diabetes and 29 percent in all others
including nondiabetics and type 1 diabet-
ics (Table 1). This difference is statisti-
cally significant at P < .001, although
our findings do not indicate that these
large insertional elements are sufficient
for, nor necessarily associated with, de-
velopment of diabetes. While this work
was being done, similar length polymor-
phism in the 5'-flanking region of the
human insulin gene was reported in 8 of
15 individuals studied by Bell et al. (6).
Insertions of 100 to 2600 bp were noted,
which were not restricted to diabetics
(21). In view of the known complexity of
the genetic factors contributing to type 2
diabetes (7), it is not surprising that our
data do not show a simple relation be-
tween the presence of insertions and
disease. However, our results support a
contribution to the etiology of diabetes
from insertions 5’ to the insulin gene.
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Growth Inhibition by Adenosine 3',5'-Monophosphate

Derivatives Does Not Require 3',5' Phosphodiester Linkage

Abstract. Analogs of adenosine 3',5'-monophosphate (cyclic AMP) inhibit the
growth of cultured cell lines. The effects of 8-bromo— and N6-butyryl-substituted
analogs of cyclic and noncyclic AMP on six cell lines were examined and were
equally inhibitory. Variant cell lines with altered cyclic AMP-dependent protein
kinase were more resistant to both cyclic and noncyclic nucleotides. We conclude
that growth inhibition by analogs of cyclic AMP (i} does not require a 3',5'
phosphodiester bond and (ii) may be mediated by a pathway involving endogenous

cyclic AMP.

Ryan and Heidrick (/) and Burk (2)
reported that theophylline, a cyclic nu-
cleotide phosphodiesterase inhibitor,
and adenosine 3’,5'-monophosphate (cy-
clic AMP) inhibited the growth of BHK
and HeLa cells, respectively. Subse-
quent studies with a wide variety of
cultured cells demonstrated growth inhi-
bition by cyclic AMP derivatives (3, 4).
Such studies may indicate a role for
cyclic AMP as a negative regulator of
cell proliferation; however, growth stim-
ulatory actions of cyclic nucleotides
have also been reported (5, 6). In addi-
tion, studies with adenylate cyclase—de-
ficient or protein kinase—deficient cell
lines suggest a nonobligatory role for the
nucleotide (7). Studies of the effects of
cyclic AMP derivatives on growth are
difficult to interpret because of the well-
recognized biological potency of catabo-
lites derived from the nucleotides in cul-
ture systems.

In previous studies (8) with cultured
pituitary cells we reported that bromo
and butyryl analogs of cyclic AMP inhib-
ited growth by two distinguishable mech-
anisms. At low concentrations, adeno-
sine derivatives were generated that re-
sulted in cytotoxicity in adenosine-sen-
sitive cells because of pyrimidine starva-
tion. At higher concentrations in adeno-
sine-resistant, adenosine kinase—defi-
cient cell lines, both cyclic (3',5) and
noncyclic (5') AMP derivatives were
growth inhibitory. In the studies report-
ed here, we demonstrate that growth
inhibition by cyclic AMP derivativesin a
wide variety of cell lines does not require

0036-8075/81/0904-1120$01.00/0 Copyright © 1981 AAAS

the 3',5' phosphodiester linkage. These
results indicate that long-term effects of
exogenous cyclic AMP derivatives are
exerted by an unanticipated mechanism.
However, additional studies also indi-
cate that nucleotide-induced growth inhi-
bition may involve both adenylate cy-
clase and cyclic AMP-dependent protein
kinase.

As shown in Fig. 1, both 8-bromo and
N6-monobutyryl cyclic AMP inhibited
the growth of all cell lines examined. In
each case, however, the corresponding
5" AMP derivatives were equally potent.
In several cell lines (L, CHO, and GH,),
bromo and butyryl derivatives (cyclic
and noncyclic) were inhibitory over the
same concentration range. In contrast,
with BHK, BALB/c, and Y1 cells, 8-
bromo nucleotides were more inhibitory
than N6-monobutyryl nucleotides. Equi-
potency of cyclic and noncyclic deriva-
tives was also observed with mono-, di-,
and tributyryl nucleotides with 3T3 cells
(not shown).

Noncyclic and cyclic AMP derivatives
are extensively converted to adenosine
derivatives during cell culture. Adeno-
sine is cytotoxic to cultured cells as the
result of inhibition of pyrimidine nucleo-
tide biosynthesis (9). Growth inhibition
reported in these studies cannot be medi-
ated by such a pathway since uridine
failed to prevent growth inhibition. Fur-
thermore, similar growth inhibition by
nucleotides is observed with adenosine-
resistant, adenosine kinase—deficient cell
lines (GH; and Y1, Fig. 1) (10).

The phosphodiesterase inhibitor the-
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ophylline was itself growth inhibitory at
concentrations used by others (//) and
failed to potentiate effects of dibutyryl
cyclic AMP. Extensive (~ 75 percent)
degradation of monobutyryl cyclic AMP
by exogenously added phosphodiester-
ase failed to influence growth inhibitory
actions of the nucleotide (not shown).
These results supported the conclusion
that the 3',5’ phosphodiester linkage was
not essential for growth inhibition.
Several cell lines reported to have
altered cyclic AMP-dependent protein
kinase activity have been isolated as
variants resistant to the growth inhibi-
tory effects of 8-bromo cyclic AMP. As
shown in Fig. 2, variant Y1 adrenal cells
isolated by Rae et al. (I2) and CHO
variants isolated by Gottesman et al. (13)
exhibited increased resistance to 8-bro-
mo cyclic AMP or Né6-monobutyryl cy-
clic AMP. Kinase variants also showed
cross-resistance to corresponding 5’
AMP derivatives (Fig. 2). Cross-resist-

ance of 8-bromo cyclic AMP-resistant,
adenylate cyclase-deficient GH, cells to
8-bromo AMP has also recently been
demonstrated (8).

Although numerous investigators have
used exogenous cyclic AMP derivatives
in culture systems, little is known about
the metabolism and fate of these com-
pounds. Extensive degradation of these
compounds is known to occur in long-
term cultures. Efforts to demonstrate
direct transport of intact nucleotides into

" cultured cells have been limited and fre-

quently unsuccessful (¢). In spite of
these uncertainties, it is widely assumed
that high concentrations of externally
applied nucleotides somehow mimic en-
dogenous cyclic AMP.

In the studies reported here, deriva-
tives of noncyclic AMP were as potent
as cyclic AMP derivatives in inhibiting
growth. It is possible that the similarity
of the dose inhibition curves for the
AMP and cyclic AMP derivatives was

purely fortuitous. We regard this as un-
likely since dose-for-dose equivalence
was observed in six different cell lines in
the three types of culture media with two
types of nucleotide analogs. Equipo-
tency of AMP and cyclic AMP deriva-
tives may result from growth inhibition
mediated by a common pathway distinct
from adenosine-induced pyrimidine star-
vation. Our results suggest that such a
pathway is related to the metabolism or
action of endogenous cyclic AMP. Cell
lines selected for resistance to 8-bromo
cyclic AMP and characterized as having
altered cyclic AMP-dependent protein
kinase ({2, 13) [or adenylate cyclase (8)]
exhibited cross-resistance to AMP deriv-
atives. Several modes of action of nucle-
otides relevant to endogenous cyclic
AMP are possible and deserve further
attention: (i) activation of adenylate cy-
clase by adenosine derivatives (/4); (ii)
conversion of nucleotide metabolites to
cyclic AMP derivatives intracellularly
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Fig. 1 (left). Growth inhibition of cultured cells by 8-bromo and N6-monobutyryl derivatives of cyclic and noncyclic AMP. Cells were inoculated
into 1.6-cm wells of Linbro cluster trays (3 x 10* cells per milliliter). Sixteen hours after the cells were plated, nucleotides at the indicated
concentrations were added: @, 8-bromo cyclic AMP; O, 8-bromo AMP; M, Né-monobutyryl cyclic AMP; and 0, N6-monobutyryl AMP. After
incubation at 37°C with 5 percent CO,, the cultures were terminated by aspirating the medium and scraping the cells into water. The cells were
then disrupted by sonication. The DNA content of the cells was determined with the fluorescent dye 4’,6-diamidino-2-phenylindole according to
methods similar to those of Brunk et al. (18). The sources of the cells, culture media used, and duration of growth were as described in

9.

Fig. 2 (right). Growth inhibition of Y1 adrenal and CHO wild-type and kinase variants by cyclic and noncyclic AMP derivatives. Details

of the culture methods, DNA determination, and description of symbols are given in the legend to Fig. 1 and (/9). Wild type YI and variant kin 8
were provided by B. Schimmer, University of Toronto. The CHO wild type (10001) and kinase variant (10215) were obtained from M. Gottesman,

National Institutes of Health.
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(15); (iil) inhibition of cyclic nucleotide
phosphodiesterases by metabolites (16);
and (iv) conversion of adenosine-related
metabolites to S-adenosyl homocysteine
derivatives with consequent alteration of
phosphodiesterase or adenylate cyclase
(17). Alternative (i) is particularly attrac-
tive since it explains the basis for suc-
cessful isolation of adenylate cyclase~
deficient variants of Y1 adrenal (12) and
GH pituitary cells (8) as 8-bromo cyclic
AMP-resistant,

We cannot entirely exclude the possi-
bility that AMP and cyclic AMP deriva-
tives may act by a common pathway
unrelated to cylcic AMP action. Variants
that are 8-bromo cyclic AMP-resistant
and protein kinase~ and adenylate cy-
clase—deficient might have a more pri-
mary lesion in a cyclic AMP~indepen-
dent pathway [such as methylation; see
(17)]. However, our results do indicate
that cyclic AMP derivatives inhibit
growth by a novel pathway that does not
require an intact 3’,5" phosphodiester
linkage.

THOoMAS F. J. MARTIN
JupitH A. KOWALCHYK
Department of Zoology, University of
Wisconsin, Madison 53706
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Somatomedin B: Mitogenic Activity Derived from
Contaminant Epidermal Growth Factor

Abstract. The mitogenic effect of somatomedin B on human cultured glial cells
was neutralized by the addition of antibodies to mouse epidermal growth factor.
Somatomedin B contained epidermal growth factor-like activity, competing for
binding to the epidermal growth factor receptor. It is concluded that contaminating
epidermal growth factor may explain the entire mitogenic activity of somatomedin B.

It was previously demonstrated in this
laboratory that a polypeptide fraction
derived from a somatomedin-enriched
extract of Cohn fraction IV from human
plasma had mitogenic effects on human
quiescent glial cells in vitro (/). Charge
and size fractionation indicated that the
glial-cell stimulating activity was distinct

Table 1. Mitogenic activity of SM-B, hEGF,
and PDGF after exposure to rabbit antibodies
to mEGF. Fifty microliters of SM-B (6) 2 mg/
ml), partially purified hREGF (J2) (1 pg/ml), or
partially purified PDGF (8) (1 png/ml) in buffer
containing 0.15M NaCl and 0.01M phosphate,
pH 7.0, was mixed either with antibodies to
mEGF (250 pg in 50 wl of the same buffer)
prepared by passage of the rabbit immune
serum through a column of Protein A Sephar-
ose (11) or with plain buffer. After incubation
at 22°C for 1 hour and at 4°C overnight, 100 pl
of Protein A Sepharose was added. Tubes
were kept for 1 hour at 22°C with occasional
gentle mixing and then centrifuged. Portions
of supernatants were assayed for multiplica-
tion stimulating activity, determined by the
increase in [*H]thymidine incorporation into
DNA of serum-deprived glial cells as de-
scribed (8), at a final concentration of 2 per-
cent (by volume). The biological activity is
recorded as the percentage of that given by 1
percent serum; in the presence of 1 percent
human serum 60 to 70 percent of the cells
were stimulated, as measured by autoradiog-
raphy.

Addi- Stimu-

(‘i“;(c)r;trh tion of latory

. antibodies activity
preparation to mEGF (%)
SM-B - 95
SM-B + 29
hEGF - 98
hEGF + 40
PDGF - 118
PDGF + 119
None - 0
None + 34
Human serum - 100

(1 percent)
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from the activity promoting incorpo-
ration of 3*SO, into cartilage chondroitin
sulfate, present in the same prepara-
tion. These two activities were denoted
somatomedin B (SM-B) and A (SM-A),
respectively (2). No apparent relation
seems to exist between SM-A and B (3)
and, in fact, it has not been unequivocal-
ly demonstrated that SM-B conforms to
the definition of a true somatomedin (¢).
SM-B has been purified to apparent ho-
mogeneity and its amino acid sequence
has been determined (5). Highly purified
preparations of SM-B show remarkably
low specific mitogenic activity; in cul-
tures of serum-deprived glial cells about
10 pg of SM-B per milliliter are required
to produce an increase in DNA synthesis
equivalent to that induced by 1 percent
human serum (6). Authentic growth fac-
tors such as epidermal growth factor
(EGF) or platelet-derived growth factor
(PDGF) are regularly three to four orders
of magnitude more potent in the same
system (7, 8). Trace contaminants (< 0.1
percent) of such factors may therefore
have contributed to the observed biologi-
cal effects, as suggested previously (9).
Since EGF has physicochemical proper-
ties similar to those of SM-B it might
appear as a contaminant in preparations
of the latter. Experiments were therefore
undertaken to investigate the involve-
ment of EGF in the mitogenic activity of
SM-B. It is demonstrated that most or all
of the stimulatory effect of SM-B on glial
cells may be ascribed to contaminant
EGF.

Rabbit antibodies to pure mouse EGF
(mEGF) were prepared as described
(10). Exposure of SM-B to these antibod-
ies, followed by absorption of the anti-
gen-antibody complexes to Protein A
Sepharose (11), markedly reduced the
mitogenic activity of the resulting solu-
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