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Background: Human leukocyte antigen-G (HLA-G) molecules play a prominent role in
immune tolerance. Structurally similar to their classical HLA homologs, they are distinct
by having high rate of polymorphism in the non-coding regions including a functionally
relevant 14-base pair (bp) insertion/deletion (Ins/Del) allele in the 3′ untranslated region
(3′UTR), rarely examined in a hematopoietic stem cell transplantation (HSCT) setting. Here,
we analyzed the potential impact of HLA-G Ins/Del dimorphism on the incidence of acute
graft-versus-host disease (aGvHD), transplant-related mortality (TRM), overall survival (OS),
and incidence of relapse after HSCT using bone marrow (BM) as stem cell source from
HLA-matched donors. Methods: One hundred fifty-seven sibling pairs, who had undergone
HSCT, were studied for the distribution of the HLA-G 14 bp Ins/Del polymorphism using a
polymerase chain reaction (PCR)-based technique. Potential genetic association with the
incidence of aGvHD,TRM, and OS was analyzed by monovariate and multivariate analyses.
Results: Monovariate analysis showed that the homozygous state for the 14-bp Ins allele
is a risk factor for severe aGvHD (grade III and IV; P = 0.008), confirmed subsequently
by multivariate analysis [hazard ratio (HR) = 3.5; 95% confidence interval (95%CI) = 1.3–
9.5; P = 0.012]. We did not find any association between HLA-G polymorphism and the
other studied complications. Conclusion: Our data suggest that the HLA-G low expressor
14 bp Ins allele constitutes a risk factor for the incidence of severe aGvHD in patients who
received BM as stem cell source.
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INTRODUCTION
In hematopoietic stem cell transplantation (HSCT), substantial
advances in conditioning regimens, prophylactic measures and
treatments of post-transplant complications have been made
in combination with an improved donor/recipient (D/R) HLA
genetic profiling. Despite such progresses, impending, and unpre-
dictable severity of acute graft-versus-host disease (aGvHD),
remains a major complication (Dickinson and Charron, 2005;
Messina et al., 2008; Socié and Blazar, 2009). Consequently, much
attention has been focused on genetic mechanisms that govern the

Abbreviations: 95%CI, 95% confidence interval; BMT, bone marrow transplan-
tation; bp, base pair; CMV, cytomegalovirus; CTL, cytotoxic T lymphocyte; CYA
A, cyclosporine A; Del, deletion; D/R, donor/recipient; EBV, epstein-barr-virus;
GvHD, graft-versus-host disease; HLA, human leukocyte antigen; HR, hazard
ratio; HSCT, hematopoietic stem cell transplantation; Ins, insertion; MHC, major
histocompatibility complex; MTX, methotrexate; NK, natural killer; OS, over-
all survival; PBSC, peripheral blood stem cells; PCR, polymerase chain reac-
tion; TRM, transplant-related mortality; UD-BMT, unrelated-donor bone marrow
transplantation.

transplant tolerance. Among the pivotal actors of such immuno-
modulation, the human leukocyte antigen-G (HLA-G) molecules
are of great interest because of their various immunosuppres-
sive/immune tolerogenic properties such as, inhibition of both
natural killer (NK) cytotoxicity (Rouas-Freiss et al., 1997) and
antigen-specific cytotoxic CD8 + T cell (CTL) functions (Wiendl
et al., 2002) as well as CD4 + T cell allogeneic proliferation
(Bainbridge et al., 2000).

Belonging to the non-classical HLA-class Ib family and encoded
by a locus mapped telomeric to HLA-A gene, the HLA-G molecules
are structurally similar to their classical counterparts, yet are dis-
tinct by the following characteristics: limited tissue distribution in
physiological conditions, diversity of isoforms generated by alter-
native splicing, i.e., four membrane-bound (HLA-G1 to -G4) and
three soluble (HLA-G5 to -G7) isoforms (sHLA-G; Paul et al.,
2000) and unique pattern of polymorphisms in the non-coding
regions especially within the promoter and the 3′-untranslated
region (3′UTR; Larsen and Hviid, 2009). As identified to date,
HLA-G gene presents a limited number of exonic polymorphisms
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with 46 alleles accounting for 15 protein variants (IMGT/HLA
Sequence Database1). Each of these alleles bears either a 14-base
pair (bp) insertion (Ins) or deletion (Del) polymorphism in the 3′
UTR which influences the HLA-G expression. Indeed, the inser-
tion allele (+14 bp), albeit initially described to improve HLA-G
mRNA stability (O’Brien et al., 2001; Hviid et al., 2003; Rousseau
et al., 2003), was subsequently demonstrated to be associated
with low levels of HLA-G mRNA and serum sHLA-G isoforms
(Chen et al., 2008; Rizzo et al., 2008) with likely consequences on
functional properties of HLA-G molecules.

Given such genotype-dependant phenotype expression status,
studies have focused on the HLA-G dimorphism in various clin-
ical settings including gestational complications, auto-immunity,
infections, cancers, and solid organ transplantation (Larsen and
Hviid, 2009). In a HSCT setting, three studies have addressed the
potential role of HLA-G in the development of post-transplant
complications (La Nasa et al., 2007; Le Maux et al., 2008; Chiu-
solo et al., 2011), two exploring the 14-bp dimorphism-related
diversity and one evaluating the pre- and post-transplant level of
sHLA-G molecules, both in relation with the incidence of aGvHD.
However, conducted on small sample size of D/R cohorts, in differ-
ent HSCT study design, these studies generated conflictory data
regarding the role of HLA-G in HSCT outcomes. To clarify the
issue, in this retrospective study, we have analyzed the HLA-G
14 bp Ins/Del polymorphism in a large cohort of patients who
have undergone HSCT in relation with aGvHD, transplant-related
mortality (TRM), relapse, and overall survival (OS).

MATERIALS AND METHODS
STUDY POPULATION
One hundred fifty-seven consecutive patients who underwent
non-T-cell depleted allogeneic HSCT were included in this study.
All of them received bone marrow (BM) from HLA-identical sib-
ling donors as stem cell source and were recruited between January
1995 and January 2004 in the BM Transplant Department of
Saint-Louis Hospital, Paris, France. It is of interest to note that
136 patients (87%) were transplanted for hematological malig-
nant disorders. The detailed characteristics of D/R pairs are given
in Table 1. The supportive therapy as well as the criteria used to
define the outcomes namely aGvHD, TRM, and OS were as pre-
viously detailed in a study involving a part of the present cohort
(Rocha et al., 2002). It is important to precise that the main out-
come, aGvHD, was defined according to modified Glucksberg’s
criteria (Glucksberg et al., 1974; Przepiorka et al., 1995). The vast
majority of patients (144/157, 92%) received the same GvHD pro-
phylaxis protocol with cyclosporine A (CYA A) and pulsed doses of
methotrexate (MTX). Informed consent was obtained according
to the declaration of Helsinki.

HLA-G GENOTYPING
Both donors and recipients were tested for HLA-G genotype.
Genomic DNA was extracted from EDTA-treated peripheral blood
samples using the standard salting out procedure (John et al.,
1991). The 14-bp Ins/Del polymorphism (rs 66554220) in the

1http://www.ebi.ac.uk/imgt/hla/

Table 1 | Patients, disease, and transplant characteristics.

Characteristics n = 157

RECIPIENTS

Median age, years 28.4

Male (%) 91 (58%)

Children, 15 year or younger (%) 39 (25%)

Positive CMV serology (%) 94 (60%)

HLA-G

14 Heterozygote 76 (48%)

14− Homozygote 49 (31%)

14+ Homozygote 32 (21%)

Underlying diagnosis

Chronic leukemia (%) 31 (20%)

Acute leukemia (%) 80 (51%)

Other malignant disorders (%) 25 (16%)

Non-malignant disorder 21 (13%)

Disease status for malignant disorders

Early (%) 107 (79%)

Intermediate (%) 13 (10%)

Advanced (%) 15 (11%)

DONORS

Median age 29.9

Male (%) 83 (53%)

Female donor to male recipient (%) 43 (27%)

ABO major incompatibility (%) 24 (15%)

Positive CMV serology (%) 80 (51%)

HLA-G

14 Heterozygote 76 (48%)

14− Homozygote 49 (31%)

14+ Homozygote 32 (21%)

TRANSPLANTATION

GVHD prophylaxis

CYA A 5 (3%)

CYA A + MTX 144 (92%)

CYA A + others 3 (2%)

Conditioning

TBI-based 60 (38%)

Bu-based 97 (62%)

CMV, cytomegalovirus; CYA A, cyclosporin A; MTX, methotrexate;TBI, total body

irradiation; Bu, Busulfan.

exon 8 encoding the HLA-G 3′ UTR was genotyped as previously
described (Tripathi et al., 2004). Briefly, after polymerase chain
reaction (PCR), amplified products were size-discriminated by
agarose gel electrophoresis with appropriate controls of known
HLA-G genotypes that had previously been characterized by
nucleotide sequencing. Alleles having the 14-bp sequence in exon
8 was termed HLA-G 14pb Ins whereas those without, HLA-G
14pb Del.

STATISTICAL ANALYSIS
Differences in categorical variables between the two groups were
evaluated by Chi-square analysis. Since HLA-G genotypes are
identical among patients and donors, the predictive effect of recip-
ient genotype (HLA-G 14 bp Ins/Ins, 14 bp Ins/Del, and 14 bp
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Del/Del) was assessed as variable. Cumulative incidence using
competing risk method, as described by Fine and Gray (1999),
was used for the assessment of prognostic factors of acute GvHD
(grades II–IV or grades III–IV) with death as a competing event.
The Cox regression (stepwise backward procedure) analysis and
competing risk regression were used in multivariate analysis of
independent risk factors of GvHD (Cox, 1972). Similar methodol-
ogy was used to analyze the other outcomes namely TRM, relapse,
and OS. All tests were two-sided, with type I error rate fixed at
0.05. Statistical analyses were performed with SPSS 15 software,
Stata 11, and R packages “cmprsk” (competing risks). D/R pairs
as well as transplant-related characteristics such as disease stage,
D/R age, and sex as well as cytomegalovirus (CMV) serology sta-
tus that could potentially influence the post-HSCT outcomes were
evaluated in all pairs and were included in multivariate analysis.

RESULTS
The sibling D/R pairs were fully matched for HLA-G genotypes
with the following frequencies: HLA-G 14 bp Ins/Ins: 21%, HLA-
G 14 bp Ins/Del: 48%, and HLA-G 14 bp Del/Del: 31% which were
comparable to those previously reported2

In the studied sample, 71 patients (45%) developed a grade II to
IV acute GvHD at day 100. Among them, 15 patients (21%) expe-
rienced the severe form (grade III and IV). Monovariate analysis
using competing risk showed that the homozygous state of the
HLA-G 14 bp Ins/Ins genotype was more prevalent among patients
who experienced aGvHD (grade 0, I versus II, III, IV), but failed
to reach statistical significance (P = 0.06; Figure 1). Nevertheless
additional monovariate analysis after patient stratification based
on aGvHD severity (grade 0, I, II versus III, IV) revealed a sig-
nificant association between the HLA-G 14 bp Ins/Ins genotype
and severe aGvHD (HLA-G 14 bp Ins/Ins versus others: 22% ver-
sus 6%; P = 0.008; Figure 2). These data were further confirmed
using two different multivariate analysis adjusted for confounding
variables (gender, CMV status, age of recipient, and disease status).
The only factor that remained statistically significant was HLA-G
14 bp Ins/Ins genotype; [hazard ratio (HR) = 3.26; 95% confi-
dence interval (95%CI) = 1.16–9.14; P = 0.024 by Cox regression
and HR = 3.5; (95%CI) = 1.3–9.5; P = 0.012 by competing risk
regression]. Given the potential effect of methotrexate (MTX) on
HSCT outcome in the context of HLA-G polymorphism (Chiu-
solo et al., 2011), we re-analyzed the sub-group who received this
drug for aGvHD prophylaxis (n = 144). We found no changes in
the above-mentioned association, but rather strengthened and this
is despite a reduction in the sample size [P = 0.001 and HR = 4.7;
(95%CI) = 1.5–3.15; P = 0.009 in monovariate and multivariate
analyses respectively].

We did not find any other relationship between HLA-G geno-
type and the other complications explored in this study (TRM,
relapse, and OS; data not shown).

DISCUSSION
Inappropriate immune responses are often the substratum
of immune disorders including those related to the preven-
tion/treatment of the underlying disease per se. A typical example

2http://www.ncbi.nlm.nih.gov/.

FIGURE 1 | Cumulative incidence for aGvHD following BMT based on

HLA-G recipient genotype (grade 0, I versus II, III, IV).

FIGURE 2 | Cumulative incidence for aGvHD based on HLA-G genotype

in patients stratified for severity (grade 0, I, II versus III, IV).

of such process is represented by the post-HSCT aGvHD. GvHD
results from a sequential activation of both D/R immune cells
allowing overwhelming of inflammation with consequent tissue
damage (Reddy and Ferrara, 2003; Ferrara et al., 2009; Socié and
Blazar, 2009). It is evident that understanding the molecular mech-
anisms that could lead to induction of immune tolerance may
provide clues for novel therapeutic management. In such context,
given the prominent role of HLA-G molecules in immune toler-
ance, we focused our attention on the genetics of this locus to
clarify the inter-patient differences in the incidence and severity
of aGvHD in a HSCT setting.

Indeed, studying a functionally relevant HLA-G gene polymor-
phism, namely the HLA-G 14 bp Ins/Del variation, we found that
the presence of the HLA-G 14 Ins/Ins genotype increased the risk
of developing severe aGvHD in patients transplanted with BM
as the stem cell source. These findings are in line with the data
provided by other studies in different clinical settings including
gestational complications, auto-immunity, infections, cancers as
well as solid organ transplantation (Larsen and Hviid, 2009). This
polymorphic variation in HLA-G seems to influence the RNA
splicing stability by mechanisms that are yet to be understood.
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The presence of 14-bp insertion, introducing an additional splice
site, results in the removal of the first 92 bp of exon 8 generat-
ing more stable HLA-G mRNAs species than the complete mRNA
(O’Brien et al., 2001; Hviid et al., 2003; Rousseau et al., 2003).
In fact, the 3′ UTR 14 bp insertion have been consistently asso-
ciated with low expression of HLA-G mRNA and low serum
sHLA-G (Chen et al., 2008; Rizzo et al., 2008). Such a discrepancy
between stability and output, termed “the 14-bp polymorphism
paradox” (Veit and Chies, 2009), predicts complex mechanisms
of regulation of HLA-G expression. Recent studies implicate the
potential role of microRNAs which by interacting with the HLA-
G 3′ mRNA region, may regulate its phenotype expression (Veit
and Chies, 2009; Castelli et al., 2010). Indeed, a C to G poly-
morphic change at position + 3142 of the 3′ UTR (rs1063320)
has been identified as a putative binding site for three microR-
NAs (miR-148a, miR-148b, and miR-152) and functional studies
demonstrate that the 3′ UTR + 3142 G allele favors binding of
these microRNAs with consequent down regulation of HLA-G
expression (Tan et al., 2007). In addition, presence of an adenine at
position + 3187 (rs 9380142), in the close vicinity of an (AU)-rich
motif, was also found to be associated with diminished stability
of HLA-G mRNA species both in in silico and in vitro experi-
ments (Yie et al., 2008). Interestingly, the two above-mentioned
variant alleles, one affecting the mRNA translation and the other
affecting the mRNA stability, are found to be in strong linkage
disequilibrium with the HLA-G 14 bp Ins allele in independent
studies involving various population groups (Tan et al., 2007;
Castelli et al., 2010; Larsen et al., 2010). The observed effect of
Ins allele on aGvHD could be either due to the above-mentioned
combined effect (haplotype effect) or due to another yet to be
identified linked functional variant. A recent study associated the
14-bp Ins/ + 3142G/ + 3187A haplotype with the risk to develop
pre-eclampsia, a multisystemic complication of pregnancy (Larsen
et al., 2010).

Our data on the effect of the insertion allele in the incidence
of aGvHD fit perfectly within the concept that a downregulated
expression of HLA-G molecules could decrease their immunosup-
pressive/tolerogenic properties with consequent aGvHD develop-
ment. They are also in concordance with the data showing that
high pre- and post-transplantation levels of sHLA-G molecules
correlate not only with a decreased incidence of aGvHD but also
with a high frequency of circulating regulatory T-cells (Treg; Le
Maux et al., 2008). Similar correlation between sHLA-G and Treg
cells was also observed in in vitro mixed leukocyte reaction assay
(Le Maux et al., 2008), in the context of liver transplantation
(Le Rond et al., 2006) and in a transgenic murine model system
(Ristich et al., 2007).

Our findings are also in agreement with the majority of expres-
sion studies of HLA-G in solid organ transplantation evidencing
the beneficial effect of HLA-G molecules against acute rejec-
tion/chronic dysfunction of the transplanted heart and kidney
(Lila et al., 2000, 2002; Crispim et al., 2008a) and also with those
establishing correlations between the presence of the HLA-G 14 bp
Ins allele and organ rejection (Crispim et al., 2008b; Piancatelli
et al., 2009; Twito et al., 2011).

In the overall context of transplantation, the only controversy
noted in the literature has been in association with HSCT outcome

(La Nasa et al., 2007; Chiusolo et al., 2011). Indeed, in one study, the
authors found that the aGvHD risk was associated with the HLA-
G 14 bp Del/Del genotype (La Nasa et al., 2007) which appears
to be in contradiction with the established fact that the 14-bp
Del allele is associated with higher levels of sHLA-G than the
14-bp Ins allele. Nevertheless, it must be noted that this study
concerned a relatively small cohort of D/R pairs (n = 53) and
moreover HLA-matched unrelated-donor (UD) HSCT in the con-
text of a non-malignant disorder, namely beta-thalassemia. The
mechanism of aGvHD could however be different in this situa-
tion. For example, since the HLA-matched unrelated D/R pairs
are not identical by descent, it could be possible that the HLA-G
14pb Del/Del genotype may reflect the MHC non-HLA haplo-
type disparity (Petersdorf et al., 2007). More recently, another
work involving 47 HSCT patients with a variety of hematological
malignancies failed to observe any significant association between
the HLA-G 14 bp Ins/Del polymorphism and aGvHD (Chiusolo
et al., 2011), but found that patients homozygous for the 14-bp Ins
allele were characterized by a lower survival rate and disease free
survival. The authors related their findings to the possible relation-
ship between the HLA-G 14 bp dimorphism, methotrexate-based
aGvHD prophylaxis, and HLA-G expression. Possibly in line with
this, our finding of positive association with aGvHD was not
altered by the stratification of our patients based on their aGvHD
prophylaxis.

It must also be stressed that the herein studied cohort of HSCT
patients was homogeneous with respect to the donor stem cell
source, namely BM derived stem cells. In this context, it is of
interest to note that the main soluble HLA-G isoform, HLA-G5, a
recognized major inducer of regulatory T cell expansion, is specif-
ically expressed by erythroid progenitors residing within the BM
(Menier et al., 2004).

HSCT is a sensitive in vivo setting capable of revealing fine
immune response traits, undetectable in physiological situations.
This is the plausible reason why the effect of Ins/Ins HLA-G geno-
type on conferring low immune tolerance has been uncovered in
this study.

CONTRIBUTION
Wahid Boukouaci designed the research, analyzed, and inter-
preted the data and wrote the manuscript. Marc Busson col-
lected data, performed statistical analysis, analyzed, and inter-
preted the data. Catherine Fortier and Kahina Amokrane designed
and performed experiments. Régis Peffault de Latour and Marie
Robin collected and organized the clinical data. Rajagopal Krish-
namoorthy designed the research and critically reviewed the
manuscript. Antoine Toubert participated in the research design
and critically reviewed the manuscript. Dominique Charron
participated in the research design and critically reviewed the
manuscript. Gérard Socié analyzed and interpreted the data
and critically reviewed the manuscript. Ryad Tamouza designed
the research, analyzed, and interpreted the data and wrote the
manuscript.

ACKNOWLEDGMENTS
This work was supported by institutional funding to Assistance
Publique-Hôpitaux de Paris (AP-HP) and INSERM UMRS 940.

Frontiers in Immunology | Alloimmunity and Transplantation December 2011 | Volume 2 | Article 74 | 4

http://www.frontiersin.org/Immunology
http://www.frontiersin.org/Alloimmunity_and_Transplantation
http://www.frontiersin.org/Alloimmunity_and_Transplantation/archive


Boukouaci et al. HLA-G polymorphism and acute graft-versus-host disease

REFERENCES
Bainbridge, D. R., Ellis, S. A., and

Sargent, I. L. (2000). HLA-G sup-
presses proliferation of CD4(+) T-
lymphocytes. J. Reprod. Immunol.
48, 17–26.

Castelli, E. C., Mendes-Junior, C. T.,
Deghaide, N. H., de Albuquerque,
R. S., Muniz, Y. C., Simões, R. T.,
Carosella, E. D., Moreau, P., and
Donadi, E. A. (2010). The genetic
structure of 3′ untranslated region
of the HLA-G gene: polymorphisms
and haplotypes. Genes Immun. 11,
134–141.

Chen, X.Y.,Yan,W. H., Lin,A., Xu, H. H.,
Zhang, J. G., and Wang, X. X. (2008).
The 14 bp deletion polymorphisms
in HLA-G gene play an important
role in the expression of soluble
HLA-G in plasma. Tissue Antigens
72, 335–341.

Chiusolo, P., Bellesi, S., Piccirillo, N.,
Giammarco, S., Marietti, S., De
Ritis, D., Metafuni, E., Stignani, M.,
Baricordi, O. R., Sica, S., Leone,
G., and Rizzo, R. (2011). The role
of HLA-G 14-bp polymorphism
in allo-HSCT after short-term
course MTX for GvHD prophy-
laxis. Bone Marrow Transplant.
doi:10.1038/bmt.2011.40. [Epub
ahead of print].

Cox, D. R. (1972). Regression models
and life tables (with discussion). J.
R. Stat. Soc. Series B Stat. Methodol.
34, 187.

Crispim, J. C., Duarte, R. A., Soares,
C. P., Costa, R., Silva, J. S., Mendes-
Júnior, C. T., Wastowski, I. J., Fag-
gioni, L. P., Saber, L. T., and Donadi,
E. A. (2008a). Human leukocyte
antigen-G expression after kidney
transplantation is associated with
a reduced incidence of rejection.
Transpl. Immunol. 18, 361–367.

Crispim, J. C., Mendes-Junior, C. T.,
Wastowski, I. J., Costa, R., Castelli,
E. C., Saber, L. T., and Donadi,
E. A. (2008b). Frequency of inser-
tion/deletion polymorphism in exon
8 of HLA-G and kidney allograft
outcome. Tissue Antigens 71, 35–41.

Dickinson, A. M., and Charron, D.
(2005). Non-HLA immunogenetics
in hematopoietic stem cell trans-
plantation. Curr. Opin. Immunol. 17,
517–525.

Ferrara, J. L., Levine, J. E., Reddy, P., and
Holler, E. (2009). Graft-versus-host,
disease. Lancet 373, 1550.

Fine, J. P., and Gray, R. J. (1999). A
proportional hazards model for the
sub distribution of a competing risk.
JASA 94, 496.

Glucksberg, H., Storb, R., Fefer, A.,
Buckner, C. D., Neiman, P. E., Clift,
R. A., Lerner, K. G., and Thomas, E.
D. (1974). Clinical manifestations of

graft-versus-host disease in human
recipients of marrow from HL-A-
matched sibling donors. Transplan-
tation 18, 295–304.

Hviid, T. V., Hylenius, S., Rørbye, C., and
Nielsen, L. G. (2003). HLA-G allelic
variants are associated with differ-
ences in the HLA-G mRNA isoform
profile and HLA-G mRNA levels.
Immunogenetics 55, 63–79.

John, S. W., Weitzner, G., Rozen, R., and
Scriver, C. R. (1991). A rapid pro-
cedure for extracting genomic DNA
from leukocytes. Nucleic Acids Res.
19, 408.

La Nasa, G., Littera, R., Locatelli, F.,
Lai, S., Alba, F., Caocci, G., Lisini,
D., Nesci, S., Vacca, A., Piras, E.,
Bernardo, M. E., Di Cesare-Merlone,
A., Orrù, S., and Carcassi, C. (2007).
The human leucocyte antigen-G
14-basepair polymorphism corre-
lates with graft-versus-host disease
in unrelated bone marrow trans-
plantation for thalassaemia. Br. J.
Haematol. 139, 284–288.

Larsen, M. H., and Hviid, T. V. (2009).
Human leukocyte antigen-G poly-
morphism in relation to expres-
sion, function, and disease. Hum.
Immunol. 70, 1026–1034.

Larsen, M. H., Hylenius, S., Ander-
sen, A. M., and Hviid, T. V. (2010).
The 3′-untranslated region of the
HLA-G gene in relation to pre-
eclampsia: revisited. Tissue Antigens
75, 253–261.

Le Maux,A.,Noël,G.,Birebent,B.,Gros-
set, J. M., Vu, N., De Guibert, S.,
Bernard, M., Semana, G., and Amiot,
L. (2008). Soluble human leuco-
cyte antigen-G molecules in periph-
eral blood haematopoietic stem
cell transplantation: a specific role
to prevent acute graft-versus-host
disease and a link with regulatory
T cells. Clin. Exp. Immunol. 152,
50–56.

Le Rond, S., Azéma, C., Krawice-
Radanne, I., Durrbach, A., Guet-
tier, C., Carosella, E. D., and Rouas-
Freiss, N. (2006). Evidence to sup-
port the role of HLA-G5 in allo-
graft acceptance through induction
of immunosuppressive/regulatory T
cells. J. Immunol. 176, 3266–3276.

Lila, N., Amrein, C., Guillemain, R.,
Chevalier, P., Latremouille, C., Fabi-
ani, J. N., Dausset, J., Carosella, E. D.,
and Carpentier, A. (2002). Human
leukocyte antigen-G expression after
heart transplantation is associated
with a reduced incidence of rejec-
tion. Circulation 105, 194–1954.

Lila, N., Carpentier, A., Amrein, C.,
Khalil-Daher, I., Dausset, J., and
Carosella, E. D. (2000). Implication
of HLA-G molecule in heart-graft
acceptance. Lancet 355, 2138.

Menier, C., Rabreau, M., Challier, J. C.,
Le Discorde, M., Carosella, E. D.,
and Rouas-Freiss, N. (2004). Ery-
throblasts secrete the nonclassical
HLA-G molecule from primitive to
definitive hematopoiesis. Blood 104,
3153–3160.

Messina, C., Faraci, M., de Fazio, V.,
Dini, G., Calò, M. P., and Calore,
E. (2008). Prevention and treatment
of acute GvHD. Bone Marrow Trans-
plant. 41, S65.

O’Brien, M., McCarthy, T., Jenkins, D.,
Paul, P., Dausset, J., Carosella, E. D.,
and Moreau, P. (2001). Altered HLA-
G transcription in pre-eclampsia
is associated with allele specific
inheritance: possible role of the
HLA-G gene in susceptibility to
the disease. Cell. Mol. Life Sci. 58,
1943–1949.

Paul, P., Cabestre, F. A., Ibrahim, E. C.,
Lefebvre, S., Khalil-Daher, I.,Vazeux,
G., Quiles, R. M., Bermond, F., Daus-
set, J., and Carosella, E. D. (2000).
Identification of HLA-G7 as a new
splice variant of the HLA-G mRNA
and expression of soluble HLA-G5,
-G6, and -G7 transcripts in human
transfected cells. Hum. Immunol. 61,
1138–1149.

Petersdorf, E. W., Malkki, M., Goo-
ley, T. A., Martin, P. J., and
Guo, Z. (2007). MHC haplotype
matching for unrelated hematopoi-
etic cell transplantation. PLoS Med.
4, e8. doi:10.1371/journal.pmed.00
40008

Piancatelli, D., Maccarone, D., Liber-
atore, G., Parzanese, I., Clemente,
K., Azzarone, R., Pisani, F., Famu-
lari, A., and Papola, F. (2009).
HLA-G 14-bp insertion/deletion
polymorphism in kidney trans-
plant patients with metabolic com-
plications. Transplant. Proc. 41,
1187–1188.

Przepiorka, D., Weisdorf, D., Martin,
P., Klingemann, H. G., Beatty, P.,
Hows, J., and Thomas, E. D. (1995).
1994 Consensus conference on acute
GVHD grading. Bone Marrow Trans-
plant. 15, 825–828.

Reddy, P., and Ferrara, J. L. (2003).
Immunobiology of acute graft-
versus-host disease. Blood Rev. 17,
187–194.

Ristich, V., Zhang, W., Liang, S., and
Horuzsko, A. (2007). Mechanisms
of prolongation of allograft sur-
vival by HLA-G/ILT4-modified den-
dritic cells. Hum. Immunol. 68,
264–271.

Rizzo, R., Hviid, T. V., Govoni, M.,
Padovan, M., Rubini, M., Mel-
chiorri, L., Stignani, M., Carturan, S.,
Grappa, M. T., Fotinidi, M., Ferretti,
S., Voss, A., Laustrup, H., Junker,
P., Trotta, F., and Baricordi, O. R.

(2008). HLA-G genotype and HLA-
G expression in systemic lupus ery-
thematosus: HLA-G as a putative
susceptibility gene in systemic lupus
erythematosus. Tissue Antigens 71,
520–529.

Rocha, V., Franco, R. F., Porcher, R.,
Bittencourt, H., Silva, W. A. Jr.,
Latouche, A., Devergie, A., Esperou,
H., Ribaud, P., Socie, G., Zago,
M. A., and Gluckman, E. (2002).
Host defense and inflammatory gene
polymorphisms are associated with
outcomes after HLA-identical sib-
ling bone marrow transplantation.
Blood 100, 3908–3912.

Rouas-Freiss, N., Marchal, R. E.,
Kirszenbaum, M., Dausset, J., and
Carosella, E. D. (1997). The alpha1
domain of HLA-G1 and HLA-
G2 inhibits cytotoxicity induced
by natural killer cells: is HLA-
G the public ligand for nat-
ural killer cell inhibitory receptors?
Proc. Natl. Acad. Sci. U.S.A. 94,
5249–5254.

Rousseau, P., Le Discorde, M., Mouil-
lot, G., Marcou, C., Carosella, E. D.,
and Moreau, P. (2003). The 14 bp
deletion-insertion polymorphism in
the 3′ UT region of the HLA-G gene
influences HLA-G mRNA stability.
Hum. Immunol. 64, 1005–1010.

Socié, G., and Blazar, B. R. (2009). Acute
graft-versus-host disease; from the
bench to the bedside. Blood 114,
4327–4336.

Tan, Z., Randall, G., Fan, J., Camoretti-
Mercado, B., Brockman-Schneider,
R., Pan, L., Solway, J., Gern, J. E.,
Lemanske, R. F., Nicolae, D., and
Ober, C. (2007). Allele-specific tar-
geting of microRNAs to HLA-G and
risk of asthma. Am. J. Hum. Genet.
81, 829–834.

Tripathi, P., Abbas, A., Naik, S., and
Agrawal, S. (2004). Role of 14-bp
deletion in the HLA-G gene in the
maintenance of pregnancy. Tissue
Antigens 64, 706–710.

Twito, T., Joseph, J., Mociornita, A., Rao,
V., Ross, H., and Delgado, D. H.
(2011). The 14-bp deletion in the
HLA-G gene indicates a low risk
for acute cellular rejection in heart
transplant recipients. J. Heart Lung
Transplant. 30, 778–782.

Veit, T. D., and Chies, J. A. (2009). Tol-
erance versus immune response –
microRNAs as important elements
in the regulation of the HLA-G gene
expression. Transpl. Immunol. 20,
229–231.

Wiendl, H., Mitsdoerffer, M., Hofmeis-
ter, V., Wischhusen, J., Borne-
mann, A., Meyermann, R., Weiss,
E. H., Melms, A., and Weller, M.
(2002). A functional role of HLA-G
expression in human gliomas: an

www.frontiersin.org December 2011 | Volume 2 | Article 74 | 5

http://dx.doi.org/10.1371/journal.pmed.00{\penalty -\@M }40008
http://www.frontiersin.org
http://www.frontiersin.org/Alloimmunity_and_Transplantation/archive


Boukouaci et al. HLA-G polymorphism and acute graft-versus-host disease

alternative strategy of immune
escape. J. Immunol. 168, 4772–4780.

Yie, S. M., Li, L. H., Xiao, R., and
Librach, C. L. (2008). A single base-
pair mutation in the 3′-untranslated
region of HLA-G mRNA is associ-
ated with pre-eclampsia. Mol. Hum.
Reprod. 14, 649–653.

Conflict of Interest Statement: The
authors declare that the research was

conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.

Received: 23 August 2011; paper pending
published: 21 September 2011; accepted:
25 November 2011; published online: 27
December 2011.
Citation: Boukouaci W, Busson M,
Fortier C, Amokrane K, de Latour

RP, Robin M, Krishnamoorthy R,
Toubert A, Charron D, Socié G and
Tamouza R (2011) Association of
HLA-G low expressor genotype with
severe acute graft-versus-host disease
after sibling bone marrow trans-
plantation. Front. Immun. 2:74. doi:
10.3389/fimmu.2011.00074
This article was submitted to Frontiers
in Alloimmunity and Transplantation, a
specialty of Frontiers in Immunology.

Copyright © 2011 Boukouaci, Bus-
son, Fortier , Amokrane, de Latour,
Robin, Krishnamoorthy, Toubert , Char-
ron, Socié and Tamouza. This is an
open-access article distributed under the
terms of the Creative Commons Attribu-
tion Non Commercial License, which per-
mits non-commercial use, distribution,
and reproduction in other forums, pro-
vided the original authors and source are
credited.

Frontiers in Immunology | Alloimmunity and Transplantation December 2011 | Volume 2 | Article 74 | 6

http://dx.doi.org/10.3389/fimmu.2011.00074
http://www.frontiersin.org/Immunology
http://www.frontiersin.org/Alloimmunity_and_Transplantation
http://www.frontiersin.org/Alloimmunity_and_Transplantation/archive
http://creativecommons.org/licenses/by-nc/3.0/

	Association of HLA-G low expressor genotype with severe acute graft-versus-host disease after sibling bone marrow transplantation
	Introduction
	Materials and methods
	Study population
	HLA-G genotyping
	Statistical analysis

	Results
	Discussion
	Contribution
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


