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Biology of Colorectal and Gastric Cancer Cell Lines
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Abstract Cell lines established from the human colorectal and gastric cancers may provide very useful tools to
the study of the disease and to develop and test new therapeutic approaches, and a large bank of well-characterized cell
lines should reflect the diversity of tumor phenotypes and provide adequate models for the study of tumor
heterogeneity. Colorectal lines are relatively easy to establish, while gastric cancer cell lines remain extremely difficult
to propagate in long-term culture, and the number of cell lines is very limited. In this paper, we describe the up-to-date
results of the characteristics of our nine colorectal cancer cell lines and four gastric cancer cell lines. Based on culture,
xenograft, and ultrastructural morphologies, these cell lines could be subtyped into well-differentiated, moderately
differentiated, poorly differentiated, and mucinous carcinomas. Basic properties concerning expression and secretion of
antigens, neuroendocrine features, receptor binding of various gastrointestinal hormones and neurotransmitters,
cytogenetic studies, gene amplification and expression, and chemosensitivity profiles are described. In particular, a
greater number of receptors for hormones and neurotransmitters are expressed on human colorectal cancer cell lines
compared to gastric cancer cell lines, raising the possibility that gastrointestinal hormones may have a greater autocrine
effect on colon cancer cell growth. Despite major differences in the biology of colorectal cancer and gastric cancer as
indicated by clinical studies, the multiple properties that we examined reveals marked similarities between the
colorectal and gastric cancer cell lines. However, in vitro chemosensitivity patterns to cytotoxic drugs are very different
in colorectal and gastric cell lines. Some of these observations may be due to the relatively low expression of the
multidrug-resistance-associated (MDR1) gene in gastric cancer cell lines. In addition, colorectal cancer cell lines

express receptors for peptide hormones more frequently.

© 1996 Wiley-Liss, Inc.

Colorectal cancer is one of the most common
solid tumors, and its incidence is second only to
lung cancer in the United States. An estimated
138,000 new cases will have been diagnosed in
1995, 55,000 of whom will die of their disease [1].

And in the case of gastric cancer, although the
incidence has been continuously and markedly
decreased in most western countries for the past
40 years, it is still high in Korea, Japan, China,
Russia, Finland, and Chile [2,3]. In Korea, the
frequency of gastric cancer among all admitted
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malignancy patients is 24.0% (29.2% in males
and 18.3% in females) [2], and the gastric cancer
deaths were the highest in both males and fe-
males (32 gastric cancer deaths per 100,000
population). In the United States, although the
incidence of gastric cancer is declining, gastric
cancer a major cause of cancer deaths and still
remains a major health problem [1,4].

In the establishment of cell lines from carcino-
mas, gastric carcinoma has been much more
difficult to culture than colorectal carcinomas.
While over 80 cell lines established from colo-
rectal carcinoma exist [5-7], only 2 modest num-
ber of gastric carcinoma lines have been estab-
lished [8].

Any in-depth study requires a comprehensive
panel of well-characterized cell lines. A large
bank of well-characterized cell lines may reflect
the diversity of tumor phenotypes and provide
adequate models for studying tumor heteroge-
neity.

In this article, we describe the establishment
and characterization of four gastric carcinoma
cell lines, three from Korean patients and one



132 Park and Gazdar

from an American, and 9 colorectal carcinomas,
four from Korean and five from American pa-
tients.

ESTABLISHMENT OF CELL LINES

Some human tumors, such as melanoma, are
relatively easy to culture. Others, such as pheo-
chromocytomas and islet cell carcinomas, are
exceedingly difficult, and no established cell lines
currently exist. Rutzky and Moyer [9] summa-
rized key features relevant to a successful cul-
ture: (1) nonenzymatic or minimal dissociation
of tumor tissue, (2) seeding cultures as explant
and at high cell densities, (3) removal of contami-
nating fibroblasts usually after they have aided
cultural initiation, and (4) delaying passage un-
til high cell densities have been achieved and
plating cells at high density (both of these proce-
dures increase concentrations of conditioning or
paracrine factors).

Details of tumor disaggregation, culture meth-
ods and growth media have been published pre-
viously [see references 13,14]. Solid tumors were
finely minced with scissors and dissociated into
small aggregates by pipetting. For culture of
primary tumors, invasive areas were selected
from the serosal surface, whenever possible, to
decrease the chance of microbial contamination.
Ascitic fluids were collected, pelleted, washed,
and resuspended in growth medium. Approxi-
mately 1-5 x 10° cells were seeded into 25 cm?
flasks.

In establishment of gastric carcinoma cell
lines, tumors were cultured in RPMI 1640
supplemented with 10% heat-inactivated fetal
bovine serum (R10). In the case of colorectal
carcinoma cell lines, tumors were cultured in
ACL-4, the medium were formulated for bron-
chial adenocarcinomas [10,11].

ACL-4 is a complex medium, consisting of 12
additives to basal medium. Four of the five
HITES (medium for the selective growth of
SCLC; the components of HITES included insu-
lin, transferrin, hydrocortisone, estradiol, and
selenium added to a basal medium, RPMI-1640)
additives are present in ACL-4; it lacks only
estradiol. Epidermal growth factor (EGF) is also
present. Bovine serum albumin helps to com-
pensate for some of the high molecular weight
proteins present in serum, and aids growth in
semisolid media. In addition, we added triiodo-
thyronine (a selective mitogen), ethanolamine,
and phosphorylethanolamine (precursors of
membrane lipids), HEPES buffer (to compen-

sate for the loss of buffering properties of se-
rum), glutamine, and sodium pyruvate (added
empirically).

Initially, cultures were passaged whenever vig-
orous tumor cell growth was observed. Subse-
quent passages were performed weekly. Nonad-
herent cultras were passed by transfer or floating
multicellular aggregates. Adherent cultures were
passaged at subconfluence after trypsinization
[12] was used to obtain a pure tumor cell popula-
tion. Media and sera were obtained from Grand
Island Biological Co. (Grand Island, NY). Cul-
tures were maintained in humidified incubators
at 37°C in an atmosphere of 5% CO; and 95% air.

CULTURE CHARACTERISTICS

Here, we selected 9 colorectal carcinoma cell
lines [13] and 4 gastric carcinoma cell lines [14],
for detailed characteristics (Tables I, II). Seven
(SNU-C1,SNU-C2A, SNU-C4, SNU-C5,SNU-1,
SNU-5, SNU-16) of the lines were originated
from Korean patients in Korea. Three lines
(SNU-C2A, SNU-C4, SNU-C5) were cultured
from xenografts in athymic nude mice, and the
remainder were cultured directly from tumor
material. Cell lines NCI-N87 and SNU-1 were
tumorigenic in athymic nude mice. Population
doubling time ranged from 27 to 93 h. Cloning
efficiencies ranged from 1.9 to 27%.

MORPHOLOGIC CHARACTERISTICS

Most colorectal carcinoma cell lines demon-
strated substrate adherence in serum supple-
mented media (SSM) and lacked it in the ACL-4
medium unless the culture dishes were pre-
coated with collagen. In contrast, three of four
gastric carcinoma cell lines grew as floating cells.

Illustrations of the culture characteristics of
colorectal and gastric cell lines have been pub-
lished previously [13,14]. In R10 medium, one
culture, SNU-C1, displayed both adherent and
floating subpopulations. Cell line NCI-H498 grew
as floating cell aggregates surrounded by a halo
of easily visualized mucinous material. If the
mucin coat was removed and the cells dispersed
by trypsinization, the line could be adapted into
monolayer cultures. Cell line NCI-H716 com-
pletely lacked substrate adherence and grew as
amorphous floating cell aggregates in R10 me-
dium. In ACL-4, which lacks attachment fac-
tors, 7 of 9 colorectal carcinoma lines lacked
substrate adherence and grew as floating gland-
like structures or amorphous aggregates. Most
of the floating cultures could be grown as mono-
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layers in ACL-4 medium if the culture dishes
were precoated with collagen.

Evidence of glandular differentiation was pre-
sent in 5 colorectal cultures. In SSM, 2 of the 9
colorectal lines demonstrated a prominent dome
formation [15]. Culture morphology was most
accurately determined in ACL-4 medium, al-
though some features could also be discerned in
R10 medium. Dome formation could only be
evaluated in confluent monolayers grown in R10
medium. One gland- and dome-forming culture,
NCI-H498, secreted large amounts of extracellu-
lar mucin, This feature was best appreciated in
floating cultures, where cellular aggregates were
surrounded by halo of extracellular mucin, which
could readily be seen by phase microscopy. Based
on culture, xenograft, and ultrastructural mor-
phologies, the lines could be divided into 4 sub-

types.

Well Differentiated Cell Lines
(NCI-H548, NCI-H630, NCI-N87)

Cell line NCI-N87 grew as an adherent mono-
layer consisting of tightly knit epithelial cells.
NCI-H548 and NCI-H830 cell lines grew as float-
ing cell aggregates, sometimes as acinar struc-
tures surrounding central laminae in ACL-4
medium. A characteristic feature of two cell
lines was the uniform, radial orientation of tall
columnar cells. In R10 medium they consisted of
relatively large epithelioid cells. Prominent dome
formation was present at confluence two of the
cell lines. In addition to dome formation, three
dimensional gland-like structures were present
in confluent adherent cultures. The ultrastruc-
tural appearances of gland-forming cultures
demonstrated features of colonic mucosa, includ-
ing uniform microvilli with prominent filamen-
tous core rootlets, glycocalyceal bodies, and well-
formed junctional complexes that were present
between cells lining glands. Xenografts of well-
differentiated cultures reflected the features of
their respective cultures. Well-formed glands
were lined by tall columnar cells with prominent
apical borders.

Moderately Differentiated Cell Lines
(NCI-H508, SNU-C1)

SNU-C1 displayed both adherent and floating
subpopulations in R10 medium. In ACL-4 me-
dium, the cells formed spheroidal or irregular
masses rather than gland-like structures. In
R10 medium, dome formation, if present, was
inconspicuous. The cells tended to be cuboidal

rather than columnar, and gland formation was
less prominent. Microvilli were less uniform in
size, and filamentous core rootlets, glycocalyceal
bodies, and well-formed junctional complexes
were only present occasionally. Xenografts of
moderately differentiated cultures had glands
that were less well organized; they were lined by
cuboidal cells and varied considerably in size.

Poorly Differentiated Cell Lines (SNU-C2A,
SNU-C4, SNU-C5, NCI-H716, SNU-1,
SNU-5, SNU-16)

In ACL-4, 4 colorectal lines, SNU-C2A, SNU-
C4, SNU-C5, and NCI-H716, grew as single cells
or small amorphous aggregates. In R10 me-
dium, they displayed varying degrees of sub-
strate adherence, but cell line, NCI-H716, did
not attach at all. No evidence of gland or dome
formation was observed. These lines grew as
sheets of attached epithelial cells lacking dome
formation and other distinguishing characteris-
tics, or as amorphous floating cell aggregates
lacking central lumina. Abrupt shifting of me-
dium for SNU-C5 to serum free simple RPMI
was possible. This characteristic might be useful
for studying autocrine factors.

Ultrastructural studies confirmed the epithe-
lial nature of these lines (microvilli, desmo-
somes) and demonstrated occasional attempts
to form inter- and intracellular glands. No char-
acteristic ultrastructural features were seen, ex-
cept in cell line NCI-H716. The undifferentiated
cell line, NCI-H716, demonstrated a unique ul-
trastructural feature, the presence of intracellu-
lar dense core granules. The granules, which
were approximately 300 nm in size, were bound
by a unit membrane and contained electron-
dense cores surrounded by an electrolucent halo.
These structures are characteristic of neuroen-
docrine (NE) cells and tumors. Xenografts usu-
ally demonstrated undifferentiated epithelial tu-
mors. Occasional xenografts demonstrated
intracellular mucin in a few cells, or made feeble
attempts at glandular formation. Xenografts of
the NCI-H716 cell line had additional unusual
features; s.c. tumors frequently invaded and
destroyed surrounding muscle tissue, a feature
not noted with other colorectal xenografts. In
addition, when injected intraperitoneally, cell
line NCI-H716 formed solid tumor masses with
invasion and destruction of the pancreas and
other organs.

The other three gastric lines, SNU-1, SNU-5,
and SNU-186, displayed both adherent and float-
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TABLE II. Characteristics of Gastric Cancer Cell Lines*

SNU-1 SNU-5 SNU-16 NCI-N87

ATCC number
Date of initiation 4/84 6/87 7/87 8/76
Age 44 33 33 ?
Sex? M F F M
Race? (0] O 0 w
Blood type O+ O+ A+ ?
Prior therapy© None FAM None None
Primary tumor site Stomach Stomach Stomach Stomach
Cultured tumor site Stomach Ascites Ascites Liver
Differentiation Poor Poor Poor Well
Original tumor differentiation Poor Poor Poor Well
Substrate adherence

R10 - - - -

ACL-4 NT NT NT NT
Culture appearance! U U U U
Doubling time (h) 26 34 27 47
Plating efficiency (%)¢ F F F 4.3
Cloning efficiency (colonies/105 cells) 190 2,700 1,000 -—
Tumorigenicity + NT NT +
CEA cell extract (+) (+) (+) (+)

supernatant (+) (+) (+ (+)
CA19-9 cell extract (+) (+) (+) (+)

supernatant (+) (+) (+) (+)
TAG-72 cell extract (+) € (+) (+)

supernatant (=) (=) (=} (-
DDC cell linef NT 87 87 NT
DCGs NT NT NT NT
CGA RNA expression® NT NT NT NT
Chromosome no.

Modal 47 89 92 43

Range 85-98 81-94 38-45
Polyploid (%) 5.2 9.6 1.0 16.0
% of metaphases with DM chromosome 28 16 12 64
e-mye + + + +
N-myc 0 0 0 0
L-myc 0 0 0 0
myb 0 0 0 0
sis 0 0 0 0
IGF-1I 0 0 0 0
GRP 0 0 0 0

*NT, not tested.

aM, male; F, female.

bW, white; O, oriental.

FAM, 5-FU + adriamycin + mitomycin-C.

4U, undifferentiated.

°F: not done due to lack of substrate adherence.
fDDC, L-dopa decarboxylase-activity.

gDCG, Dense core granule.

hCGA, Chromogranin A.

ing subpopulations (Table II), and the cells ap-
peared more rounded. However, SNU-16 cell line
formed small numbers of globlet cell in culture.

Mucinous Cell Line (NCI-H498)

In ACL-4 medium, cell line NCI-H498 grew as
floating aggregates surrounded by a halo of vary-

ing diameter, easily visible by phase microscopy.
The halos stained strongly positive with the
stains alcian blue, mucicarmine, and periodic
acid-Shiff, confirming its mucinous nature. Mu-
cin stains indicated varying degrees of intracellu-
lar mucin production by other cell lines and
their corresponding xenografts, especially the
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well-differentiated lines. However, prominent ex-
tracellular mucin secretion was a feature only
present in NCI-H498 cells. The aggregates would
not attach to the substrate in R10 medium un-
less the mucinous coat was dispersed by trypsin-
ization. Monolayer cells were large and often
distended with mucin droplets. Gland and dome
formation were occasionally present. Xenograft
histology and ultrastructural morphology indi-
cated that the cell line had characteristics of a
well-differentiated adenocarcinoma, and con-
firmed the prominent mucin secretion. Ultra-
structural examination demonstrated abundant
intra- and extracellular mucin. It could be
adapted to an adherent line of the extracellular
mucin coat, which was removed by trypsiniza-
tion (and if attachment factors were present
in the medium). Inoculation of this line intra-
peritoneally into athymic nude mice resulted in
a similar situation: glandular structures sur-
rounded by a mucin coat. The appearances
closely mimicked pseudomyxoma peritonei, a
clinical condition characteristic of mucinous car-
cinoma, showing extensive peritoneal involve-
ment without invasion of abdominal organs. The
tumor cells formed floating cell aggregates with
gland formation surrounded by mucinous coats,
closely mimicking their cultural appearance in
ACL-4 medium. Pleural metastases were fre-
quently noted after intraperitoneal inoculation.

OTHER CHARACTERISTICS
Expression and Secretion of Antigens

All colorectal lines were tumorigenic when
inoculated s.c. into athymic nude mice and at
least two grew i.p. CEA, CA 19-9, and TAG-72
were expressed by 67% (6/9), 56% (5/9), and
44% (4/9), respectively. Lines expressing CEA
and CA 19-9 actively secreted these antigens
into the supernatant fluids, while TAG-72 anti-
gen was not secreted. Our findings suggest that
CEA and CA 19-9 may function as more sensi-
tive serum markers than TAG-72. CEA, CA
19-9, and TAG-72 were also found in cell pellets
of gastric lines at levels comparable to those
present in colorectal carcinoma lines, although
the levels of CA 19-9 demonstrated considerable
variation between gastric cell lines. Except for
TAG-72, which is not generally secreted, the
antigens were also detected in supernatant flu-
ids. Only one gastric carcinoma cell line (SNU-1)
had a detectable concentration of TAG-72 anti-
gen in supernatant fluid (900 ng/10° cells). As
with colorectal cell lines, there was no correla-

tion between degree of morphological expression
by these gastric lines and antigen concentrations.

Neuroendocrine (NE) Cell Features

Many of the colorectal cell lines expressed
varying concentrations of dopa decarboxylase
(DDC), a key neuroendocrine (NE) cell marker
[16]. DDC is essential for formation of biogenic
amines, both serotonin and catecholamines. The
incidence and concentration of DDC increased
after in vitro growth. These data are in agree-
ment with a large survey of human tumors that
indicated that non-small cell lung cancers (12%)
and colorectal tumors (51%) were the only
none-NE tumor types to frequently express DDC.
The range of DDC values in the colorectal cell
lines was similar to that present in cell lines
derived from small cell carcinoma of the lung
[17], a typical NE tumor. Cell line NCI-H716
may constitute another possibly unique sub-
type, an undifferentiated line with cytoplasmic
dense core granules, characteristic of endocrine
secretion, present in every cell. While osmio-
philic granules have been described in COLO
320 and COLO 321 [18] derived from the same
tumor, the illustrations are of low power and
cannot be critically evaluated. Because dense
core granules, characteristic of NE cells, were
not present in other DDC positive lines, NCI-
H716 only express part of the NE program.

Relatively high levels of L-DOPA decarboxyl-
ase (DDC) enzyme activity (87-89 U/mg pro-
tein), an enzyme characteristics of NE cells,
were detected in two gastric cell lines (SNU-5
and SNU-16), both initiated from ascitic fluids.
However, expression of neuroendocrine mark-
ers by these lines was partial, because these
lines lacked other evidence of neuroendocrine
differentiation (dense core granules, chromogra-
nin A RNA, and the natural killer cell antigens
Leu-7 and NKH1).

Receptor Bindings

Peptide binding studies were performed using
12 different gastrointestinal hormones or neuro-
transmitters in 8 out of 9 colorectal cancer cell
lines. All of the cell lines exhibited binding for at
least one of the radioligands studies. Five of the
8 cell lines exhibited a significant amount of
binding of 125I-VIP, and five cell lines exhibited a
significant amount of binding of [BHINMS. The
results of radiolabeled peptides saturably bound
to our colorectal cancer cell lines are summa-
rized in Table I1I. NCI-H716 exhibited binding
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for 7 radioliglands, while NCI-H630 and SNU-C4
exhibited binding for only one radioligand each.
Analysis of 125I-VIP binding on cell line SNU-C4
revealed a receptor having 2 classes of binding
sites: one of high affinity (Kd 3.6 nM) and one of
low affinity (Kd 1.7 uM) which represented the
majority of the 5.5 x 10% binding sites/cell.
Analysis of [SH]NMS binding on cell line NCI-
H508 revealed a Kd of 0.2 nM for N-methylsco-
polamine with a binding capacity of 2,500 sites/
cell. With the agonist carbamylcholine, the
receptor exhibited 2 classes of binding sites: one
of high affinity (Kd 55 nM) representing 75% of
the binding sites and one of low affinity (Kd 0.3
mM) representing 25% of the binding sites.
Analysis of 1°I-[Tyr¢]-bombesin binding on cell
line NCI-H716 revealed a high affinity receptor
(Kd 2.1 yM) with a binding capacity of 3,300
sites/cell. Evaluation of biological activity medi-
ated by the muscarinic cholinergic and bombe-
sin receptors revealed an increase of intracellu-
lar calcium and of inositol triphosphate by
specific receptor agonists. These results demon-
strate that bombesin receptors and muscarinic
cholinergic receptors on the human colon cancer
cell lines could alter intracellular mediators in
the tumor cells.

In peptide binding test of gastric carcinoma
lines, saturable binding of 125I-VIP was seen in
SNU-1, SNU-5, and SNU-16 but was minimally
detectable in NCI-N87. With 50 pM 125]-VIP, the
saturable binding as a percentage of the total
binding was 8, 54, and 36% in SNU-1, SNU-5,
and SNU-16, respectively. A small but appre-
ciable amount of saturable binding of [3H]-NMS

TABLE IV. Binding of Radiolabeled Peptides
to Human Gastric Carcinoma Cell Lines*

Radiolabeled peptide saturably

Radiolabeled bound (fmol/g DNA)

peptide added NCI-N87 SNU-1 SNU-5 SNU-16
1251 V[P 94 648 29 61
125].BH-SP ND ND ND ND

125].Gastrin-17-1 ND ND ND ND
125[-Tyr4-bombe-

sin ND ND ND ND
125]_Neuro-

medin B ND ND ND ND
125].CGRP ND ND ND ND
1251.0H-BZP ND ND ND ND
[SHINMS 85 ND 69 ND

*BH-SP, Bolton-Hunter-labeled substance; CGRP, calcito-
nin gene-related product; OH-BZP, hydroxybenzopindolol;
NMS, N-methylscopoiamine; ND, not detected.

was seen in SNU-5 and NCI-N87 but not in
SNU-1 or SNU-16 (Table IV). With 0.6 nM
[SH]-NMS, the saturable binding as a percent-
age of the total binding was 26 and 29% in cell
lines SNU-5 and NCI-N87, respectively. There
was no saturable binding of the other radioli-
gands (Table IV). To further examine the inter-
action of 12I-VIP with receptors on SNU-1, the
ability of VIP and secretin to inhibit binding of
125]-VIP was studied. VIP caused detectable inhi-
bition at 0.3 nM, half-maximal inhibition at 6.3
nM, and complete inhibition at 0.3 pM. Secre-
tin, although structurally related to VIP, failed
to inhibit binding of 125I-VIP at concentrations
of 0.1 pM, demonstrating it was as least 3,000

TABLE III. Binding of Radiolabeled Peptides to Human Colorectal Cancer Cell Lines*

Radiolabeled Radiolabeled peptide saturably bound (fmol/pg DNA)

peptide added NCI-H548 NCI-H630 NCI-H508 SNU-C1 SNU-C4 SNU-C5 NCI-H716 NCI-H498
1251 VIP ND 76 111 38 99 61 ND ND
125]._ BH-SP ND ND ND ND ND ND 22 ND
1251.BH CCK 8 70 ND ND ND ND ND 69 16
135].Gastrin 17 1 43 ND ND ND ND ND ND ND
125]-T'yrt-Bombesin ND ND ND ND ND 17 294 67
125]_Neuromedin B ND ND ND ND ND ND 3.5 ND
125].CGRP ND ND ND ND ND 4.4 44 ND
125].0H BZP ND ND ND ND ND ND ND ND
125]-Secretin ND ND ND ND ND ND ND
1251.Tyr11-Somato-

statin-14 ND ND ND ND ND ND 246 ND

[3SHINMS 314 ND 1,561 1,270 ND ND 3,443 399
(15,16 SH]Etorphine ND ND ND ND ND ND ND ND

*ND, not detected. BH-SP, Bolton-Hunter-labeled substance; CGRP, calcitonin gene-related product; OH-BZP, hydroxybenzo-

pindolol.
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times less potent than VIP and that 125I-VIP was
in fact binding to the VIP receptor and not to
secretin receptor. When the data was analyzed
using a nonlinear least squares curve-fitting pro-
gram, LIGAND [19], the inhibition of binding of
125].VIP by VIP was best fit with a one-receptor
model having a high affinity for VIP (Kd =
2.5 nM).

Although it is unclear as yet, the fact that a
greater number of receptors for hormones and
neurotransmitters were exhibited on human co-
lorectal cancer cell lines compared to gastric
cancer cell lines, could raise the possibility that
gastrointestinal hormones may have a greater
effect on colon cancer cell growth [20].

Cytogenetic Studies

Each gastric cancer cell line had unique modal
karyotypic characteristics, indicating its indepen-
dent origin. SNU-1 and NCI-N87 had near-
diploid and the other two lines had near-tetra-
ploid modal chromosome numbers. Of interest,
both near tetraploid lines were initiated from
malignant ascites fluids. The rate of cells with
higher ploidies, as compared with the modal
stem line chromosome numbers, was high in all
but SNU-16. Although the bimodal distribution
within the modal chromosome number range
(i.e., excluding the higher ploidies) was obvious
only in SNU-16, two distinct sublines (in each
cell line) could be identified by chromosome
hybrid analysis. Each subline had a unique and
consistent subset of chromosome that distin-
guished it. Generally, these differences totaled
less than 10% of the chromosome complements.

Cytogenic studies performed on colorectal can-
cer cell lines showed that one of the lines exam-
ined was pseudodiploid, while others were aneu-
ploid with modal chromosome numbers varying
from 47 to 102.

DMs were found in 12—64% of the cells of all
gastric lines and in 7 of 9 colorectal lines (Tables
I, IT). But only one or two DMs/cell were seen in
all gastric lines except SNU-16, and only a por-
tion of cells in all gastric lines possessed this
aberration. In SNU-16, 4 to over 20 DMs were
detected in some cells in both major and minor
sublines. In one colorectal cell line some of the
DMs were larger than usual, as described by
Bullerdiek et al. [21], and are termed chromatic
blocks.

HSRs were present in the minor subline of
SUN-16 and 3 colorectal lines, all from previ-
ously treated patients. SNU-16 subline had
HSRs occurring at four separate chromosomal

locations (6q, 11p, and two unidentified marker
chromosomes). Up to three HSRs were present
in individual cells. The 11p HSR was the most
common of the HSR chromosomes, whereas 9q
HSR occurred only once.

DMs and HSRs are characteristics of cells
having amplified gene sequences, especially
proto-oncogenes and genes associated with drug
resistance. Previous reports have indicated that
the finding of DMs and HSRs in colon carcinoma
lines is infrequent [22]. However, COLO 320, a
colon line reputed to have neuroendocrine prop-
erties, had many DMs which were later replaced
by an HSR [18].

Gene Amplification and Expression

The myc gene family are among the proto-
oncogenes frequently associated with cytoge-
netic evidence of gene amplification.

In one gastric cell line, SNU-16, an intense
signal corresponding to the 12.7-kb EcoRI c-myc
fragment was detected. The signal from this line
was estimated to be about 50-fold greater than
the germ line level. No evidence of amplification
or rearrangements was noted with the N-myc,
L-myc, myb, and EGF receptor genes.

All of the gastric cell lines expressed levels of
c¢-myc and erb-B RNA that were comparable to
the levels detected in a panel of colorectal carci-
noma cell lines. Of interest, the level of c-myc
RNA expression by the SNU-16 cell line was
comparable to those expressed by the other three
cell lines. No expression of the following genes
by any of the gastric carcinoma cell lines was
detected: N-myc, L-mye, C-sis, IGF-II, and gas-
trin releasing peptide.

Among the colorectal lines, c-myc amplifica-
tion was present in COLO 320 [23]. While all of
the colorectal lines expressed ¢-myc mRNA, only
one line, NCI-H716, had amplified gene se-
quences. We also tested our colorectal cell lines
for proto-oncogene and growth factor mRNA
expression. Analysis of the proto-oncogene ex-
pression revealed detectable levels of c¢c-mye,
EGF-R, and K-ras message in all colorectal lines.
The degree of c-myc expression was relatively
uniform between the cell lines regardless of the
source (primary vs. metastasis), the histologic
grade, or location of the primary tumor. EGF-R
expression, however, varied in intensity. K-ras
mRNA expression was uniform between colorec-
tal cell lines with the exception of NCI-H630,
which demonstrated a strikingly increased level
of K-ras expression; Southern blotting analysis
confirmed the presence of about 100-fold ampli-
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fication of the K-ras gene. This line was also
remarkable for the presence of HSRs. This is the
only cell line which had originated from a site
that had been previously irradiated and then
subsequently progressed. Carmichael et al. [24]
recently analyzed the radiosensitivity of four of
these cell lines including NCI-H630, which
turned out to be the most radio-resistant of the
four. Thus, the presence of increased K-ras
mRNA expression may predict for increased re-
sistance of the tumor to radiotherapy. Detect-
able levels of the 4.6 kb Her-2 message could be
seen in 7 of the 9 colorectal cell lines whereas
detectable c-sis message (4.2 kb) was found in 2
of the 9 cell lines, SNU-C2 and SNU-C5, both of
which are poorly differentiated cell lines and
were derived from xenografts. Expression of
c-myb was found in 8 of the 9 colorectal cell
lines, whereas N-myc expression was limited to
one of the cell lines (NCI-H548). No evidence of
L-myc expression was detected in any of the 9
colorectal cell lines. Significant variability be-
tween the colorectal cell lines was observed with
regard to growth factor mRNA expression.
IGF-II transcripts were clearly detected in NCI-
H548. TGF-B mRNA was found in 7 of 8 colorec-
tal cell lines tested with marked variability in
the degree of expression among those eight cell
lines. The highest level of expression was seen in
NCI-H716, whereas only trace levels were seen
in SNU-C2 and NCI-H630. No gastrin-releasing
peptide (GRP) mRNA could be detected.

On the basis of their relative signal intensity
and frequency of expression, proto-oncogenes
and growth factor genes of colorectal carcinoma
cell lines can be grouped into four categories:
(1) genes whose level of expression is relatively
uniform in all the colorectal cell lines (c-myc);
(2) genes which are detectable in most, if not all
the colorectal cell lines but with variation in
signal intensity (K-ras, Her-2, c-myb, EGF-R,
and TGF-B); (3) genes whose level of expression
was detected in less than 50% of the colorectal
cell lines (N-myc, c-sis, and IGF-II); and (4)
genes whose expression was not detectable in
any of the colorectal cell lines (L-myc and GRP).
Although heterogeneity of proto-oncogene and
in particular growth factor gene expression was
detected among the colorectal cell lines, no sta-
tistically significant associations could be made
between the pattern of gene expression of a cell
line and the known biological and clinical param-
eters. However, K-ras was amplified in a cell line
derived from a radioresistant tumor (NCI-
H630), while detectable N-myc expression was

found in a cell line derived from a tumor with
neuroendocrine features (NCI-H548).

p53 transcripts of the expected 2.8 kb size
were readily detected in two (SNU-16 and NCI-
N8T) of the four gastric cell lines by Northern
blot analysis. No transcript was detected in cell
line SNU-1 established from a primary tumor,
and cell line SNU-5 established from a metasta-
sis. Sequence analysis of p53 mRNA by cDNA/
PCR demonstrated abnormalities in all four gas-
tric cell lines. The finding of a 24 bp deletion at
the 5’ end of exon 8 in the cDNA of the SNU-5
cell line suggested an abnormal mRNA splicing
event. A point mutation in the splice acceptor
site at the 3’ end of intron 7 was found. This
intronic point mutation converts a splice accep-
tor sequence, 5'-GAGTAG-3’, into the sequence
5'-GAGTCG-3'. The point mutation appears to
abolish normal splicing at this site and results in
complex abnormal splicing which utilizes a cryp-
tic splice acceptor site (5'-GAACAG-3'), located
near the 5' end of exon 8, resulting in a 24 bp
deletion in the mRNA of this cell line.

Chemosensitivity

In vitro chemosensitivity of colorectal cancer
cell lines was determined using the semiauto-
mated tetrazolium-based MTT colorimetric as-
say. It has been reported that the MTT assay
yields results very similar to the clonogenic tu-
mor stem cell assay [25]. The drugs used were:
5-FU, doxorubicin, cisplatin, melphalan, etopo-
side, mitomycin-C, and BCNU. IC;, value was
defined as the concentration of drug which pro-
duced 50% reduction of absorbance at 540 nm.
From assay results, we predict 5-FU to be the
sole active agent of the seven tested. The range
of drug concentrations which produced 50% of
cell growth was greatest with 5-FU (388-fold vs.
5- to 30-fold with the other six agents), and the
area under the curve (AUC) which produced
50% growth inhibition was within a clinically
achievable range only for 5-FU. Since the assay
AUC of 5-FU at 50% inhibition was in a clini-
cally achievable range for only two of the cell
lines (SNU-C1 and SNU-C4), we performed a
multivariate analysis to explore parameters
which predict 5-FU sensitivity. As a result of a
multiple regression analysis, concentration of
5-FU is inversely related to % cloning efficiency
in media and TAG-72 antigen expression.

We also tested the effect of 5-FU and 5-fluoro-
2’-deoxyuridine (FdUrd) with and without leu-
covorin (LV) on our panel of nine colorectal
cancer cell lines using MTT assay [26]. The
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effect of leucovorin on 5-FU and FdUrd was
quantatively similar. A clinically achievable level
of LV (20 pM) increased the cytotoxicity in all
three replicate experiments in 8 of the 9 cell
lines (P < 0.05, binomial test). LV alone at a
concentration of 20 uM had no effect on cell
survival. In this experiment, 3 cell lines (SNU-
C1, SNU-C4, and NCI-H508) had 50% inhibi-
tion of growth occurring at a clinically achiev-
able AUC of 5-FU alone. With the addition of
LV, one additional cell line (NCI-H498) showed
50% growth inhibition at a clinically achievable
level of 5-FU. These results clearly demon-
strates that LV increases the cytotoxicity of
these agents for the colorectal cancer cell lines.

In vitro chemosensitivity of 4 gastric cancer
cell lines were also performed using the MTT
assay. In comparison with the colorectal cancer
cell lines, the three poorly differentiated gastric
cell lines (SNU-1, SNU-5, and SNU-16) were
relatively sensitive to doxorubicin, mitomyein,
and cisplatin, and their range of 50% inhibitory
concentration (IC;,) values was relatively nar-
row, whereas the well-differentiated gastric can-
cer cell line was relatively resistant. The re-
sponses of the gastric cancer cell lines to 5-FU
and floxiuridine were similar to those of the
colorectal cancer cell lines, and the ICy, value
had a wide range. However, the well-differenti-
ated gastric cancer cell line alsc was more resis-
tant to these drugs than the poorly differenti-
ated lines. When the assay AUC values were
calculated from the IC;; values, three of the
gastric cancer cell lines had assay AUC within a
clinically achievable AUC for doxorubicin and
cisplatin. Only one gastric cancer cell line met
this criterion for 5-FU and floxuridine. Addition
of leucovorin at a clinically achievable concentra-
tion enhanced the cytotoxic effects of both fluo-
rouracil and floxuridine in colorectal cancer cell
lines, but it enhanced the effects of only floxuri-
dine in gastric cancer cell lines.

With the use of a slot blot assay, relatively low
levels of MDR1 mRNA were present in all four
gastric cancer cell lines, while intermediate or
high levels were present in most of the colorectal
cancer cell lines. These findings suggest that
some, but not all, of our observations may be
related to the relatively low levels of MDR1 RNA
present in gastric cancer and cell lines.

CONCLUSIONS

From a clinical view point, colorectal and gas-
tric carcinomas are very different forms of malig-
nancy. However, the multiple properties of gas-

tric carcinoma cell lines are remarkably similar
to those found in a panel of colorectal carcinoma
cell lines. These properties include morphology,
growth characteristics, expression of surface gly-
coproteins, partial expression of NE cell mark-
ers, frequent chromosomal evidence of gene am-
plification, and occasional amplification of the
c-myc proto-oncogene. However, there are cer-
tain differences in the biology of these two tu-
mor types, which may reflect the clinical differ-
ences. The in vitro chemosensitivity patterns to
cytotoxic drugs and expression of the multidrug
resistance-associated (MDR1) gene are very dif-
ferent in the gastric and colorectal cell lines. In
addition, colorectal carcinoma cell lines express
receptors for peptide hormones more frequently
than gastric carcinoma cell lines.
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