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Abstract: The identification of reliable prognostic markers and valid pharmacological targets can improve the clini-
cal outcomes of pancreatic cancer patients. Metastasis associated molecules EpCAM and CD44s both were re-
ported as potential therapeutic targets and tumor-initiating cells markers for pancreatic cancer. However, the co-
expression of EpCAM and CD44 and the corresponding function have not been evaluated in human pancreatic
cancer yet. Hence, we investigated whether EpCAM and CD44 were co-expressed in human pancreatic cancer and
what the relationship between their co-expression and the clinic-pathological characteristics was. We evaluated
and determined the co-expression of EpCAM and CD44 in 146 pairs of resected pancreatic cancer specimens,
and the relationship between the co-expression and the patient’s overall survival or other biological variables by
a well-established immunohistochemical staining using Kaplan-Meier method and x? test. Compared with normal
pancreas tissues, pancreatic cancer tissues had higher co-expression of membranous EpCAM with CD44s rather
than with CD44v6; and their expressions were significantly correlated. Furthermore, the membranous EpCAM and
CD44s co-expression acted as an independent prognosis factor on patients’ survival time. These data suggested a
potential role of co-expression of EpCAM and CD44s in predicting patient’s poor prognosis.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC), the
most common type of pancreatic cancer, is a
deadly disease. 80% patients present with
advanced-stage disease at the time of diagno-
sis, due to the fact that no effective screening
tests for PDAC are available [1]. Patient survi-
val after resection of PDAC tumors is poor, and
5-year survival rate remains only 15-20% [2].
Recent approval of FOLFIRINOX is an only
accepted standard of care for approximately
30-40% PDAC patients, with modest improve-
ments in patient survival [3]. It is imperative to
find new reliable prognostic markers and valid
pharmacological targets for more tailored
therapies.

EpCAM is a type-I single-span transmembrane
glycoprotein with “oncogenic” features. Highly
expressed in most carcinomas, EpCAM is an

attractive target for diagnostic and therapeu-
tic intervention [4]. Besides, EpCAM is also
expressed in human normal stem/progenitor
cells, and acted as a marker for cancer stem
cells (CSCs) or tumor-initiating cells (TICs) in
several solid tumors including PDAC [5].
Normally, EpCAM displays a dynamic expres-
sion during tumor progression [6]. In primary
tumors and overt metastases, EpCAM is over-
expressed; whereas in intermediates of the
metastatic cascade, i.e., circulating and dis-
seminating tumor cells (CTCs/DTCs), EpCAM
expression is down-regulated accompanied by
the gain of migratory and invasive properties.

The “oncogenic” function of EpCAM includes
cell-cell adhesion, cell proliferation, maintain-
ing a pluripotent state as well as regulation
of differentiation, migration and invasion. These
functions can be mediated by three kinds
of molecule pattern of EpCAM: membranous
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bound full-length EpCAM, cytoplasm full-length
EpCAM derived by endocytosis from mem-
brane, and truncated EpCAM variant (EpICD)
generated from regulated intramembrane pro-
teolysis (RIP). For cell proliferation, EpCAM
mainly acted through RIP signaling and/or its
associated binding partners in specialized
membrane microdomains, such as lipid rafts,
or tetraspanin-enriched microdomains (TEMs)
[7]. Actually, EpCAM-mediated cell proliferation
via RIP also requires cell-to-cell contacts me-
diated by plasma membrane cell-adhesion
molecules, which represents the initial trigger
events for EpCAM cleavage [8]. Therefore,
EpCAM’s appearance at the cell surface, espe-
cially its localization in specific subdomains of
plasma membrane, is essential for cell prolif-
eration signaling.

It has been reported that in metastasizing
rat pancreatic carcinoma cell lines, EpCAM
forms a complex with tetraspanins CD9, CO-
029 and CD44 variant isoforms (CD44v4-7) in
TEMs [9]. Overexpression of these molecules,
especially the complex formed by metastasis
associated molecules CD44v4-v7 and EpCAM,
is of crucial importance in the process of tu-
mor progression such as cell-cell or cell-matrix
adhesion, apoptosis resistance. When located
in TEMs, the role of the CD44v-EpCAM com-
plex differs from that of the individual mole-
cules. In colorectal cancer, for example, the
cells with EpCAM/claudin-7/C0O-029/CD44v6
complex display a higher degree of apoptosis
resistance than cells devoid of any one of the
four molecules [10]. Individual expression of
EpCAM, claudin-7, CO-029, and CD44v6 alone
cannot be considered as prognostic markers
for colorectal cancer patients; however, the co-
expression of four molecules correlates with
disease-free survival. In anaplastic thyroid car-
cinoma, EpCAM together with CD44v6 but not
with CD44s was associated in the clinical spe-
cimens, although direct interaction between
EpCAM and CD44v6 was not examined [11].
All these studies suggest that the complex,
rather than the individual molecules, facilitates
aggressive phenotype and promotes tumor
metastasis. Therefore, the role of EpCAM in
cancer progression should be further explored
together with its associated or interacted
molecules.

CD44 is also a family of single-span transmem-
brane glycoproteins involving in many cellular
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processes including survival, proliferation,
migration and metastasis. CD44 family mem-
bers differ in their extracellular domain, where
10 variant exons are either completely exclud-
ed as in CD44s or included in various combina-
tions within the CD44 ectodomain, giving rise
to the CD44 variant isoforms (CD44v1-v10)
[12, 13]. There are ample evidences that over-
expression of various CD44 isoforms promotes
tumor progression and metastasis, suggesting
it is one of the main players in tumor develop-
ment [13]. We previous reported that both
CD44s and CD44v6 were up-regulated in pan-
creatic adenocarcinoma [14]. However, CD44s
but not CD44v6 is associated with poor overall
survival and acts as an independent prognostic
factor for patient survival, although others
reported the relevance of CD44v6 signaling to
tumor growth and metastasis [15]. In addition,
CD44s is present on several types of cancer
stem cells [13]. CD44s promotes tumor-initia-
tion and postradiation recurrence through
directly affecting TICs [14, 16].

To the best of our knowledge, the association
between EpCAM and CD44 isoforms has not
been evaluated in human pancreatic cancer
tissues. The purpose of this study is to evaluate
the co-expression of these two molecules and
explore their relationship with clinic-pathologi-
cal features in pancreatic cancer patients.

Materials and methods

Patient samples and tissue microarray

For tissues mRNA level analysis, seven pairs of
fresh human pancreatic adenocarcinoma spec-
imens and adjacent non-tumor pancreatic tis-
sues were collected from patients who under-
went surgery at the University of Michigan
Comprehensive Cancer Center (Ann Arbor, Ml).
For tissues protein expression analysis, a total
number of 146 consecutive patients with pan-
creatic adenocarcinoma diagnosed between
Sep 2004 and Nov 2011 were included in this
retrospective study. Among them, 73 patients’
survival information of 87 months postopera-
tive follow-up was received. All the patients
(100%) underwent primary surgical interven-
tion. The median age of patients was 59.1
years (range: 34-85 years) with 56 women and
90 men. Patients’ characteristics, such as gen-
der, age, tumor size, type, grade and location,
TNM stage, AJCC stage, patient survival and
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history of smoking, drinking, and diabetes were
obtained from the medical records [31]. This
study was reviewed and approved by the
Institutional Review Board of the Fourth Military
Medical University.

A tissue microarray (TMA) constructed from
formalin-fixed, paraffin-embedded tissue blo-
cks from 146 patients with pancreatic adeno-
carcinoma was purchased from the National
Engineering Center for Biochip (Shanghai,
China). All procedures of construction TMA
were performed as previously described [32].
Briefly, representative tumor areas and paired
surrounding non-tumor tissues (normal pan-
creas or chronic pancreatitis) within the edge
of 5 cm were carefully selected by a trained
pathologist. Each tissue sample was represent-
ed by three cylindrical core tissue biopsies
(diameter 0.6 mm). For each tissue block, 4 um
thick sections were cut and transferred to an
adhesive-coated slide, and then verified by a
hematoxylin-eosin-stained section.

Antibodies and cell lines

The following antibodies were used in this
study: mouse anti-CD44s (MAB3838, clone
MEM-263, Abnova, Taipei City, Taiwan), mouse
anti-CD44v6 (MAB4073, clone VFF-18, Millipo-
re, Billerica, MA) and rabbit anti-EpCAM (ab-
124825, clone EPR677, Epitomics, Burlingame,
CA, USA).

Immunohistochemistry staining and scoring

TMA slides were dried at 63°C for 1 hour be-
fore staining. All procedures were performed
at room temperature as previously described
[17, 32]. Briefly, sections were dewaxed in
xylene and rehydrated in a graded alcohol
series, and washed in water before antigen
retrieval using a Leica ST5010 Autostainer
(Leica Microsystems Inc., Buffalo Grove, IL,
USA) with 10 mM sodium citrate buffer (pH
5.96) at 100°C in an autoclave for 5 minutes.
The sections were then treated with 3% hydro-
gen peroxide for 15 minutes to block endoge-
nous peroxidase. After 30 minutes of incuba-
tion with primary antibody in a humid chamber,
the slides were incubated for 30 minutes with
an EnVision™/HRP anti-rabbit or anti-mouse
solution (Dako, Glostrup, Denmark). Reaction
products were visualized with diaminobenzi-
dine plus substrate-chromogen solution treat-
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ing for 5 minutes. The slides were counter-
stained with Meyer’'s hematoxylin and mount-
ed. To confirm the specificity of the primary
antibodies, tissue sections were incubated in
the absence of the primary antibodies.

The Immunohistochemistry staining results
were recorded by counting at least 400 cells
in five areas of each tissue section. The num-
ber of positively stained cells and the intensity
of positive staining on epithelial cells were in-
dependently graded by two experienced pan-
creatic pathologists in a blinded manner.
Briefly, the intensity of positively stained cells
was arranged into four groups: group O dis-
played no visible difference compared to the
negative control; the positively stained cells of
group 1, 2 and 3 were stained in light brown,
mid-brown and dark brown, with the same
intensity covering more than 75% of the stain-
ing area. The total number of cells and the
stained ones were counted; the positive rate
was calculated and categorized according to
percentage: O, no stained cells; 1, 1-9%; 2,
10-50%; 3, 51-80%; 4, 81-100%. The total
immunostaining score was calculated by multi-
plying intensity score by positive rate score,
ranging from O to 12, and divided into four sub-
groups: zero, total score O; weak, total score
1-4; moderate, total score 5-8; strong, total
score 9-12. A total score >4 was defined as
EpCAM over-expression [17]. For statistical
analysis, the EpCAM positive tumor tissues
were divided into two groups: the low expres-
sion group (categories as zero and weak, cor-
responding to a total score 0-4) and the high
expression group (categories as moderate and
strong, corresponding to a total score >4). For
membranous CD44s, the samples with 1+
staining in >50% of cells or 2+ staining in >20%
of cells or all 3+ staining of cells were defined
as high expression [14].

Statistical analysis

Spearman rank correlation was conducted to
analyze the correlations between EpCAM and
CD44 co-expression. The association between
the concurrent EpCAM and CD44 expression
and clinicopathological factors was assessed
by student t test and x? test. Overall survival,
defined as the time from surgery until death (liv-
ing patients were censored at the time of their
last follow-up), was estimated by the Kaplan-
Meier method and evaluated by the log-rank
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Figure 1. Concurrent EpCAM and CD44 expression in pancreatic tissues. A: Representative morphology of EpCAM
and CD44 immunohistochemistry staining in pancreatic normal and tumor tissues. Immunostaining showed a fine
granular pattern. EpCAM positive expression was seen both on plasma membrane and in cytoplasm, while CD44s
and CD44v6 was mainly seen on plasma membrane (Bar =100.3 mm, original magnification x200). The inserts
provide details of expression patterns. B: The percentage for co-expression of EpCAM and CD44s or CD44v6 in pan-
creatic normal and tumor tissue samples. Estimated by x? test, compared between normal pancreas (nl pancreas)
and pancreatic cancer (PDAC).
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Table 1. The co-expression of EpCAM and CD44s in normal pancreas and pancreatic cancer tissues

low low high high
) EpCAM EpCAM EpCAM EpCAM . o
Tissues CD44sl CD44shgh I CD44shgh P value r(95% Cl)
Normal pancreas 16.42% (11/67) 4.48% (3/67) 73.13% (49/67) 5.97% (4/67) 0.311  0.1257 (-0.1253-0.3616)

Pancreatic cancer 28.77% (42/146) 18.49% (27/146)

17.81% (26/146)  34.93% (51/146) 0.003  0.2444 (0.0804-0.3954)

“Spearman rank correlation was conducted to analyze the correlation between membranous expression of EpCAM and CD44s.

Table 2. The co-expression of EpCAM and CD44v6 in normal pancreas and pancreatic cancer tissues

low low high high
. EpCAM EpcAM” EpCAM EpCAM . .
Tissues CD44v6" cD44v6"™ CD44v6" cpaave™  Palue r(95%Cl)
Normal pancreas  11.94% (8/67)  8.96% (6/67)  53.73% (36/67)  25.37% (17/67) 0353  -0.1153 (-0.3523-0.1357)

Pancreatic cancer 6.16% (9/146) 41.10% (60/146) 12.33% (18/146)  40.41% (59/146) 0.365 -0.0852 (-0.2694-0.1049)

“Spearman rank correlation was conducted to analyze the correlation between membranous expression of EpCAM and CD44v6.

test. A Cox’s proportional hazards model was
performed to analyze the correlation of EpCAM
and/or CD44s expression with patient survi-
val and determine the independent progno-
stic factors. All statistical analysis was per-
formed using the Statistical Package of Social
Sciences (SPSS, V.16.0, Chicago, lllinois, USA)
and GraphPad Prism 5.0 (GraphPad Software,
http://www.graphpad.com).

Results

Membranous EpCAM and CD44s were co-
expressed in pancreatic cancer

The expression of EpCAM and CD44 was re-
ported to associate with pancreatic cancer pro-
gression separately. However, the co-expres-
sion of membranous EpCAM and CD44 has
not been described in human pancreatic can-
cer tissues yet. To determine the co-expression
of EpCAM and CD44 in pancreatic cancer, we
divided patients into three distinct subgroups
identified by the expression of EpCAM and/or
CD44 antigens, including CD44s and CD44v6.
We found that the degree of membranous
EpCAM and CD44s co-expression was signifi-
cantly higher in pancreatic cancer than in nor-
mal pancreas (Figure 1A, 1B, P<0.001). The
concurrent EpCAM and CD44s expression was
found in 93 of 146 (63.7%) postoperative
tumor specimens, which included concurrent
high expression (51/146, 34.93%) and concur-
rent low expression (42/146, 28.77%, Table 1).
In normal pancreas, the concurrent EpCAM and
CD44s expression was only found in 15 of 67
(22.4%).

Meanwhile, we investigated the concurrent
EpCAM and CD44v6 expression in the sa-
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me patients’ tissue samples. Different from
CD44s, the concurrent EpCAM and CD44v6
expression was only found in 68 of 146 (46.6%)
tumor specimens (Table 2); and their co-ex-
pression was not statistically higher than that
in normal pancreas (37.31%, P=0.206, Figure
1B). The above results indicated that membra-
nous EpCAM was highly co-expressed with
CD44s, but not with CD44v6, in pancreatic
cancer tissues.

Membranous EpCAM was significantly corre-
lated with CD44s in pancreatic cancer

Next, we investigated whether membranous
expression of EpCAM and CD44 were correlat-
ed with each other in pancreatic cancer tis-
sues. Our results showed that high expression
of membrane bound EpCAM was significantly
correlated with high expression of CD44s in
pancreatic cancer (r=0.2444, P=0.003, Figure
2A), but not in normal pancreas (r=0.1257,
P=0.311, Figure 2B). On the mRNA level,
EpCAM was also correlated with CD44s, though
did not reach a statistical significance (r=
0.5819, P=0.167, Figure 2E). In contrast, high
expression of membrane bound EpCAM was
conversely associated with high expression of
CD44v6 both in pancreatic cancer and in nor-
mal pancreas (Figure 2C, 2D). And, these
inverse associations had not statistical signifi-
cance. Additionally, either CD44s or CD44v6
was not correlated with cytoplasm EpCAM in
pancreatic cancer (Supplementary Figure 1).
Thus, these results suggested that CD44s, but
not CD44v6, was significantly correlated with
membranous EpCAM expression in patients
with pancreatic cancer.
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Membranous EpCAM and CD44s co-expres-
sion was significantly correlated with poor
prognosis in pancreatic cancer patients

To explore the possible role of the concurrent
EpCAM and CD44s expression, we investigated
the correlation between their co-expression
and patients’ clinic-pathological characteris-
tics. We found that the concurrent EpCAM and
CD44s expression was significantly associated
with higher tumor grade (P<0.001) and tumor
location in the body and tail of the pancreas or
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(P=0.060, Table 3). There were no significant
differences among patients with concurrent
high expression, individual high expression or
concurrent low expression with respect to gen-
der, age, tumor size and type, pathological
depth of tumor (pT1/T2/T3), pathological lymph
node metastasis (pNO/N1/M1), pathological
stage (pStage IA/IB/IIA/IIB/1V) as well as smok-
ing, drinking and diabetes.

The association of concurrent EpCAM and
CD44s expression with patient’s survival was
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Table 3. Correlation between EpCAM/CD44s co-expression and clinic-pathological features

low high high
Clinic-pathological features CD4ELZ%TM(n=42) CDZELZEQMT (n:r53) CD4ELZ%gAh'|TVI(n=51) P value*
Gender, n (male/female) 27/15 32/21 31/20 0.916
Age, mean * s.d. (years) 58.4+11.0 59.8+10.6 59.1+11.2 0.887
Tumor size, mean + s.d. (cm) 3.95+1.3 4.09+1.96 4.36+1.84 0.686
Tumor type, n (ductal/glandular) 37/5 44/9 44/6 0.700
Tumor grade, n (I+11, Il 39/2 43/9 24/22 <0.001
Tumor location, n (head, tail + others) 34,7 34/18 31/20 <0.006
pT stage, n (T1+T2, T3) 33/8 42/11 45/6 0.432
pN stage, n (NO, N1+M1) 20/18 29/21 23/24 0.667
pStage, n (IA+1B, [IA+1IB+IV) 15/27 23/30 20/31 0.746
Patient survival?, n (live/dead) 7/14 11/15 5/21 0.197
Smoking, n (no, few + heavy) 24/17 32/15 28/19 0.587
Drinking, n (no, few + heavy) 29/12 31/16 30/15 0.878
Diabetes, n (no/yes) 31/6 34/11 39/8 0.565

fLow (negative to weak expression), high (moderate to strong expression); “Estimated by student t test and x? test; Only 73
cases have available survival data, and only 61 cases have available survival time.
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Figure 3. Kaplan-Meier analysis of overall survival in pancreatic cancer patients according to the expression level of
membranous EpCAM and/or CD44s. A: Kaplan-Meier analysis of overall survival in 61 patients comparing high and
low EpCAM and/or CD44s expression groups. B: Kaplan-Meier analysis of overall survival in 43 patients comparing
the EpCAM and CD44s co-expression and their individual high expression groups. C: Kaplan-Meier analysis of over-
all survival in 32 patients comparing CD44s high and low expression subgroups in EpCAM high expression group.
D: Kaplan-Meier analysis of overall survival in 29 patients comparing CD44s high and low expression subgroups in
EpCAM low expression group.
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Table 4. Prognostic factors for overall survival by Cox proportional hazard model

Clinic-pathological features

HR (95% CI)' P value

Gender (male/female)

Age (years)

Tumor size (cm)

Tumor type (ductal, glandular + others)
Tumor grade (I+I1, 1)

Tumor location (head, tail + others)
pT stage (T1+T2, T3)

pN stage (NO, N1+M1)

pStage (IA+IB, l1IA+IIB+1V)

Smoking (no, few + heavy)
Drinking (no, few + heavy)
Diabetes (no/yes)

EpCAM/CD44s co-expression (EpCAM"e" CD44s"e"/EpCAM"e" or CD44s"e"/EpCAM'™ CD44s™) 2.128 (1.067-4.244

0.961 (0.362-2.554) 0.937
1.043 (0.983-1.107) 0.167
1.1.03 (0.802-1.515) 0.547
0.489 (0.102-2.343) 0.371
4.060 (1.254-13.149) 0.019"
0.703 (0.228-2.169) 0.540

0 0.913

0 0.926

0 0.905

1.930 (1.055-3.531) 0.033"
1.382 (0.706-2.706) 0.345
2.798 (0.876-8.933) 0.082
( ) 0.032"

tHR, hazard ratio; Cl, confidence interval. "P<0.05.

estimated by Kaplan-Meier analysis and the
log-rank test from available censored survival
time of 61 pancreatic cancer patients. In our
previous study, EpCAM alone not significantly
affected overall survival and prognosis in total
population of pancreatic cancer patients, al-
though it was significantly correlated clinic-
pathological parameters [17]. In this paper,
however, patients with tumors highly express-
ing both EpCAM and CD44s carried the poor-
est clinical outcomes among three groups
(Figure 3A). The median survival time in
patients with highly expressing both EpCAM
and CD44s was only 10 months, in contrast to
the median survival time over 33 months in
patients highly expressing either EpCAM or
CD44s (P=0.038, Figure 3B).

Furthermore, in the subgroups of patients with
high expression of EpCAM in their tumors,
patients with high expression of both EpCAM
and CD44s had a significantly worse overall
survival than patients with high expression of
EpCAM but low expression of CD44s (10
months vs. >36 months, P=0.002, log-rank
test, Figure 3C). Within 7 years’ follow-up with
median follow-up time of 45 months, 90%
patients with their tumor bearing high levels
of EpCAM but low levels of CD44s were still
alive, and their median survival time was not
reached yet. In the subgroups of patients with
low expression of EpCAM in their tumors, the
median survival times had no difference bet-
ween patients with additional high or low ex-
pression of CD44s (Figure 3D). Taken together,
these data indicated that concurrent EpCAM
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and CD44s expression may predict poor clini-
cal outcomes of patients.

In the multivariate analysis of the total cohort
of pancreatic cancer patients using Cox’s pro-
portional hazards model, tumor grade (P=
0.019), smoking (P=0.033) and EpCAM/CD44s
co-expression (P=0.032, HR 2.128; CI 1.067-
4.244) were proved to be independent prog-
nostic variables for overall survival (Table 4). In
conclusion, the above data supported that the
concurrent membranous EpCAM and CD44s
expression was a independent prognostic fac-
tor for the poor prognosis of patients with pan-
creatic cancer.

Discussion

In the present study, we demonstrated that
membranous EpCAM, together with CD44s but
not with CD44v6, was co-expressed and acted
as an independent factor indicating a poor
prognosis for post-surgical patients with pan-
creatic cancer. Patients with co-expression of
EpCAM and CD44s had more advanced tumor
grade and shorter survival time than patients
with expression of individual molecule. Thus,
our results suggested that the association of
EpCAM and CD44s contributed to the aggres-
sive phenotype of pancreatic cancer in clinical
specimens. The co-expression of EpCAM and
CD44s in PDAC may help to predict patient’s
prognosis.

EpCAM and CD44 variants (CD44v4-v7 or CD-
44v6) have been reported to be co-expressed
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and associated in carcinoma-specific complex-
es, and then promote the carcinogenesis and
metastasis in rat pancreatic adenocarcinoma
cell lines [9], colorectal cancer [10] and ana-
plastic thyroid carcinoma [11]. However, the co-
expression of EpCAM and CD44 has not been
studied in human pancreatic cancer yet. This is
the first study that investigated the association
between EpCAM and CD44 and their corre-
sponding function in human pancreatic cancer.
Although CD44v6 is reported to promote tumor
growth and metastasis [15, 20], the identifica-
tion of CD44 as a CSCs (TICs) marker is mainly
based on standard isoforms of CD44 (CD44s)
[13, 21]. Our previous study showed that
CD44s, but not CD44v6, had an important
function in TICs and TICs-related tumor recur-
rence and metastasis [14]. In this study, we
showed that EpCAM and CD44s, but not
CD44v6, were co-expressed and significantly
correlated in pancreatic cancer tissues. The
concurrent expression of EpCAM and CD44s
was associated with patient’s poor clinical out-
comes. Our results in this paper implied that
EpCAM may have different functions due to dif-
ferent interacting protein partners in different
types of cancer, cancer cells or its subpopula-
tion. As far as pancreatic cancer is concerned,
EpCAM may associate with CD44s and then
mediate proliferation signaling.

Recently, loss of membrane expression of
EpCAM which accompanied by activated pro-
liferative signaling and stemness genes has
been proposed as a biomarker for poor progno-
sis and more aggressive phenotype [6, 22].
Furthermore, our previous results and others’
indicated that endocytosis and RIP were two
ways of withdrawing EpCAM from the cell sur-
face, and two means of regulating the EpCAM
availability and functionality on cell surface [17,
22]. However, EpCAM-dependent prolifera-
tion, tumorigenic and pluripotency features all
rely on its existence at the cell surface or in
specific subdomains of the plasma membrane
[7, 8]. It was reported that retention of EpCAM
on the cell surface of colon epithelium cells
allowed for a rapid, EpCAM-dependent res-
ponse when necessary [23]. When located in
TEM, EpCAM has the potential to organize sig-
naling complexes at the membrane surface of
cancer cells or CSCs probably [9, 24], and to
participate in important signaling pathways,
such as Wnt, Notch, and Hippo [5]. Thus, the
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unraveling of EpCAM interaction molecules,
such as CD44s in pancreatic CSCs with the
capacity to fine-tune EpCAM function, is there-
fore of great importance.

CSCs are responsible for tumor formation, pro-
gression, metastasis, drug resistance and re-
currence. At present, the increasing numbers of
CSCs markers were identified in pancreatic
cancer, for instance, CD44, CD24, EpCAM,
CD133, c¢-MET, CXCR4, ALDH1, and more
recently DclK1 and Lgr5 [25, 26]. However, all
these different CSCs markers are not com-
pletely overlapped with each other; and thus
their co-expression might have higher proba-
bility of connecting to the CSCs properties
[27]. For instance, we have reported that pan-
creatic cancer cells co-expressing CD44*CD24*
EpCAM* or CD44*CD133* show CSCs proper-
ties enabling them to resist to radiotherapy
[14]. Based on these findings, drugs targeting
CSCs and their corresponding markers or sig-
naling pathway might have chance of eliminat-
ing CSCs. Thus, the effective therapeutic strat-
egy should combine conventional chemothera-
peutic drugs with the agents that specifically
deplete pancreatic CSCs.

Currently, cancer targeting therapeutic strate-
gies primarily focus on one key “driver gene or
signaling pathway” of oncogenesis. However,
the development of PDAC is a multistep pro-
cess resulting from the accumulation of multi-
ple genetic lesions in normal cells. Recent
genomics sequencing results revealed that
there is heterogeneity in the intratumor genet-
ics and phenotypics as well as plasticity of
diverse spatial and temporal [28, 29]. This
complicated heterogeneity and plasticity may
explain why the targeted therapy is failing in
PDAC. For example, Kras mutations play a cru-
cial role in early stages of pancreatic carcino-
genesis, but accumulation of other cooperative
genetic alterations is also required for full onco-
genic transformation [29]. Kapoor reported
that PDAC tumor cells acquired a by-pass
growth mechanism of oncogene Kras addic-
tion by activating Yap1 oncogene [30]. Likewise,
for PDAC metastasis and recurrence, tumor
cells require cooperative activities between the
tumor and the surrounding tissue and a combi-
nation of several classes of molecules are
involved, like cell-cell and cell-matrix adhesion
molecules or matrix-degrading enzyme [3].
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Thus for PDAC, a promising therapeutic strate-
gy might be the combined targeting of several
key cancer functions such as metabolism, mito-
chondrial activity, autophagy, and CSCs sub-
populations. We and other groups have provid-
ed evidence that both CD44s and EpCAM are
central players in PDAC carcinogenesis and
progression, and both are metastasis associ-
ated adhesion molecules that can be therapeu-
tically targeted [4, 12, 14, 17]. In this study, we
reported that CD44s and EpCAM were signifi-
cantly correlated, and their association greatly
contributed to tumor progression post-surgery
rather than their individual molecules. Our
results further suggested that it is needed to
target multiple molecules for cancer therapy,
such as EpCAM and CD44s in pancreatic can-
cer. By far, the exact mechanism of the CD44s-
EpCAM complex promoting tumor progression
is unknown. We are now undertaking further
detailed experiments to uncover it.

In conclusion, our present data demonstrated
that membranous co-expression of EpCAM
and CD44s is an independent poor prognostic
factor in pancreatic patients. And, combined
targeting EpCAM and CD44s might be an effi-
cient strategy for overcoming PDAC therapeutic
resistance post-surgery.
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Supplementary Figure 1. Correlation analysis of cytoplasmic EpCAM and CD44 in pancreatic cancer tissues. A:
CD44s; B: CD44v6. Spearman rank correlation was conducted to analyze the correlations between EpCAM and
CD44 co-expression.



