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Purpose: Hepatocellular carcinoma (HCC) is a severe global health problem, causing many deaths of patients all over the world. 
Serine and arginine-rich splicing factor 1 (SRSF1) functions as an important oncogenic role in tumorigenesis and progression in HCC. 
Therefore, therapies targeting SRSF1 may provide promising therapeutic approaches. MiRNAs are virtually involved at the post- 
transcriptional level and bind to 3’ untranslated region (3’-UTR) of their target messenger RNA (mRNA) to suppress expression.
Methods: Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) was used to detect the expression of SRSF1 and 
miR-1183 in HCC cell lines. CCK8 assay, colony formation assay and wound healing assay were used to detect the function of miR- 
1183 in HCC cell lines in vitro. Luciferase reporter assay and Western blot were applied to detect the regulation of particular 
molecules. Xenograft tumor assay was used to detect the function of miR-1183 in HCC cell lines in vivo. Immunohistochemistry 
(IHC) was used to detect the expression of SRSF1 in HCC tissues and Xenograft tumors.
Results: In this study, we identified that miR-1183 was downregulated in HCC cell lines. Functional assays indicated that miR-1183- 
upregulation cells show weakened proliferation ability and migration ability in vitro and inhibit subcutaneous tumor formation in vivo. 
With respect to the underlying mechanism, we found that miR-1183 function as a tumor suppressor by specifically binding to SRSF1.
Conclusion: This study is the first to demonstrate that miR-1183 function as an important tumor-suppressing role by binding to the 
3’-UTR of SRSF1 mRNA and suppressing its protein level in HCC cells in vitro and in vivo. Further, miR-1183 may be a potential 
target in the prognosis and treatment of HCC.
Keywords: SRSF1, miR-1183, HCC, proliferation, migration

Introduction
Hepatocellular carcinoma (HCC) is a severe global health problem, causing many deaths of patients all over the world.1 

Despite significant advances in surgical operations and medicine treatment, there are still many HCC patients diagnosed 
at advanced stages by the time of initial diagnosis.2 The prognosis for unresectable HCC remains unsatisfactory. 
Therefore, it is urgent to deeply elucidate the potential molecular mechanism of HCC and identify promising novel 
targets for therapy.

In recent years, studies have shown that abnormal regulation of alternative splicing (AS) is usually accompanied by 
the occurrence and development of tumors.3 The serine/arginine (SR) splicing factor family consists of 12 members. SR 
protein can participate in RNA splicing, transcription, export, translation and degradation by the RNA recognition motifs 
(RRM) and an RS domain.4,5 For example, SRSF6 functions as an oncogene in mediating colorectal cancer (CRC) 
progression through regulating ZO-1 aberrant splicing.6 SRSF3 markedly promotes the proliferation and migration of 
CRC cells through upregulating its target gene DHCR24.7 As a member of SR splicing factor family, splicing factor 
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SRSF1 is upregulated in various types of cancer and its expression level is related to the occurrence, development and 
treatment response of multiple tumors.8 SRSF1 could inhibit autophagy by regulating Bcl-x splicing in lung cancer.9 In 
addition, SRSF1 exerts oncogenic roles in breast cancer by regulating the AS of PTPMT1.10 Importantly, SRSF1 
promotes tumor invasion and metastasis in HCC cells by interacting with the exon 3 of SRA1 pre-mRNA.11 

Furthermore, SRSF1 could bind to RECQL4 mRNA and enhance its stability, thereby promoting the progression of 
HCC.12 Previous studies have shown the oncogenic role of SRSF1 in HCC. Therefore, therapies targeting SRSF1 may 
provide promising therapeutic approaches.

Many previous studies have demonstrated the roles of deregulated miRNAs in multiple stages of tumorigenesis and 
progression.13 Increasing evidence supports the roles of miRNAs in diverse biological processes, including tumor cellular 
proliferation, invasiveness, metastasis, and apoptosis.14,15 A single miRNA can direct entire cellular pathways via 
interacting with a broad spectrum of target genes, making them potential therapeutic targets of multiple diseases.16 

MiRNAs are virtually involved at the post-transcriptional level and bind to 3’ untranslated region (3’-UTR) of their target 
messenger RNA (mRNA) to suppress expression.17,18 Therefore, therapies targeting miRNAs may provide promising 
therapeutic approaches. Using bioinformatics prediction database, miR-1183 is a potential binding molecule for SRSF1. 
Recently, several studies have shown that miR-1183 play important roles in several diseases. Higher expression levels of 
miR-1183 appear to affect myocardial apoptosis by regulation BCL-2.19 MiR-1183 could inhibit proliferation, migration 
and glycolysis in non-small-cell lung carcinoma.20 In addition, miR-1183 inhibits PDK1/p-AKT-mediated cell prolifera-
tion and migration in triple-negative breast cancer.21 However, the involvement of miR-1183 in HCC progression 
remains unexplored. Further study of the regulation of miRNAs and SRSF1 might promote the development of promising 
therapies of HCC.

In this study, we demonstrate that miR-1183 is downregulated in HCC, and acts as a tumor suppressor by binding to 
the mRNA 3’UTR of the oncogenic splicing factor SRSF1 in HCC.

Materials and Methods
Cell Culture and Transfection
All animal protocols complied with the rule of the ethics committee of Shanghai Tenth People’s Hospital (SHDSYY- 
2022-1474) and the use of human tissues have been approved by the committee of Shanghai Tenth People’s Hospital 
(2021-KN167-01).

L02 (RRID: CVCL_6926), HCC-LM3 (RRID: CVCL_6832), SMMC-7721 (RRID: CVCL_0534), and BEL-7402 
(RRID: CVCL_5492) cell lines were donated by Shanghai Tenth People’s Hospital. Huh7 (RRID: CVCL_0336) cell 
line was purchased from Shanghai Yuanchuang Biotechnology Co., Ltd. The use of the cell lines was approved by 
the committee of Shanghai Tenth People’s Hospital and all cell lines were authenticated by STR profile. We used 
Dulbecco’s modified Eagle’s medium (GBICO, USA) containing streptomycin/penicillin (100 U/mL) and 10% fetal 
bovine serum (GBICO, USA) to cultivate L02, HCC-LM3, SMMC-7721, and BEL-7402 cells and Roswell Park 
Memorial Institute medium 1640 to cultivate Huh7 cells. All cells were incubated in a humidified chamber with 5% 
CO2 at 37°C. The HCC-LM3 and SMMC-7721 cells were seeded in 6-well plates at a concentration of 0.5×106 cells 
per well the day before transfection. MiR-1183 mimics, miR-1183 inhibitor and negative control miR-NC were 
purchased from IBOSI (Shanghai, China). Each transfection was performed using Lipo8000™ Transfection Reagent 
(Beyotime, Shanghai, China) following manufacturer instructions. 24–48 hours after transfection, cells were 
harvested for the following experiments. Lentivirus with stable overexpression of miR-1183 (LV-miR-1183) and 
negative control (LV-NC) was purchased from KeyGEN BioTECH (Jiangsu, China). When LM3 cells seeded in 
6-well plates reached 60%–70% confluency, LV-miR-1183 and LV-NC were transfected into LM3 cells at appro-
priate concentrations as multiplicity of infection reached 20 and positive cells were selected by puromycin 
resistance.
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RNA Extraction and Quantitative Reverse Transcription-Polymerase Chain Reaction 
(qRT-PCR)
Total RNA was extracted from cells using EZ-press RN purification kit (EZBioscience, USA) following the manufac-
turer’s instructions. Extracted RNA was transcribed into complementary DNA (cDNA) by using PrimeScript™ RT 
Master Mix (Takara, China). TB Green® Premix Ex Taq™ (Takara, China) was used to carry out qRT-PCR to measure 
the mRNA expression level in cells according to the manufacturer’s instructions. β-actin and U6 was used as the internal 
reference. Primers used in this study were shown in Table S1. Expression fold changes relative to the control group were 
determined by the 2−ΔΔt method.

CCK8 Assay
The cell counting kit-8 (CCK-8; Biosharp, Shanghai, China) was used to monitor cell proliferation. Transfected cells 
were seeded into 96-well plates in an amount of 2000 cells per well and cultured for indicated time. Prior to observation, 
0.1 mL of 10% CCK-8 solution was added to each well and incubated for 2h at 37◦C. Finally, the optical density was 
measured at 450 nm using a microplate reader (SpectraMax iD5, Molecular Device, Shanghai, China).

Colony Formation Assay
6-well plates were used for seeding cells (1000 cells/well) following transfection. Every 3d, the authors replaced the 
culture medium and 2 weeks later, cells were washed gently by phosphate-buffered saline and underwent 10 min of 
fixation with absolute ethyl alcohol. At last, cells were stained for 15 min with 0.1% crystal violet. The colonies were 
photographed and counted by Image J.

Wound Healing Assay
Cells were seeded into 6-well plates (5*105 cells/well). Using a sterile 200μL micropipette tip to make the wound when 
the cells reached 90%. The wounded monolayers were washed with phosphate buffer solution to remove the cell debris. 
The gap between the two edges of the wound was measured after incubation at 0h and 36h. The rate of migration is 
obtained by the following formula: (initial area – final area)/initial area*100%.

Luciferase Reporter Assay
The 3′-UTR sequences of wild-type (WT) SRSF1 and mutated (MUT) SRSF1 were synthesized by IBOSI (Shanghai, 
China) and cloned into the luciferase reporter vector. For the luciferase reporter assay, 293T cells were plated at a density 
of 5 × 104 cells per well in 24-well plates. The next day, 293T cells were co-transfected with the following combinations: 
WT-SRSF1 plus miR-NC or miR-1183-mimics, MUT-SRSF1 plus miR-NC or miR-1183-mimics. 48h after transfection, 
luciferase assays were performed using a dual-luciferase reporter assay Kit (Yeasen, China). The level of luciferase 
activity was calculated as the normalized relative Firefly luciferase/Renilla ratio.

Western Blot
We used RIPA lysis buffer (Beyotime, Shanghai, China) to extract total protein from hepatic cells. In a nutshell, the equivalent 
amount of protein was separated by 10% SDS-PAGE, and then transferred to polyvinylidene fluoride membranes (Servicebio, 
Wuhan, China). After soaking in 5% skim milk at room temperature for 1h, the membranes were incubated with primary 
antibodies against ACTIN (1:1000, Abcam, ab8227, Cambridge, UK), proliferating cell nuclear antigen (PCNA, 1:1000, 60097- 
1-Ig, Proteintech, Chicago, USA), matrix metalloproteinase 2 (MMP2, 1:1000, 10373-2-AP, Proteintech), matrix metallopro-
teinase 9 (MMP9, 1:1000, 27306-1-AP, Proteintech), and serine and arginine rich splicing factor 1 (SRSF1, 1:1000, A4091, 
ABclonal, Wuhan, China) overnight at 4°C, and then incubated with the secondary antibody against rabbit IgG H&L (1:2000, 
ab6721, Abcam) at room temperature for 1h. Finally, we use Odyssey CLx image studio system (LI-COR, USA) to detect the 
results. β-actin was adopted as an internal control.
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Xenograft Tumor Assay
The reporting of this study conforms to ARRIVE 2.0 guidelines.22 We followed the “Guide for the Care and Use of 
Laboratory Animals, 8th Edition”.23 Eight nude mice bought from Shanghai Sippe-Bk Lab Animal Co., Ltd. were housed 
in plastic cages and maintained under an alternating 12h:12h light–dark cycle at a constant temperature (22°C~25°C) 
with free access to food and water. They were randomly divided into two groups: LV-NC and LV-miR-1183 and injected 
with HCC-LM3 cells subcutaneously. Tumor tissues were collected 5 weeks after injection.

Immunohistochemistry (IHC)
The human HCC tissue and para-carcinoma tissue slices were purchased from Servicebio (Wuhan, China). The human 
and mouse tissue slices were baked in an oven at 60°C for 2h. After dewaxing and rehydration, sections were dipped in 
citrate buffer and incubated in a water bath at 90°C for 20 min to achieve antigen retrieval. The sections were combined 
with 3% hydrogen peroxide to prevent endogenous catalase activity, and then blocked with 5% BSA for 20 min to block 
non-specific binding. Then, sections were combined with SRSF1 (1:100) primary antibody and dilution at 4°C overnight. 
Then the secondary antibody was added and incubated at 37°C for 1h. After combined with diaminobenzidine, sections 
were observed under a light microscope (Olympus, CX23).

Statistical Analysis
Data were presented as mean ± SD, and all experiments were repeated at least three times. The data were analyzed by 
Student’s t-test. P-values of <0.05 were considered statistically significant. All statistical graphs were drawn by GraphPad 
Prism 6 (GraphPad Software, Inc., San Diego, CA, USA).

Results
SRSF1 is Up-Regulated in HCC Tissues and Cell Lines
Using online tool starbase (starbase.sysu.edu.cn/) to analyze 374 HCC and 50 normal samples from TCGA database, we 
found that SRSF1 expression is higher in HCC than in normal samples (Figure 1A). Then we detected the protein level of 
SRSF1 in clinical HCC samples with IHC. The protein level of SRSF1 was significantly higher in HCC tissues that in 
para-carcinoma tissues (Figure 1B). The expression of SRSF1 in HCC cell lines was also upregulated, which is consistent 
with the results in HCC tissues (Figure 1C). Among the HCC cell lines, the expression level of SRSF1 in HCC-LM3 and 
SMMC-7721 cell lines was relatively higher; therefore, HCC-LM3 and SMMC-7721 cell lines were selected for further 
research. Furthermore, we observed longer OS in low SRSF1 expression group than in high SRSF1 expression group, 
indicating that high SRSF1 expression might lead to poor clinical prognosis (Figure 1D).

MiR-1183 Suppresses Cell Proliferation of HCC Cells
The results of qRT-PCR showed that the miR-1183 expression level in four HCC cell lines was lower than that in normal 
hepatic cell lines (Figure 2A). HCC cells were transfected with miR-1183-inhibitor or miR-1183-mimics to knockdown 
or overexpress miR-1183 in HCC (Figure 2B). As shown in Figure 2C and D, the inhibition of miR-1183 significantly 
promoted the clonogenicity of HCC cells. Consistent with the results of the colony formation assay, CCK-8 assay showed 
that downregulation of miR-1183 remarkably increase the cellular growth rate while overexpression of miR-1183 
decreased it (Figure 2E and F). Protein expression of PCNA increased when miR-1183 was inhibited and declined 
when it was overexpressed (Figure 2G and H). In summary, miR-1183 suppresses cell proliferation of HCC cells.

MiR-1183 Suppresses Cell Migration of HCC Cells
Wound healing assay was performed to detect the effect of miR-1183 on migration of HCC cells. Obviously, the 
consequence of 36 h after scratch revealed that inhibition of miR-1183 promotes the migration rate of HCC cells and 
overexpression of miR-1183 decreases the migration rate of HCC cells (Figure 3A-C). MMP2 and MMP9 are commonly 
used to measure the migration ability of tumor cells, and the results of Western blot also proved that miR-1183 restrains 
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cell migration of HCC cells. MMP2 and MMP9 expressions were significantly higher in HCC cells treated with miR- 
1183-inhibitor than treated with miR-1183-mimics (Figure 3D-F).

SRSF1 is a Direct Target of miR-1183
According to the miRNA-mRNA target prediction online tool TargetScan (http://www.targetscan.org/vert_72/), three 
binding sites between miR-1183 and SRSF1 mRNA 3’UTR were found (Figure 4A). Therefore, we hypothesized that 
SRSF1 was the target of miR-1183. Three binding sites were used to conduct luciferase reporter assay. The results of the 
first two binding sites showed that the co-transfection of miR-1183-mimics inhibited the relative luciferase activity of 
WT-SRSF1-transfected cells, whereas it did not affect the activity of MUT-SRSF1-transfected cells (Figure 4B and C). 
The result of the last binding site showed no difference in relative luciferase activity between WT-SRSF1-transfected 
cells and MUT-SRSF1-transfected cells (Figure 4D). In another word, miR-1183 could directly bind to the 3’UTR of 
SFSF1 mRNA. Western blot results showed that compared with control group, miR-1183-inhibitor group exhibited 
increased SRSF1 protein level while miR-1183-mimics group showed decreased SRSF1 protein level (Figure 4E and F). 
Therefore, we draw a conclusion that SRSF1 was a direct target of miR-1183 and the binding of miR-1183 to the SRSF1 
mRNA 3’ UTR could suppress SRSF1 protein expression.

Figure 1 SRSF1 is up-regulated in HCC tissues and cell lines. (A) SRSF1 mRNA had high expression in HCC tissues compared with adjacent normal tissues. (B) SRSF1 
protein had high expression in HCC tissues compared with para-carcinoma tissues. (C) SRSF1 had high expression in HCC cell lines. (D) Kaplan–Meier curves showed that 
high SRSF1 expression correlated with poor survival rate of patients of HCC according to TCGA database. **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Depletion of SRSF1 Rescues the Effect of miR-1183-Inhibitor on HCC Cells
To verify the suppressive role of miR-1183 on HCC cells partially based on suppressing SRSF1 protein expression, miR- 
1183-inhibitor and si-SRSF1 were co-transfected in HCC cells. CCK8 and colony formation assays showed that 
depletion of SRSF1 could reverse the proliferation-promoting function of miR-1183-inhibitor on HCC cells 
(Figure 5A-D). What is more, the accelerative effect on cell migration of miR-1183-inhibitor can be rescued by 
SRSF1 suppression (Figure 5E-G). The results of Western blot emphasized that depletion of SRSF1 can disturb the 
upregulation of miR-1183-inhibitor on SRSF1 protein expression (Figure 5H and I). All the consequences above came to 
a conclusion that miR-1183 can regulate biological function of HCC cells by targeting SRSF1.

Overexpression of miR-1183 Inhibits HCC Growth in vivo
We injected HCC-LM3 cells into nude mouse models subcutaneously to confirm the role of miR-1183 in HCC in vivo. 
As shown in Figure 6A, HCC-LM3 cells were stably infected by lentiviral (LV-miR-1183 or LV-NC). Overexpression of 
miR-1183 notably reduced the average volume of tumor size (Figure 6B and C). In addition, the expression of SRSF1 

Figure 2 MiR-1183 suppresses cell proliferation of HCC cells. (A) miR-1183 had low expression in HCC cell lines. (B) Expression of miR-1183 was confirmed by qRT-PCR 
in HCC-LM3 and SMMC-7721 cells. (C and D) Effect of miR-1183 on proliferation in HCC-LM3 and SMMC-7721 cells by colony formation assay. (E and F) Effect of miR- 
1183 on proliferation in HCC-LM3 and SMMC-7721 cells by CCK8 assay. (G and H) Effect of miR-1183 on proliferation in HCC-LM3 and SMMC-7721 cells by Western 
blot. *p < 0.05;**p < 0.01; ***p < 0.001; ****p < 0.0001.
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was also suppressed by miR-1183 according to the results of IHC (Figure 6D). In a word, upregulation of miR-1183 
could inhibit the growth of HCC in vivo.

Discussion
Abnormal alternative splicing is often detected in the occurrence and development of HCC.24 For example, DDX17 
regulates alternative splicing that produces an oncogenic isoform of PXN-AS1 to promote HCC metastasis.25 MTR4 
drives cancer metabolism by ensuring correct alternative splicing of pre-mRNAs of critical glycolytic genes such as 
GLUT1 and PKM2.26 SRSF1 is known to affect alternative splicing of genes involved in transformation, apoptosis, and 
cell cycle progression and to activate the oncogenic pathway. Abnormally high expression of SRSF1 has been observed 
in many cancers, such as breast cancer,27 gastric cancer28 and lung cancer.29 Most studies have shown that SRSF1 is 
a potential oncogene, causing tumorigenesis by regulating various tumor-related genes. For instance, SRSF1 regulates 
PTPMT1 alternative splicing to affect the development of lung cancer.30 SRSF1 can also regulate BIN1 alternative 

Figure 3 MiR-1183 suppresses cell migration of HCC cells. (A–C) Effect of miR-1183 on migration in HCC-LM3 and SMMC-7721 cells by wound healing assays. (D–F) 
Effect of miR-1183 on migration in HCC-LM3 and SMMC-7721 cells by Western blot. *p < 0.05; **p < 0.01; ***p < 0.001.
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Figure 4 SRSF1 is a direct target of miR-1183. (A) Putative complementary site within miR-1183 and SRSF1 predicted by bioinformatics analysis (TargetScan).(B–D) Three 
binding sites between miR-1183 and SRSF1 were used to conduct luciferase reporter assay. (E and F) Representative Western blot and quantification of SRSF1 in HCC-LM3 
and SMMC-7721 cells with different treatment, β-actin was used as a control. *p < 0.05; **p < 0.01; ***p < 0.001.
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Figure 5 Depletion of SRSF1 rescues the effect of miR-1183-inhibitor on HCC cells. (A–D) Knockdown of SRSF1 partially reversed miR-1183-inhibitor-induced promotion 
of proliferation in HCC-LM3 and SMMC-7721 cells determined by CCK8 assay and colony assay. (E–G) Knockdown of SRSF1 partially reversed miR-1183-inhibitor-induced 
promotion of migration in HCC-LM3 and SMMC-7721 cells determined by wound healing assay. (H and I) Representative Western blot and quantification of SRSF1 in HCC- 
LM3 and SMMC-7721 cells with different treatment, β-actin was used as a control. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
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splicing to affect the tumorigenesis of non-small cell lung cancer.31 In that regard, this study has underscored the 
importance of SRSF1 as a novel HCC therapeutic target.

SRSF1 expression in HCC tissues and its correlation with the prognosis of HCC patients were analyzed using TCGA 
databases. Results suggested that SRSF1 was overexpressed in HCC tissues, and high SRSF1 expression in patients with 
HCC was correlated with poor prognosis. According to the results of TCGA databases, SRSF1 was highly expressed in 
HCC cell lines.

Considering the important regulatory role of miRNAs in genes, we sought to find a novel miRNA that could suppress 
SRSF1 expression. Using bioinformatics prediction database, we found that miR-1183 is a potential binding molecule for 
SRSF1. Three potential binding sites between miR-1183 and the 3’UTR region of SRSF1 mRNA were found by 
analyzing the network database. In this study, we identified miR-1183 was expressed at low level in HCC cell lines. 
Functional assays indicated that miR-1183-upregulation cells show weakened proliferation ability and migration ability 
in vitro and inhibit subcutaneous tumor formation in vivo. Therefore, miR-1183 was identified as a tumor suppressor in 
HCC. To verify whether miR-1183 could directly target SRSF1, luciferase reporter assay was performed and results 
showed that miR-1183 could modulate SRSF1 by binding to the 3’ UTR of SRSF1 mRNA. Further experiments found 
that miR-1183 reduced the protein level of SRSF1. Rescue assays indicated that depletion of SRSF1 crippled the 
promoting effects of miR-1183-inhibitor on the progression of HCC cells, further verifying that miR-1183 suppresses 
HCC via SRSF1.

Figure 6 Overexpression of miR-1183 inhibits HCC growth in vivo. (A) Overexpression of miR-1183 in HCC-LM3 cells was verified by qRT-PCR. (B) Representative 
images of xenograft tumors in nude mice. (C) The tumor volume of xenografts. (D) Immunohistochemistry (IHC) staining of SRSF1 in xenografts. *p < 0.05; ****p < 0.0001.
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Conclusion
Taken together, our data suggest that miR-1183 regulates the proliferation and migration of HCC cells through 
modulating SRSF1 by bind to the 3’ UTR of SRSF1 mRNA. This finding provides the first evidence of the interaction 
between SRSF1 and miR-1183 in HCC and improves the understanding of the mechanisms involved in the progression 
of HCC. The current findings provide a possible target for HCC treatment in the future.
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