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Combined inhibition of programmed death-ligand 1 (PD-L1) and transforming growth
factor-B (TGF-B) displayed additive anti-tumor response in a subgroup of cancer
patients, highlighting the importance of understanding the multifaceted roles of TGF-f
in immunity and fibrosis. In the present research, we show that TGF-g signaling pathway,
controlled by miR-20a-5p and transforming growth factor-g receptor 2 (TGFBR?2), alters
the inflammation and fibrosis processes in liver. We performed integrated analysis
of differently expressed miRNA (DEM) associated with liver fibrosis and screened
miR-20a-5p out as a key regulator in inflammation-driven liver fibrosis. We subsequently
conducted Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analysis of the genes targeted by miR-20a-5p. And the result showed that 12
target genes were significantly enriched in TGF- signaling pathway. Further study
showed that miR-20a-5p was down-regulated and involved in inflammation during liver
fibrosis in human and mouse samples, indicating that miR-20a-5p and inflammation
are functionally linked during liver fibrosis progression. To uncover the underlying
pro-inflammatory mechanism of miR-20a-5p in liver fibrosis, we selected and verified
TGFBR2, which is a key functional receptor in TGF-f signaling pathway, as a direct
target gene of miR-20a-5p. The downregulation of miR-20a-5p in liver fibrosis resulted in
TGFBR2-activated TGF-B signaling pathway, followed by the activation of macrophage
and extracellular matrix (ECM) production by hepatic stellate cell (HSC). Our results
identify the miR-20a-5p/TGFBR2 axis as a key regulator of TGF-p signaling, and highlight
the critical role of miR-20a-5p in the development of liver fibrosis.

Keywords: miR-20a-5p, liver fibrosis, TGF-f signaling pathway, inflammation, TGFBR2

INTRODUCTION

Therapeutic antibodies against the programmed death-1 (PD-1)/programmed death-ligand 1
(PD-L1) axis has been approved to treat multiple tumors, but only not effective in all patients (1). It
is well-known that transforming growth factor-p (TGF-B) is of importance in resistance to immune
checkpoints inhibitors. Recently, M7824 (MSB0011359C), a bifunctional fusion therapeutic
antibody against human PD-L1 fused to the extracellular domain of human transforming
growth factor-p receptor 2 (TGFBR2) showed enhanced preclinical antitumor activity through
simultaneously blocking the PD-L1 and TGF-f signaling pathways (2, 3). These results prompt
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us to understanding the multifaceted roles of TGF-§ signaling
pathway in immunity and fibrosis. Liver fibrosis is an essential
pathological process that may deteriorate into liver cirrhosis
and liver cancer, making it one of the leading causes for
the high mortality and morbidity around the globe (4).
Regardless of origins and etiologies, liver fibrosis developed from
viral infection, alcohol, non-alcoholic steatohepatitis (NASH),
and autoimmune diseases, featuring chronic, and pathological
process (5). Relying on the studies of underlying liver injury,
several evidences highlighted the important role of immune
reactions (6). Liver cell damage tends to induce the secretion
of pro-inflammatory factors, such as tumor necrosis factor-a
(TNF-a), tumor necrosis factor-p (TNF-f), nuclear factor kappa-
B (NF-kB), Interleukins (ILs), which sequentially stimulate the
infiltration of inflammatory cells (7). Subsequently, excessive
infiltration of inflammatory cells would render the liver more
vulnerable to damage by preying upon liver cells and thus
initiating fibrogenesis. An in-depth understanding about the
underlying mechanism of liver fibrosis is the cornerstone to
research the effective therapies for chronic liver diseases.

MicroRNAs (miRNAs) are endogenous, small non-coding
RNA molecules that play essential part in various biological
functions and numerous processes, such as immune response,
cell proliferation, and apoptosis, through the post-transcriptional
regulation of gene expression in cells (8). Increasing evidence
indicated that aberrant expression of miRNAs are closely related
to numerous types of cancer, as well as liver fibrosis (8-12). It’s
frequently reported that miRNA expression level in the serums
or liver tissues of liver fibrosis patients is dominantly changed
(13-15). Normally, miRNAs exacerbates liver fibrogenesis by
incomplete matches with their host genes that are related to
hepatic stellate cells (HSCs) activation, immune cell sensitization,
as well as hepatocytes apoptosis (16, 17).

In our study, we demonstrated that the level of inflammatory
cytokines in serum was upregulated in CCly-treated mice,
suggesting that inflammation is accompanied by liver fibrosis.
Many previous studies reported that miRNAs drove liver
fibrogenesis by regulating inflammation response. We performed
integrated analysis of differently expressed miRNA (DEM)
associated with liver fibrosis and screened miR-20a-5p out
as a key regulator in inflammation-drove liver fibrosis. We
subsequently conducted Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of the genes
targeting by miR-20a-5p. The result showed that 12 target genes
were significantly enriched in TGF-f signaling pathway, which
participated in the development of liver fibrosis. Further study
indicated that miR-20a-5p was down-regulated and related to
inflammation during liver fibrosis in human and mouse samples,
indicating that miR-20a-5p and inflammation are functionally
linked during liver fibrosis progression. To reveal the pro-
inflammatory mechanism of miR-20a-5p in liver fibrosis, we
selected and verified TGFBR2, a key functional receptor in
TGF-B signaling pathway and a target gene of miR-20a-5p.
The downregulation of miR-20a-5p in liver fibrosis resulted
in TGFBR2-activated TGF-p signaling pathway, followed by
the activation of macrophage and extracellular matrix (ECM)
production by HSC. Our results highlight a critical function

of miR-20a-5p in the development of liver fibrosis, and the
reintroduction of miR-20a-5p provides a promising therapeutic
strategy for clinical intervention of liver fibrosis.

MATERIALS AND METHODS

Patients and Animal Model

Liver fibrosis specimens have been collected from 26 patients
who were seeking treatment in our hospital and from 19
patients with liver diseases, except liver fibrosis. The published
and well-acknowledged clinical guidelines were applied as the
clinical diagnostic criteria for liver fibrosis. Written informed
consent was obtained from the participants of this study and all
participants were above 16 years old (Table S1).

CCly-induced liver fibrosis mouse model was established
by conducting intraperitoneal injection of carbon tetrachloride
(CCly; 0.6 mL/Kg body weight) in 8-week-old mice twice a week.
The intraperitoneal injection lasted for 8 weeks. Male C57BL/6
mice were obtained from Shanghai SLAC Laboratory Animal Co.,
Ltd. All animals were treated humanely according to protocols
approved by the Fudan University Committee on Animal Care
and Use.

Cell Lines and Cell Transfection

Immortalized mouse hepatocyte cell lines Hepal-6 and
macrophage cell line Raw264.7 were obtained from the Shanghai
Institute of Biochemistry and Cell Biology, Chinese Academy
of Sciences (Shanghai, China). Cells were grown in DMEM
supplemented with 10% fetal bovine serum, 2 mM L-glutamine,
and 100 units/ml penicillin/streptomycin. The miRNA mimics
and negative control were transfected into Hepal-6 cell line
by using Lipofectamine™ 2000, in strict accordance with the
manufacturer’s instruction.

Quantitative-PCR (qPCR) Analysis

Total RNAs were extracted from Hepal-6 cell line and liver
fibrosis specimens using Trizol (Invitrogen, CA, USA) and all
total Nucleic Acid Isolation Kit (Ambion Inc., USA), following
the manufacturer’s instruction. miRNAs primers for reverse
transcription were purchased from Huada Co. Ltd (Beijing,
China). The experiment was performed three times using SYBR
Premix Ex Taq (cat#RR420A, TaKaRa, Japan) to quantify the
mean values of delta Ct and SD (standard deviation). miRNA
expression level was normalized to the relative quantities of U6 to
investigate fold change. The primers used for miRNA and mRNA
quantification were listed in Table S2.

FACS

Flow cytometry assay (using BD LSR Fortessa IT) was carried out
on hepatic non-parenchymal cells which are composed of the
total profile of hepatic leukocyte population. The experiments
were performed as published (18). The following pre-conjugated
antibodies were used: CD11B (552850, BD bioscience), CD45
(553083, BD bioscience). Briefly, Hepatic macrophages were
defined as viable CD45+ CD11B+ F4/80+ cells from digested
livers and used to identify macrophage subsets. Subsets were
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expressed as proportions of total hepatic macrophages or CD45+
cells. And we collected 10,000 cells every time.

Immunohistochemistry (IHC),
Immunofluorescence (IF), and Western
Blotting (WB)

Human and mouse liver tissues were processed for IHC,
IE, and WB. Antibodies used in the present study are o-
SMA (19245, CST), DESMIN (5332, CST), TGFBR2 (ab186838,
abcam), p-Smad2 (18338T, CST), p-Smad3 (9520, CST), GAPDH
(30201ES20; Yishen). Images were acquired using Olympus
FV1000 confocal system with a 10X objective. The fluorescence
was imaged using 552 nm/408 nm for mCherry /DAPL

ELISA

Mouse IL-6 (VAL604, R&D), TNF-a (VAL609, R&D), Mouse IL-
18 (7625, R&D) ELISA kits were used following the directions of
the manufacturer. Conditioned medium (100 pl) was collected
from triplicate samples.

Cell Viability Analysis

Cell viability was monitored using the Cell Counting Kit 8
(CCK8) method. Cells were inoculated onto a 96-well plate. Each
well-contained 10,000 cells, and 6 repeats were used for every
treatment. After 24 h, cellular proliferation was detected using
a cell counting kit-8 (CCK-8, Yisheng). The effect on Hapal-6
proliferation was evaluated by analyzing EC50 curves according
to absorbance of cells (ODysq).

Determination of the Levels of miRNAs

Related to Liver Fibrosis

The microarray file of liver miRNomes GSE40744 obtained
from GEO database (http://www.ncbi.nlm.nih.gov/geo/) was
referred to investigate miRNAs expression levels in our collected
human fibrotic liver tissues and healthy controls. This miRNA
microarray based on the platform of GPL14613 (Affymetrix
microarray chip platforms) contained 18 fibrotic liver samples
and 19 normal liver samples. GEO2R (19) is an interactive
online tool and often used for gene expression analysis of
microarray data through the GEO query and limma packages
(20) available in R. The protocol was performed to investigate
DEMs between normal, mild fibrotic, and advanced fibrotic liver
samples. Adjusted p value of no >0.05 in combination with a
[log, (fold change) | of >1 were set as the threshold for the
identification of DEMs.

Prediction of Target Genes

The potential target genes of miR-20a-5p were analyzed by
miRDB (21), TargetScan (22), and miRTarBase (23). The
genes predicted by miRDB, TargetScan, and miRTarBase
simultaneously were identified as the targets of DEM.

Functional Enrichment Analysis and
miRNA-gene Network Construction
The database that can be used for annotating, visualizing
and integrated discovering of the predicted genes (DAVID
6.8, https://david.ncifcrf.gov/) was applied in performing the

KEGG pathway enrichment analysis (24, 25). FDR of <0.05 was
considered as statistically significant.

The target genes enriched in KEGG pathways were mapped
to the STRING database (https://string-db.org/) to evaluation
the intricate functional associations amongst target genes (26),
and the miRNA-gene network was constructed and visualized by
Cytoscape software (Version 3.6.0).

Luciferase Activity Analysis

The partial sequences of TGFBR2 3'UTR which contained the
wild or mutant binding sites of miR-20a-5p were amplified and
then cloned into the pGL3-Basic luciferase vector (Promega,
W.I.) with the aim of constructing pGl3-TGFBR2 (WT) and
pGI3-TGFBR2 (Mut). Primers used in plasmid construction
were as follows: forward 5-CAGGCTGGGCCATGTCCAAA-
3’ and reverse 5-GTCAAATGCTAATGCTGRCATG-3". The
two plasmids were, respectively, co-transfected with miR-
NC, miR-20a-5p mimic, anti-miR-NC, and anti-miR-20a-5p
(Genomeditech). Forty eight hours later, the luciferase activity
analysis was conducted on the Dual-Luciferase Reporter assay
system (Promega, W.L.), in strict accordance with the instructions
of the manufacturer.

Statistical Analysis

The data of the present study were presented in the form of mean
=+ SD (standard deviation). Unpaired/paired Student’s ¢-test was
used to analyze the significance of miRNA diversity between the
two groups. A P value of <0.05 (two-tailed) was set as a threshold
to distinguish statistically significant difference. Linear regression
was performed using Graphpad Prism 7 (GraphPad Software
Lnc, USA).

RESULTS

Inflammation Is Accompanied by Liver

Fibrosis

CCly-induced liver injury in mice is a most commonly used
animal model of liver fibrosis that features hepatocyte injury and
the activation of HSCs. In our study, 16 eight-week-old mice
were randomly divided into two groups. The CCly group was
conducted intraperitoneal injection of oil-dissolved CCly twice
a week, and the oil group was set as control. We first used
immunofluorescence, RT-PCR, and ELISA to characterize the
pathological features. The macroscopic appearance of the liver
revealed almost significant amount of collagen accumulation
in the CCly treatment groups after 8 weeks, whereas the
oil group was still normal (Figures 1A,B). Immunochemical
staining exhibited that the a-SMA and DESMIN increased
with liver fibrosis progression and other fibrosis-related genes
were also remarkably enhanced (Figure 1C). Subsequently, the
markers of liver injury in the serum were measured, along with
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) levels, given that AST and ALT are expected to abundantly
distribute in injured hepatocytes and that the excessive release
of these two enzymes into the serum can indicate the degree
of hepatocyte injury. As illustrated in Figure 1C, AST and
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FIGURE 1 | Inflammation is accompanied by liver fibrosis. (A) Macroscopic analyses of the murine liver fibrosis model in C57BL/6 mice by 8 week of two times per
week i.p. CCly injection. Comparisons were made with control (injured oil) animals. (B) Histological characterization of hepatic fibrosis and myofibroblast activation by
a-SMA and DESMIN immunohistochemistry. (C) Serum ALT and AST levels and other fibrosis protein levels (n = 10). (D) Whole-liver protein levels of II-18, Ccl2, Ccl3,
and Cxcl2 measured by RT-PCR assay. (E) Supernatants were assayed for IL-6, TNF-a, and IL-18 levels by ELISA. (F) Flow cytometric analysis comparing expression
of stated marker between inflammatory CD45+/CD11b"3"F4/80™d hepatic macrophages. All data shown as mean + SEM. *P < 0.05, **P < 0.01, **P < 0.001.

ALT levels increased dramatically, along with the notably up-
regulated secretion and expression of inflammatory cytokines
after CCly treatment (Figures 1D,E). In addition, our study also
clarified its possible association with the aberrantly changed
hepatic macrophage subsets. The total hepatic macrophages were
assayed and detected as CD45", CD11B", and F4/80" cells
from the non-parenchymal cell (NPC) fraction after in situ
perfusion of the hepatic portal vein and flow cytometry assay.
Importantly, coinciding with fibrosis severity, liver resident
macrophages, which often called Kupfter cells and detected as
F4/80Migh CD11Bntermediate - were predominant in the control
group (uninjured). Lowered proportion of resident macrophages
was observed during the process of stimulated inflammation
and fibrogenesis; CD11BM8h F4/gintermediate gyhset signifies a
monocyte-derived recruited macrophage population that has
increased progressively during fibrogenesis (Figure 1F). In
summary, our data suggested that an initial cell injury can trigger
inflammation to give rise to worsened liver fibrosis.

miRNAs and Pathways That Are Correlated

With Liver Fibrosis

To identify DEMs of GSE40744 downloaded from GEO database,
GEO2R tool was employed to perform the differential expression
analysis following the protocol introduced in Materials and
Methods section. Eighty nine miRNAs in total (62 up-regulated
and 27 down-regulated) were ascertained to show significantly
different expression in liver fibrosis biopsy specimen, reaching

as high as two-fold aberration in comparison with normal ones
(Figure 2A and Table S3). To ensure clearer visualization, the
top 10 up-regulated and top 10 down-regulated miRNAs were
selected as Figure 2B. As the most down-regulated miRNA,
miR-20a-5p was picked for further analysis. 1381, 1384, and
1071 genes were detected as potential targets of miR-20a-
5p through miRDB, TargetScan and miRtarbase, respectively.
Three hundred and ninety three overlapping genes were
identified as the targets of miR-20a-5p (Figure 2C and Table S4).
Subsequently, enrichment analysis through KEGG database was
carried out to identify the main pathways of these targets. Twenty
nine significantly enriched KEGG pathways were identified
(Figure 2D), including TGF-f signaling pathway, Bladder cancer,
and Pancreatic cancer, et al. It was reported that TGF-f signaling
pathway was of importance in liver fibrosis development (27). We
hypothesized that miR-20a-5p played a part in the development
of liver fibrosis by regulating TGF-f signaling pathway.

miR-20a-5p Was Down-Regulated and
Associated With Inflammation During Liver

Fibrosis

To validate whether miR-20a-5p is a modulator in liver fibrosis,
the expression level of miR-20a-5p was measured through
qRT-PCR assay in liver tissues collected from patients, CCly-
induced mice model and healthy controls. In agreement with
our assumption, miR-20a-5p expression level was significantly
reduced in both tissue specimens of patients and CCly-induced
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FIGURE 2 | Global properties of miRNAs and pathways correlated with liver fibrosis. (A) Volcano plot of the DEMs (adjust P < 0.05 and [logFC| > 2 were set as the

cut-off criteria). (B) Heat map of the top 20 DEGs (top 10 up-regulated and 10 down-
TargetScan, and miRtarbase. (D) KEGG pathway enrichment analysis of target genes of miR-20a-5p. The red lines represent gene count and the histogram represent

regulated genes). (C) Venn diagram of target genes predicted by miRDB,

mice (Figure 3A). These results prompted us to further explore
the function of miR-20a-5p in liver fibrosis. We built an in-
vitro cell model to simulate the complex process of fibrosis
(Figures 3B,C). Hepal-6 cells were transfected with miR-20a-5p

mimic followed by CCly treatment. Forty eight hours later, the
culture supernatant was collected to treat Raw264.7 cells. ELISA
assays showed that impaired-hepatocyte caused inflammation
was blocked by restored miR-20a-5p, which was further
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FIGURE 3 | MiR-20a-5p was down-regulated and associated with inflammation during liver fibrosis. (A) miR-20a-5p expression in the clinical samples from normal
(n = 10) or liver fibrosis patients (n = 20) were analyzed by gRT-PCR. (B) The schematic of the in-vitro cell model. (C) The concentration-response curves of CCly for
hepatocyte injury model. (D) The cytokine levels of IL6, TNF-a, and IL-18 were determined in control cells and CCl4-cells transfected with miR-20a-5p or their
respective NCs by ELISA and qRT-PCR. *p < 0.05, **p < 0.01, ***p < 0.001, ###p < 0.001, respectively. “Compared with CCl4 plus miR-NC and #compared with
the control.

confirmed by the other cytokines expression, e.g., CD11b, CD45,
and INF-vy, the key markers widely accepted for inflammation
test (Figure 3D, Figure S1). Our data indicate that miR-20a-5p
expression is functionally related to inflammation during the
onset and progression of liver fibrosis.

miR-20a-5p Alleviated Liver Fibrosis
Through TGF-8 Signaling Pathway

After binding to its receptors, TGF-Bl1 can activate the
transcription factor downstream the pathway, Smad 2 and

Smad3, to mediate fibrosis, and the signaling is negatively
mediated by Smad7.

It is abundantly clear that TGF-B/Smad pathway is a major
signal that activates HSCs and mediates fibrosis triggering
downstream Smad 2 and Smad3 by TGF-Bl. We have
showed that TGFBR2 is one of the miR-20a-5p targets by
searching the miRNA interactome dataset (Figure 2D). Thus,
we initially investigated the expressions of TGFBR2 in liver
fibrosis samples from patients. Immunofluorescence staining
indicated that TGFBR2 expression level was notably enhanced
in specimen collected from patients than that from healthy
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controls (Figures 4A,B). Analogously, the expression levels of
both phosphorylated-Smad2 and phosphorylated-Smad3 were
notably higher than those in normal tissues, suggesting the
activation of TGF- signaling pathway (Figure 4C). Because we
demonstrated miR-20a-5p alleviated liver fibrosis may through
lighten inflammation, we sought to evaluate the relevance
between TGFBR2 and inflammation. As expected, the TGFBR2
expression exhibited significantly correlation with CD11b and
CD45 (GSE80601, r* = 0.9201 and 0.9786, respectively; both P
< 0.0001) (Figure 4D). Finally, the 3'UTR sequence of TGFBR2
mRNA was cloned into the pGL3-Basic plasmid, in an attempt
to ascertain the possible regulatory role of miR-20a-5p in the
expression of TGFBR2 via binding to the predicted site. Our
data demonstrated that miR-20a-5p mimics induced significantly
inhibited luciferase activities of pGL3-TGFBR2 (WT), but no
effect was observed on pGL3-TGFBR2 (Mut) (Figure4E).
Collectively, our data strongly suggests that miR-20a-5p down-
regulation reinforce TGF-f signaling, at least in part, through
alleviating to target TGFBR2 mRNA, leading to inflammation
during liver fibrosis progression.

DISCUSSION

Aberrant hepatocyte death and persistent liver inflammation
are recognized as drivers of liver fibrosis that in a chronic
setting can promote HCC development (28). In the present
study, we reported peripheral macrophage population
accumulates during fibrosis. Besides, using microarray
data of liver miRNomes, we measured the whole-genome

miRNA expression of human liver fibrosis tissues and
determined miR-20a-5p as a key modulate miRNA. The
TagMan probe-based qRT-PCR was performed to verify the
predominance of miR-20a-5p through in both mouse and
human samples. Furthermore, the present study demonstrated
that lower level of miR-20a-5p exacerbates inflammation,
whereas up-regulation of miR-20a-5p suppresses the releasing
of cytokines.

Macrophages are “keystones” of liver architecture in both
homeostasis and disease. Several studies have corroborated the
central role played by macrophages in mediating inflammation
and tissue fibrogenesis in several organ systems, but the
progress is reverse (18, 29). Given the urgency and necessity
to discover or develop an effective therapy for liver fibrosis,
an increasing number of studies focus on analyzing miRNA
mechanisms in fibrotic diseases, shedding light on the biological
role of miR-21, miR-132, miR-155, miR-26a, and so forth.
Previous studies demonstrated the elevated miR-155 expression
in Kupffer cells after prolonged alcohol uptake, and that
TNF served as a miR-155 target gene to give rise to liver
inflammation (30, 31). miR-20a is one of miR-17/92 cluster
members, which are located in the 13q31.1 region, which
is largely involved in inflammatory. Overexpression of miR-
20a could reduce the activity of inflammasome NLRP3 by
mediating targeting thioredoxin-interacting protein (TXNIP)
(32). Furthermore, miR-20a was reported to be beneficial
to human aortic endothelial cells derived from Ox-LDL-
induced inflammation through mediating TLR4 and TXNIP
signaling (33). Moreover, miR-20a was also reported to
regulate signal-regulatory protein a (SIRPa), resulting in
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macrophage infiltration, phagocytosis, and pro-inflammatory
cytokine secretion (34). The exact part played by miR-20a-5p in
the progression of liver fibrosis is yet to be elucidated. Herein, our
data have shown that miR-20a-5p was distinctly decreased with
advanced fibrosis and we develop a novel cell model to simulate
the macrophage activation during fibrosis. Notably, restoration
of miR-20a-5p suppresses inflammations caused by inhibited
hepatocyte injury.

Since miR-20a-5p suppressed inflammation in vitro, exploring
its underlying mechanism relevant to the disease process
of fibrosis is necessary. We further observed the level of
TGFBR2 up-regulated in patients compared to normal liver.
In addition, miR-20a-5p could regulate TGFBR2 expression
by directly binding to its 3’-UTR, while TGF-$ pathway
contributes to hepatotoxicity which influences macrophage
activation. Among the multiple causative factors, its well-
known that TGF-B/Smad pathway is essential for liver fibrosis
development (35, 36). Connection of TGF-f and its receptors,
including TGFBR1 and TGFBR2 could endow it with the
serine threonine kinase activity. TGF-B is always recognized
as a pro-fibrogenic cytokine in TGF-f signaling pathway due
to its function in HSC activation and ECM production (37-
39). Recently, it has been revealed that TGF- is essential
for the development and critical features of multiple tissue-
resident macrophages. What’s more, TGF-B is required for
the maintenance of expression pattern of the macrophage-
specific homeostatic genes (40-42). Our data verified the
contributions of TGF-f signaling pathway in hepatocytes to
macrophage activity.

Together, our results highlight a critical function of miR-
20a-5p in the liver fibrosis development, and provide the first
evidence that miR-20a-5p maintains the survival of hepatocyte
via TGF-B signaling pathway and that inhibits inflammation
occur. Moreover, the reintroduction of miR-20a-5p enlightens
a promising therapeutic strategy for the clinical intervention of
liver fibrosis.

DATA AVAILABILITY STATEMENT

The datasets generated for this study can be found in the
NCBI Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/
geo/) (GSE40744).

REFERENCES

1. Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGFbeta attenuates tumour response to PD-L1 blockade by contributing to
exclusion of T cells. Nature. (2018) 554:544-8. doi: 10.1038/nature25501

2. Gatti-Mays ME, Gulley JL. M7824: a promising new strategy to
combat cancer immune evasion. Omncoscience. (2018) 5:269-70.
doi: 10.18632/oncoscience.451

3. Lan Y, Zhang D, Xu C, Hance KW, Marelli B, Qi J, et al. Enhanced
preclinical antitumor activity of M?7824, a bifunctional fusion protein
simultaneously targeting PD-L1 and TGF-beta. Sci Transl Med. (2018)
10:eaan5488. doi: 10.1126/scitranslmed.aan5488

4. Mokdad AA, Lopez AD, Shahraz S, Lozano R, Mokdad AH, Stanaway J, et al.
Liver cirrhosis mortality in 187 countries between 1980 and 2010: a systematic

analysis. BMC Med. (2014) 12:145. doi: 10.1186/s12916-014-0145-y

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Institutional Ethics Review Board of the
Zhongshan Hospital. The patients/participants provided their
written informed consent to participate in this study. The animal
study was reviewed and approved by Institutional Ethics Review
Board of the Zhongshan Hospital.

AUTHOR CONTRIBUTIONS

XF and QF design the concept, experimented and wrote the
manuscript. JQ have done the system biology analysis. JC and YJ
collated the data used in this project. ZD designed the problem,
guided the study, and finalized the manuscript.

FUNDING

This work was supported by the National Natural Science
Foundation of China (Nos. 81472219, 81602037, and 81972229),
Youth Program of Zhongshan Hospital (2019ZSYQO07), Elites
Program of Zhongshan Hospital (2019ZSGGO03).

ACKNOWLEDGMENTS

Thanks for the reviewers for their valuable comments and
suggestions that helped improve the quality of our manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fonc.
2020.00107/full#supplementary-material

Figure S1 | Decreased miR-20a-5p reinforce inflammation during liver fibrosis
progression. (A) The cytokine levels of IL6, TNF-a, and IL-18 were determined in
control cells and CCl4-cells transfected with si-miR-20a-5p or their respective
NCs by ELISA. Values are presented as mean 4+ SEM. *p < 0.01 compared with
CCl4 plus si-miR-NC and ###p < 0.001 compared with the control.

Table S1 | Clinical characteristics of patients.
Table S2 | List of primers for gTR-PCR.
Table S3 | List of miRNA identified in miRNA profile.

Table S4 | List of target genes regulated by miR-20a-5p.

5. Li Q Li H, Lv Y, Zhang Q, Zhang X, Li S, et al. Hepatocarcinoma-intestine-
pancreas/pancreatitis-associated protein (HIP/PAP) confers protection
against hepatic fibrosis through downregulation of transforming growth
factor beta receptor II. Lab Invest. (2019). doi: 10.1038/s41374-019-0314-x.
[Epub ahead of print].

6. Koyama Y, Brenner DA.
fibrosis. ]  Clin (2017)
JCI88881

7. Kawaratani H, Moriya K, Namisaki T, Uejima M, Kitade M, Takeda K, et al.
Therapeutic strategies for alcoholic liver disease: focusing on inflammation
and fibrosis (Review). Int | Mol Med. (2017) 40:263-70. doi: 10.3892/ijmm.
2017.3015

8. Chen W, Qin C. General hallmarks of microRNAs in brain evolution
and development. RNA Biol. (2015) 12:701-8. doi: 10.1080/15476286.2015.
1048954

inflammation and
10.1172/

Liver

Invest. 127:55-64.  doi:

Frontiers in Oncology | www.frontiersin.org

February 2020 | Volume 10 | Article 107


http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/articles/10.3389/fonc.2020.00107/full#supplementary-material
https://doi.org/10.1038/nature25501
https://doi.org/10.18632/oncoscience.451
https://doi.org/10.1126/scitranslmed.aan5488
https://doi.org/10.1186/s12916-014-0145-y
https://doi.org/10.1038/s41374-019-0314-x
https://doi.org/10.1172/JCI88881
https://doi.org/10.3892/ijmm.2017.3015
https://doi.org/10.1080/15476286.2015.1048954
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Fu et al.

miR-20a-5p/TGFBR2 Axis in Liver Fibrosis

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Xiao CC, Srinivasan L, Calado DP, Patterson HC, Zhang BC, Wang J,

et al. Lymphoproliferative disease and autoimmunity in mice with increased
miR-17-92 expression in lymphocytes. Nat Immunol. (2008) 9:405-14.
doi: 10.1038/ni1575

Shenoy A, Blelloch RH. Regulation of microRNA function in somatic stem
cell proliferation and differentiation. Nat Rev Mol Cell Biol. (2014) 15:565-76.
doi: 10.1038/nrm3854

Hyun J, Park J, Wang S, Kim J, Lee HH, Seo YS, et al. MicroRNA expression
profiling in CCl4-induced liver fibrosis of Mus musculus. Int ] Mol Sci. (2016)
17:961. doi: 10.3390/ijms17060961
Kitano M, Bloomston PM. Hepatic
in pathogenesis of fibrosis.
doi: 10.3390/jcm5030038

Zhang QQ, Xu MY, Qu Y, Li ZH, Zhang QD, Cai XB, et al. Analysis of the
differential expression of circulating microRNAs during the progression of
hepatic fibrosis in patients with chronic hepatitis B virus infection. Mol Med
Rep. (2015) 12:5647-54. doi: 10.3892/mmr.2015.4221

Blaya D, Coll M, Rodrigo-Torres D, Vila-Casadesus M, Altamirano J, Llopis
M, et al. Integrative microRNA profiling in alcoholic hepatitis reveals a role
for microRNA-182 in liver injury and inflammation. Gut. (2016) 65:1535-45.
doi: 10.1136/gutjnl-2015-311314

Matsuura K, De Giorgi V, Schechterly C, Wang RY, Farci P, Tanaka Y,
et al. Circulating let-7 levels in plasma and extracellular vesicles correlate
with hepatic fibrosis progression in chronic hepatitis C. Hepatology. (2016)
64:732-45. doi: 10.1002/hep.28660

Tian XE Ji FJ, Zang HL, Cao H. Activation of the miR-34a/SIRT1/p53
signaling pathway contributes to the progress of liver fibrosis via inducing
apoptosis in hepatocytes but not in HSCs. PLoS ONE. (2016) 11:e0158657.
doi: 10.1371/journal.pone.0158657

Yang C, Zheng SD, Wu HJ, Chen SJ. Regulatory mechanisms of the molecular
pathways in fibrosis induced by microRNAs. Chin Med J. (2016) 129:2365-72.
doi: 10.4103/0366-6999.190677

Ramachandran P, Pellicoro A, Vernon MA, Boulter L, Aucott RL, Ali A, et al.
Differential Ly-6C expression identifies the recruited macrophage phenotype,
which orchestrates the regression of murine liver fibrosis. Proc Natl Acad Sci
USA. (2012) 109:E3186-95. doi: 10.1073/pnas.1119964109

Sean D, Meltzer PS. GEOquery: a bridge between the gene expression
omnibus (GEO) and BioConductor. Bioinformatics. (2007) 23:1846-7.
doi: 10.1093/bioinformatics/btm254

Wettenhall JM, Smyth GK. IimmaGUI: a graphical user interface for
linear modeling of microarray data. Bioinformatics. (2004). 20:3705-6.
doi: 10.1093/bioinformatics/bth449

Liu W, Wang X. Prediction of functional microRNA targets by integrative
modeling of microRNA binding and target expression data. Genome Biol.
(2019) 20:18. doi: 10.1186/513059-019-1629-z

Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting -effective
microRNA target sites in mammalian mRNAs. Elife. (2015) 4:e05005.
doi: 10.7554/eLife.05005.028

Chou CH, Shrestha S, Yang CD, Chang NW, Lin YL, Liao KW, et al.
update 2018: experimentally validated
microRNA-target interactions. Res. (2018) 46:D296-302.
doi: 10.1093/nar/gkx1067

Huang DW, Sherman BT, Lempicki RA. Bioinformatics enrichment tools:
paths toward the comprehensive functional analysis of large gene lists. Nucl
Acids Res. (2009) 37:1-13. doi: 10.1093/nar/gkn923

Huang DW, Sherman BT, Lempicki RA. Systematic and integrative analysis
of large gene lists using DAVID bioinformatics resources. Nat Protoc. (2009)
4:44-57. doi: 10.1038/nprot.2008.211

Szklarczyk D, Franceschini A, Kuhn M, Simonovic M, Roth A, Minguez
P, et al. The STRING database in 2011: functional interaction networks of
proteins, globally integrated and scored. Nucl Acids Res. (2011) 39:D561-8.
doi: 10.1093/nar/gkq973

Xu E Liu C, Zhou D, Zhang L. TGF-beta/SMAD pathway and its
regulation in hepatic fibrosis. J Histochem Cytochem. (2016) 64:157-67.
doi: 10.1369/0022155415627681

and microRNAs
(2016) 5:E38.

stellate cells

liver J Clin Med.

a resource for
Nucl  Acids

miRTarBase

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Calvente CJ, Tameda M, Johnson CD, Del Pilar H, Lin YC, Adronikou N,
et al. Neutrophils contribute to spontaneous resolution of liver inflammation
and fibrosis via microRNA-223. ] Clin Invest. (2019) 130:4091-109.
doi: 10.1172/JCI122258

Krenkel O, Tacke F. Liver macrophages in tissue homeostasis and disease. Nat
Rev Immunol. (2017) 17:306-21. doi: 10.1038/nri.2017.11

Bala S, Marcos M, Kodys K, Csak T, Catalano D, Mandrekar P, et al.
Up-regulation of microRNA-155 in macrophages contributes to increased
tumor necrosis factor {alpha} (TNF{alpha}) production via increased mRNA
half-life in alcoholic liver disease. | Biol Chem. (2011) 286:1436-44.
doi: 10.1074/jbc.M110.145870

Szabo G, Petrasek J. Inflammasome
liver disease. Nat Rev Gastroenterol
doi: 10.1038/nrgastro.2015.94

Li XE Shen WW, Sun YY, Li WX, Sun ZH, Liu YH, et al. MicroRNA-20a
negatively regulates expression of NLRP3-inflammasome by targeting TXNIP
in adjuvant-induced arthritis fibroblast-like synoviocytes. Joint Bone Spine.
(2016) 83:695-700. doi: 10.1016/j.jbspin.2015.10.007

Chen MT, Li W, Zhang Y, Yang JY. MicroRNA-20a protects human aortic
endothelial cells from Ox-LDL-induced inflammation through targeting
TLR4 and TXNIP signaling. Biomed Pharmacother. (2018) 103:191-7.
doi: 10.1016/j.biopha.2018.03.129

Zhu DH, Pan CY, Li LM, Bian Z, Lv ZY, Shi L, et al. MicroRNA-17/20a/106a
modulate macrophage inflammatory responses through targeting signal-
regulatory protein alpha. J Allergy Clin Immunol. (2013) 132:426-36.e8.
doi: 10.1016/j.jaci.2013.02.005

Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell activation. Nat
Rev Gastroenterol Hepatol. (2017) 14:397-411. doi: 10.1038/nrgastro.2017.38
Chen X, Li XF Chen Y, Zhu S, Li HD, Chen SY, et al. Hesperetin
derivative attenuates CCl4-induced hepatic fibrosis and inflammation by
Gli-1-dependent mechanisms. Int Immunopharmacol. (2019) 76:105838.
doi: 10.1016/j.intimp.2019.105838

Yang L, Inokuchi S, Roh YS, Song J, Loomba R, Park EJ, et al
Transforming growth factor-beta signaling in hepatocytes promotes
hepatic fibrosis and carcinogenesis in mice with hepatocyte-specific
deletion of TAKIL. Gastroenterology.  (2013)  144:1042-54.e1044.
doi: 10.1053/j.gastro.2013.01.056

Jiang Y, Zhao Y, He F, Wang H. Artificial microRNA-mediated Tgfbr2 and
Pdgfrb co-silencing ameliorates carbon tetrachloride-induced hepatic fibrosis
in mice. Hum Gene Ther. (2019) 30:179-96. doi: 10.1089/hum.2018.047

Ren S, Chen ], Wang Q, Li X, Xu Y, Zhang X, et al. MicroRNA-

activation and function in
Hepatol. (2015) 12:387-400.

744/transforming growth factor betal relationship regulates liver
cirrhosis. Hepatol Int. (2019) 13:814-25. doi: 10.1007/s12072-019-
09993-w

Meng ], Li L, Zhao Y, Zhou Z, Zhang M, Li D, et al. MicroRNA-
196a/b mitigate renal fibrosis by targeting TGF-beta receptor
2. J Am Soc Nephrol. (2016) 27:3006-21. doi: 10.1681/ASN.
2015040422

Meng XM, Nikolic-Paterson DJ, Lan HY. TGF-beta: the master regulator of
fibrosis. Nat Rev Nephrol. (2016) 12:325-38. doi: 10.1038/nrneph.2016.48
Stewart AG, Thomas B, Koff J. TGF-beta: master regulator of
inflammation and fibrosis. Respirology. (2018) 23:1096-7. doi: 10.1111/
resp.13415

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Fu, Qie, Fu, Chen, Jin and Ding. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Oncology | www.frontiersin.org

February 2020 | Volume 10 | Article 107


https://doi.org/10.1038/ni1575
https://doi.org/10.1038/nrm3854
https://doi.org/10.3390/ijms17060961
https://doi.org/10.3390/jcm5030038
https://doi.org/10.3892/mmr.2015.4221
https://doi.org/10.1136/gutjnl-2015-311314
https://doi.org/10.1002/hep.28660
https://doi.org/10.1371/journal.pone.0158657
https://doi.org/10.4103/0366-6999.190677
https://doi.org/10.1073/pnas.1119964109
https://doi.org/10.1093/bioinformatics/btm254
https://doi.org/10.1093/bioinformatics/bth449
https://doi.org/10.1186/s13059-019-1629-z
https://doi.org/10.7554/eLife.05005.028
https://doi.org/10.1093/nar/gkx1067
https://doi.org/10.1093/nar/gkn923
https://doi.org/10.1038/nprot.2008.211
https://doi.org/10.1093/nar/gkq973
https://doi.org/10.1369/0022155415627681
https://doi.org/10.1172/JCI122258
https://doi.org/10.1038/nri.2017.11
https://doi.org/10.1074/jbc.M110.145870
https://doi.org/10.1038/nrgastro.2015.94
https://doi.org/10.1016/j.jbspin.2015.10.007
https://doi.org/10.1016/j.biopha.2018.03.129
https://doi.org/10.1016/j.jaci.2013.02.005
https://doi.org/10.1038/nrgastro.2017.38
https://doi.org/10.1016/j.intimp.2019.105838
https://doi.org/10.1053/j.gastro.2013.01.056
https://doi.org/10.1089/hum.2018.047
https://doi.org/10.1007/s12072-019-09993-w
https://doi.org/10.1681/ASN.2015040422
https://doi.org/10.1038/nrneph.2016.48
https://doi.org/10.1111/resp.13415
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	miR-20a-5p/TGFBR2 Axis Affects Pro-inflammatory Macrophages and Aggravates Liver Fibrosis
	Introduction
	Materials and Methods
	Patients and Animal Model
	Cell Lines and Cell Transfection
	Quantitative-PCR (qPCR) Analysis
	FACS
	Immunohistochemistry (IHC), Immunofluorescence (IF), and Western Blotting (WB)
	ELISA
	Cell Viability Analysis
	Determination of the Levels of miRNAs Related to Liver Fibrosis
	Prediction of Target Genes
	Functional Enrichment Analysis and miRNA-gene Network Construction
	Luciferase Activity Analysis
	Statistical Analysis

	Results
	Inflammation Is Accompanied by Liver Fibrosis
	miRNAs and Pathways That Are Correlated With Liver Fibrosis
	miR-20a-5p Was Down-Regulated and Associated With Inflammation During Liver Fibrosis
	miR-20a-5p Alleviated Liver Fibrosis Through TGF-β Signaling Pathway

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


