L))

Check for
updat

Review Article

Page 1 of 11

Long non-coding RNAs in diseases related to inflammation and
immunity

Jiao Chen"”, Liangfei Ao"*, Jing Yang'?

lReproductive Medicine Center, Renmin Hospital of Wuhan University, Wuhan 430000, China; "Hubei Clinic Research Center for Assisted
Reproductive Technology and Embryonic Development, Wuhan 430000, China

Contributions: (I) Conception and design: J Chen, J Yang; (I) Administrative support: J Yang; (III) Provision of study materials or patients: ] Chen,
L Ao; (IV) Collection and assembly of data: J] Chen, L Ao; (V) Data analysis and interpretation: J Chen, L Ao; (VI) Manuscript writing: All authors;

(VII) Final approval of manuscript: All authors.

*These authors contributed equally to this work.

Correspondence to: Jing Yang. Reproductive Medicine Center, Renmin Hospital of Wuhan University, Wuhan 430000, China.

Email: dryangqing@hotmail.com.

Abstract: Long non-coding RNAs (IncRNAs) have been key regulators of gene expression in innate and

adaptive immunity. Although IncRNAs have been reported to be associated with some diseases, its expression

and function in diseases related to inflammation and immunity are still unknown. We reviewed how IncRNA

regulated transcription and controlled the function and balance of the cells in the immune response. In

addition, we discussed the impacts and challenges of IncRNAs on immunity in diseases.
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Introduction

The immune system consists different cell types that
mediate the response to infection and maintain a dynamic
balance in the body. While maintaining the dynamic
balance, the external environment of each cell affects its
appearance and transcription spectrum for immunity.
Many immune system diseases have unknown pathogenic
factors, and no effective treatment has yet been found. At
present, non-coding RNAs have been a research hotspot
and difficulty. New evidence suggests that long non-
coding RNAs (IncRNAs) play a key role in epigenetic and
transcriptional regulation in mammals, which regulate
diverse biological functions including cell differentiation,
cell lineage choice, organogenesis and tissue homeostasis.
In innate and adaptive immunity, IncRNAs have been key
regulators of gene expression in immune cells, however,
the mechanism of how IncRNAs regulate immune function
remains unclear. Here we review IncRNAs in the control of
cellular function and homeostasis in immune response, the
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different molecular mechanisms in regulating transcription
processes, and the involvement in related diseases to provide
new ideas for future research and treatment of immune-
related diseases.

Structure and function of IncRNAs

LncRNAs, non-protein-encoding transcripts, were
discovered by whole transcriptome sequencing, are greater
than 200 bp in length, have a polyadenylate 5' cap structure,
and are polyadenylated like mRNAs. The main difference
between IncRNA and mRNA is that IncRNA contains
transcriptional termination codons, therefore IncRNA
does not have any protein coding potential (1). Humans
contain approximately the same number of protein-
coding genes (~20,000) as well as other vertebrates, such
as nematodes and roundworms (2). However, the length of
genes is different among various species. In fact, a part of
the human genome is used to synthesize IncRNA during
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Figure 1 Positions of IncRNAs in genomes relative to protein-coding genes and enhancer regulatory elements. IncRINA, long non-coding RNA.

evolution. The lower the evolutionary level of species, such
as zebrafish, nematodes, fruit flies and yeasts, the lower
the number of IncRNAs and ratio of IncRNAs to protein-
coding genes (3,4). LncRNAs play an important role in
many developmental processes and exhibit cell type specific
in expression pattern and function. It is speculated that the
complexity of species needs more IncRNA genes (5-7).
LncRNAs are usually classified and named according to
their position in genomes relative to protein-coding genes
and enhancer regulatory elements, including long intergenic
non-coding RNA (lincRNA), intronic transcript, antisense
(AS) IncRNA and enhancer RNA (eRNA) and so on
(Figure 1). The IncRNAs between two protein-coding
genes that do not overlap with the protein-coding genes
are usually abbreviated as lincRNAs, which refer to the
long or large interval ncRNAs or inserted ncRNAs;
IncRNAs can also be located in an intron of the protein-
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coding gene without overlapping with the exon, known
as “Intronic”; some IncRNA genes overlap with the exons
and introns of the protein-coding genes, but these new
exons are not located in the protein-coding genes, and
are usually transcribed from AS DNA strands, known as
AS IncRNAs. However, the number of IncRNAs studied
in detail is relatively small. The common mechanisms for
IncRNAs involve DNA, protein or RNA (8). LncRNAs
act as following: (I) by transcription in the upstream
promoter region of the protein-coding genes to interfere
the expression of adjacent protein-coding genes; (II) by
inhibiting RNA polymerase, or mediating remodeling
of chromatin and modification of histone to affect gene
expression; (III) by complementing the double strand with
the transcripts of protein-coding genes to interfere the
splicing of mRNA; (IV) by complementing the double
strand with the transcripts of protein-coding genes to
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Figure 2 Mechanistic actions of IncRNAs. IncRNA, long non-coding RNA; lincR, long intergenic non-coding RNA; AS, antisense; NFAT,
nuclear factor of activated T-cells; NRON, non-coding transcripts of NFAT.

product endogenous small interference RNA by dicer
enzyme to regulate gene expression; (V) by binding to the
specific protein to regulate the activity; (VI) by forming a
nucleic acid protein complex with a protein as a structural
component; (VII) by binding to the specific protein to alter
cytoplasmic localization of the protein; (VIII) as precursor
molecules of small RNAs [e.g., microRNA, PIWI-
interacting small RNA (piRNA), and MALAT1-associated
small cytoplasmic RNA (mascRNA)]. In view of the
powerful function of human IncRNAs, their mechanisms
still need to be continuously explored (Figure 2).

LncRNA and immunity

Many studies revealed that IncRNAs showed a viability and
cell specific in proliferation, differentiation and activation of
immune cells, including monocytes, macrophages, dendritic
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cells (DC), neutrophils, T cells and B cell (8). For example,
non-coding transcripts of nuclear factor of activated T-cells
(NFAT) (NRON) can inhibit the transcriptional activity of
human NFAT;, and bring the phosphorylated NFAT into a
cytoplasmic RNA-protein complex as a “scaffolding” tool
(9,10); lincR-Ccr2-5'AS, as a Th2-specific IncRNA, can
regulate the expression of immune-related genes in Th2
cells and move mouse Th2 cells to the lungs (11); Tmevpgl
can be co-expressed with Ifng, and can stimulate epigenetic
remodeling with Ifng-specific enhancers by T-bet to achieve
specific expression of Thl family member, Ifng (12,13);
linc-MAF-4 is a CD4" Thl cell-specific IncRNA, which
promotes the differentiation of CD4" T cells into Th1 cells,
and regulates the transcription of MAF as a scaffold (14);
Inc-DC regulates the differentiation of human monocytes
into DC, directly interacts with signal transducer and
activator of transcription 3 (STAT3) in the cytoplasm, and
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Figure 3 The regulation of IncRNAs, such as lincRNA-COX2, Lethe, THRIL, PACER, NEAT1 and hnRNP, in innate immunity. IncRNA,
long non-coding RNA; LPS, lipopolysaccharide; TLR, Toll-like receptor; hnRNP, heterogeneous nuclear ribonucleoprotein; NEAT'1,

nuclear enriched abundant transcript 1; lincRNA, long intergenic non-coding RNA; IL, interleukin; TNE, tumor necrosis factor.

prevents the dephosphorylation of STAT?3 from SHP1 (15);
HOTAIRMI is specifically expressed in bone marrow cells,
and induces promyelocytic NB4 cells into leukemia cells
by retinoic acid, and is up regulated during differentiation
from normal human hematopoietic stem cells to
granulocytes (16). Transcriptome analysis in CD8" and
CD4" T cells identified a large number of IncRNAs
and showed stage- or tissue-specific expression (17,18).
However, the development and function of IncRNAs in B
cells are poorly understood.

The role of IncRNA in innate immunity

Innate immunity including macrophages, DC, neutrophils,
and acidophilic/basic granulocytes, is the first line against
microbial pathogens. Recent studies have shown that
IncRNAs such as lincRNA-Cox2, Lethe, PACER and

© Annals of Translational Medicine. All rights reserved.

THRIL, members of the IncRNA family play an important
role in the control of gene expression in immune cells
(Figure 3).

By RNA sequencing of bone marrow-derived
macrophages (BMDM), 72 IncRNAs were found to be
significantly up-regulated in macrophages exposed to
Pam3CSK4, which was related to synthetic bacterial
lipoproteins (19). One of the most classical IncRNAs
(lincRNA-Cox2) has been confirmed to be a regulator of the
transcription of macrophages Toll-like receptor (TLR) (20).
It has been reported that the lincRNA-Cox2 gene was
classified as a lincRNA, which was able to activate or inhibit
the expression of different types of immune genes. In
resting macrophages, lincRNA-Cox2 inhibits the expression
of approximately 700 genes, including chemokines (Ccl5
and Cx3cll) and interferon-stimulated genes (ISG) (Irf7,
Isgl5, 11204, and Oas2), while it can also activate various
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genes (IL-6, TIrl and IL-23a) via the TLR2 pathway.
LincRNA-Cox2 interacts with RNA binding protein (RBP)
heterogeneous nuclear ribonucleoprotein (hnRNP)-A2/
B1 and hnRNP-A/B to regulate its inhibitory function.
Interestingly enough, these two hnRNPs are not involved in
the IncRNA-mediated activation, suggesting that there are
other unknown proteins that interact with lincRNA-Cox2.
The specific role of lincRNA-Cox2 on TLR2-induced IL-6
and other gene expression is currently unknown (21).

Lethe, a functional pseudogene (Rps15a-PS4) IncRNA,
is also highly induced in mouse embryonic fibroblasts
(MEFs) treated by nuclear factor kappa B (NF-«kB)-activated
inflammation that triggers TNFa and IL-1B expression.
Lethe also responds to the adrenal cortex hormone and
dexamethasone. Lethe also contacts with p65 (RelA) to
attenuate NF-kB-dependent inflammatory responses, which
prevent RelA from binding to the promoter region of target
genes, including IL-6, IL-8, and superoxide dismutase
2 (SOD2). Interestingly, the expression of Lethe in the
spleens of older rats was significantly lower (20- to 50-fold)
than that in younger mice, suggesting that the decrease
in Lethe expression is associated with increased NF-«xB
signaling related to aging (22). Therefore, Lethe can act
as a feedback regulator of the NF-«B signaling pathway to
control the inflammatory response. More importantly, it
provides an evidence for the presence of more functional
pseudogenes IncRNA in the mammalian genome. In
addition, IncRNA P50-associated COX-2 extragenic RNA
(PACER) may also be a regulator of the NF-«B signaling
pathway. In the lipopolysaccharide (LPS)-stimulated human
macrophages, PACER was up regulated and selectively
regulated the expression of the adjacent gene PTGS2
(COX-2) (23).

THRIL is another immune-related IncRNA that
primarily controls the expression of TNFa in the human
monocyte cell line THP-1. In Pam3CSK4-treated THP-
1 cells, THRIL was identified as one of the differentially
expressed 159 lincRNAs. Nine of the lincRNAs (including
THRIL) knocked down by lentiviral short hairpin RNA
(shRNA) caused the damage to TNFa and/or IL-6
products, suggesting that some TLR2-induced lincRNAs
were involved in the regulation of human monocytes
Inflammation. In Pam3CSK4-treated THP-1 cells, RNA-
seq showed 319 differentially expressed genes after shRINA
silenced THRIL, indicating that THRIL broadly regulated
immune-related genes. THRIL interacts with hnRNPL
to regulate TNFa expression, and both THRIL and
hnRNPL sites in the TNFo promoter region. Since TNFa
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inhibited the expression of THRIL, THRIL has been a
negative feedback regulator of TNFa expression in human
monocytes (24).

Nuclear enriched abundant transcript 1 (NEAT1), as a
key IncRNA in the control of heterochromatin structure
formation, localizes SFPQ (A NEAT1 binding protein) into
the nucleus to mediate IL-8 transcription after human cell
lines are infected with virus (HSV-1 and influenza A virus) or
activated by TLR3 (25). In addition, NEAT'1 also transfers
HIV-1 mRNA from the nucleus to the cytoplasm. Together,
these studies illustrate the important role of IncRNAs
in regulating gene expression in innate immunity (26).

Although many literatures described the regulatory role
of IncRNAs in inflammatory gene expression, little has been
known about the development and homeostatic regulation
of innate immune cells. HOTAIRMI is one of them, highly
expressed in human granulocytes, and induced by retinoic
acid signaling and PU.1 during myeloid differentiation
(16,27). In vitro studies showed that knockdown of
HOTAIRMLI led to decreased expression of CD11b and
CD18 and impaired granulocyte differentiation (16).
However, the role of HOTAIRMI1 on the differentiation
of human granulocytes in vivo remains unclear. Recent
studies have also found that IncRNA Morrbid regulated
the homeostasis of eosinophils, neutrophils and Ly6C"
monocytes by modulating the proapoptotic factor BCL2L11
(also known as Bim) (28). In myeloid cells, proinflammatory
cytokines (such as IL-3, IL-5, GM-CSE, etc.) induce the
expression of Morrbid, which can accumulate polycomb
repressive complexes 2 (PRC2) on the BCL2LI1 promoter
to inhibit BCL2L11 transcription and promote the survival
of the cells. In the absence of Morrbid, cell apoptosis is
increased. Thus, there is a new and critical approach to
precisely regulate the lifespan of these inflammatory cells.
In fact, high expression of Morrbid is present in eosinophils
in patients with hypereosinophilic syndrome (HES), which
is characterized by the altered lifespan of eosinophils (28).
Taken together, these data suggested that the Morrbid-
BCL2L11 axis might be an important factor in the
regulation of lifespan of myeloid cells in HES, inflammation
and cancer.

The role of IncRNA in adaptive immunity

Adaptive immune means that the body produces an effective
specific antigen-antibody reaction and forms long-term
immune memory, while avoiding autoimmune and chronic
inflammatory reactions, including T cells and B cells. Some
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Figure 4 The regulation of IncRNAs, such as NRON and lincR-Ccr2-5'AS, in adaptive immunity. IncRNA, long non-coding RNA;
NRON, non-coding transcripts of nuclear factor of activated T-cells; lincR, long intergenic non-coding RNA; 3'UTR, 3' untranslated

region.

evidence demonstrated that lymphocytes expressed a large
number of IncRNAs and played a key role on development,
differentiation and activation of cells. Two important
IncRNAs expressed in T cells are the N'T'T, non-coding
transcript in CD4" T cells, and NRON, one of the earliest
IncRNA genes identified in immune cells (Figure 4).

NTT is mainly expressed in activated human CD4" T
cells, but its function remains unknown. The potential
relationship between N'T'T and interferon-gamma receptor
(IFN-YR) also needs to be further validated, because they
act on the same locus (6q23-q24) and show the analogous
expression during T cell activation (9,29).

The IncRNA NRON (an endogenous ribonucleic acid)
identified in human T cells can regulate NFAT, a Ca’-
activated transcription factor, and IL-2 expression in
activated T cells, as the synthesis of IL-2 requires NFAT'1.

T cells are at rest, NFAT is present in the cytoplasm,
while NFAT is phosphorylated and transferred to the
nucleus after T cells are activated. NRON interferes with
nuclear transport of NFAT (rather than transcriptional
activity) by interacting with members of the importin-
beta superfamily, including the nuclear transport factor
KPNB1 (9). Subsequent studies have shown that NRON
acts as a structural scaffold IncRNA where NFAT interacts
with GTPase activating protein (IQGAP) and several other
NFAT kinase inhibitors (CKE, GSK-B, aDYRK, DYRK),
leaving NFAT in the cytoplasm (10). Although these studies
give the different regulation patterns, NRON plays a key
role on regulating NFAT-dependent IL-2 expression in
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T cells.

During the differentiation from CD4" T cells into Thl
and Th2 cells, lincRNAs in T cell subsets can regulate
the expression of adjacent protein-coding genes in the
upstream promoter region of the protein-coding genes by
transcription. As the Th2-specific lincRNA, lincR-Cer2-
5'AS located upstream of the chemokine receptor Cer2 gene
and transcribed in the AS direction, controls the expression
of immune genes in Th2 cells together with Gata3. lincR-
Ccr2-5"AS also controls the migration of Th2 cells to the
lungs in vivoe, possibly by controlling the expression of many
chemokine receptors (Cerl, Cer3, Cer2 and Cer5), both
of which are located in the same genomic locus as lincR-
Cer2-5'AS (11). However, how lincR-Ccr2-5"AS regulates
the expression of these genes remains unclear. In Th2 cells,
Th2-LCR IncRNA can regulate the transcription of Th2
cytokines (IL-4, IL-5 and IL-13) genes. Another lincRNNA
expressed in T cells, growth arrest-specific transcript 5
(GASS), is associated with cell cycle arrest in mammals that
are short of nutrients or exposed to rapamycin (mTOR)
antagonists (30-32).

LncRNAs are also expressed in B cells. AS IncRNA (Fas-
AS1) controls the production of soluble Fas receptor (sFas),
which binds to Fas ligand to regulate Fas-induced apoptosis
in B cell lymphoma (33). Fas-AS1 binds to the splicing
factor RBMS5, that Inhibits RBM5 to skips FAS exon 6 (also
known as CD95; TINFRSFG6) selectivity, which is necessary
for the production of sFas mRNA. Since serum sFas
level is associated with poor prognosis of non-Hodgkin’s
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lymphoma (34), Fas-AS1 has been a potential therapeutic
target. In addition, a broad AS interval transcription occurs
in the variable (V) region of the immunoglobulin heavy
chain (IgH) site in B cells, that is potentially associated with
chromatin remodeling, which is related to the diversity of
antigenic receptors in developing B-cells (35,36). Whether
IncRNAs play a role on maturation and effector function in
B cells remains unclear. However, in general, these studies
indicated that immune cells expressed a large number
of IncRNAs, many of which play a key role on immune
response in the host.

At present, it seems that the role of most immune-related
IncRNAs is mediated through binding to proteins.

"Targets include the splicing factor proline/glutamine-rich
(SFPQ) (37), importin-b family (9) and transcription factors,
NF-«xB (22,23), STAT3 (15), and glucocorticoid receptor
(GR) (30) and so on. LncRNAs have shown some functions
that it acted as a “bait” to block protein-DNA binding
(SFQR, NF-xB and GR) or as an antagonist to block
protein-protein interaction (importin-b and STAT3). The
immune-related IncRINAs also interact with the hnRNP family
(19,24) and chromatin-modifying complex components,
including PRC2 (38), core subunit of mixed lineage
leukemia (MLL) methyltransferase complex, WD repeat
domain 5 (WDRS) and UTX/JMJD3 demethylase (39).
Although the mechanism is not completely understood, it is
speculated that IncRNNAs may combine proteins as scaffolds
or target DNA by base pairing (40).

LncRNA and immune related diseases
LncRNA and inflammatory diseases

Up to date, most of the IncRNA-related studies on the
immune system focused on functions in mouse and
human primary cells and cell lines. However, the role
of IncRNAs in human inflammatory diseases have been
paid attention. For examples, the expression of IncRNA
Morrbid is significantly up-regulated in eosinophils in
patients with HES, suggesting that the Morrbid-BCL2L11
axis may be associated with this disease (28). Lncl3 is a
highly expressed IncRNA in the bowel of healthy humans,
which is significantly down-regulated in patients with
chronic diarrheal disease, and inhibits the expression of
genes related to inflammatory diseases, suggesting that
dysregulated Inc13 may be involved in the inflammatory
response of this disease (41). In addition, Inc3 can down-
regulate LPS, and may also be an inhibitor of inflammatory
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response genes (such as Myd88, Star3 and Il1ra). Recently,
studies have also found that lincRNA-EPS exposed to
microbial environment was inhibited in macrophages and
could act as a transcriptional inhibitor to suppress the
transcription of immune response gene (IRGs), while the
inflammatory response was enhanced in lincRNA-EPS-
deficient mice. Moreover, IncRNA-EPS is associated with
chromatin and interacts with hnRNPL, a member of the
heterologous ribonucleoprotein family, to alter nucleosome
localization and inhibit IRGs (42). All of above suggested
the existence of some inflammatory suppressive functions of
IncRNA. Also, it has been confirmed that linc-MAF-4 was
abnormally expressed in multiple sclerosis, and the mutation
of IncRNA RMRP was associated with the immunodeficient
metaphyseal chondrodysplasia, Mckusick type (CHH)
(43,44). LncRNA studies in the immune system indicated
that these molecules played a key role in inducing or
inhibiting inflammatory diseases.

LncRNA and virus infection

It is documented that many IncRNAs are specifically
expressed in immune responses. These IncRNAs showed
some important modes to induce the immune responses.
Host-pathogen interaction is another important research
direction, expect for the study of IncRNAs in the host.
LncRNAs have also been involved in the functions of
pathogen, which affect the host by a variety of ways.
An HIV-1 encoded AS IncRNA may be involved in the
establishment of viral latency (45). This AS IncRNA is
capable of recruiting epigenetic remodeling complexes
containing DNMT3A, a deoxyribonucleic acid
methyltransferase, which is involved in epigenetic silencing
and RINA-directed transcriptional gene silencing (46).

Another IncRNA is polyadenylated nuclear RNA (PAN)
derived from Kaposi’s sarcoma-associated herpesvirus.
Like HIV-1 encoded AS IncRNA, PAN is also localized to
its own genome. However, PAN is usually responsible for
the activation of Kaposi’s sarcoma-associated herpesvirus
transcription. If PAN is inhibited, almost all Kaposi’s
sarcoma-associated herpesvirus transcription will be
blocked. Interestingly, PAN also plays a role in the host
gene. Like many of the IncRNAs discussed above, PAN
can bind to PRC2 (especially EZH?2 and Suz12) to induce
heterochromatin formation, which is associated with the
downregulation of interferon, IL-18, alpha interferon-16
and RNase L gene (47).
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PAN is not the first viral IncRNA to interact with
its host: human cytomegalovirus-encoded non-coding
transcript, called 2.7 for 2.7 kb in length, was discovered
earlier. It has been found that B2.7 interacted with gene
associated with retinoid-interferon-induced mortality
19 (GRIM-19) to maintain mitochondrial integrity and
function, allowing the virus to complete its life cycle (48).

Similarly, subgenomic flavivirus RNA (sfRNA),
produced by West Nile virus, dengue fever, yellow fever,
tick-borne encephalitis virus and Japanese encephalitis,
is also virus IncRNA. sfRNAs, a class of viral transcripts
for about 300-500 bp in length, were first discovered in
the Murray Valley virus (49). stRNAs do not only prevent
XRNI1 from degradation, but also block XRNT1, resulting
the accumulation of non-cap structure but stable cellular
mRNA, which induces the dysregulation of overall gene
expression in cells, and prevent other antiviral RNA from
degradation (50). Deletion of sfRNA reduces plaque
formation and replication, reflecting the importance
of sfRNAs in viral cytopathic and pathogenicity (51).
In addition, the replication capacity of West Nile virus
without sfRNA is diminished, but it can be obtained again
by knockout of interferon-related genes (52). This is a
unique regulatory mechanism for IncRNA, suggesting that
many other IncRNAs (from viruses or others) have many
unknown functions.

LncRNA related to immunity and pregnancy

Pregnancy, an extremely complex and coordinated
physiological processes, is considered as a successful
allogeneic transplantation and one of the classic models
of immune tolerance. Maternal-fetal interface is a key to
maintain pregnancy, which can secrete hormones into the
maternal circulation to adapt to pregnancy, and transfer
maternal antibodies into the fetus except nutrient exchange.
Changes of immune environment in the maternal-
fetal interface could lead to pregnancy complications
such as abortion, preeclampsia and intrauterine growth
restriction (53).

Immunotherapy for unexplained recurrent spontaneous
abortion (URSA) is effective in clinical, but the mechanism
is unclear. The relationship between IncRNAs and URSA
has been paid more and more attention. So far, only few
studies have identified the relationship between IncRNAs
and abortion. One is that IncRNA expression profiles
in early recurrent abortion and normal abortion were
analyzed, and found that there were 1,449 abnormally
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expressed IncRINAs, of which 11 up-regulated and 15 down-
regulated IncRNAs were involved in biological regulation
processes, including mechanisms related to endocrine,
immune, extracellular matrix (ECM) receptor interactions,
and apoptosis (54). Huang sequenced the transcriptome
of URSA villi and found that Inc-SLC4A1-1 was highly
expressed in the sample, and could alter trophoblast
function by activating immune response via the axis of NF-
kB/CXCLS8 (55). Another study found that the expression
level of IncRNA MEGS3 in villi of artificial abortion is lower
than that of spontaneous abortion (56).

Endometrial decidualization is also an important part
of pregnancy. Hong Wang detected the expression profile
and analyzed the function of IncRNAs in gestational sac
and decidua of spontaneous abortion, there were more
significantly up-regulated IncRNAs associated with infection
and inflammation compared with artificial abortion,
and there were more IncRNAs in decidua than that in
blastocyst (57). Some studies have shown that LINC00473
might mediate the decidualization of human endometrial
stromal cells, and the mechanism could be that cAMP-
PKA pathway induces STAT3 phosphorylation through
IL-11 (58). Although the mechanism is unclear, it is
speculated that maternal factor is more significant for the
pathogenesis of inflammation-related spontaneous abortion.

The IncRNAs related to preeclampsia include
LOC391533, LOC284100, CEACAMPS8 (59), SPRY4-IT1
and MALAT1 and so on. SPRY4-IT1 may be involved in
trophoblast formation (60), and MALAT'1 may be associated
with decreased trophoblastic invasion (61). Preeclampsia is
associated with abnormal mesenchymal stem cells (MSCs) in
maternal-fetal interface. It is interesting that overexpressing
MALATT in MSCs could promote the polarization of M2
macrophages by inducing IDO expression, suggesting that
MALATT1 could improve the immunosuppressive ability of
MSCs (62).

The relationship between IncRNAs and fetal growth
restriction (FGR) was studied rarely. It has been reported
that the expression of IncRNA H19 in placenta of FGR
patients was decreased significantly so as to repressed
the migration and invasion of extravillous trophoblasts
(EVT), which could be related to the decrease of the
expression of transforming growth factor beta receptor 111
(TGFBR3) (63). Up to date, there are few studies about
the relationship between immune-related IncRNA and
pregnancy. So, whether there is immune-related IncRNA
involved in the maintenance of pregnancy and how to
maintain pregnancy is still needed to explore in future.
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Conclusions

More and more inflammatory diseases are looking for a
relationship with IncRNA. Until now, IncRNA has been
confirmed that there was a different expression in diseases
such as inflammatory bowel disease, diabetes, allergies,
asthma and cancer. However, the function of IncRNA in
diseases related to inflammation, still needs to be explored.
In future, further studies about the relationship between
IncRINA and disease will be conducted to provide new ideas
for treatment of immune-related diseases.
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