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Abstract

AIM: To investigate the relationship between the
expression levels of nm23 mRNA, CD44s, and CD44v6,
and oncogenesis, development and metastasis of human
gastric adenocarcinoma, colorectal adenocarcinoma,
intraductal carcinoma of breast, and lung cancer.

METHODS: Using tissue microarray by immu-
histochemical (IHC) staining and /n situ hybri-dization
(ISH), we examined the expression levels of nm23
mRNA, CD44s, and CD44v6 in 62 specimens of human
gastric adenocarcinoma and 62 specimens of colorectal
adenocarcinoma; the expression of CD44s and CD44v6
in 120 specimens of intraductal carcinoma of breast and
20 specimens of normal breast tissue; the expression of
nm23 mRNA in 72 specimens of human lung cancer and
23 specimens of normal tissue adjacent to cancer.

RESULTS: The expression of nm23 mRNA in the tissues
of gastric and colorectal adenocarcinoma was not
significantly different from that in the normal tissues
adjacent to cancer (P>0.05), and was not associated
with the invasion of tumor and the pathology grade of
adenocarcinoma (P>0.05). However, the expression of
nm23 mRNA was correlated negatively to the lymph node
metastasis of gastric and colorectal adenocarcinoma
(r = -0.49, P<0.01; r = -4.93, P<0.01). The expression
of CD44s in the tissues of gastric and colorectal
adenocarcinoma was significantly different from that
in the normal tissues adjacent to cancer (£<0.05;

P<0.01). CD44v6 was expressed in the tissues of gastric
and colorectal adenocarcinoma only, the expression
of CD44v6 was significantly associated with the lymph
node metastasis, invasion and pathological grade of
the tumor (r = 0.47, P<0.01; r = 5.04, P<0.01). CD44s
and CD44v6 were expressed in intraductal carcinoma
of breast, the expression of CD44s and CD44v6 was
significantly associated with lymph node metastases
and invasion (P<0.01). However, neither of them was
expressed in the normal breast tissue. In addition, the
expression of CD44v6 was closely related to the degree
of cell differentiation of intraductal carcinoma of breast
(x> = 5.68, P<0.05). The expressional level of nm23
mRNA was closely related to the degree of cell
differentiation (P<0.05) and lymph node metastasis
(P<0.01), but the expression of nm23 gene was not
related to sex, age, and type of histological classification
(P>0.05).

CONCLUSION: Patients with overexpression of CD44s
and CD44v6 and low expression of nm23 mRNA have
a higher lymph node metastatic rate and invasion. In
addition, overexpression of CD44v6 is closely related to
the degree of cell differentiation. Detection of the three
genes is able to provide a reliable index to evaluate the
invasion and metastasis of tumor cells.

© 2005 The WG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Tissue microarray (TMA) technology is a new method used
to analyze hundreds of tumor samples on a single slide,
allowing high resolution analysis of genes and proteins
on a large cohort. TMA is ideally suitable for genomics-
based diagnosis and drug target locating. Oncogenesis,
development and metastasis of tumor are triggered by
many genes and factors. In recent years, research on the
molecular mechanism of oncogenesis and metastasis
and the diagnosis of the correlated mark of tumor are
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important objects in clinical research in oncology. CD44
is one of the transmembrane proteins on the surface of
cells. Its distribution is very extensive and can be detected
in lymphocytes and fibroblasts'". The expression of
CD44v, which is related to the progression, metastasis
and prognosis of tumor, has been detected in lung cancer,
carcinoma of colon, esophageal cancer, carcinoma of
breast, carcinoma of urinary bladder, liver cancer, cervix
cancer, carcinoma of kidney and reticulosarcoma’”.
Nm23 was first found by Steeg in 1988. Lower expression
of nm23 is related to the metastasis of tumors, such
as carcinoma of breast, lung cancer, gastric carcinoma,
malignant melanoma, and ovary cancer, and has been
regarded as the gene of transfer inhibition. In order to
investigate the relationship between the expression level of
nm23 mRNA, CD44s and CD44v6 and the oncogenesis,
pathological grade, invasion, and metastasis of tumor, we
detected the expression of nm23 mRNA, CD44s, and
CD44v06 in tissues of human gastric adenocarcinoma,
colorectal adenocarcinoma, intraductal carcinoma of
breast and lung cancer, and also in tissues adjacent to
cancer using tissue microarray by immunohistochemical
(IHC) staining and iz sitn hybridization (ISH).

MATERIALS AND METHODS

Tissue specimens

The following tissue specimens were enrolled in this study:
40 specimens of colorectal adenocarcinoma (including
16 specimens of moderately differentiated colorectal
adenocarcinoma, 24 poortly differentiated adenocarcinoma,
14 lymph node metastatic carcinoma, and 17 invasive
carcinoma) and 22 specimens of normal colorectal tissue,
40 specimens of gastric adenocarcinoma (including
20 specimens of moderately differentiated gastric
adenocarcinoma, 20 pootly differentiated adenocarcinoma,
15 lymph node metastatic carcinoma, and 23 invasive
carcinoma) and 22 specimens of normal gastric tissue,
120 specimens of intraductal carcinoma of breast
(including 86 specimens of moderately differentiated
intraductal carcinoma, 34 pootly differentiated intraductal
carcinoma, 30 lymph node metastatic carcinoma and
58 invasive carcinoma) and 20 specimens of normal
breast tissue, 72 specimens of lung cancer (including 13
specimens of moderately differentiated carcinoma, 19
pootly differentiated carcinoma, 24 lymph node metastatic
carcinoma) and 23 specimens of normal lung tissue. All
patients underwent surgery at Xijing Hospital of the
Fourth Military University, China in 2003. The resected
specimens were fixed in 10% formaldehyde.

Reagents

CD44s and CD44v6 monoclonal antibodies were obtained
from MBI. SABC kit was bought from Sina-America
Biotechnology Company. nm23 oligonucleotide probe and
CSA test kit were purchased from Boshide Biotechnology
Company. Biotin labeled anti-digitoxin (DIG) antibody
was obtained from Sigma.

Tissue microarray

Samples were fixed in buffered formaldehyde and
subsequently paraffin-embedded. Histological sections
(5 pm) were prepared from the specimens, and then
diagnosed and labeled by the pathologist. Tissue microarray
was performed on the instrument of microarray from
Beecher, USA. A hole (diameter 0.5 mm) was made on
the recipient block (blank paraffin block), then the tissue
core was taken on the supply block (labeled tissue block)
and put in the hole. The former procedure was repeated
and tissue microarray was completed. Histological sections
(3-5 um) were prepared with the instrument of Leica,
Germany, and then rediagnosed by the pathologist.

Immunohistochemical analysis

The sections for tissue microarray were dewaxed in
water by normal technique, and then the antigen was
restored in high pressure (at 121 °C for 10 min).
Immunohistochemistry was performed with the SABC
kit. The primary antibodies were CD44s and CD44v6
monoclonal antibodies. Staining was performed following
the instructions of SABC Kkit.

Detection of nm23 mRNA expression by in situ hy-
bridization

All reagents and containers were treated by diethy-
Iprocarbonate (DEPC). In brief, the sections for tissue
microarray were dewaxed in water by normal technique,
immersed into 3% H202 at room temperature for
10 min, and then washed twice with distilled water. Twenty
microgram per milliliter of freshly diluted protease KK was
added and digested for 20 min at 37 °C to expose mRNA
nucleic acid segments. Twenty milliliter of glycerine (20%)
was added to the dry bottom of the test kits to keep
humidity, 20 uL of the pre-hybridization solution was
added to each section and kept at 37 °C for 4 h. Then
the supernumerary liquid was absorbed without washing,
hybridization solution was added as mentioned above.
The sections were then covered with protective membrane
and put in homeothermia at 40 °C overnight. After the
coverglass was removed, the sections were washed twice
at 37 °C in 2XSSC for 5 min, once in 0.5XSSC for 15 min,
once in 0.2XSSC for 15 min, and kept in 3% BSA at 37 °C
for 30 min and in seal solution at 37 °C for 30 min. After
being washed with 0.5 mol/L PBS, the biotin labeled anti-
digitoxin antibody was added for 60 min at 37 °C, followed
by biotin-peroxidase for 20 min at 37 °C and then washed
with PBS. Color was showed by DAB. Finally, the sections
were restained, dehydrated, pellucidated, and sealed.
Negative controls were designed.

Assessment of inmunohistochemical staining and in situ
hybridization

Specimens were considered positive when >50% of the
tissue components were immunohistochemically stained
brown-yellow in appropriate cellular compartment.
Specimens were considered positive for ISH when >50%
of the tissue components were stained blue in appropriate
cellular compartment.
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Statistical analysis
Statistical analysis was performed with y* test. P<0.05 was
considered statistically significant.

RESULTS

Relationship between expression of CD44s, CD44v6,
nm23 mRNA, and clinical pathology of human colorectal
adenocarcinoma

The expression of CD44s in tissues of colorectal adeno-
carcinoma and normal colorectal mucosa was 42.0%
(17/40) and 13.6% (3/22), respectively (Figures 1A and B),
and there was a significant difference between them
(¢ = 5.18, P<0.05). In addition, there was a statistical
significance between colorectal adenocarcinoma of
with and without invasion (y° = 10.52, P<0.01), as well
as with and without lymph node metastasis O = 12.48,
P<0.01). However, there was no statistical significance
between moderately and poorly differentiated colorectal
adenocarcinoma (P>0.05), indicating that the expression
of CD44s was related to the oncogenesis and development
of colorectal adenocarcinoma. The expression of
CD44v06 in tissues of colorectal adenocarcinoma and
normal colorectal mucosa was 55.8% (22/40) and 0%
(0/22), respectively (Figure 1C). There was a statistical
significance between moderately and poorly differentiated
colorectal adenocarcinoma (P<0.05) with and without
invasion (P<0.05), as well as with and without lymph node
metastasis (y° = 9.22, P<0.01). The results showed that the
expression of CD44v6 was related not only to the invasion
of colorectal carcinoma, but also to the metastasis. The
expression of nm23 mRNA in tissues of colorectal
adenocarcinoma and normal colorectal mucosa was 45.0%
(18/40) and 40.9% (9/22), respectively (Figure 1D), and
there was no statistically significant difference (P>0.05).
However, the expression of nm23 mRNA in gastric
adenocarcinoma with/without lymph node metastasis
was 28.5% (4/14) and 53.8% (14/26), respectively. The
difference was statistically significant (' = 8.47, P<0.05).
In addition, the expression of CD44v6 in colorectal
adenocarcinoma was related to the invasion (P<0.05), but
not to the pathological grade (P>0.05, Table 1).

Relationship between expression of CD44s, CD44v6, and
nm23 mRNA in human colorectal adenocarcinoma
Expression of CD44s and CD44v6 was associated
with invasion and lymph node metastasis of colorectal
adenocarcinoma (r = 0.47, P<0.05). However, expression
of nm23 mRNA was not associated with invasion and
lymph node metastasis of colorectal adenocarcinoma
(r = -0.49, P<0.05), suggesting that CD44s, CD44v6 and
nm23 mRNA could regulate invasion and lymph node
metastasis of colotrectal adenocarcinoma. In addition, the
expression level of nm23 mRNA, CD44s and CD44v6
was not associated with the age and sex of patients (P>0.05,
Table 1).

Relationship between expression of CD44s, CD44v6,

Figure 1 Expression of CD44s in human normal colorectal and aden-
ocarcinoma tissue (A, B) and expression of CD44v6 (C) and nm23 mRNA
(D) in human colorectal adenocarcinoma.

Table 1 Relationship between expression of CD44s, CD44v6, nm23
mRNA and pathologic feature of human colorectal adenocarcinoma

Pathologic 1 CD44s CD44v6 nm23 mRNA
feature Positive (%) P Positive (%) P Positive (%) P
Grade >0.05 <0.05* >0.05
11 16 7(43.7) 11(68.7) 8(50.0)
I 24 10(41.6) 11(45.8) 10(41.6)
Invasion <0.01° <0.01° <0.05¢
+ 17 11(64.7) 12(70.5) 5(29.4)
- 23 6(26) 10(43.4) 13(56.5)
Metastasis <0.0¢ <0.05¢ <0.05°
+ 14 9(64.2) 10(71.4) 4(28.5)
- 26 8(30.7) 12(46.1) 4(53.8)
Age/yr >0.05 >0.05 >0.05
>60 19 8(42.1) 10(52.6) 8(42.1)
<60 21 9(42.8) 12(57.1) 10(47.6)
Sex >0.05 >0.05 >0.05
M 26 10(38.4) 14(53.8) 12(46.1)
F 14 7(50) 8(57.1) 6(42.8)
Normal 22 4(18.1) 0(0) 9(40.9)

*P<0.05 vs poorly differentiated colorectal adenocarcinoma; ‘P<0.05,
°P<0.01 vs without invasion; °P<0.05, *P<0.01 vs without metastasis.

nm23 mRNA, and clinical pathology of human gastric
adenocarcinoma

The expression of CD44s in tissues of gastric adeno-
carcinoma and normal gastric mucosa was 48% (19/40)
and 13.6% (3/22), respectively (Figures 2A and B),
and there was a significant difference between them
(x*=10.29, P<0.01). However, the expression of
CD44s was not significantly associated with lymph
node metastasis. There was no statistical significance
between moderately and poorly differentiated gastric
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adenocarcinoma with/without invasion (P>0.05). The
expression of CD44v6 in tissues of gastric adeno-
carcinoma and normal gastric mucosa was 63.3% (25/40)
and 0% (0/22), respectively (Figure 2C). There was a
statistical significance between moderately and poorly
differentiated gastric adenocarcinoma ()(2 = 9.19, P<0.01)
with and without invasion ()(2 = 22.22, P<0.01), as well
as with and without lymph node metastasis (& = 10.36,
P<0.01). The expression of nm23 mRNA in tissues of
gastric adenocarcinoma and normal gastric mucosa was
47% (19/40) and 43% (9/22), respectively (Figure 2D)
and there was no statistically significant difference between
them (P>0.05). However, the expression of nm23 mRNA
in gastric adenocarcinoma with/without lymph node
metastasis was 26.7% (4/15) and 60% (15/25) respectively,
the difference was significant (y° = 18.47, P<0.01, Table 2).

Relationship between expression of CD44v6 and
nm23mRNA in human gastric adenocarcinoma

The expression of CD44v6 was associated with lymph
node metastasis of gastric adenocarcinoma (r = 5.04).
However, the expression of nm23 mRNA was not
associated with lymph node metastasis of gastric
adenocarcinoma (r = -4.93, Table 2).

Relationship between the expression of CD44s, CD44v6,
and clinical pathology of human intraductal carcinoma of
breast

The expression of CD44s and CD44v6 in tissues of
intraductal carcinoma of breast was 45.8% (55/120)
and 53.3% (64/120), respectively (Figures 3A and B),
but neither of them was expressed in normal breast
tissue. The expression of CD44s and CD44v6 in

Figure 2 Expression of CD44s in human normal gastric tissue (A, B) and
expression CD44v6 (C) and nm23 mRNA (D) in human gastric adenocarcinoma

intraductal breast carcinoma with and without invasion
had a significant statistical difference (xz = 9.52, P<0.01;
x’ = 22.89, P<0.001), as well as with and without
lymph node metastasis (x° = 9.41, P<0.01; y° = 8.75,
P<0.01). Furthermore, the expression of CD44s was
not significantly associated with moderately and pootly
differentiated intraductal breast carcinoma (P>0.05).
However, the expression of CD44v6 was not only related
to invasion and lymph node metastasis of intraductal
breast carcinoma, but also related to its pathological grade
(= 5.68, P<0.05, Table 3).

Relationship between expression of nm23 mRNA and
clinical pathology of human lung cancer

The expression of nm23 mRNA in tissues of lung
cancer and normal lung tissues was 55.2% (40/72) and
82.6% (19/23), respectively (Figure 4), and there was a
significant difference between them (x* = 5.42, P<0.05).
The expression of nm23 mRNA in tissues of lung cancer
with and without lymph node metastasis was 25.0% (6/24)
and 70.8% (34/48), respectively and there was a significant
difference between them (x* = 13.61, P<0.001), as well as
between moderately and poorly differentiated lung cancer
(o = 9.61, P<0.01), indicating that the expression of
nm23 mRNA was associated with the oncogenesis, lymph
node metastasis and pathological grade of lung cancer. In
addition, the expression of nm23 mRNA in lung cancer
was not associated with the age and sex of patients and the
pathologic feature of lung cancer (P>0.05, Table 4).

DISCUSSION

CD44s, a hyaluronic acid receptor, is important in
regulating invasion and metastasis of tumot” . Previous
studies demonstrated that the expression of CD44s is
an important biological marker for predicting metastatic
potential. Invasion and metastasis of tumor are a very
complicated process, which is regulated by many correlated

genes. CD44v6 may take part in the invasion and meta-

Table 2 Relationship between expression of CD44s, CD44v6, nm23
mRNA, and pathologic feature of human gastric adenocarcinoma

Pathologic n CD44s CD44v6 nm23 mRNA
feature Positive % P Positive % P Positive % P
Grade >0.05 v<0.01 >0.05
I 20 8 40.0 10 500 9 450

11 20 10 50.0 15 750 10 50.0
Invasion >0.05 4<0.01 >0.05
+ 23 11 478 18 782 11 4738

- 17 7 411 7 410 8 471
Metastasis >0.05 <0.01 <0.01
+ 15 6 40.0 12 80.0 4 26.7

- 25 12 48.0 13 520 15  60.0
Age/year >0.05 >0.05 >0.05
>60 21 10 472 13 619 9 429
<60 19 8 421 12 631 10 52.6
Normal 27 3 136 0 0 9 430

"P <0.01 vs well-differentiated gastric adenocarcinoma; 4P <0.01 vs
without invasion; ‘P <0.01 vs without metastasis.
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Figure 3 Expression of CD44s (A) and CD44v6 (B) in human intraductal breast
carcinoma.

Table 3 Relationship between the expression of CD44s and CD44v6
and pathologic feature of human intraductal breast carcinoma

Pathologic ~ n CD44s CD44v6
features Positive % P Positive % P
Grade >0.05 <0.05°
il 86 38 442 40 46.5
11 34 17 50 24 70.1
Invasion <0.01° <0.01°
+ 58 35 60.3 44 759
- 62 20 323 20 323
Metastasis <0.01¢ <0.01¢
+ 30 21 70 23 76.7
B 920 34 37.8 41 45.6
Age(yr) >0.05 >0.05
>50 66 31 47.1 34 515
<50 54 24 44.4 30 556
Normal 20 0 0 0 0

2P<0.05 vs well-differentiated intraductal breast carcinoma; "P<0.01 vs
without invasion; “P<0.01 vs without metastasis.

stasis of tumot, but it is not the necessary factor for tumor
invasion and metastasis. When CD44v6 produces a marked
effect, it must be restricted by many factors in vivo. It
has been proved that CD44v0 is correlated to tumor
invasion and metastasis in experiments of cultured cells
and animals. But consistent view has not been reached so
far with respect to the relationship between expression of
CD44v6 and human tumor invasion and metastasis.

It was reported that CD44v mRNA is expressed in
human colorectal carcinoma as detected by RT-PCR*",
Zalewski et al'! reported that the expression of CD44
is associated with the size of tumor, age, and sex of
patients. In our current study, CD44 and CD44v6 were
expressed in colorectal carcinoma and normal colorectal
tissues respectively, indicating that the expression of
CD44 and CD44v6 is associated with the invasion and
metastasis of colorectal carcinoma, but not associated
with the age and sex of colorectal carcinoma patients. In
addition, the expression of CD44v6 was related to the
pathological grade of tumor. Other studies reported that
the expression of CD44 is not associated with the clinical
pathological feature of colorectal carcinoma'"”. Whether
the expression level of CD44 can be seen as a marker of
tumor histopathology requires further research.

Figure 4 Expression of nm23 mRNA in human lung cancer.

Table 4 Relationship between expression of nm23 mRNA and
pathologic feature of lung cancer

Pathologic n nm23 mRNA
feature Positive % P
Grade <0.01*
1 19 3 15.8
I 13 7 53.8
I 20 17 85
Metastasis <0.01¢
+ 24 6 25
- 48 34 70.8
Sex >0.05
M 51 28 54.9
F 21 12 57.1
Age(yr) >0.05
>55 42 22 52.3
<55 30 18 60
Normal 23 19 82.6

"P<0.01 vs moderately and well-differentiated lung cancer; “P<0.01 vs
without metastasis.

Using reverse transcription polymerase chain reaction
followed by Southern blotting, Yamamichi ef al' exa-
mined the expression of the standard and variant forms
(v6 and v9) of CD44 mRNA in 73 cases of gastric cancer,
and found that the expression status of the standard
form of CD44 mRNA is correlated with peritoneal
dissemination only, and that of CD44v9 mRNA does not
significantly correlate with any clinicopathologic factor.
Li e al"™ reported that 74% gastric cancers and 80%
invasive carcinomas are positive for CD44v6, implying
that CD44v®6 is also a useful marker of tumor invasion and
metastasis. In the present study, the expression of CD44v6
was significantly correlated with tumor differentiation,
lymph node metastasis and invasion of tumor. The
expression of CD44s and CD44v6 in gastric cancer
was much higher than that in normal stomach and was
associated with genesis, metastasis and clinically aggressive
behavior of gastric adenocarcinoma.

The aberrant activation of two or more genes plays
a different role during different stages of genesis, pro-
gression and metastasis of malignant tumor. These genes
synergically facilitate carcinoma change. Our studies
showed that the expression of nm23 mRNA in colorectal
adenocarcinoma was negatively correlated with that of
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CD44 and CD44v06, which was closely associated with the
invasion and metastasis of colorectal adenocarcinoma.
These results indicate that nm23 and CD44v6 synergically
play positive and negative roles during lymph node
metastasis of colorectal, and gastric adenocarcinoma.
Further studies are needed to investigate the relationship
between nm23 and CD44v6, which is important for tumor
metastasis.

Mammary cancer is one of the most common
malignant tumors. Although 50% of mammary cancers
are surgically curable, 50% patients have metastasis within
5 years after surgery. Kaufmann ¢z /' reported that the
positive expression rate of CD44v6 is 80% in primary
tumor and 100% in focal tumor, but no expression is
found in normal mammary tissue. The patients with
positive expression of CD44v6 have a poor prognosis.
There are still many correlative reportsm_zo]. Our results
showed that the expression of CD44s and CD44v6 in
intraductal carcinoma was related with tumor invasion and
metastasis, but not with the age and sex of patients.

Since the gene of nm?23 was found, lower expression
of nm23 has been found to be associated with high
metastatic potential and poor prognosis of human
mammary cancer, gastric cancer, lung cancer, melanoma,
and ovary cancer. Nm23H1 is more important than
nm23H2. Gazzeri et a/”" reported that the expression
of nm23H1 is not associated with clinicopathological
features of adenocarcinoma, while it is associated with
the development of squamous carcinoma. Lai ef al™
reported that the expression of nm23H1 is positively
correlated with tumor metastasis and prognosis. The lower
the nm23H1 expression is, the poorer the prognosis is.
Our studies showed that the expression of nm23 mRNA
was correlated with lymph node metastasis (r = -4.93).
The expression of nm23 mRNA was gradually reduced
in normal lung tissue adjacent to cancer. In conclusion,
nm23H1 may take part in the regulation of metastasis as a
prohibitive gene, and may become a valuable target in the
evaluation of tumor development and prognosis.
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