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Abstract. ����������������������������������������������
Cancer stem cells (CSCs) and epithelial mesen�
chymal transition (EMT) markers are considered useful
indicators associated with metastasis and prognosis of
colorectal cancers (CRCs). However, only a few studies have
focused on the expression of these useful markers in metastases.
Metastasectomy is widely used in advanced CRCs, and thus
the postoperative prognostic factors are worth investigating.
The present study investigated the consistency and differences
of target proteins between primary and metastatic lesions of
colorectal cancer, and discussed the prognostic indicators
following resection of colorectal liver metastases. Clinical
data of 56 patients with liver metastases from colorectal cancer
were collected and the expression levels of target proteins
(Ki‑67, CD133, CD44, Snail, E‑cadherin and β‑catenin) were
detected in primary tumor and matched liver metastases via
immunohistochemistry analysis. Paired comparison between
both tissue types was performed. The prognostic values
of the target proteins for resectable colorectal cancer liver
metastases were assessed. No significant differences were
observed between the primary tissues and metastatic tissues.
The consistency rates of these protein expression levels ranged
from 51.8‑78.6%. The maximum diameter of the liver metas�
tases was <5 cm. Low Snail expression in metastases was
associated with a longer overall survival (OS) time following
resection of colorectal liver metastases. Furthermore, N0 stage
and low carcinoembryonic antigen levels were associated with
a longer progression‑free survival time. Notably, no significant
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differences were observed in expression levels of the target
proteins between the primary tumors and liver metastases.
Taken together, the results of the present study suggest that
Snail expression in liver metastases may be used as a novel
independent prognostic factor for OS following resection of
colorectal liver metastases.
Introduction
Colorectal cancer (CRC) is the most common malignant
tumor of the digestive tract, which accounts for ~10% of the
global incidence of cancer and is a serious threat to human
health (1,2). The liver is the most common site of metastases,
with 50‑60% of patients ultimately developing liver metastases.
If untreated, patients with liver metastases from CRC have a
poor prognosis, with median survival rates of <8 months (3,4).
Resection of liver metastases is an important treatment
strategy, which improved the 5‑year survival rate from 50%
to 60% (5,6). However, the benefits of liver metastasectomy
vary within different patients. Relative predictors are mainly
clinical factors but rare valuable biomarkers (7‑10).
Metastasis remains a major problem, as such, several studies
involving cell culture, animal models and primary cancer tissues
have investigated the biological mechanism of metastasis,
which is of value to novel interventions for this disease (11‑13).
Furthermore, several studies have compared primary tumors
and metastases (14‑17), which may provide novel insights
into the topic of metastasis. Epithelial‑to‑mesenchymal tran�
sition (EMT) is a process where epithelial cells acquire the
highly invasive and metastatic characteristics of mesenchymal
cells, which participate in carcinoma progression, tumor cell
invasion and metastasis (11,18). EMT is closely associated with
cancer stem cells (CSCs) (19) CSCs and EMT markers, such
as CD133 (20), CD44 (21), Snail (18,22), E‑cadherin (18,23)
and β‑catenin (18,24) are considered useful indicators associ�
ated with metastasis and prognosis in several solid tumors.
However, only a few studies have investigated the expression
differences of these markers between paired primary tumors
and metastases (25‑28), and their significance in liver metas�
tases from CRCs remains unclear.
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The present study detected and compared the expression
levels of CSC and EMT markers in primary colorectal lesions
and matched liver metastases. In addition, the prognostic
significance of these proteins in primary or metastatic lesions
following metastasectomy was investigated.
Materials and methods
Patient selection. Patients who underwent surgery for both
primary CRC and liver metastases between December 2011
and April 2018 at the West China Hospital were enrolled into
the present study. The inclusion criterion was the availability of
patients' primary and metastatic tumor tissues. The exclusion
criteria were as follows: Patients who achieved pathological
complete response following neoadjuvant chemotherapy,
patients who had other primary tumors or patients with a
positive margin. A total of 56 patients were included in the
present study. Surgical specimens, including primary tumor
tissues and matched metastases were collected in April 2018.
The present study was approved by the Ethics Committee of
the West China Hospital (approval no. 2017‑169) and written
informed consent was provided by patients or their family
members prior to the study start.
Clinical characteristics and serum indicators at the time
of hepatic resection were obtained for subsequent analyses.
Patients were prospectively followed‑up until February 27,
2019. The median follow‑up was 20.6 month (1.0‑64.2 months).
Progression‑free survival (PFS) was the time interval between
hepatectomy and the first postoperative disease progression
or death. Overall survival (OS) was the time interval between
the date of hepatectomy and either the date of death or last
follow‑up.
Immunohistochemistry. A total ofsix markers, including
CD133, CD44 (CSC markers), Snail, E‑cadherin, β ‑catenin
(EMT markers) and Ki‑67 (proliferation index) were selected
for use in the present study.
Tissue samples were cut into 4‑μm‑thick sections, deparaf�
finized in xylene, dehydrated in a graded ethanol series, placed
in ethylenediaminetetraacetic acid buffer (pH 8.0) or citrate
buffer (pH 6.0) for antigen retrieval and immersed in a 0.3%
hydrogen peroxide solution to inhibit endogenous peroxidase
activity. Subsequently, tissue sections were incubated with
primary antibodies against CD133 (cat. no. MAB4399‑I;
1:100; Merck KGaA), CD44 (cat. no. 3570S; 1:100; Cell
Signaling Technology, Inc.), Snail (cat. no. ab180714; 1:100;
Abcam), E‑cadherin (cat. no. 14472S; 1:75; Cell Signaling
Technology, Inc.), β ‑catenin (cat. no. 8480S; 1:75; Cell
Signaling Technology, Inc.) and Ki‑67 (cat. no. ab15580; 1:400;
Abcam) overnight at 4˚C. Following the primary incubation,
the sections were washed three times with 0.1 M PBS (pH 7.4)
and incubated with PV6001 Two‑Step Immunohistochemistry
Detection Reagent (ZSJQ‑BIO) for 1 h at 37˚C. The slides were
subsequently stained with 3,3'‑diaminobenzidine for 3 min at
room temperature and counterstained with 0.1% hematoxylin
for 3 min at room temperature, washed under running tap
water, dehydrated in ethanol and cleared in xylene.
Immunohistochemical evaluations. The expression levels of
the antigens were blindly assessed by two investigators using

light microscope (at x400 magnification). For CD133 (29),
membranous and cytoplasm staining were considered
(<10% as low expression vs. ≥10% as high expression).
For CD44 (30), only membranous staining was considered
(<50% as low expression vs. ≥50% as high expression). For
Snail staining (31), nuclear staining was considered(<1% as
low expression vs. ≥1% as high expression). E‑cadherin (32)
staining was defined as detectable immunoreactions in cell
membranes. The product of the intensity (0, negative; 1, weak
and 2, strong) and percentage (1, 25%; 2, 26‑50%; 3, 51‑75%
and 4, 76‑100%) was used as the final score (0‑1 as low expres�
sion vs. 3‑8 as high expression). Ki‑67 staining was only
expressed in the nuclei (<50% as low expression vs. ≥50%
as high expression). Considering the complexity of β‑catenin
expression and the significance of ectopic β ‑catenin from
the membrane to the nuclei (33), samples were divided into
normal and abnormal groups. Abnormal expression was
associated with decreased intercellular adhesion and activa�
tion of downstream tumor proliferation‑related target genes,
resulting in tumorigenesis and metastasis (34). Normal expres�
sion was defined as positive membranous staining in ≥70%
of cells and positive cytoplasmic/nuclear staining in <10%
of cells. Abnormal expression was considered in the absence
of membranous staining or positive membranous staining in
<70% of cells or positive cytoplasmic/nuclear staining positive
in ≥10% of cells.
Statistical analysis. Statistical analysis was performed using
SPSS 20.0 (IBM Corp.). Classification data were analyzed
using the χ2 and Fisher exact tests. McNemar's test was used
for paired data selection, while the rank‑sum test was used for
nonparametric data and grade variables. Univariate analysis
was performed using the Kaplan‑Meier method and log‑rank
test following liver metastasis resection. Multivariate Cox
regression analysis was performed to determine the prognostic
value. P<0.05 was considered to indicate a statistically signifi�
cant difference.
Results
Patient characteristics. A total of 56 patients with primary
and secondary CRC were included in the present study.
Patient characteristics are summarized in Table I. A total of
46 patients had liver metastases diagnosed at the time of CRC
diagnosis or before, of which 16 patients had isolated metas�
tases and 40 patients had multiple lesions (no more than five).
A total of 31 patients underwent simultaneous resection of the
primary tumor and metastases. A total of 31 patients received
neoadjuvant chemotherapy, while 41 patients received adjuvant
chemotherapy.
The median follow‑up time was 20.6 months, and 18
patients died. At the end of the study, the median OS time
following liver metastasectomy was 34.4 months [95% confi�
dence interval (CI), 28.5‑40.2 months; Fig. 1A] and the median
PFS time was 11.0 months (95% CI, 8.4‑13.7 months; Fig. 1B).
Primary lesions vs. matched liver metastases. Samples with
low quality staining were excluded from the analyses. In the
112 tissue samples, the high expression rates of Ki‑67, CD133,
CD44, Snail, E‑cadherin and β‑catenin were 40.2, 49.1, 16.1,
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Table I. Patient characteristics (n=56).
Characteristic

Number of patients, (%)	

Sex		
Male	
36 (64.3)	
Female	
20 (35.7)	
Age at diagnosis, years		
≤55
22 (39.3)
>55
34 (60.7)	
Primary tumor		
Rectum	
30 (53.6)	
Colon	
26 (46.4)	
Pathological type		
Adenocarcinoma	
45 (80.4)	
Mucinous adenocarcinoma
11 (19.6)
Differentiation		
Low
17 (30.4)	
Moderate
39 (69.6)
T stage		
T1‑3
33 (58.9)	
T4
23 (41.1)
N stage		
N0
19 (33.9)	
N1‑2
37 (66.1)
Time of liver metastasis		
Synchronous	
46 (82.1)	
Metachronous
10 (17.9)
N of liver metastasis		
One	
16 (28.6)	
Multiple
40 (71.4)
Maximum diameter of liver
CA199, U/ml
metastases, cm
<5
45 (80.4)	
≥5
11 (19.6)

Characteristic	

Number of patients, (%)

Extrahepatic metastases
With	
Without	
Neoadjuvant chemotherapy
With
Without	
Adjuvant chemotherapy
With	
Without	
HB, g/l
<120
≥120
PLT, x109/l
<100
≥100
NLR
<2
≥2
ALB, g/l
<40
≥40
LDH, IU/l
<220
≥220
CEA, ng/ml
<3.4
≥3.4
<22
≥22

10 (17.9)
46 (82.1)
31 (55.4)
25 (44.6)
41 (73.2)
15 (26.8)
19 (33.9)
37 (66.1)
6 (10.7)
50 (89.3)
16 (28.6)
40 (71.4)
15 (26.8)
41 (73.2)
45 (80.4)
11 (19.6)
11 (19.6)
45 (80.4)
27 (48.2)
29 (51.8)

HB, hemoglobin; PLT, platelet; NLR, neutrophil to lymphocyte rate; ALB, albumin; LDH, lactate dehydrogenase; CEA, carcinoma embryonic
antigen; CA199, carbohydrate antigen 199.

Figure 1. Overall survival and PFS times of patients with colorectal cancer. PFS, progression‑free survival.
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61.6, 48.2 and 76.8%, respectively (Fig. 2). The expression
levels of the markers were similar between the primary tumors
and matched metastases (Table II), and the consistency rates
ranged from 51.8‑78.6%. Among these, CD44 expression was
the most similar between the primary tumors and matched
metastases (consistency rate of 78.6%). Consistent with this
result, McNemar's test demonstrated no significant differ�
ence (PKi‑67, 0.541; P CD133, 0.248; P CD44, 1.000; PSnail, 0.424;
PE‑cadherin, 1.000 and Pβ‑catenin, 1.000). In addition, the rank‑sum
test revealed no significant variation trends between the target
proteins (PKi‑67, 0.414; PCD133, 0.178; PCD44, 1.000; PSnail, 0.317;
PE‑cadherin, 1.000 and Pβ‑catenin, 1.000).
Clinicopathological characteristics and target proteins.
High CD133 expression in primary tumors was significantly
associated with tumor location of the colon (P=0.013), while
high CD133 expression in liver metastases was significantly
associated with age (P=0.003) and positive lymph nodes
(P=0.018). Furthermore, Snail expression in liver metastases
was significantly associated with more metastases (P= 0.028)
and a lower differentiation degree (P=0.012). No other
clinical features were significantly associated with the target
proteins (Tables SI‑VI).
Clinical outcomes following liver metastasectomy.
Kaplan‑Meier survival analysis demonstrated that the
maximum diameter of liver metastases was <5 cm (P=0.023;
Fig. 3A) and low Snail expression in metastases was signifi�
cantly associated with a longer OS time following resection
of colorectal liver metastases (P=0.029; Fig. 3B). In addi�
tion, N0 stage (P=0.021; Fig. 3C) and low CEA expression
(P=0.007; Fig. 3D) were also associated with longer PFS
times. Multivariate Cox regression analysis demonstrated
that the maximum diameter of liver metastases [hazard
ratio (HR), 3.447; 95% CI, 1.154‑10.041; P=0.019) and
Snail expression in liver metastases (HR, 3.405; 95% CI,
1.225‑9.697; P=0.026) can be used as independent prognostic
factors for OS following resection of colorectal liver metas�
tases (Table III).
Discussion

Figure 2. Immunohistochemical staining of (A) Ki‑67, (B) CD133,
(C) CD44, (D) E‑cadherin, (E) Snail and (F) β ‑catenin (magnification,
x400). For (A‑E), (a and b) refer to low and high expression, respectively. For
(F), (a) refers to normal expression and (b‑d) refer to abnormal expression;
(b) decreased membranous staining, (c) abnormal cytoplasmic staining and
(d) abnormal nuclear staining.

EMT is an essential condition for tumor metastasis, which
can deprive tumor cells of their adhesive capacity and provide
them ‘legs’ for metastasis throughout the body (11,35). EMT
also induce CSCs (36). Although a new study suggested that
EMT may not be required for metastasis but contributes to
chemoresistance (37), the contribution of CSCs and the
EMT metastasis and development theory are still widely
accepted, and worth further investigation. CD133, CD44,
Snail, E‑cadherin and β‑catenin as surface markers reflecting
the EMT status and the level of CSCs have been considered
reliable indicators (18,20‑24). The present study compared the
expression levels of these related markers in matched primary
and metastatic tumors, and investigated the prognostic values
of these EMT and CSC‑related biomarkers.
The comparison between primary cancer and matched
metastases has always been of great interest to researchers
and produced conflicting findings (14). Previous studies have
demonstrated high similarities in cytological features (38,39),
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Figure 3. Prognostic factors of clinical outcomes following liver metastasectomy. (A) The maximum diameter of liver metastases and (B) low Snail expression in
metastases were associated with OS time. (C) N0 stage and (D) CEA expression were associated with PFS time. OS, overall survival; PFS, progression‑free survival.

gene mutation or profile (17,40,41) and protein expres�
sion (16,25), suggesting that matched tumors have a common
origin and the key biological features of primary tumors
are maintained in metastases. These findings are crucial
in origin identification of metastases and the choice of
suitable treatments, given that it relies on their primary
tumors. Conversely, novel traits of metastases have been
reported (15,27) that owing to the different secondary site
microenvironment, changes for adaptation are required for
tumor survival. In the present study, no significant differences
in the expression levels of CD133, CD44, Snail, E‑cadherin,
β‑cateninand Ki‑67 were observed between primary tumors
and metastatic lesions, which is consistent with most of the
literature (16,17,25,38‑41). However, previous studies have
rarely calculated the consistency rates. Kishikawa et al (25)
reported a high degree of consistency rate of CD133 (88.6%)
in primary and metastatic lesions, while a consistency rate
of only 51.8% was demonstrated in the present study. This
difference may be due to the different characteristics of
metastases.
Another area of interest is the association between the
clinicopathological characteristics of patients with CRC and

the metastasis‑related markers. In the present study, high
CD133 expression in the liver metastases was associated with
age and positive lymph nodes, which is similar to the previous
study on CD133 expression in primary tumors (42). Given
that CD133 is a stem cell marker, this suggests that older
patients or patients with lymph node metastases may have
greater stem cell activity in the metastases, resulting in further
deterioration. Snail promotes EMT by inhibiting E‑cadherin
expression involved in the transformation of epithelial cells
to mesenchymal cells and its expression in primary canceris
associated with invasive and metastatic abilities (22). Even in
liver metastases, the present study demonstrated that snail
expression exhibited an association between metastases and a
low degree of differentiation.
The association between EMT or CSC‑related biomarkers
was investigated in patients with resectable liver metastases.
Over the past 20 years, there have been more than 10types
of CRC liver metastases prognosis risk clinical score
systems (7,8). such as the Nordlinger score (9) and MSKCC
score (10). In addition, some biomarkers, such as KRAS and
BRAF gene mutations (43), have been reported as potential
factors of postoperative prognosis. The present study analyzed
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Table II. Expression levels of target proteins between primary tumors and matched metastases.
P=M,
P<M,
P>M,
Target protein	n (%)	n (%)	n (%)	
Ki‑67
CD133
CD44
Snail	
E‑cadherin	
β‑catenina

32 (57.1)	
29 (51.8)	
44 (78.6)	
31 (55.4)	
36 (64.3)	
36 (64.3)	

10 (17.9)	
10 (17.9)	
6 (10.7)	
10 (17.9)	
10 (17.9)	
10 (17.9)	

McNemar's test	
P‑value	

Rank‑sum test
P‑value

0.541
0.248
1.000
0.424
1.000
1.000

0.414
0.178
1.000
0.317
1.000
1.000

14 (25.0)	
17 (30.4)	
6 (10.7)	
15 (26.8)	
10 (17.9)	
10 (17.9)	

P=M, expression of target protein is similar in P and matched M; P<M, low expression in P and high expression in matched M; P>M, high
expression in P and low expression in matched M; aβ‑catenin was assessed as normal or abnormal expression, thus P<M here means normal
expression in P and abnormal expression in matched M.P, primary tumor; M, metastases.

Table III. Multivariate analysis of independent prognostic fac�
tors for overall survival following resection of colorectal liver
metastases.
Variables	
Maximum diameter of
liver metastases, cm
≥5 vs. <5
Snail expression
in metastases
High vs. low

HR

95% CI

P‑value

3.447

1.154‑10.041

0.019

3.405

1.225‑9.697

0.026

HR, hazard ratio; CI, confidence interval.

both the crucial clinical indicators and the expression levels of
Ki‑67, CD133, CD44, Snail, E‑cadherin and β‑catenin in both
primary and metastatic tumors. The results demonstrated that
the maximum diameter of liver metastases and Snail expres�
sion in liver metastases were independent prognostic factors
for OS following resection of colorectal liver metastases. In
addition, early N stage and low CEA expression were associ�
ated with longer PFS times. These positive clinical indicators
were consistent with previous prognosis score systems (7‑10).
However, further studies are required to determine the effect
of Snail expression in metastases.
The present study is not without limitations. First, only
a small sample size was used and limited follow‑up were
available for primary tumor and liver metastases tissues. In
addition, immunohistochemistry analysis (a highly subjective
assay) was used to quantify and identify biomarkers. Thus,
further studies are required to validate the results presented
here.
In conclusion, the results of the present study demon�
strated no significant differences in Ki‑67, CD133, CD44,
Snail, E‑cadherin and β‑catenin expression levels between the
primary tumor and liver metastases samples. Furthermore,
Snail expression may be used as an independent prognostic
factor for OS following resection of colorectal liver metastases.
Taken together, these results provide a baseline for under�
standing the consistency and differences between primary and

metastatic tumors, as well as the prognostic value of markers
in metastases.
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