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Abstract: The importance of a properly regulated immune response has been explored through var-
ious research-oriented methods. It has proved that having an effective and well-regulated immune
response helps prevent many minors and serious diseases. Any kind of dysregulation in the work-
ing of the immune system may lead to severe consequences. An autoimmune disorder is one such
consequence in which the component of the immune system starts targeting self-cells of the body,
treating them as self-antigen producing autoantibodies and immune complexes resulting from the
failure of immune responses both at a central and peripheral level. Currently, many autoimmune
disorders are prevailing across the world, and new diseases need attention.

In this review, we have written about the functions of T cell, LncRNAs and also some interactions
between the LncRNAs and miRNAs in the pathogenesis of Multiple sclerosis (MS), Systemic lupus
erythematosus (SLE), Type 1 diabetes (T1D), Rheumatoid arthritis (RA). To find the functions of
these autoimmune disorders we have done intensive literature search during this we also found
that GAS5 and MALAT are common in MS, SLE, T1D, RA. And finally, we have also mentioned the
therapeutic drugs which neutralizes the different cluster of differentiation (CDs) and also sup-
presses the T cell differentiation in MS, SLE and RA. For T1D therapeutic strategies and various
types of insulin are mentioned.
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1. Introduction

An autoimmune disorder is when our immune system fails to recognize or differen-
tiate between self and non-self-entity of the body. This misdirected immune response may
be the result of several factors. These factors can be environmental triggers, genetic sus-
ceptibility (both coding and non-coding), failure of immune tolerance, dysregulated im-
mune cell differentiation. These disorders are considered significant clinical problems be-
cause of their complex nature, and understanding via limited factors is not possible as
many factors are responsible for the pathogenesis of the diseases. The study on autoim-
mune diseases is critical because of its chronic nature, treatment cost, and increasing prev-
alence rate. More than 80 autoimmune disorders are prevailing globally, and each varies
significantly in terms of its progression in different parts of the body [1].

Some autoimmune diseases are restricted to particular tissues or organs, such as type
I diabetes (T1D), multiple sclerosis (MS), and myasthenia gravis, also termed organ-spe-
cific. At the same time, systemic lupus erythematosus (SLE), rheumatoid arthritis (RA),
Sjogren's syndrome are considered systemic or disseminated autoimmune diseases. Au-
toantibodies and cytotoxic T-cells mediate the pathogenesis of these diseases. Helper T-
cells (Tu) have a significant role in all autoimmune disease progression [2]. This review is
mainly based on the most prevalent diseases globally: systemic lupus erythematosus,
Multiple sclerosis, Type 1 diabetes, and Rheumatoid arthritis. These diseases are de-
scribed individually in various sections such as epidemiology, T-cell role, non-coding
RNAs, and therapeutic methods. Systemic lupus erythematosus is a systemic
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autoimmune disease that may affect every organ and tissue of the body. Systemic lupus
erythematosus is an example of a complex disorder whose mechanism of pathogenesis
comprises type I interferon, complement system, dysregulation of various cytokines, im-
mune complexes, and autoantibodies by multifocal lesions within the CNS (in both the
white matter and Gray matter)[3, 4]. Multiple sclerosis is also a complex autoimmune dis-
order of the central nervous system, with multifocal lesions in white matter and grey mat-
ter. Multiple sclerosis is caused by chronic inflammatory demyelination and axonal loss
in the brain and spinal cord. Type 1 Diabetes Mellitus is an organ-specific disease caused
by autoimmune destruction of beta cells in the pancreas leading to insufficient insulin
production inside the body. This autoimmune destruction occurs because of the failure of
central immune tolerance and peripheral tolerance [5]. Rheumatoid arthritis is one of the
common systemic inflammatory autoimmune diseases, which cause painful, swollen
joints that can severely affect physical function and quality of life. It generally affects peo-
ple belonging to the age group of 50-60 years [6].

Several studies revealed the role of LncRNAs in the pathogenesis of Systemic lupus
erythematosus, Multiple sclerosis, Type 1 diabetes, and Rheumatoid arthritis. The upreg-
ulation and downregulation of several LncRNAs are associated with autoimmune dis-
eases. LncRNAs such as MALAT1 and GAS5 are common in SLE, MS, T1D, and RA; thus,
pointing to their significant role in the causation of these diseases. Furthermore, studies
found that different T cell types in different diseases are typical; however, they differ in
mechanisms and target organs. Nevertheless, this has given an idea of how differenti-
ated T-cells can be approached to understand the pathogenesis of diseases.

2. Epidemiology
2.1. Systemic lupus erythematosus (SLE):

The SLE is a chronic autoimmune disease. It has a significant health impact globally
within the top 20 leading conditions that cause death in females aged 5-64 [7]. Studies
revealed the variable prevalence of SLE within the same country and geographical re-
gions. Childhood SLE (cSLE) has a higher prevalence for lupus nephritis (LN) in India,
and there are variations in response to treatment of LN. SLE data is limited for a long-
term outcome of LN in Childhood SLE from the Indian subcontinent [9]. In India, the most
common SLE disease is LN, and the mean age of the diagnosis of LN is 13.7 + 3.5 years.
Lupus nephritis (LN) is a highly affected disease in SLE; almost 70% of SLE patients have
Lupus nephritis [10]. According to Indian Health Service (HIS), the prevalence with ethnic
distribution in American Indian/Alaska Native is 178 in 100000 [11]. SLE is commonly
found in Females as compared to Males with a ratio of 9:1 [12].

2.2. Multiple sclerosis (MS):

According to Atlas of MS 2020, there are 2.8 million cases around the world [13]. This
suggests that 1 in 3,000 people is suffering from MS. The estimated number of people with
MS has increased from 2.3 million in 2013 to 2.8 million in 2020. There is a 14.69% increase
in global prevalence from 2013 to 2020. The global prevalence per 100,000 population in
2013 was 29.26 that increased to 43.75 in 2020. In India, 145,800 people are suffering from
MS, which means every 1 in 9,500. Around 6,500 new cases are reported each year [13].

MS is an autoimmune disorder that causes nerve demyelination and inflammation,
disrupting signals transmitting across the CNS. The exact cause of MS is still unknown.
However, several genetic and environmental factors are considered as risk factors for MS.
Genetic factors involved are HLA-DRBI, IL7R [14][15]. Vitamin D, EBV (Epstein-Barr vi-
rus infection), and smoking are some environmental factors that are engaged with MS [16]
[17]. Low serum levels of Vitamin D have been observed in MS patients as compared to
the ordinary person. This indicates that a low vitamin D level could elevate the risk and
EBV-positive persons are more prone to developing MS [17].

Hemminki et al. 2009 proposed an increased frequency of disease in relatives of the
person affected by MS [18]. Monozygotic twins are more prone to MS than dizygotic
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twins. There may be a linkage between the genes that influence dizygotic twinning and
other genes that protect against it [19]. Total cases in females are more prevalent than
males around the globe. In India, out of total cases (1, 45,800), 63% of people are females
[13]. The reason behind more cases in females is still not exactly clear. El-Etr M, Vukusic
S, Gignoux L, et al. (2005) suggest that differences in hormones also influence MS suscep-
tibility and severity [20].

2.3. Type 1 diabetes (T1D)

The autoimmune destruction of the beta cells in the pancreas results in a chronic ill-
ness known as Type 1 diabetes, which is further characterized by the body's inability to
produce insulin. The disease onset is typical in children but may also affect adults.

For all the patients who have diabetes, T1D accounts for nearly 5-10%. The most af-
fected age group belongs to under 20 years as 285% of all diabetes cases lie in this age
group across the world, and that is why it is considered to be the diabetes of youth [21]. It
is estimated that each year 132,600 cases are newly diagnosed, and 1,106,500 people aged
0-19 years have type 1 diabetes [22]. The annual rate for new patients in the US from 2011-
2012 for ages under 20 years was about 21 in 100,000[23]. In 2016 and 2017, a study was
conducted for adults diagnosed with diabetes in the US, and it was found that type 1
diabetes accounted for nearly 5.6% of cases[24].In the prevalence of type 1 diabetes, geo-
graphical variation also plays a significant role as it is less common in people from the
Asian region than in the European area. According to a report, there has been a more rapid
disease increment in ethnic groups and non-white racial. Type 1 diabetes affects males
and females in an equal ratio [25].

2.4. Rheumatoid arthritis (RA)

The epidemiological studies state that the global prevalence of RA is around 0.5-1%
of the world population [26-28]. In India the prevalence is 0.51-0.75% of population [27].
In Europe, it is 9-36 per 100000 people annually; North America is 31-45 per 100000 per-
son-annual, Asia and the Middle East it is 8-42 per 100000 person-annual [28]. The fre-
quency in women is higher than in men; it is likely to be two-three folds. This higher fre-
quency in women is due to the stimulatory effects of estrogen on the immune system;
however, the hormonal factor role is yet controversial in the development of RA [29]. Ge-
netics plays a strong role in RA. A study was conducted by Okada Y et al. to estimate the
heritability of RA in twins; seropositive twins for anti-citrullinated protein antibodies
(ACPAs) showed higher heritability compared to seronegative as for ACPAs. Genome-
wide association study (GWAS) technologies have identified more than 100 genetic loci
associated with RA [30]. However, twin study showed the disease concordance in
monozygotic twins is 15 to 30%, and in dizygotic twins, it is 5% [31]. The patients who are
positive for ACPAs and rheumatoid factor have been strongly associated with class II hu-
man leukocyte antigen (HLA)-DRBL1 alleles in MHC (Major Histocompatibility Factor),
which contains shared epitopes, especially HLA-DRB1*01 and HLA-DRB1*04 are associ-
ated for the developing the risk of RA. Additionally, there are susceptible HLA's alleles
like HLA-DRB1*13 and HLA-DRB1*15. The T-cell senescence is triggered not only by
HLA molecules ((shared epitopes)) but also by potential pro-inflammatory signalling
function, distinct from its role in antigen recognition. These uncover a link between RA
and HLA alleles (DRB1 alleles is 11%)

Some susceptible non-HLA alleles are PADI4, PTPN22, BLK, ANKRD55, IL6ST,
AFF3, CD28, TNFAIP3, PRL, and NFIA. The PADI4 gene is involved in the protein citrul-
lination by encoding a peptidyl enzyme arginine-debase (PADI4), and it is an essential
function for the development of disease [32]. PTPN22 (Phosphatase protein tyrosine phos-
phatase non-receptor type 22) gene shows the second strongest association with RA after
HLA-DRBI1. PTPN22 R620W (C1858T), this polymorphism leads to change in amino acids
from Arg (R) to Trp (W) at 620 base pairs position; it confers the risk to disease. This
PTPN22 allele is expressed in hematopoietic cells and acts as a negative regulator of
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antigen receptor signalling in B and T cells. Decreased T-cell receptor signalling lead to
impaired regulatory function and has also been observed in Treg cells [30].

There are modifications to DNA histones of acetyl and methyl groups that bind to it.
These are known to be epigenetic marks. These epigenetic marks of active chromatin are
enriched in CD4* T helper cells of RA patients. Methylation levels are higher in smokers
with ACPA-positive and who carry the HLA-DRB1 allele [29].

3. The role of t-cells in autoimmune disorders
3.1. Systemic lupus erythematosus (SLE):

T-cells play a prominent role in the breakdown of immune tolerance and lead to the
development of Autoimmune Diseases. T-cell activation depends upon various inflam-
matory mediators, cytokines, chemokines, transcription factors, and epigenetic modifica-
tions. Genetics, environmental and hormonal factors are involved in the pathogenesis of
SLE, and till now, the pathogenesis is unclear because of its complex mechanism [33] [34].

T-cells immune tolerance is interrupted due to defective apoptosis and multiple al-
tered signalling pathways [34][33]. Defective apoptosis due to the formation of excessive
NETs (neutrophil extracellular traps) formation and imbalance of NETs degradation leads
to accumulation of apoptotic debris (Nucleic material, proteins), which act as autoantigens
[34]. These autoantigens can trigger TLRs (Toll-like receptors) expressed on the surface of
APC (Antigen-presenting cells). Interaction between autoantigens and TLRs leads to in-
appropriate antigen presentation to T-cells, leading to differentiation of T-cells into differ-
ent subsets (Thl, Th2, and Th17). Under normal conditions (immune balance), Th1 and
Th2 cells regulate and inhibit each other through cytokines. Increased function of Th2 and
decreased function of Thl is observed in SLE patients, leading to disruption of immune
balance. Th2 cells are also involved in activating B-cells by releasing IL-4, IL-6, and IL-10,
which further induce the production of autoantibodies (Fig-1) [33, 34].

Tregs are involved in the maintenance of immune tolerance by regulating the func-
tion of effector T-cells. A reduced number of Tregs leads to a breakdown of immune tol-
erance. Th-17 cells secrete IL-17 and IL-21 [35]. Increased levels of IL-17 have been con-
firmed in the kidney of patients, and this IL-17 confirms the participation of Th-17 in SLE.
IL-17 also upregulates the production of autoantibodies by upregulating the survival and
differentiation of B-cells [35-37].

T-Cell Receptor (TCR) signalling pathway, CD44-Rock-ERM (ezrin/radixin/moesin
protein) signalling pathway, and PI3K-Akt-mTOR signalling pathway are examples of al-
tered signalling pathways. In the TCR signalling pathway, expression of CD3( (marker
expressed on the mature T-cell surface) chain was significantly decreased, which initiates
a cascade of different processes (Higher Calcium influx in T-cells, alteration of expression
of genes including CD40L) [33, 38]. Altered expression of CD40L promotes B-cells differ-
entiation, proliferation, and antibody production [33]. In the CD44-Rock-ERM signalling
pathway, enhanced expression of CD44 (cell surface molecule involved in T-cell activation
and adhesion), Rock (Rho-associated protein Kinase), ERM was observed, which affects
the differentiation of Th17 (a subset of effector CD4+ T-cell), controls the production of
IL17 and IL21. IL17 promotes Th17 to participate in SLE and work together with B-cell
stimulating factor to upregulate B-cell differentiation, leading to autoantibodies' produc-
tion [33, 39, 40]. In the PI3K-Akt-mTOR signalling pathway, enhanced activity of PI3K and
Akt upregulates mTOR activation in blood (T and B-cells) samples of SLE patients. mTOR
promotes the synthesis of proteins involved in the division, proliferation, and survival of
T, B-cells, which is positively correlated with SLE severity [33, 41].
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Figure 1. T cells Dysregulation in systemic lupus erythematosus.

Apoptotic cells and Neutrophils play a role in the pathogenesis of SLE by the for-
mation of NETs which leads to accumulating apoptotic debris that acts as autoantigens.
High levels of type 1 IFNs are released by pDC (plasmacytoid dendritic cell), mDC (Mye-
loid Dendritic cell).  Furthermore, the inappropriate antigen presentation by DC (den-
dritic cell) to T-cell leads to the differentiation of a different subset of T-cell (Thl, Th2,
Th17, Tregs) secrete IL-6, IL-10, IL-17, IL-4 that leads to Th2 maturation, thereby promot-
ing the humoral response, and stimulates B-cell activation and proliferation that release
antibodies towards own antigens (nucleoproteins of the cell) form immune complex
deposited into tissues that cause inflammation and organ damage. IL-4, IL-6, IL-10, IL-
17, which promotes B-cell activation, production of autoantibodies, immune complex.

3.2. Multiple sclerosis (MS):

Multiple factors are involved in MS development, due to which the exact pathology
is still unclear. It can arise due to the genetic susceptibility of a person or due to environ-
mental factors. The initial trigger point of MS is still a question, whether it begins in the
periphery or CNS.
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Lesions are the hallmark of MS that consists of immune cells, which are actively in-
volved in inflammation and demyelination of axonal cells that crossed the blood - brain
barrier to reach the CNS. There are two primary opposing hypotheses regarding activa-
tion of the immune response. First, activation begins in the periphery, and autoreactive T-
cells are activated due to molecular mimicry mechanism at periphery site (outside of
CNS), bystander activation, and dual expression of TCR (T-cell receptors) with different
specificities [43]. Now, these cells migrate to lymph nodes, and from lymph nodes, a min-
imal number of antigen-specific T-cells and B cells will invade CNS to form lesions during
MS development [44]. CD4* T-cells release cytokines, and plasma cells release antibodies
that target myelin sheath and glial cells resulting in tissue inflammation and damage. Fur-
ther, the blood-brain barrier gets open to other immune cells, resulting in lesions' for-
mation due to the influx of monocytes and other lymphocytes [45].
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Figure 2. Immune cell dysregulation during Multiple sclerosis.

Some autoreactive T cells escaped from the central tolerance process (in the thymus)
into Lymph drains. These autoreactive cells can be activated by extrinsic antigen not de-
rived from CNS; (e.g., Bacteria, Smoke constituents) by various processes like molecular
mimicry, bystander activation, or intrinsic antigen derived from CNS; (e.g., Myelin pro-
tein-derived antigens). Activation is done by priming autoreactive T-cells with processed
antigen presented by dendritic cells. Once activated, these cells are transformed into ag-
gressive effector cells and infiltrate CNS by crossing the blood-brain barrier and B cells
and other innate immune cells. This leads to inflammation and tissue damage. B cells pro-
liferate into antibody-secreting plasma cells that migrate to bone marrow or inflamed tis-
sue.
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The second hypothesis states that activation of an immune response begins in CNS,
then the infiltration of autoreactive lymphocytes is happening as a secondary response
[44]. For example, genetic mutation defects in oligodendrocytes lead to the death of these
cells, which results in activation of microglial cells without considerable infiltration of
lymphocytes. This indicates that adaptive immune response is not the primary cause of
lesion formation in MS development. Due to oligodendrocyte loss in lesions, myelin-pro-
tein-derived antigens are believed to be the main targets. Antigens are carried in the CSF
(Cerebrospinal fluid) across the cribriform plate to the nasal mucosa and then drained into
cervical lymph nodes. A secondary adaptive immune response is induced due to the prim-
ing of T-cells and processed antigen by dendritic cells in lymph nodes [46]. Interaction
with antigen leads to activation of autoreactive T-cells (CD8+ T cells, differentiated CD4+
T helper 1 (Th1), and T17 cells). These activated T-cells and B-cells, and other innate im-
mune cells infiltrate the CNS, leading to inflammation and tissue damage. This inflamma-
tory response leads to monocyte recruitment into the CNS and naive CD4+ T cell activa-
tion through epitope spreading, enhancing inflammation [47].

3.3. Type 1 Diabetes (T1D):

Coppieters et al. reviewed the importance of CD4+ and CD8+ T-cells role in beta cell
destruction. It has been noticed about the infiltration of immune cells in the pancreatic
section of Type 1 diabetes patients and in extreme cases immune infiltration within the
islets of individuals are found very severe [48, 49].

Human leukocyte antigens (HLAs) class II alleles have a vital role in the pathogenesis
of type 1 diabetes. In human patients, HLAs class II alleles such as DR4, DQ8, and DQ2
possess the highest genetic risk for T1D. This also gives evidence about the crucial role of
HLA II-restricted CD4* T-cells in disease pathogenesis. Antibody production and islet-
resident macrophages are enhanced by B cells in coordination with CD4* T-cells and ef-
fector CD8* T-cells [50, 51]. The various components of innate and adaptive immune sys-
tems are involved in destroying the islet (3-cell in T1D. Autopsy studies of patients suffer-
ing from T1D showed mononuclear cell infiltrate in Islets, a condition termed Insulitis
[52]. These mononuclear cells infiltrate in islets mainly comprise of macrophages, B cells,
and T cells. For the progression of the disease, both CD4* and CD8* T cells are required.
The Th1 cells and cytotoxic T lymphocytes (CTLs) are responsible for destroying the in-
sulin-producing {3 cells through effector functions and direct killing, respectively. Inflam-
matory cytokines such as TNF-a and IFN-y are produced by cytotoxic T lymphocytes.
This is one mechanism by which (3-cells are destroyed, affecting insulin secretion. In tar-
geting the (-cells, TNF-a and IFN-y work in a combined way with IL-1{ produced by
macrophages. Perforin secretion and activation of the Fas-Fas-L pathway (apoptosis) are
other mechanisms used by CTLs to direct the killing of (3-cells [52].

Due to the breakdown of various key checkpoints, the chance of Type 1 diabetes in-
creases. Naive CD4* and CD8* T-cells, reactive to islets, escape from the thymus and are
included in the pancreatic lymph node due to the defective central tolerance. Islet antigen
is represented by the dendritic cells interacting with autoreactive CD4* T-cells inside the
pancreatic lymph node. After the interaction, it can differentiate into pTreg, T helper 1
(Th1), anergic cells, or Tru. Antibodies, which have high affinity and specificity to islets,
are produced by B cells with the help of Teu cells. To the CD8* T-cells, which are also
specific to islets, antigen presentation is enhanced by Th1 cells by activating dendritic cells
and leading to misleading effector CD8* T-cell. The secretion of pro-inflammatory cyto-
kines interferon-gamma (IFNy) and TNFa induce beta-cell death by accumulatingThl
cells to the pancreas. ROS, TNFa amplify the beta-cell death cycle, and IL-1p produced by
M1 macrophages in the islets stimulated by Th1-derived IFNy and TNFa. CD8* T-cell in-
filtration inside pancreatic beta cells is increased by resulting inflammation, and through
perforin and granzyme B, beta-cell is killed directly. During this process, nTregs and pTregs
try to reduce this response via TGF- beta and IL-10[53]. The factors influencing dysregu-
lation of T1Dis illustrated in Figure 3.
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Figure 3. Factors influencing dysregulation of Type 1 diabetes. (A) T-cell differentiation and break-
down of central tolerance (B)Naive CD4+ and CD8+ entry into pancreatic lymph node (C) Accumu-
lation of islets specific cells that destroy the pancreas' Beta cells.

Furthermore, in the pathogenesis of T1D, the role of T helper 17 (Th17) cells is inves-
tigated. Th17 cells are involved in several inflammatory autoimmune diseases and protect
mucosal barriers from opportunistic infections. As discussed earlier, the imbalance be-
tween Th17 cells and T regulatory (Treg) also leads to T1D [54, 55]. The differentiation of
Th17 is controlled by RORYt (ligand-regulated nuclear receptor), having a binding part-
ner, DEAD-box protein 5 (DDX5), as shown by Huang et al. [56]. The transcription of par-
ticular Th17 genes and Th17 cell-mediated inflammatory diseases further coordinated by
the interaction between DDX5 and RORyt. The Rmrp (an evolutionarily conserved nuclear
IncRNA) acts as the bridge between DDX5 and ROR vyt interaction. This indicates that
LncRNA Rmrp is associated with T-cells in the pathogenesis of type 1 diabetes. In addition
to these, patients with cartilage-hair hypoplasia have mutated Rmrp. Additionally, in
mice, decreased expression of particular Th-17 genes, altered chromatin interaction, and
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reduced interaction between the DDX5 and RORyt were obtained due to the mutation in
Rmrp[56].

3.4. Rheumatoid arthritis (RA):

The metabolic abnormalities that have been derived in naive CD4* T-cells in RA pa-
tients, when compares with the regular patients, due to the repression of regulatory gly-
colytic enzyme PFKFB3 (6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3),
leads to reduced pyruvate and lactate production. This repression shunts glucose to the
pentose phosphate pathway. As a result, levels of both ATP and Pyruvate are low, and
NADPH is high. Due to this PPP shunting, T-cells ignore cell cycle checkpoints, and it
leads to hyper proliferation. Due to this hyper proliferation, premature T-cell aging occurs
and eventually leads to tissue invasion [57]. Due to increased levels of NADPH, ROS neu-
tralization is observed. The activation of ATM (Ataxia telangiectasia mutated) is altered.
As the ATM is essential in the cell cycle to detect DNA damage, it stops the cell in the
G2/M phase and initiates the DNA damage repair. This altered activation leads to the by-
pass of T-cells (G2/M checkpoint). These CD4* T-cells hyper proliferate and change from
naive T-cells to memory state early. The altered activation of cell cycle kinase ATM leads
to hyperproliferative and differentiation biased towards the Thl and Th17 lineage that
accelerates tissue invasion [58].

In RA patients, CD4* naive T-cells show various defects, out of which is mitochon-
drial dysfunction. The damage of mtDNA in the mitochondrial activity of T-cells by losing
MRE11A causes suppression of ATP production by impairing the electron transport
chain. This mitochondrial failure leads to reduced ROS and fails the redox signalling. This
MREI11A deficiency causes the shortening of telomere, accelerates the T-cell aging by
CD57 induction, and promotes synovitis by invading synovial tissue. MtDNA is recog-
nized by the inflammasome and triggers lytic cell death by activating caspase-1. Due to
N-myristoyl transferase one deficiency, AMPK (AMP-activated protein kinase) is mis-
routed. It fails to prevent activation of mTORC1 (mammalian target of rapamycin com-
plex 1), and it is a hallmark for the generation of short-lived effector T-cell [59].
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Figure 4. Events that lead to a progression of Rheumatoid arthritis.

In pre-rheumatoid arthritis, epigenetic modification alters the posttranscriptional
change, which causes the loss of tolerance in the cellular environment in the synovium. In
post-rheumatoid arthritis, transition to arthritis causes cartilage and bone destruction.

In RA, the infiltration of T-cells in the synovial membrane causes the activation of
fibroblasts and macrophages. Later, these are transformed into tissue destructive effector
cells. The role and activation of T-cells in RA are yet unclear to understand. There is some
evidence that is convincing that the role of CD4* T-cells in the contribution of RA. During
preclinical RA development in a cell, post-translational conversion occurs in a matrix pro-
tein (such as fibronectin), intracellular proteins of amino acid sequence from arginine to
citrulline, and known to be as citrullination. The enzyme, which induces it, peptidyl
arginine deiminases. It also presents in oral microbiota P. gingivalis, so citrullination may
also be influenced by microbiota. Thereby it promotes a generation of ACPAs and RF [29].
Because of citrullination, the altered peptides bind to the MHCs, especially to the shared
epitopes. Therefore, this leads to the modifications of own antigens. In joints due to hy-
perplasia, it triggers cytokine and causes inflammation; this may also lead to autoantigens'
transformation [60, 61]. These modifications can be recognized by antigen-presenting cells
(APC), and it triggers the immune response. APCs now migrate to lymph nodes and acti-
vate CD4* T-cells. These T-cells activate B cells through Co-stimulation in the germinal
centre (GC). B cell stimulation takes place for the synthesis of antibodies that recognizes
the self-proteins [29]. Refer to figure 4 for understanding the progression of RA.

In synovium, there is an activation of macrophages by stimulating cytokines such as
TNF-a, IL-1, IL-6. This leads to the stimulation of Fibroblast synoviocytes (FLS) which
further activates and proliferates. Upon activation, these FLS can migrate from joint to
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joint, termed symmetrical arthritis. FLS assists in stimulating RANKL, and these cytokines
lead to the generation of osteoclasts, which lead to bone erosion [62]. FLS also enables
proteases (MMPs), which lead to the degradation of cartilage. In the synovium, we can
observe the T-cell, which can be ~50% of immune cells. These CD4+ T-cells secrete IL-17,
which helps to promote macrophage activity, expression of RANKL and helps in the stim-
ulation of FLS. In the synovial fluid, neutrophils are observed, which allows producing
ROS and proteases [29]. In this fluid, immune complexes are observed, which leads to
inflammation. Angiogenesis helps increase vascular permeability and increases adhesion
molecules. This angiogenesis helps to infiltrate immune cells. This infiltrate of autoanti-
gens causes inflammation [63]. Refer to figure 5 for the pathogenesis of RA.

Interaction between T cell receptor and antigenic peptide associated with HLA class
II molecule and between costimulatory molecules: CD28:CD80/CD86 is essential for
proper activation of T-cell. In RA, CD4+ T-cells with the HLA-DRB allele are strongly
associated and found more aggressive. The majority of RA patients reported that CD4* T-
cells lose the CD28 (CD4+*CD28!") expression and gain perforin and granzyme expression
thus have tissue-injurious capabilities [64, 65]. T cell-mediated therapy uses abatacept (sol-
uble CTLA4 immunoglobulin) to inhibit the co-stimulation between the CD28 and its lig-
ands CD80/CD86-stimulation. Affinity studies revealed that CTLA4 has more affinity to
CD28 than CD80/CD86; thus, competitive cell co-stimulation inhibition [66]. Upon activa-
tion of CD4* T-cell through TCR, PD-1 expression has to be expressed, but it is reduced
and leads to a defect in peripheral tolerance and favours autoimmunity in RA patients
[67].

The role of Th17 and Tregs in RA, Th17 cells produces IL-17; this IL-17 induces cyto-
kines such as IL-6 and TNF-a. IL-17 also induces macrophage activation and differentia-
tion of osteoclasts. Thus, it promotes bone and cartilage degradation. The balance between
Th17/Treg plays an essential role in RA because Foxp3+ Treg cells help in inhibiting auto-
immunity and immune tolerance [57, 68]. In RA FLS, the hexokinase 2 (HK2) overexpres-
sion induces the level of MMP, IL-6. Using 3-bromopyruvate (BrPA), which inhibits HK2,
suppresses dendritic cell activation and cytokine expression, and balancing Th17/Treg
may be possible [57].
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Figure 5. Pathogenesis of Rheumatoid arthritis in bone.

The autoantigens (which enter into the synovium by angiogenesis), FLS, Chondro-
cytes, Neutrophil, and complex immune interactions lead to cytokine production and tis-
sue damage. Altering ROS and causing bone erosion and cartilage degradation.

4. Role of long non-coding rnas in the pathogenesis of immune disorders

Long non-coding RNAs (LncRNAs) are RNAs having a size of more than 200 nucle-
otides. LncRNAs lack protein-coding function. In recent years it has been established that
LncRNAs have a significant role in the pathogenesis of various diseases because of their
ability to influence gene expression directly (by acting on DNA) and indirectly (working
on transcriptional factors) [69].

4.1. Systemic lupus erythematosus:

Autoantibody production and accumulation of immune complexes in different parts
of body organs and tissues damage of its own body cells and dysregulated cellular home-
ostasis body function [70]. Nuclear enriched abundant transcript 1 (NEAT1I) is highly ex-
pressed LncRNA in (PBMCs) peripheral blood mononuclear cells in monocytes of the SLE
patients compared with healthy controls. Invitro study of this LncRNA shows that NEAT1
regulates LPS-induced expression of IL-6, CCL2, and CXCL10 that plays a role in the path-
ogenesis of SLE and NEAT1 acting inflammatory regulator by MAPK signalling pathway
[71].

LncRNA growth arrest-specific transcript 5 (GAS5) and its expression was found de-
creased in B cell and CD4+ T cells of SLE patients compared to healthy individuals. GAS5
affects metabolic state of cell and induces the apoptosis in SLE patients. [74]. The expres-
sion of Linc0949 in SLE patients is lower compared to healthy individuals and it plays a
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role in the regulation of proinflammatory cytokines IL-6 and tumor necrosis factor (TNF-
a). The expression of Linc0597 is higher in Lupus Nephritis of sle patients compared to
healthy individuals and involves in the innate immunity and proinflammatory cytokine
secretion, and production of IL-6, TNF-a and have a role in sle pathogenesis [72][70].

MALAT 1 LncRNA is upregulated in SLE patients and regulate SIRT1 pathway, that
induces the expression of IL-21, In sle patients’ production of IL-21 had found higher com-
pared with healthy individuals that indicates MALAT1 have a role in the pathogenesis of
sle [70][10]. LncRNA taurine upregulated genel (TUG1) in human sample of PBMCs is low
in SLE patient’s correlates with ESR, SLEDAI disease duration, and Lupus Nephritis (LN)
approximately 50%- 80% of sle patients have affected by LN. In mice, the expression of
TUGI1 is upregulated and participate in the protection of NF-kB inhibition on kidney in-
jury. Lnc-DC activates the STAT3 pathway and regulates the expression of T- cell activa-
tion, differentiation of Th17, and production of IL-12 in sle patients. Level of Lnc-DC is
high in LN patients compared to sle patients. [70] [74]. Refer to Table 1 for the function of
LncRNAs.

Table 1. Function and Expression of LncRNAs in SLE.

FUNCTION AND EXPRESSION OF LNCRNA IN SYSTEMIC LUPUS ERYTHEMATOSUS
LncRNA Function Expression = References

Downregulation
in plasma,
GAS5 Induces the apoptosis in sle, PBMC. [70]
Upregulated in
CD4+ T- cell
MALAT 1 Regulate SIRT1 pathway and increased IL21 expression. Up regulation [70][10]
Correlates with SLEDAL It regulates the expression of IL-6, CCL2,

NEATI and CXCL10. Activation of IFN and late MAPK pathway. Upregulation  [70](71]
Linc0949 Regulation of proinflammatory cytokines IL-6 and tumor necrosis Downregulation  [70][72]
factor (TNF-a)
It lates the IFN-I path th h epi tic inhibition of
RP11-2B6.2 regulates the IFN-I pathway through epigenetic inhibition o Upregulation [70][74]
SOCS1.
It was Involved in the protection of NF-kappa B inhibition on Upregulation in
TUGI kidney injury. P kg 9 [70][74]
correlates with ESR, SLEDAI disease. raney
. Regulation of proinflammatory cytokines IL-6 and tumor necrosis Downregulation
Linc0597 factor (TNF-at). Higher in LN. in PBMC [701[74]
Higher expression in LN patients compared with SLE patients
Inc-DC without nephritis. T- cell activation, Th17 proliferation, IL-12 ~ Downregulation [70]
production.

Aberrant expression of miRNAs (hsa-miR145, hsa-miR-17, and miR-143) is observed
[75]. MiR21 regulates the signalling of lymphocytes, and its expression level in CD4+ T
cells is associated with SLE disease activity index (SLEDAI) scores. A high expression
level of LncRNA GAS5 and MiR-21 is observed. Qiang et al. (2018) observed the associa-
tion of long non-coding RNA GAS5 and miR-21 levels in CD4+ T cells [76]. Aberrant ex-
pression of miRNAs (hsa-miR145, hsa-miR-17, and has-miR-143) is observed [75]

4.2. Multiple sclerosis:

Like other autoimmune disorders, many LncRNAs, including BDNF-AS, GASS5,
NEAT1, MALAT1, DDIT4, PANDA, TUGI, Linc-MAF, Inc-DC, UCA1, CCAT2, Linc-MAF,
IFNG-AS1-0O01, IFNG-AS1-003, and HOTAIR, are involved in MS development (Table
2). BDNF-AS (brain-derived neurotrophic factor antisense RNA) is a IncRNA that acts as
anegative regulator of BDNF by suppressing the transcription of BDNF in nerve cells [77].
GAS5 IncRNA binds with glucocorticoid receptors' DNA domains, leading to suppression
of glucocorticoid receptors [78]. NEAT1 IncRNA regulates the expression of cytokine
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genes involved in antiviral responses such as interleukin (IL)-8 [79]. MALATI IncRNA
regulates the splicing-factor expression and MS-related alternative splicing events in MS
[80]. DDIT4 IncRNA regulates the differentiation of Th17 by affecting the DDIT4/mTOR
signalling pathway [81]. Inc-DC is involved with the differentiation of dendritic cells from
human monocytes, regulating the DC activation of cells [82]. PANDA and TUGI IncRNA
play a role in apoptosis of oligodendrocytes by p53 [79]. UCAI and CCAT2 work together
to cause cell inflammation and cell cycle arrest [83]. Linc-MAF regulates the Th1/Th2 dif-
ferentiation [84]. RN7SK RNA is involved in the regulation of CD4+T cells [85]. FAS-AS1
(Fas cell surface death receptor- antisense 1) is involved in the regulation of Fas receptor
[86]. NRON IncRNA is involved in the regulation of expression of NFAT [87]. IFNG-AS1-
001 and IFNG-AS1-O03 IncRNA regulate the expression of IFN-y in Th1 cells [88]. HO-
TAIR role associated with Inflammation regulation and Vitamin D [89].

Table 2. Function and Expression of LncRNAs in MS.

FUNCTION AND EXPRESSION OF LNCRNA IN MULTIPLE SCLEROSIS

LncRNA Function Expression = References
SBDNE-AS Suppress the transcription of BDNF in several cells, so it acts as a negative Upregulated 7]
BDNF regulator
GAS5 It was involved in suppressing g‘/i?tc}?;(/)[gcicoid receptors (GRs) in patients Upregulated 78]

Regulates the expression of cytokine genes involved in antiviral responses

NEATI such as interleukin (IL)-8 Upregulated [112]
MALATI Regulates the splicing-factor expression and MS-related alternative splicing Upregulated [80]
events in MS
DNA-daI'nage-induCible Regulates differentiation of Th17 by affecting DDIT4/mTOR signalling Upregulated [81]
transcript 4 (DDIT4) pathway
Role in DC (dendritic cells) differentiation from human monocytes regulates
Ine-DC the DC activation of T cells. Upregulated [82]
PANDA (P21 associated s o . .
ncRNA DNA damage It stabilizes p53 protein in response to DNA damage and induction of Upregulated [79]
. apoptosis in oligodendrocytes.
activated)
TUGI Involved in induction of apoptosis by p53 Upregulated [79]
UCAT Involved in this disorder thr.ough r'nechanisn'ls such as in.hibition of cell cycle Upregulated (83]
arrest and promotion of inflammation along with CCAT2
Cytokine induction is involved in inflammatory and cell cycle arrest
AT2 lated
cc mechanisms along with UCAI. Upregulate [83]
Linc-MAF Regulates the Th1/Th2 differentiation. Upregulated [84]
RN7SK RNA Involved in regulation of CD4+T cells Upregulated [85]
FAS-AS1 Involved in Regulation of Fas receptor Dowm;;gulate [86]
THRIL Involved in regulation of innate immunity Upregulated [86]
NRON Involved in regulation of expression of NFAT Dowm;;gulate [113]
IFNG-AS1-001 Regulates the expression of IFN-y in Th1 cells Upregulated [114]
IFNG-AS1-003 Regulates the expression of IFN-y in Th1 cells Upregulated [114]
HOTAIR The role associated with Inflammation regulation and Vitamin D Upregulated [89]

Many miRNAs like miR-155, miR-142-3p, miR326, miR-145, miR-155, miR-22, and
miR584 are associated in MS patients [90]. MiR-155 has been associated with other inflam-
matory disorders and functions like immune cell activation and dysregulation of blood-
brain barriers. Glatiramer acetate significantly reduced the expression of MiR-155 and
miR142-3p in T cells, therefore, indicating its role in MS pathogenesis [91]. MiR27a, which
inhibits the negative regulators of Th17 cell differentiation, is upregulated in MS patients
[92]. MiR-128, miR-27b, and miR-340 are up-regulated, promote Th1 differentiation and
inhibit Th2 differentiation [93]. MiR-15b (involved in inhibition of Th17 differentiation) is
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found to be down-regulated [94]. MiR-132, which suppress T cell proliferation, downreg-
ulation is observed [95]. Up-regulation of miR-9-5p and down-regulation of miR-106a-
5p in relapsing phase of MS patients is observed [96]. Association between LncRNA and
miRNAs has also been discovered. Down-regulation of TUGI attenuates MS through in-
hibition of inflammation by sponging miR-9-5p via targeting NF-kB1/p50, is an example
of association between LncRNA and miRNA [97].

4.3. Type 1 diabetes:

The dysregulation of several LncRNAs is significant in the pathogenesis of Type 1
diabetes (Table 3). The expression of these LncRNAs in patients with respect to healthy
individuals could be over-expressed or under-expressed.

Table 3. Function and Expression of LncRNAs in T1D.

FUNCTION AND EXPRESSION OF LNCRNA IN TYPE 1 DIABETES
LncRNA Function Expression  References

Insulin secretion is reduced as a result of over-expression of MALAT1. MALAT1
MALATI1 expression is associated with decreased level of expression of Pancreatic Upregulated [5]
duodenal homeobox-1.

The insulin secretion and programmed cell death is dysregulated which

TUuG1 . .
promotes disease progression.

Downregulated [5]

The protein coding gene GLIS3 is associated with this IncRNA. This gene
HI-LNC25 encodes an islet transcription factor (TF) and responsible for turning on/off other Downregulated [104]
genes associated with insulin secretion.
This IncRNA regulates the proliferation of islets by encoding certain
transcriptional factors. These transcriptional factors play significant role in

Blincl managing the nearby genes for proper insulin secretion as it is found in the =~ Downregulated [115]
mouse model that  glucose homeostasis is lost when plinc1 IncRNA found to
be dysregulated.
IncRNA play role in insulin secretion and programmed cell death in mouse
MEG3 MING cells and isolated mice. Mutation in this IncRNA results in disturbed =~ Downregulated [115]

glucose homeostasis.
TUNAR (HI-LNC78) In human islets, glucose-induced insulin secretion was a knockdown of TUNAR. Downregulated [103]
In EndoC-BH1 cells, primary islet cells, mouse 3 cell line MIN6->PDX1 is a key

PLUT (HI-LNC71 D lat 1
UT (HFLNC71) pancreatic 3 cell transcriptional regulator. PLUT regulates PDX1. ownregulated [103]
By downregulating D-cell cycle protein pathways, proliferation in Miné6 [3-cell

GAS5 lines and cell cycle G1 can be suppressed and arrested respectively by inhibition Downregulated [69]
of GAS5.

LncRNA 1,322 Insulin secretion and insulin transcription factors (PDX1 and Foxol) was Upregulated [69]
elevated

The activity of th -infl t TATI path d tion of th
Lnel3 e activity of the pro-inflammatory S pathway and secretion of the Upregulated 5]

related chemokines was elevated.

The over- expression of MALAT1in T1D patients could lead to decreased expression
of transcriptional factor Pancreatic duodenal homeobox-1 (PDX1). The expression is re-
duced because of the failure of H3 histone acetylation of PDX1. [98]. LncRNA uc.322 have
a great role in the increased secretion of insulin and insulin transcription factors (PDX1
and FOXO1). The upregulation of this IncRNA provides a great opportunity to the cells of
the pancreatic islets for undergoing growth and differentiation. This process is associated
with the SOX6 expression level which lies in the exon region of the SOX6 gene. [69]. The
over-expression of Lncl3 in pancreatic (-cells is associated with STAT1 gene activity
which is one of the crucial gene in monitoring the functioning of multiple immune system.
This IncRNA is also responsible for increased secretion of certain ~ chemokine. Therefore,
as a result of increased inflammatory responses in the pancreatic (3 cells, Lnc13 is consid-
ered to be involved in the pathogenesis of T1D [5].
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TUGI LncRNA is specific to the pancreas as compared to other tissues LncRNA
TUGI1 was significantly expressed in the mouse pancreas, thus playing an essential role in
the functioning of (-cell. Both in vivo and in vitro downregulation of TUGI causes pro-
grammed cell death of 3-cells, affecting insulin secretion. The amount of glucose causes
the inhibition of TUG1 expression, leading to dysregulation of glucose-stimulated insulin
secretion (GSIS) in Min6 cells. Also, insulin secretion is reduced by TUG1Iinhibition in nor-
mal mice [69]. Downregulation of TUGI in mouse {3 cells is associated with reduced insu-
lin synthesis and secretion and increased programmed cell death, which leads to hypo-
glycaemia [99]. In LncRNA MEG3, Glucose plays a vital role similar to TUGI as it contin-
uously regulates the expression. In normal mice, impaired B-cell apoptosis, insulin syn-
thesis, and secretion are caused by inhibition of MEG3. In Min6 cells, downregulation of
MEG3reduces insulin synthesis by reduced expression of PDX1 and MafA [100]. The de-
velopment of pancreas and adult 3-cell function, PDX1 plays a critical role.

Similarly, in mature (3-cells, MafA is mainly expressed. Both PDX1 and MafA are tran-
scription factors specific to islets. They work in a way that enhances the synthesis of insu-
lin by inducing the insulin gene promoter in response to increased blood glucose [101].

In mouse MING6 cells, the knockdown of BlincI caused the downregulation of various
tissue factors (TFs) such as Pax6, Nkx2.2, and Mafb, specific to islets [102]. It has also been
observed that when flincl is striking out in the adult mice, it results in impaired islet de-
velopment along with disrupted glucose homeostasis [102]. Interestingly, three significant
islet TFs (Pax6, Nkx2.2, and MafB) and [3 cell genes on chromosome 2 are mainly regulated
by Blincl, all of which are linked with the development of endocrine along with maintain-
ing the morphology of islet [102]. In T antigen-excised EndoC-BH3 cells, decreased insulin
content and dysregulated glucose-stimulated insulin secretion are observed by the strik-
ing out of IncRNA TUNAR (HI-LNC78) [103].

In mature 3 cells, the GLIS3 gene is downregulated because of the knockdown of
trans-acting IncRNA HILNC25 (LINC01370), which is also islet-specific [104]. GLIS3 is a
possible gene for type 1 and type 2 diabetes responsible for encoding an islet transcription
factor (TF). The role of another LncRNA PLUTO in human pancreatic (3-cells is found to
be downregulated. PLUTO is essential as it regulates PDX1 by affecting local 3D chroma-
tin structure and PDX1 transcription. In islets derived from donors with T2DM, both
PLUTO and PDX1 are found to be downregulated, and impaired glucose tolerance is ob-
served. This indicates that PLUTO plays a vital role in the pathophysiology of insulin se-
cretion [103]. The knockdown of GAS5 in primary islets and cell lines results in the reduc-
tion of PDX1, MafA, and GLUT2. GLUT2, which acts as a glucose transporter, is essential
as GLUT?2 inactivation to activate the glucose-sensitive genes, which may cause impaired
Glucose-stimulated insulin secretion [105]. In addition to this, proliferation in Min6 (3-cell
lines could be suppressed, and GAS5 inhibition may arrest cell cycle G1 by impaired reg-
ulation of D-cell cycle protein pathways [106].

In (3-cells, the disruption of the Lnc13 gene prevents expression of polyinosinic-poly-
cytidylic acid (PIC)-induced STAT1 and pro-inflammatory chemokine to some extent.
Furthermore, PIC, a viral mimetic, promotes translocation of Lncl3 from the nucleus to
the cytoplasm, thereby catalysing the interaction between STAT1 mRNA and poly [rC]
binding protein 2(PCBP2). The exchange of Lncl3-PCBP2 regulates the stability of the
STAT1 mRNA. Thus, in an allele-specific manner, this interaction assists inflammation in
[-cells [107]. Refer to Table 3 for the function of LncRNAs.

The downregulation Peroxisome Proliferator-activated Receptor Gamma (PPARY)
caused a reduction in the Plasminogen Activator Inhibitor-1 (PAI-1), Transforming
growth factor-beta 1 (TGF-[31), collagen IV (Col IV), and fibronectin (FN). PPARY is the
target of miR-377 and is associated with the expression of TUG1. The expression level of
miR-377is downregulated by IncRNA TUGI1 by acting as an endogenous sponge of miR-
377. Thus, inhibition of PPARY, the target gene of miR-377, is reduced and eases the ex-
tracellular matrix accumulation of mesangial cells. Therefore, helping in understanding
the pathogenesis of diabetic nephropathy [108].
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4.4, Rheumatoid Arthritis

In the pathogenesis of RA, miRNAs are dysregulated and responsible for the nega-
tive regulation of genes, which are encoding for chemokines, cytokines, and signalling
molecules. LncRNAs have been observed in the dysregulation of T cells, synovial cells,
PMBCs in RA [72, 109]. H19 is the first identified LncRNA in RA in the synovial tissues
and highly expressed in patients. This expression is due to the upregulation of the pro-
inflammation factor Tie-1 in endothelial cells. Tie-1 also induces the downregulation of
TLR2 simultaneously. This simultaneous expression suggests a link between the H19 and
Toll-like receptor two signalling pathways [110]. Growth arrest-specific 5 (GAS5) is an-
other LncRNA, in which the expression level is reduced in CD4+ cells in patients [72].
LncRNAs LOC100652951 and LOC100506036 expressions are upregulated in T cells, and
the target of LOC100506036 is decreasing the expression level of SMPD1/NFAT1 [72, 109].
Another LncRNA HOTAIR expression increases in PBMCs, and exosomes. That leads to
the migration of the activated macrophages and the activation of MMPs (MMP2, MMP13)
[109]. These MMPs may cause the degradation of the cartilage matrix in RA patients [72].
MALAT 1, ZFAS1, C5T1, lincRNA-p21, GAPLINC are some important LncRNAs in RA [72,
109, 111]. Refer to Table 4 for the function of LncRNAs.

Table 4. Function and Expression of LncRNAs in RA.

FUNCTION AND EXPRESSION OF LNCRNA IN RHEUMATOID ARTHRITIS

LncRNA Function Expression Reference

H19 Cytokine regulation Upregulated [116]
Involved in the suppression of the glucocorticoid receptor
A D lat 72
GASS (GR) through its RNA ownregulated [72]
LOC100652951 Production of cytokines Upregulated [72]
LOC100506036 expression level .of NFAT and SMPD1 and contribute to UP [72]
inflammatory response
Involves in the inflammation, migration of macrophages, and
HOTAIR activation of MMP2 and MMP13 uP [72,109]
MALAT 1 Maintains expression of Caspase.z-?) and caspase-9 for FLS UP [72]
apoptosis

ZFAS1 Involves in migration and invasion of RA FLS UuP [117]
C5T1 Regulation of complement system upP [72]
lincRNA-p21 DNA damage and T cell apoptosis Down [118]
GAPLINC Cell migration, proliferation, cytokine generation upP [119]

MiRNAs expressed in RA, such as miR-6089, are downregulated and target TLR4,
inhibiting the inflammatory response. MiR-338-5p is upregulated and leads to apoptosis,
migration of FLS, and proliferation by targeting NFAT5 [109]. MiR-548a-3p, miRNA-150-
5p, miR-708-5p, miR-143-3p, miR146a/b, miR155, miR16, miR223 are some miRNAs which
are dysregulated and expressed in RA patients [109, 111].

Some interactions between LncRNA and miRNA in RA, LncRNA GAPLINC interacts
with miRNA-382-5p and miRNA-575 and involves regulating FLS by enhancing cell mi-
gration and cell proliferation, and cytokine production. HOTAIR interacts with miR-138
and causes the inhibition of activation of the NF-kB pathway. LncRNA ZFAS1 by down-
regulating miR-27a and modulates the FLS migration and invasion [109, 111]

4.5. Common LncRNAs observed in SLE, MS, T1D, and RA

Many LncRNAs in the development of autoimmunity and inflammation identified
using different microarray techniques. The expression of LncRNA is different for various
autoimmune diseases, but few are common in some autoimmune disorders (Table 5).
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Table 5. Common LncRNAs in Systemic lupus erythematosus (SLE), Multiple sclerosis (MS), Type
1 diabetes (T1D), Rheumatoid arthritis (RA).

LncRNA SLE MS T1D RA Reference
GAS5 ! 1 ! l [69, 70, 72, 78]
MALATI 1 1 0 1 [5, 10, 70, 72, 80]
NEAT 1 0 0 [70,71, 112]

1(Kidney)
TUG1 5,70,74,79
L(PBMC) f ! [ ]

4.6. THERAPEUTIC TARGETS AND APPROACH:

The therapeutic targets have been highlighted by understanding the molecular and
cellular mechanisms. To neutralize the inflammatory markers and reduce T cells, several
drugs in clinical trials may be tested. Signalling pathways such as NF-kB, MAPKs, and
JAK-STAT are associated with autoimmune diseases' progression and are needed to acti-
vate the T cell that further helps B cells produce auto-antibodies. Some of the potential
therapeutic targets in SLE, MS, and RA are CD28, CD40, cytotoxic T-lymphocyte antigen
4 (CTLA-4), COSL/ICQOS, inhibition of TNF-a, inhibition of cytokine upregulation of in-
flammatory mediators, and by inhibiting the signalling events [33, 120]. There are many
drug treatments where these drugs are targeting T-cells; those drugs are discussed in Ta-
ble 6.

Table 6. Antibodies Targeting Drugs and its properties.

SYSTEMIC LUPUS ERYTHEMATOSUS

Drug Properties Reference
Abatacept Competing with CD28 and Blocking co-stimulatory [33] (121][122]
factors
BG9588 Anti-CD40 antibody tF) tr.ea't LN. Acts as CD40 ligand [33]
inhibitors.
Dapirolizumab Anti-CD40L [33]
MEDI-570 Anti-ICOS. Antagonistic antibody directed against [33]

(ICOS) inducible T-cell costimulatory.
AMGS557 Antl—ICQSL. Its. m?chamsm of action is B7-related [33][123]
protein one inhibitors; Inmunomodulators

Anti-CD28. Its mechanism of action is Antibody-

Theralizumab dependent cell cytotoxicity; T lymphocyte stimulants [33]
MULTIPLE SCLEROSIS
Drug Properties Reference
Bind with MHC molecules (HLA DRB1* variants)
Glatiramer Competition with various myelin antigens for their [124]
presentation to T cells
Human interferon decreases antigen presentation as well as the [125]
beta proliferation of inflammatory T-cells
antibody against the human CD52 (huCD52) protein
GZ402668 and to assess its effect on cytokine release and [125]
lymphocyte depletion
Inhibit T-cell and macrophage proliferation and impair
Mitoxantrone antigen presentation, as well as the secretion of [124]

interferon-gamma, TNFa, and IL-2.
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co-administration of encapsulated or free Ag with
tolerogenic nanoparticles (tNPs) comprised of
Antigen-coupled biodegradable polymers that encapsulate rapamycin are

cell tolerization capable of inhibiting Ag-specific transgenic T cell [126]
proliferation and inducing Ag-specific regulatory T cells
(Tregs)
RHEUMATOID ARTHRITIS
Drug Properties Reference

Abatacept Compete with CD28 and disrupts co-stimulation [66]
Cyclosporin Blocks cytoplasmic signalling to suppress T cell [66]

A responses

Tacrolimus Blocks cytoplasmic signalling to suppress T cell

[66]

(FK506) responses
Alemtuzumab Anti-CD52 [120]
Keliximab Anti-CD4 monoclonal antibody [120]
clenoliximab IgG4 of CD4 antibody [120]
ABT-122 IL-17 inhibitor [127]
Bimekizumab IL-17 inhibitor [127]

For Type 1 diabetes, currently, not much option is available to treat type 1 diabetes;
there is no cure for diabetes. Recently lots of research is taking place in the field of stem
cells. According to the Diabetes Research and Wellness Foundation, a scientist from
the US is working on human stem cells to be converted into potential beta cells. Some
beneficial therapeutic strategies include-

1 Ex vivo Tregs infusion is specific to the pancreas and reacts broadly [53].
2 Peptide-linked apoptotic splenocytes approach to re-educate Tui cells [53].

3 Beta cells that were engineered and resistant to T cell-mediated attack can be em-
ployed [53].
4 Beta cell-intrinsic expression enhancement of defence molecules in [53].

Some other therapeutics methods for type 1 diabetes include GLP analogs such as
Exenatide and Liraglutide, which stimulate insulin secretion. To satisfy the defects of
B cells, insulin injections are also incorporated. With the help of islet neogenesis associated
protein (INGAP) peptide therapy, increased islet survival and islet cell regeneration are
promoted [128].

Many therapeutic methods are under clinical trials; some include an insulin pump,
artificial pancreas, immune modulation, stem cells, and beta-cell encapsulation. Out of all
this, some methods are showing promising results along with minor side effects. Immu-
notherapy/modulation is one of the desired approaches that should be explored more and
simple techniques like insulin pumps, showing promising results [129].

Currently, the treatment that is widely adopted for type 1 diabetes is insulin. Various
types of insulin are used with different brands. Refer table 7[129].
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Table 6. Types of Insulin and its examples.

INSULIN TYPES EXAMPLES
Actrapid (Novo Nordisk), Humulin S (Lilly),
InsumanRapid (Aventis), Humulin R and Novolin R

Short-acting (regular) insulin

Insulin glulisine (Apidra), insulin lispro (Humalog), and

Rapid-actine insuli
apid-acting insulin Insulin Aspart (Novolog).

Insulin glargine (Lantus, Toujeo Solostar), insulin detemir

Long-acting insulins (Levemir) and insulin degludec (Tresiba)

Intermediate-acting insulins Insulatard (Novo Nordisk), Insuman Basal (Aventis)

Several other medications like aspirin, high blood pressure, and cholesterol-lowering
drugs are also prescribed for some people. Along with this, particular healthy practices
like a good diet, exercise, and good sleeping patterns are also recommended.

5. Concluding remarks

With significant advancements in autoimmune-related research, our understanding
of autoimmune disorders is consistently increasing. Therefore, questions related to mech-
anisms, trigger points, and involvement of LncRNAs and the interactions between the
LncRNAs-miRNAs can be to the molecular mechanisms involved in autoimmune disor-
ders. However, still, there are many research questions gaps. Here in this review, we sum-
marize the most current knowledge related to epidemiology, the pathogenesis of some of
the most common autoimmune disorders associated with T cell dysfunction, LncRNAs,
miRNAs, CircRNAs. LncRNAs research in autoimmune disorders is still in the early
phase. In autoimmune disorders, many LncRNAs are differentially expressed and also
interacts with miRNAs involves in cell signalling pathways which causes dysregulation
of T cell differentiation. To find the exact functions of these LncRNAs further experiments
and research need to be done Rapid integration of data related to autoimmune disorders
and emerging technologies is the essential requirement. In addition, proper annotations
of LncRNAs, functional structures, and their interaction is a problem that has to be solved
in the future. With data, integration with new emerging technologies, unknown mecha-
nisms of autoimmune disorders and LncRNA involvement, and the interactions between
the LncRNAs-miRNAs can be a goal for future treatment of autoimmune disorders.
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