
MULTI-AUTHOR REVIEW

HLA-G in organ transplantation: towards clinical applications

Frederic Deschaseaux • Diego Delgado • Vito Pistoia •

Massimo Giuliani • Fabio Morandi • Antoine Durrbach

Received: 21 October 2010 / Accepted: 22 October 2010 / Published online: 20 November 2010

� Springer Basel AG 2010

Abstract HLA-G plays a particular role during preg-

nancy in which its expression at the feto–maternal barrier

participates into the tolerance of the allogenic foetus.

HLA-G has also been demonstrated to be expressed in

some transplanted patients, suggesting that it regulates the

allogenic response. In vitro data indicate that HLA-G

modulates NK cells, T cells, and DC maturation through its

interactions with various inhibitory receptors. In this paper,

we will review the data reporting the HLA-G involvement

of HLA-G in human organ transplantation, then factors that

can modulate HLA-G, and finally the use of HLA-G as a

therapeutic tool in organ transplantation.

Keywords HLA-G � Mesenchymal stem cells �
Immunoregulation

Introduction

HLA-G has a restricted expression in physiological con-

ditions but can be upregulated in various situations

suggesting different levels of regulation. During preg-

nancy, its expression at the feto–maternal barrier suggests a

particular regulation by progesterone as demonstrated in

vitro [1–4]. HLA-G is also expressed by amnion epithelial

cells [5, 6],and erythroid and endothelial cells of fetal

blood vessels in the placenta [7, 8], as well as in thymus

[9], cornea [10], pancreas [11] and nail matrix [12].

HLA-G belongs to the non-classical class-I molecule

family and is composed by a three alpha domain which

bind to b2-microglobulin. An alternative splicing of the

primary transcript generates the membrane-bound isoforms

HLA-G1 (complete molecule), HLA-G2 (minus a2

domain), HLA-G3 (minus a2 a3 domains), HLA-G4

(minus a3 domain) and the soluble isoforms HLA-G5

(soluble HLA-G1), HLA-G6 (soluble HLA-G2) and

HLA-G7 (soluble HLA-G3) (17–39 kDa) [13, 14]. HLA-G

molecule has been shown to inhibit NK cells, T cells, and

DC maturation in vitro. It exerts its inhibitory functions

through interactions with KIR2DL4 (CD158d) expressed

on NK cells [15], ILT-2 (LILRB1/CD85j) expressed on all

immune cell subsets and ILT-4 (LILRB2/CD85d) expres-

sed on myeloid lineages [16–18]. The HLA-G inhibitory

effect can occur by cell-to-cell contact, cell-to-cell-

dependent uptake of HLA-G (trogocytosis) [19, 20], or

through the release of soluble forms or the shedding of

membrane bound HLA-G.

Some variations in the level of expression of its tran-

script and the identification of polymorphisms have led to

the identification of some differences among patients

associated with HLA-G expression. In addition to its role in

the feto–maternal graft tolerance [21], several reports have
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also indicated that HLA-G can also be involved in the

acceptance of allogenic organ transplantation. In this paper,

we will first describe the data reporting the involvement of

HLA-G in human organ transplantation, then factors that

can modulate HLA-G, and finally the use of HLA-G as a

therapeutic tool in organ transplantation [22].

Involvement of HLA-G in transplantation

Because of its immunosuppressive properties, HLA-G has

been studied in the context of transplantation [23]. In two

retrospective single center studies, membrane-bound and

soluble HLA-G expression was assessed in heart transplant

patients. HLA-G was detected in myocardial biopsies and

serum samples of approximately 20% of the heart trans-

plant population [24, 25]. This group of patients, compared

to the HLA-G-negative group, had significantly fewer

episodes of acute rejection. It was found that only 11% of

patients with recurrent moderate to severe rejection

(rejecting group) showed HLA-G expression in biopsy

specimens. However, 86% of patients who never experi-

enced acute cellular rejection (non-rejecting group) were

HLA-G-positive. Additionally, whereas 15 cases of graft

vasculopathy were detected in HLA-G negative patients,

none of the nine HLA-G-positive patients experienced

graft vasculopathy. These results suggest that HLA-G

expression may diminish the host immune response thereby

reducing acute rejection and coronary disease post-trans-

plantation, and that the presence of HLA-G is durable after

transplantation.

In addition, a recent study, conducted on cultured human

aortic and coronary artery endothelial cells to assess the

expression of HLA-G [26], shows that different stress-

ors, including hypoxia/reoxygenation, interferon-c, tumor

necrosis factor-a, interleukin-10, immunosuppressive agents

or progressive doses of progesterone, could modulate

HLA-G expression. HLA-G levels in culture supernatants

were detected and quantified. Interestingly, only progester-

one induced HLA-G expression in a dose-dependent manner.

This finding was reproduced in coronary artery smooth

muscle cells. This important finding confirms that myocar-

dial cells and also endothelial cells are capable of expressing

HLA-G.

Similar results have been observed in other solid organ

transplants. Creput et al. [27, 28] have shown that 14 out of

41 liver and 5 out of 9 kidney transplant biopsies expressed

HLA-G. Liver biliary and renal tubular epithelial cells,

which are often susceptible target cells of acute rejection,

may express HLA-G for the first time when transplanted.

Intriguingly, it was found that, when a liver allograft is

simultaneously transplanted with a kidney, the former

protects the latter from acute rejection, as 32.5% of kidney

recipients compared to only 6% of combined kidney and

liver recipients developed acute kidney graft rejection.

There is a strong inverse correlation between HLA-G

expression in the transplanted liver and hepatic graft

rejection; specifically, HLA-G expression was shown to

significantly decrease graft rejection. More importantly,

there were no cases of acute or chronic rejection of the

kidney graft in patients who expressed HLA-G in their

liver graft. In addition, HLA-G expression correlates with

the presence in the blood of a population of CD3?CD4low

and CD3?CD8low suppressor T cell subsets involved in

transplant acceptance [29].

Similarly, in 64 lung transplant recipients, HLA-G

expression was detected in bronchial epithelial cells from

stable patients, but never in patients with acute rejection or

with bronchiolitis obliterans syndrome, which is consid-

ered a form of chronic rejection [30].

Soluble HLA-G levels have also been shown to correlate

with better graft function following transplantation. In heart

transplant patients, acute rejection is significantly less fre-

quent in patients with increased HLA-G plasma levels [24].

In renal transplant patients, there is an inverse relationship

between soluble HLA-G levels and both organ failure from

chronic rejection and the production of anti-HLA antibod-

ies, indicating inhibition of the humoral response [31–35].

Similarly, HLA-G was associated with a lower incidence of

C4d deposit in heart transplant suggesting a reduced risk for

patients to develop an humoral rejection [36].

Factors influencing the expression of HLA-G

Genetic polymorphisms

Polymorphisms in the 3UT region have been extensively

studied. The presence of 14 bp of ‘exon 8’ correlates with

low levels of mRNA expression [37, 38] and is associated

with the out-splicing of the first 92 bp of exon 8 [39].

These transcripts were shown to be more stable than the

complete RNA [40]. In human heart transplantation, the

14-bp polymorphism of the HLA-G gene influenced

the expression of soluble HLA-G and is associated with

low rejection rates [41]. These novel findings indicate

the potential use of HLA-G polymorphisms as a genetic

indicator to guide immune therapy in heart transplant

recipients. Seven SNPs have also been identified in this

region of the gene. The ?3142 C/G SNP which might be

associated with some micro-RNA participates in the reg-

ulation of HLA-G expression. An extensive analysis of the

promoter has also led to the identification of at least 29

SNPs [42, 43] which can be involved in the regulatory

expression of HLA-G and which might explain some

variabilities in HLA-G expression in human.
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Cytokines, growth factors and hormones

HLA-G has also been demonstrated to be produced in

physiopathological conditions during organ transplanta-

tion, inflammation, viral infections and by tumor cells [22].

These pathological expressions suggested that several

levels of regulation, not only related to the genetic control

but also associated with micro-environmental factors,

can take place. Several cytokines (both anti-inflammatory

(IL-10, IL-4, IL-5, IL-6) and pro-inflammatory [tumor

necrosis factor (TNF)a, IL-1b, IL-2], and transforming

growth factors (TGF-b), or growth factors such as granu-

locyte macrophage colony-stimulating factor (GM-CSF),

granulocyte colony-stimulating factor (G-CSF), colony-

stimulating factor (CSF-1), LIF and epidermal growth

factor (EGF) have been found to upregulate HLA-G. In

the context of allogenic transplantation, IFNs, IL10, and

TGFb have been associated with the expression of HLA-G

[44, 45]. Despite a non-conserved HLA class I ISRE in

the proximal promoter of HLA-G, several investigations

have revealed that the HLA-G gene is responsive to

up-regulation following treatment with IFN-a, IFN-b and

IFN-c [44, 46–48] in several cell types such as tropho-

blast cell lines, blood cells (monocytes and macrophage

cell lines) and glioblastoma cell lines. The mechanisms of

action of IL10 and TGFb are not fully understood but

both play an important role since they increase HLA-G

and could participate in the regulation of the allogenic

response [49].

IL-10 was demonstrated to increase both HLA-G mRNA

and cell surface protein expression by monocytes [45],

mesenchymal stem cells [50], renal cell carcinoma (RCC)

cell lines [51] and human decidua stroma cells [52], and

also soluble HLA-G protein by mononuclear cells from

patients suffering from non-Hodgkin lymphomas (T-NHL)

[53], acute myeloblastic leukaemia (AML) and acute

lymphoblastic leukaemia (B-ALL) [52]. Moreover, a

reduced placental IL-10 production was observed in pre-

eclampsia [54] and correlates with a low level of expres-

sion of HLA-G transcription [38, 55]. On the other hand,

the IL-10 homolog produced by cytomegalovirus (CMV)

can up-regulate HLA-G protein expression at the monocyte

cell surface and is supposed to participate in the mecha-

nisms of escape of CMV to the immune system [56].

Whatever the mechanisms action of HLA-G, the effect of

both IL-10 and IFN treatment requires basal transcriptional

activity to enhance HLA-G gene expression [57].

Hypoxia/ischemia

Hypoxia is a common feature in organ transplantation

during organ procurement, starvation and re-implantation.

Hypoxia is also present in physiological conditions in

which HLA-G is produced. For example, hypoxia followed

by normoxia regulates the trophoblastic invasion and the

vascular remodeling of the uterine tissues [58]. In low

oxygen-containing conditions, cells express the hypoxia-

inducible factor (HIF), which activates transcription of

many genes controlling glycolysis, glucose transport, cell

survival and death, cell adhesion, angiogenesis and eryth-

ropoiesis [59, 60]. Hypoxia, induced by iron chelator

desferrioxamine, is associated with a 16-fold HLA-G gene

transcription in melanoma cell lines [61]. The computer

search analysis has identified a putative consensus of

hypoxia response element located in HLA-G promoter.

Whether this HRE is functional is still unknown [61]. As

for the effect of hypoxia on HLA-G cell surface expression,

results differ depending on the cell type or culture condi-

tions [62]. Its role during ischemia reperfusion in different

transplanted organs has to be defined.

Impact of immunosuppressive molecules on HLA-G

expression

Excepted for steroids and Belatacept, the role of the

different molecules used remains unknown. HLA-G is

regulated by progesterone and to a lesser extent by steroids

that slightly increase transcription of HLA-G in tropho-

blast explants [63, 64]. It remains to be demonstrated

whether in vivo steroids have an effect on the expression

of HLA-G. The low level of HLA-G in kidney recipients

who were frequently receiving steroids would suggest that

low doses of steroid will have a low impact on HLA-G

expression. Conversely, it appears recently that patients

treated with Belatacept had a high concentration of soluble

HLA-G. In vitro analysis has shown that dendritic cells in

a context of an allogenic reaction are able to synthesize

and secrete HLA-G in the presence of Belatacept [65, 66].

The secretion is maintained in the presence of Belatacept

indicating that HLA-G participates in the allogenic graft

acceptance.

In heart transplant patients receiving two different

antiproliferative agents—everolimus (RAD) and myco-

phenolate mofetil (MMF) [67]—in association with

cyclosporine (CsA), high levels of soluble HLA-G were

measured among patients receiving RAD with 78%

expressing high levels of plasma HLA-G) compared to

25% for patients receiving MMF. CsA did not appear to

influence HLA-G expression, as there was no correlation

between HLA-G levels and blood CsA area under the time-

concentration curve (r2 = 0.19, p = 0.25). This study

suggests that RAD but not MMF is associated with HLA-G

expression in heart transplant patients. Nonetheless, soluble

HLA-G expression appears to have a constant pattern of

expression independent of the type of antiproliferative

agent used.
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Mechanism of action of HLA-G on the allogenic

response

Both HLA-G membrane bound form (namely HLA-G1)

and soluble HLA-G (namely HLA-G5) can impair the

allogenic response [68, 69]. Despite them displaying a

classI structure, HLA-G does not inhibit immune responses

through TCR interactions but rather through its interaction

with inhibitory receptors expressed by lymphocytes and

antigen-presenting cells [70, 71]. To date, three HLA-G

receptors have been identified: the killer immunoglobulin-

like receptor KIR2DL4/CD158d [15], and the leukocyte

immunoglobulin (Ig)-like receptors, LILRB1/ILT-2/CD85j

and LILRB2/ILT-4/CD85d [72]. KIR2DL4 expression is

restricted to NK cells, and ILT-4 is myeloid lineage-spe-

cific, while ILT-2 is expressed by monocytes, dendritic

cells, T cells, B cells and NK cells. With such a large

distribution of HLA-G-receptors, various immune func-

tions may be altered by HLA-G. On dendritic cells (DC),

HLA-G has been demonstrated to impair DC maturation

[73]. In T cells, HLA-G has been demonstrated to impair

cytotoxic activities of NK and CD8 cells [74, 75], and to

induce apoptosis of a subset of stimulated CD8 cells

through the activation of Fas pathway [76–78], whereas we

have demonstrated that HLA-G is associated with the

proliferation and expansion of T lymphocytes via their

inhibition of their cell cycle [79]. Interestingly, we have

also demonstrated that this inhibition is associated with the

acquisition of suppressive functions of T cells, which are

independent of the expression of Fox-P3 transcription

factor but are associated with low levels of expression in

CD4 and CD8 co-receptors at the cell surface of T cells

[80]. This phenotype has been observed (CD3?CD4low

and CD3?CD8low T cells) in vitro and in vivo in trans-

planted patients. The down-modulation of CD4 and CD8

surface expression on HLA-G-driven T cells results from

both transcriptional and post-translational regulation, and

their lowering is supposed to alter the synapse formation

[29].

In addition, these CD3?CD4low and CD3? CD8low T

cells show an increased representation of CD45RA? cells

and exhibit a TH2 phenotype secreting high amounts of

IL-4, IL-10 and IL-13, and having a low production of

IFN-c [81]. Secreted cytokines have the potential functions

to increase HLA-G production and to participate in the

generation of suppressor T cells [82].

HLA-G as a potential tool for transplantation

Because of its direct or indirect (via the expansion of

regulatory T cells) immunoregulatory properties, HLA-G

has been proposed as a therapeutic biotherapy for allogenic

transplantation. Two particular approaches have been

investigated:

– The use of a recombinant molecule. The soluble

fraction of HLA-G has been demonstrated to impair

allogenic response [70]. Its potential as a biotherapy

has been evaluated by the group of Horuzsko who have

injected multimeric recombinant HLA-G molecules

aggregated with microbeads into mice having skin

transplantation [83]. The single injection of HLA-G

was associated with a delayed occurrence of acute

rejection of the skin indicating that HLA-G is a

potential tool to prevent acute rejection.

– The use of amniotic HLA-G secreting cells. Recent

developments have involved HLA-G producing cells to

participate in tissue repair and/or immunomodulation.

Cardiomyocytes derived from amniotic cells have been

expended in vitro and then infused in rat having

myocardiac infarction [84]. Those cells improved

cardiac functions and reduced myocardiac fibrotic

scare. Interestingly, these cells that still expressed

HLA-G and injected in an xenogenic context (human to

rat) did not require any immunosuppression to be active

and favor the local expansion of regulatory T cells (Fox

P3 positive).

Mesenchymal stem cells secreting HLA-G

Bone marrow mesenchymal stem cells (also referred to as

multipotent stromal cells; MSCs) have also been demon-

strated to produce HLA-G. MSCs are non-hematopoietic

bone marrow adult stem cells [85] with a phenotype

characterized by negative staining for hematopoietic

markers (CD45, CD14) and positive for other markers such

as CD73, CD90, CD105, CD146 and CD166 [86]. MSCs

can be induced in vitro and in vivo to differentiate into

various mesenchymal tissues such as bone, cartilage,

muscle, tendon, adipose tissue, and hematopoiesis-sup-

porting stroma [87, 88]. This was demonstrated by several

clinical investigations in patients treated for hematological

diseases by co-transplantation of hematopoietic stem

cells and MSCs [89] and for the treatment of osteogenesis

imperfecta in children in which allogenic MSCs have been

injected in utero [90] or in children. Five of six patients

showed engraftment in bone and bone marrow stroma and

accelerated growth velocity during the first 6 months post-

infusion as compared with the 6 months preceding the

infusions [91]. Although MSCs are hypoimmunogeneic

cells since they do not express HLA-DR and co-stimulatory

molecules, e.g., CD80, CD83, they exert a wide spectrum

of immunomodulatory activities that target cells of both

the innate and adaptive immunity and include inhibition

of lymphocyte proliferation to alloantigens [92]. The low
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immunogenicity of MSCs are in part due to their low

expression of HLA class I-peptide complexes on the cell

surface which is associated with a weak intracellular

expression of some the antigen processing machinery

(APM) components such the chaperone ERp57 and immu-

noprotesosomal components LMP7 and LMP10, which

remained at a low level even in the presence of IFNc [93].

Their immunoregulatory capacities [92] are due to the

synthesis of indoleamine 2,3 dioxygenase (IDO), IL10,

TGFb, prostaglandin E2 and HLA-G, suggesting that they

can be used for inducing tolerance in allografting [94].

Notably, clinical studies have been conducted to measure

the capacity of MSCs to inhibit graft-versus-host disease

(GvHD) after allogenic hematopoietic stem cell trans-

plantation. In their pioneering study, Le Blanc et al. [95]

injected allogenic MSCs into a patient with refractory,

acute GvHD. Two productions of MSCs were infused to

finally generate complete suppression of GvHD. To date,

several clinical investigations have been conducted, and

data have confirmed the immunosuppression potential of

MSCs [89]. Among mechanisms involved in such immu-

nomodulations, the cell–cell contacts seem to be crucial

since they exhibit the strongest inhibition effects when

compared to the non-contact conditions. We have shown

that human MSCs mainly secreted HLA-G1 and -G5 iso-

forms and that those molecules contributed to inhibition of

T cell proliferation in allogenic conditions and to sup-

pression of NK cell lysis toward target cells through

KIR2DL4 [50]. In association with the APM modification

in MSCs, HLA-G and also the ability of MSCs to express

PI-9, a physiological antagonist of Granzyme-B, would

participate in the natural resistance of these cells to killing

activities of NK cells [93]. In addition, we have shown that

contact between MSCs and allogenic T cells increased

HLA-G5 in supernatants, generating full immunosuppres-

sion in association with IL10 acting together as an

amplification feedback loop to expand functional

CD4?CD25high FoxP3?regulatory T cells [50]. Therefore,

after their transplantation in allogenic conditions, MSCs,

through HLA-G, could inhibit activated immune cells but

could also induce tolerance by increasing specific regula-

tory T cells.

In addition to bone marrow, MSCs can be isolated from

other types of tissues such as placenta, cord blood, adipose

tissue and fetal tissue [96, 97]. Recently, data have shon

that MSCs deriving either from adipose tissue or from

deciduas or from cord blood were able to express HLA-G

molecules [98]. A study using cord blood-derived MSCs

also showed that cells were able to secrete HLA-G even if

MSCs were expanded in vitro within medium containing

5% platelet lysate used as a substitute for calf serum [99].

These culture conditions are crucial for the production of

MSCs at the clinical level, and these cells consistently

demonstrated immunosuppression capacities on T and NK

cells. Moreover, cord blood-derived MSCs expressed

mainly soluble HLA-G suggesting that such an isoform is

preferentially expressed by MSCs whatever the tissue ori-

gin. However, we observed that long-term culture of MSCs

could decrease the expression of HLA-G [50]. Such

observations have been reported with other types of cells.

Indeed, most cell lines, known to secrete HLA-G, lost their

expression with time which indicates that microenviron-

mental factors are likely to play a role in supporting

HLA-G expression [100]. This point is crucial and could

therefore interest cell therapy centers capable of producing

MSCs for their clinical use. These are in accordance with

in vivo data in rat showing that MSCs are able to delay

graft rejection but without inducing graft tolerance. The

maintenance of immunosuppressive properties of MSCs

and/or their survival has to be determined, as well the

associated role of current immunosuppressive drugs to

maintained their immunosuppressive functions.

Conclusion

In allogenic transplantation, HLA-G has been associated

with a lower risk for the development of acute and chronic

rejection. HLA-G has an important role in inhibiting the

activation of allogenic T cells and also in impairing effector

cells such as CD8 T cells and NK cells. In contrast, it favors

the development of regulatory T Cells. HLA-G appears as

an interesting marker of the good evolution of allogenic

transplantation. It also constitutes an interesting tool to

regulate the allogenic response. Future development will

evaluate its ability to prevent allogenic activation alone as a

recombinant molecule or in association with immunosup-

pressive drugs. In addition, promising strategies will be to

use stem cells that produce HLA-G and or regulatory

molecules for the prevention of acute and chronic rejection

and to dissect efficient association toward this goal.
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