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ABSTRACT

This study documents the ability of substrata material derived from
well but not poorly differentiated colon carcinoma cells to alter the
biological characteristics of a separate colon carcinoma cell line
(MOSERsp). To assess changes induced by the presence of these sub
strata, MOSERsF cells were screened for (a) morphological features, (b)
secretion of carcinoembryonic antigen (CEA), (o) alteration of urokinase
levels, and (</) sensitivity to the growth-inhibitory peptide transforming

growth factor 0. Morphologically, MOSERsr cells grown on plastic
displayed a rounded shape and could be detached by agitation. Subcul-

turing of these cells onto substrata laid down by well differentiated
(mature) colon carcinoma cells resulted in cell attachment and spreading.
These changes did not manifest themselves when cells were plated on
material derived from poorly differentiated (primitive) colon cells.

Conditioned medium from MOSERSF cells grown on plastic or on
colon-derived material from the well and poorly differentiated colon cells

were compared for CEA levels. Substrata derived from undifferentiated
cells were without effect on assayable CEA (substrata absent, 1.4 ng/ml/
10" cells/72 h; substrata present, 1.4-1.7 ng/ml/10' cells/72 h). However,

growth of MOSERsF cells on material deposited by well differentiated
colon cells resulted in a 3-fold increase in the level of CEA.

Spent medium was also analyzed for urokinase. A high level of the
protease (20.3 ng/ml/106 cells/72 h) was expressed by MOSKRsh cells.

The concentration of the enzyme was reduced by over 50% when
MOSERsF cells were propagated on substrata laid down by well differ
entiated cells.

An enhanced sensitivity to the growth-retarding effects of transforming

growth factor ÃŸwas seen with certain substrata. On plastic, transforming
growth factor ÃŸinhibited proliferation of MOSERsf cells with a median
effective concentration of 0.65 ng/ml. However, on substrata from mature
but not primitive cells, MOSERsF cells exhibited an increased sensitivity
to the peptide (median effective concentration, 0.16 ng/ml).

Colon-derived material obtained from both well differentiated and
poorly differentiated colon carcinoma cells was compared after |'"S|-

methionine metabolic labeling. More |3!S|methionine was incorporated
into the material from the "mature" colon cells. The substrata could also

be distinguished by quantitative differences in a number of high molecular
weight proteins. Immunofluorescence of colon-deposited material re

vealed the presence of laminin and fibronectin.

INTRODUCTION

Colon carcinoma still represents a major challenge to the
clinician since cure rates have remained largely unchanged over
the past 30 years (1). The inefficacy of chemotherapy and
surgery in the treatment of patients with this cancer (2) has
prompted investigation of the biological basis of the disease. In
particular, the hypothesis advanced by some that the malignant
state is a result of a block in stem cell maturation (3) has led
investigators to search for pharmacological modifiers of this
phenomenon. Indeed, a number of substances such as sodium
butyrate and ^A^dimethylformamide have been shown to in
duce more benign behavior in colon carcinoma cells (4-6).
However, the concentrations of agents required to elevate "mat-
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uration" markers such as normal colon mucoprotein and su-

erase approach toxicity. More importantly, the levels of these
agents required to induce these "maturation characteristics" are

not clinically achievable. Thus, many researchers have at
tempted to identify nontoxic regimes which, similarly, can
promote the expression of more benign behavior in colon
carcinoma. In this regard, there is much evidence to suggest a
role for substrata material in the governing of cellular events in
normal and, to a certain extent, malignant systems.

Furman et al. (7), in investigating cell morphology, luteiniz-
ing hormone receptors, and the cAMP response to human
chorionic gonadotropin, concluded that substrata play a sub
stantial role in the in vitro maintenance of granulosa cell mat
uration. In another study, Hadley et al. (8) noted differentiation
promotion of immature rat Sertoli cells when plated on recon
stituted basement membrane gel.

Other investigators have established that transformed cells
can, similarly, respond to these influences. Pheochromocytoma
PC-12 cells, which appear rounded on plastic cultureware,
flatten out on bovine corneal endothelial ECM3 and release

more dopamine (9). Rat pituitary tumor cell lines also appear
sensitive to the presence of ECM (10), manifesting increased
proluditi on bovine corneal endothelial ECM relative to those
plated on plasticware. More relevant to these studies, however,
was the finding that "ECM-like material" derived from HT-29

colon carcinoma cells induced cell spreading in the same cell
line (11).

In this study, we have addressed the question whether colon
derived substrata can modulate the biological characteristics of
other transformed colon cell lines. To this end, we have utilized
a bank of well characterized colon cell lines (12) which has been
arbitrarily divided into 3 groups. Members of group III, which
includes the lines designated CBS and GEO, form glandular
like tumors in nude mice, have low cloning efficiency in soft
agar, and are high secretors of carcinoembryonic antigen (13,
14). In addition, these cells display epithelial transport domes
in tissue culture and show basolateral polarity and tight junc
tions by electron microscopy (15). To the other extreme, the
group I cells, which include RKO and HCT 116, readily form
anaplastic tumors in nude mice, do not form transport domes
or tight junctions in tissue culture (15), and are low secretors
of CEA. Cell lines which are intermediate in any of these
parameters are included in group II.

Because of the potential for organ specificity of basement
membrane in the modulation of biological properties (for re
views, see Refs. 16 and 17), we elected to investigate the effects
of substrata derived from well differentiated (group III) and
primitive (group I) cells on the behavior of a group II line,
MOSER, which, in vitro, shows poor attachment to the plastic
substratum (18) and, in vivo, forms anaplastic tumors in
athymic mice.

3The abbreviations used are: ECM, extracellular matrix; CEA, carcinoem

bryonic antigen; TGF/3, transforming growth factor 0; BSA, bovine serum albu
min; PBS, phosphate buffered saline: SDS, sodium dodecyl sulfate; PAGE,
polyacrylamide gel electrophoresis; FBS, fetal bovine serum; DMF, JV,JV-dinieth-
ylformamide; ELISA, enzyme-linked Â¡mmunosorbent assay; !'(..â€žmedian effec

tive concentration.
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EFFECT OF SUBSTRATA MATERIAL ON COLON CANCER

To assess changes in the biological characteristics of our
MOSER cells brought about by colon substrata the following
parameters were chosen: (a) morphology, (b) expression of
CEA, (c) elaboration of the plasminogen activator urokinase,
and (d) responsiveness to TGF/3 in terms of growth retardation.
High levels of CEA have been correlated with a well differen
tiated state of colon tumors and, conversely, primitive malig
nancies express low amounts of this antigen ( 19-21 ). The choice
of urokinase as a marker of undifferentiation has been based
on the premise that this enzyme plays an important role in
basement membrane degradation (22). This laboratory has
shown that exposure of MOSER cells to TGF/3 (18) results in
a reduction in proliferative rate. In other systems, at least, the
responsiveness to the peptide appears related to the transformed
state (23). Parental (normal) liver cells but not the aflatoxin-
transformed counterparts were inhibited 83% by TGF/3 in col
ony-forming assays (23). We argued that, if colon substrata
were capable of modulating the aggressive nature of MOSER
cells, this could also manifest as an increase/decrease in the
responsiveness to TGF/3.

The data presented in this study are consistent with a role
for substrata in the promotion of more benign behavior in a
colon carcinoma cell line. Plating of a relatively aggressive cell
line, MOSER, on material deposited by well differentiated cell
lines results in marked morphological change, elevated CEA,
reduction in urokinase secreted, and an enhanced sensitivity to
TGF/3.

MATERIALS AND METHODS

Fetal bovine serum, trypsin, McCoy's 5A medium, and McCoy's 5A

medium depleted of phenol red and methionine were from GIBCO,
Grand Island, NY. Bovine serum albumin (radioimmunoassay grade),
insulin, and plasmin were purchased from Sigma Chemical Co., St.
Louis, MO. High molecular weight urokinase (Winkinase) was a gen
erous gift from Dr. G. Murano, Center for Drugs and Biologies,
Bethesda, MD. Transforming growth factor ÃŸwas obtained from R &
D Systems, Minneapolis, MN. Helena Laboratories, Beaumont, TX,
supplied the urokinase-specific chromogenic substrate S2444. Apro-
tinin was purchased from Boehringer Mannheim, Mannheim, Federal
Republic of Germany. Rabbit anti-fibronectin IgG was obtained from
Dako Corp., Santa Barbara, CA. Collaborative Research, Bedford, MA,
supplied rabbit anti-laminin antibodies, and mouse monoclonal anti
type IV collagen IgG was purchased from Miles Scientific, Naperville,
IL. ELISA antibodies were kindly provided by Dr. D. Collen, University
of Leuven, Leuven, Belgium. [35S]Methionine was purchased from

Amersham, Arlington, Heights, IL.
Cell Culture. The well differentiated group III colon carcinoma cell

lines CBS and GEO and the poorly differentiated group I HCT 116
and RKO were cultured as described previously (24) using McCoy's 5A

medium supplemented with 10% fetal bovine serum. Media changes
were performed every 4 days and the cells were subcultured with 0.05%
(RKO and HCT 116) or 0.125% trypsin (CEO and CBS) in the presence
of 3 min EDTA.

The group II cell line MOSER was maintained under serum-free
conditions (MOSERSF) as described (18) with the exception that epi
dermal growth factor, sodium selenite, hydrocortisone, and triiodothy-
ronine were absent (serum-free medium). Under serum-free conditions,
cells were loosely attached to the plasticware. Cells were passed every
4 days by gently agitating with a pipet, centrifuging, and resuspending
in fresh medium. Experiments with these cells were conducted in the
presence of serum-free medium.

Preparation of Colon Substrata-coated Plates. Flasks (75 cm2; Costar,

Cambridge, MA) containing 80% confluent CBS, GEO, RKO, and
HCT 116 cells were subcultured directly into duplicate 6 well plates
(inner diameter, 35 mm; Falcon). After 4-6 days of culture, confluent
wells were lysed with 20 mM NH4OH (25, 26). Plates were rinsed with

sterile PBS and stored at 4V until required. In control experiments,
plates were coated at 37Â°Covernight with McCoy's 5A medium con

taining 10% FBS and treated identically.
Cellular Morphology, Growth Kinetics, and Effect of TGF/9 on Prolif

eration Rate. MOST RM cells were seeded at 105/35-mm well, and after

3 days photomicrographs were taken of preconfluent cultures. Gener
ation times were determined as follows: 5 x IO4cells were plated per
well and growth curves were constructed by enumerating cells at 3-5
days of culture. Cells were released from the substrata by exposure to
0.05% trypsin. To determine the effect of TGF/3 on growth retardation,
2 x IO4cells were seeded onto plastic- or colon substrata-coated dishes

and various concentrations of TGF/3 were added 24 h later. Cells were
counted 96 h postplating and growth inhibition was expressed relative
to untreated (TGF/3 absent) cultures.

Collection of Conditioned Medium. Cells were plated in serum-free
medium (MOSERSF) or in 10% FBS (RKO, HCT 116, CEO, CBS),
and after 4 days the medium was replaced with 1.5 ml of serum-free
medium containing 0.4% (w/v) BSA for the urokinase (27) and CEA
assays. After 3 additional days, the conditioned medium was harvested
and stored at â€”20Â°C.Wells were treated with 0.05% trypsin and cells

were counted. For some experiments, the collection medium was mod
ified to exclude the pH indicator (phenol red).

Urokinase Assays. Urokinase levels in the spent medium were deter
mined by an enzyme-linked immunosorbent assay (28) using high

molecular weight (55,000 daltons) purified urokinase as standard. Uro
kinase was purified from Winkinase by affinity chromatography on
immobilized p-aminobenzamidine (Pierce Chemical Co., Rockford, IL)
(29).

The ELISA was linear for absorbance over a range of urokinase
concentrations (0.1-3.0 ng/ml) and the sensitivity was arbitrarily set at

0.1 ng/ml. Assay of conditioned medium also indicated linearity be
tween dilutions of 1:100 and 1:25 of the starting material.

Alternatively, urokinase was assayed by its activity against the syn
thetic substrate S2444. Conditioned medium (pH indicator absent) was
incubated with 5 x 10~9M plasmin at 37Â°Cfor 90 min (29) and the

reaction was terminated with 10 kIU/ml aprotinin. Preliminary exper
iments indicated this time to be optimal for the conversion of inert pro-
urokinase to the active form. Samples were incubated with 0.3 mM
S2444 and reaction products were determined at A405. Urokinase in
the spent medium was determined against a standard curve of purified
urokinase.

lodination of Urokinase and Binding Studies. Purified urokinase was
iodinated by a chloramine-T method (30). The specific activity of the
urokinase was 2-6 Â¿iCi/|igprotein. SDS-PAGE electrophoresis under
nonreducing conditions followed by autoradiography revealed the pres
ence of a 55-kilodalton product.

Binding of radioactive urokinase to either plastic- or colon-derived
material was assessed (31) by incubating cultureware with binding buffer
(McCoy's 5A medium supplemented with 0.1% BSA, 20 mM 4-(2-

hydroxyethyl)-l-piperazineethane sulfonic acid, pH 7.5) containing 0.5
UMradioligand for 30 min at 37V. After this time, unbound ligand
was removed by extensive washing with 0.1% BSA in PBS. Plastic- or
substrata-bound ligand was dissociated with SDS (32) and solubilized
radioactivity was counted.

CEA Measurement. Samples to be analyzed for CEA were freeze-
dried and resuspended in 0.3 ml of PBS. CEA present was determined
with a commercially available kit (Abbott Laboratories, Chicago, IL).

Extraction and Analysis of the Colon Substrata-deposited Material.
Cells were seeded into 75-cm2 culture flasks and cultured for 2-3 days
in McCoy's 5A medium containing 10% fetal bovine serum. After this
time (=:30-40% confluency) the medium was replaced with low methi-
(ininc containing medium (1 part McCoy's 5A, 3 parts methionine-free
McCoy's 5A) supplemented with 10% fetal bovine serum. ["S]Methi-

onine (100 ^Ci/flask) was added and the cells were cultured for an
additional 4-5 days.

The harvesting of the deposited material has been described else
where (33, 34). Medium was decanted and, after rinsing with distilled
water, the cells were lysed with NH4OH (20 mM). Culture flasks were
rinsed 3 times with ice-cold PBS and the colon-derived material was
extracted with a 2.3% SDS solution containing 6 mM Tris-HCl (pH
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EFFECT OF SUBSTRATA MATERIAL ON COLON CANCER

6.8), 5% mercaptoethanol, 10% glycerol, and 0.01% bromophenol blue
by incubating at 90Â°Cfor 3 min. Total extracted radioactivity was

determined by counting an aliquot of the preparation in a Bookman
scintillation counter.

Analysis of "S-labeled proteins was by 12% SDS-polyacrylamide gel

electrophoresis (35). For comparative purposes, samples of equal radio
activity were loaded onto the gel. After electrophoresis, gels were fixed
with a methanol/acetic acid/distilled water (5:1:5) solution and proc
essed for autoradiography. The experiment was repeated 3 times.

Analysis of Substrata Material for ECM Components. Confluent cells
in Lab Tok tissue culture chambers (Miles Scientific) were lysed with
NH4OH and the chambers were incubated at 37"C for 2 h with appro

priate dilutions of anti-fibronectin (1:500), anti-laminin (1:250), and
anti-type IV collagen (1:100) antibodies in PBS containing 1% BSA.
Chambers were washed with 0.05% Tween 20 in PBS and incubated
with fluorescein-conjugated goat anti-rabbit IgG antibody (1:200).
Chambers reacted with anti-collagen IV IgG were pretreated with rabbit
anti-mouse IgG in 1% BSA. Immunoreactive material was evaluated
by fluorescence microscopy after extensive washing with 0.05% Tween
20 in PBS.

Data Analysis. Differences in average values were tested for statistical
significance by Student's t test.

RESULTS

MOSERsF cells grew poorly attached to plasticware (Fig. la)
and could be easily dissociated by gentle agitation. MOSERsp
cells plated on serum-coated dishes (Fig. Ib) or on substrata
laid down by RKO or HCT 116 cells (Fig. le) were similar to
each other in that the cells attached to the material and required
0.05% trypsin at subculture. Although these cells exhibited
adhesive properties on material deposited by RKO and HCT
116 cells (Fig. le), there was little evidence of spreading. How
ever, on substrata from the well differentiated group III CBS
and GEO, the MOSERSF cells appeared flatter with numerous
process type extensions (Fig. 1, Â¿and c). This phenomenon was
unlikely to represent selection of a subpopulation of MOSERSF
cells, since subculturing of colon cells from group III substrata
back to plastic resulted in an immediate restoration of the
rounded morphology. Furthermore, levels of the plasminogen
activator associated with MOSERsi cells grown on group III
substrata reverted to 118 Â±9% of control values when the cells
were returned to plastic. These events occurred within one
subculture period.

MOSERsF cells were grown on the different substrata and
conditioned medium was analyzed for CEA. On plastic, these
cells secreted 1.4 Â±0.7 ng/ml in a 3-day period (Table 1).
Plating onto FBS-coated dishes or onto material obtained from
the primitive HCT 116 or RKO cells resulted in little change
of CEA. In contrast, the level of CEA in the spent medium of
MOSERsF cells grown on CBS- or GEO-derived material was
elevated 3-fold (Table 1).

To establish that under these conditions CEA was derived
from the MOSF.RS, cells and not the substrata on which they
were plated, dishes coated with deposits from CBS and GEO
were set up in a mock experiment. Serum-free medium only
was incubated in the relevant plates and, after a 4-day period,
the medium was changed to that containing 0.4% BSA. After
a further 72 h, medium was harvested and assayed for CEA.
No antigen could be detected in these preparations, suggesting
that the rise in CEA associated with plating of cells on group
Ill-derived material reflected altered biological characteristics
ofMOSERsF.

Conditioned medium was also tested for the presence of the
plasminogen activator urokinase. MOSERSF was found to be a
relatively high secretor of this enzyme (Fig. 2). On plastic, in a

72-h period, these cells secreted 20.3 Â±3.5 ng/ml/IO6 cells

(ELISA determined). Assaying for urokinase activity in the
presence of aprotinin (no prior exposure to plasmin) with the
chromogenic substrate S2444, however, yielded a value of 1.52
Â±1.27 ng/ml/IO6 cells/72 h. Pretreatment of the conditioned

medium with plasmin followed by assay with S2444 resulted in
an enzyme level (20.3 Â±5.9 ng/ml/IO6 cells/72 h) comparable

to that assessed by immunological means. Thus, it appears that
over 90% of the urokinase existing in the conditioned medium
is in an inactive form and, most probably, represents the proen-
zyme (36).

When MOSERsF cells were subcultured on material laid
down by the well differentiated CBS and GEO, urokinase levels
in the conditioned medium were reduced by over 50% (ELISA
determined) (Fig. 2). Similar trends were observed after enzy
matic analysis with the chromogenic substrate S2444 (data not
shown). Experiments using substrata derived from the primitive
HCT 116 and RKO revealed a 25% reduction in plasminogen
activator. However, this latter decrease was similar to that
observed with FBS-coated plates.

To exclude the possibility that secreted urokinase was being
bound by the colon-deposited material, thereby lowering the
effective concentration in the spent medium, purified enzyme
was radioiodinated and binding experiments were carried out.
Under experimental conditions in which ECM components are
solubili/ed, no ligand binding to colon-derived material could
be found, suggesting that the reduction in urokinase observed
in the spent medium of MOSERsF cells on group Ill-derived
material is real and represents either a reduction in production
or secretion or, alternatively, alteration in processing of the
enzyme.

To test whether our group I and III colon cells themselves
secreted differing amounts of urokinase, the following experi
ment was conducted. GEO, CBS, RKO, and HCT 116 cell lines
were propagated in 35-mm dishes in the presence of 10% FBS
and, after 4 days, changed over to serum-free medium contain
ing 0.4% BSA. After an additional 72 h, the conditioned me
dium was harvested and assayed for urokinase. It is apparent
from Fig. 3 that higher levels of this plasminogen activator are
achieved with the more aggressive group I cell lines. The average
value for the group I cells was more than 4 times that of the
well differentiated group III.

The observations that growth of MOSERSF cells on group
Ill-derived substrata resulted in elevation of CEA and reduc
tion in urokinase suggested that these colon cells, on the appro
priate substrata, might express more benign behavior. Alterna
tively, these manifestations could be a consequence of altered
growth rates. Accordingly, generation times were determined
for MOSERsF on various substrata. Cultivation of these cells
on plastic or on material deposited by either group I or HI cells
was without effect on doubling times (approximately 20 h).

Although growth rates of MOSERSF cells were unaffected by
the presence of colon-derived material, we questioned whether
the responsiveness of MOSERSF to the growth-retarding effects
of TGF/8 could be modulated by different substrata. Previous
findings from this laboratory (data not shown) had indicated
that the more mature group III cells responded to TGF/3 while
the primitive group I cells were, in general, refractory to this
substance. On plastic, MOSKRM cells are growth inhibited
(Fig. 4) by TGFjS with an estimated EC50 of 0.65 ng/ml. On
group HI substrata, however, the log dose-response curve is
shifted to the left, indicating a greater potency of the peptide.
Moreover, the extent of growth inhibition with maximal con
centrations of TGF/3 is greater on colon substrata; the response
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EFFECT OF SUBSTRATA MATERIAL ON COLON CANCER

a

Fig. 1. Effect of various substrata on the
morphology of MOSERSF cells. MOSERSF
cells were seeded ( IdV.ls mm dish) in serum-
free medium onto plastic (a), FBS-coated
plates (*), or substrata derived from HCT 116
(c), CBS (</), and GEO (e). The cells were
grown for approximately 3 days and photo
micrographs were taken of preconfluent cul
tures. The data are representative of at least 3
separate experiments, x 100.

Table 1 Effect of different colon substrata on CEA levels in the conditioned
medium ofMOSERSF

MOSERsF cells were plated at 7.5 x l04/35-mm dish onto plastic, FBS-coated
cultureware or on colon-derived material from the group III (CBS, GEO) and
group I (RKO, HCT 116) cell lines. At approximately 85% confluency (4 days of
culture) the medium was replaced with 1.5 ml of serum-free medium containing
0.4% BSA. After an additional 72 h, the conditioned medium was collected and
cells were enumerated. Harvested medium was freeze-dried and resuspended in
0.3 ml PBS, and 50 (il were analyzed for CEA using the Abbott enzyme inimu-
nosorbent assay. The data are presented as mean values Â±SD. Numbers in
parentheses, number of experiments; * P < 0.05.

Protocol CEA (ng/ml/106 cells/72 h)

MOSERsF control

MOSERsF on group I substrata
RKO
HCT 116

MOSERsF on FBS-coated plate

MOSERsF on group III substrata
CBS
GEO

1.4 Â±0.7 (3)

1.7 Â±0.1 (3)
1.4 Â±1.5(3)

1.3 Â±0.8 (3)

4.2 Â±1.2(5)Â«
4.7 Â±1.2(3)*

on plastic with 15 ng/ml is 48 Â±12% inhibition. However, the
same concentration of TGF/3 elicited an 80 Â±12% reduction in
proliferation of MOSERSF plated on CBS-derived material.

The ECso was estimated in this case to be 0.16 ng/ml. On the
other hand, comprehensive analyses of TGFÃŸ-induced inhibi
tion revealed no alteration in EC50 values by the material laid
down by poorly differentiated group I cells.

Since the material laid down by the well differentiated CBS
and GEO cells (but not the HCT 116 or RKO cells) was able
to modulate the behavior of MOSERSF cells, we questioned
whether differences between the group I and III substrata could
account for these observations. Quantitatively, for a given cell
number there was a 1- to 2-fold increase in the total amount of
[35S]methionine incorporated into the deposits from the group

III cells when compared to HCT 116 and RKO (data not
shown). Furthermore, analyses of the components on SDS-
PAGE gels revealed quantitative increases in several high mo
lecular weight proteins (Fig. 5) from the CBS and GEO cell
lines. Substrata were also evaluated for the presence of 3 well
characterized ECM components, laminin, fibronectin, and type
IV collagen. The substrata examined tested positive for laminin
and fibronectin. In contrast, type IV collagen was distinctly
absent from all preparations. The fluorescence observed with
anti-fibronectin IgG was not entirely a consequence of serum-
derived protein, as control (FBS-coated plates) fluorescence

2828

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/48/10/2825/2431579/cr0480102825.pdf by guest on 19 M

ay 2023



EFFECT OF SUBSTRATA MATERIAL ON COLON CANCER
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Fig. 2. Effect of colon-derived material on secretion of the plasminogen
activator urokinase. MOSERsp cells were plated under conditions identical to
those specified in the legend to Table 1. After 96 h, the medium was removed
and replaced with 0.4% BSA in serum-free medium. Conditioned medium was
collected 3 days later and analyzed for urokinase by the ELISA method. Cells
were counted at the time of harvest. The results are presented as average values
Â±SD. Numbers in parentheses, number of experiments. */> Â£0.01.
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Fig. 3. Secretion of urokinase by group I (11(1 116 and RKO) and group III
(CBS and GEO) colon carcinoma cells. HCT 116, RKO (7.5 x lO'/well), CBS,
and GEO (1.5 x IO'/wdl) were plated in 10% FBS in 35-mm dishes and incubated

for 4 days. A higher number of cells was plated in the case of CBS and GEO to
counter their slower growth rate. After this time, the medium was replaced with
1.5 ml of serum-free medium containing 0.4% BSA. After an additional 3 days,
the spent medium was harvested and the cells were enumerated. Urokinase levels
were determined by ELISA. Results are shown as average values Â±SD. Numbers
in parentheses, number of experiments.

was less intensive than for those plates coated with colon-
derived material.

DISCUSSION

This study documents the modulation of biological charac
teristics of an undifferentiated colon carcinoma cell line,
MOSF.RM , by substrata laid down by well but not poorly
differentiated cells. The changes in the parameters measured,
namely, morphology, CEA and urokinase secretion, and sensi
tivity to the peptide TGF/3, suggest the expression of a more
benign program on colon-derived material.

In investigating the ability of colon carcinoma substrata to
influence biological events of a separate cell line, we chose as
our substrata depositing lines CBS and GEO, which exhibit
polarity in monolayer (IS), grow slowly in vitro, form glandular
tumors in vivo, and are high secretors of CEA (12). More
importantly, CBS cells manifest "dome"-type structures (15)

when maintained at confluency, indicating the retention of at
least one normal colon function (15). For comparative pur-
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Fig. 4. Effect of colon-deposited material on the inhibition of proliferation by
TGF/3. MOSERsp cells (2.0 X IO4) were subcultured on plastic- or on substrata-
coated (3S-mm) dishes. Various concentrations of TGF/3 were added 24 h later.
Cells were harvested with 0.05% trypsin 4 days after plating and enumer
ated. Control flasks were maintained in the absence of I(,I ,1 Growth inhibi
tion by the peptide was determined for MOSERSp cells proliferating on plastic
(+A+), on group III (O), and on group I (D) -derived substrata. The data are
representative of 2 separate experiments; bars. SD.
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Fig. 5. Analysis of substrata components by SDS-PAGE. Cells were plated in

75-cm2 flasks in the presence of 10% FBS and at 30-40% confluency, the medium
replaced with low methionine-containing medium (supplemented with 10% FBS).
[3*S]Methionine (100 (iCi/flask) was added and the cells were cultured for an
additional 4-5 days. The medium was decanted and the cells were lysed with 20
m M NH4OH. After extensive washing with ice-cold PBS, the residual material
was harvested with 2.3% SDS and the preparations were analyzed on 12%
polyacrylamide gels. Lane I, HCT 116; lane 2, CBS; lane 3. GEO; lane 4, RKO;
arrows, substrata proteins associated with the more differentiated cells.

poses, 2 primitive cell lines were used, RKO and HCT 116,
which readily form anaplastic tumors in nude mice, have low
generation times, and are low secretors of CEA (12).

An elevated CEA level in the spent medium was associated
with the plating of MOSERSp cells on material derived from
either CBS or GEO cells. These changes were not observed if
MOSERsF cells were cultured on FBS-coated plates or on
substrata from the primitive HCT 116 or RKO. These data
may very well reflect more benign behavior of the MOSERSp
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cells on the material deposited by the group III cells. Other
workers have demonstrated increases in this antigen in cultured
colon carcinoma cell lines and interpreted the elevated CEA to
be indicative of a "more normal" program. Dexter and Hager

(6) showed that exposure of 2 transformed colon carcinoma
cell lines to the polar solvent Af,yV-dimethylformamide resulted
in severe reductions of cloning efficiencies in soft agarose and
elevation of normal colonie mucoprotein antigen and CEA. In
an earlier study, Breborowicz et al. (21) compared the levels of
CEA released into the medium of organ cultures of primary
coloreria! tissue. Well differentiated adenocarcinoma was the
highest secretor, followed by normal mucosa. Poorly differen
tiated adenocarcinoma secreted the least material. The colon
cell lines within our bank have been previously analyzed for
CEA expression and, again, a high level of the antigen was
positively correlated with differentiation status (13, 24).

To give further credence to our view that colon substrata
might be inducing less aggressive behavior in MOSERSF cells,
we also analyzed conditioned medium for a marker of transfor
mation, in this case the plasminogen activator urokinase. Ele
vated expression of this protease is associated with transfor
mation (37, 38). This is also evident for colonie malignancies
in which both primary and metastatic disease are positive for
this marker (39). The presence of the plasminogen activator
was also demonstrated in short-term organ cultures of colon
(40). Secretion rates were 10 times higher in the cultivated
tumor than in normal tissue. Markus et al. (40) pointed out
that secretion rates gave a much sharper demarcation between
normal and malignant tissue than quantitative extraction. In
agreement with these reports we compared the conditioned
medium from the group I and III lines for urokinase expression
and found the level of the plasminogen activator associated
with RKO and HCT 116 to be at least 4 times that of parallel
CBS or GEO cultures.

Analyses of the conditioned medium from MOSERSF cells
revealed a relatively high urokinase level of 20.3 ng/ml/106

cells/72 h. Cultivation of MOSERSF cells on material laid down
by the well differentiated CBS and GEO caused over 50%
reduction in the level of urokinase assayed by the ELISA. The
mechanism by which colon substrata modulate urokinase levels
is presently unknown. One possibility is that the steady-state
level of mRNA transcript is reduced. This is certainly evident
for synthetic glucocorticoids such as dexamethasone which act
as suppressors of urokinase at the gene level (41) in HT 1080
fibrosarcoma cells.

The altered sensitivity of MOSERSF on colon deposits to
TGF/3 is of interest. Other workers have commented on the
relationship between sensitivity to growth factors and the state
of transformation. McMahon et al. (23) compared the effect of
TGF/3 on proliferation rates of a normal rat liver cell line and
a transformed subline. The peptide at a concentration of 20 pg/
ml inhibited colony formation of the normal cells by 83%.
However, the aflatoxin transformed subline was insensitive to
levels of the peptide as high as 10 ng/ml. In another study,
Mattsson et al. (42) determined the mitogenic response of
neuroblastoma SH-SY5Y cells to insulin-like growth factors I
and II. Treatment of these cells for 4 days with phorbol ester,
which resulted in morphological and functional differentiation,
abolished the mitogenic response to both insulin-like growth
factors I and II. These reports together with our data showing
an enhanced response of MOSERSF cells on colon-derived
material to TGF/3 are in accordance with our view that the
expression of transformed behavior by MOSERSF cells is mod
ulated by the presence of a substratum. However, alternative

interpretations exist. A change in cell shape may itself be
sufficient to bring about altered biological characteristics (43).
However, we have noted (data not shown) that the polar solvent
jV,./V-dimethylformamide, which at a concentration of 0.25%
(v/v) will promote cell adhesion and spreading, fails to elevate
CEA levels in the spent medium of MOSERSF cells. Thus, cell
spreading alone is an insufficient stimulus for the observed
biological effects.

Further insight into the actions of colon-deposited material
may be gained from previous data obtained in this laboratory.
Recently, Marks et al. (44) demonstrated an effect of the polar
solvent DMF on both the morphology and the cell surface
fibronectin-like material of MOSER cells. Assumption of an
adhesive, flattened, fibroblast-like morphology after 0.5% DMF
treatment was associated with the expression of material im-
munoreactive with anti-human fibronectin antibodies. Further
more, exposure of the same cell line to TGF/3 caused both an
inhibition of growth and production of laminin, another ECM
component (18, 45). TGF/3 will, like DMF, promote cell adhe
sion with characteristic process type extensions. In view of
these findings, it is tempting to speculate that pharmacological
and physiological substances such as DMF and TGF/3, which
appear to exert some normalizing effects on MOSER cells,
may be doing so via the production of key components within
the colon substrata. In this respect, we were able to demonstrate
the presence of laminin and fibronectin in colon-deposited
material. However, the fact that many other proteins were also
observed in these preparations precluded any possibility of
assigning a role for the well characterized ECM components in
the modulation of the behavior of MOSERSF cells.

The ultimate goal of achieving a nondividing, fully mature
colon cell from a malignant stem cell will almost certainly
depend on a critical set of factors under permissive environ
mental conditions. These studies demonstrate a role for colon-
derived substrata in stimulating, at least in part, cellular behav
ior consistent with a more mature phenotype.
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