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Objectives: The aim of this study was to identify an association of pan-
creatic anaplastic carcinoma (APC) with the epithelial-mesenchymal
transition (EMT).
Methods: Resected APCs (n = 24) were examined to assess components
of APCs, including carcinomatous, transitional, and sarcomatous regions.
Analysis was performed based on the immunoreactivity of E-cadherin and
3 EMT-related proteins: Slug (zinc finger protein SNAI2), Twist (Twist-
relatedprotein1), andZeb1 (zinc fingerE-box–bindinghomeobox1). Expression
score was determined based on staining intensity and stained area of the target
cells. Finally, we performed a hierarchical clustering based on the expression
pattern of E-cadherin and EMT-related proteins of the sarcomatous component.
Results: The expression score of E-cadherin decreased in the order of sar-
comatous > transitional > carcinomatous components (P < 0.01). Although
there were significant differences in the immunohistochemical scores of
Slug, Twist, and Zeb1 between carcinomatous and transitional components
(P < 0.01), the significant difference in immunohistochemical score of
Zeb1 between transitional and sarcomatous components was found (P < 0.05).
Furthermore, APCs were divided into 2 subgroups based on the expression pat-
terns of E-cadherin and EMT-related proteins (hierarchical clustering analysis).
Consequently, these subgroups were distinguished by Twist expression.
Conclusions: Epithelial-mesenchymal transition plays an essential role
in the pathogenesis of APC.
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P ancreatic cancer often shows a poor prognosis, and it is the
fourth leading cause of cancer-related death in the developed

world.1 Curative surgical resection is critically important for a
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good prognosis.2,3 However, only 10% to 20% of patients are can-
didates for surgical resection at the time of diagnosis.4,5 Pancreatic
cancer typically spreads rapidly into the peritoneum and is seldom
detected in its early stages, which is a major reasonwhy it is one of
the leading causes of cancer death.6 Although it is difficult to pre-
cisely predict the aggressive behavior of pancreatic cancer, spe-
cific histologic types are well known as predictive factors of
tumor prognosis. Anaplastic (undifferentiated) carcinoma (APC)
of the pancreas has been regarded as a malignant tumor showing
a poorer prognosis.7,8 This tumor has similarities to pleo-
morphic carcinoma, pleomorphic large cell carcinoma, pleomor-
phic giant cell carcinoma, spindle cell carcinoma, sarcomatoid
carcinoma, and carcinosarcoma.9 Anaplastic (undifferentiated) car-
cinomas that were first described by Sommer and Meissner10 have
been reported to be one of the most malignant tumors in the pan-
creas and account for 2% to 7% of all pancreatic cancers.7,10,11 His-
tologically, APCs are biphasic, composed of malignant epithelial
and mesenchymal elements,12–14 and they have a highly aggressive
character and poor prognosis in humans.7,8

The epithelial-mesenchymal transition (EMT), characterized
by changes in cell phenotype from epithelial to mesenchymal
morphology, is an important step in the invasion and metastasis
of cancer.15,16 Although the EMT plays an important role in em-
bryonic processes, its role in the pathogenesis of cancer is increas-
ingly recognized.16,17 A recent study has identified a specific
molecular mechanism underlying EMT.18 According to this the-
ory, 3 or 4 key factors regulate the EMT program. Two of the
key factors are the Snail-related zinc-finger transcription factors
(Snail and Slug).18 Snail and Slug are thought to contribute to
the invasion and metastatic process of cancer cells by promoting
the EMT.19 In addition, zinc finger E-box–binding homeobox
1 (Zeb1) binds the regulatory gene sequence of the E-box that is
involved in the promoter region of E-cadherin.18 As a result,
Zeb1 represses the expression of E-cadherin and promotes the process
of EMTby interactingwith Snail 1.20,21 Twist is also an important fac-
tor that regulates the EMT.18 Twist-related protein 1 (Twist 1) cooper-
ates with Snail1 in the induction of Zeb1 expression.22 These
findings suggest that 3 or 4 proteins related to the EMT play cru-
cial roles in the change of epithelial components to mesenchymal
components that are characteristic histologic features of APC.

In the present study, we hypothesized that the EMT plays a
major role in the pathogenesis of APC. The aim of this study
was to identify the association of APC with the progression of
the EMT process.

MATERIALS AND METHODS

Patients
We examined 24 APCs that had been retrieved from surgical

pathology files of Iwate Medical University Hospital (Morioka,
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TABLE 1. Clinicopathologic Characteristics of Patients
With APCs

Parameter APC

No. cases 24
Age, median (range), y 67 (51–83)
Male:female ratio 17:7
Location, n (%)
Head 19 (79.1)
Body + tail 5 (20.9)

Diameter of largest tumor, median (range), mm 40 (9–80)
Histologic variants, n (%)
Pleomorphic type 12 (50.0)
Spindle cell type 7 (29.2)
Osteoclast-like giant cells type 5 (20.8)

TNM stage, n (%)
I 5 (20.8)
II 11 (45.8)
III 8 (33.3)

Lymphatic invasion, n (%) 19 (79.2)
Venous invasion, n (%) 22 (91.7)
Nerve invasion, n (%) 19 (79.2)
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Japan), Tohoku University Hospital (Sendai, Japan), Sendai Medical
Center (Sendai, Japan), and Sendai City Medical Center (Sendai,
Japan). Histologic diagnosis was performed according to the
criteria of the World Health Organization classification.9 The
clinicopathologic stage was determined according to the tumor-
node-metastasis (TNM) classification of malignant tumors (eighth
edition) of the Union for International Cancer Control. In addition,
histologic findings were defined by the Japan Pancreas Society
classification. Clinicopathologic findings, including median age,
sex, location, median diameter of tumor, histologic variants,
TNM stage, lymphatic invasion, venous invasion, and nerve
invasion are summarized in Table 1. The median follow-up
period of patients examined was 26.7 months.

The research protocolwas approved by the ethics committees
of all institutions: Iwate Medical University (H29-11), Tohoku
University Hospital (2017-1-111), Sendai Medical Center (29–33),
and Sendai City Medical Center (2017–0022). All procedures
performed in studies involving human participants were in accor-
dancewith the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.
Sampling for Histologic Evaluation
All specimens were fixed in 10% neutral-buffered formalin

and embedded in paraffin wax. All archival slides of APCs, which
TABLE 2. Antibodies Used for Immunohistochemical Studies

Antibody Clone

E-cadherin NCH-38
Zinc finger protein SNAI2 (Slug) C19G7
Zinc finger E-box–binding homeobox 1 (Zeb1) Polyclonal
Twist-related protein 1 (Twist) Twist2C1a
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were originally prepared from formalin-fixed specimens, were
stained with hematoxylin-eosin according to our routine hospital
process. For this study, archival slides of all cases were reviewed,
and the specimens including the morphologically archetypal areas
of APCs, including epithelial and mesenchymal elements, were
selected as representative tissue specimens.

Antibodies and Immunohistochemistry
The antibody sources used in this study are shown in Table 2.

Paraffin sectionswere cut (3μm) andmountedonpoly-L-lysine–coated
glass slides (Matsunami, Tokyo, Japan). Sections were routinely
dewaxed and dehydrated and then subjected to heat-induced epitope
retrieval in high pH Target Retrieval Solution (Dako, Carpinteria,
Calif ). The slides were placed in peroxidase-blocking solution
(Dako) to inhibit non–specific-binding activity.

Immunostaining for E-cadherin and EMT-related proteins,
including Slug, Twist and Zeb1, was performed by placing the
sections in a microwave oven for 30 minutes for antigen retrieval.
After primary antibody treatment, sections were examined using
the EnVision HRP detection system (Dako). The antigen-antibody
complex was visualized with DAB+ liquid chromogen (Dako) and
counterstained with hematoxylin before mounting. Representative
histologic findings and the immunoreactivity of E-cadherin and
EMT markers in APC are shown in Figure 1.
Histologic Findings
Each slide was reviewed by 3 of the investigators (K.I., R.Y.,

and M.O.) using a multihead microscope, and a consensus was
reached in all cases. We determined the 3 histologic components in
representative hematoxylin-eosin–stained slides as follows: a ductal
adenocarcinoma component with well- to moderately differentiated
cells (carcinomatous component), a transitional zone containing a
ductal adenocarcinoma component and anAPC component with sar-
comatous features (transitional component), and the APC component
with sarcomatous features (sarcomatous component).
Evaluation for Immunohistochemical Examination
Immunoreactivity of the epithelial marker E-cadherin was

positive with whole or partial membranous expression. The EMT
markers (Slug, Twist, and Zeb1) were considered positive when ob-
served within stained nuclei. The immunoreactivity scores for
E-cadherin, Slug, Twist, and Zeb1 were determined by the staining
intensity and the frequency of positive cells within each histologic
section. The staining intensity was evaluated semiquantitatively as
follows: 0 (none), 1 (mild), 2 (moderate), and 3 (intense). The area
of the stained cells was divided into 6 levels, where X is the percent-
age observed: 0 (0% cells), 1 (0%≤ x≤ 1% cells), 2 (1%≤ x≤ 10%
cells), 3 (10% ≤ x ≤ 33% cells), 4 (33% ≤ x ≤ 67% cells), and
5 (x≥ 67% cells). The total score for each section was then evaluated
by adding the intensity and positive percentage scores (score 0–8).
Briefly, the immunoreactivity of the 3 target components of the tumor
Dilution Source

1:50 Dako
1:50 Cell Signaling Technology, Danvers, Mass
1:200 Sigma-Aldrich, St Louis, Mo
1:300 Abcam, Cambridge, England
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FIGURE 1. Histologic findings and immunoreactivity of E-cadherin and EMT transcription factors in APCs. Undifferentiated (anaplastic)
carcinoma harboring foci of carcinomatous component (A) (original magnification �40) and spindle cell–type APC showing pleomorphic
tumor cells (B). Hematoxylin-eosin–stained sections (original magnification �100). Immunohistochemistry detected E-cadherin in the cell
membrane of carcinomatous component (C) (original magnification�100). Slug (D), Twist (E), and Zeb1 (F) were positive in the nuclei of
sarcomatous components (D–F, original magnification �200).
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(carcinomatous, transitional, and sarcomatous components that were
the same areas in representative hematoxylin-eosin–stained slides)
was evaluated in 250� 250-μm areas at 200�magnification in each
case. Figure 2 shows the transitional components in APCs and the
immunoreactivity of E-cadherin and EMT-related proteins.

Hierarchical Cluster Analysis

We conducted hierarchical clustering based on the markers'
scores to evaluate differences in the expression patterns of
E-cadherin and EMT markers (Slug, Twist, and Zeb1) in patients
with APC. Hierarchical cluster analysis was performed for cluster-
ing of the samples according to the above scoring system (score
0–8) in APC patients to achieve maximal homogeneity for each
subgroup and the greatest differences between the groups using
open-access clustering software (Cluster 3.0 software; bonsai.
hgc.jp/~mdehoon/software/cluster/software.htm). The clustering
algorithm was set to centroid linkage clustering, which is the stan-
dard hierarchical clustering method used in biological studies.
Statistical Analysis

The analysis was performed using Microsoft Excel (version
2013) (Microsoft, Redmond, Wash) and JMP 13 (SAS Institute
Inc, Cary, NC). Statistical significance was evaluated using Fisher
exact test, the Kruskal-Wallis test, and the Mann-Whitney U test.
To identify predictors of overall survival for patients with APC,
univariate and multivariate analyses were conducted according
to the Cox proportional hazards model. Patient survival time was
calculated from the date of surgery until death (overall survival).
P ≤ 0.05 was considered significant.
38 www.pancreasjournal.com
RESULTS

Comparison of Immunoreactivity Scores of
E-cadherin and EMT-Related Proteins Among 3
Target Components in APC (Carcinomatous,
Transitional, and Sarcomatous Components)

Figure 3 summarizes the immunoreactivities of E-cadherin
and EMT-related proteins (Slug, Twist, and Zeb1) in 3 target com-
ponents of APCs. E-cadherin's immunoreactivity progressively
decreased from the carcinomatous to the transitional to the sarco-
matous components (P < 0.01) (Fig. 3A). The immunoreactivity
scores of Slug were significantly higher in transitional and sarco-
matous components than in the carcinomatous component
(P < 0.01) (Fig. 3B). The immunoreactivity scores of Twist were
higher in transitional and sarcomatous components than in the car-
cinomatous component (P < 0.05) (Fig. 3C). The immunoreactiv-
ity scores of Zeb1 were significantly higher in transitional and
sarcomatous components than in the carcinomatous component
(P < 0.01) (Fig. 3D). Furthermore, the Zeb1 immunoreactivity
score in the sarcomatous component was higher than in the transi-
tional component (P < 0.05) (Fig. 3D).
Hierarchical Cluster Analysis of APCs Based
on the Expression Scores of E-cadherin and
EMT-Related Proteins

Two distinct immunohistologic subgroups (subgroups 1 and
2) emerged, as shown in Figure 4. We examined differences in
clinicopathologic findings between the 2 subgroups in APCs.
There were no significant differences in the frequencies of median
age, sex, location, median diameter of tumor, histologic variants,
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE2. Representative histologic findings and immunoreactivity of E-cadherin and EMT transcription factors in the transitional component
of APCs (A–I, original magnification�400). A–C, D–F, and G–I were observed in the same location. Immunoreactivity of E-cadherin on the
cell membrane (B, E, and H). Nuclear expression of Slug (C), Twist (F), and Zeb1 (I) was observed in the transitional component of APCs.
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TNM stage, lymphatic invasion, venous invasion, or nerve inva-
sion between subgroups 1 and 2 (Supplemental Table 1, http://
links.lww.com/MPA/A693).

The immunoreactivities of E-cadherin and EMT-related pro-
teins in each subgroup in the sarcomatous components of APC are
shown in Figure 5. The immunoreactivity scores of Twist were
significantly higher in subgroup 1 than in subgroup 2 (P ≤ 0.05)
(Fig. 5C). However, there were no differences between the 2 sub-
groups in the frequencies of immunoreactivity scores of E-
cadherin, Slug, or Zeb1 (Figs. 5A, B, D). Thus, APCs examined
in this study were categorized into 2 distinct patterns in the
cluster analysis.

Association of Each Subgroup With Patient
Outcome in APC

Next, we examined the correlations between immunohistologic
subgroups (constructed according to hierarchical clustering) and
patient outcome as well as clinicopathologic findings. The overall
2-year survival rate in all APC patients was 27.1%. Clinicopatho-
logic factors such as tumor size, histologic variants (presence or
absence of osteoclast-like giant cells), TNM stage, lymphatic in-
vasion, venous invasion, nerve invasion, and immunohistologic
subgroups were not predictors of overall survival. Subgroup
1 was weakly correlated with poor overall patient survival on uni-
variate analysis (P = 0.05) (Supplemental Table 2, http://links.
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
lww.com/MPA/A693). However, subgroup 1 was not retained as
an independent patient prognostic factor for APC on multivariate
Cox regression analysis.

DISCUSSION
The transdifferentiation of epithelial cells into mesenchymal

cells, known as the EMT, is essential in cancer progression.15,16

The EMThas beenmolecularly characterized by the down-regulation
of E-cadherin. This repression is mediated by the binding of EMT
transcription factors such as Slug, Twist, and Zeb1 to E-boxes
present in the E-cadherin promoter.17,18 Carcinosarcoma, which
corresponds to pancreatic APC, is composed of 3 histologic tissue
types, including carcinomatous, transitional, and sarcomatous el-
ements. Carcinosarcoma is a prototype model of EMT, indicating
that a transdifferentiation program occurred in the tumor tissue.
However, the associated development of APC (carcinosarcoma
in pancreatic tumors) with reductions of E-cadherin and expression
of EMT-related proteins is not well characterized. We attempted to
identify themolecular processes underlyingAPC in terms of altered
expression of Slug, Twist, and Zeb1.

The APC that we examined in this study was divided into
2 components in terms of its pathogenesis. The “carcinomatous
component → transitional component” could be considered an
early phase, whereas the “transitional component→ sarcomatous
component” could be regarded as a late phase. This concept is
www.pancreasjournal.com 39
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FIGURE 3. Comparison of immunoreactivity scores of E-cadherin and EMT transcription factors among 3 target components in APC
(carcinomatous, transitional, and sarcomatous components). E-cadherin (A), Slug (B),Twist (C) and Zeb1 (D) are presented. Numbers
indicate immunoreactivity score. *P < 0.05 and **P < 0.01.
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useful to understand the pathogenesis of APC, and it may provide
novel insights into the natural history of the disease and the re-
sponse to treatment and ultimately improve the prognosis.

Key EMT-related regulators that reduce E-cadherin expres-
sion include Slug, Twist, and Zeb1.18,20,21 However, E-cadherin
is not regulated by all 3 of these transcriptional repressors in tumor
cells from different organs.17–20 For example, Twist may act more
strongly on the EMT than do Slug and Zeb1. The impact of the
3 proteins on the EMT may vary among different tumors. In the
FIGURE 4. Hierarchical cluster analysis of APCs based on the protein exp
sarcomatous component. Undifferentiated carcinomas were subdivided
marker in the tumor cells of the sarcomatous component, and the horiz
box express the immunoreactivity score (0–8), ranging from black (scor
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present study, we showed that the transition from the carcinomatous
component to the transitional component was closely associated
with a reduction of E-cadherin and high expression of Slug, Twist,
and Zeb1. This finding suggests that the 3 proteins could reduce ex-
pression of E-cadherin during the early histologic changes into in-
termediate histologic elements (transitional component).

Zeb1 is a nuclear factor that specifically binds to and re-
presses the promoter region of E-cadherin,18 suggesting that re-
duced expression of E-cadherin could occur in tumor cells.20,21
ression patterns of E-cadherin, Slug, Twist, and Zeb1 in the
into 2 subgroups. The vertical line shows the expression of each
ontal lines denote “relatedness” between samples. The colors of the
e 0) to red (score 8). Numbers indicate patient number.

© 2018 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Comparison of immunoreactivity scores of E-cadherin and EMT transcription factors between subgroups 1 and 2 in the sarcomatous
component of APC. E-cadherin (A), Slug (B), Twist (C) and Zeb1 (D) are presented. Numbers indicate immunoreactivity score. *P < 0.05.
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In the present study, significant differences between sarcomatous,
carcinomatous, and transitional components were found in the im-
munohistochemical scores of Zeb1. In addition, the immunohisto-
chemical score of E-cadherin was significantly lower in the
sarcomatous component than in both the carcinomatous and the
transitional components. This result suggests that expression of
Zeb1 strongly reduces E-cadherin expression in the sarcomatous
component compared with the transitional component. Although
the prognosis of APC patients is generally worse than those for
other types of pancreatic cancer,1,5,7,14 the poor prognosis of
APC depends on the sarcomatous component. Therefore, it is pos-
sible that the poor prognosis of APC may be associated with the
enhanced expression of Zeb1 in the sarcomatous component. This
proposition is consistent with the finding that the expression of
Zeb1 has a crucial impact on patient survival. In fact, previous
studies have shown that the expression of Zeb1 in endometrial
cancers, colorectal carcinomas, and prostate cancer is linked to ag-
gressive disease, poor differentiation, development of metastases,
and poor clinical prognosis.23–27 We suggest that expression of
Zeb1 strongly contributes to the development of APC.

In the present study, we categorized APCs into 2 subgroups
that were stratified by their expression pattern of E-cadherin and
EMT-related proteins (the EMT phenotype) in the sarcomatous
component that may determine the poor prognosis of such pa-
tients. In addition, tumors in subgroup 1 were characterized by
high expression of Twist, which plays a crucial role in regulating
the EMT progression.18,22 Li et al28 showed that Twist expression
was an independent factor that predicted a poor prognosis in pan-
creatic ductal adenocarcinoma. Several studies also have shown
that increased expression of Twist was correlated with poor
© 2018 Wolters Kluwer Health, Inc. All rights reserved.
prognosis in breast cancers.29,30 In this study, subgroup 1 was
characterized by high Twist expression that was weakly correlated
with poor overall patient survival on univariate analysis. However,
this association was not retained upon multivariate analysis. A
larger study may be needed to identify the association of subgroups
stratified by their expression pattern of the EMT-phenotype with
patient outcome in APCs.

In conclusion, elevated expression of Slug, Twist, and Zeb1
reduces the levels of E-cadherin in the transition from the carcino-
matous component to the transitional component of APCs. In ad-
dition, it is likely that increased Zeb1 expression and complete
loss of E-cadherin expression are correlated with the progression
of APC through their influence on the progression of the EMT.
Furthermore, APC patients were classified into 2 subgroups ac-
cording to the expression patterns of E-cadherin and EMT-related
proteins in sarcomatous components. These subgroups were dis-
tinguished by Twist expression. Accordingly, inhibiting the ex-
pression or function of EMT-inducing transcription factors may
lead to new strategies in the treatment of malignancies.
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