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secretion, reinforcing the implication of this protein in CRC 
evolution.
Discussion The extracellular domain can be defined as a 
5FU resistance marker and allow CRC monitoring.

Keywords E cadherin · Colorectal cancer · Serum · 
Extracellular domain

Introduction

Colorectal Cancer (CRC) is a leading cause of mortality 
in the Western world (Ferlay et  al. 2013). It is surgically 
curable in early stages as 1 and 2, while metastatic stage 
is associated with a high mortality. It is a cancer with 
a good prognosis when diagnosed early: a 5-year rela-
tive survival is 91% for localized stages, 70% for stages 
with loco-regional invasion. However, the 5-year survival 
is approximately 11% in metastatic situations, which rep-
resent approximately 25% of diagnosed patients (INCA, 
2010). The rate of CRC mortality has decreased over the 
last 20 years thanks to advances in the field of management 
(early diagnosis and improved treatment modalities).

For CRC, the reference treatment is surgery. In advanced 
stages, chemotherapy is administered. While numerous 
chemotherapies exist, like capecitabin or  Xeloda® (oral), 
oxaliplatin or  Eloxatine® (injection), irinotecan or  Campto® 
(injection) and raltitrexed or  Tomudex® (injection), 5 fluo-
rouracil (5FU) (injection) is the historic reference molecule 
(Labianca et  al. 2013). Along with chemotherapy, a new 
class of drugs has existed for several years: targeted ther-
apies. These are molecules developed with the intention 
of blocking tumor angiogenesis and proliferation (Kara-
petis et  al. 2008). These treatments lead to a decrease of 
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mortality, but distant recurrences and resistances to treat-
ment persist.

One of the most robust hypotheses to explain recur-
rences is the presence of tumor initiating cells (TICs): a 
small sub group of cells that initiate tumor growth and pro-
liferation. They are characterized by self-renewal, multipo-
tency, angiogenic potential, immune evasion features and 
chemoresistance (Vaiopoulos et  al. 2012). In a previous 
study using sedimentation field flew fractionation (SdFFF) 
cell sorting and matrigel amplification (Mélin et al. 2012), 
we have obtained enriched fractions of activated TICs for 
HCT116 cell line and quiescent ones for WiDr cell line. 
After grafting these populations on the chorio allantoïc 
membrane (CAM) (Mélin et  al. 2015), we demonstrated 
that they produced specific tumors. Activated TICs led to 
proliferative and invasive tumors with an overexpression of 
E cadherin, whereas quiescent TICs were less proliferative 
and invasive with a loss of expression of E cadherin.

Such an interesting link has been proved between E cad-
herin and TICs, and knowing that no sensitive and specific 
serum CRC marker of diagnosis, prognosis, and monitor-
ing exists (Eche 2004), we have decided to focus on its 
expression.

E cadherin, a calcium-dependent transmembrane gly-
coprotein, is composed of a cytoplasmic domain, a sin-
gle-pass transmembrane domain and an extracellular 
domain that consists of five tandemly repeated cadherin-
motifs subdomains with putative calcium-binding sites. 
The cytoplasmic domain interacts with catenin molecules 
which mediate its binding to the actin cytoskeleton (Roya 
2008).

E cadherin downregulation is correlated with malig-
nancy parameters such as tumor progression, loss of dif-
ferentiation, invasion and metastasis (Canel et  al. 2013). 
Different mechanisms of E cadherin inactivation in malig-
nant tumors have been described, including mutations, epi-
genetic silencing, increased endocytosis and proteolysis 
(Roya 2008).

As reviewed (Roya 2008), E cadherin is removed from 
the plasma membrane by endocytosis and recycled to sites 
of new cell–cell contacts. Abnormal activation of proto-
oncogenes, such as Src and EGFR, results in increased 
phosphorylation of tyrosine residues in the cytoplasmic 
domain of E cadherin, which leads to the recruitment of 
the E3-ubiquitin ligase Hakai and subsequently enhances 
endocytosis and a ubiquitin-dependent degradation of E 
cadherin (Shen et al. 2008).

Moreover, matrix metalloproteinases (MMP) cleave 
the E-cadherin extracellular domain near the plasma 
membrane region (Maretzky et  al. 2005) releasing solu-
ble E-cadherin (Noe et al. 2001), which stimulates tumor 
cells invasiveness (Okugawa et al. 2012). This is not con-
nected to the E cadherin gene mutation (Efstathiou et al. 

1999) but is probably in relation with post translational 
modifications. Likewise, Kokura et  al. described the 
loss of E cadherin in anoxia-reoxygenation conditions 
in human CRC cell lines. No reduction of the amount 
of total E cadherin was found, suggesting that there was 
not a true decreased expression, but rather a redistribu-
tion, or an internalization of surface E cadherin and, as a 
consequence, a failure to bind the cytoskeleton (Kokura 
et  al. 2004). Given that E cadherin is cleaved (Grieve 
and Rabouille 2014), all these data suggest a change in 
its distribution areas between intra and extracellular 
compartments.

It is well known now, that the cleavage of E cadherin 
generates different fragments with oncogenic and inva-
sive properties (David and Rajasekaran 2012). Different 

Table 1  Clinical characteristics of patients

TNM stages tumor nodes metastases, TV tubullo villous adenomas

50 patients Frequence (n) Percentage (%)

Gender
 Male 31 59.6
 Female 19 36.5

Age
 <65 12 23.1
 >65 38 73.1

MNT stages
 TV 6 11.5
 0 3 5.8
 1 2 3.8
 2 13 25.0
 3 13 25.0
 4 13 25.0

Tumor location
 Right (proximal) 17 32.7
 Transverse 5 9.6
 Left (distal) 10 19.2
 Rectum 18 34.6

Metastases
 Synchron 8 15.4
 Metachron 4 7.7

Fig. 1  Impact of 5FU treatment on cell behavior. 2500 cells were 
seeded in 96 wells plate. The day after, 5FU was used to treat cells 
with different concentrations and treatment was maintained during 
72  h. Revelation was obtained using MTT test following manufac-
turer’s instructions. IC50 = inhibitory concentration for 50% meta-
bolic activity. Results were representative of at least three independ-
ent experiments (a1). After 5FU treatment (8 µM for 72 h), metabolic 
activity (a2), viability (b), and cell cycle (c) were analyzed. Signifi-
cance was obtained by comparing with untreated condition (NT). 
*p < 0.05; **p < 0.005; ***p < 0.0005

▸
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fragments: extra cellular: 80 kDa, and intra cellular: 38, 33, 
29 kDa have been highlighted. The 80 kDa form have been 
detected in urine and serum of different types of cancers 
(Chan et al. 2001) like CRC (Wilmanns et al. 2004).

In serum of CRC patients, E cadherin is expressed 
in soluble form. Pre-operative soluble E cadherin levels 
increase with disease extension (Wilmanns et  al. 2004). 
Moreover, it is considered as a good prognosis marker of 
CRC (Okugawa et al. 2012).

However, no in vitro studies with CRC cell lines have 
been achieved. In particular, to search which specific 
form(s) of E cadherin is responsible for invasion and to 
correlate it to tumoral tissues and sera.

The objective of this study was to demonstrate, first of 
all, which specific form is implicated in the mechanism of 
invasiveness for CRC, and then its reliability to be a prog-
nosis and monitoring biomarker.

For this, cells resistant to 5FU were obtained in  vitro 
and E cadherin expression was studied both in cells and 
in supernatants. As a second step, in a preliminary study, 
we analyzed ex vivo the expression of E cadherin in tissues 
and sera from various stages of CRC surgical patients.

Materials and methods

Cell lines and culture

Human CRC cell lines corresponding to different tumor 
stages (Ahmed et al. 2013) WiDr, Colo205 (human colon 
carcinomas differentiated, Stage Dukes C for WiDr and 
Dukes D for Colo 205), SW480 and SW620 (human colon 
carcinomas dedifferentiated, Stage Dukes B for SW 480 
and Dukes C for SW 620), were obtained from American 
Type Culture Collection (ATCC, VI, USA) and cultured 

according to their recommendations. Under basal condi-
tions, WiDr cells were maintained in minimum essential 
media (MEM) (Thermofisher Scientific, MA, USA) supple-
mented with 10% heat-inactivated fetal calf serum (FCS) 
(Thermofisher Scientific, MA, USA), 1 mM sodium pyru-
vate (Thermofisher Scientific, MA, USA), 1% non-essential 
amino acids (Thermofisher Scientific, MA, USA), 100 IU/
ml penicillin and 100  mg/ml streptomycin (Thermofisher 
Scientific, MA, USA). SW480, SW620 and Colo205 lines 
were cultured in RPMI medium (Thermofisher Scientific, 
MA, USA) supplemented with 10% FCS, 100 IU/ml peni-
cillin and 100 mg/ml streptomycin, at 37 °C under humidi-
fied atmosphere and 5%  CO2. Cells were used when they 
were at subconfluence, after three washes in PBS and 
trypsinization step (5  min in 0.5% Trypsin, Invitrogen, 
Thermofisher Scientific, MA, USA), 1500  rpm centrifu-
gation (5  min) and counting using Trypan Blue (T8154; 
Sigma Aldrich, France) method on a Malassez lame.

Patients

A total of 50 consentant patients who underwent CRC resec-
tion at our institution (Limoges University Hospital, Depart-
ment of Visceral Surgery, France) between March 2011 and 
April 2014 were enrolled in this retrospective study.

Prognostic values of the following clinic-pathologic 
parameters were evaluated (Table 1): tumor node metasta-
sis classification (TNM). Locations of tumors and distant 
metastases were determined by colonoscopy, computed 
tomographic (CT).

All the patients had a uniform postoperative follow-up 
by the same team: they were examined within 1 month of 
resection, then every 3–4  months for the first year, every 
6 months for the next 3 years and at gradually increasing 
intervals. CT was done every 6–12 months. A full colonos-
copy was performed 1 year after surgery, then once every 
3–5 years. Positron emission tomographic (pEt) scans were 
selectively performed when abnormalities or axial imaging 
raised the possibility of recurrence. Local recurrence was 
defined as the first clinical, radiological and/or pathological 
evidence of a tumor of the same histological type within 
the colon. Distant recurrence was defined as clinical, radio-
logical and/or pathological evidence of systemic disease at 
sites including, but not limited to, the liver, lungs, perito-
neum and para-aortic region.

Ethics statements

The research was carried out according to The Code of 
Ethics of the World Medical Association (Declaration of 
Helsinki), and the author’s Institutional Review Board had 
previously approved the study, which was also approved by 

Fig. 2  Expression of E cadherin in cell lines before and after treat-
ment with 5FU. Cells were treated with 5FU (8 µM, 72 h) and total 
proteins were extracted. Proteome array (a 300  µg of proteins) and 
Western blotting (b, c 50  µg of proteins) analyzes were made. a 
Quantification of specific extracellular domain of E cadherin sig-
nal’s intensity was represented with ratios of optical density (OD) 
values (E cadherin spot/ reference spot). b Western blot results with 
antibody against E cadherin recognizing intra-cellular part (BD anti-
body). c Western blot results with antibody against E cadherin recog-
nizing extra-cellular part (RD antibody). For b, c, bêta actin was used 
as protein control. For a, the bar graphs show the mean ± standard 
error of the mean of optical density values ratios. Each graph repre-
sents the mean of three independent experiments. Statistical signifi-
cance of the differences was calculated by ANOVA test. *p < 0.05. 
For b, c, Western blots and bar graphs are representative of three 
experiments. The bar graphs show ratios of optical density (OD) 
values between treated and untreated conditions for each cell line (E 
cadherin signal/reference actin signal). The dash line represents the 
expression of E cadherin in each cell line without 5FU treatment. 
This is a basic expression considered to be equal to 1

◂
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the Local Ethics Committee and signed consent forms were 
obtained from all the patients.

Serum from patients

Peripheral venous blood samples were obtained from 
patients in many cases within 4 days after surgery. Serum 
samples were centrifuged 10 min at 3000  rpm and serum 
was stored at −80 °C until use. Before collection, informed 
consent was obtained from patients to use the samples in 
future experiments.

Tissue from patients

A quantity of 30 mg of tumoral (T) and peri tumoral (PT) 
tissues were weighed and put into a tube containing lysis 
buffer with ceramic beads (MK 14 Precellys, Bertin Tech-
nology, France). Grinding of these tissues was ensured 
by stirring series of 5500 revolutions/s (2 times for 40 s, 
interrupted by a pause of 20 s) in Precellys mixer. Lysates 
obtained were then subjected to sonication (a 40 Hz pulse 
every 2  s for 1  min) to complete cell lysis. Finally, a 
10 min centrifugation at 14,000g was achieved. Superna-
tants containing secreted protein were then recovered and 
stored at −80 °C.

Chemicals

5 Fluorouracil (5FU; F6627) was obtained from Sigma 
Aldrich and dissolved previously in 100% DMSO 
(dimethylsulfoxide; D2650; Sigma Aldrich, France). The 
final concentration of DMSO was under 0.05% when 5FU 
was used. To select rapidly 5FU resistant cells, 72  h of 
treatment were chosen. Colo205, SW480, SW620 and 

WiDr cells were submitted to different concentrations 
of 5FU during 72  h, and impact on cell behavior was 
studied.

Cellular metabolism activity analysis

In 96-well plates, 2500 cells were seeded. The next day, 
cells were treated and culture was sustained during differ-
ent times. After treatment, cells were centrifuged (5  min 
at 1500 rpm) and media was replaced by media containing 
MTT (Cell  Titer96® AQueous One Solution Cell Prolif-
eration Assay, Promega, France) following manufacturer’s 
instructions. After 3 h of incubation at 37 °C under humidi-
fied atmosphere and 5%  CO2, optical density was read at 
490  nm. Results were expressed as percentage of viable 
cells with an active metabolism, using non treated cells as 
internal control (100%).

Cellular viability

Cells were seeded at 10  ×  106 in 75  cm2 flask. The day 
after, 5FU treatment was made (treated cells) or not 
(untreated cells), and maintained during 72  h. Superna-
tants were collected and cells were trypsinized without 
washes to keep all cells. Living and dead cells were deter-
mined using Trypan blue method described just before 
in supernatants and in cell suspensions. Results were 
expressed as percentage of living and dead cells using 
total cells as 100%.

Cell cycle analysis

After treatment, total cells were collected (from superna-
tant and from cellular part), washed and counted.  106 cells 
were fixed in 70% cold ethanol at −20 °C during at least 
one night. The day of the analysis, cells were washed three 
times in PBS, and treated with RNase DNase free (1 mg/
ml) for 20  min. Reaction was stopped in ice. Propidium 
iodure (0.5  mg/ml) was added and fluorescence assisted 
cell sorting (FACS) (FACS Vantage, BD Biosciences, 
USA) analysis was made immediately.

Western blot

Total proteins, from treated and untreated cells obtained as 
previously described for “cellular viability”, were extracted 
using Lysis Buffer 50  mM Tris–HCl (pH 7.5), 150  mM 
NaCl, 1  mM EDTA, 2.5  mM EGTA, 1  mM DTT, 0.1% 
Tween-20, 10% glycerol, 2 mM  Na3VO4, 20 mM NaF and 
protease inhibitors (mixture set III 2 mg/ml; Calbiochem). 

Fig. 3  Expression of E cadherin in supernatants of cell lines before 
and after treatment with 5FU. Cells were treated with 5FU (8  µM, 
72 h) and supernatants were collected. a ELISA (recognizing specifi-
cally extracellular domain of E cadherin) quantification was made for 
treated (5FU) and non treated conditions (NT). The bar graph shows 
the mean ± standard error of the mean of signal intensity. Each graph 
represents the mean of three independent experiments. Statistical sig-
nificance of the differences was calculated by ANOVA test (*p < 0.05, 
***p < 0.0005). b Western blot was made with antibody against E 
cadherin recognizing intra-cellular part (BD antibody). c Western 
blot was made with antibody against E cadherin recognozing extra-
cellular part (RD antibody). For b, c, supernatants were submitted 
previously to a Coomassie blue analysis to compare results. Western 
blots and bar graphs are representative of three experiments. The bar 
graphs show ratios of optical density (OD) values between treated 
and untreated conditions for each cell line. The dash line represents 
the expression of E cadherin in each cell line without 5FU treatment. 
This is a basic expression considered to be equal to 1

◂
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The rest of the experiment is identical to the previous 
publication (Mélin et  al. 2015). Specific primary antibod-
ies, purified mouse anti human E cadherin (1.25  µg/ml, 
610182 from BD, clone: 36/E-Cadherin, France; 1 µg/ml; 
MAB1838 from R&D system, clone # 180215, MN, USA) 
were used.

Proteome array analysis

Total proteins were extracted and quantified as described 
before. Following manufacturer’s instructions from 
“Proteome Profiler Human Pluripotent Stem Cell array” 
(ARY010 from RD system, Bio-techne, MN, USA), 
analysis was assessed on 300  μg proteins, with samples 
supplemented with Aprotinin (A6279, Sigma Aldrich, 
France), Leupeptin (1167, Tocris, UK) and Pepstatin 
(1190, Tocris, UK). Membranes were scanned with Syn-
gene bio-imaging system. Reference spots were used 
as internal controls to compare samples. Results were 
explained as a ratio between target protein and internal 
control.

E cadherin immunoassay

Cell supernatants and patients sera were used to quantify 
secreted E cadherin using Human E-cadherin Immunoas-
say (DCADE0, R&D systems, Biotechne, MN, USA) kit 
according to the manufacturer’s instructions. Results were 
calculated from a standard curve (recombinant human E 
cadherin; range, 0.050–2.604  ng/ml). Measurements were 
performed in triplicate, and mean values were used for data 
presentation.

Immunohistochemistry

E cadherin was immunohistochemically detected in paraf-
fin-embedded tissues using VENTANA technology from 
Limoges University Hospital, Department of Anatomo-
pathology, France. The processing of the bar-code-labeled 
slides was fully automated.

Survival analysis

Global recurrence-free survival and disease-specific sur-
vival were determined. Survival analyze was made using 
BiostatTGV free software.

Statistical analyses

Statistical analysis of differences was carried out by 
analysis of variance (ANOVA) using StatView version 
5.0 software (Abacus Concepts, SAS Institute Inc). p 

values less than 0.05 (Fisher’s PLSD test) were consid-
ered significant.

Results

Study of E cadherin expression in colorectal cancer cell 
lines

Impact of 5FU treatment on cell behavior

To select rapidly the more 5FU resistant cells, 72 h of treat-
ment were chosen. Colo205, SW480, SW620 and WiDr 
cells were submitted to different concentrations of 5FU 
during 72 h, and impact on cell behavior was studied. The 
metabolic activity was particularly affected because the 
inhibitory concentration of 50% (IC50) was obtained for 
16 µM of 5FU (Fig. 1a1). For that reason and to keep more 
than 50% of metabolic activity and enough active cells to 
make studies, 8 µM of 5FU during 72 h was chosen for fur-
ther experiments. This condition permitted to have 42.17% 
for Colo205, 64.97% for SW480, 74.75% for SW620 and 
53.28% for WiDr of activated cells (Fig. 1a2). Concerning 
cellular viability, even if more pronounced mortality was 
observed after 5FU treatment, the four cell lines were able 
to keep more than 60% living or resistant cells (Fig.  1b). 
Finally, to check 5FU effectiveness, cell cycle analysis was 
made and showed a significant S cell step blockage for all 
cell lines (Fig. 1c).

E cadherin expression variation is induced by 5FU 
treatment

Cell E cadherin expression was studied based on proteome 
array analysis. It recognized specifically its extracellular 
domain. Concerning non-treated cells, the level of E cad-
herin expression was similar between Colo205 and WiDr, 
and between SW480 and SW620, as observed in Fig.  2a. 
After 5FU treatment, a trend of decrease in its expression 
was observed in all cell lines, which was only significant 
for SW620 (p = 0.0178).

To complete this study, western blotting analyses were per-
formed using antibodies recognizing different parts of E cad-
herin. The first (BD antibody) was able to fix the intracellular 
(cytoplasmic) domain of E cadherin, from amino acid 735 
to 883. Whatever cellular line or treatment—or the absence 
thereof—, the expression of the total form of E cadherin 
(120 kDa) and specific cleaved forms at 55 and 35 kDa, was 
observed with this antibody (Fig. 2b). For the 55 and 35 kDa 
forms, an increased expression was obtained except for Colo 
205 and WiDr. Another form under 25 kDa was also detected 
in WiDr and Colo205 (not shown). Using a second antibody 
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(RD Antibody) able to recognize the extracellular domain of 
E cadherin starting from amino acid 709 to 155, only total 
form at 120 kDa was revealed for each cell line. Quantifica-
tions showed stable or increased (SW480 and SW620, early 
CRC stages) and decreased (WiDr and Colo 205, advanced 
CRC stages) expression after treatment. In conclusion, total 
and cleaved forms of E cadherin were detected in cell lines 
from CRC. A decrease of extracellular E cadherin expression 
(obtained by proteome analysis and western blotting with RD 
antibody) proved to be, after 5FU treatment, more significant 
for cell lines corresponding to advanced Dukes stage (Colo 
205, WiDr).

Secretion of E cadherin was increased in the cell 
supernatants after 5FU treatment

As decreased extracellular E cadherin expression was 
observed in cells after 5FU treatment, detection of this pro-
tein was performed in supernatants. Specific immunoassay 
of extracellular domain showed an increased expression 
of E cadherin after treatment for all cell lines (Fig. 3a) but 
was only significant for SW480 (p = 0.0001) and SW620 
(p = 0.0425). Interestingly, the rate of secreted E cadherin 
was more important for Colo205. To confirm these results, 
expression of specific secreted E cadherin was sought 

Fig. 4  Immunohistochemical 
analyzis of E cadherin expres-
sion in CRC patients tissues. 
One patient per stage of CRC 
was chosen to illustrate E cad-
herin expression in each tissue
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with both antibodies recognizing the intracellular part of 
E cadherin (BD antibody) and the extracellular domain of 
E cadherin (RD antibody). To compare our results, super-
natants were submitted previously to a Coomassie Blue 
analysis (data not shown). With the antibody recognizing 
the intracellular part of E cadherin, only specific cleaved 
forms were detected at 55 and 35  kDa, whatever the cell 
line analyzed (Fig.  3b). The most important intensities 
after treatment were observed for the 55 kDa form of Colo 
205 and SW620, and the 35 kDa form of Colo205 and SW 
480. Using the antibody recognizing extracellular part of E 
cadherin, only one form, cleaved at 55 kDa, was revealed 
(Fig.  3c). Intensities were more important after treatment 
for Colo205, SW480, and WiDr.

These experiments showed that only cleaved forms of E 
cadherin were detected in supernatants of CRC cell lines. 
Higher E cadherin intensity was detected after 5FU treat-
ment in the majority of CRC cell lines and mostly its extra-
cellular domain for cell lines corresponding to advanced 
Dukes stages (Colo 205 and WiDr).

Preliminary study of E cadherin expression in patients 
undergoing surgery for colorectal cancer

Detection of E cadherin in CRC patients tissues

A study of E cadherin expression in CRC patients was 
made. The cohort comprised 50 patients, 31 males 
and 19 females, with 73.1% of patients older than 65. 
The number of patients in each tumor stage was simi-
lar. When associated with tubulovillous adenomas, 
stages 0 and 1 were made. Tumor location was, respec-
tively, 32.7% in the right colon, 9.6% in the transverse 
colon, 19.2% in the left colon and 34.6% in the rectum 
(Table  1). Twelve patients had metastases: 15.4% were 
synchronous to the initial tumor, whereas 7.7% were 
metachronous.

Constitutional expression of E cadherin was first 
evaluated by immunohistochemistry and examined in 
tumoral tissues of each CRC stage, but also in the adja-
cent tumoral tissues of each patient, used as internal 
control (PT). This analysis showed the same detection in 
peri tumoral (PT) tissues, whatever the CRC stage, while 
a decreased expression was observed in tumoral tissues 
(Fig. 4) according to CRC stages.

Using a proteome array specific to the extracellu-
lar domain of E cadherin, no significant difference was 
found in peri tumoral tissues (Fig. 5a). On the contrary, 
a decrease of expression was obtained between early 
and advanced stages with significant differences: Stage 
TV 0 1 versus Stage 2: p = 0.0121; Stage TV 0 1 versus 
Stage 4: p = 0.0017 (Fig.  5b). Moreover, using antibod-
ies recognizing different parts of E cadherin, western 
blots of patients’ tissues were performed, using indi-
vidual patients representing each stage. First, with the 
antibody recognizing the intracellular domain of E cad-
herin, the full length E cadherin at 120  kDa but also at 
95  kDa was observed (Fig.  5c). Both expressions were 
more important for the stages 2 and 4. Later on, with the 
antibody recognizing the extracellular domain of E cad-
herin, the full length E cadherin at 95 kDa was identified 
with a decreased expression with different tumor stages 
(Fig. 5d).

Fig. 5  Protein analysis of E cadherin expression in peri tumoral and 
tumoral tissues of CRC patients. Proteome array (a, b 300 µg of pro-
teins) and Western blotting (c, d 50  µg of proteins) analyzes were 
made. a, b Quantification of extracellular domain of E cadherin sig-
nal’s intensity was represented with ratios of optical density (OD) 
values (E cadherin spot/reference spot). For each stage the number of 
patients (N) was: Stage TV 0 1, N = 6; Stage 2, N = 6; Stage 3, N = 8; 
Stage 4, N = 4. For A and B, the bar graphs show the mean ± stand-
ard error of the mean of optical density values ratios. Each graph 
represents the mean of three independent experiments. Statistical sig-
nificance of the differences was calculated by ANOVA test. *p < 0.05; 
**p < 0.005. Western blots were made with antibody against E cad-
herin recognizing intra-cellular part (BD antibody) (c) and against E 
cadherin recognizing extra-cellular part (RD antibody) (d). For c, d, 
bêta actin was used as protein control. The bar graphs show ratios of 
optical density values. Each graph represents one experiment
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Fig. 6  E cadherin expression in patients sera. Sera were collected 
as described in "Materials and methods" section. For each stage the 
number of patients (N) was: Stage TV 0 1, N = 12; Stage 2, N = 12; 
Stage 3, N = 13; Stage 4, N = 11. Quantification of extracellular 
domain of E cadherin was made. The bar graph shows the mean ± 
standard error of the mean of signal intensity. Each graph represents 
the mean of three independent experiments. Statistical significance of 
the differences was calculated by ANOVA test. *p < 0.05. Stage TV 0 
1 versus stage 3: p = 0.0229; Stage TV 0 1 versus stage 4: p = 0.0438



1188 J Cancer Res Clin Oncol (2017) 143:1177–1190

1 3

E cadherin detection in CRC patient’s serum

Because a decreased expression of the E cadherin extracel-
lular domain was found in the patients’ tissues, studying 
this expression in sera was made. Using ELISA analysis 
which is specific to the released extracellular domain of 
E cadherin, an increased expression in serum with tumor 
stages was observed (Fig. 6a).

Survival in function of E cadherin expression

The mean expression of E cadherin in patient’s serum was 
80.2  ng/ml. A better survival after 30 months for post-
surgical patients having a weak E cadherin concentration 
in serum under or equal to 80.2 ng/ml, was observed but it 
was never significant (p over 0.81) (Fig. 7).

Discussion

Despite effective therapeutic approaches, CRC remains 
a public health problem due to resistance or relapse 
processes.

The complete complex E cadherin-catenin leads to inter-
cellular connection, and its dissociation in CRC leads to 
invasion.

To demonstrate the ability of E cadherin to be a good 
diagnosis (Wilmanns et  al. 2004) or prognosis marker 
(Okugawa et  al. 2012), all clinical studies were based on 
the dosage of soluble E cadherin before treatments. The 
interest of our study was to analyse E cadherin in  vitro 
before and after 5FU treatment and in a preliminary study, 
ex  vivo after surgery, to follow its expression with more 
specificity.

Cells contained total and cleaved forms (Fig. 2b, c). No 
comparison could be made as there are no CRC cell lines 
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Fig. 7  Survival analysis in function of E cadherin expression in 
patients sera. Survival curves were obtained using BiostatTGV free 
software. Mean of E cadherin was 80.2  ng/ml. Blue correspond to 
CRC patients having E cadherin under or equal to 80.2  ng/ml. The 
number of patients (N) in this group was: N = 30. Red corresponds 
to CRC patients having E cadherin over 80.2 ng/ml. N = 20. Global 

survival was defined as the period between the start of treatment and 
the last control performed or the patient’s death. It takes into account 
the death event and whatever the cause. p = 0.81. Free survival was 
defined as survival without recurrence. p = 0.84. Specific survival was 
amputated overall survival of non-cancerous disease deaths. p = 0.81
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studies in litterature. However, others cancers in vitro were 
studied. For example in human breast cancer cell line: 
MCF-7, the 80  kDa form of E cadherin have been found 
(Wever et  al. 2007). In our study, the E cadherin forms 
found were different. Tissues contained only total forms 
(Fig. 5c, d). The cleaved forms were detected in cells con-
taining only the intracellular domain, whereas tissues con-
tained the total form with intra and extracellular domains of 
E cadherin, coming from different cellular types constitut-
ing tumor heterogeneity.

All of these results, therefore, attest the presence of a 
cleavage of this protein and probably a redistribution of its 
different domains. Indeed, E cadherin can be cleaved in dif-
ferent fragments. Several proteases such as MMP9, MMP7 
(matrilysin) and MMP3 (stromelysin 1) (Noe et al. 2001), 
plasmin (Hayashido et al. 2005), kallikrein 7 (Johnson et al. 
2007), MT1-MMP and ADAM10 (Maretzky et  al. 2005) 
can cleave E-cadherin in  vitro and shed the E cadherin 
ectodomain (soluble E-cadherin, sE-CAD). Other enzymes 
such as caspases (Steinhusen et al. 2001) and calpain (Rios-
Doria et al. 2003) cleave E cadherin in its cytoplasmic part 
releasing an intracellular 37 kDa C-terminal fragment. This 
fragment disturbs β-catenin subcellular localization and 
stimulates β-catenin dependent cyclin D1 expression in the 
human keratinocyte HaCaT cell line.

Moreover, analysis of E cadherin expression in cells 
(Fig.  2c) and tissues (Fig.  5d) overlapped and showed 
decreased expression of extracellular domain with tumor 
stages (WiDr and Colo 205 for CRC lines and stages 3 and 
4, for CRC patients). As a consequence, cell–cell adhesion 
could be inhibited whereas migration could be stimulated.

To confirm E cadherin cleavage and released, we 
decided to study E cadherin expression in cell superna-
tants and in patients’ sera. Supernatants had an increased 
expression of E cadherin with tumor stages (Fig. 3a) and 
contained only E cadherin cleaved forms originating 
from intra and extracellular domains (Fig.  3b, c). Total 
form was never found in supernatants, as maybe a conse-
quence of the activity of secretase or MMP proteins. The 
major form found was a part of the extracellular domain 
at 55 kDa. (Fig. 3c) (ratios near 8 contrary to those quan-
tified for intracellular domain, near 2).

Moreover, an increased E cadherin expression after 
5FU treatment was identified (Fig.  3a). This result rein-
forced the constant link of E cadherin extracellular 
domain along 5FU chemo-resistance.

In CRC sera, an increased extracellular domain of E 
cadherin expression was revealed in function of tumor 
stages (Fig.  6). This result is in agreement with those 
of Katayama et  al. (1994). They showed that E cad-
herin in the serum of cancer patients was a soluble form 
near 80  kDa. Moreover, its levels in the serum were 

significantly elevated, particularly in colon or rectum 
cancer patients.

To summarize, we have shown the increase of extracel-
lular E cadherin with tumor stages both in supernatants and 
in CRC patients’ sera who have undergone surgery. In vitro 
study shows that it was a specific extra cellular form at 
55 kDa. As a consequence, this domain seems to be a CRC 
invasiveness marker.

So, it could help us to follow relapse of CRC in both 
asymptomatic and symptomatic patients. Okugawa et al. 
(2012), had already demonstrated the interest of pre-
operative serum E cadherin concentration as a prognos-
tic marker in CRC patients. Our study tends to follow its 
use for monitoring patients with CRC. The ELISA test 
seemed to be a suitable assay to follow E cadherin level 
changes in patients’ sera because of its sensitivity and its 
specific recognition of the extracellular domain. So, it 
will be very interesting to test an important number of 
patients before and after chemotherapy whatever tumor 
stage.

Concerning survival, no significant differences were 
found in terms of overall or disease-free survival, and no 
specific survival based on the expression of E cadherin 
(Fig.  7). However, using a weak number of patients, 
we showed a trend of increase E cadherin level with a 
decrease of survival. This should be investigated further 
and on a larger cohort.

To our knowledge, it does not exist monitoring and 
resistance CRC marker. For the first time, we have 
shown interest of cleaved E cadherin protein, more spe-
cifically the extracellular part of it, as a marker of CRC 
invasiveness.
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