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Background. HLA-G molecules exhibit immunomodulatory properties that can delay graft rejection. The 14 bp insertion/deletion
polymorphism (INDEL) (rs16375) influences the stability of final HLA-G mRNA and its soluble isoforms. Objective. The present
study aimed to investigate the possible association between this polymorphism and the incidence of acute rejection in Iranian liver
transplant recipients.Methods. Different genotypes were evaluated by PCR. The patients who had acute rejection within 6 months
after transplantationwere classified as acute rejection (AR) group, while others were considered as nonacute rejection (NAR) group.
Results. Among the recipients, 21 patients (21%) had at least one episode of AR, while the other 79 patients (79%) had normal liver
function. No significant differences were found between the two groups regarding sex, MELD score, and primary liver disease.
Also, no difference was observed concerning rs16375 genotype and allele frequency (𝑃 = 0.44, OR: 0.69; CI: 0.21–2.10). Conclusion.
The study results revealed no significant difference between the AR and the NAR groups regarding the 14 bp INDEL genotypes
and alleles. Further studies are recommended to be conducted on other polymorphic sites as well as monitoring of serum HLA-G
concentration in order to ascertain the potential implications of this marker in our population.

1. Introduction

The human leukocyte antigen-G (HLA-G) belongs to the
major histocompatibility complex (MHC) located on the
short arm of chromosome 6. During HLA-G gene transcrip-
tion, 7 different isoforms are produced, four of which are
membrane bound (HLA-G1 through HLA-G4) and three are
soluble (HLA-G5 through HLA-G7) [1–3].

HLA-G is predominantly expressed at the maternal-fetal
interface and plays an important role in fetal-maternal toler-
ance which is the perfect example of a semiallograft [4].

HLA-G protects the fetus against the immunological
damage caused by maternal natural killer and T-cytotoxic
cells (CTLs) during pregnancy [5].

In nonpathological conditions, expression of HLA-G is
detected in thymus, cornea, proximal nail matrix, pancreas,
and hematopoietic stem cells. There is strong evidence that
HLA-G expression is associated with the reduced incidence
of acute and chronic rejection in solid organ transplantation
[2, 3].

HLA-G is involved in graft acceptance following human
allotransplantation, such as heart, lung, liver, and kidney [6–
8]. The endomyocardial cells in the heart, biliary epithelial
cells of the liver, and the tubular epithelial cells in the kidney
are the important targets of the immune system in transplant
rejection. A positive correlation has been found between
detection of HLA-G in both serum and tissue biopsies and
lower incidence of acute rejection episodes [6–8]. Therefore,
HLA-G is considered as a tolerogenic marker in transplanted
recipients.

Mesenchymal stem cells also express the HLA-G. These
cells are used in bonemarrow and solid organ transplantation
and are considered as an endogenous source of HLA-G with
tolerogenic properties [9]. In animal models with allogeneic
skin transplants, a single injection of exogenous HLA-G-
coated microbeads significantly prolonged the transplant
tolerance [10].

Castelli et al. believed that, in contrast to the classicalHLA
class I loci, HLA-G coding region has limited variability in
worldwide population studies [11]. The variation is mainly
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located in 5󸀠URR and 3󸀠UTR [12]. Many SNPs have been
located in the HLA-G promoter region (Berger et al. 2010),
which may affect the expression of HLA-G [5].

The polymorphic sites at 5󸀠URR have linkage disequilib-
rium (LD) with those identified at 3󸀠UTR [4, 12].

Overall, three well-known polymorphic sites, which are
associated with the regulation of HLA-G expression levels,
have been identified at 3󸀠UTR. The 14 bp deletion/insertion
polymorphism influences the stability of final mRNA [4, 12].
The HLA-G alleles presenting the 14 bp (5󸀠-ATTTGTTCA-
TGCCT-3󸀠) sequence have been associatedwith lowermRNA
production for most membrane and soluble isoforms [2, 13].

The presence of guanine in the position 3142 which in-
creases the affinity of specific microRNAs (miR-148a, miR-
148b, and miR-152) for HLA-G mRNA decreases HLA-G
expression [14]. In addition, the presence of an adenine at
position 3187 modifies an AU-rich motif in the mRNA and
decreases its stability [15].

There is a strong LD among these three major 3󸀠UTR
polymorphic sites. The 14 bp insertion is always associated
with 3142G and 3187A alleles [4, 12, 16].

As the expression of sHLA-G may be influenced by gen-
etic variants of the HLA-G gene and the 14 bp insertion/
deletion is a functional polymorphism, the possible associ-
ation between this genetic variant and graft acceptance was
investigated [16, 17].

Crispim et al. investigated relationship between the 14 bp
ins./del. polymorphism of the HLA-G gene and kidney allo-
graft outcome. They found no significant difference between
the control and renal transplant patients regarding allelic fre-
quencies of the 14 bp ins./del. polymorphism [18]. This result
was also confirmed by another studywhichwas conducted on
renal transplant recipients [19]. The present study aims to
investigate the possible association between 14 bp ins./del.
HLA-Ggene and the incidence of acute rejection (AR) in liver
transplant recipients.

2. Materials and Methods

2.1. Study Population. This study was conducted on 100 Ira-
nian liver transplant recipients with a regular followup bet-
ween June 2011 and March 2012. The Ethics Committee of
Shiraz University of Medical Sciences approved the protocol,
and written informed consents were obtained from all the
participants. The study was conducted according to the Dec-
laration of Helsinki. The patients were followed up for 6
months and episodes of AR were recorded in this period.The
patients’ characteristics and detailed medical history were
derived from an electronic database that is maintained in our
department.

2.2. Immunosuppressant Regimen and Rejection Diagnosis.
The routine immunosuppressant regimen consisted of 1-
2mg/day tacrolimus, 500mg/day mycophenolate mofetil,
and 120mg prednisone q12 h. The drugs were administered
orally. AR diagnosis was based on the clinical parameters
(fever and elevation of bilirubin and/or transaminase levels in
the absence of vascular problems or biliary obstruction) or
biopsy findings according to Banff criteria [20].

The patients with AR episode received high doses
(500mg) ofmethylprednisolone for 3 consecutive days.Over-
all, the patients who had AR within 6 months after the trans-
plantation were classified as the AR group, while the other
patients were considered as the nonacute rejection (NAR)
group.
2.3. Genotyping. Genomic DNAs were extracted from pe-
ripheral white blood cells using the commercial extraction kit
(DNGplus DNAExtraction Kit, Cinagene Company, Tehran,
Iran). Moreover, HLA-G 14 bp insertion/deletion polymor-
phism (rs16375) was amplified by polymerase chain reac-
tion (PCR) [21] with the forward primer HLAG1 5󸀠-
GTGATGGGCTGTTTAAAGTGTCACC-3󸀠 and the reverse
primer HLAG2 5󸀠-GGAAGGAATGCAGTTCAGCATGA-
3󸀠.

Fragments of 224 or 210 bp were obtained depending on
the absence or presence of the 14 bp deletion. PCRwas carried
out under the following conditions: a denaturation step at
92∘C for 5 minutes and 30 cycles at 92∘C for 30 seconds, 64∘C
for 1 minute, and 72∘C for 2 minutes. The PCR products were
analyzed by electrophoresis in 4% agarose gel stained with
ethidium bromide.

2.4. Statistical Analyses. All the statistical analyses were per-
formed using the SPSS software package, version 16.0 (SPSS
Inc., Chicago, IL, USA), and Epi info 2000. Continuous vari-
ables were compared using 𝑡-test.

Besides, between-group differences in the clinical find-
ings and the frequency of alleles and genotypes in the patients
with or without AR episode were compared using Pearson’s
𝜒
2 test or Fisher’s exact test. 𝑃 value <0.05 was considered to

be statistically significant.
Odds ratios (ORs) and 95% confidence intervals (CIs)

were calculated to estimate the risk for the incidence of
rejection.

3. Results

This study was conducted on 100 patients. Among the study
patients, 55 were male and 45 were female, with the mean age
of 22.6 ± 12.9 years. In addition, 21 recipients (21%) were in
the AR group, while 79 ones (79%) were in the NAR
group. The main causes for liver transplantation included
chronic hepatitis B, cryptogenic cirrhosis, primary sclerosing
cholangitis, and autoimmune hepatitis (Table 1). The results
revealed no significant differences between the two groups
regarding sex, model for end-stage liver disease (MELD)
score [17], and primary liver disease (Table 1).

There was statistically significant difference between AR
and NAR when considering the kind of donor (living and
deceased) (𝑃 = 0.01).

The genotype determined at the position rs16375 was as
follows: homozygous −14/−14 bp genotype presented in 35
patients, heterozygous −14/+14 bp genotype presented in 50
patients, and homozygous +14/+14 bp genotype presented in
15 patients (Table 2).

No significant difference was found between the AR and
NAR groups regarding rs16375 genotype and allele frequency
(Table 2).
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Table 1: Demographics of liver graft recipients.

Parameter ARs (%) NARs (%)
Number of patients 21 (21) 79 (79)
Recipient gender

Male 13 (68) 32 (61)
Female 8 (32) 47 (39)

Cold ischemic time (hour) 11.2 ± 3.4 10.3 ± 1.2

Recipient age (years, mean ± SD) 31.45 ± 13.3 32.1 ± 10.1

Donor age (years, mean ± SD) 33.9 ± 11.3 34.44 ± 12.1

Donor gender
Male 12 (58) 49 (62)
Female 9 (42) 30 (38)

Primary disease
Hepatitis B (28) 6 (30) 22 (27)
Cryptogenic (24) 4 (21) 20 (26)
Primary sclerosing cholangitis (13) 5 (24) 8 (10)
Autoimmune hepatitis (11) 3 (15) 8 (10)
Biliary atresia (6) 0 6 (8)
Hypercholesteremia (5) 0 5 (7)
Wilson disease (3) 0 3 (4)
Tyrosinemia (2) 0 2 (2)
Alcoholism (2) 0 2 (2)
Crigler Najjar syndrome (2) 0 2 (2)
Hepatocellular carcinoma (2) 1 (5) 1 (1)
Hepatitis C virus (1) 0 1 (1)
Fulminate hepatitis (1) 1 (5) 0

Living donor 8 (38) 10 (13)
Deceased donor 13 (62) 69 (87)
Histological grade of rejection

I 13 (61)
II 5 (24)
III 3 (15)

ARs: acute rejection; NARs: nonacute rejection.

Table 2: Distribution of HLA-G 14 bp insertion/deletion (rs16375)
genotype/allele in acute rejection (AR) and nonacute rejection
(NAR) groups.

HLA-G
genotype ARs (%) NARs (%) 𝑃 value OR (95% CI)

−14/−14 6 (29) 29 (37) 0.48 0.69 (0.21–2.18)
−14/+14 13 (62) 37 (47) 0.21 1.84 (0.62–5.54)

+14/+14 2 (9) 13 (16) 0.34 0.53 (0.08–2.85)

−14/−14 6 (29) 29 (37) 0.48 0.69 (0.21–2.10)
−14/+14 and
+14/+14

15 (71) 50 (63)

HLA-G allele
−14 insertion 25 (60) 95 (60) 0.94 0.98 (0.46–2.07)

+14 deletion 17 (40) 63 (40)

4. Discussion

HLA-G is a nonclassic class I HLA that affects the immune
system by suppressing the cytotoxic effect of CD8+ T-cell/NK
cells, inhibits dendritic cell function, decreases the prolifer-
ation of CD4+ T-cell, and promotes T helper 2 (Th2) type
responses [22–25]. The tolerogenic HLA-G was carried out
by interaction of HLA-G with its receptor ILT2. This affected
the cyclins and inhibitory kinases and finally induced a cell-
cycle arrest at the G1 phase [26].

The association between the involvement of HLA-G sol-
uble molecules and the 14 bp ins./del. polymorphism in the
HLA-G gene and occurrence of graft-versus-host disease has
been studied in bonemarrow transplantation and other com-
plications in solid organ transplantation [27]. Jin et al. mea-
sured the level of soluble human leukocyte antigen (sHLA-G)
in renal transplant patients [17]. They found that the
patients with high sHLA-G levels experienced lower rejection
episodes.Therefore, they suggested that HLA-Gwas involved
in induction of immunologic tolerance in renal transplant
recipients [17]. Increased soluble level of HLA-Gwith expres-
sion of HLA-G in endomyocardial biopsy was reported to be
associated with lower incidence of rejection episodes in heart
transplant recipients [6, 28, 29].

In the current study, we investigated the possible impact
of 14 bp ins./del. polymorphism in the HLA-G gene on the
graft outcome in 100 Iranian patients undergoing allogenic
liver transplantation.

We found statistically significant difference between AR
and NAR when considering the kind of donor (living and
deceased). In AR group, about 60% of the recipients received
organ from deceased donor. Berg et al., conducted a study on
liver transplant recipients who received organ from living or
deceased donor and compared the outcome and survival rate
[30]. Their results showed that receipts of a living donor liver
transplant were associated with improved survival compared
with continued waiting for a deceased donor liver transplant
[30].

Our results revealed no association between the 14 bp
polymorphism and AR as a posttransplant complication.
Moreover, no statistically significant differences were found
between the groups regarding the distribution of 14 bp
ins./del. alleles. Waterhouse conducted a study on allogeneic
hematopoietic cell transplant recipients.Their results showed
no association between the HLA-G 14 bp polymorphism, the
soluble HLA-G level, and acute graft-versus-host disease or
death [27]. However, Liu et al. revealed that the increased
level of solubleHLA-G5 in allogeneic hematopoietic stem cell
transplant recipients might be a predictor of the occurrence
of graft-versus-host disease.Therefore, the HLA-G5 was sug-
gested as an individual surrogate marker for prophylaxis
against a GVHD [3].

Furthermore, Aghdaie et al. investigated the 14 bp ins./del.
polymorphism in renal transplant recipients and reported no
significant association between AR episodes and different
genotypes or alleles [21]. Also, Crispim et al. studied the kid-
ney transplant patients and showed no significant difference
between the control and kidney transplant patients regarding
the allelic frequencies of the 14 bp ins./del. polymorphism
[18].
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Littera et al. studied the HLA-G 14 bp insertion/deletion
polymorphism as a genetic riskmarker for acute and/or chro-
nic deterioration in kidney transplant recipients.They obser-
ved a significantly higher incidence of chronic renal dysfunc-
tion with allograft loss in the recipients homozygous for the
HLA-G 14 bp deletion polymorphism [1].

Jin et al. showed an increased frequency of homozygous
genotype +14/+14 bp in renal transplant patients with acute
rejection in comparison to the patients without normal
kidney function [19].

Zarkhin et al. monitored the serum levels of HLA-G1 and
HLA-G5 in pediatric and adult liver transplant recipients.
Their result confirmed that the increased serum level ofHLA-
G was associated with operational tolerance and more favor-
able outcomes in hepatic transplant patients [8].

In another study which was conducted in Turkey, Baştürk
et al. found a correlation between higherHLA-G serum levels
and better liver function tests, such as aspartate aminotrans-
ferase, alanine aminotransferase, direct bilirubin, total biliru-
bin, and alkaline phosphatase [31].

Créput et al. investigated the expression of HLA-G in kid-
ney and liver biopsies of combined double organ transplanted
patients. They found a significant association between HLA-
G expression in liver biliary epithelial cells and the absence
of liver rejection. No acute or chronic rejection of the kidney
graft was observed in the patients in whom HLA-G was ex-
pressed in the biliary epithelial cells of the liver graft. The
biliary epithelial cells might express both the membrane
bound and the soluble form of HLA-G molecules [32].

Membrane-bound isoforms has a local immunomodu-
latory role, while the soluble molecules have systemic inhi-
bitory properties especially on NK and T cells which are the
major cells involved in graft rejection. Therefore, they sug-
gested that HLA-G as a tolerogenic antigen was produced by
the liver allograft and might be involved in the acceptance of
simultaneously transplanted organs [32].

In another study on dual liver-kidney transplanted recip-
ients, Creput et al. detected higher concentrations of serum
HLA-G with lower incidence of acute rejection in double
organ transplanted patients but not in kidney transplanted
recipients. They suggested that serum HLA-G could be
used for monitoring of graft acceptance and adjustment of
immunosuppressive drugs [33].

Overall, the mentioned studies confirmed that higher
serum HLA-G levels were associated with lesser solid organ
transplant reelection risk [32–35]. However, with respect to
the insertion/deletion polymorphism (INDELs), the results
are controversial.

To the best of our knowledge, no published article has
evaluated the possible association between HLA-G genetic
polymorphism and liver transplant outcome. The findings of
the present study indicated no significant association between
HLA-G 14 bp INDEL polymorphism and acute rejection after
liver transplantation. Although the 14 bp INDEL polymor-
phism is responsible for the posttranscriptional regulation
of the HLA-G gene, further studies are recommended to be
conducted on other polymorphic sites which are located at
5󸀠URR that is close to the transcription factor binding sites
or at the 3󸀠UTR that influences HLA-G mRNA availability.

Moreover, since liver is considered as a de novo site for
HLA-G synthesis, genotyping of 14 bp INDEL is suggested in
liver donors. Besides, monitoring of the patient with serum
HLA-G level as well as tissue expression in liver biopsies may
anticipate the rejection-free survival of the liver grafts.
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