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Abstract

Objective: Asthma is a heterogeneous disease. Severity of asthma and sensitivity to medica-
tions vary across asthma subtypes. Human leukocyte antigen (HLA)-G has a wide range of
functions in normal and pathological physiology. Due to its powerful immune function, HLA-G
participates in the pathogenesis of different asthma phenotypes by regulating the activity and
function of various immune cells. The mechanism of HLA-G in asthma is not fully clear, and
there is no consensus on its mechanism in asthma. Further studies are needed to explore the
role of HLA-G in different phenotypes of human asthma.

Methods: Observational study.

Results: HLA-G is an important immunomodulatory factor in asthma. Studies have found dif-
ferent levels of HLA-G in patients with different asthma subtypes and healthy controls, but
other studies have come to the opposite conclusion.

Conclusion: We speculate that further study on the mechanism of HLA-G in asthma pheno-
types may explain some of the contradictions in current studies. Findings should provide infor-
mation regarding the potential of HLA-G as a novel target for asthma diagnosis and treatment.
© 2023 Codon Publications. Published by Codon Publications.

Introduction

Human leukocyte antigen G (HLA-G) is a non-classical HLA
class | molecule that is encoded by a gene on chromosome
6p21." Compared to classical HLA-I proteins, HLA-G has lim-
ited polymorphism in the coding region and selective tis-
sue distribution, which are driven by an upstream enhancer
site.2 HLA-G was originally discovered on fetal extravillous
trophoblasts, where it plays a key role in fetus-induced

immune tolerance.® More recently, HLA-G has been impli-
cated in the pathogenesis in pregnancy, organ transplan-
tation, autoimmune diseases, tumors, and inflammatory
diseases.*® Under physiological conditions, HLA-G mRNA is
expressed in a variety of tissues, but HLA-G protein expres-
sion is restricted to specific cell types, including placen-
tal trophoblast cells, and the cornea, thymic medulla, and
pancreatic islets.” HLA-G expression is strictly controlled at
the transcriptional and posttranscriptional level, but may
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be increased in response to tumors, autoimmune diseases,
and chronic inflammation. The HLA-G gene generates dif-
ferent isoforms thorough alternative splicing, including four
membrane-bound isoforms (HLA-G1, -G2, -G3, and -G4)
and three soluble isoforms (HLA-G5, -G6, and -G7).2 The
membrane-bound isoforms correspond to the soluble iso-
forms, for example HLA-G5 constitutes the soluble form of
HLA-G1. HLA-G1 and HLA-G5 have been extensively stud-
ied. They consist of a heavy chain containing three extra
globular domains, can form non-covalent associations with
B2-microglobulin, and may reduce the cytotoxic activa-
tion of natural killer (NK) cells.” The ratio of HLA-G1/G5
can change under different pathophysiological conditions.
Under normal physiological conditions, in human bronchial
epithelial cells (HBEC), the transcriptional level of HLA-
G1 is lower than HLA-G5. However, in lung cancer tissue,
the transcriptional level of HLA-G1 may be higher than
HLA-G5."° HLA-G2, -G3, and -G4 are formed by alternative
splicing of the full-length transcript HLA-G1. HLA-G2 con-
tains a1 and a3 extracellular domains, HLA-G3 contains an
al extracellular domain, and HLA-G4 contains a1l and a2
extracellular domains (Figure 1)."

Accumulating evidence shows that HLA-G has a wide
range of functions in normal and pathological physiol-
ogy. A membrane-bound form of HLA-G is expressed at
the maternal-fetal interface during pregnancy, where it
has an important tolerance-inducing function'?; however,
HLA-G gene polymorphisms are related to habitual abor-
tion and preeclampsia.”'* HLA-G expression levels are high
in tumors, providing a microenvironment for tumor cells to
evade immune surveillance.”

Asthma can be defined as a syndrome with multiple
phenotypes, which are important for the prediction of
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treatment response and long-term prognosis, and for
the development of individualized treatment regimens.'
Airway inflammation in patients with asthma is classified
into four subtypes based on the ratio of eosinophils to
neutrophils in induced sputum: neutrophilic asthma (NA),
eosinophilic asthma (EA), paucigranulocytic asthma (PA),
and mixed granulocytic asthma (MA). NA is mostly seen in
symptomatic adult patients and is associated with expo-
sure to stimuli such as ozone, particulate matter, ciga-
rette smoke, occupational irritants, microbial infections
and colonization, and aeroallergens.””'® NA is common in
obese women. In males, serum saturated fatty acid lev-
els are strongly associated with serum neutrophil levels."”
Studies have shown that NA is not sensitive to inhaled glu-
cocorticoid therapy;'”?° patients with refractory asthma
have increased airway neutrophils, and neutrophilic
inflammation is associated with progressive decline in
lung function and persistent airflow limitation.?"?? Patients
with EA have high fractional exhaled nitric oxide (FENO)
levels and atopic symptoms. Most respond well to treat-
ment with inhaled corticosteroids, and the presence or
absence of eosinophils in sputum is an important indicator
for assessing prognosis.?>?* PA is the most common phe-
notype in patients with stable asthma and is associated
with better and less variable lung function, lower airway
reactivity, a lower incidence of severe refractory asthma,
a lower need for inhaled high-dose glucocorticoids, and
a better response to glucocorticoid therapy than other
phenotypes.?>? Patients with MA have the worst lung
function, the most airflow limitation, and more severe
symptoms; this type of asthma has a high incidence of
severe refractory asthma, clinical disease burden, and
use of health-care resources.??” Different phenotypes of
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HLA-G binding and signal transduction showing the different isoforms of HLA-G and the effect of HLA-G on different
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asthma have different pathophysiological mechanisms and
clinical symptoms and respond differently to treatment.
Further elucidation of the pathogenesis of asthma based
on the classification of inflammatory cells in sputum may
identify new therapeutic targets, improve disease con-
trol, and facilitate personalized care.

HLA-G is involved in the pathogenesis of many chronic
inflammatory and allergic diseases, including, but not
limited to, systemic lupus erythematosus (SLE), multiple
sclerosis (MS), Crohn’s disease, ulcerative colitis, allergic
rhinitis (AR), and asthma.?®3* Current opinion suggests that
HLA-G may have an immunomodulatory role in airway aller-
gic disease and suppress allergic inflammation; however,
the underlying mechanisms remain to be elucidated.®%’
AR is a chronic inflammation of the mucosa mediated by
T-helper 2 (Th2) cells. sHLA-G is significantly increased in
patients with AR compared to healthy controls, and signifi-
cantly correlated with immunoglobulin E (IgE) levels. sSHLA-G
levels in plasma and bronchoalveolar lavage fluid (BALF)
are increased in patients with asthma.* Tahan et al. found
that plasma sHLA-G levels were not significantly different
between children with asthma and healthy controls, and
there were no significant correlations of plasma sHLA-G
levels to eosinophil counts or total IgE levels.*® However,
Ciprandi et al. showed that serum sHLA-G levels were
significantly higher in patients with AR or allergic asthma
compared to nonallergic patients or healthy controls, and
serum sHLA-G levels were related to serum allergen-spe-
cific IgE levels.’® We speculate that the conflicting results
may come from sample differences, not further distin-
guishing asthma endotypes in the study, and that HLA-G
may have different expression levels in different asthma
subtypes. Further study of sHLA-G levels in patients with

\
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different asthma subtypes will help us to further explore
the molecular mechanism of HLA-G on asthma subtypes.
We searched PubMed for papers published between
2000 and 2020 by including the key word “HLA-G.” Relevant
papers were included after manual selection based on the
abstracts and discussion within the research group. The
present review summarizes the published literature on the
functions and mechanisms of HLA-G in inflammatory cells.
Humans and experimental models explore its role in the
pathophysiology of asthma, and discuss the potential of
HLA-G-based therapeutic strategies against asthma.

HLA-G and inflammation

In general, the effects of HLA-G on the immune sys-
tem include suppression of innate immune responses and
activation of adaptive immune responses. HLA-G inhibits
the immune response of NK cells, dendritic cells (DC), B
cells, T cells, and monocytes or macrophages (Figure 2) by
engaging with cell-surface inhibitory receptors,“-“2 such as
immunoglobulin-like transcript 2(ILT-2 [LILRB1/CD85j]),""*
immunoglobulin-like transcript 4(ILT-4 [LILRB2/CD85d]) and
killer cell immunoglobulin-like receptor, two Ig domains
and long cytoplasmic tail 4(KIR2DL4 [CD158d]).** The
HLA-G heavy chain specifically binds to ILT4 and KIR2DL4
receptors, and B2-microglobulin specifically binds to ILT2
receptors. NK cells express ILT2 and KIR2DL4 receptors,
DC express ILT4 receptors, B cells express ILT2 receptors,
CD4+T cells express ILT2 receptors, and CD8+T cells express
ILT2 and KIR2DL4 receptors.®® The ILT2, ILT4/HLA-G path-
way has a powerful inhibitory effect on cytotoxicity, which
has the potential as a target for antitumor therapy.*
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Figure 2 HLA-G effects on inflammation. The blue arrow indicates positive effects, while the red T-shaped lines indicate

negative effects.
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T cells

HLA-G inhibits T-cell proliferation by activating the phos-
phatase Src homology-2 domain containing protein tyrosine
phosphatase 2 (SHP-2) pathway and inhibiting the mamma-
lian target of rapamycin (mTOR) pathway,**® inhibits T cell
activity through the FAS/FASL pathway to exert immuno-
suppressive effects,*’ and inhibits CD8+T activation through
the GZMB (Granzyme B) pathway.* Regulatory HLA-G* CD4*
tTreg (regulatory T cells) are a tTreg subset that exert
immunosuppressive effects and secrete high levels of
sHLA-G5 and interleukin (IL) 10 and modest levels of IL-35
and transforming growth factor (TGF)-B81.%

A study in patients with tuberculosis showed that HLA-G
inhibited the differentiation of Th1 cells, while administra-
tion of ILT-4 receptor blockers significantly increased the
production of T-helper 1 (Th1) cytokines.®? Some studies
have also found that the expression of chemokine cxcr3
decreases after HLA-G stimulation of CD4+T cells, which
inhibits the function of Th1.5 Interestingly, HLA-G has a
concentration-dependent effect on T-cell polarization.
High concentrations of HLA-G induce the polarization of
T cells toward the Th2 profile, which promotes the acti-
vation of Treg cells and immune tolerance, a mechanism
that is involved in Th2-high asthma.’* At low concentra-
tions, HLA- G induces the polarization of T cells toward the
Th1 profile.® A study in women with preeclampsia revealed
low levels of HLA-G in peripheral blood mononuclear cells
(PBMC), a low frequency of regulatory CD8CD28 T cells,
high levels of IL-17, IL-2, tumor necrosis factor a (TNF-a),
IL-4, and IL-10, and an increased proliferative cell activation
profile.> Morandi et al. analyzed the presence or absence
of sHLA-G-stimulated CD4+ T cells by flow cytometry and
found that sHLA-G impairs the physiological function of Tfh
cells by inhibiting the expression level of the chemokine
CXCR5.33

Dendritic cells

HLA-G may inhibit the activity of DC through the IL-6-
STAT3 pathway,” while HLA-G modified-DC significantly
decrease the activation of CD4*CD25°T cells and the levels
of IL-2 and interferon-y (IFN-y) produced by CD4* T cells.
An analysis of T-cell subtypes showed that modified DC
significantly increased the number of CD4* T cells capable
of producing IL-10. Exposure of LPS-treated DC from ILT-4
transgenic mice to HLA-G regulated CD4* T-cell activation
by decreasing the presentation of peptides by MHC class I
molecules.>®

B cells

HLA-G inhibits the differentiation and maturation of B
cells and inhibits the immune response by promoting the
secretion of anti-inflammatory factors.” The expression
of HLA-G in B cells is positively correlated to IFN-y levels,
and the expression of ILT4 is negatively correlated to TNF-a
levels.®0

Natural killer cells

NK cells produce IFN-y. HLA-G binds to the KIR2DL4 recep-
tor and inhibits the activity of NK cells; the inhibitory effect
of HLA-G5 is greater than that of HLA-G1.5¢"62 HLA-G can

also inhibit NK cytotoxicity by interacting with ILT-2 and
affecting the NK cell cytoskeleton.®® Specifically, sHLA-G
inhibits NK cytotoxicity by downregulating STAT5 phos-
phorylation.®* The interaction of HLA-G and NK cells can
increase the expression of IL-6 and IL-8.%

Neutrophils and macrophages

HLA-G inhibits the phagocytotic function of neutrophils
through the ILT4 receptor and inhibits CD32a-mediated
reactive oxygen species (ROS) production.® A study in wild
type C57Bl/6 mice that underwent partial hepatectomy
showed that knockdown of H2-Bl, a key immunotolerance
protein and homolog of human HLA-G, was associated with
increased infiltration or activation of macrophages in the
liver.®¢ In human PBMC treated with granulocyte macro-
phage colony-stimulating factor, the presence of sHLA-G5
promoted the differentiation of macrophages toward an M2
phenotype, inhibited M1 polarization, and promoted the
secretion of IL-6 and C-X-C motif ligand 1.5 Porcine endo-
thelial cells transfected with HLA-G1 significantly inhibited
the cytotoxicity of macrophages.®®

The role of HLA-G in asthma models

Studies using microarray gene probe technology to detect
HLA-G expression in human and mouse embryos of differ-
ent gestational ages demonstrated that HLA-G is involved
in the development of normal lung tissue.®® Researches
on the role of HLA-G using animal models of asthma are
scarce. These studies are required to verify the function
of HLA-G in different asthma subtypes, and further under-
standing of the molecular mechanisms of HLA-G in asthma.

The role of HLA-G in human asthma

Asthma is a heterogeneous disease, characterized by bron-
chial epithelial hyperplasia, chronic airway inflammation,
and airway remodeling.”’7? A variety of inflammatory cells
and cytokines are involved in the pathogenesis of asthma,
including T lymphocytes, eosinophils, macrophages, neu-
trophils, IL-10, and IFN-y.”? According to the type and pro-
portion of cells in an induced sputum smear, asthma may
be categorized as EA, NA, MA, or PA.7#7¢ Severity of asthma
and sensitivity to medications vary across asthma sub-
types. Eosinophilic asthma is characterized by high levels
of systemic eosinophils, a Th2 phenotype, and sensitivity
to corticosteroid treatment. Neutrophilic asthma is charac-
terized by activation of the innate immune system (includ-
ing toll-like receptors [TLRs] and the NOD-like receptor
protein 3 [NLRP3] inflammasome) and is steroid-resistant.””

It is essential to clarify the pathophysiological and
molecular mechanisms of HLA-G in different asthma sub-
types to inform the development of individualized and
targeted drug therapies. HLA-G has been identified as an
inflammatory mediator in asthma and an asthma suscep-
tibility gene.”® Specifically, maternal asthma status may
interact with the fetal HLA-G phenotype to influence the
risk for development of asthma in childhood.” Carlini et al.
reported that HLA-G expressed by the pulmonary epithe-
lium may modulate local and distant immune responses.&#!
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Tahan et al. found that plasma sHLA-G levels were not
significantly different between children with asthma and
healthy controls, and there were no significant correla-
tions of plasma sHLA-G levels to eosinophil counts or total
IgE levels.*® However, Ciprandi et al showed that serum
sHLA-G levels were significantly higher in patients with AR
or allergic asthma compared to non-allergic patients or
healthy controls, and serum sHLA-G levels were related to
serum allergen-specific IgE levels.® These disparate find-
ings may be explained by the heterogeneity of asthma
airway inflammation and asthma subtypes, as well as dif-
ferences in study design and sample size. Further studies
are required to resolve these controversies.

IL-10 is an important cytokine that inhibits inflamma-
tion. In children with atopic asthma, plasma sHLA-G levels
are significantly higher, and plasma IL-10 levels are signifi-
cantly lower than healthy controls.®2% HLA-G suppresses
asthma inflammation and upregulates immune tolerance
by several mechanisms, including inhibiting antigen-pre-
senting cells (APC) and activating CD4+CD25+FoxP3 T Treg
cells.’”8

The localization of HLA-G in airway epithelial cells
implies that HLA-G is involved in immune disorders and
airway inflammation in chronic asthma. White et al. found
that the level of SHLA-G in BALF is related to the asthma
subtype. High levels of sHLA-G were found in BALF of
patients with low levels of eosinophils in BALF, low FENO,
and low serum IgE, but there was no correlation between
sHLA-G levels and blood eosinophil count.? Gene expres-
sion data showed that HLA-G may influence or be influ-
enced by airway epithelial cell transcripts and the ERK1/2
signaling pathway.® HBECs from patients with mild and
severe asthma display specific HLA-G expression profiles
and less functional HLA-G isoforms than healthy controls.?
Asthma severity varies by subtype; consequently, these
data suggest that HLA-G isoforms differ across asthma
subtypes. An imbalance between HLA-G isoforms may
result in an abnormal interplay of the immune response
with the airway epithelium in patients with asthma;
therefore, HLA-G represents a potential therapeutic
target. Accordingly, treatment of asthma patients with
allergen-specific immunotherapy leads to the produc-
tion of HLA-G*APC or monocytes, which forms a tolero-
genic microenvironment with elevated levels of IL-10 and
Treg cell activation.?” Sublingual immunotherapy (SLIT)
can significantly decrease serum sHLA-G in patients with
asthma®? through a response that is mediated by shift-
ing to a Th1 immune response and IFN-y, suggesting that
serum sHLA-G levels may have utility in monitoring the
treatment effect of SLIT.3”% Asthma-related exacerbations
were reduced in statin users carrying the G minor allele
of rs1063320 compared to noncarriers.®” In vitro, statins
upregulated mir-148b and mir-152, HLA-G expression was
regulated by mir-148a, mir-148b and mir-152 expression,
and rs1063320 appeared to disrupt this interaction.?” PBMC
produce significantly more sHLA-G in patients with isocy-
anate-induced asthma compared to patients with noniso-
cyanate-induced asymptomatic asthma. Isocyanates can
trigger occupational asthma, but asthma symptoms may
not improve away from the workplace.?48 HLA-G may be
a biomarker in occupational asthma and a predictor of
prognosis after removal from the workplace.

Conclusion

The mechanism of action of HLA-G in asthma is unclear.
Although there is increasing evidence that HLA-G is an impor-
tant immunomodulatory factor in asthma, knowledge of
the level and function of HLA-G in human asthma subtypes
is limited, and published studies report conflicting results.
Disparate research findings may be explained by the hetero-
geneity of asthma airway inflammation and asthma subtypes.
Further studies are required to demonstrate the differences
in sputum, BALF, and serum HLA-G expression across asthma
subtypes. Experiments in animal models are needed to verify
the effect of HLA-G on different asthma subtypes. Findings
should provide information regarding the potential of HLA-G
as a novel target for asthma diagnosis and treatment.
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