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Clinicopathological significance of the gene expression
of matrix metalloproteinase-7 , insulin-like growth factor-1,
insulin-like growth factor-2 and insulin-like growth factor-1
receptor in patients with colorectal cancer: Insulin-like
growth factor-1 receptor gene expression is a useful
predictor of liver metastasis from colorectal cancer
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Abstract. Mutrix metalloproteinase-7 (MMP-7), secreted by
cancer cells, has been implicated classically in the basement
membrane destruction associated with tumor cell invasion
and metastusis. Epidemiological studies have established a
correlition between high levels of circulating insulin-like
arowth lactor-1 (1GF-1) and the relative risk of colorectal
caneer, which s known to produce MMP-7. We examined the
clinigopathological significance of the relative expression of
MMP-71GE- L IGE-2 and IGF-1 receptor genes in patients
with coloreetal cancer, especially with regard to metustasis
We studied surgical specimens of cancer tissue and adjacemt
normal mucosa obtained from 205 patients with untreated
colorectil carcinoma. MMP-7 1GF-1 . 1GF-2, IGF-IR and B-
actin mRNA i cancer tissue and adjacent normal mucosa
were measured by quantitative real-time reverse-trans
criptase polymerase chain reaction. MMP-7 and 1GF-IR gene
expression levels were higher in cancer tissue than in adjcent
normal mucosi In contrast, [GF-1 gene expression was lower
i cancer tissue than in adjacent normal mucosa. As for the
relationship of gene expression to chmcopathological factors
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IGF-1R expression correlated with venous invasion and liver
metastasis. JGF-IR gene expression is thus considered
uselul predictor of liver metastasis from colorectal cancer,

Introduction

Colorectal cancer, one o the most prevalent cancers worldwide
(11, 15 the second leading cause of cancer-related mortality m
developed countries (2). Tumor cell invasion and metastasis
involve multiple steps, including proteolytic degradation ot
the basement membrane (BM) and extracellular matnix (ECM).
altered cell adhesion and the physical movement of tumor
cells. Among the many steps of tumor invasion and metastasis.
the excessive degradation of matrix is one of the hallmarks (3).

Matrix metalloproteinases (MMPs) are a key family of
proteolytic enzymes involved in extracetlular matrix
degradation. In colorectal cancer, several MMPs have been
found to be associated with wmor stage. outcomes, or both (4).
MMP-7 is 1 member of the MMP family and. when activated.
displays broad proteolytic activily aganst a variety ol
extracellular matrix substrates, including collagens.
proteoglycans, elastin, laminin, fibronecun and casein (5-7)
Unlike MMPs. which are synthesized by stromal cells, MMP-7
is produced exclusively by cancer cells. Miyamoto ef af (8)
reported thut MMP-7, produced by cancer cells, regulates the
bioavailability of insulin-like growth factors (1GFs) in the
surrounding tissue

IGFs have been studied extensively (or possible roles in
cancer growth (9-12). They are expressed ubiquitously and
act as endocrine, paracrine and autocrine growth factors,
Insulin-like growth factor-1 (IGF-1) is associated with an
increased risk of cancer (13), Functionally, IGF-1 not only
stimulates cell proliferation, but also inhibits apoptosis. The
combination of these mitogenic and antiapoptotic effects is
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now recognized to have a profound impact on tumor growth
(14). Previous studies have reported that IGF-2 is related to
tumor progression and patient survival and that it has been
suggested that IGF-2 acts as an autocrine growth factor in
colorectal carcinoma (15). Insulin-like growth factor-1
receptor (IGF-1R) is the receptor of IGF-1 and IGF-2. IGF-1R
overexpression promotes tumor growth, progression, invasion
and metastasis ( 16).

In this study, we examined the clinicopathological
significance of the relative expression of the MMP-7, IGF-1,
IGF-2 and IGF-1 receptor genes in patients with colorectal
cancer, especially with regard to metastasis.

Materials and methods

Patients and samples. We swdied surgical specimens of cancer
tissue and adjacent normal mucosa obtained from 205 patients
with untreated colorectal carcinoma. The patients underwent
surgery at the Yokohama City Medical Center, Gastroentero-
logical Center and Kanagawa Cancer Center from 2002
through to 2006. Informed consent was obtained from each
patient and the Yokohama City Medical Center Committee
and Kanagawa Cancer Center Committee approved the
study. Each tissue sample was embedded in an O.C.T.
compound (Sakura Finetechnical Co., Ltd., Tokyo) and
stored at -80°C immediately before use. No patient had any
other malignancy. After examining the histopathological
features of specimens stained with hematoxylin and eosin,
sections consisting of >80% of carcinoma cells were used to
prepare total RNA,

Quantitative real-time reverse-transcriptase polymerase chain
reaction (PCR). Total RNA from colorectal cancer tissue and
adjacent normal mucosa was prepared with the use of Trizol
(Gibco, Life Tech, Gaithersburg, MD). cDNA was synthesized
from 2 ug of total RNA with the use of an iScript ¢cDNA
synthesis kit (Bio-Rad Laboratories. Hercules. CA). After
synthesis. the ¢DNA was diluted at 1:4 with water and stored
at -20°C until use. Quantitative real-time PCR was performed
with iQ SYBR-Green supermix (Bio-Rad Laboratories). PCR
reactions were carried out in a total volume of 15 ul.
containing ¢DNA derived from 75 ng of RNA, 027 uM of
cach primer, 7.5 ul of iQ SYBR-Green supermix containing
dATP, dCTP, dGTP and dTTP at concentrations of 400 uM
cach and 50 U/ml of iTag DNA polymerase. The PCR
consisted of 10 min at 94°C followed by 50 cycles of
denaturation of the ¢cDNA for 30 sec at 94°C. annealing for
30 sec at an appropriate temperature according to Table T and
a primer extension for 1 min at 72°C, followed by 10 min at
72°C. The PCR primer sequences of MMP-7. 1GF-1, IGF-2,
IGF-1R and B-actin, used s an internal control, are shown in
Table 1.

Statistical analysis. Associations of the gene expression levels
of colorectal cancer with those of adjacent normal mucosa
were evaluated by the Wilcoxon test. The relationship of gene
expression levels to potential explanatory variables, including
age, gender, tumor size, histological type, depth of invasion,
lymph node metastasis, tumor location. lymphatic invasion,
venous invasion and liver metastasis. were assessed with the

OSHIMA er al: LIVER METASTASIS FROM COLORECTAL CANCER

¥’ test. Associations among variables were evaluated with the
Mann-Whitney U test. Correlation coefficients between
different variables were determined by a simple regression
analysis. Statistical analyses were performed using Statview J
5.0 software (Abacus, CA). Two-sided P-values were
calculated and P-values of <0.05 were considered to indicate
a statistical significance.

Results

Comparison of MMP-7, IGF-], IGF-2 and IGF-IR mRNA
expression between colorectal cancer tissue and adjacent
normal mucosa. MMP-7 and IGF-1R gene expression levels
were higher in cancer tissue than in adjacent normal
mucosa (P<0.001, P<0.001; Fig. 1A and D). In contrast,
IGF-1 gene expression was lower in cancer tissue than in
adjacent normal mucosa (P<0.001; Fig. 1B). There was no
significant difference between /GF-2 gene expression in
cancer tissue and that in adjacent normal mucosa (P=0.546;
Fig. 1C).

Relationship of clinicopathological features to MMP-7, IGF-1,
IGF-2 and IGF-1R gene expression levels. After categorizing
the expression levels of MMP-7, IGF-1, IGF-2 and IGF-1R
genes as low or high according to their respective median
values, we examined the relationship between the expression
levels of each gene and clinicopathological features. MMP-7,
IGF-1, IGF-2 and IGF-IR gene expression levels were
unrelated to age, tumor size, histological type, lymph node
metastasis, tumor location and lymphatic invasion. IGF-IR
gene expression levels were significantly related to venous
invasion (P=0.027). IGF-IR gene expression was significantly
related to liver metastasis (P=0.033) (Table II).

Comparison of MMP-7, IGF-1, IGF-2 and IGF-IR gene
expression levels berween the presence and absence of venous
invasion. IGF- IR gene expression levels differed significantly
between the presence and absence of venous invasion
(P=0 048) (Fig. 2).

Correlation among MMP-7, IGF-1, IGF-2 and IGF-1R
expression. The results of the correlation analysis are shown
in Fig. 3. No significant correlations were ohserved among
the expression of these genes.

Discussion

Unlike other MMPs, which are produced by stromal cells,
MMP-7 is produced by cancer cells and is implicated in the
basement membrane destruction associated with cancer cell
invasion and metastasis (17). IGF-1, IGF-2 and their receptor
IGF-1R, participate in the development and progression of
cancer (18-20). Previous studies have reported that MMP-7
produced by cancer cells regulates the bioavailability of IGFs
in surrounding tissue (8).

In the present study, we examined MMP-7, IGF-1, IGF-2
and IGF-1R mRNA expression in colorectal cancer tissue and
adjacent normal mucosa. We studied the relationship of these
gene expression levels to clinicopathological features, as well
as correlations among the expression of these genes.
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Table 1. PCR primers and conditions.

Gene Primer Temperature (*C) Product size (bp)

MMP-7 5-CACTGTTCCTCCACTCCATTTAG-3 62.6 151
5-CATTTATTGACATCTACCCACTGC-3'

IGF-1 5-GTGGATGAGTGCTGCTTC-3' 58 134
S-ACTTCCTTCTGGGTCTTGG-3

IGF-2 5-TACCGCCATCTCCCTTCTC-3' 60 122
5-TCCCTCTGACTGCTCTGTG-3

IGF-IR 5 “TGCCTTGGTCTCCTTGTC-3 58 154
5-TTTCCCTGCTTTGATGGTC-3'

fi-actin 5-AGTTGCGTTACACCCTTTCTTGAC-¥ 60 171

5-GCTCGCTCCAACCGACTGC-3
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Figure | Comparisan of MMP-7 (GF-1, 1GF-2 and 1GF- IR mRNA expression levels between colorectal cancer tissue and adjacent normal mucosa. MMP-7
and GF-1 gene expression levels were higher in cancer tissue than in adjacent normal mucosa (P<0,001, P<0.001), In contrast, /GF-1 gene expression levels
were lower in cancer bissue than in adjacent normal mucosa (P<0.001), /GF-2 gene expression did not differ significantly between cancer tissue and adjacem

normal mucosa

Several previous studies have compared MMP-7, IGF-1.,
IGF-2 and 1GF-IR mRNA expression levels between
colorectal cancer tissue and adjacent normal mucosa.
Mivata ¢t ¢f (17) reported that the expression of MMP-7 in
tumor cells was significantly higher than that in normal cells.
Freier er al (21) found that IGF-1R gene expression was
higher in colorectal cancer than in adjacent normal mucosa
Nosho et af (22) showed that IGF-IR mRNA expression was
detected =40% of colorectal tissues, though was undetectable
in adjacent nontumor tissue. [GF-1 gene expression in
colorectal cancer was reported to be higher than that in
adjacent normal mucosa (21). Li er al (23) reported that the
expression level of the IGF-2 gene was significantly increased

in colorectal cancer as compared with that in adjacent normal
mucosa. In our study, MMP-7 and [GF-IR gene expression
levels were higher in cancer tissue than in adjacent normal
mucosa. Conversely, /GF-/ gene expression was lower in
cancer tissue than in adjacent normal mucosa. /GF-2 gene
expression did not differ significantly between cancer tissuc
and adjacent normal mucosa,

In a study of the relationship of clinicopathological features
10 gene expression levels, Nosho er al (22) found that MMP-7
gene expression correlates with tumor size, location and
histopathology in early colorectal carcinoma. Miyata et al (17)
reported that MMP-7 expression in cancer cells correlates with
an advanced pathological tumor stage. In our study, MMP-7
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goene expression levels significantly correlated with gender. As
for [ Peters er af (24) showed that [GF-1 gene expression
does not correlate with any climicopathological characteristic.
Nosho or af (22) reported that /GF-2 gene expression

Relanve IGF- | expression
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Langelations wimong geae expression levely of MMP-Z1GF- 1. IGF-2 and IGF-IR w colorectal cancers, No significant correlations were observed

correlates with age and tlumor size, whereas IGF-IR gene
cxpression does not correlate with any clinicopathological
characteristic in patients with early colorectal carcinoma,
Mita e al (25) reported that JGF-1R gene expression does not
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correlate with any clinicopathological characteristic in prostate
cancer. However, Furukawa er al (26) reported that increased
postoperative tumor growth and the presence of liver
metastasis were associated with significantly higher IGF-1R
mRNA expression in gastrinomas. Our study found no
significant correlation between IGF-1 or IGF-2 gene
expression and any clinicopathological characteristic, whereas
IGF-IR gene expression was significantly related to venous
invasion and liver metastasis.

In a study examining interrelations among MMP-7, IGF-1,
IGF-2 and IGF-1R, Miyamoto er al (8) showed that MMP-7
regulates IGF-1. Furukawa er al (26) reported a significant
correlation (r=0.66, P<0.0001) between the expression levels
of the IGF-1 and IGF-IR genes. In our study, there were no
significant correlations among these genes.

In conclusion, our study showed that /GF-IR gene
expression levels were higher in adjacent normal mucosa than
in cancer tissue and were significantly related to venous
invasion and liver metastasis. /GF-1R gene expression is thus
considered a useful predictor of liver metastasis from
colorectal cancer.
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Overexpression of EphA4 gene and reduced expression of EphB2
gene correlates with liver metastasis in colorectal cancer
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Abstract. The Eph receptors, members of a large family of
transmembrane receptor tyrosine kinases, play important
roles in a variety of biological functions. Recent studies have
suggested that EphA4 and EphB2 participate in the growth and
development of various carcinomas. This study examined the
relationship of EphiA4 and EphB2 gene expression to clinico-
pathological Tactors, especially metastasis, in patients with
colorectal cancer. We studied surgical specimens of cancer
tissue and adjacent normal mucosa obtained from 205 patients
with untreated colorectal cancer. The relative expression levels
of EphA4 and Ephfi2 mRNA in the specimens were measured
by quantitative real-time, reverse-transcription polymerase
chain reaction, The relative expression level of EphA4 mRNA
was higher in the presence than in the absence of liver
metastasis, whereas the relative expression levels of EphB2
mRNA were similar. Analysis of the relationship between
climcopathological features and gene expression showed that
high expression of the EphA4 gene and low expression of the
EphB2 gene correlated with liver metastasis, There was no
correlation between EphA4 and EphB2 gene expression. Our
results suggest that overexpression of the EphA4 gene and
reduced expression of the EphB2 gene might promote liver
metastasis in colorectal cancer. Overexpression of the EphAd
gene and reduced expression of the EphB2 gene may thus be
o usetul predictor of liver metastasis in patients with colorectal
canver
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Introduction

The Eph receptor family constitutes one of the largest groups
of transmembrane receptor tyrosine Kinases (1). They are
activated by a second family of cell surface-anchored ligands,
the ephrins, which are attached to the plasma membrane via
cither a glvcosylphosphatidylinositol (GPI) linkage (type A) or
a transmembrane sequence (type B). The Eph receptors are
also divided mnto type A or type B according to their ligand-
binding specificities. In general, type A receptors bind type A
ephrin ligands, and type B ephrin ligands stimulate type B
receptors. One molecule that shows an exception to this rule is
EphA4, which can bind and respond to type B as well as
type A ephrin ligands (2). These Eph receptors and their
ligands have been implicated in a varicty of biological
functions, including axon guidance and migration of neural
crest cells in the nervous system, establishment of segmental
boundaries. and formation of angiogenic capillary plexi (3-7),
Among Eph receptor family members. EphA4 and EphB2 are
frequently overexpressed or functionally altered in many
types of cancers, suggesting a role in tumor progression or
angiogenesis (8-14).

In this study, we measured expression levels of the EphA4
and EphB2 genes in 205 pairs of cancer tissue and adjacent
normal mucosa obtained from patients with colorectal cancer.
To evaluate the clinical significance of EphA4 and EphB2, we
examined correlations between the relative expression of these
genes and clinicopathological features.

Materials and methods

Patients and samples. We studied surgical specimens of cancer
tissue and adjacent normal mucosa obtained from 205 patients
with untreated colorectal cancer. The patients underwent
surgery at Yokohama City Medical Center, Gastroenterological
Center and at Kanagawa Cancer Center between 2002 and
2006. Informed consent was obtained from each patient and
the ethics committees of Yokohama City Medical Center and
Kanagawa Cancer Center approved the protocol before
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Table 1. PCR primers and conditions.
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Gene Primer Temperature ("C) Product size (bp)

EphA4 5-AGTCCTTCTGGTCTCTGTCTC-3 60 116
S-CTTCATCCGCTTCTTGTTTGG-3'

EphB2 S-GCTTTCTGCTTACTGACTTAGG-Y 60 105
SYGGTGGGAGGAGGGAAGAG-3

B-actin “AGTTGCGTTACACCCTTTCTTGAC-3 60 i71

L

-GCTCGCTCCAACCGACTGC-3

>

EphA4

12 o]
g
3™ =20}
E Y P=0.710 '
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i e |
PR o i
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Figure 1. Companson of EphAd and EphB2 mRNA expression levels between colorectal cancer tussue and adjacent normal mucosa. P-values were calculued
by the Wilcoxon test. Ephfi2 gene expression levels were higher in adjacent normal mucosa than in cancer (P<0.001). EphA4 gene expression levels did not

differ significantly between cancer and adjacent normil mucosy

initiation of the study. All tissue samples were embedded in
O.C.T. compound (Sakura Finetechnical Co., Ltd., Tokyo) and
immediately stored at -80°C uniil use. No patient had any other
malignancies. The histopathological features of specimens
stained with hematoxylin and cosin were examined and
sections that consisted of >80% cancer cells were used to
prepare total RNA.

Quantitative real-time, reverse-transcription polymerase
chain reaction (PCR). Total RNA isolated from colorectal
cancer and adjacent normal mucosa was prepared with the
use of Trizol (Gibco. Life Tech, Gaithersburg, MD).
Complemetary DNA (¢cDNA) was synthesized from 2 ug of
total RNA with an iScript cDNA synthesis kit (Bio-Rad
Laboratories, Hercules, CA). After synthesis, the cDNA was
diluted at 1:4 with water and stored at -20°C until use.
Quantitative real-time PCR was performed with an 1Q
SYBR-Green Supermix (Bio-Rad Laboratories), PCR
reactions were carried out in a total volume of 15 ul
containing cDNA derived from 75 ng of mRNA, 027 M of
cach primer, 7.5 ul of 1Q SYBR-Green Supermix containing
dATP, dCTP, dGTP, and dTTP at concentrations of 400 uM
each and 50 U/ml of iTag DNA polymerase. The PCR
consisted of 10 min at 94°C, followed by 50 cycles of
denaturation of the cDNA for 30 sec at 94°C. annealing for
30 sec at an appropriate temperature (Table 1) and a primer
extension for | min at 72°C followed by 10 min at 72°C. The
PCR primer sequences of EphAd4, EphB2 and B-actin, used
as internal controls, are shown in Table 1.

Statistical analysis. Gene expression levels of colorectal cancer
were compared with those of adjacent normal mucosa by the
Wilcoxon test. The relationship between gene expression and
potential explanatory variables, including age. gender, tumor
size, histological type, depth of invasion, lymph node
metastasis. location, lymphatic invasion, venous invasion and
liver metastasis were evaluated with the ¥ test. Associations
between variables were assessed using the Mann-Whitney U
test. Correlation coefficients between different variables were
calculated by simple regression analysis. All statistical analyses
were performed using Statview J 5.0 software (Abacus, CA),
Two-sided P-values were calculated and a difference was
considered significant if the P-value was <0.05.

Results

Comparison of EphAd and EphB2 mRNA expression berween
colorectal cancer tissue and adjacent normal mucosa. EphB2
gene expression levels were higher in adjacent normal mucosa
than in cancer (P<0.001) (Fig. 1B). EphA4 gene expression
levels were similar in cancer and adjacent normal mucosa
(P=0.710) (Fig. 1A).

Relationship of EphA4 and EphB2 gene expression levels 1o
clinicopathological fearures. Expression levels of the EphA4
and EphB2 genes were categorized as low or high according 1o
their median values. The relationship between the expression
of these genes and clinicopathological features were then
examined. Expression levels of the EphA4 and EphB2 genes
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Table II. Relationship between expression of the EphA4, EphB2 genes and clinicopathological features.

575

Varnables/categories EphA4 expression EphB2 expression
P-value P-value
low (n=103)  high (n=102) low (n=103) high (n=102)
Age 654105 663+11.1 0.534 660109 65.6210.7 0912
Gender
Male 60 52 0.296 55 57 0721
Female 43 S0 48 45
Size
=5 ¢m 52 63 0.104 62 53 0235
>5¢m 51 39 41 49
HI.‘&'II'IhIgIL';Il Lype
Well differentiated 26 35 0.258 30 31 0.864
Moderately differentiated 64 52 60 56
Poorly differentiated 13 15 13 15
Depth of invasion
Tl 10 9 0.071 6 13 0.059
T2 £ 56 52 42
T3 48 32 36 B
4 7 5 9 3
Lymph node metastasis
Absent 49 46 0.722 47 48 0.838
Present 54 56 56 54
Location
Colon 54 58 0.524 63 49 0.059
Rectum 49 44 40 53
Lymphatic invasion
Absent 71 63 0.281 70 61 0.376
Present 32 19 32 Kh!
Venous imvasion
Absent 34 43 0.176 37 40 0.626
Present 69 59 s 62
Liver metastasis
Absent 78 63 0031 64 77 0039
Present 25 39 iy 25
were unrelated to age, gender, tumor size. lymph node @
metastasis. [ymphatic invasion and venous invasion. High n=205  om
cxpression of the EphA4 gene and low expression of the 9 (=53l
Ephi2 cene correlated with liver metastasis (P=0.031,0.039) 2
(Table 11) g
E
Relarionship of EphAd and EphB2 gene expression levels to 5
liver metastasis. The highest rate of liver metastasis was &
associated with high expression of the EphA4 gene and low é 3
expression of the EphB2 gene (Fig. 2),

Wssoctations of EphAd and EphB2 gene expression with lvmph

node metastasis in patients with colorectal cancer. There was
no significant association between the expression level of
cither gene and the presence or absence of lymph node
metastasis (Fig. 3)

\isociations of EphAd and EphB2 gene expression with
liver metastasis in patients with colorectal cancer. EphA4
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Figure 2. Relationship of EphAd and EphB2 gene expression levels to liver
metastasis. The highest rate of liver metastasis was associated with high
expression of the EphA4 gene and low expression of the EphB2 gene
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Figure 3. Associations of EphA4 and EphB2 gene expression with lymph node metastasis in 205 patients with colorectal cancer. Box boundaries, the 25th and
75th percentiles of the observed values; capped bars, the 10th and 90th percentiles; solid line, median. P-values were calculated by the Mann-Whitney U test,
There wits no correlution between the expression level of either gene and the presence or absence of lymph node metastasis
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Figure 4. Associations of EphA4 and EphB2 gene cxpression levels with liver metastasis in 205 patients with colorectal cancer. Box boundaries, the 25th and
75 th percentiles of the observed values: capped bars, the 10th and 90th percentiles, solid line, median, P-values were calculated by the Mann-Whitney U test,
EphAd gene expression levels were higher in the presence thun in the absence of liver metastasis (P=0.03])
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Figure 5. Comelstion between EphAd and EphB2 gene expression levels in
colorectal cancers, Each gene expression level is relative 1o that of the B-actin
gene. There wis no correlation between EpaAd and EphBI expression levels

gene expression levels were higher in the absence than in
the presence of liver metastasis (P=0.031) (Fig. 4A).

Correlation between EphA4 and EphB2 gene expression.
Ihe correlation between EphA4 and EphBi2 gene expression
levels is shown in Fig. 5. There was no correlation between
EphA4 expression and EphBi2 expression.

Discussion

Receptor tyrosine kinases and their ligands play critical roles
in the regulation of a variety of cell activities, including
cellular survival, proliferation, differentiation and tissue
organization (15). Eph receptors and their ligands, ephrins, are
indeed involved in several cell processes during embryonic
development, such as pattern formation, cell aggregation and
migration, segmentation, neural development, angiogenesis,
and vascular hierarchical remodeling (3-7). The overexpression
of some Eph receptor family members has an important role in
the development and progression of various cancers. In
particular. EphA4 and EphB2 overexpression is frequently
associated with human invasive cancers (10-12,16,17).

In this study, we examined expression levels of the EphA4
and EphB2 genes in colorectal cancer and in adjacent normal
mucosa. We also studied the relationship of these gene
expression levels to clinicopathological features, as well as
correlations among the expression of these genes.

Several previous studies have compared EphA4 and EphB2
mRNA expression levels between colorectal cancer tissue and
adjacent normal mucosa. Ashida er af (17) found that the
expression of EphA4 is significantly higher in human prostatic
cancer than in adjacent normal prostatic epithelium, Liu er al
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(18) reported that the expression of EphB2 mRNA is lower in
nonmalignant cell lines than in the colon cancer cell lines
in vitro. Mao er al (19) showed that the expression of EphB2
1s higher in colorectal cancer tissue than in normal colorectal
tissue (n=11). However, Guo er al (20) found that the
expression of EphB2 protein is significantly higher in
normal colorectal mucosa than in colorectal cancer. Our study
(n=205) demonstrated that EphB2 gene expression levels
were higher in adjacent normal mucosa than in colorectal
cancer tissue, This finding is consistent with the results of a
previous study showing that EphB2 suppresses carcinogenesis,
including the transition from colorectal adenoma to
carcinoma (20). In contrast, EphA4 gene expression levels
did not differ significantly between cancer and adjacent
normal mucosa,

A previous study examining the relationship between
clinicopathological features and gene expression levels,
found no significant correlation between EphA4 expression
and the histological type of pancreatic ductal adenocarcinoma
(16). This result was unexpected because the expression of
exogenous EphAd promotes the growth of pancreatic ductal
adenocarcinoma cells (16). In our study. there was no
significant correlation of EphA4 expression with tumor size,
histological type, invasion, or lymph node metastasis in
colorectal cancer. However, high EphA4 gene expression
correlated with liver metastasis.

As for EphB2, Wu er al (21) reported that EphB2 gene
expression does not correlate with clinical stage or histological
grade in breast cancers. Guo er al (20) found that low
expression of EphB2 correlates with invasion and metastasis
in colorectal cancers. In our study, reduced EphB2 gene
expression correlated with liver metastasis in colorectal cancer.
This result is considered reasonable. because EphB2 receptor
activity suppresses colorectal cancer progression and
metastasis (22.23). Thus, overexpression of the EphA4 gene
and reduced expression of the EphB2 gene is associated with
liver metastasis in colorectal cancer.

When expression levels of the EphA4 and EphB2 genes
were contrasted with the presence or absence of lymph node
metastasis, no correlation was noted for either gene, We also
examined potential correlations of gene expression levels with
the presence or absence of liver metastasis, Tiizumi er al (16)
reported that EphA4 contributes to properties such as
invasiveness or melastasis in a wide range of malignancies.
Thorstensen ¢ af (22) found that loss of heterozygosity at the
EphB2 locus was [requently associated with liver metastasis.
In our study, EphA4 gene expression levels were higher in the
presence than in the absence of liver metastasis. This finding
suggested that overexpression of EphAd mRNA might
contribute to liver metastasis in colorectal cancer.

We then examined correlations between EphA4 and
EphB2 gene expression in colorectal cancers. There was no
significant correlation between the expression levels of these
genes,

In conclusion, our results show that overexpression of the
EphA4 gene and reduced expression of the EphB2 gene
correlates with liver metastasis in colorectal cancer. Over-
expression of the EphA4 gene and reduced expression of the
EphB2 gene may thus be a novel marker or predictor of liver
metastasis.
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5¢1) THMEBORENSVIZYBEERS» -7
(Table 2).

1) BEEBOLZ S A B TOREERESLNEE
FRHOMRE R E
1) SR
M - AT ERRER T123.7% (10.727081), §E401k
B - WM TI38.3% (171280) TX 2 i
o fe,
i) R TR

Hotz. WXIEWI.6% (6. 16881), #9.2% (12 7130 mp L % T1.5% (1 65M1), ssial T2.8% (4
Table | Parients charactenstics and peroneal lavage cytology
Cy(+) Cy(-)
Number of patienty 18(6.0%) 280
Class3: § (1.7%) Class1: 92 (30.9%)
Classd | (0.3%) Class2: 189 (63 4%)
Classs: 12 (4.0%)
\__L-r (y.0, mean * SD) 66881 64.5+102 N ‘a_—_
' CGender, men 6(3.6%) 162 NS o
women 12{9.2%) 118
Site of lesion R S
C 1(9.1%) 10 NS
A 2(6.3%) 30
T 2 (7.7%) 24
D 2(16.7%) 10
s 5(5.2%) 92
Rs/Ra 5(6.1%) 7
RbP 1(2.6%) 7
= |;_ul:|hll4r3
A 4(1.6%) 247 Pe<0.05
B I{158%) 16
C 11(39.3%) 17

Table 2 Peritoneal metasiases and peritoneal lavage cytology

Cy (+) Cy (-)
P(-) 11(3.9%) m P<0.05
F(+) 7 (46.7%) 8
Pl 01(0.0%) 3
P2 3 (42.9%) 4
P3 4 (B0.0%) |
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142f1), sefa T6.5% (4.76281), sifai T14.2% (4
1461) TiREREAEVIZ LR EE D o 25
BT edrat.
MNP /1 7% 4
n0 C1.9% (3 "1598). nl T5.3% (4. 76(),
n2 T7.4% (2.727%), a3 T9.1% (1. 1161), nd
TI.3% (1 78l L) o fidnfb Bl R
(R XIRTEE T D » 2 R TId e
v MRAE R
ly(+) T5.1% (10.719681), ly(-=) T1.2% (1
Bafl) Tlyle) BB PEED G A SR
AL BT Edo /. Iyl T40% (4.71014), 1y2
TH.9% (4 681), ly3 T8.0% (2. 25f) THB
DFEA T EIBTEFIR A U A AR S A,

8.1% (3.737#H), v3 T5.6% (1 18F) TRB®
RECRERE S ed o
v) s
Hic#ad HTi215.0% (3 20#), % L TId3.0%
(8 263f) THEALEZHA, HL H2TR0%
(0 881, 0 1#) THh 7 H, H3 Ti227.3% (3
11#1) T -7 (Table 3).

4) HEER |
HLRREFE ) 7 v o A 28300 TGP 524 % il L 7:.

AP OB 121, 4% (4.728300) CHIKL SR

BFTI39.1% (118, #lEREEEiFTiX1.1% (3

2720)) TROTERF (2B I At N 1 & & 7z e

HEAGE A7 (Table 4).

i Cl e ot
vi+) T5.9% (8 1356, v(-) T2.1% (3
1456010 T vis) (SBRPERAS M A A & L7 45,

5) MEEZBMESOEEKER
MR A e IR EIETH - 21N O Bk#EE ©

HiETidhadof. viT5% (47798, v2 T Bt L7-, A RSECEAEBE En:, 055

Table 3 Clinicopathological factors and pentoneal lavage cylology in

patients excluding pertoneal metastases

Cy(+) Cy(-)
Histology
well/mod 103, 7% 270 NS
_ pot/muc 1 (8.3%) 11
Depih
m/smimyp 1 {1.5%) 64 NS
ss/al 4 (8.0%) 138
seal 4(6.5%) 58
si/an 4(14.2%) 10 —
Lymph node metastasis
n0 3(1.9%) 156 NS
nl 4(5.3%) 12
n2 2(7.4%) 25
nd 1(9.1%) 10
nd 1(143%) f
Lymphovascular invasion
Iv(-) 1(1.2%) &3 NS,
Iyi=+) 10 (3.1%0) 186
Ivl 4(4.0%) 97
ly2 4(59%) 64
ly3 2(R.02%%) 21
vi-) 3(21%) 142 NS
V() B (5.9%) 127
vl 4 (9.5%) 75
v2 I(81%) 34
- v3 _1(5.6%) 17
Hepatic mctastasis
H() B (3.0%) 155 P<0.05
Hir) 3 (15.0%) 17
HI 0 (0.0%) 8
H2 0 (0.0%) 1
H3 3(27.3%) B

Tahle 4 Perntoneal recurvence and penitoneal lavage cytwology

Peritoneal recurrenve(+) Peritoneal recurrence(-)

Cy(+) 149, 1%) 10 NS.
Cy () 3(11%) 269
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B

I FEREEZ curlC Th-o7. WERBREEH DI
1T, FHBSPLIZ H3 Tk 2 » AIZHIERR & & Bt
GEBIZLAECTH-7 (Tables).

6) £#=%

curC 2V 7 curA, BZAPITOEFEE M L 7.
MBS 7 WO 5 FE L83, 3%zt L, #IfRARER
B2sTHTIE80. 0% CTREED LD -2 (Fig. 1).
HizHTAHMEE SO MAENINE T 2L RRNT
i Wl ak, SFICWSTHH80A - ITHaRE L

iE

-, i

FRETHD, @MBEEIBIRSN LD o/ (Table 6).
% %

KW ONBER - L TRADehHmEd i .
BRI EREMOMNEMEE LS LSV, Ll
MR L. SERRROKBL L-THHLTF
MY RS, BIZIRILYABELDTO
WEE#birbhalds, MMERERMIZFRL,
EIT AT ML R DL ESHDE LIV IETY
fve,

Table § clinical courses of patients with positive peritoneal lavage cytology

Age Gender Curability Cy H  Site Histology Depth Ll P-stage Iy v Prognosis P rec. Cause of death
67 F A 4 0 RaRb W 55 0 2 0 1 55mo, A (-}
62 F A 3 0 RbPE w al 1 3a 2 (i} 42mo,A {=)
64 F B 5 0 Rs w £l ! da | 0 3imo,A =)
55 M A oo S w mp n ] | 0 24moA -
63 M B 5§ 3 RbS w se 1 4 I 2 11mo.A (=)
74 F C 3 0 Rbas m alse 4 4 3 1 10mo,A =
6l F A 5 0 A m st 2 3b 2 1 9mo,A (<)
68 F C 3 3 S m 55 | 4 1 3 26mo,D {-)  Hepahc metastasis
86 F c 5 0 Rs w se 2 ib 3 2 12mo,D (-)  Hepatic metastasis
70 F B S 0 RSRa muc s 0 3a 2 2 9mao.D ()  Hepatic and lung metastasis
65 M [ 5 3 D w s¢ 3 4 2 1 2mo.D (+) Hepatic and peritoneal metastasis
w; wel! differentiated adenocarcinoma
m: moderately differenniated adenocarcinoma
MUC: MUCINOUS CATTinoma
P rec.: pentoneal recurrence
%
E(nq I"“"-‘"N"lﬁ-llll.¢|¢|--||-o|---||
R0 1
ol — Cy(+) (n=7)
------ Cy(-) (n=257)
10 1 N.S.
20 1
[
0 10 20 0 40 50 60 T0 g POD{mo.)
Fig.] Cumulative survival rates in patients underwent Curalive operanon
Tahle 6 Multivariate analysis using the Cox's proporional Hazards model between survival and nsk of

clinicopathological factors

Variable Hazard ratio  95% Confidential interval x? p-value
Peritoneal lavage cytology 2663 0.289-24.500 0.748 0.3870
Histology 10.378 1.805.38.392 12.290 0.0005
Depth of invasion 6.813 2.345-19.392 12438 0.0004
Lymph node metastasis 0.750 0.275-2.050 0314 0.5753
Lymphatic invasion 2432 0.476-12.432 1.141 0.2855
Vascular invasion 1,392 0.467-4.148 0.353 0.5525
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Tuble 7 Clinical utility of intraperitoneal lavage cytology us prognostic factor for peritoneal recuirence in colorectal cancer

Author Clinical utility
Jiro Nasu et al. " Examination of trap coclisc washing cylology in large intestine cancer It
Nihonsyoukakigekagakkmzasshy 28:1991-1994,1995
Wind Petal "™ Long-term prognostic value of positive peritoneal washing i calon cancer Seand J Nine
Gastroentorol 34:606-610, 1999
Voge! P, etal. """ Prog value of opic p I d ition: comparison between colon Nira

and gastoric cancer. Ds Colon Rectum 43: 92-100, 2000
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EANE O FRNEFL AN S LT MG 134 %
v St BLMEL ORI >WTIR—EL
(Table 7). Z v i3 4540 o o0 DR ROUd 18 T2
GED & 9 B Ve KISR0 EMEMItO ETHhE L E
A oiLh, MRS AL T LW BT, TIE s
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P 2 AN T IR A s 0 LA is A iz
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EVALUATION OF INTRAPERITONEAL LAVAGE CYTOLOGY BEFORE RESECTION
OF COLORECTAL CANCER

Shoichi Fum'', Hideyuki Ixe'', Mitsuyoshi Ora' ', Shigeru Yamacistt ', Shunnichi Osapa®

Yasushi [cHikawa® ', Chikara Kunisaki ', Shigeo Onki® ', Akinori Nozawa '’ Hiroshi Suimana’
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The aim of this study conducted in 298 cases of colorectal cancer was to assess the usefulness of intraperito-

neal lavage cyology (Cy) before resection as a predictive factor for peritoneal recurrence. The Cy(+) rate,

peritoneal recurrence rate and 5-year survival rate were examined in relation to various clinicopathological fac-

tors. The overall Cy (+) rate was 6.0%. The Cy(+) rate in the group with peritoneal and hepatic metastases

was sigmificantly higher than that in the group without metastasis (46,7 vs. 3.9% and 26. 9 vs, 4.0%, respec-

tively) . There were no significant differences in the Cy(+) ratio in relation to other clinicopathological factors.

The peritoneal recurrence rate was higher in the Cy(+) group than in the Cy (=) group, but the difference was

not significant, There was no survival difference, regardless of the Cy status, in the 263 curatively resected pa-

tients, Thus, the Cy status before resection was not a useful predictive factor for peritoneal recurrence in cases

of colorectal cancer.
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