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Abstract. – OBJECTIVE: To elucidate the bio-
logical function of hsa-miR-375 in the progres-
sion of inflammatory bowel disease (IBD) and 
the potential mechanism.  

PATIENTS AND METHODS: Intestinal mu-
cosa tissues of 26 IBD patients and 30 healthy 
volunteers who underwent colonoscopy were 
harvested for determining hsa-miR-375 level 
by quantitative Real-time polymerase chain re-
action (qRT-PCR). Binding of hsa-miR-375 to 
toll-like receptor 4 (TLR4) was verified by the 
dual-luciferase reporter gene assay. Changes 
in the viability and apoptosis in Caco-2 cells 
influenced by hsa-miR-375 were examined by 
cell counting kit-8 (CCK-8) assay and flow cy-
tometry, respectively. The regulatory effect of 
hsa-miR-375 on the intestinal epithelial barrier 
was examined by detecting transepithelial elec-
trical resistance (TEER) and lucifer yellow flux. 
Relative levels of TLR4, nuclear factor-kappa 
B (NF-κB), zonula occludens-1 (ZO-1), occludin 
and inflammatory factors in Caco-2 cells were 
detected by qRT-PCR, Western blot and en-
zyme-linked immunosorbent assay (ELISA).

RESULTS: Hsa-miR-375 was downregulated 
in intestinal mucosa tissues of patients with 
Crohn’s disease (CD) and ulcerative colitis (UC). 
Knockdown of hsa-miR-375 decreased viability 
and TEER, but elevated apoptotic rate and luci-
fer yellow flux. Overexpression of hsa-miR-375 
achieved the opposite trends. TLR4 was the di-
rect downstream of hsa-miR-375, and its level 
was negatively mediated by hsa-miR-375. In ad-
dition, TLR4 level in Caco-2 cells was upregulat-
ed after LPS induction, while hsa-miR-375 level 
was unchangeable. Knockdown of hsa-miR-375 
upregulated NF-κB and pro-inflammatory factors 
TNF-α, IL-1β, IL-6 and IL-8, and downregulated 
ZO-1, occludin and anti-inflammatory factor IL-10.

CONCLUSIONS: Hsa-miR-375 is involved in 
the pathogenesis of IBD by upregulating TLR4 
and inducing NF-κB activation.
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Introduction 

Inflammatory bowel disease (IBD) is a group 
of chronic, recurrent and non-specific inflam-
matory diseases involving the gastrointestinal 
tract, including Crohn's disease (CD) and ulcer-
ative colitis (UC)1. The etiology and pathogene-
sis of IBD remain unclear. Current studies indi-
cated that alteration of intestinal flora, intestinal 
mucosal barrier dysfunction, immune response 
disorder in the intestinal mucosa, environmental 
factors and genetic susceptibility are all factors 
influencing the development of IBD2,3. In recent 
years, the incidence of IBD has increased year by 
year. Protracted course of disease, high rate of re-
currence and carcinogenic risks of IBD seriously 
affect life quality and pose an economic burden 
on affected patients3,4. It is of great significance to 
elucidate the pathogenesis of IBD and search for 
novel therapeutic targets. 

MicroRNAs (miRNAs) are a class of en-
dogenous, small, non-coding RNAs with 19-25 
bases in length. They promote the degradation 
or inhibit translation of target genes by comple-
mentary base pairing to mRNA 3'Untranslat-
ed Region (3'UTR), thereby mediating cellular 
behaviors5,6. At present, many miRNAs have 
been found to be abnormally expressed in the 
intestinal mucosa of IBD patients. Dysregulated 
IBD-related miRNAs cause immune dysfunc-
tion in the intestinal mucosa, impair intestinal 
epithelial barrier function, and ultimately lead 
to disordered inflammatory immune respons-
es in the intestinal mucosa6,7. MiRNA exerts a 
strong regulatory ability on gene expressions at 
cellular level, which is capable of affecting the 
development of intestinal inflammation. It has a 
promising potential as a drug target for clinical 
treatment of IBD. A relevant study demonstrated 
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that miR-19b is downregulated in the intestinal 
mucosa of active CD patients. Enema treatment 
of miR-19b precursor in TNBS-induced colitis 
mice markedly alleviates inflammatory response 
in mouse intestinal mucosa8. In addition, miR-
301a is highly expressed in the intestinal muco-
sa of active IBD patients than those same IBD 
patients in the remission phase and healthy 
controls. No significant difference in miR-301a 
level is identified between IBD patients in the 
remission phase and healthy controls. Applica-
tion of miR-301a inhibitor in TNBS-induced 
mice with acute colitis reduces the ratio of Th17 
cells and IL-17a level in the lamina propria of 
the intestinal mucosa9. It is suggested that miR-
301a may serve as a biological hallmark for de-
termining the disease activity and therapeutic 
target for IBD. 

Toll like receptor 4 (TLR4) activates nuclear 
factor-kappa B (NF-κB) through MyD88, thus 
stimulating the secretion of downstream inflam-
matory cytokines10. TLR4 is upregulated in the 
colon and terminal ileal epithelium of UC and 
CD patients, whereas it is rarely expressed in the 
intestinal epithelial cells of healthy people. Dys-
regulated TLR4 may lead to local immune abnor-
malities in the intestinal mucosa, triggering the 
occurrence of IBD11,12. Heinsbroek et al13 found 
out that miR-511-3p influences the progression of 
enteritis by upregulating TLR4. In this study, the 
potential regulatory effect of TLR4 on IBD and 
its interaction with has-miR-375 were specifically 
explored. 

Patients and Methods

Sample Collection
Intestinal mucosa tissues were harvested from 26 

IBD patients treated in Shandong Provincial Qianfos-
han Hospital from 2017 to 2018. There were 14 UC 
patients (8 males and 6 females, aged 26-66 years, 
disease duration of 12-46 months) and 12 CD patients 
(6 males and 6 females, aged 23-50 years, disease du-
ration of 10-45 months). 30 healthy volunteers who 
underwent colonoscopy in the same period were se-
lected as controls. This study was approved by the 
Ethics Committee of Shandong Provincial Qianfos-
han Hospital. Signed written informed consent was 
obtained from all participants before the study.

Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)

Total RNA was extracted from tissues and cells by 
TRIzol method (Invitrogen, Carlsbad, CA, USA). Af-
ter concentration determination, RNA was subjected 
to reverse transcription according to the instructions 
of the miScript II RT Kit. The obtained comple-
mentary deoxyribose nucleic acid (cDNA), primers, 
mixture buffer and diethyl pyrocarbonate (DEPC) 
water (Beyotime, Shanghai, China) were mixed for 
preparing the qRT-PCR system. Amplification was 
conducted on the ABI 7900 Fast PCR instrument 
(Applied Biosystems, Foster City, CA, USA). Glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH) was 
selected as the internal reference and the relative level 
of target gene was calculated by 2-ΔΔCT method. Prim-
er sequences were depicted in Table I.

Table I. Primer sequences of genes used in this study.

TLR4	 F: 5’-ATATAAGCTTGATGCCAGGATGGTGT-3’
	 R: 5’-TATGGAATCCCATTCCT -3’
TNF-α	 F: 5’-CCTCTCTCTAATCAGCCCTCTG-3’
	 R: 5’-GAGGACCTGGGAGTAGATGAG-3’
IL-1β	 F: 5’- CGCTCGGAGTTGGAACTGAC-3’
	 R: 5’- TGGGTACTGCGAATCACCAAG-3’
IL-6	 F: 5’- CAACGATGATGCACTTGCAGA-3’
	 R: 5’- CTCCAGGTAGCTATGGTACTCCAGA-3’
IL-8	 F: 5’- GGCAAGAACACTGTGTCCAAAGA-3’
	 R: 5’-GTGGATGACTGTCCATGCAGAA-3’
IL-10	 F: 5’-GCCAGAGCCACATGCTCCTA-3’
	 R: 5’-GATAAGGCTTGGCAACCCAAGTAA-3’
GAPDH	 F: 5’-GCACCGTCAAGGCTGAGAAC-3’
	 R: 5’-GGATCTCGCTCCTGGAAGATG-3’
hsa-miR-375	 F: 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGUGUUUGG -3’
	 R: 5’- ACACTCCAGCTGGGGCGACGAGCCCCUCGCA -3’
U6	 F: 5’- CTCGCTTCGGCAGCACA-3’
	 R: 5’-AACGCTTCACGAATTTGCGT -3’
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Cell Culture and Transfection
Colorectal cancer cell line Caco-2 was cultured 

in Dulbecco’s modified eagle’s medium (DMEM) 
(Gibco, Rockville, MD, USA) containing 10% fetal 
bovine serum (FBS) (Gibco, Rockville, MD, USA) 
and 1% penicillin-streptomycin, and incubated in 
a 5% CO2 incubator at 37°C. Cells seeded in the 
6-well plate were subjected to transfection at 50-
70% of confluence. Transfection plasmids and Li-
pofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
diluted in 250 μL of serum-free DMEM, respec-
tively, were mixed and applied in each well with 1.5 
mL of serum-free DMEM. 4-6 hours later, complete 
DMEM was replaced. Transfected cells for 24-48 h 
were collected for the following experiments. 

Establishment of in Vitro Intestinal 
Mucosal Barrier

2×104 cells suspended in 200 μL of DMEM 
were applied on the upper side of the chamber 
(0.33 cm2 in size and 4.0 μm of membrane pore 
size) placed in a 24-well plate, and 1.2 mL of 
DMEM was applied to the bottom side. Medium 
was replaced every other day. Polar cell monolay-
er was developed at 21 days. 

TEER Examination 
The integrity of the intestinal epithelial bar-

rier was determined by measuring TEER using 
the Millicell-ERS instructor. Before the measure-
ment, the electrode of the ERS resistance meter 
was immersed in 75% ethanol for 15 min, washed 
with Hank's buffer and equilibrated for 5 min. 
Two blank control wells were set. The measure-
ment process should be carried out at a constant 
temperature for three times. TEER (Ω cm2) = 
(TEER of sample - TEER of blank well) × effec-
tive membrane area of the cell chamber.

Determination of Lucifer Yellow Flux 
The permeability of the intestinal epithelial 

barrier was determined by measuring lucifer yel-
low flux. The lucifer yellow dye was dissolved in 
Hank's solution at the final concentration of 100 
μg/mL. Culture medium in the 24-well pate and 
the chamber was removed. Cells were washed 
with Hank's buffer for three times and incubated 
at 37°C for 0.5 h. 100 μL of Hank's buffer con-
taining fluorescent yellow dye was applied on the 
apical chamber and incubated at 37°C for 4 h. Two 
blank control wells were set. Medium at ventral 
chamber was collected for determining the ab-
sorbance at 427 nm of excitation wavelength and 
536 nm of the emission wavelength. Lucifer yel-

low flux rate (%) = lucifer yellow concentration in 
the basal chamber / lucifer yellow concentration 
in the apical chamber. Intestinal mucosal barrier 
establishment was considered to be successful if 
the lucifer yellow flux was lower than 10%.

Cell Proliferation Assay
Cells were seeded in the 96-well plate with 

1×104 cells/mL. Optical density (OD) at 450 nm 
was recorded at the appointed time points using 
the cell counting kit-8 (CCK-8) kit (Dojindo Lab-
oratories, Kumamoto, Japan) for depicting the vi-
ability curve.

Cell Apoptosis Detection
Cells were seeded in the 6-well plate for 48-h 

incubation, washed with pre-cooled PBS (phos-
phate-buffered saline) twice and reacted with flu-
orescein isothiocyanate (FITC)-Annexin V and 
250 μg/mL Propidium Iodide (PI) in dark for 10 
min. Cells were washed with PBS twice, followed 
by flow cytometry detection (FACSCalibur; BD 
Biosciences, Franklin Lakes, NJ, USA). 

Dual-Luciferase Reporter Gene Assay
Wild-type and mutant-type pGL3-TLR4 

plasmids were constructed. Caco-2 cells were 
co-transfected with pGL3-TLR4 wild-type/mu-
tant-type and hsa-miR-375 mimics/negative con-
trol, respectively. 48 hours later, luciferase activi-
ty was detected using the dual-luciferase reporter 
gene assay kit (Promega, Madison, WI, USA).

Western Blot
Total protein from cells or tissues was extract-

ed using radioimmunoprecipitation assay (RIPA) 
and loaded for electrophoresis. After transferring 
on a polyvinylidene difluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA), it was blocked in 
5% skim milk for 2 h, incubated with primary an-
tibodies at 4°C overnight and secondary antibodies 
for 2 h. Bands were exposed by electrochemilumi-
nescence (ECL) and analyzed by Image Software. 

Enzyme-Linked Immunosorbent 
Assay (ELISA)

Standard curve was established according to 
the experimental instructions. Test samples were 
added to each well and incubated at 37°C for 2 h. 
Samples were incubated with the primary antibody 
at 37°C for 1 h and the luminescent substrate for 
5-10 min. The reaction solution was finally add-
ed to each well. The optical density (OD value) of 
each well was measured using a microplate reader.
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Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM, Armonk, NY, USA) was used 
for all statistical analysis. Data were represent-
ed as mean ± SD (standard deviation). The t-test 
and chi-square test were used for analyzing mea-
surement data and categorical data, respectively. 
p<0.05 indicated the significant difference.

Results 

Expression Patterns of hsa-miR-375 
and TLR4 in IBD

Hsa-miR-375 was downregulated in the in-
testinal mucosa of 26 IBD patients (14 UC pa-
tients and 12 CD patients) relative to that of 30 
normal controls (p<0.05, Figure 1A). In addition, 
the mRNA level of TLR4 was upregulated in the 
intestinal mucosa of IBD patients (p<0.05, Fig-
ure 1B). A negative correlation was identified be-
tween mRNA levels of hsa-miR-375 and TLR4 in 
IBD (R2=0.7849, p<0.001, Figure 1C).

Binding Relationship between 
hsa-miR-375 and TLR4

Transfection of hsa-miR-375 mimics marked-
ly downregulated the mRNA level of TLR4, and 
conversely, transfection of hsa-miR-375 inhibitor 
upregulated TLR4 level, indicating a negative 
regulation between them (Figure 2A). To verify 
the binding relationship between hsa-miR-375 
and TLR4, Caco-2 cells were co-transfected with 
pGL3-TLR4 wild-type plasmid/mutant-type plas-
mid and hsa-miR-375 mimics/negative control, 
respectively. Luciferase activity was reduced in 
cells co-transfected with hsa-miR-375 mimics 

and pGL3-TLR4 wild-type plasmid, suggesting 
that hsa-miR-375 directly bound to TLR4 (Figure 
2B, 2C). 

Hsa-miR-375 Influenced Viability,
Apoptosis and Intestinal Epithelial 
Barrier Function

Biological function of hsa-miR-375 in IBD was 
further investigated. As CCK-8 assay illustrated, 
knockdown of hsa-miR-375 decreased the viabil-
ity of Caco-2 (Figure 3A). Apoptotic rate was el-
evated after transfection of hsa-miR-375 inhibitor 
in Caco-2 cells (Figure 3B). Moreover, TEER and 
lucifer yellow flux were determined to reflect the 
integrity and permeability of intestinal epithelial 
cell barrier. Transfection of hsa-miR-375 inhibitor 
markedly decreased TEER at 48 h and 72 h (Fig-
ure 3C), and increased lucifer yellow flux at 24 h, 
48 h and 72 h (Figure 3D). These results demon-
strated that hsa-miR-375 deficiency impaired the 
integrity and elevated the permeability of intesti-
nal epithelial barrier. 

Hsa-miR-375 Mediated TLR4/NF-κB 
Pathway and Inflammatory Factors 

TLR4 was upregulated in LPS-induced Caco-
2 cells relative to controls. Moreover, the relative 
level of TLR4 was downregulated in LPS-induced 
Caco-2 cells overexpressing hsa-miR-375, where-
as hsa-miR-375 knockdown elevated TLR4 level 
in LPS-induced cells (Figure 4A). No significant 
difference was observed in hsa-miR-375 level af-
ter LPS induction in Caco-2 cells, indicating that 
the upregulated TLR4 in IBD was directly relat-
ed to the low-level hsa-miR-375 (p=0.768, Figure 
4B). Protein level of NF-κB was upregulated after 
LPS induction in Caco-2 cells, which was further 

Figure 1. Expression patterns of hsa-miR-375 and TLR4 in IBD. A, Hsa-miR-375 was downregulated in the intestinal mucosa 
of 26 IBD patients (14 UC patients and 12 CD patients) relative to that of 30 normal controls. B, TLR4 was upregulated in the 
intestinal mucosa of 26 IBD patients (14 UC patients and 12 CD patients) relative to that of 30 normal controls. C, A negative 
correlation between mRNA levels of hsa-miR-375 and TLR4 in IBD (R2=0.7849, p<0.001).          
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elevated in LPS-induced cells transfected with 
hsa-miR-375 inhibitor (Figure 4C). We believed 
that hsa-miR-375 was involved in the pathogen-
esis of IBD by activating the TLR4/NF-κB path-
way. Meanwhile, ELISA data showed that relative 
levels of ZO-1 and Occludin were downregulated 
after hsa-miR-375 knockdown, showing a protec-
tive role of hsa-miR-375 in the intestinal epithe-
lial barrier function (Figure 4D, 4E). QRT-PCR 
data presented that hsa-miR-375 knockdown up-
regulated levels of TNF-α, IL-1β, IL-6 and IL-8, 
and downregulated IL-10 levels in LPS-induced 
Caco-2 cells (Figure 4F). Overexpression of hsa-
miR-375 obtained the opposite trends at mRNA 
levels of these inflammatory factors.

Discussion 

Chronic prolongation and recurrent episodes 
of IBD, accompanied by the insufficient moni-
toring and preventive methods in the early stage, 
altogether influence life quality and clinical 
outcome of IBD patients. Currently, the patho-
genesis of IBD remains unclear. It is generally 
believed that genetic susceptibility, infection, 
environmental factors, intestinal flora imbal-
ance, and immune dysfunction are associated 
with the intestinal mucosal damage caused by 
excessive intestinal mucosal immune response 
in IBD patients. MiRNAs are endogenous, 
non-coding, small RNAs that participate in the 

Figure 2. Binding relationship between hsa-miR-375 and TLR4. A, Transfection of hsa-miR-375 mimics downregulated the 
mRNA level of TLR4, and transfection of hsa-miR-375 inhibitor upregulated TLR4 level. B, Binding sequences between TLR4 
hsa-miR-375. C, Luciferase activity in Caco-2 cells co-transfected with pGL3-TLR4 wild-type plasmid/mutant-type plasmid 
and hsa-miR-375 mimics/negative control. 
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B
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Figure 3. Hsa-miR-375 
influenced viability, 
apoptosis and intestinal 
epithelial cell barrier 
function. A, CCK-8 as-
say revealed that trans-
fection of hsa-miR-375 
inhibitor decreased the 
viability of Caco-2 cells. 
B, Flow cytometry re-
vealed that transfection 
of hsa-miR-375 inhibitor 
increased the apoptotic 
rate of Caco-2 cells. C, 
TEER decreased 48 h and 
72 h in Caco-2 cells trans-
fected with hsa-miR-375 
inhibitor. D, Lucifer yel-
low flux increased at 24 h, 
48 h and 72 h in Caco-2 
cells transfected with hsa-
miR-375 inhibitor.
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pathophysiological processes by regulating gene 
expressions at post-transcriptional and transla-
tional levels. They also exert an important role 
in the pathogenesis of IBD14-16. Heinsbroek et al13 
have shown the crucial function of miRNAs in 
the TLR/NF-кB pathway. Expression changes of 
miRNAs may be closely related to the key genes 
in this pathway, thus leading to the development 
of various inflammatory diseases13. TLR4 is the 
most complex member of the TLRs family, and its 
ligand LPS is a component of the outer membrane 
of Gram-negative bacteria. TLR4 binds to LPS 
accompanied by the involvement of cofactors 
MD-2 and CD14 to activate NF-кB. Subsequent-
ly, effector cells are stimulated to secrete TNF-α 
and other cytokines, and thereafter induce the 
inflammatory response17,18. IBD is a systemic 
immune disease with a dysfunctional cytokine 
network, which may be related to the excessive 
activation of NF-κB. Abnormal increase in in-

flammatory cytokines and reduction of anti-in-
flammatory cytokines induce changes in intes-
tinal mucosal inflammation19,20. IL-10 is a vital 
inhibitory cytokine, mainly secreted by Th cells. 
It is an anti-inflammatory cytokine with immu-
nomodulatory and anti-inflammatory effects, 
participating in the intestinal immunity20. As a 
crucial pro-inflammatory cytokine, the major 
functions of IL-8 are to chemotaxis and activate 
neutrophils. The plasmin activity and phagocy-
tosis of activated neutrophils exert a certain che-
motactic effect on basophils and T cells21. It is 
currently believed that inflammation induced by 
TNF-α, IL-1β, and IL-6 is mainly mediated by 
chemokines, including IL-8. This study demon-
strated that the lowly expressed hsa-miR-375 up-
regulated TLR4, which in turn induced the acti-
vation of NF-κB and promoted the expressions 
of pro-inflammatory factors TNF-α, IL-1β, IL-6 
and IL-8, while inhibited IL-10 level.

Figure 4. Hsa-miR-375 mediated TLR4/NF-κB pathway and inflammatory factors. A, The mRNA level of TLR4 in Ca-
co-2 cells with no specific treatment, LPS induction, LPS induction+transfection of hsa-miR-375 inhibitor and LPS induc-
tion+transfection of hsa-miR-375 mimics. B, No significant difference in hsa-miR-375 level after LPS induction in Caco-2 
cells. C, Protein level of NF-κB in Caco-2 cells with no specific treatment, LPS induction, LPS induction+transfection of 
hsa-miR-375 inhibitor and LPS induction+transfection of hsa-miR-375 mimics. D, Relative level of ZO-1 in culture medium of 
Caco-2 cells with no specific treatment, transfection of hsa-miR-375 inhibitor and LPS induction+transfection of hsa-miR-375 
inhibitor. E, Relative level of Occludin in culture medium of Caco-2 cells with no specific treatment, transfection of hsa-
miR-375 inhibitor and LPS induction+transfection of hsa-miR-375 inhibitor. F, The mRNA levels of TNF-α, IL-1β, IL-6, IL-8 
and IL-10 in Caco-2 cells with no specific treatment, LPS induction, LPS induction+transfection of hsa-miR-375 inhibitor and 
LPS induction+transfection of hsa-miR-375 mimics. 
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The result revealed the protective effect of hsa-
miR-375 on the intestinal epithelial barrier func-
tion, the most important immune defense barrier 
of the body to resist the invasion of foreign anti-
gens and maintain the stability of the homeosta-
sis22. Therefore, clarification of the structure and 
function of the intestinal mucosal barrier contrib-
ute to develop effective drugs to maintain and re-
pair the intestinal mucosal barrier. The possible 
mechanism of hsa-miR-375 in the pathogenesis of 
IBD needs to be further validated in animal mod-
els to provide new ideas for the treatment of IBD.

Conclusions

Hsa-miR-375 is involved in the pathogenesis 
of IBD by upregulating TLR4 and inducing NF-
κB activation.
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