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miR-10b promotes invasion by targeting
HOXD10 in colorectal cancer
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Abstract. Studies have shown that homeobox D10 (HOXD10)
is the target gene of microRNA-10b (miR-10b) and is closely
associated with the inhibition of cell migration and invasion.
Ras homolog family member C (RhoC) has been reported
to promote tumor metastasis in various types of cancer. The
effect of miR-10b on colorectal cancer (CRC) metastasis and
the associated molecular mechanisms remain elusive. The
present study aimed to investigate whether miR-10b could
promote invasion by targeting HOXD10 in CRC by exploring
the association between miR-10b and HOXD10 expression in
CRC patients. The findings revealed that miR-10b levels were
elevated in the CRC specimens and significantly correlated
with advanced clinical stage and lymph node metastasis.
In addition, HOXDI10 was a direct target of miR-10b, and
the increased expression of RhoC and downregulation of
HOXDI10 correlated with the increased expression level of
miR-10b. HOXDI10 protein level was also markedly attenuated
in lymph node metastasis-positive tumor tissues compared
with lymph node metastasis-free tumor tissues. These find-
ings suggest that miR-10b may stimulate the upregulation of
RhoC through targeting HOXDI0, thus promoting the inva-
sion and migration in CRC tumor.

Introduction

With the rapid development of the worldwide economy, the
structure of people's diets has changed in recent years (1).
Colorectal cancer (CRC) has become one of the most
common malignant tumors of the digestive tract in China,
and is the major cause of gastrointestinal cancer-associated
mortality (2). One reason for the high frequency of tumor
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metastasis is that the majority of CRC patients are diagnosed
at an advanced stage (3). Malignant CRCs often possess
the characteristics of rapid progression and invasion, which
contribute to local and liver metastases and can result in a
poor prognosis (4,5). MicroRNAs (miRs) are known to be
involved in a variety of physiological processes, including
cell survival, growth and metabolism (6). Studies have
demonstrated that miRs are involved in the regulation of
metastasis in various types of cancer (7,8). Several types of
miR have been found to be important for the process of tumor
metastasis, suggesting that miRs may be used as a potential
transfer marker (9,10).

The twist-induced miR, miR-10b, has been previously
found to promote tumor metastasis in cancer (11). One study
indicated that homeobox D10 (HOXDI10) is the target gene of
miR-10b and is closely associated with the inhibition of cell
migration and invasion (12). The expression level of HOXDI10
was found to decrease during the malignant progression
of cancer (13). The ras homolog family member C (RhoC)
protein is a member of the Ras superfamily of guanine
triphosphate (GTP)-binding proteins. Numerous studies
have indicated that tumor metastasis is associated with an
abnormal AKT signaling pathway, as AKT mediates a variety
of basic cellular processes, including the resistance of cells to
apoptosis and cell cycle effects (14). Although certain studies
have reported a potential association between miR-10b and
CRC (15,16), the effect of miR-10b on CRC metastasis and
the associated molecular mechanism remain elusive.

The purpose of the present study was to investigate the
expression of miR-10b in CRC patients, to evaluate the effect
of miR-10b on CRC invasion and migration and to deter-
mine whether miR-10b expression is mediated by HOXDI10
targeting RhoC. The results of the present study showed that
the overexpression of miR-10b in patients with CRC was
associated with a decreased level of HOXDI10 protein, which
was accompanied by the increased expression of RhoC.
These results suggested that miR-10b may be important in
the migration and invasion of CRC.

Materials and methods

Clinical summary. A total of 126 primary CRC samples were
collected consecutively during surgery from patients with
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histologically confirmed CRC, who underwent surgical resec-
tions at the Department of General Surgery, Yangpu Hospital,
Tongji University School of Medicine (Shanghai, China) between
January 2012 and January 2014. Adjacent healthy tissues were
also taken from these patients with CRC to form the adjacent
non-tumor tissue group. Additionally, 126 healthy people, who
had undergone physical examinations in the same hospital, were
used as a control group. Tissue Specimens were obtained from
colonoscopy, and were immediately frozen in liquid nitrogen
and stored at -80° C until further processing. Only CRC patients
that had not received any preoperative radio or chemotherapy
were enrolled in the present study. All patients were staged
according to the International Union Against Cancer of CRC
TNM Staging system (2010; 7th edition) for CRC (17). The
present study was conducted in accordance with the Declaration
of Helsinki (18) and with approval from the Ethics Committee
of Yangpu Hospital, Tongji University School of Medicine.
Written informed consent was obtained from all participants.

Sample treatment. Adjacent non-cancerous tissues were
carefully dissected from the surrounding benign tissues by a
certified pathologist, and the margin was confirmed through
immunohistochemistry by two independent pathologists at the
Department of Pathology, Yangpu Hospital, Tongji University
School of Medicine. The surrounding non-tumor tissues were
used as control for each tumor tissue. All samples were imme-
diately frozen in liquid nitrogen following surgical removal
until required.

RNA extraction and reverse transcription (RT)-quantitative
polymerase chain reaction (qPCR). Total RNA was extracted
from the resected tissues for the messenger RNA (mRNA)
expression assay using TRIzol® reagent (Gibco; Thermo Fisher
Scientific, Inc. Waltham, MA, USA). Lysed samples were bound
to a silica-based filter and treated with DNase I (20,000 units;
Invitrogen; Thermo Fisher Scientific, Inc.) RT-PCR was
performed using the Reverse Transcriptase kit (Thermo Fisher
Scientific, Inc.), according to the manufacturer's instructions.
After complementary DNA was obtained, RT-PCR was
performed using the SYBR Green PCR reagent kit (Thermo
Fisher Scientific, Inc.). qPCR was performed using an initial
denaturation step at 95°C for 5 min, then 40 cycles of amplifica-
tion, consisting of denaturation at 95°C for 15 sec, annealing at
60°C for 30 sec and elongation at 72°C for 30 sec on a 7500 Fast
Real-time PCR System (Applied Biosystems; Thermo Fisher
Scientific, Inc.). All 20-u1 reactions were performed in triplicate.
5S ribosomal RNA (rRNA) was used as the internal control.
The primer sequences were as follows: miR-10b, forward,
5'"TACCCTGTAGAACCGAATTTG-3' and reverse, 5-AAC
TGGTGTCGTGGAGTCGGC-3'"; primers used for detection
of HOXDI10, forward, 5'-GACATGGGGACCTATGGAATG
C-3' and reverse, 5“-TGGTGGTTCACTTCTCTTTTGG-3"; and
5S rRNA, forward, 5'-CCATACCACCTGGAAACGC-3' and
reverse, 5"TACTAACCGAGCCCGACCCT-3' (Jrdun Biotech-
nology, Shanghai, China). Data analysis for miR expression was
performed using the 244 method (19).

Western blot analysis. Cold radioimmunoprecipitation assay
lysis buffer (Beyotime Institute of Biotechnology, Haimen,
China) was used to extract proteins from solubilized tissues.
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Protein assay reagents (Bio-Rad Laboratories, Inc., Hercules,
CA, USA) were used to determine the protein concentration.
Equal amounts of protein was then separated using a NuPAGE
4-12% Bis-Tris gradient gel (Invitrogen; Thermo Fisher Scien-
tific,Inc.) and transferred to a polyvinylidene fluoride membrane.
The membrane was incubated with primary polyclonal goat
RhoC (dilution, 1:200; catalog no., sc-12116), polyclonal goat
HOXDI0 (dilution, 1:200; catalog no., sc-33004) and polyclonal
goat -actin (dilution, 1:10,000; catalog no., sc-1616) (Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) antibodies overnight at
4°C, blocked with 2% non-fat milk in phosphate-buffered saline
(PBS)/Tween-20, and then incubated at room temperature with
5 mg anti-goat IgG horseradish peroxidase (HRP)-conjugated
antibodies (dilution, 1:10,000; catalog no., AS09605; Santa Cruz
Biotechnology, Inc.) for 45 min. An enhanced chemilumines-
cence reaction (Invitrogen; Thermo Fisher Scientific, Inc.) was
performed for 40 min. The relative densities of proteins was
quantified with Image J software v.1.48u (National Institutes of
Health, Bethesda, MD, USA).

Immunohistochemistry. Tamor or matched normal tissues were
fixed in 4% paraformaldehyde, paraffin embedded, and sliced
into 4 ym sections. The primary antibody used for HOXD10
immunostaining was a mouse monoclonal anti-HOXDI10
antibody (dilution, 1:50; Santa Cruz Biotechnology, Inc.). The
sections were incubated with 5 mg HRP-conjugated anti-mouse
IgG polyclonal secondary antibody (dilution, 1:10,000;
catalog no., NB910-95603; Abcam) for 45 min, and the reac-
tion products were visualized by immersing the sections in
0.03% diaminobenzidine solution containing 2 mM hydrogen
peroxide for 1-5 min. Nuclei were lightly stained with Mayer's
hematoxylin. The bound antibodies were detected with a
biotin-streptavidin-peroxidase system (Vector Laboratories,
Inc., Burlingame, CA, USA), and 3,3'-diaminobenzidine
hydrochloride (Sigma-Aldrich, St. Louis, MO, USA) was used
as the chromogen. Two independent pathologists from the
Department of Pathology, Yangpu Hospital, Tongji University
School of Medicine, performed the quantitative assessment of
immunohistochemical staining. Staining in nuclei was graded
as: 0, no evidence of immunoreactive cells; 1, the proportion of
immunoreactive cells is <20%; 2, the proportion of immunore-
active cells is 20-70%; or 3, the proportion of immunoreactive
cells is >70%. Immunohistochemical reactivity was evaluated
and classified into 4 groups: i) Negative (-); ii) weakly positive
(+); iii) moderately positive (++); or iv) strongly positive (+++).

Statistics. Data are presented as the mean + standard devia-
tion. Statistical tests were performed using SPSS 17.0 (SPSS,
Inc., Chicago, IL, USA). The Student's #-test (two-tailed) was
used make comparisons between two groups, the correlation
between HOXD10 and RhoC was assessed using Spearman's
rank correlation coefficient and differences between two
groups for immunohistochemistry were analyzed using the
Mann-Whitney U test. P<0.05 were considered to indicate a
statistically significant difference.

Results

Patient characteristics. A total of 126 patients with CRC,
who had not previously received preoperative radiotherapy or
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Table I. Patient characteristics (n=126).

No. of
Characteristic patients (%) P-value
Tumor site 0.043
Colon 74 (58.7)
Rectum 52 (41.3)
Liver metastases 324
Multifocal 1(0.7)
Age, years 0.763
>50 64 (50.8)
<50 62 (49.2)
Size of tumor 0.013
<5 cm diameter 80 (63.5)
>5 cm diameter 46 (36.5)
Gender 0435
Male 74 (58.7)
Female 52 (41.3)
Tumor classification 0.023
T1 9(7.1)
T2 31 (24.6)
T3 81 (64.3)
T4 54.0)
Lymph node status 0.016
NO 66 (52.4)
N1 42 (33.3)
N2 18 (14.3)
Histological differentiation 0.018
Well 49 (38.9)
Moderate 69 (54.8)
Poor 8(6.3)
Stage 0.007
I 19 (15.1)
1I 45 (35.7)
111 62 (49.2)
HOXD10 staining 0.025
Strong (>1+) 43 (34.1)
Weak (<1+) 83 (65.9)
RhoC staining 0.014
Strong (>1+) 75 (59.5)
Weak (<1+) 51 (40.5)

The model was used to analyze the effect of associated factors on
miR-10b levels in CRC patients. P<0.05 was considered statistically
significant.

chemotherapy, were enrolled in the present study. All patients
underwent surgical resection at the Department of General
Surgery, Yangpu Hospital, Shanghai Tongji University School
of Medicine. All postoperative samples were confirmed as CRC
through histopathological evaluation. The study consisted of
74 male and 52 female patients, of which 46 patients possessed
tumors that were >5 cm in diameter and 80 possessed tumors
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of <5 cm in diameter. Good, moderate and poor tumor differ-
entiation was detected in 49, 69 and 8 cases, respectively. In
total, 42 patients exhibited N1 lymph node metastasis and
18 patients exhibited N2 lymph node metastasis. A total of
19 cases were in stage I, 45 cases were in stage II and 62 cases
were in stage I1I of disease. The characteristics of the enrolled
patients are listed in Table I.

miR-10b is highly expressed in primary CRC samples. In order
to explore the potential role of miR-10b in CRC development,
the expression of miR-10b was investigated in tumor specimens
obtained from 126 CRC patients. The patients were classified
into two groups, according to the presence or absence of lymph
node metastasis; significant differences were identified in the
mean expression levels of miR-10b and HOXDI0 between the
two groups (P=0.001 and P=0.005). The results of the RT-qPCR
indicated that the mean expression level of miR-10b in tumor
tissues with positive lymph node metastasis was 1.8-fold greater
compared with tumor tissues without lymph node metastasis. In
addition, the mean expression level of HOXDI10 in tumor tissues
with positive lymph node metastasis was 0.58-fold greater
compared with tumor tissue without lymph node metastasis
(Fig. 1A). Significant differences in the mean miR-10b expres-
sion level were also indicated between the CRC tissue group
and the healthy individuals and adjacent tissues (P=0.012 and
P=0.001; Fig. 1B), while there was no statistically significant
difference between the adjacent non-tumor tissue group and the
normal control tissue group (P=0.986). There was no significant
difference in the expression levels of miR-10b with respect to
age and gender (P=0.156). The results showed that there were
significant differences in the expression of miR-10b in cases of
CRC with varying tumor diameter and histological differentia-
tion (P=0.013 and P=0.018). A significant difference in miR-10b
expression was also indicated between stage I+I1 and stage 111
tumors (P=0.007; Fig. 1C). There were significant differences
in miR-10b expression between cases with liver metastasis
and those with multifocal metastases (P=0.004). A statisti-
cally significant difference was identified between the level of
miR-10b and HOXDI10 expression (P=0.009; Fig. 1D). These
data suggest that miR-10b may be involved in the process of
CRC metastasis. In addition, an inverse correlation was identi-
fied between miR-10b and HOXDI10 expression.

Western blot analysis of protein expression of HOXDI10 in CRC
samples. Since the decreased expression of HOXDIO protein
has been shown to enhance the invasiveness and metastasis
of tumors (20), the present study aimed to determine whether
miR-10b would inhibit the translation of HOXD10 mRNA,
thereby affecting the expression of downstream targets of
RhoC. As shown in Fig. 2, there were significant differences
in the mean level of HOXDI10 expression between the CRC
tissue group and the adjacent non-tumor or normal control
tissue group (P=0.001; Fig. 2A), while there was no statistical
significance between the adjacent non-tumor tissue group and
the normal control tissue group (P=0.490). RhoC protein levels
were dramatically upregulated in tumor tissues with positive
lymph node metastasis compared with tissues with no lymph
node metastasis (P<0.01). There were also significant differ-
ences in HOXDIO0 protein level between the CRC samples
with positive lymph node metastasis and the CRC samples
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Figure 1. miR-10b expression in various tissues. (A) Comparison of miR-10b
and HOXDI0 expression between the samples with positive and negative
lymph node metastasis in the CRC tissue group. (B) Amplification with AACq
values of mir-10b in the CRC, adjacent non-tumor and normal control tissue
groups. (C) Relative miR-10b expression in CRC samples with various tumor
diameter and histological differentiations. (D) Comparison of miR-10b and
HOXDI0 expression in the CRC tissue group ("P<0.01; “P<0.05). miR-10b,
microRNA-10b; HOXDI10, homeobox D10; CRC, colorectal cancer.
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Figure 2. Correlation between protein expression of RhoC and HOXDI0 in
the CRC tissue group. (A) Protein expression of HOXDI0 in the CRC, adja-
cent non-tumor and normal control tissue groups. (B) Comparison of RhoC
and HOXDI10 protein expressions in CRC samples with or without positive
lymph node metastasis. (C) Inverse correlation between HOXD10 and RhoC
protein expression in CRC samples (r=-0.433; P<0.001). (D) Comparison
of RhoC and HOXDI0 expression in the western blot analysis in the CRC
tissue group ("P<0.01; “"P<0.05). RhoC, ras homolog family member C;
HOXDI10, homeobox D10; CRC, colorectal cancer.
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Figure 3. Protein expression of RhoC and HOXDIO0 in the CRC group. HOXD10 and RhoC were detected by western blot analysis. An inverse correlation
between HOXDI10 and RhoC protein expression was found. 3-actin was used as an internal reference. N, normal tissue; P, adjacent non-tumor tissues; C, tumor
tissues; RhoC, ras homolog family member C; HOXDI, homeobox D1.
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Figure 4. Association between HOXD10 expression and CRC metastasis. (A) Comparison of HOXDI10 expression by immunohistochemistry between the
samples with positive and negative lymph node metastasis in the CRC tissue group. (B) Comparison of HOXDI10 expression by western blot analysis between
the samples with positive and negative lymph node metastasis in the CRC tissue group. f-actin was used as an internal reference. CRC invasion and metastasis
were enhanced by downregulated HOXDI10. N, normal tissue; P, adjacent non-tumor tissues; C, tumor tissues; HOXD10, homeobox DI.

without positive lymph node metastasis (P=0.014) (Fig. 2B).  Difference in protein expression of HOXDI0 between
As shown in Figs. 2C and 3, there was a significant inverse  metastasis-positive and metastasis-free samples. The results
correlation between HOXDIO0 protein level and protein level — of the western blot analysis indicated that HOXD10 expres-
(r=-0.433; P<0.001). There was statistically significant differ- sion in tumor tissues from the metastasis-positive group
ence between RhoC protein level and HOXDI0 protein level in ~ were decreased compared with in metastasis-free tissues
the CRC tissue group (P=0.002; Fig. 2D). (Fig. 2B). To confirm the result of western blot analysis,
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immunohistochemistry was also performed to detect the
expression of HOXD10. HOXDI10 immunoexpression was
found to be attenuated in metastasis-positive tissues compared
with metastasis-free tissues (Fig. 4A). A significant inverse
correlation in the protein expression of HOXDI10 was also
observed in metastasis-positive tissues compared with metas-
tasis-free tissues (Fig. 4B). These data suggest that HOXD10
may be involved in the process of CRC metastasis.

Discussion

The HOXDI0 gene encodes transcription factors and exerts
functions mainly through the activation or inhibition of
downstream target genes (21). HOXD10 was previously
considered to be a major factor in the negative regulation
of tumor metastasis, as the overexpression of miR-10b was
hypothesized to increase RhoC and AKT signaling by
targeting HOXDI0, thus facilitating invasion in tumors (22).
The present study measured the expression of miR-10b,
HOXDI10 and RhoC in healthy control subjects and CRC
patients. miR-10b was found to be highly expressed in CRC
tissues, accompanied by the increased expression of RhoC.
Consistent with previous findings, that miR-10b could drive
tumor metastasis (23-25), the present study found that
increased miR-10b also contributed to metastasis in CRC.
In addition, increased levels of miR-10b were detected in
poorly-differentiated CRC tissues, indicating a strong capa-
bility for metastasis. HOXDI10 expression was found to be
attenuated in lymph node metastasis-positive CRC tissues,
compared with metastasis-free CRC. These results suggest
that miR-10b could reduce the threshold of metastasis in
CRC as the positive regulator, which was inversely associ-
ated to HOXD10.

There were significant differences in the mean level of
miR-10b expression between the tumor and the adjacent
non-tumor tissues (P<0.05), while there was no significant
difference between the adjacent non-tumor and normal CRC
tissue (P>0.05; Fig. 1). There were significant differences in
miR-10b level between CRC cases of various stages, tumor
diameter, lymph node metastasis status and differentiation.
Furthermore, there was a statistically significant difference
between the multi- and mono-focal cases (Table I). miR-10b
was previously observed to be abnormally expressed in several
tumor types, including glioma, pancreatic adenocarcinoma
and glioblastoma (26-28). The current findings, together with
the findings of previous studies, suggest the involvement of
miR-10b in the metastatic behavior of CRC (29,30).

The present study found significantly greater concentra-
tions of miR-10b in CRC tissues compared with in adjacent
non-tumor tissues and normal tissues from healthy controls.
The concentrations of miR-10b increased in line with a later
clinical stage and lymph node metastasis. In addition, miR-10b
expression in high-grade CRC with multifocal lesions and liver
metastases was significantly increased compared with CRC
patients with a single lesion and those without liver metastasis.
These findings indicate that miR-10b may be involved in the
invasion and migration of CRC and may provide a novel thera-
peutic target. In the present study, miR-10b expression levels
were elevated in metastasis-positive CRC specimens compared
with metastasis-free tumor tissues, and this elevation was
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accompanied with the downregulation of HOXD10. HOXDI10
has been previously found to repress the expression of genes
involved in tumor metastasis, including RhoC (12). miR-10b
overexpression may increase RhoC expression, indicating that
increased RhoC contributed to miR-10b-induced invasiveness,
as the target gene of HOXDIO0. In addition, the expression of
miR-10b was greater in poorly-differentiated CRC tissues
compared with well-differentiated ones. Spearman's rank
correlation coefficient revealed that there was a strong nega-
tive correlation between HOXD10 and RhoC protein levels
(Fig. 2C). The results of the present study showed that the
overexpression of miR-10b increased RhoC expression by
targeting HOXDI0, thus facilitating the invasion and metas-
tasis of CRC.

In conclusion, the present study suggests that increased
miR-10b levels are associated with the degree of metastasis in
CRC patients. The increased expression of RhoC and the down-
regulation of HOXDI10 were correlated with high expression
levels of miR-10b. These results may elucidate the underlying
mechanisms and provide a novel therapeutic target for inhib-
iting the invasion and metastasis of CRC.
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