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Abstract. Hepatitis B virus-related liver cirrhosis (HBV-LC) 
is susceptible to bacterial infections, which could lead to 
adverse prognosis in patients. MicroRNAs (miRs/miRNAs) 
are easily detected in peripheral blood and are involved in 
multiple liver diseases. The present pilot study aimed to 
investigate differentially expressed (DE) miRNAs in the 
serum of patients with HBV-LC and bacterial infection, and 
to identify potential biomarkers. The first batch of clinical 
samples was collected, including four patients with HBV-LC 
and infection, four patients with HBV-LC without infection, 
four patients with chronic hepatitis B (CHB) and four healthy 
controls. miRNA expression was analyzed by Affymetrix 
GeneChip miRNA 4.0 Array. A total of 385 DE miRNAs 
(upregulated, 160; downregulated, 225) were detected in 
patients with HBV-LC and infection compared with patients 
with HBV-LC without infection. miR-4793-3p was signifi-
cantly upregulated in patients with HBV-LC and infection 
compared with its levels in the other three groups: HBV-LC 
without infection [log-transformed fold change (logFC)=7.96; 
P=0.0458), CHB (logFC=34.53; P=0.0003) and healthy 
controls (logFC=3.34; P=0.0219)]. Reverse transcription-
quantitative PCR (RT-qPCR) was performed to validate 
miR-4793-3p expression in another batch of clinical samples. 
RT-qPCR showed that miR-4793-3p was highly expressed in 
patients with HBV-LC and infection compared with its levels 
in patients with HBV-LC without infection (P<0.05). The non-

parametric random forest regression model was built to access 
the diagnostic value of miR-4793-3p, and the receiver oper-
ating characteristic curve demonstrated that the area under 
the curve was 92.2%. Target gene analysis with bioinformatics 
tools and Gene Expression Omnibus data (GSE46955) showed 
that miR-4793-3p could participate in the TGF-β signaling 
pathway. Functional experiments revealed that overexpressed 
miR-4793-3p could impair TGF-β function by downregulating 
Gremlin-1. The present pilot study suggests that miR-4793-3p 
could be a feasible indicator for bacterial infection in patients 
with HBV-LC, and it would be valuable for further research.

Introduction

Worldwide, an estimated 240 million people have chronic 
hepatitis B virus (HBV) infection, of which the majority of 
people with chronic HBV infections reside in low- and middle-
income countries (1). The Asia-Pacific region has the highest 
prevalence of HBV infection, with an estimated range from 
5-20% (2). Despite the remarkable progress of HBV vaccination 
and antiviral treatment, HBV-associated liver diseases remain 
a significant cause of morbidity and mortality for ~650,000 
deaths annually worldwide (1). Chronic HBV-infected indi-
viduals are subjected to an increased risk of adverse sequelae, 
including liver cirrhosis (LC), decompensated liver disease 
and hepatocellular carcinoma (2,3). The annual incidence of 
cirrhosis in chronic HBV-infected patients is 1.0-2.4%, and 
the annual rate of progression from compensated cirrhosis to 
decompensated cirrhosis is ~4.6% (4). The clinical outcome 
of decompensated cirrhosis is poor, and the 5-year survival 
rate has decreased from 14 to 35% (5). Bacterial infection is 
one of the most relevant complications of cirrhosis, which is 
the leading cause of hospitalization. Patients with cirrhosis 
are susceptible to numerous infectious diseases, and the 
incidence rate of infection is much higher than that among 
general patients (6,7). It was reported that infection increased 
mortality by 4-fold in cirrhosis and contributed to almost 30% 
of deaths within 1 month (8). Hence, the study of biomarkers 
for early prevention, identification and management of infec-
tion in patients with cirrhosis is needed.
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MicroRNAs (miRs/miRNAs) are small non-coding RNAs 
containing ~22 nucleotides, which can combine with the 
Argonaute protein family to form the RNA-induced silencing 
complex (RISC). RISC can bind the 3'- or 5'-untranslated 
region (UTR) of target mRNAs, leading to RNA silencing and 
post-transcriptional regulation of gene expression (9). miRNAs 
are involved in multiple pathophysiological processes and 
various human diseases. Moreover, as miRNAs can be conve-
niently isolated from body fluids, they are ideal biomarker 
candidates. In recent years, an increasing number of studies 
have provided overwhelming data to support the association 
of miRNAs with liver diseases, including viral hepatitis, liver 
cirrhosis, liver failure, steatohepatitis and autoimmune hepa-
titis (10-13).

Previous studies have confirmed that miRNAs are 
involved in bacterial infections (14,15). In pulmonary tuber-
culosis, miR-124 can regulate the toll-like receptor (TLR) 
signaling pathway by silencing downstream signals 
such as TLR6, myeloid differentiation primary response 
88 (MyD88), TNF receptor-associated factor 6 (TRAF6) and 
TNF-α (16). Moreover, in mouse macrophage RAW264.7 
cells, Salmonella infection could repress let-7a expression 
and subsequently lead to IL-10 expression, which is a critical 
anti-inflammatory factor in the immune response (17). 
Aberrant miRNA expression was also found in liver disease 
with bacterial infections. Lutz et al (18) revealed that miR-155 
is upregulated in the ascites of patients with cirrhosis and 
spontaneous bacterial peritonitis (SBP), which is associated 
with adverse short-term survival; and it could be a potential 
biomarker.

In the present study, the miRNA expression pattern in 
HBV-related liver cirrhosis (HBV-LC) with bacterial infec-
tion was investigated with the aim of understanding the 
development of the disease and to identify potential miRNA 
biomarkers for early diagnosis.

Materials and methods

Sample collection. The present study was ethically approved 
by Fujian Medical University Mengchao Hepatobiliary 
Hospital (Fuzhou, China). Written informed consent was 
obtained from all the participants before sample and data 
collection. A total of 16 serum samples, including patients 
with HBV-LC and infection (n=4), patients with HBV-LC 
without infection (n=4), patients with chronic hepatitis B 
(CHB) (n=4) and healthy controls (n=4), were collected to 
detect differentially expressed (DE) miRNAs. Another 24 
serum samples, including eight patients with HBV-LC and 
infection, eight patients with HBV-LC without infection and 
eight patients with CHB, were also collected to validate the 
expression of miRNAs by reverse transcription-quantitative 
PCR (RT-qPCR). The infection sites of patients with HBV-LC 
and infection were SBP (n=6), bacterial pneumonia (n=4), 
coinfection of SBP and pneumonia (n=3) and bacterial urinary 
infection (n=2).

The characteristics and clinical information of the partici-
pants are summarized in Table I. All patients in the present 
study had confirmed diagnosis based on the recommendations 
of the latest guidelines of the Asian Pacific Association for the 
Study of the Liver for CHB and Liver Fibrosis (19,20). Patients 

with diagnosis of infection had both clinical symptoms and 
confirmed bacterial evidence. Positive pathogen culture results 
were required for the confirming bloodstream, urinary and 
respiratory infections. For culture-negative pulmonary infec-
tions, significant findings of computed tomography scans were 
needed.

miRNA expression profiling. Total RNA was extracted from 
200 µl serum using the miRNeasy MicroKit (Qiagen, Inc.) 
according to the manufacturer's instructions. The purity 
and concentration of isolated total RNA were tested with a 
NanoDrop® ND-2000 spectrophotometer (Thermo Fisher 
Scientific, Inc.) through absorbance measurements at wave-
lengths of 260 and 280 nm. Only samples with a 260/280 ratio 
of ≥1.6 were selected. Isolated total RNA samples were stored 
at -70˚C for later use. The Affymetrix GeneChip miRNA 4.0 
Array (miRBase version 20.0; Affymetrix; Thermo Fisher 
Scientific, Inc.) was applied to compare DE miRNAs among 
HBV-LC with infection, HBV-LC without infection, CHB and 
healthy controls. Briefly, total RNA (1 µg) from each sample 
was labeled using the FlashTag™ Biotin HSR RNA labeling 
kit (according to the Affymetrix user guidelines). The labeled 
samples were hybridized on miRNA arrays for 18 h at 48˚C. 
Arrays were washed to remove non-specifically bound nucleic 
acids and stained on Fluidics Station 450s (Affymetrix; Thermo 
Fisher Scientific, Inc.) and then scanned on the GeneChip 
Scanner 3000 7G system (Affymetrix; Thermo Fisher 
Scientific, Inc.). Subsequent analysis was conducted through 
Affymetrix GeneChip Command Console 6.0+ software 
(Thermo Fisher Scientific, Inc.). Raw data were normalized by 
the Robust Multi-array Average method to remove systematic 
variations (21). The raw data were analyzed by Transcriptome 
Analysis Console software (version 4.0.1; Thermo Fisher 
Scientific, Inc.), as recommended by Affymetrix. A probe set 
was considered expressed if >50% of samples had a detection 
above background value below the threshold and P<0.05. The 
parameter of DE miRNA was defined as a logFC<-1 or >1 with 
a P-value <0.05.

Validation of miRNA array data. Validation of selected 
DE miRNAs by RT-qPCR was performed as follows: Total 
miRNA was extracted from patients' serum sample using 
a Serum/Plasma MicroRNA kit (Aidlab Biotechnologies, 
Ltd.) according to the manufacturer's instructions. RT of the 
extracted miRNAs of each sample was conducted with the 
TaqMan™ microRNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.). All cDNA 
samples were kept at -20˚C until RT-qPCR analysis. RT-qPCR 
was performed on a Cobas Z480 machine (Roche Diagnostics) 
using the TaqMan™ microRNA Assay kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The primers of used are provided in 
Table SI. The thermocycling conditions were set as follows: 
Initial activation of Taq polymerase at 95˚C for 10 min, 
followed by 40 cycles of PCR amplification at 95˚C for 15 sec 
and annealing/elongation at 60˚C for 1 min. The expression 
levels of miRNA were normalized to that of U6 small nuclear 
RNA (snRNA). The relative expression of miRNA was calcu-
lated by the 2-ΔΔCq formula (22), in which ΔCq = Cq of miRNA 
- Cq of U6 snRNA, and ΔΔCq = ΔCq of the test group - ΔCq 
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of the control group. The relative quantification values were 
logarithmically transformed before comparisons.

Dual-Luciferase reporter gene assay. The binding sites 
between miR-4793-3p and Gremlin-1 (Grem1) 3'-UTR 
were predicted used the web-based tool TargetScan (http://
www.targetscan.org/). Grem1 3'-UTR or mutant 3'-UTR 
(3'-UTRmut) fragments were inserted into the psiCHECK-2 
plasmid (cat. no. C8011; Promega, Inc.) respectively, using 
XbaI and SacI restriction enzymes. The wild-type or mutant 
reporter constructs were later co-transfected into 293T cells 
(cat. no. CRL-11268™; American Type Culture Collection). 
The 293T cells were cultured in RPMI-1640 medium (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(cat. no. P30-3302; PAN Biotech UK, Ltd.), 1% penicillin-
streptomycin and 0.05 mM β-mercaptoethanol under a 
humidified 5% CO2 atmosphere at 37˚C. miR-4793-3p mimic 
and specific-miR-4793-3p negative control (NC) were synthe-
sized by General Biol. Prior to transfection, the 293T cells 
were transferred to 6-well plates until the confluence reached 
90-95%. Grem1 3'-UTR-psiCHECK-2 (1 µg), 3'-UTRmut-
psiCHECK-2 (1 µg), miR-4793-3p mimic (50 µM) or 
specific-miR-4793-3p NC (50 µM) were co-transfected using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). The untransfected cells were treated as the normalized 
control. After transfection, the cells were kept in a 5% CO2 
incubator at 37˚C. After 24 h, the cells were harvested for 
luciferase activity detection, following the protocol of the dual 
luciferase reporter assay system (cat. no. E1910; Promega, 
Inc.). The assay was performed in triplicate.

Cell culture, induction and transfection. THP-1 monocytes 
(cat. no. TIB-202™; American Type Culture Collection) 
were cultured in RPMI-1640 medium (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (cat. no. 
P30-3302; PAN Biotech UK, Ltd.), and 2 mmol/l L-glutamine 
under a humidified 5% CO2 atmosphere at 37˚C. The cells 
were pre-treated with 20 ng/ml TGF-β (cat. no. HY-P2294; 
MedChemExpress) for 48 h and then collected. Firstly, to inter-
rogate the function of TGF-β in macrophage differentiation, 
total cellular RNA was extracted and used to detect macro-
phage phenotype-related markers by RT-qPCR. Secondly, to 
investigate the association between miR-4793-3p, Grem1 and 
the TGF-β signaling pathway, TGF-β-treated THP-1 cells were 
transfected with specific miR-4793-3p NC and mimics sepa-
rately, while non-transfected cells served as the blank control. 
miRNA-4793-3p mimics (1.25 µl; 20 µM) or miR-4793-3p 
NC (1.25 µl; 20 µM) were diluted by 30 µl 1X ribo FECT™ 
CP Buffer (Guangzhou RiboBio Co., Ltd) and added with 3 µl 
ribo FECT™ CP Reagent (Guangzhou RiboBio Co., Ltd) at 
room temperature for 15 min. The mixture was then added 
to the prepared TGF-β-treated THP-1 cells, kept in a 5% CO2 
incubator at 37˚C. After 36 h, the cells were collected and used 
to extract total RNA and protein for RT-qPCR and western 
blotting experiments.

mRNA expression and western blotting. TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) was used to obtain 
total RNA from 293T and THP-1 cells, which was reverse 
transcribed into cDNA using the SuperScript™ IV First-

Strand Synthesis System (cat. no. 18091050; Thermo Fisher 
Scientific, Inc.). Primer information is listed in Table SI. 
Fluorescent qPCR was performed based on the protocols of 
the SYBR-GreenER™ qPCR SuperMix Universal kit (cat. no. 
11762500; Thermo Fisher Scientific, Inc.) on the Applied 
Biosystems 2720 Thermal Cycler (Thermo Fisher Scientific, 
Inc.). The initial of RT-qPCR was 95˚C for 10 sec, followed 
by 40 cycles of 95˚C for 5 sec, and then 60˚C for 30 sec. A 
melting-curve analysis was performed to ensure specificity of 
the PCR products. The relative gene expression was normal-
ized to β-actin and calculated by 2-ΔΔCq formula (22).

The THP-1 cells were lysed to extract cellular protein 
with 400 µl lysis buffer (cat. no. P0013; Beyotime Institute 
of Biotechnology) for 30 min on ice. A total of 20 µg of cell 
lysates were separated on 10% Tris-Glycine eXtended gradient 
gels (cat. no. 5671093; Bio-Rad Laboratories, Inc.). The 
targeted proteins were transferred onto 0.2 µm nitrocellulose 
membranes (Cytiva) After transferring proteins, the proteins 
were blocked with 5% bovine serum albumin (cat. no. 37525; 
Thermo Fisher Scientific, Inc.) at room temperature for 1 h. 
Subsequently, the membranes were incubated at 4˚C overnight 
with the following primary antibodies: Mouse antibody against 
Grem1 (1:500; cat. no. sc-515877; Santa Cruz Biotechnology, 
Inc.) or mouse monoclonal antibody against β-actin (1:5,000; 
cat. no. HC201-01; TransGen Biotech Co., Ltd.). Subsequently, 
the membrane was incubated with ProteinFind® goat 
anti-mouse IgG (H+L), HRP Conjugate (1:10,000; cat. no. 
HS201-01; TransGen Biotech Co., Ltd.) secondary antibody 
for 1 h at room temperature. The protein bands were visual-
ized by enhanced Chemiluminescent detection (SuperSignal™ 
West Pico PLUS Chemiluminescent Substrate; cat. no. 34580; 
Thermo Fisher Scientific, Inc.) and quantified by densitometry 
using a Gel Imaging System (JS-1070; Shanghai Peiqing 
Science & Technology Co., Ltd) for gray value analysis.

Statistical analysis, target gene prediction and functional 
analysis. The results were analyzed using R (version 3.6.1; 
https://cran.r-project.org) and GraphPad Prism (version 8.0 for 
Windows, GraphPad Software, Inc.). Data are represented as 
the median and interquartile range. Skewed data were power-
transformed to approximate normality. P<0.05 was considered 
to indicate a statistically significant difference. Levene's 
test was used for evaluating homogeneity of variance across 
groups. Student's t-test was used for two-group comparisons, 
while one-way ANOVA was applied for multiple group 
comparisons. The Holm correction method was used by the 
pairwise.t.test function of R language as the post-hoc test to 
determine whether the mean difference between specific pairs 
of group was statistically significant. Since linear regression 
was not applicable to the small sample size used in the present 
study, non-parametric random forest regression was applied to 
build the classification model. A receiver operating character-
istic (ROC) curve was plotted to access the diagnostic value 
of the model. The target genes of miRNAs were predicted 
with TargetScan and miRDB (http://www.mirdb.org) (23,24). 
Gene Ontology (GO; Website: http://geneontology.org) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG; Website: 
https://www.genome.jp/kegg) enrichment analyses were 
conducted by the R package, clusterProfiler (version 3.12) (25). 
Publicly available gene expression data were obtained from 
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the Gene Expression Omnibus (GEO) to analyze the miRNA 
target genes in bacterial infection. After searching, the dataset 
GSE46955 was selected, which compared DE genes between 
patients with bacterial sepsis and healthy controls (26). The 
relative datasets were downloaded from GEO (https://www.
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46955).

Results

Identification of DE miRNA sets. The microarray experiment 
identified 385 DE miRNAs between the cirrhosis with infec-
tion and cirrhosis without infection groups, among which 
160 miRNAs were upregulated and 225 were downregulated 
(Fig. 1). The top five upregulated and the top five downregu-
lated miRNAs are listed in Table II. The available miRNA 
as a biomarker should express at a high level in patients with 
cirrhosis and bacterial infection compared to other groups. 
Under this premise, only miR-4793-3p and miR-4440 matched 
the criteria. As shown in Table II, miR-4793-3p was upregu-
lated in patients with cirrhosis and infection compared with the 
levels in patients with cirrhosis without infection (logFC=7.96; 
P=0.0458), patients with CHB (logFC=34.53; P=0.0003) 

and healthy controls (logFC=3.34; P=0.0219). miR-4440 
was upregulated in patients with cirrhosis and infection 
compared with its levels in cirrhosis patients without infection 
(logFC=7.65; P=0.0408), CHB (logFC=53.11; P=0.0004) and 
healthy controls (logFC=3.18; P=0.0292).

Validation and evaluation of miR-4793-3p as a biomarker. 
RT-qPCR was used to assess the abundance of miR-4793-3p 
and miR-4440 in another batch of clinical samples. A higher 
level of miR-4793-3p was detected in patients with cirrhosis 
and infection compared with those without infection (P=0.018) 
and with CHB (P=0.013). The expression level of miR-4793-3p 
in patients with cirrhosis without infection and CHB was not 
significantly different (P=0.397; data not shown). However, the 
expression of miR-4440 was not significantly different in vali-
dation samples between infection and non-infection groups 
(P<0.05; data not shown). The expression of miR-4793-3p was 
consistent with previous microarray data. Non-parametric 
machine-learning random forest regression was applied to 
assess the diagnostic value of miR-4793-3p. Previous analysis 
showed that C-reactive protein (CRP), albumin, international 
normalized ratio, prothrombin activity, procalcitonin (PCT) 

Figure 1. Hierarchical clustering of differential microRNAs. The heatmap shows two-way hierarchical clustering of the differentially expressed microRNAs 
in the comparison of patients with cirrhosis with and without infection. The rows represent differential microRNAs, and each column represents a sample. The 
differential microRNA clustering tree is depicted on the left. The blue-to-red color scale illustrates the relative levels of microRNA expression from a higher 
level to a lower level than that of the reference expression.
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and total bilirubin were associated with infections in patients 
with cirrhosis (Table I). These variables, together with 
miR-4793-3p, were used to build the random forest model. As 
demonstrated in the ROC plot, the model had an area under 
the curve (AUC) of 92.2%. The plot of variable importance 
showed that CRP was the most critical factor (Fig. 2).

Target genes and functional prediction. A total of 383 potential 
target genes of miR-4793-3p were both found in TargetScan 
(n=4,995) and miRDB (n=424). GO and KEGG enrichment 
analyses were conducted on these 383 genes. The GO analysis 
demonstrated that the target genes clustered in cellular compo-
nents of ‘nuclear speck’, ‘nuclear lamina’ and ‘ribbon synapse’; 
in the molecular functions of ‘modification-dependent protein 
binding’, ‘nuclear export signal receptor activity’, ‘receptor-

regulated SMAD binding’ and ‘nucleocytoplasmic carrier 
activity’ (Fig. 3A and B). The KEGG analysis showed that the 
target genes were also involved in many signaling pathways 
(Fig. 3C), and most enriched in the pathways of ‘prolactin 
signaling pathway’, ‘TGF-β signaling pathway’, ‘pancreatic 
cancer’ and ‘hepatitis B’ (Fig. 3D). Meanwhile, a previously 
reported gene expression data of patients with bacterial sepsis 
was downloaded from the GEO database (GSE46955). After 
analyzing the data, 432 downregulated DE genes associated 
with bacterial infection were obtained (Table SII). Among 
them, five genes are also found in the 383 potential target genes 
list, including Grem1, progestin and adipoQ receptor family 
member 4 (paqr4), calnexin (canx), macrophage scavenger 
receptor 1 (msr1) and zinc binding alcohol dehydrogenase 
domain containing 2 (zadh2) (Fig. 4 and Table III).

Table II. Differentially expressed microRNAs in patients with HBV-LC with infection, HBV-LC without infection, CHB and 
healthy controls.

Comparisons ID Accession logFC P-value

HBV-LC with infection vs.  hsa-miR-4793-3p MIMAT0019966 7.96 0.0458
HBV-LC without infection hsa-miR-4440 MIMAT0018958 7.65 0.0408
 hsa-miR-4668-5p MIMAT0019745 6.97 0.0112
 hsa-miR-3613-3p MIMAT0017991 4.69 0.0491
 hsa-miR-5093 MIMAT0021085 2.51 0.0185
 hsa-miR-6824-5p MIMAT0027548 -29.86 0.0088
 hsa-miR-6789-5p MIMAT0027478 -15.38 0.0164
 hsa-miR-4433-3p MIMAT0018949 -13.61 0.0009
 hsa-miR-6722-3p MIMAT0025854 -12.96 0.0037
 hsa-miR-6798-5p MIMAT0027496 -12.73 0.0016
HBV-LC with infection vs. CHB hsa-miR-4440 MIMAT0018958 53.11 0.0004
 hsa-miR-4793-3p MIMAT0019966 34.53 0.0003
 hsa-miR-297 MIMAT0004450 10.37 0.0128
 ENSG00000239063 ENSG00000239063 9.44 0.0056
 ENSG00000239063 ENSG00000239063 7.28 0.0064
 hsa-miR-122-5p MIMAT0000421 -23.98 0.0297
 hsa-miR-4487 MIMAT0019021 -6.29 0.0141
 hsa-miR-4270 MIMAT0016900 -5.36 0.0279
 hsa-miR-1343-5p MIMAT0027038 -4.30 0.0493
 hsa-miR-4463 MIMAT0018987 -3.44 0.0293
HBV-LC with infection vs. healthy ENSG00000239063 ENSG00000239063 5.06 0.0285
 hsa-miR-4532 MIMAT0019071 4.18 0.0146
 hsa-miR-4793-3p MIMAT0019966 3.34 0.0219
 hsa-miR-4440 MIMAT0018958 3.18 0.0292
 hsa-miR-4462 MIMAT0018986 2.75 0.0421
 hsa-miR-4487 MIMAT0019021 -3.53 0.0448
 hsa-miR-1298-3p MIMAT0026641 -1.35 0.0104
 hsa-miR-3675-3p MIMAT0018099 -1.31 0.0182
 hsa-mir-3924 MI0016432 -1.29 0.0102
 ENSG00000252154 ENSG00000252154 -1.28 0.0008

The top five upregulated and top five downregulated microRNAs in each comparison group are presented in the table. HBV, hepatitis B virus; 
LC, liver cirrhosis; logFC, log-transformed fold change.
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Overexpressed miR-4793-3p can impair the TGF-β pathway 
by targeting Grem1. In response to pathogens, macro-
phages can dichotomize into M1-like macrophage as a 
pro-inflammatory phenotype or M2-like macrophage as an 
anti-inflammatory phenotype (27). As reported in previous 
studies, TGF-β could induce macrophages into the M2 
phenotype (28-30), which was consistent with the present 
study. Compared with the control group, M2-related makers 
such as C-X-C motif chemokine receptor 4; IL-10 and argi-
nase 1 were upregulated, while M1-related makers such as 
human leukocyte antigen-DR isotype, IL-12, CD80, inducible 
nitric oxide synthase, TNF-α and monocyte chemoattractant 
protein were significantly downregulated in TGF-β-treated 
THP-1 cells (Fig. 5A). Smad2 and Smad3 are known as the 
downstream genes of the TGF-β pathway. Following TGF-β 
stimulus, together with Smad2 and Smad3, Grem1 was also 
expressed in relatively compared with the control group, 
which indicated that Grem1 could be activated by TGF-β. 
However, when miR-4793-3p mimics were transfected 
into TGF-β-treated THP-1 cells, the expression of Smad2, 

Smad3 and Grem1 was significantly reduced (Fig. 5B). This 
suggested that overexpressed miR-4793-3p could negatively 
regulate the TGF-β pathway by targeting Grem1.

Grem1 is validated as the target of miR-4793-3p. To confirm 
the association between miR-4793-3p and Grem1, a dual 
luciferase reporter assay was performed. As shown in Fig. 6A, 
the relative luciferase activity was significantly declined when 
293T cells were co-transfected with Grem1-wild-type and 
miR-4793-3p mimics compared with the NC group. However, 
no significant difference was observed when cells were 
co-transfected with Grem1-mutant and miR-4793-3p mimics 
compared with the levels in the NC group. Significantly higher 
expression of miR-4793 was detected in 293T cells transfected 
with miR-4793-3p mimics compared with cells transfected with 
miR-4793-3p mimic NC or the control (Fig. 6B). Overexpressed 
miR-4793-3p could downregulate Grem1 expression both at 
the mRNA and protein levels (Fig. 6C and D). These results 
provided evidence that miR-4793-3p could bind to the 3'-UTR 
of Grem1 and negatively regulate Grem1 expression.

Figure 2. Variable importance plot and ROC curve of the random forest model. (A) The plot of variable importance presents that C-reactive protein is the 
most critical factor in the model. (B) The AUC of the ROC plot is 92.2%. CRP, C-reactive protein; ALB, albumin; INR, international normalized ratio; PTA 
prothrombin activity; PCT, procalcitonin; TBIL, total bilirubin; ROC, receiver operating characteristic; AUC, area under the curve; miR, microRNA.

Table III. Expression of Grem1, paqr4, canx, msr1 and zadh2 in the public dataset GSE46955.

Gene logFC AveExpr t P-value adj.P.Val B

msr1 -1.90 7.04 -12.59 1.67x10-9 4.62x10-7 12.21
paqr4 -1.47 8.23 -6.92 4.32x10-6 8.60x10-5 4.31
canx -1.27 10.47 -6.56 8.02x10-6 1.32x10-4 3.68
zadh2 -1.32 8.03 -4.95 1.62x10-4 1.22x10-3 0.63
Grem1 -2.55 7.49 -4.22 7.03x10-4 3.59x10-3 
-0.86

Grem1, Gremlin 1; paqr4, progestin and adipoQ receptor family member 4; canx, calnexin; msr1, macrophage scavenger receptor 1; zadh2, 
zinc binding alcohol dehydrogenase domain containing 2; logFC log-transformed fold change; AveExpr, average expression; adj.P.Value, 
adjusted P-value; B, the log-odds of differential expression.
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Discussion

Early detection of bacterial infection is crucial for patients 
with cirrhosis. However, the broad use of biomarkers in 
cirrhosis such as CRP and procalcitonin for bacterial infec-
tions has several limitations, and the study results remain 
controversial (7). A recently reported biomarker, soluble 
CD14 subtype (presepsin), shows a favorable outcome in 
patients with cirrhosis and bacterial infection, which requires 
more supporting data (31). The present study investigated DE 
miRNAs in patients with HBV-related cirrhosis and bacterial 
infections. As presented, miR-4793-3p was upregulated in 

patients with cirrhosis and infection in both the microarray 
experiment and RT-qPCR validation. Thus, miR-4793 could 
be a feasible biomarker for patients with cirrhosis and bacterial 
infections.

In the GO and KEGG enrichment analyses, the predicted 
target genes of miR-4793-3p were mostly enriched in the 
TGF-β signaling pathway. TGF-β is critical in the innate 
immune system. While TGF-β serves as an anti-inflammatory 
factor, which could suppress the augmentation of bacterial 
infection, overexpressed TGF-β could also impair the immune 
clearance of the pathogen (32). A previous study demonstrated 
that TGF-β could induce macrophages to transform into the 

Figure 3. GO and KEGG enrichment analyses for predicted target genes of miR-4793-3p. The plots representing the (A) cellular component and (B) molecular 
function of GO analysis. The y-axis represents enriched GO terms, and the x-axis represents the number of clustered genes. (C) Scatter plot showing the result 
of KEGG analysis. (D) Bar plot showing the most enriched pathway terms. The y-axes of the plots in panels C and D represent the KEGG pathway terms. The 
bubble size in panel C and the x-axis of the plot in panel D represent the number of clustered genes. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes 
and Genomes; R-SMAD; receptor-regulated SMAD; TRP, transient receptor potential.
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M2 phenotype, which is anti-inflammatory rather than pro-
inflammatory (28). Upregulated TGF-β was associated with 
the lack of maturation of NK cells in infant mice, which are 
prone to viral infection in early life (33). Endogenous TGF-β 
modulates NK cell responses to cytokines and TLR agonists. 
Downregulated endogenous TGF-β expression significantly 
induced NK cells to produce interferon-gamma (IFN-γ), 
amplifying the innate immune response to pathogens (34). 
Moreover, TGF-β could also regulate Th17 and Treg cell 
differentiation by inducing T cell-related factor forkhead box 
protein P3 expression (35). TGF-β was reported to participate 
in bacterial infection. Overexpressed TGF-β in a sepsis mouse 
model could protect the host from bacterial infection (36). 
TLR4, known as a critical receptor for pathogen-associated 
molecular patterns, can be stimulated by lipopolysaccharide 
from Gram-negative bacteria and initiate the innate immune 
defense against bacterial attack (37). Smad6, one of the inhibi-
tory SMADs of TGF-β signaling, could inhibit the TLR4 
signaling pathway by disrupting the Pellino-1-mediated TLR4 
signaling complex, leading to anti-inflammatory activity (38). 
Intriguingly, it was also reported that miR-4793-3p expressed 
inversely to TLR4 gene expression in necrotizing enterocolitis, 
suggesting that miR-4793-3p may be associated with the TLR4 
pathway (39). The present study proposed that miR-4793-3p 
could play a role in the innate immune response as part of the 
TGF-β signaling pathway.

To further evaluate the function of miR-4793-3p, public 
gene expression data of patients with bacterial-induced sepsis 
were obtained from the GEO database (GSE46955). After 
analyzing the data, a total of 432 downregulated genes associ-
ated with bacterial infection were obtained. Comparing the 
potential target genes of miR-4793-3p and the public gene 
expression data, the present study found five genes that were 
common in two gene lists, including Grem1, paqr4, canx, msr1 
and zadh2. Grem1 encodes Gremlin-1 protein, which is a 
member of the bone morphogenic protein antagonist family. 
TGF-β stimulates Grem1 expression in bronchial and kidney 

epithelial cells, which could promote tissue fibrosis (40). In a 
study of cervical cancer, miR-137 could suppress the TGF-β 
signaling pathway by downregulating Grem1 (41). These find-
ings are consistent with the present study, as the expression of 
Grem1, Smad2 and Smad3 were upregulated in TGF-β-treated 
THP-1 cells, suggesting that Grem1 could be a downstream 
gene of the TGF-β signaling pathway. In the present study, 
Grem1 was validated as a target gene of miR-4793-3p. 
Overexpressed miR-4793-3p could reduce Grem1 expres-
sion at the mRNA and protein levels. Therefore, upregulated 
miR-4793-3p in patients with cirrhosis and bacterial infection 
could suppress the TGF-β signaling pathway via binding to 
Grem1, which could augment bacteria-induced inflammation 
and aggravate infection.

Certain limitations existed in the present study. In the 
microarray analysis, the DE miRNA results could be affected 
by the small sample size. The hierarchical clustering of the 
microarray data showed that one patient with LC and bacte-
rial infection was assigned to the non-infection group. It could 
be that the inter-patient variation was quite high, making the 

Figure 4. Venn diagram of TargetScan, miRDB and GSE46955 analysis. The 
predicted target genes of miR-4793-3p in TargetScan (n=4,995) and miRDB 
(n=424) were compared with the downregulated differentially expressed 
genes in the Gene Expression Omnibus dataset GSE46955 (n=432). The inter-
section of three gene lists consists of five genes, including Gremlin-1, adipoQ 
receptor family member 4, calnexin, macrophage scavenger receptor 1 and 
zinc binding alcohol dehydrogenase domain containing 2. 

Figure 5. miR-4793-3p negatively regulates the TGF-β pathway. (A) In 
TGF-β-treated THP-1 cells, the expression levels of M2-related makers, 
CXCR4, IL-10 and ARG1, were significantly upregulated. By contrast, the 
expression levels of M2-related makers, HLA-DR, IL-12, CD80, iNOS, 
TNF-α and MCP-1, were significantly downregulated. (B) TGF-β-treated 
THP-1 cells increased Grem1, Smad2 and Smad3 levels compared with 
controls. When the cells were transfected with miR-4793-3p mimics, the 
expression levels of Grem1, Smad2 and Smad3 significantly decreased. 
There was no significant change in the expression levels of Grem1, Smad2 
or Smad3 in the specific miR-4793-3p mimic NC group compared with 
controls. *P<0.05; **P< 0.01 and ***P<0.001. CXCR4, C-X-C motif chemo-
kine receptor 4; ARG1, arginase 1; HLA-DR, human leukocyte antigen-DR 
isotype; iNOS, inducible nitric oxide synthase; MCP1, monocyte chemoat-
tractant protein; NC, negative control; ns, not significant; miR, microRNA. 
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distinction difficult. However, despite inter-patient variability, 
the consistent differential expression effects were detected 
in the inferred group. Moreover, not all DE miRNAs were 
validated by RT-qPCR in clinical patients, due to a shortage 
of research funding. The diagnostic value of miR-4793-3p 
was analyzed with non-parametric random forest regression, 
which also requires large samples to build a reliable model. 
Lastly, not all the potential targeted genes of miR-4793-3p 
were analyzed in the present study. Notably, macrophage 
scavenger receptor 1 (msr1), also known as class A scav-
enger receptor (SR-A), is a multifunctional receptor which is 
expressed primarily on macrophages (42). It was reported to be 
associated with macrophage polarization, the innate immune 
response to autoimmune conditions and pathogens-associated 
molecular patterns (43). Mrs1-deficient mice were susceptible 
to pneumococcal pneumonia (44,45). Meanwhile, the mRNA 

levels of mrs1 and mannose receptor C type 1 were reduced 
in influenza virus infection, which could lead to impairment 
of macrophage phagocytosis and secondary bacterial infec-
tion (46). Thus, the association between miR-4793-3p and 
mrs1 in HBV-related cirrhosis with bacterial infection requires 
further investigation.

In the present pilot study, microarray was performed 
to detect highly expressed miR-4793-3p in patients with 
cirrhosis and bacterial infection. Combined with bioinfor-
matics and public data analysis, miR-4793-3p was found 
to participate in the TGF-β signaling pathway. Functional 
experiments demonstrated that miR-4793-3p could nega-
tively regulate the TGF-β pathway via binding to Grem1. 
Therefore, miR-4793-3p could be a potential biomarker for 
bacterial infection in HBV-related cirrhosis, and it would be 
worthy of further investigation.

Figure 6. Grem1 is a target gene of miR-4793-3p. (A). Dual-Luciferase assay demonstrated significantly declined luciferase activity in the 293T cells, which 
were co-transfected with Grem1-WT and miR-4793-3p mimics compared with mimic-NC. By contrast, no significant change in luciferase activity was 
observed in cells co-transfected with Grem1-MUT and miR-4793-3p mimics compared with mimic-NC. (B) Significantly higher expression of miR-4793 
was detected by fluorescent reverse transcription-quantitative PCR in 293T cells transfected with miR-4793-3p mimics compared with cells transfected with 
miR-4793-3p mimic NC or the control. No significant difference was observed between miR-4793-3p mimic NC and the control groups. (C) In TGF-β-treated 
THP-1 cells transfected with miR-4793-3p mimics, significantly downregulated Grem1 mRNA levels was observed compared with the control. By contrast, 
the mRNA levels of Grem1 was not significantly different between the miR-4793-3p mimic NC group and the control. (D) Western blotting showed signifi-
cantly downregulated Grem1 protein levels in the miR-4793-3p mimics group compared with the control. There was no significant change in Grem1 protein 
levels in the miR-4793-3p mimic NC group compared the control. β-actin served as the internal reference gene. **P<0.01 and ***P<0.001. WT, wild-type; MUT, 
mutant; NC, negative control; ns, not significant; miR, microRNA; Grem1, Gremlin-1. 
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