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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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high-performance liquid Chromatograph).

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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Fig. 1. Molt-4 cells were seeded at 2 x IO5cells/well in 0.5 ml RPMI 1640
medium supplemented with 10'V fetal bovine serum (FUS) from GIBCO or 10%
heat-inactivated fetal bovine serum (HI-FBS) from GIBCO as described previ
ously (6). 8-CI-cAMP was added at 0 /IM (â€¢).10 /JM (O), or 100 H.M(D) at day
zero. Five units of dialyzed calf intestinal mucosa adenosine deaminase/ml (ADA)
were added where indicated. Cells were grown for 3 days at 37Â°Cin a humidified

5% COj atmosphere and counted with a hemacytometer in the presence of trypan
blue. Each bar represents the average of counts from three wells Â±SD. The
numbers below the histogram indicate the micromolar concentrations of 8-CI-
cAMP added at day zero and measured by HPLC after 3 days. The concentration
of 8-CI-cAMP in the medium of a single well was measured for each of the
conditions at day 3.

still well above the 8-CI-cAMP concentration reported to be
effective by Dr. Cho-Chung. Under these conditions, as Fig. 1
shows, there is no inhibition of cell growth if adenosine deam-
inase is present to remove the 8-Cl-adenosine. Not only does
removal of 8-Cl-adenosine protect the cells, the presence of
approximately 70 MM8-CI-cAMP does not inhibit their growth.

Dr. Cho-Chung makes the point that 8-CI-cAMP and 8-Cl-
adenosine have different effects on cells. These experiments
involved adding one or the other analogue and then observing
growth and cytotoxicity. However, in the culture treated with
8-CI-cAMP, 8-Cl-adenosine is being slowly created. 8-Cl-aden
osine derivatives would accumulate much less rapidly in RNA
or other intracellular sites than would 8-Cl-adenosine given
from the start. It is not surprising that the cells recover better
from 8-CI-cAMP than from 8-Cl-adenosine.

This is a controversy that can be resolved for other cell types
and serum conditions by a simple control. If dialyzed calf
intestinal adenosine deaminase (Boehringer-Mannheim
102091) blocks the growth-inhibitory or differentiative effects
of 8-CI-cAMP, then 8-Cl-adenosine is responsible. If adenosine
deaminase that has been shown to be active has no effect, then
8-CI-cAMP is the active agent. Our results make two points.
First, 8-Cl-adenosine and its caged form, 8-CI-cAMP, are very
interesting drugs, but perhaps not for the reasons originally
suggested. Second, people should be careful about the metabo
lism of cAMP analogues (12), even in heat-inactivated sera.
Readers should not infer that cAMP analogues are uninterest
ing tools for the study and control of tumor cell growth. The

recent development of site-specific nonhydrolyzable analogues

is of particular importance.
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