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Table I Clinical, histopathological, and cytogenetic data of the gastric and esophageal adenocarcinomas studied

Tumor Site

HistolÃ³gica!
grade Pathological Prior

differentiation stage therapy

No. of Modal
cells chromosome Passage

studied no. no. Karyotype
SKGT-1" ST4

SKGT-2 ST

Moderate

Poor

Mil!

IV

None

Radiation 15

56

58

50-56,X.+X.-Y,+7.+ 14,+20.+20,+2xi(5p).
der(7)t(2;7)(q21 ;p22),der(9)t(9;?)(pl 3;?).
+der( 11)t(3;?; 11)(p21 ;?;p 14-15).
+der(ll)t(2;ll)(q21;pl4-15).der(12)t(12;?)
(pJ3;?).t(13;15).+marl

SKGT-4 ES 111! None 17 59

SKGT-5 ST-ES Poor

S6*

S7

S14

S 16

S17

ST

ST

ST

LN

Moderate

Moderate

Poor

Poor

ST-ES Moderate

III!

1MB

Illli

IV

IV

III

None

None

None

Chemotherapy

None

None

16

12

20

28

13

63

46/53

88

46/48

48

46/84

6 58,X,+X,-Y,-8,-10,-l l,-21,-22,+6.+6.+7,
+ 14,+20.del(6)(q2 1),+2xi(5p).+der(7)t(7:?)
(p22;?),+der( 11)t(3; 11)(q2 1;p 14- 15),
+der( 11)t(3;?; 11)(p2 1;?::HSR::?;p 14-15).
t(13:I3).2xder(I7)t(17;?Kpll;?).+marI-4,
+random mar

4 56-72,X,-Y,(3N+/-),-2,-3,-8,-10,-12,-15,
- 15,- 16,- 17,- 19.-20,i( 1q),der(3)t(3;?)
(p2 1;?),der(4)t( 1;4)<q43;q35),+del(6)(q 15).
+der( 11)t(3; 11)(q2 1;q23),+der( 11)t(3; 11;3)
(p21;pl4-15-q23;q21),+t(15;15).
+der( 19)t( 19;?)(p 13:?).+random mar

3 59-69.X,-Y,(3N+/-),-5,-'5,- 17,-2 1,-2 1,
-22,-22,-22,+del(3)(p2 1).+del(6)(q2 1),
+der(7)t(7;?)(q22;?).der(l I)(l Iqter-
ql3::llqcen-pl3::?).der(l2)t(12:?)(pl3;?).
+ i<12p).t( 15; 15),+marl ,+random mar

Primary (6 days) 46X Y (5 cells)/48-53,X,-Y.-8,- 18,+2,+7,+7,
+ 10,+ 14,+ 15,+20,+deH 1)(p22).+i(5p),
der( 11)t(3;?: 11)(p2 1;?;pl4-l 5);der( 12)t( 12;?)
(pl3;?).+marl,+random mar (6 cells)

Primary (6 days) 54-105,X,-X,(3N+/-),-l,-14,+ 13,+ 16,+ 16,
+ 19.+20.+2 1,+22,+del(3)(p2 1).+der(4)t<4;?)
(q35;?).i(5p).del(7)(q31),der(7)t(7:?)(q36;?),
i(8q),del( 11)(pl 4- 15),der( 17)t( 17;?)(p 13:?),
-t-marl-4.+dmins,+random mar

Primary (6 days) 46XY (13 cells)/47-75,XY,+i(9q),+22 (7 cells)

Primary (6 days) 45-53.X,- Y,-8,- 15,-2 1,-22,+9,+ 12,+ 16,
-t-2xi(5p).der(7)t(7;?)(p22;?),i(9q).

S34 ST Moderate
to poor

None 14 96

+2xder( 17)t( 17;?)(q25:?).+marl-3,+dmins.
-Hrandom mar

Primary (6 days) 46XY (5 cells)/62-l 10,XY,+X,+Y,(3N+/-),
-17.-I-1 ,+2.+12,+15.+ 16,+18,+18,+22,
der( I )t( I;?)(p 11;?),+der(4)t(4;?)(q35;?),
+2xdel(6)(q21 ).del(7)(q21 ).der( 11)t( 11;?)
(p 14-15;?),+der( 11)t( 11;?)(p 14-15;?).
+ i(12p),+marl,+dmins.+random mar (8
cells)

Primary ( 1 day) 90-97.XX,(4N+/-),-7.-8.-10.-12,-12,-12,
-19,-19.-2l,+9,+ 13,-l-del(3)(p21).2xi(5p).
+ i(9q).+2xder(l 1)1(11:?)(pl3;?),2xt(l4;15).
i(17q).+dmins.+random mar

Â°Specimens from one patient, derived from the same biopsy.
4 ST, gastric; ES, esophageal; ST-ES, gastric esophageal junction; LN. cervical lymph node (metastatic lesion, primary unavailable for study).

Tumor
no.

Table 2 lip abnormalities in the 9 tumors karyotyped

Partial karyotype of 1Ip
SKGT-1
SKGT-2

SKGT-4

SKGT-5
S6
S7
SI4
S16
S17
S34

+der(l 1)1(3;?;! I)(p21;?;pl4-15).+der(ll)t(2;ll)(q21;pl4-15)
+der( 11)l(3; 11)(q2 1;p 14- 15),+der( 11)t(3;?; 11)

(p2l;?::HSR::?;pl4-15)
+der< 11)t(3; 11)(q2 1;q23),+der( 11)t(3; 11;3)(p2 1;p 14-

15-q23:q21)
der( 11)(11qter-q 13:: 11qcen-p 13::?)

None

+2xder( 11)t( 11;?)(p 13;?)

setting of Barrett's metaplasia obtained from an 89-year-old white male.

Cytokeratin stain demonstrated the epithelial origin of the cells. SKGT-
5 was derived from a poorly differentiated adenocarcinoma of the
gastroesophageal junction obtained from a 67-year-old white male. S7
was from a 76-year-old white female with a moderately differentiated
antral gastric adenocarcinoma. S14 was from a 50-year-old white male
with a poorly differentiated adenocarcinoma of the body of the stomach.
SI 7 was from a 66-year-old white male with a moderately differentiated
adenocarcinoma involving the distal esophagus and extending to gastric
mucosa. Barrett's metaplasia was present in nonneoplastic portions of

the lower esophagus. S34 was from a 58-year-old white female with a
moderately to poorly differentiated adenocarcinoma of the proximal
stomach, extending into the distal esophagus. SI6 was from a 57-year-
old white male with a metastatic poorly differentiated adenocarcinoma
of the distal esophagus; it also arose in the setting of Barrett's meta

plasia. The tumor biopsy studied was from a cervical lymph node.
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Fig. 1. Partial karyotypes of 8 of the tu
mors studied with rearrangements affecting
11pi3-15 and chromosome 3. *, Nonclonal

gains and marker chromosomes.
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RESULTS

Cytogenetic data from all the tumors studied are summarized
in Table 1. Modal chromosome numbers were in the hyperdip-
loid range in 7 tumors derived from 6 patients (SKGT-1, SKGT-
2, SKGT-4, SKGT-5, S14, S16, and S6) while they were in the
near-tetraploid range in the remaining 3 tumors (S7, S17, and

S34). Chromosomes 6,7,9,13,16, and 20 were overrepresented
with respect to the others. Loss of the Y chromosome also was
common. No major differences in types of abnormalities were
encountered in adenocarcinomas of the stomach, esophagus, or
in the junction.

The most consistent region of chromosome rearrangement
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Fig. 2. Partial karyotypes of tumors SKGT-1. SKGT-4. SKGT-5. and S16 showing the identifiable marker chromosomes. Marker chromosomes with common
derivation or showing common breakpoints are indicated: *. translocation involving D group chromosomes: A. break at 7p22; V. break at 4q35: A. break at 12pl3:
V, rearrangement involving 7q; O. breaks affecting 6ql5-21:@. i(5p):@ iil'i| >:(Â£).Â¡(12p):â€”â€¢.marker chromosomes with nonrecurring breakpoints.

noted was Ilpl3-15. Aberrations involving this region were
identified in all tumors except S14 (Table 2; Fig. 1). More than
one chromosome 11 had rearrangements affecting the 1Ipl3-
15 region in 4 tumors (SKGT-1, SKGT-2, SKGT-4, and S17).

In all cases, the abnormalities were in the form of derived
marker chromosomes except S7, which had a del( 11)(p 14-15).
The derived chromosomes resulted from reciprocal or complex
translocations. Where the partner chromosomal segments
could be identified, the breakpoints involved 2q21 (SKGT-1),
3p21 (SKGT-1, SKGT-2, SKGT-4, and S6), and 3q21 (SKGT-
2 and SKGT-4). The translocated segments could not be iden
tified in the remaining der(ll) marker chromosomes seen in
SKGT-5 (1 case), S16 (1 case), and SI7 (2 cases). Other
nonrandom abnormalities included translocations among the
D group chromosomes (6 cases), and rearrangements involving
Ip (2 cases), 3p21 (4 cases), 4q35 (3 cases), 6q 15-21 (4 cases),
7p22 (3 cases), 7q (3 cases), and 12pl3 (2 cases). In addition.

isochromosomes of 5p (5 cases), 9q (3 cases), and 12p (2 cases)
were seen (Fig. 2). Karyotypes of tumor S6 and the cell line
derived from it, SKGT-1, were similar to each other.

Four tumors, each of which obtaining the karyotype from the
primary culture, exhibited dmins. In S7, dmins were seen in
66% of cells examined, with an average of 4/cell. In S17, dmins
were seen in 45% of cells examined, with an average of 6 per
cell. In S34, dmins were seen in 35% of cells examined, with
an average of 2 per cell. In S16, dmins were seen in 65% of
cells examined, with an average of 2 per cell. One tumor, SKGT-
2, showed a HSR associated with the der(l 1) (Table 2, Fig. 1).
Although a karyotype was not obtained from tumor S12, from
which the cell line SKGT-2 was derived, genomic amplification
of HER-2/neu identified both in S12 (15) and SKGT-2 (data
not shown). In situ hybridization of the HER-2/neu probe to
metaphase spreads of SKGT-2 revealed 2 specific sites of hy
bridization presented by clusters of autoradiographic grains.
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Fig. 3. Partial karyotypes of 3 metaphases, one G-banded (cell 1) and two
following in situ hybridization with HER-2/neu probe, showing hybridization of
probe to the HSR region of the der(l 1) chromosome and the long arm of the
marl chromosome.

One site was the HSR region of the der(l 1) chromosome and
another was on an unidentified marker chromosome, desig
nated mar 1 (Fig. 3).

DISCUSSION

No specific or nonrandom chromosome abnormality has yet
been identified associated with gastric or esophageal adenocar-
cinomas. Granberg et al (5) found rearrangements affecting Iq,
4q, 17q, and the X chromosome, and trisomies of chromosomes
3, 7, and 8 in a metastatic gastric carcinoma. In a study of 5
gastric cancers, Ochi et al. (6) found structural abnormalities
involving breaks at Ip22 (4 cases), 3p21 (3 cases), 19pl3 (3
cases), and 20ql3 (3 cases). They also observed excess of
chromosome 12 copies and loss of the Y chromosome. Ferti-
Passantonopoulou et al. (7) studied 5 cases of gastric tumors
and reported structural abnormalities of chromosome 9 to be
the most common (2 cases with 9p+ and one case with i(9q))
along with extra copies of chromosomes 7, 8, and 9. Cagle et
al (8) found abnormalities affecting Ipl3, 3pl2, 7q22, 8q24,
11pi2, 22ql3, isochromosomes for 2p, 2q, and 8q, a t(15;16),
and extra copies of chromosomes 2, 3 and 7 in one case of

metastatic gastric adenocarcinoma.
We have identified rearrangements involving the region

Ilpl3-15 as the most frequent abnormality in 8 of 9 tumors
investigated. Genetic changes affecting the 11pi3-15 region
have previously been associated with several types of solid
tumors, notably, Wilms' tumor, hepatoblastoma, and rhabdo-

myosarcoma (16), carcinoma of the bladder (17), and carcinoma
of the breast (18). It has been suggested that these changes may
involve loss of a suppressor gene function. However, no loss of
heterozygosity affecting polymorphic DNA markers on chro
mosome 11 has been found in a study of 41 gastric tumors (19,
20). On the other hand, loss of heterozygosity was found at loci
on 13q in 41% of 36 gastric tumors in one study (20). Although
we have noted rearrangements affecting chromosome 13, these
were located at the centromeric region. The c-ras-Ha-1 pro
tooncogene has been localized to band 11pi5 (21). Enhanced
expression of its product has been detected in gastric adenocar-
cinomas compared with that in benign lesions and normal
gastric mucosa (22-25), suggesting that transformation of gas
tric mucosa from benign to malignant phenotype is associated
with an increase in c-ras-Ha-1 expression. However, activation
of c-ras-Ha-l by point mutation has rarely been observed in
either gastric or esophageal tumors (23, 26, 27). Our observa
tion of consistent chromosomal perturbation of the region to
which c-ras-Ha-1 has been mapped suggests a rearrangement-
mediated deregulation of the gene.

We found similar types of abnormalities in adenocarcinomas
developing in the gastric, lower esophageal, and junction re
gions suggesting a common pathway of origin at all 3 anatom
ical sites. Pathologically, these tumors are closely related, in
sofar as almost all adenocarcinomas of the lower esophagus
and gastroesophageal junction develop in Barrett's metaplasia,

in which the squamous epithelium of the esophagus is replaced
by glandular epithelium (28); 3 of our 4 esophageal or junctional
tumors are known to have been preceded by Barrett's meta

plasia. A recent study (29) described clonal abnormalities in 9
of 10 successful cytogenetic analyses of Barrett's metaplasia,

which comprised a t(3;6)(q21;p23) in 1, trisomy for chromo
somes 5 and 7 in another, and loss of the Y chromosome in 7
lesions. Thus, the changes described in these premalignant
lesions do not share common abnormalities with the malignant
lesions studied by us. In contrast, the frequent occurrence of
i(5p) and rearrangements involving the 3p 14-23 regions is
consistent with findings in other adenocarcinomas such as those
developing in the kidney, lung, and breast (8,30-33). Of interest
here is the finding of i(12p) in these tumors. So far, this lesion
has been specifically associated with germ cell tumors, not
having been detected in extensive studies of other tumor systems
by us and others (3, 4). Whether i(12p) in these adenocarcino
mas represents a histolÃ³gica! and/or clinical subset remains to
be determined.

Of potential significance to the clinical behavior of these
tumors is the presence of dmins and HSRs in 55% of tumors
with analyzable metaphases, suggesting frequent gene amplifi
cation. Amplification of HER-2/neu was confirmed by in situ
hybridization in one of the tumors analyzed here. HSRs and
dmins have previously been noted occasionally in gastric tumors
(6, 7, 34). In these tumors, previous studies also have identified
amplification of multiple oncogenes: c-myc (34, 35), c-ras-Ki
(36), c-yes-l (37), int-2/hst-l (38), c-erbB and c-erbA. (39), and
HER-2/neu, which was occasionally rearranged and showed
elevated expression (40-42). Amplification of multiple pro-

tooncogenes appears to be a common event in adenocarcinomas
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arising at diverse anatomical sites, suggesting that this is an
important mechanism of tumor progression in this cell type.
Thus, breast tumors have been shown to amplify HER-2/neu,
c-myc, c-myb, c-ras-Ki, int-2, and hst-l (43, 44). Amplification
and overexpression of HER-2/neu has been shown to be asso
ciated with aggressive behavior of breast carcinomas (45). HER-
IIneu also has been found amplified in kidney, lung, salivary
gland, and colonie adenocarcinomas (40,46,47). DNA analysis
of a series of gastric and esophageal adenocarcinomas including
the tumors reported here performed by us revealed amplifica
tion of c-erbB, HER-2/neu, and c-met ( 15). Notably, each of

the 3 tumors with dmins and/or HSRs showed gene amplifi
cation, HER-2/neu in S7 and S12, c-met in S16, and c-erbB in

S17.
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