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Abstract
Ginsenoside Rh2, which is extracted from ginseng, exerts antitumor activity. Recent studies suggest that Rh2 may
suppress the growth of colon cancer (CC) in vitro. However, the underlying mechanism remains unclear. In this
study, we identified the relative levels of miR-150-3p in CC tissues and cells by a comprehensive strategy of data
mining, computational biology, and real-time reverse transcription PCR (qRT-PCR) experiments. The regulatory
effects of miR-150-3p/SRCIN1 on the proliferative and invasive abilities of CC cells are evaluated by CCK-8, EdU,
wound healing, and transwell assays. Cell cycle- and apoptosis-related protein levels are assessed by western blot
analysis. An in vivo tumor formation assay was conducted to explore the effects of miR-150-3p on tumor growth.
Furthermore, bioinformatics and dual luciferase reporter assays are applied to determine the functional binding of
miRNA to mRNA of the target gene. Finally, the relationship between Rh2 and miR-150-3p was further verified in
SW620 and HCT-116 cells. miR-150-3p is downregulated in CC tissues and cell lines. Functional assays indicate that
the upregulation of miR-150-3p inhibits tumor growth both in vivo and in vitro. In addition, SRCIN1 is upregulated in
CC and predicts a poor prognosis, and it is the direct target for miR-150-3p. Moreover, the miR-150-3p mimic
decreases Topflash/Fopflash-dependent luciferase activity, resulting in the inhibition of Wnt pathway activity. Rh2
can suppress the growth of CC by increasing miR-150-3p expression. Rh2 alleviates the accelerating effect on Wnt
pathway activity, cell proliferation/migration, and colony formation caused by miR-150-3p inhibition. Rh2 inhibits
the miR-150-3p/SRCIN1/Wnt axis to suppress colon cancer growth.
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Introduction
Colon cancer (CC) is one of the most prevalent cancers in the world
in terms of its incidence and mortality rate [1], and as such, each
year, more than one million new cases are diagnosed with CC, while
approximately 600,000 CC patients die [2]. Similar to other cancer
types, CC occurs as a result of various factors, such as the mutation
of oncogenes and tumor suppressor genes, which activate and
inactivate them, respectively [3]. Currently, resectable and ad-
vanced CC is mostly treated through radio- and chemotherapy [4],
and additional efforts are being geared towards improving patient
survival. However, for those who are in the later stages of CC, the
prognosis remains poor. Therefore, to identify new and potentially
more effective drug candidates, it is important to uncover the
oncogenic mechanism of CC.

For thousands of years, ginseng has been traditionally applied as
a Chinese herbal medicine [5], and its extract ginsenoside Rh2 was
reported to exhibit potential antitumor activity against different
types of cancer cell lines, such as the human breast cancer line MCF-
7 and the sarcoma cell line SK-LMS-1 [6]. In particular, under
hypoxic conditions, ginsenoside Rh2 was reported to prevent
human lung cancer from migrating through the action of miRNA-
491 [7], with similar effects observed against pancreatic cancer cells
except that in this case the effects are mediated by matrix
metalloproteinases (MMP)-2 and MMP-9 [8]. Despite the potential
of ginsenoside Rh2 against tumors, its role in CC remains unknown.
MicroRNAs (miRNAs), which are small noncoding RNA mole-

cules, control most of the signaling pathways of cells, including the
development of both normal and cancer cells [9,10], and they
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prevent proteins from being translated by targeting mRNA and
binding to their 3′ untranslated regions [11]. It was previously
reported that miRNA-150-3p could potentially act as a diagnostic
biomarker for CC, [12]. Indeed, when overexpressed, miRNA-150-
3p downregulates SLCO4A1 expression, thereby repressing migra-
tion, invasion, sphere formation and tumorigenesis and increasing
apoptosis in CC stem cells [13]. More recently, ginsenoside Rh2 was
found to induce changes in miRNA in CC cells [14], with one
example being the suppression of growth and metastasis of the cells
through the action of miR-491 [15]. Interestingly, the ability of
ginsenoside Rh2 to exert antitumor effects by inhibiting the activity
of PBK/TOPK is specific to the human CC cell line HCT116 [16];
hence, ginsenoside Rh2 has the potential to be considered a
promising drug for treating CC.
Cell proliferation, development and differentiation are regulated

by the canonical Wnt signaling pathway [17], and the latter’s
dysfunction has been linked to CC [18]. Indeed, mutation of the
tumor suppressor adenomatous-polyposis coli (APC), an important
feature of Wnt signaling, is found in 85% of colon cancer
patients [19]. When Wnt is not activated, APC forms a protein
complex with glycogen synthase kinase (GSK)-3β, casein kinase 1,
axin and protein phosphatase 2A to carry out the degradation of β-
catenin [20]. However, when APC is mutated, β-catenin is stabilized
and translocated to the nucleus, where it complexes with T-cell
factor/lymphoid enhancer factor (TCF/LEF) to trigger gene tran-
scription [21]. Although the link between CC and mutations of the
Wnt pathway has already been highlighted by TCGA [22], the
underlying mechanism that activates a dysfunctional Wnt/β-
catenin signaling pathway remains to be studied.
In this study, we demonstrated that the expression of miR-150-3p

is negatively correlated with the proliferation, migration, and
invasion abilities of CC cells in vitro. In addition, we also identified
the SRC kinase signaling inhibitor 1 (SRCIN1) gene as the target of
miR-150-3p and the mediator of Wnt pathway activation. Finally,
the antitumor function of ginsenoside Rh2 on CC was clarified to be
relied on its regulation on miR-150-3p.

Materials and Methods
Data collection
Datasets from The Cancer Genome Atlas Colon Adenocarcinoma
(TCGA-COAD, https://portal.gdc.cancer.gov/projects/TCGA-
COAD) were used to obtain miRNA expression profiles. Using the
edgeR package in R (https://bioconductor.org/packages/release/
bioc/html/edgeR.html), genes that are differentially expressed were
analysed, with differential expression identified by selecting
a P value of <0.05 and a |logFC| value of ≥ 1 as the thresholds.
Data from the TCGA-COAD dataset were then used for correlational
analyses, with statistically significant correlations indicated by
P values<0.05.

Bioinformatics analysis
Interactions between miRNAs and mRNAs were predicted using
miRDB (http://mirdb.org/index.html) and TargetScan (https://
www.targetscan.org/vert_80/), with intersections between the
results of the two software programs selected as the miRNAs’
possible targets. Correlational analyses of miRNAs-mRNAs were
then carried out using Pearson’s correlation coefficient in the
corrplot package in R (https://www.rdocumentation.org/
packages/corrplot/versions/0.92) before eventually visualizing

the results using R’s ggpubr package. Significant correlations were
identified from P values<0.05.

Prognostic analysis
The suitability of the SRCIN1 gene for predicting the progression-
free survival (DFS), overall survival (OS) and specific survival
(DSS) of CC patients was determined based on log-rank tests and
Kaplan-Meier analyses using the survival package [23]. After
determining the median expression level of SRCIN1, survival
outcomes were compared between patients with high or low
expression of the gene. The statistical significance of differences
was determined at the 5% significance level.

Cell culture and treatment
Cell lines (colonic epithelial cells NCM460 and four human CC
cells-HCT116, SW620, SW480, and CaCo-2) were obtained from the
ATCC (Manassas, USA) and cultured in RPMI (Invitrogen) contain-
ing 1% penicillin/streptomycin mixture and 10% FBS (Gibco,
Grand Island, USA) at 37°C under 5% CO2. Following incubation,
the cell lines HCT-116 and SW620 were subject to a 72-h treatment
with different concentrations of ginsenoside Rh2 (0, 10 and 20 μM).

Cell transfection
miR-150-3p mimics (sense 5′-CUGGUACAGGCCUGGGGGA-3′,
antisense 5′-CCCCAGGCCUGUACCAGUU-3′), miR-150-3p inhibitor
(5′-UCCCCCAGGCCUGUACCAG-3′), and the negative controls
(mimics NC: sense 5′-UUCUCCGAACGUGUCACGUTT-3′, antisense
5′-ACGUGACACGUUCGGAGAATT-3′; and inhibitor NC: 5′-GGCCU
CACCGGGUGUAAAUCAG-3′) were obtained from RiboBio
(Guangzhou, China). The SRCIN1 gene was then overexpressed
by cloning its coding sequence into a pcDNA3.0 vector (Invitrogen,
Carlsbad, USA). In brief, cells were cultured until a confluency of
80%–90%, and the transfection was performed. Cells were
subsequently transfected using Lipofectamine 2000 (Thermo Fisher
Scientific, Waltham, USA) according to the manufacturer’s instruc-
tions. The whole medium was changed after 6 h, and the cells were
finally collected for further experiments after an additional
incubation for 24–48 h. The expression level of miR-150-3p or
SRCIN1 was determined by the RT-qPCR analysis.

Real-time reverse transcription PCR (qRT-PCR)
Total RNA was extracted with TRIzol reagent (Thermo Fisher
Scientific) and reverse transcribed using the M-MLV First-Strand
Synthesis reagent (Thermo Fisher Scientific) prior to qRT-PCR,
performed on an iCycler IQ® RT-PCR Detection System (Bio-Rad
Laboratories, Hercules, USA) using SYBR-Green Quantitative RT-
qPCR kit (QR0100; Sigma-Aldrich, St Louis, USA). In this case, the
PCR consisted of the following conditions: an initial denaturation
for 2 min at 95°C, followed by 40 cycles, each with denaturation for
5 s at 95°C, annealing for 15 s at 60°C, and extension for 10 s at
72°C. The levels of SRCIN1 and miR-150-3p expression were finally
quantified based on the 2–ΔΔCq method using GAPDH and U6
respectively, as the internal controls. Primer sequences for this set
of experiments are provided in Supplementary Table S1.

Cell viability assay
Cell viability was determined using the recommended protocol of
the Cell Counting Kit-8 (CCK-8) system (Dojindo Laboratory,
Kumamoto, Japan) [24]. Briefly, cells in logarithmic growth phase
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were collected 48 h after transfection and seeded at a density of
1×105 cells/well in a 96-well plate. At the designated time points (0,
24, 48, and 72 h), 10% CCK-8 reagent was added to the cells and
incubated at 37°C for 2 h. The absorbance of each well was
determined at 450 nm with a microplate reader (Bio-Rad Labora-
tories). Each group had six replicates, with all experiments carried
out at least three times.

Colony formation assay
For this assay, 2 mL of medium supplemented with 10% FBS was
added to 6-well plates before 600 cells were seeded into each well.
Colonies formed after 14 days of culture were washed with PBS
before cell fixation for 10 min with 4% paraformaldehyde. This was
followed by a 40-min staining using Giemsa (Sigma-Aldrich), and
after a second wash with PBS, visible colonies with diameters
>50 mm were counted.

EdU assay
To assess cell proliferation, an EdU assay kit (RiboBio) was used.
For this purpose, after 1×106 transfected cells were seeded into
each well of confocal plates, incubation was performed with 50 μM
EdU buffer for 2 h at 37°C. After permeabilization with 0.1% Triton
X-100 for 20 min, cells were subjected to fixation for half an hour
using 4% formaldehyde. After addition of the EdU solution, the cell
nuclei were stained with DAPI. Finally, an SP8 confocal microscope
(Leica, Wetzlar, Germany) was used to measure the percentage of
EdU-positive cells.

Wound healing assay
Forty-eight hours after transfection, cells were seeded into 6-well
plates at 1×106 cells per well and cultured until the cell confluence
was approximately 95%. Afterwards, a 200-μL pipette tip was used
to make vertical linear scratches in the 6-well plate, and PBS was
applied to remove the cell debris. After that, the cells were cultured
in serum-free medium. Images of the wound gap were then
captured under an IX71 inverted microscope (Olympus, Tokyo,
Japan) after 0, 24, and 48 h. The differences in scratch healing
among different groups were compared, and the healing rate was
interpreted as the cell migration ability.

Transwell assay
For each group, Matrigel (BD Biosciences) was used to coat the
membrane of the Transwell insert (Corning Incorporated, Corning,
USA). Next, the transfected cells from all groups were collected and
seeded in the upper chamber of the Transwell chamber, and 500 μL
medium containing 10% FBS was added to the lower chamber of
the 24-well plate. After being cultured for 24 h, the cells that did not
penetrate the membrane in the Transwell chamber were gently
removed, and the remaining cells were subjected to crystal violet
staining prior to visualization under the IX71 inverted microscope.
Finally, five visual fields were selected to calculate the average
number of cells in each group. The number of cells passing through
Matrigel was used as an indicator to judge the invasive ability of the
cells. The migration assay was performed in accordance with the
invasion assay except that the Transwell membrane was not
precoated with Matrigel.

RNA immunoprecipitation (RIP) assay
RIP assay was performed using the Magna RIP RNA-Binding Protein

Immunoprecipitation kit (Millipore, Billerica, USA). Briefly, cell
lysate from 2×107 SW480 or HCT116 cells was incubated with
magnetic beads to which human anti-Ago2 or normal mouse IgG
(negative control) antibodies were conjugated (Millipore). Finally,
the immunoprecipitated RNAs were subjected to qRT-PCR to
confirmwhether the bound targets were enriched, with the resulting
products further subjected to 1% agarose gel electrophoresis.

Luciferase activity assay
The Topflash/Foplash assay was carried out to assess the activity of
Wnt signaling, and for this purpose, Topflash and Fopflash plasmids
were obtained from Addgene (Watertown, MA, USA). The former
contained seven TCF/LEF binding sites, while the latter had six
mutated sites located upstream of the luciferase reporter. Forty-
eight hours after cotransfection using the plasmid pTK-renilla,
the Topflash/Fopflash vector and 60 nM miRNA mimics or
inhibitors, the intensity of luminescence was eventually recorded
with the Dual-Glo luciferase assay kit (#E1910; Promega, Madison,
USA).
For the miRNA binding luciferase activity assay, cotransfection of

cells with NC mimic/miR-150-3p mimic and SRCIN1-WT/SRCIN1-
MUT was achieved using Lipofectamine 2000 (Thermo Fisher
Scientific). After 48 h, luciferase activity was then determined for
lysed cotransfected cells using the Dual-Luciferase Reporter Assay
System (Promega). Renilla luciferase units were used as the control
to calculate the relative activities of the promoter.

Western blot analysis
After cell lysis with RIPA buffer (Cell Signaling Technology,
Danvers, USA), the resulting proteins were quantified using the
BCA Protein Assay kit (Cell Signaling Technology). Proteins (30 μg)
from each sample were then separated by 12% SDS-PAGE prior to
transfer onto PVDF membranes (Sangon, Shanghai, China). This
was followed by membrane blocking using 5% nonfat milk
(Sangon) and subsequent overnight incubation at 4°C with the
following primary antibodies: SRCIN1 (ab122612, 1:1000, rabbit
mAb; Abcam, Waltham, USA), PCNA (#13110, 1:1000, rabbit mAb;
Cell Signaling Technology), Bax (#5023, 1:1000, rabbit mAb; Cell
Signaling Technology), cleaved caspase3 (#9664, 1:1000, rabbit
mAb; Cell Signaling Technology), Survivin (#2808, 1:1000, rabbit
mAb; Cell Signaling Technology), Cyclin D1 (#55506, 1:1000, rabbit
mAb; Cell Signaling Technology), MYC (#2276, 1:1000, rabbit mAb;
Cell Signaling Technology), and β-catenin (#8480, 1:1000, rabbit
mAb; Cell Signaling Technology). In this case, GAPDH (#5174,
1:1000, rabbit mAb; Cell Signaling Technology) was used as an
internal control. After incubation, the secondary HRP-conjugated
anti-rabbit IgG (#7074, 1:3000; Cell Signaling Technology) antibody
was added and incubated for a 1 h at room temperature. Finally,
SignalFire™ ECL Reagent (Cell Signaling Technology) was used to
detect protein bands before analysing the results with ImageLab
software v 4.1 (Bio-Rad). The ratio of the band intensity of the target
protein to that of the internal reference was indicated as the relative
expression of the gene.

In vivo tumor model
Four-week-old female BALB/c nude mice, obtained from Lanzhou
University Laboratory Animal Center (Lanzhou, China), were kept
under pathogen-free conditions in laminar airflow cabinets. After
the mice were randomly assigned into three groups (miR-150-3p
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agomir group, NC agomir group and control group; five mice per
group), the flanks of the animals were injected with 3×106 SW620
or HCT-116 cells. The tumor size was monitored every seven days.
Tumor size was calculated as (length×width2)/2. When the tumor
reached a discernible size of 80 mm3, drugs (miR-150-3p agomir, NC
agomir or vehicle, 50 nM) were intraperitoneally administered every
other day. After six weeks, the animals were sacrificed to collect the
tumors for subsequent pathological examinations. Experiments
involving animals were performed by following the Guidelines for
the Care and Use of Laboratory Animals, with prior approval from
the Ethics Committee of Lanzhou University Second Hospital.

Immunohistochemistry (IHC)
Both normal and colon cancer tissues collected from mice were
fixed for 24 h using 4% paraformaldehyde. Then, immunohisto-
chemical staining for SRCIN1, cleaved caspase 3, β-catenin and
Ki-67 was performed by incubation with the following primary
antibodies: SRCIN1 (ab5407, 1:200; Abcam), cleaved caspase
3 (ab32042, 1:100; Abcam), β-catenin (ab223075, 1:200; Abcam),
and Ki-67 (ab15580, 1:200; Abcam). Finally, the IX71 inverted
microscope (Olympus) was used to acquire images.

Statistical analysis
Data analysis was performed using Statistical Product and Service

Solutions (SPSS) 19.0 (IBM Corp., Armonk, USA) and GraphPad
Prism 7.0 (GraphPad, La Jolla, USA). The results were presented as
the mean±standard deviation, with t test applied to check for
significant differences between two groups. For the survival
analysis, the Kaplan-Meier method and the log rank test were
performed before comparing the curves. Correlational analyses
were also undertaken to determine possible links between the
expression levels of SRCIN1 and miR-150-3p based on Pearson’s
correlation coefficient. P values<0.05 were indicative of statisti-
cally significant differences.

Results
miR-150-3p is downregulated in colon cancer
We first employed the TCGA database to analyse the expression of
miR-150-3p in colon cancer. A volcano map (Figure 1A) was drawn
with differentially expressed genes. In addition, the expression of
miR-150-3p was examined in colon cancer tissues using the TCGA
dataset, and miR-150-3p expression level was demonstrated to be
significantly decreased in colon carcinoma tissues compared with
that in normal tissues (Figure 1B). Moreover, low expression of
miR-150-3p was significantly associated with the more invasive
type (Figure 1C). We also examined the level of miR-150-3p in
SW480, CaCo-2, HCT-8, SW620, and HCT-116 cells as well as in the
normal colon epithelial cell line NCM460. As shown in Figure 1D,

Figure 1. Identification of miR-150-3p expression via TCGA datasets (A) Volcano plot chart showing the distribution of the differential miRNAs in
TCGA-COAD according to different histological grades. Upregulated genes are red; downregulated genes are green. (B) The miR-150-3p mRNA
expression level was significantly suppressed in COAD tissues compared with that in adjacent normal tissues in TCGA databases. (C) TCGA
databases of miR-150-3p expression in COAD. The difference in the expression of miR-150-3p between tumor tissue and normal tissue was
compared, and the expression of miR-150-3p was compared according to different histological grades and sample types. (D) qRT-PCR of miR-150-
3plevels in colon cancer SW480, CaCo-2, HCT-8, SW620, and HCT-116 cell line and colonic epithelial NCM460 cell line. Experiments were repeated
three times, and data are presented as the mean±standard deviation. *P<0.05, **P<0.01, ***P<0.001.
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miR-150-3p expression was downregulated in colon cancer cell lines
compared with that in normal NCM460 cells. These results
identified that miR-150-3p is downregulated in colon cancer.

Downregulation of miR-150-3p accelerates the
proliferation, migration, and invasion abilities of colon
cancer cells in vitro
Next, functional assays were carried out, and miR-150-3p was
knocked down for preparation. The efficiency of miR-150-3p
interference was checked by qRT-PCR, and the data showed that
miR-150-3p was noticeably downregulated in CaCo-2 and SW480
cells transfected with miR-150-3p inhibitor (Figure 2A). Then,
CCK-8 assay demonstrated that miR-150-3p silencing promoted the
proliferation of CaCo-2 and SW480 cells (Figure 2B). Afterwards, we
assayed the expression levels of cell cycle- and apoptosis-related
proteins by western blot analysis. miR-150-3p downregulation
significantly increased the expressions of the G1/S-phase check-
point proteins CyclinD1 and CDK6 as well as the oncogene Bcl-2.
However, the expression levels of apoptosis-related proteins, includ-
ing Bax and cleaved caspase3, were inhibited after miR-150-3p
downregulation (Figure 2C). Consistently, EdU assay demonstrated
that downregulation of miR-150-3p promoted the proliferation of
colon cancer cells (Figure 2D). Moreover, wound healing analysis
indicated that cell migration was enhanced by miR-150-3p
deficiency (Figure 2E,F). In addition, the number of invaded cells
was increased by the knockdown of miR-150-3p (Figure 2G).
Collectively, these results indicated the potential anticancer ability
of miR-150-3p in colon cancer in vitro.

Overexpression of miR-150-3p inhibits the proliferation,
migration, and invasion abilities of colon cancer cells
in vitro
We next transfected colon cancer cells with miR-150-3p mimic and
the negative control (NC mimic). RT-qPCR results showed that the
transfection of miR-150-3p mimic induced a dramatic increase in
the expression of miR-150-3p (Figure 3A). The proliferation of
SW620 and HCT-116 cells was significantly repressed in response to
miR-150-3p overexpression by CCK-8 assay (Figure 3B). In
parallel, EdU assay showed significantly fewer positive cells after
miR-150-3p overexpression (Figure 3D). In addition, miR-150-3p
overexpression significantly decreased the expressions of CyclinD1
and CDK6 as well as the oncogene Bcl-2, while the levels of Bax and
cleaved caspase3 were pronouncedly increased in SW620 and HCT-
116 cells after transfection with the miR-150-3p mimic (Figure 3C).
Consistent with the above findings, we observed that cell migration
and invasion were suppressed in colon cancer cells transfected with
miR-150-3p mimic compared with cells transfected with NC mimic,
as revealed by wound healing and transwell assays (Figure 3E,F).
The abovementioned analyses suggested that miR-150-3p over-
expression suppressed the malignant phenotypes of colon cancer
cells.

Upregulation of miR-150-3p inhibits tumor growth in vivo
To validate the role of miR-150-3p in colon cancer in vivo, a
xenograft tumor mouse model was constructed after subcutaneous
injection of 3×106 SW620 and HCT-116 cells into the right posterior
flank of nude mice. The tumor size was observed every seven days.
When the tumor reached a discernible size of 80 mm3, drugs were
administered every other day. Forty-two days after inoculation, we

excised the tumor from the sacrificed mouse and found that the
tumor size and tumor weight of the miR-150-3p agomir group
were much smaller than those of the NC agomir control group
(Figure 4B,C). The same result was observed in the tumor growth
curve drawn from the estimated tumor size (Figure 4A).
RT-qPCR was performed to assess the expressions of miR-150-3p

and SRCIN1. As shown in Figure 4D, the miR-150-3p agomir group
had significantly increased expression level of miR-150-3p com-
pared to the NC agomir group. To further elucidate the underlying
mechanism of the anticancer effect on the tumor mass, we
performed histological analysis of tumor sections. We stained the
tumor sections with Ki67, a vital cellular marker for mitosis, and the
results demonstrated that the miR-150-3p agomir was able to
dramatically reduce the number of Ki67-positive cells (Figure 4E).
Meanwhile, IHC staining of cleaved caspase 3 was also performed to
assess cell apoptosis in the xenograft tumor, which showed that cell
apoptosis was increased in the miR-150-3p agomir group compared
with that in the NC agomir group (Figure 4E). These results strongly
suggested that miR-150-3p exerted a suppressive effect on the
growth of colon cancer.

SRCIN1 is upregulated in colon cancer and predicts a
poor prognosis, and it is a direct target for miR-150-3p
For the identification of the underlying genes correlated with the
poor prognosis and metastasis of colon cancer patients, the patients
from the TCGA database were split into 2 groups based on M0 and
M1 (Figure 5A). Subsequently, to investigate the underlying
mechanism of colon cancer inhibition modulated by miR-150-3p,
we used the miRBase and TargetScan databases to predict the target
genes of miR-150-3p, and the common genes of the two databases
were considered potential target genes. Next, these 375 predicted
genes overlapped with the 186 upregulated genes in the M1
subgroup of TCGA-COAD. The results indicated that SRCIN1 and
CDH4 were closely correlated with miR-150-3p (Figure 5B).
Furthermore, the expressions of SRCIN1 and CDH4 were examined
in colon cancer tissues using the TCGA-COAD dataset, and both
SRCIN1 and CDH4 expression levels were demonstrated to be
significantly increased in colon carcinoma tissues compared with
those in normal tissues (Figure 5C). The Pearson correlation test
illustrated a negative correlation between the expression levels of
miR-150-3p and SRCIN1 in colon cancer tissues (Figure 5D). The
SRCIN1 mRNA expression level was significantly increased in colon
cancer tissues compared with that in adjacent normal tissues in
TCGA databases. The SRCIN1 level was closely correlated with
tumor pathological stage and lymphatic metastasis in colon cancer
patients (Figure 5E). Consistently, we detected the SRCIN1 level in
colon cancer tissues as well, which was upregulated in colon cancer
tissues compared with that in normal tissues (Figure 5F).
Furthermore, Kaplan-Meier analysis revealed that patients with
high SRCIN1 expression displayed poorer survival, including DSS,
OS, and PFS, than patients with low SRCIN1 expression (Figure 5G).
Collectively, these results identified that SRCIN1 is upregulated in
colon cancer and predicts a poor prognosis, and it is a direct target
for miR-150-3p.

miR-150-3p regulates the inhibitory effect on colon
cancer by functionally targeting SRCIN1
To test whether SRCIN1 has a binding site for miR-150-3p, the effect
of miR-150-3pmimic or miR-150-3p inhibitor on SRCIN1mRNA and
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Figure 2. Downregulated miR-150-3p facilitates cellular processes in colon cancer (A) qRT-PCR of the interference efficiency of miR-150-3p in
CaCo-2 and SW480 cell lines. (B) CCK-8 assay of cell proliferation in CaCo-2 and SW480 cells with silenced miR-150-3p. (C) Western blot analysis of
cyclin D1, CDK6, Bcl-2, Bax, and cleaved caspase 3 expressions in CaCo-2 and SW480 cells with silenced miR-150-3p. (D) EdU assay of cell
proliferation in miR-150-3p inhibitor-transfected cells. (E,F) Wound healing and transwell assays of cell migration ability in miR-150-3p inhibitor-
transfected cells (magnification, ×100). Scale bar: 100 μm. (G) Transwell assay of cell invasive ability in CaCo-2 and SW480 cells with silenced
miR-150-3p. Experiments were repeated three times, and data are presented as the mean±standard deviation. *P<0.05, **P<0.01, ***P<0.001.
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Figure 3. The effect of miR-150-3p upregulation on colon cancer cell biological behavior in vitro (A) miR-150-3p expression was upregulated by
the miR-150-3p mimic in CaCo-2 and SW480 cell lines. (B) CCK-8 assay showed that overexpression of miR-150-3p significantly decreased cell
proliferation compared with NC mimic-transfected cells. (C) The protein levels of cell cycle- and apoptosis-related proteins in SW620 and HCT-116
cells after overexpression of the miR-150-3p mimic. (D) The numbers of Edu-positive SW620 and HCT-116 cells transfected with miR-150-3p mimic
were significantly lower than in those cells transfected with NC mimic. (E,F) miR-150-3p overexpression impaired SW620 and HCT-116 cell
migration, as measured by wound healing and transwell assays (magnification, ×100). Scale bar: 100 μm. (G) Transwell assay was used to
determine cell invasion in SW620 and HCT-116 cells after miR-150-3p overexpression. Data are presented as the mean±SD of three independent
experiments. *P<0.05, **P<0.01, ***P<0.001.
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protein expression levels in tumor cells was examined. As shown in
Figure 6A,B, the protein and mRNA levels of SRCIN1 were
downregulated by miR-150-3p mimics and upregulated by miR-
150-3p inhibitor. In addition, to investigate whether miR-150-3p
functionally targets SRCIN1 in the inhibition of colon cancer, we
performed qRT-PCR, western blot, and immunohistochemical
assays to detect the expression of SRCIN1 in xenografted tumors

at both the mRNA and protein levels. As depicted in Figure 6C–E,
the miR-150-3p agomir dramatically downregulated both the mRNA
and protein levels of SRCIN1, but this effect was not observed in the
NC agomir group.
Additionally, we found that SRCIN1 might be a target gene of

miR-150-3p by using the online prediction software TargetScan
(http://www.targetscan.org/). We identified the potential binding

Figure 4. Upregulation of miR-150-3p inhibits tumor growth in vivo SW620 and HCT-116 cells were implanted subcutaneously into immunocom-
promised mice. When the tumors reached 80mm3 in volume, the mice received intraperitoneal administration of miR-150-3p agomir or corresponding
negative control every other day. The tumors were excised after 42 days of treatment for analysis. (A,B) Quantification of the growth curve and weight of
tumors in each group. (C) Representative images of tumor formation in each group. (D) RT-qPCR analysis of miR-150-3p level in each tumor group. (E)
Representative images of immunohistochemical staining of Ki67 and cleaved caspase 3 in tumor sections of each group. Each experiment was repeated
three times. Data are presented as the mean±SD of three independent experiments. **P<0.01, ***P<0.001.
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site for miR-150-3p in the 3′UTR of SRCIN1 (Figure 6F). To
investigate whether miR-150-3p targets SRCIN1 directly, we
constructed luciferase reporters containing a wild-type (WT)
SRCIN1 3′UTR or a mutant SRCIN1 3′UTR sequence of the miR-
150-3p binding site, and we found that miR-150-3p significantly
suppressed the luciferase reporter activity of the WT miR-150-3p-3′
UTR but not that of the mutant miR-150-3p-3′UTR (Figure 6G).
Moreover, RIP experiments showed that miR-150-3p coprecipitated
with SRCIN1, confirming the miR-150-3p binds with the 3′UTR of
SRCIN1 (Figure 6H). On the basis of the above results, we

speculated that SRCIN1 may be a target gene of miR-150-3p.

The SRCIN1/miR-150-3p axis regulates Wnt/β-catenin
signaling
It is widely accepted that Wnt/β-catenin signaling is closely related
to cancer progression, including colon cancer progression. To
determine the relationship between miRNA-150-3p and Wnt
signaling in colon cancer cells, a Topflash assay was performed.
Inhibition of miRNA-150-3p resulted in increased relative TCF-
dependent transcriptional activity, suggesting that miRNA-150-3p

Figure 5. SRCIN1 is upregulated in colon cancer and predicts a poor prognosis, and it is the direct target for miR-150-3p (A) Volcano plot chart
showing the distribution of the DEGs in TCGA-COAD datasets. Upregulated genes are red; downregulated genes are green. (B) Venn diagram of
the mRNAs that may bind with miR-150-3p. (C) TCGA databases of CDH4 and SRCIN1 expression in COAD. The difference in the expression of
CDH4 and SRCIN1 between tumor tissue and normal tissue was compared. (D) TCGA database of the correlation between SRCIN1 and miR-150-3p
expression. (E) The SCRICN mRNA expression level was significantly increased in cancer tissues compared with that in adjacent normal tissues in
TCGA databases. (F) Representative images of SRCIN1 IHC staining of 96 patients in colon cancer and normal tissues (×200, scale bar: 100 μm). (G)
Kaplan-Meier analysis of the relationship between disease-specific survival (DSS), overall survival (OS), progression-free survival (PFS) and
SRCIN1 expression in patients with colon cancer. The log-rank test was used to compare differences between the two groups. Data are presented
as the mean±standard deviation. **P<0.01, ***P<0.001.
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Figure 6. miR-150-3p regulates the inhibitory effect on colon cancer by functionally targeting SRCIN1 (A) RT-qPCR and western blot analysis of
SRCIN1 mRNA and protein levels in CaCo-2 and SW480 cells after treatment with miR-150-3p inhibitor. (B) RT-qPCR and western blot analysis of
SRCIN1 mRNA and protein levels in SW620 and HCT-116 cells after treatment with the miR-150-3p mimic. (C) RT-qPCR of SRCIN1 mRNA in the
control, NC agomir and miR-150-3p agomir groups. (D,E) Western blot analysis and immunohistochemical staining of SRCIN1 protein levels in the
control, NC agomir and miR-150-3p agomir groups. (F) The binding sites between SRCIN1 and miR-150-3p. (G) Luciferase reporter assay of the
binding between SRCIN1 and miR-150-3p. (H) Determination of the physical interaction between miR-150-3p and SRCIN1 by RNA
immunoprecipitation experiments. Each experiment was repeated three times. Data are presented as the mean±standard deviation. *P<0.05,
**P<0.01, ***P<0.001.
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inhibits Wnt signaling (Figure 7A), whereas the upregulation of
miR-150-3p showed the opposite trend (Figure 7B). Furthermore,
western blot analysis also demonstrated that downregulation of
miR-150-3p promoted the expressions of survivin, Myc, and β-
catenin, but decreased expressions of Wnt signaling-related
proteins with miR-150-3p overexpression (Figure 7C,D). Moreover,
western blot analysis and immunohistochemical staining of
β-catenin were performed in SW620/HCT-116-derived xenografts.
The results showed that the miR-150-3p agomir significantly
inhibited the expression of β-catenin compared with the NC agomir
(Figure 7E,F). Thus, these data indicated that miR-150-3p agomir
treatment may suppress Wnt signaling activation in vivo. In
addition, we found that silencing of SRCIN1 exerted the opposite
effect on miRNA-150-3p mimic transfection, which caused a
significant decrease in the expressions survivin, Myc, and β-catenin
in colon cancer cells (Figure 7G).
In addition, SRCIN1 overexpression attenuated the miR-150-3p

mimic-mediated downregulation of survivin, Myc, and β-catenin
expression (Figure 7H). Therefore, upregulation of SRCIN1 expres-
sion reversed the regulatory effects of the miR-150-3p mimic on
Wnt/β-catenin signaling in colon cancer.

SRCIN1 reverses the regulatory effect of miR-150-3p on
SW620 cells.
To further clarify the interaction between miR-150-3p and SRCIN1,
a series of rescue experiments were conducted. Transfection of the

miR-150-3p mimic reduced the viability of SW620 cells, which was
partially reversed by cotransfection with the SRCIN1 overexpres-
sion vector (Figure 8A). Furthermore, SRCIN1 overexpression
attenuated the miR-150-3p mimic-mediated downregulation of
Cyclin D1, CDK-6, and Bcl-2 expression and upregulation of Bax
and cleaved caspase-3 expression (Figure 8B). Meanwhile, the EdU
assay showed that the miR-150-3p mimic-mediated inhibitory effect
on the proliferation of SW620 cells was weakened after SRCIN1 was
overexpressed Figure 8C). Similarly, the reduced migratory and
invasive cell numbers in SW620 cells due to the transfection of miR-
150-3p mimic were elevated after the overexpression of SRCIN1
(Figure 8D–F). Thus, upregulation of SRCIN1 expression reversed
the suppressive effects of the miR-150-3pmimic on the proliferative,
migrative and invasive abilities of SW620 cells.

Ginsenoside Rh2 suppresses the growth of colon cancer
cells via miR-150-3p in vitro
Next, we examined the expression levels of miR-150-3p and SRCIN1
in SW620 and HCT-116 cells treated with ginsenoside Rh2 (0, 10,
20 μM). The results showed that the expression of miR-150-3p was
increased, while SRCIN1 was decreased in a dose-dependent
manner (Figure 9A). Moreover, ginsenoside Rh2 induced the
expressions of the proapoptotic genes Bax and cleaved caspase-3
and decreased the expressions of PCNA, survivin, cyclin D1, Myc
and β-catenin, as shown in Figure 9B, suggesting that ginsenoside
Rh2 remarkably inhibited Wnt signaling and induced the apoptosis

Figure 7. The SRCIN1/miR-150-3p axis regulates Wnt/β-catenin signaling (A,B) Luciferase reporter assay using pTopFlash and its mutant
pFopFlash vectors was utilized to study β-catenin TCF/LEF promoter activity. (C,D) Downregulation of miR-150-3p resulted in elevated expression
levels of survivin, Myc, and β-catenin in CaCo-2 and SW480 cells, while overexpression of miR-150-3p mimics led to a reduction in survivin, Myc,
and β-catenin expression in SW620 and HCT-116 cells. Western blot analysis of survivin, Myc, and β-catenin was performed. (E,F) miR-150-3p
agomir decreased the expression of β-catenin in SW620/HCT-116-derived xenografts as revealed by western blot analysis (E) and
immunohistochemical staining (F). (G) Protein levels of SRCIN1, survivin, Myc, and β-catenin in SW620 and HCT-116 cells transfected with sh-
NC, sh1-SRCIN1, or sh2-SRCIN1 were determined by western blot analysis. (H) Protein levels of SRCIN1, survivin, Myc, and β-catenin in SW620 and
HCT-116 cells after transfection with miR-150-3p mimic or SRCIN1 overexpression vector alone or in combination were determined by western blot
analysis. Data are presented as the mean±standard deviation. **P<0.01, ***P<0.001.
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Figure 8. SRCIN1 reverses the regulatory effect of miR-150-3p on SW620 cells SW620 cells were transfected with NCmimic+Vector, NC mimic+
SRCIN1 overexpression vector, miR-150-3p mimic+Vector, or miR-150-3p mimic+SRCIN1 overexpression vector. (A) Viability of SW620 cells at
24, 48, and 72 h. (B) Protein levels of cyclin D1, CDK6, Bcl-2, Bax and cleaved caspase 3 in SW620 cells with the indicated transfection were
determined by western blot analysis. GAPDH was used as a loading control. (C) EdU assay was used to detect SW620 cell proliferation. (D) Would
healing assay was used to detect SW620 cell migration. (E,F) Transwell assay was used to detect SW620 cell migration and invasion. Data are
presented as the mean±standard deviation. **P<0.01, ***P<0.001.
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of colon cancer cells in a dose-dependent manner in vitro.
To verify whether the impact of ginsenoside Rh2 on cell activity

relies on the regulation of miR-150-3p, we used ginsenoside Rh2,
ginsenoside Rh2 along with miR-150-3p or NC inhibitor to intervene

with SW620 cells. According to the CCK-8 assay, treatment with
ginsenoside Rh2 reduced the viability of SW620 cells, which was
partially reversed by transfection with the miR-150-3p inhibitor
(Figure 9C). Moreover, colony formation assay showed that the

Figure 9. Ginsenoside Rh2 suppresses the growth of colon cancer via miR-150-3p in vitro (A,B) SW620 and SW620 cells were treated with or
without 10 and 20 μM Rh2 for 18 h in DMEM/F12 medium with 10% FBS. (A) miR-150-3p and SRCIN1 relative expression levels were quantified by
qRT-PCR in SW620 and HCT-116 cells, respectively. (B) Western blot analysis was used to analyse the expressions of SRCIN1, Bax, cleaved
caspase-3, PCNA, survivin, cyclin D1, Myc, β-catenin and GAPDH. (C) CCK-8 assay was used to determine cell viability. (D) Colony formation ability
was determined by colony formation assay. (E) A wound healing assay was performed to determine cell migration. (F) A Matrigel-coated transwell
assay was performed to determine cell invasion.
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ginsenoside Rh2-mediated inhibitory effect on the proliferation of
SW620 cells was weakened after downregulation of miR-150-3p
expression (Figure 9D).
In addition to the inhibitory effect of ginsenoside Rh2 on cancer

cell proliferation, we also evaluated the impact of ginsenoside Rh2
on the invasion and migration activities of SW620 cells. According
to the assay results, under the treatment with ginsenoside Rh2, the
invasion and migration activities of cancer cells were significantly
inhibited. However, the reduced migratory and invasive cell
numbers in SW620 cells caused by treatment with ginsenoside
Rh2 were elevated after the downregulation of miR-150-3p
expression (Figure 9E,F). Thus, ginsenoside Rh2 suppresses the
growth of colon cancer via miR-150-3p.

Discussion
This study showed downregulation of miR-150-3p expression in
both colon cancer tissues and cell lines, and functional assays
demonstrated its ability to promote tumor growth in vivo and in
vitro. In addition, we found that SRCIN1 expression is upregulated
in colon cancer, which is predictive of a poor prognosis, and SRCIN1
is targeted directly by miR-150-3p. Moreover, the miR-150-3p mimic
reduced Topflash/Fopflash-dependent luciferase activity, resulting
in the inhibition of Wnt pathway activity. Finally, we identified a
novel ginsenoside Rh2-regulated miRNA and demonstrated that
colon cancer cell growth is dependent on ginsenoside Rh2 in
association with the miR-150-3p/SRCIN1/Wnt pathway.
miR-150-3p has been found to block the expressions of several

oncogenic factors, including SP1 and SPOCK1, in glioma and
prostate cancer cells and thus has the potential to inhibit tumor
growth [25,26]. miR-150-3p levels are also reduced in various
cancer types, including lung squamous cell carcinoma [27],
hepatocellular carcinoma [28], and breast cancer [29]. Here, using
bioinformatics prediction and experimental verification, we showed
that miR-150-3p binds to SRCIN1 and negatively regulates its
expression in colon cancer cells. SRCIN1 is widely expressed in
normal tissues and negatively regulates SRC activity, leading to
reduced cell spreading and migration, and plays a role in Ca2+

-dependent exocytosis [30]. Its effects on SRC inactivation and
tumor suppression have been observed in a variety of cancer types
[31–34]. Cao et al. [35] observed that miR-150 inhibited the
translation of SRCIN1 to promote cell proliferation and migration in
lung cancer. Sharma et al. [36] found that SRCIN1 blocked both
growth and invasion in tumor cells through inhibition of SRC or
E-cadherin/EGFR signaling. Moreover, SRCIN1 level was also
negatively correlated with malignancy in breast cancer. It was also
found by Damiano et al. that SRCIN1 prevented breast cancer cell
invasion through the inhibition of cortactin, leading to reduced
motility. However, a previous study reported the opposite effect of
SRCIN1 on tumors in colorectal cancer, showing that SRCIN1
suppression facilitated the differentiation and tumorigenesis of
colorectal cancer [37]. Consistent with this study, our data
suggested the carcinogenicity potential of SRCIN1 in colon cancer.
Wnt has a strong association with cancer, including both the

development and progression of tumors [38]. The majority of colon
tumors have a high level of Wnt pathway activity. The 2012 report
from the TCGA consortium estimated that up to 92% of sporadic
colorectal cancers contain at least one alteration in a known Wnt
regulator [39]. More importantly, an increasing amount of evidence
supports that Wnt signaling plays a crucial role in the growth and

invasion of colon tumors [40,41]. It has been reported that the
attenuation of Wnt/β-catenin signaling by diverse genes or small
molecules may contribute to a decrease in colon cell proliferation as
well as migration [42]. Several miRNAs, including miR-150, are
documented to modulate Wnt signaling by influencing the expres-
sions of Wnt-associated proteins [43], which suggests that the
suppressive effect of miR-150-5p on colon cancer cells may be
mediated by the Wnt/β-catenin pathway. For instance, miR-150-5p
has been demonstrated to suppress the stem cell-like characteristics
of glioma cells by restraining the Wnt/β-catenin pathway [44]. The
negative regulatory role of miR-150-5p in the Wnt/β-catenin
pathway has also been reported in laboratory research on thyroid
cancer [45]. Notably, a recent study reported that miR-150 could
serve as a tumor suppressor in colorectal cancer by inactivating the
Wnt/β-catenin pathway [46]. Despite this evidence, the relationship
between miR-150-3p and the Wnt/β-catenin signaling pathway is
far from clear. In this study, we found that overexpression of miR-
150-3p led to suppression of Wnt/β-catenin signaling in colon
cancer in vitro and in vivo, which is in line with a previous report
[46]. SRCIN1, the identified target gene of miR-150-3p in this study,
has been demonstrated to activate Wnt/β-catenin signaling, thereby
contributing to the carcinogenesis and metastasis of colorectal
cancer [37]. Similarly, our data showed that silencing of SRCIN1
resulted in significant suppression of Wnt/β-catenin signaling in
colon cancer cells and vice versa, verifying that SRCIN1 serves as an
activator of Wnt/β-catenin signaling. The possible mechanism may
be that SRCIN1 could upregulate downstream genes of β-catenin by
affecting the location and function of the TCF/β-catenin complex
[37]. To clarify whether the effect of miR-150-3p on Wnt/β-catenin
signaling relies on SRCIN1, the SRCIN1 overexpression vector was
cotransfected into miR-150-3p-overexpressing colon cancer cells.
The results showed that the suppression of Wnt/β-catenin signaling
induced by the miR-150-3p mimic was rescued by overexpressing
SRCIN1 in colon cancer cells. Taken together, our study revealed
that miR-150-3p inhibits the Wnt/β-catenin pathway by targeting
SRCIN1.
As one of the saponins in ginseng, ginsenoside Rh2 is a relatively

small, nontoxic molecule with a variety of advantageous properties,
including anti-inflammatory, antioxidant, and antitumour actions
[47,48]. Ginsenoside Rh2 is documented to promote apoptosis,
block proliferation, regulate the immune response, and inhibit both
angiogenesis and metastasis in human tumor cells [49,50]. It has
also been found that ginsenoside Rh2 is effective for treating
ulcerative colitis by downregulating STAT3/miR-214 levels [51].
Ginsenoside Rh2 could upregulate miR-419 to inhibit hypoxia-
induced lung adenocarcinoma cell migration via modulation of
MMP9 [7]. Our study showed that the expression of miR-150-3p was
elevated as the dose of ginsenoside Rh2 increased in colon cancer
cells, revealing the regulatory effect of ginsenoside Rh2 on miR-150-
3p in colon cancer. Notably, functional experiments also indicated
that the suppressive effect of ginsenoside Rh2 on colon cancer cell
proliferation, migration, and invasion was restrained by silencing of
miR-150-3p. Together with the current findings, this suggests that
ginsenoside Rh2 upregulates the expression of miRNA-150-3p to
suppress SRCIN1/Wnt, thereby restraining the proliferation and
migration of colon cancer cells.
Nevertheless, our present study is preliminary in nature, since the

precise mechanism by which ginsenoside Rh2 regulates miR-150-3p
expression remains unknown. DNA hypermethylation is associated
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with the aberrant expression pattern of miRNAs. A previous study
revealed that ginsenoside Rg3 could regulate miR-603 level by
antagonizing DNMT3A-mediated DNA methylation in the miR-603
precursor gene promoter, thereby suppressing the malignancy of
ovarian cancer cells [52]. In addition, ginsenoside Rh2 suppresses
the expression of C3orf67-AS1 by promoter methylation to exert an
antiproliferative effect on breast cancer cells [53]. Hence, it is
possible that ginsenoside Rh2 influences miR-150-3p expression by
affecting transcription, for instance, by hypermethylation of the
promoter region, or posttranscriptional activity, for instance,
directly by altering miRNA processing or indirectly by cytokines
or hormones. In the future, we will further focus on how miR-150-
3p is regulated by ginsenoside Rh2.
This appears to be the first study demonstrating the influence of

miR-150-3p/SRCIN1/Wnt on colon cancer cell growth and its
regulation by ginsenoside Rh2. We hope that this study will provide
a foundation for further studies on the potential use of ginsenoside
Rh2 in the treatment of colon cancer.
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