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ﬂ\donesians Human Leukocyte Antigen (HLA) Distributions
and Correlations with Global Diseases

Krisnawan Andy Pradana ©*", Michael Anekson Widjaya®, and Mariana Wahjudi

aFaculty of Biotechnology, University of Surabaya, Surabaya City, Indonesia; "Department of Anatomy and
Histology Faculty of Medicine, Airlangga University, Tambaksari, Surabaya City, Indonesia

AB CcT KEYWORDS
In Human, Major Histocompatibility ComplefiEfnown as Human HLA; Allele; Indonesia;
Leukocyte Antigen (HLA). The HLA grouped into three subclasses ~ global disease
regions: the class | region, the class Il region, and the class Il region.

There are thousands of polymorphic HLAs, many of them are proven

to have correlations with diseases. Indonesia consists of diverse ethni-

city people and populations. It carries a unique genetic diversity

between one and another geographical positions. This paper aims to

extract Indonesians HLA allele data, mapping the data, and correlating

them with global diseases. From the study, it is found that global

diseases, like Crohn's disease, rheumatoid arthritis, Graves' disease,

gelatin allergy, T1D, HIV, systemic lupus erythematosus, juvenile

chronic arthritis, and Mycobacterial disease (tuberculosis and leprosy)

suspected associated with the Indonesian HLA profiles.

Introduction

The Human Le te Antigens (HLAs) are gmupedo three subclasses regions: the class I,
IT and III regions. class I region, the classical group contains highly polymorphic HLA

HLA-B, and HLA-C genes, and the nondassical exhibits limited polymorphism, ie. HLA-E,
HLA-F andgifLA-G genes. The dlass Il region, involved in antigen processing and presentation,
consists of the HLA-DPAI, HLA-DPB1, HLA-DQA1, HLA-DQA2, HLA-DQBI1, HLA-DQB2,
HLA-DRA, HLA-DRB1, HLA-DRB2, HLA-DRB3, HLA-DRB4 and HLA-DRBS5 genes. The class
III region, contains genes implicated in inflammatory responses, leukocyte maturation and the
complement cascade (Dendrou et al. 2018). Many cases are associated with the HLA profiles,
and more cases are found since the first discovery of Hodgkin Lymphoma is related to HLA-B
profile (Amiel 1967). As mentioned before, HLA contains regions that carrying highly poly-
morphic genes and those unique characteristic makes HLA precisely fit within its interaction
through immunology view. Those highly polymorphic genes sequences leads to 98 invention
of HLA profiles by several generations methods for determination the alleles in an individual
person: PCR-RFLP, SSOP, immobilized probes, PCR-55P, Sanger sequencing, and lately Next
Generation Sequencing (NGS) (Carapito et al. 2016; Erich 2012; Hosomichi et al. 2015;
Kishore and Petrek 2018). From the data mining through thousands of research on HLA,
now the big data are available. This large data can be translated not only for genome mapping
but also can be used for connecting between allele type with diseases, allele type with genome
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defect by natural selections (Meyer et al. 2018). With the fact that specific alleles have
correlations with specific diseases comes together as information for susceptibility of illness
preventive medication. Indonesia is the fourth most significant populations in the world, with
more than 268,361,538 people (Indonesia Population 2019; Anonim 2019). Until now, no
information about HLA correlation with disease on Indonesian populations. This research
aims to extract Indonesians HLA allele data, mapping the data, and correlating with global
diseases so at the end of the research could be used as the basics information of Indonesians
HLA alleles associated with diseases.

Indonesians HLA data

Indonesia is an ethnic, race, and cultural group diverse population. As mentioned before,
with more than 268 million citizens and divided into 34 provinces in total, Indonesia
becomes the place where the various gene can be found. Indonesian HLA allele frequen-
cies were recorded, the late study in 2010 (Yuliwulandari et al. 2010b). Data from the
Indonesians HLA database (AlleleFrequency.net), from 9 research data in total (Moluccan
Island (Maluku), Central Java, West Java, Nusa Tenggara Island, and Indonesia
Singaporean) will be extracted and clustered by the allele L 44 ] (Anonim, 2019; Charron
et al., 1997: Gao et al. 1992; Gao and Matheson 1996; Mack et al. 2000; ] r et al. 2018;
Nagy et al. 2007; Yuliwulandari et al. 2009, 2010a, 2010b, 2017; Zimdahl et al. 1999).

HLA associations with diseases

The HLAenes involved in antigen processing and presentation The dlass I1I region contains
genes implicated in inflammatory responses, leukocyte maturation ag@gthe complement
cascade (l.n'ndmu et al. 2018). The T cells receive the peptide from class I and II
molecules g¥liscriminate between self and non-self (Murphy 2014) re than thousands of
variations of HLA class I and II alleles have been reported in IMGT - HLA database
(Robinson et al. 2016). Those variations of HLA genes give us more insight on how does
the diseases correlated by the presentation of HLA molecules (peptide) to the immune cells.
The polymorphism of HLA molecules drives to the variations of the peptide binding
structure. For example, Trp at position 156 in HLA-B*35:62 was shown to confer a TAP-
independent (antigen presentation complex) mode of peptide loading. This could be sugges-
tive of consulting the ability of peptide presentation via non-classical pathways and its
ntential role in immune response against viral infections (Manandhar et al. 2016). The
specific recognition of HLA—peptide combinations is mediated by aff T cell receptors (TCRs)
on CD8" T cells, which bind class I molecules, and on CD4" T cells, which bind class II
molecules. The TCR displays substantial sequence heterogeneity that arises as the different
variable (V), diversity (D) and joining (]) gene segments come together through somatic,
convergent recombination; additional variation is introduced by the semi-randongisertion
or deletion of nucleotides at segment junctions (Quigley et al. 2010). Furthermore, each TCR
chain contains three highly variable complementarity determining region (CDR) loops:
CDRI1 and CDR2 diversity is germline-encoded, whereas the CDR3 loop is hypervariable,
as it are encoded by the sequences generated by nucleotide insertion and deletion. Fine-
tuning of lymphocyte activity is gained by molecules belonging to two different classes of
class I specific complex histocompatibility complex (MHC) inhibitory receptors. While killer
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immu bulin-receptors (KIR) are integral type | membrane proteins that interact with
certain human leukocyte antigens (HLA) -A, HLA-B, or HLA-C alleles, receptors that killer
lectin resemble cells (KLR) represent membrane proteins type II integral of type C lectin
family (Eberl et al. 2005). There are kind mnnechanism to know how HLA initiate disease,
first, HLA-peptide-TCR binding, second, epitope variation, including molecular mimicry,
post-translational epitope modification and the generation of hybrid peptides; in fu?er and
deep explanation, molecular mechanism which are involved including alternate docking,
low-affinity-mediated thymic escape, T cell receptor stabilization of weak peptide-HLA
complexes, altered register, ‘Hotspot’ molecular mimicry, post-translational modification,
hybrid peptides, regulation of HLA expression, and HLA stability (Dendrou et al. 2018).

Global diseases correlated with HLA profile

In a worldwide view, HLA molecules do not only act as graft uses nor immunology things.
HLA could be used as a marker of the possibility on the appearance of any diseases. From the
latest review and research article exist on the database, we collect the associations between
HLA profile with diseases. Since the previous explanations about how the HLA molecules
give an effect on disease through its molecular mechanism of action, now we can truly
understand everything about the mechanism itself in many diseases (Table 1). There will be
an explanation what type of disease, how the effect on disease, molecular mechanism, and
actions among the literature that exists (Dendrou et al. 2018). While on previous explanation
was talking about the arrangement, in other research found the HLA allele associated with
the appearance of diseases and it potential to influence the disease borne Table 2

Global disease HLA profile as representation of indonesian HLA allele
coherence

The mechanism of HLA on disease was clearly explained (Dendrou et al. 2018). Indonesia
has a great problem related to HLA database due to disease research. This problem can be
solved by general relating between Indonesian allele and the global disease related with
HLA profile. From the previous research and the HLA data collected (Tables 1 & 2), the
diseases like Crohn’s disease, rheumatoid arthritis, Graves’ disease, gelatin allergy, T1D,
HIV, systemic lupus erythematosus, juvenile chronic arthritis, and Mycobacterial disease
(tuberculosis and leprosy) suspected to be associated in the Indonesian HLA profiles.
More specific, the alleles give some clue of disease deployment (Table 4). The output could
be translated into variated applications, such as drugs design (including cellular and non-
cellular therapy), and graft transplant susceptibility.

Indonesia HLA profile correlated with diseases

From the literatures of 1000 original research articles searched using Taylor and Frandis,
Google Scholar, SCOPUS, and PubMed, the 19 articles were selected, processed and extracted
(Table 3). From the study, pulmonary tuberculosis, elephantiasis, spondyloarthropathy (SpA),
leprosy, ankylosing spondylitis, chronic and occult hepatitis B infection, H. pylori infection, and
Steven-Johnson syndrome/toxic epidermal necrolysis are identified as diseases that correlated
with HLA. Indonesia as the one of 22 countries with high Tuberculosis (TB) prevalence,
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reported there are 1.017.378 active patient (Collins et al. 2017). Those number of TB patients
contrast with the research of HLA correlation with TB in Indonesia. In 2017, a total 12.677
patient recorded for having elephantiasis and the highest number is for Papua Island (Harpini
2018). High prevalence of those diseases and lack of information makes researcher and
academician turn in concern of this subject. As early detection, HLA could be used as important
molecular marker and statistically associated for any diseases such as diabetes, hepatitis B virus
infection, breast cancer, Behget’s, tuberculosis, spondyloarthropatigggleprosy, ankylosing spon-
dylitis, H. pylori infection, and Steven-Johnson syndrome (Chen et al. 2017; Ding et al. 2010;
Elfis et al. 2019; Gonen et al. 2017; Hajjej et al. 2019; Kankonkar and Shankarkumar 2008;
Khor et al. 2017; Krause-Kyora et al. 2018; Matei et al. 2018; Ouni et al. 2019; Smith 2013)

Indonesia HLA profile

Indonesia HLA profile is similar to people in South East Asia because they have high
frequency variation in HLA-B*15:02 and HLA-DRBI*12:02 especially for Javanese,
Mollucan, and Nusa Tenggara people (Sanchez-Mazas et al. 2005; Yuliwulandari et al.
2010a). Unfortunately, not all Indonesian people is typed on HLA variably. Almost West
Javanese have been typed (Yuliwulandari et al. 2009, 2017, 2010a, 2010b). Only few
populations that have been done ggatside West Javanese which are Yogyakarta, Molluca,
and Nusa Tenggara people (Gao et al. 1992; Sanchez-Mazas et al. 2005). In other hand,
from single nucleotide polimorphism (SNP) genome wide association study (GWAS),
Indonesia carry an unique genetic diversity between one and another geographical posi-
tion (Hudjashov et al. 2017).

The closest ethnicity with Indonesian ethnics is Malaysian and other South East Asian
countries (Figure 1). It happens because there were two different era groups which were
40,000 BP and 6000-5000 BP migrated to Indonesian region (Yuliwulandari et al. 2010a).
The first group migrated from Indian subcontinent through Indo-Malaysian archipelago.
At that time, Indonesia was divided into 3 islands which were Greater Sunda Land,
Wallacea, and Sahul Island. Later, the second group which was Austronesian moved
into Java and forced the first group to move away to Oceania although there was

Figure 1. An illustrated geographical migrations map of South East Asia and Indonesian populations.
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a possbility that the first group might blend together with the second group. The second
group later predominates West Indonesia region and later become Javanese. This is the
reason why Indonesia genetic is similar to Malaysia since Malaysia is also considered as
Austronesian based on Sanchez-Mazas research (Sanchez-Mazas et al. 2005). This theory
is also proved by occurrence of HLA-A*3401 that a sign for the first group existence in
Indonesia (Yuliwulandari et al. 2010a).

Although Indonesia has similarity with South East Asian countries, but Indonesia still
has unique HLA characteristics. Yogyakarta people tend to have high frequency at
DQA1%06:01, DQB1*03:01, DRB1*12:02 (Gao et al. 1992) and Western Javanese people
have HLA-A*2407 (Yuliwulandari et al. 2010b). Those HLA regions are not familiar in
other countries which are needed to be confirmed using different Indonesian ethnicity.

Indonesia HLA profile correlation with global disease

Based on le 4, Indonesia HLA profile has high variation at DQAI1*06:01, DQBI*03:01,
DRBI1*12:02, HLA-A*24:07, HLA-B*15:02, HLA-B*75, HLA-B*18:02. Those alleles are
significant in researches statistical model (Yuliwulandari et al. 2009, 2017, 2010a,
2010b). Further research is important to explore those alleles because those alleles have
roles in diseases, except DQAI1%06:01 (Table 4). Other alleles in Table 4 still have not been
known whether it will affect Indonesian health condition or not but, in another countries,
based on Global-Allele freqmn:y.net, some of alleles affect human health condition.

For example, HLA-A*02:01:01:01, HLA-A*02:03:01, HLA-A*02:06:01, HLA-A*02:11 in
Table 4 show variation in Javanese but nobody have done research regarding those alleles
correlation with many diseases as Rasmussen encephalitis (RE), carbamazepine-induced
hypersensitivity reactions amgyalso for vaccine development amongst Indonesian
(Dandekar et al. 2016; Maira et al. 2014; Song et al. 2013; Zhang et al. 2018). Therefore,
further research is needed to be done because it has potential might affect Indonesian.
Another case is DQAI1*06:01. This allele is related with rheumatoid arthritis (Table 4).
However, nobody has done the research for Indonesian because that allele is found for
anthropology purpose at that time (Gao et al. 1992). Otherwise, The most unique
Indonesian HLA, HLA-A*24:07 (Yuliwulandari et al. 2010a), is related to Diabetes type
1 (Ghodke et al. 2005) but there is no research about Indonesia Diabetes type 1 patient
and that allele relationship.

Current research that has been done is HLA-B*15:02 and HLA-B*75. It shows that those
alleles are connected to Steven Johnson Syndrome. The research suggests HLA-B*75 is
needed to be further explored because it affects the disease more than HLA-B*15:02. Other
research that has been done is the correlation between HLA and tuberculosis disease
(Yuliwulandari et al. 2010a). The result shows the most affective HLA alleles that affect
tuberculosis disease are HLA-B*18:02 and HLA-DRBI1*12:02. It has potential to protect the
patient against tuberculosis disease. Nonetheless, the research needs to be done in more
samples. As a conclusion, from the Table 3, other than Sputum smear-positive pulmonary
tuberculosis, Elephantiasis, Pulmonary tuberculosis (PTB), Ankylosing Spondylitis (AS) or
related spondyloarthropathies, chronic hepatitis B infection, Helicobacter pylori infection,
Stevens—Johnson syndrome/toxic epidermal necrolysis, hepatitis B virus (HBV) infection,
drug-induced liver injury (DILI), HCV/TTV and TTV co-infection, multidrug-resistant
tuberculosis, and Plasmodium infection/malaria research, nobody has done the HLA-
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disease correlation research so there is a lot questions in this topic that needs to be
answered in the future.
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