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Adenosine modulates cell proliferation in human colonic carcinoma.
I1. Differential behavior of HT29, DLD-1, Caco-2 and SW403 cell lines
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Abstract

In a previous study, we provided evidence that extracellular adenosine modulates growth of the poorly differentiated colonic
adenocarcinoma cells HT29 and proposed that adenosine A, receptors might mediate proliferative effects. We now extend our
investigations to a group of colonic adenocarcinoma cells at different stages of enterocytic differentiation. In HT29, DLD-1, Caco-2 and
SW403, proliferation was decreased in the presence of adenosine deaminase (5 or 10 U /ml), 5-N-ethylcarboxamido-adenosine (NECA; 1
wM), xanthine amine congener and 8-phenyltheophylline (both at 1 nM or 1 wM). NECA stimulated cAMP accumulation in all cell lines
except for HT29. In the presence of forskolin (adenyl cyclase activator) cAMP accumulation was inhibited at sub-nanomolar
concentrations of NECA and stimulated at micromolar concentrations in all four cell lines. The inhibitory response disappeared in the
presence of 50 nM cyclopentyladenosine (CPA). The binding of [*Hlcyclopentyl-1,3-dipropylxanthine and [*HINECA was aso
investigated in the four cell lines. Results of displacement experiments were consistent with the idea that poorly differentiated cells with
high proliferation rates (e.g. HT29) express mainly adenosine A ; receptors. In contrast, displacement curves with more differentiated cells
exhibiting low proliferation rates (e.g. Caco-2, DLD-1, SW403) displayed two components. The high-affinity component was no longer
seen in competition experiments performed in the presence of [PHINECA and 50 nM CPA. Together, our results further support the idea
that extracellular adenosine stimulates cell proliferation in colonic adenocarcinoma cells. The effects might involve cAMP-coupled
adenosine receptors. © 1998 Elsevier Science B.V.
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1. Introduction There are indications that adenosine may modulate cell
proliferation and differentiation in human endothelial, as-
trocytoma and epidermoid carcinoma cells in culture
(Rathbone et al., 1992; Tey et a., 1992; Ethier et a.,
1993). Furthermore, adenosine may also affect cell differ-
entiation as observed in neuroblastoma (Abbracchio et al.,
1989). We have demonstrated earlier that extracellular
adenosine deprivation and treatment with adenosine recep-
tor antagonists reduces the proliferation of human adeno-
carcinoma HT29 cells. The treatments aso resulted in
transient elevation of intracellular cCAMP levels; in addi-
tion, an adenosine A ,-selective receptor agonist and an
adenosine A ;-selective receptor antagonist bound specifi-
cally to these cells. Thus, it was proposed that endogenous
adenosine could participate in the process of HT29 prolif-
~* Corresponding aithor. Tel.; +33-549-453977; fax: -+ 33-549-454051; eration and that it might mediate its effects, at least partly,
e-mail: falcon@cri.univ-poitiersr. through adenosine A ; receptors (submitted).

Adenosine appears to be an essential and ubiquitous
nucleoside, taking part in the metabolism of nucleic acids,
second messengers, cofactors of methyltransferases and
ATP regeneration (Meghji, 1991). Furthermore, adenosine
is aso a well-known extracellular messenger. This
auto /paracrine factor binds cell-surface receptors coupled
with the adenylate cyclase: The adenosine A, and adeno-
sine A ; receptor subtypes mediate inhibition, while the A,
receptor subtype mediates activation of the cyclase. They
al belong to the so caled ‘R7G’ (seven transmembrane-
spanning domains, G protein-coupled) receptor family
(Olah and Stiles, 1995).
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We were interested to find whether these results could
be extended to other colonic adenocarcinoma cell lines.
We chose Caco-2, DLD-1 and SW403 cell lines because,
in contrast to the HT29 cells that display poor enterocytic
features under standard culture conditions, DLD-1 and
SW403 exhibit an intermediate differentiated phenotype,
and Caco-2 cells exhibit a well-differentiated aspect (Zwei-
baum et al., 1991).

2. Materials and methods
2.1. Chemicals and materials

Cyclopentyl-1,3-dipropyl[2,3-*H]xanthine: [°H]JDPCPX
(100 Ci/mmol), 5-N-[adenine-2,8->H]ethylcarboxamido-
adenosine: [*HINECA (25.7 Ci/mmol) and [*°I]lcAMP
radio-immunoassay kit were from NEN Dupont Research
Products (Les Ulis/France). Bacitracin, fetal calf serum,
glutamax | Dulbecco’s modified Eagle’ s medium (DMEM),
penicillin /streptomycin and trypsineekEDTA came from
GibcoBR- (Life Technologies, Eragny /France). Optiphase
Il scintillant was purchased from EG& G Division Instru-
ments (Evry /France). Adenosine deaminase type VI from
cdf intestinal mucosa: EC 3.5.4.4 (ADA), bovine serum
albumin, 2-chloroadenosine (CLAD), N6-cyclohexyla
denosine (CHA), N6-cyclopentyladenosine (CPA), cy-
clopentyl-1,3-dipropylxanthine (DPCPX), dimethylsulf-
oxide, 5-(N-ethyl)-carboxamidoadenosine (NECA),
forskolin, HEPES, (R)N6-phenylisopropyladenosine (R-
PIA), phenylmethyl sulfonyl fluoride, 8-phenyltheophyl-
line (8-PT) and Triton X100 were from Sigma Chimie
(Saint Quentin/France). Trichloracetic acid was from
Merck-ClévenotSA (Nogent-sur-Marne,/France). Xanthine
amine congener (XAC) was from RBI (Bioblock Scien-
tific, lllkirch/France).

2.2. Cell culture

Caco-2, DLD-1, HT29 and SW403 cells were routinely
cultured in 75 cm? culture flasks in Glutamax | DMEM
(25 mM glucose, without sodium pyruvate) supplemented
with 10% (v/v) fetal calf serum and penicillin/strepto-
mycin (respectively, 100 U/ml and 0.1 mg/ml), in a
humidified atmosphere of air /CO, (95,/5%), at 37°C. The
culture medium was removed and replaced by fresh
medium every 3 days. For subcultures, cells were har-
vested in trypsin~EDTA solution (respectively,
0.05%,/0.53 mM) in Puck’s buffer, for 10 min at 37°C.

1 to 3 days before the day of the experiment, cells were
seeded at the desired density (see below) on 24-well plates.
The culture dishes were previously coated with HT29
extracellular matrix to optimize cell attachment and
spreading, according to Bellot et al. (1985). In brief, HT29
cells (0.1 X 10°) were seeded in 24-well dishes and cul-
tured until confluency was reached. Cells were then re-

moved by solubilization in 0.3 ml of Triton X100 (0.1%)
in phosphate buffered saline (PBS). The wells coated with
extracellular matrix were then washed 3 times with sterile
PBS. Precoated 24-well plates were kept at —18°C for
months.

2.3. Proliferation assays

Dishes were seeded with 10,000 cellsin 1 ml of culture
medium into 24-well dishes. After 24 h, daily addition (10
wl from a 100 fold concentrated solution) of the specified
drugs or of the vehicle was initiated. The vehicle was
glycerol (0.3% final concentration) in experiments using
adenosine deaminase and dimethylsulfoxide (0.01% final
concentration) in experiments using adenosine analogs.
The culture medium was replaced every 3 days. At the end
of the treatments, the cells were harvested in 500 wul
trypsin/EDTA. Protease activity was then stopped by
addition of 500 w! culture medium and the number of cells
was obtained by double direct counting. Cell viability was
evaluated by means of the trypan blue extrusion test. It
never exceeded 1%. Cell counts from the supernatant
indicated that detachment did not occur.

2.4. Measurements of intracellular cAMP levels in colonic
carcinoma cells

Cells seeded at the density of 2 x 10° cells (HT29 and
DLD-1) or 3.5x 10° cells (Caco-2 and SW403), were
cultured for 3 days. Then, the culture medium was re-
placed by 270 wl of fresh medium. Cells were occasion-
ally preincubated for 20 min in the presence of forskolin (5
wM). Treatments with increasing concentrations of the
adenosine receptor agonist NECA were then initiated.
After 15 min, the plates were placed on ice and the
medium was replaced with 300 wl of trichloracetic acid
(6% solution). The cells were lysed by direct sonication in
the wells and the extracts were evaporated. The resulting
pellets were dissolved in sodium acetate buffer (0.05 M,
pH = 5.9). After a short centrifugation, the cAMP of the
supernatants was quantified using a commercialy avail-
able CAMP radioimmunoassay, using [*°IIcAMP as a
tracer and a +y-counter (Wallac; EG& G Instruments,
Evry /France).

2.5. Binding of adenosine analogs in colonic carcinoma
cells

Cells seeded at the density of 2 X 108 cells (HT29 and
DLD-1) or 3.5 X 10° cells (Caco-2 and SW403) in 24-well
plates were cultured for 3 days. Then, the cells were
incubated for 150 min at 4°C, in 300 ul of binding
medium consisting of culture medium containing 15 mM
phenylmethyl-sulfonyl-fluoride, 150 M HEPES, 2 U /ml
adenosine deaminase, 0.1% bacitracin, 1% bovine serum
albumin (binding buffer) and [*HIDPCPX (5 nM) or
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Fig. 1. Effects of adenosine deprivation obtained after daily addition of
adenosine deaminase at the concentration of 5 or 10 U/ml. Cells were
seeded at 10.000 cells/well in precoated 24-well plates. Culture was
ended at the days specified, cells were harvested by trypsinization and
counted. Mean+S.E.M. (n=9) from 3 independent experiments (see
Section 2). X: Control, O: ADA 5U/ml and a: ADA 10 U/ml.

Table 1

[*HINECA (10 nM). Conditions were dictated by results of
preliminary experimentsincluding time-course studies (data
not shown). Non-specific binding was determined in the
presence of an excess (5 wM) of the appropriate unlabelled
ligand. In addition, because NECA binds to both adenosine
A, and A, receptors, the binding of [*HINECA was also
performed in the presence or in the absence of 50 nM of
CPA in order to prevent binding on the adenosine A,
receptor subtypes, as previously described by others
(Blazynski and Mclintoch, 1993). [*H]DPCPX and
[*HINECA binding were competitively displaced by in-
creasing concentrations of adenosine analogs (in the range
of 10 pM to 1 M), in order to determine specificity.

At the end of the incubations, the wells were quickly
washed once with 1 ml cold PBS (pH = 7.2). The cells
were lysed with 400 ul NaOH (0.5 M) for 30 min and the
extracts were incubated overnight in 5 ml of Optiphase |1
scintillation reagent in counting vias. Radioactivity was
measured in a beta scintillation counter (Beckman Instru-
ments, Gagny /France).

2.6. Statistical analysis and curve plots

All the data shown represent the means of 2 or 3
independent experiments. Each experiment involved tripli-
cate determinations. Each determination used double
counting in the proliferation experiments. All data were
computed using the GRAPHPAD™ (ISl software) iterative
curve-fitting program. Data from the proliferation and

Growth parameters (latency and doubling time (DT) expressed in hours) from proliferation studies of four colonic carcinoma cell lines in culture in the
presence or absence of adenosine deaminase (ADA), xanthine amine congener (XAC), 8-phenyltheophylline (8-PT) or 5'-( N-ethyl)-carboxamidoadenosine

(NECA) as indicated

Caco-2 DLD-1 SW403 HT29
Treatment Latency DT Latency DT Latency DT Latency DT
Control 96 44 72 41 43 36 26 25
ADA, 10U /ml 134° 66° 168° 69° 85° 72°¢ 52¢ 60°
C A C C C C C C
ADA,5U/ml 122¢ 64° 144° 52¢ 72°¢ 58° 36° 35°
XAC, 1 uM 82°¢ 44 682 44b 452 32° 39° 52¢
C B B C c C C
XAC, 1nM 103° 48° 742 54° 45° 382 25 39°
8-PT, 1 uM 120° 64° 89° 52¢ 51¢ 48° 40° 46°
A A A B B B C C
8-PT, 1nM 122¢ 62° 92°¢ 48° 56° 52¢ 32P 32b
NECA, 1 uM 134° 51° 82° 46° 64° 64° 42° 36°

The two parameters were calculated from data as shown in Fig. 1. Statistical analysis was performed as described in Section 2. VValues were compared to
their respective control (2P < 0.05, P < 0.002 or °P < 0.00005), or between the low and the high concentrations of a similar treatment (A: P < 0.05, B:
P < 0.002 or C: P < 0.00005). At an equivalent concentration, the values obtained with XAC and 8-PT also differed significantly (P < 0.005) in all cases

except in HT29 at 1 uM.
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Fig. 2. Intracellular cAMP production in colonic carcinoma cells (x)
HT29, (O) Caco-2, (<) DLD-1 and (O0) SW403, in the presence of
increasing concentrations of 5'-( N-ethyl)-carboxamidoadenosine (NECA).
Treatments were run for 15 min at 37°C. Data represent the means+
S.E.M. of 2 independent experiments each performed in triplicate (n = 6).

displacement experiments were fitted to a Hill equation.
For fitting more complex competitive inhibitions, as ob-
served for [*H]DPCPX or [°’HINECA displacements, the
two-site competitive binding curve equation was used. The
data are described as a better fit by one model of ligand
binding than another when a partial F-test comparing the
two models indicated significant improvement in residual
sum of squares as described previously (Wells, 1992). The
F-value was calculated according to the equation F =
[(SS1 — SS2) /(df1 — df2)] /(SS2/df2), where SS1 and
SS2 are the residual sums of squares, with the correspond-
ing degrees of freedom dfl and df2 associated with the
simpler and more complex model, respectively.

In the proliferation experiments, latency was defined as
the time necessary to reach the first doubling of the
population. Values within this range were compared using
an analysis of variance (ANOVA). To compare the dou-
bling time values, proliferation curve were linearized
(Log[cell number] = f(t)) before running the Anova.
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Fig. 3. Intracellular cAMP production in colonic carcinoma cells HT29, Caco-2, DLD-1 and SW403, in response to 15 min stimulation with increasing
concentrations of 5-(N-ethyl)-carboxamidoadenosine (NECA; from 0.1 pM to 100 wM) either alone (O) or in the presence (@) of 50 nM
N6-cyclopentyladenosine (CPA). Treatments were run for 15 min at 37°C, after 20-min preincubation with 5 uM Forkolin. Data represent the
means + S.E.M. of 2 independent experiments each performed in triplicate (n = 6).
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3. Results
3.1. Foreword

For easier reading of the present section and to facilitate
comparisons of the four cell lines investigated, some of the
data of Figs. 6(A) and (B) from previous work (Lelievre et
al., 1998) are shown here.

3.2. Proliferation

Under standard conditions, HT29, Caco-2, DLD-1 and
SW403 cells all showed a typica sigmoid growth curve
(Fig. 1). Latency and doubling time of each cell line are
given in Table 1. The confluency state was reached for a
very low density in Caco-2 cells, for an intermediate
density in DLD-1 and SW403 cells and for a high density
in HT29 cells. In the presence of adenosine deaminase,
there was a clear reduction of cell growth in all 4 cell lines
(Fig. 1 and Table 1). The effects were stronger with 10

U/ml than with 5 U/ml in HT29, DLD-1 and SW403
cells. In Caco-2 cells these two different concentrations
had similar effects (Table 1). The effects of the adenosine
antagonists, xanthine amine congener (selective for the
adenosine A ; receptor) and 8-phenyltheophylline (non se-
lective) were also investigated. Data from the growth
curves (not shown) alowed us to determine the latency
and doubling time (Table 1). At the concentrations of 1
nM and 1 uM, 8-phenyltheophylline induced a reduction
in cell growth in al four cell lines. The amplitude of the
inhibition induced by each concentration was more or less
similar in Caco-2 and DLD-1, respectively. The higher
dose induced smaller effects than the lower dose in SW403,
whereas the opposite held true for HT29 (Table 1). At the
concentration of 1 nM, xanthine amine congener induced
inhibition of cell growth in the four cell lines. At the
concentration of 1 wM clear cut inhibitory effects were
observed in HT29 cells. In Caco-2 and DLD-1 latency was
even decreased. In Caco-2, DLD-1 and SW403 cells, the
inhibitions induced by 8-phenyltheophylline were higher
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Fig. 4. Competitive inhibition of the binding of [*HIDPCPX (5 nM) on intact carcinoma HT29, Caco-2, DLD-1 and SW403 cells, by the adenosine analogs
CHA (N6-cyclohexyladenosine, m), CLAD (2-chloroadenosine, 00), CPA (N6-cyclopentyladenosine, A ), DPCPX (cyclopentyl-1,3-dipropylxanthine, X),
NECA (5-( N-ethyl)-carboxamidoadenosine, <), 8-PT (8-phenyltheophylline, @), R-PIA (( R)IN6-phenylisopropyladenosing, O) or XAC (xanthine amine
congener, a). Cells were incubated for 150 min at 4°C in the presence of the radioligand and the specified analogs at the concentrations indicated. Data
represent the means + S.E.M. of 3 independent experiments each performed in triplicates (n = 9). A partial F-test indicated that the Hill equation was the
best fit for HT29 cells, whereas the 2-sites equation was the most appropriate for Caco-2, DLD-1 and SW403.
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Fig. 5. Competitive inhibition of the binding of [PHINECA ([*H]5-( N-ethy!)-carboxamidoadenosine; 10 nM) on intact carcinoma HT29, Caco2, DLD-1
and SW403 cells, by increasing concentrations of NECA either alone (O) or in the presence of 50 nM N6-cyclopentyladenosine (@) (CPA; adenosine
A ,-preferring receptor agonist). Incubations were run for 150 min at 4°C. Data represent the means + S.E.M. of 3 independent experiments each performed
in triplicate (n = 9). A partial F-test indicated that the Hill equation was the best fit for HT29 cells, whereas the 2-site equation was the most appropriate

for Caco-2, DLD-1 and SW403, but in the absence of CPA only.

than those triggered by xanthine amine congener (Table 1).
The adenosine receptor agonist, NECA (1 uM), induced
an increase in latency and doubling time in all cell lines.

3.3. Cyclic AMP

The effects of increasing concentrations of NECA, a
non-selective agonist (from 1 pM to 100 wM) were inves-

tigated at 15 min of treatment. This incubation time was
dictated by results of previous time course experiments
(data not shown) which showed that NECA (1 uM)
induced maximal effects at 15 4+ 3 min. In Caco-2, DLD-1
and SW403 cells, NECA induced a dose-dependent in-
crease in CAMP content (Fig. 2). No effect was detected in
HT29 cdlls. (Fig. 2).

Table 2
Displacement of the [*HIDPCPX binding in Caco-2, DLD-1, HT29 and SW403 cdll lines, by unlabelled analogs
Adenosineanalogs HT29 Caco-2 DLD-1 SW403

site Hill sitel site 2 sitel site 2 sitel site 2
DPCPX 0.2+0.084 0.62 55+ 0.05 3.3+ 0.055 2.7 + 0.098 3+0.13 20+ 0.12 81+0.21
CHA 0.28+0.056 0.81 48+0.18 294017 15+ 0.10 13+ 017 33+ 0.098 7 +0.085
CLAD 74+0075 0.73 37+ 0.08 15+ 0.09 14+ 0.09 115+ 0.135 145+ 0.24 28 +£0.145
CPA 0.95+0.071 0.87 4+0.15 25+0.12 21+01 1.35+0.14 9+0.045 11 +0.15
NECA 152 +0.096 094 none 20+ 0.045 none 57+0.048 none 3.7 +£0.08
8-PT 46 +0.077 0.85 130 + 0.09 6+0.08 147 + 0.14 2.4+ 0.045 230+ 0.22 27+ 0.22
PIA 03+0.082 071 5.7 + 0.095 26+0.13 0.48 + 0.07 13+014 13.9+ 0.145 10+0.29
XAC 0.46 + 0.056 0.89 18 + 0.08 7 +£0.09 4.9+ 0.09 1.240.078 18+ 0.13 33+0.33
site1/site 2 (%) 100 50 50 40 60 45 55

All vaues (including means + S.E.M.) were obtained from data shown in Fig. 4. CHA: N6-cyclohexyladenosine, CLAD: 2-chloroadenosine, CPA:
N6-cyclo-pentyladenosine, DPCPX: cyclopentyl-1,3-dipropylxanthine, NECA: 5'-( N-ethyl)-carboxamidoadenosine, R-PIA: ( R)N6-phenylisopropyladeno-

sing, 8-PT: 8-phenyltheophylline, XAC: xanthine amine congener.
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Similar experiments were run in the presence of the
adenylate cyclase activator, forskolin (5 uM) (Fig. 3, open
squares). In al 4 cell lines, forskolin induced an increase
in CAMP accumulation (compare basal values in Fig. 2,
with basal values in Fig. 3, open squares). With concentra-
tions ranging from 0.01 to 1 nM, NECA induced a dose-
dependent decrease in CAMP content. A dramatic dose-de-
pendent increase was observed with concentrations over 10
nM. In another series of experiments, the cells were cul-
tured in the presence of both forskolin (5 wM) and the
adenosine A ; receptor agonist CPA (50 nM) (Fig. 3, full
circles). Under these conditions, (1) basal cAMP levels
were decreased when compared to those observed in the
absence of CPA and (2) the inhibitory effect of NECA was
no longer observed (Fig. 3). In addition, in HT29 cells the
NECA-induced accumulation of cAMP was less in the
presence than in the absence of the adenosine analog (Fig.
3.

3.4. Binding of adenosine analogs

The ability of adenosine analogs to displace [°HIDPCPX
(5 nM) and [*HINECA (10 nM) was studied in Caco-2,
DLD-1, HT29 and SW403 cells (Figs. 4 and 5). The
binding conditions (tritiated analog concentrations, incuba
tion times, etc.) were dictated by results of preliminary
experiments (not shown here). There were no major differ-
ences in the kinetic parameters in the four cell lines
investigated. The data fitted better the one-site competitive
inhibition eguation (Hill curve) for HT29 cells and a
two-site competitive inhibition equation for SW403, DLD-1
and Caco-2 cells. In these 3 cell lines, NECA was unable
to trigger complete inhibition of [*HJDPCPX binding.
Pharmacological parameters of [*HIDPCPX binding are
summarized in Table 2. The following pharmacological
profiles were obtained:

HT29 cells:

DPCPX > CHA = R-PIA > XAC > CPA > CLAD
> 8-PT > NECA
SWA403 cells;
site 1: CPA > R-PIA > XAC = DPCPX > CHA
> CLAD > 8-PT
site 2: NECA > CHA > PIA = CPA > CLAD = 8-PT
> XAC > DPCPX

DLD1 cells:
site 1: R-PIA > CPA = DPCPX > XAC > CLAD = CHA
> 8-PT
site 2: CLAD > XAC = R-PIA = CPA > 8-PT > DPCPX
> NECA > CHA
Caco-2 célls:

site 1: CPA > CHA > DPCPX
= R-PIA > XAC> CLAD > 8-PT
site2: CLAD > CPA=R-PIA

=~ CHA = DPCPX > 8-PT > XAC > NECA

Table 3

Displacement of [*HINECA (5-( N-ethyl)-carboxamidoadenosing; 10 nM)
binding by unlabelled NECA either in the presence or in the absence of
50 nM CPA (cyclopentyladenosine)

[3H]NECA 1Cs HT29 Caco-2 DLD-1 SW403
Alone site1 (pM) none 1.8+0.09 054011 3+0.12
site2(nM) 25+1.23 0.7+0.055 0.16+0.09 30+0.15
Hill Coef. 0.85
+50nM CPA site(nM) 4+114 09+085 5+021 7+0.15
Hill coef. 0.92 0.76 0.82 0.85
% Sitel — 40 50 60
% Site2 100 60 50 40

Values (including means+ S.E.M.) were calculated from data shown in
Fig. 5.

Dose-dependent competitive inhibition of [*HINECA
binding was evaluated using unlabelled NECA concentra-
tionsfrom 10 pM to 1 uM. In Fig. 5, the data were plotted
using a one-site competitive inhibition equation for HT29
cells, while for Caco-2, SW403 and DLD-1 cells, the best
fit was obtained with the two-site equation. When the
experiments were performed in the presence of 50 nM
CPA, no change was observed for HT29 cells. However, a
shift from a two-site to a one-site model was recorded for
the other cells. The data are reported in Table 3.

4, Discussion

Only few studies, with rather controversial results, have
previously demonstrated that adenosine may be involved
as aregulator of cell growth. Some of them demonstrated a
direct effect of adenosine through pyrimidine nucleotide
synthesis or cell apoptosis (Ishii and Green, 1973; Tanaka
et a., 1994; Abbracchio et al., 1995); others proposed that
adenosine-induced growth modulation was mediated
through cell surface receptors (Jackson and Carlson, 1992;
Tey et al., 1992; Ethier et al., 1993; Dubey et al., 1996).
We have shown (Leliévre et a., 1998) that endogenous
adenosine modulates cell proliferation in HT29 cells and
have proposed that these effects might involve, at least in
part, adenosine A, receptors.

We now demonstrated that adenosine deaminase, which
depletes endogenous extracellular adenosine, reduced cell
proliferation in the 3 colonic adenocarcinoma cell lines
Caco-2, DLD-1 and SW403, as well as in HT29. This
supports the idea that extracellular adenosine participates
actively in the control of growth in colon cancer cells.
Adenosine deaminase-induced inhibition of cell prolifera-
tion resulted in both a delay of latency and an increase of
the doubling time. In the present study, 2 doses of adeno-
sine deaminase were used. It seemed that HT29 and DLD-1
cells were able to discriminate between the two concentra-
tions better than did SW403 and Caco-2. This suggests that
extracellular adenosine levels might differ from one cell
line to another.
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In al 4 cell lines, the non-permeant adenosine antago-
nists, xanthine amine congener and 8-phenyltheophylline
were able to mimick the effects of adenosine deprivation,
as previously shown for HT29 cells (Lelievre et al., 1998).
This strongly supports the hypothesis that endogenous
adenosine was acting through cell surface receptors to
modulate proliferation (see below). Thus, the above-dis-
cussed effects of adenosine deaminase most probably re-
sulted from removal of adenosine, rather than from produc-
tion of inosine. Regarding the effects of the antagonists, it
is noteworthy that HT29 behaved differently from the
other 3 cell lines. Indeed, at the concentrations tested,
xanthine amine congener was more potent than 8-phenyl-
theophylline in HT29 cells, wheresas this did not hold true
for Caco-2, DLD-1 and SW403. Xanthine amine congener
displays a high affinity and selectivity for adenosine A,
receptor subtypes, whereas 8-phenyltheophylline is a non
selective adenosine receptor antagonist. The above-men-
tioned differences among the four cell lines might reflect
differences in the distribution of the adenosine receptors
and/or in the availability of extracellular adenosine. We
have shown that adenosine A, receptors are highly ex-
pressed in HT29 cells, and suggested that they might
mediate the stimulatory effects of extracellular adenosine
on cell growth (Leliévre et al., 1998). A possible explana
tion would be that HT29 cells express a high proportion of
adenosine A1l receptors versus other adenosine receptor
subtypes, whereas the other cell lines express at least two
classes of receptors mediating antagonistic effects on cell
growth. This hypothesis gains support from the observa
tion that xanthine amine congener-induced cell growth
inhibition was observed (1) in all cell lines at the nanomo-
lar concentration which antagonizes specifically the adeno-
sine A ; receptors and (2) only in HT29, at the micromolar
concentration where the compound displays little (if any)
selectivity. These results fit well with the hypothesis ac-
cording to which the inhibitory effects would be main-
tained when a single class of receptors is affected (e.g.
HT29) and not when several classes displaying ant-
agonistic properties on cell growth are present (e.g. Caco-2,
DLD-1, SW403).

The observation that the non-selective adenosine recep-
tor agonist, NECA, induced inhibitory effects similar to
those of the antagonists, supports the view that adenosine
A, receptors might also be involved which would mediate
inhibition of cell growth. Indeed, at the concentration of 1
M, NECA could bind both adenosine A, and A , recep-
tors. Interestingly, NECA induced stimulation of cAMP
content in al cell lines except HT29. This would suggest
that either adenosine A , receptors are present in Caco-2,
DLD-1 and SW403 and absent in HT29 cells, or that the
adenosine A, /adenosine A , receptor ratio is different in
these cell lines. As a matter of fact, an A ,-like response to
NECA could be evidenced in HT29 cells only in the
presence of the adenylate cyclase activator forskolin. As
aready proposed for other cellular systems (Seamon and

Daly, 1986), in HT29 cells, Gs-protein mobilization by
adenosine A ; receptors might have synergistically potenti-
ated the effects of forskolin on the catalytic subunit of
adenylate cyclase. In addition to the increase in basa
CAMP levels, forskalin revealed an inhibitory response at
low concentrations of NECA, in al four cell lines. This
bimodal modulation of cCAMP levels by NECA has been
observed in the bovine retina by others (Blazynski and
Mclntoch, 1993). It suggests that both high-affinity adeno-
sine A, receptors and low-affinity adenosine A , receptors
were expressed in the cancer cells now studied. The results
of experiments performed in the presence of 50 nM of
CPA (an adenosine A ;-preferring receptor agonist) further
support this view. Indeed, in the presence of the adenosine
A, receptor agonist CPA, control cAMP levels were de-
creased and the inhibitory response to NECA was no
longer observed, in agreement with the idea that accessibil-
ity of NECA to adenosine A ; receptors was suppressed. In
HT29 cells, such a combined treatment also induced a
noticeable reduction of the stimulatory response. This
would agree with the idea that adenosine A, receptors
might have been partialy blocked by CPA in this cell line.

As proposed elsewhere (Cho-Chung, 1990), a positive
relationship might exist between cAMP levels and cell
growth inhibition in Caco-2, DLD-1, SW403 and HT29
cells. Indeed, adenosine deaminase or adenosine receptor
antagonists (xanthine amine congener or 8-phenyltheophyl-
line), which induced a dramatic elevation of CAMP content
in HT29 cells (Leliévre et d., 1998), also induced inhibi-
tion of cell growth in all four cell lines. Moreover, NECA
also induced cell growth inhibition at a concentration
which elevates CAMP levels. It may be hypothesized that
endogenous adenosine acts mainly through adenosine A ;
receptors to maintain low cAMP levels in HT29 cdlls,
wheress it acts on both A, and A, receptors in the other
three cell lines. The binding results support this view.

The presence of adenosine A; binding sites has been
reported in HT29 (Leliévre et al., 1998). We now extended
these findings to Caco-2, DLD-1 and SW403. However,
whereas data from the displacement experiments fitted the
Hill equation for HT29 cells, two components were evi-
denced in Caco-2, DLD-1 and SW403. The order of
potency of the unlabelled analogs was typical of that
observed for adenosine A ; binding sites in the high-affin-
ity range. This was not reproduced in the low affinity
range. Interestingly, NECA (in the range of 10 pM to 1
uM) triggered only partial displacement of [*H]DPCPX.
The two components might reflect the presence of either
adenosine A, receptors displaying different affinity states
(for extensive discusssion see: Marteens et a., 1988;
Ramkumar et al., 1988; Cohen et a., 1996), or two
categories of binding sites. The second hypothesis is sup-
ported by the following observations: (1) Hill coefficients
of 0.8 and below were obtained when data were fitted to
the Hill equation, suggesting the presence of more than
one site (Limbird, 1986), (2) displacement of [*HINECA
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binding by NECA was resolved by an equation of the
two-site model for Caco-2, DLD-1 and SW403 cells, but
the high-affinity component could not be observed in the
presence of 50 nM CPA, a concentration which inactivates
adenosine A, receptors, (3) aso, NECA was able to
modulate cAMP levels in both directionsin all 4 cell lines,
but only stimulation was observed after addition of 50 nM
CPA and (4) preliminary binding experiments were per-
formed using [*H]CGS21680, a compound highly specific
for the adenosine A ,, receptor. The results obtained were
similar to those obtained with [°HINECA. The presence of
adenosine A, receptors would not be surprising in colon
adenocarcinomas. Adenosine A ,5 receptors have been de-
tected in relative abundance in the gastrointestinal tract
(Ongini and Fredholm, 1996). Future experiments will aim
to determine the exact nature (A ,,, A ,5) of the adenosine
binding sites so evidenced.

In conclusion, colonic carcinoma cell proliferation ap-
pears to be modulated by endogenous adenosine. The
results obtained from different experimental approaches
lead to the suggestion that (1) the nucleoside might act
through adenosine A, receptors to lower CAMP levels, a
situation which would favor cell proliferation, (2) adeno-
sine A, receptors are also present and might be mediating
opposite effects. The differences observed between the
four cell lines now studied may be related to their state of
differentiation. We suggest that over-expression of adeno-
sine A, receptors is associated with exacerbated prolifera-
tion and poor differentiation, as seen in HT29 cells. This
would be consistent with the observation that adenosine A |
receptor mRNA over-expression occurs in colonic mucosa
along with the tumorigenic process, when compared to
normal mucosa (Khoo et al., 1996). Such a situation would
not occur in cell lines with higher differentiation and low
proliferation rates such as Caco-2, DLD-1 and SW403,
where the balance between the adenosine A ; and adeno-
sine A, receptors would not be so different. Interestingly,
after treating HT29 cells for one month with adenosine
deaminase (10 U /ml) we were able to obtained sub-clones,
some of which resemble Caco-2 cells more than the mother
clone with regard to cell ultrastructure, CAMP response to
adenosine analogs, binding of [*HIDPCPX and [*HINECA
(in preparation). Future experiments will aim to determine
(2) the exact role adenosine A, and A, receptors play in
adenocarcinoma cell growth and (2) whether such a dereg-
ulated balance in the A,/A, receptor ratio might be a
cause or a consequence of tumorigenesis. In this respect,
the numerous synthetic adenosine analogs appear to have a
potential as therapeutic substances to be considered in
colon tumorigenesis (Stone et al., 1995).
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