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MicroRNAs (miRNAs) are the small noncoding RNA molecules which regulate target gene expression posttranscriptionally. 
They are known to regulate key cellular processes like inflammation, cell differentiation, cell proliferation, and cell apoptosis 
across various ocular diseases. Due to their easier access, recent focus has been laid on the investigation of miRNA expression 
and their involvement in several conjunctival diseases. The aim of this narrative review is to provide understanding of the 
miRNAs and describe the current role of miRNAs as the mediators of the various conjunctival diseases. A literature search 
was made using PubMed, Scopus, and Web of Science databases for studies involving miRNAs in the conjunctival pathological 
conditions. Original articles in the last 10 years involving both human and animal models were included. Literature search re-
trieved 27 studies matching our criteria. Pertaining to the numerous literatures, there is a strong correlation between miRNA 
and the various pathological conditions that occur in the conjunctiva. miRNAs are involved in various physiological processes 
such as cell differentiation, proliferation, apoptosis, development, and inflammation by regulating various signaling pathways, 
genes, proteins, and mediators. Pterygium was the most studied conjunctival disease for miRNA involvement, whereas miR-
NA research in allergic conjunctivitis is still in its early stages. Our review provides deep insights into the various miRNAs play-
ing an important role in the various conjunctival diseases. miRNAs do have the potential to serve as noninvasive biomarkers 
with diagnostic, prognostic, and therapeutic implications. However, multitudinous studies are required to validate miRNAs as 
the reliable biomarkers in conjunctival pathologies and its targeted therapy.
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Introduction

Since their discovery, knowledge about the pathophysio-
logical role of microRNAs (miRNAs) in ocular surface has 

grown rapidly [1]. miRNAs are small noncoding RNA 
molecules of approximate 22 nucleotides in length that 
regulate gene expression posttranscriptionally [2]. They 
are known to regulate about one-third of human genome 
[3]. They negatively regulate the gene expression by target-
ing the 3′ untranslated region (UTR) region of target mes-
senger RNA (mRNA). Hence, one miRNA can silence 
multiple target genes [4]. miRNAs are very resistant to de-
grading enzymes and are present across various body flu-
ids such as tears, saliva, urine, plasma, and serum in a sta-
ble form. Thus, making them easily extracted and 
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processed to serve as potential disease diagnostic and 
prognostic biomarkers [5].

In this review, we have consolidated various miRNA 
studies among conjunctival diseases from PubMed, Sco-
pus, and Web of Science databases. We performed a litera-
ture search using the keywords “MicroRNAs”[MeSH] 
AND “Conjunctiva”[MeSH] OR “Conjunctival diseas-
es”[MeSH]. Our initial search retrieved a total of 51 arti-
cles. Following subsequent screening for articles solely 
dealing with the role of miRNAs in conjunctival tissue and 
conjunctival diseases, a total of 28 studies were extensively 
reviewed in this study. Relevant studies conducted both in 
human and animal models in the last 10 years, between 
January 2011 and December 2021, were included. Studies 
solely dealing with other epigenetic factors and other dis-
eases were excluded. We aimed to comprehend and com-
pare the studies carried out describing the expression and 
functions of various miRNAs in causing various conjunc-
tival diseases. 

Background

Discovery of miRNAs 

In 1993, the f irst miRNA, lin-4, was discovered in 
Caenorhabditis elegans promoting the progression of ini-
tial larval stages by binding to the complementary sites of 
3′ UTR mRNA region of lin-14 [1]. Seven years later, an 
associated gene called let-7 was discovered with a regula-
tory role of transmitting larval forms to an adult stage [6]. 
Since both let-4 and let-14 had common function of devel-
opment process, they were referred to as “small temporal 
RNAs.” Their counterparts were reported the next year in 
humans and other species [7]. However, they were not 
present in all stages of development and were found only 
in specific cell types. Hence the term “microRNA” was 
presented to describe all these small RNA molecules with 
unknown functions. Subsequent studies suggested their 
regulatory role in gene expression posttranscriptionally by 
silencing their mRNA targets [8].

Biogenesis of miRNAs

The miRNA biogenesis is a multiple step complex pro-
cess starting from cytoplasm and ending in nucleus. A de-

tailed canonical step-by-step pathway of miRNA biogene-
sis is shown in Fig. 1. In the first step, miRNA genes are 
transcribed by RNA polymerase II or RNA polymerase III 
into primary miRNA (pri-miRNA) transcripts [9]. The 
pri-miRNAs are generally over 1 kilobase long with one or 
more hairpin structures capped at 5′ and poly A tail [10]. In 
the next step, a nuclear ribonuclease III enzyme called 
Drosha, along with DiGeorge syndrome critical region 8, 
forms a microprocessor complex and cleaves the pri-miR-
NAs, giving out smaller precursors of miRNAs (pre-miR-
NAs) and initiating the maturation process [11]. These 
pre-miRNAs are then exported to nucleus from cytoplasm 
through exportin-5 and Ran-GTP (ras-related nuclear pro-
tein guanosine triphosphate) protein complex [12].

The pre-miRNAs in nucleus are further cleaved into 
22-nucleotide-long miRNA duplexes by Dicer and transac-
tivating response RNA-binding protein complex [13]. Now 
the functional mature strand in miRNA duplex is bounded 
to Argonaute proteins forming miRNA-induced silencing 
complex, which regulates the target gene expression 
through inhibiting translation or mRNA degradation. 
While the other passenger strand in miRNA duplex is de-
graded [14]. 

Methods for Qualification of miRNAs

miRNAs can be easily accessed from various tissues and 
are also found across different body fluids such as plasma, 
serum, saliva, tears, blood, and urine [15]. To investigate 
conjunctival pathophysiology, miRNAs can be extracted 
from various sample sources, including conjunctival tis-
sues or conjunctival cells, and tear f luid. To obtain con-
junctival tissues, conjunctival cells, and tear fluid, various 
sampling methods such as surgical removal, impression 
cytology, and Schirmer’s test strips or capillary tubes are 
used. Generally, they are isolated from other molecules us-
ing various commercially available RNA extraction tech-
niques. Different isolation techniques yield distinct con-
centrations of RNA. Thus, there is a need for an optimized 
extraction method based on the sample source and sample 
volume [16]. Qiagen miRNeasy Micro Kit (Qiagen, Hilden, 
Germany) is commonly used kit protocol designed to iso-
late miRNAs and small RNAs even f rom the small 
amounts of sample source. Bioanalyzer is an instrument 
that uses chip based microcapillary electrophoresis tech-
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nique to assess the quality of total RNA and quantifying 
the small RNA and miRNA concentrations. Quantitative 
real-time polymerase chain reaction (RT-PCR), miRNA 
array analysis, and next generation sequencing are the 
most common methods to quantify and screen for active 
miRNAs from various body fluids. miRNAs may either be 
present as extracellular free circulating or enclosed in vesi-
cles such as exosomes. Exosomes are generally considered 
to be rich source of miRNAs and many studies aim to ex-
tract exosomal miRNAs through ultracentrifugation for 
better yield [17]. 

miRNA Expression in the Eye Development

Although it is known that the miRNAs play role in vari-
ous biological processes such as cell growth, cell apoptosis, 
development, and differentiation across different tissues, 
their role in eye transcriptome is still unknown [18,19]. De-
fects in the function of the miRNAs are found to have in-
tense effects on development [20,21].

Initial studies by Wienholds et al. [22] and Karali et al. 
[19] reported a spatiotemporal expression of 13 tissue spe-
cific miRNAs in the zebrafish eye and seven differentially 

expressed miRNAs in the mammalian eye, respectively. 
During early embryogenesis, the absence of miR-450b-5p 
and presence of miR-180 along with Pax6, a modulator of 
eye development, drives the differentiation and develop-
ment of epithelia with ocular surface characteristics [23]. 
The miRNAs, miRNA-143/145 cluster and miR-145, were 
reported to affect epithelial cell processes such as prolifer-
ation and differentiation [24]. The miR-180 was found to 
be tissue specific and abundantly present in corneal tissue, 
indicating that it plays major role in maintaining healthy 
cornea [25]. Another study revealed increasing number of 
miRNAs being expressed at different embryonic develop-
mental stages indicating their potential role in differentia-
tion and development of progenitor cells [26]. However, 
further confirmatory and functional studies will elucidate 
their roles in developmental process of the eye. 

Role of miRNAs in the Conjunctival  
Disorders

Conjunctiva is a transparent mucus membrane lining the 
inside of the eyelids (palpebral conjunctiva) and sclera 
(bulbar conjunctival) [27]. In the recent years, a handful of 

Fig. 1. Illustration of multistep canonical microRNA (miRNA) biogenesis pathway in humans. Pol = polymerase; pri-miRNA = primary 
miRNA; DGCR8 = DiGeorge syndrome critical region 8; pre-miRNA = precursors of miRNA; Ran = ras-related nuclear protein; GTP 
= guanosine triphosphate; TRBP = HIV-transactivating response RNA-binding protein; AGO = Argonaute; miRISC = miRNA-induced 
silencing complex; mRNA = messenger RNA. Created using BioRender (Toronto, Canada; https://biorender.com/).
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Table 1. Differentially expressed miRNAs across various conjunctival disorders

Study Disease/condition miRNAs Expression Functional role Species
Sun et al. [28] AC miR-146a Downregulation Induces AC by increasing TSLP levels Mice
Yang et al. [29] AC miR-146a Upregulation Regulates the inhibitory effect of Treg 

on Tcons and NF-κB pathway
Mice

Guo et al. [30] AC miR-19b Downregulation Reduction in allergic inflammation 
involving STAT3 signaling pathway

Mice

Latta et al. [31] AC miR-155 Upregulation Phosphorylation of P65 and increased 
inflammatory mediators

Mice

Cai et al. [32] Conjunctival 
lymphoma

miR-200 family Downregulation Increased expression of cyclin E2 in 
diseased cells

Human

Hother et al. [33] Conjunctival 
lymphoma

43 miRNAs Differential 
expression

Inhibition of MYC oncoprotein and 
NF-κB in aggressive forms

Human

Larson et al. [34] CM 25 miRNAs Differential 
expression

Changes associated with tissue 
thickness and risk of relapse

Human

Mikkelsen et al. [35] CM 15 miRNAs Differential 
expression

Prediction of metastatic phenotype by 
hsa-miR-184

Human

Ranjbarnejad et al. [36] Conjunctival cell 
differentiation

let-7a Upregulation Differentiation of conjunctival 
mesenchymal stem cells into 
photoreceptor-like cells

Human

Rajic et al. [37] Conjunctival cell 
differentiation

miR-200 family Downregulation DNA methylation of promoters of 
miR-200 promotes EMT in human 
conjunctival epithelial cells

Human

Chien et al. [38] Pterygium miR-145 Downregulation Indirect regulation of angiogenesis and 
pterygia

Human

Engelsvold et al. [39] Pterygium miR-200 family Downregulation Induction of mesenchymal 
differentiation, and activation of 
transcription factors

Human

Wu et al. [40] Pterygium miR-200a Downregulation Increase in ZEB1/ZEB2 protein levels 
affecting EMT

Human

Wu et al. [41] Pterygium miR-221 Upregulation Downregulation of β-catenin associated 
p27Kipl gene

Human

Lan et al. [42] Pterygium miR-215 Downregulation Appearance of cell cycle related 
markers at G1/S and G2/M phases

Human

Han et al. [43] Pterygium miR-218-5p Downregulation Inhibiting proliferation of pterygium 
epithelial cells by targeting EGFR via 
PI3K/mTOR signaling pathway

Human

Cui et al. [44] Pterygium miR-122 Downregulation Regulates cell apoptosis via its 
regulation of Bcl-w expression

Human

Li et al. [45] Pterygium miR-21 Upregulation Inhibition of the PTEN/AKT axis and 
aberrant cell proliferation

Human

Teng et al. [46] Pterygium miR-145 Upregulation p53 associated patterned growth on 
attenuation of MDM2

Human

Hwang et al. [47] Pterygium miR-3175 Upregulation Increase in EMT and migration with 
inhibition of Smad7

Human

Icme et al. [48] Pterygium miR-182, miR-183, 
miR-184, miR-221

Upregulation*, 
Downregulation† 

Involvement of inflammatory and EMT 
pathway in pterygium

Human

Icme et al. [49] Conjunctival 
fibrosis

miR-143, miR-145 Downregulation Mediates TGF-β induced human 
subconjunctival fibrosis

Human

Ueta et al. [50] Stevens-Johnson 
syndrome

miR-455 Upregulation Increased activation of innate immune 
genes and cytokines

Human

(Continued on the next page)
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studies on miRNA expression in the conjunctival tissues 
have revealed the involvement of miRNAs in the functions 
of the eyes. These studies have led to the further exploring 
the functions of miRNAs in conjunctiva and its related 
diseases. Altogether, disturbances on the miRNA expres-
sion may cause diseases responsible for conjunctival in-
flammation, infection, and blindness. The comprehensive 
relationships with the miRNAs are outlined in the Table 1 

and is discussed ahead [28-54], while Fig. 2 summarizes 
the role of miRNAs in conjunctival disorders.

Allergic conjunctivitis

Allergic conjunctivitis (AC) is an inf lammation of the 
conjunctiva in response to an allergen. It is one of the most 
common ocular conditions in the clinical practice. Though 

Study Disease/condition miRNAs Expression Functional role Species
Derrick et al. [51] Trachomatis miR-147b, miR-

1285
Upregulation Initiates cell differentiation, 

inflammation
Human

Derrick et al. [52] Trachomatis miR-155, miR-184 Upregulation‡, 
Downregulation§

miRNA expression is a direct marker 
of inflammation

Human

Derrick et al. [53] Trachomatis miR-147b, miR-
1285, miR-155, 
miR-184

No significant 
expression

Do not reliably predict progression of 
scarring in trachoma patients

Human

Latta et al. [54] Limbal stem cell 
deficiency

miR-204-5p Downregulation IEG activation and cell transduction 
leading to neovascularization

Human

miRNA = microRNA; AC = allergic conjunctivitis; TSLP = thymic stromal lymphopoietic protein; Treg = regulatory T cell; Tcon 
= conventional T cell; NF-κB = nuclear factor-κB; STAT3 = signal transducer and activator of transcription 3; CM = conjunctival 
melanoma; EMT = epithelial to mesenchymal transitions; G1 = gap 1; S = synthesis; G2 = gap 2; M = mitosis; EGFR = epidermal 
growth factor receptor; P13K = phosphatidylinositol,3,4,5 triphosphate; mTOR = mammalian target of rapamycin; MDM2 = mouse 
double minute 2; TGF-β = transforming growth factor-β; IEG = immediate early gene.
*miR-182, miR-183, miR-184; †miR-221; ‡miR-155; §miR-184.

Table 1. (Continued)

Fig. 2. Summarized roles of the microRNAs across several conjunctival diseases. Created using BioRender (Toronto, Canada; https://
biorender.com/).
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it is assumed that type 1 hypersensitivity, immunoglobulin 
E (IgE) and non-IgE-mediated mechanisms are responsible 
for its development, the pathophysiology of ocular allergy 
is complex and multifactorial, involving various mediators, 
chemokines, cytokines, receptors, and regulating pathways 
[55].

Sun et al. [28] designed an in vivo pollen induced mice 
model of AC and an in vitro lipopolysaccharide-stimulated 
inf lammatory model of human corneal limbal epithelial 
cells. In these AC models, it was demonstrated that the eo-
sinophils and total inf lammatory cells were highly ex-
pressed and the expression of miR-146a was significantly 
reduced, while the expression of thymic stromal lympho-
poietic protein (TSLP) and its downstream molecules was 
enhanced. Thus, it is reported that the downregulation of 
miR-146a induces AC by increasing TSLP levels [28]. A 
similar study 2 years later in a murine model, demonstrat-
ed that the miR-146a also contributes to the development 
of AC through regulating the inhibitory effect of regulato-
ry T cells on conventional T cells and nuclear factor-κB 
(NF-κB) signaling pathway [29]. Moreover, another study 
in murine AC model, demonstrated the reduced levels of 
miR-19b while the levels of TSLP and phosphorylated sig-
nal transducer and activator of transcription 3 (STAT3) 
were increased suggesting that the miR-19b reduces the 
conjunctival inf lammation through STAT3 signaling via 
TSLP downregulation [30]. Furthermore, a recent study 
elucidated the role and mode of action of miR-155 on AC 
in mice. The miR-155 was upregulated in the AC models 
while the inhibition of miR-155 reduces the AC-induced 
injury through a pathway inhibiting the phosphorylation of 
P65 [31].

These findings reveal the clinical potential of various 
miRNAs and their targets in the treatment of AC. The 
miRNA studies in AC are still confined to the murine 
models. Further studies in humans are needed to validate 
their potential in providing a basis for new drug research 
and development. 

Conjunctival lymphoma

Numerous studies have reported dysregulation of miR-
NA expression in human cancers and abnormal expression 
of miRNAs is linked to cancer initiation and progression 
by functioning either as oncogenes or tumor suppressors 
[56,57]. Several miRNAs are reported to be differentially 

regulated across various lymphoma subtypes [58,59]. Con-
junctival lymphoma is a malignant ocular surface tumor 
arising from B-cell lymphocytes [60]. It accounts for about 
25% of ocular adnexal lymphomas (OALs) [61].

The miRNA microarray profiling of mucosal-associated 
lymphoid tissue (MALT) lymphoma, the most common 
subtype of OALs and normal adjacent tissues by Cai et al. 
[32] revealed dysregulation of miRNAs. The miR-150 and 
miR-155 were upregulated and the miR-184, miR-200a, b, c, 
and miR-205 were downregulated. It was further demon-
strated that the dysregulation of miR-200 family could be 
linked in the pathogenesis of conjunctival MALT lympho-
ma [32]. A year later, another study investigated the ex-
pression of miRNAs between low-grade extranodal mar-
ginal zone lymphoma and diffuse large B-cell lymphoma, 
the two other major subtypes of OALs. The miRNA ex-
pression profiling revealed 43 differentially expressed 
miRNAs. The differential miRNA expression is probably 
due to the differences in MYC protein and NF-κB regula-
tory pathways [33].

Conjunctival melanoma

Conjunctival melanoma (CM) is presented as the raised 
pigmented or nonpigmented lesion of the ocular surface 
[62]. Genetic studies revealed mutations in the somatic 
genes, BRAF, NRAS, NFI, KIT, and TERT, suggesting that 
CMs are more closely related to skin and mucosal melano-
mas [63,64]. Since none of these mutations can predict the 
outcome of the disease, it demands a need of novel molec-
ular markers that can predict the clinical course of CM. 

A distinct study in 2016 performed the microarray anal-
ysis between CMs and normal conjunctival samples re-
vealing 24 upregulated and one downregulated miRNAs 
in conjunct [34]. Several miRNAs were associated with the 
tumor thickness and specific for stage-T1 and stage-T2 of 
CM, while miR-3687 and miR-3916 were associated with 
an increased risk of regional recurrence. The study further 
highlighted the resemblance between CM, mucosal mela-
noma, and cutaneous melanoma [34]. Another recent study 
investigated the miRNA profile in primary tumors from 
nonmetastasizing and metastasizing CM. Two different 
sets of miRNAs were differentially expressed in two CM 
forms suggesting that these miRNAs can predict the meta-
static progression. The miR-184 was downregulated in the 
progressive stages of CM, seemingly involved in driving 
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the tumor cells into the more severe metastatic form [35]. 
These profiling studies confirm the role of miRNAs in CM 
and provide an entry point for future functional studies of 
miRNAs as prognostic or therapeutic targets in CM. 

miRNAs in conjunctival cell differentiation

Numerous studies have demonstrated the role of miR-
NAs in the differentiation across various cell types. For 
example, the role of miR-150 in B cell differentiation and 
miR-196a in osteogenic differentiation [65,66]. Only re-
cently the role of miRNAs in conjunctival epithelial cell 
differentiation has been explored.

Ranjbarnejad et al. [36] explored the role of miR-let-7a 
on conjunctival mesenchymal stem cells differentiation 
into photoreceptor-like cells. It has been previously demon-
strated that the upregulation of miR-let-7a accelerates the 
development in the retina [36]. While investigating its role 
in conjunctival mesenchymal stem cell differentiation, it is 
shown that the overexpression of miR-let-7a increases the 
expression of photoreceptor-specific genes, and its effect is 
time dependent [67]. Another recent study has investigated 
the role of miRNAs in modulating the epithelial to mesen-
chymal transitions (EMT) in human conjunctival epithelial 
cells. The RT-PCR-based array directed at members of 
miR-200 family as the key regulators of EMT process in 
human conjunctival epithelial cells. It further indicated 
that DNA demethylation of promoters of miR-200 loci is 
very important for reverting the EMT in human conjuncti-
val epithelial cells, suggesting the prospective for the de-
veloping new epigenetic-based therapeutic methods for 
treating conjunctival conditions associated with EMT [37].

Pterygium

Pterygium is a degenerative ocular surface disease 
where an abnormal ingrowth of conjunctival tissue per-
vades the peripheral cornea. The pathogenesis of pterygi-
um is a complex process involving inflammation, neovas-
cularization, abnormal proliferation, and apoptosis. It is 
generally associated with the long-term ultraviolent radia-
tion exposure [68,69]. Since it is known that miRNAs are 
the key regulators of differentiation, EMT processing and 
apoptosis in various conditions and their regulatory role in 
the primary pterygium is investigated by a handful of 
studies. 

The correlation between miR-145 expression levels and 
the clinical severity of pterygium was investigated in 253 
patients using RT-PCR by Chien et al. [38]. They reported 
a negative correlation between miR-145 expression and 
pterygium characteristics suggesting more studies on the 
miR-145 as a potential treatment due to its known tumor 
suppression effect [38]. Another study carried out microar-
ray profiling to determine the differentially expressed 
miRNAs in pterygium compared to normal conjunctiva. 
There were 25 differentially expressed miRNAs in total: 
14 upregulated and 11 downregulated. The collective 
downregulation of the miR-200 family, known to regulate 
the EMT, suggests that EMT could potentially play role in 
the pathogenesis of pterygium [39,69]. Subsequently Wu et 
al. [40] has reiterated the role of miR-200a in EMT pro-
cessing and pterygium pathogenesis.

β-catenin is a multifunctional protein that contributes to 
cell development and is said to involve in pterygium patho-
genesis along with EMT [70]. Wu et al. [41] investigated 
the hypothesis, that the β-catenin, miR-221, and its down-
stream p27Kipl gene expression were correlated with the 
pathogenesis of pterygium. Most of the pterygium speci-
mens (60%) had high expression levels of miR-221 com-
pared to the control groups. Furthermore, miR-221 nega-
tively regulated the p27Kipl gene expression in pterygium. 
Thus, upon activation, the β-catenin interacts with miR-
221, resulting in the downregulation of the p27Kipl gene in 
the pathogenesis of pterygium [41]. In the ocular surface 
pterygium fibroblast cells, the miR-215 could take part in 
inhibiting the fibroblast proliferation while in the human 
pterygium epithelial cells, the miR-218-5p is said to inhibit 
the migration and proliferation of the human pterygium 
epithelial cells [42,43]. Investigating the role of apoptosis in 
the pathogenesis of pterygium, the miR-122 is reported to 
inversely regulate the expression of Bcl-w, an antiapoptosis 
protein, resulting in abnormal cell apoptosis leading to the 
development of pterygium [44]. 

The expression of miR-21, a cancer-promoting miRNA 
in humans, is upregulated and is increased as the severity 
of the pterygium increased. Thereby, miR-21 promotes 
pterygium cell differentiation through PTEN/AKT path-
way, and its inhibition suppressed the proliferation and in-
duces apoptosis of pterygium fibroblast cells [45]. The 
miR-143 and miR-145 are predominantly expressed in the 
basal epithelia of pterygium [46]. The miR-145 reduced the 
expression of an oncogene, MDM2 which subsequently af-
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fected the p53-related growth pattern [46]. Meanwhile, an-
other miRNA, miR-3175 is shown to promote proliferation, 
migration, invasion, and EMT in human conjunctiva and 
pterygium by directly inhibiting Smad7 [47]. Additionally, 
a recent study reported the expression levels of miR-182-
5p, miR-183-5p, and miR-184 to be increased while the ex-
pression of miR-221-3p was decreased in the primary pte-
rygium in comparison with the normal conjunctiva [48]. 
The expression of miR-143/145 mediates TGF-β-induced 
human subconjunctival fibrosis [49].

Steven-Johnson syndrome

Steven-Johnson syndrome (SJS) is a rare, serious inflam-
matory vesiculobullous reaction of skin and mucosa such 
as oral cavity, ocular surface, and genitals. The progressive 
forms are called toxic epidermal necrolysis (TEN) [71]. 
About half of the SJS/TEN patients show severe ocular 
complications (SOC). Acute cases of SJS/TEN with SOC 
will present severe conjunctivitis with corneal and con-
junctival erosion while the chronic cases will have per-
sistent conjunctival inf lammation [72]. The exact patho-
physiology of SJS is not fully understood. Delayed drug 
hypersensitivity reactions to a drug or drug metabolite are 
the commonly attributed reason in most cases. Only a 
handful of studies have illustrated the role of miRNAs in 
TEN. The expression of miR-18a-5p, miR-124, and miR-
375-3p were upregulated in various cells and body fluids 
[73-75]. Ueta et al. [50] investigated the role of miRNAs in 
the pathogenesis of SJS/TEN patients with SOC. The ex-
pression of miR-31 and miR-455-3p is shown to be signifi-
cantly upregulated in the conjunctival epithelium of SJS/
TEN chronic patients. It was further reported that the 
miR-455-3p regulates many innate immune related genes 
in human conjunctival epithelium [50].

Trachoma

Trachoma is a contagious bacterial infection caused by 
the bacterium Chlamydia trachomatis that infects the eyes. 
It is a leading infectious disease that causes blindness [76]. 
The initial symptoms include mild itching and irritation of 
the eyes slowly progressing to swelling and pus discharge. 
Persistent forms of trachomatous is believed to drive the 
continued scarring process even in the absence of C. tra-
chomatis infection [77]. The miRNA expression is known 

to be dysregulated upon bacterial infection [78].
Derrick et al. [51] investigated the expression of miRNAs 

in normal and trachomatous conjunctival swaps. The ex-
pression of miR-147b and miR-1285 were reported to be 
upregulated in the inf lammatory trachomatous scarring 
[51]. The same team later investigated the miRNAs expres-
sion during the initial stage of disease (follicular trachoma) 
with active infection. The quantitative PCR data validated 
the expression of nine miRNAs, miR-155, miR-150, miR-
142, miR-181b, miR-181a, miR-132, miR-342, miR-184, and 
miR-4728, to be differentially expressed during follicular 
trachoma. In particular, the expression of miR-155 (upreg-
ulated) and miR-184 (downregulated) is correlated with the 
severity of inf lammation [52]. Now that these miRNAs 
were associated with the trachomatous inflammation and 
infections, their role in predicting the disease progression 
was investigated. Conjunctival swabs of 506 samples 
served as the baseline sample set for 4-year longitudinal 
study. However, none of the miRNAs, miR-147b, miR-
1285, miR-184, and miR-155, were associated with 4-year 
scarring incidence and progression [53]. Additionally, a re-
cent study revealed 21 differentially expressed miRNAs in 
a cohort of patients with progressive limbal stem cell defi-
ciency. Of these, miR-204-5p, an inhibitor of corneal neo-
vascularization, was significantly downregulated [54]. 

Conclusion

In conclusion, this review summarizes the biogenesis 
and differential expression of various miRNAs in numer-
ous conjunctival pathologies. miRNAs play a key role in 
different cell processes such as cell proliferation, inflam-
mation, differentiation, and cell development. Although 
miRNAs have been extensively studied across various dis-
eases since their discovery over two decades ago, miRNA 
research in ocular diseases is still in its infancy. Our study 
faced limitations in reviewing due to the scarcity of litera-
ture in eye diseases, especially conjunctival diseases. Fur-
thermore, we felt that there was a need for an optimizing 
study for different miRNA isolation methods from differ-
ent samples of conjunctiva. miRNAs have emerged as the 
key regulators of inflammation in allergic diseases. Despite 
the fact that the majority of patients with allergic conjunc-
tivitis have a familial history of atopy and a genetic predis-
position to develop the disease, it remains the least ex-
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plored conjunctival disease. Moreover, there were no 
reported studies exploring the role of miRNAs in more 
chronic and recurring conjunctival diseases such as vernal 
keratoconjunctivitis. Much of the miRNA research in con-
junctival diseases are focused on pterygium and ocular 
cancers, owing to the extensive literature available on oth-
er systemic diseases such as cancers. 

Several studies highlight the need to integrate miRNA 
expression studies on biological processes in order to fully 
understand eye diseases. Current advancements in technol-
ogy will enable us to develop better diagnostic and thera-
peutic strategies for conjunctival diseases. The miRNAs 
can serve as noninvasive potential biomarkers with diag-
nostic, prognostic, and therapeutic implications. However, 
further research is needed to assert whether regulating the 
miRNAs associated with the diseases can control the dis-
eases.
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