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Abstract

Purpose
In�ammatory bowel disease (IBD), mainly including ulcerative colitis (UC) and Crohn’s disease (CD), is a
common gastrointestinal disorder worldwide. Recent studies revealed that there is a strong connection
between the regulatory mechanism of miRNA and IBD etiology. In the current study, we aim to investigate
the potential role of hsa-miR-374b-5p(miR-374b-5p) and hsa-miR-106a-5p (miR-106a-5p)in regulating IBD
development.

Methods
Serum was obtained from vein blood of IBD patients and healthy controls ,qRT-PCR was performed to
study the expression of miR-374b-5p and miR-106a-5p. Furthermore ,we investigate the effects of
overexpression or inhibition of miR-374b-5p on naïve CD4 + T cell subsets differentiation from vein blood
of healthy controls by qRT-PCR, �ow cytometry and western blot. And more the prediction and
con�rmation of the targeting genes of miR-374b-5p and miR-106a-5p were performed by bioinformatics
softwares and dual-luciferase reporter assay.

Results
We found that miR-106a-5p and miR-374b-5p were markedly upregulated in the serum of IBD patients,
and hsa-miR-374b-5p was able to facilitate the Th1 and Th17 differentiation and is associated with IBD
pathogenicity. Overexpression of miR-374b-5p increased IFN-γ, IL-17A mRNA levels, and decreased IL-10
mRNA levels in CD4+T cells by qRT-PCR. Moreover, inhibition of miR-374b-5p decreased IFN-γ, IL-17A, and
increased IL-10 mRNA levels in CD4+ T cells; these were further con�rmed at protein level by �ow
cytometry and western blot. Additionally, we con�rmed IL-10 as a novel target gene of miR-374b-5p by
dual-luciferase reporter assay, which has been identi�ed as anti-in�ammatory cytokine to negatively
regulate the development of IBD. Otherside, we identi�ed STAT3 as a target gene of miR-106a-5p by dual-
luciferase reporter assay. Our subsequent study observed that the JAK1/STAT3 pathway were regulated
by miR-374b-5p through IL-10/STAT3 axis in CD4+T cells. Overexpression of miR-374b-5p could
signi�cantly decrease STAT3 mRNA levels and serine phosphorylation(ser-727) of STAT3 protein levels
and inhibition of miR-374b-5p could signi�cantly increase STAT3 mRNA levels and serine
phosphorylation(ser-727) of STAT3 protein levels respectively.

Conclusion
MiR-374b-5p and miR-106a-5p may play an important role in IBD pathogenesis through targeting IL-
10/STAT3 axis.
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1. Introduction
In�ammatory bowel disease (IBD), mainly including ulcerative colitis (UC) and Crohn’s disease (CD),
results in disorders in different digestive organ parts with prolonged pain and disruption, is a common
gastrointestinal disorder worldwide[1]. Epidemiology of IBD shows the increasing rate by every year where
prevention or cure of this disease is still intractable[2]. Although the exact etiology of IBD is still unknown,
IBD has been considered to result from the combination effect of immune responses[3]. Its pathogenesis
is complex, involving a continuous in�ammatory response that is associated with immune dysregulation.
Dysregulated immune responses mediated by CD4+T cells have been suggested as the central players in
the pathogenesis of IBD[4, 5]. Accumulating evidence has demonstrated that CD4+T-cell-related cytokines
are critical for the development of chronic intestinal in�ammation, such as interferon(IFN)-γ, IL-17A, IL-
10[6, 7].

Although chronic IBD in�ammation is maintained by T helper (Th1)-driven immune responses, the overall
mechanism responsible for IBD is believed to involve a complex interplay between varieties of
in�ammatory mediators. Recently, Th17 in�ltrating cells have received signi�cant attention because
increased expression of these cells is evident in Crohn’s disease (CD) patients, as well as experimental
models of colitis[8] .The importance of IL-10 in preventing IBD is highlighted by spontaneous enterocolitis
occurring in mice lacking IL-10 and IL-10 receptor polymorphisms correlating with early onset IBD[9, 10]. IL-
10 was identi�ed as a Th2 cytokine that downregulates in�ammatory cytokines produced by Th1.
Dysregulation of IL-10 is associated with various immune-related diseases, such as cancer, rheumatoid
arthritis, asthma, and IBD[11].IL-10 could activate STAT3 and IL-10/STAT3 axis is associated with IBD
development[12].

MicroRNAs (miRNAs) appear as important cytoplasmic regulators of gene expression[13, 14]. MiRNAs are
non-coding RNAs of the approximated length of 22 nucleotides, playing important roles in gene splicing
and post-transcriptional regulation of genes[15, 16]. To date, hundreds of miRNAs have been identi�ed in
cells of the innate and adaptive immune systems[17–19]. Recent evidence has shown that speci�c miRNAs
are involved in regulating immune response and immune cell development, which are crucial to the
pathogenesis of a variety of in�ammatory diseases[20, 21]. Recent studies revealed that there is a strong
connection between the regulatory mechanism of miRNA and IBD etiology. Studies have identi�ed
distinct tissue and peripheral blood miRNA expression pro�les in IBD[13]. Given its recent association with
the regulation of immune function, as well as IBD development, hsa-miR-374b-5p(miR-374b-5p) and hsa-
miR-106a-5p (miR-106a-5p) have received a great deal of interest.

In the current study, we investigated miR-374b-5p and miR-106a-5p expression in the serum of IBD
patients, and their potential role in regulating in�ammatory responses. We found that hsa-miR-374b-5p
and hsa-miR-106a-5p were markedly upregulated in the serum of IBD patients, and hsa-miR-374b-5p was
able to facilitate the Th1 and Th17 differentiation and is associated with IBD pathogenicity. Additionally,
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we identi�ed IL-10 as a novel target gene of miR-374b-5p, which has been identi�ed as anti-in�ammatory
cytokine to negatively regulate the development of IBD[6, 22].

2. Materials And Methods
2.1 Study subjects

This study enrolled patients with IBD who admitted at the gastroenterology department of People’s
Hospital of Ningxia Hui Autonomous Region from December 2019 to December 2021. According to
diagnostic criteria issued by American College of Gastroenterology (ACG) in 2010 [23]  , our study included
34 UC patients (22 cases in active period and 12 cases in remission period) and 15 CD patients (9 cases
in active period and 6 cases in remission period). Before enrollment, all patients did not receive following
treatments like corticosteroids, immunosuppressive agents or biological agents, and were without other
autoimmune diseases, infectious diseases and neoplastic diseases. The severity of diseases was
assessed according to international standard criteria such as Crohn’s disease activity index (CDAI) for the
diagnosis of patients with CD and Mayo scores for patients with UC. Peripheral venous blood and serum
were taken from 30 healthy examinees as healthy control HC group. All the subjects presented no
signi�cant differences in gender and age with comparability (all P > 0.05). The baseline information of all
the patients was shown in Table 1. Before experiments, all the subjects and relatives of the study were
informed and signed the informed consents. This experiment got the permission from the Ethics
Committee of People’s Hospital of Ningxia Hui Autonomous Region, and followed the Declaration of
Helsinki .

Table 1

Clinical characteristics of Healthy controls and IBD patients.



Page 5/23

Abbreviations: A/R: Active/Remission, CD, Crohn’s disease, CDAI, Crohn’s disease activity index, HC,
healthy control, UC, ulcerative colitis.

2.2 Isolation and transfection of Peripheral Blood CD4+ T cells

Peripheral blood mononuclear cells PBMC and serum were isolated from EDTA anticoagulated blood
samples obtained from HCs, CD patients, and UC patients by density centrifugation using Ficoll-Paque™
Plus (GE Healthcare Bio-Science, USA). The PBMC were obtained using the human lymphocyte cell
separation medium kit(Solarbio Life Sciences, P.R.China)according to the manufacturer’s
instructions. Subsequently, peripheral blood CD4+T cells were isolated using magnetic-activated cell
separation (MACS) and a human naïve CD4+T Cell Isolation Kit(Miltenyi Biotec, Germany). The purity of
peripheral blood CD4 +T cells was >95% assessed by �ow cytometry. CD4+T cells were incubated in
human T cell culture medium (Thermo Fisher) supplemented with 15% fetal bovine serum (FBS) and
100g/ml penicillin G and streptomycin. CD4+T cells from heathy controls group were classi�ed into blank
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group, negative control(NC) group, hsa-miR-374b-5p mimics group at 50nmol/ml (Qiagen,219600) and
hsa-miR-374b-5p inhibitors group at 200nmol/ml (Qiagen,219300)using Hiperfect Transfection Reagent
(Qiagen) according to the manufacturer’s protocols. After 4 h, the transfected cells were treated with
human anti-CD3 (1μg/ml) and human anti-CD28 (1μg/ml) (eBioscience) for 48h at 37°C. 

2.3 qRT-PCR

Total RNA was extracted from the serum of IBD patients and healthy controls using Trizol reagent
(Invitrogen) according to the manufacturer’s procedures. For miRNA-speci�c reverse transcription, the
reaction was performed using the Mir-XTM miRNA First-Strand Synthesis Kit (Takara) and reverse
transcription primers from Mir-XTM miRNA First-Strand Synthesis Kit (Takara) on the ABI 7500 fast real-
time PCR system (Applied Biosystems, Foster City, CA, USA), according to the manufacturer’s instructions.
The hsa-miR-374b-5p and hsa-miR-106a-5p PCR primers were purchased from Qiagen. U6 was utilized as
an internal control. U6, forward:5’-CTCGCTTCGGCAGCACA--3’,reverse:5’-AACGCTTCACGAATTTGCGT-3’.
The relative miRNA levels were calculated using the 2 –ΔΔCt method.

Total RNA was extracted from CD4+T cells of transfected cells using Trizol reagent (Invitrogen) according
to the manufacturer’s instructions and the levels of gene expression were measured by real-time qRT-PCR.
Reverse Transcription-Quantitative Polymerase Chain Reaction was performed using the PrimeScriptTM

RT Master Mix(Takara) and TB GreenTM Advantage qPCR Premix (Takara). The human PCR primers were
designed by the use of the Primer-BLAST tool on the NCBI website. IFN-γ:
(forward)GCCACGGCACAGTCATTGA,(reverse) TGCTGATGGCCTGATTGTCTT,IL-17A:
(forward)TTTAACTCCCTTGGCGCAAAA,(reverse)CTTTCCCTCCGCATTGACAC,IL-10:
(forward)AGCCTTATCGGAAATGATCCAGT,(reverse)GGCCTTGTAGACACCTTGGT,STAT3:
(forward)TGTGTGACACCATTCATTGATGC,(reverse)TGCCCAGATTGCCCAAAGAT,JAK1:
(forward)GCCAGTGCCCTGAGTTACTT,(reverse)GTCTGGATCTTGCCTGGTCA. All mRNA expressions were
normalized to GAPDH gene expression. GAPDH, forward: 5'-CCATGTTTGTGATGGGTGTG-3', reverse:5'-
CCTTCTTGATGTCATCATAC-3, The qPCR results were calculated using the 2 –ΔΔCt method.

2.4 Hsa-miR-374b-5p and hsa-miR-106a-5p target gene prediction and dual-luciferase reporter assay

Potential hsa-miR-374b-5p target was sorted by utilizing miRNA prediction software
TargetScan(targetscan.org), MIRDB(www.mirdb.org) and found IL-10 was the target gene of hsa-miR-
374b-5p which was associated with IBD and in�ammation. For the luciferase reporter assay,
the pmirGLO �re�y luciferase reporter plasmids with the wild type(WT) or MUT 3’ (untranslated
region)UTR sequences of IL-10 were transiently transfected into HEK293T cells along with hsa-miR-374b-
5p mimics or negative controls and a Renilla luciferase reporter for normalization.

Another potential target gene STAT3 of hsa-miR-106a-5p was found which was also associated with IBD
development. For the luciferase reporter assay, the psiCHECK-2 �re�y luciferase reporter plasmids with
the wild type(WT) or MUT 3’ (untranslated region)UTR sequences of h-STAT3 were transiently transfected
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into HEK293T cells along with hsa-miR-106a -5p mimics or negative controls and a Renilla luciferase
reporter for normalization.

After 48 hours, the luciferase activities were measured by DualLuciferase® Reporter Assay System.
Based on the cells transfected by pmirGLO control vector or psiCHECK-2 control vector, the mean of the
results was set as 100%. Data are showed by mean and standarddeviation (SD) of separate transfection.

2.5 T cell differentiation

Naïve CD4+T cells (5×105 cells/well) were cultured at 37°C (5%CO2) in human T cell culture medium
(Thermo Fisher) supplemented in each well of 96-well plates and were then transfected with 50nmol/ml
hsa-miR-374b-5p mimics (Qiagen) and 200nmol/ml hsa-miR-374b-5p inhibitors (Qiagen) using Hiperfect
Transfection Reagent (Qiagen) according to the manufacturer’s protocols. MiScript negative control
siRNA sequence (Qiagen) was used as a control. After 4h, the transfected cells were differentiated into
Th1 ,Th2 , Th17 of CD4+T cells using three different cytokine regimens in 48-well plates. Then we
followed the methods of Farshid Noorbakhsh et al.2017 [24] . For Th1 cells, transfected cells were cultured
in complete RPMI, plate-bound CD3 antibody (1μg/ml), and soluble CD28 antibody (1μg/ml), IL-2 (20
ng/ml), IL-12 (50 ng/ml), and anti-IL-4 antibody (10ng/ml) (BD Biosciences) for 96 h. For Th2, the cells
were treated with 1μg/ml plate-bound CD3 antibody, 1μg/ml anti-CD28, 20ng/ml IL-2, 10ng/ml IL-4 (BD
Biosciences) and 10ng/ml anti-IFN-γ for 96h. To differentiate the cells into Th17 cells, transfected cells
were cultured in complete RPMI, plate-bound CD3 antibody(1μg/ml), and soluble CD28 antibody (0.2
μg/ml), TGF-β (5ng/ml), IL-6 (100ng/ml), anti-IFN-γ (10ng/ml), anti-IL-4 (10ng/ml), and IL-23 (50 ng/ml)
(BD Biosciences) for 96 h. 

2.6 Flow cytometry

For intracellular staining, cells were stimulated with Cell Stimulation Cocktail plus Protein Transport
Inhibitors(Invitrogen)for 6h before staining. To detect the intracellular expression of IFN-γ, IL-17A, IL-10 in
transfected human CD4+ T cells, cells (0.5×106/wells) were subjected to intracellular cytokine staining
using a Cell Fixation/Permeabilization Kit (Invitrogen) following the manufacturer’s instructions. Cells
were stained with human anti-CD4 and anti-CD3 antibodies and then �xed with Invitrogen’s Fixation
Buffer for 30 min at 4°C in darkness. Cells were permeabilized with Invitrogen’s Permeabilization Buffer
(1×) and then stained with �urochrome-conjugated anti-IFN-γ, anti-IL-17A, and anti-IL-10(BD Biosciences).
Stained cells were assayed with a BD FACSCalibur �ow cytometer (BD Biosciences), and results were
analyzed with FlowJo software (Tree star, Inc.). 

2.7 Western blot 

The PBMC were obtained using the human lymphocyte cell separation medium kit (Solarbio Life
Sciences, P.R. China) according to the manufacturer’s instructions. Naïve CD4+T cells of health controls
PBMC were isolated using human naïve CD4+T Cell Isolation Kit(Miltenyi Biotec, Germany ). The purity
of Naïve human CD4+ T cells was >95% assessed by �ow cytometry. Naïve CD4+ T cells were incubated
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in human T cell culture medium (Thermo Fisher) supplemented with 15% fetal bovine serum (FBS) and
100g/ml penicillin G and streptomycin. Naïve CD4+T cells from healthy control group were classi�ed into
blank group, negative control (NC) group, hsa-miR-374b-5p mimics group at 50nmol/ml
(Qiagen,219600)and hsa-miR-374b-5p inhibitors group at 200nmol/ml (Qiagen,219300)using Hiperfect
Transfection Reagent (Qiagen) according to the manufacturer’s protocols. After 4 h, the transfected cells
were treated with human anti-CD3 (1μg/ml) and anti-CD28 (1μg/ml) (eBioscience) for 48h at 37°C. The
proteins concentrations were determined using bicinchoninic acid protein assay kit (Thermo Fisher). The
proteins were separated on 8% sodium dodecyl sulfate‐polyacrylamide gels. The proteins were subjected
to electrophoresis and transferred onto polyvinylidene di�uoridemembranes (0.45µm, Amersham
Biosciences). The membranes were blocked with 5% nonfat dry milk at room temperature after transfer.
Subsequently, the membranes were incubated overnight at 4°C with rabbit‐monoclonal anti-IL-10
antibody, anti‐STAT3 antibody (Abcam), anti‐p-STAT3 (ser727) antibody (Abcam), anti-JAK1 antibody
and anti‐GAPDH (Abcam) antibody. The horseradish peroxidase (Santa Cruz)‐conjugated secondary
antibody (goat antirabbit antibody, Abcam) was added after washing with Tris buffered saline. The
expression of IL-10 , STAT3 ,p‐STAT3 ,JAK1 were quanti�ed relative toβ-actin expression with Image
software (National Institutes of Health).

2.8 Statistical analysis

All statistical analyses were performed using Prism 7.0 (GraphPad Software). Data were obtained from at
least three independent experiments and represented as mean ± standard error. Statistical analysis was
conducted using the Student’s t-test or the Mann-Whitney U tests. Results were considered signi�cant at P
< 0.05.

3. Results
3.1 Increased expression of hsa-miR-374b-5p(miR-374b-5p)and hsa-miR-106a-5p (miR-106a-5p) were
validated in IBD patients.

To measure the expression of hsa-miR-374b-5p and hsa-miR-106a-5p in the serum of IBD Patients and
healthy controls, qRT-PCR was used to examine the expression of hsa-miR-374b-5p and hsa-miR-106a-5p.
The obtained results revealed that hsa-miR-374b-5p and hsa-miR-106a-5p were statistically increased
in UC patients and CD patients compared with healthy controls (Figure 1 AB).

3.2 MiR-374b-5p overexpression upregulated IFN-γ, IL-17A mRNA expression and downregulated IL-10,
STAT3, JAK1 mRNA expression in human CD4+ T cells. MiR-374b-5p inhibition downregulated IFN-γ, IL-
17A mRNA expression, upregulated IL-10, STAT3 mRNA expression in human CD4+ T cell.

To detect the expression of IFN-γ, IL-17A , IL-10, STAT3, JAK1 in human CD4+ T cell of hsa-miR-374b-5p
mimics treated cells, the qRT-PCR assay was performed.  The mRNA levels of IFN-γ ,IL-17A were
statistically upregulated in hsa-miR-374b-5p mimics treated cells compared with negative controls (Figure
2A, B) and IL-10, STAT3, JAK1 mRNA levels were statistically downregulated (Figure 2 C,D,E) in hsa-miR-
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374b-5p mimics treated cells compared with negative controls(P<0.001, P<0.05 respectively), Moreover,
the mRNA levels of IFN-γ and IL-17A were signi�cantly downregulated in hsa-miR-374b-5p inhibitors
treated cells compared with negative controls respectively(Figure 3A, B), and the mRNA levels of IL-10,
STAT3 were signi�cantly upregulated in hsa-miR-374b-5p inhibitors treated cells compared with negative
controls, respectively(Figure 3 C,D, allP<0.01). The mRNA level of JAK1 had a mild increase but did not
reach statistical signi�cance compared with negative controls(Figure 3E,NS).

3.3 MiR-374b-5p directly targets IL-10 and miR-106a-5p targets STAT3 by dual-luciferase reporter assay.

Through the prediction of the bioinformatics website of TargetScan and miRDB, we found that there are
binding sequences between hsa-miR-374b-5p and IL-10(Figure 4A). By performing duai-luciferase assay,
we ensured that hsa-miR-374b-5p could interact and bind with 3'-UTR of IL-10. Co-transfected with hsa-
miR-374b-5p mimics plus pmirGLO wild type(WT) IL-10 3'-UTR markedly suppressed the luciferase
activity, whereas co-transfection of hsa-miR-374b-5p mimics plus pmirGLO mutant(mut) IL-10 3'-UTR
didn't alter the luciferase activity compared with hsa-miR-374b-5p mimics negative controls(Figure 4B).

Through the prediction of the bioinformatics website of TargetScan and miRDB, we found that there are
binding sequences between hsa-miR-106a-5p and h-STAT3(Figure 4C).Besides, the luciferase reporter
assay results also con�rmed that hsa-miR-106a-5p mimics dramatically declined the �uorescence
activity of h-STAT3-WT rather than h-STAT3-MUT, suggesting that h-STAT3 was a direct target gene of
hsa-miR-106a-5p (Figure 4D).

3.4 Hsa-miR-374b-5p (miR-374b-5p) overexpression promoted differentiation of human naïve CD4+T cells
towards Th1 subset and Th17 subset, hsa-miR-374b-5p(miR-374b-5p) inhibition suppressed
differentiation of human naïve CD4+ T cells towards Th1 subset. MiR-374b-5p overexpression decreased
the level of IL-10 and miR-374b-5p inhibition increased the level of IL-10.

Considering the upregulation of IFN-γ, IL-17A mRNA level in human anti-CD3/CD28 activated human
naïve CD4+ T cells, we investigated the impact of hsa-miR-374b-5p on CD4+ T cell differentiation. The
results showed increased differentiation of hsa-miR-374b-5p mimics transfected cells towards IFN-γ
producing Th1 subtype, compared with T cells transfected with a control miRNA sequence (Figure
5A).There was also a signi�cant increase in the frequency of IL-17A-producing Th17 cells compared with
T cells transfected with a control miRNA sequence(Figure 5B). There was also a signi�cant increase in
the frequency of IL-10 in hsa-miR-374b-5p mimics transfected T cells compared with negative
controls(Figure 5C) .A signi�cant decrease in the frequency of IFN-γ-producing Th1 cells in miR-374b-5p
inhibitors transfected T cells was also observed compared with a control miRNA sequence (Figure 5D).
There was also a mild decrease of IL-17A-producing Th17 cells in hsa-miR-374b-5p inhibitors transfected
cells compared with a control miRNA sequence, however, the decrease of IL-17A did not reach statistical
signi�cance (Figure 5E). A signi�cant increase in the frequency of IL-10 in hsa-miR-374b-5p inhibitors
transfected T cells also were observed(Figure 5F).Taken together, these data may suggest that hsa-miR-
374b-5p promotes human naïve CD4+T cell differentiation into Th1 and Th17 cells.
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3.5 MiR-374b-5p overexpression decreased the protein level of IL-10 and miR-374b-5p inhibition increased
the protein level of IL-10 in western blot results. MiR-374b-5p overexpression and inhibition did not
signi�cantly change  the protein level of STAT3 and JAK1 , but miR-374b-5p overexpression decreased
the protein level of p-STAT3 Ser727 and miR-374b-5p inhibition increased the protein level of p-STAT3
Ser727 respectively.

Considering the downregulation and upregulation of IL-10, STAT3 mRNA level in miR-374b-5p mimics
and inhibitors respectively, we investigated the impact of miR-374b-5p on IL-10 and STAT3 protein levels.
Puri�ed human CD4+T cells were transfected with hsa-miR-374b-5p mimics and inhibitors in the presence
of human anti-CD3/CD28 antibody activated. The results showed signi�cantly decreased protein level of
IL-10 in miR-374b-5p mimics transfected cells compared with negative controls by western blot .There
was also a signi�cant increase of the protein level of IL-10 in miR-374b-5p inhibitors transfected cells
compared with negative control cells(Figure 6A).The protein level of STAT3 and JAK1 did not signi�cantly
change in miR-374b-5p mimics and inhibitors transfected cells compared with negative controls by
western blot(Figure 6BC), but the protein level of p-STAT3 Ser727 signi�cantly decreased in miR-374b-5p
mimics transfected cells and the protein level of p-STAT3 Ser727 signi�cantly increased in miR-374b-5p
inhibitors transfected cells compared with negative control cells(Figure 6B).

4. Discussion
Accumulating evidence has uncovered that CD4+T cells are critical for the development and progression
of chronic intestinal in�ammation, and CD4+T cell-related cytokines (such as IFN-γ, IL-17A) are
upregulated in the in�amed mucosa of patients with IBD[21, 25, 26]. However, the precise mechanisms of
how CD4+ T cells are regulated in IBD are still unclear[27]. MiRNAs are critical for a broad range of
biological processes, including T cell homeostasis and activation[18, 28, 29]. Multiple miRNAs have been
demonstrated to play critical roles in the pathogenesis of TNBS-induced colitis through affecting Th1/
Th17-mediated colonic in�ammation response, and possess valuable potential in the clinical
applications of colitis[15, 30].

In the present study, miR-374b-5p and miR-106a-5p levels signi�cantly increased in the serum of CD and
UC patients compared with healthy controls , which indicates that miR-374b-5p and miR-106a-5p may
have a transient role in IBD in�ammation response. Consequently, the overexpression and inhibition of
miR-374b-5p were studied in Th1, Th17 subsets of CD4+T cells . We found that overexpression of miR-
374b-5p could cause signi�cantly increased IFN-γ, IL-17A mRNA and protein levels by qRT-PCR and �ow
cytometry, while inhibition of miR-374b-5p could signi�cantly decrease IFN-γ and IL-17A mRNA levels by
qRT-PCR and signi�cantly decrease IFN-γ protein levels by �ow cytometry. MiR-374b-5p may participate in
promoting Th1 and Th17 differentiation.

Uncontrolled IFN-γ-mediated T-cell responses to commensal microbiota are a driver of in�ammatory
bowel disease (IBD). Interleukin-10 (IL-10) is crucial for controlling these T-cell responses, but the precise
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mechanism of inhibition remains unclear[31]. According to the bioinformatics analysis of the database in
TargetScan and miRDB, identi�ed IL-10 as a potential target gene of miR-374b-5p. Overexpression or
inhibition of miR-374b-5p could signi�cantly decrease or increase IL-10 mRNA and protein levels by qRT-
PCR and �ow cytometry ,western blot respectively. Besides, the luciferase reporter assay results also
con�rmed that hsa-miR-374b-5p mimics dramatically declined the �uorescence activity of IL-10-WT
rather than IL-10-MUT, suggesting that IL-10 was a direct target gene of hsa-miR-374b-5p. 

IL-10 is an essential anti-in�ammatory cytokine mainly produced by Th2 and Tregs of CD4+ T cells which
appears to be a key functional source [32]. The immunosuppressive cytokine interleukin-10(IL-10) plays a
crucial role in orchestrating intestinal immune homeostasis[32, 33]. Animal studies have shown that IL-10
maintains intestinal tolerance to microbiota by controlling effector Th1 and Th17 responses[31,

34]. Foremost amongst the cytokines regulating IBD devopment is IL-10, which plays a non-redundant role
in intestinal homeostasis[35]. Mutations in IL-10, IL-10RA, and IL-10RB genes result in monogenic or
Mendelian disorder-associated IBD characterized by severe intestinal in�ammation with early onset[36, 37].
Similarly, both IL-10 and IL-10R-de�cient mice develop spontaneous colitis[22, 34, 38, 39]. 

MiR-374b-5p promoted naïve CD4+T cell activation, proliferation, and stimulated Th1/Th17 cell
differentiation through targeting IL-10, resulting in increased in�ammation response, may be associated
with in�ammation indexes in IBD patients. The luciferase reporter assay results also con�rmed that hsa-
miR-106a-5p mimics signi�cantly declined the �uorescence activity of STAT3-WT rather than STAT3-MUT,
suggesting that STAT3 was a direct target gene of hsa-miR-106-5p. In consideration of increased serum
levels in IBD patients, miR-374b-5p and miR-106a-5p may be related each other and play an important
role in IL-10/STAT3 axis in IBD development.

IL-10 is a dimer and exerts its effects by binding to the IL-10 receptor, transcription factor signal
transducer and activator of transcription 3 (STAT3) is the major STAT protein activated by IL-10 and is
essential for its immunosuppressive effects. STAT3, one of the seven STAT family members, is a
bifunctional protein which involved in signal transduction via serine phosphorylation(ser-727) which
represent critical residues for dimerization and transcriptional activity in cytoplasm. STAT3 is activated
through phosphorylation and then translocated into the nucleus to turns on the downstream target genes
expression[40, 41]. Intestinal epithelial cells (IECs), IEC-speci�c STAT3 deletion augmented dextran sodium
sulfate (DSS)-induced epithelial erosions and impaired proliferation ,promoted proliferation and survival
of IECs which was bene�t to IBD development[6]. IL-10 could activate STAT3 to in�uence the STAT3
phosphorylation to turn on JAK1/STAT3 pathway[41].

Furthermore, miR-374b-5p was observed to regulate the JAK1/STAT3 signaling pathway from our
studies. The JAK1/STAT3 pathway is also a well-known pathway which is involved in pathogenesis of
IBD, thus we further speculated that miR-374b-5p might promote CD4+ T cell functions via negatively
targeting the IL-10 and downstream JAK1/STAT3 pathway. Our subsequent study observed that the
JAK1/STAT3 pathway were regulated by miR-374b-5p through IL-10/STAT3 in CD4+T cells.
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Overexpression of miR-374b-5p could signi�cantly decrease STAT3 mRNA levels and serine
phosphorylation(ser-727) of STAT3 protein levels and inhibition of miR-374b-5p could signi�cantly
increase STAT3 mRNA levels and serine phosphorylation(ser-727) of STAT3 protein levels respectively. In
summary, these data provided novel evidence for the mechanism of miR-374b-5p as a regulator of CD4+

T cell function, which uncovered a new landscape of IBD pathogenesis.
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Figure 1

(A) The qRT-PCR detection of miR-374b-5p expression in the serum of in�ammatory bowel disease
patients and healthy controls (HC) (n =30) and IBD group (A-UC, n=22, R-UC, n=12, A-CD, n = 9,R-CD, n = 6),
*** P<0.001. (B) The expression of miR-106a-5p in the serum of in�ammatory bowel disease patients and
healthy controls (HC)by qRT-PCR(A-UC, n=22, R-UC, n=12, A-CD, n = 9,R-CD, n = 6), *** P < 0.001.
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Figure 2

Human naïve CD4 + T cells were activated with plate-bound anti-CD3 and anti-CD28 in the presence of
transfected hsa-miR-374b-5p mimics in vitro. 48 hours later, IFN-γ , IL-17A, IL-10 ,STAT3,JAK1 mRNA
expression were analyzed by quantitative qRT-PCR. (A) IFN-γ mRNA, (B) IL-17 mRNA, (C) IL-10 mRNA
(D)STAT3 mRNA (E)JAK1 mRNA. Data from three independent experiments are shown ( *P<0.05,***
P<0.001,****P<0.0001).
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Figure 3

Human naïve CD4 + T cells were activated with plate-bound anti-CD3 and anti-CD28 in the presence of
transfected hsa-miR-374b-5p inhibitors in vitro. 48 hours later, IFN-γ, IL-10, IL-17A ,STAT3 ,JAK1mRNA
expression was analyzed by quantitative qRT-PCR. (A) IFN-γ mRNA, (B) IL-17 mRNA, (C) IL-10 mRNA, (D)
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STAT3 mRNA, (E) JAK1 mRNA. Data from three independent experiments are shown (NS,not
signi�cant,*P<0.05,** P<0.01).

Figure 4

miR-374b-5p is directly targeted by IL-10. (A) Sequence alignment of miR-374b-5p with reverse
complementary IL-10. (B) Dual-luciferase reporter assay was performed using pmirGLO vector
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constructed with wild type IL-10 or mutant IL-10 (mut-IL-10) 3’-untranslated regions (UTR) alone in the
presence of miR-374b-5p mimics or miR-374b-5p mimics NC. Decreases in Renilla luciferase were
detected(**P<0.01). (C)miR-106a-5p is directly targeted by STAT3. Sequence alignment of miR-106a-5p
with reverse complementary STAT3. (D) Dual-luciferase reporter assay was performed using psiCHECK-2
vector constructed with wild type STAT3 or mutant STAT3 (mut-STAT3) 3’-untranslated regions (UTR)
alone in the presence of miR-106a-5p mimics or miR-106a-5p mimics NC . Decreases in Renilla luciferase
were detected(**P<0.01).
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Figure 5

Overexpression and inhibition of miR-374b-5p affects the differentiation of CD4+ T cells. (A) miR-374b-5p
mimics, and negative control sequences were transfected into CD4+ T cells, which were activated and
polarized under Th1 cytokine regimens. Representative dot plots and the percentages of IFN-γ within the
CD4+ T cells. (B) Representative dot plots and the percentages of IL-17A within the CD4+ T cells, which
were activated and polarized under Th17 cytokine regimens. (C) Representative dot plots and the
percentages of IL-10 within the CD4+T cells ,which were activated and polarized under Th2 cytokine
regimens.  (D) miR-374b-5p inhibitors and negative control sequences were transfected into CD4+T cells,
which were activated and polarized under Th1 cytokine regimens. Representative dot plots and the
percentages of IFN-γ within the CD4+ T cells. (E) Representative dot plots and the percentages of IL-17A
within the CD4+ T cells, which were activated and polarized under Th17 cytokine regimens. (F)
Representative dot plots and the percentages of IL-10 within the CD4+ T cells which were activated and
polarized under Th2 cytokine regimens. Data are shown from a single experiment representative of three
independent experiments (NS, not signi�cant,*P < 0.05,**P<0.01).
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Figure 6

Overexpression and inhibition of miR-374b-5p impact the protein level of IL-10 and p-STAT3 Ser727 . (A)
The protein expression of IL-10 andβ-actin were tested by western blot in miR-374b-5p mimics and
inhibitors transfected CD4+ cells compared with negative control cells, and relative grey value were also
analysed. (B) The protein expression of STAT3 ,p-STAT3 andβ-actin were tested by western blot in miR-
374b-5p mimics and inhibitors transfected CD4+ cells compared with negative control cells, and relative
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grey value were also analysed. (C) The protein expression of JAK1 andβ-actin were tested by western blot
in miR-374b-5p mimics and inhibitors transfected CD4+ cells, and corresponding grey value were also
analysed. (three independent experiment results).

 (NS, not signi�cant;***P < 0.001,****P<0.0001).


