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Abstract Embryonic stem cells (ESC) and cancer stem cells
(CSC) have a capacity for self-renewal and differentiation into
multiple cell lineages. Sox2 plays a critical role in ESC and
has been shown to participate in carcinogenesis and tumor
progression in many human cancers. CD44 and CD44v6 are
putative CSC markers and their association with tumor pro-
gression, metastasis, and tumor relapse after treatment has
been demonstrated. We evaluated the immunoexpression of
Sox2, CD44, and CD44v6 in 85 cases of Intrahepatic
cholangiocarcinomas (IHCC) and assessed their prognostic
significance. Sox2 expression showed a significant associa-
tion with lymph node metastasis (p=0.025), T4 stage (p=
0.046), and worse overall survival (p=0.047). Greater expres-
sion of Sox2 was observed in IHCC with poor differentiation,
vascular invasion, and stage IV, without statistical significance
(p>0.05). CD44 expression showed an association with
periductal infiltrative type (p=0.034), poor differentiation
(p=0.012), and vascular invasion (p=0.009). CD44v6 expres-
sion was evident in patients with stage IV (p=0.019). These
results demonstrated that Sox2 expression is associated with
aggressive behavior and poor overall survival in IHCC.
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IHCC Intrahepatic cholangiocarcinoma

DFS Disease-free survival
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Introduction

Intrahepatic cholangiocarcinoma (IHCC) arises from the
intraductal biliary epithelium and peribiliary glands and ac-
counts for approximately 10–15 % of primary liver cancers,
and its incidence has increased in recent years [1]. However,
despite advances in surgical and therapeutic strategies, the
majority of IHCC patients showed a poor outcome.
Recently, research for correlation between embryogenesis
and oncogenesis has being widely conducted. Embryonic
stem cells (ESC) and cancer stem cells (CSC) are defined
according to their ability for self-renewal and differentiation
into multiple cell lineages [2]. Thus, ESC and CSC have been
known to have similarities, such as proliferative potential,
differentiation potential, and common signaling pathways
[3]. Transcription factors are critical molecular switches reg-
ulating ESC fate, which may also function in renewal of
cancer cells [4, 5]. Sox2, a transcription factor, plays an
important role in regulation of pluripotency and self-renewal
in ESC [3]. Recent studies have reported participation of Sox2
in carcinogenesis and tumor progression in several human
cancers [3, 6–16]. However, the role of Sox2 in IHCC has
not yet been studied. CD44, a cell-surface glycoprotein, is
involved in many cellular processes, including cell–cell adhe-
sion, growth, survival, differentiation, and mortality [17, 18].
Up-regulation of CD44 has been reported in many gastroin-
testinal tumors [19]. A CD44 isoform containing variant exon
6 (CD44v6) is a cell surface protein which has been reported
to show correlation with tumor invasion, progression, and
metastasis in many human carcinomas [20, 21].

In this study, our aim was to investigate expression of
Sox2, CD44, and CD44v6 and evaluate the correlation of
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their expression with prognostic factors and clinicopatholog-
ical parameters.

Materials and Methods

Patients and Clinicopathologic Factors

Data were obtained on 85 consecutive patients who
underwent resection at Yeungnam University Hospital from
July 1988 to June 2012. Clinicopathologic parameters, includ-
ing age, gender, tumor size, differentiation, presence of vas-
cular invasion, presence of lymph node (LN) metastasis,
pathologic tumor stage, stage, disease-free survival (DFS),
and overall survival (OS) were evaluated by review ofmedical
records and pathologic reports. Overall patients’ survival was
defined as the time from surgical resection to death of patients
or patients’ last follow-up. Follow-up lasted through June
2012 (range 0–180 months, mean 24.98 months). The study
was approved by the Human Ethics Review Board of our
hospital (YUH13-0424-O54).

Tissue Microarray Construction

Five tissue microarray (TMA) blocks were made with 83
cases; three 2 mm cores were obtained from the most repre-
sentative tumor area of each case and arrayed in a new
recipient block. For the other two cases, full-face sections
from ordinary tissue blocks were used. Normal liver, gastric
cancer and breast cancer tissues were used as controls.

Immunohistochemistry

After deparaffinization and rehydration, 4 μm sections were
immunostained for Sox2 (1:60, clone SP76, rabbit monoclo-
nal antibody, Cell Marque, USA), CD44 (1:100, clone MRQ-
13, mouse monoclonal antibody, Cell marque, USA), and
CD44v6 (1:500, clone VFF-18, mouse monoclonal,
Abcam®, UK). Staining was performed on the Ventana
BenchMark® platform automated slide stainer (Ventana
Medical Systems, Tucson, AZ, USA) using the onboard
heat-induced epitope retrieval method in high pH CC1 buffer
(99 °C, 1 h). The antibodies were incubated at 37 °C for
60 min (Sox2), 32 min (CD44), and 20 min (CD44v6). The

Fig. 1 Immunohistochemical
staining results. Sox2-a, b; a
diffuse nuclear expression, b no
expression. CD44-c, d; c diffuse
membranous expression, d no
expression. CD44v6-e, f; e diffuse
membranous expression, f no
expression

656 M.J. Gu, B.I. Jang



staining was visualized using the UltraView™DAB detection
Kit (Automated BenchMark®, Ventana), which included a
hydrogen peroxide substrate and 3,3′-diaminobenzidine chro-
mogen solution. According to the definition of positive stain-
ing in previous reports, when more than 10 % of tumor cells
showed staining in the nucleus (Sox2) and in the membrane
(CD44 and CD44v6), we considered expression [10, 18]. If
staining was heterogeneous, scoring was based on the pre-
dominant staining intensity.

Statistical Analysis

SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) was used in
performance of statistical comparisons. Pearson’s Chi-square
test and Fisher’s exact test were performed in order to examine
associations between clinicopathological parameters and

expression. DFS and OS were calculated using the Kaplan–
Meier method. The Cox proportional Hazard Model was used
for evaluation of the association between clinicopathological
parameters and survival. We obtained the hazard ratio (HR)
and associated 95 % confidence interval (CI) for each factor.
A p-value <0.05 was considered statistically significant.

Results

Clinicopathologic Characteristics

Fifty three male and 32 female patients with a median age of
60.5 years (range 39–76 years) were included in this study.
Regarding histologic subtypes, there were 66 well/moderately
differentiated adenocarcinomas (77.6 %) and 19 poorly

Table 1 Comparison between Sox2, CD44, CD44v6 expression and clinicopathological parameters

Factors Sox2 expression p CD44 expression p CD44v6 expression P

Negative Positive Negative Positive Negative Positive

Size 0.614 0.103 0.724

<5 cm 33 (84.6 %) 6 (15.4 %) 33 (84.6 %) 6 (15.4 %) 31 (86.1 %) 5 (13.9 %)

≥5 cm 37 (80.4 %) 9 (19.6 %) 32 (69.6 %) 14 (30.4 %) 41 (91.1 %) 4 (8.9 %)

Gross type 1.000 0.034 0.118

Mass forming 58 (81.7 %) 13 (18.3 %) 54 (76.1 %) 17 (23.9 %) 62 (89.9 %) 7 (10.1 %)

Periductal infiltrate 4 (80.0 %) 1 (20.0 %) 2 (40.0 %) 3 (60.0 %) 3 (60.0 %) 2 (40.0 %)

Intraductal 8 (88.9 %) 1 (11.1 %) 9 (100 %) 0 (0 %) 7 (100 %) 0 (0 %)

Differentiation 0.076 0.012 1.000

Well/moderate 57 (86.4 %) 9 (13.6 %) 55 (83.3 %) 11 (16.7 %) 55 (88.7 %) 7 (11.3 %)

Poor 13 (68.4 %) 6 (31.6 %) 10 (52.6 %) 9 (47.4 %) 17 (89.5 %) 2 (10.5 %)

Vascular invasion 0.053 0.009 1.000

Present 43 (76.8 %) 13 (23.2 %) 38 (67.9 %) 18 (32.1 %) 24 (88.9 %) 3 (11.1 %)

Absent 27 (93.1 %) 2 (6.9 %) 27 (93.1 %) 2 (6.9 %) 48 (88.9 %) 6 (11.1 %)

Perineural invasion 0.482 0.489 0.485

Present 35 (79.5 %) 9 (20.5 %) 35 (79.5 %) 9 (20.5 %) 36 (85.7 %) 6 (14.3 %)

Absent 35 (85.4 %) 6 (14.6 %) 30 (73.2 %) 11 (26.8 %) 36 (92.3 %) 3 (7.7 %)

Tumor stagea 0.046 0.078 0.557

pT1 18 (90.0 %) 2 (10.0 %) 19 (95.0 %) 1 (5.0 %) 18 (94.7 %) 1 (5.3 %)

pT2 42 (80.8 %) 10 (19.2 %) 37 (71.2 %) 15 (28.8 %) 44 (88.0 %) 6 (12.0 %)

pT3 10 (90.9 %) 1 (9.1 %) 7 (63.6 %) 4 (36.4 %) 8 (80.0 %) 2 (20.0 %)

pT4 0 (0 %) 2 (100 %) 2 (100 %) 0 (0 %) 2 (100 %) 0 (0 %)

Lymph node metastasis 0.025 0.802 0.728

Present 29 (72.5 %) 11 (27.5 %) 30 (75.0 %) 10 (25.0 %) 33 (86.8 %) 5 (13.2 %)

Absent 41 (91.1 %) 4 (8.9 %) 35 (77.8 %) 10 (22.2 %) 39 (90.7 %) 4 (9.3 %)

Stageb 0.058 0.070 0.019

I 18 (94.7 %) 1 (5.3 %) 18 (94.7 %) 1 (5.3 %) 18 (100 %) 0 (0 %)

II 19 (86.4 %) 3 (13.6 %) 14 (63.6 %) 8 (36.4 %) 18 (85.7 %) 3 (14.3 %)

III 27 (81.8 %) 6 (18.2 %) 26 (78.8 %) 7 (21.2 %) 29 (93.5 %) 2 (6.5 %)

IV 6 (54.5 %) 5 (45.5 %) 7 (63.6 %) 4 (36.4 %) 7 (63.6 %) 4 (36.4 %)

a,b Pathologic tumor stages and stage according to the AJCC Staging System, 7th edition
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differentiated adenocarcinomas (22.4 %). Fifty six (65.9 %)
patients had tumors with vascular invasion. Neural invasion
was observed in 44 patients (51.8 %). Resection margin
involvement by cancer was observed in 33 patients
(38.8 %). Forty (47.1 %) patients showed metastasis in re-
gional lymph nodes. Regarding pathologic tumor (T) stage,
T1 was 20 (23.5 %) patients, T2 was 52 (61.2 %) patients, T3
was 11 (12.9 %) patients, and T4 was 2 (2.4 %) patients.
Regarding stage, 19 (22.4 %) patients were stage I, 22 patients
(25.9 %) were stage II, 33 patients (38.8 %) were stage III, and
11 patients (12.9 %) were stage IV.

Correlation Between Sox2, CD44, and CD44v6 Expression
and Clinicopathologic Factors

A summary of the relationships between clinicopathological
parameters and Sox2, CD44, and CD44v6 expression is
shown in Fig. 1 and Table 1. Sox2 expression was observed
in 15 cases (17.6 %) and was evident in patients with poor OS
(p=0.047), not DFS (p=0.113) (Fig. 2).There was significant
expression of Sox2 with LN metastasis (p=0.025) and ad-
vancing T stage (p=0.046). Greater expression of Sox2 was
observed in poorly differentiated IHCC, compared with well
and moderately differentiated, but without statistical signifi-
cance (p=0.076). Sox2 expressionwas observedmore often in
IHCC with vascular invasion (p=0.053) and advancing stage
(p=0.058), without statistical significance.

CD44 expression was absent in the normal bile duct epi-
thelium and hepatocytes and was observed in 20 cases
(23.5 %) of IHCC. CD44 expression was evident in IHCC
with periductal infiltrative type (p=0.034), poor differentia-
tion (p=0.012), and vascular invasion (p=0.009).

Among the 85 cases, in four cases there was no sufficient
tissue for interpretation of CD44v6 expression, then these
were excluded. CD44v6 expression was observed in nine
cases (11.1 %) and was evident in stage IV IHCC (p=
0.019). CD44 and CD44v6 expression did not show associa-
tion with OS and DFS. No correlation was observed between
Sox2, CD44, and CD44v6. In multivariate analysis, lymph
node metastasis was an independent prognostic factor for OS
(p=0.003, 95 % CI 2.472, 1.370–4.459), but not DFS (p=
0.092, 95 % CI 1.748, 0.912–3.350).

Discussion

Embryonic stem cells and CSCs have the properties of self-
renewal and differentiation and are resistant to chemotherapy
and radiotherapy [6]. Sox2 is an important transcription factor
for maintenance of embryonic stem cell pluripotency and self-
renewal and plays a key role during organogenesis and in
embryonic development [2]. Sox2 is expressed in various
phases of embryonic development and its expression has been
studied in many human cancers, including breast, lung, colon,
and nasopharyngeal carcinoma, hepatocellular carcinoma, and
glioma, and was generally reported to show an association
with aggressive behavior or poor prognosis [3, 6–8, 11, 12].
Therefore, we investigated the clinicopathological signifi-
cance of Sox2 expression in IHCC. To the best of our knowl-
edge, this study is the first report on Sox2 expression with its
clinicopathological significance in IHCC.

Greater expression of Sox2 was observed in basal-
phenotype breast cancer and showed an association with
metastatic potential [9, 10]. In colon cancer, Sox2 was highly
expressed in tumors with lymph node metastasis and distant
spread [8, 11]. In hepatocellular carcinoma, Sox2 expression
showed correlation with metastasis and poor survival [12, 22].
In bladder cancer, greater expression of Sox2 was observed in
tumors with large size, high nuclear grade, and high Ki-67
labeling index [2]. However, the prognostic value of Sox2
expression was controversial, depending on the type of can-
cers and researchers. In non-small cell lung cancers, some
researchers demonstrated an association of Sox2 expression
with better outcome [7, 14]. In lung squamous cell carcinoma,
Sox2 expression showed an association with carcinogenesis
and a lack of differentiation, however, its expression showed
an association with better overall survival [7]. In gastric can-
cer, Sox2 overexpression inhibited tumor cell growth through
cell-cycle arrest and apoptosis [15]. In contrast, Matsuoka
et al. [16] reported significant correlation of Sox2 positive

Fig. 2 Cumulative overall survival curves regarding Sox2 expression.
Intrahepatic cholangiocarcinoma with Sox2 expression showed a worse
overall survival compare to no expression
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tumors with worse survival than Sox2 negative tumors. In this
study, Sox2 expression showed correlation with worse overall
survival and was evident in aggressive clinicopathological
parameters, such as LN metastasis and pT4 stage. Although
there was no statistical significance, greater expression of
Sox2 was observed in IHCC with poor differentiation, vascu-
lar invasion, and advanced stage. Results of our study suggest
that Sox2 expression is associated with aggressive behavior
and poor survival in IHCC.

CD44 expression rate was reported as 18 % to 49 % in
IHCC [17, 23]. Nanashima et al. [17] reported that CD44
expression was observed in 18 % (7/38) and showed signifi-
cant association with periductal infiltrative growth; this find-
ing is consistent with our result. Pongcharoen et al. [23]
reported that greater CD44 expression was observed in an
invasive front and showed correlation with poor differentia-
tion and mass-forming type. This difference was the result of
classification of tumor growth type. Pongcharoen et al. clas-
sified just two types, mass-forming and intraductal type with-
out periductal infiltrative type. Although no statistical signif-
icance was observed between CD44 expression and stage,
CD44 expression was increased in advancing stage.

Correlation between CD44v6 and clinicopathological pa-
rameters has been shown to be diverse according to expres-
sion or loss of expression in various human cancers. In colo-
rectal and gastric cancers, lack of CD44v6 expression showed
an association with poor prognostic factors, such as early
recurrence, lymph node metastasis, or worse survival [20,
24–26]. However, in adenocarcinoma of lung, CD44v6 ex-
pression showed correlation with lymph node metastasis and
tumor size [27]. In cholangiocarcinoma, including
intrahepatic and extrahepatic CC, CD44v6 has been shown
not to be related to tumor progression [28]. In this study,
CD44v6 expression only showed correlation with advancing
stage. There was no correlation with other clinicopathologic
parameters.

In conclusion, Sox2 expression showed correlation with
aggressive clinicopathologic behavior, such as lymph node
metastasis, pT4, and poor overall survival; however, it was not
an independent prognostic factor. CD44 expression showed
an association with periductal infiltrative type, poor differen-
tiation, and vascular invasion, but not with survival. CD44v6
expression only showed correlation with advancing stage.
Lymph node metastasis was an independent prognostic factor
in multivariate analysis. These results demonstrated that Sox2
expression is associated with aggressive behavior and poor
overall survival in IHCC.

Acknowledgement We thank Eun Hwa Lee for valuable technical
assistance.

Conflict of Interest The authors declare that they have no conflict of
interest.

Author Contribution Study design, analysis, and interpretation: Mi
Jin Gu.

Acquisition of data: Byung Ik Jang.
Manuscript drafted by: Mi Jin Gu and Byung Ik Jang.

References

1. Zhang C, Bai DS, Huang XYet al (2013) Prognostic significance of
Capn4 overexpression in intrahepatic cholangiocarcinoma. PLoS
One 8:e54619

2. Ruan J,Wei B, Xu Z et al (2013) Predictive value of Sox2 expression
in transurethral resection specimens in patients with T1 bladder
cancer. Med Oncol 30:445. doi:10.1007/s12032-012-0445-z

3. Guo Y, Liu S, Wang P et al (2011) Expression profile of embryonic
stem cell-associated genes Oct4, Sox2 and Nanog in human gliomas.
Histopathology 59:763–775

4. Ling GQ, Chen DB, Wang BQ et al (2012) Expression of the
pluripotency markers Oct3/4, Nanog and Sox2 in human breast
cancer cell lines. Oncol Lett 4:1264–1268

5. Ben-Porath I, Thomson MW, Carey VJ et al (2008) An embryonic
stem cell-like gene expression signature in poorly differentiated
aggressive human tumors. Nat Genet 40:499–507

6. Kitamura H, Torigoe T, Hirohashi Yet al (2013) Prognostic impact of
the expression of ALDH1 and SOX2 in urothelial cancer of the upper
urinary tract. Mod Pathol 26:117–124

7. Brcic L, Sherer CK, Shuai Y et al (2012) Morphologic and clinico-
pathologic features of lung squamous cell carcinomas expressing
Sox2. Am J Clin Pathol 138:712–718

8. Neumann J, Bahr F, Horst D et al (2011) SOX2 expression correlates
with lymph-node metastases and distant spread in right-sided colon
cancer. BMC Cancer 11:518. doi:10.1186/1471-2407-11-518

9. Lengerke C, Fehm T, Kurth R et al (2011) Expression of the embry-
onic stem cell marker SOX2 in early-stage breast carcinoma. BMC
Cancer 11:42. doi:10.1186/1471-2407-11-42

10. Rodriguez-Pinilla SM, Sarrio D,Moreno-Bueno G et al (2007) Sox2:
a possible driver of the basal-like phenotype in sporadic breast cancer.
Mod Pathol 20:474–481

11. Han X, Fang X, Lou X et al (2012) Silencing SOX2 induced
mesenchymal-epithelial transition and its expression predicts liver
and lymph node metastasis of CRC patients. PLoS One 7:e41335

12. Huang P, Qiu J, Li B et al (2011) Role of Sox2 and Oct4 in predicting
survival of hepatocellular carcinoma patients after hepatectomy. Clin
Biochem 44:582–589

13. Wilbertz T, Wagner P, Petersen K et al (2011) SOX2 gene amplifi-
cation and protein overexpression are associated with better outcome
in squamous cell lung cancer. Mod Pathol 24:944–953

14. Velcheti V, Schalper K, Yao X et al (2013) High SOX2 levels predict
better outcome in non-small cell lung carcinomas. PLoS One 8:
e61427

15. Otsubo T, Akiyama Y, Yanagihara K et al (2008) SOX2 is frequently
downregulated in gastric cancers and inhibits cell growth through
cell-cycle arrest and apoptosis. Br J Cancer 98:824–831

16. Matsuoka J, Yashiro M, Sakurai K et al (2012) Role of the stemness
factors sox2, oct3/4, and nanog in gastric carcinoma. J Surg Res 174:
130–135

17. Nanashima A, Hatachi G, Tsuchiya T et al (2013) Clinical signifi-
cances of cancer stem cells markers in patients with intrahepatic
cholangiocarcinoma who underwent hepatectomy. Anticancer Res
33:2107–2114

18. Wakamatsu Y, Sakamoto N, Oo HZ et al (2012) Expression of cancer
stem cell markers ALDH1, CD44 and CD133 in primary tumor and
lymph node metastasis of gastric cancer. Pathol Int 62:112–119

Sox2, CD44, CD44v6 Expression 659

http://dx.doi.org/10.1007/s12032-012-0445-z
http://dx.doi.org/10.1186/1471-2407-11-518
http://dx.doi.org/10.1186/1471-2407-11-42


19. Palagani V, El Khatib M, Krech T et al (2012) Decrease of CD44-
positive cells correlates with tumor response to chemotherapy in
patients with gastrointestinal cancer. Anticancer Res 32:1747–1755

20. Okayama H, Kumamoto K, Saitou K et al (2009) CD44v6, MMP-7
and nuclear Cdx2 are significant biomarkers for prediction of lymph
node metastasis in primary gastric cancer. Oncol Rep 22:745–755

21. Klatte T, Seligson DB, Rao JY et al (2010) Absent CD44v6 expres-
sion is an independent predictor of poor urothelial bladder cancer
outcome. J Urol 183:2403–2408

22. Sun C, Sun L, Li Y et al (2013) Sox2 expression predicts poor
survival of hepatocellular carcinoma patients and it promotes liver
cancer cell invasion by activating Slug. Med Oncol 30:503. doi:10.
1007/s12032-013-0503-1

23. Pongcharoen P, Jinawath A, Tohtong R (2011) Silencing of CD44 by
siRNA suppressed invasion, migration and adhesion to matrix, but
not secretion of MMPs, of cholangiocarcinoma cells. Clin Exp
Metastasis 28:827–839

24. Zlobec I, Gunthert U, Tornillo L, Iezzi G, Baumhoer D, Terracciano
L et al (2009) Systematic assessment of the prognostic impact of
membranous CD44v6 protein expression in colorectal cancer.
Histopathology 55:564–575

25. Avoranta ST, Korkeila EA, Syrjanen KJ et al (2012) Lack of CD44
variant 6 expression in rectal cancer invasive front associates with
early recurrence. World J Gastroenterol 18:4549–4556

26. da Cunha CB, Oliveira C, Wen X et al (2010) De novo expression of
CD44 variants in sporadic and hereditary gastric cancer. Lab Investig
90:1604–1614

27. Afify AM, Tate S, Durbin-Johnson B et al (2011) Expression of
CD44s and CD44v6 in lung cancer and their correlation with prog-
nostic factors. Int J Biol Markers 26:50–57

28. Ashida K, Terada T, Kitamura Y et al (1998) Expression of E-
cadherin, alpha-catenin, beta-catenin, and CD44 (standard and vari-
ant isoforms) in human cholangiocarcinoma: an immunohistochem-
ical study. Hepatology 27:974–982

660 M.J. Gu, B.I. Jang

http://dx.doi.org/10.1007/s12032-013-0503-1
http://dx.doi.org/10.1007/s12032-013-0503-1

	Clinicopathologic Significance of Sox2, CD44 and CD44v6 Expression in Intrahepatic Cholangiocarcinoma
	Abstract
	Introduction
	Materials and Methods
	Patients and Clinicopathologic Factors
	Tissue Microarray Construction
	Immunohistochemistry
	Statistical Analysis

	Results
	Clinicopathologic Characteristics
	Correlation Between Sox2, CD44, and CD44v6 Expression and Clinicopathologic Factors

	Discussion
	References


