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Background:  Intrahepatic  cholangiocarcinomas  develop  through  a multi-step  carcinogenesis.  Precancer-
ous  lesions  are defined  as  biliary  intraepithelial  neoplasia.  Sex  determining  region  Y-box9  (Sox9)  is
required  for  the  normal  differentiation  of  the  biliary  tract.
Aims: To  evaluate  the  Sox9  expression  in  carcinogenesis  and  its correlation  with  clinicopathological
features  in  intrahepatic  cholangiocarcinoma.
Methods: Sox9  expression  in normal  epithelium,  biliary  intraepithelial  neoplasia,  and  intrahepatic
cholangiocarcinoma  were  investigated  immunohistochemically  using  43 specimens  of  intrahepatic
cholangiocarcinoma.  Sox9  expression  in  intrahepatic  cholangiocarcinoma  was  compared  with  the  clin-
icopathological  features.  The  molecular  effects  of  Sox9  were  investigated  by  gene  transfection  to
intrahepatic  cholangiocarcinoma  cell  lines.
Results: Sox9  expression  was  decreased  from  the  normal  epithelium  to the biliary  intraepithelial  neo-
plasia  in  a stepwise  fashion.  In  51.2%  (22/43)  of  the  patients  with  intrahepatic  cholangiocarcinoma,  Sox9
expression  was  positive,  and  Sox9  expression  was  significantly  associated  with  the biliary  infiltration
(P  = 0.034)  and  poor overall  survival  (P =  0.039).  Upregulation  of  Sox9  promoted  the cell  migration  and
invasion,  and  decreased  the E-cadherin  expression  and  increased  the vimentin  and  �-SMA  expression  in

cell  lines.
Conclusions:  Decreased  Sox9  expression  may  be  related  to the  early  stage  of  the  carcinogenesis  of intra-
hepatic  cholangiocarcinoma.  Sox9  overexpression  in intrahepatic  cholangiocarcinoma  is  related  to  biliary
infiltration  and  poorer  prognosis,  and  it promotes  cell  migration  and  invasion,  via  the  epithelial-to-
mesenchymal  transition.

©  2015  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by  Elsevier  Ltd.  All  rights  reserved.
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-Bs) are thought to progress to carcinoma via multi-
esses [7,8]. BilINs are classified into three grades (BilIN-1,
nd BilIN-3) according to the degree of atypia: BilIN-1 cor-

 to low-grade dysplasia, BilIN-2, to intermediate-grade
, and BilIN-3, to high-grade dysplasia.
Sry [sex-determining region Y] – box9) is a member of the
d high-mobility group (HMG) box family. Sox9 plays an
t role not only in sex determination, but also in chondro-
nd the embryonic formation of several tissues and organs,

 the testis, heart, lung, pancreas, biliary tract and the cen-
ous system [9–15]. Abnormality in any of several genes

 a role in the normal differentiation of several organs can
eral neoplasms [16,17]. Several studies have found that

 system cancers such as hepatocellular carcinoma (HCC),
eal cancer, gastric cancer (GC) and colorectal cancer are
d with Sox9 expression in carcinogenesis [18–21]. More-
9 has attracted attention as a progressive or prognostic
r in patients diagnosed with HCC or GC [18,22].
nt years, we have reported that Sox9 expression gradually

 in the carcinogenesis of intraductal papillary mucinous
 (IPMN) in the pancreas, and that Sox9 expression in IPN-

is recognised as the counterpart of IPMN, was significantly
an the expression in the normal epithelium of the bile
24]. In addition, a stepwise decrease of Sox9 expression
atic intraepithelial neoplasia, which is recognised as the
art of BilIN, was reported by Shroff et al. [25]. In the present

 analysed Sox9 expression in ICCs including the precan-
sions, and we determined this expression’s correlation
icopathological features. We  also investigated the molec-
ts of Sox9 expression on ICC cell lines, especially in cell

 and invasion.

ials and methods

e samples and immunohistochemistry

l of 43 patients [male/female: 26/17, median age (range):
8) years] diagnosed with ICC underwent hepatic resection
g extents in our department between April 2000 and
014. The patients’ characteristics are shown in Table 1.
taging was classified according to the TNM Classification
ant Tumours defined by the International Union Against
eventh edition) [26]. Biliary infiltration was defined as
n cases in which the cancer cells had invaded the intra-
ile duct. None of the patients received any chemotherapy
ion therapy before their operation. Surgical specimens
estigated immunohistochemically for Sox9 expression.
y was approved by the Ethics Committee of Nagasaki
y, and conducted in accordance with the Declaration
ki. Informed consent was obtained from each patients
in this study.
l of 43 cancerous lesions and 43 normal biliary epithe-
ples, one of each from each patient, were investigated.
n, a total of 47 BilIN-1 lesions, 27 BilIN-2 lesions, and 16
sions were obtained from 23 ICC surgical specimens under
ope. The investigated normal epithelium and BilIN sam-

 selected from tissue outside of the main cancerous area
ned from the periphery of the liver.
nohistochemistry was performed using mouse mono-
ti-Sox9 antibody (Abcam, Cambridge, UK) following the
described by Tanaka et al. [23]. The quantification of
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could be detected at ×40 and ×100 magnification,
ely,  whereas weak staining could be detected at ×200
ation. The IRS (0–9) was obtained by multiplying the per-
core and the intensity score. An IRS ≥ 1 was defined as
itive, and the IRS = 0 was  defined as Sox9-negative. The
ns between Sox9 expression and the clinicopathological

were investigated. Overall survival was calculated from
f operation. Two  patients who did not undergo curative

 were excluded from the overall survival analysis.

line culture, transfection and RNA interference

n ICC cell lines HuCCT1 and HuH28 were purchased from
 Bank, Japan. HuCCT1 and HuH28 cells were grown at 37 ◦C
CO2 in RPMI 1640 medium supplemented with 10% foetal
rum (FBS), 100 U/mL penicillin, and 100 mg/mL  strepto-
ibco®; Invitrogen, Carlsbad, CA). The Sox9 cDNA ligated
pCMV6 vector was  purchased from OriGene (Rockville,

 negative control (Mock), a pCMV6 vector with no inser-
used.
T1 and HuH28 cells were transfected with Sox9 cDNA
6 vector using TransIT®-2020 Transfection Reagent
adison, WI)  according to the manufacturer’s instruc-

CCT1 cells were transfected with Sox9 short interference
NA) (Silencer® Select siRNA, Ambion, Carlsbad, CA) using
mine® RNAiMAX Reagent (Invitrogen) according to the
urer’s instructions. As a negative control (scramble),
Select Negative Control siRNA (Ambion) was  used. Suc-
gulation of Sox9 expression in the HuCCT1 and HuH28

 verified by Western blotting.

tern blotting

mples were lysed with Triton-deoxycholate (DOC) lysis
ter centrifugation, the supernatant was  stored at −80 ◦C

lysis. After the amounts of protein were measured using a
ein assay kit (Pierce 23227, Life Technologies, Carlsbad,
ing buffer [2% SDS, 5% �-mercaptoethanol, 5% sucrose,
romophenol blue and 62.5 mM Tris–HCl (pH6.8)] was
the proteins, and the mixtures were incubated at 95 ◦C for
dium dodecyl sulfate polyacrylamide gel electrophoresis
E) was performed using 12% acrylamide gels. The proteins
sferred onto Immobilon-P membranes (IPVH10100, Mil-
dford, MA)  in a transfer buffer containing 20% methanol.
locking in 5% skim milk for 60 min  at room temperature,
branes were reacted with primary antibody overnight
d followed by horseradish peroxidase (HRP)-conjugated

y antibodies. The following primary antibodies were used:
697, Abcam), E-cadherin (ab15148, Abcam), vimentin and

(ab157392, Abcam). The proteins were visualised using
minescence system (RPN2132, GE Healthcare, Bucking-
, UK). The quantification of the Western blotting data was
d with GAPDH as a reference, using Image J software (NIH,
, Maryland).

proliferation assay

y-four,  48, and 72 hours after the transfection of HuCCT1
28 cells, Cell Proliferation Reagent WST-1 (Roche Applied

ndianapolis, IN) was  used according to the manufacturer’s
ns. A microplate reader (Multiskan® FC, Thermo Fisher
, Vantaa, Finland) was  used to calculate the cleavage of

 formazan by metabolically active cells.
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Table  1
Clinicopathological features and Sox9 expression in 43 patients with intrahepatic cholangiocarcinoma.

Variables Case Sox9-positive (n, %) Sox9-negative (n, %) P-values

Age (years) 1.00
<60  6 3 (50.0) 3 (50.0)
≥60 37 19 (51.4) 18 (48.6)

Gender 0.62
Male  26 12 (46.2) 14 (53.8)
Female 17 10 (58.8) 7 (41.2)

HBsAg 0.75
Negative  35 18 (51.4) 17 (48.6)
Positive 8 4 (50.0) 4 (50.0)

HCVAb 0.35
Negative  38 18 (47.4) 20 (52.6)
Positive 5 4 (80.0) 1 (20.0)

Child–Pugh score 1.00
A  36 18 (50.0) 18 (50.0)
B  7 4 (57.1) 3 (42.9)
C  0 0 (0) 0 (0)

Tumour size 0.22
≤5  cm 30  13 (43.3) 17 (56.7)
>5  cm 13 9 (69.2) 4 (30.8)

Gross appearance 0.29
MF  + PI 10 7 (70.0) 3 (30.0)
MF 20 11 (55.0) 9 (45.0)
PI  6 2 (33.3) 4 (66.7)
IG  7 2 (28.6) 5 (71.4)

Histological gradea 0.43
G1  9 5 (55.6) 4 (44.4)
G2  24 14 (58.3) 10 (41.7)
G3  9 3 (33.3) 6 (66.7)

T  stage 0.38
T1  9 3 (33.3) 6 (66.7)
T2  (a, b) 12 6 (46.2) 7 (53.8)
T3  5 4 (80.0) 1 (20.0)
T4  16 9 (56.3) 7 (43.7)

Nodal status 0.51
N0  30 14 (46.7) 16 (53.3)
N1  13 8 (61.5) 5 (38.5)

Distant metastasis 0.49
No  42 22 (52.4) 20 (47.6)
Yes 1 0 (0) 1 (100)

Biliary infiltration 0.034
No  10 2 (20.0) 8 (80.0)
Yes 33 20 (62.5) 13 (37.5)

Venous invasion 0.93
No  32 17 (53.1) 15 (46.9)
Yes 11 5 (45.5) 6 (54.5)

UICC stage 0.36
I  9 3 (33.3) 6 (66.7)
II  12 6 (50.0) 6 (50.0)
III  2 2 (100) 0 (0)
IV  A, B 20 11 (55.0) 9 (45.0)

Resection 1.00
Curative  41 21 (51.2) 20 (48.8)
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eight hours after the transfection into HuCCT1 cells cul-
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ee PRMI 1640 was transferred to 24-well BD BioCoatTM
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Fig. 1. Sox9 expression of normal epithelium, biliary intraepithelial neoplasia and intrahepatic cholangiocarcinoma. (a) The nuclei of normal epithelial cells were strongly
positive for Sox9. (b, c, d) Sox9 expressions of biliary intraepithelial neoplasia-1 (b), -2 (c), and -3 (d) decreased in a stepwise fashion. (e, f) Although Sox9 expression
was positive in 51.2% of the intrahepatic cholangiocarcinomas, the others were negative (original magnification ×400). (g) Immunoreactive score in normal epithelium,
biliary intraepithelial neoplasia, and intrahepatic cholangiocarcinoma. The Sox9 expressions of biliary intraepithelial neoplasia and intrahepatic cholangiocarcinoma were
significantly lower than that in the normal epithelium (P < 0.0001). The number of lesions investigated for the normal epithelium, biliary intraepithelial neoplasia-1, -2, -3,
and  intrahepatic cholangiocarcinoma were 43, 47, 27, 16, and 43, respectively. *P < 0.0001 (vs. normal epithelium). IRS, immunoreactive score; BilIN, biliary intraepithelial
neoplasia; ICC, intrahepatic cholangiocarcinoma.
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stical analysis

atistical analysis was performed using GraphPad PRISM6
(GraphPad Software, San Diego, CA). The relationships
the Sox9 expression of ICC and clinicopathological fea-
re analysed using Fisher’s exact test or chi-square test.
rvival was analysed using the Kaplan–Meier method and

 test. All in vitro data were obtained from at least three
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 cells (Fig. 1b–d). The percentages of Sox9-positivity in
2, and -3 were 59.6% (28/47), 66.7% (18/27), and 56.3%
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 both the HuCCT1 cells and HuH28 cells, there was no
t difference in the cell proliferation between the groups

ed with Sox9 cDNA and those transfected with empty vec-
 h following transfection (Fig. 3a).

 overexpression and migration in HuCCT1 cells

mine the role of Sox9 in the migration of ICC cells, we
d wound healing assays. Migration was significantly pro-

 the HuCCT1 cells transfected with Sox9 cDNA compared
ls transfected with empty vector (P < 0.05) (Fig. 3b). In con-
migration of the Sox9 siRNA-treated cells was  significantly

 compared to the negative control (P < 0.05) (Fig. 3c).

 overexpression and invasion in HuCCT1 cells

ransfection with Sox9 cDNA induced invasion of the
ells through the Matrigel chamber (P < 0.05) (Fig. 4a). The

of the Sox9 siRNA-treated cells was significantly inhibited
d to the negative control (P < 0.05) (Fig. 4b).

 overexpression and expression of E-cadherin, vimentin
A in ICC cell lines

estigate the molecular mechanism mediated by Sox9,
mined the protein levels of epithelial-to-mesenchymal

 (EMT) markers including E-cadherin, vimentin and �-
Western blotting (Fig. 4c). In both HuCCT1 and HuH28
9 overexpression significantly decreased the E-cadherin
n and increased the expressions of vimentin and �-SMA.
ults suggested that Sox9 might promote migration and

in ICC at least in part by activating the EMT.

ssion

gh ICCs are thought to arise from the intrahepatic bile
ugh multi-step carcinogenesis, similar to the adenoma-
a sequence in colon cancer [8,27,28], the mechanism has

 sufficiently elucidated. BilIN lesions are considered to be
rs of ICC, and to progress to invasive carcinoma through
ep process [7,8]. To the best of our knowledge, we are
o report Sox9 expression in BilINs and the effect of Sox9
n on cell migration and invasion in ICC cell lines.
nt years, mutations in several oncogenes and tumour sup-

enes have been reported. Mutations in the KRAS oncogene,
K4A tumour suppressor gene and p53 inactivation in ICC
n reported [29,30]. Moreover, Nakanuma et al. reported
eased p16INK4A expression was seen in BilIN-2, -3 and inva-

 [8]. Hsu et al. reported that p53 overexpression was  not
ilIN lesions, and that the frequency of KRAS mutation was
lIN-1 and 30% in BilIN-3 [31].
onships between p53 activation, KRAS mutation and Sox9
n have been reported in pancreatic ductal carcinoma

 adenocarcinoma [32–34]. In the present study, the Sox9
n in the BilIN-1 samples was significantly lower than that
rmal epithelium. Our results thus suggest that decreased
ression might be an earlier molecular event during the
p carcinogenesis compared to other genes and it might be

 ICC carcinogenesis. The molecular role of Sox9 in nor-
ry tract and BilINs was  not investigated in the present
t Furuyama et al. reported that Sox9 is expressed and sup-

 continuously to maintain homeostasis or regeneration as

r cells in the bile duct of the adult liver [35]. Therefore,

d Sox9 expression might contribute to the early carcino-
f ICCs based on the lack of the maintenance of normal
ithelial differentiation.
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Table  2
Sox9-positivity in normal epithelium, biliary intraepithelial neoplasia, and intrahepatic cholangiocarcinoma.

Type of tissue Number of lesions Positive (n, %) Negative (n, %) P-value*

Normal epithelium 43 39 (90.7) 4 (9.3)
BIN

−1 47 28 (59.6) 19 (40.4) <0.001
−2  27 18 (66.7) 9 (33.3) 0.02
−3  16 9 (56.3) 7 (43.7) <0.01

ICC  43 22 (51.2) 21 (48.8) <0.0001

BIN, biliary intraepithelial neoplasia; ICC, intrahepatic cholangiocarcinoma.
* P-values compared with normal epithelium.

Fig. 3. Although Sox9 overexpression did not affect cell proliferation, the migration was  promoted in the intrahepatic cholangiocarcinoma cell lines. (a) Proliferation of HuCCT1
and  HuH28 cells transfected with empty vector (Mock) or Sox9 cDNA was  measured using a WST-1 assay at 24, 48 and 72 h after the transfection. Sox9 overexpression did
not  affect cell proliferation. (b) Migration was significantly promoted in the HuCCT1 cells transfected with Sox9 cDNA compared to the cells transfected with empty vector
(P  < 0.05). Monitoring was  conducted under a light microscope (×100 magnification). (c) The migration of the Sox9 siRNA-treated cells was significantly inhibited compared
to  the negative control (P < 0.05). The data were obtained from at least three independent experiments and are expressed as the mean ± SD. *P < 0.05.
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Fig. 4. The invasion of HuCCT1 cells was  promoted by Sox9 overexpression and inhibited by Sox9 siRNA. (a) The Matrigel chamber assay showed that Sox9 overexpression
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 Sox9 that promote cell migration and invasion were con-
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ed for immunohistochemistry. Moreover, their study was
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mary, our findings suggest that Sox9 loss might be related

rcinogenesis in the early stage, whereas increased Sox9
n of ICC is related to tumour invasion, at least in part via
9 may  be a preventive target for ICC carcinogenesis. In the
re, further studies should be performed to elucidate the
r effects of Sox9 in ICC carcinogenesis and progression.

f interest
lared.

tudy was supported by grants from the Gastrointestinal
oject funded by the Nakayama Cancer Research Institute.

es

cz B, Gores GJ. Cholangiocarcinoma: advances in pathogenesis, diagnosis,

[4] S
l
o

[5] K
a
c

[6]  K
c

[7] C
a
n

[8] N
c
o

[9] A
R

[10] J
t
2

[11]  A
t
o
2

[12] M
P

[13] S
t
S

[14]  A
t
G

[15] P
i

[16]  B
o
a

[17] C
L
i
2

[18] G
p
o

[19]  S
n
R

[20] S
s
G

[21] L
A

[22]  Z
t
1

[23]  T
c
P

[24] K
t
2

[25]  S
l

[26] S
t

[27] P
h
2

[28]  F
t

[29]  O
m
2

[30]  T
t
2

[31] H
o
c

[32] P
m
C

atment. Hepatology 2008;48:308–21.
MJ,  Erlich R. A review and update on cholangiocarcinoma. Oncology
6:167–79.
. Increasing incidence and mortality of primary intrahepatic cholangio-

oma in the United States. Hepatology 2001;33:1353–7.

[33] Kopp 

acinar
pancre

[34] Capacc
mesen
7 (2015) 1067–1075

, Shimada K, Sakamoto Y, et al. One hundred two consecutive hepatobi-
esections for perihilar cholangiocarcinoma with zero mortality. Annals
ery 2006;244:240–7.
I, Park JW,  Kim BH, et al. Outcomes of concurrent chemoradiother-
rsus chemotherapy alone for advanced-stage unresectable intrahepatic
giocarcinoma. Radiation Oncology 2013;8:292.
a T, Tajima Y, Matsuzaki S, et al. Acceleration of spontaneous biliary car-

nesis in hamsters by bilioenterostomy. Carcinogenesis 2003;24:133–7.
lo-Megias VM,  Ibarrola-de Andres C, Colina-Ruizdelgado F. Pathological
s of so called “hilar cholangiocarcinoma”. World Journal of Gastrointesti-
cology 2013;5:159–70.
uma Y, Sasaki M,  Sato Y, et al. Multistep carcinogenesis of perihilar
giocarcinoma arising in the intrahepatic large bile ducts. World Journal
atology 2009;1:35–42.
a H. Control of chondrogenesis by the transcription factor Sox9. Modern
atology 2008;18:213–9.
, Hou CC, She ZY, et al. The SOX gene family: function and regulation in
etermination and male fertility maintenance. Molecular Biology Reports
0:2187–94.
a H, Chaboissier MC,  Behringer RR, et al. Essential role of Sox9 in

thway that controls formation of cardiac valves and septa. Proceedings
 National Academy of Sciences of the United States of America
01:6502–7.

 Y, Dave V, Whitsett JA. Transcriptional control of lung morphogenesis.
logical Reviews 2007;87:219–44.
ur PA, Freude KK, Tran MN,  et al. SOX9 is required for maintenance of
ncreatic progenitor cell pool. Proceedings of the National Academy of
es of the United States of America 2007;104:1865–70.
iou A, Raynaud P, Cordi S, et al. Intrahepatic bile ducts develop according
ew mode of tubulogenesis regulated by the transcription factor SOX9.
enterology 2009;136:2325–33.
lo S, Harley VR. Localisation of the SRY-related HMG  box protein, SOX9,

ent brain. Brain Research 2001;906:143–8.
r AJ, Pelletier J, Haber DA, et al. Isolation, characterization, and expression

urine Wilms’ tumor gene (WT1) during kidney development. Molecular
llular Biology 1991;11:1707–12.
, Kakazu N, Gorrin-Rivas MJ,  et al. Cloning and characterization of

 novel ring finger protein that is highly expressed in lung and specif-
binds to a palindromic sequence. Journal of Biological Chemistry
76:14004–13.

, Xiong L, Sun T, et al. Expression features of SOX9 associate with tumor
ssion and poor prognosis of hepatocellular carcinoma. Diagnostic Pathol-
12;7:44.
S, Maru DM,  Ajani JA, et al. Loss of TGF-� adaptor�2SP activates
signaling and SOX9 expression in esophageal adenocarcinoma. Cancer
ch 2013;73:2159–69.
awa Kimura M,  Mutoh H, Sugano K. SOX9 is expressed in normal
ch, intestinal metaplasia, and gastric carcinoma in humans. Journal of
enterology 2011;46:1292–9.
Fang Y, Xu J, et al. Analysis of SOX9 expression in colorectal cancer.
can Journal of Clinical Pathology 2008;130:897–904.
CJ, Guo JQ, Zhu KX, et al. Elevated expression of SOX9 is related with
ogression of gastric carcinoma. Diagnostic Cytopathology 2011;39:
.
a T, Kuroki T, Adachi T, et al. Evaluation of SOX9 expression in pan-

 ductal adenocarcinoma and intraductal papillary mucinous neoplasm.
as 2013;42:488–93.

i T, Tanaka T, Kitasato A, et al. Decreased expression of SOX9 in intraduc-
illary mucinous neoplasms of the bile duct. Hepato-Gastroenterology
0:1573–6.

 S, Rashid A, Wang H, et al. SOX9: a useful marker for pancreatic ductal
e of pancreatic neoplasms. Human Pathology 2014;45:456–63.
LH, Gospodarowicz M,  Wittekind C. TNM classification of malignant
s (UICC). 7th ed. New York: Wiley-Blackwell; 2009.
AC, Melo RB, Oliveira M,  et al. Adenoma–carcinoma sequence in intra-
c cholangiocarcinoma. International Journal of Surgery Case Reports
:131–3.
, Lorenzini I. Molecular pathogenesis of cholangiocarcinoma. Interna-
Journal of Hepatology 2012, http://dx.doi.org/10.1155/2012/630543.

 MR,  Huang JL, Whitney-Miller CL, et al. Kras (G12D) and p53
ion cause primary intrahepatic cholangiocarcinoma. Cancer Research
2:1557–67.

pfel A, Benicke M,  Katalinic A, et al. Frequency of p16(INK4A) alterna-
nd K-ras mutations in intrahepatic cholangiocarcinoma of the liver. Gut
7:721–7.
,  Sasaki M,  Igarashi S, et al. KRAS and GNAS mutations and p53
pression in biliary intrahepatic neoplasia and intrahepatic cholangio-

omas. Cancer 2013;119:1669–74.
AV, Rooman I, Real FX. p53-dependent regulation of growth, epithelial-
chymal transition and stemness in normal pancreatic epithelial cells.
cle 2011;10:1312–21.
JL, von Figura G, Mayes E, et al. Identification of Sox9-dependent

-to-ductal reprogramming as the principal mechanism for initiation of
atic ductal adenocarcinoma. Cancer Cell 2012;22:737–50.
ione KM,  Hong X, Morgan KM,  et al. Sox9 mediates Notch1-induced
chymal features in lung adenocarcinoma. Oncotarget 2014;5:3636–50.

http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0240
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0245
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0250
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0255
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0260
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0265
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0270
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0275
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0280
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0285
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0290
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0295
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0300
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0305
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0310
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0315
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0320
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0325
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0330
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0335
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0340
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0345
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0350
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0355
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0360
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0365
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0370
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
dx.doi.org/10.1155/2012/630543
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0380
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0385
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0390
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0395
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0400
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0405


ease 4

[35] Furuya
Sox9-e
tine. N

[36] Sun M
gastric

[37]  Xia S, F
in pan

[38] Thiery
Review

[39] Yilmaz
and M

[40] Huang
file of 

patien
[41] Zong Y

regula

ill MT
umor
l Kha
or cho
ivo. P
hou Q
f intr
azur

ifican
ournal of Gastroenterology 2012;107:126–35.
hao R, Duncan SA. Embryonic development of the liver. Hepatology
H. Matsushima et al. / Digestive and Liver Dis

ma K, Kawaguchi Y, Akiyama H, et al. Continuous cell supply from a
xpressing progenitor zone in adult liver, exocrine pancreas and intes-
ature Genetics 2011;1:34–43.
,  Uozaki H, Hino R, et al. Sox9 expression and its methylation status in

 cancer. Virchows Archiv 2012;460:271–9.
eng Z, Qi X, et al. Clinical implication of Sox9 and activated Akt expression
creatic ductal adenocarcinoma. Medical Oncology 2015;32:358.

 JP. Epithelial-mesenchymal transitions in tumour progression. Nature
s Cancer 2002;2:442–54.

 M, Christofori G. EMT, the cytoskeleton, and cancer cell invasion. Cancer
etastasis Reviews 2009;28:15–33.

[42]  D
t

[43] E
f
v

[44] Z
o

[45] M
n
J

[46] Z

 XY, Zhang C, Cai JB, et al. Comprehensive multiple molecular pro-
epithelial mesenchymal transition in intrahepatic cholangiocarcinoma
ts. PLOS ONE 2014;9:e96860.
, Panikkar A, Xu J, et al. Notch signaling controls liver development by

ting biliary differentiation. Development 2009;136:1727–39.

2005;4
[47] Spence

of ven
7 (2015) 1067–1075 1075

,  Tornillo L, Fritzius T, et al. Constitutive Notch2 signaling induces hepatic
s in mice. Hepatology 2013;57:1607–19.
tib M,  Bozko P, Palagani V, et al. Activation of Notch signaling is required
langiocarcinoma progression and is enhanced by inactivation of p53 in
LOS ONE 2013;8:e77433.
, Wang Y, Peng B, et al. The roles of Notch1 expression in the migration

ahepatic cholangiocarcinoma. BMC  Cancer 2013;13:244.
 PK, Riener MO,  Jochum W,  et al. Expression and clinicopathological sig-
ce of notch signaling and cell-fate genes in biliary tract cancer. American
1:956–67.
 JR, Lange AW,  Lin SC, et al. Sox17 regulates organ lineage segregation

tral foregut progenitor cells. Developmental Cell 2009;17:62–74.

http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0410
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0415
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0420
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0425
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0430
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0435
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0440
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0445
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0450
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0455
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0460
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0465
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470
http://refhub.elsevier.com/S1590-8658(15)00567-8/sbref0470

	Sox9 expression in carcinogenesis and its clinical significance in intrahepatic cholangiocarcinoma
	1 Introduction
	2 Materials and methods
	2.1 Tissue samples and immunohistochemistry
	2.2 Cell line culture, transfection and RNA interference
	2.3 Western blotting
	2.4 Cell proliferation assay
	2.5 Wound healing assay
	2.6 Matrigel invasion assay
	2.7 Statistical analysis

	3 Results
	3.1 Sox9 expressions in ICCs and BilINs compared to normal epithelium
	3.2 Association between Sox9 expression in ICCs and biliary infiltration, overall survival
	3.3 Sox9 expression effect on cell proliferation in HuCCT1 and HuH28 cells
	3.4 Sox9 overexpression and migration in HuCCT1 cells
	3.5 Sox9 overexpression and invasion in HuCCT1 cells
	3.6 Sox9 overexpression and expression of E-cadherin, vimentin and α-SMA in ICC cell lines

	4 Discussion
	Conflict of interest
	Funding
	References


