genetic predisposition significantly contributed to
FA development [11]. According to several twin studies, the
heritability for FA varies from 15% to 82% [12-14]. The wide
range of heritability indicates that the genetic component
contributes significantly to disease development and can
be modified by the influence of environmental components;
thus, studies of genetic factors involved in FA development
are important in each region.

Genome-wide association studies (GWAS) make it possible
to determine the relationship between genetic variations and
a particular trait. For example, recently, through GWAS, new
genetic loci that were associated with FA development have
been identified [15]. In addition to GWAS, numerous studies
have used an approach based on individual candidate genes
for disease pathogenesis.

This systematic review aimed to analyze the GWAS of FA
and evaluate the role of genetic factors in FA development.

MATERIALS AND METHODS
Methodology

Literature data on the results of epidemiological cross-
sectional studies aimed at understanding the influence of
genetic factors on FA development were analyzed. The
literature search was performed in databases of PubMed and
eLibrary, which catalog biomedical scientific literature. This
review includes original articles published from January 1,
2012, to December 31, 2021.
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Algorithm of analysis

The first stage involved a primary search for publications
by keywords and titles. The following keywords were used
in the PubMed search: “food allergy,” “genetic risk factors,”
“single nucleotide polymorphism,” “genome-wide association
study,” and “candidate gene association study.” The eLibrary
search was conducted using the following keywords:
“FA," “genetic markers,” “genetic risk factors,” and “gene
polymorphism.” At this stage, 415 articles from PubMed, and
13 articles from eLibrary were screened.

In the second stage, data of publications obtained during
the initial search were analyzed; 355 papers that did not
contain data on genetic markers associated with FA development
and duplicates were excluded. No articles in the Russian
language matched the search criteria. Finally, 73 publications
have been selected for further analysis at this stage.

In the third stage, the full texts of 73 publications
were thoroughly evaluated. Reviews, comparative clinical
studies, retrospective studies, etc., were excluded at this
stage. Based on the results of the third stage of the
review, eight publications containing data on the results
of epidemiological studies that meet the inclusion criteria
were included in the analysis. The inclusion criteria were as
follows: comprehensiveness of the study design, including
sample characteristics, selection criteria, and study design
(genome-wide association search), and availability of data
on genetic risk factors for FA development. The publications
search algorithm is shown in Fig. 1.

RESULTS

Characteristics of epidemiological studies

This review presents the results of the eight cross-
sectional studies conducted between 2012 and 2021 that
aimed at searching for genome-wide associations (Table 1).
In these studies, genetic markers associated with FA
development were found at various gene loci.

Regarding methodology, several studies were cross-
sectional randomized trials (n=4) [16-19], and the rest
were case—control studies (n=4) [20-23]. The studies were
performed in different age groups: children (n=3), adults
(n=5), and family samples (n=1). The studies included
samples with different ethnic groups of both European
(n=5) and Asian (n=3) ancestry and mixed samples, such as
Mexican-American.

The most extensive in terms of the number of participants
was the cross-sectional study conducted in Japan, with a
total number of 11,379 people aged 18-55 years; however,
its drawbacks were associated with the screening nature of
FA diagnosis, based on a questionnaire, which significantly
limits the interpretation of the results [17].

In most cases, researchers used an increase in specific IgE
levels (=0.35 kU/L) and positive results of the skin prick tests
with the most common food allergens (mean papule diameter
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Publications excluded after detailed analysis:

fail to meet the selection criteria (n=355)

Excluded full-text publications:

reviews and retrospective studies (n=21)

SYSTEMATIC REVIEWS Vol 19 (4) 2022
Step | Publications identified through search )
in PubMed and eLibrary (n=428)
-
________________________________________ e
Step 2 Publications screened
(n=73)
_________________________________________ | —————
Step 3 Full-text articles accessed for eligibility
(n=29)
-
_________________________________________ e
GWAS studies included in the review
(n=8)

Fig. 1. Algorithm for the publication search.

>3 mm) in combination with clinical manifestations of FA as
the main criteria for FA diagnosis [16, 19-23 1. In some studies,
oral provocation tests with food allergens, the gold standard of
diagnostics, were used to confirm FA [20, 23].

Despite the wide geographical range of studies, authors
mainly assessed sensitization to the most significant
allergens such as milk, eggs, and peanuts [16, 19, 20, 22, 23].
Intolerance to products containing gliadin was also
considered [18, 21]. In one of the studies, the analysis of
food allergens took into account the dietary habits of a
geographical region [17].

Whole-genome research technology

GWAS is a tool for investigating the genetic architecture
of human multifactorial diseases and is used to identify
genetic factors associated with developmental risk and
clinical phenotypes. This method is based on determining
the frequency of single nucleotide polymorphisms (SNP)
distributed throughout the genome using microarrays or
other technologies that allow simultaneous genotyping from
several tens of thousands to several million SNPs in one
sample. The ability to detect differences in the prevalence
of SNPs between patients and controls has made GWAS a
method widely used to analyze the genetic predisposition to
complex diseases that are developed on a polygenic basis.

Since the first GWAS in 2002 [24], which analyzed the
genetic predisposition to myocardial infarction, the progress
of these studies in identifying genetic variants remains limited.
This is mainly due to the study of phenotypes (phenotypes
depend not only on genetic factors but also on the significant
contribution of the environmental component), population
characteristics, and difficulties in forming groups of patients
and controls. The GWAS performed by Klein et al. in 2005 [25]
is considered the most successful among GWAS. That study
identified a variant in the complement factor H (CFH) gene that
affects the development of age-related macular degeneration,
the most common form of blindness in the Western world.

DOl https://doiorg/10.36691/RJAT582

Later, similar advances were made for other diseases, for
example, an association between Crohn’s disease and the
rs11209026 variant in the interleukin 23 receptor (IL23R)
gene was found, which was later confirmed in replication
studies [26, 27]. Significant GWAS signals regarding allergic
diseases have been registered for genes, and their products
are predominantly involved in immune responses, including
HLA-DQ, C110rf30, ILTR1, and other genes, particularly FLG,
whose product maintains the skin barrier function [28]. Some
associations are exclusively phenotype-specific, for example,
the rs4915551 variant in DENND1B (1931) was associated with
asthma in patients with high body mass index [29]. Currently,
the potential of GWAS for discovering the causative genes of
multifactorial diseases is still high.

FLG. Filaggrin is a protein critical to the structure and
function of the stratum corneum. This protein plays a
significant role in the development of atopic dermatitis [30].
Its precursor prophyllagrin is encoded by FLG on chromosome
1923.3 [31]. Scientists have found that loss-of-function
mutation in FLG is strongly associated with the development
of atopic dermatitis [32]. This mutation in the epidermal
barrier gene increases the risk of sensitization to peanuts
and, subsequently, the risk of FA to peanuts, probably due to
increased penetration of the allergen through the defective
skin barrier [33].

In a null mutation, the activity of a certain product
associated with a gene completely disappears, or a product
that does not function properly appears. For example, null
FLG mutations have been associated with the development
of allergic conditions throughout life [31]. In the European
population, the rs12123821 variant, located in the 1921.3
region and in linkage disequilibrium with a null FLG mutation,
significantly affected the FA development associated with
the ingestion of products such as peanuts, milk, and eggs;
moreover, FA development is more likely with this mutation
regardless of whether the patient has atopic dermatitis [20].
This indicates that FLG mutations contribute greatly to
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sensitization to various allergens, facilitating the development
of not only atopic dermatitis but also other allergic diseases
(specifically, it is a significant risk factor for FA development).

HLA. HLA encodes families of cell surface proteins that
function as key determinants of antigen recognition by the
immune system. This area is associated with several immune,
infectious, and allergic diseases [34]. Several studies have
shown the high significance of HLA in FA development [20].
Researchers from Germany found that the HLA-D@BT locus,
located on chromosome 6p21, significantly contributed to the
development of peanut allergy; specifically, an association
with the rs9273440 variant (p=6.6x10-7) was found. Children
with allergy to milk and eggs did not have this association,
which indicates the specificity of the HLA-DABT locus to
peanut allergy [20].

A Chicago study also established an association between
FA and peanuts with HLA-DQBT (rs7192-T) and HLA-DQA2
(rs9275596-C) [16], regardless of the level of specific IgE in
peanuts. However, the data obtained are representative only
of the European population: in the study of variants rs7192
and rs9275596 in patients with peanut FA, no associations
were found in the population of non-European origin [16]. No
evidence has linked these SNPs (rs7192 and rs9275596) with
egg and milk allergy [16].

A questionnaire-based study including 11,379 people
of Asian origin found an association between HLA-DR and
HLA-DQ and region-specific allergens such as peach and
shrimp [17]. A significant association was found between the
rs28359884 variant (HLA-DQAT, HLA-DRBS5, and HLA-DRBT)
and peach consumption and between the rs74995702 variant
(HLA-DQA1, HLA-DRB5, HLA-DRB1, HLA-DQBI, HLA-DQAZ,
and HLA-DRA) and shrimp consumption. These SNPs were
nominally associated in individuals with allergic reactions to
apples and crabs [17].

Moreover, several studies have established a link between
HLA and allergy to food agents containing gliadin: specifically,
a link was found for the rs3135350 polymorphic variant
located in the intergenic region (HLA-DRA/BTNL2) [18].
Significant signals were obtained at the HLA-DPB1*02:01:02
(rs9277630) locus for IgE-mediated exercise-induced FA after
consumption of wheat products [21]. This polymorphism may
be a potential marker of exercise-induced anaphylaxis with
wheat ingestion.

These studies once again confirm the importance of HLA
in the development of allergic diseases, specifically in FA.
However, HLA involvement in FA development is not highly
specific.

Locus C11orf30/LRRC32. The C110rf30/LRRC32 region,
located on chromosome 11, plays an important role in the
development of allergic diseases: generally, this region
apparently determines the development of atopic march
[35, 36]. Cllorf30 encodes the EMSY protein, which is
associated with atopy and a predisposition to polysensitization
[37, 38]. LRRC32 encodes a membrane protein of the same
name containing leucine-rich repeats (LRRC32 protein) [39].
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A GWAS performed on the European population (Germany)
showed that the nucleotide substitution (rs2212434) in this
locus was associated with FA development [20]. The results
indicated that the C17orf30/LRRC32 region contributes to FA
development regardless of whether an individual has atopic
dermatitis or not (Table 1) [20]. This indicates the possibility
of using this SNP as a potential FA marker.

SERPINB7. SERPINBY is located on chromosome 18 and
encodes a protein of the same name, which is a class B serpin
peptidase inhibitor, type 7 [40]. Two nucleotide substitutions
associated with FA were identified in this locus, one of which,
rs12964116, showed a significant association with FA and
peanut allergy [20]. The rs12964116 variant is low polymorphic
globally [41]. The second nucleotide substitution, rs1243064, is
associated with chicken egg allergy [20] and, unlike rs 12964116,
is widespread in both Europeans and other populations.

In addition to the pronounced effect on the development
of allergic diseases, the rs12964116 polymorphic variant is
associated with kidney diseases and oncological diseases
[42-46], whereas the rs1243064 variant is significantly
associated with attention-deficit hyperactivity disorder.
Characteristic mutations of SERPINB7 are detected in patients
with palmoplantar keratoderma (Nagashima type) [40]. There
are reports on keratosis comorbidity with allergic pathology
and atopic dermatitis [47].

ZNF652. A study in China that evaluated the effect of
allergic diseases in parents on FA development in offspring
found that rs4572450 and rs16948048, localized in ZNF652,
are associated with the development of allergic symptoms to
chicken eggs [19]. Interestingly, atopic dermatitis in mothers
was associated with a high risk of developing FA to eggs in their
children, whereas such data have not been shown for peanuts
[19]. ZNF652 located on chromosome 17 encodes “zinc finger”
652 family protein. Both FA-associated variants rs4572450
and rs16948048 affect the binding sites of transcription
factors and are functionally significant to different diseases.
Previously, rs16948048 was found to be also associated with
the development of dermatitis in both European and Asian
populations [48]. In addition to the relationship between FA
and dermatitis, both polymorphic variants are associated with
circulatory system diseases (such as arterial hypertension and
coronary heart disease) [49-52]. The pleiotropic associations
of the rs4572450 variant are related to nervous system
disorders such as Parkinson’s disease and metabolism-
associated diseases such as osteoporosis [53-56].

ADGB and 1QCE. ADGB encodes the androglobin protein
and is located on chromosome 6. /QCE encodes the 1Q protein,
a region containing protein E, which is part of the protein
complex of the plasma membrane [19]. A research team
from China found an association between peanut consumption
and the rs4896888 variant located in the androglobin gene.
In /QCE, an association between FA, and two genome-wide
variants, rs1036504, and rs2917750, was first discovered [19].
Interestingly, all three nucleotide substitutions occurred only
in boys. Both genes (ADGB and /QCE) are not specific imprinted
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genes [19]. Variants localized in the region of these genes are
associated with infectious diseases, for example, rs4896888
is associated with leprosy, and rs1036504 is associated
with human immunodeficiency virus infection [57, 58]. The
association with other allergic diseases is still unknown.

SLC2A9. SLC2A9 is located on the short arm of
chromosome 4 and encodes the protein facilitated glucose
transporter 9 (GLUT9). In humans, GLUT9 has two splicing
variants with different expression patterns: GLUT9a is
expressed in many tissues, whereas GLUT9b (also called
GLUT9AN) is expressed predominantly in the kidney and to
a lesser extent in the liver [59]. Basolateral GLUTY is the
main renal transporter involved in urate reabsorption [61]. An
association between peanut allergy and the rs10018666 variant
of SLC2A9 was found for the first time in an Australian group
of children with confirmed IgE-mediated FA [23]. However,
this association is not specific to FA because several studies
have established a link between the rs10018666 variant
and the development of urinary system diseases (such as
hyperuricemia, nephrolithiasis, and gout), cardiovascular
system diseases (such as coronary heart disease and
myocardial infarction), and other metabolism-related disorders
(such as type 2 diabetes mellitus and obesity) [60—71], which
indicates a pronounced pleiotropy of SLC2A9.

ITGA6. ITGAG is located on chromosome 2 and encodes
a part of the integrin alpha chain protein family. Integrins are
heteromeric integral membrane proteins consisting of alpha and
beta chains that are involved in adhesion and signaling on the
cell surface [22]. A Canadian GWAS found an association between
the rs115218289 variant and peanut allergy [22]. Literature data
revealed that /TGA6 is related to epidermolysis bullosa, a rare
hereditary disease characterized by severe damage to the skin
and mucosa of the gastrointestinal tract [72, 73].

CONCLUSIONS

The rapid development of personalized medicine
technologies dictates the need for population studies using
molecular epidemiology approaches. In the analysis of
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