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Abstract The 14-3-3 proteins are highly conserved mole-
cules that are involved in many vital biologic processes and
are associated with the progression of cancer. The role of 14-
3-3(, a dimeric isoform of 14-3-3, in intrahepatic cholangio-
carcinoma (ICC) was investigated in this study. The expres-
sion of 14-3-3( in tumour samples from patients with ICC was
examined by Western blot and immunohistochemistry, and the
correlation between its expression and various clinicopatho-
logical features was determined. Then, the capacity for inva-
sion, migration and proliferation as well as the expression of
epithelial-mesenchymal transition (EMT)-related markers in
ICC cells were assessed after 14-3-3C depletion. Finally, the
prognostic significance of 14-3-3C in patients with ICC was
further evaluated by Kaplan—-Meier and Cox regression
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analyses. The expression of 14-3-3( was significantly higher
in ICC tissues compared to peritumoural tissues. High expres-
sion of 14-3-3( positively correlated with lymphatic metasta-
sis and tumour—node—metastasis (TNM) stage. The inhibition
of 14-3-3( expression was able to impair the invasion, migra-
tion and proliferation of ICC cells in vitro. The expression of
14-3-3¢ was significantly correlated with the expression of the
EMT-related markers snail and E-cadherin in ICC samples.
Moreover, the down-regulation of 14-3-3C also decreased the
phosphorylation of extracellular signal-regulated kinase
(ERK) in ICC cells. Clinically, patients with ICC with high
14-3-3C expression demonstrated a poor prognosis in terms of
a short overall survival and a high recurrence rate of the
disease. A multivariate analysis revealed that 14-3-3( overex-
pression was an independent prognostic indicator for patients
with ICC. 14-3-3C may enhance the invasive and proliferative
capacity of tumour cells and thus prompt the progression of
ICC via the activation of ERK signalling and the induction of
EMT. The overexpression of 14-3-3( may be used as a prog-
nostic biomarker and therapeutic target in patients with ICC.

Keywords 14-3-3C - Intrahepatic cholangiocarcinoma -
Epithelial-mesenchymal transition - Metastasis

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common liver cancer and represents a diverse group of epi-
thelial tumours with a late diagnosis and poor prognosis [1].
ICC is defined as a cholangiocarcinoma located in the second-
degree bile ducts, and its incidence is increasing in Eastern
Asia and in many Western countries [2, 3]. Although there are
some treatment strategies such as surgical resection and palli-
ative locoregional therapies, the overall survival (OS) of pa-
tients with ICC remains low, which is due to late diagnosis and
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early metastasis [4]. In this situation, a better understanding of
the molecular mechanisms of this disease is needed in order to
develop methods for early diagnosis and effective
intervention.

The highly conserved 14-3-3 proteins are ubiquitous mol-
ecules that are involved in diverse biological processes such as
metabolic regulation, cell cycle regulation, cell proliferation
and apoptosis, as they integrate into different phospho-
regulatory signalling pathways [5]. 14-3-3 often forms a com-
plex with other molecules and regulates the function of a wide
spectrum of proteins related to a variety of vital cellular
processes such as growth and development. In addition, 14-
3-3 is dysregulated in some diseases such as cancer [6]. As a
dimeric isoform of the 14-3-3 protein, 14-3-3( exhibits an
oncogenic potential through its interaction with target proteins
involved in cancer initiation and progression [7]. Elevated
expression of 14-3-3( has been observed in several tumours
and is associated with drug resistance to certain anticancer
therapies [8]. Studies have indicated that 14-3-3C overexpres-
sion may be a marker for recurrence and poor survival in
patients with breast cancer, head and neck/oral squamous cell
carcinomas and non-small cell lung carcinomas [9]. It has also
been shown that depletion of 14-3-3( can increase the sensi-
tivity of tumours to apoptosis-inducing agents. However, the
up-regulation of 14-3-3( promotes resistance of tumour cells
to apoptosis and increases their potential for invasion and
metastasis by promoting epithelial-mesenchymal transition
(EMT) [10-13]. Additionally, our previous study revealed
that the 14-3-3¢ complex with aB-crystallin acts synergisti-
cally to promote the progression of hepatocellular carcinoma
(HCC) by the constitutive activation of extracellular signal-
regulated kinase (ERK) signalling [14].

In this study, we detected the expression of 14-3-3( protein
and analysed the correlation between its expression and clin-
icopathological parameters in patients with ICC. Then, we
evaluated the role of 14-3-3( in invasion, migration and
proliferation of two human ICC cell lines. The role of 14-3-
3¢ in the expression of markers related to EMT and the
underlying mechanism were also explored. Finally, the prog-
nostic implication of 14-3-3C in patients with ICC was
determined.

Materials and methods
Patients and samples

The study samples included 30 frozen tissues for Western blot
analysis and 120 formalin-fixed paraffin-embedded tissues
that were randomly chosen from the tissue bank and patholo-
gy archives at Zhongshan Hospital after approval by the
Zhongshan Hospital Research Ethics Committee. All speci-
mens were from areas adjacent to the tumour margin and were
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obtained from patients with ICC who underwent a curative
resection between 1999 and 2006 at the Liver Cancer Institute
of Zhongshan Hospital, Fudan University (Shanghai, China).
The histopathological diagnosis of ICC was based on World
Health Organization criteria [15]. The seventh edition of the
tumour—node—metastasis (TNM) classification system was
also used [16]. Written informed consent was obtained from
each patient. Follow-up data were collected until February
2009; the median duration of follow-up was 25 months
(range, 4-120 months).

Cell lines

The human ICC cell line QBC939 was provided by the
Shanghai Cancer Institute (Shanghai, China), and the cell line
RBE was obtained from the Chinese Academy of Sciences
Shanghai Branch Cell Bank (Shanghai, China). The cells were
maintained in RPMI 1640 (Gibco, Carlsbad, CA) supplement-
ed with 10 % foetal bovine serum (Gibco, Carlsbad, CA) and
1 % penicillin/streptomycin (Corning, Lowell, MA) at 37 °C
in a humidified incubator with 5 % CO,.

Western blot and quantitative real-time polymerase chain
reaction

Western blot and quantitative real-time polymerase chain re-
action (qQRT-PCR) were performed as described previously
[14]. Briefly, 30 ng of protein was extracted from 30 cases
of ICC samples and two ICC cell lines and was subjected to
sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene difluoride
membranes (Millipore, Bedford, MA). The membranes were
then incubated with the corresponding antibodies, after which
the bands were detected using an ECL substrate (Millipore,
Bedford, MA) with a ChemiDoc XRS imaging system (Bio-
Rad, Hercules, CA). The antibodies used in the Western blot
analysis are listed in Table S1.

Reverse transcription was performed with a kit (Takara,
Dalian, China) to generate complementary DNA (cDNA) with
1 ug of RNA from each sample. Forward primers specific for
14-3-3C (5'-GATAAAAATGAGCTGGTTCA-3') and a re-
verse primer (5-TTAATTTTCCCCTCCTTCTCC-3") were
used. Gene amplification and detection were performed with
the ABI PRISM 7900 Sequence Detection System (Applied
Biosystems, Carlsbad, CA). PCR was performed with 1 ul
c¢DNA and SYBR Green Real-time PCR Master Mix (Takara,
Dalian, China), and the transcript levels were normalised to
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) ex-
pression. The relative expression of 14-3-3C was analysed
using the comparative cycle threshold (Ct) method according
to the equation 2 2“[ACt=Ct(14-3-3{)~Ct(GAPDH)]. All
experiments were performed in triplicate.
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Tissue microarrays and immunohistochemistry

Paraffin blocks used to construct the tissue microarrays
(TMAs) were selected on the basis of suitable tissues with
complete clinicopathologic and follow-up data. The construc-
tion of the TMAs and immunohistochemistry was performed
as described in our earlier study [17, 18]. The antibodies used
for immunohistochemistry are listed in Table S1. Images were
captured by Leica QWin Plus v3 software (Leica
Microsystems Imaging Solutions, Cambridge), and the aver-
age proportion in each field (three images) was used to repre-
sent a particular sample. Positive immunoreactivity for 14-3-
3( was primarily expressed as brown staining in the cyto-
plasm. The criteria for the evaluation of 14-3-3( staining were
established as follows: dark brown staining was scored as 2+,
brown staining as + and weak brown or absent staining as —
after an estimation of intensity. The mean area of positive
staining (50 %) was used as a cut-off value to distinguish
differential expression in proportion to measurement (score —,
staining area <50 % of tumour section; score +, staining area
>50 % of tumour section). After a comprehensive assessment
of staining intensity and area presentation, which was per-
formed by two independent researchers including a patholo-
gist, patients with scores >2+ were considered to have high
expression, and patients with scores <2+ were considered to
have low expression. The intensity of E-cadherin and snail
staining was evaluated as previously described [19].

Small interfering RNA

Transfections were performed with Lipofectamine 2000
(Invitrogen Life Technologies, Carlsbad, CA) according to
the manufacturer’s instructions. Briefly, Lipofectamine 2000
was incubated in Opti-MEM (Gibco, Carlsbad, CA) for 5 min
at room temperature, then mixed with scrambled control or
small interfering RNAs (siRNAs) diluted in an equal volume
of Opti-MEM and incubated for another 20 min at room
temperature. Finally, siRNA-Lipofectamine 2000 complexes
(i.e. the interference or negative control group or only
Lipofectamine 2000 as the mock group) were added to cells
of 60 % confluence under Opti-MEM conditions in six-well
plates. siRNA-Lipofectamine 2000 complexes in Opti-MEM
were completely replaced with serum-containing regular me-
dium after 6 h. Cells were lysed at 48 and 72 h after transfec-
tion for qRT-PCR and Western blot analysis, respectively. The
sequences of the control and siRNAs are listed in Table S2.

Invasion, migration and proliferation assays and cell cycle
analysis

Invasion and migration assays were performed as previously
described [20]. Briefly, 48 h after siRNA interference, 1x10°
cells were added to the top chambers of 24-well Transwell

plates (Corning, Lowell, MA) coated with Matrigel (BD
Biosciences, San Jose, CA). The bottom chambers were filled
with complete media mixed with 10 % foetal bovine serum.
Cells that migrated to the lower surface of the filter were
considered to have invaded through the matrix and were
counted after fixation and staining (incubation time:
QBC939, 48 h; RBE, 36 h). The migration assay was per-
formed in a similar manner except that the cells were seeded
into the filter in plates that were not coated with Matrigel and
were incubated for a shorter time (QBC939, 36 h; RBE, 24 h).

With regards to the proliferation assay, transfected cells
were dispensed into a 96-well plate (QBC939, 3000 cells
per 100 pl/well; RBE, 5000 cells per 100 pl/well). At the
indicated time points, the Cell Counting Kit-8 solution
(Dojindo, Kumamoto, Japan) was added to the cells followed
by incubation for 2 h. The absorbance at 450 nm was mea-
sured to determine the number of viable cells in each well.

The cell cycle was analysed by flow cytometry. Briefly, the
transfected cells were synchronised in Gy by serum starvation
for 12 h and then released in complete medium containing
10 % foetal bovine serum for 24 h. After fixation in 70 %
alcohol at —20 °C, the cells were washed and resuspended in
cold PBS with propidium iodide and RNase A for 30 min on
ice. Samples were analysed for DNA content using an EPICS
ALTRA flow cytometer (Beckman Coulter, Fullerton, CA).
All experiments were performed in triplicate.

Statistical analysis

Statistical analysis was performed with SPSS 16.0 software.
The x* test, Fisher’s exact probability and Student’s ¢ test were
used for comparisons between the groups. The probability of
survival and the cumulative recurrence rate were evaluated
using the Kaplan-Meier method, and the differences were
assessed by log-rank test. Univariate and multivariate analyses
were based on the Cox proportional hazards regression model.
All tests were two tailed, and p<0.05 was considered statisti-
cally significant.

Results

Expression of 14-3-3C was up-regulated in ICC tissues, and its
expression correlated with tumour recurrence

The expression of 14-3-3C in 30 ICC tumour and matched
peritumoural tissues was analysed by Western blot. Compared
with the peritumoural samples, semi-quantitative analysis
showed that 14-3-3( protein expression was much higher in
tumour tissues (0.66+0.15 vs. 0.19+0.05, p=0.006, Fig. 1a).
We then examined 14-3-3( expression in TMAs that consisted
of 120 ICC and peritumoural samples by
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immunohistochemistry (Fig. 1b), and the results also revealed
that 14-3-3( protein expression was much higher in tumour
tissues than in peritumoural tissues (1.18+0.11 vs. 0.7740.06,
p=0.001, Fig. 1c).

When these patients were classified into the 14-3-3C high
and low expression groups, we investigated the relationship
between 14-3-3( expression and clinicopathological features.
The results showed that a high expression of 14-3-3C was
significantly correlated with sex, lymphatic metastasis and
TNM stage (Table 1). However, none of the other clinicopath-
ological features such as age, hepatitis B surface antigen
positivity, preoperative serum carbohydrate antigen 19-9, pre-
operative serum alpha-fetoprotein, microvascular invasion,
tumour size, number or differentiation were correlated with
14-3-3C expression. Moreover, the results further revealed that
patients with ICC who experienced a recurrence demonstrated
a trend of high 14-3-3C expression compared with those who
did not experience a recurrence (1.33+0.13 vs. 0.70+0.20, p=
0.013, Fig. 1d).
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Silencing 14-3-3( expression in ICC cells resulted
in a decreased ability for invasion, migration
and proliferation

14-3-3C expression in two ICC cell lines, QBC939 and RBE,
was knocked down by RNA interference. The second pair of
siRNAs was found to have the highest inhibitory efficiency by
gRT-PCR and Western blot (Fig. 2a, b). Thus, we chose this
siRNA to assess its effect on the invasion, migration and growth
of ICC cells. The results of Transwell assays with or without
Matrigel showed that the average number of invading cells that
were transfected with 14-3-3(-si-2 siRNA was significantly
decreased in comparison with the 14-3-3(-si-nc-transfected cells
(Fig. 2c, d). In the CCK-8 assay, the proliferation of ICC cells
was restrained in 72 h after transfection of 14-3-3(-si-2 siRNA
(Fig. 2e). Cell cycle analysis showed that 14-3-3( siRNA caused
S phase arrest in ICC cells (Fig. 2f, g). All these data indicated
that the migratory, invasive and proliferative ability of ICC cells
was suppressed by the down-regulation of 14-3-3C.
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Table 1 Correlations between 14-3-3C and clinicopathological features
in 120 intrahepatic cholangiocarcinoma patients

Variables 14-3-3( staining p value®
High expression Low expression

Age (years)
>53 23 35 0.773
<53 23 39

Sex
Male 24 25 0.046
Female 22 49

HBsAg
Positive 32 43 0.208
Negative 14 31

Serum CA19-9 (ng/ml)
>37 27 44 0.934
<37 19 30

Serum AFP (ng/ml)
>20 8 6 0.124
<20 38 68

Microvascular invasion
Yes 6 12 0.636
No 40 62

Maximal tumour size (diameter, cm)
>5 38 57 0.464
<5 8 17

Tumour number
Multiple 3 6 1.000°
Solitary 43 68

Tumour differentiation
v 25 33 0.299
v 21 41

Lymphatic metastasis
Yes 17 12 0.010
No 29 62

TNM stage
v 17 13 0.017
v 29 61

AFP alpha-fetoprotein, HBsAg hepatitis B surface antigen, TNM tumour—
node—metastasis

# Chi-square test

® Fisher’s exact test

High expression of 14-3-3( predicted a poor prognosis
for patients with ICC

The 2- and 5-year survival rates for the 120 patients were 37.5
and 24.2 %, respectively, and the 2- and 5-year recurrence
rates were 69.2 and 76.7 %, respectively. Expression of 14-3-
3¢ exhibited considerable heterogeneity in the different tu-
mour tissues. We classified all of the cohorts into high and low

expression groups, and representative samples are shown in
Fig. 3a. We found that patients with high expression of 14-3-
3 had a significantly worse prognosis than those with low
expression (Fig. 3b). The 2- and 5-year overall survival rates
of patients with high expression of 14-3-3C were much lower
than those with low expression (21.7 vs. 44.6 % and 7.8 vs.
28.4 %, respectively). The 2- and 5-year cumulative recur-
rence rates of patients with high expression of 14-3-3C were
significantly higher than those with low expression (85.1 vs.
64.1 % and 91.7 vs. 71.7 %, respectively).

14-3-3( expression, tumour number, differentiation, lym-
phatic metastasis and TNM stage were predictors for overall
survival and cumulative recurrence based on a univariate
analysis. In a multivariate Cox proportional hazards model,
14-3-3C staining was an independent prognostic factor for
overall survival and cumulative recurrence (Table 2).

High expression of 14-3-3¢ induced EMT and activated ERK
signalling

We performed immunohistochemistry to detect the expression
of 14-3-3( and the EMT-related markers snail and E-cadherin
in patients with ICC. The results showed that highly expres-
sive levels of 14-3-3C positively correlated with snail
(p<0.001, r=0.679) and negatively correlated with E-
cadherin (p<0.001, =—0.356, Table S3). We also found a
down-regulation of snail and an up-regulation of E-cadherin
after the disruption of 14-3-3( by siRNA in ICC cells, which
was consistent with the results from a clinical setting
(Fig. 3¢, d). Reduced magnitudes of ERK1/2 phosphorylation
were observed in ICC cells that were transfected with 14-3-3C
siRNA compared with the corresponding control cells
(Fig. 3e). These results indicated that high levels of 14-3-3C
may involve in EMT and activation of ERK signalling.

Discussion

14-3-3 proteins are able to interact with many different pro-
teins based on their specific phosphor-serine/phosphor-threo-
nine binding activity. Extensive evidence has supported the
concept that dysregulation of 14-3-3 and its interaction with
client proteins contributes to the development of a broad
spectrum of human diseases. The specific isoform 14-3-3C
was found to be overexpressed in cancer cell lines as well as in
tumour samples and is associated with a poor prognosis of
patients with breast or lung cancer [21, 22]. A recent study
showed that there was an increased expression of 14-3-3( in
intrahepatic cholangiocarcinoma compared with extrahepatic
cholangiocarcinoma, and its overexpression was significantly
correlated with tumour pathologic differentiation and stage, as
determined by immunohistochemistry [23]. However, no
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Fig. 2 Functional analysis after
transfection with 14-3-3( small
interfering RNA in ICC cells

in vitro. a Quantitative real-time
polymerase chain reaction and b
Western blot analysis revealed the
expression of 14-3-3¢ in QBC939
and RBE cells after RNA
interference of 14-3-3(
expression. ¢ The migratory and
invasive abilities of cancer cells
were measured by Transwell
plates and Matrigel invasion
plates. Scale bar=200 um. d The
numbers of invasive QBC939 and
RBE cells that were transfected
with small interfering RNA or a
negative control were calculated.
e Cell proliferation was detected
by Cell Counting Kit-8 assay after
knockdown of 14-3-3C. f, g
Application of 14-3-3( small
interfering RNA could cause S
phase arrest of intrahepatic
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Fig. 3 Overexpression of 14-3-

3¢ was significantly correlated
with poor prognosis and induced
the activation of ERK signalling
and epithelial-mesenchymal
transition. a Representative
images of haematoxylin—eosin
and immunohistochemical
staining for 14-3-3C. Scale bar=
200 um. b Patients with
intrahepatic cholangiocarcinoma
with high 14-3-3( expression
have a poorer prognosis in terms
of overall survival and cumulative
recurrence. ¢ Two representative
images of one patient with L
intrahepatic cholangiocarcinoma B
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implicated in the progression of ICC and may serve as a
promising prognostic biomarker and a therapeutic target for
patients with ICC.

Another interesting result from the present study was that
14-3-3¢ expression correlated with snail and E-cadherin ex-
pression in ICC samples. Moreover, the inhibition of 14-3-3¢
expression in ICC cells could inactivate the ERK signalling
pathway. These data support the notion that 14-3-3C might
foster the progression of ICC through the activation of the
ERK pathway and by the induction of EMT. Cumulative

evidence has indicated that 14-3-3 expression is controlled
through genomic alterations including epigenetic silencing,
gene amplification, post-transcriptional modulation of
mRNA stability and proteasome-mediated degradation. 14-
3-3 proteins function primarily as adaptor proteins by binding
to various client proteins, which is influenced by modification
of 14-3-3 proteins or client proteins within the 14-3-3 binding
motifs [24]. Recent studies have reported that members of the
14-3-3 family, especially 14-3-3(, play an oncogenic role in
multiple tumour types [11, 25]. The snail transcription factor
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Table 2 Univariate and multivariate analysis of factors associated with survival and recurrence

Factors Overall survival

Cumulative recurrence

HR (95 % CI)

Univariate analysis

Age, years (<53 vs. >53)

Sex (male vs. female)

HBsAg (negative vs. positive)
Serum CA19-9 (<37 vs. >37, ng/ml)
Serum AFP (<20 vs. >20, ng/ml)
Microvascular invasion (no vs. yes)
Maximal tumour size (<5 vs. >5, cm)
Tumour number (single vs. multiple)
Tumour differentiation (I/II vs. II/IV)
Lymphatic metastasis (no vs. yes)
TNM stage (/11 vs. I1I/IV)

14-3-3( staining (low vs. high)

Multivariate analysis

Tumour number (single vs. multiple)
Tumour differentiation (I/II vs. III/IV)
Lymphatic metastasis (no vs. yes)
14-3-3( staining (low vs. high)

0.925 (0.615-1.390)
0.961 (0.637-1.450)
0.925 (0.609-1.404)
0.986 (0.649-1.499)
0.665 (0.353-1.252)
0.676 (0.394-1.159)
0.613 (0.353-1.067)
0.442 (0.220-0.886)
0.617 (0.410-0.929)
0.589 (0.372-0.934)
0.561 (0.356-0.884)
0.545 (0.360-0.826)

0.448 (0.221-0.906)
0.610 (0.403-0.923)
0.659 (0.408-1.065)
0.624 (0.407-0.959)

p HR (95 % CI) P

0.708 0.864 (0.573-1.301) 0.483
0.850 0.917 (0.606-1.387) 0.681
0.714 0.828 (0.540-1.270) 0.387
0.949 0.969 (0.637-1.473) 0.882
0.206 0.873 (0.452-1.686) 0.686
0.154 0.634 (0.369-1.089) 0.099
0.084 0.422 (0.230-0.777) 0.006
0.021° 0.334 (0.165-0.678) 0.002
0.021° 0.647 (0.429-0.977) 0.038
0.024 0.524 (0.333-0.823) 0.005
0.013 0.503 (0.321-0.787) 0.003
0.004 0.561 (0.369-0.853) 0.007
0.025 0.338 (0.163-0.702) 0.004
0.019 0.688 (0.453-1.043) 0.078
0.089 0.614 (0.382-0.986) 0.044
0.031 0.611 (0.394-0.949) 0.028

Univariate and multivariate analysis: Cox proportional hazards regression model

AFP alpha-fetoprotein, HBsAg hepatitis B surface antigen, TNM tumour—node—metastasis, C/ confidence interval, HR hazard ratio

20.021499
°0.020727

functions as a main regulator of EMT events and directly
regulates genes that affect cell adhesion, motility and polarity
[26]. As a positive regulator of snail, 14-3-3( overexpression
reduced cell-cell adhesion via the acceleration of EMT to
promote the progression of cancer [13, 27]. In addition, 14-
3-3 proteins are also involved in cell proliferation through the
regulation of the cell cycle [28, 29]. Cell proliferation is often
initiated by cell surface receptor tyrosine kinases (RTKs).
Among RTK pathways, key molecules such as the Raf pro-
teins could promote proliferation by signalling through the
ERK cascade. 14-3-3C could form a complex with Raf to
protect p-Raf from dephosphorylation [30]. Our research sug-
gests that a modulation of 14-3-3( could activate the ERK
signalling cascade and induce EMT.

Together, our results demonstrate that 14-3-3C plays an
important role in tumour progression, and we provide evi-
dence that 14-3-3( might enhance the invasive and prolifera-
tive abilities of ICC cells through the induction of EMT and
activation of the ERK pathway. Although the precise mecha-
nisms of 14-3-3( function on tumour development need to be
further investigated, our study confirms the value of 14-3-3¢
in the prediction of prognosis and the development of new
therapeutic interventions.

@ Springer
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