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Abstract: The reduced or increased level of specific microRNA has been found in colon and other cancers, supporting their role in carcinogenesis. Despite the upregulation of microRNA-373 (miR-373) has been reported in a
various cancers, its role in colon cancer is totally unknown. Hence, the present study was aimed to investigate the
expression and function of miR-373 in colon cancer tissues and cell lines. Quantitative RT-PCR analysis showed that
miR-373 expression was significantly increased in colon tumor tissues and colon cancer cell lines as compared with
corresponding adjacent normal tissues and cells lines. Furthermore, the expression level of CD44 was negatively
correlated with miR-373 levels in colon tumor tissues and cell lines, suggesting that functions of miR-373 are mediated by the suppression of CD44 expression. Loss-of-function and gain-of-function showed that miR-373 reduced
cell death and growth suppression of colon cancer HCT-15 cells. Taken together, our results demonstrated that miR373 expression is upregulated in colon tumor tissues and is a potential oncogenic miRNA, suggesting that miR-373
might be a potential clinical marker and therapeutic target for the prevention of colon cancer.
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Introduction
Colorectal cancer is one of the most common
malignancies and is the second most common
form of cancer-related mortality in the worldwide [1, 2]. Studies have identified the major
risk factors for the development of colorectal
cancer including age, family history, bowel disease, obesity, alcohol and cigarette smoke,
consumption of excess red meat, high-fat diet
and low socioeconomic status [3, 4]. The
intense invasiveness of the colon cancer and
other cancers in patients are the potential
cause to death and its critical to understand
the genes involved in the progression of
colorectal cancer [5]. Therefore, identifying
genetic markers and the involved biological signaling pathways that can precisely predict the
presence or absence of colon cancer, which is
necessary for chemotherapy.
MicroRNAs (miRNAs) are small non-coding
RNAs that have been shown to regulate the life
span of mRNAs by acting as negative regulators
of gene expression through RNA interference
pathway [6]. Since miRNAs play a pivotal role in

the control of several biological processes, their
dysregulated expression could result in the
onset of diverse pathological conditions, including several cancers [7]. MiRNAs expressions
are correlated with various cancers and these
genes can act as tumor suppressors by negatively regulating oncogenic mRNAs or oncogenes by repressing target mRNAs of tumor
suppressor genes [8, 9]. MicroRNA-373 (miR373) is located on chromosome 19 at position
q13.4 and it’s an important oncogenic miRNA,
which control multiple cancer-related genes
and processes [10]. Studies have shown that
miR-373 expression is upregulated in several
human cancer types, including breast [11], gastric [12], thyroid [13], and bladder cancers [14]
by targeting multiple mRNAs such as LATS2 [9,
15], CD44 [16] and ITGA2 [17].
CD44 is a transmembrane glycoprotein, which
encodes a cell surface receptor for hyaluronan
[18] and is involved in cell-cell and cell-matrix
interactions, tumor metastasis and cell migration [19, 20]. Increased expression of CD44 is
associated with a favorable outcome, including
breast [21] and ovarian cancer [22] patients.
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Figure 1. Inverse correlation of miR-373 and CD44 expressions in human colon cancer tissue specimens. RNA was
extracted from colon tumor and adjacent normal tissues. (A) miR-373 and (B) CD44 expressions were determined
by qRT-PCR, normalized to U6 and GAPDH, respectively, are presented as relative to corresponding normal tissue.
The data are expressed as mean ± standard deviation. Statistical analyses were performed with Student’s t test.
P<0.0001 denotes significant differences between colon tumor tissues and their normal tissues.

Loss of CD44 expression has also been identified in metastatic prostate cancer [23] and
colon cancer [24], indicating that CD44 is a
metastatic suppressor gene. Studies have
reported that CD44 is targeted by several miRNAs, including miR-328, miR-34a and miR-373
[16, 25, 26]. However, the expression and role
of miR-373 and its mRNA target, CD44 in
human colon cancer tissues and cell lines have
not been examined.

FCS, and 1% penicillin/streptomycin. HT-29
cells were maintained in a DMEM medium containing 10% fetal bovine serum (FBS), 1% penicillin/streptomycin. All other cell lines were cultured in RPMI 1640 medium supplemented
with 10% FBS, 1% penicillin/streptomycin. All
cells were incubated in a humidified atmosphere composed of 5% CO2 at 37°C. All chemicals were purchased from Sigma-Aldrich (St
Louis, MO), unless otherwise stated.

In this study, we demonstrated for the first time
that miR-373 expression is upregulated in
colon cancer tissues and cell lines by directly
inhibiting CD44 expression. Subsequent cellular functional studies confirmed that miR-373
inhibited apoptosis and increased cell proliferation in colon cancer cells. Furthermore, miR373 decreased the expression of CD44 at both
mRNA and protein levels. Taken together, these
results suggest that inhibition of CD44 by miR373 stimulates colon cancer proliferation, may
be a potential therapeutic target in colon
cancer.

Clinical tumor samples

Methods
Human colon normal and cancer cell lines
The human normal epithelial colon cell line FHC
and cancer cell lines DLD1, HT-29 and HCT-15
were obtained from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). FHC
cells were cultured in DMEM: F12 medium supplemented with 10 ng/ml cholera toxin, 100
ng/mL hydrocortisone and 5 g/ml insulin 10%
12595

Human colon tumor samples (n=19) along with
adjacent normal tissues were immediately collected by biopsy or surgical resection from
patients admitted to the Changhai Hospital of
Shanghai, Yangpu, Shanghai, China. The patients have not been received pre-operative
chemotherapy or radiotherapy before surgery.
This study was approved by the Changhai
Hospital of Shanghai and informed consent
was obtained from patients for this study.
Quantitative real time-PCR (qRT-PCR) analysis
Total RNAs were extracted from tumor tissues
or cell lines using mirVanamiRNA isolation kit
(Ambion, USA). TaqMan probes (Invitrogen)
were used to measure miR-373 and CD44
expressions. U6 and GAPDH served as endogenous control, respectively. The PCR reactions
were carried in a total of 20 μl mixture containing 150 ng of cDNA, 10 μl of TaqMan 2X universal PCR master mix and 1 μl of probes. The PCR
reactions were run on the ABI Prism 7900 Fast
Int J Clin Exp Med 2016;9(7):12594-12602
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Figure 2. MiR-373 and CD44 expression in colon normal
and cancer cell lines. The colon normal (FHC) and cancer (DLD1, HT-29 and HCT-15) cell lines were subjected
to RNA extraction and measured (A) miR-373 and (B)
CD44 mRNA expressions as described in Figure 1. (C)
Proteins were extracted from normal and cancer cells
and subjected to western blot analysis with indicated
antibodies. The data are expressed as mean ± standard
deviation. p values were determined by Student’s t test.
*P<0.0001 compared with normal cells (FHC).

Figure 3. Ectopic expression of miR-373 reduces CD44 mRNA and protein
expressions in HCT-15 cells. (A) Ectopic expression of miR-373 in HCT-15
cells. QRT-PCR analyses demonstrating the efficiency of miR-373 overexpression by transfection of 20 nM miR-373 mimic or scrambled mimic
(control). (B) CD44 mRNA and (C) protein expression were measured as described in Figure 2 after transfection with scrambled or miR-373 mimics in
HCT-15 cells. The data are expressed as mean ± standard deviation. P values were determined by Student’s t test. *P<0.0001 compared with control.

Real-time PCR system for each gene and each
sample in triplicate as follows: 95°C for 10 min,
45 cycles of a 15 s denaturing at 95°C, and 1
min annealing at 60°C. SDS 2.1 Software (ABI)
was used to calculate miR-373 and CD44
expression levels, normalized to U6 and
GAPDH, respectively, and relative to their corresponding controls.
Western blot analysis
Total proteins were extracted from the cultured
cells using a lysis buffer containing 20 mM Tris
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(pH 7.5), 150 mM NaCl, 1 mM EDTA, 1% (v/v)
NP-40, 1 mM PMSF with protease inhibitor
cocktail. The protein concentrations of the
supernatant were determined using the BioRad assays. Equal amount of proteins were
separated in 10% SDS-PAGE, transferred to a
nitrocellulose membrane. The membranes
were incubated with primary antibodies for
overnight at 4°C. The following primary antibodies were used: CD44 (rat monoclonal, 1:1000
dilution, SC-18849) and β-actin (mouse monoclonal, 1:5000 dilution, SC-47778). The corresponding secondary IgG antibodies with alka-
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Figure 4. Knockdown of miR-373 increases CD44 mRNA and
protein expressions in HCT-15 cells. (A) Knockdown of miR-373
in HCT-15-cells. QRT-PCR analyses demonstrating the efficiency of miR-373 inhibition by 20 nM of miR-373 specific inhibitor
or negative control. (B) CD44 mRNA and (C) protein expressions were measured as described in Figure 2 after transfection with negative control or miR-373 inhibitor. The data are
expressed as mean ± standard deviation. P values were determined by Student’s t test. *P<0.0001 compared with control.

line phosphatase markers were used and incubated for 2 h at room temperature. All antibodies were purchased from Santa Cruz Biotechnology Inc, Santa Cruz, CA, USA. Reacted
proteins were detected with chemiluminescence reagent.

plates and the cells were cultured for 1 h at
37°C in 5% CO2. The absorbance at 450 nm
was measured using a DNM-9602 microplate
reader.

Transfection of miRNA mimics and inhibitors

Apoptotic cells was determined using FITC
Annexin V kit (BD Biosciences) according to the
manufacturer’s instruction as described previously [28]. Briefly, cells were trypsinized and
pelleted by centrifugation at 1,000 rpm for 5
min. The cell pellets were then resuspended in
binding buffer (500 μl), added 5 µl of Annexin
V-FITC and 5 µl of propidium iodide (50 µg/ml)
and incubated at room temperature for 5 min in
the dark. Flow cytometry was performed in a
FACScan (BD Biosciences). For each data point,
triplicate samples were analyzed and the experiments were reproduced three times.

The synthetic miR-373 mimic (miR-373 mimic)
and its scrambled control (control) or miR-373
inhibitor and its negative control (control) were
from GenePharma (Shanghai, China). Transfection of either mimic or inhibitor was carried
out using Lipofectamine (Invitrogen, Carlsbad,
CA) according to the manufacturer’s protocol.
In brief, about 4×105 cells/well were seeded in
a six-well plate. One day after plating, the cells
were transfected with 20 nM of either mimic or
inhibitor with Lipofectamine (Life Technologies,
Grand Island, NY). The media were changed
with fresh growth medium after 6 h of transfection. After 48 h of transfection, cells were collected for subsequent analysis.
Cell proliferation assay
WST-8 Cell Counting Kit-8 was used (CCK-8;
Dojindo, Japan) to measure cell proliferation by
flow cytometry as described previously [27].
Cells were transfected with either mimic or
inhibitor or corresponding negative control.
After transfection of 48 h, cells were seeded
onto 96-well culture plates at a density of 600
cells/well. After 72 h of incubation, 10 μl CCK-8
was added to each well of the 96-well assay
12597

Apoptosis assay

Statistical analysis
Significant differences were assessed with the
Student’s t test and one-way analysis of variance using SPSS 17.0 software package.
Results are presented as mean standard deviation (SD). A p value <0.05 was considered as
statistically significant.
Results
miR-373 is upregulated in human colon cancer tissues and cell lines
To assess the expression of miR-373 in human
colon tissues, we evaluated miR-373 expresInt J Clin Exp Med 2016;9(7):12594-12602
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was measured in colon tumor
tissues and adjacent normal tissues. CD44 expression was significantly (P<0.0001) decreased
in tumor tissues when compared with normal tissues
(Figure 1B).
To test whether miR-373 expression is upregulated in different
colon cancer cells, we examined
miR-373 expression levels in
normal and colon cancer cell
lines by qRT-PCR. As shown in
Figure 2A, the expression of
miR-373 was significantly (P<
0.0001) reduced in DLD1, HT-29
and HCT-15 colon cancer cells
as compared to FHC colon normal cell line. Subsequently, we
examined the CD44 mRNA
(Figure 2B) and protein (Figure
2C) expressions in these cell
lines. The CD44 mRNA and protein expressions were considerably decreased in all colon cancer cells, suggesting that CD44
expression is inversely correlated with miR-373 expression in
both tumor tissues and cell
lines.

Figure 5. Overexpression of miR-373 inhibits apoptosis and increases cell
proliferation in HCT-15 cells. A. HCT-15 cells were harvested after 48 h
transfection of scrambled or miR-373 mimics and apoptosis was measured by FITC Annexin-V analysis. The representative flow cytometry images and percentage of apoptotic cells are presented. B. Proliferation of
HCT-15 cells were measured by WST-8 assay kit after transfection with
scrambled or miR-373 mimics and expressed as percentage. Data represent three independent experiments. P values were determined by Student’s t test. *P<0.0001 compared with control.

sion in 19 matched pairs of colon cancer and
their normal tissues byqRT-PCR. As shown in
Figure 1A, the expression levels of miR-373
were significantly increased (P<0.0001) in
tumor tissues as compared with matched normal tissues. Previous study has demonstrated
that miR-373 expression is upregulated in
breast cancer by targeting CD44. However, the
links between miR-373 and CD44 in colon cancer are unknown. Hence, we sought to evaluate
the relationship between miR-373 and CD44 in
colon cancer; the mRNA expression of CD44
12598
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To see whether ectopic expression of miR-373 affects CD44
expression in colon cancer, we
performed overexpression experiments in HCT-15 cells. As
shown in Figure 3A, cells transfected with miR-373 mimics
showed higher expression of
miR-373 in relative to control mimic transfected cells. Overexpression of miR-373 decreased
the mRNA and protein levels of CD44 in HCT-15
cell as compared to control cells (Figure 3B,
3C).
We then analyzed the loss-of function of miR373 in HCT-15 cells by inhibiting miR-373
expression with specific inhibitor. As shown in
Figure 4A, cells transfected with miR-373
inhibitor showed lower expression of miR-373
in relative to control inhibitor transfected cells.
Int J Clin Exp Med 2016;9(7):12594-12602
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373 on HCT-15 cell death
and proliferation. The miR373 mimic transfected cells
showed a significant decrease (P<0.0001) of apoptotic cells and concomitantly
increase the cell number as
compared with control cells
(Figure 5A, 5B).
On the other hand, knockdown of miR-373 by specific
inhibitor significantly (P<
0.0001) induced cell death
and conversely, deceased
HCT-15 cell proliferation,
comparing to negative control inhibitor (Figure 6A, 6B).
Collectively, these results
suggest that miR-373 exhibits a positive role on the proliferation of colon cancer.
Discussion
Accumulation of cells with
well documented genetic
and epigenetic changes can
progresses colon cancer
from a benign polyp to a
malignant adenocarcinoma.
Specific genetic changes
are starting to inform therapeutic approaches and guide treatment decisions. The
most research on colon
cancer has been focused
on genetic and epigenetic
Figure 6. Inhibition of miR-373 induces apoptosis and decreases cell proliferachanges in coding genes for
tion in HCT-15 cells. A. After 48 h transfection of miR-373 inhibitor in HCT-15
their role in colon cancer inicells, apoptosis was measured by FITC Annexin-V analysis. The representative
tiation and progression. The
flow cytometry images and percentage of apoptotic cells are presented. B.
HCT-15 cells were transfected with miR-373 inhibitor as described in panel
global expression of miRNAs
A. Cell proliferation was measured by WST-8 assay kit and expressed as peris deregulated in most cancentage. Data represent three independent experiments. P values were detercer types. Recent findings
mined by Student’s t test. *P<0.0001 compared with control.
revealed that miRNA deregulation in human cancers
As we expected, CD44 mRNA and protein
occur by multiple mechanisms, including tranexpressions were markedly increased in miRscriptional deregulation, epigenetic alterations,
373 knockdown cells (Figure 4B, 4C), indicating
dysfunction of key proteins in miRNA biogenethat CD44 is a direct target for miR-373.
sis pathway, mutation and DNA copy number
abnormalities. Studies have suggested that
MiR-373 modulates apoptosis and cell prolifmiRNA expression would be downregulated in
eration of colon cancer cells
human tumors relative to normal tissues, and
other studies reported a tumor-specific mixed
Apoptosis and WST-8 cell proliferation assays
pattern of downregulation and upregulation of
were performed to analysis the effects of miR12599
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miRNA genes [29]. Several studies have reported that many miRNAs, including let-7, miR-9,
21, 34, 143, 145, 342 and 345 play important
roles in the colon cancer senescence, proliferation, invasion and metastasis by regulating different genes (Reviewed in [30]). MiR-373 is
localized in chromosome 19 at position q13.4.
MiR-373 is overexpressed in many cancer
types, however its expression and function has
not been studied in colon cancer. Thus, the aim
of this study was to examine the miR-373
expression in colon cancer tissues might lead
to the discovery of novel biomarkers for this
lethal disease.
In the present study, we demonstrated for the
first time that miR-373 was upregulated in
colon cancer tissues and cell lines in relative to
adjacent normal tissues and colon normal cell
lines. Interestingly, CD44, a direct target of
miR-373, expression was significantly decreased in both cancer tissues and cell lines.
Subsequent loss-of-function and gain-of-function showed that miR-373 decreased cell death
and increased cell proliferation by altering
CD44 expression. These results suggested
that miR-373 has an oncogenic role by targeting tumor suppressor gene CD44, may contribute to the progression and metastasis of colon
cancer.
Several in vitro studies demonstrated that the
upregulation of miR-373 enhanced cell proliferation of human liver carcinoma [31] and testicular germ cell [15]. However, other study reported that miR-373 expression is downregulated in cholangiocarcinoma and is associated
with poor cell differentiation, advanced clinical
stage, and shorter survival [32]. These controversial results suggest that miR-373 expression is perhaps tumor specific and highly
dependent on its targets in different cancers.
Multiple studies reported that tumor suppressors, including LATS2, PPP6C, DKK1, TNFAIP1
and TP53INP1 are direct target of miR373 (Reviewed in [33]), indicating that miR-373
promotes cell proliferation and tumor progression. Consistent with majority of previous
reports as oncogenic miR-373, our data from
qRT-PCR analysis exhibited that miR-373 is
upregulated in all colon tumor tissues, suggesting that miR-373 may act as oncogene in colon
cancer progression.
Studies have been reported that increased
expression of CD44 is associated with a favor12600

able outcome, including breast cancer [21] and
ovarian cancer [22]. In addition, CD44 expression is downregulated in metastatic prostate
cancer [23] and colon cancer [24], indicating
that CD44 is a metastatic suppressor gene. In
this study, we showed that CD44 was downregulated in colon cancer tissues and cells
as compared to normal adjacent tissues.
The expression of CD44 was negatively
correlated with miR-373 levels. Therefore, the
downregulation of CD44 expression by miR373 may accelerate the progression of colon
cancer.
In conclusion, miR-373 is frequently increased
in colon cancer tissues and cell lines and is a
potential oncogenic miRNA. Thus, our findings
suggest that miR-373 might be a potential clinical marker and therapeutic target for the prevention of colon cancer. However, further studies are needed to investigate the molecular
mechanisms by which miR-373 promotescolon
cancer through the downregulation of CD44.
Disclosure of conflict of interest
None
Address correspondence to: Mei Wang, Department
of Oncology, Changhai Hospital of Shanghai, 168
Changhai Road, Yangpu, Shanghai 200433, China.
Tel: +86-215-5786628; E-mail: meiwang199@hotmail.com

References
[1]

[2]
[3]

[4]

[5]

Heavey PM, McKenna D and Rowland IR. Colorectal cancer and the relationship between
genes and the environment. Nutr Cancer
2004; 48: 124-141.
Terzic J, Grivennikov S, Karin E and Karin M.
Inflammation and colon cancer. Gastroenterology 2010; 138: 2101-2114, e5.
Chan DS, Lau R, Aune D, Vieira R, Greenwood
DC, Kampman E and Norat T. Red and processed meat and colorectal cancer incidence:
meta-analysis of prospective studies. PLoS
One 2011; 6: e20456.
Doubeni CA, Laiyemo AO, Major JM, Schootman
M, Lian M, Park Y, Graubard BI, Hollenbeck AR
and Sinha R. Socioeconomic status and the
risk of colorectal cancer: an analysis of more
than a half million adults in the National
Institutes of Health-AARP Diet and Health
Study. Cancer 2012; 118: 3636-3644.
Fidler IJ. Critical factors in the biology of human cancer metastasis: twenty-eighth G.H.A.

Int J Clin Exp Med 2016;9(7):12594-12602

MiR-373 regulates human colon cancer

[6]

[7]

[8]
[9]
[10]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

Clowes memorial award lecture. Cancer Res
1990; 50: 6130-6138.
Krol J, Loedige I and Filipowicz W. The widespread regulation of microRNA biogenesis,
function and decay. Nat Rev Genet 2010; 11:
597-610.
Kasinski AL and Slack FJ. Epigenetics and genetics. MicroRNAs en route to the clinic: progress in validating and targeting microRNAs for
cancer therapy. Nat Rev Cancer 2011; 11:
849-864.
Ventura A and Jacks T. MicroRNAs and cancer:
short RNAs go a long way. Cell 2009; 136:
586-591.
Hammond SM. MicroRNAs as tumor suppressors. Nat Genet 2007; 39: 582-583.
Al-Khalaf HH, Mohideen P, Nallar SC,
Kalvakolanu DV and Aboussekhra A. The cyclin-dependent kinase inhibitor p16INK4a
physically interacts with transcription factor
Sp1 and cyclin-dependent kinase 4 to transactivate microRNA-141 and microRNA-146b-5p
spontaneously and in response to ultraviolet
light-induced DNA damage. J Biol Chem 2013;
288: 35511-35525.
O’Day E and Lal A. MicroRNAs and their target
gene networks in breast cancer. Breast Cancer
Res 2010; 12: 201.
Zhang X, Li X, Tan Z, Liu X, Yang C, Ding X, Hu X,
Zhou J, Xiang S, Zhou C and Zhang J.
MicroRNA-373 is upregulated and targets
TNFAIP1 in human gastric cancer, contributing
to tumorigenesis. Oncol Lett 2013; 6: 14271434.
Santarpia L, Calin GA, Adam L, Ye L, Fusco A,
Giunti S, Thaller C, Paladini L, Zhang X, Jimenez
C, Trimarchi F, El-Naggar AK and Gagel RF. A
miRNA signature associated with human metastatic medullary thyroid carcinoma. Endocr
Relat Cancer 2013; 20: 809-823.
Guancial EA, Bellmunt J, Yeh S, Rosenberg JE
and Berman DM. The evolving understanding
of microRNA in bladder cancer. Urol Oncol
2014; 32: 41, e31-40.
Voorhoeve PM, le Sage C, Schrier M, Gillis AJ,
Stoop H, Nagel R, Liu YP, van Duijse J, Drost J,
Griekspoor A, Zlotorynski E, Yabuta N, De Vita
G, Nojima H, Looijenga LH and Agami R. A genetic screen implicates miRNA-372 and miRNA-373 as oncogenes in testicular germ cell
tumors. Cell 2006; 124: 1169-1181.
Huang Q, Gumireddy K, Schrier M, le Sage C,
Nagel R, Nair S, Egan DA, Li A, Huang G, KleinSzanto AJ, Gimotty PA, Katsaros D, Coukos G,
Zhang L, Pure E and Agami R. The microRNAs
miR-373 and miR-520c promote tumour invasion and metastasis. Nat Cell Biol 2008; 10:
202-210.
Ding W, Fan XL, Xu X, Huang JZ, Xu SH, Geng Q,
Li R, Chen D and Yan GR. Epigenetic Silencing

12601

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

of ITGA2 by MiR-373 Promotes Cell Migration
in Breast Cancer. PLoS One 2015; 10:
e0135128.
Ponta H, Sherman L and Herrlich PA. CD44:
from adhesion molecules to signalling regulators. Nat Rev Mol Cell Biol 2003; 4: 33-45.
Weber GF, Ashkar S, Glimcher MJ and Cantor
H. Receptor-ligand interaction between CD44
and osteopontin (Eta-1). Science 1996; 271:
509-512.
Taher TE, van der Voort R, Smit L, Keehnen
RM, Schilder-Tol EJ, Spaargaren M and Pals ST.
Cross-talk between CD44 and c-Met in B cells.
Curr Top Microbiol Immunol 1999; 246: 31-37;
discussion 38.
Diaz LK, Zhou X, Wright ET, Cristofanilli M,
Smith T, Yang Y, Sneige N, Sahin A and
Gilcrease MZ. CD44 expression is associated
with increased survival in node-negative invasive breast carcinoma. Clin Cancer Res 2005;
11: 3309-3314.
Voutilainen K, Anttila M, Sillanpaa S, Tammi R,
Tammi M, Saarikoski S and Kosma VM.
Versican in epithelial ovarian cancer: relation
to hyaluronan, clinicopathologic factors and
prognosis. Int J Cancer 2003; 107: 359-364.
Jaeger EB, Samant RS and Rinker-Schaeffer
CW. Metastasis suppression in prostate cancer. Cancer Metastasis Rev 2001; 20: 279286.
Choi SH, Takahashi K, Eto H, Yoon SS and
Tanabe KK. CD44s expression in human colon
carcinomas influences growth of liver metastases. Int J Cancer 2000; 85: 523-526.
Yu G, Xu K, Xu S, Zhang X, Huang Q and Lang
B. [MicroRNA-34a regulates cell cycle by targeting CD44 in human bladder carcinoma
cells]. Nan Fang Yi Ke Da Xue Xue Bao 2015;
35: 935-940.
Jeyapalan Z, Deng Z, Shatseva T, Fang L, He C
and Yang BB. Expression of CD44 3’-untranslated region regulates endogenous microRNA
functions in tumorigenesis and angiogenesis.
Nucleic Acids Res 2011; 39: 3026-3041.
Tanaka E, Hashimoto Y, Ito T, Kondo K,
Higashiyama M, Tsunoda S, Ortiz C, Sakai Y,
Inazawa J and Shimada Y. The suppression of
aurora-A/STK15/BTAK expression enhances
chemosensitivity to docetaxel in human esophageal squamous cell carcinoma. Clin Cancer
Res 2007; 13: 1331-1340.
Shin D, Kwon HY, Sohn EJ, Nam MS, Kim JH,
Lee JC, Ryu SY, Park B and Kim SH. Upregulation
of Death Receptor 5 and Production of
Reactive Oxygen Species Mediate Sensitization
of PC-3 Prostate Cancer Cells to TRAIL Induced
Apoptosis by Vitisin A. Cell Physiol Biochem
2015; 36: 1151-1162.
Deng S, Calin GA, Croce CM, Coukos G and
Zhang L. Mechanisms of microRNA deregula-

Int J Clin Exp Med 2016;9(7):12594-12602

MiR-373 regulates human colon cancer
tion in human cancer. Cell Cycle 2008; 7:
2643-2646.
[30] Schetter AJ, Okayama H and Harris CC. The
role of microRNAs in colorectal cancer. Cancer
J 2012; 18: 244-252.
[31] Cairo S, Wang Y, de Reynies A, Duroure K,
Dahan J, Redon MJ, Fabre M, McClelland M,
Wang XW, Croce CM and Buendia MA. Stem
cell-like micro-RNA signature driven by Myc in
aggressive liver cancer. Proc Natl Acad Sci U S
A 2010; 107: 20471-20476.

12602

[32] Chen Y, Luo J, Tian R, Sun H and Zou S. miR373 negatively regulates methyl-CpG-binding
domain protein 2 (MBD2) in hilar cholangiocarcinoma. Dig Dis Sci 2011; 56: 1693-1701.
[33] Wei F, Cao C, Xu X and Wang J. Diverse functions of miR-373 in cancer. J Transl Med 2015;
13: 162.

Int J Clin Exp Med 2016;9(7):12594-12602

