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ABSTRACT

The correlation between the clinical outcome in patients with esopha-
geal squamous cell carcinoma and coamplification of the proto-oncogenes
int-2 and h\t-\. which are partially homologous to angiogenesis-inducing

fibroblast growth factor, was analyzed retrospectively. Coamplification
of these genes was examined by slot-blot hybridization using DNAs
extracted from formalin-fixed and paraffin-embedded blocks of tissues.
These tissues were obtained from 107 patients with esophageal squamous
cell carcinoma who had undergone radical surgery, Â¡nt-2/hst-l coampli
fication greater than 3-fold was observed in the primary tumors of 30 of
107 cases (28%), and in the mctastatic lymph nodes of 12 of 40 cases
(30%). The cumulative survival rate of patients with Â¡nt-2/hst-\coampli
fication in the primary tumors was significantly lower than that of the
patients without coamplification (/' < 0.001), and there were no signifi

cant differences between the clinicopathological backgrounds of the 2
groups, lnt-2 h\t-\ coamplification was also significantly correlated with
a high incidence of eventual metastasis in distant organs in these patients.
These results suggest that Â¡nt-2/hsf-\coamplification is a new biological
indicator of prognosis and distant organ metastasis in patients with
esophageal squamous cell carcinoma.

INTRODUCTION

In human cancers, various activated endogenous proto-on
cogenes have been demonstrated in neoplastic transformation
and other biological behaviors of neoplastic cells (1-7). Ampli
fication of proto-oncogenes is one of the processes in activating
endogenous proto-oncogenes. The most well-studied example
is neuroblastoma in which the degree of N-myc gene amplifi
cation correlates with clinical outcome (3-5). There is also
growing evidence that proto-oncogene amplification may play
a role in the clinical course of breast cancer. Slamon et al. (6)
have reported an association between amplification of the c-
erhE-2 proto-oncogene and aggressive clinical behavior of hu
man breast cancer. Moreover, amplification of the int-2 gene
was observed in human breast cancer, and its amplification in
the primary tumor was found to be highly correlated with
recurrence (7). Recently, amplification of the int-2 gene has
been detected in squamous carcinomas of the head and neck
region and the esophagus (8, 9). Especially in esophageal squa
mous carcinoma, a high frequency of coamplification of the
hst-\ and int-2 gene has been detected, and the incidence was
higher than that in breast cancer (10). However, a clear rela
tionship between int-2/hst-\ coamplification and the biological
behaviors of tumors has not been reported in esophageal squa
mous carcinoma. To clarify the significance of int-2/hst-\ coam
plification as a prognostic factor, a great number of cases that
have been followed up long term need to be analyzed. There
are some difficulties in prospective accumulation of an adequate
number of cases and their clinical data for long-term observa-
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tion. A method of extracting DNA from formalin-fixed and
paraffin-embedded tissues prepared for histopathological ex
amination has been developed (11, 12). In this study, the
association between the coamplification of these 2 genes and
the clinical outcomes of patients with esophageal squamous
carcinoma was studied retrospectively by this method.

MATERIALS AND METHODS

Patients. A total of 107 patients with esophageal squamous cell
carcinoma who had undergone radical surgery at Keio University
Hospital (Tokyo, Japan) during the period from 1980 to 1986 were
examined. Samples for DNA extraction were obtained from formalin-
fixed, paraffin-embedded blocks of the primary tumors and metastatic
lymph nodes, and from normal tissues adjacent to tumors for controls.
The clinicopathological background factors of the patients at operation
were estimated according to the classification of the Japanese Society
for Esophageal Disease (13). Patients were followed by check-ups every
3 months in the outpatient clinic. Diagnosis of recurrence was made by
the findings at autopsy and/or diagnostic imagings including routine
chest radiogram, body CT, and ultrasonography. The maximum obser
vation period was 119 months and the mean observation period was 29
months.

DNA Extraction. The blocks were cut into sections 20 /Â¿mthick using
a microtome, and 5 or more sections were collected. One section was
examined by hematoxylin and eosin staining to identify the area of
neoplastic and normal tissue. Then the samples of neoplastic and
normal tissues were obtained from the same sections. Subsequently,
DNA was extracted following the method of Dubeau et al. (II). After
deparaffinization by 100% xylene and rehydration by 100% ethanol,
the final pellet was resuspended in 50 HIMTris-HCI (pH 8.0), 10 HIM
EDTA, and 150 miviNaCl containing 1% SDS' and proteinase K (200
/jg/ml) at 37Â°Cfor 7 days. DNA was extracted with a mixture of 24

parts of chloroform and one part of isoamyl alcohol after the incubation.
The suspension was transferred to a 37Â°Cwater bath, and RNase

digestion was done immediately. Sodium acetate was added to each
sample and the DNA precipitated by 2.5 volumes of cold ethanol. The
DNA was incubated at -70Â°C for at least l h and centrifuged for 15

min at 19,500 x g. The pellet was washed with 70% ethanol, dried
thoroughly, and resuspended in TE solution.

Slot-Blot Analysis. DNA concentration was estimated spectropho-
tometrically. Ten /jg of DNA were dissolved in 125 HIMNaOH, 0.125
x SSC (ix SSC is 0.15 M NaCl-0.015 M sodium citrate), and TE
solution was added to make a volume of 200 u\. The samples were
incubated for IO min at 37Â°C.and applied to a polyvinylidene difluoride
filter (Immobilon N; Millipore). The filters were baked at 80Â°Cfor 2 h

in a vacuum. Probes were made by multiprime radioactive labeling with
[<:iP]d-CTP using the oligolabeling system (14). Filters were prehybri-
dized in 5x Denhardt's solution. 50% formamide, 6x SSC, 0.5% SDS,
and 150 Mg/ml of denatured salmon testis DNA at 42Â°Cfor 2 h and
hybridized to the labeled probe at 42Â°Cfor 12 h in the same solution
with 10 mM EDTA. Filters were washed twice at 58Â°Cfor 2 h in 0.5x
SSC and 1% SDS, and exposed to Kodak XAR films at -80Â°C with

intensifying screens. Autoradiograms were evaluated quantitatively in
reference to the signals of serially diluted standards dotted on the same
filter. Ten ^g of DNA were diluted from xl to xl/16 by TE solution

3The abbreviations used are: SDS. sodium dodecyl sulfate; FGF. fibroblast
growth factor; SSC, standard saline-citrate; TE. IO mM Tris-HCI. pH 7.5. 1 m.\i
EDTA.
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Fig. I. Dot-blot hybridization with a serially diluted DNA sample. Ten ng of

DNA extracted from formalin-fixed paraffin-embedded tissues of tumors were
diluted from xl to x 1/16. and dot-hybridized to inl-2 and A.vr-1genes. There was
a linear difference of intensity of signals through all the serial dilutions. The
serial dilution analysis demonstrated that the degree of amplification was 12-fold
in Case 22. ,V. normal adjacent esophageal mucosa: T. primary tumor tissue.

and dot-hybridized to probes. The probes were removed from the filters
by incubation in 0.4 M NaOH for 30 min, and then in 0.2 M Tris. pH
7.5, O.lx SSC, and 0.1% SDS for 30 min at 42Â°C,and filters were

rehybridized with other probes.
Probes. Probes used were: SS6, a 0.9-kilobase pair Sac\-Sac\ frag

ment of the inl-2 gene (15); probe C, a 0.79-kilobase pair EcoR\-EcoR\
fragment of the hst-\ gene (16); and DRD2. a 1.6-kilobase pair BaniHl
fragment of the dopamine receptor D2 gene (17). The dopamine recep
tor D2 gene probe was kindly provided by Dr. R. Kuwano and was used
as an internal control probe of chromosome 11.

Statistical Analysis. Patient groups were compared using the x2 test
or Mann-Whitney L' test. The cumulative survival curves for patient

groups were calculated by the Kaplan-Meier method, and were com
pared using the log-rank test.

RESULTS

Coamplification of ini-2 and hst-\ Genes. A more than 3-fold
coamplification of int-2 and hst-l genes was detected in the
primary tumors of 30 of the 107 cases (28%). These 2 genes
were coamplified in metastatic tumors of the regional lymph
nodes in 12 of 40 cases (30%). The degree of amplification
evaluated by dot-blot analysis with serially diluted DNA sam
ples ranged from 3- to 16-fold (Fig. 1). In all 30 cases with int-
2/hst-\ coamplification. the degree of amplification of these 2
genes was almost the same. The serial dilution analysis dem

onstrated that the degrees of amplification were 16-fold in Case
9, 6-fold in Case 20. and 12-fold in Case 22. The dopamine
receptor D2 gene, which has been mapped to the q22-23 region
of chromosome 11 and used as an internal control, was not
amplified in these tissues (Fig. 2). No amplification of these
genes was detected in any normal tissues.

Prognostic Value of Coamplification of /ni-2 and hst-l Genes.
The clinicopathological backgrounds and pre- and postopera
tive treatments of the patients in the 2 groups with and without
int-2/hst-\ coamplification are listed in Tables 1 and 2. There

were no significant differences in the clinicopathological back
grounds and treatments between the 2 groups. The cumulative
survival curves for these 2 groups calculated by the Kaplan-
Meier method are shown in Fig. 3/1. The 50% survival period
was 13 months in cases with int-2/hst-l coamplification and 42
months in cases without coamplification. The 5-year survival
rate was 21.6% in cases with int-2/hst-\ coamplification and
42.6% in cases without coamplification. The survival rate of
patients with coamplification was significantly lower than that
of patients without coamplification (P < 0.001). In the patients
studied, 35 cases had no lymph node metastasis and int-2/hst-
1 coamplification was observed in 8 of these 35 cases. In these
cases with no lymph node metastasis, the cumulative survival
curves for the groups with and without coamplification are
shown in Fig. 3ÃŸ.The survival rate of the patients with int-2/
hst-\ coamplification was significantly lower than that of pa
tients without coamplification (P < 0.05). There were also no
significant differences in the initial clinicopathological param
eters between these 2 groups.

Association between Â¡nt-2/hst-\ Coamplification and the Inci
dence of Metastasis in Distant Organs. Table 3 shows the
association between the patterns of recurrence following resec
tion of esophageal cancer and existence of int-2/hst-l coampli
fication. In cases with int-2/hst-l coamplification. metastasis
in distant organs was observed in 15 of 30 cases (50%; liver, 10
cases; lung, 7 cases; bone, 2 cases: brain. 1 case). Whereas in
cases without coamplification, metastasis in distant organs was
detected in 7 of 77 cases (9%; liver, 4 cases; lung, 3 cases). Also,
in the cases without lymph node metastasis but with int-2/hst-
1 coamplification, 4 of the 8 cases died with distant organ

INT-2 HST1 DRD2

Fig. 2. Slot-blot hybridization analysis of
priman tumors and metastatic tumors of re
gional lymph nodes with esophageal squamous
cell carcinoma. .V,normal adjacent esophageal
mucosa; T, primary tumor tissue: A. metastatic
tumor of regional lymph nodes. Ten /*g of
DNA extracted from formalin-fixed, paraffin-
embedded tissues were applied to polyvinyli-
dene difiuoride filters, hybridized to "P-la-
beled probe DNA. washed. and
autoradiographed.
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Table I Association between int-2/hst-l coamplijicalion and badspmauifaeton
ofesophageal cancer patients

No. ofcasesCases

without
int-\/hst-\

coamplificationFactorsAge

(yr)<50

50-70
>70SexMale

FemaleLocation'Ce"luImEiEaHistological

tvpefWell'

Moderate
PoorLymph

nodemetastasis'ni-/n,(+)n,<+)n,(+)nÂ«<+)Invasion

to theadventitia'ao1

a,
Â»i

â€¢jHistological

stage'01IIIIIIVNo.6

55
1666

11654023318

46
132722818231

18
2178943323Percent8

71
2l86

14865230423

60
1735336233402427

9101254330Cases

with
int-2/hst-\

coamplificationNo.1

21
827

3321690617781137111

11
6

21331211PercentÃ•

17o UNS"
nJ90

Tâ€”NS*

10J10

'753300

J-NS"20

"l

57L_NSÂ«23

J27

"344233

.-NS"37

"i.17
r-NS020

Â¡1
6J3

"10104037

.â€”

NS"

Table 2 Preoperative and postoperative treatments ofesophageal cancer patients

No. of cases

Â°NS. not significant (Mann-Whitney U test).
* NS, not significant (\2 test).
' According to the classification of the Japanese Society for Esophageal Dis

ease.
Â¿Ce,cervical esophagus: lu. upper intrathoracic esophagus; Im, middle intra-

thoracic esophagus; Ei, lower intrathoracic esophagus; Ea, abdominal esophagus.
' Well, well-differentiated squamous cell carcinoma; Mod. moderately differ

entiated squamous cell carcinoma; Poor, poorly differentiated squamous cell
carcinoma.

^n(-), no metastasis: n,(+), metastasis to group 1: n2(+), metastasis to group
2; nj(+), metastasis to group 3; n4(+), metastatic node beyond group 3.

"ao. no invasion: a>. invasion reaching the adventitia: .1 . definite invasion: .1.
invasion into the neighboring structures.

metastasis. The incidence of metastasis in distant organs after
radical surgery in the patients with int-2/'hst-l coamplification

was significantly higher than that in the patients without coam
plification (P < 0.01, x~ test). There is no obvious relationship

between regional lymph node metastasis and distant organ
metastasis.

DISCUSSION

To improve the management of cancers, establishment of
additional biological indicators for the assessment of the malig
nant potential of individual cases is necessary. Our attention
has been focused on 2 oncogenes, int-2 and hst-l, locali/.ed
closely together on the q 13 region of chromosome 11q ( 15, 18,
19), since recently it has been demonstrated that there is a high
incidence of coamplification of these 2 genes in primary esoph-

Cases without Cases with
int-2/hst-\ int-2/hst-\

coamplification coamplification

TreatmentPreoperativeRadiation(-)Chemotherapy(-)PostoperativeRadiation(+)(â€”

)Chemotherapy(+)(-)"

NS, not significant (x~No.16

6118

591661176test).Percent21

7923772179199No.9218

22921129Percent30

-,
70J27

1
73-1M

-i70
J3

-I97
JNS"NS"VIC"INNX]Ca.N.T

ageal carcinomas (10). Coamplification of the int-2 and hst-l
genes but not dopamine receptor D2 gene, which is localized
on chromosome llq22-23 (17). were detected in this study.
These results indicate that the amplification unit including int-
2/hst-l in esophageal squamous carcinomas is not the entire
chromosome 11. The incidence of amplification in the met-
astatic tumors of regional lymph nodes in our series was 30%,
which was remarkably lower than the 100% reported by Tsuda
et al. (10). This discrepancy could be attributed to the fact that
our samples contained tumors from lymph nodes with micro
scopic small metastasis and, in these samples, extracted DNAs
were frequently contaminated by DNAs from normal
lymphocytes.

In this study, a correlation between int-2/hst-1 coamplifica
tion in primary tumors of esophageal squamous carcinoma and
the clinical outcome following radical surgery was shown. De
spite no significant differences in the initial clinicopathological
parameters, the survival rate of the int-2/hat- \ coamplified
group was significantly lower than that of the nonamplified
group. In retrospective, long-term analysis, incidence of distant
organ metastasis following radical surgery in cases with int-2/
hst-\ coamplification was significantly higher than that of the
nonamplified group. The survival rate of patients with lymph
node metastasis is usually lower than that of patients without
lymph node metastasis in esophageal carcinomas. The degree
of lymph node involvement has been considered to be one of
the significant prognostic factors in esophageal cancer patients.
The significance of int-2/hst-1 coamplification as a prognostic
indicator was also observed in 35 cases who had undergone
curative surgery and showed no metastasis in dissected lymph
nodes. Coamplification of int-2/hst-1 was detected in 8 of these
35 cases, and 4 of these patients eventually died with distant
organ metastasis. These results suggest that an increased copy
number of int-2 and hst-l genes is a valuable prognostic indi
cator that is independent of other prognostic parameters such
as clinical staging and pathological parameters in esophageal
cancer patients. Identification of a group at high risk of devel
oping distant organ metastasis and improvement of the multi-
disciplinary management of esophageal cancer patients will be
very useful.

Our clinical findings of poorer prognosis and higher incidence
of distant organ metastasis in int-2/'hst-l coamplified cases may

suggest that there is an interaction between the cancer cells and
stromal structures including endothelial cells in the capillary
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Fig. 3. The cumulative survival curves for patient groups with and without int-
2/hsr-\ exemplification calculated by the Kaplan-Meier method. Panel A, curves
for all the patients: .-Ã•.30 cases with Â¡nt-2/hst-l coamplification; lÃ¬.77 cases
without Â¡nt-1/hst-\ coamplification. Panel B, curves for patient groups without
lymph node metastasis: A. 8 cases without lymph node metastasis but with int-2/
hst-\ coamplification: B. 27 cases without both lymph node metastasis and
coamplification of these genes.

vessels of metastatic organs. The int-2 and hst-l proto-onco-
genes bear structural homology with acidic and basic FGFs
(20). which are known as potent mitogens for a variety of cell
types (21). These growth factors have been implicated in many
aspects of cell growth, angiogenesis (22), organogÃ©nesis(23),
and tumor development (24). The protein products of these
genes may have some important roles in the process of cancer
cell implantation and tumorigenesis in the metastatic organs,
possibly acting as paracrine growth factors for angiogenesis.
One possibility is that the products of these genes are involved
with several biological behaviors of cancer cells. Liscia et ai.
(25) have observed a positive in situ hybridization for in/-2
mRNA over cells invading a blood vessel of breast cancer and
have speculated that the need for vascularization during tumor
development provides the selective pressure for tumor cells
containing an in/-2 amplification (25). Hst expression was

Table 3 Patterns of recurrence after surgery with esophageal cancer patients

No. of cases

Patterns of recurrence

Cases without
int-2/hst-1

coamplification
(n = 77)

No. Percent

Cases with
int-2/hst-\

coamplification
(n = 30)

No. Percent

NorecurrenceDistant
organmetastasisRegional

lymph nodemetastasisDistant
organ andregionallymph

nodemetastasisOthers532135469

â€¢]21775h

"r

121114|_

240373137
Â°/><O.OI (x'test).

tested in the same panel of tumors, by in situ hybridization, but
proved to be negative (25). On the other hand, Theillet et al.
(26) have reported a correlation between RNA expression and
gene amplification in the case of hst but not of in/-2 by RNA/
RNA in situ hybridization in breast carcinomas and have sug
gested that hst gene product could play a role in development
and/or progression of human breast cancer (26). However, that
the coamplification of in/-2 and hst-\ genes is merely a fortui
tous event cannot be excluded, as chromosomal amplification
units cover large segments of DNA (27). This region of human
chromosome. Ilql3, may contain other unidentified genes
including those for growth factors (28). Although gene ampli
fication is usually accompanied by enhanced gene expression
(29), no previous studies have reported the expression of int-2
and /I.V/-1genes in human esophageal squamous cell carcinoma.
The expression of genes on this locus may be coregulated,
allowing either simultaneous or sequential expression of each
FGF-related gene (30) in extremely low levels. Definite identi
fication of the significance of FGF-related genes in carcinogen-
esis and the progression of esophageal squamous carcinoma
remain to be determined. Further studies into characterization
of these genes and investigation of this locus on chromosome
11 are necessary.

In any case, an amplification unit on the locus 1Iql3 may be
very important and concerned with the biological behavior of
esophageal cancer cells, and the coamplification of int-2/hst-\
has clinical significance as a prognostic factor in patients with
esophageal squamous cell carcinoma.
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