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Letter to the Editor

Correspondence re: Michiel M. Van Lookeren Campagne et a/., 8-Chloroadenosine 3',5'-Monophosphate Inhibits
the Growth of Chinese Hamster Ovary and MoIt-4 Cells through Its Adenosine Metabolite. Cancer Res., 51: 1600-
1605, 1991.

1 would like to comment on the statement given prominence
in a recent report in Cancer Research by Van Lookeren Cam
pagne et al. (1): The view that "the growth inhibition by 8-C1-
cAMP is due to its adenosine metabolite, 8-Cl-adenosine," is
naive at best. No one can quarrel with the fact that 8-Cl-cAMP1

can be hydrolyzed to its metabolite. Two points should be made
clear, however. First, the hydrolysis of 8-Cl-cAMP occurs as a
function of the amount of enzyme (cyclic AMP-phosphodies-
terase) and the concentration of substrate (8-Cl-cAMP);
namely, the effect of 8-Cl-cAMP at concentrations below the
phosphodiesterase Km value, or at culture conditions in which
the phosphodiesterase activity is low, is due to the intact mol
ecule rather than to the metabolite of 8-Cl-cAMP. Second,
there is documentation that the mechanism of action of 8-C1-
cAMP in growth inhibition which does not accompany cytotox-
icity is clearly different from that of 8-Cl-adenosine which
causes cell killing.

The authors presented data on the cytotoxic effect of 8-Cl-
adenosine in two cell lines that are quite irrelevant to the growth
inhibition and differentiation induced by 8-Cl-cAMP that we

have observed in a broad spectrum of cancer cell lines.
All our studies of the effect of 8-Cl-cAMP on cancer cell

growth have been conducted by using either heat-inactivated
(30 min at 65Â°C)fetal bovine serum or serum-free medium.

The tissue culture studies in our laboratory have routinely been
carried out by using heat-inactivated fetal bovine serum unless
an alternative serum requirement is known for a specific cell
line.

As the authors have shown in Table 2 of the above paper, the
hydrolysis of 8-Cl-cAMP even at 100 //M is minimal with heat-
inactivated fetal bovine serum. Thus, the growth inhibition
observed with 8-Cl-cAMP at low concentrations (50% inhibi
tory concentration of 1-20 A/M)in such culture conditions (heat-
inactivated fetal bovine serum or serum-free medium) is due to
the intact 8-Cl-cAMP molecule and is not attributable to its
metabolite, 8-Cl-adenosine.

We have documented the direct growth inhibitory effect of
intact, not metabolized, 8-Cl-cAMP, by using phosphodiester
ase inhibitors (which did not influence the 8-Cl-cAMP effect),
with direct experimental comparison between 8-Cl-cAMP and
8-Cl-adenosine, and the presence of 8-Cl-cAMP molecule in
cell extracts (2-5).

In contrast, the authors' studies have been conducted under

experimental conditions in which all the 8-Cl-cAMP will be
hydrolyzed to 8-Cl-adenosine. The cytotoxic effect of adenosine
is well known, and the effect of 8-Cl-adenosine that the authors
have demonstrated is not surprising.

The authors have not examined, however, whether or not the
intact molecule of 8-Cl-cAMP can produce growth inhibition
under experimental conditions that would protect 8-Cl-cAMP

from hydrolysis.
The authors have shown in Table 2 that hydrolysis of 8-C1-

cAMP is nil with human plasma. If one wishes to apply the
results of an experimental cell culture system as the basis of
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clinical testing, one must provide cell culture conditions similar
to those of human plasma. We have shown that Molt-4, acute
T-lymphocytic leukemia cells, grown in heat-inactivated fetal
bovine serum, demonstrate growth inhibition, c-myc suppres
sion, and disappearance of terminal deoxynucleotidyl transfer-
ase (a marker of immature cells) upon treatment with 8-C1-
cAMP, and that the oncogene suppression and differentiation
cannot be elicited by 8-Cl-adenosine (4. 5). The authors' results

on Molt-4 are irrelevant to our results because they used a
serum that hydrolyzed all the 8-Cl-cAMP, and the growth
inhibition was due to the cytotoxic effect of 8-Cl-adenosine.

The authors cited the work of Niles et al. (6) to claim that 8-
Cl-cAMP (500 //M) is not better than 8-bromo-adenosine 3',5'-

monophosphate (500 ^M) in growth inhibition. These authors
used heat-inactivated serum and showed that phosphodiesterase
inhibitors with 8-Cl-cAMP produce a synergistic effect on
growth inhibition rather than reducing the 8-Cl-cAMP effect.
This proves that the growth-inhibitory effect that Niles et al.
observed with 8-Cl-cAMP was not due to the hydrolyzed me
tabolite. 8-Cl-adenosine, but was due to 8-Cl-cAMP itself, and
that the hydrolysis of 8-CI-cAMP is minimal in heat-inactivated
serum even at 500 ^M concentration. However, the use of a
high concentration that blocks the site selectivity of 8-Cl-cAMP
and insufficient time allowed for treatment may have accounted
for the small growth inhibitory effect of 8-Cl-cAMP that they
have observed. We have shown that 50% inhibitory concentra
tion of 8-Cl-cAMP is 10 ^M for this cell line: the growth
inhibitory effect of 8-Cl-cAMP is usually more apparent after
doubling the population two to three times following treatment
(3, 5).

We have demonstrated (3, 5, 7, 8) that the unique potency in
growth inhibition of 8-Cl-cAMP is not due to cytotoxicity but
is due to its bifunctional regulatory effect toward type I versus
type II protein kinase: it sharply down-regulates type I protein
kinase while up-regulating type II protein kinase. No other
cyclic AMP analogue known has such a bifunctional effect on
protein kinase isozymes. In contrast, 8-Cl-adenosine does not
regulate protein kinase isozymes and shows a cytotoxic effect,
usually cell killing.

Based on the points described above I feel that the title of the
above paper is misleading, especially the running title which
seems to be totally out of focus. The authors have not described
the mechanism of 8-Cl-cAMP action but have observed the
effect of 8-Cl-adenosine.

Yoon S. Cho-Chung

Cellular Biochemistry Section
Laboratory of Tumor Immunology and Biology
National Cancer Institute
Bethesda, Maryland 20892
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Reply

For readers who may be confused by this exchange of letters,
a short summary is in order. The laboratory of Dr. Cho-Chung
has published a series of articles (for reviews, see Refs. 1 and
2) in which the cAMP1 analogue 8-Cl-cAMP has been reported

to have properties which distinguish it from other cAMP ana
logues. Among these properties are the ability to inhibit the
growth of various tumor cell lines at micromolar concentrations
and the ability to induce certain markers of differentiation. The
mechanism by which Dr. Cho-Chung postulates this involves
binding to the type II/tfregulatory subunit of cAMP-dependent
protein kinase (RII0), which subsequently is translocated to the
nucleus (3), there to carry out the effect on growth inhibition
and cellular differentiation.

It is our contention that in these studies, insufficient attention
was paid to the possibility that 8-Cl-cAMP is broken down to
8-Cl-adenosine by enzymes in the media and that it is this
agent, at least in the case of CHO and Molt-4 cells, which is
the major inhibitor of growth. We have done no experiments
on the induction of differentiation markers by 8-Cl-cAMP in
Molt-4 cells and cannot comment directly on these results. The
debate acquires importance because the drug is reported to be
in Phase I preclinical trials (2, 4).

The basis for our case is both theoretical and experimental.
The properties of the two cAMP-binding sites on the RII
regulatory subunit have been analyzed in detail (5). 8-Cl-cAMP
is not more selective for either of the sites on RII than other
analogues modified in position 8, which do not have the growth-
inhibitory properties of 8-Cl-cAMP (see Table 1 of Ref. 6).

While pursuing another line of research, we constructed a
transformant of CHO cells which expresses a yeast cAMP-
phosphodiesterase gene such that the cells accumulate large
amounts of active yeast cAMP-phosphodiesterase. The yeast
enzyme cleaves 8-Br-cAMP and 8-Cl-cAMP with Kmand Vmax
values nearly equal to those for cAMP. This cell line is resistant
to the growth inhibitory effects of cholera toxin and of 8-Br-
cAMP (7, 8). The discordant fact was that these cells are as
sensitive as the parental line to 8-Cl-cAMP. These and several
other results (6) led us to ask whether a metabolite of 8-C1-
cAMP, 8-Cl-adenosine, played a role in growth inhibition.

We showed that phosphodiesterase(s) and 5'-nucleotidase in
serum cause a breakdown of 8-Cl-cAMP to 8-Cl-adenosine (6).
This is true of normal fetal bovine serum and of heat-inactivated
fetal bovine serum purchased from GIBCO. The HPLC condi-
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lions used were such that 8-Cl-cAMP could be shown to be
quantitatively converted to 8-Cl-adenosine. In fairness to Dr.
Cho-Chung, she and her colleagues did consider the possibility
of breakdown. However, the only HPLC data presented in this
body of work used a strong ion exchange column in which 8-
Cl-adenosine is not retarded and coelutes with many serum
components (9). No HPLC profiles analyzing hydrolysis of 8-
Cl-cAMP in the medium were presented.

Dr. Cho-Chung feels that at low concentrations of 8-C1-
cAMP (1-20 ÃŸM),the phosphodiesterases present in serum
would have negligible effect. The idea that because a substrate
is present at low concentrations, it cannot be hydrolyzed, is not
compatible with Michaelis-Menten kinetics. As we show in Fig.
1, 10 ÃŸM8-Cl-cAMP (the concentration used with Molt-4 cells)
is converted completely over the course of 3 days by normal
fetal bovine serum. In heat-inactivated serum, about 75% of the
8-Cl-cAMP is converted over 3 days. We have measured the
An,of the phosphodiesterase(s) in serum. In normal fetal bovine
serum there appear to be two major activities. The predominant
one has an apparent Km for 8-Cl-cAMP of about 5 ÃŸMand the
other component has an apparent Km of about 160 ÃŸM,as
revealed by measuring competition for 25 nM ['H]cAMP hy

drolysis (data not shown, see Ref. 8 for methods). Heat inacti-
vation causes a reduction in the activity of the low Km form(s),
leaving the high Kmform(s) as the major activity. This provides
more than enough activity to cause inhibition by 8-Cl-adeno
sine. The half maximal inhibition for growth inhibition of CHO
cells is 1-2 ÃŸMfor 8-Cl-cAMP and for 8-Cl-adenosine. We do
not agree that hydrolysis in heat-inactivated serum is negligible.

We repeated Dr. Cho-Chung's Molt-4 cell experiments (6)

exactly as they were described in the literature (10). Providing
these cells with adenosine deaminase (to convert 8-Cl-adenosine
to the inactive 8-chloroinosine) protected the cells from the
growth-inhibitory effects of 8-Cl-cAMP (6). Dipyridamole, a
nucleoside uptake inhibitor that is known to work in Molt-4
cells, also protected against the growth-inhibitory effects of 8-
Cl-cAMP. In her letter (11) Dr. Cho-Chung says that the serum
used in the Molt-4 experiments was heat inactivated, which
would eliminate some, but not all of the phosphodiesterase
activity. Heat inactivation was not mentioned in the original
publication. Therefore, we have done another experiment by
using Molt-4 cells growing in 10% heat-inactivated fetal bovine
serum (GIBCO). The growth-inhibitory effects of 8-Cl-cAMP
are slightly reduced due to the lower phosphodiesterase activity
present, but can still be eliminated by the adenosine deaminase
treatment, as shown in Fig. 1. Most important, adenosine
deaminase treatment does not affect the 8-Cl-cAMP concentra
tion in the medium (6). After incubating 100 ÃŸM8-Cl-cAMP
for 3 days in medium with heat-inactivated serum, there re
mains 40-70 ÃŸM8-Cl-cAMP, as measured by HPLC. This is
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