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ABSTRACT 
Non-coding RNAs (ncRNAs) have emerged as crucial regulators of immune responses and play significant roles in 
the pathogenesis of various diseases, including autoimmune disorders, cancers, and infectious diseases. This review 
explores the two main classes of ncRNAs: microRNAs (miRNAs) and long non-coding RNAs (lncRNAs). 
MiRNAs, typically 22 nucleotides in length, modulate gene expression post-transcriptionally by targeting 
messenger RNAs (mRNAs) for degradation or translational repression. They are essential in immune cell 
differentiation and activation, with dysregulated expression linked to autoimmune diseases such as rheumatoid 
arthritis and systemic lupus erythematosus. In contrast, lncRNAs, which exceed 200 nucleotides, influence 
immune responses through diverse mechanisms, including chromatin remodeling and interaction with proteins. 
They are implicated in both promoting and suppressing inflammation, contributing to autoimmune pathogenesis 
and cancer progression. Additionally, ncRNAs play a critical role in host-pathogen interactions, with pathogens 
exploiting ncRNA pathways to evade immune responses. Given their regulatory functions and potential 
therapeutic implications, ncRNAs represent promising targets for innovative treatments in immune-related 
diseases. Continued research into ncRNA biology will enhance our understanding of their roles in health and 
disease, paving the way for novel therapeutic strategies and biomarkers in precision medicine. 
Keywords: Non-coding RNAs (ncRNAs), MicroRNAs (miRNAs), Long non-coding RNAs (lncRNAs), 
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INTRODUCTION 

Non-coding RNAs (ncRNAs) represent a vast and 
diverse class of RNA molecules that do not encode 
proteins but play pivotal roles in regulating various 
biological processes, including gene expression, cell 
differentiation, and immune responses [1]. For 
many years, the focus of molecular biology has 
primarily been on protein-coding genes, relegating 
ncRNAs to the background. However, advancements 
in genomic and transcriptomic technologies have 
unveiled the significant impact of ncRNAs on health 
and disease [2]. Emerging evidence highlights the 
essential functions of ncRNAs as critical regulators 
of immune responses, contributing to the 
pathogenesis of a wide range of diseases, including 
autoimmune disorders, cancers, and infectious 
diseases. 
NcRNAs are broadly classified into two major 
categories: small ncRNAs (such as microRNAs 
[miRNAs] and small interfering RNAs [siRNAs]) 
and long non-coding RNAs (lncRNAs) [3]. 
MiRNAs, typically around 22 nucleotides in length, 

regulate gene expression at the post-transcriptional 
level by binding to complementary sequences in 
messenger RNAs (mRNAs), leading to mRNA 
degradation or translational repression [4]. In 
contrast, lncRNAs are longer than 200 nucleotides 
and exhibit a wide range of regulatory mechanisms, 
including chromatin remodeling, transcriptional 
regulation, and interaction with various proteins and 
RNAs [5]. Recent research has illuminated the 
intricate roles of ncRNAs in immune regulation. 
MiRNAs are now recognized as crucial players in 
immune cell differentiation, activation, and function 
[6]. For example, specific miRNAs regulate the 
differentiation of T-helper cells and modulate the 
production of cytokines. Aberrant expression of 
miRNAs has been linked to several autoimmune 
diseases, where their dysregulation contributes to 
the uncontrolled activation of immune cells and the 
development of autoantibodies [7]. 
Long non-coding RNAs have also emerged as 
significant regulators of immune responses. They 
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can modulate the activity of immune cells, 
influencing inflammation and immune tolerance [8]. 
In autoimmune disorders, lncRNAs may play a role 
in the development of autoreactive T cells and the 
production of inflammatory cytokines [9]. 
Furthermore, in cancer, lncRNAs can act as 
oncogenes or tumor suppressors, affecting tumor 
progression and the immune response to tumors 
[10]. The relationship between ncRNAs and 
infectious diseases is equally compelling. Pathogens 
can manipulate the host’s ncRNA pathways to evade 
immune responses, while the host’s ncRNAs can 
target viral or bacterial RNA, enhancing the 
immune response [11,12]. This dynamic interaction 
between host and pathogen underscores the 
complexity of ncRNA involvement in infectious 
diseases. Given their critical roles in regulating 
immune responses and their implications in disease 
pathogenesis, ncRNAs present exciting 
opportunities for therapeutic interventions. 
Understanding the mechanisms by which ncRNAs 
influence immune regulation could lead to the 
development of innovative strategies for treating 
autoimmune diseases, cancers, and infections. As 
research continues to uncover the multifaceted roles 
of ncRNAs, their potential as biomarkers and 
therapeutic targets will become increasingly 
important in precision medicine and disease 
management. 

Overview of MicroRNAs 
MicroRNAs (miRNAs) are small, endogenous 
ncRNAs that play a crucial role in post-
transcriptional regulation of gene expression. They 
are processed from longer primary transcripts and 
function by binding to the 3’ untranslated region (3’ 
UTR) of target mRNAs, leading to their 
degradation or translational inhibition [13]. 
MiRNAs are involved in various biological 
processes, including cell differentiation, 
proliferation, and apoptosis [14]. 
Role in Immune Cell Differentiation and 
Function 
MiRNAs are essential regulators of immune cell 
differentiation and function. For instance, specific 
miRNAs are crucial for the differentiation of T 
helper cells. MiR-155 is upregulated during T cell 
activation and is required for the differentiation of 
Th1 and Th2 cells [15]. Conversely, miR-146a has 
been shown to inhibit the production of pro-
inflammatory cytokines in macrophages, thus 
functioning as a negative regulator of inflammation 
[16]. In B cells, miR-17-92 cluster is involved in 
promoting differentiation into plasma cells and 
regulating antibody production [17]. 

MicroRNAs in Disease Pathogenesis 
The dysregulation of miRNAs has been implicated 
in the pathogenesis of several diseases. In 

autoimmune diseases such as rheumatoid arthritis 
(RA) and systemic lupus erythematosus (SLE), 
altered expression of miRNAs contributes to the 
aberrant activation of immune cells and the 
production of autoantibodies [18]. For example, 
decreased levels of miR-146a in SLE patients lead to 
enhanced activation of dendritic cells and increased 
production of type I interferons, which are crucial 
for the disease's progression [19]. In cancer, 
miRNAs can act as oncogenes or tumor suppressors, 
depending on their target genes. For instance, the 
upregulation of miR-21 is associated with tumor 
progression and poor prognosis in various cancers. 
MiR-34, a known tumor suppressor, can induce 
apoptosis and inhibit proliferation in cancer cells 
[20]. Moreover, miRNAs are involved in the tumor 
microenvironment, influencing the immune response 
against tumors and affecting tumor immunoediting. 
Long Non-Coding RNAs in Immune Regulation 

Long non-coding RNAs (lncRNAs) are defined as 
ncRNAs longer than 200 nucleotides that do not 
encode proteins. They play diverse roles in gene 
regulation and are involved in various cellular 
processes, including chromatin remodeling, 
transcriptional regulation, and splicing [5]. 
LncRNAs can interact with proteins, DNA, and 
RNA to influence gene expression at multiple levels 
[21]. 

Role in Immune Responses 
LncRNAs are emerging as crucial regulators of 
immune responses. They can modulate the 
differentiation and function of various immune cells. 
For example, lnc-IL7R is essential for Th cell 
differentiation and cytokine production. LncRNA 
NEAT1 is implicated in regulating the production of 
pro-inflammatory cytokines in macrophages and 
plays a role in the formation of paraspeckles, which 
are nuclear structures involved in the regulation of 
gene expression [22]. 
Long Non-Coding RNAs in Disease Pathogenesis 
The dysregulation of lncRNAs has been associated 
with various diseases. In autoimmune disorders, 
lncRNAs can influence the development of 
autoreactive T cells and the production of 
autoantibodies. For instance, lncRNA LincRNA-p21 
is involved in the regulation of inflammation and has 
been implicated in the pathogenesis of RA and SLE 
[23]. In cancer, lncRNAs can function as oncogenes 
or tumor suppressors. The lncRNA HOTAIR is 
overexpressed in various cancers and is associated 
with poor prognosis. It can promote cancer cell 
metastasis by reprogramming chromatin structure 
and inhibiting tumor suppressor genes [24]. 
Additionally, lncRNAs can modulate the immune 
response to tumors, influencing tumor progression 
and response to immunotherapy [25]. 
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Non-Coding RNAs in Infectious Diseases 
NcRNAs also play critical roles in the immune 
response to infectious diseases. Pathogens can 
exploit the host's ncRNA machinery to enhance 
their virulence or evade the immune response. For 
instance, some viruses, such as the human 
immunodeficiency virus (HIV) and hepatitis C virus 
(HCV), can manipulate the expression of host 
miRNAs to facilitate their replication and 
persistence [26]. Conversely, the host's ncRNAs can 
be crucial for controlling viral infections. For 
example, specific miRNAs can target viral RNA, 
inhibiting its replication and promoting antiviral 
responses [27]. In response to infections, the 
expression of various miRNAs and lncRNAs can be 
modulated to regulate the immune response and 
maintain homeostasis. 

Therapeutic Potential of Non-Coding RNAs 
The emerging understanding of ncRNAs in immune 
regulation and disease pathogenesis has opened new 
avenues for therapeutic interventions. Modulating 
the expression of specific miRNAs and lncRNAs 

presents a novel strategy for treating autoimmune 
diseases, cancers, and infections. 

MicroRNA-based Therapies 
MiRNA mimics and inhibitors (antagomiRs) are 
being explored as therapeutic agents. For example, 
delivering miR-146a mimics could potentially 
restore its function and inhibit inflammation in 
autoimmune diseases. Conversely, the use of miR-21 
inhibitors may enhance the efficacy of cancer 
immunotherapy by targeting immune suppression 
within the tumor microenvironment [28]. 

Long Non-Coding RNA-based Therapies 
Targeting lncRNAs offers another promising 
therapeutic approach. The development of small 
molecules that can modulate lncRNA function or 
inhibit their interactions with proteins could provide 
novel treatment options for various diseases [29]. 
For example, inhibiting the oncogenic lncRNA 
HOTAIR may enhance the efficacy of existing 
cancer therapies by restoring the expression of 
tumor suppressor genes. 

CONCLUSION 
Non-coding RNAs, including microRNAs and long 
non-coding RNAs, are emerging as critical 
regulators of immune responses and play significant 
roles in the pathogenesis of various diseases. Their 
involvement in immune cell differentiation, 
inflammatory processes, and disease progression 
underscores their potential as therapeutic targets 
and biomarkers. As our understanding of ncRNAs 

continues to evolve, harnessing their regulatory 
potential may offer innovative strategies for treating 
autoimmune disorders, cancers, and infectious 
diseases, ultimately advancing the field of precision 
medicine. Continued research into the functions and 
mechanisms of ncRNAs will be essential for 
developing effective therapeutic interventions and 
improving patient outcomes. 
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