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Abstract: β-catenin is a key protein that is encoded by the CTNNB1 gene in the Wnt signaling pathway. This study 
investigated the associations between β-catenin expression and implications for the efficacy of gemcitabine on pan-
creatic cancer cells in a three-dimensional (3-D) cancer microenvironment. For low β-catenin expression pancreatic 
carcinoma cells, the inhibition rates (IRs) for low, middle, and high doses of gemcitabine were 0.615 ± 0.079, 0.691 
± 0.093, and 0.765 ± 0.061, respectively. For the high β-catenin expression pancreatic carcinoma cells, the IRs for 
the same doses were 0.325 ± 0.072, 0.453 ± 0.075, and 0.537 ± 0.056, respectively. Additionally, the evaluation 
of β-catenin immunoreactivity in 31 pancreatic cancer patients revealed that the low β-catenin protein expression 
group had significantly longer overall survival (OS) and disease free survival (DFS) than the high β-catenin protein 
group (P < 0.05). Overall, β-catenin protein expression levels were significantly correlated to gemcitabine sensitivity 
in seven pancreatic carcinoma cell lines in the 3-D cancer microenvironment. These data suggest that large-scale 
clinical studies are warranted to assess the role of the Wnt/β-catenin signaling pathway on β-catenin protein expres-
sion and chemosensitivity to gemcitabine in pancreatic cancer.
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Introduction

Pancreatic cancer is characterized by aggres-
sive tumor growth and its prognosis is very  
poor [1]. Accordingly, to improve the outcomes 
of treatment for pancreatic cancer, a multimod-
al approach is essential, and chemotherapy 
plays an important role in this approach [2]. 
Although pancreatic cancer cells in the human 
body grow in a three-dimensional (3-D) envi- 
ronment, in vitro research on pancreatic can- 
cer chemotherapy is traditionally conducted in 
two dimensional monolayer cell culturemodels.
Culturing cells in a single layer does not ade-
quately represent the living tissue conditions 
and overlooks the differentcharacteristics be- 
tween a whole tumor and its individual cells, as 
well as the interaction between the cells and 
the impact of the microenvironment. For these 
reasons 3-D culture models were established 
in recent years to further study the impact of 
the environment and chemotherapy in vitro [3]. 
The present study established a 3-D culture 
with extracellular matrix (ECM) to investigate 

the effects of chemotherapy on pancreatic can-
cer cells. Gemcitabine is among the most im- 
portant chemotherapeutic agent for the treat-
ment of various cancers, but a large propor- 
tion of patients do not respond to gemcita- 
bine chemotherapy. This may be due to interin-
dividual differences in tumor behavior, or the 
occurrence of adverse drug reactions [4]. In any 
event, predictive markers are needed to iden- 
tify responsive and nonresponsive patients.  
A number of reports have suggested the Wnt 
signaling pathway as an important factor in  
the outcome of gemcitabine chemotherapy [5]. 
In recent years, the Wnt signaling pathway has 
been reported as involved in embryonic de- 
velopment and cancer development [6]. As a 
key protein, β-catenin is encoded in the Wnt  
signaling pathway by the CTNNB1 gene [7]. β- 
catenin is a subunit of the cadherin protein 
complex and acts as an intracellular signal 
transducer in the Wnt signaling pathway. Mu- 
tations and overexpression of β-catenin are as- 
sociated with many cancers, including colore- 
ctal carcinoma [8]. Since several recent studies 
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have found that β-catenin has been proposed 
as an important prognostic marker in cancer 
patients [9, 10]. However, pancreatic carcino-
ma is biologically distinct from some other can-
cers, including breast cancer, and pancreatic 
carcinoma cells are insensitive to chemothera-
py. In addition, there are few similar studies 
describing the role of β-catenin expression in 
the Wnt signaling pathway on the chemosen- 
sitivity of pancreatic carcinoma using 3-D can-
cer microenvironment models. Therefore, the 
objective of the present study was to evaluate 
whether β-catenin expression in the Wnt sig- 
naling pathway could affect chemosensitivity  
to gemcitabine in pancreatic cancer cells in a 
3-D culture.

Materials and methods

Cell lines 

The study used 7 established cell lines derived 
from human pancreatic cancer (AsPC-1, BxPC-
3, Capan-1, PANC-1, COLO357, SU86.86, and 
T3M4) in the 3-D culture. The AsPC-1, BxPC-3, 
and SU86.86 cells were incubated in RPMI-
1640 culture medium. The Capan-1, PANC-1, 
COLO357, and T3M4 cells were incubated in 
DMEM culture medium (Gibco Company; USA) 
supplemented with 10% fetal bovine serum. 
Cultured cells were incubated at 37°C in an 
atmosphere humidified with 5% CO2.

3-D culture of pancreatic carcinoma cells

In 3-D culture systems, ECM collagen is recon-
structed to incubate cell lines in vivo. The pre- 
sent study cultivated 7 pancreatic cell lines 
(AsPC-1, BxPC-3, Capan-1, PANC-1, COLO357, 
SU86.86, and T3M4) in ECM to form a multi- 
cellular spheroids (MCS) model. The 3-D cul-
ture system with ECM collagen (Sigma Cor- 
poration; USA) was prepared as follows. ECM 
collagen and a 10x concentration of RPMI-
1640 culture media were mixed at a 1:1 ratio  
to homogeneity in an ice-cold bath. The cell-
suspension solution was added to the ECM  
collagen solution before the gel formed. This 
collagen mixture was dropped into 96-well 
multi-plates and cultured at 37°C in 5% CO2. 
The growth curve of the cell lines were obtain- 
ed separately and the cell cycle characteris- 
tics of the MCS models were studied.

Western blotting of β-catenin protein 

Western blotting was performed to determine 
relative β-catenin protein expression in all 7 

cell lines. The cells were treated and washed 
with ice-cold, phosphate-buffered saline. Total 
cellular protein was extracted and quantified 
using Mammalian Protein Extracted Reagent 
(Pierce; USA) and a BCA Protein Assay Reagent 
Kit (Pierce; USA). Equal amounts of cell lysates 
were subjected to sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis and transferr- 
ed to polyvinylidene fluoride membranes (Bio 
Trace PVDF; Pall Corporation; USA). The mem-
branes were blocked for 1 h with 5% nonfat 
dried milk and then incubated against β-catenin 
(β-catenin Antibody; Millipore; USA) or an anti-
β-actin antibody (Abcam; UK), with the purified 
polyclonal antibody as a loading control, for 12 
h at 4°C. All antibodies were used according  
to the manufacturers’ instructions. Then, the 
membranes were incubated with goat anti-
mouse IgG secondary antibody (Abcam; UK)  
for 1 h at room temperature, followed by de- 
tection with an enhanced chemiluminescence 
system (Supersignal West Pico Trial Kit; Pierce).

Chemosensitivity test

To set up the MCS model, a volume of 100  
μl (per well) of the ECM collagen mixture was 
dispensed into 96-well plates. Then pancrea- 
tic carcinoma cells, including AsPC-1, BxPC- 
3, Capan-1, PANC-1, COLO357, SU.86.86 and 
T3M4, were added into each well before the  
gel had formed. A volume of 100 μl of the 
appropriate culture medium, RPMI-1640 or 
DMEM (supplemented with 10% fetal bovine 
serum), was added into each well. This ECM  
collagen mixture was incubated in 5% CO2  
at 37°C for 72 h. Then, gemcitabine solution 
was added to each well at concentrations of 
10, 25, or 50 μg/ml. All chemotherapeutic  
drug solutions were freshly prepared in Hank’s 
solution and were used within 12 h. After cul-
turing for 24 h at 37°C in 5% CO2, the culture 
medium containing gemcitabine was removed 
and replaced with 100 μl of fresh culture medi-
um. After incubation for 2 h, 10 μl of Cell 
Counting Kit-8 (CCK-8; Dojindo; Japan) was 
added to each well and incubated for another  
2 h. Then, the absorbance of each well was 
determined with a microplate reader (Dragon 
Wellscan MK3; Labsystem), and a standard 
curve was drawn according to the absorban- 
ce and cell number. Next, each cell line’s in- 
hibition rate (IR) to gemcitabine was calcu- 
lated using the following formula: 
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IR = [1 - (experimental group - blank control)/
(control group - blank control)] × 100%

Immunohistochemistry

For β-catenin immunostaining, antigen retrieval 
was conducted using Vector antigen retrieval 
fluid (Vector Laboratories; Peterborough, UK) 
microwaved at full power for 10 min. A number 
of sections 4-µm thick were cut from the tis- 
sue blocks, dewaxed, and rehydrated. Immu- 
nohistochemical staining of β-catenin was  
performed on 4-µm sections obtained from 
paraffin-embedded normal and tumor tissues 
using the β-catenin antibody at a 1:100 ratio. 
Staining was performed using 3.30-diamino-
benzide hydrochloride solution (DAB). Sections 
were pretreated with 3% hydrogen peroxide  
for 10 min, which was followed, after antigen 
retrieval, by an avidin-blocking reagent (10% 
egg white; Sigma; Poole, UK) for 30 min and 
then the β-catenin antibody to β-catenin (from 
the PGJ laboratory) at a 1:200 dilution for 60 
min. Visualization was achieved by incubating 
with a 1:200 dilution of goat anti-mouse anti-
body (Vector Laboratories) for 30 min, follow- 
ed by a streptavidin-biotin peroxidase complex 
(Dako; Ely, UK) for 30 min, and then diamino-
benzidine (0.5 mg m-1) for 5 min. Finally, nega-
tive controls (lacking primary antibodies) were 
included in each run of immunohistochemistry.

Patients

The study included 31 patients diagnosed with 
pancreatic adenocarcinoma at the Inner Mon- 
golia Medical University Affiliated Hospital. All 

and Student-Newman-Keuls analysis. All statis-
tical tests were two-sided, and differences 
were considered significant at P < 0.05.

Results

Characteristics of multicellular spheroids 
(MCS) model

The cellular composition of the 3-D culture was 
assessed for the indicated number of days. The 
morphologies of the pancreatic carcinoma cells 
(AsPC-1, BxPC-3, Capan-1, PANC-1, COLO357, 
SU86.86, and T3M4) were analyzed, and cells 
of various lineages were quantified. The MCS 
model was photographed under a microscope 
using a professional digital camera (DFC300FX 
Microsystem; Leica Company; Germany). The 
overall view of the culture was analyzed using 
the QWIN version 3.1 image processing soft-
ware (Leica Company). The first 1-3 days after 
cell inoculation, the ECM gel grew slowly, but  
as the number of cells increased, especially 
after one week, sphere volume increased rap-
idly. After two weeks, cell growth stabilized. A 
maximum spheroid diameter of about 800  
μm was reached after about 14 days for the 
PANC-1 spheroids (Figure 1).

Western blotting of β-catenin protein expres-
sion 

Western blotting was performed to determine 
relative β-catenin protein expression in all 7 
cell lines. As expected, β-catenin and β-actin 
were detected as single bands at 92 and 42 

Figure 1. Multicellular spheroids (MCS) model designed to mimic the in-vivo 
microenvironment. (bars 50 um, original magnification 400 ×). A: Pancreatic 
cancer cell PANC-1 cultured in traditional 2-D monolayers. B: MCS model of 
PANC-1 cultured in 3-D culture after 7 days. 

31 were treated with gem-
citabine-based chemothera-
py. Pancreatic adenocarcino-
ma specimens of immunohis-
tochemistry were evaluated 
for the relationship between 
β-catenin protein expression 
and the predictive value of  
the clinical response in pan-
creatic carcinoma. 

Statistical analysis

Data are presented as means 
± standard deviation (SD). 
Statistical significance was 
determined using one-way 
analysis of variance (ANOVA) 
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kDa, respectively. β-catenin protein expression 
was high in the BxPC-3 and COLO357 cells, but 
low in the AsPC-1, PANC-1, Capan-1, SU86.86, 
and T3M4 cells. In addition, immunoblotting 
distinguished between the High Expression 
group (BxPC-3 and COLO357) and the Low 
Expression group (AsPC-1, PANC-1, Capan-1, 
SU86.86 and T3M4) (Figure 2).

Effect on β-catenin protein expression

Cells in the High Expression group (BxPC-3 and 
COLO357) expressed significantly higher levels 
of β-catenin protein than those in the Low 
Expression group (AsPC-1, PANC-1, Capan-1, 
SU86.86, and T3M4). As shown in Figure 3, the 
optical density ratios of the High Expression 
group and the Low Expression group were 
1.724 ± 0.062 and 0.561 ± 0.056, respective-
ly. Optical density ratio analysis showed that 
β-catenin protein expression was significantly 
lower in cell lines AsPC-1, PANC-1, Capan-1, 
SU86.86, and T3M4 than in cell lines BxPC-3 
and COLO357. These differences were statisti-

ance in the sensitivity to gemcitabine. Of note, 
the COLO357 and BxPC-3 cells were resistant 
to gemcitabine, whereas the AsPC-1, PANC- 
1, Capan-1, SU86.86, and T3M4 cells were 
sensitive to gemcitabine at the same concen-
trations. The IRs to gemcitabine differed sig- 
nificantly among concentrations (P < 0.05). As 
would be expected, the chemosensitivity of 
cells increased at increased concentrations of 
gemcitabine in the 3-D cultures system (Figure 
4).

Influence of β-catenin expression on chemo-
sensitivity 

For cells in the High Expression group, the IRs 
to 5, 10, and 25 μg/ml doses of gemcitabine 
were 0.325 ± 0.072, 0.453 ± 0.075, and 0.537 
± 0.056, respectively. For cells in the Low 
Expression group, the IRs for the same doses 
were 0.615 ± 0.079, 0.691 ± 0.093, and 0.765 
± 0.061, respectively. The extent of growth  
inhibition varied greatly depending on the cell 
line. However, the IRs to gemcitabine tended to 
be lower in cells in the High Expression group 
than in cells in the Low Expression group in  
the MCS model. In addition, the IRs to gem-
citabine differed significantly depending on 
concentration (P < 0.05) (Figure 5).

Patients’ characteristics and treatments

The population of the present study consisted 
of 31 patients (mean, 62.3 years old; ≥ 60 
years old, 20 cases; < 60 years old, 11 cases; 
17 men and 14 women). The differentiation 
degree and invasive depth were determined as 
follows: well-differentiated and moderately dif-
ferentiated, 20 cases, 64.5%; poorly differenti-
ated, 11 cases, 35.5%. In addition, 28 cases 
(90.3%) were metastatic, and lymphatic inva-
sion was seen in 8 cases (25.8%) (Table 2).

Figure 2. β-catenin protein expression in seven cell lines. β-actin was used 
as a loading control.

Figure 3. Optical density ratio analysis showed that 
β-catenin protein expression was significantly lower 
in cells in the Low Expression group than in cells in 
the High Expression group. 

cally significant (P < 0.05) 
(Table 1 and Figure 3).

In-vitro chemosensitivity to 
gemcitabine

The IRs to gemcitabine were 
determined in all seven pan-
creatic cancer cell lines us- 
ing the MCS model. The grow- 
th inhibition of the cells was 
examined after three days of 
exposure to gemcitabine. This 
experiment found broad vari-
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Immunohistochemistry and the predictive 
value of clinical survival

β-catenin immunoreactivity was localized in the 
cytoplasm of the tumor cells and appeared in 
the form of a granular staining pattern. The 31 
patients’ tumors had large variations in their 
levels of expression of β-catenin (Figure 6). 
Thus, low β-catenin immunoreactivity was pres-

pression was evaluated by immunostaining in 
two set of patients: 9 patients in the High 
Expression group and 22 patients in the Low 
Expression group. No correlation was observed 
with clinicopathologic variables. However, asso-
ciations with overall survival (OS) and disease-
free survival (DFS) were observed when immu-
nostaining intensity or percentage of positive 
cells was considered. Our study of patients with 
pancreatic cancer also indicated that those 
patients with β-catenin immunoreactivity in the 
low β-catenin protein expression group had sig-
nificantly (P < 0.05) longer OS and DFS com-
pared with patients in the high β-catenin pro-
tein group (Figure 7).

Discussion

The present study investigated the association 
between levels of β-catenin protein expression 
and chemosensitivity to gemcitabine in a 3-D 
cancer microenvironment. In recent years, 
research data have shown that monolayer cul-
ture models, while well-established and easy to 
use, do not reflect the characteristics of cancer 
cells in the human body, which survive in a 3-D 
environment [11]. However, carcinoma cells in-
vivo do not exist on their own. Evidence increas-

Table 1. Optical density ratio determined as the ratio of β-catenin to β-actin (Data are presented as 
_
X  

± s, n = 6)
Genotype High protein expression Low protein expression
Cell lines BxPC-3 COLO357 Capan-1 AsPC-1 SU.86.86 T3M4 PANC-1
OD ratio 0.878 ± 0.208 1.012 ± 0.224 0.302 ± 0.071 0.225 ± 0.054 0.218 ± 0.045 0.326 ± 0.062 0.172 ± 0.042
p value and statistical significance: The two-tailed p value is less than 0.0001. By conventional criteria, this difference is considered extremely 
statistically significant.

Figure 4. Sensitivity to three concentrations of gemcitabine in seven pancre-
atic cancer cell lines, showing broad variation in IRs to gemcitabine among 
the cell lines in the MCS model. 

Figure 5. Effect of protein expression on in-vitro sen-
sitivity to gemcitabine. The IRs at each concentration 
of gemcitabine tested were significantly lower in cells 
in the High Expression group than in cells in the Low 
Expression group (P < 0.05).

ent in 22 (71%) of the cancers 
and high β-catenin immuno- 
reactivity in 9 (29%). No sta-
tistically significant differenc-
es were found for age, sex, 
differentiation degree, inva-
sive depth, vascular invasion, 
or lymphatic invasion. But in 
the cases with β-catenin, the 
proportion of cases with poor-
ly differentiated tumor grade 
had relatively higher β-cate- 
nin protein expression than 
those cases with well and 
moderately differentiated tu- 
mors. These differences were 
statistically significant (P = 
0.007). β-catenin protein ex- 
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ingly indicates that the interactions between 
tumor cells and their microenvironments are 
the basis for tumor growth and survival [12]. 
3-D culture systems, including MCS models, 
may more accurately reflect the biological 
behaviors of cells in tumor tissues in vivo and 
are increasingly being recognized as valuable 
tools to evaluate the efficacy of therapeutic 
interventions [13]. MCS models are able to 
reflect the cellular tumor environment with 
increasing accuracy [14]. The MCS model was 
first described in the 1970s by Sutherland [15] 
as a way to mimic the heterogeneity present in 
solid tumors and account for the effect of the 
tumor microenvironment on drug transport and 
efficacy. The results of anticancer drug sensitiv-
ity tests based on 3-D culture models differ 
from those obtained with 2-D, monolayer-cell 
culture models [16]. The present study estab-
lished a spheroid-based, 3-D culture model in 

3-D culture models are increasingly accepted 
by researchers as more accurate for cancer 
research [18].

The present study selected gemcitabine to 
investigate the chemosensitivity characteris-
tics of pancreatic carcinoma cells because of 
its relative efficiency. Gemcitabine is the stan-
dard therapy for advanced pancreatic cancer. 
To compare the chemosensitivities among vari-
ous spheroids, 3-D models were established 
with 7 pancreatic cancer cells lines (AsPC-1, 
BxPC-3, Capan-1, PANC-1, COLO357, SU86.86, 
and T3M4). CCK-8 was selected for the present 
chemosensitivity test. The growth inhibition 
induced by gemcitabine was examined in all 
cell lines. This analysis revealed a large variabil-
ity in sensitivity to the tested gemcitabine con-
centrations in MCS. COLO357 and BxPC-3 cells 
were resistant to gemcitabine, whereas chemo-

Table 2. Patients’ characteristics and β-catenin expression

Patients’ characteristics n
β-catenin protein  

expression p  
value

Low n (%) High n (%)
Gender
    Male 17 7 (41.2%) 10 (58.8%)
    Female 14 7 (50.0%) 7 (50.0%) 0.623
Age
    ≥ 60 20 11 (55.0%) 9 (45.0%)
    < 60 11 3 (27.3%) 8 (72.7%) 0.258
Surgical margin
    Negative 30 14 (46.7%) 16 (53.3%)
    Positive 1 0 (50.0%) 1 (100.0%) 1.0000
Tumor grade
    Poor 11 1 (9.1%) 10 (90.9%)
    Moderate well 20 13 (65.0%) 7 (35.0%) 0.007
Histotype
    Pancreatic ductal adenocarcinoma 29 14 (48.3%) 15 (51.7%)
    Others 2 0 (0.0%) 2 (100%) 0.488
TNM stage
    I and II 26 12 (48.0%) 13 (52.0%)
    III and IV 6 3 (33.3%) 4 (66.7%) 0.664
Tumor stage
    T1-T2 8 5 (62.5%) 3 (37.5%)
    T3-T4 23 9 (39.1%) 14 (60.9%) 0.412
Nodal stage
    N0 23 11 (47.8%) 12 (52.2%)
    N1 8 3 (37.5%) 5 (62.5%) 0.698
Metastasis
    M0 28 12 (42.9%) 16 (57.1%)
    M1 3 2 (66.7%) 1 (33.3%) 0.576

pancreatic carcinoma cells 
and investigated the mod-
el’s potential as a spheroid-
based drug assay for pan-
creatic cancer in 3-D cul-
tures. With diameters of 
200-500 µm, MCS repre-
sent a more complex 3-D 
model to reproduce his- 
tomorphological and func-
tional in vivo features of 
tumors. Numerous studies 
have shown that MCS mod-
els approximate many char-
acteristics of the intervas-
cular regions of solid tu- 
mors or micrometastases 
with regard to growth kinet-
ics and pathophysiologi- 
cal micromilieus [17]. MCS 
models also exhibit a pro- 
liferation gradient, with 
G0-phase cells in their in- 
ner regions. Proliferating 
cells are primarily located  
at the spheroid periphery 
and are comparable to tu- 
mor cells in close proximity 
to tumor microvessels in 
vivo. In contrast, as the 
spheroid enlarges beyond 
the critical size of 400-600 
µm, the innermost cells 
stop cycling, may differenti-
ate, and eventually die by 
necrosis and/or apoptosis. 
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therapy sensitivity was detected in AsPC-1, 
PANC-1, Capan-1, SU86.86 and T3M4 with the 
same concentration of MCS. Chemosensitivity 
of these cells toward gemcitabine increased 
along with its concentration in the MCS mod-
els. Cellular resistance to gemcitabine can be 
intrinsic or acquired during gemcitabine treat-
ment, which is the most likely explanation for 
its failure in chemotherapy. Gemcitabine has a 
complex metabolism pathway, and many mech-
anisms can contribute to gemcitabine cytotox-
icity and chemoresistance [19]. The Wnt signal-
ing pathway has been reported as involved in 
cancer development and chemoresistance. 
The present study investigated the relationship 
between the Wnt signaling pathway and gem-
citabine resistance. As the key regulator of the 
Wnt signaling pathway, β-catenin plays an 
important role in signal transduction [20]. In 
the absence of Wnt signaling, free β-catenin 
molecules remain at low levels due to their deg-
radation by the ubiquitin-proteasome pathway. 
In the presence of Wnt signaling, the APC 
destruction complex is inactivated and conse-
quently, cytoplasmic accumulation of β-catenin 
translocates to the nucleus, where it interacts 
with TCF/LEF factors and activates target gene 
transcription [21]. Results of the present study 
showed that levels of β-catenin protein expres-
sion differed among the seven pancreatic can-
cer cells lines in a 3-D culture system. β-catenin 
protein expression was high in the BxPC-3 and 
COLO357 cell lines, but low in the AsPC-1, 
PANC-1, Capan-1, SU86.86, and T3M4 cells 
lines in the MCS model. In addition, immunob-
lotting distinguished between the High Expre- 
ssion group (BxPC-3 and COLO357) and the 
Low Expression group (AsPC-1, PANC-1, Capan-
1, SU86.86, and T3M4). In all seven pancreatic 

had received gemcitabine therapy, DFS was 
longer in the Low Expression group than in the 
High Expression group. A number of clinical 
studies have indicated that the expression of 
β-catenin protein in cancer cells is associ- 
ated with gemcitabine chemosensitivity [22]. 
Several clinical studies of ovarian cancer have 
shown that high β-catenin protein expression in 
ovarian cancer cells is associated with worse 
outcomes in chemotherapy compared with low 
β-catenin protein expression in cancer cells 
[23]. Similarly, Chikazawa, et al. [24] reported 
that high β-catenin protein expression is a  
risk factor for chemotherapy in colon cancer. 
However, conflicting results have been report-
ed in terms of the clinical outcomes of chemo-
therapy. For example, several studies have 
found no significant difference in outcome in 
patients based on β-catenin expression [25]. 
Possible explanations for these divergent find-
ings may include differences in cancer types  
or stages [26]. Therefore, quantifying β-catenin 
protein expression and assessing the Wnt sig-
naling pathway might result in a more accurate 
prediction of tumor response to gemcitabine-
based chemotherapy in MCS models by provid-
ing information about the target amount. For 
this reason, β-catenin and other pharmaco- 
genomic factors should be investigated fur- 
ther in the context of gemcitabine-based che-
motherapy in MCS models.

Conclusions

The present study investigated the effect of 
Wnt/β-catenin on β-catenin expression in 
seven pancreatic cancer cell lines and the 
effect of expression on the efficacy of gem-
citabine chemotherapy, finding an association 

Figure 6. β-catenin protein immunostaining of formalin-fixed, paraffin-
embedded human pancreatic cancer. Illustrative cases are shown: A: Low 
β-catenin Expression; B: High β-catenin Expression.

carcinoma cell lines, chemo-
sensitivity was correlated with 
the level of expression of 
β-catenin protein. The IRs to 
gemcitabine tended to be 
lower in the cells with High 
Expression than in the cells 
with Low Expression. Similar- 
ly, β-catenin immunoreactivity 
was more significantly associ-
ated with longer overall sur-
vival (OS) and disease-free 
survival (DFS) in the Low Ex- 
pression group than in the 
High Expression group. In ad- 
dition, among patients who 
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between β-catenin expression and in-vitro sen-
sitivity to gemcitabine in a 3-D cancer microen-
vironment. In the MCS model, cells with high 
β-catenin protein expression showed lower 
gemcitabine sensitivity than cells with low 
β-catenin protein expression. These findings 
suggest that level of expression of β-catenin 
protein is a genetic marker that can be used to 
predict the chemosensitivity of pancreatic can-
cer to gemcitabine. These results need to be 
confirmed in large-scale clinical studies to clar-
ify the effects of β-catenin expression on indi-
vidualized pancreatic cancer chemotherapy.
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