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Abstract Approximately 80% of patients with pancreatic
ductal adenocarcinoma (PDAC) have metastatic disease with
poor prognosis, but clinically available biomarkers have not
yet been identified. This study was to investigate the clinical
significance of FZD1 and CAIX in PDACs. FZD1 and CAIX
protein expression was measured using EnVision immunohis-
tochemistry. Positive FZD1 or CAIX expression was signifi-
cantly higher in PDAC than that in precursor lesions
(p < 0.01). Positive FZD1 or CAIX expression was signifi-
cantly lower in cases with well-differentiated adenocarcino-
ma, no-metastasis of the lymph node, no-invasion of regional
tissues, and TNM I/I1 stage disease than in cases with poorly-
differentiated adenocarcinoma, metastasis and invasion, and
TNM stage III+ IV stage disease (p < 0.05 or p < 0.01). The
expression of FZDI positively correlated with CAIX in
PDAC (P =0.000). Univariate Kaplan-Meier analysis showed
that FZD1 and/or CAIX expression (p < 0.001) was signifi-
cantly associated with shorter overall survival (p < 0.05). Cox
multivariate analysis showed that differentiation, tumor mass,
lymph node metastasis, invasion, TNM stage, FZD1 and
CAIX levels negatively correlated with overall survival.
Positive FZD1 and CAIX expressions are poor prognostic
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factors in PDAC patients. FZD1 and CAIX might be impor-
tant biological markers for the carcinogenesis, metastasis, in-
vasion, and prognosis of PDAC.
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Introduction

Pancreatic ductal adenocarcinomas (PDACs) are highly ma-
lignant cancers with poor prognosis [1]. Due to the lack of
specific symptoms, only approximately 20%—25% of PDAC
patients being diagnosed at an early stage with potentially
resectable tumor, whereas most PDACs are diagnosed at ad-
vanced stages with metastatic diseases. Palliative treatments,
such as chemotherapy and radiotherapy, are the main available
treatments for patients with unrectable tumors, but exhibit
limited treatment efficacy [2]. The overall survival of patients
with PDAC is about one year [3]. The poor prognosis may be
partially because the current understanding of the molecular
and genetic basis of PDAC is still rather limited.
Interactions between tumor and the tumor microenvi-
ronment play important roles in tumor growth and metas-
tasis. Hypoxic microenvironment is a crucial characteristic
of solid tumor with rapid growth nature which can promote
tumor progression and resistance to therapy [4]. Due to the
technical limitations in direct measure of O(2) in tumor
tissues, several hypoxia-related endogenous proteins, such
as HIF-lalpha, GLUT-1, and CAIX (Carbonic anhydrase
IX) have been used as surrogate markers for tumor hypoxia
[5]. CAIX is the most active carbonic anhydrases for the
CO, hydration reaction, but its expression in normal tis-
sues is limited. In contrast, CAIX is overexpressed in a
variety of solid tumors and exerts a dual role in the growth
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of hypoxic, CO, excreting tumors [6]. For example, CAIX
produces and maintains an alkyline pHi, a microenviron-
ment favorable for tumor growth and tumor cell invasive-
ness [7, 8]. As a hypoxia-related marker, CAIX also regu-
late HIF-1 stabilization and activation of its downstream
signaling. Moreover, constitutive CAIX expression has
been demonstrated to lead to epithelial-mesenchymal tran-
sition (EMT) in cervical carcinoma cells [9]. Therefore, it
is not surprising that CAIX expression is associated with
the progression and metastasis of various human tumor
types [10—14] and has been identified as marker for poor
prognosis of some malignant lesions [15—18]. Although
two recent studies investigated the expression of CAIX in
pancreatic cancers, but its clinical significance in PDAC
have not been addressed [19, 20].

The Wingless-type (Wnt) genes encode 19 highly
conserved secreted ligands that function through binding
to 10 transmembrane receptors of the Frizzled (FZD1-
10) family and two co-receptors, LRP5 and LRP6 [21].
The Wnt signaling pathway is widely known to play a
key role in controlling proliferation and migration of
tumor cells [21, 22]. The Wnt signaling is regulated by
hypoxia and involved in EMT in tumors. For example,
Whnt/beta-catenin was reported to be involved in the pro-
liferation of hippocampal neural stem cells induced by
hypoxia [23]. FZD1 gene was up-regulated in mesenchy-
mal stromal cells after short-term hypoxic stress [24].
Liu et al. study in gastric cancer cells demonstrated that
hypoxia regulates the Wnt/[3-catenin pathway, whereas
Wnt/B-catenin pathway can control HIF-la expression
[25]. In addition, upregulation of Wntl and FZD1-4
expression was observed to be associated with the
EMT phenotype in radioresistant esophageal cancer
cells, suggesting that acquisition of radioresistance and
EMT in esophageal cancer cells is associated with the
activation of the Wnt/f3-catenin pathway [26]. Several
studies have shown that overactivation of the Wnt sig-
naling pathway is more prominently due to the overex-
pression of different FZD receptors in cancers [27-29].
The up-regulation of the FZD1 receptor was observed in
breast cancer [8] and in poorly differentiated colon can-
cer [30]. However, the expression of FZD1 and its clin-
ical significance in PDAC have not been reported.
Importantly, both CAIX and FZDI are associated with
hypoxia and EMT. Investigation of their relationship in
PDAC may provide a chance to understand the molecu-
lar and genetic basis of PDAC.

In this study, the expressions of FZD1 and CAIX in resec-
tion specimens, including adenocarcinoma, peritumoral tis-
sue, precursor pancreatic lesions, and normal pancreatic tis-
sues were examined using immunohistochemistry. The corre-
lation of FZD1 and CAIX levels with the clinical characteris-
tics of PDAC was analyzed.
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Material and Methods
Ethics

This study was pre-approved by the Ethics Committee for
Human Study of Central South University.

Sample Collections

One hundred and six pancreatic ductal adenocarcinomas,
thirty-five peritumoral tissues, fifty-five precursor pancreatic
tissues, and thirteen normal pancreatic tissues were obtained at
the Second and third Xiangya Hospitals, Central South
University. Among the one hundred and six adenocarcinomas,
sixty-one tissues were collected from male patients (57.5%)
and forty-five from female patients (42.5%) with an average
age of 54.50 + 11.53 years. Histopathologic subtypes of the
one hundred and six adenocarcinomas include: 38 well-
differentiated adenocarcinomas (35.8%), 35 moderately-
differentiated adenocarcinomas (33%), and 33 poorly-
differentiated adenocarcinomas (31.1%). Invasion and
lymphnode metastases were evaluated according to standard
criteria [19]. Among the 106 cases with adenocarcinomas, 11
cases (10.4%) were T1, 41 cases (39.6%) were T2, 37 cases
(34.9%) were T3, and 16 cases (15.1%) were T4 stage tumors.
Of the 106 adenocarcinomas, 29 cases (27.5%) had regional
lymph node metastasis, and 64 cases (60.4%) had invasion to
surrounding organs and tissues. Thirty-five peritumoral tis-
sues were collected >2 cm from the tumors of the 106 adeno-
carcinoma patients. Twelve of the 35 peritumoral tissues were
normal, ten were PanINs (pancreatic intraepithelial neo-
plasms) grade I, eight were PanINs grade II, and five were
PanINs grade III. Survival information was obtained through
letters and phone calls from all patients with adenocarcinoma.

Fifty-five precursor pancreatic tissues were collected
from 29 (52.7%) male and 26 (47.3%) female cases. Of
the 55 cases, 13 (23.6%) had an age < 45 years and forty-
two (76.4%) had an age > 45 years. The 55 precursor
tissues included 20 chronic pancreatitis tissues (36.4%),
20 adenomas (36.4%), and 15 intraepithelial neoplasias
(27.3%). Ten, six, and four of the 20 chronic pancreatitis
tissues were mild, moderate, and severe pancreatitis, re-
spectively. The 20 adenomas included five mucinous ad-
enomas and 15 serous adenomas. Four, three, and two of
the 20 adenomas had mild, moderate, and severe dyspla-
sia, respectively. Among the 15 intraepithelial neoplasias,
six had grade I, five had grade II, and four had grade III
intraepithelial neoplasia. Thirteen normal pancreatic tis-
sues were collected from surgery of the twenty pancreatic
adenomas. All tissues were treated with 4% formaldehyde
for 24 to 48 h followed by 10% formalin solution, and
were then embedded in paraffin.
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Fig. 1 Western blots of FZD1 and CAIX protein expression. a
Representative Western blot of CAIX, FZD1, and f3-actin expression. b
Semi-quantitative analysis of FZD1 protein expression in Western blot. ¢

Twenty fresh specimens of pancreatic ductal adenocar-
cinomas and 13 fresh normal pancreatic tissues were ob-
tained at the Second and third Xiangya Hospitals, Central
South University.

Immunohistochemistry

Rabbit anti-human FZD1 and rabbit anti-human CAIX poly-
clonal antibody were purchased from Dako Corporation
(Carpentaria, CA, USA). Immunohistochemistry of FZD1 and
CAIX was performed using EnVision™ Detection kit from
Dako Laboratories (CA, USA) by following the user manual.
Positive controls were provided with the EnVision™ Detection
Kit. Briefly, four pM-thick sections were cut from paraffin-
embedded tissues. The sections were deparaffinized and then
incubated with 3% H,0, in the dark for 15 min. The antigen
retrieval was conducted with sodium citrate buffer (10 mM
Sodium citrate, 0.05%Tween 20, pH 6.0) at 96 °C for 30 min.
The sections were incubated with rabbit anti-human FZD1 or
CAIX primary antibody (1:100 dilution) for 1 h after soaked in
PBS for 3 x 5 min. The sections were then incubated with
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Semi-quantitative analysis of CAIX protein expression in Western blot.
PDAC: Pancreatic ductal adenocarcinoma tissues. NPT: normal
pancreatic tissues

several drops of Solution A (ChemMate™ EnVison+/HRP)
for 30 min followed by DAB staining and haematoxylin coun-
ter-staining. The sections were dehydrated, soaked in xylene,
and mounted with neutral balsam. Five hundred cells from ten
random fields of each section were examined by two investiga-
tors independently. An average of the percentage from these
two investigators was used for final evaluation. Cases with
positive cells >25% were considered positive whereas cases
with positive cells <25% were considered negative [25-28].

Western Blot

Total protein was extracted from 20 fresh specimens of pancre-
atic ductal adenocarcinomas and 13 fresh normal pancreatic
tissues by lysing with RIPA sample buffer (50 mmol/1 Tris-
HCL, pH 8.0, 150 mmol/1 NaCl, 1 mmol phenylmethylsulfony
fluoride, 50 mmol/l DDT, and 1% Triton X-100) on ice for
30 min. The supernatant was collected after centrifugation at
14,000 g at 4 °C for 10 min. Protein concentration was deter-
mined using Bradford Protein Assay Kit (Beyotime Institute of
Biotechnology, China). Fifty microgram of protein were mixed

Fig. 2 Immunohistological
staining of FZD1 protein
expression. a Positive expression
of FZDI in moderately-
differentiated PDAC,
magnification x200. b Negative
FZD1 expression in well
differentiated PDAC,
magnification x200. ¢ The
positive FZD1 expression in
serous adenoma, magnification

x200. d The positive FZD1
expression in chronic pancreatitis,
magnification X200
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Fig. 3 Immunohistological
staining of CAIX protein
expression. a Positive CAIX
expression in poor-differentiated
PDAC, magnification x200. b
Negative CAIX expression in
well differentiated PDAC,
magnification x200. ¢ The
positive CAIX expression in
intraepithelial neoplasia II,
magnification x200. d The

positive CAIX expression in

peritumoral tissue, magnification
%200

with 2 x SDS loading buffer and incubated at 100 °C for 10 min
before electrophoresis in 11.5% polyacrylamide gels. Proteins
were electrotransferred onto PVDF membranes (Invitrogen,
USA). Membranes were blocked for 1 h at room temperature
with 5% non-fat milk in Tris buffer saline buffer (TBS)
(20 mmol/1 tris-HCI, 150 mmol/l NaCl, and 0.1% Tween-20).
Membranes were then incubated overnight at 4 °C with anti-
FZD1 and anti-CAIX (Abgent Company, CA, USA), followed
by incubation with horseradish peroxidase-conjugated second-
ary antibody (Protintech, USA) respectively. Membranes were
then washed with TBS buffer and signals were visualized using
the enhanced chemiluminescence system (Santa Cruz, USA).
The visualized bands were quantified by BANDSCAN soft-
ware. The signal intensity was normalized to beta-actin.

Statistical Analysis

Data were analyzed using the SPSS 17.0 (statistical package
for the Social Sciences, Version 17.0). The inter-relationship
of FZD1 and CAIX with histological or clinical factors was
analyzed using x2 test or Fisher’s exact test. The overall sur-
vival of patients with PDAC was analyzed using Kaplan-
Meier univariate survival analysis and log-rank tests.
Multivariate analysis was performed with Cox proportional

hazards model and the 95% confidence interval was calculat-
ed. A p < 0.05 was considered statistically significant.

Results

FZD1 and CAIX Protein Expression in Adenocarcinoma
and Normal Pancreatic Tissues

Western blots showed that the expression levels of FZD1 and
CAIX were significantly higher in pancreatic ductal adenocar-
cinoma (0.865 + 0.031, 0.934 + 0.035, respectively) than that
in normal pancreatic tissues (0.334 + 0.023, 0.354 £ 0.029)
(p < 0.01). FZD1 and CAIX expressions were significantly
higher in pancreatic ductal adenocarcinoma than that in nor-
mal pancreatic tissues (Fig. 1).

FZD1 and CAIX Protein Expression in Adenocarcinoma,
Peritumoral, Precursor, and Normal Pancreatic Tissues

Immunohistochemical staining showed that positive FZD1 and
CAIX expressions were located in the cytoplasm (Figs. 2 and 3).
Of the 106 adenocarcinomas, 58 and 60 were FZD1 (54.7%)
and CAIX (56.6%) positive, respectively. In the 35 peritumoral

Table 1 Comparison of FZD1
and CAIX expression in normal,

benign, and malignant pancreatic
tissues

Tissue type Case No. FZD1 positive (%) CAIX positive (%)
Pancreatic ductal adenocarcinoma 106 58(54.7) 60(56.6)
Peritumoral tissues 35 10(28.6%)" 9(25.7)

Benign tissues 55 11(20.0)" 10(18.2)"

Normal pancreatic tissues 13 0(0.0)" 2(15.4)"

Compared to pancreatic ductal adenocarcinoma: * P < 0.01
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Table 2 Correlations of FZD1
and CAIX protein expression CpC Case No. FZD1 CAIX
with the clinicopathological N 5
characteristics of pancreatic PosNo. (%) X Pvalue  PosNo. (%) X P value
ductal adenocarcinoma
Age (year)
<45 years 22 12(54.5) 0.000 0.986 14(63.6) 0.559 0.455
>45 years 84 46(54.8) 46(54.8)
Sex
Male 61 34(55.7) 0.060 0.845 38(62.3) 1.895 0.169
Female 45 24(53.3) 22(48.9)
Differentiation
Well 38 16(42.1) 7.314 0.026 16(42.1) 6.741 0.035
Moderately 35 18(51.4) 20(57.1)
Poorly 33 24(72.7) 24(72.7)
Tumor size
<3cm 13 9(69.2) 1.411 0.494 9(69.2) 1.333 0.514
3-5cm 68 35(51.5) 36(52.9)
>5 cm 25 14(56.0) 15(60.0)
Lymphnode metastasis
No 77 37(48.1) 5.045 0.021 38(49.4) 11.565 0.009
Yes 29 21(72.4) 22(75.9)
Invasion
No 42 17(40.5) 5.693 0.019 18(42.9) 5.351 0.018
Yes 64 41(64.1) 42(65.6)
TNM stage
I 11 4(36.4) 8.067 0.048 4(36.4) 10.081 0.014
1I 42 18(42.9) 18(42.9)
I 37 24(64.9) 26(70.3)
v 16 12(75.0) 12(75.0)
Table 3 Correlations of
clinicopathological Group Case No. (n) Mean survival (month) Chi-square P value
characteristics, FZD1 and CAIX
expression with the mean survival Se}li/l | 61 9.98(2-24) 1656 0.198
. . . . al e . — . .
in pat1ents. with pancreatic ductal Female 45 8.61221)
adenocarcinoma
Age (year)
<45 22 8.18(3-19) 2.144 0.143
> 45 84 9.73(2-24)
Differentiation
Well 38 11.27(3-24) 17.786 0.000
Moderately 35 9.74(3-21)
Poorly 33 6.86(2—14)
Tumor size
<3 cm 13 13.46(5-21) 7.504 0.023
3~5cm 68 9.34 (2-22)
>5 cm 25 7.40(3-24)
TNM stage
1 11 16.46(11-24) 80.807 0.000
i 42 11.37(3-22)
1T 37 7.14(2-17)
v 16 4.56(2-8)
Lymph node metastasis
No 77 10.64(2-24) 27.120 0.000
Yes 29 6.35(2-12)
Invasion
No 42 13.33(5-24) 46.949 0.000
Yes 54 6.83(2-17)
FZDI1
- 48 10.68(3-22) 4.720 0.030
+ 58 8.35(2-24)
CAIX
- 46 10.74(3-22) 4.725 0.030
+ 60 8.36(2-24)
FZD1 + CAIX
FZD1(-) + CAIX(—) 33 11.46(3-22) 5.727 0.017
FZD1(+) + CAIX(+) 45 8.18(2-24)
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tissues, ten and nine were FZD1 (28.6%) and CAIX (25.7%)
positive, respectively. Of the 55 precursor pancreatic lesions, 11
and 13 were FZD1 (20.0%) and CAIX (23.6%) positive, respec-
tively. FZD1 and CAIX was negatively expressed in all 13
normal tissues. The positive rates of FZD1 or CAIX was signif-
icantly higher in adenocarcinomas than that in peritumoral
(P = 0.006 and P = 0.001, respectively), precursor

a
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Fig.4 FZDland CAIX expression and survival in patients with PDAC. a
Kaplan-Meier plots of overall survival in patients with PDAC and with
positive and negative FZD1 expression. b Kaplan-Meier plots of overall
survival in patients with PDAC and with positive and negative CAIX
expression. ¢ Kaplan-Meier plots of overall survival in patients with
PDAC and with FZD1(+) + CAIX(+) and FZD1(-) + CAIX (-)
expression

@ Springer

(P = 0.000), and normal pancreatic tissues (P = 0.000)
(Table 1). Peritumoral tissues and precursor pancreatic lesions
with positive FZD1 and/or CAIX expression exhibited moderate
to severe dysplasia and grade II or III intraepithelial neoplasia
(Table 1). Among the 55 precursor lesions, the positive rate of
FZDI1 and CAIX in chronic pancreatitis, adenomas, and
intraepithelial neoplasia were 15.0% (3/20) and 10.0% (2/20),
20.0% (4/20) and 20.0% (4/20), 26.7% (4/15), and 20.0%
(3/15), respectively. No significant differences in the positive
rate of FZD1 and CAIX were observed between three types of
precursor lesions (P > 0.05).

FZD1 and CAIX Protein Expressions Were Associated
with Clinicopathological Characteristics of Pancreatic
Ductal Adenocarcinomas

As shown in Table 2, positive rates of FZD1 and CAIX expres-
sion were significantly lower in cases with well-differentiated
adenocarcinoma, no metastasis in lymph node, no invasion to
surrounding tissues and organs, and TNM I + II stage disease
compared to cases with poorly-differentiated adenocarcinoma,
lymph node metastasis, invasion, and TNM III or IV stage
disease (p < 0.05 or p < 0.01). The expressions of FZD1 and
CAIX exhibited no significant association with sex, age and
tumor mass (p > 0.05). Among the 58 cases with positive FZD1
expression, 46 cases had positive CAIX expression. Among
the 48 cases with negative FZD1 expression, 34 cases had
negative CAIX expression. The expression of FZD1 was pos-
itively correlated with CAIX (P = 0.000).

FZD1 and CAIX Protein Expressions Correlated
with Overall Survival in Patients with Pancreatic Ductal
Adenocarcinomas

Survival information was collected from all PDAC patients.
Twenty-nine patients survived over one year, but 77 patients
died within one year. The mean overall survival time of 106
PDAC patients was 9.44 + 0.69 months. Kaplan-Meier sur-
vival analysis revealed that the differentiation, tumor size,
lymph node metastasis, invasion, and TNM stage were signif-
icantly associated with the average overall survival time of
patients with pancreatic ductal adenocarcinoma (P < 0.05 or
P < 0.01) (Table 3). Average overall survival time for FZD1
or/ and CAIX positive patients was significantly lower than
those with negative FZD1 / and CAIX expression (P < 0.05)
(Table 3, Fig. 4). Cox multivariate analysis showed that tumor
mass > 5 cm, poor differentiation, lymph node metastasis,
invasion, and high TNM stage (III or IV) negatively correlated
with overall survival and positively correlated with mortality.
Positive FZD1 and CAIX expression negatively correlated
with overall survival and positively correlated with mortality.
Both FZD1 and CAIX positive expression are independent
prognostic factors (Table 4).
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Table 4 Multivariate Cox

regression analysis of survival Groups Factors B SE wald P RR 95% C1

rate in patients with pancreatic

ductal adenocarcinoma and FZD1 Lower  Upper

and CAIX expression
Differentiation ~ Well/moderately/poorly ~ .863 388 4.947 026 2370  1.108 5.071
Tumor size Bem3~5cm/>5cm 1264 501 6.365 012 3540 1.326 9.449
LNM Nol/yes 1.672 596  7.870 005 5323  1.655 17.119
Invasion Nolyes 1.991 575  11.990 .001 7323 2373 22.601
TNM stage /v 1267 454  7.788 .005  3.550 1458 8.644
FZD1 —/+ 1.053 447 5558 018 2866 1.194 6.879
CAIX —/+ 1.156 453 6.501 011 3.178  1.307 7.728
LNM lymph node metastasis

Discussion and poorly differentiated colon cancer [30]. As a result, (3-

The attempts to identify biomarkers for the diagnosis, tar-
get therapy, and prognosis prediction of cancers including
pancreatic cancer have recently been widely reported.
However, a clinically available biomarker for the indica-
tion of malignancy has not been established in PDAC.
Thus, it is significant to continuously identify biomarkers
in PDAC. This study suggests that CAIX and FZDI1 are
two closely associated molecules involved in the progres-
sion of PDAC and can be a predictive biomarker for the
poor prognosis of patients with PDAC.

Previous studies revealed some interactions between
CAIX, hypoxia, and Wnt signaling. For example, both
CAIX and FZDI are regulated by hypoxia [5, 6, 23-25].
In addition, these two molecules are associated with EMT
in tumor cells [9, 26]. These findings may imply that
changes in O(2) and pH in the microenvironment of tumor
tissues may collaborate in tumor cell proliferation, tumor
growth, and tumor cell metastasis. In this study, both
CAIX and FZDI1 protein were overexpressed in PDAC
tumor tissues compared to the benign and normal pancre-
atic tissues. Moreover, the expression of FZDI1 signifi-
cantly correlated with CAIX expression in PDAC tumor
tissues (P = 0.000). The positive rates of FZD1 and CAIX
expression were significantly higher in PDAC patients
with poorly-differentiated adenocarcinoma, with lymph
node metastasis, invasion and high TNM stage, suggest-
ing that both FZD1 and CAIX expression are associated
with the progression and an advanced disease of PDAC.
Therefore, pH and hypoxia are the crucial factors affect-
ing tumor microenvironment, and subsequently affect the
malignancy of PDAC.

The Wnt/3-catenin pathway serves important functions in
multiple biological processes, including regulation of cell pro-
liferation, differentiation, and migration [31]. FZD receptors
are responsible for the overactivation of the Wnt signaling
pathway [27-29]. Upregulation of the FZD1 receptor was
previously observed in several cancers, such as breast cancer

catenin accumulates in the cytoplasm and subsequently trans-
locates into the nucleus, where it regulates the transcription of
target genes, including genes related to activation of EMT.
This study in first showed that FZD1 was involved in the
differentiation, metastasis, invasion, and poor prognosis.

CAIX is activated by hypoxia inducible factor-1(HIF1), and
can regulate the pH within and outside cells. Via intracellular
alkalization and extracellular acidification, CAIX can help tu-
mor cells adapting to acidic and hypoxic environments, thereby
contributing to tumor growth and progression [12, 16, 17].
CAIX is rarely expressed In normal human tissues, but is
overexpressed in many malignant tumors such as hepatocellu-
lar and renal cell carcinoma, cervical and lung cancer [12,
16—18]. Through interaction with (3-catenin, CAIX can also
reduce E-cadherin expression. Reduction or loss of E-cadherin,
an important adhesion molecule, weakens intercellular adhe-
sion, strengthening tumor cell metastases and invasiveness
[32, 33]. Although the expression of CAIX in pancreatic tumor
tissues has previously been reported, its association with the
differentiation, invasion, metastasis, and prognosis has not been
addressed. This study first demonstrated that CAIX is associ-
ated with the progression and advanced disease of PDAC and a
poor prognostic marker in patients with PDAC.

This study also found that peritumoral tissues and precur-
sor pancreatic lesions with positive FZD1 and CAIX expres-
sions exhibited moderate to severe dysplasia or grade II or III
intraepithelial neoplasia, suggesting that both FZD1 and
CAIX play a role in the carcinogenesis. This study also dem-
onstrated that not only the percentage of positive FZD1 and
CAIX was significantly increased in PDAC patients, but also
the FZD1 and CAIX protein expression was significantly el-
evated in tumor tissues. Together with the findings that posi-
tive FZD1 and CAIX expression was associated with the pro-
gression and poor prognosis, FZD1 and CAIX may function
as a oncogene in PDAC and a biomarker for the diagnosis,
progression, and poor prognosis of PDAC.

In conclusion, positive FZD1 and CAIX are important
prognostic factors for poor prognosis of patients with PDAC.
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