
Abstract. Evaluation of the relationship between clinico-
pathological and immunohistochemical risk factors for liver
metastasis, including CD10 expression, is meaningful in
colorectal carcinoma (CRC). The purpose of the present
study was to clarify what kind of risk factors are significant
and independent factors for the development of liver
metastasis in CRC. Sixty cases of advanced CRC with
synchronous liver metastasis and sixty cases of advanced
CRC without liver metastasis at least 5 years after resection
of the primary CRC were randomly selected. We analysed
the clinicopathological factors and the expression of four
biological factors, CD44, transforming growth factor alpha
(TGF-·), vascular endothelial growth factor (VEGF) and
CD10, by immunohistochemistry. Univariate analysis revealed
that the incidence of vascular invasion, the incidence of
lymph node metastasis and the expression of CD44, TGF-·,
VEGF and CD10 were all significantly higher in the cases of
CRC with liver metastasis than in cases of non-metastatic
CRC. Logistic regression analysis showed that lymph node
metastasis, the expression of CD10 and the expression of
VEGF were significant factors and independent of the other
variables. If all three markers are positive, the probability of
liver metastasis becomes 92.7%. In this study, lymph node

metastasis, CD10 and VEGF were all found to be significant
risk factors for the development of liver metastasis in the
cases of CRC. These risk factors according to multivariate
analysis are candidate markers for predicting the development
of liver metastasis.

Introduction

Colorectal carcinoma (CRC) is one of the major causes of
cancer death worldwide (1,2). Liver metastasis is the most
critical prognostic factor for CRC, although several studies
have revealed the benefits of surgical removal of metastasis
from patients with CRC (3-5). Therefore, the early detection
of liver metastasis is important for improving patient
survival. For the prediction of liver metastasis in CRC, it is
important to investigate the risk factors involved in the
development of liver metastasis. Histopathologically, the
presence of venous invasion (13,15), a deeper level of
invasion, less differentiation of the carcinoma and the
presence of lymph node metastasis (3,25) have all been
reported to be risk factors. Immunohistochemically, the
biological factors related to liver metastasis have been
identified as TGF-· (6,7), VEGF (6,8) and CD44 (11,12,36).

Through recent advances in mucin histochemistry and
immunohistochemistry, it has become clear that gastro-
intestinal adenocarcinoma can be classified according to
phenotypic expression (17-19). Some authors have also
reported that phenotypic expression is related to the tumor
growth pattern and aggressiveness (19,20,22). In colorectal
adenocarcinoma, a correlation between CD10 expression and
a high incidence of liver metastasis has been reported (22).

An investigation into the relationship between clinico-
pathological and immunohistochemical risk factors including
CD10 expression is essential. The purpose of the present
study was to clarify what kind of risk factors are significant
and independent factors for the development of liver metastasis
in CRC.
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Materials and methods

Sixty cases of advanced colorectal adenocarcinoma with
synchronous liver metastasis were randomly selected for this
study from the surgical files of the Department of Anatomic
Pathology, Graduate School of Medical Sciences, Kyushu
University, Fukuoka, Japan. The cases had been collected
from its affiliated hospitals. For the control cases, sixty cases
of CRC without liver metastasis at least 5 years after
resection of the primary CRC were randomly selected. In the
control cases, patients had been followed-up by a CT scan or
an ultrasonography twice or more in a year. All the cases
were T3 stage or more. The histological classification was
based on the Japanese Classification of Colorectal Carcinoma
(16).

Paraffin-embedded blocks from all the cases were
available for immunohistochemistry. One representative
section of each primary lesion, including the deepest level of
tumor penetration, was processed for immunohistochemical
staining using antibodies against CD10 (56C6, Novocastra;
diluted 1:100), TGF-· (213-4.4, Oncogene Research Products;
diluted 1:200), VEGF (A20, Santa Cruz Biotechnology;
diluted 1:100) and CD44v6 (VFF-18, Chemicon; diluted
1:500). Sections of 4 μm were cut, deparaffinised in xylene,
and dehydrated in a descending dilution of ethanol.
Endogenous peroxidase activity was blocked by 30 min of
incubation with 0.3% hydrogen peroxidase in absolute
methanol. For antigen retrieval, slides for CD10, TGF-·,
VEGF and CD44 immunostains were treated by microwave

heating in citrate buffer (10 mmol/l, pH 6.0) for 30 min.
Background staining was minimized by incubation with 1%
normal goat or rabbit serum for 10 min. Sections were
incubated with a primary antibody overnight at 4˚C followed
by testing with a streptavidin-biotin-peroxidase kit (Nichirei,
Japan). Diaminobenzidine tetrahydrochloride was used as the
chromogen. Finally, sections were counterstained with Mayer's
hematoxylin.

The results of staining were categorized as positive when
≥10% of the carcinoma cells were stained and negative when
<10% of the carcinoma cells were stained. Each slide was
observed independently by the two investigators, neither of
whom had any knowledge of the clinicopathological features.
The comparison between the CRCs with liver metastasis and
the control CRCs was performed by univariate and
multivariate analysis. For univariate analysis, we performed
the t-test (age and size), Fisher's exact test (histological type)
and the Chi-square test (other factors). Multivariate analysis
was performed using stepwise logistic regression analysis. A
probability value <0.05 was considered statistically
significant. The statistical analysis was carried out using the
SAS software package (version 8.2).

Results

Clinicopathological features of CRCs with liver metastasis
and control CRCs. The clinicopathological features of the
CRCs with liver metastasis and the control CRCs are
summarized in Table I. There was no significant difference in
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Table I. Comparison of clinicopathological features between the CRCs with liver metastasis and the control CRCs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CRCs with liver metastasis Control CRCs P-value
(n=60) (n=60)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years) 64.9±9.3 64.0±9.5 NS

Sex (male:female) 37:23 36:24 NS

Size (mm) 54.9±20.3 49.2±19.2 NS

Location (right:left) 16:44 18:42 NS

Histological type NS
Well 25 37
Mod 32 22
Poor+muc 3 1

Lymphatic permeation NS
Positive 34 29
Negative 26 31

Venous invasion 0.041
Positive 41 29
Negative 19 31

Lymph node metastasis <0.0001
Positive 44 21
Negative 16 39

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NS, not statistically significant; well, well differentiated; mod, moderately differentiated; poor, poorly differentiated; muc, mucinous; CRCs,
colorectal carcinomas.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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age, sex, size or location between these tumors. Histologically,
CRCs with liver metastasis tended to be less differentiated

than the control CRCs, but this difference was not
significant. The incidence of lymphatic permeation did not
differ between them, but the incidence of venous invasion in
the CRCs with liver metastasis (41/60, 68.3%) was
significantly higher than that in the control CRCs (29/60,
48.3%). Lymph node metastasis in the CRCs with liver
metastasis (44/60, 73.3%) was also significantly higher than
that in the control CRCs (21/60, 35%).

Expression of immunohistological factors in primary tumors
of cases of CRC with liver metastasis and cases of control
CRC. In the positive cases, TGF-· and VEGF ware stained
within the cytoplasm (Fig. 1A and C). CD44 demonstrated a
membranous staining pattern (Fig. 1B), while CD10 was
stained along the luminal surface of the glands (Fig. 1D).

Table II summarizes the expression of immunohisto-
chemical factors in the primary tumors. The incidence of CD
10, TGF-·, VEGF and CD44 expression in the CRCs with
liver metastasis was 61.6% (37/60), 46.6% (28/60), 91.6%
(55/60) and 53.3% (32/60), respectively. In the control
CRCs, the incidence of CD 10, TGF-·, VEGF and CD44
expression was 25% (15/60), 26.6% (16/60), 73.3% (44/60)
and 33.3% (20/60), respectively. Chi-square analysis
revealed that the expression of CD 10, TGF-·, VEGF and
CD44 was significantly greater in the CRCs with liver
metastasis (p=0.0001, p=0.037, p=0.016, p=0.042, respectively)
than in the CRCs without liver metastasis.
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Figure 1. Positive immunohistochemical staining of TGF-·, CD44, VEGF and CD10 in colorectal adenocarcinoma. (A) TGF-· is expressed within the
cytoplasm of the carcinoma. (B) CD44 is expressed on the cell membrane of the carcinoma. (C) VEGF is expressed within the cytoplasm of the carcinoma.
(D) CD10 is expressed along the luminal surface of the glands. Original magnification, x200.
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Table II. Expression of immunohistological factors in the
primary tumors of CRCs with liver metastasis and the control
CRCs.
–––––––––––––––––––––––––––––––––––––––––––––––––

CRCs with Control CRCs P-value
liver metastasis

(n=60) (n=60)
–––––––––––––––––––––––––––––––––––––––––––––––––
CD10 0.0001

Positive 37 15
Negative 23 45

TGF-· 0.037
Positive 28 16
Negative 32 44

VEGF 0.016
Positive 55 44
Negative 5 16

CD44 0.042
Positive 32 20
Negative 28 40

–––––––––––––––––––––––––––––––––––––––––––––––––
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Multivariate analysis of clinicopathological and immuno-
histochemical factors. Table III shows a stepwise logistic
regression analysis of the clinicopathological and immuno-
histochemical factors. The incidence of lymph node metastasis
and the expression of CD10 and VEGF were significantly
greater in the CRCs with liver metastasis than in the CRCs
without, and these risk factors were independent of the other
variables. The odds ratio of lymph node metastasis, the
expression of CD10 and the expression of VEGF was 9.22,
7.76 and 10.41, respectively.

The predicted probability of liver metastasis and possible
combinations of lymph node metastasis, expression of CD10
and expression of VEGF by logistic model. Table IV presents
the possible combinations of independent risk factors and
the predicted probability of liver metastasis. In the cases of
CD10 with lymph node metastasis or the cases of CD10

with VEGF positivity, the probability is 79.7% and 80.7%,
respectively. With the combination of all three factors being
positive, the probability of liver metastasis becomes 92.7%.

Discussion

Based on clinicopathology, previous reports have revealed
that the risk factors of liver metastasis include the presence
of venous invasion (13,15), a deeper level of invasion, less
differentiation of the carcinoma and the presence of lymph
node metastasis (3,25). In the present series, univariate
analysis showed that the incidence of venous invasion and
lymph node metastasis was significantly higher in the CRCs
with liver metastasis than in the control CRCs, however,
when multivariate analysis was used, only lymph node
metastasis showed such a significance.

In this study, we evaluated the expression of four
biological factors, CD44v6, TGF-·, VEGF and CD10, that
are related to liver metastasis. CD44 is a transmembranous
glycoprotein involved in cell-cell and cell-matrix interactions.
This molecule is a cell surface receptor for hyaluronic acid, and
it is involved in cell adhesion and migration (30). The CD44
gene has been mapped to the short arm of chromosome 11.
Alternative splicing of this gene, occurring between exon 5
and 16, gives rise to the CD44 isoform, including CD44v6
(12,30). In humans, the correlation between CD44v6
expression and a high rate of liver metastasis has been
reported in CRCs (11,12,36).

TGF-· is an autocrine growth factor that plays a role in
development and proliferation in normal cells and tissues. It
also contributes to cancer progression and metastatic behavior
(31). In vitro experiments with human colonic cancer cells
revealed that the up-regulation of TGF-· expression in these
cells is associated with a progression in tumorigenic properties
(32). Immunohistochemically, the overexpression of TGF-·

in primary CRCs is associated with the frequency of lymph
node metastasis and liver metastasis (6,33).

Angiogenesis in colorectal cancer is a key step in tumor
growth, invasion and metastasis. Brown et al first reported
that malignant epithelial cells strongly expressed VEGF mRNA
in contrast to normal epithelium by in situ hybridization, and
that the tumor cells were strongly stained for the VEGF
antibody by immunohistochemistry (10). VEGF is a specific
mitogen for vascular endothelial cells and it plays an
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Table III. Stepwise logistic regression analysis of the clinico-
pathological and immunohistochemical factors.
–––––––––––––––––––––––––––––––––––––––––––––––––

Odds 95% confidence P-value
ratio intervals

–––––––––––––––––––––––––––––––––––––––––––––––––

Lymph node metastasis 9.22 3.39-25.08 <0.0001

CD10 7.76 2.87-20.92 <0.0001

VEGF 10.41 2.55-42.43 0.0011

Age NS

Sex NS

Size NS

Location NS

Histological type NS

Ly NS

V NS

TGF-· NS

CD44 NS
–––––––––––––––––––––––––––––––––––––––––––––––––
Ly, lymphatic permeation; V, venous invasion; NS, not statistically
significant.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. The predicted probability of liver metastasis according to the possible combinations of lymph node metastasis,
expression of CD10 and VEGF by logistic model.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Possible combination
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Variables 1 2 3 4 5 6 7 8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Lymph node metastasis - + - - + + - +
CD10 - - - + - + + +
VEGF - - + - + - + +
No. of patients 6 6 27 2 29 7 20 23
Predicted probability 
of liver metastasis (%) 14.3 33.6 35.0 56.4 62.1 79.7 80.7 92.7
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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important role in tumor angiogenesis (14). The expression of
VEGF has been found to be correlated with liver metastasis
and prognosis (6,8,9).

CD10 was originally used as a marker for the common
acute lymphoblastic leukemia antigen (CALLA), but it was
found to react with the brush border of the small intestine, as
well as with the germinal centers of lymphoid follicles and
with the microvilli of the kidney (21,23). It has become clear
that gastrointestinal adenocarcinoma can be classified
according to phenotypic expression (17-19) and some authors
have also reported that phenotypic expression is related to the
tumor growth pattern and aggressiveness (19,20,22). CD10 is
used as a marker for the brush border, and the expression of
CD10 in CRCs suggests a tendency for small intestinal
enterocytes to undergo differentiation. In colorectal adeno-
carcinoma, a correlation between CD10 expression in
primary CRC and a high incidence of liver metastasis has been
reported (22). An ultrastructural study revealed that microvilli
are generated on the luminal surface of metastatic liver
adenocarcinomas in CRCs (27). When comparing CD10
expression between the primary and metastatic tumors, it
was noted that the CD10 expression in metastatic cancers
tended to be similar to that seen in the matched primary
CRCs (22).

CD10 is a member of a family of membrane-associated
peptidases and it is also known to be a neutral endopeptidase.
This enzyme hydrolyzes a variety of peptides by cleaving
peptides on the NH2 terminal side of hydrophobic amino
acids. A number of physiologically active peptides including
neurotensin, bombesin-like peptides, angiotensin, formyl
Met-Leu-Phe (fMLP), endothelin, substance P and bradykinin
are hydrolyzed by CD10 which limits their activity (28,29).
Previously published reports have indicated that some of
these peptides, such as bombesin-like peptides and neuro-
tensin, stimulate the proliferation and progression of CRC
(34,35). In carcinomas of the lung and the ovary, CD10 inhibits
the proliferation of carcinoma by hydrolysis of these peptides
(24,26). It is uncertain whether or not CD10 participates in
the development of liver metastasis. Many enzymes such as
alkaline phosphatase and CD10 are expressed at the brush
border of the small intestine, and accordingly it may be that
CD10 only exists at the brush border and does not affect the
development of liver metastasis. CRCs which have a tendency
to differentiate to small intestinal enterocytes, are related to
liver metastasis, however, the mechanism behind the
metastasis is not yet known.

Lymph node metastasis, the expression of CD10 and the
expression of VEGF were significantly greater in the cases of
CRC with liver metastasis than in the cases of CRC without,
and these risk factors were independent of the other variables
according to stepwise logistic regression analysis. In positive
combinations of CD10 plus lymph node metastasis or CD10
plus VEGF, the predicted probability of liver metastasis
according to the logistic regression model is 79.7% and 80.7%,
respectively. In the cases where all three factors are positive,
the probability becomes 92.7%. Although the mechanism of
liver metastasis in the cases of CD10-positive CRC remains
unknown, CD10 is a significant marker for liver metastasis in
CRC.

In this study, lymph node metastasis, CD10 and VEGF
were all significant risk factors for liver metastasis in CRC

and these risk factors were independent of the other variables.
These risk factors are candidate markers for the prediction of
the development of liver metastasis after resection of a
primary CRC.
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