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The feasible role of soluble E-cadherin in spheroidogenesis
of HCT116 colorectal cancer cells, a candidate
biomarker for liquid biopsy
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Abstract. Although E-cadherin is known as a tumor
suppressor via its effects on cell to cell adhesion, the effects
of E-cadherin on malignant transformation have not yet been
thoroughly investigated. In the present study, after malignant
transformation was induced by spheroid formation in a fetal
bovine serum-supplemented environment, the effects of soluble
E-cadherin on the spheroidogenesis of colorectal cancer cells
were investigated. E-cadherin knock-out (KO) was performed
in HCT116 cells, targeting exon 3 of the CDHI1 gene. A cell
viability assay was performed to determine the proliferation and
viability of wild type and CDH1 KO HCT116 cells after treat-
ment with anticancer drugs. Spheroidogenesis was compared
with or without exogenous E-cadherin, antibody against the
ectodomain of E-cadherin (DECMA-1) and PD98059 treat-
ment. In addition, morphometry, immunocytochemistry and
western blotting were performed. Soluble E-cadherin in
culture media was measured using an enzyme-linked immu-
nosorbent assay. Firstly, CDHI1 KO was confirmed by western
blotting. Notably, the proliferation and viability of cells
following treatment with 5-fluorouracil, epidermal growth
factor receptor inhibitor and src kinase inhibitor were similar
between the cell lines. Exogenous E-cadherin or DECMA-1
treatment did not affect spheroidogenesis, although long-term
maintenance was slightly disturbed in CDH1 KO spheroids
compared with that in wild type spheroids. In addition,
E-cadherin was increased in spheroid culture as compared
with that in conventional culture. Soluble E-cadherin was
increased in a time-dependent manner, particularly in wild
type HCT116 cells. PD98059 inhibited ERK activation and
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enhanced E-cadherin expression in conventional culture
without affecting spheroidogenesis. These results suggested
that soluble E-cadherin may be considered as a biomarker for
colorectal cancer, although exogenous E-cadherin might not
have a further role in malignant transformation.

Introduction

Mortality caused by cancers including colorectal cancer
(CRC) has continued to decline recently because of earlier
detection and improved treatment options. Incidence rates,
however, increased for CRC in young adults, which is first
leading cause of cancer death in men and second in women (1).
Despite continued overall declines, CRC is rapidly shifting to
diagnosis at a younger age, in the left colon or rectum, and at
a more advanced or metastatic stage (2). Chemotherapy regi-
mens for metastatic CRC are classified as first-, second-, and
third-line treatment such as 5-fluorouracil (5-FU), epidermal
growth factor (EGF) receptor (EGFR) inhibitor, and src kinase
inhibitor, respectively (3).

CDHI1 gene located on chromosome 16q22.1 is composed
of 16 exons. It encodes the E-cadherin protein. Frequent
mutations of CDH1 gene have been reported mostly in gastric
cancers (4,5), in which most variations have been identified
in exons 4-12 encoding the extracellular domain. Based
on cell-cell adhesion properties, E-cadherin is known as a
tumor suppressor protein in experimental cancer researches.
E-cadherin, however, might promote proliferation via interac-
tion with EGFR, resulting in EGF-dependent ERK activation
in CRC (6-8). Lack or dysfunction of the transmembrane
domain of E-cadherin might trigger cell proliferation or
epithelial-mesenchymal transition (EMT) by activating
B-catenin. The loss or dysfunction on extracellular domain
of E-cadherin might accelerate malignant transformation by
ruining EGFR/E-cadherin complex (9,10).

A three-dimensional (3D) spheroid formation model is a
basic tool for cancer research (11), because it resembles in vivo
solid tumors by anchorage-independent EMT (12). In this
experimental setting, cells initially aggregate and then form
compact spheroids via E-cadherin (12), which is inversely
correlated with EMT similar to malignant transformation (13).
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Although E-cadherin is frequently downregulated with
carcinogenesis, cell-cell adherence between cancer cells is
disturbed after adding a soluble fragment of E-cadherin,
leading to malignant transformation (14,15). Contrary to the
well-known tumor suppressor role of E-cadherin (9,10), the
extracellular domain of E-cadherin can act as EGF to EGFR.
Therefore, the extracellular domain of E-cadherin has been
suggested as a possible oncogene (14,16,17).

Growth factors or fetal bovine serum (FBS) could be supple-
mented in a spheroid formation model, although the efficiency
could differ between cell lines (12,18,19). We have previously
revealed that spheroid formation is related to soluble E-cadherin
and pan-RAS in CRC cells, including 5-FU-resistance acquired
cell line, but not related to any marker for cancer stem cells
or drug resistance (19). Increased soluble E-cadherin during
spheroid formation has only been observed in FBS-supplemented
environment, not in growth factor-supplemented environment
irrespective of 5-FU resistance. Therefore, application of exog-
enous E-cadherin in FBS-supplemented spheroid formation
is needed to reveal whether soluble E-cadherin is a result or a
cause of spheroidogenesis.

The extracellular domain of E-cadherin (around 80 kDa)
is a soluble fragment. A commercial E-cadherin protein
(around 64.4 kDa) could be collectively regarded as a soluble
E-cadherin (19). Exogenous soluble E-cadherin (around
1 pg/ml) is known to contribute to ultraviolet-induced skin
carcinogenesis via association with human epidermal growth
factor receptor (14). Treatment with DECMA-1 (antibody
against the ectodomain of E-cadherin) at 1 mg/kg can suppress
breast carcinogenesis in an in vivo model (20). Although germ-
line variants in CDHI are associated with elevated risks of
diffuse gastric cancer (21), whether they could increase the
risk of CRC has not been reported yet. Effects of E-cadherin
on FBS-supplemented spheroid formation and associated
mechanisms have not been suggested either. Thus, this study
aimed to investigate whether exogenous soluble E-cadherin
or DECMA-1 could affect spheroidogenesis of CRC cells and
determine possible mechanisms involved.

Materials and methods

Reagents and antibodies. Reagents and antibodies used in this
study are summarized in Table I.

Cell culture. Wild-type (WT) and CDHI knock-out (KO)
HCT116 cells were purchased from SYNTHEGO (Synthego
Engineered cells; Redwood city, CA, USA). CDH1 KO was
performed using the CRISPR/Cas-9 system targeting the
exon 3, corresponding to the precursor of CDHI1. Guide RNA
sequences were ‘UUACAGUCAAAAGGCCUCUA’, ‘CUU
UCUGUAGGUGGAGUCCC’, and ‘AACAUACCUGAUGGG
GCGGG'.

Cells were cultured in McCoy's SA medium supplemented
with 10% heat-inactivated FBS, 100 U/ml penicillin, and
100 mg/ml streptomycin at 5% CO,, 37°C, and humidified
atmosphere conditions. All cell culture reagents were obtained
from Corning Inc. (Corning, NY, USA).

Cell viability assay. Cell proliferation was determined using
MTT assay. Briefly, cells were plated in a 96-well plate

(2x10° cells/well in 200 ul of media). Starting from the day of
seeding (day 0), cell viability was checked for 4 days consecu-
tively. Each day, 20 ul of MTT reagent was added to each well.
After 3 h, formazan crystals were dissolved in dimethylsulf-
oxide. The absorbance was read at 595 and 620 nm using a
VERSAmax microplate reader (Molecular Devices Korea
LLC,; Seoul, Republic of Korea). Absorbance values of treated
cells were compared to those of vehicle-treated cells, repre-
senting 100% cell viability.

Cells were seeded in triplicate wells of 96-well plates,
and treated with 5-FU, erlotinib, saracatinib (0, 0.1, 1, 10,
and 100 pgM/each), E-cadherin (0, 0.1, 1, 10, and 100 ng/ml),
DECMA-1 (0, 1, 10, 100, and 1,000 ng/ml), or PD98059 (0, 1,
10, 20, and 50 uM). After cells were incubated for 3 days, cell
viability was assessed as described above.

Spheroid formation. Ultra-low attachment 96-well plates
were purchased from Corning Inc. (Corning) to create an
anchorage-independent environment. Cells were cultured with
conventional culture media as described above. After adding
E-cadherin (0, 1, 10, 100, and 1,000 ng/ml), DECMA-1 (0,
1, 10, 100, and 1,000 ng/ml), or PD98059 (0, 1, 10, 20, and
50 uM), cells were cultured in round bottom plates (Corning,
#7007) at a density of 2x10? cells/well. Long-term changes
of spheroidogenesis were evaluated using flat bottom plates
(Corning, #3474) at a density of 2x10° cells/well. Spheroid
formation was checked for morphometry on day 5 in round
bottom plates or on days 7, 14, and 21 in flat bottom plates.

Western blot analysis. WT and CDH1 KO cells were cultured
in conventional 2D monolayer for 3 days with or without
PD98059 (20 #M) and in spheroid formation culture in flat
bottom plates for 7, 14, and 21 days. Cells and spheroids were
harvested in T-PER™ protein extraction reagent including
1% protease inhibitor cocktail, 0.5% phosphatase inhibitor
cocktail I, and 0.5% phosphatase inhibitor cocktail II. Protein
concentrations were assessed by BCA protein assay according
to the manufacturer's instructions (19).

Cell lysates (30 pug protein/lane) were subjected to 8-12%
sodium dodecyl sulfate-polyacrylamide gel electropho-
resis, transferred to a polyvinylidene difluoride membrane
(#162-0176; Bio-Rad Laboratories, Hercules, CA, USA), and
then blocked with 5% skimmed milk at room temperature for
1h. These membranes were incubated with primary antibodies
(diluted 1:1,000; 1:2,000 for 3-actin and GAPDH) at 4°C over-
night and appropriate secondary antibodies (diluted 1:2,000)
at room temperature for 1h. Protein bands were detected using
the Azure™ ¢300 and quantified using the AzureSpot analysis
software (version 14.2; Azure Biosystems, Inc., Dublin, CA,
USA).

Enzyme-linked immunosorbent assay (ELISA). ELISA was
performed according to the manufacturer's instruction (19).
Briefly, conventional 2D monolayer and spheroid formation
culture media samples (50 ul/each) were added into each well
to bind E-cadherin antibody cocktail (50 ul/each) followed
by incubation at room temperature for 1 h. After wells were
washed with a washing buffer, TMB development solution
(100 ul/each) was added into each well followed by incubation
for 10 min at room temperature. A stop solution (100 pl/each)
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A, Reagents
Name (cat. no.) Company Purpose/action
MTT (M6494) Thermo Fisher Scientific Cell viability

5-FU (F6627); erlotinib (S2156)
Saracatinib (11497)

T-PER™ protein extraction reagent (78510)
Protease inhibitor cocktail (ab201111);
phosphatase inhibitor cocktail I (ab201112);
phosphatase inhibitor cocktail II (ab201113)
Pierce™ BCA protein assay kit (23227)
PD98059 (9900)

Hematoxylin (H-3404)

Sigma-Aldrich (Merck KGaA)
Cayman Chemical

Thermo Fisher Scientific
Abcam

Thermo Fisher Scientific
Cell Signaling Tech
Vector Laboratories

Anti-cancer drugs

Preparation for western blotting
Preparation for western blotting

Preparation for western blotting
MEK-ERK inhibitor
Counter-staining

Human E-cadherin protein (ab235682) Abcam Recombinant E-cadherin protein for
spheroidogenesis

DECMA-1 (ab11512) Abcam Anti-E-cadherin antibody
(intercellular junction marker)
for spheroidogenesis

Human E-cadherin SimpleStep ELISA Kit (ab233611) Abcam Soluble E-cadherin detection

B, Antibodies

Name (cat. no.) Company Purpose/action

Phosphor-ERK (4370) Cell Signaling Tech Primary antibody

EGFR (ab52894) Abcam Primary antibody

ERK (sc-93); B-catenin (sc-7199); Santa Cruz Biotechnology Primary antibody

pan-RAS (sc-166691); B-actin (sc-47778);

GAPDH (sc-47724)

Anti-mouse 1gG (PI-2000); anti-rabbit IgG (PI-1000)
ImmPRESS Reagent kit (MP-7401)

Vector Laboratories
Vector Laboratories

Secondary antibody
Immunocytochemistry

5-FU, 5-fluorouracil; phosphor, phosphorylated.

was then added and optical density was measured at 450 nm
using a VERSAmax microplate reader.

Immunocytochemistry. One and three weeks after spheroid
formation culture, formed spheres (>70 ym) were collected
using a cell strainer with a pore size of 70 ym (Corning Inc.,
#CLS431751) and fixed with 4% paraformaldehyde for 24 h
at 4°C. The paraffin-embedded sections (4 pm-thick) were cut
with a microtome and prepared for immunocytochemistry as
previously described (19). These sections were then blocked
with 10% normal horse serum for 1 h at room temperature.
Incubation with an anti-E-cadherin antibody (diluted 1:100)
was performed at 4°C overnight and an anti-rabbit secondary
antibodies (ready-to-use) for 1h at room temperature. The
binding was visualized using 3,3'-diaimnobenzidine, and
nuclei were counterstained with hematoxylin (#H-3404,
Vector) for 1 min at room temperature. Immunolabelled
images were directly captured using a DP22 digital camera
and BX-51 light microscope (Olympus, Tokyo, Japan).

Statistical analysis. All data were compiled from a minimum
of three replicate experiments. Data are expressed as mean
values =+ standard deviation. P<0.05 was considered to indi-
cate a statistically significant difference as determined using
Student's t-test or two-way analysis of variance (ANOVA)
followed by a Bonferroni post-hoc test. MS Excel 2016 was
used for statistical analysis.

Results

Characteristics of WT and CDHI KO HCTII6 cells.
E-cadherin in CDH1 KO cells was decreased 0.48+0.05-fold
(P<0.001) compared to that in WT HCT116 cells (Fig. 1A).
WT and CDH1 KO HCT116 cells showed similar proliferation
curves in a time-dependent manner (P<0.001), but no differ-
ence between cell types (P=0.760) (Fig. 1B).

Effects of anticancer drugs on cell viability were assessed
using the MTT assay (Fig. 1C). Cell viability was decreased
in a dose-dependent manner (P<0.001 for both) in both WT
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Figure 1. General characteristics of WT and CDH1 KO HCT116 cells. (A) CDH1 KO was confirmed by western blotting. (B) Proliferation was similar between
two cell types. (C) Respective cell viability after treatment with an anticancer drug, 5-FU, epidermal growth factor receptor inhibitor (erlotinib) or src kinase
inhibitor (saracatinib) was similar between two cell lines. ““P<0.001 vs. WT; “P<0.05, *P<0.01, “#P<0.001 vs. vehicle. WT, wild-type; KO, knock-out; 5-FU,

5-fluorouracil.
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Figure 2. Effects of exogenous E-cadherin and DECMA-1 on WT and CDHI KO HCT116 cells. (A) Although exogenous E-cadherin decreased viability
and sizes of spheroids in both cells, a little but considerable changes was observed in CDHI KO cells at higher dose (100 ng/ml). (B) Exogenous DECMA-1
significantly decreased viability and sizes of spheroids of both cells. Scale bar=200 pm. "P<0.05, “P<0.01, ““P<0.001 vs. vehicle; *P<0.01 vs. WT at same

concentration. WT, wild-type; KO, knock-out.

and CDH1 KO HCT116 cells with similar ICs, values, but no

differences between cell types against 5-FU (P=

tinib (P=0.516), and saracatinib (P=0.802).

0.065), erlo-

Effects of exogenous E-cadherin and anti-E-cadherin
antibody on WT and CDHI KO HCT116 cells. Cell viability
was decreased after exogenous E-cadherin treatment in a
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Figure 3. Long-term spheroidogenesis of WT and CDH1 KO HCT116 cells. (A) When spheroidogenesis was maintained for 21 days, the number of spheroids
was decreased while sizes of spheroids were increased in a time-dependent manner in both cells. Interestingly, some spheroids from CDH1 KO cell line lost
their morphological integrity (arrows). Scale bar=500 ym. (B) Immunocytochemistry (magnification, x4 and x20) using with an anti-E-cadherin antibody for
spheroids revealing decreased E-cadherin in CDHI KO cells. Arrows indicate necrosis. "P<0.05, ““P<0.001 vs. Day 7. WT, wild-type; KO, knock-out.

dose-dependent manner (P=0.001) in both WT and CDH1
KO HCTI116 cell, but no differences between cell types
(P=0.248). Exogenous E-cadherin at 100 ng/ml decreased
cell viability of WT (0.7+0.03-fold, P<0.001) and CDH1
KO (0.84+0.04-fold; P=0.019) HCT116 cells. Exogenous
E-cadherin inhibited spheroid formation in a dose-depen-
dent manner (P<0.001) and between WT and CDH1 KO
HCT116 cell types (P=0.003). Significant difference
between cells was observed only at 100 ng/ml (P=0.002)
of WT (0.90+0.02-fold) and CDH1 KO (0.95+0.01-fold)
HCT116 cells (Fig. 2A).

Cell viability was decreased after exogenous DECMA-1
treatment in a dose-dependent manner (P<0.001) in both
WT and CDH1 KO HCTI116 cells, but no differences
between cell types (P=0.427). Exogenous DECMA-1
at 100 ng/ml decreased viability of WT (0.87+0.03-fold;
P=0.002) and CDHI1 KO (0.82+0.03-fold; P=0.042) HCT116
cells without causing an inter-cellular difference. Exogenous
DECMA-1 inhibited spheroid formation in a dose-dependent
manner (P<0.001) in both WT and CDH1 KO HCT116 cells,
but no differences between cell types (P=0.086). Exogenous
DECMA-1 at 1000 ng/ml suppressed spheroidogenesis of WT
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Table II. Densitometric comparison of spheroid formation between WT and CDH1 KO HCT116 colorectal cancer cells.

Spheroids
Protein Cell type 2D Day 7 Day 14 Day 21
E-cadherin WT 1.00£0.17 4.01+0.73 (*P=0.001) 4.34+0.85 (°P=0.002) 4.24+0.74 (*P=0.001)
KO 0.49+0.08 1.05+0.21 (*P=0.014; 1.22+0.24 ("P=0.008; 0.88+0.10 ("P=0.003;
("P<0.001) °P=0.001) °P=0.003) P<0.001)
EGFR WT 1.00+0.05 1.74+0.46 ("P=0.006) 1.64+0.50 (*P=0.013) 1.35+0.17 ("P=0.001)
KO 0.80+0.22 1.77£0.45 (°P<0.001) 1.71£0.41 (‘P<0.001) 1.68+0.49 ("P=0.001)
[-catenin WT 1.00+0.05 2.19+0.46 (‘P<0.001) 2.31+0.53 (°P<0.001) 1.81+0.35 (°P<0.001)
KO 0.83+0.29 1.75+0.36 (‘P<0.001) 2.68+0.27 (‘P<0.001) 2.28+0.65 (‘P<0.001)
Pan-RAS WT 1.00+0.05 2.51+0.85 (°P<0.001) 2.86 0.64 (°P<0.001) 2.69+0.49 (°P<0.001)
KO 1.19+£0.28 2.00+0.35 (‘P<0.001) 2.67+0.67 (‘P<0.001) 2.57+0.57 (°P<0.001)
pERK/ERK WT 1.00£0.27 1.62+0.55 (*P=0.016) 1.62+0.62 (*P=0.029) 2.32+0.72 ("P=0.003)
KO 1.16£0.35 2.40+0.45 (‘P<0.001; 2.15+0.66 ("P=0.005) 2.31+0.80 ("P=0.007)

9Pp=0012)

Results are expressed as relative fold as compared to 2D culture condition of WT cells. *P<0.05, °P<0.01, °P<0.001 vs. 2D culture condition;

9P<0.05,P<0.01, 'P<0.001 vs. WT. WT, wild-type; KO, knock-out; 2D, 2-dimensional.

(0.86+0.01-fold; P<0.001) and CDHI KO (0.85:0.02-fold;
P<0.001) HCT116 cells (Fig. 2B).

Long-term spheroidogenesis of WT and CDHI KO HCTI116
cells. Long-term spheroidogenesis was evaluated until day 21
in WT and CDH1 KO HCT116 cells. Although the number
of spheroids was decreased in a time-dependent manner
(P<0.001) in both WT and CDH1 KO HCT116 cells, there was
no difference between cell types (P=0.970). The size of spher-
oids was increased in a time-dependent manner (P<0.001) in
both WT and CDH1 KO HCT116 cells, but no differences
between cell types (P=0.055). Compared to WT HCT116 cells,
CDHI1 KO HCT116 cells showed some scattering or inability
to maintain the shape of spheroids (Fig. 3A).

Morphological features were evaluated by performing
immunostaining of E-cadherin (Fig. 3B). E-cadherin was
immunostained in spheroids of WT HCT116 cells from
day 7 to day 21. In spheroids from CDH1 KO HCT116 cells,
E-cadherin immunostaining was only observed for a few cells.
Some central area was neither immunostained with E-cadherin
nor stained with hematoxylin for nuclei, suggesting necrotic
changes.

As compared with 2D monolayer culture, spheroid cultures
showed significant increase of E-cadherin in a time-dependent
manner (P<0.001) and between WT and CDH1 KO HCT116
cells (P<0.001). Although E-cadherin was increased by about
4 times in spheroids as compared to that in 2D culture of WT
HCT116 cells, it was increased by about 2 times in spheroid
cultures of CDH1 KO HCT116 cells (Fig. 4A and Table II).

Concentrations of E-cadherin in cultured media of WT
and CDH1 KO HCT116 cells for 2D monolayer and spheroid
cultures were estimated by ELISA (Fig. 4B). ELISA results
showed significant increase of soluble E-cadherin in a
time-dependent manner (P<0.001) and between WT and
CDHI1 KO HCT116 cell types (P<0.001). The ratio of soluble
E-cadherin in WT HCT116 cells was found to be significantly

Table III. Densitometric comparison of effects of PD98059
treatment on WT and CDH1 KO HCT116 colorectal cancer
cells.

Protein Cell type  Vehicle PD98059
pERK/ERK WT 1.00+£0.11  0.61+0.16 (*P<0.001)
KO 1.14+040 0.66+0.18 (*P=0.022)
E-cadherin WT 1.00+£0.12  2.15%1.26 (*P=0.012)
KO 0.55+0.16  0.76+0.18 (°P=0.004)
("P<0.001)
EGFR WT 1.00£0.16 1.14+£0.22
KO 1.13+0.16 1.12+0.13
[-catenin WT 1.00+0.04 3.08+0.74 (°P<0.001)
KO 1.50£0.43  2.52+0.92 ("P=0.005)
Pan-RAS WT 1.00+£0.02  1.58+0.24 (°P<0.001)
KO 1.18+0.17  1.45+0.28 (*P=0.005)
(°P=0.001)

Results are expressed as relative fold as compared to vehicle-treated
condition of WT cells. “P<0.05, "P<0.01, °P<0.001 vs. vehicle-treated
condition; °P<0.01, 'P<0.001 vs. WT. WT, wild-type; KO, knock-out.

increased at 14 (2.76+0.05-fold vs. 1.19+£0.03-fold; P<0.001)
and 21 (5.36+0.05-fold vs. 1.39+0.05-fold; P<0.001) days after
incubation in WT and CDH1 KO HCT116 cells as compared
with 2D monolayer culture condition.

E-cadherin related proteins such as EGFR, B-catenin,
pan-RAS, and ERK were further checked in spheroidogen-
esis. The proteins examined were significantly increased in
spheroids as compared to those under 2D culture conditions
in a time-dependent manner (P<0.001 for both) in both WT
and CDH1 KO HCT116 cells, but there was no difference
between cell types on EGFR (P=0.618), -catenin (P=0.597),
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Figure 4. Characteristics of long-term-maintained spheroids of WT and KO HCT116 cells. (A) Western blotting showing significant increase of E-cadherin in
spheroids (3D) as compared to conventional 2D culture in both cell lines. (B) ELISA on culture media showing time-dependent increases of soluble E-cadherin
in spheroid culture, with such increases being prominent in WT HCT116 cells. (C) Western blotting showing significant increases of EGFR, -catenin,
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and pan-RAS (P=0.253), except ERK activation (P=0.037).
ERK activation was significantly increased between cell
types at 7 days after spheroidogenesis (P=0.012) (Fig. 4C;
Table II).

PD98059-induced E-cadherin on spheroidogenesis of
WT and CDHI KO HCTI116 cells. As a significant change
on ERK activation was observed in spheroidogenesis, a
MEK-ERK inhibitor (PD98059) was adopted. Cell viability
was decreased after PD98059 treatment in a dose-dependent
manner (P<0.001) and between WT and CDH1 KO HCT116
cells (P<0.001). Cell viability was significantly decreased by
PD98059 at a concentration of 10 pM (0.80+0.02-fold vs.

0.68+0.03-fold; P<0.001 for both). Intercellular difference in
viability was observed for groups treated with PD98059 at 10
(P=0.002), 20 (P=0.005), or 50 uM (P=0.008) (Fig. 5A).
There was no significant difference in ERK activation
between WT and CDH1 KO (1.08+0.12-fold; P=0.283) HCT116
cells (Fig. 5A). ERK activation was significantly decreased
after PD98059 (20 uM; P<0.001) treatment, but there was no
difference between cell types (P=0.388). However, E-cadherin
was significantly increased depend on PD98059 treatment
(P=0.004) and between WT and CDH1 KO HCT116 cells
(P<0.001). Although E-cadherin was lower in CDH1 KO
HCT116 cells as compared to WT HCT116 cells, PD98059
considerably increased E-cadherin (Fig. 5B and Table II).
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"P<0.001 vs. WT. WT, wild-type; KO, knock-out.

PD98059 inhibited spheroid formation in a dose-depen-
dent manner (P<0.001) and between WT and CDHI1
KO HCT116 cells (P=0.014) At 10 uM, it significantly

decreased spheroid formation in both cells (P<0.001
for both). Intercellular difference was observed at 1 uM
(1.01£0.05-fold vs. 0.95+0.08-fold; P=0.034) and 20 M
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(0.60+0.01-fold vs. 0.57+0.01-fold; P=0.032) of PD98059
(Fig. 5C).

The related proteins suggested in spheroidogenesis were
further checked. f-catenin and pan-RAS were significantly
increased after PD98059 treatment (P<0.001 for both), but there
was no difference between WT and CDH1 KO HCT116 cells
on P-catenin (P=0.913) and pan-RAS (P=0.698). However,
EGFR did not change after PD98059 treatment (P=0.346) or
between cell types (P=0.451) (Fig. 5D; Table III).

Discussion

This study determined whether exogenous E-cadherin could
affect spheroidogenesis of CRC cells in FBS-supplemented
environment. First of all, we set CDH1 KO condition
targeting the precursor exon 3 to compare general char-
acteristics of HCT116 cells. CDH1 KO did not affect cell
proliferation, chemotherapeutic responses against respective
first- to third-line regimens, or spheroidogenesis as compared
to WT HCTI116 cells. The addition of exogenous soluble
E-cadherin or DECMA-1 did not cause significant changes
between WT and CDH1 KO HCT116 cells. Subtle differences
in long-term maintenance of spheroids were observed. Some
spheroids from CDH1 KO HCT116 cells did not maintain their
shapes consistently at day 21. However, total number and mean
size of spheroids were not considerably changed between WT
and CDHI1 KO HCT116 cells.

Controversy over E-cadherin on spheroidogenesis has
been continued. Cells can aggregate and then form spheroids
via E-cadherin during the initial spheroidogenesis in any
environment (12). Although the expression of E-cadherin
(120 kDa) was decreased during spheroid formation (22,23),
E-cadherin might also induce EMT of CRC cells (24). Based
on decreased E-cadherin and increased soluble E-cadherin
in FBS-supplemented spheres (19), we have previously
suggested that soluble E-cadherin might promote growth of
spheroids and be an essential component of spheroidogenesis
in FBS-supplemented environment. This hypothesis can be
reinforced by previous studies showing that soluble E-cadherin
could be an oncogene like EGF in spheroidogenesis (14-16) as
well as conventional cultures (14). Contrary to expectations,
the addition of E-cadherin protein or DECMA-1 did not show
any significant effect on spheroidogenesis of HCT116 cells
irrespective of CDHI1 KO.

The activation of ERK was not different between WT
and CDHI1 KO HCT116 cells, although it was increased in
spheroidogenesis. When ERK activity was inhibited by
PD98059, proliferation of both WT and CDH1 KO HCT116
cells was also inhibited in a dose-dependent manner.
While E-cadherin was significantly increased by PD98059
treatment, it did not lead to significant changes in spheroido-
genesis of WT or CDH1 KO HCT116 cells. As compared
to spheroidogenesis, PD98059 did not affect EGFR expres-
sion. EGF-dependent ERK activation (6-8) might be a
relevant pathway in CRC. However, the possibility of soluble
E-cadherin as an oncogene like EGF was not supported in
this study.

ERK might promote EMT-like phenotype from
E-cadherin to N-cadherin shift (25,26). The condition of
an activated ERK with E-cadherin suppressed is known
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to promote proliferation and/or metastasis in CRC (27-33).
Opposite results on ERK and E-cadherin have been
reported (34-38), similar to results of the present study.
When ERK activation was inhibited by PD98059, the
proliferation of both WT and CDH1 KO HCT116 cells was
inhibited with E-cadherin expression increased. Although
ERK activation might have no effect on EMT in CRC (39),
it decreased proliferation and inhibited invasion of CRC
when E-cadherin was stabilized (40). In this context, over-
expression of E-cadherin (41) or soluble E-cadherin (24)
can stimulate EGFR and EGF-dependent ERK activation,
resulting in cancer stem cell properties such as spheroid
formation. However, when ERK activity was inhibited by
PD98059, spheroidogenesis was also inhibited by PD98059
in a dose-dependent manner regardless whether E-cadherin
expression was induced or CDH1 was knocked out.

To suggest details of prognostic factors for highly
aggressive soft tissue sarcomas, inflammatory markers were
investigated. Although clinical trial did not reveal significant
differences between inflammatory markers of remission and
non-remission cases (42), the tumor microenvironment would
be different from tumors. E-cadherin might be involved
in the pathogenesis of inflammatory breast cancer, but not
that of non-inflammatory breast cancer, in which a positive
association between E-cadherin loss and poor prognosis has
been suggested (43,44). While reduced or loss of E-cadherin
in localized tumor cells is correlated with proliferation, an
increased level of soluble E-cadherin in circulation might
be a marker for the extent of damaged skin caused by tumor
and/or inflammation (45) or bacteria-induced diseases (46).
Overexpression of soluble cell adhesion molecules, such as
soluble E-cadherin, in body fluids can trigger inflammation
and pro-carcinogenic programming leading to tumor induction
and metastasis (46). Although the relationship among soluble
E-cadherin, colon cancer and inflammation has not been thor-
oughly investigated, the potential value of E-cadherin for liquid
biopsy in cancers has been suggested since soluble E-cadherin
is significantly elevated in patients suffering from epithelial
cancers including CRCs (47,48). Although soluble E-cadherin
becomes hard to generalize the value due to lack of specificity
and sensitivity as compared to existing tumor markers, such
as carcinoembryonic antigen, it has been suggested as an
alternative diagnostic biomarker for monitoring advanced
CRC (49,50). Soluble E-cadherin can diffuse into the extra-
cellular environment including blood and/or urine and act
as a paracrine and/or autocrine signaling molecule (15). In
this study, soluble E-cadherin was significantly increased in
long-term maintained spheres with an FBS-supplemented
environment, not in GF-supplemented environment as previ-
ously reported (19). This means that soluble E-cadherin cannot
act as an oncogene like EGF. Although spheroidogenesis
might not be closely related to CDHI1 expression in HCT116
cells, the soluble E-cadherin showed significantly increases in
a time-dependent manner. Therefore, it could be a biological
marker for monitoring the progression of CRCs. However, this
relationship of soluble E-cadherin with inflammation should
further be investigated in CRC.

However, the present study has certain limitations. First
of all, the possible role of soluble E-cadherin as on oncogene
was suggested in SNU-C5 CRC cells (19), but there remained
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the un-met issue using exogenous E-cadherin or DECMA-1
treatment for spheroidogenesis. To investigate the issue timely,
the commercial HCT116 cell line, well-known for 3D culture
and already prepared for CDH1 KO, were purchased from
the company. In order to clarify the feasible role of soluble
E-cadherin, additional CRC cell lines should be further
included. Second, ERK activation should be more precisely
interpreted while spheroidogenesis. As ERK activation was
increased in spheroidogenesis regardless of E-cadherin level,
an ERK inhibitor PD98059 was adopted. PD98059 treatment
inhibited ERK activation and spheroidogenesis, but increased
E-cadherin. Therefore, the decreased ERK rather than ERK
activation might be more paid attention to interpret the present
results. In addition, PD98059 treatment did not affect EGFR
expression compared to spheroidogenesis, which might mean
EGFR overexpression is an essential to spheroidogenesis.
As EGF-dependent ERK activation (6-8) was suggested as a
relevant pathway in CRC, the related signaling pathways on
E-cadherin, EGFR, ERK, or 3-catenin should be further inves-
tigated. Nevertheless, a candidate signaling pathway could not
be specified based on current results. Finally, further experi-
ments using animal models or human samples including blood
or urines are needed to ensure the hypothesis, a biomarker for
liquid biopsy for CRC.

In conclusion, E-cadherin did not affect proliferation,
viability, or spheroidogenesis of WT or CDH1 KO HCT116
cells, although soluble E-cadherin was increased in a
time-dependent manner, especially being prominent in
WT. These results suggest that soluble E-cadherin could
be a biomarker for colorectal cancer although exogenous
E-cadherin might not have a further role like an oncogene in
this experimental setting. Further studies should be focused on
multiple signaling pathways that can be activated or inhibited
by soluble E-cadherin.
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