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Abstract

Background: Human Leukocyte Antigen (HLA) is highly
polymorphic and it is commonly used as a marker for core
population genital aspects such as human migration,
predisposition to diseases and in tissue transplantation
compatibility.

Methodology: For our study authors have taken up sample

size of 86 for meta- analysis of high-resolution frequency

data of the HLA allele. North Indian patients from tertiary

centre were analyzed for identification of HLA-A, B, C, DRB1

and DQB1 alleles by sing serological and molecular typing

techniques. A plethora of known alleles were identified at

different loci e.g., HLA A 18, HLA B 36, HLA C 5, HLA DRB1

28 and HLA DQB1 8. This study focusing on frequencies of HLA alleles and their homozygosity and
heterozygosity have been reported, but HLA data in the North Indian population living in Delhi, Haryana,
Uttarakhand , Uttar Pradesh, Punjab and Himachal Pradesh, are reported here characterized. Allele
frequencies were analyzed by using the Hardy-Weinberg equilibrium.

Results: Allele heterozygosity was observed in 96.51% individuals for locus HLA-A, 97.67% individuals for
locus HLA-B and 96.51% for HLA-DRBi,0overallheterozygosity for all three loci was 89.5% (77/86 individuals).
Among individuals showing homozygosity (9 individuals), two showed homozygosity at two loci.

Conclusion: The increased heterozygosity for class 1 and class 2 is associated with selective advantage against
infectious diseases. The phenotypic frequency of B*35 alleles (B*35:01, B*35:03 and B*35:08) in our study is
31.39%. Comparable B*35 allele phenotypic frequency (27.5%) was reported in north Indian patients.

Keywords: Human leukocyte antigen (HLA); Major Histocompatibility Complex (MHC); Sequence specific
oligonucleotide (SSO); Sequence specific primer (SSP); Sequence based typing (SBT); PCR; DNA; HSCT; RBD;
SNPs; af; gf; pf.

Introduction They were classified as the major

The Human Leukocyte Antigens (HLA) was histocompatibility =~ complexes = (MHCs)

high-quality number popular polymorphic because of their main role in allowing the

immune organization to identify “self’

genes defined within the human genome.
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opposed to “non-self” antigens. MHC consists
additional there are 200 genes in
chromosome 6 and they are divided into
three parts-class I HLA-A, HLA-B, HLA-C;
phase II consists of genes A and B that mark
the o and P chains respectively, the HLA-DR,
HLA-DQ, HLA-DP molecules; phase III
contains genetically modified compounds
(C), hydroxyls, tumor necrosis factors (TNFs)
[1]. Molecules of the class of HLAs are
expressed over nucleated cells. Class II
molecules are expressed in B lymphocytes,
antigen-presenting cells (monocytes,
macrophages, and dendritic cells), and
activated T lymphocyte cells. Many HLA
allele have also been identified as being
associated with increased drug resistance.

Structure and function of HLA molecules

Class one molecules are composed of a chain
of weighted HLA-type genes and Betaz micro
globulin. A heavy chain has three extra-
cellular domains (o-1, 2 and 3), a
transmembrane region and an
intracytoplasmic domain. The domains 1 and
o 2 of the heavy chain have a dynamic amino
acid sequence and determine the antigenic
specification of HLA molecules in class I [2].
o 1 and o 2 domains together form peptide-
binding canal and can absorb the peptide
process of 8 to 10 amino acid residues.

HLA class II molecules are o and B chain
heterodimers. Chains of o and B, both have
two outer regions (a1 and « 2, B 1and B 2).
Alpha 1 and beta 1 combine to form
compulsory peptide channels and can contain
12 amino acids or longer peptides [3]. The
HLA molecules are highly polymorphic and
polymorphism is mainly cluster in the
antigen-binding groove. The frequency and

distribution of different HLA alleles vary
vastly in different ethnic groups.

The main function of class I molecules is to
present endogenous peptides to class I
restricted T-cells, i.e., CD8+ T-lymphocytes.

The main function was of class II molecules
are to represent the exogenous peptides
derived from various pathogens to class II
restricted B-cells, i.e., CD4+ T-lymphocytes.

Chance of match

The two siblings had a 25% chance of gene
typical HLA-like chance, a 50% chance of
becoming HLA haploidentical and a 25%
chance of not participating in HLA haplo-

types species.

The opportunity to find collaborative donors
can be enhanced in different ethnic groups.
There was a 25% chance that they share no
HLA haplo-type and known as haploidentical.
The compatible donors may be 25% chance of
having HLA enhanced with racial groups of
homogenous [4].

Review of literature

HLA typing was done for the organ
transplantation. The first approach was
developed by the expansion of Molecular
Typing methods for second-class loci
(Sequence-Specific  Primer), straight or
moderate PCR SSO (Sequence Specific
Oligonucleotide), PCR SSCP, and SBT, and
most recently in ICI class , HLA-C person of
the last gene you studied with typing
techniques [5].

The HLA system is known for its replication
but the main role of the HLA is to regulate
immune response.
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HLA genetic variation played an important
role in shaping the risk of autoimmune
diseases and diseases; they were also
important in the field of artificial surgery in
which donors and recipients must comply
with the HLA [6].

Methods of HLA typing and its role in
transplantation

Previously, HLA typing of an individual was
done by serological method which uses the
principle  of complement mediated
lymphocytotoxicity. In serological method,
peripheral blood lymphocytes are used for
HLA typing. Further research revealed far
more polymorphism in HLA as detected by
serological ~method alone. Cell-based
polymerase chain reaction (PCR) methods are
designed to differentiate HLA alleles that are
not serologically distinct but functional. The
molecular methods of HLA typing include
specific sequential oligonucleotide (SSO),

specific sequence primer or sequential-based

typing [7].
Sequence specific oligonucleotide (SSO)

Hybridization DNA was amplified with sso
probe is the first cell type typing used to
detect HLA Class II allele. This involves PCR-
based augmentation of the integrated
sequences that are then integrated.

Sequence specific primer (SSP)

The SSP is an alternative molecular technique
in which sequence-specific primers are used
to amplify the variable sequences. The SSP
technique involved the use of primers
opposite to HLA allele or set of allele
sequence [8]. Primers are designed such that
polymorphisms is detected at the end of 3’
end of the primer. The SSP method was also

used for generic which resolves alleles to at
least antigenic stage or for allele level.

Sequence based typing

It is a sequential-based typing. SBT offers very
high resolution. It is important to find new
allele and their potential impact on
transplantation.

Role of HLA alleles

Previously, HLA typing of an individual was
done by serological method which uses the
principle  of complement mediated
lymphocytotoxicity [9]. In  serological
method, peripheral blood lymphocytes are
used for HLA typing. HLA typing is done on
multiwall plastic trays with each source
containing anti-HLA sera for known
specification. Further research revealed far
more polymorphism in HLA as detected by
serological method alone [10]. Molecular
mechanisms based on polymerase chain
reaction (PCR) were developed to
differentiate serologically indistinguishable
but functionally distinct HLA alleles [11]. The
molecular methods for HLA typing include
specific sequential oligonucleotide (SSO),

specific sequence primer or sequential-based
typing.

e HLA-A: It presents peptides for

immune recognition. Usually,
peptides derived protein from
synthesized within in the cell. Known
alleles of HLA-A is 2432. Disease
related to HLA-A is Carbomoznine-
induced hypersensitivity.

e HLA-BP: HLA-B presents peptides for
immune recognition. Usually,

peptides derived protein from

synthesized within in the cell. Known
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alleles of HLA-A 322. Disease related
to HLA-A is Crown’s disease,
psoriasis.

e HLA-C: Peptides presentation for
immune response. Also recognized by
some NK receptors. Known alleles of
HLA-C 2196. Disease related to HLA-
C is control of HIV infection.

e HLA-DRB1: Peptide’s presentation
derived from extracellular proteins.
Known alleles of HLA-DRB1 is 1569.
Disease related to HLA-DRB1 is
rheumatoid, arthritis, multiple
sclerosis.

e HLA-DQA1: It presents peptides
derived from extracellular proteins.
Known alleles of HLA-DQA1 33.
Disease related to HLA-DQA1 is Bone
Marrow Transplantation, kidney
transplantation.

e HLA-DQB1: It presents peptides
derived from extracellular proteins.
Known alleles of HLA-DQB1 647.
Disease related to HLA-DQBA1 is celiac

disease, transplantation.
Principle

e The test includes four basic steps

e Separation of DNA

e Enlargement was done by PCR

e Hybridization and detection of
sample

e Data was interpreted

Objective of the study

The objective of this study was to report the
HLA allele frequencies of the North Indian
population using the molecular typing. In this
authors assessed allele freq for HLA A, B &

DRB1 in 86 north Indian subjects using PCR,-
SSOP methodology. In our study, 5
individuals HLA-C and HLA-DQB1 were also
typed. The homozygosity and heterozygosity
was also observed under this study.

Result
Statistical analysis

A computer program was used to determine
gene expression using the formula: gf=1-V1-f,
where gf=genetic frequency and f=allele
frequency (af)/phenotype frequency (pf) were
determined by dividing the number of allele
samples specific to the total number of study
samples). The program also calculated Hardy-
Weinberg equity in standard terms. Genetic
frequencies are also calculated manually
using the formula n/2N, where n is the
number of times the allele was detected, and
N is the number of study samples [u]. In
homozygous samples the number of alleles
was calculated as 2. Both methods produced
similar results [13].

Result of HLA allele frequency in north
Indian population

HLA-A locus polymorphism

There were 3 locus alleles, i.e., HLA-A, B and
C loci were in Hardy Weinberg Equilibrium.
Table 1 showed the genetic frequency and
frequency phenotype of 18 HLA-A locus
alleles found in north Indian subjects in our
study. Majority of samples were heterozygous
(83/86, 96.51%) and only 4 samples showed
homozygosity for A*o1;01, A*11;01 and A*68;01.
A*m:o1 was most common allele in our
subjects with a pf of 45.35% followed by
A*68:01 (PF-29.07%) and A*o1:01 (pf-22%).
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s | ofallees | 82| PO | G | s | 82| PO
or:o1° 22 0.137 25.58 24:02:00 10 0.06 1.63
2:01 6 0.036 6.98 26:01:00 7 0.042 8.14
2:03 3 0.018 3.49 20:01:00 1 0.006 1.16
2:05 2 0.012 2.33 30:01:00 2 0.012 2.33
2:06 2 0.012 2.33 31:01:00 3 0.018 3.49
2:11 13 0.079 15.12 32:01:00 9 0.054 10.47
3:01 18 0111 20.93 33:03:00 7 0.042 8.14
11:01° 39 0.261 45.35 68:01° 25 0.158 29.07
23:01 1 0.006 116 68:02:00 2 0.012 2.33

Table 1: “gf: gene frequency, calculated as n/2N in which n is the quantity of precise alleles and 2N is two
times the determine of pattern was studied: b% pf:percent phenotype frequency, calculated as n/N X 100:°
three samples showed homozygosity of the alleles proven, these alleles have been counted as the two alleles
for each samples calculating the gene frequencies.

Blocus | 0D | fa | pfb(%) | Dlocus prasl I fa | pfb (%)
alleles alleles s P alleles alleles s i
1:01 2 0.023 0.012 2.33 40:01:00 6 0.07 0.036 6.98
7:02 12 0.14 0.072 13.95 40:02:00 1 0.012 0.006 116
7:05 1 0.012 0.006 1.16 40:06° 21 0.244 0.131 24.42
8:01 5 0.058 0.03 5.81 41:01:00 3 0.035 0.018 3.49
13:01 1 0.012 0.006 116 44:02:00 2 0.023 0.012 2.33
13:02 2 0.023 0.012 2.33 44:03° 7 0.081 0.042 8.14
15:01 1 0.012 0.006 116 49:01:00 3 0.035 0.018 3.49
15:02 7 0.081 0.042 8.14 50:01:00 1 0.012 0.006 116
15:17 1 0.012 0.006 116 51:01:00 15 0.174 0.091 17.44
1518 2 0.023 0.012 2.33 51:08:00 1 0.012 0.006 116
18:01 4 0.047 0.024 4.65 52:01:00 21 0.244 0.131 24.42
27:04:00 1 0.012 0.006 116 55:01:00 4 0.047 0.024 4.65
27:07:00 1 0.012 0.006 116 55:02:00 1 0.012 0.006 116
35:01:00 12 0.14 0.072 13.95 56:01:00 1 0.012 0.006 116
35:03:00 13 0.151 0.079 15.12 57:01:00 5 0.058 0.03 5.81
35:08:00 2 0.023 0.012 2.33 57:03:00 1 0.012 0.006 116
37:01:00 6 0.07 0.036 6.98 58:01:00 4 0.047 0.024 4.65
38:01:00 1 0.012 0.006 116 58:02:00 1 0.012 0.006 116

Table 2: B*52:01 and °,” as in Table 1;° Two samples showing the homozygosity of the exhibited alleles, these

alleles are counted as two genetic samples for counting the genes.
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DRBi-locus Number of gf? pfb (%) DRBi-locus Number of gf? pfb (%)
alleles alleles alleles alleles

01:01 3 0.018 3.49 11:06 1 0.006 116
03:01 9 0.054 10.47 1:m 1 0.006 116
04:03 3 0.018 3.49 12:01 2 0.012 2.33
04:05 2 0.012 2.33 12:02 6 0.036 6.98
04:06 3 0.018 3.49 13:01 14 0.085 16.28
04:08 1 0.006 1.16 13:02° 5 0.030 5.81
0410 1 0.006 1.16 13:05 2 0.012 2.33
0418 1 0.006 1.16 14:01 5 0.030 5.81
04:51 1 0.006 1.16 14:03 1 0.006 116
07:01° 24 0.151 27.91 14:04 18 0.111 20.93
09:01 2 0.012 2.33 14:54 1 0.006 116
10:01 13 0.079 15.12 15:01 10 0.060 11.63
11:01 12 0.072 13.95 15:02° 17 0.104 19.77
11:04 9 0.054 1.47 15:03 1 0.006 116

Table 3: °," as in Table 1;° Three samples showing the homozygosity of the exhibited alleles, these alleles

HLA-B locus polymorphism

were counted as two samples in the calculation of gene expression.

Data table 2 Indicating the freq same as the A.

Majority of sample were heterozygous (84/86,

97.67%)

and only 2

samples

showed

homozygosity for B¥*40:06 and B*44:03.

HLA-DRB1 locus polymorphism

HLA-DRB1 locus alleles frequencies in 86
subjects from north India. Majority samples

were heterozygous (83/86, 96.51%) and only 3
samples showed homozygosity for DRB1
DRB1* and DRB1*
DRB1*07:01 was most common allele in our
subjects with a pf of 27.91% followed by DRB1
14:04 (PF-20.93%) and DRB1* 15:02 (pf-
19.77%).

07:01, 13:02 15:02.

HLA-C locus polymorphism: (Table 4).
HLA-DQB1 locus polymorphism: (Table 5).

C-locus Number of
alleles alleles sfa pfb(%)
7:01 2 0.012 2.33
7:02 1 0.006 1.16
14:02 1 0.006 1.16
15:02° 3 0.018 3.49
15:05 0.006 116

Table 4:°,” as in Table 1;  One sample showed the homozygosity of the indicated alleles, these alleles were

counted as two samples in the calculation of gene expression.
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Pl | Nletes” | R pfb (%)
2:01 1 0.006 1.16
2:02 1 0.006 1.16

03:01° 3 0.018 3.49
5:01 1 0.006 116
5:03 1 0.006 116
5:05 1 0.006 116
6:01 1 0.006 1.16

05;03 1 0.006 116

Table 5: °," as in Table 1;° One sample showed the homozygosity of the indicated alleles, these alleles were

counted as two samples in the calculation of gene expression.

Conclusion

North Indians HLA allele frequencies have
been reported in the literature based on
serological and molecular typing methods.
Here authors assessed allele freq for HLA A, B
and DRB1 in 86 north Indian subjects using
PCR-SSOP methodology. In our study, 5
individuals HLA-C and HLA-DQB1 were also

typed.

Allele heterozygosity was observed in 96.51%
individuals for locus HLA-A, 97.67%
individuals for locus HLA-B and 96.51% for
HLA-DRB1, overall heterozygosity for all
three loci was 89.5% (77/86 individuals).
Among individuals showing homozygosity (9
individuals), two showed homozygosity at
two loci. Heterozygosity.

The increased heterozygosity for class 1 and
class 2 is associated with selective advantage
against infectious diseases. It has been
reported that individuals with homozygosity
at single or additional loci improvement
faster to death and AIDS [12]. The phenotypic
frequency of B*35 alleles (B*35:01, B*35:03 and
B*35:08) in our study is 31.39%. Comparable

B*35 allele phenotypic frequency (27.5%) was
reported in north Indian patients.

Among HLA-A results, A*m:01 was most
common allele in our study followed by
A*68:01 and A*or:01. The report also showed
comparable results with higher frequency of
A*im:01, A*68:01 and A*o1:01. In contrast,
A*24:01 was a common allele in the report
with gf of 0.111 was not seen in our subjects.

In our study B27 was present in only two
subjects. The alleles of B 27 in our study are
B*27:04 and B*27:07. B*27:07 was present in
all three studies, indicating B*27:07 is
common to Indians.

Rare alleles, B*81:01, B*18:02, B*41:01 and
A*24:03 reported were not detected in our
study. The possible reason for this would be
the rare nature of these alleles and small
sample size of our study.

A*68:01 common allele in our subjects is also
frequently reported.

B17 antigens (B*57 and B*58) were noted in 1

phenotypic
frequency of 12.79%. The earlier study from

individuals accounting to

north India reported frequency of 25.3% in
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north Indian subjects. The B*57:01 was most B*58:01. Among DRB1 alleles, HLA DRB1*07:01

common allele with comparable frequency of was the majority familiar.

References

1.

10.

11.

12.

13.

Hudson LE, Allen RL. Leukocyte Ig-Like Receptors - A Model for MHC Class I Disease Associations. Front
Immunol. 2016;7:281. PubMed | CrossRef

Gebel HM, Bray RA, Nickerson P. Pre-Transplant Assessment of Donor-Reactive, HLA-Specific Antibodies in
Renal Transplantation: Contraindication Vs. Risk. Am ] Transplant. 2003;3(12):1488-500. PubMed | CrossRef

Mpytilineos J, Christ U, Lempert M, Opelz G. Comparison of Typing Results by Serology and Polymerase Chain
Reaction with Sequence-Specific Primers for HLA-Cw in 650 Individuals. Tissue Antigens. 1997;50(4):395-400.
PubMed | CrossRef

Jung HL. Shedding a New Light on the HLA Matching. Korean ] Hematol. 2011;46(1):1-2. PubMed | CrossRef
Buhler S, Sanchez-Mazas A, Zanone R, Djavad N, Tiercy JM. PCR-SSOP Molecular Typing of HLA-C Alleles in
an Iranian Population. Tissue Antigens. 2002;59(6):525-30. PubMed | CrossRef

Petersdorf EW, Malkki M. Human Leukocyte Antigen Matching in Unrelated Donor Hematopoietic Cell
Transplantation. Semin Hematol. 2005;42(2):76-84. PubMed | CrossRef

Sanchez-Mazas A, Steiner QG, Grundschober C, Tiercy JM. The Molecular Determination of HLA-Cw Alleles in
the Mandenka (West Africa) Reveals a Close Genetic Relationship Between Africans and Europeans. Tissue

Antigens. 2000;56(4):303-12. PubMed | CrossRef

Bunce M, Barnardo MC, Procter J, Marsh SG, Vilches C, Welsh KI. High Resolution HLA-C Typing by PCR-SSP:
Identification of Allelic Frequencies and Linkage Disequilibria in 604 Unrelated Random UK Caucasoids and a
Comparison with Serology. Tissue Antigens. 1996;48(6):680-91. PubMed | CrossRef

Robinson J, Malik A, Parham P, Bodmer JG, Marsh SG. IMGT/HLA Database-A Sequence Database for the
Human Major Histocompatibility Complex. Tissue Antigens. 2000;55(3):280-7. PubMed | CrossRef

Martinez-Arends A, Layrisse Z, Argiiello R, Herrera F, Montagnani S, Matos M, et al. Characterization of the
HLA Class I Genotypes of a Venezuelan Amerindian Group by Molecular Methods. Tissue Antigens.
1998;52(1):51-6. PubMed | CrossRef

Flomenberg N, Baxter-Lowe LA, Confer D, Fernandez-Vina M, Filipovich A, Horowitz M, et al. Impact of HLA
Class I and Class IT High-Resolution Matching on Outcomes of Unrelated Donor Bone Marrow Transplantation:

HLA-C Mismatching is Associated with a Strong Adverse Effect on Transplantation Outcome. Blood.
2004;104(7):1923-30. PubMed | CrossRef

Rani R, Marcos C, Lazaro AM, Zhang Y, Stastny P. Molecular Diversity of HLA-A, -B and -C Alleles in a North
Indian Population as Determined by PCR-SSOP. Int ] Immunogenet. 2007;34(3):201-8. PubMed | CrossRef

Lopez-Larrea C, Sujirachato K, Mehra NK, Chiewsilp P, Isarangkura D, Kanga U, et al. HLA-B27 Subtypes in
Asian Patients with Ankylosing Spondylitis. Evidence for New Associations. Tissue Antigens. 1995;45(3):169-76.
PubMed | CrossRef



https://doi.org/10.37191/Mapsci-2582-385X-5(4)-137
https://pubmed.ncbi.nlm.nih.gov/27504110/
https://doi.org/10.3389/fimmu.2016.00281
https://pubmed.ncbi.nlm.nih.gov/14629279/
https://doi.org/10.1046/j.1600-6135.2003.00273.x
https://pubmed.ncbi.nlm.nih.gov/9349625/
https://doi.org/10.1111/j.1399-0039.1997.tb02893.x
https://pubmed.ncbi.nlm.nih.gov/21461293/
https://doi.org/10.5045/kjh.2011.46.1.1
https://pubmed.ncbi.nlm.nih.gov/12445324/
https://doi.org/10.1034/j.1399-0039.2002.590611.x
https://pubmed.ncbi.nlm.nih.gov/15846573/
https://doi.org/10.1053/j.seminhematol.2005.01.009
https://pubmed.ncbi.nlm.nih.gov/11098930/
https://doi.org/10.1034/j.1399-0039.2000.560402.x
https://pubmed.ncbi.nlm.nih.gov/9008311/
https://doi.org/10.1111/j.1399-0039.1996.tb02692.x
https://pubmed.ncbi.nlm.nih.gov/10777106/
https://doi.org/10.1034/j.1399-0039.2000.550314.x
https://pubmed.ncbi.nlm.nih.gov/9714474/
https://doi.org/10.1111/j.1399-0039.1998.tb03023.x
https://pubmed.ncbi.nlm.nih.gov/15191952/
https://doi.org/10.1182/blood-2004-03-0803
https://pubmed.ncbi.nlm.nih.gov/17504510/
https://doi.org/10.1111/j.1744-313x.2007.00677.x
https://pubmed.ncbi.nlm.nih.gov/7761976/
https://doi.org/10.1111/j.1399-0039.1995.tb02436.x

