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Metallothionein expression correlates with metastatic
and proliferative potential in squamous cell carcinoma
of the oesophagus

Y Hishikawa 1,*, T Koji 2, DK Dhar 1, S Kinugasa 1, M Yamaguchi 1 and N Nagasue 1

1Second Department of Surgery, Shimane Medical University, Izumo 693-8501, Japan; 2Department of Histology and Cell Biology, Nagasaki University School
of Medicine, Nagasaki 852-8523, Japan

Summary The goal of this study is to clarify whether the expression of metallothionein (MT) could affect the prognosis and the metastatic
potential of squamous cell carcinoma (SCC) of the oesophagus. In paraffin-embedded specimens resected from 57 patients, MT mRNA and
protein expressions were detected by in situ hybridization and immunohistochemistry respectively. The expression of MT was evaluated in
respect of clinicopathologic variables and patients’ survival. MT mRNA expression was significantly associated with the proportion of lymph
node metastasis (71% in MT mRNA-positive tumours vs 42% in MT mRNA-negative tumours; P = 0.0343) and that of distant metastasis (29%
in MT mRNA-positive tumours vs 5% in MT mRNA-negative tumours; P = 0.0452). In respect of MT protein expression, the frequency of
distant metastasis was more common in MT-positive tumours than in MT-negative tumours (30% in MT-positive tumours vs 8% in MT-
negative tumours; P = 0.0446). The survival rate of the patients with MT protein-negative tumours was significantly better than that of the
patients with MT protein-positive tumours (P = 0.0340). There was a positive correlation between the expression of MT protein and that of
proliferating cell nuclear antigen (P = 0.0018). Therefore, we conclude that MT expression, both at the mRNA and protein levels, may be a
potential marker predicting metastatic and proliferative activities of oesophageal SCC. © 1999 Cancer Research Campaign

Keywords: metallothionein; in situ hybridization; oesophageal cancer; metastasis; cell proliferation
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Squamous cell carcinoma (SCC) of the oesophagus is well r
nized for its aggressive biological behaviour, in respect of l
infiltration and metastases to regional lymph nodes and d
organs (Orrigner, 1997). Extra-oesophageal tumour spre
present in 70% of cases at the time of diagnosis, and the 5
survival is only 3% when lymph node metastases are pre
compared with 42% in lymph node negative patients (Orrig
1997). Patients with distant metastasis also have a poor prog
with a 5-year survival rate of 5% or less (Mandard et al, 1
Orrigner, 1997).

Metastasis is a multistep process involving complex ass
tions of tumour cells with host cells or with matrix (Stracke 
Liotta, 1995). Recently, genetic mechanisms underlying m
tasis and pathogenesis of oesophageal SCC have been expl
several studies: int-2/hst-1 co-amplification correlated with h
incidence of metastasis in distant organs (Kitagawa et al, 1
loss of heterozygosity of the DCC gene associated with the d
of lymph node metastasis (Miyake et al, 1994), and mutatio
the p53 gene in the pathogenesis (Hollstein et al, 1990; Melt
al, 1991) of SCC. However, there are only a limited numbe
reports on the prognostic indicators for invasion and metasta
oesophageal SCC.

Metallothioneins (MTs) have been described in most verte
and invertebrate species as low molecular weight prot
Overexpression of MT was described in a variety of hu
tumours, in relation to different stages of tumour developmen
could
l SCC

712

Received 3 November 1998
Revised 6 February 1999
Accepted 20 April 1999

Correspondence to: Y Hishikawa
g-
l
nt
is
ar
t,
,
is,
;

-

-
d in

),
ee
f
et
f
of

e
.

d

progression (Jasani and Schmid, 1997). MT was considered
potential prognostic marker in invasive ductal carcinoma of
breast by Schmid et al (1993) and others (Fresno et al, 1
Goulding et al, 1995, Oyama et al, 1996). In skin carcin
(Zelger et al, 1994), melanoma (Zelger et al, 1993), cervical c
noma (Lim et al, 1996) and pancreatic carcinoma (Ohshio e
1996), MT overexpression appears to be predominantly asso
with more advanced, highly malingant tumours. To the cont
Öfner et al (1994) reported that MT overexpression in colore
carcinoma was associated with better clinical outcome and tu
stages. Therefore, MT overexpression may be paradoxically 
ciated in some tumours with better clinical outcome.

Tumour MT level also has been reported to correlate with r
tance to anticancer reagents (Kelley et al, 1988; Kasahara 
1991; Chin et al, 1993; Kondo et al, 1995; Hishikawa et al, 19
In oesophageal SCC, we already reported that MT protein ex
sion might be a significant determinant of prognosis, in partic
associated with cisplatin resistance (Hishikawa et al, 19
Patients with MT protein-negative tumours survived longer w
treated with cisplatin than those with MT protein-posit
tumours. However, the exact biological significance of the exp
sion of MT protein and mRNA is largely unknown in the clini
setting of oesophageal SCC.

Therefore, in the present study, we have investigated the ex
sions of both MT mRNA and its protein in surgically resec
oesophageal SCC by in situ hybridization and immunohistoch
istry, respectively, and addressed whether MT expression 
predict the prognosis and metastatic potential of oesophagea
*Present address: Department of Histology and Cell Biology, Nagasaki University
School of Medicine, Nagasaki 852-8523, Japan
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Table 1 Clinicopathological characteristics of the 57 patients

Values

Sex (male/female) 53/4
Age, years (mean ± s.d.) 63.7 ± 8.5
Tumour location

Upper/middle/lower 9/27/21
Tumour length (cm, mean ± s.d.) 5.3 ± 2.5
Histological differentiation

Well/moderate 46
Poor 11

Stage (TNM)
I/IIA/IIB/III/IV 13/6/10/16/12

Lymph node metastasis
N0/N1 22/35

Distant metastasis
M0/M1 45/12

Postoperative adjuvant therapy
Cisplatin + 5-FU + radiation 23
Cisplatin + 5-FU 8
Radiation 5
No treatment 21
without any pretreatment. Moreover, we have attempted to c
late the expression of MT with proliferating cell nuclear anti
(PCNA) expression, since in gastrointestinal tumours signifi
correlation have been noticed between proliferative activity
metastatic potential (Hall et al, 1990; Jain et al, 1991; Al-Shen
et al, 1993; Hickey et al, 1994; Kinugasa et al, 1996).

MATERIALS AND METHODS

Patients

Between 1984 and 1994, 152 patients with oesophageal SCC
treated in the Second Department of Surgery, Shimane Me
University. Fifty-seven patients who were not treated with 
operative adjuvant therapies were selected for the analysis o
mRNA by in situ hybridization, and that of MT protein and PC
by immunohistochemistry. Ninety-five patients were exclu
because of non-resectable tumours due to either disease th
too advanced or poor general conditions, death by surgical co
cations, preoperative adjuvant therapy for the tumour which m
be induced MT, and early-stage diseases (carcinoma in 
Thirty-six of the 57 patients received systemic chemothe
and/or external radiotherapy postoperatively. Twenty-t
patients of them were treated with cisplatin, 5-fluorouracil (5
and radiotherapy. Eight patients received cisplatin and 
without radiotherapy, and five patients received radiothe
alone. Staging of the disease was based on the TNM st
system (UICC, 1992). Patients’ clinicopathological characteri
are shown in Table 1. All patients or their next of kin provi
informed consent for participation in the clinical study.

Tissue preparation

The surgical specimens were fixed in 10% buffered formalin s
tion and embedded in paraffin. The same paraffin-embedded 
was used for in situ hybridization and immunohistochemistry. 
micron-thick sections were mounted on aminopropyltrietho
silane-coated glass slides.

Oligo-DNAs

The oligo-DNA probe sequences of human MT for in 
hybridization were shown in Table 2. MT exists in differ
isoforms and most human MT genes, including the mainly f
tional ones (MT IA and MT IIA), are localized on chromosome
(Karin et al, 1984; Le Beau et al, 1985), and MT IIA is the m
human MT gene, accounting for 50% of the MT mRNA exp
sion. Then, to screen MT-positive cases, we used com
oligonucleotide sequences shared among MT genes (93
homology) as a general MT probe set. The MT antisense o
DNA using thymine-thymine (T-T) dimerized DNA as a hapte
probe was selected complementary to the mRNA sequence c
for amino acids of the human MT IIA protein (Karin and Richa
1982) and the MT sense oligo-DNA corresponded to the mR
sequence (Table 2A). These two oligo-DNAs were added 
three and two repeats of adenine-thymine-thymine (ATT) at t′
and 3′ ends, respectively, for the T-T dimers. We conducte
computer-assisted search (GenBank nucleic acid sequence
base Release 102.0) of the above MT IIA oligo-DNA seque
(without the ATT repeats) and found 100% homology with 
© 1999 Cancer Research Campaign
y

u
y
g

s

-
k

-

n
%
-

ng

ta-
s

IIA mRNA sequence and 93% with MT IA mRNA sequen
Therefore, to distinguish the MT IA and MT IIA mRNA
completely, we performed a second set of experiment with t
sequences in MT IA and MT IIA mRNAs closer to the 3′ end of
the message, where significant dissimilarities between mR
encoding different MT isoforms exist (Table 2B).

Labelling and detection of oligo-DNAs

The MT oligo-DNAs were haptenized by introducing T-T dim
by UV irradiation as described in detail previously (Koji a
Nakane, 1996). The optimal UV dose for these oligo-DNAs 
10 000 J m–2 as determined by dot-blot hybridization, descri
below. Both the MT IA and MT IIA oligo-DNAs were labelled
their 5′- and 3′-end with digoxigenin (Dig)-11-dUTP by termin
deoxynucleotidyl transferase as described in detail previo
(Koji and Brenner, 1993). The detection sensitivity of the 
dimerized DNAs was examined immunohistochemically by u
a HRP-linked mouse anti-T-T IgG (Kyowa Medex, Japan) and
of the Dig-labelled ones was done by using an anti-Dig-POD 
body (Boehringer Mannheim, Germany).

Dot-blot hybridization

The procedures for dot-blot hybridization were described p
ously in detail (Yoshii et al, 1995; Koji and Nakane, 1996). T
microlitres of the sense oligo-DNA solution were placed on n
cellulose membranes that had been pretreated with 20 × SSC (1 ×
SSC = 0.15M sodium chloride and 0.015M sodium citrate, pH 7.0
in a series of spots from 1 pg to 10 ng per spot. The memb
were hybridized at 42°C for 15–17 h with 2µg ml–1 T-T dimerized
MT antisense probe or T-T dimerized MT sense probe. A
successive washing, the membranes were immersed in a blo
solution for 1 h. The reaction with mouse anti-T-T IgG (dilute
1:80 with the blocking solution) was performed for 3 h. A
washing with phosphate-buffered saline (PBS), visualizatio
HRP sites was performed with diaminobenzidine–4 hydroch
acid (DAB), H2O2, Co2+, and Ni2+ according to Adams (Adam
1981).
British Journal of Cancer (1999) 81(4), 712–720
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Table 2 The oligo-DNA probe sequences of human MTa for in situ hybridization

(A) T-T dimerized MT probe
antisense oligo-DNA probe

* * * *b * * * * * *
5′ : TTATTA-CCT GGG CAC ACT TGG CAC AGC CCA CAG GGC AGC AGG AGC AGC AGC-ATTATTATT: 3′
sense oligo-DNA probe

* * * *b * * * * * *
5′ : TTATTA-GCT GCT GCT CCT GCT GCC CTG TGG GCT GTG CCA AGT GTG CCC AGG-ATTATTATT: 3′
(B) Digoxigenin-labeled MT probe
antisense oligo-DNA probe
MT IA 5′ : GTC ACT CTT TCT ATA TCT TCG AGC AGG GCT GTC CGG ACA TCA GGC : 3′
MT IIA 5′: GTG GAA GTC GCG TTC TTT ACA TCT GGG AGC GGG GCT GTC CCA GCA : 3′
sense oligo-DNA probe
MT IA 5′ : GCC TGA TGT CCG GAC AGC CCT GCT CGA AGA TAT AGA AAG AGT GAC : 3′
MT IIA 5′ : TGC TGG GAC AGC CCC GCT CCC AGA TGT AAA GAA CGC GAC TTC CAC : 3′

aMT, metallothionein; T-T, thymine-thymine. b**, possible sites of T-T dimers.

10 ng 1 ng 100 pg 10 pg 1 pg

Antisense

Sense

Figure 1 Dot-blot hybridization. Various amounts (1 pg to 10 ng per spot) of
MT sense oligo-DNA were hybridized with T-T-labelled MT antisense oligo-
DNA (upper panel) or T-T labelled MT sense oligo-DNA (lower panel). Ten pg
DNA was detected specifically.
In situ hybridization

To estimate the amount of RNA retention level in para
sections, methyl green–pyronin Y staining (Shulte et al, 1992
used before performing in situ hybridization in every run. 
procedures for pretreatments were described previously in 
(Koji and Brenner, 1993; Koji and Nakane, 1996). Briefly, 
sections were deparaffinized and rehydrated according t
standard procedures. These sections were treated with N

hydrochloric acid (RT, 20 min) and digested with 25µg ml–1 of
proteinase K (37°C, 15 min). After post-fixation with 4%
paraformaldehyde in PBS (5 min), the sections were immers
2 mg ml–1 glycine in PBS (15 min) twice and kept in 40% 
ionized formamide in 4 × SSC until used for hybridizatio
Hybridization was carried out at 42°C for overnight with
2 µg ml–1 T-T labelled oligo-DNA probes or with 2µg ml–1 Dig-
labelled oligo-DNA probes dissolved in the hybridization medi
After repeated washings, the signals were detected by en
immunohistochemistry as described above, without any cou
staining.

Control experiments

To confirm the specificity of MT mRNA signals, we conduc
various types of control experiments concurrently with the
experiments. First, the sense probe was used as a negative 
in every run. To evaluate the level of hybridizable RNAs in tis
sections, duplicate serial sections were used for 28S rRNA 
as a positive control in every case (Yoshii et al, 19
Furthermore, some sections were hybridized with MT mRNA 
sense probe in the presence of an excess amount of either h
gous or heterologous unlabelled oligo-DNA to provide defini
evidence for the sequence specificity of the signal as desc
previously in detail (Koji and Brenner, 1993). To elimin
possible involvement of proteins and DNA in signal informat
some sections were digested with RNase (100 mg µl–1, 37°C, 1 h)
before the post-fixation step (Koji and Brenner, 1993).

Immunohistochemistry

Immunohistochemical staining was performed by the streptav
biotin (SAB) method using the SAB kit (Nichirei, Japan) accor
to the standard procedures. The monoclonal mouse anti-MT an
British Journal of Cancer (1999) 81(4), 712–720
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(E9; Dako, USA) to an epitope of MT shared by its I and II isofo
of human, rat, horse MT was used at 1:100 dilution for 30 m
room temperature. This antibody has been used successfully to
immunoreactive MT in formalin-fixed, paraffin-embedded tissue
human origin (Jasani and Elmes, 1991). To study the express
PCNA, a mouse monoclonal antibody to PCNA (PC10; D
Denmark) was used at 1:100 dilution for 2 h at room tempera
AEC kit (Nichirei, Japan) for MT expression and DAB kit (Nichir
Japan) for PCNA expression were used to visualize the sites of
As positive control for MT staining, normal human colonic muc
which was already reported to express MT (Mulder et al, 1
Steele et al, 1990) was used. To ensure consistency of P
staining, a known positive control oesophageal carcinoma 
included in each run (Kinugasa et al, 1996). For the negative co
normal mouse IgG was used instead of the primary antibody.

Statistical analysis

Mean values were compared with unpaired Student’s t-test, and
categorical variables were compared with Fisher’s exact proba
test. Actuarial survival was calculated by the Kaplan–M
method and statistically evaluated by the log-rank test. Multiva
regression analysis was performed using step-wise multiple re
sion test among different clinical pathological factors. A P-value 
of less than 0.05 was considered statistically significant. All
analyses were performed with a statistical software package
View, ver. 4.51; Abacus Concepts, Berkely, CA, USA).
© 1999 Cancer Research Campaign



Metallothionein in oesophageal SCC 715

with
lter,
 the
n t
wn
siz
 si

e, no
to that
 as a
igure
with 
igure
cific
ish
si-
ning

A B

C D

E

Figure 2 In situ hybridization in paraffin sections of oesophageal
SCC. (A), MT antisense T-T dimerized oligo-DNA probe. (B), MT
sense T-T dimerized oligo-DNA probe. (C), MT IIA antisense Dig-
labelled oligo-DNA probe. MT IIA signal was most intensive in the
perinuclear area. (D), MT IIA sense Dig-labelled oligo-DNA probe.
Arrowheads indicate positive staining of MT in oesophageal SCC.
(E), 28S rRNA complementary T-T dimerized oligo-DNA probe.
Original magnification, × 50
RESULTS

Dot-blot hybridization with T-T dimerized oligo-DNA

When T-T dimerized MT antisense probe was hybridized 
unhaptenized MT sense oligo-DNA fixed on a nitrocellulose fi
10 pg of oligo-DNA was detectable (Figure 1). However, with
sense probe no staining was found. For all probes used i
present study, similar results were obtained (data not sho
These findings indicated that the antisense probes we synthe
were specific and had adequate sensitivity to be useful for in
hybridization studies.
© 1999 Cancer Research Campaign
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Localization of MT mRNA by in situ hybridization

The staining intensities for MT mRNA were graded as negativ
staining or positive, weak and intense staining, as compared 
with sense probe. MT mRNA expression for using T-T dimer
general MT probe set was detected in 38 of the 57 patients (F
2A). As a negative control, when a section was hybridized 
T-T-dimerized MT sense probe, no signal were observed (F
2B). Therefore, as the next step, in situ hybridization with spe
probes to MT IA and MT IIA was performed to distingu
between the MT IA and MT IIA mRNAs in the MT mRNA-po
tive cases. Ten of the 38 patients with MT mRNA-positive stai
British Journal of Cancer (1999) 81(4), 712–720
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Figure 3 Immunohistochemical staining of (A) MT protein and (B) PCNA in paraffin sections of oesophageal SCC. Arrows indicate positive staining both MT
protein and PCNA expressions in the same area of the invading edge of the tumour. Original magnification, × 50

Table 3 Inconsistency of MT mRNA and protein expression

No. of patients MT expression (mRNA, protein)

25 (positive, positive)
13 (positive, negative)
8 (negative, positive)

11 (negative, negative)
were randomly selected for the experiment. MT IIA mRNA exp
sion was detected in all ten cases (Figure 2C), but MT IA mR
expression could not be detected. As a negative control, no st
was found with Dig-labelled MT IIA sense probe in an adja
section (Figure 2D). 28S rRNA probe used as a positive co
gave an intense staining in cancer cells (Figure 2E).

Localization of MT protein by immunohistochemistry

Expression of MT protein using immunohistochemistry 
estimated visually as negative, very weak (scattered positive
were less than 5% in the carcinomatous tissue), or positive (s
cells more than 5%). In the following analyses, patients with 
weakly stained sections were categorized as the negative 
MT protein was localized in nuclei and/or cytoplasm (Figure 
MT protein expression was detected in 33 of the 57 patients.

Inconsistency of MT mRNA and protein expression

MT mRNA-positive cases were 38 of the 57 patients by in
hybridization, and MT protein-positive cases were 33 by imm
histochemistry. The inconsistency of MT mRNA and pro
expression was shown in Table 3. Twenty-five of the 57 tum
were positive, and 11 tumours were negative for MT express
both mRNA and protein levels. In 13 tumours MT was detec
only at the mRNA level, whereas in the remaining eight tumou
was detected only at the protein level.

Correlation of MT expression with metastasis and
patient’s survival

Comparisons were made between MT mRNA and MT pro
expressions and the following variables: age, sex, tumour le
tumour location, histological differentiation, stage (TNM), lym
node metastasis (N0; no lymph node metastasis, or N1; re
lymph node metastasis) and distant metastasis (M0; no distant 
tasis, or M1; distant metastasis). Only significant factors of
analysis have been shown in Table 4. The proportion of lymph
metastasis was 71% in patients with MT mRNA-positive tum
and 42% in those with MT mRNA-negative tumours (P = 0.0343).
British Journal of Cancer (1999) 81(4), 712–720
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The proportion of distant metastasis was 29% in MT mRNA-pos
patients and 5% in MT mRNA-negative patients (P = 0.0452).
Similarly, in respect of MT protein expression, the frequenc
distant metastasis was more common in MT protein-positive tum
than in MT protein-negative tumours (30% versus 8%; P = 0.0446).

The patients with MT protein-negative tumours survived be
than those with MT protein-positive tumours (P = 0.0340; 95%
confidence interval for MT negative, 0.522–0.911, and for 
positive, 0.161–0.518) (Figure 4). Survival rate between 
patients with MT mRNA-negative and -positive tumou
however, was not significantly different (data not shown).

MT expression and its relation to cell proliferation
assessed by PCNA immunostaining

Fifty of the 57 patients were selected for the evaluation of PC
staining because of the adequate nuclear form and low 
ground. The staining was judged as positive when cance
nuclei were stained in equal intensity to the parabasal ce
normal oesophageal epithelium (Figure 3B). On average
counted at least 1000 nuclei in randomly selected ten high p
fields in each specimen. PCNA staining varied within a rang
0–48% with a mean value ± s.d. (16.7 ± 12.0), so the lower cut-o
point for PCNA positivity was 5% of the ratio of positive nucle

In 28 of the 50 cases, which were satisfactorily evaluated for
PCNA and MT protein expressions, 93% of cases with both P
and MT protein expressions were mainly observed at the inv
edge of the tumour, as shown in serial sections stained by an
and anti-PCNA (Figure 3A and 3B). Correlation of MT and PC
© 1999 Cancer Research Campaign
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Table 4 Significant factors of clinicopathological characteristics of MTa mRNA and MT protein expression

MT mRNA MT protein

Negative Positive P-value Negative Positive P-value b

Factors ( n = 19) (n = 38) (n = 24) (n = 33)

Lymph node metastasis (N)
N0 11 11 0.0343 12 10 0.1315
N1 8 27 12 23

Distant metastasis (M)
M0 18 27 0.0452 22 23 0.0446
M1 1 11 2 10

aMT, metallothionein; N0, no regional node metastasis; N1, regional node metastasis; M0, no distant metastasis; M1, distant metastasis. bFisher’s exact
probability test.
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Figure 4 The survival curves of MT protein-negative and -positive tumours.
The patients with MT protein-negative tumours survived better than those
with MT protein-positive tumours (P = 0.0340; 95% confidence interval for
MT-negative, 0.522–0.911, and for MT-positive, 0.161–0.518)

Figure 5 The survival curves of combined MT protein and PCNA
expression. The patients with MT protein-negative/PCNA-low tumours
survived better than those with MT protein-negative/PCNA-high and MT
protein-positive/PCNA-high tumours (P = 0.0343; 95% confidence interval for
MT-negative/PCNA-low, 0.739–1.079, for MT-negative/PCNA-high,
0.201–0.889, and for MT-positive/PCNA-high, 0.140–0.514)
expression is shown in Table 5. A higher percentage rate of n
staining for PCNA antigen was observed in MT protein-pos
tumours than in those -negative tumours (P = 0.0018). All MT
protein-positive tumours were in the PCNA-high tumours grouP
< 0.0001). On the other hand, the rate of PCNA expression w
different between lymph node metastasis (N0 = 14.7 ± 13.9% versus
N1 = 18.1 ± 10.6%; P = 0.3331) and distant metastasis (M0 = 15±
12.3% versus M1 = 23.0 ± 8.3%; P = 0.0590).
© 1999 Cancer Research Campaign

Table 5 Correlation between MTa and PCNA expression

MT mRNA

Negative Positive
(n = 17) (n = 33)

PCNA (%, mean ± SD) 18.5 ± 19.8 16.7 ± 10.6
Evaluation of PCNA

Low 5 6
High 12 27

aMT, metallothionein; PCNA, proliferating cell nuclear antigen. bStudent’s t-test. cFis
ar

ot

Survival rates according to the expression of MT protein 
PCNA are shown in Figure 5. The patients with MT protein-nega
PCNA-low tumours survived better than those with MT prot
negative/PCNA-high and MT protein-positive/PCNA-high tumo
(P = 0.0343; 95% confidence interval for MT-negative/PCNA l
0.739–1.079, for MT-negative/PCNA-high, 0.201–0.889, and
MT-positive/PCNA-high, 0.140–0.514).
British Journal of Cancer (1999) 81(4), 712–720

MT protein

P-value Negative Positive P-value
(n = 22) (n = 28)

0.6777 10.9 ± 11.5 21.2 ± 10.5 0.0018b

0.3638 11 0 <0.0001c

11 28

her’s exact probability test.
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Multivariate analysis

Multivariate analysis was conducted among the different clin
pathological variables by using step-wise multiple regression
Tumour size (> 6 cm or 6 cm; ≥ P < 0.0001), lymph node meta
tasis (N0 or N1; P = 0.0133), and distant metastasis (M0 or M
P = 0.0353) were independent prognostic factors for ov
survival. Patient’s age, gender, histological differentiation, p
operative therapies (treated or not; cisplatin, 5-FU, radiation)
staining intensity of MT protein and that of PCNA were not fo
to be an independent predictor of prognosis.

DISCUSSION

In the present study, we have investigated the expression o
mRNA and its protein in oesophageal SCC by non-radioacti
situ hybridization and immunohistochemistry respectively. A
result, we have found that MT expression is correlated with 
incidence of tumour metastasis in patients with oesophageal
In fact, we previously reported that the expression of MT pro
in SCC of the oesophagus could be a significant determina
poor prognosis in patients with cisplatin (Hishikawa et al, 19
In the previous study, however, we could not avoid the pos
effect of preoperative adjuvant therapies on the expression o
Therefore, we confirmed here the previous findings in the pa
without preoperative treatment and also extended our analy
MT expression to its transcript level.

The human MT mRNAs for MT I and MT II are highly hom
ogous and substantial cross-hybridization with transcripts of 
MT isoforms can be expected with the conventional probes. 
we searched the positivity of MT mRNA expression using firs
oligo-DNA probe (T-T dimered one), and the expression of
mRNA in oesophageal SCC was found in 66.6% of our pati
Therefore, we chose more specific target sequences for MT I
MT IIA mRNAs closer to the 3′ end of the message further 
confirm the specific expression of MT IA and MT IIA mRNA
About ten MT mRNA-positive cases were randomly selected
IIA mRNA expression was found in all cases and MT IA mR
expression was not detectable in any of these cases. Therefo
suggested that the expression of MT mRNA, mainly MT 
mRNA, might be associated with the genetic mechanisms u
lying metastasis in oesophageal SCC.

MT mRNA expression was positively correlated with me
tasis to regional lymph nodes, and both MT mRNA and its pr
levels were elevated in cases with distant metastases. Reg
the induction of MT gene expression, it is well known that 
gene contains AP-1 site in the regulatory region (Lee et al, 1
and the transcription of MT gene is activated in part by this si
transduction pathway (Skroch et al, 1991). Hu et al (1994) 
reported that c-fos may play an important regulatory role in
invasive behaviour of malignant tumours. This oncogene pro
forms heterodimers with c-jun protein, and the resulting com
binds AP-1 sites of DNA and stimulates specific gene transcri
through these elements (Chiu et al, 1988; Ransone and V
1990), implying the possible relationship between MT g
expression and metastatic activity.

The available information on the character and consequen
MT overexpression associated with human cancer is pres
limited (Jasani and Schmid, 1997), therefore, the actual role o
related to invasiveness and metastasis is largely unknown 
clinical setting. In a mouse melanoma cell invasion model, it
British Journal of Cancer (1999) 81(4), 712–720
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shown that heavy metal-induced MT serves as a host-de
factor for cancer cell metastasis (Haga et al, 1996a). Recently, it
was noted that MT enhances gelatinase A activation and in
cancer metastasis in vivo (Haga et al, 1996b). The significan
correlation of MT expression with frequent occurrence of lym
node metastasis in this study indicates that MT might be a 
related factor for cancer metastasis. Furthermore, in MCF-7 
human breast cancer cell line, transfected with MT antis
oligonucleotide, the cell growth was remarkably inhibited 
their apoptosis was induced (Abdel-Mageed and Agrawal, 1
In the future, it could be possible to regulate the metastatic p
tial of the oesophageal SCC by antisense MT gene therapy.

The results obtained for MT protein and mRNA expres
seemed to be inconsistent. Thirty-six of the 57 patients expr
MT equally at the mRNA and protein level, whereas 21 pat
showed discrepancy. The controversial results in the 21 pa
could be explained in the following ways:

1. there are differences in their half-lives or synthetic rates of
mRNA and protein, so that the level of MT mRNA express
is not always directly proportional to that of MT protein
(Skroch et al, 1991; Tohyama et al, 1993)

2. MT expression may be regulated at the post-transcriptional 

This post-transcriptional control of MT expression has not b
considered in the previous studies and needs further evaluat
the regulatory mechanisms at this level.

PCNA has been considered to be a useful marker of prolifer
activity in some tumours (Hall et al, 1990; Jain et al, 1991;
Sheneber et al, 1993), including oesophageal SCC (Hickey 
1994; Kinugasa et al, 1996), and appears at the late G1/S bou
in the cell cycle. Nagel and Vallee (1995) reported that the lev
MT during the mitotic cell cycle of human colon cancer c
reached its maximum near the G1/S boundary of the cell c
around the onset of DNA synthesis, raising a physiological rol
MT in cell proliferation. Similarly, MT protein expression singly
in combination with PCNA expression was significantly associ
with poor prognosis in oesophageal SCC in the univariate ana
while, in the step-wise multiple regression test, neither MT ex
sion nor PCNA could be an independent prognostic facto
oesophageal SCC. Therefore, in the clinical setting, the expre
of MT protein might be a useful marker to identify cell proliferat
in combination with PCNA. However, the predictability of pro
nosis by MT expression might be associated with other cell 
regulatory genes, like p53 (Zheng et al, 1996).

In conclusion, the expression of MT protein and/or mRNA 
positively correlated with tumour metastatic activity. The expres
of MT protein was also correlated with tumour proliferating acti
in the current study. These results indicate that MT mRNA an
protein may be used as potential markers, which permit us to p
the metastatic and proliferative activities in oesophageal SCC.
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