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A B S T R A C T

Mucosal addressin cell adhesionmolecule–1 (MAdCAM-1) contributes to the recruitment of donor T cells into
themucosal tissues of the recipient after allogeneic hematopoietic stemcell transplantation (aHSCT). The aim
of our study was to determine whether selected single nucleotide polymorphisms (SNPs) of the MADCAM1
gene are associated with development of serious complications after aHSCT. Three MADCAM1 gene single
nucleotide polymorphisms (rs758502 C/T, rs2302217 A/G, rs3745925 G/T) were genotyped by polymerase
chain reaction with sequence-specific primers in 87 Czech, HLA-identical donor-recipient aHSCT pairs.
MADCAM1 rs2302217 AA homozygous recipients developed chronic GVHD more frequently than patients
with other genotypes (65% vs. 34%; p � 0.025). Furthermore, multivariate analysis revealed the MADCAM1
rs2302217 AA genotype in recipient being also an independent factor associated with development of acute
GVHD (p � 0.036) and decreased overall survival (p � 0.001). These data suggest that MADCAM1 gene
polymorphisms may be associated with the risk of chronic GVHD and may, also, affect mortality related to
aHSCT.

� 2009 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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. Introduction

Although allogeneic hematopoietic stem cell transplantation
aHSCT) has become a routine means of curative therapy for many
ematologic malignant and nonmalignant diseases, its outcome is
ffected by development of different serious post-transplantation
omplications such as graft-versus-host disease (GVHD), infection,
nd relapse. Various non–human leukocyte antigen (HLA) factors,
ncluding genetic polymorphisms of cytokines, their receptors and
thermolecules with immune functions are intensively studied for
heir possible relevance for aHSCT outcome [1–3].

GVHD is one of themost important complications that influence
orbidity and mortality after the aHSCT. The main effector cells in
VHD are the donor T cells, which exit lymphoid tissues during the
ctivation phase of GVHD and migrate to mucosal sites and paren-
hymal GVHD target organs, where they cause tissue damage. The
olecular interactions necessary for migration and distribution of
ctivated donor T cells in the host tissues have recently been stud-
ed, especially for their therapeutic potential (4).

Adhesion molecules, in cooperation with chemokines, drive
rgan-specific homing of donor lymphocytes to either peripheral or
ucosal lymph nodes (5) via interaction with their counterparts ex-
ressed on lymphocytes. Mucosal addressin cell adhesion molecule–
4
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(MAdCAM-1) is an endothelial cell marker that is recognized by
ts ligands on lymphocytes: L-selectin and �4�7 integrin [6].
AdCAM-1 is highly expressed on intestinal endothelium and has,

ecently, been shown to play an important role in the development
f acute GVHD in animal model [7,8]. It has been speculated that
articular variants of the MADCAM1 gene described previously [9]
ay affect structure and/or expression of MAdCAM-1 molecule in

he recipient of the allogeneic hematopoietic stem cell graft and
herefore may also influence aHSCT outcomes. In this preliminary
tudy of 87 hematologic patients who underwent allogeneic HSCT
rom their HLA identical donor, we therefore investigated a pos-
ible association of three selected single nucleotide polymor-
hisms spanning the MADCAM1 gene (rs758502 C/T, rs2302217
/G, rs3745925 G/T) with the development of acute or chronic
VHD, transplant-related mortality, and overall survival after
HSCT.

. Subjects and methods

.1. Patients and donors

A total of 87 patients were enrolled (37 female and 50male; age
ange 18–61 years, median 43 years) after aHSCT at the Depart-
ent of Hematooncology of University Hospital Olomouc. Also
nrolledwere 87 HLA-matched related (n � 70) and unrelated (n �
7) donors (34 female and 53male; age range 18–69 years,median

0 years). Patients were referred for aHSCT mainly because of

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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ematologic malignancy (94.3%); 5 patients had sideropenic aplas-
ic anemia. Acute leukemia (34 acute myeloid leukemia patients
nd nine acute lymphocytic leukemia patients), non-Hodgkin lym-
homa (14 patients), and chronic myeloid leukemia (10 patients)
ere the most common underlying diagnoses. The level of HLA

dentity was established according the European Federation for
mmunogenetics (EFI) standards. In cases of related aHSCT pairs, all
onors were genotypically identical (HLA-A,-B-DR loci as mini-
um); in cases of unrelated aHSCT pairs, only those with complete

dentity at allelic (“high-resolution”) level of HLA-A,-B,-Cw,-DRB1.
nd -DQB1 loci were enrolled. 48 patients (55%) received a non-
yeloablative conditioning regimen. AcuteGVHDwas diagnosed in
3 patients (38%), and 3 patients who died before day �30 post-
ransplantation without significant aGVHD symptoms were ex-
luded from aGVHD association analysis. Acute GVHD grade II was
bserved in 23 patients and severe aGVHD grade III and IV in 10
ases (4 and 6, respectively). Chronic GVHD was diagnosed in 31
ecipients (43%); 15patientswhodied before day�100 after aHSCT
nd were not evaluable for cGVHDwere excluded from the cGVHD
ssociation analysis. Fifteen out of 47 patients who did not survive
fter aHSCT died from progression of the underlying disease.
The studywas approved by the Ethics Committee of theMedical

aculty Palacky University and Faculty Hospital Olomouc. All sub-
ects signed the informed consent about use of DNA samples, taken
rimarily for diagnostic purposes (HLA genotyping), also about the
esearch purposes of this study.

.2. Genetic analysis

DNA was extracted from the peripheral blood of the patients
nd their donors by the standard salting outmethod andwas stored
t �20�C. Three MADCAM1 gene SNPs were selected from those
nvestigated previously by Bowlus et al. (9) to cover different re-
ions (coding and regulatory) of theMADCAM1 gene. This selection
f MADCAM1 SNPs was further motivated by the possibility to
ompare the data with the frequencies observed in another Cauca-
oid population [9].

Genotypes for three investigated SNPs spanning the MADCAM1
ene were determined using polymerase chain reaction (PCR) with
he following sequence-specific primers (SSPs).MADCAM1 (rs758502
/T, 5= flanking region)–specific primers: 5=AGG CCG CCC ACC TAG
AG/A, constantprimer:5=TAAACAAGCCACCAGCGGAG.MADCAM1
rs2302217 A/G, Exon 3, synonymous)–specific primers: 5=CAG CTG
CCGTCTCCCCA/G, constant primer: 5=GCTCTGTCACCCTGAACAG.
ADCAM1 (rs3745925 G/T, Exon 4, coding)–specific primers: 5=AGA
CTCCCAGGCTGGGCC/A, constantprimer:5=CAGTTAAGAGAAGCC
AC TG. Reaction conditions and internal control primers were
dopted from phototyping methodology [10].

.3. Statistical analysis

The genotypes for MADCAM1 SNPs were calculated by direct
ounting, and appropriate allele and phenotype (carriage rates)
requencies were calculated. Distribution of genotypes was tested
or conformity with the Hardy-Weinberg equilibrium using the �2

est. MADCAM1 haplotype analysis was performed using software
rlequin 3.0 (University of Berne, Switzerland; http://cmpg.unibe.
h/software/arlequin3) [11]. Associations between patient or do-
or MADCAM1 genotypes/alleles and main outcome of the study
i.e., acute or chronic GVHD) were analysed using the SPSS 15.0
oftware (SPSS Inc, Chicago, IL). Bonferroni correction [12] was
sed to provide adjustment for multiple comparisons. For univari-
te analysis Pearson’s �2 test was used, and the multivariate anal-
siswas performed using binary logistic regressionmodels. Factors
iologically considerable in the occurrence of GVHD were included
he following: diagnosis (malignancy vs. non-malignancy), stem cell

ource, conditioning regimen, GVHD prophylaxis, donor–recipient w
ender combination (female donor in male recipients vs. others),
ndMADCAM1 variants. TheKaplan-Meier andCox regression anal-
sis for overall survival and transplant-related mortality was per-
ormed using SPSS software (version 15.0). In addition to factors
entioned above, the Cox regression analysis of overall survival
lso included acute and chronic GVHD data as covariates. Trans-
lant-related mortality was defined as death from any cause other
han progression of the underlying disease during the course of
reatment. Values of p � 0.05 were considered statistically signifi-
ant and values between 0.05 and 0.1 as indicative of a trend.

. Results

.1. Distribution ofMADCAM1 SNPs in study population

Distributions of MADCAM1 genotypes for each of three SNPs in
he groups of patients after HSCT and their donors were in compli-
nce with Hardy-Weinberg equilibrium except of MADCAM1
s3745925 genotype frequency in donors (p � 0.030, pcorr � 0.050).
o significant difference in the proportion of MADCAM1 alleles/
enotypes was observed between the groups of patients and do-
ors (Table 1). MADCAM1 genotype frequencies in patients and
heir donors were comparable with frequencies of MADCAM1 ge-
otypes reported in a Scandinavian healthy control group [9] ex-
ept for higher frequency of GG genotype and lower frequency of
T genotype (rs3745925) in our group of donors (p � 0.050).

.2. Analysis ofMADCAM1 SNPs association with development
f GVHD

To determine possible associations between MADCAM1 poly-
orphisms and GVHD, we compared proportions of particular
ADCAM1 alleles and genotypes between the recipients with and
ithout clinically significant acute (grades II–IV) or chronic GVHD
Table 2). Although only a trend for more frequent development of
cute GVHD inMADCAM1 rs2302217 AA homozygous patients (p�
.090) was observed in univariate analysis, this association was
ore apparent in multivariate analysis. Regression model control-

ing for other relevant factors (see Subjects and methods section)
dentified the MADCAM1 AA genotype in recipient as independent
actor associated with development of acute GVHD (p � 0.036; OR �
.4; 95% CI � 1.1–10.7). In the context of chronic GVHD, recipients
omozygous for A allele of the MADCAM1 rs2302217 SNP devel-
ped chronic GVHD more frequently than patients with other ge-
otypes (Table 2). Chronic GVHD was present in 11 out of 17
atients with AA genotype (64.7%) compared with 18 out of 53

able 1
enotype frequencies of the investigatedMADCAM1 gene SNPs in patients
nd donors

Patients
N � 87

Donors
N � 85

ADCAM1 T/C (rs758502)
Genotype CC 0.43 (37) 0.53 (44)
Genotype TC 0.47 (41) 0.37 (31)
Genotype TT 0.10 (9) 0.10 (8)
ADCAM1 G/A (rs2302217)
Genotype AA 0.26 (22) 0.35 (29)
Genotype GA 0.51 (43) 0.40 (33)
Genotype GG 0.24 (20) 0.24 (20)
ADCAM1 G/T (rs3745925)
Genotype GG 0.64 (54) 0.77 (63)a

Genotype GT 0.33 (28) 0.18 (15)
Genotype TT 0.04 (3) 0.05 (4)

ata are presented as relative proportions of genotypes with the absolute numbers in
arentheses. Distribution of genotypes in particular groups was in compliance with
ardy-Weinberg equilibrium, except of SNP G/T in group of donors (p � 0.030, pcorr �

.050).

MADCAM1 (rs3745925) GG genotype frequency: p � 0.060 for comparison patients
ith donors.

http://cmpg.unibe.ch/software/arlequin3
http://cmpg.unibe.ch/software/arlequin3
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ecipientswith other genotypes (34.0%; p� 0.025).However,when
trict correction for multiple comparisons was performed, these
ssociations did not attain significance (pcorr � 0.050). Except for
heMADCAM1 rs2302217 AA genotype described above, no associ-
tion between other MADCAM1 gene variants (Table 2) or haplo-
ypes estimated by software Arlequin 3.0 (data not shown) in re-
ipients and donors and in the development of GVHD was found.

.3. Analysis ofMADCAM1 SNPs association with survival
fter aHSCT

Apart from investigating the association of selected SNPs with
VHD, we were also interested to determine whether these poly-
orphisms might be relevant for survival after aHSCT. In case of
verall survival, Cox regression model was adjusted for all consid-
rable clinical and biologic (genetic) factors available for analysis
diagnosis, donor relationship, donor–recipient gender combina-
ion, conditioning regimen, stem-cell source, GVHD prophylaxis,
ndMADCAM1SNPvariants), togetherwith thepresence of aGVHD
nd/or cGVHD in recipients. We observed the presence of acute
p � 1*10�5; hazard ratio [HR] � 4.352; 95% CI � 2.287–8.281) and
hronic (p � 5*10�5; HR � 5.700; 95% CI � 2.526–12.873) GVHD
nd theMADCAM1 rs2302217 AA genotype (p� 0.001; HR� 2.999;
5% CI � 1.524–5.902) as independent factors associated with de-
rease of overall survival. Survival analysis did not identify any asso-
iation between MADCAM1 genotype frequencies and transplant-
elated mortality after aHSCT.

. Discussion

.1. Relevance of MADCAM1 gene polymorphism in aHSCT

Serious complications that follow the allogeneic hematopoietic
tem cell transplantation in 30–50% of cases remain the leading
ause of its morbidity and mortality. A wide spectrum of non-HLA
enes related to patients and donors have recently been investi-
ated for their possible role in the development of GVHD, infec-
ions, and their impact on transplant-related mortality and overall
urvival [13,14]. The present study describes an association of
ADCAM1 genetic polymorphisms with development of chronic
VHD and overall survival.
The potential importance of MADCAM1 gene and its variants in

HSCT has been supported by animal models of GVHD [7,8]. We
herefore selectedMADCAM1 gene as a candidate for implication in
he development aHSCT complications. By analogy with its sug-
ested role in GVHD, studies of the MAdCAM-1 molecule and its
ene variants’ participation in the recruitment of T-lymphocytes to

able 2
enotype frequencies of the investigatedMADCAM1 gene SNPs in the groups of Cze

Patient groupa

aGVHD� aGVHD�

ADCAM1 T/C (rs758502) n � 35 n � 49
Genotype CC 0.37 (13) 0.45 (22)
Genotype TC 0.54 (19) 0.43 (21)
Genotype TT 0.09 (3) 0.12 (6)

ADCAM1 G/A (rs2302217) n � 34 n � 48
Genotype AA 0.15 (5) 0.31 (15)
Genotype GA 0.62 (21) 0.46 (22)
Genotype GG 0.23 (8) 0.23 (11)

ADCAM1 G/T (rs3745925) n � 34 n � 48
Genotype GG 0.59 (20) 0.69 (33)
Genotype GT 0.35 (12) 0.29 (14)
Genotype TT 0.06 (2) 0.02 (1)

ata are presented as relative proportions of genotypes, with the absolute numbers in p
Three patients (with regard to the acute GVHD) and 15 patients (for chronic GVHD
p Values for comparison of particular homozygous genotype (versus carriage of an
he sites of ongoing inflammation have been performed in a spec- c
rum of gastrointestinal diseases mainly of inflammatory nature
9,15,16]. However, to the best of our knowledge, no study investi-
ating the relationship between MADCAM1 gene polymorphism
nd aHSCT outcome has yet been published.
Three SNPs of MADCAM1 gene—one from 5= flanking region

rs758502) and two exonic (rs2302217, synonymous and rs3745925,
oding)—have been investigated in this study. Except for the fact that
hese SNPs span various regions within the MADCAM1 gene (with
riority for coding and promoter), their selectionwas convenient also
rom the methodologic point of view, as the distribution of these
ariants has alreadybeen reported in other populations [9]. Itmust be
cknowledged, however, that the plausible effects of these SNPs on
AdCAM-1 expression and signaling have not yet been described.
ere the interpretation of our data in the context of aHSCT remains at
he levelof speculation:particularMADCAM1genevariantsmayaffect
tructure and/or expression of MAdCAM-1 molecule and in conse-
uence may influence also affinity of donor T lymphocytes to the
ucosal and lymphoid tissues of the recipient. In this context, genet-

cally determined long-term deregulation of MAdCAM-1 signaling
ay predispose individuals carrying particular MADCAM1 variants

haplotypes) to the development of chronic GVHD.

.2. Study limitations

The number of patients included in our study is suboptimal for
enetic association study and is not completely homogenous re-
arding some clinical parameters (e.g., diagnosis, related/unrelated
HSCT, conditioning regimens). Therefore, the effect of MADCAM1
ariants in specific clinical conditions may be confounded (i.e.,
asked). Nevertheless, the results ofmultivariate analyses control-

ing for the majority of considerable covariates are provided to
upport the discussed context of MADCAM1 gene polymorphism.
ecause there are no other reports on MADCAM1 gene variants in
HSCT, the results of this study should be considered preliminary
ntil replicated.

.3. Conclusions

In summary, the preliminary data from this study suggest that
ADCAM1 rs2302217 AA genotype in recipients may be associated
ith the risk of GVHD and decreased overall survival after aHSCT.
efore further implications are drawn from our findings, in accor-
ance with current rules of genetic association studies [17,18], the
ossible impact of MADCAM1 SNP variants for GVHD and survival
fter aHSCT needs to be confirmed in substantially larger cohorts of
onor-recipient aHSCT pairs in which complex effects of other

tients with (�)/without (�) acute and chronic GVHD

pb cGVHD� cGVHD� pb

n � 31 n � 41
0.477 0.52 (16) 0.32 (13) 0.088

0.35 (11) 0.59 (24)
0.592 0.13 (4) 0.10 (4) 0.674

n � 29 n � 41
0.086 0.38 (11) 0.15 (6) 0.025

0.34 (10) 0.63 (26)
0.948 0.28 (8) 0.22 (9) 0.588

n � 29 n � 41
0.354 0.76 (22) 0.54 (22) 0.058

0.21 (6) 0.44 (18)
0.367 0.03 (1) 0.02 (1) 0.803

eses.
to be excluded from the analysis (see Subjects and methods section).
ative allele) between GVHD� and GVHD� patients.
ch pa

arenth
linical and genetic factors can be considered. Furthermore, the
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uture replication of our results may benefit from more complete
overage of the MADCAM1 gene based on a tagging approach with
ap-Map project data. Despite its preliminary character, our report
f a relationship between variation in the MADCAM1 gene and
VHD is intended to invoke replication and verification studies.
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