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Abstract

The function of microRNA-27a (miR-27a) expression in cholangiocarcinoma (CCA) remains largely unclear; therefore,
this study aimed to investigate the clinical significance and functional role of miR-27a in CCA. This study included 117
paired CCA tissues and adjacent normal tissues from CCA patients who received surgical resection. Reverse transcription-
quantitative polymerase chain reaction was used to measure the expression levels of miR-27a in CCA tissues and cell lines.
A Kaplan—Meier curve and Cox regression analysis were used to determine overall prognostic performance. The effects of
miR-27a on cell proliferation, migration, and invasion were measured by CCK-8 and Transwell assays. The expression levels
of miR-27a in patients with CCA and cell lines were higher than those in adjacent normal tissues and normal cells, respec-
tively. Additionally, miR-27a levels were found to be associated with lymph node metastasis and TNM stages. The overall
survival time of CCA patients with high miR-27a expression was poorer than that of those with low miR-27a expression.
Furthermore, miR-27a overexpression promoted CCA cell proliferation, migration, and invasion, whereas knockdown of
miR-27a suppressed cell proliferation, migration, and invasion. Taken together, these results suggest the potential usefulness
of miR-27a in the prognosis and progression of CCA.
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Abbreviations CI Confidence interval
CCA Cholangiocarcinoma TNM Tumor—-node—metastasis
gRT-PCR Reverse transcription-quantitative polymerase

chain reaction

miRNAs  MicroRNAs Introduction
HIBEpic  Human intrahepatic bile duct epithelial cell

line Cholangiocarcinoma (CCA) is a highly aggressive malignant
NCs Negative controls tumor that is difficult to diagnose and has a high mortality
cDNA Complementary DNA rate; it originates from the ductular epithelium of the biliary
CCK-8 Cell counting kit-8 tree [1]. CCA is still common in Asia, but the incidence of
HR Hazard ratio CCA has significantly increased globally in recent years in

countries, such as in Europe and North America [2]. Radi-
cal surgery is the only curative treatment for CCA; however,
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important regulators of gene expression at the posttranscrip-
tional level that directly bind to the 3'-UTR of target mRNAs
[7, 8]. Increasing evidence has confirmed that miRNAs, such
as miR-545 [9], miR-433 [10], and miR-300 [11], are aber-
rantly expressed in various diseases, including cancers, and
function as oncogenes or suppressor gene. miR-27a has been
indicated to participate in tumor biology and act as a prom-
ising biomarker and potential therapeutic target in various
tumors [12]. In a miRNA profiling study, Collins AL and
colleagues identified miR-27a as one of the overexpressed
miRNAs in CCA tissues [13]. However, the clinical signifi-
cance and functional role of miR-27a in CCA remain largely
unclear.

In this study, we first explored the expression levels of
miR-27a in CCA tissues and cell lines. Next, the clinical
significance of miR-27a was analyzed. Finally, the potential
functional role of miR-27a in CCA was further investigated.
The results of this study suggest that miR-27a may function
in an oncogenic role in CCA through promoting cell prolif-
eration, migration, and invasion, and it may be a prognostic
marker and therapeutic strategy for CCA.

Materials and methods
Patient and tissue specimens

All the experiments in this study were approved by the Eth-
ics Committee of the Affiliated Hospital of Weifang Medi-
cal University. In total, 117 CCA patients who underwent
surgical treatment were enrolled in this study between Jan-
uary 2010 and December 2013 at the Affiliated Hospital
of Weifang Medical University. Paired CCA tissues and
matched adjacent normal tissues were obtained from these
patients and immediately place in liquid nitrogen and stored
at — 80 °C. According to the ethical and legal standards, all
specimens were made anonymous. All patients included in
this study did not receive radiotherapy, chemotherapy, or
immunotherapy before surgical treatment. All the patients
received the standardized treatments (gemcitabine plus
cisplatin as first-line treatment) according to the Chinese
Society of Clinical Oncology (CSCO) guideline after sur-
gical resection. The clinicopathological characteristics of
CCA patients were collected and are listed in Table 1. All
patients included had undergone surgical resection, and at
least 5-year follow-up information was available for analy-
sis. Follow-up data were collected every 3 months through
the first 2 years, every 6 months during 3 and 4 years, and
12 months in the last year.
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Table 1 Association between miR-27a expression and clinicopatho-
logical variables of CCA patients

Characteristics No. of miR-27a expression P values
cases
(n=117) Low (n=57) High (n=60)
Age 0.300
<60 62 33 29
> 60 55 24 31
Sex 0.103
Male 67 37 30
Female 50 20 30
Differentiation 0.209
Well-moder- 67 36 31
ate
Poor 50 21 29
Lymph node metastasis 0.032
Negative 62 36 26
Positive 55 21 34
TNM stage
I-1I 63 37 26 0.019
-1v 54 20 34

TNM tumor—-node—metastasis

Cell culture and transfection

The CCA cell lines HuCCT1, RBE, HuH28, and QBC939,
and a human intrahepatic bile duct epithelial cell line
(HIBEpic) were purchased from the cell bank of the Insti-
tute of Biochemistry and Cell Biology (Shanghai, China).
All cells were cultured in RPMI-1640 (Invitrogen, Carls-
bad, CA, USA) medium supplemented with 10% FBS
(Gibco, USA) at 37 °Cin a 5% CO, incubator.

The miR-27a mimic, inhibitor, and corresponding neg-
ative controls (NCs; mimic NC and inhibitor NC) were
purchased from Gene Pharma (Shanghai, China) and trans-
fected into CCA cells using Lipofectamine 3000 (Invitro-
gen, Thermo Fisher Scientific, Inc.).

RNA extraction and quantitative real-time PCR
(qRT-PCR)

Total RNA was extracted using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) from CCA tissues and cell lines fol-
lowing the manufacture’s instruction. Purified total RNA
was reverse-transcribed into complementary DNA (cDNA)
using M-MLV Reverse Transcriptase (Promega, Madison,
Wisconsin). The qRT-PCR was run using SYBR Premix
Ex Tagq II (Takara, Dalian, China) on an ABI 7500 sys-
tem (Applied Biosystems, Foster City, California, USA).
The relative expression levels of miR-27a were calculated
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using 2724C methods. U6 was an endogenous control for
normalization.

CCK-8 assay

The effect of miR-27a on cell proliferation was calculated
using the Cell counting kit-8 (CCK-8) assay (Dojindo,
Kumamoto, Japan). Transfected cells were suspended with
5000 cells/well in 96-well plates and incubated at 37 °C in
a humidified chamber with 5% CO,. At 0, 24, 48, and 72 h
after the cell-seeded, the CCK-8 kit was added into each
well and the cells were incubated for 2 h. Absorbance was
measured at 450 nm using a microplate spectrophotometer
(Thermo Fisher Scientific, Inc.).

Transwell migration and invasion assays

The effect of miR-27a on cell migration and invasion was
investigated using Transwell migration and invasion assays.
For the Transwell invasion assays, the top chamber was pre-
coated Matrigel (BD Biosciences, Franklin Lakes, NJ, USA).
Meanwhile, no Matrigel was added for the Transwell migra-
tion assays. A total of 5x 10* cells in serum-free medium
were placed in the upper chambers at 37 °C with 5% CO,.
Medium containing 10% FBS was used as the attractant and
added to the bottom chamber. After incubation for 24 h, the
migrated/invaded cells on the lower sides of the membrane
were fixed, stained, and counted with a microscope with at
least five random fields.

Statistical analysis
Data from at least three independent experiments are pre-
sented as the mean + SD. The statistical analysis was per-

formed using SPSS 20.0 statistical software (SPSS, Inc.,
Chicago, IL, USA) and GraphPad Prism 5.0 software
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Fig. 1 The relative miR-27a expression in CCA tissues and cells was
determined using a qRT-PCR assay. a The relative miR-27a expres-
sion was upregulated in CCA tissues compared with the normal tis-

(GraphPad Software, Inc., La, Jolla, CA, USA). The ;(2 tests,
Student’s ¢ test, and one-way ANOVA were used for com-
parisons. Kaplan—-Meier methods were used to calculate sur-
vival curves, and a multivariate Cox regression analysis was
performed using the Cox proportional hazards model with
enter version to assess the prognostic risk factors for progno-
sis. Differences were considered significant when P <0.05.

Results
Expression of miR-27a in CCA tissues and cell lines

From the qRT-PCR analysis, the expression levels of miR-
27a were found to be increased in tumor tissue specimens
of CCA patients compared with adjacent normal tissues
(P<0.001, Fig. 1a). Moreover, the levels of miR-27a were
higher in all CCA cells than in the HiBEC cells (P <0.001,
Fig. 1b).

Relationship of the expression level of miR-27a
with clinicopathological features of patients
with CCA

The relationship of the expression of miR-27a with the
clinicopathological characteristics of CCA patients was
analyzed. According to the relative mean expression level
(1.915) of miR-27a in CCA tissue samples as a cutoff value,
the CCA patients were divided into two groups, including
the low miR-27a expression group (n=57) and the high
miR-27a expression group (n=60). As shown in Table 1,
the expression level of miR-27a was significantly associated
with lymph node metastasis (P =0.032) and clinical stage
(P=0.019). However, no correlations were found between
the expression of miR-27a and other clinical features of CCA
patients, including age, sex, and differentiation (P> 0.05).
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Upregulation of miR-27a is associated with poor
prognosis in CCA patients

The results of the Kaplan—Meier survival curve analysis
using the overall survival information of CCA patients
indicated that CCA patients with high expression of miR-
27a had a lower overall survival rate than those with low
expression of miR-27a (log-rank test P=0.029, Fig. 2). The
prognostic significance of miR-27a was evaluated using mul-
tivariate Cox regression analyses. First, the univariate Cox
regression analysis results showed that miR-27a, age, lymph
node metastasis, and TNM stage were risk factors for CCA

08 Low miR-27a expression n =57

0.6 —

Overall survival

High miR-27a expression n = 60
0.4 -

0.2 -

Log-rank P = 0.029

0.0 1 1 1 1 I I
.00 10.00 20.00 30.00 40.00 50.00 60.00

Time (months)
Number at risk
low 57 49 35 25 15 5 4
high 60 50 35 24 14 5

Fig.2 Kaplan—Meier curve of the overall survival of all 117 CCA
patients with available 5-year follow-up data based on miR-27a
expression in tissues. Log-rank test P=0.029

patients (all P <0.05, Table 2). Furthermore, all variables
with a P-value of less than 0.1 in the univariate analysis
were included in a final multivariate Cox regression analy-
sis to identify independent risk factors. The results revealed
that miR-27a expression (HR =2.099, 95% CI 1.089-4.048,
P=0.027), lymph node metastasis (HR=1.997, 95% CI
1.037-3.847, P=0.039), and TNM stage (HR =2.244, 95%
CI 1.063—-4.738, P=0.034) were independently associated
with the overall survival (Table 2).

Overexpression of miR-27a promotes proliferation,
migration, and invasion of CCA cells

The confirmation of the clinical significance of miR-27a
led us to investigate the biological role of miR-27a in CCA
progression. We overexpressed miR-27a using miR-27a
mimic and downregulated miR-27a by miR-27a inhibitor
in Huh28 and QBC939 cells (P <0.001, Fig. 3a). Both cell
lines had relatively high miR-27a expression levels and were
chosen for subsequent analysis. The CCK-8 assays indicated
that overexpression of miR-27a promoted the proliferation
of CCA cells, while downregulation of miR-27a inhibited
the proliferation of CCA cells at 48 h and 72 h (P <0.05,
Fig. 3b). The Transwell migration and invasion assays clar-
ified that overexpression of miR-27a enhanced CCA cell
migration and invasion, while miR-27a knockdown sup-
pressed CCA cell migration and invasion (P <0.01, Fig. 4a,
b).

Discussion

CCA is a rare form type of cancer; however, patients with
CCA are usually in advanced stages at the time of initial
diagnosis, which makes their tumors unsuitable for surgi-
cal resection and leads to a high mortality rate with a poor
prognosis [14]. In recent years, CCA research has received
a more specific focus on the treatment of this disease [15,
16]. For example, a heat shock protein 90 (HSP90) inhibi-
tor 17-AAG inhibits CCA cell growth and induces apopto-
sis in human CCA cells, providing a promising therapeutic

Table 2 Cox regression

- e Variables Univariate Cox analysis Multivariate Cox analysis

analysis of clinical parameters

concerning the overall survival HR 95% CI P value HR 95% CI P value

of CCA patients
miR-27a 1.921 1.030-3.583 0.040 2.099 1.089-4.048 0.027
Age 1.876 1.021-3.447 0.043 1.533 0.803-2.925 0.195
Sex 1.821 0.950-3.489 0.071 1.709 0.849-3.439 0.133
Differentiation 1.806 0.929-3.511 0.081 1.759 0.839-3.689 0.135
Lymph node metastasis 1.839 1.001-3.377 0.049 1.997 1.037-3.847 0.039
TNM stage 2.771 1.445-5.312 0.002 2.244 1.063-4.738 0.034

HR hazard ratio, CI confidence interval, TNM tumor—node—metastasis
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Fig.3 Overexpression of miR-27a promoted cell proliferation in
CCA cells (Huh28 and QBC939), while the downregulation of miR-
27a inhibited cell proliferation. a The expression of miR-27a was
significantly higher following transfection with a miR-27a mimic but

strategy for the treatment of CCA [17]. An increasing num-
ber of studies have revealed a close connection between
the aberrant expression of miRNAs and the progression of
cancers [18]. MiRNAs can function as oncogenes or tumor
suppressor genes in the development and progression of can-
cers, including CCA [19]. Considering the important role
of miRNAs in cancer, finding novel effective biomarkers
associated with the progression of CCA is still essential.
Multiple miRNAs have been identified as potential
diagnostic/prognostic biomarkers in various types of can-
cers [20-22]. As reported, numerous miRNAs are aber-
rantly expressed in CCA and involved in the development
and progression of CCA [23, 24]. For example, miR-29a
is significantly upregulated in tissues and associated with
the progression of CCA, and it may be a prognostic bio-
marker in CCA [25]. A previous study reported miR-27a
as one of the dysregulated miRNAs in CCA [13]; however,
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significantly lower following transfection with a miR-27a inhibitor.
*##%P <0.001 versus untreated cells. b Effects of miR-27a on cell pro-
liferation. *P <0.05 versus untreated cells

the potential role of miR-27a in CCA is still unclear. In the
current study, we revealed that miR-27a expression was sig-
nificantly upregulated in CCA tissues and cells. Besides,
the upregulation of miR-27a was associated with the poor
overall survival of CCA patients. Furthermore, miR-27a may
play an oncogenic role in the progression of CCA.

In the present study, miR-27a was upregulated in CCA
tissues and cells, which is consistent with previously pub-
lished data [13] and the expression pattern in several types
of cancer [26]. Previous studies have shown that miR-27a
is upregulated in many cancers, including pancreatic ductal
adenocarcinoma [26], ovarian cancer [27], and gastric can-
cer [28]. On the other hand, some studies have demonstrated
that miR-27a is downregulated in esophageal squamous
cell carcinoma [29], ovarian cancer [30], and non-small
cell lung cancer [31]. Thus, miR-27a may play an onco-
genic role or tumor suppressor role depending on the type
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Fig.4 Overexpression of miR-27a promoted the cell migration and invasion of CCA cells, while inhibition of miR-27a suppressed both cellular
behaviors. Effects of miR-27a on cell migration (a) and invasion (b). **P <0.01, ***P <0.001 versus untreated cells

of cancer. Besides, overexpression of miR-27a was signifi-
cantly associated with positive lymph node metastasis and
advanced TNM stages of CCA patients in the current study,
suggesting that miR-27a expression may be involved in the
development of CCA. Tang et al. [32] demonstrated that
high miR-27a expression was associated with poor overall
survival of breast cancer patients, suggesting that miR-27a
could be a valuable marker of breast cancer progression.
Interestingly, high miR-27a expression was also found to be
correlated with shorter overall survival of CCA patients and
miR-27a might be an independent prognostic predictor for
patients with CCA. The prognostic significance of miR-27a
in CCA was similar to that in several other cancers, such as
colorectal cancer [33] and esophageal squamous cell carci-
noma [34].

Moreover, we investigated the functional role of miR-
27a in the progression of CCA through the upregulation or
knockdown of miR-27a. The cell experiment results showed
that overexpression of miR-27a promoted cell proliferation,

@ Springer

migration, and invasion, whereas knockdown of miR-27a
suppressed these biological behaviors, suggesting the
oncogenic role of miR-27a in regulating the progression of
CCA. These results are consistent with the role of miR-27a
in several other cancers. For instance, miR-27a promoted
proliferation, migration, invasion, and suppressed apopto-
sis of colorectal cancer cells by targeting RXRa [33]. In
colon cancer, miR-27a could promote the proliferation and
invasion of colon cancer cells by targeting SFRP1 through
the Wnt/B-catenin signaling pathway [35]. In another study,
miR-27a acted as an oncogene involved in the development
and progression of ovarian cancer by targeting BTG1 [30].
Despite all of these studies, few clinical and functional stud-
ies on miR-27a in CCA exist. Our findings further demon-
strate the cell- and tissue-specific functions of miR-27a in
CCA. These findings in CCA suggest that miR-27a may be a
novel prognostic marker and play an oncogenic role in CCA.
In our future investigations, we will determine the detailed
molecular mechanism of miR-27a in CCA.
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Taken together, this study demonstrated that miR-27a
expression was upregulated in CCA and associated with
poor overall survival of CCA patients. Moreover, miR-27a
may play an oncogenic role in CCA by promoting tumor
cell proliferation, migration, and invasion. These results
suggest that miR-27a might be a prognostic biomarker and
a promising therapeutic target for CCA patients.
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