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Summary The MTA1 gene is a recently identified novel candidate breast cancer metastasis-associated gene which has been implicated in
the signal transduction or regulation of gene expression. We examined the mRNA expression levels of the MTA1, the human homologue of
the rat mtal gene in 47 surgically resected oesophageal squamous cell carcinomas by quantitative reverse transcription polymerase chain
reaction. The relative overexpression of MTAI mRNA (tumour/normal ratio = 2) was observed in 16 out of 47 (34.0%) oesophageal
carcinomas. Oesophageal tumours overexpressing MTAI mRNA (T/N ratio = 2) showed significantly higher frequencies of adventitial
invasion (P < 0.05) and lymph node metastasis (P < 0.05), and tended to have a higher rate of lymphatic involvement than the remaining
tumours. Thus, the data suggest that the MTA1 gene might play an important role in invasion and metastasis of oesophageal carcinomas.
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Of all malignant neoplasms, human oesophageal carcinoma performed differential cDNA library screening using the 13762NF
among the tumours with the poorest prognosis (Sugimachi et alat mammary adenocarcinoma metastatic system (Pencil et al,
1988). Similar to other malignant tumours, this undesirablel993) and we found a novel candidate metastasis-associated gen
prognosis in the patients with oesophageal carcinomas has beerul (Toh et al, 1994, 1995). Using the same or a similar method,
attributed to invasion and metastasis (Sugimachi et al, 1988). Iseveral metastasis-associated genes have thus been isolate
oesophageal carcinomas, lymph node metastasis and invasionineludingnm?23, mts-1, WDNM1, WDNM2, elongation factord,
the neighbouring organs such as the aorta, trachea and bronchsspmelysin 3 and pGM21 (Dear et al, 1988, 1989; Steeg et al,
pericardium and lungs are the most important event in the failur&988; Ebralidze et al, 1989; Basset et al, 1990; Phillips et al, 1990;
of the treatment of oesophageal carcinomas. Therefore, it is Baniguchi et al, 1992). With the exception of a few of these genes,
major goal to identify the molecular mechanisms of invasion anduch asim23 and stromelysin 3 (Steeg et al, 1988; Basset et al,
metastasis of the oesophageal carcinomas. Although molecula®90), however, few studies have examined the relationship
studies on human oesophageal carcinogenesis have revealsstween the expression of the genes in human carcinoma tissue:
frequent genetic abnormalities includingmee amplification  and their clinicopathological features.
(Lu et al, 1988), epidermal growth factor receptor amplification Our previous study showed that the mRNA expression level of
(Lu et al, 1988)p53 mutations (Hollstein et al, 1990) and cyclin mtal gene was fourfold higher in the highly metastatic mammary
D1 overexpression (Nakagawa et al, 1995), very little is knowradenocarcinoma cell line MTLn3 than in the non-metastatic line
about the role of these alterations in the mechanisms of invasidTC.4. The mRNA expression levels of the human homologue of
and metastasis of this type of cancer. this gene also correlated with metastatic potential in several human
Metastasis is a complex series of events that involves severhteast cancer metastatic systems. iihd gene encodes a protein
gene products, including those important in the detachment aif the molecular mass of ~80 kDa and the correlation observed at
neoplastic cells from the primary tumour, penetration into thanRNA level was also confirmed at the protein level. Although the
blood and lymphatics, arrest at distant sites by adhesion tlunction of mtal or its human counterpa®TAI gene product
endothelial cells and underlying matrix, extravasation, the inducremains unknown, the deduced amino acid sequence suggests the
tion of angiogenesis, evasion of host anti-tumour responses, atide mral/MTAI protein might be involved in a signal transduction
the growth at metastatic sites (Nicolson, 1988; Liotta et al, 1991pathway or regulation of gene expression (Toh et al, 1994, 1995).
To identify the genes involved in cancer metastasis, we previousljo determine whether theral/MTAI gene plays a role in cancers
other than those of the breast, we recently examined the expressiol
of the MTAI gene in surgically resected specimens of colorectal
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MATERIALS AND METHODS

N T N T N T N T
1
Surgical specimens and isolation of total cellular RNA u ,= m = n = MTA
| 4
Oesophageal carcinomas and paired normal mucosa were resec J m : m < GAPDH

and snap-frozen in liquid nitrogen, immediately after surgica

resection. The carcinoma tissue samples were obtained fromrigure 1 MTAI mRNA expression in representative cases of oesophageal
portion of the resected specimens after excluding necrotic or ulcecarcinomas as determined by the RT-PCR method. T represents tumour
ated parts and normal adjacent tissues. Specimens were storeﬂzzléeaingn’\i'nréf,:ifigiﬁe corresponding normal mucosa tissue. GAPDH s
—80°C until the total RNA was extracted. Forty-seven oesophageai

carcinomas along with their corresponding normal mucosa were

obtained at Kyushu University Hospital and its facilitated hOSpI:I'able 1 Clinicopathological features of oesophageal carcinomas with

tals in Japan during the 2-year period from 1995 to 1997. regard to the relative expression of MTAZ mRNA
Total cellular RNA was isolated from carcinomas and norma

epithelia according to the method described by Chomzynski ar Relative expression of = MTA1 mRNA

Sacchi (1987) using Isogen (Nippon Gene, Tokyo, Japan) containilvariables Tumor/normal =2 Tumor/normal <2

phenol and guanidine isothionate in a monophasic solution. (n=16) (n=31)  P-values

Age (years) 61.5+10.4 64.6+10.9 0.346

cDNA synthesis by reverse transcription (RT) and Sex

guantitative RT-polymerase chain reaction (RT-PCR) Male/female 14:2 27:4 0.969

The methods for cDNA synthesis and optimization of quantitativ-ocion 0.760
L . . P Upper third 2 3

RT-PCR for clinical samples were described in detail in ou ;14 third 10 17

previous paper (Toh et al, 1997). The relative amounfg s/ Lower third 4 11

expression were normalized to gcheraldehyde-3-phospha|_Iistology 0.777

dehydrogenase (GAPDH) expression, and M¥t/ expression Well differentiated SCC2 4 7
in the carcinoma tissue (T) was compared with that in the corre Moderately differentiated SCC 8 18
sponding normal mucosa (N). The tumour/normal ratia/@f Poorly differentiated SCC 4 5
expression (T/N ratio) in each case was calculated. To minimiz Smal-cell carcinoma 0 !
variation, each PCR was performed in triplicate and the averagepth of invasion 0.031¢
expression ofW 'TAI was compared between the carcinoma anc Within the wall 4 18
Invaded into adventitia/
the normal mucosa. neighbouring structures 12 13
Lymph node metastasis 0.030¢
Statistical analysis Negative 5 20
Positive 11 11
All data regarding the clinical and histopathological variablesSta e 0.121
were stored in a Macintosh computer. The Stat View prograr g4 6 19
(Abacus Concepts, Berkeley, CA, USA) was used for all statistic: 11+1v 10 12
analyses, using the chi-squared test and Fisher’s exact probabil ymonaic involvement 0.081
test. A P-value less than 0.05 was judged to be statisticalll Negative 5 18
significant. Positive 11 13
Vascular involvement 0.337
Negative 8 20
RESULTS Positive 8 1

To quantitate the relative levels ®fTAI gene expression by RT- ) ) o o
PCR and to compare the expression in paired carcinoma. aaleferemlated squamous.cell carcinoma; °the crlterlg used in this study are

. . i i ~ ~based on the rules established by the Japanese Society for Oesophageal
normal epithelium samples, we previously determined the optimipisease (1976); cstatistically significant.
conditions for proportional production of PCR product with
amount of RNA template and the number of PCR cycles (Toh et al,
1997). Briefly, the result foMTAI indicates a linear relationship Having confirmed the reproducibility of our quantitative RT-
between the amount of PCR product and the number of PCRCR assay foMTAI gene expression, we analysed the relative
cycles between 30 and 34. Additional cycles reduced the linearitgxpression of MTAI mRNA in the 47 surgically resected
of the amplification response, whereas with fewer cycles the sensbesophageal carcinomas and compared them with the corre-
tivity of the PCR method decreased. This linear response wasponding normal mucosa tissues. All of the normal oesophageal
observed with three different starting amounts (0.5, 1.0 andnhucosa expressed7A/ mRNA in relatively low amounts. Using
2.0ug) of total RNA. Therefore, in this study, 32 cycles of ampli- densitometric analysis of the PCR products, we estimated over-
fication and 1.Qug of total RNA were used for the RT-PCR expression (T/N ratia 2) of theMTAl mRNA compared with the
analysis of MTAI gene expression. Similar experiments werenormal mucosa in 16 out of 47 cases (34.0%), whereas, in the
performed for the RT-PCR of GAPDH mRNA, and the optimal remaining 31 cases, the expressioM@A/ mRNA was similar in
conditions were determined to be 25 cycles of amplification andhe carcinoma and normal mucosa tissues. The representative
1.0ug of total RNA. cases that overexpressg@A/ mRNA are shown in Figure 1.
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The relationship between expression of M&A/ gene and fibroblast growth factor irKenopus embryos. The predicted ER1
clinicopathological data of the oesophageal carcinomas was exaramino acid sequence (accession number AF015454) contains three
ined. In the oesophageal carcinoma cases, we arbitrarily divideggions of similarity tantal/MTAI gene product which are in turn
the samples into two groups depending on the level of expressi@milar to theMTAI-like sequence found in @.e legans protein
of the MTAI gene in the tumour samples (T/N rasi@ and T/N  (accession number U41264). Thé gene has been shown to be
ratio < 2) (Table 1). Clinicopathological studies demonstrated thaa potent transcription factor and it also contains a SH3-binding
12 out of 16 oesophageal carcinomas overexpressing this gedemain. Although ther! gene does not seem to beXenopus
(T/N ratio = 2) invaded into the adventitia or the neighbouring homologue of the ratza® gene, the data suggest that they are
structures, whereas 13 out of 31 remaining tumours (T/N ratio < Zelated members of a gene family with the same or similar func-
were restricted in the proper muscle lay2k(0.05). Furthermore, tions. Indeed, the amino acid sequencewefl/MTAI contains a
MTAI-overexpressing tumours had a significantly higher rate oZinc-finger motif which is important in some transcription factors.
lymph node metastasig € 0.05) and tended to have a higher rateTherefore, it may be possible that://MTAI protein regulates the
of lymphatic involvementK = 0.081). No statistically significant expression of a set of proteins which are associated with invasion
differences were observed in age, sex, location of the main tumowand metastasis of oesophageal carcinoma cells. For example
histological differentiation, stage and vascular involvement. Shima et al (1992) reported that matrix metalloproteinase
2 (72 kDa type IV collagenase) and stromelysin were expressed
in a portion of the oesophageal carcinomas and they found a good
correlation between expression of the matrix metalloproteinase
About 85% of patients with oesophageal carcinomas are in aand lymph node metastasis and vascular invasion. Using immuno-
advanced stage of the disease at the time of the operatidnstochemistry, Kadowaki et al (1994) examined the expressions
(Sugimachi et al, 1994), and approximately 40% of these patientsf E-cadherin andi-catenin in oesophageal squamous cell carci-
have either local tumour invasion into the neighbouring structuresomas. They found that the reductioroetatenin and E-cadherin
or lymph node metastases that preclude complete removal of tlexpression was significantly associated with increased invasive-
cancers (Sugimachi et al, 1994). Furthermore, the histologicaless and lymph node metastasis. Thus, it is of interest to investi-
findings of lymph node metastasis and the presence of vascular gate the relationship between the expression of metastasis-
lymphatic invasion by cancer cells have been widely acceptedssociated proteins described above and thetaf/MTAI gene
as unfavourable prognostic factors (Sugimachi et al, 1988)roduct in oesophageal carcinomas. For this purpose, immunohis-
Therefore, to improve the outcome of the treatment of this diseasmchemical co-localization of these proteins in resected
it may be necessary not only to diagnose this disease at an eadgsophageal specimens and artificial overexpressioal/
stage but also to understand the molecular mechanisms of invasi®ffA/ gene in oesophageal carcinoma cell lines followed by in
and metastasis of oesophageal carcinomas. vitro assays for invasion, motility and adhesion will be required.

Here, we showed thafTA! gene could be another candidate In conclusion, our studies have shown that the expression of the
factor that is associated with invasion and metastasis aV/TAI gene is closely related to the invasiveness of oesophageal
oesophageal carcinomas. Previously, we foundaizt/ mRNA carcinomas as well as gastric and colorectal carcinomas. The nove
was also overexpressed in other tumour tissues in comparison ATA/ gene could thus potentially provide new information on the
the normal mucosal tissues (T/N rato2), e.g. in 38.9% of mechanism of invasion and metastasis of the gastrointestinal
colorectal carcinomas and 38.2% of gastric carcinomas. Theancers. To elucidate the association of this gene with invasion
colorectal and gastric carcinoma tumours that overexpressexhd metastasis, transfection studies using sense and antisens
MTAI mRNA also showed deeper invasion and higher rates ofital/MTA1 cDNA expression plasmids will be necessary. In addi-
lymph node metastasis (Toh et al, 1997). That overexpression &ibn, it is also important to examimgZTAl mMRNA expression in
the MTAI mRNA was significantly correlated with tumour inva- various other human cancers, and future studies should therefore
siveness in three independent carcinoma types strongly suggesgtslude breast, lung and other cancer specimens. Such studies ar
the possibility thatMTAI is one of the key molecules associated presently in progress in our laboratories.
with tumour invasion and metastasis.
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