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Abstract

IInnttrroodduuccttiioonn:: The interleukin-1 (IL-1) gene family includes three members (IL-1α, IL-1β
and IL-1Ra) that mediate immune and inflammatory responses. Interleukin-1 (IL-1) is an
inflammatory cytokine involved in various autoimmune and inflammatory diseases. 
IL-1 receptor antagonist (IL-1Ra) is the naturally occurring antagonist to IL-1α and IL-1β.
A variable number tandem repeat (VNTR) polymorphism in the IL-1Ra gene has been
associated with increased IL-1Rα production and affects the severity of aGVHD. 
MMaatteerriiaall  aanndd  mmeetthhooddss:: Three hundred and fifty pairs (175 HSCT recipients and their
donors) were analyzed by VNTR/PCR. Because of haematological disorders all patients
were transplanted. All genotypes were screened blind to the clinical outcome of the
transplants. GVHD was graded using Glucksberg criteria.
RReessuullttss::  The influence of different alleles on incidence of aGVHD was investigated
with univariate analysis. None of them showed an association with aGVHD, but
possession of allele 2 in donors was associated with less severe aGVHD, although
the frequency of allele 2 in our study population was low. However, aGVHD correlated
with recipient age, donor age and recipient disease, particularly thalassaemia.
CCoonncclluussiioonnss::  No significant correlation was observed between the IL-1Ra
polymorphism and incidence of aGVHD. In addition there was a powerful association
between diagnosis, particularly thalassaemia, and GVHD (26 out of 30 thalassaemia
patients). These findings may help to predict the risk/severity of GVHD, which may
contribute to selecting strategies for treatment/prevention in thalassaemia patients.

KKeeyy  wwoorrddss:: BMT, cytokine, genotype.

Introduction

Haematopoietic stem cell transplantation has evolved as a central treatment
modality in the management of different haematologic malignancies. Despite
adequate posttransplantation immunosuppressive therapy, acute graft-versus-
host disease (aGVHD) remains a major cause of morbidity and mortality in the
haematopoietic stem cell transplantation setting, even in patients who receive
human leukocyte antigen (HLA) identical sibling grafts [1].
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Allogeneic haematopoietic stem-cell transplan-
tation (SCT) is well established as a curative
treatment for many haematological malignancies
and some non-malignant disorders [2]. However,
complications like aGVHD, infections and recurrence
of malignancy (relapse) are still major obstacles to
success [3–4]. GVHD is caused by alloreactive T-cells
of donor origin attacking recipient tissues [5], but
now it is clear that cytokines are closely involved in
the development and maintenance of GVHD [6]. The
pro-inflammatory cytokine interleukin-1 (IL-1) is a
key molecule in the mediation and amplification of
the inflammatory response. The IL-1 family consists
of at least three polypeptides, some of which are
structurally related [7]. There are three members of
the IL-1 gene family: IL-1α, IL-1β, and IL-1 receptor
antagonist (IL-1Ra). IL-1α and IL-1β are agonists and
IL-1Ra is a specific receptor antagonist [7].

There are interindividual differences in production
of the three IL-1 proteins, which are encoded by three
genes on chromosome 2q. The intron-exone
organization of the three IL-1 genes suggests
duplication of a single gene through evolution [7].
The genes of the IL-1 family are also found to exhibit
polymorphisms [8]. The polymorphism in intron 2 of
the IL1Ra gene is caused by a variable copy number
of an 86-bp sequence. IL2RN has 5 alleles,
comprising 2 to 6 repeats of the 86-bp sequence [9].
It was stated that the 4-repeat and 2-repeat alleles
are most common, while the other alleles occur at
a combined frequency of less than 5% [10]. The IL-
1Ra VNTR genotype has been shown in a few studies
to be implicated in the pathology of a number of
diseases, including severity of aGVHD and incidence
of chronic GVHD [11–12], lupus erythematosus [10],
ulcerative colitis [13], and alopecia areata [14]. 

Though the potential association of IL-1Ra alleles
with GVHD has not been extensively investigated in
Iran we know the ability to identify high and low
responders to allograft by a simple genetic test. The
aim of this study was to ascertain the influence of
IL-1Ra gene polymorphisms on HSCT outcome.

In this study we examine a number of polymorphic
sites present in the IL-1Ra genes, which are known to
influence levels of IL-1 proteins in vitro and in vivo,
and as risk factors for acute and chronic GVHD.

Material and methods

SSttuuddyy  ppooppuullaattiioonn  

One hundred and seventy-five patients with a
history of haematological malignancies and their
donors were enrolled in protocols at Dr. Shariati
Hospital in Tehran, Iran, between 2002 and 2005
after submission of their written informed consent.
The patients, disease and transplant characteristics
are described in Table I. All of the patients had a
background of Asian origin. Patients included in this
study received a first transplant from HLA-identical

siblings and were followed up for clinical outcome
up to July 2005. The trial was performed in
accordance with the Declaration of Helsinki and
subsequent revisions and approved by the ethics
committee at Tehran University of Medical Sciences. 

HHLLAA  ttyyppiinngg

HLA matching was performed serologically for 
HLA-A and -B antigens using the microcytotoxicity
method (NIH method), and HLA-DRB1 using molecular
typing (Heidelberg sequence specific primer, Germany).

IILL--11RRaa  ggeennee  ppoollyymmoorrpphhiissmm  aannaallyyssiiss

An IL-1Ra gene polymorphism study was
performed on 175 recipients’ and 175 donors’
available DNA samples. The patients’ follow-up was
performed in order to evaluate the influence of
genotype on the clinical course post transplant. All
genotypes were determined blind to the clinical
outcome of the transplants. DNA was extracted and
purified from whole blood collected in 5% EDTA using
the salting out method. Donor/recipient genotypes
for the IL-1Ra gene polymorphism were analyzed by
polymerase chain reaction with sequence specific

TTaabbllee  II..  Patient, donor, disease and transplant
characteristics

HSCT 175

Recipients median age, y (range) 21 (3-53)

Donor median age, y (range) 22(3-58)

Sex mismatch 82 (46.9%)

Ethnic group Iranian mixed population

Conditioning regimen Bu + Cy = 160
Bu + Cy +VP = 12
Cy = 3

Stem-cell source

PBSC 165 (94.3%)

BM 10 (5.7%)

GVHD prophylaxis MTX + CsA =100
CsA = 64
CsA + cort = 11

Malignant disease:

AML 55 (31.4%)

ALL 38 (21.7%)

CML 27 (15.4%)

Thalassaemia 30 (17.1%)

Other malignant and non-malignant disease:

(AA, HL, MDS, FA, CLL, 25 (14.3%)
Osteoporosis, Histocytosis, RCC)

Bu – busulfan, Cy – cyclophosphamide, VP – etoposide, MTX – methotrexate,
CSA – cyclosporin A, BM – bone marrow, PBSC – peripheral blood stem cells,
AML – acute myeloid leukaemia, ALL – acute lymphoblastic leukaemia, 
CML – chronic myelogenous leukaemia, AA – aplastic anaemia, HL – Hodgkin's
lymphoma, MDS – myelomonocytic leukaemia, CLL – chronic lymphocytic
leukaemia, RCC – renal cell carcinoma

Study of relationship between IL-1Ra gene polymorphism and GVHD in HLA – identical sibling allogenic transplants 



54 Arch Med Sci 1, March / 2007

primers (MWG Germany). This polymorphism,
located in intron 2 of the IL-1Ra gene, was analyzed
as described [15], using PCR cycle conditions; 94°C
for 30 s, 60°C for 1 min and 72°C for 1 min, with 
a 5 s auto extension step per cycle, for 30 cycles. 
All amplifications were performed according to the
manufacturer’s recommendations. The PCR products
were then visualized by electrophoresis in 2%
agarose gel. Then the correlation between donor and
recipient genotype and GVHD grade for their
respective transplant was assessed. 

SSttaattiissttiiccaall  aannaallyyssiiss

The purpose of this study was to find factors
affecting severe aGVHD. Statistical analysis was
conducted using SPSS 11.5 software package. Allele
frequencies were determined. The variable donor's
and recipient's age, transplantation from a female
donor into a male recipient, source of stem cell,
donor's and recipient's cytomegalovirus (CMV)
serological status, disease status, and donor's and
recipient's IL-1Ra gene polymorphisms were analyzed
as risk factors for acute GVHD. Selected risk factors
of post-transplant complications were considered in
univariate analysis. Odds ratio and chi square test
were used for univariate analysis. In the analysis,
p<0.05 was considered as the level of significance. 

Results

CClliinniiccaall  oouuttccoommeess

One hundred and eighteen patients were
available for this study. The frequency of the aGVHD

grades in this cohort were grade 0 (n=67), grade I
(n=31), grade II (n=48), grade III (n=24), grade IV
(n=5) according to Glucksberg et al. [16]. In this study,
only 13 patients died of GVHD. 77 patients had
moderate to severe aGVHD (grade II to IV) and 
98 patients had either no or mild aGVHD (grades 0
and I) which led to a 44% incidence of moderate to
severe aGVHD in this patient population. The
distributions of the genotypes for both recipients and
donors and aGVHD outcome are shown in Table II.

Chronic GVHD [17] was assessable in those who
survived at least 100 d post BMT (n=153). One
hundred and fifty-three  patients survived beyond
day 100 post transplant, among whom 56 developed
limited and 13 developed extensive chronic GVHD
(according to Atkinson et al. [18]), which led to 
a 42.9% incidence of chronic GVHD.

AAlllleellee  ffrreeqquueenncciieess  ooff  tthhee  IILL--11RRaa  ggeennee
ppoollyymmoorrpphhiissmm

Allele frequencies of the IL-1Ra VNTR
polymorphism studied are shown in Table III. The
influence of this polymorphism on incidence of acute
and chronic GVHD was investigated in this study. 

EEffffeecctt  ooff  IILL--11RRaa  ggeennee  ppoollyymmoorrpphhiissmm  oonn  GGVVHHDD    

The influence of this polymorphism on the
incidence of acute and chronic GVHD was
investigated. GVHD was diagnosed and graded
according to previously published criteria [16]. Table
IV shows univariate analysis of association of IL-1Ra
gene polymorphism with acute GVHD.

None of the polymorphisms showed an
association with the presence of acute or chronic
GVHD. However, considering all significant factors,
acute GVHD turned out to be correlated with
recipient age, donor age and recipient disease,
particularly thalassaemia (Table V). Chronic GVHD
was associated with PBSC as a source of cells
(p<0.03, RR=4.92, 95%CI=0.906-59.09).

TTaabbllee  IIII..  Distribution of IL-1Ra gene polymorphisms in the recipient and donor  genotype with GVHD grade following
transplant

RReecciippiieenntt aaGGVVHHDD aaGGVVHHDD DDoonnoorr aaGGVVHHDD aaGGVVHHDD
GGeennoottyyppee ggrraaddee  00--IIII ggrraaddee  IIIIII--IIVV GGeennoottyyppee ggrraaddee  00--IIII ggrraaddee  IIIIII--IIVV

1/1 116 24 1/1 113 24

1/2 1 0 1/2 1 0

1/3 3 1 1/3 1 0

1/4 8 2 1/4 7 3

1/5 3 0 1/5 1 0

2/2 11 1 2/2 4 1

3/3 1 0 3/3 21 0

4/4 2 0 4/4 2 0

TTaabbllee  IIIIII..  Allele frequency in recipients and donors
AAlllleellee FFrreeqquueennccyy FFrreeqquueennccyy

IInn  RReecciippiieennttss IInn  DDoonnoorrss

A1 90.3% 89.7%

A2 7.4% 6.9%

A3 1.7% 2.3%

A4 6.9% 9.7%

A5 1.7% 1.7%
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Discussion

Allogenic bone marrow transplantation is an
established but complex therapy for patients with
haematological malignant and non-malignant
disease. Unfortunately, complications such as GVHD
still cause significant morbidity and mortality after
transplantation. GVHD occurs in 20–40% of
recipients of HLA-matched sibling donor grafts,
indicating that factors other than being HLA
matched are important in the initiation of GVHD. 

Genetic factors related to patients and donors,
such as cytokine gene polymorphisms, have been
reported to modify the incidence and severity of
aGVHD [11]. IL-1Ra is an anti-inflammatory non-
-signalling molecule that competes for receptor
binding with IL-1α, IL-1β. Differences in the ability of
BMT donors and recipients to produce IL-1 might
influence the occurrence of post-BMT complications.

A number of previous studies have suggested that
polymorphism in cytokine genes influences suscepti-
bility to post-BMT complications [11–12]. In this study
we examined polymorphisms of the IL-1Ra gene that
might influence outcome of BMT. These VNTR were
selected for study because they have been shown to
influence the result of BMT, and to be associated with
acute or chronic inflammatory disease [11–12].

Initial studies in HLA-matched siblings transplant
demonstrated an association of the IL-Ra VNTR
(intron 2) where possession of the allele 2 in the
donor genotype was associated with less severe
acute GVHD. Cullup et al. (2001) studied the IL-1β
and IL-1Ra polymorphism and showed modest
evidence for an association between donor IL-1Ra
genotype and incidence of acute GVHD [11]. 

In a larger study, Lin et al. (2000) reported little
association between donor or recipient IL-β and 
IL-1Ra genotypes and frequency of GVHD [19]. 

In our study, no correlation between acute and
chronic GVHD and patient and donor IL-1Ra gene
polymorphism could be found, in accordance with
other studies [19–20]. However, there are some
differences between allele frequencies with other
ethnic populations. For example, in comparison with
the English population allele A1 is more frequent in
the Iranian population, but allele A2 is rare, mainly
due to ethnic background [9]. 

As IL-1Ra A2 allele has been described as a 'pro-
-inflammatory' haplotype [15], recipients and donors
carrying these alleles were compared with those
without and, again, no difference in GVHD frequencies
was seen. 

In our evaluation of risk factors for acute GVHD
after allogeneic blood stem cell transplantation, we
found that the incidence of GVHD was affected by
recipient age, donor age and recipient disease,
particularly thalassaemia.

We did not find any correlation between severe
aGVHD risk with donor-recipient sex mismatch, in

accordance with the results of Bortin et al. and
Ramsay et al., who did not see sex mismatch as 
a significant parameter for development of GVHD
[21–22] (in contrast with Bross et al. [23] and
Ghavamzadeh et al. [24]) .

Conclusions 

These findings may help to predict the risk/severity
of GVHD, which may contribute to selecting strategies
for treatment/prevention in thalassaemia patients.
Although we found a powerful association between
thalassaemia and GVHD, further studies with more
patients will be required to draw any conclusion. In
summary, our results do not demonstrate an
association between the incidence of aGVHD and
donor and recipient polymorphism of IL-1RN, possibly
because the frequency of allele number 2 was
observed to be low in the population studied (Table II).
Of the 350 individuals examined, we only observed
25 cases of allele 2. Hence, we are aware that the
number of patients in our study does not allow 
a strong conclusion to be made regarding the relative
impact of IL-1Ra genotype-associated GVHD risk. 
In certain populations, the frequency of this allele
seems to be more prevalent [11] and it could be more
important in predicting acute GVHD. Consequently,
IL-1Ra gene polymorphisms and their association with
transplant-related complications in Iran.

TTaabbllee  IIVV..  Statistical analysis of risk factors for acute GVHD

PP  OOddddss  RRiisskk  ffaaccttoorr
VVaalluuee RRaattiioo

0.018 1.033 Recipient age (years)

0.996 1.014 Recipient sex

0.960 0.979 Recipient CMV status (seropositive)

0.249 1.932 Recipient genotype (allele 2+) 
Recipient disease (diagnosis)

0.002 5.136 Thalassaemia

0.060 0.538 AML

0.930 0.967 ALL

0.281 0.637 CML

0.752 1.153 Others

0.008 1.040 Donor age (years)

0.123 0. 618 Donor sex

0.131 1.606 Gender mismatch

0.096 0.559 Donor male recipient female

0.960 1.022 Donor female recipient male

0.412 1.629 Donor genotype (allele 2+)
1.619 Stem-cell source

0.457 0.618 PBSC

0.460 BM



56 Arch Med Sci 1, March / 2007

AAcckknnoowwlleeddggeemmeennttss
This work was supported in part by a grant from

the Haematology, Oncology and BMT Research Centre,
Shariati Hospital, Tehran University of Medical
Sciences, Tehran, Iran. We thank the following BMT
section supervisors: Mrs Ashraf Moosavi, Zahra
Shahryari, Simindokht Basirpanah, Soheila Khalilvandi.
Special thanks are extended to Mehdi Tabrizi for
editing help and the donors and recipients who
participated in this study. 

References
1. Goker H, Haznedaroglu IC, Chao NJ. Acute graft-vs-host

disease: pathobiology and management. Exp Hematol
2001; 29: 259-77.

2. Thomas ED, Storb R, Clift RA, Fefer A, Johnson FL, Neiman
PE, Lerner KG, et al. Bone-marrow transplantation. N Engl
J Med 1975; 292: 832-43. 

3. Giralt SA, Champlin RE. Leukemia relapse after allogeneic
bone marrow transplantation: a review. Blood 1994; 84:
3603-12.

4. Storb R, Prentice RL, Buckner CD, Clift RA, Appelbaum F,
Deeg J, Doney K, et al. Graft-versus-host disease and
survival in patients with aplastic anemia treated by marrow
grafts from HLA-identical siblings. Beneficial effect of 
a protective environment. N Engl J Med 1983; 308: 302-7.

5. Grebe SC, Streilein JW. Graft-versus-host reactions: 
a review. Adv Immunol 1976; 22: 119-21.

6. Antin JH, Ferrara JL. Cytokine dysregulation and acute graft-
versus-host disease. Blood 1992; 80: 2964-8.

7. Dinarello CA. Biologic basis for interlukin-1 in disease. Blood
1996; 87: 2095-147.

8. Guasch JF, Bertina RM, Reitsma PH. Five novel intragenic
dimorphisms in the human interleukin-1 genes combine
to high informativity. Cytokine 1996; 8: 598-602.

9. Tarlow JK, Blakemore AI, Lennard A, Solari R, Hughes HN,
Steinkasserer A, Duff GW. Polymorphism in human IL-1
receptor antagonist gene intron 2 is caused by variable
numbers of an 86-bp tandem repeat. Hum Genet 1993;
91: 403-4.

10. Blakemore AI, Tarlow JK, Cork MJ, Gordon C, Emery C, Duff
GW. Interleukin-1 receptor antagonist gene polymorphism
as a disease severity factor in systemic lupus erythmatosus.
Arthritis Rheum 1994; 37: 1380-5.

11. Cullup H, Dickinson AM, Jackson GH, Taylor PR, Cavet J,
Middleton PG. Donor interleukin 1 receptor antagonist
genotype associated with acute graft-versus-host disease
in human leucocyte antigen-matched sibling allogeneic
transplants. Br J Haematol 2001; 113: 807-13. 

12. Cullup H, Dickinson AM, Cavet J, Jackson GH, Middleton PG.
Polymorphism of interleukin-1á constitute independent
risk factors for chronic graft-versus-host disease after
allogenic bone marrow transplantation. Br J Haematol 2003;
122: 778-87.

13. Mansfield JC, Holden H, Tarlow JK, Di Giovine FS, McDowell
TL, Wilson AG, Holdsworth CD, Duff GW. Novel genetic
association between ulcerative colitis and the anti-
inflammatory cytokine interleukin-1 receptor antagonist.
Gastroenterology 1994; 106: 637-42.

14. Tarlow JK, Clay FE, Cork MJ, Blakemore AI, McDonagh AJ,
Messenger AG, Duff GW. Severity of alopecia areata is
associated with a polymorphism in the interleukin-1 receptor
antagonist gene. J Invest Dermatol 1994; 103: 387-90.

15. Hurme M, Santtila S. IL-1 receptor antagonist (IL-1Ra)
plasma levels are co-ordinately regulated by both IL-1Ra
and IL-1beta genes. Eur J Immunol 1998; 28: 2598-602.

16. Glucsberg H, Storb R, Fefer A, Buckner CD, Neiman PE, Clift
RA, Lerner KG, Thomas ED. Clinical manifestations of graft
versus host disease in human recipients of marrow from HLA
matched sibling donors. Transplantation 1974; 18: 295-304.

17. Nicklin MJ, Barton JL, Nguyen M, FitzGerald MG, Duff GW,
Kornman KA. Sequence-based map of the nine genes of the
human interleukin-1 cluster. Genomics 2002; 79: 718-25.

18. Atkinson K, Horowitz MM, Gale RP, Lee MB, Rimm AA, Bortin
MM. Consensus among bone marrow transplanters for
diagnosis,grading and treatment of chronic graft-versus-host
disease. Committee of the international Bone Marrow
Transplant Registry. Bone Marrow Transplant 1989; 4: 247-54.

19. Lin  MT, Martin PJ, Tseng LH, et al. Correlation between
polymorphisms of the IL-1 gene complex and development
of acute graft-versus-host disease after hematopoietic cell
transplantation. Blood 2000; 96: 396a.

20. Antin  JH, Weinstein HJ, Guinan EC, McCarthy P, Bierer BE,
Gilliland DG, Parsons SK, et al. Recombinant human
interleukin-1 receptor antagonist in the treatment of steroid-
resistant graft-versus-host disease. Blood 1994; 84: 1342-48.

21. Bortin MM, Rimm AA. Treatment of 144 patients with severe
aplastic anemia using immunosuppression and allogeneic
marrow transplantation. A report from the International Bone
Marrow Transplant Registry. Transplant Proc 1981; 13: 227-9. 

22. Ramsay NK, Kersey JH, Robinson LL, McGlave PB, Woods
WG, Krivit W, Kim TH, et al. A randomized study of the
prevention of acute graft-versus-host disease. N Engl J Med
1982; 306: 392-7.

23. Bross DS, Tutschka PJ, Farmer ER, Beschorner WR, Braine
HG, Mellits ED, Bias WB, Santos GW. Predictive factors for
acute graft-versus-host disease in patients transplanted
with HLA–identical bone marrow. Blood 1984; 63: 1265-70. 

24. Ghavamzadeh A, Alimoghaddam K, Behrouzan O, et al. HLA
and risk of acute graft-versus-host disease in allogenic
bone marrow transplantation from an HLA-identical sibling.
Arch Iran Med 2002; 5: 16-20.

Mohammad Reza Nooridaloii, Maryam Sobhani, Pantea Izadi, Akbar Fotouhi, Kamran Ali Moghadam, Masoud Iravani, Mohammad Jahani, 
Babak Bahar, Asadollah Moosavi, Nima Hadiashar, Ardeshir Ghavamzadeh


