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ABSTRACT

Objective: The minor histocompatibility antigens (mHAgs) are the
epitopes composed of polymorphic essential peptides, and they create T
cell response limited to a variety of class | and Il HLA alleles. In recent
years, there has been extensive research on the distribution of
polymorphic regions in different populations. The incompatibility between
recipient and donor, may initiate a strong cellular immune response
despite HLA full-matched transplantation. We determined the frequency
of minor antigens among hematopoietic stem cell transplantation (HSCT)
recipients who underwent transplantation for various hematological
diseases.

Material and Methods: The study population included 200 healthy
individuals, 150 HLA-typed patients who were candidates for allogeneic
HSCT, and 20 recipients/donors with allogeneic transplants. Minor HAgs
identified by using polymerase chain reaction (PCR) and sequence specific
primer (SSP) methods.

Results: When the allele frequencies and genotypes of the patients were
compared with those of the healthy group, the difference was not
significant regarding to immunogenic or non-immunogenic allele
frequencies. The individuals with immunogenic homozygous H allele (HH
genotype) were a few more in the healthy group, and this difference
proved to be statistically significant. In fact, our study population
Insufficient though the number was, based on the data received from 20
transplant patients and donors, GvHD was observed in 5 of 10 patients
who had minor incompatibility.

Conclusion: We assume that determining the mHAg frequencies in the
healthy Turkish population and in patients with malignant hematological
diseases will likely contribute to the understanding of the immune
response.

Keywords: Minor Histocompatibility Antigens, Allogeneic Hematopoietic
Stem Cell Transplantation, Graft-versus-host disease.
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Amag: Min6r doku uygunluk antijenleri (mHAg), polimorfik esansiyel pep-
titlerden olusan epitoplar olup sinif | ve Il insan I6kosit antijeni (HLA) alel
cesitleri ile sinirli olan bir T hiicresi yaniti ortaya gikarirlar. Son yillarda,
farkl popilasyonlarda polimorfik bolgelerin dagilimi hakkinda kapsamli
arastirmalar yapilmistir. Alici ve verici arasindaki mHAg uyumsuzlugu, HLA
tam uyumlu transplantasyona ragmen gticli bir hicresel immin yaniti
baslatabilir. Calismamizda gesitli hematolojik hastaliklar nedeniyle alloje-
neik hematopoietik kok hiicre nakli (AHKN) yapilan hastalarda mHAg sikli-
ginin belirlenmesi amaglanmistir.

Gereg ve Yontem: Calisma popilasyonu 200 saglikli bireyi, AHKN adaylari
olarak HLA’si tiplendirilmis olan 150 hastayi ve 20 AHKN alicisi/donériini
icermektedir. mHAg’lar, polimeraz zincir reaksiyonu (PZR) ve diziye 6zgu
primer (SSP) yontemleri kullanilarak belirlendi.

Bulgular: Hastalarin alel frekanslari ve genotipleri saglkli grup ile karsilasti-
rildiginda, immunojenik veya immunojenik olmayan alel frekanslari agisin-
dan fark anlamli degildi. Saglkl grupta immiinojenik homozigot H aleli (HH
genotipi) olan bireyler daha azdi ve bu fark istatistiksel olarak anlamliydi.
Calisma poptlasyonumuz kiigiik olmasina ragmen, 20 transplant hastasin-
dan ve dondriinden alinan verilere gore, 10 hastanin %50’sinin mindér uyum-
suzluk kaynakl Graft versus host hastaligi (GVHH) oldugu gozlendi.

Sonug: Saghkli Turk poptlasyonunda ve malign hematolojik hastaligi olan
hastalarda mHAg frekanslarinin belirlenmesinin immiin yanitin anlasiima-
sina katki saglayacagini distinmekteyiz.

Anahtar Kelimeler: Min6r Doku Uygunluk Antijenleri, Allojenik
Hematopoietik Kok Hiicre Nakli, Graft-versus-host hastalig

Corresponding Author/Sorumlu Yazar: Fatma Savran OGUZ E-mail: oguzsf@gmail.com
Submitted/Bagvuru: 16.06.2022 e Accepted/Kabul: 22.06.2022 e Published Online/Online Yayin: 29.07.2022

@' CEETEM This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License



https://orcid.org/0000-0002-6018-8936

https://orcid.org/0000-0003-2098-381X

https://orcid.org/0000-0002-5854-1163

https://orcid.org/0000-0002-2451-5709

https://orcid.org/0000-0002-1077-8540

https://orcid.org/0000-0002-9310-1278

Oguz, Kekik Cinar, Oguz, Kivang, Sargin, Kalayoglu Besisik Minor histocompatibility antigens in bone marrow transplantation
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2022;5(3):130-134

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (AHSCT) is a
potentially curative therapy for many malignant and nonmalig-
nant hematologic diseases. Recipient donor Human Leukocyte
Antigen (HLA) mismatch for major histocompatibility antigens
encoded on the short arm of chromosome 6 is the most im-
portant risk factor for graft-versus-host disease (GVHD) (1, 2).
Recipient donor HLA mismatch for minor histocompatibility
antigens (mHAgs) encoded by sex-linked or autosomal loci also
contributesto the risk of GVHD (3-6). The impact of mismatches
of mHAgs on the development of GVHD is the best studied in
pairs of siblingswho are HLA identical. A mHAg is of clinical in-
terest only if it is immunogenic and when it has a moderately
increased frequency distribution in the population. The HA-1
antigen fulfills two of the conditions required for the induc-
tion of GVHD: it is immunogenic and has a moderate (69%)
phenotypic frequency. The tissue distribution of mHAgs might
explain its correlation with GVHD. The H-Y and HA-3 antigens
occur on hematopoieticand nonhematopoietic cells. HA-1 and
HA-2 are expressed only on cells derived from hematopoietic
precursors, including dendritic cells and epidermal Langerhans’
cells (7,8). Since the chief function of the latter cells is to pre-
sent antigens to T cells, they are plausible candidates for elici-
ting a graft-versus-host reaction from donor T cells. HA-1 and
HA-2 are encoded by biallelic loci, along with immunogenic
variants, HA-1H and HA-2V, which are expressed along with
HLA-A2 antigens and induce strong HLA-A2-restricted alloreac-
tive T-cell responses, and non-immunogenic counterparts, HA-
1R and HA-2M, which represent functional null alleles that are
poorly presented by HLA class | molecules. HA-1 and HA-2 are
potential targets of selective graft-versus-leukemia and graft-
versus-tumor reactivity after HSCT. It was recently reported that
mismatches for two HLA*02:01-restricted mHAgs: HA-1 and
HA-8 increased the incidence of severe acute GVHD (aGVHD)
when the donor had A/A genotype in rs231775 of CTLA4 gene
(9). The information of mHA genotyping is useful for selection
of therapeutic targets in the post-transplant immunotherapy.

In this study, we aimed to determine the frequency of mHAs in
the healthy population and to find out the relationship betwe-
en mHAs and hematopoietic malignant diseases. In addition we
investigated whether or not mismatching of mHAs contributes
to acute GVHD (grade Il or higher) in recipients of HLA-identical
bone marrow.

MATERIAL AND METHODS

We have 200 healthy people, 150 patients with various malig-
nant hematologic disorders, 20 recipients of HSCT and their
sibling donors, who were HLA identical, at Istanbul University,
Istanbul Faculty of Medicine, Adult Bone Marrow Transplan-
tation Unit. The donor—recipient pairs were selected on the
basis of the presence of HLA-A2, which is the HLA restriction
molecule for mHAg HA-1. The recipients underwent HSCT for
acute lymphocytic leukemia, acute myeloid leukemia, chronic
myeloid leukemia, non-Hodgkin’s lymphoma, or aplastic ane-
mia. None of the recipients received T cell depleted bone mar-
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row. As prophylaxis against GVHD, they received cyclosporine
and short course methotrexate. In the assessment of GVHD, a
grade of 0 or | was considered to indicate the absence of such
disease, and a grade of Il or higher its presence.

The project was approved by the Ethical Committee of the Is-
tanbul Faculty of Medicine (2019/983).

Blood samples were obtained from the patients and their sib-
ling donors before HSCT. The search for and selection of an
HLA-identical sibling donor were based on HLA typing for the
HLA-A, B, and DR antigens of the patients’ families. HA-1 allele
polymerase chain reaction (PCR) and sequence specific primer
(SSP) methods were employed (PCR-SSP kit, One Lambda Inc).
The domains described by two alleles of HA-1 can be seen in
Table 1. The amplified PCR products were analyzed through 2%
gel electrophoresis and were visualized in UV transilluminator
following ethidium bromide staining.

Table 1: Primer Recognition Sites

5’ Recognition 3’ Recognition

Alleles Sites Sites Size
HA._l.H. 345ACACT349  500CTGCA504 190bp
(Histidine)

HA-l.R. 345ACACT349  500TTGCG504 190bp
(Arginin)

Evaluation and Interpretation of the Data

The mHA alleles were tested for Hardy—Weinberg equilibrium.
was tested. The Fisher’s Exact test and the Chi Square test were
conducted through SPSS program. The results were evaluated
in terms of allele frequencies, Odds ratio, 95 % Confidence
Interval, and p value.

RESULTS

We typed 20 pairs of HSCT donors and recipients who were
HLA identical for HLA-A2. The results were then evaluated to
determine whether they were correlated with the develop-
ment of GVHD after HSCT. Allelic variant distribution was si-
milar between recipients and donors whereas frequencies for
RR, HH and HR genotypes were found as 35%, 10% and 55%
respectively (Table 2). Ten patients were mHAg mismatched
and one of them developed acute GVHD. Among 200 healthy
individuals 45.7% had H allele and 54.2% the R allele matching
Hardy-Weinberg Equilibrium (HWE) (Table 3). Upon allelic vari-
ant distribution, genotype frequencies were as follows; RR with
26.5%, HH with 8% and HR with 55.5%. The allelic frequency
for H allele and R allele was 43.3%, and 56.6% respectively in
the study group encompassing the cases with malignant hema-
tological diseases (Table 3). The genotype frequencies of the
healthy group and the patients can be seen in Figure 1. HH ge-
notype were found to be higher frequency in the healthy group,
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Table 2: The HA1 genotypes and GVHD conditions of the
recipients and donors

Control Sex Minor Minor
Recipient/ aGVHD cGVHD HA1 HA1
No: -
Donor Recipient Donor
1 E/K - - HR HR
2 E/E + - HR HR
3 E/E - - RR RR
4 E/E - - HH HR
5 E/E Early ex HR HR
6 E/K ) Ex-not RR HR
assessed
7 K/E ) Ex- not RR RR
assessed
8 E/E + + HR RR
9 E/E - - HR RR
10 K/K - - RR RR
1 E/K + Ex- not RR HH
assessed
12 E/E + + RR HR
13 E/E + + HR HR
14 K/K - Recurrence RR HR
15 K/K + + HH RR
16 E/E - - HR RR
17 K/E - + HR HR
18 K/E - - HR HR
19 K/K - + HR HH
20 E/K + Ex-not HR HR
assessed

Table 3: The HA1 allele frequencies of the healthy and
patient groups

Healthy Group (n:400) Patients Group (n:300)

mHAg allele (n/%) (n/%)
HA1-H 183 /45.7 130/43.3
HA1-R 217/ 54.2 170/ 56.6

compared with the patients (11.7%-18% p < 0.05, 95%Cl=0.289-
1.023). The HR genotype was a little more in the patient group,
no statistical significance was observed (65.3%-55.5% p=0.06).

DISCUSSION

Previously mHAgs were identified through in vitro proliferation
of specific cytotoxic T lymphocytes (CTL) in patients who de-
veloped GVHD and then cloning these cells. Since 1998, when
DNA based methods were first used, PCR-Restriction fragment
length polymorphism (RFLP) and allele specific primers as well
as PCR amplification methods have come into use (10-12).
mHAgs are polymorphic in structure, and they are immuno-

genic for T cells, thus capable of initiating reactions related to
the graft. Early studies on this issue included the presence of
H-Y-related CTL and immune reactions through mHAgs in pati-
ents who received hematopoietic stem cell transplant (HSCT)
from HLA compatible siblings. Goulmy and colleagues studied
5 mHAgs that were not related to the gender chromosome
and showed that the HA-1 difference between HLA compatible
recipient and donor had an effect on the development of II-IV
grade aGVHD (12). Although it is quite difficult to distinguish
GVHD from GVL/T (graft and leukemia/tumor), regulation of
GVL effect is one of the main problems in allogeneic.

While stem cell transplantation suppresses GVHD, it is neces-
sary to simultaneously stimulate GVL/T.

Accordingly, it may be of use to stimulate the CTLs against mAHgs
like HA-1 (13). Donor T cells, held responsible for the anti-leu-
kemic effect of donor leukocyte infusion performed on patients
with recurrent leukemia after stem cell transplant, identify the
HA-1 and HA-2 minor antigens in malign cells and become reacti-
ve. Donor based T cells are capable of eliminating hematological
malignancies by specifically focusing on the minor antigens on
the hematopoietic cells (14-16)

One important goal of our study was to determine the allele
and genotype frequencies of the healthy population. In control
group, the HA-1H allele frequency was 45.7%, and the HA-1R
allele frequency was 54.2%, being in the healthy group. In the
study conducted by Kotzampasaki and colleagues in Greece, 49
healthy bone marrow donors had the same alleles in frequen-
cies of 29% and 70% respectively (14). A research conducted
by Goulmy and colleagues studied 2262 subjects from 6 dif-
ferent ethnic groups in 16 countries in 5 different continents
by making 10 different minor antigen genotype classifications.
They found that the HA-1H and HA-1R were 47.6 % and 52.4 %
respectively in East Asian populations; they were found to be
47.8 % and 52.2 % in African Americans, and 35.9 % and 64.1 %
in Caucasian (14). As this study suggests, HA-1 antigen genoty-
pes frequencies vary in different races. Some of the differences
in this study have a geographical basis, whereas others are
distributed randomly. In the future, the importance of these
population studies will be understood with respect to potential
clinical practices of minor H antigens as an immunotherapeutic
tool after HSCT. In HLA-matched unrelated transplants, the app-
lication of adaptive cellular or vaccination treatments specific
to the Minor H antigen based on ethnicity will enhance the T
cell-related GvT response.

The allele frequencies and genotypes of 150 patients with a va-
riety of hematological malignancies were compared with those
of the healthy group, and it was found that there was no signi-
ficant difference between the two groups either in immunoge-
nic or in non-immunogenic allele frequencies. The individuals
having immunogenic homozygous H allele (HH genotype) in
their genotype frequencies were a few more in the healthy
group, and this difference proved to be statistically significant.
Although those having the immunogenic heterozygote H allele
(HR genotype) were a few more in the patient group, no sta-
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tistical significance was observed. The HA-1H allele frequency
was found to be 37.5% in HSCT recipients and donors. Terlizzi
and colleagues conducted a study on 200 healthy individuals
in northern Italy and found that the HA-1H and HA-1R allele
frequencies were 29.3% and 70.7%. The same study revealed
that 100 hundred patients with hematological malignancies
and solid tumors had similar allele frequencies, and that there
was no relationship between the frequencies and occurrence
of cancer (7). mHAgs play a central role in both GVL and GVHD.
Their discovery and characterization are crucial in developing
strategies to improve HSCT outcomes (17).

It is known that recipient-donor minor antigen mismatch in
bone marrow transplantations reduces the chance of survi-
val after transplantation and increases acute or chronic GVHD
(cGVHD). In this study, there was minor antigen incompatibility
in 10 patients (10%) and acute/chronic GVHD in 5 patients. It is
known that in HLA compatible HSCT series, aGVHD of 19% to
66% is observed (8, 18-19). As far as the 20 transplant recipi-
ents and donors are concerned, though the number is low, the
finding of GVHD in 50% of 10 patients with minor incompati-
bility is consistent with other studies in the literature (20-22).

HA-2 (rs61739531) is expressed in cells of hematopoietic ori-
gin 71 where there is evidence for GVL in AML with low risk
of GVHD. Similarly, other ubiquitously expressed mHAgs are
associated with GVL in chronic myelogenous leukemia without
evidence of GVHD, suggesting complex alloreactivities from
antigen processing, presentation, and costimulation (23).

Minor HAgs arise from the fraction of self-peptides presented
conventionally on MHC molecules that happen to be allelically
variant (6). Their antigenicity is revealed in transplantation set-
tings because such variant peptides are perceived as foreign to
a host’s T cells. With the advances in genome wide sequencing
and T cell-epitope identification technologies, the number of
molecularly identified mHAgs has increased exponentially (24-
26). Immunodominant mHAgs have attracted attention as im-
munotherapeutic targets for hematologic malignancies (10-12).

In conclusion, the uses of mHAg identification include the un-
derstanding of immune response against mHAgs, detection of
the GVHD risk, recognition of the GVL effect likelihood, selec-
tion of the most suitable donor, and determination of the like-
lihood of adaptive immunotherapy in malignant hematological
diseases.
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