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Introduction: Dysregulation of microRNAs (miRNAs), which represented a critical level 
of gene expression modulation, regulated the development of colorectal cancer. However, the 
functions of numerous miRNAs remain unclear in colorectal cancer.
Methods: The microarray data of GSE115513 were retrieved; subsequently, the differen-
tially expressed miRNAs between 411 colon tumors and 381 normal colon mucosa were 
analyzed. Real-time PCR (RT-qPCR) and bioinformatic analysis were applied to examine the 
expression of miR-4449 in collected colorectal tumors and published microarray data. The 
activity of signal transducer and activator of transcription 3 (STAT3) signaling was detected 
by Western blotting and RT-qPCR. Dual-Luciferase assay and bioinformatic analysis were 
used to confirm the interaction between suppressor of cytokine signaling 3 (SOCS3) and 
miR-4449. Loss of function and rescue assays were performed to study the involvement of 
miR-4449 and SOCS3 in cell proliferation and apoptosis of colorectal cancer.
Results: Herein, we identified miR-4449 as a novel upregulated miRNA in colorectal 
cancer. Our data suggested that miR-4449 downregulation blocked the proliferation of 
colorectal cancer cells accompanied with the elevation of cell apoptosis. Decreased expres-
sion of miR-4449 led to inactivation of STAT3 pathway as indicated by dephosphorylation of 
STAT3 and downregulation of STAT3 target genes, including vascular endothelial growth 
factor (VEGF), c-Myc, baculovirus inhibitor of apoptosis containing 5 (BIRC5). 
Furthermore, SOCS3, a negative regulator of STAT3 pathway, was found to be a target 
gene of miR-4449. The data also showed that the inactivation of STAT3 pathway by miR- 
4449 inhibitor was realized by targeting SOCS3. Moreover, the biological function of miR- 
4449 downregulation was reversed by SOCS3 knockdown in colorectal cancer cells.
Conclusion: The current study revealed that miR-4449 promoted cell proliferation of 
colorectal cancer and was a promising potential therapeutic target for colorectal cancer.
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Introduction
Colorectal cancer accounts for approximately 10% of all cancer cases globally, with 
nearly 2 million patients being diagnosed with colorectal cancer in 2018.1 

Investigations into the molecular mechanisms of colorectal cancer have provided 
several drug targets and biomarkers for early detection of the disease.2 However, 
due to the heterogenicity of colorectal cancer cells, the 5-year overall survival rate 
remains 60%.3,4 Patients diagnosed as early-stage (Stage I–II) colorectal cancer 
exhibit a 5-year overall survival rate at more than 70%.5 However, patients 
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diagnosed at advanced stage (Stage IV) colorectal cancer 
exert the worst prognosis with 5-year overall survival rate 
at merely 15%.5

MicroRNAs (miRNAs) are those single-stranded tran-
scripts with no protein-coding potential.6 MiRNAs are 
critical components of competing endogenous RNA net-
work in cells.7 Via binding to complementary sites on 
mRNA 3ʹUTR, miRNAs promote mRNA degradation or 
inhibit mRNA translation to repress gene expression.8 

Dysregulation of miRNAs results in abnormal expression 
of target genes and is associated with cancer 
development.9 Hundreds of cancer-associated miRNAs 
have been reported in colorectal cancer.10,11 For example, 
miR-193a-3p, which is downregulated in BRAF-mutated 
colorectal cancers, inhibits colorectal cancer cell 
proliferation.12 MiR-4449 is highly expressed in serum 
from patients with multiple myeloma compared with sam-
ples from healthy volunteers.13 However, the precise func-
tion of miR-4449 in colorectal cancer is not known.

Signal transducer and activator of transcription 3 
(STAT3) is a member of STATs family of transcription 
factors.14 Accumulating evidences have suggested that 
STAT3 is critical for the development of inflammatory 
bowel diseases including colorectal cancer.15 Upon activa-
tion by inflammatory factors such as IL-6, STAT3 is phos-
phorylated and translocated from cell surface into nucleus 
to activate transcription of pro-proliferative genes, thus 
promoting colorectal cancer cell proliferation and resis-
tance to cell apoptosis.16 The activity of STAT3 pathway 
is repressed by several tumor suppressors in cancer cells. 
For example, suppressor of cytokine signaling 3 (SOCS3) 
is one of the most well-known negative regulators of 
STAT3 signaling.17 The KIR domain of SOCS3 facilitates 
binding to gp130 receptor and blocks phosphorylation of 
STAT3.18 Chu et al report that SOCS3 is downregulated in 
colorectal tumors, moreover, forced overexpression of 
SOCS3 induces cell growth arrest and cell apoptosis via 
inactivation of STAT3 signaling in colorectal cancer 
cells.19 The progression of colorectal cancer is the consti-
tutive activation of STAT3 signaling induced by down-
regulation of inhibitors.20

In the current study, the bioinformatic analysis indi-
cated that miR-4449 was an upregulated miRNA, which 
was retrieved from previously published microarray 
data.21 We aimed to address the influence of miR-4449 
on the development of colorectal cancer and the regulatory 
association between miR-4449 and STAT3 signaling in 
colorectal cancer cells.

Materials and Methods
Collection of Tissues
Human colorectal tumors and the adjacent normal tissues 
were collected from 50 patients (35 males and 15 females, 
aged 46–71 years) during surgery resection at The First 
Hospital of Jilin University between June 2017 and 
April 2019. Samples were immediately stored in liquid 
nitrogen. The protocol of this study is approved by the 
Institutional Review Board of The First Hospital of Jilin 
University (IRB no. JLU201706-12). All patients provided 
written informed consents.

Cell Lines
Normal colonic epithelial cell line NCM460 was obtained 
from the Cell Bank of Type Culture Collection of the 
Chinese Academy of Sciences (Shanghai, China). 
Colorectal cancer cell lines HCT116, SW480, and HT29 
were purchased from the American Type Culture 
Collection (Manassas, VA). NCM460 and HT29 cells 
were cultured in RPMI1640 (Thermo Fisher Scientific, 
Waltham, MA). HCT116 and SW480 cells were cultured 
in DMEM (Thermo Fisher Scientific). The medium was 
supplemented with 10% FBS (HyClone; Thermo Fisher 
Scientific). Cells were placed in a 37 °C incubator with 5% 
CO2.

Western Blotting
p-STAT3 (Cat. 9145), STAT3 (Cat.12640) antibodies were 
products of CST (Beverly, CA). SOCS3 (Cat. 04–004) and 
β-actin (Cat. A1978) antibodies were bought from Sigma- 
Aldrich. HRP-labeled secondary antibody of rabbit (Cat. 
ab6721) and mouse (Cat. ab6789) were purchased from 
Abcam (Cambridge, UK). Protein lysates were acquired 
from cells by using RIPA lysis buffer (Beyotime, 
Shanghai, China). Proteins were separated by SDS-PAGE 
gels and transferred to PVDF membrane. The blots were 
developed with ECL Plus Western blotting detection 
reagents (Millipore; Merck, Darmstadt, Germany).

RT-qPCR
TRIzol reagent (Invitrogen) was used to extract total RNA 
from cells and tissue samples. First-stranded cDNA was 
obtained via reverse-transcription by M-MLV Reverse 
Transcriptase kit (Invitrogen). RT-qPCR reaction was per-
formed using the SYBR Green Master Mix (Applied 
Biosystems, MA) on an Applied Biosystems 7900HT 
sequence detection system. Relative expression of gene 
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was calculated by the 2−ΔΔCt method. β-Actin and U6- 
snRNA were internal controls for the mRNA and 
miRNA, respectively. VEGF, c-Myc and BIRC5 were 
target genes of STAT3 signaling.22 Primers used were as 
follows: stem-loop: 5ʹ-CTCAACTGGTGTCGTGGA

GTCGGCAATTCAGTTGAGTGCCTC-3ʹ; miR-4449- 
F: 5ʹ-TCGGCAGGCGTCCC

GGGGCTGC-3ʹ; miR-4449-R: 5ʹ-CTCAACTGGTG 
TCGTGGA-3ʹ; U6-F: 5ʹ-CTCG

CTTCGGCAGCACA-3ʹ; U6-R: 5ʹ-AACGCTTC 
ACGAATTTGCGT-3ʹ; SOCS3-F: 5ʹ-CCTGCGCCTCAA 
GACCTTC-3ʹ; SOCS3-R: 5ʹ- 
GTCACTGCGCTCCAGTAGA

A-3ʹ; VEGF-F: 5ʹ-AGGGCAGAATCATCACGAAGT 
-3ʹ; VEGF-R: 5ʹ-AGGGTCTCGATTGGATGGCA-3ʹ; 
c-Myc-F: 5ʹ-GTCAAGAGGCGAACACAC

AAC-3ʹ; c-Myc-R: 5ʹ-TTGGACGGACAGGATGTA 
TGC-3ʹ; BIRC5-F: 5ʹ-AGGACCACCGCATCTCTACAT 
-3ʹ: BIRC5-R: 5ʹ-AAGTCTGGCTCGTTCTCA

GTG-3ʹ; β-actin-F: 5ʹ-CATGTACGTTGCTATCCAG 
GC-3ʹ; β-actin-R: 5ʹ-CTCCTTA

ATGTCACGCACGAT-3ʹ.

Bioinformatic Analysis
The microarray data of GSE115513 were downloaded from 
NCBI-GEO database (https://www.ncbi.nlm.nih.gov/gds/) 
with the GEO2R tool. The top 250 differentially expressed 
miRNAs between 411 colon tumors and 381 normal colon 
mucosa were analyzed. Many miRNAs in the list have been 
verified as colorectal cancer–related miRNAs. We selected 
miR-4449 for the current study based on the fact that miR- 
4449 ranked high in the list, which has not been studied yet. 
The target genes of miR-4449 were predicted by TargetScan 
V7.2 software (http://www.targetscan.org/vert_72/). 
Candidate targets were uploaded into DAVID software for 
pathway enrichment analysis. SOCS3 was selected due to its 
involvement in STAT3 signaling.

Transfection
miR-NC, miR-4449 mimic and miR-4449 inhibitor were 
synthesized by GenePharma (Suzhou, China). The siRNA 
targeting SOCS3 (SOCS3 siRNA) and the negative control 
(control siRNA) were purchased from GeneScript (Nanjing, 
China). For transient transfection, miR-NC or miR-4449 
mimic or miR-4449 inhibitor or siRNA was mixed with 
Lipofectamine RNAiMax (Invitrogen, Carlsbad, CA) in 
serum-free DMEM and then added into each well. The trans-
fection efficiency was determined by Western blotting or RT- 

qPCR at the timepoint of 48 hours after transfection 
procedure.

Cell Proliferation and Apoptosis Assay
Cell proliferation was detected by a CCK-8 kit (Dojindo, 
Tokyo, Japan). Cells were seeded in each well of 96-well 
plates (2500 cells/well). The CCK-8 solution was added 
into culture medium every 24 hours. The mixture was 
maintained for 2 hours and then subjected to detection of 
absorbance at 450 nm.

For analysis of cell apoptosis, cells were harvested and 
suspended in Annexin-V binding buffer provided by Dead 
Cell Apoptosis Kit with Annexin V FITC and PI 
(Invitrogen). Cells were then stained with Annexin- 
V-FITC and PI. After that, cells were subjected to flow 
cytometry analysis. Cells labeled with FITC without PI 
were early-apoptotic cells. Cells labeled with FITC and PI 
were late-apoptotic cells.

Dual-Luciferase Reporter Assay
Cells were seeded in each well of 24-well plates (30,000 
cells/well). The 3ʹUTR of SOCS3 was ligated into lucifer-
ase plasmid pmirGLO. SOCS3 3ʹUTR-M (mutant) was 
prepared by introducing mutations into pmirGLO-SOCS3 
3ʹUTR. In brief, 50 ng plasmids in combination with 10 
nM miR-NC or miR-4449 mimic was co-transfected into 
cells. 48 hours after transfection, Dual-Luciferase Reporter 
Assay System (Promega, Madison, WI) was used to detect 
the relative luciferase activity of each group.

Statistical Analysis
All statistical calculation was carried out by GraphPad 
Prism 6.0 software. All experiments were repeated thrice. 
The correlation between miR-4449 and SOCS3 expression 
was studied by the Pearson correlation analysis. Student’s 
t test was applied to compare the differences between the 
two groups. Differences among four groups were firstly 
analyzed by one-way ANOVA followed by Tukey’s test. 
P value less than 0.05 was statistically significant.

Results
miR-4449 Was Overexpressed in 
Colorectal Cancer
To screen colorectal cancer–related miRNAs, we retrieved 
microarray data containing colon tumors and normal colon 
mucosa from a previous study.21 In the list of significantly 
upregulated miRNAs, we found that miR-4449 was one of 
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the highest upregulated miRNAs which has not been 
reported before. In 411 tumors, miR-4449 levels were 
nearly twofold higher than those of 381 normal tissues 
(Figure 1A). The miR-4449 expression was further eval-
uated in our collected 50 pairs of colorectal tumors and 
adjacent normal tissues. Consistently, miR-4449 was 
increased in colorectal tumors compared with their coun-
terparts (Figure 1B). Moreover, we found that miR-4449 
was highly expressed in tumors of advanced stage 
(Stage 4) compared with those of low stage (Stage 1) 
(Figure 1C). Thereafter, the expression of miR-4449 was 
detected in a normal colonic epithelial cell line NCM460 
and a panel of colorectal cancer cell lines (HCT116, 
SW480 and HT29). Of interest, miR-4449 was signifi-
cantly upregulated in colorectal cancer cell lines compared 
with NCM460 (Figure 1D).

Downregulation of miR-4449 Inactivated 
STAT3 Signaling
To further study the function of miR-4449 in colorectal 
cancer, we transfected miR-4449 inhibitor into colorectal 
cancer cells. In both HCT116 and SW480 cells, transfec-
tion of miR-4449 inhibitor decreased miR-4449 expression 
as indicated by RT-qPCR (Figure 2A). We next detected 
STAT3 and its active form (p-STAT3) in cells transfected 
with miR-4449 inhibitor. The Western blotting data 
showed that miR-4449 downregulation decreased 
p-STAT3 without affecting total STAT3 expression in 
HCT116 cells (Figure 2B), indicating that miR-4449 acti-
vated STAT3 signaling in colorectal cancer cells. Similar 
results were observed in SW480 cells (Figure 2C). As 
acknowledged, activated STAT3 enhanced transcription 
of cell proliferation–related genes such as VEGF, c-Myc 

Figure 1 miR-4449 was aberrantly expressed in colorectal cancer. (A). The expression of miR-4449 was analyzed in microarray data of GSE115513 (411 colon tumors and 
381 normal colon mucosa). (B). The expression of miR-4449 in 50 pairs of colorectal tumors and the matched normal tissues were detected by RT-qPCR. (C). Comparison 
of miR-4449 expression in normal colon tissues and colorectal tumors of different stages (Stage 1, Stage 2, Stage 3 and Stage 4). (D). The expression of miR-4449 in the 
immortalized colon cell line NCM460 and colorectal cancer cell lines HCT116, SW480 and HT29 was detected by RT-qPCR. **p<0.01; ***p<0.001.
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Figure 2 miR-4449 regulated STAT3 pathway in colorectal cancer cells. (A). The expression of miR-4449 in HCT116 and SW480 cells with transfection of miR-NC or miR- 
4449 inhibitor. (B–C). Protein expression of p-STAT3, STAT3 and β-actin were detected by Western blotting in HCT116 (B) and SW480 (C) cells with transfection of miR- 
NC or miR-4449 inhibitor. (D, E). The mRNA levels of VEGF, c-Myc and BIRC5 were detected in HCT116 (D) and SW480 (E) cells with transfection of miR-NC or miR- 
4449 inhibitor by RT-qPCR. **p<0.01; ***p<0.001.

Figure 3 SOCS3 mRNA levels were negatively associated with miR-4449 expression. (A). There was a putative binding site for miR-4449 on SOCS3 3ʹUTR. (B). The 
SOCS3 mRNA levels were detected in 50 pairs of colorectal tumors and normal tissues by RT-qPCR. (C). Pearson correlation analysis of SOCS3 expression and miR-4449 
expression in 50 colorectal tumors. ***p<0.001.

Cancer Management and Research 2021:13                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
3033

Dovepress                                                                                                                                                              Yan et al

http://www.dovepress.com
http://www.dovepress.com


and BIRC5. Via RT-qPCR, we found that miR-4449 down-
regulation decreased VEFG, c-Myc and BIRC5 mRNA 
expression in HCT116 and SW480 cells (Figure 2D–E), 
which further confirmed that miR-4449 regulated activa-
tion of STAT3 signaling in colorectal cancer.

SOCS3 was a Potential Target of 
miR-4449
We used TargetScan software to predict targets of miR- 
4449. In the list of top 10 potential targets, it was 
found that SOCS3, a negative regulator of STAT3 
signaling which prevents phosphorylation of STAT3 
via binding to the catalytic domain of JAK,23 had 
putative binding site for miR-4449 (Figure 3A). In 
the samples, we found that SOCS3 was significantly 
downregulated in colorectal tumors compared with 
their counterparts (Figure 3B). Via Pearson correlation 
analysis, it was found that SOCS3 mRNA levels were 
negatively associated with miR-4449 levels in color-
ectal tumors (Figure 3C).

miR-4449 Directly Repressed SOCS3 
Expression
We used Western blotting method to study the impact of 
miR-4449 on SOCS3 expression. As showed in Figure 4A 
and B, transfection of miR-4449 inhibitor increased 
SOCS3 protein expression in HCT116 and SW480 cells. 
Moreover, RT-qPCR showed that the mRNA levels of 
SOCS3 were also elevated upon miR-4449 downregula-
tion in HCT116 and SW480 cells (Figure 4C). Next, we 
transfected miR-4449 mimic into HCT116 and SW480 
cells to increase miR-4449 expression (Figure 4D). 
Western blotting showed that overexpression of miR- 
4449 decreased SOCS3 protein expression and elevated 
the ratio of p-STAT3/STAT3 in HCT116 and SW480 cells 
(Figure 4E and F). To further confirm the association 
between SOCS3 and miR-4449, we placed two point- 
mutations in putative binding site of miR-4449 in 
SOCS3 3ʹUTR (Figure 4G). In the Dual-Luciferase 
Reporter Assay, it was observed that miR-4449 mimic 
repressed the luciferase activity of SOCS3 3ʹUTR in 

Figure 4 miR-4449 regulated SOCS3 expression in colorectal cancer cells. (A, B). The SOCS3 protein expression was detected in HCT116 (A) and SW480 (B) cells with 
transfection of miR-NC or miR-4449 inhibitor. (C). The SOCS3 mRNA levels were detected in HCT116 and SW480 cells with transfection of miR-NC or miR-4449 
inhibitor. (D). The miR-4449 levels were detected in HCT116 and SW480 cells with transfection of miR-NC or miR-4449 mimic. (E, F). SOCS3, p-STAT3 and STAT3 protein 
expression were detected in HCT116 (E) and SW480 (F) cells with transfection of miR-NC or miR-4449 mimic. (G). The sequence alignment among miR-4449, SOCS3 
3ʹUTR wild type and SOCS3 3ʹUTR mutant (3ʹUTR-M) was presented. (H). The luciferase activity was detected in HCT116 and SW480 cells with transfection of miR-NC or 
miR-4449 mimic in combination with SOCS3 3ʹUTR. (I). The luciferase activity was detected in HCT116 and SW480 cells with transfection of miR-NC or miR-4449 mimic in 
combination with SOCS3 3ʹUTR-M. **p<0.01; ***p<0.001.
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HCT116 and SW480 cells (Figure 4H). Interestingly, miR- 
4449 mimic failed to alter the luciferase activity of SOCS3 
3ʹUTR-M (Figure 4I), indicating that miR-4449 bound to 
3ʹUTR of SOCS3 mRNA.

miR-4449 Regulated STAT3 Pathway via 
Regulating SOCS3
To examine the association among miR-4449, STAT3 
pathway and SOCS3, we transfected SOCS3 siRNA into 
colorectal cancer cells. Transfection of SOCS3 siRNA 
decreased SOCS3 protein expression in HCT116 and 
SW480 cells (Figure 5A and B). As we expected, miR- 
4449 inhibitor decreased p-STAT3 expression, while 
SOCS3 siRNA increased p-STAT3 levels and reversed 
the effect of miR-4449 inhibitor on p-STAT3 in HCT116 
cells (Figure 5C). Moreover, miR-4449 inhibitor repressed 
STAT3 target gene expression (VEGF, c-Myc, BIRC5), 
whereas SOCS3 siRNA increased the gene expression 
and attenuated the effect of miR-4449 inhibitor on 
STAT3 target gene expression (Figure 5D). Similar results 
were found in SW480 cells (Figure 5E and F).

Downregulation of miR-4449 Negatively 
Regulated Cell Proliferation and Induced 
Cell Apoptosis in Colorectal Cancer 
Cells
STAT3 signaling is involved in colorectal cancer cell pro-
liferation and resistance to cell apoptosis.24,25 Via the 
CCK-8 assay, we found that miR-4449 inhibitor repressed 
cell proliferation; however, SOCS3 siRNA promoted cell 
proliferation and reversed the effect of miR-4449 inhibitor 
on cell proliferation in HCT116 and SW480 cells (Figure 
6A and B). With the flow cytometry, we observed that 
miR-4449 inhibitor evoked cell apoptosis, SOCS3 siRNA 
did not affect cell apoptosis but attenuated the effect of 
miR-4449 inhibitor on cell apoptosis in HCT116 and 
SW480 cells (Figure 6C and D).

Discussion
Slattery et al have identified many differentially expressed 
miRNAs between colorectal tumors and normal mucosa, 
such as miR-145-5p, miR-195-5p and miR-150-5p, by 
miRNA microarray. Cell-based experiments confirmed 
that many of these miRNAs were highly involved in the 
progression of colorectal cancer. For example, miR-145-5p 
regulated colorectal cancer cell proliferation, migration, 
invasion, stemness and resistance to radiotherapy via 

targeting SNAI1, PAK4 and TWIST1.26–28 In the present 
study, we re-analyzed the microarray data and found that 
miR-4449 was a novel dysregulated miRNA in colon can-
cer. Moreover, miR-4449 was dysregulated in multiple dis-
eases, for instance, miR-4449 was one of the top 10 
downregulated miRNAs in peripheral blood samples from 
patients with lung cancer.29 miR-4449 was highly expressed 
in serum from patients with multiple myeloma.12 However, 
there were few reports on the expression and function of 
miR-4449 in colorectal cancer. Currently, we detected miR- 
4449 expression in colorectal tumors and matched normal 
tissues, and found that miR-4449 was elevated in colorectal 
tumors especially in those of advanced stage, implying 
miR-4449 as a tumor-associated miRNA in colorectal can-
cer. In the future study, we will focus on the expression of 
miR-4449 in colorectal tumors from patients and normal 
colon tissues from patients without colorectal cancer to 
further examine the role of miR-4449.

JAK/STAT3 pathway is one of the most well-documented 
oncogenic signalings in colorectal cancer.30 Mechanistically, 
upon inflammatory stimulation, STAT3 is phosphorylated, 
translocated into nucleus and promotes gene 
expression.30,31 Constitutive activation of STAT3 pathway 
is a critical step for development of colorectal cancer.20,32 

Accumulating evidences showed that various miRNAs could 
regulate STAT3 signaling in colorectal cancer at multiple 
levels. For example, downregulation of miR-198 increased 
expression of positive regulators of STAT3 pathway and 
promoted colorectal cancer cell proliferation.33,34 And miR- 
1299 directly repressed STAT3 expression in colorectal 
cancer.35 On the other hand, upregulation of several 
miRNAs activated STAT3 pathway via repressing SOCSs 
(negative regulators of STAT3 signaling) in colorectal 
cancer.36 Presently, we found that miR-4449 inhibitor inacti-
vated STAT3 pathway in colorectal cancer cells.

SOCS3 could be regulated by multiple miRNAs. It has 
been reported that SOCS3 was targeted by miR-3473b, 
miR-203a-3p and miR-155 in cells of different 
origins.37–39 Our bioinformatic analysis revealed that 
SOCS3 3ʹUTR has complementary site for miR-4449. 
We also experimentally showed that miR-4449 directly 
targeted SOCS3 in colorectal cancer cells. More impor-
tantly, Western blotting and RT-qPCR showed that SOCS3 
knockdown reversed the effect of miR-4449 inhibitor on 
STAT3 signaling. As acknowledged, sustained activation 
of STAT3 pathway promoted colorectal cancer cell prolif-
eration and inhibited cell apoptosis.40,41 The data from 
CCK-8 and flow cytometry assays manifested that the 
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miR-4449/SOCS3/STAT3 axis was pivotal for colorectal 
cancer cell proliferation and resistance to cell apoptosis.

In the future, we will establish stable miR-4449 knock-
down colorectal cancer cells to further examine the role of 
miR-4449 in the initiation and development of colorectal 
cancer in several in vivo models.

Conclusions
Collectively, our finding suggested that miR-4449 was an 
upregulated miRNA in colorectal cancer and could acti-
vate STAT3 pathway via targeting SOCS3. miR-4449 may 
be a promising biomarker for patients with colorectal 
cancer.

Figure 5 miR-4449 regulated STAT3 signaling via targeting SOCS3. (A, B) The SOCS3 protein expression was detected in HCT116 (A) and SW480 (B) cells with 
transfection of control siRNA or SOCS3 siRNA. (C) Protein expression of p-STAT3, STAT3 and β-actin was detected in HCT116 cells with transfection of miR-NC or miR- 
4449 inhibitor in combination with control siRNA or SOCS3 siRNA by Western blotting. (D) The mRNA levels of VEGF, c-Myc and BIRC5 were detected in HCT116 cells 
with transfection of miR-NC or miR-4449 inhibitor in combination with control siRNA or SOCS3 siRNA by RT-qPCR. (E) Protein expression of p-STAT3, STAT3 and β-actin 
was detected in SW480 cells with transfection of miR-NC or miR-4449 inhibitor in combination with control siRNA or SOCS3 siRNA by Western blotting. (F) The mRNA 
levels of VEGF, c-Myc and BIRC5 were detected in SW480 cells with transfection of miR-NC or miR-4449 inhibitor in combination with control siRNA or SOCS3 siRNA by 
RT-qPCR. * vs control p<0.05; ** vs control p<0.01; *** vs control p<0.001; andand vs control p<0.01; and vs control p<0.001; # vs miR-4449 inhibitor p<0.05; ## vs miR- 
4449 inhibitor p<0.01; ### vs SOCS3 siRNA p<0.001; && vs control p<0.01; &&& vs control p<0.001.
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Figure 6 The miR-4449/SOCS3 axis regulated colorectal cancer cell proliferation and apoptosis. (A, B) The CCK-8 assay was used to detect cell proliferation of HCT116 
(A) and SW480 (B) cells with transfection of miR-NC or miR-4449 inhibitor in combination with control siRNA or SOCS3 siRNA. C-D. The flow cytometry was used to 
detect cell apoptosis of HCT116 (C) and SW480 (D) cells with transfection of miR-NC or miR-4449 inhibitor in combination with control siRNA or SOCS3 siRNA. *** vs 
control p<0.001; and vs control p<0.05; ## vs miR-4449 inhibitor p<0.01; ### vs miR-4449 inhibitor p<0.001; & vs control p<0.05.
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