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Abstract
Background: Dry eye syndrome in which tear �uid quality or abnormality or kinetic abnormality is caused
by many causes, resulting in decreased tear �lm stability. In recent years, more and more results from the
studies indicate that miRNA alterations are involved in dry eye syndrome. And miRNA-146a-5p is a key
regulator to regulate the in�ammatory response. In this paper, we demonstrated whether miRNA-146a-5p
could cure dry eye syndrome by regulating target genes based on network analysis.

Methods: In this paper, we collected the blood of patients with dry eye disease which served as a model
group, the blood of healthy people was used as a control group. The expression of miRNA-146a-5p in the
patients was detected by RT-PCR, the genes controlled by miRNA-146a-5p were predicted by Targetscan,
miRDB, miRWalk and PicTar databases, the genes regulated by miRNA-146a-5p which is related to dry
eye disease were selected by draw Venn diagram;

Results: The comparison of the general information between patients and healthy people was no
signi�cant difference, and it indicated that the two groups were comparable. The results of databases
showed that IRAK1 was one of the target genes regulated by miRNA-146a-5p and it is related to dry eye
disease. The expression of miRNA-146a-5p was negatively related to IRAK1 mRNA and protein. While
IRAK1 had positive correlation with IL-6, TNF-α and CBP proteins.

Conclusion: These results emphasized that miRNA-146a-5p could inhibit the expression of IRAK1, IL-6,
TNF-α and CBP so as to help reduce the in�ammatory response in dry eye syndrome.

Background
Dry eye syndrome, also known as keratoconjunctivitis, is a tear and ocular surface disease caused by a
variety of factors, the main causes were decreased tear �lm stability and ocular surface damage induced
by tear �uid and quantitative or kinetic abnormalities [1]. The disease is accompanied with eye dryness,
redness, foreign body sensation and other ocular surface discomfort and visual impairment [2]. Dry eye
syndrome occurs in women over 60 years of age, and its aetiology and clinical manifestations vary. The
pathogenesis is still unclear. At present, the main clinical application of tear substitutes to relieve dry eye
symptoms, but cannot effectively cure dry eye syndrome [3]. In�ammatory response, apoptosis, and
changes in sex hormone levels are all associated with the development of dry eye syndrome, and
in�ammation is considered to be the most important factor in the pathogenesis of dry eye syndrome [4,
5].

 

Interleukin-1 receptor associated kinase 1 (IRAK1) is a serine-threonine kinase that mediates toll-like
receptors (TLR) and IL-1 signalling pathways. These signalling pathways are critical for regulating
immune responses and in�ammatory processes [6].
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MicroRNAs (miRNA), a class of non-coding RNA, regulated numerous physiological processes via
regulating target gene expression negatively [7]. Excepted expression of microRNA in the dry eye
syndrome that may be used as a hall marker. Research showed that microRNA-132 could attenuate LPS-
induced in�ammatory injury [8] and microRNA-146a is a key regulator to regulate the in�ammatory
response [9]. Therefore, in this paper we collected the blood of patients with dry eye syndrome served as a
model, the blood of healthy people was served as a control group. The results about patients’ basic
information showed that there was no signi�cant difference and the two groups were comparable. The
expression of miRNA-146a-5p in model group was decreased compared with the control group. The target
genes which predicted by Targetscan, miRDB, miRWalk and PicTar databases proved that IRAK1 is one of
the target genes regulated by miRNA-146a-5p and the miRNAs which were related to IRAK1 were
visualized by cytoscape3.6.1; Luciferase reporter assay result showed that miRNA-146a-5p could regulate
the expression of IRAK1 directly. The results of RT-PCR showed that miRNA-146a-5p was low-expression
in model group compared with the control group, and the inhibitor reduced the miRNA-146a-5p
successfully. The tendency of IRAK1 was negatively expressed with the miRNA-146a-5p trend. And the
amount of TNF-α, IL-6, CBP was positively correlated with IRAK1. At last, western blot was used to detect
the relative protein expression, the results indicate that miRNA-146a-5p could inhibit the expression of
IRAK1 protein and the TNF-α, IL-6, CBP proteins were inhibited at the same time.

 

The present study was designed to study the possible mechanism of miRN-146a-3p in dry eye disease
and provide a new method for the treatment of dry eye syndrome.

Patients And Methods
The patients

This experiment was carried out in the hospital in China from September 2016 to January 2019. 49
patients with dry eye disease and 53 healthy people were admitted in the study. The basic information
was recorded and the study was approved by the hospital Ethics Committee and all patients had signed
informed consent. The blood of patients with dry eye disease was collected as a model group, then 53
healthy people’s blood was collected as a control group. The expression of miRNA-146a-5p was detected
by reverse transcriptase-polymerase chain reaction (RT-PCR).

 

Bioinformatics Analysis

The target genes of miRNA-146a-5p were predicted by Targetscan [10]
(http://www.targetscan.org/vert_72/), miRDB [11] (http://mirdb.org/), miRWalk [12] (http://zmf.umm.uni-
heidelberg.de/apps/zmf/mirwalk/), and PicTar [13] (https://pictar.mdc-berlin.de/), the results were

http://www.targetscan.org/vert_72/
http://mirdb.org/
http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk/
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admitted into draw Venn diagram [14] and the results belonged to the 4 databases were selected. Then
we get the sequence of miRNA-146a-5p and the target gene and look for the combining site to identify the
relationship between them. Then we look for the relative miRNAs of the target gene in dry eye disease and
visualized by Cytoscape3.6.1 [15].

 

Cell Culture

The rats were sacri�ced and soaked in alcohol with a volume fraction of 75% for 15 min. The rat lacrimal
glands were removed with ophthalmic scissors and washed 3 times with phosphate buffered saline
(PBS). The upper fascia and surrounding yellow adipose tissue were peeled off, and the dendritic blood
vessels and �brous connective tissue were removed. After rinsing in the original solution, the tissue was
cut into 1~2 mm3 pieces with ophthalmic scissors. The prepared 2 g·L-1 type II collagenase application
solution was added and shaken and digested for 25 min at 37°C in an electrothermal oven to obtain a
gland cell mass. The culture solution was added to terminate the digestion, and the gland cell pellet was
thoroughly blown into a single cell suspension. It was �ltered through a 200-mesh nylon mesh and
centrifuges at 800 r·min-1 for 5 min. The supernatant was added to a little D-Hank solution and
centrifuged again at 800 r·min-1. The precipitate was taken, and the culture solution was added and
pipetted into a single cell suspension, which was inoculated into a culture �ask [16].

 

The cells were inoculated into a 50 mL plastic �ask at 3 cm × 105 cm-2, and the lacrimal gland epithelial
cells were puri�ed by repeated adherence for 3 times (15 min to 20 min each), and cultured at 37°C in a
volume fraction of 5% CO2 incubator. After 36 h, the �rst half was changed, and after 48 h, the whole
amount was changed once. The liquid was changed once every 4 days. The �rst passage was performed
after 10 days.

 

The concentration was 100 μmol / L H2O2 and the culture was continued for 60 min to induce cell death
and recorded as a model group.

 

Luciferase reporter assay

Luciferase reporter assay was performed to identify the relationship between miRNA-146a-5p and IRAK1.
In brief, cells at 80% con�uence were co-transfected with wild-type or mutant IRAK1 3′-UTR reporters
together with miRNA-146a-5p or negative control using Lipo 2000 (Invitrogen, Carlsbad, CA, USA). The
plasmid (Promega, Madison, WI, USA) encoding luciferase was used to control for transfection e�ciency.
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Cells were lysed 24 h after transfection and tested for luciferase activities using the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA), according to the manufacturer’s instructions.

 

RT-PCR Analysis

The total RNA was isolated from mouse cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and
converted to cDNA by OneScript Reverse Transcriptase cDNA Synthesis Kit (TaKaRa, Dalian, China). The
bulge-loop TM miRNA reverse primer was used to replace Olige (dT). 25 μL Dream Taq PCR Master Mix
(TaKaRa, Dalian, China), 1.5 μL primers (Ribobio, Guangzhou, China), 2 μL cDNA and 20 μL water
nuclease free in ampli�cation reaction mixture (50 μL), and the PCR condition were as follows: 95°C (2
min, a cycle), 95°C (30 s), 58°C (30 s), 72°C (1 min), 35 cycles in total. Finally, 72°C (10 min, a cycle) [17].
GADPH served as the control of APP and U6 snRNA (U6) served as control of miR-146a-5p (El Fatimy et
al., 2018), the primer sequences were as follows: IRAK1: 5’-ATCAGGCTTTTTCCCAGGCT-3’; 5’-
GCACACTATGAGAACTTCCAAGC-3’; TNF-α: 5’-ATAAGAGCAAGGCAGTGGG-3’; 5’-
TCCAGCAGACTCAATACACA-3’; IL-6: 5’-AGCCAGAGTCCTTCAGAGAG-3’ and 5’-
TCCTTAGCCACTCCTTCTGT-3’; miRNA-146a-5p: 5’-CTGCCGCTGAGAACTGAATT-3’; 5’-
CAGAGCAGGGTCCGAGGTA-3’; GADPH: 5’-CCATGTTCGTCATGGGTGTGAACCA-3’; 5’-
GCCAGTAGAGGCAGGGATGATGTTC-3’; calprotectin: 5’-CCGGATCCAC-TAAGCTGGAAGATCACCTGGAGG-
3’; 5’-CCAAGCTTTACTCTTTGTGGATATCTAT-GTGGGCTG-3’.

 

Western Blot

Cells were lysed in radioimmuno precipitation assay buffers with the Protease Inhibitor Cocktail (Sigma-
Aldrich, St. Louis, MO, USA), separated in sodium dodecyl sulphate polyacrylamide gels, and transferred
to a polyvinylidene �uoride membrane. The membrane was incubated with anti-IRAK1, TNF-α, IL-6, CBP
and anti-β-actin (Abcam, Cambridge, MA, USA) at 4°C overnight, followed by incubation with horseradish
peroxidase-conjugated secondary antibodies for 1 h. Bands were visualized with
electrochemiluminescence (ECL).

 

Statistical Analyses

Mean ± standard deviation was used to present the data. Statistical comparisons were carried out using
the student’s t-test or one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison
test.

Results
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General information comparison

The patient’s basic information was recorded before the patients were admitted into the hospital. The 49
patients with dry eye disease in the hospital were included in the model group, including 32 males and 17
females, and the average age of 37.4 ± 10.8 years. The body’s BMI value was 22.75 ± 3.14, while the
control group was 53 healthy subjects who passed the physical examination in the hospital, including 20
males and 33 females, average age was 38.2±10.7, body BMI is also within the normal range. There was
no statistical difference There was no statistical difference between the general information of the model
combination control groups: they were comparable. See Table 1 for details.

 

MiRNA-146a-5p was low-expression in the patients with dry eye disease

To explore the expression of miRNA-146-5p in the patients with dry eye disease, the blood of the model
and the control group one was selected, the expression of miRNA-146-A-5p was detected by RT-PCR. The
result showed that miRNA-146a-5p had low-expression in model group compared with the control group.
The difference between the two groups was statistically signi�cant (Figure 1). It indicated that miRNA-
146-5p may be the marker of dry eye disease.

 

IRAK1 Is the Target Gene Regulated by miRNA-146a-5p

To predict the target genes of miRNA-146a-5p, the databases were used. We can know that there are 7
genes regulated by miRNA-146a-5p determined by miRDB, miRWalk, PicTar, TargetScan databases
(Figure 2A), including IRAK1, TRAF-6, NOVA1 and so on. Among them, IRAK1 is related to in�ammatory
response, while in�ammatory response would lead to the dry eye disease. Therefore, we will focus on the
speci�c mechanism of dry eye disease with miRNA-146a-5p and IRAK1 and explore the potential
mechanism.

 

We explore the targeting relationship between miRNA-146a-5p and IRAK1 by establishing the network
using cytoscape3.6.1. The network showed that there are numerous genes regulated by miRNA-146a-5p,
and IRAK1 was one of them (Figure 2B).

 

IRAK1 Is the Target Gene Regulated by miRNA-146a-5p

To determine whether the inhibition of IRAK1 by miR-146a-5p occurred via these predicted miR-146a-5p
binding sites, the combining site was mutated. Luciferase reporter assays indicated that the IRAK1
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mutant 3 -UTR interrupted miR-146a-5p-mediated repression, it indicated that miRNA-146a-5p could
regulate the expression of IRAK1 directly (Figure 3).

 

MiRNA-146a-5p Inhibits In�ammatory Release by Targeting IRAK1 mRNA

Then we determined the expression of IRAK1 when miRNA-146a-5p with inhibition treatment (Figure 4A),
we found that compared with the control group, the expression of miRNA-146a-5p was lower and IRAK1
higher at the same time in the model group. While the inhibitor group showed that the inhibition of
miRNA-146a-5p would lead to the increase of IRAK1 mRNA, and when the expression of miRNA-146a-5p
is rising, the IRAK1 mRNA would decrease at the same time. The relationship between miRNA-146a-5p
and IRAK1 were negatively correlated. These results suggested that the highly conserved sequence of the
IRAK1 3 -UTR is the major miR-146a-5p binding site, and further con�rmed that miR-146a-5p directly
inhibits IRAK1(Figure 4B).

 

Then we detected the expression of IL-6, calprotectin and TNF-α (Figure 4A), the result showed that the
expressions of IL-6, calprotectin and TNF-α were higher in the model group compared with the control
group, and the expressions of IL-6, calprotectin and TNF-α in inhibitor groups were lower obviously (Figure
4B). It indicated that the up-regulating miRNA-146a-5p and targeting IRAK1 mRNA may inhibit
in�ammatory release.

 

At last, we detected the relationship of miRNA-146a-5p, IRAK1, calprotectin, IL-6 and TNF-α mRNA, the
result showed that miRNA-146a-5p was negatively related with IRAK1, while the expression of IL-6,
calprotectin, TNF-α had positive relation with IRAK1 and negatively related with miRNA-146a-5p (Figure
4C).

 

MiRNA-146a-5p attenuates in�ammatory response by regulating TRAF-6 protein

In order to prove the effects of miRNA-146a-5p on the expression of IRAK1 protein, Western Blot was
used. The IRAK1 protein was signi�cantly increased in the model group compared with the control group
while the expression of IRAK1 protein was the highest in the inhibitor group (Figure 5A), and the
difference was statistically signi�cant (P<0.01). MiRNA-146a-5p inhibitor attenuates the inhibitory effect
of miR-146a-5p on IRAK1 protein expression.
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At last, we detected the relationship of IRAK1, IL-6 and TNF-α proteins, the result showed that miRNA-
146a-5p was negatively correlated to IRAK1, while the expression of calprotectin, IL-6 and TNF-α proteins
had positive correlation with IRAK1 (Figure 5B).

Discussion
Dry eye syndrome refers to a general term for a type of disease in which the composition and volume of
tears or abnormalities in kinetics cause instability of the tear �lm, accompanied by eye discomfort such
as dryness [18], visual fatigue [19], photophobia [20], and decreased vision [21]. In terms of classi�cation,
it is a kind of chalk disease, that is, there is no abnormality in appearance and the patient has obvious
eye discomfort.

 

Dry eye syndrome is usually accompanied by in�ammation [22]. Under the action of the body’s immune
system, a certain number of lymphocytes in�ltrate the ocular surface tissue and lacrimal gland, releasing
a large number of in�ammatory factors, causing the appearance of in�ammation in the body, further
affecting the tear secretion system of the human body, leading to pathological changes in the amount
and composition of tear secretion [23]. In order to escape the attack from the lacrimal immune system,
these lymphocytes secrete in�ammatory factors, which also have the effect of affecting the secretion of
normal glands; in addition, in�ammatory factors can also exert effects on sympathetic and
parasympathetic nerves, so that the sensory nerve function corresponding to the ocular surface decline,
eventually destroying the integrity of the tear �lm [24].

 

Now more and more research paid attention to miRNA in various diseases. Among them, the microRNA
related to dry eye syndrome is a hot topic too [25]. And it could regulate numerous physiological
processes via binding to the 3′ untranslatable region (3′-UTR) of their mRNA targets [26]. Up to now, many
studies have demonstrated that miRNA-146a is an important regulator of in�ammatory response [27], so
its regulation of in�ammatory response has an important impact on dry eye syndrome. However, whether
miRNA-146a-5p could cure dry eye syndrome and its speci�c mechanism remains is still unclear.
Therefore, in this paper, we collected the blood of patients with dry eye disease, which served as a model
group, and the blood of healthy people served as a control group. We found that the comparison of the
general information between patients and healthy people had no signi�cant difference, and it indicated
that the two groups were comparable. The expression of miRNA-146a-5p was lower in the model group
compared with that in the control group. The target genes regulated by miRNA-146a-5p were predicted by
Targetscan, miRDB, miRWalk and PicTar databases, the genes regulated by miRNA-146a-5p which are
related with dry eye disease were selected by draw Venn diagram; the results of databases showed that
IRAK1 was one of the target genes regulated by miRNA-146a-5p and it is related to dry eye disease. The
results of luciferase reporter assay showed that miRNA-146a-5p could regulate the expression of IRAK1
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directly. The expression of miRNA-146a-5p was negatively related to IRAK1 mRNA and protein. While
IRAK1 had positive correlation with IL-6, TNF-α, CBP proteins.

 

Conclusions
These results emphasized that the up-regulation of miRNA-146a-5p could inhibit the expression of IRAK1,
IL-6, TNF-α, CBP so as to help reduce the in�ammatory response in dry eye syndrome.

Abbreviations
CBP: Calmodulin Binding Peptide; IL-6: Interleukin- 6; IRAK1: Interleukin-1 receptor associated kinase 1;
PBS: phosphate buffered saline; RT-PCR: reverse transcriptase-polymerase chain reaction; TLR: toll-like
receptors; miRNA: MicroRNAs; TNF-α: tumor necrosis factor α;
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Figure 1

The relative miRNA-146a-5p expression in dry eye syndrome. **P<0.001 vs. Control group;



Page 14/17

Figure 2

IRAK1 is the target gene regulated by miRNA146a-5p in dry eye syndrome. (A) The target genes regulated
by miRNA-146a-5p were detected by databases; (B) The IRAK1was the miRNA-146a-5p target gene was
visualized by cytoscape.
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Figure 3

The �uorescence intensity was measured by luciferase report assay. The overexpressed miR-146a-5p was
able to bind to IRAK1-WT, and the �uorescence intensity was weakened, and the difference was
signi�cant, P<0.01. In combination with IRAK1-MUT, there is no difference in �uorescence intensity.
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Figure 4

The expression of miRNA-146a-5p and IRAK1. (A) The expression of miRNA-146a-5p, IRAK1, calprotectin,
IL-6 and TNF-α were analyzed by RT-PCR; The expression levels were semi-quanti�ed by densitometric
measurements, normalized with U6/GADPH ; **P<0.01 vs. CON; ##P<0.01 vs. Model; (B) The relationship
of miRNA-146a-5p, IRAK1, calprotectin, IL-6 and TNF-α mRNA. Red and blue means the negative
correlation/positive correlation respectively.
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Figure 5

The expression of IRAK1, calprotectin, IL-6 and TNF-α proteins. (A) The expression of IRAK1 IL-6
calprotectin and TNF-α proteins were determied by Western blot; (B) The expression levels were semi-
quanti�ed by densitometric measurements, normalized with β-actin. n=3, **P<0.01 vs. CON; ##P<0.01 vs.
Model; (C) The relationship of TRAF6, IL-6, calprotectin and TNF-α proteins. Red means the negative
correlation; Blue means positive correlation


