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Introduction

Abstract

BACKGROUND: Early metastases is still unresolved problem in cancer management, eventually in colorectal
cancer (CRC). In addition, many markers are useful just only in the late stage of CRC.

AIM: This study evaluates the differences in the expression intensity of nuclear 3-catenin, cytoplasmic B-catenin, E-cadherin,
and N-cadherin between CRC SW480 cell line as control group and COLO320DM and HCT116 cell lines as case groups.

MATERIALS AND METHODS: This study applied experimental research design with the different test methods.
Culture growing and subcultures manufacturing for the CRC cell line models were done initially and followed by the
immunofluorescence method by administering antibodies on -catenin, E-cadherin, and N-cadherin, and continued
with staining process using fluorescein-5-isothiocyanate and 4’, 6-diamidino-2-phenylindole. Observations were
done using an immunofluorescence microscope. Calculation of area density in each cell to perceive the expressions
of cytoplasmic and nuclear B-catenin, E-cadherin, and N-cadherin was conducted using ImagedJ software, resulted
in mean fluorescence intensity.

RESULTS: There are significant differences in the expressions of cytoplasmic p-catenin, nuclear B-catenin,
E-cadherin, and N-cadherin among SW480, COLO320DM, and HCT116 cell lines (p < 0.05). Despite no significant
differences in cytoplasmic and nuclear p-catenin expressions between SW480 and HCT116 cell lines, and in
E-cadherin and N-cadherin expressions between COLO320DM and HCT116 cell lines (p > 0.05). SW480 cell line
has a higher expression of nuclear p-catenin than the cytoplasm (p < 0.05).

CONCLUSION: This study reveals differences in the expression of nucleic and cytoplasmic f3-catenin, E-cadherin,
and N-cadherin in three stages of CRC (Duke B, C, and D) refer to different activation invasion, migration, and
metastatic processes. Furthermore, the high expression of nuclear -catenin and N-cadherin in the early stage of
CRC indicate there is a metastatic process in that stage, so nuclear 3-catenin and cadherin can be considered as
potential biomarkers in the early stage of this cancer.

gene mutations that occur in two types of CRC, namely,
Familial Adenomatous Polyposis and Hereditary Non-
polyposis CRC (HNPCC) [8].

Colorectal cancer (CRC),one of the most
common types of cancer becomes the top three causes
of cancer globally is the fourth cause of death from all
types of cancer [1], [2]. In 2013, CRC prevalence in the
world was equal to 9% of all cancer types [3]. To date,
the treatment modalities for CRC, which are carried out
based on the CRC clinical-stage, and other cancers are
surgery, chemotherapy, and radiotherapy [4], [5].

However, the rate of chemotherapy failure due
to resistance is still relatively high [6]. Factors causing
the occurrence of chemotherapy resistance will result in
increased morbidity and mortality rates. Besides, several
signaling pathways cause genetic mutations in CRC
and intensify chemotherapy resistance incidence [7].
Until recently, two theories widely researched are the

Whnt signaling and cadherin-mediated adhesion
processes are involved in embryonal development
andcancerprogression[3].Recentstudieshaverevealed
crosstalk between Wnt signals and cadherin-mediated
cell adhesion [9], [10]. Also, Wnt/B-catenin signaling
affects chemotherapy resistance incidence [11]. One
of the occurring mechanisms is through CBP uptake,
a promoter of the multi-drug resistance 1 gene (MDR)
proven to be one of the T-cell factor/lymphoid enhancer
factor target genes. MDR1 gene is a family of ABC
(ATP-binding Cassette) that causes the chemotherapy
release mechanism from cells (drug efflux) [12].
Another mechanism, Wnt signaling plays a significant
role in the existence of CD34+ tumor cells, known as
the phenotype of cancer stem cells and highly resistant
to chemotherapy [11].
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Beta-catenin is a multifunctional protein that
has a central role in the homeostasis process in the
human body [11]. Wnt/B-catenin signaling is a classic
pathway involved in modulating the development of
cancer cells, i.e., proliferation, resistance, differentiation,
motility, adhesion, and apoptosis of cancer cells [13].
However, several signal transducers that affect B-catenin
activity (phosphorylation/degradation) are Glycogen
Synthase Kinase 3 (GSK-3f3), Axin, and adenomatous
polyposis coli [9], [14].

Cadherin will mediate adhesion among cells
through the extracellular domain and connect the
actin cytoskeleton with catenin through the cytosolic
domain [15]. It regulates adhesion among cells, such
as morphogenetic modulation and differentiation
processes during cell development. Epithelial cells will
express E-cadherin, while mesenchymal cells express
several cadherin variations, such as N-cadherin,
R-cadherin, and cadherin-11. Hence, cadherin is
essential in developing cell polarity and cell selection
during embryonal development[16], [17].

E-cadherin, a complex localized in the
cytoplasm of cancer cells, forms actin cytoskeleton
to strengthen adhesion among cells [15]. Since
E-cadherin is responsible for maintaining cell polarity,
it is considered a marker for cancer cells that have not
encountered metastasis [10]. Meanwhile, N-cadherin
will experience an upregulation in the mesenchymal
cells, which are more motile (mobile) and less polarized
than epithelial cells. N-cadherin is expressed in several
cell types, such as neuron cells, endothelial cells,
stromal cells, and osteoblasts [15], [17].

In the advanced stages of CRC, most will
undergo the Epithelial-Mesenchymal Transition (EMT)
process resulting in switching between E-cadherin
and N-cadherin [15], [18]. Cadherin switching is a
decrease in E-cadherin regulation, followed by an
increase in N-cadherin regulation when cancer cells
undergo EMT [17]. However, E-cadherin expression
does not change significantly in some circumstances,
but the cells experience an increasing expression of
N-cadherin. In some types of cancer, E-cadherin will
shift to N-cadherin, but in others, N-cadherin will turn to
E-cadherin [10], [15].

This study aimed to analyze the differences in
the expression of B-catenin antibodies in the cytoplasm
that are said to increase at the early stages of CRC
and the expression of -catenin nuclei that increases
in the advanced stages. This study also analyzed
the differences in the expression of E-cadherin and
N-cadherinin CRC cells type SW480, COLO320DM, and
HCT116, and to specifically determine the differences
in the expression of nuclear and cytoplasmic 3-catenin,
E-cadherin, and N-cadherin in SW-480 cell line.

The researchers hypothesized that a higher
CRC stage would be followed by an increase in nuclear
B-catenin expression and decreased expressions in

the cytoplasm and N-cadherin; while, the E-cadherin
expression would continue to decrease. Second, the
expressions of nuclear -catenin and N-cadherin would
increase at Duke B staging (SW480 cell line), which
indicates activity of proliferation, migration, and cell
metastasis already discovered in the early stage of this
cancer.

Materials and Methods

This study was conducted from July 2020 to
September 2020, after obtaining ethical clearance from
the Health Research Ethics Commission of Faculty of
Medicine, Universitas Brawijaya, Malang, Indonesia,
through the decree number 07/EC/KEPK-S3/01/2019.
Culture making and immunofluorescence process
was conducted at the Parasitology Laboratory and the
Biomedical Laboratory, Faculty of Medicine, Universitas
Brawijaya.

Samples and specimens

The samples in this study were models of
CRC cell lines Dukes’ B, C, and D that were SW480
(ATCC CCL-228), COLO320DM (ATCC CCL-220), and
HCT116 (ATCC CCL-247), respectively. The cell lines
were ordered from the American Type Culture Collection
(ATCC) through Santacruz as the provider. Those three
cell lines were grown in growth culture media, i.e., RMPI
for SW480, Lebovitz for COLO320DM, and McCoy for
HCT116.

Antibodies and reagents

The primary antibodies used were monoclonal
mouse anti-human p-catenin, E-cadherin, and
N-cadherin ordered from Santacruz. This study applied
a direct immunofluorescence method since secondary
antibodies were not used.

Culturing procedure

The immunocytochemical procedure was
preceded by manufacturing and proliferating the cell
culture. Vials containing cell culture were carefully
thawed in a water bath at 37°C. The O-ring was kept
and tightly closed, and antibiotics were given to prevent
contamination. Thawing was done quickly in about
2 min. Vials were removed as soon as the contents
thawed, followed by decontamination by dropping or
spraying 70% ethanol. All actions during this process
were aseptic. That vials were transferred to centrifuge
tubes containing a complete culture medium (RMPI
for SW480 cells, Lebovitz for COLO320DM cells, and
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McCoy for HCT116 cells) and rotated at a speed of
125 x 9 for 5-7 min. Cell pellets were then resuspended
into complete media and then poured into new culture
flasks. Cultures were incubated in an incubator at 37°C
without CO,. The cells were harvested after reaching
50-70% cell growth.

Immunofluorescence method

After the cells grew on the media, fixation
was carried out using 4% paraformaldehyde in
paraformaldehyde solution (PBS) (at neutral pH) at room
temperature for 10 min and stained directly on multi-well
plates, or coverslips. The media were then aspirated, and
the coverslips were incubated in 100% cold methanol.
Cell fixation was conducted at —20°C for 15 min, followed
by rinsing for 3 times in PBS for 5 min[19], [20].

Immunostaining was done first with by cell
permeabilization that was carried out by incubating
the coverslips in 0.1% Triton X-100 in PBS at room
temperature for 5 min. The coverslips were then
washed to release the permeabilization buffer with PBS
for 5 min[21].

Specimen block was done in Blocking Buffer
for 60 min. The blocking agent used was 1% BSA in
PBST. During the process, the primary antibodies
(monoclonal mouse anti-human p-catenin, E-cadherin,
and N-cadherin) were dissolved in Antibody Dilution
Buffer. The buffer solution was aspirated, and diluted
primary antibody was added to the specimen. After
specimens were incubated overnight at 4°C, rinsing
was carried out 3 times in PBS for 5 min [21].

The specimens were incubated in
fluorochrome-conjugated secondary antibody diluted in
Antibody Dilution Buffer for 1-2 h at room temperature
in the dark and were then rinsed in PBS. The slide
cover was incubated using Prolong® Gold Antifade
Reagent with 4’, 6-diamidino-2-phenylindole (DAPI) to
stain the cell nucleus. As counterstaining, fluorescein-
5-isothiocyanate (FITC) was used to stain the cell
cytoplasm. For the best results, the specimens were
immediately examined using the correct excitation
wavelength. For long-term storage, the slides were
stored in a flat position at 4°C and protected from
light [22], [23]. The sample was added mounting media
before covered with a cover glass and then dried on
a flat surface. The addition of emersion oil aimed
to preserve the sample and increase the refractive
index to obtain high-quality images. The sample was
ready to be observed under an immunofluorescence
microscope for immunofluorescence imaging using
Imaged software [24], [25], [26].

Statistical analyses

All data on four independent experiments were
presented as mean + SD. The differences among the

three examination groups were analyzed by Statistical
Product and Service Solution (SPSS) software,
IBM Statistics 20, using the ANOVA method with a
significance level of 0.05 and a confidence level of 95%.

Results

Differences in the intensity of cytoplasmic
B-catenin expression in SW480, COLO320DM, and
HCT116 cell lines

Initially, the analysis on differences in
cytoplasmic (-catenin protein expression was carried
out using the digital images through ImagedJ software
by examining the cytoplasmic density on several cells
in several fields of view at x400. Observations were
made by calculating the mean intensity of cytoplasmic
B-catenin expression of approximately 25 cells in the
three types of cell lines, SW480, COLO320DM, and
HCT116, using the mean fluorescence intensity (MFI)
unit. Observations on the intensity of cytoplasmic
B-catenin expression were carried out on the
preparations treated with FITC fluorochrome; and, a
comparison was made by combining FITC and DAPI
(composite) immunofluorescence photos to prove the
cytoplasmic expression.

The Kruskal Wallis test was used to find
out the differences in the intensity of cytoplasmic
B-catenin expression. The results showed that the
mean intensity of cytoplasmic B-catenin SW480 cell
line expression was 25.28 + 9.63 MFI, COLO320DM
cell line was 56.74 + 19.02MFI, and HCT116 cell line
was 21.65 + 0.47 MFI. The statistical analysis showed
significant differences between the cytoplasmic
B-catenin expression of SW480 and COLO320DM
(25.28 + 9.63 vs. 56.74 £ 19.02, p < 0.05), and
between the cytoplasmic p-catenin expression of
HCT116 and COLO320DM (21.65 + 10.47 vs. 56.74
1+ 19.02, p < 0.05). However, none of the intensity of
cytoplasmic -catenin expression between SW480 and
HCT116 cell lines demonstrated significant differences
(25.28 £ 9.63 vs. 21.65 + 10.47).

Differences in the intensity of nuclear
B-catenin expression in SW480, COLO320DM, and
HCT116 cell lines

Figuring out the differences in the intensity
of expression of nuclear f-catenin in SW480,
COLO320DM, and HCT116 cell lines were also done
using the digital images through ImageJ software.
Observations were carried out on 25 cells in several
fields of view at 400x magnification. The average
area density was calculated based on the MFI unit
[Figure 1a]. The One-Way ANOVA test was used to see
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Figure 1: Differences in the intensity of cytoplasmic/nuclear B-catenin in SW480, COLO320DM and HCT116 cellines. Observasion using
immunofluorescence was done to evaluatethe expression of cytoplasmic (-catenin (FITC), nucleus (DAPI) and composite to distinguish
cytoplasmic and nuclear (3-catenin (a). The bar chart shows the mean of differences in the intensity of cytoplasmic and nuclear 3-catenin with

significant results (p < 0.05) (b)

the difference in the intensity of B-catenin expression
in the nucleus, and the resulting expression was
39.80+18.94 MFI in SW480 cell line, 66.72 + 22.69
MFI in COLO320DM cell line, and 42.85 + 17.38
MFI in HCT116 cell line. Statistical analysis showed
significant differences between the expression of
nuclear p-catenin SW480 and COLO320DM cell
lines (39.80 + 18.94 vs. 66.72 + 22.69, p < 0.05),
and between cell line HCT116 and COLO320DM
(42.85 £ 17.38 vs. 66.72 + 22.69, p < 0.05), whereas
no significant differences (39.80 + 18.94 vs. 42.85 £
17.38) [Figure 1b] were noted from the comparison
between the expression of nuclear B-catenin SW480
and HCT116 cell lines.

Differences in the intensity of E-cadherin
expression in SW480, COLO320DM, and HCT116
cell lines

Observations on the intensity of E-cadherin
expression were carried out by counting all cells
in one field of view using ImagedJ analysis software.
Observations were made on eight fields of view,
and the intensity of the E-cadherin expression was
calculated using the MFI) unit [Figure 2a]. Further, the
Kruskal Wallis test was used to notice the differences
in E-cadherin expression, and the mean of E-cadherin
expression was 40.30 = 5.77 MFI in the SW480 cell
line, 62.07 £ 15.2 MFI in COLO320DM cell line, and
61.75 £ 14.69 MFI in HCT116 cell line. The statistical
analysis revealed significant differences in E-cadherin
expression between SW480 cell line and COLO
320DM cell line (40.30 £ 5.77 vs. 62.07 + 15.2, p <
0.05), and between SW480 and HCT116 (40.30 %
5.77 vs. 61.75 £ 14.69, p < 0.05). However, E-cadherin
expression in the COLO320DM cell line did not show

any significant differences compared to the HCT116
cell line (62.07 £ 15.2 vs. 61.75 + 14.69) [Figure 2b].

Differences in N-cadherin expression in
SW480, COLO320DM, and HCT116 cell lines

The intensity of N-cadherin expression was
done by counting all cells in one field of view using
ImageJ analysis software. Observations were made on
eight fields of view, and the N-cadherin expression was
calculated using the MFI unit [Figure 3a].

The Kruskal Wallis test was used to see the
difference in N-cadherin expression intensity, and the
mean result of the N-cadherin expression was 37.06 %
3.47 MFI in the SW480 cell line, 65.21 + 15.60 MFI in
COLO320DM cell line, and 67.06 + 7.94 MFIin HCT116
cell line. Based on the statistical analysis, the results
were almost the same as the expression of E-cadherin.
These results indicated significant differences in
N-cadherin expression between SW480 cell line and
COLO320DM cell line (37.06+3.47 vs 65.21+15.60,
p<0.05) and between SW480 cell line and HCT116 cell
line (37.06 £ 3.47 vs. 67.06 + 7.94, p < 0.05). Similar to
E-cadherin expression, N-cadherin expression did not
show any significant differences between COLO320DM
and HCT116 cell lines (65.21 + 15.60 vs. 67.06 + 7.94)
[Figure 3b].

The observations on E-cadherin and
N-cadherin expressions showed nearly the same
results that in SW480 (CRC Duke B stage) cell line
model, E-cadherin expression was low and increasing
along with the increasing CRC stages, namely,
COLO320DM (Duke C) and HCT116 (Duke D). These
results were also found in N-cadherin expression;
although COLO320DM (Duke C) and HCT116 (Duke D)
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Figure 2: Differences in the intensity of E-cadherin expression in SW480, COLO320DM and HCT116 cellines. Observasion using
immunofluorescence was done to evaluate the expression of E-cadherin (FITC), nucleus (DAPI) and composite to evaluate the expression

of E-cadherin in cytoplasm and nucleus (a). The bar chart shows the mean of differences in the intensity of E-cadherin with significant results
(p <0.05) (b)
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Figure 3: Differences in the intensity of N-cadherin expression in SW480, COLO320DM and HCT116 cellines. Observasion using
immunofluorescence was done to evaluate the expression of E-cadherin (FITC), nucleus (DAPI) and composite to evaluate the expression of
N-cadherin in cytoplasm and nucleus (a). The bar chart shows the mean of differences in the intensity of N-cadherin with significant results
(p < 0.05) (b)

were not significant, the highest expression was found
in the HCT116 cell line (Duke D).

between the expressions of nuclear p-catenin and
cytoplasmic p-catenin (39.80 £ 18.94 vs. 25.28 + 9.63,
p < 0.05) so that the expression of nuclear -catenin
was higher than that of cytoplasm p-catenin. However,
the expression of E-cadherin and N-cadherin in
the SW480 cell line model did not show significant
differences (38 * 9.63 vs. 37.06 = 3.47, p > 0.005)
[Figure 4].

Differences in the expression of nuclear
B-catenin, cytoplasmic B-catenin, E-cadherin, and
N-cadherin on SW480 cell line model (Duke B)

This study also analyzed the expression
intensity of nuclear B-catenin, cytoplasmic p-catenin,
E-cadherin, and N-cadherin on the SW480 cell line
model, which is the initial stage of CRC (Duke B).
The differences in the intensity of the expression of
cytoplasmic and nuclear p-catenin were analyzed
using the Mann-Whitney test, while the difference
in the intensity of the expression of E-cadherin and

Discussion

The present study reports that the expressions

N-cadherin was examined using the independent
t-test. The analyses showed significant differences

of cytoplasmic and nuclear p-catenin, E-cadherin, and
N-cadherin are significantly different among the three
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Figure 4: Differences in the expression of nuclear/cytoplasmic
B-catenin, E-cadherin and N-cadherin expression in SW480,
COLO320DM and HCT116 cellines. The bar chart shows the
comparison of the expression of nuclear and cytoplasmic [-catenin
with significant result (p < 0.05). In contrast, there is no significant
result of the expression between the intensity of E-cadherin and
N-cadherin (p > 0.05)

cell lines of CRC. Notably, there are high expression
levels of nuclear B-catenin and N-cadherin in the
SW480 cell line (refers as Duke B CRC) although still at
an early stage of CRC.

This study compares the expression of
cytoplasmic and nuclear p-catenin in the three cell lines,
SW480, COLO 320DM, and HCT116, which describe
three CRC stages, i.e. Duke B (SW480), Duke C
(COLO320DM), and Duke D (HCT116). The results
show significant differences among the three. A study
by Gao et al. that compared the expression of 3-catenin
in membranes, cytoplasm, and nucleus verified that
differences in the expression levels of -catenin in
the membrane, cytoplasm, and nucleus were closely
related to morphological patterns, EMT process, and
poor prognosis of CRC [27].

This study also shows significant differences
in the expression of E-cadherin among the three cell
lines, SW480, COLO320 DM, and HCT116. This is
in line with the research by Kim et al. that performed
a meta-analysis of CDH1 (E-cadherin) levels on
approximately 50,000 samples. It revealed differences
in the expression of CDH1 (E-cadherin) in early-stage
cancer cells compared to those that had already
undergone infiltration [28]. However, the present study
obtains new evidence different from the theory that
the expression of E-cadherin should decrease along
with the increase in the CRC stage; yet, in this study,
the expression of E-cadherin increases. Loh et al.
stated that the loss of E-cadherin, which is related to
the occurrence of the EMT process, is an uncertain
theory [15]. It is also acknowledged that some cancer
cells (prostate, ovarian, and glioblastoma) experiencing
metastasis are associated with high E-cadherin
expression [17]. This phenomenon is called the dual
role of E-cadherin, which will trigger metastases but

inhibits the progression of tumor cells. This mechanism
can be explained by the two forms of E-cadherin,
namely membrane-tethered E-cadherin and soluble
E-cadherin. Membrane-tethered E-cadherin is
associated with strong intercellular bonds, and soluble
E-cadherin is associated with increased migration and
proliferation of cancer cells [15], [17].

This study indicates significant differences
in the expression of N-cadherin in the three cell
lines, SW480, COLO320 DM, and HCT116, and
there is a correlation where N-cadherin expression is
increasing along with higher CRC stage. In a study on
37 isolated CRC samples, Ye et al. found a correlation
between E-cadherin and N-cadherin levels with the
CRC stage. Their study concluded that E-cadherin
expression was higher at Dukes’ A/B stage compared
to CRC Dukes’ C/D stage; but, at Dukes’ C/D stage,
N-cadherin expression was higher than at Dukes’ A/B
stage [29]. As an initial stage of CRC (37.06 MFI) and
just slightly different from the E-cadherin expression
(40.30 MFI), a high N-cadherin expression in SW480
cell line shows new evidence that adhesion and
polarity between cells at the early stages of CRC
have possibly been decreasing, and there is an
accumulation of N-cadherin protein which results in
the EMT process [30].

Through this study, the researchers also
examined the expression of the biomarkers of
cytoplasmic and nuclear B-catenin, E-cadherin, and
N-cadherin on SW480 cell line that is the early stage
of CRC (Duke B). This study obtains new evidence
different from the general theory on SW-480 cells where
the expression of nuclear B-catenin is higher than the
cytoplasmic expression, even though the SW480 cell
line is still in the early stage (Duke B) [31]. Theoretically,
at the early stage, the Wnt signal is not yet active
and causes p-catenin to accumulate in the cytoplasm
and has not been translocated into the nucleus to
activate the target gene, so the cytoplasmic p-catenin
expression should be higher than the nucleus [13], [32].
However, Chen et al. concluded that a decrease in Wnt
signal activity in SW480 cells was able to increase the
invasion power of the cell or the entry of -catenin into
the nucleus [33]. This study shows contradictory results
because until now the progression and invasiveness
of cancer occur due to Wnt signal activity and will
cause translocation of -catenin into the nucleus [33].
The presence of B-catenin expression in the nucleus
of SW480 cells proves that in the early stage of CRC
(Duke B), B-catenin has invaded and migrated into the
nucleus, which resulted in target gene transcription and
led to the EMT process (Myc, Cyclin, Axin2) [11], [13].
The high expression of nuclear B-catenin in Duke B
stage of CRC indicates an active Wnt signal that will
affect the possibility of drug efflux, cancer stem cells,
apoptosis inhibition, and the EMT process, resulting in
resistance to chemotherapy of CRC[11], [12].

768

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Luminturahardjo et al. Cell Line Models of Colorectal Cancer and its Effect

Conclusion

This study concludes that in three CRC cell
line models, SW480, COLO320DM, and HCT116, the
differences in the expression of cytoplasmic and nuclear
[B-catenin, E-cadherin, and N-cadherin biomarkers show
differences in proliferation, migration, and metastasis
capabilities of these cancer cells. A higher expression of
nuclear B-catenin than the cytoplasm at the early stages
of CRC and an increase in E-cadherin expression in line
with the increase in the CRC stage revealed from this
study will promote new theories related to the possibility
of CRC progression at an early stage will unwrap the
chances for chemotherapy resistance.
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