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I. INTRODUCTION 

Cancer of the large bowel represents this country's most com-

mon malignant neoplasm (excluding those of skin), with an overall 

five-year survival rate of only about 40% (Sherlock, 1974). The 

detection by Gold and Freedman (1965) of a tumor-specific antigen, 

carcinoembryonic antigen (CEA), in colorectal carcinomas stimu-

lated intensive research to develop suitable immunologic tests. 

Most published studies on the isolation and purification of CEA 

are based on the use of human colorectal solid tumors as the 

starting material; metastatic tumors to the liver are also rich 

sources of CEA (Krupey et al., 1972). However, as noted by 
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Goldenberg and Hansen (1972), such tumor material is difficult to 

procure and the results obtained are variable. 

The establishment of permanent cell lines from human colorec-

tal adenocarcinomas may offer an alternate route for the isolation 

and purification of CEA. Although relatively few permanent cell 

lines have been established from human colorectal adenocarcinomas, 

several of these have been shown to secrete CEA in moderate 

amounts (Egan and Todd, 1972; Tompkins et al., 1974; Drewinko et 

al., 1976; Tom et al., 1976; McCombs et al., 1976). During the 

past few years, we have established 11 human colorectal cell 

lines. These cell lines were classified into three groups based 

on morphology, modal chromosome number, and ability to synthesize 

CEA (Leibovitz et al., 1976). Group 1 and group 2 cell lines were 

low to moderate producers of CEA (8 to 214 ng/10^ cells), whereas 

group 3 cell lines produced CEA in relatively large amounts (1200 

to 7500 ng/10
6
 cells). 

II. MATERIALS AND METHODS 

A. Processing of Specimens 

All colon, rectal, and involved lymph node tissues studied 

were from surgical specimens submitted for pathologic diagnosis 

and grading. Portions of those specimens known to represent 

adenocarcinoma were placed in sterile Petri dishes and sent to 

the tissue culture laboratory. These spιcimens were immediately 

covered with a complete growth medium containing antibiotics. 

Specimens received in the morning were processed the same day. 

Those received in the afternoon were stored at 4° and processed 

on the following morning. 

Except in the early days of our studies (McCombs et al., 

1976), nonenzymatic methods were used in the processing of tumor 

specimens for tissue culture, namely, the spillout techniques 

(Lasfargues and Ozzello, 1958; Leibovitz et al., 1976). 
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1. Spillout Technique 

After removal of normal tissue, necrotic areas, and blood 

clots from the tumor tissue specimen, it was placed in a sterile 

plastic Petri dish containing about 15 ml of growth medium. In 

this dish it was sliced into 1-mm cubes with crossed Bard-Parker 

no. 11 blades. The supernatant fluid was harvested with a 5-ml 

pipet fitted with a rubber bulb (Flow Laboratories, Rockville, 

Maryland) and transferred to 15-ml sterile plastic screw-capped 

centrifuge tubes (BioQuest, Cockeysville, Maryland). The tubes 

were placed in a rack for several minutes to permit the fine 

minces to settle. Then the supernate was removed to fresh tubes 

(second supernate). The fine minces were suspended in 2 ml of 

growth medium, dispersed into 25-cm
2
 plastic flasks, and incubated 

at 37° for at least three days (without being disturbed) to permit 

adherence and initial outgrowth. 

The second supernate was centrifuged at 500g for 5 min to set-

tle clusters of cancer cells in suspension. This yield was washed 

at least three times with fresh growth medium to remove debris and 

toxic products being given off by dead or dying cells. After re-

suspension in growth medium, the viable cells were counted by the 

trypan blue exclusion technique. This suspension was inoculated 

into 25-cm
2
 flasks at 10

6
 viable cells/flask; if less than 10

6 

viable cells were present, the entire yield was inoculated into 

one flask. 

2. Spinner Spillout Technique 

The minces remaining after the initial removal of supernatant 

fluid were transferred to a 50-ml spinner flask (Bellco Glass, 

Vineland, New Jersey) in 30 ml of complete growth medium and ro-

tated at 200 rpm for 30 min. The supernate of this spinner-

spillout technique was processed in the same manner as the second 

supernate. 
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After overnight incubation at 37°, all flasks except those 

containing fine mince were examined for the presence of viable 

cancer cells. The supernates were removed, pooled, and centri-

fugea at 500g for 5 min. The yield was washed three times with 

growth medium and inoculated into a 25-cm
2
 flask in 5 ml of growth 

medium. The original flasks were refed with 5 ml of medium. The 

flasks containing fine mince were examined after three days and 

fed with 5 ml of growth medium. From then on, all flasks were 

fed once per week by complete removal of the spent medium and re-

placement with 5 ml of fresh medium. 

B. Growth Media 

Our initial growth medium, L-15-CI (Leibovitz et al., 1973), 

was Leibovitz L-15 medium (Leibovitz, 1963) supplemented with 10% 

unheated fetal calf serum (KC Biological, Lenexa, Kansas), insulin 

(Eli Lilly, Indianapolis, Indiana), 0.01 units/ml, and Cortisol 

(Solu-Cortef, Upjohn, Kalamazoo, Michigan), 10 yg/ml. Additional 

ingredients were added as detoxifiers, as growth stimulants, or to 

enable the tumor cells to compete with the more rapidly growing 

stromal cells. Our most recently developed medium, L-15-D (Leibo-

vitz et al., 1976), which is used for detoxification, is described 

in Table I. This medium also contains á-mercaptopropionylglycine 

for its lathyrogenlike (Karnovsky and Karnovsky, 1961) action in 

inhibiting the growth of most collagen-producing stromal fibro-

blasts. All cultures were maintained in this medium until a cell 

line was established. Once the cells were adapted to the in vitro 

environment, this complex medium was no longer required and they 

were maintained on medium L-15, 10% foetal calf serum. 

C. Screen for CEA Synthesis 

Three 25-cm
2
 plastic tissue culture flasks were inoculated 

with 10
6
 cells in 10 ml of L-15-CI medium and incubated at 37° for 

21 days without refeeding. The supernate from each flask was 
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TABLE I Medium L-15-D (Detoxification Medium) 
for Establishment of Human Cancer Cells in Vitro 

To 765 ml of pyrogen-free distilled water, add the following: 

L-15 powder medium
a
 1 liter pkg. 

Polyvinylpyrrolidine,
b
 GMW 360,000, 10% solution 10.0 ml 

Methylcellulose,
0
 15 cps, 2% solution 100.0 ml 

Catalase,
d
 50,000 units/ml 1.0 ml 

Insulin,
e
 40 units/ml 0.25 ml 

Cortisol,
f
 (Solu-Cortef), 10 mg/ml 1.0ml 

Heparin sodium,9 0.5% 0.1 ml 
Sodium polypectate,

n
 0.25% in 10% sucrose 10.0 ml 

Yeastolate,
1
 5% 10.0 ml 

a-Mercaptopropionylglycine,9 10 mg/ml 1.0 ml 
Polyestradiol phosphate (Estradurin),J 100 yg/ 
100 ml 1.0 ml 

Fetal calf serum,
k
 100.0 ml 

Sterilize by ultrafiltration (Millipore) 

a
Grand Island Biological Co., Grand Island, New York. 
^General Biochemicals, Chagrin Falls, Ohio. 
c
Dow Chemical Co., Midland, Michigan 

d
Worthington Biochemical Co., Freehold, New Jersey. 
e
Eli Lilly, Indianapolis, Indiana. 
fUpjohn Co., Kalamazoo, Michigan. 
9Calbiochem, LaJolla, California 
h
ICN Nutritional Biochemicals, Cleveland, Ohio 
-̂Difco Laboratories, Detroit, Michigan 
JAyerst, New York, New York. 
k
KC Biological Co., Lenexa, Kansas 

transferred to a 15-ml centrifuge tube, spun at 500g for 10 min to 

remove cells, and then transferred to sterile screw-capped test 

tubes for storage at -70° until it could be assayed for CEA. All 

assays were done within two weeks by radioimmunoassay using the 

Roche kit and procedure manual (Hoffman-La Roche, Nutley, New 

Jersey). The cells remaining in each flask were harvested by the 

trypsin-EDTA technique, and the final population of viable cells 

was determined by the trypan blue exclusion method. CEA synthesis 

was calculated per 10 cells to relate our findings to those of 

other investigators (Drewinko et al., 1976). 
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III. RESULTS 

A. Establishment of Cell Lines 

Of the 163 specimens processed from the middle of 1971 to the 

end of 1975, 50 were lost to contamination (usually by saprophytic 

fungi), 88 failed to develop into a cell line, 11 cell lines be-

came established, and 14 are still in progress. The cell line 

establishment rate increased significantly with the use of complex 

media designed to neutralize toxic substances released by the dead 

and dying cells and to enable the tumor cells to grow competitive-

ly with the stromal cells. A complex medium was no longer re-

quired after the cells became established. 

The spinner-spillout technique usually yielded two- to five-

fold more cancer cell clusters than did the spillout technique, 

but these cultures were more grossly contaminated with stromal 

cells. The supernate harvest pool yielded about as many clusters 

as did the spinner-spillout supernate. The fine mince bottles 

usually showed a mixture of cancer cells and stromal cells. The 

use of all four methods enhanced the chances of a successful iso-

lation of a permanent cell line. 

Viability counts of cancer cells, obtained by the spillout 

techniques, by the trypan blue exclusion method ranged from less 

than 1 to 50%, with the majority of specimens having 10 to 20% 

viable cells. Although such counts indicated that from about 

15,000 to several million viable cells were present (mean, 5 χ 

10^), there was no correlation between cell count and yield of 

cancer cells capable of proliferating into monolayers. Regard-

less of the initial count, from 0 to 100 islands of epithelium-

like cells were evident (commonly 10 to 20 in flasks containing 

viable cancer cells). The cancer cells were readily recognized 

as tight clusters of islands of epitheliumlike cells; some became 

firmly attached to the flask wall within 24 hours of explantation 

and others were floating in the medium. The clusters of cancer 

cells appeared to lie dormant for variable periods ranging from 
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several weeks to about six months before obvious growth was 

noted. 

This long lag phase permitted the stromal cells, which were 

relatively few in number initially, to proliferate. At first, the 

collagenase method of Lasfargues and Moore (1971) was used to pre-

vent the fibroblastlike cells from smothering the cancer cells. 

However, some fibroblastlike cells were not deterred by collage-

nase and they completely filled the flask. In one instance, fi-

broblastlike cells grew under the cancer cell clusters and popped 

them into the supernatant fluid; the cancer cell clusters were re-

covered from the supernatant fluid and established as a stroma-

cell-free cell line (McCombs et al., 1976). Recently, we noted 

that a mercaptan, á-mercaptopropionylglycine (Calbiochem, La 

Jolla, California), functioned like a lathyrogen and permitted the 

cancer cells and stromal cells to grow as co-cultures. As with 

collagenase, this compound does not deter the growth of all fibro-

blastlike cells. However, the mercaptan also enhanced cancer cell 

growth and was incorporated, at 0.1 yg/ml, as part of the detoxi-

fication growth medium (L-15-D). 

The clusters or islands of epitheliumlike cells slowly ex-

panded but, in the initial flasks, would rarely expand sufficient-

ly to form a complete monolayer. Attempts to pass the cells, 

either by the trypsin-EDTA method or by scraping, before they be-

came well established in their in vitro environment usually were 

disastrous. When the clusters showed definite evidence of doming, 

they usually could be passed by either method. One of our lines 

was maintained in the original flask for more than a year before 

it could be passed successfully. 

B. Classification of Cell Lines 

The 11 cell lines were placed into one of three groups based 

on their cytogenetics, morphologic features, and ability to syn-

thesize CEA (Leibovitz et al., 1976). These characteristics are 

summarized in Table II. 
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TABLE II Grouping of Human Colorectal Cell Lines 
by Morphology Cytogenetics, and Ability to Synthesize CEA 

Micro- Modal 
CEA synthesis vesicular chromosome 

Cell line Passage (ng/106 cells)
a
 bodies number 

Group 1 
SW-48 
SW-707 
SW-802 

Group 2 
SW-480 
SW-620 

Group 3 
SW-403 
SW-742 
SW-837 

SW-948 
SW-1083 

SW-1116 

63 
12 
7 

73 
51 

53 
9 
5 

4 
6 

8 
30 
215 

21 
11 

7500 
2000 
1200 

2000 
5500 

7000 

0 
0 
0 

0 
0 

+ 
+ 
+ 

+ 
+ 

47 
47 
47 

55 
54 

66 
54 
42 (85%) 
80 (15%) 
76 
42 (50%) 
80 (50%) 
63 

a
Mean of triplicate analyses by radioimmunoassay (Roche kit) of 

supernate from 10^ cells grown in 10 ml of media from three weeks 
without refeeding; results corrected for number of cells in final 
population. 

These cytogenetic studies were limited to determination of 

modal chromosome numbers. As noted by Drewinko et al. (1976), 

modern banding techniques would be essential for proper analysis 

of the karyograms. CEA content in the medium was measured after 

21 days of incubation because growth studies in our laboratory had 

determined that maximal CEA synthesis starts after the cells pro-

gress through the log phase of growth and enter the stationary 

phase. 

Group 1 cells had a modal chromosome number of about 47. By 

light microscopy, these cells were similar morphologically to 

those reported in the literature. Ultrastructurally, two distinct 

cell types were apparent. The cells in the middle of the colonies 
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were isodiametric and loosely arranged with the most notable form 

of adhesion being desmosomes. Fasciculated filaments were promi-

nent in the cytoplasm. The cells on the periphery of the islands 

were more columnar and often aligned in a pattern resembling that 

of normal absorptive epithelium. The free surface of these peri-

pheral cells often formed microvilli. A definite glycocalyx was 

evident in cell line SW-802. CEA synthesis in the group 1 cell 

lines was low to moderate, ranging from 8 to 214 ng/10^ cells. 

Both group 2 cell lines were derived from the same patient. 

SW-480 was isolated from the primary adenocarcinoma arising in the 

colon, whereas SW-620 was isolated from a lymph node when the 

malignancy recurred with widespread metastasis. SW-480 cells grew 

as a mixture of small islands of epithelial cells and individual 

bipolar cells. On electron microscopy, the SW-480 cells were 

polygonal and often had microvilli on their free surfaces. SW-620 

had fewer islands, and most of the cells appeared as a mixture of 

small individual spherical cells and bipolar cells. The SW-620 

cells seemed to be further dedifferentiated because all cells were 

isodiametric and there was no evidence of microvilli on their cell 

surfaces. Both cell lines were hyperdiploid and both were low 

producers of CEA, from 11 to 21 ng/10
6
 cells. 

The group 3 cell lines were not significantly different from 

the group 1 cell lines by light microscopy. Ultrastructurally, 

SW-403 and SW-948 had a demonstrable glycocalyx, as did SW-802 (a 

group 1 cell line). Two of the group 3 cell lines, SW-403 and SW-

1083, had a prominent Golgi apparatus, which was not noted in any 

of the other cell lines. SW-837 had unique cytoplasmic struc-

tures, resembling stacked lamina, which were often associated with 

lipid; a thin section of a single cell could contain as many as 

five to ten of these lamina, which were often associated with 

lipid; a thin section of a single cell could contain as many as 

five to ten of these laminar structures. Multivesicular bodies 

were present in all group 3 cell lines in the cytoplasm and along 

the brush borders. Multivesicular bodies have been reported in 
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solid tumor tissue from the surface of neoplastic glandular epi-

thelium, especially in the digestive tract and in mammary glands 

(Dalton and Haguenau, 1973). Two cell lines, SW-837 and SW-1083, 

had bimodal populations. The other cell lines in this group were 

hyperdiploid to hypertriploid. All cell lines in group 3 synthe-

sized relatively large amounts of CEA, from 1200 to 7500 ng/10
6 

cells. 

IV. DISCUSSION 

Establishment of permanent cell lines from human colorectal 

adenocarcinomas requires isolation of viable clusters of cancer 

cells from a milieu of dead and dying cells as well as bacteria 

and fungi and protection of these isolated cells from the competi-

tive outgrowth of normal stromal cells while they are adapting to 

the in vitro environment. In our hands, the spillout and spinner-

spillout methods have been more satisfactory than trypsinization 

methods in regard to yield of viable clusters of cancer cells with 

minimal stromal contamination. The relatively small yield of 

viable clusters of cancer cells in relation to the initial count 

of viable cells (trypan blue exclusion method) suggested that most 

of the cells were dying and that use of a detoxification medium 

might enable the surviving cells to withstand the powerful pro-

teases and peroxides released by the dying cells. Although the 

tumor cells did not grow any better in medium L-15-D than in 

medium L-15-CI, the success rate increased from about 3 to 16% 

when the medium with detoxification ingredients was used. 

To combat contamination, we now use the following antibiotics: 

gentamicin, 40 yg/ml; streptomycin sulfate, 40 yg/ml; and ampho-

tericin B, 1.25 yg/ml. No evidence of contamination by Mycoplasma 

organisms has been noted by electron microscopy screening in our 

laboratory or by a battery of tests in Dr. Fogh's laboratory 

(personal communication). 
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The addition of á-mercaptopropionylglycine enabled the cancer 

cells to compete with the more rapidly growing stromal cells for 

survival. Often, they grew as cocultures. When the colonies of 

cancer cells grew sufficiently to start doming (three-dimensional 

growth), the monolayers could be trypsinized and passed; the orig-

inal flask was always refed. The cancer cells seemed to be ex-

tremely sensitive to trypsinization before they started to grow 

three-dimensionally and often would be destroyed if passed pre-

maturely. The stromal cells eventually died out or were overgrown 

by the cancer cells. The detoxification medium may also be im-

portant at this stage to neutralize the toxins released by the 

dying stromal cells. When the cancer cells were readily subcul-

turable and in relatively pure culture, the complex detoxification 

medium was no longer required. 

Previous investigators (Drewinko et al., 1976; McCombs et al., 

1976; Tom et al., 1976; Tompkins et al., 1974) have reported that 

human colorectal adenocarcinoma cells have a modal chromosome num-

ber of 47 to 49. These synthesize low to moderate amounts of CEA 

and resemble our group 1 cell lines. HT29, isolated by Fogh and 

Trempe (1975), had a biomodal population, resembling some of our 

group 3 cell lines, but synthesized relatively low amounts of CEA 

(Egan and Todd, 1972; Tom et al., 1976). Our report (Leibovitz 

et al., 1976) was the first, to our knowledge, to record the group 

2 and group 3 cell lines. 

The group 3 cell lines offer a controlled source of obtaining 

CEA in relatively large quantities. The cells retain this capa-

bility over multiple passages. Our most extensively studied cell 

line, SW-403, has often been split as high as 1:100, and after 53 

splits still yield over 7000 ng CEA per 10
6
 cells. Whether these 

cells will eventually dedifferentiate is not known at this time. 

However, ample stocks can be stored in the liquid nitrogen re-

frigerator to ensure a continuous supply of high CEA producing 

cells. The relatively high synthesis of CEA by the group 3 cell 

lines appears to be related to differentiating cells that have 
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multiple copies of the chromosome having the loci for CEA synthe-

sis. A collaborative study is now in progress with the Wistar 

Institute to test this hypothesis. 

V. SUMMARY 

Eleven human colorectal adenocarcinoma cell lines established 

in this laboratory were classified into three groups based on 

morphologic features (light and electron microscopy), modal chro-

mosome number, and ability to synthesize carcinoembryonic antigen 

(CEA). Group 1 cell lines contained both dedifferentiated and 

differentiating cells growing in tight clusters or islands of 

epitheliumlike cells; their modal chromosome number was about 47 

and they synthesized small to moderate amounts of CEA, from 8 to 

214 ng/10
6
 cells. Group 2 cell lines were more dedifferentiated, 

were hyperdiploid, and synthesized small amounts of CEA, from 11 

to 21 ng/10^ cells. Group 3 cell lines were morphologically simi-

lar to group 1 by light microscopy. They differed ultrastructur-

ally by containing multivesicular bodies; the modal chromosome 

number varied from hyperdiploid to hypertriploid, or they had bi-

modal populations of hypodiploid and hypertriploid cells, and they 

synthesized relatively large amounts of CEA, from 1200 to 7500 

ng/10
6
 cells. 

The relatively high production of CEA by the group 3 cell 

lines appears to be related to differentiating cells that have 

multiple copies of the chromosome having the loci for CEA synthe-

sis. These cell lines offer a constant source of CEA in signifi-

cant quantities over multiple passages. 
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