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ABSTRACT

Objective: Hematopoietic stem cell transplantation (HSCT) is an important therapy for hematological diseases. One of the most significant
complications of HSCT is graft versus host disease (GVHD), and major histocompatibility complex (MHC) is well known to affect GVHD and graft
rejection. This study aimed to examine the effect of human leukocyte antigens (HLA) on the incidence of GVHD development in patients with
leukemia.

Methods: The association between HLA and GVHD formation was evaluated in 57 patients with HSCT with HLA-identical sibling donors, of
whom 37 were boys and 20 were girls with a mean age of 10.11 years. All patients were diagnosed with leukemia; acute myeloid leukemia
(n=33), acute lymphoblastic leukemia (n=15), and chronic myeloid leukemia (n=9). Transplantation pairs were worked for HLA-A, -B, -C, and
-DRB1 alleles. Class | HLA antigens were investigated using Terasaki microlymphocytotoxicity, whereas class Il HLA alleles with polymerase chain
reaction - sequence-specific amplification method.

Results: The frequency of developing GVHD in patients with HSCT was found to be 17.5% (n=10). HLA-DRB1*04 allelic frequency [p=0.024,
odds ratio (OR): 4.87] was found to be higher in patients who developed GVHD. However, the HLA-DRB1*11 allelic frequency (p=0.031, OR:
0.12) was lower in patients who developed GVHD compared to patients who did not develop GVHD. Furthermore, HLA-B38 (p=0.002) and
HLA-B41 (p=0.002) antigens were found only in patients who developed GVHD. The frequencies of the HLA-A26 allele (p=0.12) and the HLA-
DRB1*11 allele (p=0.037, OR: 4.0) were higher in patients with relapse after HSCT; however, the frequencies of the HLA-A2 allele (p=0.033, OR:
0.19) was lower in patients who relapsed after HSCT.

Conclusion: This study assessed the relationship of HLA class with GVHD, relapse, and survival in children after HSCT in pediatric patients with
leukemia.
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Amag: Hematopoetik kdk hiicre nakli (HKHN), hematolojik hastaliklar icin 6nemli bir tedavidir. HKHN'nin en énemli komplikasyonlarindan biri,
graft-versus-host hastaligidir (GVHH) ve biiyiik doku uyumluluk kompleksinin (major histocompatibility complex-MHC) GVHH ve greft reddini
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etkiledigi iyi bilinmektedir. insan I&kosit antijenleri (human leukocyte antigen - HLA) tipinin I6semili hastalarda GVHH insidansi iizerindeki etkisini
incelemeyi amacladik.

Gereg ve Yéntem: HLA uyumlu kardes donérleri ile HKHN olan 57 hastada HLA ve akut, kronik GVHH olusumu arasindaki iliski degerlendirildi.
Calismaya yas ortalamasi 10,11 olan 37 erkek ve 20 kiz dahil edildi. Tim hastalarin tanilari; Akut myeloid 16semi (n=33), akut lenfoblastik |6semi
(n=15), kronik myeloid 16semi (n=9) idi. Tum nakil kardes ciftleri HLA-A, -B, -C, -DRB1 allelleri icin tiplendirildi. Sinif | HLA antijenleri Terasaki
mikrolenfositotoksisite kullanilarak saptandi ve sinif Il HLA allelleri polimeraz zincir reaksiyonu-diziye 6zgii primerler (polymerase chain reaction
with specific primer sequence) yéntemi ile analiz edildi.

Bulgular: HKHN uygulanan hastalar arasinda GVHH insidansi %17,5 (n=10) olarak bulundu. HLA-DRB1*04 allelik frekansi [p=0,024, risk orani
(OR): 4,87] GVHH gelisen hastalarda daha yiiksekti. Bununla birlikte, HLA-DRB1*11 allelik frekansi (p=0,031, OR: 0,12), GVHH gelisen hastalarda,
GVHH gelistirmeyen hastalara gore daha distkti. Ayrica, HLA-B38 (p=0,002) ve HLA-B41 (p=0,002) antijenleri sadece GVHH gelisen hastalarda
bulundu. HLA-A26 alelinin (p=0,12) ve HLA-DRB1*11 alelinin (p=0,037, OR: 4,0) frekanslari daha yiksekken, HLA-A2 allelinin frekanslari
(p=0,033, OR: 0,19) HKHN sonrasi niikseden hastalarda daha disiik olarak saptandi.

Sonug: Bu calisma, |6semili pediatrik hastalarda HKHN sonrasi ¢ocuklarda HLA sinifinin GVHH, relaps ve sagkalim ile iliskisini degerlendiren

calismadir.
Anahtar Kelimeler: HLA, GVHH, |6semi, HKHN

INTRODUCTION

The success of bone marrow transplantation and remission
depends on the degree of histocompatibility of human
leukocyte antigens (HLA) between the recipient and the
donor in allogeneic transplantation. In a transplant, HLA
and minor histocompatibility antigens from the transmitted
organ or tissue are delivered to the recipient organism.
Antigens that are not possessed by the recipient organism
are recognized by the T lymphocytes of the recipient, which
results in graft rejection (1).

All  patients undergoing hematopoietic stem cell
transplantation (HSCT) have the risk of developing
graft versus host disease (GVHD) after graft placement.
The following are the involved mechanisms in GVHD
pathogenesis: 1. Initial disease treatment and transplant-
condition chemoradiotherapy may be a risk factor for GVHD
via HLA and non-HLA molecule up-regulation, 2. HLA
differences between the patient and the donor may lead
to GVHD via T-cell reactivity, and 3. Cytotoxic T lymphocyte
activation arising from excessive cytokine release may lead to
GVHD (2). GVHD is orchestrated by immunologic response
cells within the bone marrow and hematopoietic stem cells,
especially T lymphocytes. Even if both the recipient and the
donor possess the same HLA composition, all allogeneic
recipients are at risk of developing GVHD due to the
existence of minor histocompatibility antigens. mHAs are
polymorphic antigens that contribute independently to HLA.
mHA-1 and mHA-2 antigens expressed on hematopoietic
cells are recognized by alloreactive T-cells and lead to
GVHD (2). Many studies showed that HLA antigens play a
role in GVHD development (3,4). The risk of chronic GVHD
was reported to be significantly higher if the recipient and
donor pairs with HLA class | allele mismatch (5). Despite the
attainment of compatibility among the HLA-A, -B, and -DR

alleles, GVHD is still a major complication that can result in
mortality and morbidity (5).

Some studies indicated a possible relationship between
GVHD and HLA antigens. The compatibility of both classes
of the major histocompatibility complex (MHC) decreases
the rate of mortality associated with GVHD. According to
Wing and colleagues (6), the compatibility of HLA-A and
HLA-B (class |) is as significant as the compatibility of the
HLA-DR alleles (class 1) (6).

This study aimed to examine the influence of HLA antigens
on GVHD incidence between patients with leukemia who
had undergone transplantation from HLA-identical siblings.

METHODS

In 57 blood samples, class | HLA antigens were investigated
using Terasaki microlymphocytotoxicity, whereas class
[l HLA alleles were analyzed with the polymerase chain
reaction - specific primer sequence (PCR-SSP) method. In
the serological method, lymphocytes were isolated, and a
144-well plate containing HLA-A and HLA-B antibodies was
used (7). The presence of DRB gene domains in the DNA
samples was assessed with the PCR-SSP “low resolution”
method using 24 primer pairs. PCR products were subjected
to 2% gel electrophoresis and visualized under UV light
(8). This is a retrospective study from a thesis (03.19.2003).
Therefore, this study was approved by The Administrative
Board of Istanbul University Institute of Health, Istanbul
University, Istanbul, Turkey.

Study Population

The association between HLA antigens and the occurrence
of acute and chronic GVHD was evaluated in 57 patients
with HSCT having HLA-identical sibling donors, of whom 37
were boys and 20 were girls with a mean age of 10.11 years.
All patients had leukemia [acute myeloid leukemia (AML)
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(n=33), acute lymphoblastic leukemia (ALL) (n=15), chronic
myeloid leukemia (CML) (n=9)]. Patients with AML were
treated with busulfan and cyclophosphamide. VP16 and
TBI were given to ALL patients. Patients with CML received
cyclophosphamide and busulfan.

Statistical Analysis

Windows Statistical Package for the Social Sciences
version 21.0 was used for statistical calculations (IBM, USA).
Continuous numerical (quantitative) values were given as
mean + standard deviation (SD) and categorical (nominal)
values as a percentage (%). The associations between HLA
antigens and GVHD and relapse incidence were performed
using Chi-square or Fisher's Exact test. Odds ratios (OR) were
also calculated. Survival was calculated using the Kaplan-
Meier test. Comparison of survival curves between the
groups was done by long rank test. Statistical significance
was accepted when the p-value was <0.05.

RESULTS

Our study group, which underwent HSCT, consists of 57
patients. Of this group, 33 (57.89%) were diagnosed with
AML, 15 with ALL (26.32), and 9 with CML (15.79%). Thirty-
seven of the patients were male and 20 were female with
a mean age of 10.11 years. The patient characteristics are
summarized in Table 1. Additionally, 12 (52.2%) patients
with AML, 6 (26.0%) with ALL, and 5 (21.8%) with CML died,
whereas 21 (61.7%) patients with AML, 9 (26.5%) with ALL,
and 4 (11.8%) with CML were alive. The distribution of
survival after HSCT according to the diagnosis is shown in
Table 2.

Between patients who underwent HSCT, the incidence of
GVHD was found to be 17.5% (n=10). The overall incidence
of relapse was 23.0% (n=13) (Table 3).

Table 1. Characteristic of patients

Patients Frequency % Age of mean *= SD
N=57 - - 10.11+4.05
Diagnosis

AML 33 57.89 9.85+4.04

ALL 15 26.32  9.45%3.99

CML 9 15.79 10.03+4.01

Sex

Female 20 64.91  9.30+4.08

Male 37 35.09 10.54+4.02

AML: Acute myeloid leukemia, ALL: Acute lymphoblastic leukemia, CML:
Chronic myeloid leukemia, SD: Standart deviation
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The HLA-DRB1*04 allelic frequency [p=0.024, OR: 4.87, 95%
confidence interval (Cl): 1.139-20.874] was higher in patients
who developed GVHD. However, the HLA-DRB1*11 allelic
frequency (p=0.031, OR: 0.12, 95% CI: 0.015-1.077) was
lower in patients who had developed GVHD compared to
patients who did not develop GVHD. Furthermore, HLA-B38
(p=0.002) and HLA-B41 (p=0.002) antigens were only found
in patients who developed GVHD (Table 4). The frequencies
of the HLA-A26 antigen (p=0.012, OR: 7.00 95% CI: 1.300-
37.400) and the HLA-DRB1*11 allele (p=0.037, OR: 4.00 95%
Cl: 1.030-15.400) were higher, whereas that of the HLA-A2
antigen (p=0.033, OR: 0.19, 95% CI: 0.038-0.970) was lower
in patients with relapsed after HSCT. This study revealed
that the HLA-B62 allele (p=0.005, OR: 0.80, 95% ClI: 0.600-
1.070) was only found in patients who had relapsed after
HSCT (Table 4). Our study revealed that the survival rate
after HSCT ranged from 1 to 144 months, with a five-year
survival rate of 57.4%. The survival rate among the 34 living
patients ranged from 12 to 144 months, and that among
the 23 patients who died after HSCT ranged from 1 to 60
months (Figure 1a). The five-year survival rate in girls was
f 62% and that in boys was 59% (Figure 1b). Twenty-one of
the 33 patients with AML survived, and five-year survival was
63%.

Moreover, 9 out of 15 patients with ALL survived, and their
five-year survival rate was 60%. Additionally, 4 out of 9
patients with CML survived, and their five-year survival rate
was 37% (Figure 1c). The five-year survival rate of patients
who developed GVHD was 48% and that in patients who
had not developed GVHD was 58% (Figure 1d).

DISCUSSION

Conventional chemotherapy results in a good prognosis by
curing 70% of pediatric patients with a diagnosis of low-risk

Table 2. Survival rates of patients after HSCT

Survival (n=57) Diagnosis n Frequency %

AML 21 617
Yes (n=34) ALL 9 265
CML 4 1.8

TOTAL 34 100

AML 12 522
ALL 6 26.0
Non=23) CML 5 21.8

TOTAL 23 100

HSCT: Hematopoietic stem cell transplantation, AML: Acute myeloid
leukemia, ALL: Acute lymphoblastic leukemia, CML: Chronic myeloid
leukemia
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Figure 1. a. The survival rate, b. The survival rate according to
diagnosis, c. The survival rate according to sex, d. The survival rate
according to GVHD

GVHD: Graft versus host disease, AML: Acute myeloid leukemia, ALL:
Acute lymphoblastic leukemia, CML: Chronic myeloid leukemia
ALL. In patients with high-risk ALL (chromosome anomaly,
treatment responsiveness, and relapse), allogeneic SCT
is a good therapeutic option (9). HSCT is an important
therapy for hematological diseases (10,11). One of the most
significant complications of HSCT is GVHD, and MHC is

known to affect GVHD and graft rejection (12,13).

A study performed in 751 patients with CML who are
transplanted from HLA-identical siblings revealed that
HLA-A3 antigen was a risk for GVHD, whereas DR1 allele was
shown to be protective against GVHD (2). A study by Kekik
et al. (14) which was conducted in 108 adult patients who
were transplanted with allogeneic bone marrow, reported
that the HLA-A24 allele had a protective role against GVHD
development. Kim et al. (15), who studied 389 patients in
Korea, determined the acute GVDH rate after attention
bias modification training (ABMT) as 34.8% and the chronic
GVHD rate after ABMT as 21.2%. Additionally, patients with
acute GVHD had a high frequency of HLA-B61 and HLA-Cws3;
however, patients with chronic GVHD had a high frequency
of HLA-B54. Another study revealed that the presence of
the HLA-A10 (which is in the sub-group of HLA-A25 and
HLA-A26) and HLA-B7 antigens were found to increase
the risk of acute GVHD, whereas an increased frequency
of HLA-B27 decreased the incidence of chronic GVHD (16).
The number of patients who developed GVHD after HSCT
(n=10) is low, thus previous research is insufficient on this

Table 3. GVHD and relapse rates after the HSCT
17.5%

GVHD (+) (n=10), GVHD (-) (n=47) 82.5%

Survival Frequency %  Survival Frequency %
Yes (n=5) (8.75%)* Yes (n=29) (50.91%)*
No (n=5) (8.75%)* No (n=18) (31.59%)*
Sex

Female
Female (n=5) (8.75%)* (n=15) (26.32%)*
Male (n=5) (8.75%)* Male (n=32) (56.18%)*
Diagnosis
ALL (n=2) (3.5%)* ALL (n=13) (22.82%)*
AML (n=4) (7.0%)* AML (n=29) (50.90%)*
CML (n=4) (7.0%)* CML (n=5) (8.78%)*

Relapse (+) (n=13), 23.0% Relapse (-) (n=44), 77.0%

Survival Frequency %  Survival Frequency %
Yes (n=3) (5.31%)* Yes (n=31) (54.25%)*
No (n=10) (17.69%)* No (n=13) (22.75%)*
Sex

Female
Female (n=5) (8.85%)* (n=15) (26.25%)*
Male (n=8) (14.15%)* Male (n=29) (50.75%)*
Diagnosis
ALL (n=3) (5.31%)* ALL (n=12) (21.00%)*
AML (n=7) (12.38%)* AML (n=26) (45.50%)*
CML (n=3) (5.31%)* CML (n=6) (10.50%)*

*An in-group seen percentage, GVHD: Graft versus host disease, HSCT:
Hematopoietic stem cell transplantation, AML: Acute myeloid leukemia,
ALL: Acute lymphoblastic leukemia, CML: Chronic myeloid leukemia

subject. Cardozo and colleagues, who studied 179 patients,
reported that acute GVHD is positively associated with
HLA-A10, HLA-A26, B55, DRB1*15, and DQB1*05, whereas
HLA-B16 is higher in patients without acute GVHD. Ivana
and colleagues, who studied 96 patients, determined the
acute GVDH rate after HSCT as 31.3% and the chronic GVHD
rate after HSCT as 26.0%. Another study in patients carrying
the HLA-A*01, DRB1*03, and DQB1*03 alleles revealed a
statistically significantly lower ratio of acute GVHD, as well
as the relationship with a higher ratio of chronic GVHD in
patients carrying the HLA-DQB1*06 allele (18).

This study compared patients concerning the HLA
haplotype, class | HLA-B antigens, namely HLA-B38 and
HLA-B41, were not identified in patients who had not
developed GVHD. Meanwhile, the frequencies of the class
[l HLA-DRB1 alleles, HLA-DRB1*04, and HLA-DRB1*11 were

283



Table 4. The relationship between HLA and GVHD, relapse

Med J Bakirkoy 2021;17:280-285

GVHD (+) n=10 GVHD (-) n=47 p OR ClI%
HLA % %
B38 2 20 0 0 0.002 0.80 (0.587-1.091)
B41 2 20 0 0 0.002 0.80 (0.587-1.091)
DRB1*04 5 50 8 17 0.024 4.87 (1.139-20.874)
DRB1*11 1 10 22 47 0.031 0.12(0.015-1.077)

Relapse (+) n=13 Relapse (-) n=44 p OR, CI%

% %

A2 2 17 23 51 0.033 0.19 (0.038-0.970)
A26 4 33 3 7 0.012 7.00 (1.300-37.400)
B62 2 17 0 0 0.005 0.80 (0.600-1.070)
DRB1*11 8 67 15 33 0.037 4.00 (1.030-15.400)

%: Within-group percentage [GVHD (+) / GVHD (-)], Cl: Confidence interval, GVHD: Graft versus host disease, HLA: Human leukocyte antigens, OR: Odds ratio

higher and lower, respectively, in patients who developed
GVHD compared to patients who did not develop GVHD.

Among 57 patients, 13 had relapsed (23.0%). The relapse
frequency was higher in patients with AML (7/13). The
comparison of patients with and without relapse revealed
that, in patients with AML, the HLA-A26 frequency was higher
but the HLA-A2 frequency was lower, which corroborates the
idea of Von Fliedner et al. (19) that the presence of HLA-A2
is a sign of a good prognosis. Our study revealed that the
HLA-DRB1*11 allelic frequency was higher in patients with
relapsed HSCT, similar to previous studies that showed that
the allelic frequency of this HLA is higher in patients with
AML (19). Thus, a high frequency of the HLA-DRB1*11 allele
could be a sign of a poor prognosis.

The rate of the HLA-A24 antigen was higher in patients
who survived, whereas the frequencies of the HLA-A26 and
HLA-B8 antigens were higher in patients who died after
HSCT. HLA-A26 could be assessed as a bad prognosis
factor because the HLA-A10 antigen increased the risk of
acute GVHD and that the five-year survival rate of patients
who developed GVHD is poor compared to that of patients
who did not develop GVHD (16).

CONCLUSION

This study is very important since it evaluates the relationship
of HLA class with GVHD, recurrence, and survival in children
after HSCT. This study incorporated 57 cases from the
genetic pool of the Turkish population, but larger studies
must be performed in the future.
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