
Abstract. Background/Aim: E-Cadherin has been implicated
in cell-cell adhesion, and soluble E-cadherin is involved in
angiogenesis and resistance to anti-angiogenic therapy in
several cancer types. This study aimed to investigate the
expression and clinical significance of soluble E-cadherin and
other angiogenesis-related factors in plasma and malignant
ascites of colorectal cancer (CRC) in patients with peritoneal
carcinomatosis (PC). Materials and Methods: Multiplex
enzyme-linked immunosorbent assay was performed on 95
body fluid samples (57 plasma and 38 malignant ascites) from
patients with CRC. The status of E-cadherin and angiopoietin-
2 (AGNPT2) was retrospectively evaluated by
immunohistochemistry in primary CRC and paired metastatic
peritoneal tissues or cell blocks of malignant ascites of 30
patients with peritoneal metastases of CRC. Results: The
expression levels of soluble E-cadherin and ANGPT2 in
plasma samples were significantly increased in patients with
PC compared with those without. E-Cadherin concentration
was significantly lower and ANGPT2 concentration was
significantly higher in malignant ascites than plasma samples.
Expression of E-cadherin was strongly positive, whilst that of
ANGPT2 was negative in primary colorectal tissues,
metastatic peritoneal tissues, and cell blocks of malignant

ascites by immunohistochemistry. High levels of soluble E-
cadherin or ANGPT2 in ascites were negatively associated
with overall survival in patients with CRC with malignant
ascites. Conclusion: Our findings suggest that soluble E-
cadherin and ANGPT2 may be surrogate biomarkers for
clinical outcome in patients with PC from CRC.

The survival of patients with metastatic colorectal cancer
(CRC) has markedly improved over the past two decades,
resulting from the development of combination
chemotherapy approaches with molecularly targeted agents
such as anti-vascular endothelial growth factor (VEGF-A) or
anti-epithelial growth factor receptor (1, 2). The US Food
and Drug Administration approved bevacizumab, an
antibody to VEGF, for first-line chemotherapy based on the
survival benefit that was demonstrated in a landmark trial
(1). However, many patients with metastatic CRC develop
resistance to anticancer treatment or eventual disease
progression, and their prognosis is still poor, with a 5-year
survival of less than 3 years (3). Patients with CRC with
peritoneal metastases generally have a shorter survival than
those without peritoneal involvement, and these cases are
classified as the M1C category in the eighth edition of the
American Joint Committee on Cancer Staging (4).
Angiogenesis plays a crucial role in the multistep process of
peritoneal carcinomatosis (PC), enabling invasion and
migration, and providing oxygen and nutrients (5).
Furthermore, increased vascular permeability due to VEGF
is considered an important driver of increased production of
malignant ascites (6).

E-Cadherin is a 120-kDa transmembrane molecule that
maintains the integrity of the conjunct cell–cell structure and
influences cellular adherence (7). The epithelial–
mesenchymal transition (EMT) is involved in cancer cell
growth, invasion and migration, and in particular, E-cadherin
plays an essential role in cell-cell adhesion (8). Loss of E-
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cadherin has been associated with tumor progression and
invasion (9). Soluble E-cadherin also induces angiogenesis
and hence can contribute to the resistance to anti-angiogenic
therapy (10). Several studies showed that the expression of
E-cadherin to be correlated with prognosis in patients with
CRC (11, 12); loss of E-cadherin in CRC tumor tissues and
elevated serum E-cadherin levels were associated with poor
prognosis in patients with CRC. Recent studies showed that
angiopoietin-2 (ANGPT2) represents a promising biomarker
in VEGF-directed anti-angiogenic therapy, and the level of
plasma ANGPT2 is associated with poor prognosis in a
number of malignancies (13, 14). However, little information
is available regarding the expression and clinical significance
of E-cadherin and angiogenesis-related factors such as VEGF
and ANGPT2 in CRC with PC.

In this study, we aimed to evaluate the level of soluble E-
cadherin and angiogenesis-related factors in plasma and
malignant ascites from patients with CRC and to assess their
prognostic value in survival in patients with PC from CRC.

Patients and Methods

Patients. Cases were reviewed from a database of patients with
pathologically confirmed primary colorectal adenocarcinoma at
Chungbuk National University Hospital between May 2012 and
September 2019. All patients provided informed consent for use
of specimens. Plasma samples classified as early stage (stage I and
II), locally advanced stage (stage III), liver-only metastases (stage
IVA), and PC (stage IVC) were selected. Malignant ascites
samples were selected from a pathological database of patients
who had undergone tapping of ascitic fluid and who were
diagnosed with primary colorectal adenocarcinoma. Malignant
ascites was defined in patients with positive cytology in ascitic
fluid; patients with negative ascitic cytology finding were
diagnosed on clinical and radiological findings. The radiological
parameters of PC from computed tomography were as follows: (i)
Ascites, (ii) thickening of bowel walls, (iii) increased density of
peritoneal fat, (iv) the presence of peritoneal seeding nodules, or
(v) hydronephrosis from ureteral obstruction (15). Patients were
excluded from the study if they had any other cancer type or other
benign diseases with ascites, such as tuberculosis peritonitis, liver
cirrhosis, or end stage renal disease. Clinicopathological data,
including age, sex, location of primary tumor, histological
classification, stage, timing of PC, and survival, were obtained
from medical records and pathology reports. 

The study protocol was reviewed and approved by the
Institutional Review Board of the Chungbuk National University
Hospital, South Korea (IRB approval number: CBNUH 2019-04-
024), and written informed consent for use of specimens from the
National Biobank of Korea was obtained from all study participants.

Enzyme-linked immunosorbent assay. All plasma and ascites
samples were obtained from the National Biobank of Korea. Ascites
samples were collected at the time of diagnostic or therapeutic
paracentesis in patients with CRC with malignant ascites. Samples
were centrifuged at 3,200×g for 10 min to eliminate large cell
particles and cell debris. The supernatant from each sample was

then aliquoted into microcentrifuge tubes and stored at −80˚C until
further analysis. The expression levels of soluble E-cadherin, VEGF,
and ANGPT2 were quantified using commercially available
enzyme-linked immunosorbent assay kits (Quantikine; R&D
Systems, Minneapolis, MN, USA) according to the manufacturer’s
instructions. The estimated limits of quantitation for each analyte
were 0.31 ng/ml for E-cadherin, 31.3 pg/ml for VEGF and 46.9
pg/ml for ANGPT2. 

Immunohistochemistry (IHC). E-Cadherin and ANGPT2 were
evaluated by IHC in surgically resected tissues of primary CRC and
peritoneal metastases, as well as cell blocks of malignant ascites
with confirmed adenocarcinoma. The cell blocks were prepared by
centrifuging the ascitic fluid specimens for 10 min at 598×g). After
the supernatant was discarded, the pellet was resuspended in 95%
ethanol and centrifuged again. The pellet was then cut to a suitable
size and transferred to a tissue-embedding cassette. For tissue
processing, the cell block of malignant ascites was obtained by
subjecting the embedded cell pellet to three changes of alcohol, two
changes of xylene, and two changes of paraffin wax. Paired
formalin-fixed, paraffin-embedded surgically resected specimens of
primary CRC and peritoneal metastatic tissues were selected.
Immunohistochemical staining of E-cadherin and ANGPT2 proteins
was performed on 4 μM paraffin sections of cell blocks and tissue
blocks using a BenchMark XT autostainer (Ventana Medical
Systems Inc., Tucson, AZ, USA) according to the manufacturer’s
instructions. Monoclonal antibodies against E-cadherin (EP700Y,
1:200; Cell Marque, Rocklin, CA, USA) and ANGPT2 (sc-74402,
1:50; Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used.
Membranous staining of >50% of tumor cells was considered
positive for E-cadherin. ANGPT2 expression was defined as
positive when staining was observed in the cytoplasm in ≥10% of
cells in the whole tissue section.

Statistical analysis. The Mann-Whitney U-test and Wilcoxon
signed-rank test were performed to compare the expression levels
of E-cadherin and angiogenesis-related factors of unpaired (plasma
n=57, ascites n=38) and paired (tissues from primary CRC and
peritoneal metastasis n=30) groups, respectively. The Kaplan-Meier
method was used for estimation of overall survival (OS), and
differences in survival according to the expression level of E-
cadherin and ANGPT2 were analyzed using the log-rank test. The
reference ranges for E-cadherin and ANGPT2 in ascites samples
were not available; hence, the minimum p-value approach (16) was
implemented to determine the optimal cut-off for E-cadherin and
ANGPT2 for the best separation of patient OS by X-Tile software
(17), version 3.6.1 (Yale University, New Haven, CT, USA). X-Tile
plots can be applied to divide a population into two levels (low and
high level) and provide an “on-the-fly” histogram with an associated
Kaplan-Meier curve, and the best p-value is available after rigorous
statistical evaluation by X-Tile. 

Data were analyzed using IBM SPSS software (ver. 25.0; IBM
Co., Armonk, NY, USA). All statistical analyses were two-sided
tests with significance defined as p<0.05.

Results

Patient characteristics. This study included 57 plasma
samples and 38 ascites samples from patients with peritoneal
metastases from CRC, as well as 13 paired plasma-ascites
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samples from the same patients, that were selected between
May 2012 and September 2019. We also evaluated formalin-
fixed, paraffin-embedded tissues of primary tumors and
corresponding peritoneal metastatic tissues, as well as
ethanol-fixed, paraffin-embedded cell blocks of malignant
ascites for 30 patients with peritoneal metastases of CRC.
The baseline characteristics of patients overall are shown in
Table I. Plasma samples were selected from patients with
early stage CRC (n=14, stage I, II), locally advanced stage
(n=14, stage III), liver-only metastases (n=14, stage IVA),
and PC (n=15, stage IVC). In the ascites sample set, 15
patients (39.4%) had positive cytology for metastatic
adenocarcinoma and 21 patients (55.3%) had synchronous
PC when they were initially diagnosed with CRC. Of the 30
samples from patients with PC, 20 (66.7%) were identified
in surgically resected peritoneal tissues and 10 (33.3%) in
cell blocks of malignant ascites.

Expression of soluble E-cadherin and angiogenesis-related
factors.We first analyzed the expression levels of soluble E-
cadherin and the angiogenesis-related factors VEGF and
ANGPT2 in the 57 plasma samples from patients with CRC
(Figure 1, Table II). The expression level of plasma E-
cadherin in patients with PC of CRC was not significantly
different than the level in patients with early-stage CRC

(p=0.089) but it was significantly higher than the level in
patients with locally advanced CRC (p=0.002) and liver-only
metastases (p=0.004) (Figure 1A). VEGF was also expressed
at a high level in patients with PC compared with early or
locally advanced or liver only metastases but there was no
statistical significance (Figure 1B). The expression level of
ANGPT2 in patients with PC was significantly higher than
the level in patients with early-stage CRC (p=0.010), locally
advanced disease (p=0.001) or liver-only metastases
(p=0.021) (Figure 1C). 

Next, we compared the expression levels of soluble E-
cadherin and ANGPT2 in plasma samples and cell-free fluid
of malignant ascites from patients with PC. The expression
of soluble E-cadherin in cell-free fluid of ascites was
significantly lower than that in plasma samples (Figure 2A
left panel, Table III, p<0.0001), whilst that of ANGPT2 was
significantly higher (Figure 2A right panel, Table III,
p=0.0003). In the 13 paired samples of plasma and ascites,
the expression of E-cadherin was significantly lower (Figure
2B left panel, p=0.001) and ANGPT2 expression was
significantly higher (Figure 2B right panel, p=0.010) in
ascites than in plasma samples.

IHC analysis of E-cadherin and ANGPT2. E-Cadherin and
ANGPT2 expression were retrospectively evaluated by IHC
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Table I. Baseline characteristics of patients with colorectal cancer.

Characteristic                                                Plasma (n=57) Ascites (n=38) Paired primary CRC 
                                                                       and peritoneal 
                                                                       metastasis (n=30)
                                                                                       
Age, years                                                      Median (range) 65 (38-83) 65 (38-82) 72 (39-85)
Gender, n (%)                                                Male 36 (63.2) 22 (57.9) 15 (50.0)
                                                                       Female 21 (36.8) 16 (42.1) 15 (50.0)
Location of primary tumor, n (%)               Cecum, ascending, transverse 20 (35.1) 12 (31.6) 9 (30.0)
                                                                       Descending, sigmoid 24 (42.1) 21 (55.3) 19 (63.3)
                                                                       Rectum 13 (22.8) 5 (13.2) 2 (6.7)
Histology, n (%)                                            Adenocarcinoma 53 (93.0) 29 (76.3) 28 (93.3)
                                                                       Mucinous carcinoma 1 (1.7) 2 (5.3) 2 (6.7)
                                                                       Unknown 3 (5.3) 7 (18.4) 0
Histological grade                                         Well/moderate 50 (87.7) 21 (55.3) 24 (80.0)
                                                                       Poor 2 (3.5) 1 (2.6) 4 (13.3)
                                                                       Unknown 5 (3.8) 16 (42.1) 2 (6.7)
Stage, n (%)                                                  Early (stage I and II) 14 (24.6) NA
                                                                       Locally advanced (stage III) 14 (24.6) NA
                                                                       Liver only metastases (stage IVA) 14 (24.6) NA
                                                                       Peritoneal metastases (stage IVC) 15 (26.3) 38 (100) 30 (100)
Cytology of ascites, n (%)                            Positive NA 15 (39.4) NA
                                                                       Negative NA 15 (39.4) NA
                                                                       Indeterminate/unknown NA 8 (21.2) NA
Peritoneal metastases, n (%)                        Synchronous NA 21 (55.3) 26 (86.7)
Peritoneal metastasis sample, n (%)            Surgically resected tissue NA NA 20 (66.7)
                                                                       Cell block of malignant ascites NA NA 10 (33.3)

NA: Not applicable.



in primary CRC tissues and paired pathologically confirmed
surgically-resected peritoneal metastatic tissues, as well as
cell blocks of malignant ascites of 30 patients with peritoneal
CRC involvement. E-Cadherin expression was strongly
positive in all primary CRC tissues, peritoneal metastatic
tissues and cell blocks of malignant ascites (Figure 3A-C).
ANGPT2 was not expressed in primary CRC tissues,
peritoneal metastatic tissues or cell blocks of malignant
ascites (Figure 3D-F).

Survival analysis. We assessed the OS of patients with with
PC from CRC according to the expression level of soluble
E-cadherin and ANGPT2 in ascites samples. According to
the minimum p-value approach, X-tile software was used to
determine the optimal cut-off level of soluble E-cadherin and
angiogenesis-related factors in ascites. The minimum p-value
(0.00006) was when the level of soluble E-cadherin was 1.21
ng/ml, while it was 0.27332 for ANGPT2 at 13.3 ng/ml.
Kaplan-Meier analysis for OS with these cut-off points
demonstrated that high soluble E-cadherin in malignant
ascites was correlated with shorter OS (median: 28.9 vs. 17.5
months in the groups with low vs. high soluble E-cadherin

level; p=0.023, Figure 4A). A high level of soluble ANGPT2
in malignant ascites also tended to be associated with poor
OS but there was no statistically significant difference
(median: 28.1 vs. 17.5 months in groups with low vs. high
ANGPT2 level; p=0.344, Figure 4B).

Discussion

In the current study, we evaluated the expression of soluble
E-cadherin and the angiogenesis-related factors VEGF and
ANGPT2 in plasma and ascites samples from patients with
CRC. To the best of our knowledge, this is the first report on
the expression of soluble E-cadherin and ANGPT2 in plasma
and malignant ascites from patients with PC from CRC. The
levels of soluble E-cadherin and ANGPT2 were elevated in
the plasma of patient with PC from CRC compared with
those with early or locally advanced or metastatic liver
disease. High soluble E-cadherin expression has been
associated with poor prognosis in multiple cancer types in
addition to CRC (18, 19), including prostate cancer (20),
non-small-cell lung cancer (21), and melanoma (22).
Overexpression of ANGPT2 is also correlated with tumor
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Table II. Expression (mean±standard deviation) of soluble E-cadherin and angiogenesis-related factors in plasma samples.

Factor Early stage Locally advanced  Liver only metastases Peritoneal metastases 
(stage I and II) (stage III) (stage IVA) (stage IVC) 

(n=14) (n=14) (n=14) (n=15)

E-cadherin (ng/ml) 40.27±30.96 29.29±19.42 23.39±12.70 84.91±100.12
VEGF (pg/ml) 84.26±82.24 123.07±185.72 141.58±200.04 243.03±382.28
ANGPT2 (pg/ml) 2,711.78±1757.05 1,817.93±564.87 2,938.86±1506.84 8,388.87±7257.79

ANGPT2: Angiopoietin-2; VEGF: vascular endothelial growth factor. 

Figure 1. Expression levels of soluble E-cadherin (A), vascular endothelial growth factor (VEGF) (B), and angiopoietin-2 (ANGPT2) (C) in plasma
samples according to clinical stage of colorectal cancer. Statistical analyses were performed using the Mann-Whitney U-test. Significantly different
at; *p<0.05 and **p<0.01.



angiogenesis and progression in various types of cancer such
as melanoma, glioblastoma, breast cancer, renal cell
carcinoma and CRC (23-25). Moreover, soluble E-cadherin
might be an angiogenic regulator responsible for resistance
to anti-VEGF treatments (10) and a high serum ANGPT2
level was associated with poor response to anti-VEGF-
containing treatment in patients with CRC (26). In our study,
the difference in plasma expression of E-cadherin and
ANGPT2 was greatest between patients with PC and those
with liver-only metastases, indicating that high expression of
E-cadherin and ANGPT2 may be specific biomarkers for PC
in patients with CRC.

PC with malignant ascites in CRC has a dismal prognosis,
with survival less than 1 year following diagnosis (27). In
addition, patients with malignant ascites experience
significant symptoms and a poor quality of life. The present
study suggests that high levels of soluble E-cadherin and
ANGPT2 in ascites samples was associated with poor

survival in patients with CRC with malignant ascites.
Therefore, soluble E-cadherin and ANGPT2 might be useful
prognostic biomarkers and therapeutic targets in patients
with PC from CRC who have grave prognosis and poor
response to systemic therapy. 
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Figure 2. Expression levels of soluble E-cadherin (left) and angiopoietin-2 (ANGPT2) (right) in individual plasma and ascites samples (A) and in
paired plasma and ascites samples (B) from patients with peritoneal carcinomatosis from colorectal cancer. Statistical analyses were performed
using the Mann-Whitney U-test and Wilcoxon signed-rank test. Significantly different at: **p<0.01 and ***p<0.001.

Table III. Expression levels (mean±standard deviation) of soluble E-
cadherin and angiopoietin-2 (ANGPT2) in samples of plasma and
ascites from patients with colorectal cancer with peritoneal
carcinomatosis.

Expression level 

Factor Plasma (n=15) Ascites (n=38) p-Value

E-cadherin (ng/ml) 84.91±100.12 3.60±5.86            <0.0001
ANGPT2 (pg/ml) 8,388.87±7257.79 39,668.57±30,626.22     0.0003



We also performed IHC analysis of E-cadherin and ANGPT2
in primary CRC tissues and paired peritoneal metastatic tumor
tissues as well as cell block of malignant ascites. E-Cadherin
expression was very high, not only in primary CRC tissues but

also in peritoneal metastases or cell blocks of malignant ascites,
but it was expressed at low levels in cell-free fluid of malignant
ascites. In contrast, ANGPT2 was rarely expressed in primary
CRC, peritoneal metastatic tissues and cell blocks of malignant
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Figure 3. Representative immunohistochemical staining results for E-cadherin and angiopoietin-2 expression in patients with colorectal cancer with
peritoneal involvement. E-Cadherin was strongly expressed in primary colorectal cancer tissue (A; original magnification, ×200), peritoneal
metastatic tissues (B; original magnification, ×200) and cell block of malignant ascites (C; original magnification, ×400). Angipoietin-2 was not
expressed in primary colorectal cancer tissue (D; original magnification, ×200), metastatic peritoneal tissues (E; original magnification, ×200) or
cell block of malignant ascites (F; original magnification, ×400).

Figure 4. Overall survival according to the levels of soluble E-cadherin (A) and angiopoietin-2 (B) in malignant ascites in patients with colorectal
cancer with peritoneal carcinomatosis. Statistical analysis was performed using the Kaplan-Meier method.



ascites, while high expression was detected in cell-free fluid of
malignant ascites. One potential explanation for the discrepancy
in E-cadherin expression between malignant cells in tumor
tissues and cell blocks of malignant ascites with levels in cell-
free fluid of malignant ascites might be from the complex
metastasis mechanisms related to E-cadherin (26). Loss of E-
cadherin is associated with increased EMT and local invasion
(28, 29), and this loss was thought to be followed by an
increased number of circulating tumor cells and extravasation
at a secondary site where tumor cells establish metastases.
However, a recent study showed that although loss of E-
cadherin is indeed associated with increased local invasion, it
is also associated with reduced metastasis, a finding that
supports E-cadherin as an experimental target to prevent
metastasis (30, 31). Padmanaban et al. observed that E-cadherin
is required for metastasis for breast cancer and is expressed by
metastases as well as primary tumors (32). A discordance
between the IHC results for ANGPT2 and the level of ANGPT2
in ascites was also observed, showing that ANGPT2 IHC was
negative whilst high expression of ANGPT2 was detected in
cell-free fluid in malignant ascites. Consistent with this result,
other studies reported that up-regulation of ANGPT2 reduced
tumor growth and metastasis (33, 34) as ANPGT2 can induce
tumor apoptosis by transient exacerbation of tumor hypoxia
(35). There are several questions to be answered related to E-
cadherin, ANGPT2 and tumor angiogenesis, and further studies
are warranted to elucidate the underlying mechanism of action
for the effects of E-cadherin and ANGPT2 expression on cancer
progression or metastasis.

The present study has some limitations. Firstly, this study
was a retrospective analysis with a limited number of plasma
and ascites samples from patients with CRC, and we were
unable to evaluate angiogenesis, inflammation and EMT-related
markers. Secondly, we were also unable to evaluate the
prognostic value of soluble E-cadherin and ANGPT2 in plasma
samples or the predictive value for anti-VEGF therapy because
of the limited number of plasma samples from patients with PC.

In conclusion, our results suggest that soluble E-cadherin
and ANGPT2 are expressed in plasma and ascites samples in
patients with PC from CRC, and high levels of soluble E-
cadherin and ANGPT2 in malignant ascites were associated
with poor prognosis. Our results suggest that soluble E-
cadherin and ANGPT2 might be surrogate markers for
clinical outcome in CRC with PC.
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