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Abstract: Extensive stromal interaction is one reason for the dismal outcome of biliary tract
cancer (BTC) patients. Epithelial to mesenchymal transition (EMT) is involved in tumor
invasion and metastasis and is partly regulated by microRNAs (miRs). This study explores the
expression of anti-EMT miR200 family (miR141, −200a/b/c, −429) and miR205 as well as the
EMT-related proteins E-cadherin and vimentin in a panel of BTC cell lines and clinical specimens
by quantitative real-time polymerase chain reaction, Western blot and immunohistochemistry,
respectively. MicroRNA expression was correlated to (i) the expression patterns of E-cadherin
and vimentin; (ii) clinicopathological characteristics; and (iii) survival data. MicroRNA-200 family
and miR205 were expressed in all BTC cells and clinical specimens. E-cadherin and vimentin showed
a mutually exclusive expression pattern in both, in vitro and in vivo. Expression of miR200 family
members positively correlated with E-cadherin and negatively with vimentin expression in BTC
cells and specimens. High expression of miR200 family members (but not miR205) and E-cadherin
was associated with longer survival, while low miR200 family and high vimentin expression was
a predictor of unfavorable survival. Overall, the current study demonstrates the relevance of the
miR200 family in EMT of BTC tumors and suggests these miRs as predictors for positive outcome.
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1. Introduction
MicroRNAs (miRs) are small non protein-coding RNA molecules with a length of about 21–25
nucleotides that play a key role in the regulation of gene expression. Via complementary base
pairing with protein-coding RNA species (mRNAs), miRs cause either degradation (perfect match) or
prevention of translation (imperfect match) of the respective mRNAs [1]. At present, almost 30,000 miR
species are known [2], and it is clear today that aberrant miR expression plays a crucial role in
development and progression of various types of cancers [3,4].
Epithelial to mesenchymal transition (EMT) is a key process in the progression of cancer, in which
epithelial cells lose their polarity and gain mesenchymal traits, including the ability to detach from the
primary tumor, invade surrounding tissue and eventually form metastases [5–7]. The miR200 family
(miR141, 200a, 200b, 200c and 429) as well as miR205 were shown to negatively regulate EMT [6,8].
Two studies demonstrated that the miR200 family directly targets the EMT-promoting transcription
factors ZEB1 and ZEB2, repressors of the epithelial marker and anti-EMT factor E-cadherin. As a
consequence, expression of E-cadherin was increased, leading to reduction of the invasive potential of
cancer cells and making miR200 a potent tumor suppressor [6,9].
Biliary tract cancer (BTC) is a malignant disease of biliary tract epithelial cells that arises at
different localizations within the biliary tree system, including the gall bladder [10,11]. Although
BTC is generally rare in Western countries, it is the second most common hepatic malignancy after
hepatocellular carcinoma [12]. While knowledge about BTC tumorigenesis is increasing, the prognosis
and survival of patients with BTC is still very poor—mainly because of late diagnosis, when cancer
has spread and is no longer resectable by surgery, and due to lack of effective therapeutic options and
second line therapies. This, together with high resistance to common chemotherapies, leaves only
palliative treatment for most patients with a median survival of about one year [13,14].
EMT is a known mechanism of BTC cells to invade surrounding tissue and to form metastases,
contributing to the aggressive nature of these tumors [15]. In previous studies, expression of
miR200 family members was found to be downregulated in primary sclerosing cholangitis and BTC
cells/specimens compared to normal tissue, leading to EMT activation and enhancement of invasive
potential [16–19]. In addition, Peng et al. demonstrated in 2013 that low expression of miR200 b and
c resulted in formation of large tumors in a BTC mouse model as well as in enhanced formation of
tumor spheres and expression of the cancer stem cell surface marker CD133 [17]. Conversely, ectopic
expression of miR200 family members in BTC cells reduced sphere formation, expression of CD133 as
well as invasion rate, formation of metastases and triggering of EMT in vitro and in vivo, underlining
the crucial role of the miR200 family, especially regarding EMT in BTC [16,17]. However, in contrast to
these findings, over-expression of miR141 was found to be a predictor of poor prognosis and shorter
disease-free and overall survival in another study, demonstrating that members of the miR200 family
may act as both oncogenes and tumor suppressors in BTC [20].
The aim of the present study was to investigate the role of the miR200 family as well as miR205 in
a preclinical model and a BTC patient cohort for induction of EMT, using the established EMT markers
E-cadherin and vimentin.
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2. Results
2.1. Expression of miR200 Family Members, miR205 and Epithelial to Mesenchymal Transition (EMT)
Markers in Biliary Tract Cancer (BTC) Cell Lines
In an in vitro system of a panel of BTC cell lines (n = 8), expression of members of the miR200
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Figure 1. Relative expression of miR200 family members, miR205 and EMT-related markers (mRNA,
Figure 1. Relative expression of miR200 family members, miR205 and EMT-related markers (mRNA,
protein) in BTC cell lines. (A,B) expression levels of miRs related to RNU6B using a linear (A) and a
protein) in BTC cell lines. (A,B) expression levels of miRs related to RNU6B using a linear (A) and
logarithmic (B) scale, respectively; (C) quantitative protein expression (densitometry) of epithelial
a logarithmic (B) scale, respectively; (C) quantitative protein expression (densitometry) of epithelial
marker E-cadherin and mesenchymal marker vimentin; (D) mRNA levels of EMT markers related to
marker E-cadherin and mesenchymal marker vimentin; (D) mRNA levels of EMT markers related
β-actin; (E) representative Western blot images (cropped); (F) Spearman correlation analysis of miR
to β-actin; (E) representative Western blot images (cropped); (F) Spearman correlation analysis
expression with miR expression as well as mRNA/protein expression of EMT markers (E-cadherin,
of miR expression with miR expression as well as mRNA/protein expression of EMT markers
vimentin, N-cadherin, ZEB1). The first numeric value in each analysis (rectangle) represents the
(E-cadherin, vimentin, N-cadherin, ZEB1). The first numeric value in each analysis (rectangle)
correlation-coefficient (green for positive correlation, red for negative correlation), the second
represents the correlation-coefficient (green for positive correlation, red for negative correlation), the
represents the p-value (highlighted grey when significant). Rectangles of significant correlations are
second represents the p-value (highlighted grey when significant). Rectangles of significant correlations
highlighted by a black border. Abbreviations: BTC: biliary tract cancer; Ecad: E-cadherin; EMT:
are highlighted by a black border. Abbreviations: BTC: biliary tract cancer; Ecad: E-cadherin; EMT:
epithelial to mesenchymal transition; miR: MicroRNA; Vim: Vimentin.
epithelial to mesenchymal transition; miR: MicroRNA; Vim: Vimentin.

On the protein level, we measured the expression of E-cadherin and Vimentin as the most
important markers of an epithelial and mesenchymal phenotype, respectively. As shown in
Figure 1C, cell lines with low miR200 family and low miR205 expression (BDC, CCSW-1 and
MzChA-2) had low or undetectable E-cadherin and high vimentin expression. In contrast, the cell
lines EGI-1, GBC, MzChA-1, SkChA-1 and TFK-1 are characterized by (high) E-cadherin and low or
undetectable vimentin, and, accordingly, higher miR200 family and miR205 expression. Similar
results were obtained on the mRNA level for both of these markers (Figure 1D). Additionally,
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On the protein level, we measured the expression of E-cadherin and Vimentin as the most
important markers of an epithelial and mesenchymal phenotype, respectively. As shown in Figure 1C,
cell lines with low miR200 family and low miR205 expression (BDC, CCSW-1 and MzChA-2) had low or
undetectable E-cadherin and high vimentin expression. In contrast, the cell lines EGI-1, GBC, MzChA-1,
SkChA-1 and TFK-1 are characterized by (high) E-cadherin and low or undetectable vimentin, and,
accordingly, higher miR200 family and miR205 expression. Similar results were obtained on the mRNA
level for both of these markers (Figure 1D). Additionally, we measured the mRNA expression levels
of pro-oncogenic and pro-metastatic N-cadherin, which is thought to replace E-cadherin in a process
referred to as “the cadherin switch” during EMT [21,22], as well as of EMT transcription factors
ZEB1/2 [23] and found expression patterns that are similar to that of vimentin (Figure 1D).
A correlation analysis between miR200 family members and EMT markers E-cadherin, vimentin,
N-cadherin and ZEB1 is shown in Figure 1F. With the exception of miR141, all tested miRs show
a significant positive correlation with E-cadherin mRNA expression. For E-cadherin protein levels,
miR205 and miR429 show a significant positive correlation; similarly, for the other miRs, correlation
analysis versus E-Cadherin reveals a clear positive trend. As expected, a negative correlation
was observed between the expression of miR200 family members/miR205 and EMT-related factors
vimentin (mRNA and protein), N-cadherin and ZEB1 (both mRNA). Of note, a positive and significant
correlation of miR200 family members, and miR205, respectively, with each other was observable in
the set of eight BTC cell lines.
2.2. Expression of miR200 Family Members and EMT Markers in Clinical BTC Cases
MicroRNAs were isolated from archived formalin-fixed paraffin-embedded (FFPE) material
(n = 78 BTC cases, summarized in Table 1) and measured by quantitative real-time polymerase chain
reaction (PCR). The tumor localization was mainly intrahepatic (50%), followed by perihilar (28%),
within the gall bladder (13%), and extrahepatic (9%). Only classification by basic clinicopathological
data, such as tumor grading, tumor invasion, and lymph node metastasis according to the TNM
Classification of Malignant Tumors (TNM) and Union for International Cancer Control (UICC)
classification [24] resulted in significant different distributions between the four localizations. All other
variables, such as median age or gender, showed no significant different distributions (Table 1).
As summarized in Figure 2A, the five analyzed miR200 members as well as miR205 were
detectable in all clinical BTC samples. MicroRNA-141 and miR205 were more heterogeneously
expressed compared to the remaining miRs, which showed a smaller range of expression. It is worth
noting that miR205 generally showed the lowest expression in the analyzed patient samples. Similar
to the results obtained from the in vitro cell line experiments, the expression of each miR200 family
member significantly positively correlates with the expression of each other tested miR (Figure 2B).
In addition, we measured expression levels of E-cadherin and vimentin in all clinical BTC samples
via semi-quantitative immunohistochemistry. Figure 2D illustrates examples of cases with low,
medium and high expression, respectively, for each of the two proteins. Correlation analysis proves
a highly significant inverse correlation between vimentin and E-cadherin (Spearman0 s correlation
coefficient = −0.729, p < 0.001). In accordance with the data obtained by the in vitro experiments,
the expression of these proteins is nearly mutually exclusive, i.e., high E-cadherin is associated with
low vimentin expression and vice versa. Comparing those data to the case-specific expression levels
of miR200 family members, a positive correlation of miR expression with expression of E-cadherin,
and a negative correlation with expression of vimentin (Figure 2C) was observed. Of note, these
calculations were highly significant for miR200b and miR200c. In contrast, miR205 expression—by
trend—negatively correlated with E-cadherin and (for border and overall expression) correlated
positively with vimentin expression.
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Table 1. Clinical and pathological characteristics of biliary tract cancer (BTC) cases.
Localization

n Samples

All BTC Samples

Perihilar

Extrahepatic

Gall Bladder

n (%)

39 (50.0%)

22 (28.2%)

7 (9.0%)

10 (12.8%)

Female (%)
Male (%)

14 (38.9%)
25 (59.5%)

11 (30.6%)
11 (26.2%)

3 (8.3%)
4 (9.5%)

8 (22.2%)
2 (4.8%)

p = 0.093 (χ2 )

36 (46.2%)
42 (53.8%)

Age: mean (95% CI, years)

65.9 (62.2–69.7)

69.4 (65.7–73.1)

72.0 (60.8–83.2)

70.1 (61.4–78.9)

p = 0.379
(ANOVA)

68.0 (65.6–70.4)

Growth pattern a : m/p/i

28/11/0

3/18/1

1/5/1

2/7/1

p < 0.001 ** (χ2 )

34/41/3

Grading: 1/2/3/4

4/19/16/0

0/18/4/0

0/4/2/1

0/4/6/0

p = 0.011 * (χ2 )

4/45/28/1

Size: mean (95% CI, cm)

5.3 (4.0–6.6) #

2.5 (1.5–3.6) #

2.5 (1.2–3.8)

2.4 (1.5–3.6)

p = 0.004 **
(ANOVA)

3.9 (3.1–4.7)

21/0
1/7/4
4
2

1/0
2/4/14
0
1

0/0
2/0/0
5
0

2/1
2/3/0
2
0

N status b : 0/1

23/16

10/12

3/4

8/2

p = 0.265 (χ2 )

44/34

M status b : 0/1

35/4

17/5

6/1

10/0

p = 0.302 (χ2 )

68/10

16/9/1/13

2/7/9/4

2/4/0/1

3/3/4/0

p = 0.001 ** (χ2 )

23/23/14/18

1/1b
2/2a/2b
3
4

T staging

UICC

I/II/III/IV
R status

b:

0/1

Etiology: known/unknown
Survival: no/yes
Survival c
a

χ2 Test/ANOVA

Intrahepatic

mean (95% CI)
median (min–max)

27/12
17/22

17/5
15/7

6/1
3/4

7/3
3/7

21/18

12/10

5/2

7/3

19.8 (9.9–29.6)
9.3 (0.0–146.5)

16.8 (9.5–24.1)
11.9 (0.1–50.2)

25.5 (−1.3–52.2)
17.3 (1.0–88.0)

9.8 (3.5–16.1)
10.5 (0.2–24.0)

78

p < 0.001 **

(χ2 )

24/1
7/14/18
11
3

p = 0.776

(χ2 )

57/21

p = 0.155

(χ2 )

38/40

p = 0.685

(χ2 )

45/33

p = 0.591 (ANOVA)

18.1 (12.5–23.8)
10.9 (0.0–146.5)

growth pattern: m = mass forming; p = periductal; i = intraductal; b 0 = negative, 1 = positive; c months; (highly) significantly different (* p < 0.05, ** p < 0.01); # significantly different,
p = 0.012 (ANOVA, Bonferroni post hoc test).
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Figure 2. Expression of miR200 family members, miR205 and EMT markers E-cadherin and vimentin in clinical BTC samples. (A) Relative expression (to reference
Figure 2. Expression of miR200 family members, miR205 and EMT markers E-cadherin and vimentin in clinical BTC samples. (A) Relative expression (to reference
miRs RNU6 and SNORD61) of miR200 family members and miR205 in n = 78 BTC cases (formalin-fixed paraffin-embedded material); (B) Spearman correlation
miRs RNU6 and SNORD61) of miR200 family members and miR205 in n = 78 BTC cases (formalin-fixed paraffin-embedded material); (B) Spearman correlation
analysis of miR expression levels in BTC cases. The first numeric value in each analysis (rectangle) represents the correlation-coefficient (ranging from green for
analysis of miR expression levels in BTC cases. The first numeric value in each analysis (rectangle) represents the correlation-coefficient (ranging from green for positive
positive correlation to red for negative correlation), the second represents the p-value (highlighted grey when significant). Significant correlations are highlighted
correlation to red for negative correlation), the second represents the p-value (highlighted grey when significant). Significant correlations are highlighted by a black
by a black border; (C) Spearman correlation analysis of miR expression levels and vimentin, respectively, and E-cadherin expression patterns in BTC cases; and (D)
border; (C) Spearman correlation analysis of miR expression levels and vimentin, respectively, and E-cadherin expression patterns in BTC cases; and (D) representative
representative immunohistochemistry images of three BTC cases exemplifying inverse expression patterns of E-cadherin and vimentin. Scale bar (yellow) indicates
immunohistochemistry
of three
cases
exemplifying
expression
patterns of E-cadherin
andMicroRNA;
vimentin. Vim:
ScaleVimentin.
bar (yellow) indicates 20 µm.
20 µm. Abbreviations:images
BTC: Biliary
tractBTC
cancer;
Ecad:
E-Cadherin;inverse
EMT: Epithelial
to mesenchymal
transition; miR:
Abbreviations: BTC: Biliary tract cancer; Ecad: E-Cadherin; EMT: Epithelial to mesenchymal transition; miR: MicroRNA; Vim: Vimentin.
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Figure 3.
Association of miR200 family/miR205 expression with clinicopathological parameters
n = 78 biliary tract cancer cases. (A) For each variable (miRs (qRT-PCR), vimentin, E-cadherin
for n = (semi-quantitative
78 biliary tract cancer
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between the two group or more groups (calculated using a Student s t-test and ANOVA/LSD (least
(* p < 0.05 and ** p < 0.01, respectively); (B) microRNA expression pattern exemplified for N0 and N1
significant
difference) post hoc test, respectively) are highlighted by grey shading and arrows (* p < 0.05
groups of patient samples. Abbreviations: eh, extrahepatic; gb, gall bladder; i, intraductal; ih,
and ** pintrahepatic;
< 0.01, respectively);
(B) microRNA
expression
pattern exemplified for N0 and N1 groups of
m, mass-forming;
p, periductal;
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patient samples. Abbreviations: eh, extrahepatic; gb, gall bladder; i, intraductal; ih, intrahepatic; m,
Regarding
vimentin and
mass-forming;
p, periductal;
ph,E-cadherin,
perihilar. we noticed a significant difference in overall expression for
grade 2 and grade 3 tumors: G1 and G2 tumors displayed lower vimentin and higher E-cadherin
expression, whereas G3 tumors displayed higher vimentin and lower E-cadherin expression.
Regarding
and E-cadherin,
wevimentin
noticedand
a significant
difference
in regarding
overall expression
Significantvimentin
different expression
patterns of
E-cadherin were
also seen
the
for grade
2
and
grade
3
tumors:
G1
and
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lower
vimentin
and
different localizations of BTC and the T-stage. For vimentin, the expression was highest
in higher
intrahepatic
tumors,
whereas
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and
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tumors,
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expression
was
lowest
E-cadherin expression, whereas G3 tumors displayed higher vimentin and lower E-cadherin expression.
(p < 0.05).
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expression,
on theof
other
hand, was
lowest
in intrahepatic
and regarding
highest
Significant
different
expression
patterns
vimentin
and
E-cadherin
were tumors
also seen
the
in gallbladder cancer samples (p < 0.05). In addition, we observed significant lower vimentin

different localizations of BTC and the T-stage. For vimentin, the expression was highest in intrahepatic
tumors, whereas in perihilar and gallbladder tumors, the expression was lowest (p < 0.05). E-cadherin
expression, on the other hand, was lowest in intrahepatic tumors and highest in gallbladder cancer
samples (p < 0.05). In addition, we observed significant lower vimentin expression in UICC III versus
UICC I cases. Interestingly, between UICC III and IV, the expression markedly increased (p < 0.05).

Int. J. Mol. Sci. 2016, 17, 2053
Int. J. Mol. Sci. 2016, 17, 2053

8 of 15
8 of 15

expression inofUICC
versus
UICC
I cases. Interestingly,
between
UICC
III and IV,
expression
Expression
miRsIII
was
higher
in patients
categorized as
T-stage
2 compared
to the
stage
1 (significant
markedly
increased
(p
<
0.05).
for miR200c). Similarly, regarding UICC classification, miRs showed an increase in expression in tumors
Expression of miRs was higher in patients categorized as T-stage 2 compared to stage 1
categorized
as UICC II compared to UICC I (significant for miR200b, −200c, and −429). Analysis
(significant for miR200c). Similarly, regarding UICC classification, miRs showed an increase in
of miR expression regarding lymphatic metastasis revealed a trend towards reduced expression of
expression in tumors categorized as UICC II compared to UICC I (significant for miR200b, −200c, and
all miR
species
in of
N1miR
tumors
versus
N0 (not
significant;
see Figure
for details),
−429).
Analysis
expression
regarding
lymphatic
metastasis
revealed3B
a trend
towards whereas
reduced the
classification
pTtumors
stage and
distant
(M0/1)
not
associated
with a
expressionofofcases
all miRregarding
species in N1
versus
N0 (notmetastases
significant; see
Figurewas
3B for
details),
whereas
significant
different
miR
expression.
Furthermore,
classification
of
tumor
samples
according
the classification of cases regarding pT stage and distant metastases (M0/1) was not associated with ato the
growth
pattern,
grading,
and numberclassification
of risk factors
did not
reveal
considerable
significant
different
miRlocalization,
expression. Furthermore,
of tumor
samples
according
to the miR
growthdifferences.
pattern, grading,
localization,
and number of risk
factors did
not reveal considerable
miR
expression
In contrast,
vimentin/E-cadherin
expression
decreased/increased
significantly
differences.
In contrast,
vimentin/E-cadherin
expression
decreased/increased significantly
from expression
mass-forming,
periductal
to intraductal
growth pattern,
respectively.
from mass-forming, periductal to intraductal growth pattern, respectively.

2.4. Association of miRNA-200 Family Members and Overall Survival
2.4. Association of miRNA-200 Family Members and Overall Survival

Finally, we performed survival analysis using the receiver operating characteristic (ROC)
Finally, we performed survival analysis using the receiver operating characteristic (ROC)
calculation and Youden Index analysis to determine miR-specific cut-off values (shown in Figure 2A)
calculation and Youden Index analysis to determine miR-specific cut-off values (shown in Figure 2A)
to categorize
the tumor samples into high and low miR-expressing BTC cases (Figure 4).
to categorize the tumor samples into high and low miR-expressing BTC cases (Figure 4).

Figure 4. Survival analysis of biliary tract cancer (n = 78) cases with regard to expression levels of
Figure
4. Survival analysis of biliary tract cancer (n = 78) cases with regard to expression levels of
miR200 family members, miR205, E-cadherin and vimentin. The cut-off value for distinguishing cases
miR200 family members, miR205, E-cadherin and vimentin. The cut-off value for distinguishing
with low or high expression of the respective miRNA or protein was determined by the receiver
cases with low or high expression of the respective miRNA or protein was determined by the receiver
operating characteristic (ROC) calculation and Youden Index analysis.
operating characteristic (ROC) calculation and Youden Index analysis.

Uniformly, high expression of miR200 family (−141, −200a/b/c, −429) members was associated
with prolonged overall survival compared to cases expressing low levels of these miRs: using the log
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rank test, statistically significant differences could be observed for miR200a and miR200b. In contrast,
classification of cases by low versus high miR205 expression indicated that high expression was
associated with shorter overall survival. As expected, high expression of epithelial E-cadherin was a
predictor of longer survival (p = 0.104), while high expression of the mesenchymal marker vimentin
was present in patients with short survival compared to cases with low vimentin expression (p = 0.025).
In line with these results, Cox regression analysis (Table 2) identified metastatic spread (pM)
and miR205 expression as significant negative predictors of survival (hazard ratio 3.68 and 3.40,
respectively; p < 0.05). When using the backward Wald method for Cox regression analysis, pM
(hazard ratio (HR) = 3.00, p = 0.007), miR200b (HR = 0.37, p = 0.009) and miR205 (HR = 2.44, p = 0.031)
remained as relevant variables in the model.
Table 2. Cox regression analysis for overall survival.
Groups or Cut-Off Values

Variable

Clinicopathological
characteristics

Method

HR

95% CI

p-Value

age

years

Enter 1

1.019

0.975–1.065

0.410

Sex/Gender

groups male, female

Enter 1

0.797

0.344–1.844

0.596

Localization

groups ih, ph, eh, gb

Enter 1

1.029

0.542–1.953

0.931

1

0.643

Growth pattern

groups m, p, i

0.741

0.209–2.627

Tumor size

cm

Enter 1

0.915

0.789–1.061

0.238

pT 1

groups 1–4

Enter 1

0.771

0.245–2.422

0.656

pN 1

groups N0, N1

Enter 1

0.489

0.108–2.207

0.352

groups M0, M1

Enter 1
BW/Wald 2

3.683
2.999

0.998–13.588
1.355–6.636

0.050 *
0.007 **

groups 1–4

Enter 1

1.729

0.340–8.780

0.509

groups 1–4

1

pM

1

UICC 1
1

0.945

0.344–2.598

0.913

low < 0.090 < high

Enter 1

0.592

0.175–2.001

0.399

−200a 1

low < 0.104 < high

Enter 1

0.312

0.091–1.069

0.064

−200b 1

low < 0.302 < high

Enter 1
BW/Wald 2

0.392
0.376

0.121–1.272
0.180–0.786

0.119
0.009 **

−200c 1

low < 0.343 < high

Enter 1

1.323

0.354–4.942

0.677

low < 0.020 < high

Enter 1
BW/Wald 2

3.396
2.436

1.007–11.448
1.083–5.482

0.049 *
0.031 *

low < 0.020 < high

Enter 1

2.011

0.557–7.253

0.286

low < 36.25 < high

Enter

1

1.141

0.338–3.854

0.832

low < 116.25 < high

Enter 1

0.829

0.288–2.388

0.728

−205 1
−429 1
IHC

Enter

−141 1

Grading

MicroRNAs

Overall Survival

Vimentin

1

E-Cadherin 1

Enter

1

Cox regression model: enter method; 2 Cox regression model: backward elimination Wald method; (highly)
significantly different (* p < 0.05, ** p < 0.01). Abbreviations: BW, backward; eh, extrahepatic; gb, gall bladder;
HR, hazard ratio; i, intraductal; ih, intrahepatic; IHC, immunohistochemistry; m, mass-forming; p, periductal;
ph, perihilar; pM, distant metastasis status; pN, regional lymph node status; pT, primary tumor status; UICC,
Union for International Cancer Control.

3. Discussion
In the present study, we evaluated the relevance of miR200 family members and miR205 for the
EMT phenotype in BTC in vitro and in vivo. In initial reports, it became apparent that the miR200
family members (miR141, −200a/b/c, −429) acted as anti-EMT miRs in BTC [16,17].
In a comprehensive BTC cell model, the five miR200 family members were quantifiable in all
tested cell lines and their expression positively correlated with the expression of E-cadherin and
negatively with the expression of vimentin, N-cadherin and ZEB1. These expression patterns are
consistent with the finding that miR200 members directly target the EMT-promoting transcription
factor ZEB1, which itself is an inhibitor of the epithelial marker E-cadherin [23,25]. The expression
patterns we measured within the present study prove that high expression of miR200 family members
is a potential marker for E-cadherin-positive BTC cells, since only cell lines with high expression of
these miRs also expressed E-cadherin at a considerable amount—whereas vimentin as a mesenchymal
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marker is present only in cell lines expressing low miR200 levels. This observation goes in line with
Park et al., who showed that miR200 is exclusively expressed in E-cadherin-positive cancer cells of
different origin [6]. Additionally, Sundararajan and coworkers recently showed, in a cell line panel
representing nine different cancer entities, that miR200c expression was high only in epithelial cells,
whereas ZEB1 expression was high in mesenchymal cell types [26].
In BTC specimens, we found a similar correlation between expression of miR200 family members
and high E-cadherin and low vimentin levels. For miR200b and 200c, this observation was most
evident (highly significant). In primary ovarian cancer specimens, expression of miR200 resulted in
upregulation of E-cadherin, confirming the relationship between the miR200 family and E-cadherin [6].
Additionally, the analysis of both a BTC cancer cell line panel and clinical BTC samples revealed
a significant positive correlation of the expression patterns of the miR200 family members, thus
indicating a coordinated expression of these miRs, which has also been postulated earlier [27].
MicroRNA205 is another miR species that was shown to negatively regulate EMT [8]. For example,
in a recent study on gastric cancer, miR205 suppressed the invasive potential of gastric cancer
cells [28]. Furthermore, the authors confirmed that ZEB1 is a direct target of miR205 and that artificial
upregulation of miR205 resulted in enhanced E-cadherin (probably by downregulation of ZEB1) and
diminished N-cadherin and vimentin levels [28]. However, in our study, miR205 expression negatively
correlated with E-cadherin, and, in part, correlated positively with vimentin expression, probably
suggesting that miR205 may act as a supporter of EMT rather than a suppressor. In addition—and in
contrast to the data obtained for miR200 family members—high expression of miR205 correlated with
poor overall survival.
This result reflects the controversial role of miR205 regarding EMT as described in the current
literature: Gregory et al. recognized downregulation of miR205 in cells that had undergone EMT,
suggesting that miR205 acts as an anti-EMT miR in this context. Of note, this downregulation
was accompanied by downregulation of all five miR200 family members, indicating a functional
connection of miR200 family and miR205 [8]. In another study, regarding prostate cancer, the
authors compared metastatic versus non-metastatic prostate cancer xenograft samples. While they
found high miR205 expression in non-metastatic tissue, miR205 was absent in metastatic tissue [29].
Furthermore, over-expression of miR205 resulted in reduced invasiveness and metastatic potential in
prostate and colon cancer cells [30,31]. Regarding BTC, a study by Okamoto et al. demonstrated that
over-expression of miR205 enhanced sensitivity to the standard chemotherapeutic Gemcitabine, which,
again, categorizes miR205 as a tumor suppressor miR in this particular case [32]. In contrast, there
are studies that describe miR205 as an oncogenic miR, and, in line with our results, connect miR205
expression with increased metastatic potential and poor outcomes. In a work conducted by Kalogirou et
al., high miR205 resulted in higher cancer-specific mortality [33]. In ovarian cancer, upregulated miR205
expression was associated with advanced pathological grade and clinical stage [34]. Interestingly,
in the same study, artificial over-expression of miR205 resulted in increased motility. Likewise, in
nasopharyngeal carcinoma cells, enhanced miR205 expression increased proliferation, invasion and
migration [35]. In oral cavity and oropharynx squamous cell carcinoma, enhanced miR205 expression
correlated with disadvantageous clinicopathological parameters, including vascular invasion and
lymph node metastasis [36]. The results obtained in the present study, suggesting that miR205 acts as
an oncogenic miR and a predictor of poor prognosis, combined with the controversial data obtained
from the literature, underline the dual role of miR205 in cancer and may indicate oncogenic roles of this
miR in BTC. Identifying additional targets of miR205 and investigating the probably tumor-specific
importance of individual targets might explain this phenomenon.
Besides their role in EMT and metastasis, the miR200 family might be involved in other aspects
of BTC progression, and, in this regard, they might be both tumor suppressors and oncogenic miRs.
As shown by Wiklund et al. [27] in bladder cancer, expression of miR200 family members and miR205
was enhanced in tumor samples compared to healthy control samples. However, expression of these
miRs was decreased in invasive tumors, suggesting that miR200 family and miR205 intrinsically have
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oncogenic potential but also inhibit tumor invasion and metastasis [27]. Regarding BTC, in a recent
study by Goeppert and coworkers, miR200a, miR200b and miR429 were found to be upregulated in
BTC specimens compared to control samples [37]. Furthermore, the authors demonstrated that the
potential BTC-related tumor suppressor CDH6 is a direct target of miR429, and that downregulation
of CDH6 occurs stepwise during BTC progression (with BTC showing the lowest levels) and is
associated with poor overall survival [37]. The Polycomb Repressive Complexes (PRC) are epigenetic
regulators that are overly active in cancer cells and are involved in development and progression of
BTC [38–40]. Peng et al. identified SUZ12, a core component of the epigenetic regulator Polycomb
Repressive Complex 2 (PRC2), as a direct target of miR200b and 200c [17]. Interestingly, BMI1, a core
component of the PRC1, was suggested to be a direct target of miR429 in another study. Moreover,
they demonstrated that downregulation of miR429 not only reduced the expression of E-cadherin, but
also the expression of the key tumor suppressors p14 and p16. Therefore, future studies should not
only give more detailed information about the role of miR200 family members and miR205 in EMT,
but should also regard other aspects of tumorigenesis and progression.
Overall survival is probably the most important endpoint, and, for this parameter, several studies
indicate that miR200 family expression correlates with better outcome. In bladder cancer, high miR200c
expression was a predictor of prolonged survival time [27]. Regarding BTC, Oishi and coworkers
observed that high expression of miR200c was associated with longer overall and recurrence-free
survival [16]. In line with these results, high expression of miR200c resulted in better cumulative
survival in our BTC cohort compared to cases with low miR200c expression. In addition, high
expression of the remaining four members of the miR200 family was similarly associated with longer
overall survival (significant for miR200b).
4. Materials and Methods
4.1. Cell Culture and Clinical BTC Samples
Biliary tract cancer cell lines used in this study ([11], see [39] for references) included five bile
duct carcinoma (BDC (G4), CCSW-1 (G2), EGI-1 (G3), SkChA-1 (G3), and TFK-1 (G2)) and three
gallbladder carcinoma cell lines (GBC (G1), MzChA-1 (G1), and MzChA-2 (G2)) which were cultured
in Dulbecco0 s modified Eagle0 s Medium supplemented with 10% (v/v) fetal bovine serum (FBS; Gibco,
Life Technologies, Waltham, MA, USA) as described before [39,41,42]. For miRNA, mRNA and protein
expression analysis, cells were seeded in 60 mm petri dishes 24 h prior to RNA isolation at 75%
confluency. Seventy-eight cases of FFPE BTC samples archived between 1997 and 2015 at the Institute
of Pathology (Paracelsus Medical University, Salzburg, Austria) were included in the current study. All
analyses on human BTC samples were carried out on routinely archived and anonymized specimens
according to the local ethics committee (Reference No. 415-EP/73/37-2011). The clinical and pathologic
characteristics are summarized in Table 1.
4.2. MicroRNA, mRNA and Protein Expression Analysis from BTC Cell Lines
Total RNA was isolated using Trizol reagent according to the manufacturer0 s instructions
(Invitrogen/Thermo Fisher, Waltham, MA, USA), quantified by photometry (260 nm, U-2000
Spectrophotometer, Hitachi, Wr. Neudorf; Austria), transcribed for miRNA expression analysis using
the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems/Thermo Fisher, Waltham,
MA, USA) and analyzed for miR200 family members miR141, 200a, 200b, 200c and 429 and miR205
expression using TaqMan miRNA Assays and the TaqMan Universal Master Mix II on a ViiA7 real-time
PCR thermocycler (ABI/Thermo Fisher) according to the manufacturer0 s instructions. Results obtained
from three independent biological replicates were normalized to the RNU6B housekeeping miRNA.
For mRNA expression analyses, total RNA was treated with RQ RNase-free DNase, transcribed
using the ImProm-II Reverse Transcription System and random hexamer primers and analyzed using
GoTaq Green Master Mix (all from Promega, Mannheim, Germany, according to the manufacturer0 s
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instructions) and custom-designed primers (Sigma-Aldrich, Vienna, Austria). Results obtained from
three independent biological replicates were normalized to the β-actin housekeeping gene. Primer
sequences are available from the corresponding author upon request.
For Western blot analysis, at 24 h post seeding, cells were harvested, counted and the pellet
was frozen at −20 ◦ C until further processing. Samples of each replicate were thawed, resuspended
in an appropriate volume of phosphate buffered saline (PBS) to obtain approximately 30 µg total
cell protein per 10 µL solution (1.105 cells/10 µL), sonicated 8 times (total 10 s; Sonopuls HD70,
Bandelin, Berlin, Germany), mixed with one volume of sodium dodecyl sulfate (SDS) sample buffer
(0.125 M Tris (pH 6.8), 4% SDS, 20% Glycerol, 0.02% bromophenol blue, 200 mM dithiothreitol (DTT)),
heated for 5 min at 95 ◦ C and separated on a gradient SDS gel (4%–20% Mini-PROTEAN® TGX
Stain-Free, Biorad, Munich, Germany). Proteins were transferred by Trans-Blot Turbo to nitrocellulose
membranes (Biorad) and—after standard washing and blocking procedures (nonfat dry milk blocking
buffer)—probed for E-cadherin (#3195, 1:1000), vimentin (#5741, 1:1000) and β-actin (#8457, 1:1000;
all purchased from Cell Signaling Technologies, Danvers, MA, USA) and detected by SignalFire™
enhanced chemiluminescence (ECL) Reagent (Cell Signaling Technologies) on a ChemiDoc MP System
(Biorad). Band intensities were quantified using ImageJ (version 1.48v; available online: imagej.nih.gov)
and, after blot-internal calibration to the respective most intensive band, related to the corresponding
intensity of the β-actin bands.
4.3. Expression Analysis of miR200 Family and EMT Protein Markers in FFPE Samples
Depending on the size of the tumor area on the FFPE block, three to ten 10 µm sections comprising
the tumor tissue without surrounding tissue were cut using a RM2245 semi-automated rotator
microtome (Leica Biosystems Nussloch GmbH, Nussloch, Germany), transferred to sterile 1.5 mL tubes
and further processed using the miRNeasy FFPE Kit according to the manufacturer’s instructions.
MicroRNAs were transcribed using the miScript II RT Kit and quantified on a ViiA7 thermocycler
using QuantiTect SYBR Green mastermix and miScript Primer Assays. Using the DataAssist software
(version 3.01; Applied Biosystems/Thermo Fisher), all results were normalized to the expression of
RNU6 and SNORD61 as reference miRs. All FFPE miR reagents and qPCR kits were obtained from
Qiagen (Hilden, Germany) and used according to the manufacturer’s instructions.
E-Cadherin and vimentin as the most important epithelial and mesenchymal marker proteins,
respectively, were measured by semi-quantitative immunohistochemistry on all FFPE tissue specimens.
In brief, 4 µm sections were mounted on glass slides, deparaffinized using graded alcohols, subjected to
antigen retrieval at pH9 and stained using primary antibodies (mouse-monoclonal anti-E-cadherin (36,
catalogue No. 790-4497) and anti-vimentin (V9, catalogue No. 790-2917), each ready-to use; Ventana
Medical Systems, Basel, Switzerland) on a Benchmark Ultra (Ventana). Staining intensity (0–3) and
extent (0%–100% tumor cells) were assessed by experienced pathologists (RU, EK, DN) for the tumor
center and borders. Semi-quantitative immunohistochemistry scores were calculated by multiplication
of the intensity and extensity yielding scores between 0 and 300 [43].
4.4. Statistics
All calculations were performed using IBM SPPS Statistics 20 (IBM Austria, Vienna, Austria).
Statistical results were considered significant (*) or highly significant (**) at p < 0.05 and p < 0.01,
respectively. Correlation analysis (miRs versus miRs, mRNAs, and protein) were performed using
Spearman’s correlation analysis. Differences in the clinicopathological data for each localization
(intrahepatic, extrahepatic, perihilar, gall bladder) were analyzed using the χ2 test and ANOVA
(Bonferroni post hoc test) for nominal and continuous variables, respectively. Differences in miRNA and
vimentin/E-cadherin expression between patient samples grouped by clinicopathological parameters
were calculated using a Student0 s t-test and ANOVA and LSD post hoc tests. Cut-off values for
miRs in our FFPE sample cohort were determined using the receiver operating characteristic (ROC)
calculation and Youden Index analysis for overall survival. Survival curves were generated using
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the Kaplan–Meier method and compared by log rank tests (Mantel–Cox). Cox regression analysis
to identify predictors of survival were performed using either the enter or backward elimination
Wald method.
5. Conclusions
In summary, this study clearly confirms an association between miR200 family members and
the BTC cellular phenotype in vitro and in vivo. The expression of these miRNAs is significantly
associated with an epithelial phenotype and might serve as a positive predictor of overall survival
in BTC patients. Subsequent mechanistic studies, based on over-expression or inhibition of specific
miRNAs, have to prove the functional connection between EMT-related changes in cellular phenotype
(including migration, invasion capabilities) and the individual role of miR200 family members in BTC.
Acknowledgments: This study was supported by funds of the Oesterreichische Nationalbank (Anniversary
fund, project number: 14842) and the research fund of the Paracelsus Medical University Salzburg (Grant No.
A-12/02/006-KIE and R-10/04/17-KIE). Martin Pichler0 s research activities on biliary tract cancer were supported
by a research grant of research funding by the Styrian government. The expert technical assistance of Berta Lechner,
Monika Prinz, and Sabine Inselsbacher (all at Institute of Pathology, Paracelsus Medical University/Salzburger
Landeskliniken (SALK), Salzburg, Austria) is gratefully acknowledged.
Author Contributions: Christian Mayr, Andrej Wagner, Martin Pichler, Daniel Neureiter and Tobias Kiesslich
conceived and designed the experiments. Romana Urbas, Christian Mayr, Julia Fuereder, Doris Bach,
Magdalena Löffelberger, Daniel Neureiter and Tobias Kiesslich performed the experiments. Eckhard Klieser,
Julia Fuereder, Doris Bach, Stefanie Stanzer, Anna Lena Ress, Daniel Neureiter and Tobias Kiesslich analyzed
the data. Romana Urbas, Eckhard Klieser, Stefan Stättner, Florian Primavesi, Tarkan Jaeger, Frieder Berr and
Markus Ritter contributed reagents/materials/analysis tools or infrastructure for the experiments. Romana Urbas,
Christian Mayr, Eckhard Klieser, Daniel Neureiter and Tobias Kiesslich wrote the manuscript. All authors have
read and approved the final submitted version of the manuscript.
Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
BTC
BMI1
CD133
CDH6
EMT
FFPE
miR
p14
p16
PCR
PRC 1, 2
ROC
SUZ12
ZEB 1, 2

Biliary Tract Cancer
BMI1 Proto-Oncogene, Polycomb Ring Finger
Prominin 1
Cadherin 6
Epithelial to Mesenchymal Transition
Formalin-Fixed Paraffin-Embedded
MicroRNA
Cyclin-Dependent Kinase Inhibitor 2A, Splice Variant
Cyclin-Dependent Kinase Inhibitor 2A, Splice Variant
Polymerase Chain Reaction
Polycomb Repressive Complex 1, 2
Receiver Operating Characteristic
SUZ12 Polycomb Repressive Complex 2 Subunit
Zinc Finger E-Box Binding Homeobox 1, 2

References
1.
2.
3.
4.
5.
6.

Piontek, K.; Selaru, F.M. MicroRNAs in the biology and diagnosis of cholangiocarcinoma. Semin. Liver Dis.
2015, 35, 55–62. [CrossRef] [PubMed]
miRBase. Available online: www.mirbase.org (accessed on 25 October 2016).
Calin, G.A.; Croce, C.M. MicroRNA signatures in human cancers. Nat. Rev. Cancer 2006, 6, 857–866.
[CrossRef] [PubMed]
Pichler, M.; Calin, G.A. MicroRNAs in cancer: From developmental genes in worms to their clinical
application in patients. Br. J. Cancer 2015, 113, 569–573. [CrossRef] [PubMed]
Kalluri, R.; Weinberg, R.A. The basics of epithelial-mesenchymal transition. J. Clin. Investig. 2009, 119,
1420–1428. [CrossRef] [PubMed]
Park, S.M.; Gaur, A.B.; Lengyel, E.; Peter, M.E. The miR-200 family determines the epithelial phenotype of
cancer cells by targeting the E-cadherin repressors ZEB1 and ZEB2. Genes Dev. 2008, 22, 894–907. [CrossRef]
[PubMed]

Int. J. Mol. Sci. 2016, 17, 2053

7.

8.

9.
10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.
21.

22.
23.
24.
25.

26.

14 of 15

Pichler, M.; Ress, A.L.; Winter, E.; Stiegelbauer, V.; Karbiener, M.; Schwarzenbacher, D.; Scheideler, M.;
Ivan, C.; Jahn, S.W.; Kiesslich, T.; et al. miR-200a regulates epithelial to mesenchymal transition-related
gene expression and determines prognosis in colorectal cancer patients. Br. J. Cancer 2014, 110, 1614–1621.
[CrossRef] [PubMed]
Gregory, P.A.; Bert, A.G.; Paterson, E.L.; Barry, S.C.; Tsykin, A.; Farshid, G.; Vadas, M.A.; Khew-Goodall, Y.;
Goodall, G.J. The miR-200 family and miR-205 regulate epithelial to mesenchymal transition by targeting
ZEB1 and SIP1. Nat. Cell Biol. 2008, 10, 593–601. [CrossRef] [PubMed]
Cochrane, D.R.; Howe, E.N.; Spoelstra, N.S.; Richer, J.K. Loss of miR-200c: A marker of aggressiveness and
chemoresistance in female reproductive cancers. J. Oncol. 2010, 2010, 821717. [CrossRef] [PubMed]
Patel, T. Cholangiocarcinoma—Controversies and challenges. Nat. Rev. Gastroenterol. Hepatol. 2011, 8,
189–200. [CrossRef] [PubMed]
De Groen, P.C.; Gores, G.J.; LaRusso, N.F.; Gunderson, L.L.; Nagorney, D.M. Biliary tract cancers. N. Engl.
J. Med. 1999, 341, 1368–1378. [CrossRef] [PubMed]
Rizvi, S.; Gores, G.J. Pathogenesis, diagnosis, and management of cholangiocarcinoma. Gastroenterology 2013,
145, 1215–1229. [CrossRef] [PubMed]
Razumilava, N.; Gores, G.J. Cholangiocarcinoma. Lancet 2014, 383, 2168–2179. [CrossRef]
Valle, J.W.; Furuse, J.; Jitlal, M.; Beare, S.; Mizuno, N.; Wasan, H.; Bridgewater, J.; Okusaka, T. Cisplatin and
gemcitabine for advanced biliary tract cancer: A meta-analysis of two randomised trials. Ann. Oncol. 2014,
25, 391–398. [CrossRef] [PubMed]
Gores, G.J. Cholangiocarcinoma: Preventing invasion as anti-cancer strategy. J. Hepatol. 2003, 38, 671–673.
[CrossRef]
Oishi, N.; Kumar, M.R.; Roessler, S.; Ji, J.; Forgues, M.; Budhu, A.; Zhao, X.; Andersen, J.B.; Ye, Q.H.;
Jia, H.L.; et al. Transcriptomic profiling reveals hepatic stem-like gene signatures and interplay of miR-200c
and epithelial-mesenchymal transition in intrahepatic cholangiocarcinoma. Hepatology 2012, 56, 1792–1803.
[CrossRef] [PubMed]
Peng, F.; Jiang, J.; Yu, Y.; Tian, R.; Guo, X.; Li, X.; Shen, M.; Xu, M.; Zhu, F.; Shi, C.; et al. Direct targeting of
SUZ12/ROCK2 by miR-200b/c inhibits cholangiocarcinoma tumourigenesis and metastasis. Br. J. Cancer
2013, 109, 3092–3104. [CrossRef] [PubMed]
Karakatsanis, A.; Papaconstantinou, I.; Gazouli, M.; Lyberopoulou, A.; Polymeneas, G.; Voros, D. Expression
of microRNAs, miR-21, miR-31, miR-122, miR-145, miR-146a, miR-200c, miR-221, miR-222, and miR-223 in
patients with hepatocellular carcinoma or intrahepatic cholangiocarcinoma and its prognostic significance.
Mol. Carcinog. 2013, 52, 297–303. [CrossRef] [PubMed]
Bernuzzi, F.; Marabita, F.; Lleo, A.; Carbone, M.; Mirolo, M.; Marzioni, M.; Alpini, G.; Alvaro, D.;
Boberg, K.M.; Locati, M.; et al. Serum microRNAs as novel biomarkers for primary sclerosing cholangitis
and cholangiocarcinoma. Clin. Exp. Immunol. 2016, 185, 61–71. [CrossRef] [PubMed]
Kim, J.; Ryu, J.K.; Lee, S.H.; Kim, Y.T. MicroRNA 141 expression is a potential prognostic marker of biliary
tract cancers. Gut Liver 2016, 10, 836–841. [CrossRef] [PubMed]
Araki, K.; Shimura, T.; Suzuki, H.; Tsutsumi, S.; Wada, W.; Yajima, T.; Kobayahi, T.; Kubo, N.; Kuwano, H.
E/N-cadherin switch mediates cancer progression via TGF-β-induced epithelial-to-mesenchymal transition
in extrahepatic cholangiocarcinoma. Br. J. Cancer 2011, 105, 1885–1893. [CrossRef] [PubMed]
Tomita, K.; van Bokhoven, A.; van Leenders, G.J.; Ruijter, E.T.; Jansen, C.F.; Bussemakers, M.J.; Schalken, J.A.
Cadherin switching in human prostate cancer progression. Cancer Res. 2000, 60, 3650–3654. [PubMed]
Mongroo, P.S.; Rustgi, A.K. The role of the miR-200 family in epithelial-mesenchymal transition.
Cancer Biol. Ther. 2010, 10, 219–222. [CrossRef] [PubMed]
Wittekind, C.; Meyer, H.J. TNM—Klassifikation Maligner Tumoren, 7th ed.; Wiley-VCH: Weinheim, Germany,
2010.
Takeyama, Y.; Sato, M.; Horio, M.; Hase, T.; Yoshida, K.; Yokoyama, T.; Nakashima, H.; Hashimoto, N.;
Sekido, Y.; Gazdar, A.F.; et al. Knockdown of ZEB1, a master epithelial-to-mesenchymal transition (EMT)
gene, suppresses anchorage-independent cell growth of lung cancer cells. Cancer Lett. 2010, 296, 216–224.
[CrossRef] [PubMed]
Sundararajan, V.; Gengenbacher, N.; Stemmler, M.P.; Kleemann, J.A.; Brabletz, T.; Brabletz, S. The
ZEB1/miR-200c feedback loop regulates invasion via actin interacting proteins MYLK and TKS5. Oncotarget
2015, 6, 27083–27096. [CrossRef] [PubMed]

Int. J. Mol. Sci. 2016, 17, 2053

27.

28.

29.
30.

31.

32.
33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43.

15 of 15

Wiklund, E.D.; Bramsen, J.B.; Hulf, T.; Dyrskjot, L.; Ramanathan, R.; Hansen, T.B.; Villadsen, S.B.; Gao, S.;
Ostenfeld, M.S.; Borre, M.; et al. Coordinated epigenetic repression of the miR-200 family and miR-205 in
invasive bladder cancer. Int. J. Cancer 2011, 128, 1327–1334. [CrossRef] [PubMed]
Xu, C.; Li, M.; Zhang, L.; Bi, Y.; Wang, P.; Li, J.; Jiang, X. MicroRNA-205 suppresses the invasion and
epithelial-mesenchymal transition of human gastric cancer cells. Mol. Med. Rep. 2016, 13, 4767–4773.
[CrossRef] [PubMed]
Watahiki, A.; Wang, Y.; Morris, J.; Dennis, K.; O'Dwyer, H.M.; Gleave, M.; Gout, P.W.; Wang, Y. MicroRNAs
associated with metastatic prostate cancer. PLoS ONE 2011, 6, e24950. [CrossRef] [PubMed]
Coarfa, C.; Fiskus, W.; Eedunuri, V.K.; Rajapakshe, K.; Foley, C.; Chew, S.A.; Shah, S.S.; Geng, C.; Shou, J.;
Mohamed, J.S.; et al. Comprehensive proteomic profiling identifies the androgen receptor axis and other
signaling pathways as targets of microRNAs suppressed in metastatic prostate cancer. Oncogene 2016, 35,
2345–2356. [CrossRef] [PubMed]
Nguyen-Vu, T.; Wang, J.; Mesmar, F.; Mukhopadhyay, S.; Saxena, A.; McCollum, C.W.; Gustafsson, J.A.;
Bondesson, M.; Williams, C. Estrogen receptor beta reduces colon cancer metastasis through a novel
miR-205—PROX1 mechanism. Oncotarget 2016. [CrossRef] [PubMed]
Okamoto, K.; Miyoshi, K.; Murawaki, Y. miR-29b, miR-205 and miR-221 enhance chemosensitivity to
gemcitabine in HuH28 human cholangiocarcinoma cells. PLoS ONE 2013, 8, e77623. [CrossRef] [PubMed]
Kalogirou, C.; Spahn, M.; Krebs, M.; Joniau, S.; Lerut, E.; Burger, M.; Scholz, C.J.; Kneitz, S.; Riedmiller, H.;
Kneitz, B. MiR-205 is progressively down-regulated in lymph node metastasis but fails as a prognostic
biomarker in high-risk prostate cancer. Int. J. Mol. Sci. 2013, 14, 21414–21434. [CrossRef] [PubMed]
Niu, K.; Shen, W.; Zhang, Y.; Zhao, Y.; Lu, Y. miR-205 promotes motility of ovarian cancer cells via targeting
ZEB1. Gene 2015, 574, 330–336. [CrossRef] [PubMed]
Nie, G.; Duan, H.; Li, X.; Yu, Z.; Luo, L.; Lu, R.; Ji, Z.; Zhang, W. MicroRNA205 promotes the tumorigenesis of
nasopharyngeal carcinoma through targeting tumor protein p53-inducible nuclear protein 1. Mol. Med. Rep.
2015, 12, 5715–5722. [PubMed]
Brito, B.L.; Lourenco, S.V.; Damascena, A.S.; Kowalski, L.P.; Soares, F.A.; Coutinho-Camillo, C.M. Expression
of stem cell-regulating miRNAs in oral cavity and oropharynx squamous cell carcinoma. J. Oral Pathol. Med.
2016. [CrossRef] [PubMed]
Goeppert, B.; Ernst, C.; Baer, C.; Roessler, S.; Renner, M.; Mehrabi, A.; Hafezi, M.; Pathil, A.; Warth, A.;
Stenzinger, A.; et al. Cadherin-6 is a putative tumor suppressor and target of epigenetically dysregulated
miR-429 in cholangiocarcinoma. Epigenetics 2016. [CrossRef] [PubMed]
Mayr, C.; Neureiter, D.; Wagner, A.; Pichler, M.; Kiesslich, T. The role of polycomb repressive complexes in
biliary tract cancer. Expert Opin. Ther. Targets 2014. [CrossRef] [PubMed]
Mayr, C.; Wagner, A.; Loeffelberger, M.; Bruckner, D.; Jakab, M.; Berr, F.; di Fazio, P.; Ocker, M.; Neureiter, D.;
Pichler, M.; et al. The BMI1 inhibitor PTC-209 is a potential compound to halt cellular growth in biliary tract
cancer cells. Oncotarget 2016, 7, 745–758. [CrossRef] [PubMed]
Mayr, C.; Wagner, A.; Stoecklinger, A.; Jakab, M.; Illig, R.; Berr, F.; Pichler, M.; di Fazio, P.; Ocker, M.;
Neureiter, D.; et al. 3-Deazaneplanocin a may directly target putative cancer stem cells in biliary tract cancer.
Anticancer Res. 2015, 35, 4697–4705. [PubMed]
Kiesslich, T.; Alinger, B.; Wolkersdorfer, G.W.; Ocker, M.; Neureiter, D.; Berr, F. Active Wnt signalling is
associated with low differentiation and high proliferation in human biliary tract cancer in vitro and in vivo
and is sensitive to pharmacological inhibition. Int. J. Oncol. 2010, 36, 49–58. [PubMed]
Wachter, J.; Neureiter, D.; Alinger, B.; Pichler, M.; Fuereder, J.; Oberdanner, C.; di Fazio, P.; Ocker, M.; Berr, F.;
Kiesslich, T. Influence of five potential anticancer drugs on wnt pathway and cell survival in human biliary
tract cancer cells. Int. J. Biol. Sci. 2012, 8, 15–29. [CrossRef] [PubMed]
Detre, S.; Saclani Jotti, G.; Dowsett, M. A “quickscore” method for immunohistochemical semiquantitation:
Validation for oestrogen receptor in breast carcinomas. J. Clin. Pathol. 1995, 48, 876–878. [CrossRef] [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

