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Abstract. The aberrant expression of miR-30d has been 
reported in several types of human malignancies. However, 
its biological function in colorectal cancer (CRC) remains 
largely unknown. In this study, we identified that miR‑30d was 
significantly downregulated in CRC tissues compared to that 
observed in normal controls as detected by RT-qPCR analysis. 
Downregulation of miR‑30d was significantly associated with 
aggressive clinicopathological parameters including tumor 
differentiation, invasive depth, TNM stage, lymph node metas-
tasis, distant metastasis, and poor prognosis. Furthermore, 
functional analysis revealed that overexpression of miR-30d 
significantly inhibited cell proliferation, caused cell cycle 
arrest at the G0/G1 phase, suppressed cell migration and 
invasion, induced cell apoptosis in vitro, and decreased tumor 
growth in a xenograft mouse model. Bioinformatic analysis 
and dual-luciferase reporter assay revealed that liver receptor 
homologue-1 (LRH-1) is a direct target of miR-30d in CRC 
cells. Rescue assay showed that LRH-1 overexpression could 
restore the inhibitory effect of miR-30d on CRC cells. In addi-
tion, miR-30d overexpression suppressed the activation of key 
components of the Wnt/β-catenin signaling pathway, β-catenin, 
c-Myc and cyclin D1, which contributed to the inhibition of 
CRC development. Thus, our findings suggest that miR‑30d 
functions as a tumor suppressor against CRC development and 
miR-30d/LRH-1/Wnt signaling may be novel potential targets 
for CRC treatment.

Introduction

Colorectal cancer (CRC), one of the most common malig-
nancies worldwide, is regarded as the second cause of 
cancer-related deaths each year (1). The incidence of CRC has 
rapidly increased in China among both men and women (2). 

Although advances in treatment strategy and extensive investi-
gation of CRC have been accomplished in the past decade, the 
mortality rate remains high due to the metastasis-associated 
poor prognosis (3). Therefore, in order to improve the prog-
nosis and reduce the rate of recurrence of CRC patients, the 
search for novel potential biomarkers and efficient targets for 
CRC treatment is a crucial goal.

MicroRNAs (miRNAs or miRs), small non-coding RNA 
molecules approximately 18-25 nucleotides in length, are 
highly conserved in most eukaryotic organisms (4). Through 
binding to the 3'-untranslated regions (3'-UTRs) of their corre-
sponding messenger RNA (mRNA) targets, miRNAs degrade 
or inhibit the posttranscriptional regulation of their (mRNA) 
targets (5). miRNAs have been reported to be involved in 
multiple physiological and pathological processes including 
human malignancies (6,7). Many studies have confirmed that 
miRNAs can be identified as oncogenes or tumor suppressors 
in the initiation and development of cancers by targeting corre-
sponding abnormally expressed proteins (8). Consequently, 
miRNAs have been proposed to be potential indicators and 
therapeutic targets in various types of cancers (9,10).

miR-30d is a member of the miR-30 family that is 
responsible for tumor development and progression. Recently, 
accumulating evidence has shown that miR-30d plays a role as 
either a tumor suppressor or an oncogene in the progression of 
different tumor types (11). Zhang et al found that dysregulation 
of miR-30d in human anaplastic thyroid carcinoma resulted 
in the insensitivity to chemotherapeutic drugs by enhancing 
autophagic survival (12). Xuan et al demonstrated that down-
regulation of miR-30d resulted in the pathogenesis of prostate 
cancer by targeting B‑cell specific moloney leukemia virus 
insertion region homologue-1 (Bmi-1) (13). Ye et al indicated 
that overexpression of miR-30d blocked transforming growth 
factor-β (TGF-β1)-induced epithelial-mesenchymal transi-
tion (EMT) by targeting Snail in ovarian cancer cells (14). 
However, the exact role and molecular mechanisms underlying 
the regulation of the progression of CRC tumorgenesis by 
miR-30d remains largely unknown.

Liver receptor homologue-1 (LRH-1), also known as NR5A2, 
is a member of the nuclear receptor (NR) subfamily (15). This 
NR participates in a variety of biological processes, such as 
differentiation and development, reverse cholesterol tran sport, 
bile-acid homeostasis and steroidogenesis (16,17). Evidence 
indicates that LRH-1 is responsible for the pathogenesis of 
multiple types of tumors (18). Recent studies have demonstrated 
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high LRH-1 expression in pancreatic cancer cells and have 
found that LRH-1 overexpression enhances cell migration 
and invasion abilities (19). In addition, LRH-1 contributes to 
intestinal tumor proliferation in gastrointestinal tumors by 
activating the Wnt/β‑catenin pathway (20,21). These findings 
indicate that LRH-1 can be involved in the development of 
cancers.

In the present study, we found that miR-30d was down-
regulated in CRC tissue samples and a decreased expression 
level of miR-30d was closely correlated to clinicopathological 
parameters including poor prognosis, the degree of 
differentiation, invasive depth, TNM stage, distant metastasis, 
and lymph node metastasis. LRH-1 was identified as a 
direct target of miR-30d as detected by the LRH-1 3'-UTR 
region and luciferase report assay. In addition, ectopic 
expression of miR-30d inhibited CRC cell proliferation and 
invasion, as well as the Wnt/β-catenin signaling pathway by 
suppressing the expression of LRH-1. Therefore, the present 
study indicates that miR-30d may be a potential prognostic 
marker for CRC.

Materials and methods

Clinical sample collection. Fresh CRC tissue samples and 
paired adjacent normal samples were obtained from 80 patients 
who underwent routine surgery at the Department of General 
Surgery, Shaanxi Province People's Hospital (Xi'an, China) 
from March 2005 to July 2010. Patients who underwent radio-
therapy or chemotherapy prior to surgery were excluded. All 
patients involved were divided into two groups according to 
the median RNA level of miR‑30d (high and low). A five‑year 
follow-up was performed to record the difference in prog-
nosis between the low and high miR-30d groups. Informed 
consent was provided by all patients, and the present study 
was approved by the Human Ethics Committee of Shaanxi 
Provincial People's Hospital (Xi'an, China) and the 1964 
Helsinki Declaration.

Cell culture. The human CRC cell lines (LoVo, HT-29, RKO, 
HCT8 and SW480), the normal colorectal mucosa cell line 
FHC, and the 293T cell line were purchased from the Cell 
Center of the Chinese Academy of Sciences (Shanghai, China). 
All cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% fetal calf serum (FBS) 
(Gibco BRL, Gaithersburg, MD, USA) and 1% penicillin/strep-
tomycin in a humidified incubator containing 5% CO2 at 37˚C.

Cell transfection. The miR-30d mimic (miR-30d) and 
miR-30d mimic NC (miR-NC) were purchased from 
GenePharma Company (Shanghai, China). LoVo and 
SW480 cells were selected and seeded into 6-well plates 
at the density of 3x105 cells/well and transfected with 
100 nM oligonucleotides using Lipofectamine 2000 reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA) according 
to the manufacturer's protocol.

Isolation of total RNA and quantitative RT‑PCR. Total RNA 
or miRNA from the CRC tumor samples and cell lines was 
extracted using the RNeasy Mini kit or miRNeasy Mini kit 
(Qiagen, Manchester, UK) according to the manufacturer's 

instructions. cDNA was synthesized from 10 µg RNA 
using M-MLV reverse transcriptase (Clontech Laboratories,  
Mountain View, CA, USA) or miScript reverse transcription 
kit (Qiagen). Real-time polymerase chain reaction (PCR) 
was performed with SYBR Premix Ex Taq (Takara Bio, 
Dalian, China) to examine the mRNA or miRNA level. 
GAPDH and U6 were used for normalization. The primers 
for LRH-1 and GAPDH were designed as follows: LRH-1 
forward, 5'-CCCAGCATTTTAACACTACCGA-3' and 
reverse 5'-GGGCAGGGGAAAGACAACTAA-3'; GAPDH 
forward, 5'-AAGCGTTGTCCTTACTGTCGT-3' and reverse 
5'-GTCGGTAGTGTTAAAATGCTGGG-3'. ABI 7900 Fast 
Real-time PCR system (ABI, USA) was used to perform 
RT-qPCR. The 2-ΔΔCt method was used to analyze the relative 
gene expression level.

Western blot analysis. CRC tissue samples and cells were 
washed with ice-cold phosphate-buffered saline (PBS) 
3 times and lysed in RIPA buffer supplemented with protease 
inhibitor. The protein concentration was determined using 
the bicinchoninic acid method. Equal amounts of proteins 
(30 µg) were separated by 15% SDS-PAGE and transferred 
to a PVDF membrane (Immobilon; Millipore Corp., Bedford, 
MA, USA). After blocking with 5% non-fat milk (diluted 
with phosphate‑buffered saline/Tween‑20, TBST) at 37˚C for 
1 h, the membranes were incubated with primary antibodies: 
anti-LRH-1 (1:1000, ab41901), anti-matrix metalloproteinase 
(MMP)2 (1:1,000, ab80737), anti-MMP9 (1:1,000, ab119906), 
anti-β-catenin (1:500, ab92514), cyclin D1 (1:1,000, ab134175), 
c-Myc (1:500, ab51156) and GAPDH (1:1,000, ab8245; Abcam, 
Cambridge, UK) at 4˚C overnight. After rinsing with TBST, 
they were incubated with horseradish peroxidase-conjugated 
goat anti-mouse or rabbit immunoglobulin G antibodies 
(1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). Protein 
bands were detected using an enhanced chemiluminescence 
reagent (Pierce Biotechnology, Inc., Rockford, IL, USA). 
Band intensity was quantified using Image software (Media 
Cybernetics, Inc., Rockville, MD, USA).

Cell proliferation assay. 3-(4,5-Dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assay was used to 
assess the CRC cell proliferation. Firstly, CRC cells were 
seeded into a 96-well plate at a density of 2x103 cells/well and 
transfected with miR-30d or miR-NC for 96 h. Fresh medium 
with 20 µl MTT (5 mg/ml) was added into each well to replace 
the old medium and incubation was carried out for another 4 h 
at 37˚C. Then the medium was removed and 150 µl DMSO 
was added into each well. The optical density was recorded at 
a wavelength of 490 nm using a microplate reader (Multiskan 
FC; Thermofisher, Finland).

Cell cycle analysis. Cell cycle distribution was analyzed by 
flow cytometry as previously reported (22). Briefly, cells trans-
fected with miR-30d or miR-NC for 48 h were resuspended 
and fixed with 70% ice‑cold ethanol at ‑20˚C overnight. 
Afterwards, the cells were washed with PBS and stained 
with propidium iodide (PI)/RNase fluorescent probe solu-
tion (Molecular Probes, Eugene, OR, USA) for 30 min in the 
dark. DNA contents were assessed with a FACSCalibur flow 
cytometer (Becton-Dickinson, San Diego, CA, USA).
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Apoptosis assay. Apoptosis was measured using the Annexin 
V-FITC/PI apoptosis kit (Abcam, Cambridge, UK) according 
to the manufacturer's protocol (22). Cells were collected after 
transfection with miR-30d or miR-NC for 48 h, washed twice 
with cold PBS, and resuspended at 1x105 cells/ml and mixed 
with a binding buffer containing Annexin V-FITC and PI. 
After incubation for 15 min in the dark, the apoptotic cells 
were analyzed using a FACSCalibur flow cytometry.

Migration and invasion assays. Cells were pretreated with 
miR-30d or miR-NC for 48 h. For the migration assay, 1x104 
cells in serum-free medium were added to the upper chamber 
of each transwell (Millipore Corp.) with a non-coated 
membrane. For the invasion assay, 5x104 cells were added 
on the upper chamber of each insert coated with Matrigel 
(Becton-Dickinson). Medium (500 µl) containing 10% FBS 
as the chemotactic factor was added to the lower chambers. 
After 24 h of incubation for the migration assay and 48 h of 
incubation for the invasion assay at 37˚C, the cells remaining 
on the upper membrane of the filter were carefully removed 
with cotton swabs. Cells that had translocated to the lower 
chambers were fixed with methanol and stained using 0.1% 
crystal violet. The migratory or invasive cells were evaluated 
and imaged by an IX71 inverted microscope (Olympus, Tokyo, 
Japan).

miRNA target prediction and dual‑luciferase reporter assay. 
The potential targets of miR-30d were predicted using three 
online prediction programs: microRNA.org (http://www.
microrna.org/microrna/home.do), PicTar (http://www.pictar.
org/cgi-bin /PicTar_ver tebrate.cgi) and TargetScan 
(http://www.targetscan.org/vert_60/). Based on the prediction 
results, the 3'-UTR of LRH-1 containing the miR-30d putative 
binding site and mutant site were designed and produced 
by GenePharma (Shanghai, China), and subcloned into 
the pGL3 luciferase vector (Promega Corp., Madison, WI, 
USA) to construct a 3'-UTR-LRH1-wild-type and mutant 
3'-UTR-LRH1. Human 293T cells were seeded into a 24-well 
plate and co-transfected with miR-30d or miR-NC and LRH-1 
WT-3'-UTR or the mutant 3'-UTR vector for 48 h. The cells 
were then harvested and luciferase activity was assessed using 

the dual-luciferase reporter assay system (Promega, USA). 
Renilla luciferase activity was used to normalize the luciferase 
activity.

Xenograft experiment. Four-week-old BALB/c male nude 
mice were obtained from the Animal Center of the Fourth 
Military Medical University (Xi'an, China) and divided into 
three groups (control, miR-30d and miR-NC, n=10 in each 
group). SW480 cells with miR-30d or miR-NC transfection 
were suspended in PBS and subcutaneously injected into each 
mouse at a total of 5x106 cells. Tumor growth was monitored 
every week after tumor cell injection. After 7 weeks, all 
animals were euthanized by cervical dislocation and xenograft 
tumor volumes were measured using the formula: Volume = 
1/2 (length x weight)2. All the animal experimental procedures 
were approved by the Animal Care and Use Committee of 
Shaanxi Province People's Hospital (Xi'an, China).

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 software. The data are presented as the 
mean ± standard deviation (SD). Student's t-test was used 
for comparisons between two groups, whereas more than 
two groups were compared by one-way analysis of variance 
followed by Bonferroni test. Pearson correlation was used to 
identify the correlation between the expression of miR-30d and 
LRH‑1 (R=correlation coefficient). P<0.05 was considered to 
indicate a statistically significant difference. All experiments 
were repeated at least in triplicate.

Results

miR‑30d is downregulated and LRH‑1 is upregulated in 
human CRC tissues. First, the expression level of miR-30d 
was detected in CRC tissue samples and paired adjacent 
tissues (n=80) using RT-qPCR. The results showed that CRC 
tissues had significantly reduced miR‑30d mRNA expression 
(P<0.01) and increased LRH‑1 mRNA expression (P<0.01) 
when compared to the adjacent normal tissues (Fig. 1A and B). 
Pearson's correlation analyses showed that miR-30d expression 
was inversely correlated with LRH-1 expression (R2=0.3315; 
P<0.0001) in the CRC tissue samples (Fig. 1C).

Figure 1. miR-30d is downregulated and LRH-1 is upregulated in CRC cell tissue. Relative expression levels of (A) miR-30d and (B) LRH-1 in 80 CRC tissue 
samples and paired adjacent normal tissues were detected by RT-qPCR. (C) Correlation between the expression of miR-30d and LRH-1 in CRC tissues was 
analyzed by Pearson correlation coefficient test. Each experiment was repeated at least three times. Data are expressed as the mean ± SD. **P<0.01 vs. normal 
tissues. LRH-1, liver receptor homologue-1; CRC, colorectal cancer.
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Downregulation of miR‑30d and upregulation of LRH‑1 is 
associated with aggressiveness of CRC progression. To further 
verify the significance of aberrant expression of miR‑30d and 
LRH-1 in CRC tissue specimens, clinicopathological analysis 
was performed accordingly. Based on the median levels (0.527, 
miR-30d; 3.232, LRH-1) in CRC tissue specimens, all 80 
CRC patients were subdivided into a low miR-30d expression 
group (<0.527, 43 cases), a high miR‑30d expression group 
(>0.527, 37 cases) as well as a high LRH-1 expression group 
(>3.232, 51 cases) and a low LRH‑1 expression group (<3.232, 
29 cases). The correlation between miR-30d expression and the 
clinicopathological factors of the patients was determined. As 
shown in Table I, the clinicopathological analysis illustrated 
that downregulation of miR‑30d was significantly associated 
with distant metastasis (P<0.05), differentiation (P<0.05), 
invasive depth (P<0.05), TNM stage (P<0.05), and lymph 
node metastasis (P<0.05); whereas, upregulation of LRH‑1 
was markedly correlated with distant metastasis (P<0.05), 
TNM stage (P<0.05), invasive depth (P<0.05), and lymph node 
metastasis (P<0.05), but had no correlation with age, gender 
or tumor size (P>0.05). Furthermore, Kaplan-Meier analysis 
revealed that CRC patients with low miR-30d expression had 
markedly shorter overall survival and disease-free survival 

rates than those in the high miR-30d expression group 
(P=0.0368 and P=0.0252, respectively; Fig. 2A and B). Thus, 
these data indicated that downregulation of miR-30d may be 
involved in the development of CRC.

Overexpression of miR‑30d suppresses CRC cell proliferation 
and invasion. The miR-30d expression level was detected in 
four CRC cell lines. Consistent with the tissue sample results, 
the miR-30d expression level was also distinctly downregulated 
in the CRC HT29, LoVo, RKO, HCT8, SW480 cell lines when 
compared to the level in the normal colorectal cell line FHC 
(Fig. 3A). Then LoVo and SW480 CRC cell lines were randomly 
selected for functional analysis in the following experiments. 
miR-30d mimic or miR-NC was transfected into the LoVo and 
SW480 cells for 48 h, respectively. The efficiency of transfec-
tion was confirmed by RT‑qPCR (Fig. 3B). MTT assay showed 
that in both the LoVo and SW620 cell lines, the cell prolif-
eration was significantly inhibited by miR‑30d overexpression 
when compared to the NC groups, respectively (Fig. 2C). In 
addition, the invasion assay demonstrated that the miR-30d 
mimic markedly suppressed the migratory and invasive abili-
ties of the LoVo and SW480 cells when compared with the NC 
groups, respectively (Fig. 3D and E). These findings indicate 

Table I. Correlation between miR-30d expression and clinicopathologic parameters in the patients with CRC.

  miR-30d expression  LRH-1 expression
 No. of ----------------------------------------------------  ----------------------------------------------------
Parameters cases High (37) Low (43) P-value Low (29) High (51) P-value

Age (years)    0.071   0.169
  >60 44 16 28  19 25
  ≤60 36 21 15  10 26
Gender    0.262   0.486
  Male 41 16 25  13 28
  Female 39 21 18  16 23
Distant metastasis    <0.05a   <0.05a

  M0 46 30 16  25 21
  M1 34 14 20  10 24
TNM stage    <0.01b   <0.05a

  Ⅰ‑Ⅱ 34 22 12  7 27
  Ⅲ‑Ⅳ 46 15 31  22 24
Degree of differentiation    <0.05a   0.345
  Well/moderate 27 17 10  14 13
  Poor 53 20 33  21 32
Invasive depth    <0.05a   <0.05a

  T1-T2 32 20 12  17 15
  T3-T4 48 17 31  12 36
Lymph node metastasis    <0.01b   <0.05a

  Yes 36 25 11  18 18
  No 44 12 32  11 33
Tumor size (cm)    0.262   0.647
  >5 41 19 22  16 25
  ≤5 39 13 26  13 26

aStatistically significant difference; bhighly significant difference. CRC, colorectal cancer; LRH‑1, liver receptor homologue‑1.
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that overexpression of miR-30d suppressed cell proliferation 
and invasion in CRC cells.

Upregulation of miR‑30d causes cell cycle arrest and induces 
cell apoptosis in CRC cells. Cell cycle distribution and apop-
tosis of CRC cells were assessed by flow cytometric analysis. 
The results showed that overexpression of miR-30d in LoVo 
and SW480 cells resulted in significant cell accumulation in 
the G0/G1 phase and a decreased percentage of cells in the S 
phase when compared to the NC groups (Fig. 4A). Furthermore, 
flow cytometric analysis revealed that cell apoptosis rates in 
the LoVo and SW480 cells with miR-30d mimic transfection 

were significantly promoted compared with the rates noted in 
the NC groups (Fig. 4B). Taken together, these results demon-
strated that upregulation of miR-30d caused cell cycle arrest at 
the G0/G1 phase and induced cell apoptosis in the CRC cells.

miR‑30d directly targets the 3'‑UTR of LRH‑1 in CRC cells. 
To verify whether LRH-1 is a direct target of miR-30d, we 
searched for potential targets of miR-30d using microRNA.
org, PicTar, and TargetScan. The binding regions between 
the miR-30d and LRH-1 3'-UTR were found (Fig. 5A), 
indicating that LRH-1 may be a potential target of miR-30d. 
To validate that miR-30d directly targets the 3'-UTR region 

Figure 2. Downregulation of miR-30d is associated with poor prognosis in CRC patients. (A) Overall survival and (B) disease-free survival of CRC patients 
with low and high miR-30d expression were assessed by Kaplan-Meier method. *P<0.05, vs. the high miR‑30d expression group. CRC, colorectal cancer.

Figure 3. miR-30d overexpression suppresses CRC cell proliferation and invasion. (A) Relative expression levels of miR-30d in CRC cell lines including LoVo, 
HT-29, RKO, HCT8 and SW480 and normal colorectal cell line FHC were determined by RT-qPCR. U6 and GAPDH were used for normalization. (B) Relative 
expression level of miR-30d in LoVo and SW480 cell lines with miR-30d mimics or miR-NC transfection were determined by RT-qPCR. U6 was used for 
normalization. (C) Cell proliferation of LoVo and SW480 cell lines with miR-30d mimic or miR-NC transfection was detected by MTT assay. (D) Cell invasion 
and (E) migration abilities of LoVo and SW480 cell lines with miR-30d mimic or miR-NC transfection were detected by invasion and migration assays. The 
invasion and migration results are expressed as a percentage of total seeded cells. Each experiment was repeated at least three times. Data are the mean ± SD. 
**P<0.01 vs. the miR‑NC group. CRC, colorectal cancer
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Figure 4. miR-30d overexpression causes cell cycle arrest at the G0/G1 phase and induces cell apoptosis. (A) Cell cycle distribution and (B) cell apoptosis of 
LoVo and SW480 cell lines with miR‑30d mimics or miR‑NC transfection were analyzed by flow cytometry. Each experiment was repeated at least three times. 
Data are expressed as the mean ± SD. **P<0.01 vs.the  miR‑NC group.

Figure 5. LRH-1 is a direct target of miR-30d and regulates Wnt/β-catenin signaling. (A) Bioinformatic analysis of the predicted binding site of miR-30d to the 
3'-UTR of LRH-1. (B) Relative luciferase activities of 293T cells co-transfected with miR-30d and wild-type or mutant LRH-1 3'-UTR vector were detected 
by dual-luciferase reporter assay. The expression levels of LRH-1 in LoVo and SW480 cells with miR-30d transfection were determined by (C) RT-qPCR 
and (D) western blot analysis. (E) The expression levels of components of Wnt/β-catenin signaling in LoVo and SW480 cells with miR-30d transfection were 
measured by western blot analysis. GAPDH was used as an internal control. Each experiment was repeated at least three times. Data are expressed as the mean 
± SD. **P<0.01 vs. the miR‑NC group. LRH‑1, liver receptor homologue‑1; UTR, untranslated region.
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of LRH-1, a dual-luciferase reporter assay was performed. 
When 293T cells were transfected with the wild-type LRH-1 
3'-UTR vector, the luciferase activity was significantly 
reduced in the miR-30d mimic co-transfected cells when 
compared with the NC group (P<0.01). Conversely, the 
mutant 3'‑UTR of LRH‑1 caused no significant changes in 
the luciferase activity (Fig. 5B). We next investigated the 
interaction between miR-30d and LRH-1 in the LoVo and 
SW480 cells. As shown in Fig. 5C and D, overexpression 
of miR‑30d significantly reduced LRH‑1 expression both at 
the mRNA and protein level in the LoVo and SW480 cells 
with miR30d mimic transfection, but not in the miR-NC-
transfected cells. These results revealed that miR-30d directly 
binds to the site of the 3’-UTR region of LRH-1 and regulated 
LRH-1 expression in the CRC cells.

miR‑30d regulates the Wnt/β‑catenin signaling pathway 
through LRH‑1. It has been reported that miRNAs play crucial 
roles in regulating tumor cell proliferation, differentiation, and 
invasion through various signaling pathways, including the 
Wnt/β-catenin pathway (23). Here, to determine the signaling 
pathway involved in the regulatory effects of miR-30d on CRC, 
the Wnt/β-catenin signaling pathway was detected in LoVo and 
SW480 cells transfected with the miR-30d mimic by western 
blot analysis. The results showed that the expression levels of 

Wnt signaling-associated proteins, β-catenin, cyclin D1, c-Myc, 
MMP2 and MMP9, were markedly reduced in the miR-30d 
mimic group compared to the levels noted in the NC group 
(Fig. 5E). Taken together, we conclude that overexpression of 
miR-30d suppressed activation of the Wnt/β-catenin signaling 
pathway by targeting LRH-1 to inhibit CRC tumorgenesis.

Overexpression of LRH‑1 rescues the effects of miR‑30d on 
CRC cells. To investigate the functional relevance of LRH-1 
targeting by miR-30d, a rescue assay was performed to determine 
whether LRH-1 overexpression could rescue the suppressive 
effects induced by miR-30d. CRC cells were co-transfected 
with the miR-30d mimics and LRH-1-overexpressing plasmid. 
The results showed that the reduced protein expression caused 
by miR-30d mimics was markedly restored by transfection of 
the LRH-1 overexpressing plasmid in the LoVo and SW480 
cells (Fig. 6A). Overexpression of LRH-1 also rescued the 
inhibitory effect of miR-30d on Wnt signaling-associated 
proteins, β-catenin, cyclin D1 and c-Myc. In addition, the 
inhibitory effects of miR-30d on CRC cell metastasis regula-
tory factors MMP2 and MMP9 were significantly reversed 
by LRH‑1 overexpression, which was further confirmed by 
invasion and migration assays (Fig. 6B and C). These results 
indicated that miR-30d suppressed CRC tumorigenesis by 
inhibiting LRH-1 expression.

Figure 6. Overexpression of LRH-1 rescues the suppressive effect of miR-30d overexpression. LoVo or SW480 cells were co-transfected with miR-30d mimics 
and pcDNA‑LRH‑1 vector or empty vector for 48 h. (A) The protein expression levels of LRH‑1, β‑catenin, cyclin D1, c‑Myc, MMP2, and MMP9 in LoVo and 
SW480 cells were detected by western blot analysis. The (B) invasion and (C) migration abilities of CRC cells were detected by Transwell assays. The invasion 
and migration results are expressed as a percentage of total seeded cells. Data are expressed as the mean ± SD. **P<0.01 vs. the miR‑NC group. ##P<0.01 vs. 
miR-30d. LRH-1, liver receptor homologue-1; MMP, matrix metalloproteinase.
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miR‑30d inhibits CRC tumor growth in vivo. A CRC mouse 
model was designed to investigation the effect of miR-30d 
on CRC tumor growth in vivo. Compared with the NC group, 
mice injected with miR-30d mimic-transfected cells showed a 
markedly slow tumor growth rate during the 7-week detection 
(P<0.01, Fig. 7A‑C). Furthermore, RT‑qPCR and western blot 
analysis results showed that the expression level of miR-30d in 
the xenograft tumors derived from miR-30d mimic-transfected 
cells was markedly upregulated compared to that in the tumors 
derived from the miR‑NC‑transfected cells (P<0.01, Fig. 7D). 
Western blot analysis results also revealed that the expres-
sion levels of key components of the Wnt/β-catenin signaling 
pathway, β-catenin, c-Myc and cyclin D1; metastasis regulatory 
factors, MMP2 and MMP9; as well as LRH‑1 were signifi-
cantly reduced in the xenograft tumor tissues with miR-30d 
overexpression (Fig. 7E). These results indicated that miR-30d 
suppressed CRC tumor growth in vivo by targeting LRH-1 by 
regulating the Wnt/β-catenin signaling pathway.

Discussion

CRC is one of the most prevalent malignancies in the world, 
with high morbidity and mortality. Patients with advanced 
stage CRC have a poor survival rate (1). Searching for 
more efficient prognostic biomarkers for patients with poor 
prognosis and cancer metastasis is a critical issue for achieving 
better outcomes (24). Recently, focus on the deregulation of 
miRNAs during CRC progression has becoming a promising 
research field, which provides reliable information for the 
distinct understanding of molecular mechanisms underlying 
CRC tumorgenesis and development (25). Abnormal 
miRNA expression is responsible for alterations in CRC cell 

proliferation, invasion, apoptosis and migration (26). Several 
oncogenic or tumor-suppressive miRNAs such as miR-21, 
miR-182, miR-137, and miR-143 have been demonstrated to 
be associated with the initiation of CRC (27,28), Thus, further 
investigation of the miRNAs involved in the progression 
of CRC may contribute to improved diagnostics and more 
effective therapeutic strategies for CRC patients.

Recently, deregulated miR-30d has been shown to be 
involved in the development of various types of cancer. 
Yao et al reported that miR-30d overexpression enhanced 
tumor invasion and metastasis by targeting galphai 2 in hepa-
tocellular carcinoma (29). Kobayashi et al found that miR-30d 
was upregulated in prostate cancer cells and appeared to be 
a potential prognostic marker of prostate progression (30). 
Moreover, Chen et al recently demonstrated that miR-30d was 
downregulated in non-small cell lung cancer tissues and serves 
as a tumor suppressor by inhibiting cell proliferation and 
motility by directly targeting cyclin E2 (11). Wu et al found 
that miR-30d induced the apoptosis of renal cell carcinoma 
through the Akt/FOXO signal transduction pathway (31). In the 
present study, to avoid the adverse influence of radiotherapy or 
chemotherapy on the molecular expression and distribution in 
the tumor tissues, which might indirectly mislead the research 
results in the study, 80 patients including stage IV patients 
with distant metastasis who received only routine curative 
surgery were enrolled. We found that miR-30d expression 
was significantly downregulated in the CRC tissue specimens 
and cell lines. Analysis of the clinicopathological parameters 
showed that the miR-30d expression level was closely asso-
ciated with poor prognosis, tumor differentiation, invasive 
depth, lymph node metastasis, distant metastasis, and TNM 
stage. Functional studies also verified the inhibitory role of 

Figure 7. miR-30d overexpression inhibits CRC tumor growth in vivo. (A) Representative images of xenograft tumors. (B) Tumor weight in the different groups. 
(C) Growth curves of tumor volume in the xenograft tumors recorded every 7 days. (D) Relative miR-30d expression level in tumor tissue was detected by 
RT-qPCR. (E) Protein expression levels of LRH-1, β-catenin, cyclin D1, c-Myc, MMP2, and MMP9 were determined by western blot analysis. GAPDH was 
used as the internal control. Each experiment was repeated at least three times. Data are expressed as the mean ± SD. **P<0.01 vs. the miR‑NC group. CRC, 
colorectal cancer; LRH-1, liver receptor homologue-1; MMP, matrix metalloproteinase.
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miR-30d on cell proliferation, invasion and migration, induc-
tion of cell cycle at the G0/G1 phase and increased apoptosis 
of CRC in vitro. Furthermore, we also found that miR-30d 
overexpression significantly suppressed tumor growth in vivo, 
which might suggest the crucial role of miR-30d as a tumor 
suppressor in CRC development and provide valuable evidence 
for the development of miR-30d as a novel therapeutic target 
for CRC treatment.

LRH‑1 classified as an orphan NR, is critical to numerous 
biological processes and is involved in multiple types of 
cancer, including breast, pancreatic, gastrointestinal and colon 
cancer. Jiang et al demonstrated that in non-small cell lung 
cancer, LRH-1 was a direct target of miR-376c to suppress 
cell proliferation and invasion through the Wnt signaling 
pathway (32). Liang et al demonstrated that miR-381 promoted 
colon cell proliferation and growth via upregulation of its 
target gene LRH-1 (33). A recent investigation also illustrated 
that LRH-1 functions as a direct target gene of miR-381 in 
suppressing cell growth and metastasis in hepatocellular 
carcinoma (34). However, the relationship between miR-30d 
and LRH-1 has not been elucidated in CRC. Here, we 
demonstrated that the expression of LRH-1 was negatively 
correlated with miR-30d expression in CRC tumor tissues, 
and was verified as a direct target of miR‑30d using luciferase 
reporter assay. Furthermore, restoring the expression of 
LRH‑1 significantly rescued the inhibitory effect of miR‑30d 
overexpression on CRC tumorigenesis. These results imply 
that miR-30d regulates the progression of CRC by directly 
binding to LRH-1.

Aberrant activation of the Wnt/β-catenin signaling pathway 
contributes to the development and progression of various 
cancers including CRC, and is thus regarded as a potential 
target in cancer treatment (35,36). The stabilization of β-catenin 
is the crucial component of the Wnt signaling pathway. During 
activation of Wnt signaling, the accumulation of β-catenin 
occurs in the cytoplasm, and then translocates to the nucleus 
to activate the transcription of Wnt target genes, such as 
cyclin D1 and c-Myc (37,38). It has been reported that LRH-1 
functions as a coactivator of the Wnt signaling pathway during 
cancer progressions, while c-Myc is required for cell prolif-
eration, which is also shown to be controlled by LRH-1 (23). 
For example, by upregulating cyclin D1/E1 and c-Myc genes, 
LRH-1 promoted cancer cell proliferation and tumor growth 
in pancreatic cancer (19). Furthermore, overexpression of 
LRH‑1 also significantly enhanced cancer cell migration and 
invasion by upregulating its downstream target genes MMP2 
and MMP9 in pancreatic cancer cell lines (39). In the present 
study, we found that overexpression of miR‑30d significantly 
suppressed the expression of β-catenin, cyclin D1, c-Myc, 
as well as MMP2 and MMP9 in CRC cell lines and xenograft 
tumors. These results revealed that upregulation of miR-30d 
inhibited CRC proliferation and invasion by regulating LRH-1 
and its downstream Wnt/β-catenin signaling pathway.

Admittedly, there are limitations concerning the tumor 
specimen sample size in our study. Thus, in further investiga-
tions, a larger sample size involving more patients with various 
statuses in regards to distant metastasis, TNM stage, and 
invasive depth are needed to avoid any potential bias effect. 
In conclusion, our findings demonstrated that the expression 
level of miR-30d was downregulated in CRC tissues and cell 

lines, and its expression level was associated with poor prog-
nosis, degree of tumor differentiation, invasive depth, TNM 
stage, distant metastasis and lymph node metastasis. We also 
discovered that miR-30d overexpression inhibited cell prolif-
eration, migration and invasion, induced cell cycle arrest at 
the G0/G1 phase and apoptosis, as well as suppressed tumor 
growth in vivo. In addition, we identified LRH‑1 as a direct 
target gene of miR-30d and found that miR-30d regulates 
Wnt/β‑catenin signaling in CRC progression. These findings 
demonstrate that miR-30d plays a tumor-suppressor role in 
CRC development and inhibits tumorigenesis by regulating 
LRH-1 and its downstream Wnt/β-catenin signaling pathways. 
Thus, miR-30d is a potential novel therapeutic target for the 
treatment of CRC in the clinic.
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