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ABSTRACT

Mucosal epithelia are at the interface with
external environment actively interacting with
the symbiotic microbiota, pathogens, antigens and
chemicals. Epithelia play a crucial role in the
regulation of mucosal immune cell responses,
through different immune modulatory molecules.
Human leukocyte antigen-G (HLA-G) is a non-
classical HLA class I molecule and its role
in immune tolerance has been well documented.
Physiologic expression of HLA-G has been
recently detected in different epithelial cells types
as well as its ectopic expression has been observed
in acute or chronic inflammatory diseases and
carcinomas. In addition, HLA-G has been implicated
in the proliferation and redifferentiation of human
bronchial epithelial cells (HBEC) in vitro, in
accordance with previous observation of other
progenitor cells. An improved understanding
of the role of HLA-G in the interaction between
mucosal epithelia and the immune system and
epithelial stem cells differentiation is important
in the development of therapeutics aimed to
manage diseases affecting epithelia.
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ABBREVIATIONS

HLA: Human Leukocyte Antigen; CTL: Cytotoxic
T-Lymphocyte; NK: Natural Killer cells; ILT:
Immunoglobulin-Like Transcript; KIR: Killer-cell
Immunoglobulin-like Receptor; MSC: Mesenchymal
Stromal Cells; DC: Dendritic Cells; sHLA-G:
soluble HLA-G; UTR: UnTranslated Region;
URR: Upstream Regulatory Region; EVT:
extravillous trophoblast; HBEC: Human Bronchial
Epithelial Cells.

1. Introduction

Human leukocyte antigen-G (HLA-G) is a non-
classical HLA class I molecule and its role
in immune tolerance has been well documented
[1-5]. HLA-G has been initially identified in
fetomaternal interface which has been correlated
with fetomaternal tolerance [6]. Modulation of
HLA-G expression has been observed in numerous
pathological situations such as tumours, viral
infections, and inflammatory and autoimmune
diseases [7, 8]. HLA-G immunomodulatory
properties have a crucial role in graft acceptance.
HLA-G inhibits immune effectors and protects
transplanted organ from rejection [9]. Several
studies have shown a clinical correlation between
the expressions of soluble and/or membrane-
bound HLA-G and reduction of rejection risk in
heart, lung, liver and kidney transplant patients [1-5].

HLA-G expression is restricted to specific tissue
and cell types such as cytotrophoblast or different
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immune cell populations, as monocytes [10-14].
Epithelia such as intestinal epithelium, bronchial
epithelium and epidermis have been shown to
express this molecule in physiological and/or
pathological conditions.

Moreover HLA-G has been proven to be
expressed in other progenitor cells. HLA-G is
known to mediate erythroid progenitor proliferation/
differentiation [15, 16] as well as MSC
differentiation in osteoblast [17, 18]. Recently,
our team has suggested that the HLA-G molecule
is potentially implicated in human bronchial
epithelial cells (HBEC) proliferation and
redifferentiation in vitro [19]. Modulation of
HLA-G expression in different tissues has been
observed in numerous pathological situations such
as tumours, viral infections, inflammatory and
autoimmune diseases [7, 8].

These elements raise the questions about the
role of HLA-G expression in these tissues, its
implication in the interaction between the
different epithelia and the immune system and its
influence on the differentiation and proliferation
of epithelial stem cells.

2. Epithelium: structure, function and
regenerative properties

During gastrulation epithelia develop from
different germinal layers. In particular, epidermis
generates from ectoderm along with the epithelium
covering nasal and anal cavities. Endothelium
of blood vessels originates from mesoderm,
whereas gut and bronchial epithelium derive from
endoderm.

Despite the different embryological origins,
epithelia have in common the role as dynamic
functional barriers between the external
environment and the internal milieu of the body.
Epithelial cadherin-based adherent junctions are
crucial in adapting and responding to mechanical
forces, while tight junctions (TJ) prevent the
passage of molecules and ions through the space
between the plasma membrane and the adjacent
cells [20]. Indeed, the impairment of epithelial
function as a barrier has been observed in different
diseases involving epithelia. For instance, atopic
dermatitis (AD) is associated with a defective

expression of claudin-1, one of the protein that
form TJ in keratinocytes [21, 22]. AD is also
associated with mutations in the epidermal barrier
protein filaggrin (encoded by the Flg gene) [23].
Both impaired expression of claudin-1 and
mutations in Flg gene lead to a defect in epithelial
barrier function, which increases epithelial
permeability and penetration of exogenous
substances. Lack of TJ junction functionality has
also been observed in two diseases affecting
bronchial and intestinal epithelia, namely asthma
and ulcerative colitis (UC), respectively [24-26].

However, epithelia not only form a passive
barrier, but upon external stimuli, such as trauma,
bacterial and viral infections, chemical substances,
or ultraviolet irradiation, they can actively
respond to these menaces. For instance, human
bronchial epithelial cells (HBEC) are key sensors
of viruses, allergens or pollutants. Different pattern
recognition receptors (PPR) such as nucleotide-
binding oligomerization domain-containing protein
2 (NOD2) or the family of toll-like receptors
(TLR) are present on the surface of HBEC. These
receptors can initiate immune response through
the release of mediators such as granulocyte
colony stimulating factor (GM-CSF), thymic
stromal lymphopoietin (TSLP), IL-25 or IL-33,
thus communicating directly with immune cells
[27]. Intestinal epithelia cells (IEC) also posses
PPR that enable them to interact with the
microbial environment and to cooperate in the
regulation of mucosal immune cell responses,
including the production of secretory IgA (sIgA)
[28, 29]. In addition to the crucial role of PRR in
triggering innate defense, their signaling is finely
regulated to prevent chronic inflammatory reactions
and destructive resident microbiota. Indeed,
the fine activation of IEC’s PPR is implicated
in the expression of immunomodulating molecules
such as TSLP or transforming growth factor beta
(TGF-B). These two cytokines are implicated
in the activation of mucosal CD103+ DC which
is able to prime non-inflammatory responses
and induce regulatory Foxp3+ T cells. Lung
microbiome has a reduced biomass as compared
to gastrointestinal tract. The studies assessing
the lung microbiome interaction with bronchial
epithelium are relatively recent. Nevertheless,
many of them support the interaction of
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microbiome with immune cells, and microbiome
dysbiosis may contribute to chronic lung disease
exacerbations. [30-32]

The regenerative properties of different epithelia
are crucial for the maintenance of epithelia
integrity and barrier function. In adult potential
stem cells, niches have been proposed in different
epithelia such as intestinal epithelium, bronchial
epithelium and epidermis. Stem cell progenitors
have been well described for this last tissue.
Indeed, the innermost (basal) epidermal layer
consists of undifferentiated progenitors that
constantly proliferate before moving upward and
differentiate in keratinocytes ensuring a continuous
skin renewal [33]. For long time, it was thought
that the main source of endothelial stem cells
(ESC) for vascular endothelium was located in the
bone marrow. However more recently, in vitro
studies, suggest that vascular ESCs are also
present in situ [34, 35].

In the small intestine the epithelial stem cells
are located at the bottom of intestinal crypts
in-between villi. Here crypt base columnar (CBC)
cells seem to be imputed as the actual intestinal
stem cells [36].

The presence of bronchial epithelial stem cells has
been extensively reviewed [36, 37]. Particularly,
different potential basal cells (BC) have been
proposed as HBEC progenitors [36, 38]. These
cells are so-named for their proximity to the
underlying basal lamina.

HLA-G expression has been detected in epithelial
cells types in physiological conditions as well as
ectopic expression induced by acute or chronic
inflammatory states and malignancies.

3. HLA-G

3.1. Genetic structure

HLA-G gene is located in the short arm of 6™
chromosome in the HLA region (6p21.2-21.3).
It is surrounded by HLA class la genes HLA-A
(115 Kb downstream), HLA-B (1526 Kb
downstream) and HLA-C (1441 kb downstream),
and HLA class 1b loci HLA-E (662 Kb
downstream) and HLA-F (103 Kb upstream) [39].

Compared to classical HLA class I genes, HLA-G
is characterized by a low coding polymorphism.

Fifty HLA-G coding alleles have been identified
coding for 15 full-length proteins (G*01:01,
G*01:03, G*01:04, G*01:06, G*01:07, G*01:08,
G*01:09, G*01:10, G*01:11, G*01:12, G*01:14,
G*01:15, G*01:16, G*01:17, G*01:18) and two
modified proteins (G*01:05N, G*01:13N) [7, 40].
All HLA-G alleles belong to the same G*1
serotype, supporting the reduced variability of
HLA-G coding region, in opposition with HLA
Ia molecules displaying many serotypes.

In comparison with the coding region, HLA-G 5’
upstream regulatory region (5’URR) and 3’
untranslated region (3’UTR) are highly
polymorphic. Castelli and coworkers [41] described
35 single nucleotide variations (SNVs) in the
5’URR (corresponding to the promoter region
from the position -1500 to -1) and 17 in the
3’UTR from 1000 Genomes Project data. Among
those SNVs only 26 for 5’URR and 9 for 3’UTR
display a minor allele frequency (MAF) above
1%.

Linkage disequilibrium of SNPs has been
described within the 5’URR region and in the
3’UTR region (Table 1). Castelli et al. defined
eight UTR HLA-G haplotypes using 3’UTR SNPs
in a Brazilian population [42] that were associated
with SNPs in 5’URR and coding alleles [43]. This
low variability of haplotype in a highly admixed
population as Brazilians suggests balanced selective
effect acting on UTR haplotypes.

3.2. Transcrptional and post-transcrptional
regulation: the implication of regulatory regions’
polymorphism

The HLA class I genes might have been generated
by duplications, leading to high nucleotide sequence
similarities [44]. Consequently, HLA class I
promoters share several cis-acting regulatory
elements. HLA-G promoter appears to be the most
divergent as most of these common regulatory
elements are not functional [45, 46].

Two main regulatory modules are present in HLA
class Ia genes: enhancer A (EnhA) in combination
with an interferon-stimulated response element
(ISRE) and the SXY module [47] (Figure la).
The EnhA element displays two adjacent binding
sites (kB1 and «B2) that interact with the
transcription factors of nuclear factor-kappa B
(NF-xB) family requiring the binding of different
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Figure la. HLA-G promoter regulatory modules and polymorphisms. Known functional HLA-G regulatory
elements. HLA-G promoter polymorphisms, which are located between the Locus control region and the
second Ras response element, are presented (dark grey boxes). This figure is adapted from the previous work

of Castelli et al. [46].

sub-units such as p50, p65, p52, c-Rel, and RelB,
[47]. In HLA-G, the EnhA element displays a
mutation that allows only p50/p50 homodimers
to bind, and do not induce gene expression [48].
ISRE constitutes the binding site for the interferon
regulatory factor family interferon regulatory
factor-1 (IRF-1, activator), IRF-2, and IRF-8
(inhibitors) [47]. HLA-G ISRE is the most
divergent compared to the HLA class I ISRE
consensus sequence [45] and no IRF-1 and IRF- 2
binding site was observed. This suggests that
HLA-G ISRE is not sensitive to IFN-induced
transactivation. However, the constitutively
expressed factor Spl (Specificity Protein 1) seem
to bind to both HLA-G EnhA (kB2 binding site)
and ISRE of HLA class I loci including HLA-G
[48]. The SXY module includes the binding sites

S, X1, X2 and Y boxes [45, 48]; their binding
factors interact with the co-activator class II trans-
activator (CIITA) [49]. In HLA-G, only S and X1
are functional [45], and CIITA, which is dependent
on a functional SXY module, does not transactivate
HLA-G [45]. Thus, HLA-G promoter displays
nonfunctional regulatory modules common to HLA
class 1 gene and some exclusive regulatory
elements.

Only HLA-G displays the heat shock element
(HSE) binding site for the heat shock factor 1
(HSF1) [50]. The functionality of this element has
been supported by in vitro studies showing that
HLA-G transcription is induced by physical stress
(heat shock) or chemical stress (arsenate treatment)
in human melanoma and glioblastoma cell lines
via the activation of HSFI1 [50]. Although
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functional studies showed that progesterone
enhance HLA-G expression, no progesterone
response element (PRE) was found in its promoter
region. A PRE displaying 60% of homology to that
of the wild-type mouse mammary tumor virus
(MMTV) was mapped between positions -52
and -38 on HLA-G promoter. Implication of
progesterone in HLA-G expression is supported
by the requirement of this endogenous steroid
for embryo implantation [51-53].

Ferreira and colleagues identified a cis-regulatory
element with an enhancer activity 12 Kb upstream
from HLA-G, called Enhancer L. This enhancer
induces HLA-G expression, allowing a loop to
form into the promoter and the interaction with
GATAZ2/3, and CEBP transcription factors. These
latter are known to be involved in the gene
expression of numerous genes in trophoblastic
cells [54].

Functional repressor factor binding sites specific
to HLA-G have been also reported as ras response
element (RRE) binding RREB1 (Ras responsive

element binding 1) and distant-acting cis-repressor
as gl LINE element [55, 56].

The promoter region of HLA-G is highly
polymorphic and these variations account for
inter-individual HLA-G expression modulation.
Some polymorphisms are within the regulatory
elements described above, for example -1305
G>A in the LCR, -716 G>T in HSE and -56 C>T
in RRE, and may affect the binding of their
transcriptional  factors [46]. Other 5’URR
polymorphisms are supposed to affect DNA
methylation, for example -964 G>A [57] as adenine
disrupts a CpG methylation site, or 725 C>G>T
as G variant creates a CpG dinucleotide [58]. This
was supported by an in vitro study based on
a luciferase assay showing an impact on HLA-G
transcription [59].

The 3°’UTR sequence in the mature HLA-G mRNA
is composed of 397 nucleotides and displays
several polymorphisms associated with post-
transcriptional regulation linked to mRNA stability
(determined by its nucleotide structure) and/or
action of microRNAs (miRNA) (Figure 1b).
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Figure 1b. HLA-G 3’UTR polymorphism linked to mRNA stability. 3°’UTR polymorphisms defining 3’UTR
haplotypes influence miRNA binding, affecting HLA-G half-life.
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The insertion/deletion of 14 bp in the 8" exon (14
bp ins/del or ex 8 ins/del) is one of the first
polymorphisms described in HLA-G 3°’UTR [60].
The 14 bp ins seems to directly affect the HLA-G
mRNA stability and is associated with a reduced
HLA-G translation in trophoblast [61-63]. However,
an in vitro study has shown that in 14 bp ins K562
cell line HLA-G membrane bound expression was
increased, whereas 14 bp del displayed a higher
soluble/membrane bound expression ratio [64].
The 14 bp ins is associated with the 92 bp spliced
region in 3’UTR, and this transcript appears to be
more stable [65].

The polymorphism at +3142G has been associated
with mRNA stability as it creates binding site
for miR-152, miR-148a and miR-148b supported
by an in vitro assay [66, 67], leading to a decrease
of HLA-G expression.

The polymorphisms +3187 A/G and +3196 C/G
both surround an AU-rich motif reported to
influence mRNA stability [68, 69]. The presence
of an adenine at the position +3187 increases the
total number of A in the AU-rich motif favoring
HLA-G mRNA degradation [68]. No functional
studies have been conducted on 3196 C/G.

Other polymorphic sites such as +3003, +3010,
+3027, and +3035 were not studied for their
influence on mRNA stability or HLA-G expression.
However an in silico study showed their potential
interaction with several miRNAs [67].

The heterogeneous nuclear ribonucleoprotein R
(HNRNPR, RNA-binding protein family) binds
to the 3’UTR region of HLA-G and is involved
in processing the pre-mRNA into mature mRNAs.
However no impact on HLA-G expression was
demonstrated and HNRNPR binding site was not
identified [70].

Expression of HLA-G may be driven by the
combination of several polymorphisms, and hence
our group focused on the influence of haplotypes
on the expression of this molecule. Our team
and others have showed the high conservation
of the haplotypes described by Castelli et al. in a
Brazilian population [41, 43, 71-73]. Those UTR
haplotypes were in strong association with HLA-
G alleles: some associations of UTR HLA-G

alleles were exclusive, such as UTR3~HLA-
G*01:04, whereas UTR2 showed multiple allele
associations, with G*01:05N, G*01:06 and
G*01:01 and G*01:01 being associated with
UTRI1, -4, -6, -7 and -8. Finally, these UTRs,
rather than isolated SNPs, seem more relevant
to predict sSHLA-G expression.

3.3. Protein structure and isoforms

HLA-G coding region structure was first
described by Geraghty and co-workers in 1987
[74], showing strong similitudes with other class
I molecules. Six exons code for the HLA-G
protein: exon 1 codes for the signal peptide, exon
2, exon 3 and exon 4 code for the al, o2 and
a3 domains, respectively, exon 5 codes for the
transmembrane domain and exon 6 for the
cytoplasmic tail IMGT/HLA database) [40].

One of the distinguishing features of HLA-G
is the presence of different isoforms generated
by alternative splicing, dimerization ability and
the possible association with the f2-microglobulin.
Four protein isoforms are membrane bound
and three are soluble. HLA-G1 is the full-length
membrane-bound isoforms. The three membrane-
bound isoforms HLA-G2, -G3 and G4 lacks one
or more domains: HLA-G2 lacks o2 domain;
HLA-G3 lacks both a2 and a3 domains and HLA-
G4 lacks 03 domain. HLA-G5 and -G6 soluble
forms possess the same o domains as HLA-GI
and -G2 but no transmembrane domain. HLA-G7
is only composed of al (see for review [7])
(Figures 2a and 2b).

All HLA-G isoforms display al domain that, with
02 domain, forms the peptide-binding groove (see
for review [7]). Only 10 amino acid variations are
present in the peptide groove among HLA-G
alleles, 4 of them in a1 and 6 in a2. Thus, HLA-G
binding peptides’ repertoire is very restricted.
In vitro and in vivo studies identified 15 distinct
HLA-G self-peptides [75], derived from cytokine-
related protein and cytokine receptors, histone
H2A, and nuclear and ribosomal proteins. These
peptides influence HLA-G stability, its conformation
and its turnover on cell surface expression [76].
Hence, they affect HLA-G immune-tolerant
potential by both directly influencing structural
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Figure 2a. Alternative splicing of HLA-G transcripts.
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recognition by HLA-G receptors [77] and
indirectly through the regulation of the levels
of HLA-G on the cell surface [76].

The al and o2 domains are also involved in HLA-
G dimerization, unique to HLA-G, as two cysteines
(Cys) at position +42 in ol and +147 in a2 allow
the formation of disulfide bonds between HLA-G
monomers generating HLA-G dimers. However,
Cys 42 appears to have greater importance [78].
Dimerization can occur between membrane-bound
or soluble HLA-G (sHLA-G) proteins. HLA-G1
or G5 homodimer has been detected in vivo and
in vitro (see for review [79]) (Figure 2b).

The o3 domain, as for HLA class Ia molecules,
is responsible for the non-covalent binding with
the B,-microglobulin.

As mentioned above, HLA-G isoforms can be
found in soluble or membrane-bound forms
due to alternative splicing. Moreover, HLA-G
transmembrane domain can be subject to proteolytic
cleavage once the protein reaches the cell surface.
Metalloproteinase-2 (MMP-2) can shed all HLA-
G membrane-bound isoform into soluble form
[80].

HLA-G is subject to post-translational modifications.
The signal peptide of HLA-G (also named leader
sequence) is cleaved by the signal peptide
peptidase (SPPase) during translocation into the
endoplasmic reticulum (ER) [81]. HLA-G can be
glycosylated on asparagine 86 in the al domain
(see for review [79]). Noteworthy, HLA-G2, -G3,
and -G4 isoforms, unlike HLA-G1 and HLA class
Ia molecules, are sensitive to endoglycosidase H
suggesting an escape from ER retention and
different protein processing [82]. HLA-G protein
is processed by nitration on tyrosine residues (see
for review [79]) that seems to increase HLA-G
shedding.

3.4. Functions and physiological expression

HLA-G immune-inhibitory role acting directly
on immune cells is extensively documented.
Particularly, HLA-G inhibits natural killer (NK)
cytotoxicity and interferon gamma (IFNy) secretion
[83]. This molecule is able also to negatively
influence antigen presentation of dendritic cells
(DC), B and T Ilymphocyte activation and

proliferation (see for review [79]). HLA-G also
indirectly exerts its immune-inhibitory function
as HLA-G expressing cells are able to induce
regulatory T cell proliferation [14].

HLA-G molecule was first detected at feto-
maternal interface [84] and described for its
involvement in reproduction. HLA-G is expressed
in follicular fluid, and in seminal plasma suggesting
an implication in fertility [85-88]. After embryo
implantation, HLA-G is expressed by the extra
villous trophoblasts (EVTs) [84], outer layer of
the the syncytiotrophoblast, that invade the uterine
wall [89]. HLA-G molecule expressed by EVTs
is thought to be involved in fetus protection from
maternal immune cells [90, 91]. HLA-G expression
seems also to contribute to EVTs migration and
invasion in maternal decidua [92] favoring tissue
remodeling and the development of an appropriate
maternal-fetal niche [93, 94].

Physiological expression of HLA-G 1is also
observed in nail matrix [95], cornea [96], pancreatic
islets [97], erythroid and endothelial precursors
[15], thymus [98, 99], mesenchymal stem cells
[100, 101] and different immune cell populations,
such as monocytes [10], T-cells [11, 12], and
antigen-presenting cells [13, 14]. A particular
subset of tolerogenic DCs, DC-10, expresses high
levels of interleukin 10 (IL-10) and HLA-G [13].

Concerning the functionality of the different
HLA-G isoforms, G1 and G5 immune inhibitory
functions have been the most described (see for
review [79]). These two isoforms have been
shown to reduce NK cells’ cytotoxicity separately
and together with an additive effect [102]. The
other HLA-G isoforms, even though they do not
posses all the a domains, also regulate immune
response. Riteau and co-workers showed that
ol domain from HLA-G2, -G3 and -G6, was
sufficient to inhibit NK cells’ cytotoxicity [82].
Conflicting results have been published by
Zhao et al. showing no NK inhibition by HLA-G3
[103]. No functional activity has been reported for
HLA-G7.

Besides HLA-G immune-inhibitory function,
this molecule is implicated in cell proliferation
and differentiation. HLA-G mediates the
proliferation/differentiation of erythroid progenitors
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and erythroid cell lines [15, 16]. Moreover,
mesenchymal stromal cells (MSCs) differentiating
in osteoblast strongly express HLA-G5 isoform
[17]. HLA-G expression in human amnion
epithelial  cells (hAECs) increases their
proliferation properties and their differentiation
into different epithelial cells types in vitro [104].

Along with free soluble HLA-G molecules
present in different human fluids such as plasma,
serum or lung mucus, this molecule can be
secreted in extracellular vesicles (EVs) (see
for review [79]). HLA-G" EVs have been found
to be secreted by cytotrophoblasts cells [105],
MSCs [106] and tumor cells [107, 108]. EVs can
transfer the bioactive molecule content through
different mechanisms such as membrane fusion,
phagocytosis, clathrin- and caveolin-mediated
endocytosis, or micropinocytosis (see for review
[79]). These mechanisms might represent a mode
of how HLA-G can be transferred from cells.
Indeed, the transfer of HLA-G+ EVs between
APCs and activated T cells and between tumor
cells and T/NK cells has been demonstrated
(see for review [9, 79, 109, 110]).

3.5. Receptors

HLA-G interacts with three main receptors:
immunoglobulin-like transcript (ILT)-2 (LILRBI,
LIR1 and CD85j), (ILT)-4 (LILRB2, LIR2 and
CD85d) and killer-cell immunoglobulin-like
receptor (KIR)2DL4 (CD158d). HLA-G seems
to bind to non-specific receptors such as CD8 and
CD160.

Both ILT-2 and ILT-4 receptors are composed of
four immunoglobulin superfamily (IgSF) domains,
a transmembrane domain and four and three
intracellular tyrosine-based inhibitory motifs
(ITIMs), in their cytoplasmic tails [77]. ILT-2
receptors are expressed on wide distribution
immune cells. ILT-4 is expressed only by
monocytes/dendritic cells. These receptors clearly
allow the modulation of the adaptive and/or the
innate immune responses. HLA-G1 homodimers
appear to bind to ILT-2/ILT-4 with a superior
avidity than monomers, as dimerization exposes
the binding sites [77]. Moreover, studies conducted
on HLA-G2 and G6 recombinant proteins showed
that only ILT-4 receptor is able to interact

with these isoforms. Association with the [,-
microglobulin seems to affect HLA-G binding
with ILT-2 but not with ILT-4 receptor [77].

KIR2DLA4 receptor differs from the other KIR
family member by its structure, signalization,
ligand specificity and cellular localization.
KIR2DL4 expression is restricted to the CD56"
subsets of NK cells [111, 112]. KIR2DL4 exhibits
a unique combination of one single intracellular
ITIM and a positively charged arginine within its
transmembrane domain. This suggests a dual
function for KIR2DL4 as either an activating or
an inhibitory receptor, depending on the cellular
context. Furthermore, whereas most KIR receptors
are expressed on cell surface, KIR2DLA4,
depending on the allele, has predominant
endosomal localization or a surface expression
[112-114]. HLA-G interacts with KIR2DL4
through its al domain and is the only known
KIR2DL4 ligand [111]. Noteworthy, the functional
implication of HLA-G and KIR2DL4 interaction
is still debated [115].

Interaction between HLA-G and CD160 has been
also reported. This is an activator receptor
normally expressed by CD56%™ peripheral blood
NK subset and endothelial cells. CD160 gene
is conserved in different mammalian species such
as human, mouse and rabbit [116]. In vitro, the
binding between this receptor, expressed by
activated endothelial cells, and SHLA-G1, inhibits
fibroblast growth factor-2  (FGF2)-induced
capillary-like tubule formation. Moreover, this
CD160/sHLA-G1 interaction can also cause
endothelial cell apoptosis. In the same study,
Fons et al. showed that HLA-G exerts this anti-
angiogenic effect in vivo in rabbits [117].

4. Expression and functional role of HLA-G in
epithelia

4.1. HLA-G expression and functions in epithelia
in physiological conditions

HLA-G seems to be expressed in different
epithelial cell types in physiological conditions.
As previously mentioned, extravillous trophoblast
(EVT) cells express HLA-G. These epithelial cells
derive from the trophoectoderm of the developing
blastocyst; they have a columnar structure and
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anchor the placenta to the uterus and invade the
decidua (interstitial invasion) and the maternal
spiral arteries (endovascular invasion). HLA-G
expression by EVT cells helps creating a “tolerant”
environment and acts on placental tissue
remodeling by promoting the cytotoxic activity
of decidual NK cells [93]. EVT cells express the
membrane-bound or shredded form of HLA-G1
and the soluble form of HLA-GS5 [91, 118-120].
HLA-G2 and HLA-G6 expression has been also
observed in EVT cells, particularly in the
phenotypes invading the maternal decidua [91,
120].

Basal HLA-G expression has been observed in
normal HBEC cell culture or in histological
analyses [121-123]. Particularly, White and co-
workers have observed that normal HBEC
cultured in vitro express HLA-G5 isoform.
Moreover, these authors observed that HLA-G5
expression was influenced neither by T2-related

Interaction with the
microbiome

inflammatory cytokines, IL-4, IL-5 and IL-13,
nor after treatment with IL-10 anti-inflammatory
molecule. Recently, our team has been able to
demonstrate that normal HBEC redifferentiated
in vitro using ALI culture method express all
HLA-G mRNA (HLA-G1 to HLA-G6) [19]. We
observed that HLA-G1/HLA-G4/HLA-G5 had
the most prominent expression followed by HLA-
G2/HLA-G6 and HLA-G3.

HLA-G expression has not been detected in other
epithelial cells types in physiological conditions
(Figure 3).

4.2. HLA-G expression and function in epithelia
in pathological conditions

The role of HLA-G in the acceptance of
transplants has been demonstrated in vivo in
murine models of skin allograft. These studies
show that injection of beads coated by the HLA-G
in the footpads (away from the graft site) has a
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Figure 3. HLA-G in epithelia. This figure suggests the possible role of HLA-G expression by epithelia in
modulating local immune response and the interaction with the microbiota as well as the differentiation of epithelial

progenitor cells.
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potent tolerogenic power and induces survival
of the transplant. The tolerogenic role of the
molecule HLA-G expressed naturally in patients
was confirmed by purification of the HLA-G from
the serum of transplanted patients having high
levels of HLA-G [124]. Indeed, in in vitro tests,
HLA-G molecules extracted from the serum were
capable of inhibiting the alloproliferation of CD4"
T lymphocytes. In addition, mononuclear cells
from peripheral blood of transplanted patients
with elevated levels of soluble HLA-G did not
respond to allogeneic stimulation and possess
a suppressive function. Besides demonstrating
tolerance properties of HLA-G in vitro and
in vivo, several studies indicate that when
expressed by transplant patients, this molecule
inhibits immune effectors thereby protecting the
graft from rejection [9]. Particularly HLA-G
soluble expression in transplanted patients as well
as its expression by the graft itself has been
correlated to a reduction in the risk of acute and/or
chronic rejection (AR and CR) for cardiac, renal,
hepatic and lung transplantations [79]. Indeed,
myocardial, liver biliary [125], renal tubular [126]
and HBEC epithelial cells express HLA-G [3], in
cardiac, liver, renal and lung allografts, respectively.
Recently, in lung transplant recipients, Brugiére
et al. showed that HLA-G expression in the
bronchial epithelium was higher in stable
recipients than in patients with AR [121]. More
recently, the same group has shown a protective
effect of HLA-G expression in the bronchial
epithelium on chronic lung allograft dysfunction
occurrence.

HLA-G alleles and 3’UTR polymorphism have
been associated with clinical outcome in both
renal and cardiac transplantation [127]. Moreover,
two HLA-G UTR haplotypes, HLA-G*01:04
UTR3 and HLA-G*01:06 UTR2 have been
respectively associated with an impaired survival,
increased chronic lung allograft dysfunction
occurrence and the production of de novo donor-
specific antibodies in lung transplant recipients
[128].

Expression of HLA-G was found in numerous
cancers involving epithelia. The presence of
HLA-G seems to be correlated with clinical
parameters such as more advanced disease stage,

tumor metastasis and/or with a worse prognosis
in tumor patients. This suggests that HLA-G could
promote tumor immune escape, invasiveness and
metastasis results as a poor prognosis factor (see
for review [129, 130]).

In particular, patients with HLA-G positive non-
small-cell Iung carcinoma (NSCLC) displayed a
significantly shorter survival time than HLA-G
negative patients (see for review [129, 131]).
Moreover, the differential expression of HLA-G
isoforms seems to be useful in the discrimination
of different NSCLC subtypes as HLA-G5/G6
expression showed to be prevalent in
adenocarcinoma compared squamous cell carcinoma
[132]. The co-expression of both HLA-G and
ILT-4 in NSCLC cells was significantly associated
with regional lymph node involvement, advanced
stages, and the reduction of overall survival in
patients [133].

HLA-G overexpression has been observed in
epithelial cancers involving the gastro-intestinal
tract. In specie, HLA-G positivity of esophageal
squamous cell carcinoma biopsies was associated
with cancer progression and poor prognosis
in patients [134-136]. In colorectal cancer HLA-G
expression has been associated with poor host
immune response, a higher depth of tumor
invasion, lymph nodal metastasis and shorter
survival time [137].

HLA-G overexpression has been associated with
Pseudomonas aeruginosa infection in cystic
fibrosis patient [138]. Moreover this bacterium
appears to be able to enhance HLA-G expression
in vitro via N-(3-oxododecanoyl)-1-homoserine
lactone (30-C12-HSL) [139]. This suggests a
mechanism to create a protected niche for the
bacterial reservoir in the lung of cystic fibrosis
patient.

HLA-G is involved in some inflammatory or
autoimmune disorders involving epithelia. HLA-G
overexpression has been demonstrated in skin
autoimmune diseases such as psoriasis. This local
HLA-G up-regulation could be interpreted as
tentative control of epithelial cells to prevent
keratinocyte destruction by modulating the activity
of cytotoxic lymphocytes and by promoting
the development of Treg cells (see for review
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[140]). In the bowel, HLA-G is differentially
expressed in IECs of Crohn syndrome and
ulcerative colitis (UC) patients [141]. Indeed,
intestinal biopsies from these latter were the only
ones showing HLA-G positive staining, whereas
Crohn syndrome’s IECs showed no HLA-G
expression. It has been proposed that this
difference might be linked to the IL-10 expression
in UC. Thus it seems that, also in this case, HLA-G
overexpression might reflect a failed attempt
to stop the inflammatory response.

Bronchial epithelium is abnormal in asthma,
with structural changes and thickening of the
sub-epithelial layer [142], and its function is
characterized by an exaggerated release of various
cytokines as well as impaired inflammation
resolution [143]. HLA-G differential expression
has been observed in serum, plasma and BALF
from asthmatics [144, 145]. In these studies,
sHLA-G levels in asthmatics were higher than
control. Moreover, HLA-G has been defined as
an asthma-susceptibility gene by fine-mapping
and positional candidate study [146]. Particularly,
polymorphisms in the HLA-G regulatory regions
were associated with asthma susceptibility [66,
147, 148]. Recently our team showed that HLA-G
isoform transcripts were reduced in asthmatics
HBEC compared to healthy controls. Hence, an
impaired expression in asthmatics is in line with
the hypothesis of an active participation of HBEC
in asthma inflammatory context. The involvement
of HBEC expressing HLA-G in both asthma and
lung transplantation supports the hypothesis that
this molecule might be involved in other lung
inflammatory contexts. Moreover, the influence
of a specific HLA-G genetic background should
not be excluded, as we showed that in asthmatics
HLA-G*01:04 and HLA-G*01:06 alleles were
overrepresented.

4.3. Proliferation and differentiation of
progenitors

The expression of soluble or membrane HLA-G
has been associated with the inhibition and the
modulation of cells’ proliferation and differentiation.
For instance, Deschaseaux et al. (2013) have
demonstrated that HLA-G5 expression by MSCs
differentiating in osteoblast strongly inhibits

osteoclastogenesis. Indeed, HLA-GS5 acting on the
osteoclast through ILT-2 and ILT-4 interferes
with receptor activator of nuclear factor kappa-B
ligand (RANK) secretion, a crucial cytokine for
the differentiation of these cells [17]. HLA-G
proliferation inhibition has been also observed
in endothelial progenitor cells. Indeed, an in vitro
and in vivo study has shown that HLA-G5 through
the action of CD160 receptor induces apoptosis
of confluent and proliferating endothelial cells
thereby inhibiting angiogenesis (se also section 2.5)
[117]. HLA-G also seems to increase proliferation
and differentiation properties in progenitor cells,
as observed for hAEC differentiation into
different epithelial cell types in vitro by a study
[104]. Considering totipotency and the immune
privileged status of hAEC, recent studies suggest
the use of these cells in the regenerative strategies
to treat different liver and lung diseases.

Recently, our team has been able to observe that
during normal HBEC redifferentiation in vitro,
using the ALI culture method (from Day 0 -
undifferentiated epithelium- to Day 21 - fully
redifferentiated  epithelium-), undifferentiated
epithelial cells had the highest HLA-G1/HLA-
G4/HLA-G5 and HLA-G2/HLA-G6 expression
levels [19]. Basal cells have been proposed as
progenitors of HBEC [36, 38]. These cells might
be good candidates for the source of HLA-G
expression in bronchial epithelium because HLA-
G has been proven to be expressed in other
progenitor cells [15-18] and HLA-G mRNA is
over expressed in fetal lung [149]. Hence HLA-G
could be a possible biomarker of HBEC
progenitor’s activity. However, the epithelia cell
subtype responsible for the expression of HLA-G
in bronchial epithelium as in other epithelia such
as intestinal epithelium, and epidermis has not
been identified yet.

4.4. Modulation of HLA-G expression and
function in epithelia

A new frontier in treating diseases affecting
epithelia might pass through managing HLA-G
expression. Different therapeutic approaches can
be proposed. For instance HLA-G expression
could be enhanced to limit immune response.
Indeed immunosuppressive drugs, such as
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betalacept, everolimus, tacrolimus or cyclosporine,
were able to induce the expression of HLA-G
and/or of ILT-2/-4 receptors as is the case with
rapamycin [150-153]. Corticosteroids, such as
hydrocortisone, dexamethasone and progesterone
have also been shown to induce HLA-G
expression in vitro [53, 154]. Although some
aspects on the pharmacodynamic relationship
between these molecules and HLA-G have not
been highlighted yet, cortisteroids can be good
candidates in the pathologic context where
the overexpression of HLA-G might constitute
an advantage in transplantation outcome in
autoimmune/inflammatory diseases.

The use of therapeutic HLA-G recombinant
proteins to exploit the immune tolerogenic
potential of this molecule has also been proposed.
In particular, Favier et al. demonstrated that
recombinant HLA-G heavy chain fused to [2-
microglobulin (B2M) proteins, specifically B2M-
HLA-GS5 dimer (al-02-03), was able to delay
allogeneic skin graft rejection in a murine in vivo
transplantation model [155]. The immue-
tolerogenic properties of B2M-HLA-G5 dimer
have been recently confirmed in allogenic
intestinal transplantation rat model [156].

Another study from the same team showed that
HLA-G2/G6 (al-03) bead-coated injection was
sufficient to significantly prolong graft survival
in a skin graft murine model. Moreover, four-
week treatments induced complete tolerance
[157]. Even thought HLA-G recombinant proteins
are not entered into clinical trials, these molecules
are good candidates for tolerance induction in
human transplantation.

HLA-G-expressing cells such as MSC are also
suggested to manage immune tolerance. HLA-G
expression is crucial to maintain MSCs’ immune
suppression. When this molecule is blocked,
MSCs are unable to induce CD4+CD25+FoxP3+
expansion and to inhibit T cell alloproliferative
and NK cytotoxic responses [101].
Immunosuppressive properties of MSCs are
well known as these cells are able to express
other immune tolerant factors such as TGF-,
prostaglandin E2 (PGE2), IL-10, hepatocyte growth
factor (HGF), and indoleamine 2,3-dioxygenase

(IDO) [158]. Interestingly, preclinical models of
different pulmonary inflammatory diseases have
shown promise for the use of MSCs [159]. In
particular, MSCs have to exert an
immunosuppressive activity in different in vitro
and in vivo models of asthma, limiting both
alveolar macrophage polarization as well as tissue
remodeling [160-162].

In carcinomas, we have an opposite scenario
as HLA-G expression provides tumor cells with
an immune escape mechanism (see for review
[129, 130]). Thus, HLA-G might constitute an
attractive target for cancer immune therapy.
Interestingly Zhang et al. (see for review [163])
have designed nanobubbles containing methotrexate
coated with anti-HLA-G antibody [MEM-G/9]
that successfully targeted and eliminated HLA-G-
positive tumor cells both in vitro and in vivo (see
for review [129, 163]). Promising approaches
using HLA-G expression modulation have been
tested in renal cell carcinoma. Accordingly, HLA-
G expression downregulation through interfering
RNA has been shown to increase NK cytolysis
against renal cancer cells [164]. In another study,
an HLA-G-derived recombinant peptide (HLA-
G146-154), that bound to HLA-A24, has been
employed to induce peptide-specific CTLs’
cytotoxic activity against renal cell carcinoma
cells expressing this specific HLA-A allele [165].

5. Concluding remarks

Epithelia are at the interface of the external
environment actively interacting with
microorganisms, which are composed by the
symbiotic microbiota and/or by pathogens,
antigens and chemicals. That’s why epithelia are
crucial in the regulation of mucosal immune cell
responses, through different immune modulatory
molecules. Physiologic expression of HLA-G has
been recently detected in different epithelial cell
types as well as its ectopic expression seems to be
influenced by acute or chronic inflammatory
states and malignancies. In addition, HLA-G has
been recently implicated in the proliferation
and redifferentiation of HBEC in vitro [19], in
accordance with previous observation of other
progenitor cells [15-18]. Together these findings
suggest that HLA-G might be an attractive
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biomarker and a therapeutic target, via the
modulation of its tolerogenic effect, in different
clinical and immunological situations involving
epithelia, such as solid organ transplantation,
inflammatory and autoimmune diseases, carcinomas
and infections (Figure 4). Further clinical and
experimental studies are necessary to highlight
the implication of HLA-G in the interaction
between different epithelia and the immune
system and its influences on the differentiation
and proliferation of epithelial stem cells.

CONFLICT OF INTEREST STATEMENT

The authors have no competing conflict of
interest.

REFERENCES

1. Lila, N., Rouas-Freiss, N., Dausset, J.,
Carpentier, A. and Carosella, E. D. 2001,
Proc. Natl. Acad. Sci. USA, 98(21),
12150-5.

2. Creput, C., Durrbach, A., Charpentier, B.,
Carosella, E. D. and Rouas-Freiss, N.
2003, Nephrologie, 24(8), 451-6.

Sheshgiri, R., Rouas-Freiss, N., Rao, V.,
Butany, J., Ramzy, D., Krawice-Radanne,
I, Ross, H. J., Carosella, E. D. and
Delgado, D. H. 2008, J. Heart Lung
Transplant., 27(5), 522-7.

Zarkhin, V., Talisetti, A., Li, L., Wozniak,
L. J., McDiarmid, S. V., Cox, K., Esquivel,
C. and Sarwal, M. M. 2010, Transplantation,
90(9), 1000-5.

Abstracts for the 6th International
Conference on HLA-G, July 2012, Paris,
France, 2012, Tissue Antigens, 80(1),
78-103.

Rouas-Freiss, N., Goncalves, R. M.,
Menier, C., Dausset, J. and Carosella, E. D.
1997, Proc. Natl. Acad. Sci. USA, 94(21),
11520-5.

Donadi, E. A., Castelli, E. C., Arnaiz-
Villena, A., Roger, M., Reya, D. and
Moreau, P. 2011, Cell Mol. Life Sci.,
68(3), 369-95.

Carosella, E. D., Moreau, P., Lemaoult,
J. and Rouas-Freiss, N. 2008, Trends
Immunol., England, 29, 125-32.



16

Federico Carlini et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Naji, A., Le Rond, S., Durrbach, A.,
Krawice-Radanne, I., Creput, C., Daouya,
M., Caumartin, J., LeMaoult, J., Carosella,
E. D. and Rouas-Freiss, N. 2007, Blood,
110(12), 3936-48.

Yang, Y., Chu, W., Geraghty, D. E. and
Hunt, J. S. 1996, J. Immunol., 156(11),
4224-31.

Huang, Y. H., Zozulya, A. L., Weidenfeller,
C., Schwab, N. and Wiendl, 2009, J.
Leukocyte biol., 2009, 86(2), 273-81.
Gregori, S., Tomasoni, D., Pacciani, V.,
Scirpoli, M., Battaglia, M., Magnani, C. F.,
Hauben, E. and Roncarolo, M. G. 2010,
Blood, 116(6), 935-44.

Amodio, G., Mugione, A., Sanchez, A. M.,
Vigano, P., Candiani, M., Somigliana, E.,
Roncarolo, M. G., Panina-Bordignon, P.
and Gregori, S. 2013, Hum. Immunol.,
74(4), 406-11.

LeMaoult, J., Krawice-Radanne, I., Dausset,
J. and Carosella, E. D. 2014, Proc. Natl.
Acad. Sci. USA, 101(18), 7064-9.

Menier, C., Rabreau, M., Challier, J. C.,
Le Discorde, M., Carosella, E. D. and
Rouas-Freiss, N. 2004, Blood, 104(10),
3153-60.

Menier, C., Guillard, C., Cassinat, B.,
Carosella, E. D. and Rouas-Freiss, N. 2008,
Leukemia, 22(3), 578-84.

Deschaseaux, F., Gaillard, J., Langonne,
A., Chauveau, C., Naji, A., Bouacida, A.,
Rosset, P., Heymann, D., De Pinieux, G.,
Rouas-Freiss, N. and Sensebe, L. 2013,
FASEB Journal Official Publication
of the Federation of American Societies
for Experimental Biology, 27(8), 2977-
2987.

Montespan, F., Deschaseaux, F., Sensebe,
L., Carosella, E. D. and Rouas-Freiss, N.
2014, J. Immunol. Res., 2014, 230346.
Carlini, F., Picard, C., Garulli, C.,
Piquemal, D., Roubertoux, P., Chiaroni, J.,
Chanez, P. and Gras, D. 2017, Front.
Immunol., 8(6).

Macara, 1. G., Guyer, R., Richardson, G.,
Huo, Y. and Ahmed, S. M. 2014. Curr.
Biol., 24(17), R815-25.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yuki, T., Tobiishi, M., Kusaka-Kikushima,
A., Ota, Y. and Tokura, Y. 2016, PLoS
One, 11(9), e0161759.

De Benedetto, A., Rafaels, N. M., McGirt,
L. Y., Ivanov, A. 1., Georas, S. N., Cheadle,
C., Berger, A. E., Zhang, K., Vidyasagar,
S., Yoshida, T., Boguniewicz, M., Hata, T.,
Schneider, L. C., Hanifin, J. M., Gallo, R.
L., Novak, N., Weidinger, S., Beaty, T. H.,
Leung, D. Y., Barnes, K. C. and Beck, L.
A. 2011, J. Allergy Clin. Immunol., 127(3),
773-86.e1-7.

Kezic, S. and Jakasa, 1. 2016, Curr. Probl.
Dermatol., 49, 1-7.

Holgate, S. T. 2007, J. Allergy Clin.
Immunol., 2007, 120(6), 1233-44, quiz
1245-6.

Xiao, C., Puddicombe, S. M., Field, S.,
Haywood, J., Broughton-Head, V., Puxeddu,
1., Haitchi, H. M., Vernon-Wilson, E.,
Sammut, D., Bedke, N., Cremin, C., Sones,
J., Djukanovic, R., Howarth, P. H., Collins,
J. E., Holgate, S. T., Monk, P. and Davies,
D. E. 2011, J. Allergy Clin. Immunol.,
128(3), 549-56.¢1-12.

Shen, L., Su, L. and Turner, J. R. 2009,
Dig. Dis., 27(4), 443-9.

Lambrecht, B. N. and Hammad, H. 2015,
Nat. Immunol., 16(1), 45-56.

Abreu, M. T. 2010, Nat. Rev. Immunol.,
10(2), 131-44.

Peterson, L. W. and Artis, D. 2014, Nat.
Rev. Immunol., 14(3), 141-53.

Huffnagle, G. B. and Dickson, R. P. 2015,
Clin. Immunol., 159(2), 177-82.

O’Dwyer, D. N., Dickson, R. P. and
Moore, B. B. 2016, J. Immunol., 196(12),
4839-47.

Bernasconi, E., Pattaroni, C., Koutsokera,
A., Pison, C., Kessler, R., Benden, C.,
Soccal, P. M., Magnan, A., Aubert, J. D.,
Marsland, B. J., Nicod, L. P. and Sys, C. C.
2016, Am. J. Respir. Crit. Care Med.,
194(10), 1252-1263.

Hsu, Y. C,, Li, L. and Fuchs, E. 2014, Nat.
Med., 20(8), 847-56.

Sedwick, C. 2012, PLoS Biol., 10(10),
e1001408.



HLA-G expression in epithelia

17

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Fang, S., Wei, J., Pentinmikko, N., Leinonen,
H. and Salven, P. 2012, PLoS Biol., 10(10),
€1001407.

Volckaert, T. and De Langhe, S. 2014,
Fibrogenesis & Tissue Repair, 7, 8.

Li, F., He, J., Wei, J.,, Cho, W. C. and
Liu, X. 2015, Stem Cells Int.,, 2015,
728307.

Rock, J. R., Randell, S. H. and Hogan,
B. L. 2010, Dis. Model Mech., 3(9-10),
545-56.

Pruitt, K. D., Brown, G. R., Hiatt, S. M.,
Thibaud-Nissen, F.,  Astashyn, A,
Ermolaeva, O., Farrell, C. M., Hart, J.,
Landrum, M. J.,, McGarvey, K. M.,
Murphy, M. R., O’Leary, N. A., Pujar, S.,
Rajput, B., Rangwala, S. H., Riddick, L.
D., Shkeda, A., Sun, H., Tamez, P., Tully,
R. E., Wallin, C., Webb, D., Weber, J.,
Wu, W., DiCuccio, M., Kitts, P., Maglott,
D. R., Murphy, T. D. and Ostell, J. M.
2014, Nucleic Acids Res., 42(Database
issue), D756-63.

Robinson, J., Halliwell, J. A., Hayhurst, J.
D., Flicek, P., Parham, P. and Marsh, S. G.
2015, Oxford University Press on behalf
of Nucleic Acids Research, England, 43,
D423-31.

Castelli, E. C., Ramalho, J., Porto, 1. O.,
Lima, T. H., Felicio, L. P., Sabbagh, A.,
Donadi, E. A. and Mendes-Junior, C. T.
2014, Front. Immunol., 5, 476.

Castelli, E. C., Mendes-Junior, C. T,
Deghaide, N. H., de Albuquerque, R. S.,
Muniz, Y. C., Simdes, R. T., Carosella, E.
D., Moreau, P. and Donadi, E. A. 2010,
Genes Immun., 11(2), 134-41.

Castelli, E. C., Mendes-Junior, C. T.,
Veiga-Castelli, L. C., Roger, M., Moreau,
P. and Donadi, E. A. 2011, Mol. Biol.
Evol., 28(11), 3069-86.

Kulski, J. K., Dunn, D. S., Gaudieri, S.,
Shiina, T. and Inoko, H. 2001, J. Mol.
Evol., 53(6), 642-50.

Gobin, S. J. and van den Elsen, P. J. 2000,
Hum. Immunol., 61(11), 1102-7.

Castelli, E. C., Veiga-Castelli, L. C,
Yaghi, L., Moreau, P. and Donadi, E. A.
2014, J. Immunol. Res., 2014, 734068.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

van den Elsen, P. J., Peijnenburg, A., van
Eggermond, M. C. and Gobin, S. J. 1998,
Immunol. Today, 19(7), 308-12.

Gobin, S. J., Keijsers, V., van Zutphen, M.
and van den Elsen, P. J. 1998, J. Immunol.,
161(5), 2276-83.

Hake, S. B., Masternak, K., Kammerbauer,
C., Janzen, C., Reith, W. and Steimle, V.
2000, Mol. Cell. Biol., 20(20), 7716-25.
Ibrahim, E. C., Morange, M., Dausset, J.,
Carosella, E. D. and Paul, P. 2000, Cell
Stress Chaperones, 5(3), 207-18.

Yie, S. M., Li, L. H., Li, G. M., Xiao, R.
and Librach, C. L. 2006, Hum. Reprod.,
21(1), 46-51.

Yie, S. M., Xiao, R. and Librach, C. L.
2006, Hum. Reprod., 21(10), 2538-44.
Sheshgiri, R., Rao, V., Tumiati, L. C.,
Xiao, R., Prodger, J. L., Badiwala, M.,
Librach, C. and Delgado, D. H. 2008,
Circulation, 118(14 Suppl.), S58-64.
Ferreira, L. M., Meissner, T. B,
Mikkelsen, T. S., Mallard, W., O’Donnell,
C. W., Tilburgs, T., Gomes, H. A,
Camahort, R., Sherwood, R. I., Gifford, D.
K., Rinn, J. L., Cowan, C. A. and Strominger,
J. L. 2016, Proc. Natl. Acad. Sci. USA,
113(19), 5364-9.

Flajollet, S., Poras, 1., Carosella, E. D. and
Moreau, P. 2009, J. Immunol., 183(11),
6948-59.

Ikeno, M., Suzuki, N., Kamiya, M.,
Takahashi, Y., Kudoh, J. and Okazaki, T.
2012, Nucleic Acids Res., 40(21), 10742-52.
Tan, Z., Shon, A. M. and Ober, C. 2005,
Hum. Mol. Genet., 14, 3619-28.

Ober, C., Aldrich, C. L., Chervoneva, 1.,
Billstrand, C., Rahimov, F., Gray, H. L.
and Hyslop, T. 2003, Am. J. Hum. Genet.,
72(6), 1425-35.

Ober, C., Billstrand, C., Kuldanek, S.
and Tan, Z. 2006, Hum. Reprod., 21(7),
1743-8.

Harrison, G. A., Humphrey, K. E.,
Jakobsen, 1. B. and Cooper, D. W. 1993,
Hum. Mol. Genet., 2(12), 2200.

Hviid, T. V., Hylenius, S., Rorbye, C. and
Nielsen, L. G. 2003, Immunogenetics,
55(2), 63-79.



18

Federico Carlini et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Hviid, T. V., Rizzo, R., Melchiorri, L.,
Stignani, M. and Baricordi, O. R. 2006,
Hum. Immunol., 67(1-2), 53-62.

Rizzo, R., Bortolotti, D., Fredj, N. B.,
Rotola, A., Cura, F., Castellazzi, M.,
Tamborino, C., Seraceni, S., Baldi, E.,
Melchiorri, L., Tola, M. R., Granieri, E.,
Baricordi, O. R. and Fainardi, E. 2012,
Hum. Immunol., 73(11), 1140-6.
Svendsen, S. G., Hantash, B. M., Zhao, L.,
Faber, C., Bzorek, M., Nissen, M. H. and
Hviid, T. V. 2013, Hum. Immunol., 74(7),
818-27.

Rousseau, P., Le Discorde, M., Mouillot,
G., Marcou, C., Carosella, E. D. and
Moreau, P. 2003, Hum. Immunol., 64(11),
1005-10.

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,
Am. J. Hum. Genet., 81(4), 829-34.

Porto, 1. O., Mendes-Junior, C. T., Felicio,
L. P., Georg, R. C., Moreau, P., Donadi, E.
A., Chies, J. A. and Castelli, E. C. 2015,
Mol. Immunol., 65(2), 230-41.

Yie, S. M., Li, L. H., Xiao, R. and Librach,
C. L. 2008, Mol. Hum. Reprod., 14(11),
649-53.

Barreau, C., Paillard, L. and Osborne, H.
B. 2005, Nucleic Acids Res., 33(22), 7138-
50.

Reches, A., Nachmani, D., Berhani, O.,
Duev-Cohen, A., Shreibman, D., Ophir,
Y., Seliger, B. and Mandelboim, O. 2016,
J. Immunol., 196(12), 4967-76.

Di Cristofaro, J., El Moujally, D., Agnel,
A., Mazieres, S., Cortey, M., Basire, A.,
Chiaroni, J. and Picard, C. 2013, Hum.
Immunol., 74(2), 203-6.

Carlini, F., Traore, K., Cherouat, N.,
Roubertoux, P., Buhler, S., Cortey, M.,
Simon, S., Doumbo, O., Chiaroni, ],
Picard, C. and Di Cristofaro, J. 2013, PLoS
One, 8(12), e82517.

Castelli, E. C., Gerasimou, P., Paz, M. A,,
Ramalho, J., Porto, I. O., Lima, T. H.,
Souza, A. S., Veiga-Castelli, L. C.,

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

Collares, C. V., Donadi, E. A., Mendes-
Junior, C. T. and Costeas, P. 2017, Mol.
Immunol., 83, 115-126.

Geraghty, D. E., Koller, B. H. and Orr, H.
T. 1987, Proc. Natl. Acad. Sci. USA,
84(24), 9145-9.

Clements, C. S., Kjer-Nielsen, L.,
McCluskey, J. and Rossjohn, J. 2007,
Hum. Immunol., 68(4), 220-6.

Walpole, N. G., Kjer-Nielsen, L.,
Kostenko, L., McCluskey, J., Brooks, A.
G., Rossjohn, J. and Clements, C. S. 2010,
J. Mol. Biol., 397(2), 467-80.

Shiroishi, M., Kuroki, K., Rasubala, L.,
Tsumoto, K., Kumagai, 1., Kurimoto, E.,
Kato, K., Kohda, D. and Maenaka, K.
2006, Proc. Natl. Acad. Sci. USA, 103(44),
16412-7.

Boyson, J. E., Erskine, R., Whitman, M.
C., Chiu, M., Lau, J. M., Koopman, L. A.,
Valter, M. M., Angelisova, P., Horejsi, V.
and Strominger, J. L. 2002, Proc. Natl.
Acad. Sci. USA, 99(25), 16180-5.
Carosella, E. D., Rouas-Freiss, N., Roux,
D. T., Moreau, P. and LeMaoult, J. 2015,
Adv. Immunol., 127, 33-144.

Rizzo, R., Trentini, A., Bortolotti, D.,
Manfrinato, M. C., Rotola, A., Castellazzi,
M., Melchiorri, L., Di Luca, D., Dallocchio,
F., Fainardi, E. and Bellini, T. 2013, Mol.
Cell. Biochem., 381(1-2), 243-55.
Lemberg, M. K., Bland, F. A., Weihofen,
A., Braud, V. M. and Martoglio, B. 2001,
J. Immunol., 167(11), 6441-6.

Riteau, B., Rouas-Freiss, N., Menier, C.,
Paul, P., Dausset, J. and Carosella, E. D.
2001, J. Immunol., 166(8), 5018-26.
Favier, B., Lemaoult, J., Lesport, E. and
Carosella, E. D. 2010, FASEB Journal,
24(3), 689-99.

Ellis, S. A., Sargent, 1. L., Redman, C. W.
and McMichael, A. J. 1986, Immunology,
59(4), 595-601.

Larsen, M. H., Bzorek, M., Pass,
M. B., Larsen, L. G., Nielsen, M. W.,
Svendsen, S. G., Lindhard, A. and Hviid,
T. V. 2011, Mol. Hum. Reprod., 17(12),
727-38.



HLA-G expression in epithelia

19

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Yao, G. D., Shu, Y. M., Shi, S. L., Peng, Z.
F., Song, W. Y., Jin, H. X. and Sun, Y. P.
2014, PloS One, 9(3), €92889.

Lynge Nilsson, L., Djurisic, S. and Hviid,
T. V. 2014, Front. Immunol., 5, 198.
Hviid, T. V. 2015, Adv. Exp. Med. Biol.,
868, 171-90.

Moffett, A. and Loke, C. 2006, Nat. Rev..
Immunol., 6(8), 584-94.

Amodio, G., Sales de Albuquerque, R. and
Gregori, S. 2014, Tissue Antigens, 84(3),
255-63.

Hunt, J. S., Petroff, M. G., Mclntire, R. H.
and Ober, C. 2005, FASEB Journal, 19(7),
681-93.

Dahl, M., Djurisic, S. and Hviid, T. V.
2014, J. Immunol. Res., 591489.

Gregori, S., Amodio, G., Quattrone, F.
and Panina-Bordignon, P. 2015, Front.
Immunol., 6, 128.

Klitkou, L., Dahl, M., Hviid, T. V.,
Djurisic, S., Piosik, Z. M., Skovbo, P.,
Moller, A. M., Steffensen, R. and
Christiansen, O. B. 2015, Hum. Immunol.,
76(4), 254-9.

Ito, T. Ito, N.  Saathoff, M.,
Stampachiacchiere, B., Bettermann, A.,
Bulfone-Paus, S., Takigawa, M.,
Nickoloff, B. J. and Paus, R. 2005,
J. Invest. Dermatol., 125(6), 1139-48.

Le Discorde, M., Moreau, P., Sabatier, P.,
Legeais, J. M. and Carosella, E. D. 2003,
Hum. Immunol., 64(11), 1039-44.

Cirulli, V., Zalatan, J., McMaster, M.,
Prinsen, R., Salomon, D. R., Ricordi, C.,
Torbett, B. E., Meda, P. and Crisa, L.
2006, Diabetes, 55(5), 1214-22.

Mallet, V., Blaschitz, A., Crisa, L.,
Schmitt, C., Fournel, S., King, A., Loke,
Y. W., Dohr, G. and Le Bouteiller, P.
1999, Int. Immunol., 11(6), 889-98.
Lefebvre, S., Adrian, F., Moreau, P.,
Gourand, L., Dausset, J., Berrih-Aknin, S.,
Carosella, E. D. and Paul, P. 2000, Hum.
Immunol., 61(11), 1095-101.

Morandi, F., Raffaghello, L., Bianchi, G.,
Meloni, F., Salis, A., Millo, E., Ferrone, S.,
Barnaba, V. and Pistoia, V. 2008, Stem
Cells, 26(5), 1275-87.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

Selmani, Z., Naji, A., Gaiffe, E., Obert, L.,
Tiberghien, P., Rouas-Freiss, N., Carosella,
E. D. and Deschaseaux, F. 2009,
Transplantation, 87(9 Suppl), S62-6.
Zhang, W. Q., Xu,D.P.,Liu, D, Li, Y. Y.,
Ruan, Y. Y., Lin, A. and Yan, W. H. 2014,
Hum. Immunol., 75(2), 182-9.

Zhao, L., Teklemariam, T. and Hantash, B.
M. 2014, Cell. Immunol., 287(1), 23-6.
Lim, R., Chan, S. T., Tan, J. L., Mockler,
J. C., Murphy, S. V. and Wallace, E. M.
2013, Placenta, 34(6), 486-92.

Kshirsagar, S. K., Alam, S. M., Jasti, S.,
Hodes, H., Nauser, T., Gilliam, M.,
Billstrand, C., Hunt, J. S. and Petroff, M.
G. 2012, Placenta, 33(12), 982-90.
Kordelas, L., Rebmann, V., Ludwig, A. K.,
Radtke, S., Ruesing, J., Doeppner, T. R.,
Epple, M., Horn, P. A., Beelen, D. W. and
Giebel, B. 2014, Leukemia, 28, 970-3.
Riteau, B., Faure, F., Menier, C., Viel, S.,
Carosella, E. D., Amigorena, S. and
Rouas-Freiss, N. 2003, Hum. Immunol.,
64(11), 1064-72.

Grange, C., Tapparo, M., Tritta, S.,
Deregibus, M. C., Battaglia, A., Gontero,
P., Frea, B. and Camussi, G. 2015, BMC
Cancer, 15.

Caumartin, J., Favier, B., Daouya, M.,
Guillard, C., Moreau, P., Carosella, E. D.
and LeMaoult, J. 2007, EMBO. J., 26(5),
1423-33.

Brown, R., Kabani, K., Favaloro, J., Yang,
S., Ho, P. J., Gibson, J., Fromm, P., Suen,
H., Woodland, N., Nassif, N., Hart, D.
and Joshua, D. 2012, Blood, 120(10),
2055-63.

Goodridge, J. P., Witt, C. S., Christiansen,
F. T. and Warren, H. S. 2003, J. Immunol.,
171(4), 1768-74.

Kikuchi-Maki, A., Yusa, S., Catina, T. L.
and Campbell, K. S. 2003, J. Immunol.,
171(7), 3415-25.

Faure, M. and Long, E. O. 2002, J.
Immunol., 168(12), 6208-14.
Kikuchi-Maki, A., Catina, T. L. and
Campbell, K. S. 2005, J. Immunol., 174(7),
3859-63.



20

Federico Carlini et al.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Le Page, M. E., Goodridge, J. P., John, E.,
Christiansen, F. T. and Witt, C. S. 2014,
J. Immunol., 192(2), 732-40.

Le Bouteiller, P., Tabiasco, J., Polgar, B.,
Kozma, N., Giustiniani, J., Siewiera, .,
Berrebi, A., Aguerre-Girr, M., Bensussan,
A. and Jabrane-Ferrat, N. 2011, Immunol.
Lett., 138(2), 93-6.

Fons, P., Chabot, S., Cartwright, J. E.,
Lenfant, F., L’Faqihi, F., Giustiniani, J.,
Herault, J. P., Gueguen, G., Bono, F., Savi,
P., Aguerre-Girr, M., Fournel, S., Malecaze,
F., Bensussan, A., Plouet, J. and Le
Bouteiller, P. 2006, Blood, 108(8), 2608-
15.

Gonen-Gross, T., Goldman-Wohl, D.,
Huppertz, B., Lankry, D., Greenfield, C.,
Natanson-Yaron, S., Hamani, Y., Gilad,
R., Yagel, S. and Mandelboim, O. 2010,
PLoS One, 5(1), e8941.

Morales, P. J., Pace, J. L., Platt, J. S.,
Langat, D. K. and Hunt, J. S. 2007,
Immunoloy, 122(2), 179-88.

Morales, P. J., Pace, J. L., Platt, J. S.,
Phillips, T. A., Morgan, K., Fazleabas, A.
T. and Hunt, J. S. 2003, J. Immunol.,
171(11), 6215-24.

Brugiere, O., Thabut, G., Pretolani, M.,
Krawice-Radanne, 1., Dill, C., Herbreteau,
A., Poras, 1., Moreau, P., Colombat, M.,
Danel, C., Dehoux, M., Fournier, M.,
Carosella, E. D. and Rouas-Freiss, N.
2009, Am. J. Transplant., 9(6), 1427-38.
Brugiere, O., Thabut, G., Krawice-
Radanne, I., Rizzo, R., Dauriat, G., Danel,
C., Suberbielle, C., Mal, H., Stern, M.,
Schilte, C., Pretolani, M., Carosella, E. D.
and Rouas-Freiss, N. 2015, Am. J.
Transplant., 15(2), 461-71.

White, S. R., Loisel, D. A., Stern, R.,
Laxman, B., Floreth, T. and Marroquin, B.
A. 2013, Respir. Res., 14, 4.

Le Rond, S., Gonzalez, A., Gonzalez, A.
S., Carosella, E. D. and Rouas-Freiss, N.
2005, Immunology, 116(3), 297-307.
Creput, C., Durrbach, A., Menier, C.,
Guettier, C., Samuel, D., Dausset, J.,
Charpentier, B., Carosella, E. D. and

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Rouas-Freiss, N. 2003, J. Hepatol., 39(4),
587-94.

Creput, C., Le Friec, G., Bahri, R., Amiot,
L., Charpentier, B., Carosella, E., Rouas-
Freiss, N. and Durrbach, A 2003, Hum.
Immunol., 64(11), 1033-8.

Lazarte, J., Tumiati, L. C., Rao, V. and
Delgado, D. H. 2016, Hum. Immunol.,
77(9), 740-5.

Di Cristofaro, J., Reynaud-Gaubert, M.,
Carlini, F., Roubertoux, P., Loundou, A.,
Basire, A., Frassati, C., Thomas, P.,
Gomez, C. and Picard, C. 2015, Am. J.
Transplant., 15(9), 2413-20.

Lin, A. and Yan, W. H. 2015, In. Mol.
Med., 21, 782-91.

Rouas-Freiss, N., Moreau, P., LeMaoult, J.
and Carosella, E. D. 2014, J. Immunol.
Res., 359748.

Yie, S. M., Yang, H., Ye, S. R., Li, K.,
Dong, D. D. and Lin, X. M. 2007, Lung
Cancer, 58(2), 267-74.

Yan, W. H,, Liu, D., Lu, H. Y., Li, Y. Y.,
Zhang, X. and Lin, A. 2015, J. Cell. Mol.
Med., 19(4), 778-85.

Zhang, Y., Zhao, J., Qiu, L., Zhang, P., Li,
J., Yang, D., Wei, X., Han, Y. and Nie, S.,
Sun, Y. 2016, Tumour Biol., 37(8), 11187-
98.

Yie, S. M., Yang, H., Ye, S. R., Li, K.,
Dong, D. D. and Lin, X. M. 2007, Am. J.
Clin. Pathol., 128(6), 1002-9.

Lin, A., Zhang, X., Zhou, W. J., Ruan, Y.
Y., Xu, D. P., Wang, Q. and Yan, W.
H. 2011, Int. J. Cancer 2011, 129(6), 1382-
90.

Zheng, J., Xu, C., Chu, D., Zhang, X., Li,
J., Ji, G., Hong, L., Feng, Q., Li, X., Wu,
G., Du, J. and Zhao, Q. 2014, Immunol.
Lett., 161(1), 13-9.

Ye, S. R, Yang, H., Li, K., Dong, D. D.,
Lin, X. M. and Yie, S. M. 2007, Mod.
Pathol., 20(3), 375-83.

Rizzo, R., Bergamini, G., Bortolotti, D.,
Leal, T., D’Orazio, C., Pintani, E.,
Melchiorri, L., Zavatti, E., Assael, B. M.,
Sorio, C. and Melotti, P. 2016, Fut.
Microbiol., 11(3), 363-73.



HLA-G expression in epithelia

21

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Bortolotti, D., LeMaoult, J., Trapella, C.,
Di Luca, D., Carosella, E. D. and Rizzo, R.
2015, Infect. Immun., 83(10), 3918-25.
Rizzo, R., Bortolotti, D., Baricordi, O. R.
and Fainardi, E. 2012, Inflamm. Allergy
Drug Targets, 11(6), 448-63.

Torres, M. 1., Le Discorde, M., Lorite, P.,
Rios, A., Gassull, M. A, Gil, A,
Maldonado, J., Dausset, J. and Carosella,
E. D. 2004, Int. Immunol., 16(4), 579-83.
Bourdin, A., Neveu, D., Vachier, 1.,
Paganin, F., Godard, P. and Chanez, P.
2007, J. Allergy Clin. Immunol., 119(6),
1367-74.

Haworth, O. and Levy, B. D. 2007, Eur.
Respir. J., 30(5), 980-92.

White, S. R., Loisel, D. A., McConville, J.
F., Stern, R., Tu, Y., Marroquin, B. A.,
Noth, 1. and Ober, C. 2007, Eur. Respir. J.,
35, 925-7.

Zheng, X. Q., Li, C. C., Xu, D. P., Lin, A.,
Bao, W. G., Yang, G. S. and Yan, W. H.
2010, Hum. Immunol., 71(10), 982-7.
Nicolae, D., Cox, N. J., Lester, L. A.,
Schneider, D., Tan, Z., Billstrand, C.,
Kuldanek, S., Donfack, J., Kogut, P., Patel,
N. M., Goodenbour, J., Howard, T., Wolf,
R., Koppelman, G. H., White, S. R.,
Parry, R., Postma, D. S., Meyers, D.,
Bleecker, E. R., Hunt, J. S., Solway, J. and
Ober, C. 2005, Am. J. Hum. Genet., 76(2),
349-57.

Nicodemus-Johnson, J., Laxman, B., Stern,
R. K., Sudi, J., Tierney, C. N., Norwick,
L., Hogarth, D. K., McConville, J. F.,
Naureckas, E. T., Sperling, A. 1., Solway,
J., Krishnan, J. A., Nicolae, D. L., White,
S. R. and Ober, C. 2013, J. Allergy Clin.
Immunol., 131(6), 1496-503.

Naidoo, D., Wu, A. C., Brilliant, M. H.,
Denny, J., Ingram, C., Kitchner, T. E.,
Linneman, J. G., McGeachie, M. J., Roden,
D. M., Shaffer, C. M., Shah, A., Weeke,
P., Weiss, S. T., Xu, H. and Medina, M.
W. 2015, Pharmacogenomics J., 15(3),
272-7.

Melen, E., Kho, A. T., Sharma, S.,
Gaedigk, R., Leeder, J. S., Mariani, T. J.,

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

Carey, V. J., Weiss, S. T. and Tantisira, K.
G. 2011, Respir. Res., 12, 86.

Mociornita, A. G., Adamson, M. B., Tumiati,
L. C,, Ross, H. J., Rao, V. and Delgado, D.
H. 2011, Canad. J. Cardiol., 27(5), S285.
Crispim, J. C., Duarte, R. A., Soares, C. P.,
Costa, R., Silva, J. S., Mendes-Junior, C.
T., Wastowski, 1. J., Faggioni, L. P., Saber,
L. T. and Donadi, E. A. 2008, Transp.
Immunol., 18(4), 361-7.

Stallone, G., Pontrelli, P., Infante, B.,
Gigante, M., Netti, G. S., Ranieri, E.,
Grandaliano, G. and Gesualdo, L. 2014,
Kidney Int., 85(4), 888-97.

Bahri, R., Naji, A., Menier, C.,
Charpentier, B., Carosella, E. D., Rouas-
Freiss, N. and Durrbach, A. 2009, J.
Immunol., 183(11), 7054-62.

Akhter, A., Das, V., Naik, S., Faridi, R.
M., Pandey, A. and Agrawal, S. 2012,
Arch. Gynecol. Obstet., 285(1), 7-14.
Favier, B., HoWangYin, K. Y., Wu, J.,
Caumartin, J., Daouya, M., Horuzsko, A.,
Carosella, E. D. and LeMaoult, J. 2011,
PLoS One, 6(7), €21011.

von Websky, M. W., Kitamura, K.,
Ludwig-Portugall, 1., Kurts, C., von
Laffert, M., LeMaoult, J., Carosella, E. D.,
Abu-Elmagd, K., Kalff, J. C. and Schafer,
N. 2016, PLoS One, 11(7), ¢0158907.
LeMaoult, J., Daouya, M., Wu, J., Loustau,
M., Horuzsko, A. and Carosella, E. D.
2013, FASEB J., 27(9), 3643-51.

Naji, A., Rouas-Freiss, N., Durrbach, A.,
Carosella, E. D., Sensebe, L. and
Deschaseaux, F. 2013, Stem Cells, 31(11),
2296-303.

Goldstein, B. D., Caplan, A. 1. and
Bonfield, T. L. 2016, MSCs and Asthma.
In  Mesenchymal Stem Cells and
Immunomodulation, Malemud, C. J. and
Alsberg, E. (Eds.), Springer International
Publishing: Cham, 7-24.

Zeng, S., Wang, L., Li, P., Wang, W. and
Yang, J. 2015, Mol. Med. Rep., 12, 2511-
20.

Song, X., Xie, S., Lu, K. and Wang, C.
2015, Inflammation, 38(2), 485-492.



22

Federico Carlini et al.

162.

163.

164.

Bonfield, T., Sutton, M., Lennon, D. and
Caplan, A. 2015, J. Immunol., 194(1 Suppl.),
67.6-67.6.

Zhang, X., Zheng, Y., Wang, Z., Huang,
S., Chen, Y., Jiang, W., Zhang, H., Ding,
M., Li, Q., Xiao, X., Luo, X. and Qi, H.
2014, Biomaterials, 35(19), 5148-61.
Jasinski-Bergner, S., Stoehr, C., Bukur, J.,
Massa, C., Braun, J., Huttelmaier, S.,

165.

Spath, V., Wartenberg, R., Legal, W.,
Taubert, H., Wach, S., Wullich, B,
Hartmann, A. and Seliger, B. 2015,
Oncoimmunology, 4(6), e1008805.
Komohara, Y., Harada, M., Ishihara, Y.,
Suekane, S., Noguchi, M., Yamada, A.,
Matsuoka, K. and Itoh, K. 2007, Oncol.
Rep., 18(6), 1463-8.



