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A crucial epithelial to mesenchymal transition regulator,
Sox4/Ezh2 axis is closely related to the clinical
outcome in pancreatic cancer patients
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Abstract. Pancreatic cancer has a poor prognosis because
of its high invasiveness and recurrence, and these properties
closely link to the phenomenon of epithelial-mesenchymal
transition (EMT). Recently, it has been reported that Sox4
is indispensable for EMT in vitro and in vivo and regulates
various master regulators of EMT including Zeb, Twist and
Snail. Moreover, Sox4 induces the transcription of Ezh2 which
is the histone methyltransferase, and reprograms the cancer
epigenome to promote EMT and metastasis. Therefore, the
present study evaluated the importance of Sox4, Ezh2 and
miR-335, which regulate Sox4 expression epigenetically, in
clinical samples with pancreatic cancer. This retrospective
analysis included data from 36 consecutive patients who
underwent complete surgical resection for pancreatic cancer
and did not undergo any preoperative therapies. We assessed
the clinical significance of Sox4/Ezh2 axis and miR-335
expression, using immunohistochemistry and qRT-PCR with
laser captured microdissection (LCM). The Sox4 positive
patients had significantly worse prognosis as for disease-free
survival (DFS) (P=0.0154) and the Ezh2-positive patients
had significantly worse prognosis as for overall survival (OS)
(P=0.0347). The miR-335 expression was inversely correlated
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with Sox4 expression in the identical clinical specimens, but it
was not related to the prognosis. Sox4/Ezh2 axis was closely
associated with the prognosis in pancreatic cancer patients.

Introduction

Pancreatic cancer has the worst prognosis of all the major types
of cancers and it is the fourth leading cause of cancer death (1).
The survival ratio of 5 years in pancreatic cancer approximates
5% (2). This miserable lethality is caused by the difficulty of
diagnosis at an early operable stage and the aggressiveness
of the cancer cells (3,4). Even if it is diagnosed at an early
stage and resected curatively, there is still a high incidence
of recurrence (1). Gemcitabine (GEM)-based chemotherapy
is the established core of multimodal therapy for pancreatic
cancer (5). However, it is rarely curative and only modestly
effective against tumor recurrence. We need to focus on the
recurrence mechanism which is related to biological cancer
cell features, such as high invasiveness and migration and
find a novel biomarker which could predict the prognosis in
clinical situation.

Pancreatic cancer originates from pancreatic ductal
epithelium and acquires the characteristics of mesenchymal
cells of invading and the metastasizing process. It suggests the
existence of epithelial-mesenchymal transition (EMT) during
cancer progression (6). The phenomenon of EMT was originally
identified during an early embryonic development program in
which cells migrate to and colonize different embryonic territo-
ries (7). Subsequently, EMT was reported as a similar situation
in which cancer cells progress and invade into lymphatic tubes
and microvessels (8) and it was shown to be a crucial event
during cancer progression and metastasis (9,10). Tumor cancer
cells that undergo EMT show reduced intercellular adhesion
with decreased expression of E-cadherin and translocation
of B-catenin from cell membrane to the nuclei, and obtain
fibroblast-like properties with increased mesenchymal marker
expression, such as fibronectin, vimentin and N-cadherin.
EMT leads to increased migratory and invasive properties and
facilitates metastasis (8-12). Especially in pancreatic cancer, it
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Figure 1. The scheme of Sox4, Ezh2 and miR-335 related to malignant phenotype.

has been reported that pancreatic cancer cells undergo EMT
at an early stage, such as PanIN (pancreatic intraepithelial
neoplasia) stage which is the precursor cancer lesion (13). It
was demonstrated that cancer cells had already spread into the
liver as a micrometastasis at a PanIN stage in vivo analysis.
The high levels of invasive and migratory abilities were proven
in pancreatic cancer (13).

EMT requires the expression of various kinds of regula-
tors such as members of the Zeb, Snail and Twist transcription
factor families (14-16). Moreover, EMT phenomenon is
plastic and the totally reverse phenomenon to EMT, namely
MET (mesenchymal-epithelial transition), is essential for
regrowing at metastatic sites (17). It suggests that EMT
programs are regulated by some epigenome. Recently a novel
pathway that elucidates EMT mechanism induced by trans-
forming growth factor-f (TGF-f) was reported (18). The
authors demonstrated that TGF-f stimulated Sox4 expres-
sion, which induced the histone methyltransferase, Ezh2
and reprogramed the epigenome to induce EMT programs.
Sox4 regulated existing EMT inducers such as Zeb, Snail
and Twist, acting upstream as a master regulator. In addition,
other reports have shown that restoration of miR-335 expres-
sion interfered with Sox4 expression, suppressing lung and
bone metastasis (19) (Fig. 1).

To date, however, no study has clarified the importance of
this Sox4/Ezh2 axis in clinical samples of pancreatic cancer.
The expression of Sox4 and Ezh2 could predict the possibility
of cancer metastasis and recurrence. Therefore, we evaluated
the prognostic significance of Sox4/Ezh2 axis and expression
of miR-335 regarding the clinical outcomes of 36 patients with
pancreatic cancer in the present study.

Materials and methods

Study on primary tumor samples. Between March 2007 and
October 2012, 92 patients underwent surgery for pancreatic
cancer at Osaka University Hospital, Osaka, Japan. Among
the patients, 36 consecutive patients who underwent cura-
tive resection (R0O) with histologically clear margins with
no preoperative therapy were enrolled in the present study.
The patients were staged before and after surgery according
to the criteria of the International Union Against Cancer
(UICC). The median follow-up period was 26.4 months
(range, 3.8-79.7 months), the 5-year survival rate was 29.0%
and recurrence of the disease was observed in 19 patients.
GEM was administered in 21 patients as an adjuvant
chemotherapy (1000 mg/m?, 3 times/month for 6 months).
No radiation therapy was performed during the follow-up
period. Table I summarizes the characteristics of the 36
patients. The use of resected samples was approved by the

Table I. Clinicopathological characteristics of the 36 patients.

Characteristics Data
Age (years) 68.5+9 4
Gender (Male/female) 21/15
Location (Ph/Pb/Pt) 10/21/5
Lympbhatic invasion (+/-) 26/10
Venous invasion (+/-) 15/21
Intrapancreatic perineural invasion (+/-) 29/7
Maximal diameter (mm) 25.9+14.6
Histology (well/mod/por) 2/30/4
pT (T1/T2/T3/T4) 4/4/28/0
pN (+/-) 16/20
pStage (IA/IB/ITA/IIB/III/IV) 4/4/12/16/0/0
Adjuvant therapy (+/-) 21/15
Recurrence (+/-) 19/17

Ph, pancreatic head; Pb, pancreatic body; Pt, pancreatic tail; well,
well differentiated; mod, moderately differentiated; por, poorly dif-
ferentiated.

Human Ethics Review Committee of the Graduate School
of Medicine, Osaka University (approval number 08226).
The meaning of this study was explained to each patient and
written informed consent was obtained from all patients
included in the study.

Immunohistochemical staining. The immunohistochemical
staining for Sox4 and Ezh2 in 36 pancreatic cancer samples
was performed using the method previously described (20).
Briefly, formalin-fixed, paraffin-embedded 4 ym thick
sections were deparaffinized in xylene, then treated with
an antigen-retrieval procedure, and incubated in methanol
containing 0.3% hydrogen peroxide to block endogenous
peroxidase. After incubation with normal protein block
serum, the sections were incubated overnight at 4°C with an
anti-Sox4 (LifeSpan BioSciences Inc., Seattle, WA, USA) and
anti-Ezh2 (Cell Signaling Technology, Danvers, MA, USA) as
the primary antibodies. Thereafter, the labeling was revealed
with avidin-biotin complex reagents (Vector Laboratories Inc.,
Burlingame, CA, USA) and diaminobenzidine. All sections
were counterstained with hematoxylin. Positivity for Sox4
staining was defined as detectable nuclear staining of >50%
of the cancer cells (Fig. 2C). Positivity for Ezh2 staining was
defined as detectable nuclear staining or nuclear and cytoplasm
staining of the cancer cells (Fig. 3C and D).
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Figure 2. Sox4 expression in 36 primary pancreatic cancer samples.
Immunohistochemical staining of Sox4 in primary tumor samples. The
Sox4-negative cases showed a negative pattern (not stained in nucleus or
cytoplasm) (A) or a spotted nuclear pattern (B). (C) Sox4-positive cases
showed a defused nuclear pattern. Scale bar, 100 ym.

Laser captured microdissection (LCM). For LCM, 8-um-thick
sections were prepared from the formalin-fixed paraffin-
embedded (FFPE) samples by utilizing the LCM system
(LMD7000; Leica Microsystems GmbH, Wetzlar, Germany)
to separate the epithelial and mesenchymal parts from 36
samples, as previously shown (21). Total RNA was extracted
using an RNeasy FFPE kit (Qiagen, Tokyo, Japan) with DNase I
treatment, according to the manufacturer's instructions. We
measured the amount of miR-335 expression in cancer parts
with miRNA qRT-PCR. The relative quantification of miRNA
expression was calculated using the comparative CT method
(2°4€T) (22). Data were normalized using RNU48 expression
as an endogenous control according to the manufacturer's
instruction.

Figure 3. Ezh2 expression in 36 primary pancreatic cancer samples.
Immunohistochemical staining of Ezh2 in primary tumor samples. The
Ezh2-negative cases showed a negative pattern (not stained in nucleus or
cytoplasm) (A) or a cytoplasm pattern (B). Ezh2-positive cases showed a
(C) defused nuclear pattern or (D) a nucleus and cytoplasm pattern. Scale
bar, 100 ym.
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Figure 4. Survival ratio of 36 patients who have underwent complete surgical resection for pancreatic cancer with clear histological margins. (A) Disease-free
survival ratio, according to Sox4 expression and (B) overall survival ratio, according to Ezh2 expression.

Statistical analysis. Data were expressed as means =+ standard
deviation. The clinicopathological parameters were compared
using the Fisher's exact test, and the continuous variables
were compared using the Mann-Whitney U test. The survival
curves were plotted using the Kaplan-Meier method, and the
differences between survival curves were compared using the
log-rank test. A P-value of <0.05 denoted the presence of a
statistically significant difference. Statistical analysis was
performed using JMP software version 10.0.2 (SAS Institute
Inc., Cary, NC, USA).

Results

The characteristics of the 36 patients enrolled in the present
study. Of the 36 patients in the study, 21 (58.3%) were males
and the mean age of the total patients was 68.5+9.4 years
(range, 47-83). In 10 (27.8%) patients, tumors were localized
in the head and the mean maximal diameter of the tumor was
25.9+14.6 mm. With the histological type of tumor, most of the
patients were moderately differentiated type. Other clinical
and histopathological information is listed in Table I.

The clinical significance of Sox4 expression in the tissue
samples. The immunohistochemical staining for Sox4 was
performed in the 36 selected samples. In the cancer sections, the
functional Sox4 protein appears to localize in the nucleus. We
defined as Sox4-positive cases those in which the cells showed
diffused nuclear pattern (>50% of cancer cells) (Fig. 2C), and
as Sox4-negative cases those in which the cells showed spotted
nuclear pattern (<50% of cancer cells) (Fig. 2B) or a negative
pattern (not stained in nucleus or cytoplasm) (Fig. 2A) in the
pancreatic cancer lesions. Among the 36 samples examined,
19 (52.8%) samples were positive for Sox4, whereas 17 (47.2%)
samples were negative.

Subsequently, we studied the relationship between Sox4
expression and clinical outcome. Disease-free survival
(DFS) ratio was significantly lower in Sox4-positive group
(P=0.0154) (Fig. 4A) and overall survival (OS) ratio tended to
be lower in Sox4-positive group (P=0.0623) (data not shown).
It might suggest that Sox4 was more deeply associated with
invasion and metastasis which were relative to DFS than
the refractoriness against several types of therapies such as
gemcitabine and S-1.

The clinical significance of Ezh2 expression in clinical tissue
samples. The immunohistochemical staining for Ezh2 was also
performed in the 36 selected samples. In the cancer sections,
we classified the staining pattern into 4 different types (Fig. 3).
We defined as Ezh2-positive cases those in which the cells
showed diffused nuclear pattern and nuclear and cytoplasm
pattern (Fig. 3C and D), and as Ezh2-negative cases those in
which the cells showed cytoplasm pattern (Fig. 3B) or a nega-
tive pattern (not stained in nucleus or cytoplasm) (Fig. 3A) in
the pancreatic cancer lesions. Among the 36 samples exam-
ined, only 6 (16.7%) samples were positive for Ezh2, whereas
30 (83.3%) samples were negative. Most of the patients were in
the Ezh2-negative group.

Secondly, we assessed the relationship between Ezh2
expression and clinical outcome. OS ratio was significantly
lower in Ezh2 positive group (P=0.0347) (Fig. 4B), whereas
DFS ratio was not (P=0.138) (data not shown). Therefore, we
combined Sox4 expression with Ezh2 expression and evalu-
ated the relationship between their expression and prognosis.
In Sox4- and Ezh2-positive groups, DFS and OS were signifi-
cantly lower than in the other group (Fig. 5). We were able
to identify the patients who had worse prognosis, using these
factors.

miR-335 expression of the cancer section in clinical tissue
samples. As pancreatic cancer tissues included substantial
stromal sections, we performed LCM to collect only cancer
sections from tumor tissues with the advice of the pathologists.
gRT-PCR was performed to quantify miR-335 expression in
the 36 patients (Fig. 6A). The expression level of miR-335 in
each sample is shown in Fig. 6B. Of the 36 patients, the mean
expression level of miR-335 is 0.28 (/RNU48). We divided
the patients into two groups by the mean value of miR-335
expression (high or low). Among the 36 samples examined, 7
(19.4%) samples were classified into the high group, whereas
29 (80.6%) were classified into the low group (Fig. 6B).

We evaluated the influence of miR-335 to the prognosis,
however, we did not find any significant difference between the
expression level of miR-335 and DFS or OS (data not shown).

Sox4 expression and clinicopathological characteristics. We
focused on Sox4 expression and evaluated the clinical and
histopathological factors between Sox4-positive and -nega-
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Figure 5. (A) Disease-free survival and (B) overall survival ratios of 36 patients who underwent complete surgical resection for pancreatic cancer with clear

histological margins, according to Sox4 and Ezh2 expression.
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Figure 6. miR-335 expression in clinical pancreatic cancer samples. (A) LCM was performed to collect cancer sections from 36 specimens. The representative
image of pre/post (left/right) laser captured microdissection (LCM). (B) Real-time qRT-PCR demonstrated the expression level of miR-335 in each sample.
Relative quantification of miRNA expression was calculated by the comparative CT method (22°T). The mean value of these samples was calculated and

divided into two groups with high or low expression of miR-335.

tive groups in order to study the correlation between Sox4
expression and cancer progression, such as lymphatic inva-
sion, venous invasion, intrapancreatic perineural invasion, and
pN (Ilymph node metastasis) (Table II). The histopathological
analysis revealed that these factors were not significantly
different between Sox4-positive and -negative groups. The
pathological stage was not significantly different either. In

brief, Sox4 expression did not correlate with existing cancer
progression factors in pancreatic cancer. However, the expres-
sion level of miR-335 which targeted Sox4 was inversely
correlated with Sox4 expression (P=0.0365) and 5 out of 6
Ezh2-positive patients (83.3%) were in Sox4-positive group.
It might suggest that miR-335 regulated Sox4 expression and
Sox4 promoted Ezh2 expression as a transcription factor.
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Table II. The comparison of clinicopathological factors between the Sox4-positive and -negative groups.

Sox4 expression

Positive (n=19) Negative (n=17) P-value
Age (years) 66.9+10.2 70.3£8.5 0.366
Gender (Male/female) 12/7 9/8 0.736
Location (Ph/Pb/Pt) 10/7/2 11/3/3 0.465
Maximal diameter (mm) 29.6x17.3 21.849.6 0.142
Histology (well/mod/por) 0/15/4 2/15/0 0.0523
Lymphatic invasion (+/-) 15/4 11/6 0.463
Venous invasion (+/-) 9/10 6/11 0.516
Intrapancreatic perineural invasion (+/-) 17/2 12/5 0.219
pT (T1,T2/T3,T4) 4/15 4/13 0.882
pN (+/-) 11/8 5/12 0.106
pStage (IA, IB/IIA, IIB) 4/15 4/13 0.882
Ezh2 expression (+/-) 5/14 1/16 0.182
miR-335 expression (High/low) 1/18 6/11 0.0365
Adjuvant therapy (+/-) 12/7 9/8 0.736
Recurrence (+/-) 13/6 6/11 0.0933

Ph, pancreatic head; Pb, pancreatic body; Pt, pancreatic tail; well, well differentiated; mod, moderately differentiated; por, poorly differentiated.

Table III. The predictive markers for disease-free survival in the clinicopathological information.

Univariate analysis

P-value

Mutivariate analysis

HR (95% CI)

P-value

HR (95% CI)
Age (years) (=69/<69) 2.57 (0.97-8.12)
Gender (Male/female) 0.55 (0.22-1.36)

Maximal diameter (mm) (<26/>26)
Histology (well, mod/por)

pT (T1,T2/T3,T4)

pN (+/-)

Lymphatic invasion (+/-)

Venous invasion (+/-)

Intrapancreatic perineural invasion (+/-)
Sox4 expression (+/-)

Ezh2 expression (+/-)

miR-335 expression (High/low)

1.11 (0.39-2.85)
0.77 (0.21-4.76)
0.24 (0.054-0.78)
5.65 (2.04-17.24)
2.23 (0.80-7.89)
3.14 (1.24-8.33)
2.66 (0.76-16.87)
322 (1.24-9.37)
2.29 (0.64-6.52)
1.80 (0.58-4.79)

0.0585
0.193
0.837
0.746
0.0150
0.0009
0.132
0.0160
0.140
0.0158
0.182
0.287

4.97 (0.83-37.00)
2.79 (0.88-10.47)

1.00 (0.33-3.41)

4.65 (1.42-19.42)

0.0794
0.0813

0.994

0.0096

Well, well differentiated; mod, moderately differentiated; por, poorly differentiated. HR, hazard ratio; CI, confidence interval.

Relationship between Sox4 expression and prognosis. We
assessed the predictive markers for DFS in the clinicopatho-
logical information. Upon univariate analysis, pT (tumor
invasion depth), pN, venous invasion, and Sox4 expression
were significantly associated with DFS while other prognostic
markers were not (Table III). Multivariate analysis identified
Sox4 expression as a significant and independent prognostic
factor (P=0.0096).

Discussion

In the present study we assessed the expressions of Sox4, Ezh2
and miR-335 in the identical clinical specimens and evaluated
the relationship between the markers and several histopatho-
logical factors related to clinical outcome. Among them, Sox4
reflected the cancer progression most sensitively. Probably
it is related to the biological features of Sox4 molecule and
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increased Sox4 expression might be the trigger of the EMT
phenomenon.

Sox4 is included in the SRY-related HMG-box (Sox) family
of transcriptional factors, which have a crucial role in embry-
onic development and cell fate during organogenesis including
the pancreas (23,24). Sox4 expression is also increased in
many types of cancer, and contributes to cell survival (25),
cellular transformation (26) and cancer metastasis (27). In
addition, Sox4 directly regulates important molecules, such as
epidermal growth factor receptor (EGFR), Patched-1 (Ptchl),
Delta-like 1 (DII1), tenascin-C, heat shock protein 70 (Hsp70),
Foxal, Dicer and RNA helicase A (28). Moreover, Sox4 regu-
lates Wnt pathway by directly binding to f-catenin (29). Most
recently, Sox4 has been reported to induce EMT in cholangio-
carcinoma (30), prostate (31) and breast cancer (32). However,
there is no report on Sox4 and pancreatic cancer prognosis.

In the present study, 52.8% of the samples expressed
Sox4 highly at the nuclei. This finding will not contradict the
previous results that pancreatic cancer cells induce EMT at a
very early stage. The ratio of the patients who had lymph node
metastasis was obviously high in Sox4-positive group (57.9%)
compared with the negative group (29.4%) (Table IT). Moreover,
Sox4-positive patients had significantly poor DFS and tended
to have worse OS. The results clarify the significance of Sox4
molecule in pancreatic cancer progression. However, few
patients expressed Ezh2 highly at the nuclei (16.7%). It was
due to multiple targets of Sox4 or there might be a time lag
during Sox4 and Ezh2 protein production. Approximately
80% of Ezh2-positive patients expressed Sox4 strongly. The
data showed the importance of the correlation between Sox4
and Ezh?2 in pancreatic cancer (Fig. 1).

The histone methyltransferase, enhancer of Zeste homolog 2
(Ezh2) is a component of the polycomb repressive complex 2
(PRC2), which epigenetically regulates genes involved in
cell fate determination (33). Ezh2 specifically trimethylates
nucleosomal histone H3 at lysine 27 (H3K27me3), and inhibits
gene expression with an epigenetic modification (34). Ezh2 is
expressed highly in a variety of cancers, resulting in malignant
transformation and cancer progression (35-37). Furthermore,
Ezh2 can induce EMT, and increases the metastatic ability in
prostate cancer cells (36,38).

In the present study, Sox4 and Ezh2 double-positive group
had a worse prognosis in DFS and OS ratios; we were able
to predict clinical outcomes from the expression levels. In
the lethal cancer, pancreatic adenocarcinoma, it could link
to the improvement of the clinical outcomes that multimodal
therapies were performed on patients predicted to have poor
prognosis. On the other hand, miR-335 was not associated
with the prognosis, but it related to Sox4 expression inversely,
which might suggest that miR-335 targeted the Sox4 gene.

In conclusion, Sox4/Ezh2 axis is associated with cancer
progression and Sox4 is a novel, independent prognostic factor
in pancreatic cancer.
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