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ABSTRACT

Ten permanent clones derived from a single biopsy specimen
of an untreated human adenocarcinoma of the stomach were
established and characterized in vitro. Tissue culture growth
properties, doubling times, plating efficiencies, growth fractions,
cell cycle phase distributions, DNA indices, modal chromosome
numbers, and ploidies were determined. Growth fractions were
nearly 100%, and doubling times ranged from 23 to 37 hr. The
plating efficiencies were generally high for tumor cells in culture,
ranging up to 70%. Modal chromosome numbers varied from 45
to 48, with a wider range of variability in about 25% of the cells
studied in each clone. In addition, the parent cell line (from which
the clones were isolated) was shown to grow in athymic mice
and to have the same histochemical and cytological character
istics as the specimen taken from the patient.

It is important to characterize human tumor cells in vitro in this
detailed manner, since they serve as excellent model systems
for other studies involving the heterogeneous responses to drugs
and radiation. The identification of mechanisms of drug sensitivity
and resistance and the testing of drug and radiation combination
treatment schedules in such in vitro systems can provide valuable
insight into the design of clinical protocols for treatment of
stomach cancer in humans.

INTRODUCTION

Although the absolute incidence of carcinoma of the stomach
has declined over the last 30 years, carcinoma of the stomach
still ranks seventh as the cause of cancer deaths in America (15);
in 1981, there were 24,000 new cases and 14,000 deaths in this
country (16). Surgical excision remains the only potentially cu
rative treatment for cancer of the stomach. However, Moertel
and Reitemeier (32) have noted that while 75 to 90% of patients
with cancer of the stomach were candidates for laparotomy and
50 to 60% of patients had potentially curative resection, the
overall 5-year survival rate for carcinoma of the stomach is

between 5 and 15%. These rates have not changed dramatically
in the last 30 years. In 3 large series of patients in whom the
cancer was confined to the stomach (only 15% of all patients
who were operated upon), 5-year survival was 57% (11, 23, 43).
When regional lymph nodes were involved, 5-year survival was
reduced to between 5 and 14.5%. In patients who have unre-
sectable cancer of the stomach, the median duration of survival
from diagnosis is 4 months (32).

Currently used chemotherapeutic regimens have produced

little or no significant improvement in survival in patients with
carcinoma of the stomach. This is possibly due to the presence
of heterogeneous mixtures of multiclonal tumor cells (26, 33, 38,
51, 52). The multiclonal nature of tumor cells can be expressed
as differences in nutritional requirements, variable responses to
growth factors, and altered enzyme levels and accounts in part
for differences in metastatic potential and heterogeneous re
sponses to chemotherapy agents or radiation (3-6, 8, 10, 12,
13, 20, 22, 28, 34, 36, 37, 39, 40, 44-46, 48, 49). Recent in vivo

evidence obtained by flow cytometry techniques indicates that
some solid tumors are composed of 2 or more clones of tumor
cells having widely different DNA contents (1, 10, 42, 44). Other
evidence (42) confirms that some of these clones disappear or
are greatly reduced following chemotherapy while the relative
fractions of other clones within the same tumor are observed to
increase during the same interval, suggesting resistance; these
are the predominant tumor clones present at the death of the
patient.

For patients who have gastric cancer that cannot be totally
removed by surgical excision (regional lymph node mÃ©tastases
and unresectable disease), the prognosis remains dismal. These
data emphasize the importance of the need for effective, sys
temic therapy for the vast majority of patients with cancer of the
stomach. What has been lacking is a suitable in vitro human
stomach cancer model system on which to test for the hetero
geneous drug and radiation effects, cell cycle responses, and
repair and recovery from drug- or radiation-induced damage and
treatment schedules. We have now established an in vitro model
system for human stomach cancer, and in this paper we report
the in vitro characterization of 10 clones of tumor cells isolated
from a single biopsy of an untreated human adenocarcinoma of
the stomach. The responses of these clones to radiation, anti-
cancer drugs, and other agents will be the subject of subsequent
reports.

MATERIALS AND METHODS

Tumor Isolation and Cloning Techniques. A sterile segment of a
freshly resected adenocarcinoma of the stomach was obtained, and the
presence of viable tumor cells was confirmed by frozen section histolog-
ical examination. The patient had received no prior cancer therapy. The
tumor sample was transported from the operating room to the tissue
culture laboratory in sterile Ham's F-10 medium with 20% PCS3 (Grand

Island Biological Co., Grand Island, N. Y.) and supplemented with high
concentrations of antibiotics [penicillin (500 units/ml), streptomycin (300
/ig/ml), and gentamicin sulfate (100 /jg/ml); Schering Corp., Kenilworth,
N. J.]. The tumor sample was separated from other associated tissues
and washed in several changes of F-10 medium with antibiotics. The
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tumor was minced with scalpels and scissors in 1 ml of medium to pieces
of 1 cu mm and smaller. Aliquots of the dissociated tumor (0.2 ml) were
transferred to each of 5 plastic flasks containing 3 ml F-10 medium (with

20% PCS) and antibiotics. We used higher than normal concentrations
of antibiotics to avoid the problem of contamination in gastrointestinal
tumors. The cultures were incubated at 37Â° in a humidified incubator

with 5% CO2:95% air for 7 days. After this time, cultures were inspected
daily and fed as needed with Ham's F-10 medium (20% PCS), and the

antibiotics were reduced to standard concentrations [penicillin (100 units/
ml), streptomycin (100 ^g/m\), and gentamicin (25 Â¿Â¿g/ml)].

By the end of 30 days, there were numerous areas within each primary
culture flask where apparently "pure" tumor clones were growing. These
"pure" colony areas were in contrast to other places in the flasks where

mixtures of fibroblasts, tumor, and other cells were growing together
around small fragments of the original tumor sample. Several clonies
from each flask were isolated using the following technique. The flasks
were rinsed several times with 0.85% NaCI solution to remove floating
and loosely attached cells. Sterile cloning rings (made from 6-mm glass

tubing) were secured with sterile silicone grease around each selected
colony. The silicone grease effectively isolated each colony, thus mini
mizing contamination with other cells. Each colony was removed from
the cloning ring with trypsin (0.1% for 5 min) and was pooled with other
colonies isolated in this manner into a secondary culture flask. This
mixture of cells was designated the "parent culture" and was fed daily

until it reached confluency (about 2 weeks). They were subcultured (1:2)
every other day, and some cells were frozen (10% glycerol in medium)
for future use.

After these cells had been in secondary culture for 90 days, they were
cloned a second time. Known numbers of single cells (about 300 cells)
of the parent culture were plated into 60-mm tissue culture dishes and

allowed to grow into colonies for 2 weeks. Colonies were selected for
cloning on the basis of differences in size and in cellular and colony
morphologies. Twelve colonies were selected and designated AGS-1
through AGS-12; the parent culture is called AGS.

Cell and Culture Techniques. During the secondary culture stage
(second to fourth months in culture), the cells were tested for growth in
various media including McCoy's Medium 5A, CMRL 1066, F12, NCTC
135, Ham's F-10, Medium 199, Waymouth, and Roswell Park Memorial

Institute Medium 1640 (Grand Island Biological Co.). The cells had the
best overall growth properties in Ham's F-10 medium which is now used

for culture maintenance and in experiments. All clonal and parent lines
are maintained as monolayer stock cultures in exponential growth and
are routinely checked for pleuropneumonia-like organisms contamination
by fluorescence and [3H]thymidine techniques (2, 27).

PE. Known numbers of single cells were plated into replicate 60-mm

Retri dishes containing growth medium and were incubated for 2 weeks
for colony formation. A cell was considered to have reproductive potential
if it gave rise to a colony of 50 or more cells. The ratio of colonies formed
to single cells plated is the PE.

To Determinations. Known numbers of exponentially growing cells
were placed into 60-mm tissue culture dishes containing a known quan

tity of the growth medium. Once each day for 7 days, replicate plates of
cells were sampled. The total cell counts were determined and plotted
relative to the sample time, and the length of time required for a cell
population to increase by a factor of 2 is the TD. The experiments were
always continued through at least 2 doublings in cell number. The number
of cells at which the plateau phase of growth occurs is the saturation
density. The average population-doubling times and saturation densities

of 4 experiments are reported.
Growth Fraction. The growth fraction represents the proportion of

cells actually in the cell cycle (31 ). Replicate plates of cells in exponential
growth were exposed continuously for 4 days to [3H]thymidine (0.5 ÃŸCi/

ml; specific activity, 1.9 Ci/mmol). Samples were taken 10 min after the
radioisotope was added to the cultures and at 24-hr intervals. The cells

were removed by trypsinization and centrifugea, and slides were made.

Autoradiography using standard liquid emulsion techniques was per

formed. The fraction of labeled cells at each sample time was determined
by microscopic examination. With this procedure, the labeling index
increases with time until all cycling cells have passed through S phase.
At that time, the labeling index reaches a plateau, and this represents
the growth fraction.

Chromosome Counts and Ploidy. Cells in exponential growth were
treated with Colcemid (10~7 M) for 4 hr. All of the cells were harvested,

exposed to a 35-min hypotonie treatment (distilled waterculture medium

without serum, 1:1), and fixed with methanol:glacial acetic acid (3:1).
Slide preparations of the cells were air dried, stained with Giemsa (4%
in Sorensen's buffer, pH 6.8), and scored for the number of chromosomes

present in each of 100 metaphase cells. The ploidy of each clone was
recorded.

Cell Cycle Phase Distributions and DMA Index. FMP analyses were
performed on a Coulter TPS-1 (Coulter Electronics, Hialeah, Fla.). Cells

were removed from the tissue culture dishes with pepsin (0.5% for 10
min; Accurate Chemical and Scientific Co., Hicksville, N. Y.). The cells
were fixed to a final concentration of 70% ethanol and stored at 4Â°.To

prepare each sample for FMF analysis, an aliquot of cells was stained
with ethidium bromide:mithramycin (1:1) for 20 min (52) and run on the
FMF (excitation wavelength set at 488 nm). With this procedure, we
routinely obtain coefficients of variation ranging from 3 to 5%. The DNA
histogram data were analyzed for cell cycle phase distribution by a
method developed by Guseman and Bryant (24). A DNA index was
determined for each clone from the ratio of peak GÃ¬channel number for
tumor cells to that of the peak d channel number of normal human
lymphocytes processed in the same manner using the method of Barlogie
ef al. (1). At least 50,000 cells per clone were quantified for DNA content.

Tumor Growth in Athymic Mice. The ability of the AGS parent line to
grow in vivo was tested in male BALB/c athymic mice (HarÃ­anIndustries,
Indianapolis, Ind.). Initially, tissue culture cells were injected s.c. into the
right and left flanks of 2 mice (5 x 106 cells/site). Tumor masses were

observable in one mouse after 6 weeks, and samples were taken (a) for
histological examination and comparison with the gastrectomy specimen
obtained originally from the patient and (b) for transfer to other mice.
The tumor is now propagated in the athymic mice, injected as single
cells obtained after a 20-min treatment with 1% collagenase at 37Â°.

These cells have a 90% viability as assayed by trypan blue.

RESULTS

Culture Properties. Two to 3 weeks after the biopsy was
placed into primary tissue culture, there were obvious areas in
the flasks where colonies of cells were growing. Throughout the
cultures, the cell morphologies were mixed; round, cuboidal,
spindle, and fibroblast shapes were observed, along with an
occasional multinucleated cell (Fig. ÃŽA).By the fourth week,
many individual colonies were visible without the aid of a micro
scope. With phase-contrast microscopy, some of these colonies
were seen to be composed mainly of cuboidal and round cells,
and the round cells were usually present as doublets or in groups
of 4 cells suggestive of mitotic cells. Several of these colonies
were selected, pooled as secondary cultures, and designated as
the AGS parent line. After these cells had been in secondary
culture for an additional 90 days, they were cloned a second
time (Fig. 16). No fibroblast-like cells were present in these

cultures, although binucleated cells were seen.
Twelve clones were selected during the second round of

cloning and named AGS-1 through AGS-12. Two clones (AGS-5
and AGS-9) failed to thrive. Photomicrographs of stained cells
growing on coverslips (5 months in culture) showed them to be
oblong to cuboidal (Fig. 1, C and D). When seeded thinly, the
cells tend to spread out and become more flattened (Fig. 1C),
while in confluent cultures of the same clone (Fig. 1D) the cells
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take up less surface area. The nuclei are large and lobular,
containing many nucleoli.

In the young cultures (30 to 40 days after the biopsy was
placed in culture), some colonies grew as shown in Fig. 1Â£.As
the cells divided, they arranged themselves in a swirl pattern
around a lumen-like clearing in the center, characteristic of cells

derived from glandular structures. As the time in culture in
creased (after 90 to 120 days), these cells were either lost from
the cell populations, or the cells themselves were altered and
lost this property. The colonies now grow as tight groups of cells
(Fig. 1F), and as the colonies become larger the cells pile up in
multiple layers. The cells have now been in culture for 3 years
and are considered as permanent cell lines.

Cell Kinetics and in Vitro Growth Properties. The growth
characteristics of the AGS parent and 10 clones are shown in
Table 1. The TDof the AGS parent was 24 hr, while the TDvalues
of the clones ranged from 23 (AGS-3) to 37 hr (AGS-2). The rest

of the clones had TDvalues grouped between 24 and 30 hr. The
cells, initially plated at 2 x 105 cells per 60-mm Petri dish, were
grown in Ham's F-10 medium. During the TDdeterminations, the

cells were never fed again after the start of an experiment. As
with other cells tested in this manner (3-5), there was a lag

phase (of about 24 hr) before the cell number started to increase.
After about 72 hr, the cells depleted the medium of nutrients
essential for growth and entered a plateau or stationary phase
of growth (7). The cell number reached at this time is called the
saturation density. The AGS parent line had a saturation density
of 1.6 x 106 cells, with most of the clones also grouped around

this value (Table 1). However, 2 clones had much higher values,
2.9 x 106 cells for AGS-4 and 4.5 x 106 cells for AGS-6. No

apparent correlation exists between the doubling time of a clone
and its saturation density.

The fractions of cells able to traverse the cell cycle (growth
fraction) were high, almost 100% in all cases (Table 1). However,
fractions of cells able to grow into colonies (PE) were much
lower (range, 16 to 70%; Table 1).

The cell cycle phase distributions were determined by FMF
analyses on the exponentially growing AGS parent and the
clones (Table 2). The variability among the cell cycle phase values
for the clones was large, ranging from 40 to 60% cells in G,,
from 29 to 47% for S-phase cells, and from 8 to 21% for G2M

cells.
The DNA index (shown in Table 2) is a measure of the relative

DNA content of a cell population compared to a normal standard
and was obtained by the method of Barlogie ef al. (1). A DNA
index of 1.0 is characteristic of a diploid population. A DNA index

Table 1

Growth characteristics of human adenocarcinoma ol the stomach in vitro

CloneAGS

(parent)AGS-1AGS-2AGS-3AGS-4AGS-6AGS-7AGS-8AGS-1

0AGS-1
1AGS-1

2To(hr)2427372328272429273028Saturation

density
(X106)1.81.71.51.82.94.52.01.51.61.51.8Growth

fraction
(%)9796989898999999999999PE(%)7061191625544145573642

greater than 1.0 generally indicates hyperdiploidy, with 1.5 and
2.0 describing triploid and tetraploid populations, respectively.
The DNA index for the AGS parent line was 1.31, and that of
the clones ranged from 1.0 to 1.36. This suggests an increase
in chromosome number in the cell populations as well but is not
necessarily correlated directly with the modal chromosome
counts.

Chromosome Complement. The chromosome numbers and
patterns are shown in Table 3. One hundred metaphases were
analyzed from the AGS parent and each of 7 of the clonal lines.
The modal chromosomal numbers were: 45 for clone AGS-1 ; 46
for clones AGS-8, AGS-11, and AGS-12; 47 for the AGS parent,
AGS-6 and AGS-10; and 48 for AGS-4. In a small fraction of

cells from each clone, the chromosome numbers ranged from as
low as 24 to as high as 92 chromosomes per cell. However, in
75% of the cells studied in each cell line, the chromosome counts
were tightly clustered around the modal numbers and ranged
only from 43 to 50 chromosomes per cell. There was no apparent
correlation between modal chromosome numbers and any of the
other culture and cell kinetics properties studied.

Tumor Growth in Athymic Mice. The ability of the AGS parent
line to grow in vivo was tested in male BALB/c athymic mice. In
one of 2 mice initially given s.c. injections in the right and left
flanks of AGS parent tissue culture cells, tumors grew to 16 x
26 mm in 6 weeks. One tumor was excised and used to propa
gate the AGS cells in other athymic mice; the other tumor was
excised, examined histologically, and compared to the gastrec-

tomy specimen obtained originally from the parent.
The adenocarcinoma in the gastrectomy specimen varied from

focally moderately differentiated with recognizable gland forma
tion to poorly differentiated with sheets, clusters, and cords of
malignant cells as the predominant pattern (Fig. 2). The tumor
border was of the infiltrative type, and transmural extention into
the pancreas was present. Mucin production was slight. Scat
tered cells contained dense PAS-stained cytoplasmic droplets,

Table 2

Cell cycle phase distributions in human adenocarcinoma of the stomach in vitro

CloneAGS

(parent)AGS-1AGS-2AGS-3AGS-4AGS-6AGS-7AGS-8AGS-1

0AGS-1
1AGS-1

2G,(%)6050594549405241604245S(%)2940324330473445324646Table

3Gz-M(%)1110912211314148129DNA

index1.311.261.251.251.361.321.321.251.261.251.0Chromosomal

numbers in human adenocarcinoma of the stomach invitroCloneAGS

(parent)AGS-1AGS-4AGS-6AGS-8AGS-

10AGS-1
1AGS-1

2Modalchromosomal

no.4745484746474646Clusters343-4842-4745-4945-5043-4844-4843-4843-47Overallrange39-9239-8724-5238-9240-5239-9239-9238-48

a In 75% of the cells, the chromosome numbers were within this range.
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and rare cells had clear vacuoles with faint PAS staining rims
(Fig. 2, arrowhead). Occasional tumor cells had cytoplasmic
mucin droplets which stained with Alcian blue at pH 2.5 (Fig. 2,

curved arrows).
Tumor tissue grown s.c. in hind legs of athymic mice after

transfer from tissue culture was composed of solid nests of oval
cells with areas of necrosis. Some cells had PAS-stained dense
cytoplasmic mucin droplets (Fig. 3, double-headed arrow), and

others had clear vacuoles with faintly staining rims (Fig. 3,
arrowhead). No gland formation or Alcian blue-stained mucin

was seen.

DISCUSSION

We have established a parent line and 10 clones from a
surgically resected human adenocarcinoma of the stomach as
an in vitro tumor model system. The in vitro growth properties
and karyology of the cells have been characterized. In addition,
the parent cancer line was shown to grow in vivo in athymic
mice, and the presence of histochemically identifiable PAS stain
ing cytoplasmic mucin in these cells is evidence that they are
epithelial and have the same cytological characteristics as the
original malignant cells obtained from the patient.

The present data indicate that the in vitro doubling times of
the parent and clones range from 23 to 37 hr (Table 1). While
the parent and most clones grew until they reached a saturation
density of about 1.6 x 106 cells, 2 clones had values which were
much higher, 2.9 x 106 (AGS-4) and 4.5 x 106 (AGS-6). Although

we report these data only as characteristics of these human
stomach cancer cells in culture, there may be relevant reasons
for the higher versus lower saturation densities, such as differ
ences in nutritional requirements, response to growth hormones,
and variations in enzyme levels or metastatic potentials (14, 21,
22, 29, 34, 45, 47), and this will be examined in the future
experiments.

The growth fractions were high, almost 100% in all cases.
However, colony growth or PE was lower, ranging from 16 to
70% (Table 1). Obviously, almost all of the cells were able to
traverse S phase and incorporate [3H]thymidine during a 4-day

period required for the GF determination, but when tested for
PE (14 days) fewer cells were able to grow into colonies. There
are many possible reasons for the lower PEs. (a) It might take
longer for the cells in some clones to "condition" the medium,

and this could lead to unbalanced growth, death, and a reduced
PE. (u) The cells may be able to divide the 2 to 3 times (in 4
days) required for the growth fraction test, but not be able to do
so continuously (about 13 divisions in 14 days) as required for
the PE tests, (c) Some cells in each clone could in fact differen
tiate to a point that, although viable, they no longer divide
(nonclonogenic) or they divide only with very long cell cycle
times. If this were the case, it might be explained by the variability
observed among the d values obtained by FMF analyses (Table
2). However, although a large d fraction might suggest the
presence of end point or differentiated cells (with a G, DNA
content), a correlation with lower PEs does not exist. For ex
ample, the AGS parent line had a high d fraction (60%; Table
2) but also had a high PE of 70% (Table 1). However, AGS-2

with a much lower PE (only 19%) also had a high d fraction of
59%. It should be remembered that these clones were all isolated
from a single tumor biopsy sample and that some or all of these

mechanisms may be at work under the selective in vitro condi
tions of a tissue culture system.

The DNA index (Table 2) is a measure of the relative DNA
content of a cell population compared to a normal cell standard
and was obtained by the method of Barlogie ef al. (1). A DNA
index of 1.0 is characteristic of a diploid population, with 1.5 and
2.0 describing triploid and tetraploid populations, respectively.
The DNA index for the AGS parent line was 1.31, and that of
the clones ranged from 1.0 to 1.36. A DNA index greater than
1.0 also suggests an increase in chromosome number in cell
populations as well but is not necessarily correlated directly with
the modal chromosome counts. The chromosome numbers and
patterns shown in Table 3 indicated that in a small fraction of
cells from each clone the chromosome numbers ranged from as
low as 24 to as high as 92 chromosomes per cell. However, in
75% of the cells studied in each clone, the chromosome counts
were tightly clustered around the modal numbers and ranged
only from 43 to 50 chromosomes per cell. This suggests that
the chromosome number has stabilized near the modal values
indicated for most of the cells in each clone, but that genetic
remodeling continues. This phenomenon could also account in
part for the variability in PEs. It is possible that by recloning we
may select more stable lines of cells, but it is also likely that this
will remain a property of these stomach tumor cells in culture.
We have observed similar changes in other long term tissue
cultures of Chinese hamster ovary cells (9) and guard against
these alterations by replacing the cultures with cells from freezer
stocks every 8 weeks. No attempt was made to karyotype or to
do banding studies on the cells at this time. There was no
apparent correlation between modal chromosome numbers and
any of the other culture and cell kinetics properties studied.

It is not unusual to observe differences in these in vitro clonal
properties since similar data have been reported for other tumor
clones in vitro (1, 3-5, 21, 22, 41, 44, 45). It is important,

however, that such cancer clones be characterized as completely
as possible when they are to be used as tumor model systems
in vitro (3-5, 17-21, 28, 30, 50). To our knowledge, only one

other human stomach cancer line exists (Kato III; American Type
Tissue Culture Collection, Rockville, Md.), and its characteriza
tion is not yet complete. Because the majority of patients who
present with carcinoma of the stomach die in a relatively short
period of time after the diagnosis is made, it is important that
the stomach cancer model system described here be tested
further. At this time, studies are underway to determine the in
vivo growth properties of the other AGS clonal lines in athymic
mice and to measure the production of carcinoembryonic anti
gen. The responses of the parent line and several clones to 8
anticancer agents are completed and will be the subject of
another report." When properly characterized, in vitro permanent

human tumor cell lines serve as excellent model systems on
which a variety of differential drug and radiation sensitivities can
be studied. The data from such in vitro model systems are
reproducibly accurate within the model itself and form a basis
for comparison with other in vitro tumor models. Ultimately, these
model systems provide an excellent means of testing the multiple
drug and radiation treatment schedules eventually used in human
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1983.

1706 CANCER RESEARCH VOL. 43

on March 26, 2020. © 1983 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


In Vitro Human Stomach Tumor Model

tumor therapy (6, 10,13, 19, 25, 35, 48).

ACKNOWLEDGMENTS

The authors wish to thank R. Kenworthy for assisting in the preparation of this
manuscript and V. Gupta, M.D., for growing the AGS cells in nude mice.

REFERENCES

1. Barlogie, B., GÃ¶hde, W., Johnson, D. A., Smallwood, L, Schumann, J.,
Drewinko, B., and Freireich, E. J. Determination of ploidy and proliferative
characteristics of human solid tumors by pulse cytophotometry. Cancer Res.,
38: 3333-3339, 1978.

2 Barranco, S. C., and BollÃ³n, W. E. Cell cycle phase recovery from bleomycin-
induced potentially lethal damage. Cancer Res., 37: 2589-2591, 1977.

3. Barranco, S. C., Drewinko, B., and Humphrey, R. M. Differential response by
human melanoma cells to 1,3-bis(2-chloroethyl)-1-nitrosourea and bleomycin.
Mutation Research, 79: 277-280, 1973.

4 Barranco, S. C., Haenelt, B. R., and Gee, E. L. Differential sensitivities of five
rat hepatoma cell lines to anticancer drugs. Cancer Res., 38: 656-660,1978.

5. Barranco, S. C., Ho, D. H. W., Drewinko, B., Romsdahl, M. M., and Humphrey,
R. M. Differential sensitivities of human melanoma cells grown in vitro to
arabinosylcytosine. Cancer Res., 32: 2733-2736, 1972.

6. Barranco, S. C., May, J. T., Boerwinkle, W., Nichols, S., Hokanson, K. M.,
Schumann, J., GÃ¶hde,W., Bryant, J., and Guseman, L. F. Enhanced cell killing
through the use of cell kinetics-directed treatment schedules for two drug
combinations in vitro. Cancer Res., 42: 2894-2898,1982.

7. Barranco, S. C., Novak, J. K., and Humphrey, R. M. Studies on recovery from
chemically induced damage in mammalian cells. Cancer Res. 35: 1194-1204,

1975.
8. Barranco, S. C., Romsdahl, M. M., and Humphrey, R. M. The radiation

response of human malignant melanoma cells grown in vitro. Cancer Res., 37:
830-833,1971.

9. Barranco, S. C., Shilkun, K., Nichols, S., Boerwinkle, W. R., Adams, E. G.,
and Bhuyan, B. K. Changes in DNA distributions and ploidy of CHO cells as a
function of time in culture. In Vitro (Rockville), 17: 730-734, 1981.

10. Barranco, S. C., Townsend, C. M., Costanzi, J. J., May, J. T., Baltz, R.,
O'Quinn. A. G., Leipzig, B., Hokanson. K. M., Guseman, L. F., and Boerwinkle,

W. R. The use of 1,2:5,6-dianhydrogalactitol in studies on cell kinetics-directed
chemotherapy schedules in human tumors in vivo. Cancer Res., 42: 2899-
2905, 1982.

11. Berkson, J. Statistical summary. In: W. H. Remine, J. T. Priestley, and J.
Berkson (eds.), Cancer of the Stomach, pp. 207-236. Philadelphia: W. B.
SaundersCo., 1964.

12. Biedler, J. L., Riehm, H., Peterson, R. H. F., and Spengler, B. A. Membrane-
mediated drug resistance and phenotypic reversion to normal growth behavior
of Chinese hamster ovary cells. J. Nati. Cancer Inst., 55: 671-680, 1975.

13. Braunschweiger, P. G., and Schiffer, L. M. Cell kinetic-directed sequential
chemotherapy with cyclophosphamide and Adriamycin in T1699 mammary
tumors. Cancer Res., 40: 737-743, 1980.

14. Cailleau, R., Olive, M., and Cruciger, Q. V. J. Long-term human breast
carcinoma cell lines of metastatic origin: preliminary characterization. In Vitro
(Rockville), 14: 911-915, 1978.

15. Cancer Patient Survival, Report No. 5. Department of Health, Education, and
Welfare Publication, No. (NIH) 77992. Washington. D. C., United States Gov
ernment Printing Office, 1976.

16. Cancer Statistics. Cancer (Phila.), 37: 20-21, 1981.
17. Dexter, D. L., Crabtree, G. W., Stoeckler, J. D., Bavarese, T. M., Ghoda,

L. Y., Rogler-Brown, T. L., Parks, R. E., Jr., and Calabresi, P. W.W-Dimethyl-
formamide and sodium butyrate modulation of the activities of purine-metab-
olizing enzymes in cultured human colon carcinoma cells. Cancer Res., 41:
808-812,1981.

18. Dexter, D. L., Kowalski, H. M., Blazar. B. A., Fligiel, Z., Vogel, R., and Heppner,
G. H. Heterogeneity of tumor cells from a single mouse mammary tumor.
Cancer Res., 38: 3174-3181, 1978.

19. Drewinko, B., Loo, T. L., and Gottlieb, J. A. A comparison of the lethal effects
of three nitrosourea derivatives on cultured human lymphoma cells. Cancer
Res., 36: 511-515, 1976.

20. Drewinko, B., Romsdahl, M. M., Yang, L. Y., Ahearn, M. J., and Trujillo, J. M.
Establishment of a human carcinoembryonic antigen-producing colon adeno-
carcinoma cell line. Cancer Res., 36: 467-475.1976.

21. Engel, L. W., Young, N. A., Tralka, T. S., Lippman, M. E., O'Brien, S. J., and

Joyce, M. J. Establishment and characterization of three new continuous cell
lines derived from human breast carcinomas. Cancer Res. 38: 3352-3364
1978.

22. Gazdar, A. F., Zweig, M. H., Carney, D. N., Van Steirteghen, A. C., Baylin,
S. B., and Minna, J. D. Levels of creatine kinase and its BB isoenzyme in lung
cancer specimens and cultures. Cancer Res., 41: 2773-2777, 1981.

23. Goldsmith, H. S., Ghosh, B. L. Carcinoma of the stomach. Am. J. Surg., 720:
317-319, 1970.

24. Guseman, L. F., and Bryant, J. Mathematic modeling and analysis of flow
microfluorometry DNA distributions. In: D. Lutz (ed.). Pulse Cytophotometry,
pp. 79-92, Ghent. Belgium. European Press, 1978.

25. Hahn, G. M., Ray. G. R.. Gordon, L. F.. and Kallman. R. F. Response of solid
tumor cells exposed to chemotherapeutic agents in vivo: cell survival after 2
and 24 hour exposure. J. Nati. Cancer. Inst., 50: 529-533,1973.

26. HÃ¡kansson, L., TropÃ©,C. On the presence within tumours of clones that differ
in sensitivity to cytostatic drugs. Acta Pathol. Microbiol. Scand. Sect. A.
Pathol.. 82: 35-40, 1974.

27. Hayflick, H. Tissue cultures and mycoplasmas. Texas Rep. Biol. Med., 23:
285-303, 1965.

28. Heppner, G. H.. Dexter, D. L., DeNucci, T., Miller, F. R., and Calabresi, P.
Heterogeneity in drug sensitivity among tumor cell subpopulations of a single
mammary tumor. Cancer Res., 38: 3758-3763, 1978.

29. Lasfargues, E. Y., Coutinho, W. G., and Redfield, E. S. Isolation of two human
tumor epithelial cell lines from solid breast carcinomas. J. Nati. Cancer Inst.,
67:967-978, 1978.

30. Luk, G. D., Vaughan, W. P., Burke, P. J., and Baylin, S. B. Diamine oxidase
as a plasma marker of rat intestinal mucosa! injury and regeneration after
administration of 1-/i-D-arabinofuranosylcytosine. Cancer Res., 41: 2334-
2337, 1981.

31. Mendelsohn, M. L. Autoradiographic analysis of cell proliferation in sponta
neous breast cancer of C3H III. The Growth Fraction. J. Nati. Cancer Inst., 28:
1015-1019,1962.

32. Moertel, C. G., and Reitemeier, R. J. Advanced Gastrointestinal Cancer: Clinical
Management and Chemotherapy, pp. 3-14. New York: Harper and Row, 1969.

33. Mork, S. J., and Laerum, O. D. Modal DNA content of human intracranial
neoplasms studied by flow cytometry. J. Neurosurg., 53: 198-204, 1980.

34. Nicolson, G. L.. Brunson, K. W., and Fidler, I. J. Specificity of arrest, survival,
and growth of selected metastatic variant cell lines. Cancer Res.. 38: 4105-
4111, 1978.

35. Nowell, P. C. The clonal evolution of tumor cell population. Science (Wash.
D. C.), 794:23-28, 1976.

36. Petersen, S. E., Bichel, P., and Lorentzen, M. Flow-cytometric demonstration
of tumour-cell subpopulations with different DNA content in human colo-rectal
carcinoma. Eur. J. Cancer., 75: 383-386. 1978.

37. Poste, G., Doll, J.. Hart, I. R., and Fidler, I. J. In vitro selection of murine B16
melanoma variants with enhanced tissue-invasive properties. Cancer Res., 40:
1636-1644, 1980.

38. Romsdahl, M. M., and Hsu, T. C. Establishment and biologic properties of
human malignant melanoma cell lines grown in vitro. Surg. Forum, 78: 78-79,
1967.

39. Salmon, S. E., Hamburger, A. W., Soehnlen, B.. Durie, B. G. M., Alberts,
D. S., and Moon, T. E. QuantitÃ¤ten of differential sensitivity of human-tumor
stem cells to anticancer drugs. N. Engl. J. Med., 298: 1321-1327, 1978.

40. Schiffer, L. M., MarkÅ“, A. M., and Nelson, J. S. R. Estimation of tumor growth
fraction in murine tumors by the primer-available DNA-dependent DNA poly-
merase assay. Cancer Res., 36: 2415-2418, 1976.

41. Schlag, P., and Schreml, W. Heterogeneity in growth pattern and drug sensi
tivity of primary tumor and mÃ©tastases in the human tumor colony-forming
assay. Cancer Res., 42: 4086-4089, 1982.

42. Schumann, J., Zante. J., and GÃ¶hde,W. Aneuploidies in solid human tumors.
In: D. Lutz (ed.), Third International Symposium on Pulse Cytophotometry, pp.
447-457. Ghent. Belgium: European Press Medikon, 1978.

43. Shanon, D. B.. Horwitz, S. and Kelly, W. P. Cancer of the stomach: an analysis
of 1152 cases. Surgery (St. Louis), 39: 204-221. 1956.

44. Shapiro, J. R., Yung, W.-K. A., and Shapiro, W. R. Isolation, karyotype, and
clonal growth of heterogeneous subpopulations of human malignant gliomas.
Cancer Res.. 41: 2349-2359,1981.

45. Sherwin, S. A., Minna, J. D., Gazdar, A. F., and Todaro, G. J. Expression of
epidermal and nerve growth factor receptors and soft agar growth factor
production by human lung cancer cells. Cancer Res., 41: 3438-3542, 1981.

46. Smith, H. S. In vitro properties of epithelial cell lines established from human
carcinomas and nonmalignant tissue. J. Nati. Cancer Inst., 62: 225-230,1979.

47. Smith, H. S., Owens, R. B., Hiller, A. J., Nelson-Rees, W. A., and Johnston,
J. O. The biology of human cells in tissue culture. I. Characterization of cells
derived from osteogenic sarcomas. Int. J. Cancer, 77: 219-234,1976.

48. Tveit, K. M., Fodstad, 0., and Pihl, A. The usefulness of human tumor cell
lines in the study of chemosensitivity. A study of malignant melanomas. Int. J.
Cancer, 28: 403-408, 1981.

49. Vindelov, L. L., Hansen, H. H., Christensen, l. J., Spang-Thomsen, M., Hirsch,
F. R., Hansen, M., and Nissen, N. l. Cancer Res., 40: 4295-4300, 1980.

50. Wood. A W., Becker, M. A.. Minn, J. D., and Seegmiller, J. E. Purine
metabolism in normal and thioguanine-resistant neuroblastoma. Proc. Nati.
Acad. Sei. U. S. A., 70: 3880-3883, 1973.

51. Yung, W.-K. A., Shapiro, J. R., and Shapiro, W. R. Heterogeneous chemosen-
sitivities of subpopulations of human glioma cells in culture. Cancer Res., 42:
992-998, 1982.

52. Zante, J., Schumann, J., Barlogie, B.. GÃ¶hde, W., and BÃ¼chner,T. New
preparation and staining procedures for specific and rapid analysis of DNA
distribution. In: W. GÃ¶hde,J. Schumann, and T. BÃ¼chner(eds.), Pulse-Cyto-
photometry, pp. 97-106. Ghent, Belgium: European Press, 1976.

APRIL 1983 1707

on March 26, 2020. © 1983 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


S. C. Barranco et al.

Fig. 1. Photomicrographs of human adenocarcinoma of the stomach cells growing in vitro. A, phase-contrast microscopy of cells after 3 weeks in primary culture, x
225. B, live cells photographed after 4 months in culture, x 225. C and 0, stained cells after 5 months in culture, x 2250. E, stained colony of cells in culture for 40 days,
x 225. F, stained colony after 4 months in culture, x 225.

1708 CANCER RESEARCH VOL. 43

on March 26, 2020. © 1983 American Association for Cancer Research.cancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


â€¢./
u r*.

Fig. 2. Photomicrogra
cells. Curved arrows, cytoplasmic mucin droplets in tumor cells; arrowhead, a carcinoma cell with a vacuole rimmed by PAS-stained material; PAS:Alcian blue (pH 2.5).
x 500.

Fig. 3 Photomicrograph of transplanted cells grown in a nude mouse after transfer from tissue culture. A nodule of anaplastic cells has peripheral necrosis (tower
right): double-headed arrow, dense PAS-stained cytoplasmic mucin droplets; arrowhead, signet ring-like cell with a clear vacuole partially rimmed by PAS-staining
substance indenting the nucleus (PAS:Alcian blue (pH 2.5), x 500.
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