CYCLIC AMP MEDIATES THE CONCANAVALIN A
AGGLUTINABILITY OF MOUSE FIBROBLASTS

MARK C. WILLINGHAM and IRA PASTAN

From the Laboratory of Molecular Biology, National Cancer Institute, National Institutes of Health,
Bethesda, Maryland 20014

ABSTRACT

We have devised a quantitative way to measure the agglutination of cells which
utilizes the size discrimination feature of an automatic particle counter. With
this method we have studied the agglutinability by concanavalin A of 3T3 cells,
a mutant of 3T3 cells (3T3cAMP*®) in which cyclic AMP levels fall when the
cells are subjected to temperature change or fresh serum, and L929 cells. We find
with 3T3cAMP*® cells that low levels of cyclic AMP correlate with increased ag-
glutinability and that high levels of cyclic AMP correlate with decreased ag-
glutinability. Prior treatment of these cells with a cyclic AMP phosphodiesterase
inhibitor or Bt;cAMP blocks the increase in agglutinability induced by tempera-
ture change. When 3T3 cells are treated with fresh serum, their agglutinability
also increases although to a much smaller extent than with 3T3cAMP'® cells,
Cells change their agglutinability very rapidly. Treatment of L929 cells for 15
min with 1-methyl-3-isobutyl xanthine at 1 mM decreases their agglutinability
to the level of normal 3T3 cells. We conclude that in normal and transformed

cells the level of cyclic AMP regulates agglutinability.

A wide variety of studies have now appeared which
show that transformed fibroblasts have low levels
of cyclic AMP (cAMP) and that treatment of
transformed fibroblasts with agents that raise their
cAMP levels converts many of their properties
toward normal. Those properties of transformed
cells affected by cAMP include cell shape (10, 11,
31, 6), growth rate (13, 6, 21, 27, 29), adhesiveness
to substratum (14), motility (12), and
agglutinability by plant lectins (5, 26, 15). Thus the
idea has developed that transforming agents in one
way or another lower cAMP levels and that these
low cAMP levels are responsible for these changes
in cell shape, growth rate, adhesiveness, motility,
and agglutinability. To examine this hypothesis
further we isolated mutant fibroblasts in which
cAMP levels were lowered when the temperature
at which the cells were maintained was altered
(31). With this mutant cell we have already

presented evidence that the fall in cAMP levels is
responsible for changes in cell shape and
adhesiveness (31). In the current study we have
used these cells (3T3cAMP*5-1) to analyze the
relationship between cAMP and agglutinability by
the plant lectin concanavalin A (con A). We have
also studied agglutination of L1929 cells and
normal 3T3 cells. Our quantitative studies add
further evidence to the idea that cAMP regulates
the agglutinability of transformed fibroblasts, and
also show that cAMP regulates the agglutinability
of untransformed cells.

MATERIALS AND METHODS
Cell Culture

We obtained and cultured 1929, 3T3-4, and
3T3cAMP'™ -1 cells as previously described (11, 31). We
grew the cells in Dulbecco-Vogt modified Eagle's
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medium with 10% calf serum (Colorado Serum Co.,
Denver, Colo.) and penicillin-streptomycin (50 U/ml
each) (Flow Laboratories, Inc., Rockville, Md.) at 37°C
in 95% air 5% CO,, and changed the medium every 48 h.
Bt,cAMP and 1-methyl-3-isobutyl xanthine (Searle no.
SC2964, G. D. Searle & Co., Skokie, I1l.) (MIX) were
prepared as previously described (31).

Agglutination Procedure

We removed 75-cm? flasks containing subconfluent
cells from the 37°C incubator, poured off the medium,
and rinsed twice with 10 ml of phosphate-buffered saline
(PBS) (Cat+-, Mg**-free) at 23°C. After the last rinse,
we added 10 ml of PBS with 0.1 mM EDTA to each flask
for 5 min at 23°C, and then shook off the cells and spun
them in 40-ml conical centrifuge tubes (800 g, 5 min). We
resuspended the pelleted cells in PBS (without EDTA)
and counted an aliquot with a Particle Data Inc.
(Elmhurst, 11.) (model no. 112TA) cell counter. This
instrument was used for all the experiments described.
1.5-2.0 x 10° cells were added in 3.0 m1 PBS to each
20-cm? plastic culture dish (Falcon Plastics, Div. of
BioQuest, Oxnard, Calif.) for the agglutination assay.
We solubilized the con A (Miles Laboratories, Inc.,
Kankakee, Iil.) in saturated NaCl and stored it at 25
mg/ml at 4°C. Fresh dilutions of this stock solution were
added to each dish of suspended cells to give final
concentrations of 0, 20, 50, and 100 ug/ml. The added
volume was less than 0.3 ml per dish.

We found that celis removed by EDTA treatment
would settle and stick to both Falconized and untreated
plastic dishes in variable amounts whether or not con A
was present. Resuspending cells by gentle pipetting after
this settling minimized further sticking. Therefore, after
the addition of con A to the dishes, each was allowed to
sit undisturbed for 3 min at 23°C, and then the contents
of each dish were gently pipetted up and down two to
three times with a Pasteur pipette. The dishes were
placed on a rack in a shaker bath (Fermentation Design,
model no. W3325-1) at 23°C and swirled at 25 rpm.
After 10 min of incubation, the optimal time for con
A-specific agglutination in these experiments, the
contents were poured into an Accuvette counting vial
containing 17 ml of Isoton counting solution (Coulter
Electronics, Inc.,, Fine Particle Group, Hialeah, Fla.) and
assayed as described below. Microscope examination of
these dishes after incubation showed cell agglutination
comparable to that previously published,

Spontaneous Agglutination

Spontaneous agglutination or aggregation obscures
the measurement of con A-induced agglutination. We
observed spontaneous agglutination under two condi-
tions. The first was when we studied 3T3 cells that had
become confluent before they were removed from the
plastic with EDTA. We found that EDTA readily re-
moved these cells from the dish, but they agglutinated
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slightly in the absence of con A during the agglutiona-
tion assay. Nevertheless, results with confluent 3T3
cells generally agreed with results with nonconfluent
cells despite the high background of spontanecous ag-
glutination. The other condition favoring spontaneous
agglutination was when the dispersed cells were agitated
too long (more than 30 min) or too rapidly (more than
75 rpm) during the agglutination assay.

Counting Procedure

To quantitate the degree of agglutination in each
sample, counts were made with the cell counter lower
threshold and current-gain values set to produce a half
maximal cell number count, also defined as a standard
mean count (SMC), at approximately % of the maximal
pulse height (all counts normalized manually for each
sample). With the cell lines used in this paper, a current
of % and a gain of 2% produced a SMC at a lower
threshold setting of 150-250 and an upper threshold
setting of infinity. This corresponds to a cell volume
range of 3,500-6,000 um?® (K = 24.5) in the absence of
con A. When cells agglutinated, the height of the pulse
produced by clumps passing through the counter orifice
was proportionally higher than that produced by a single
cell. Theoretically, a two-cell clump with a volume
double that of a single cell would have produced a pulse
twice the size. If the lower threshold was adjusted above
the height of the pulse for a single cell, then most of the
counts should be made up of two or more cell clumps.
The procedure for quantitation, then, involved counting
the number of particles above the lower threshold setting,
beginning with 50 and proceeding to 100, 200, 300, and so
forth. These counts at each point were then expressed
graphically as in Fig. | as a percentage of the rotal
number of particles in the sample (the number of
particles at the /owest threshold setting).

Calculation of Agglutination Index

The counts in the sample without con A were taken to
represent the pattern of essentially single cells. From this
curve, the SMC and twice the SMC points could be
determined (see Fig. 1). For example, the SMC is 240,
and twice the SMC is 480. The curve produced by
counting in the presence of con A was similarly
constructed. By arbitrary choice, the percentage values at
2SMC were taken, and, using these, an artificial
agglutination index was constructed as shown in Fig. 1.
To compute the agglutination index, the percentage
values are read at 2SMC in the presence (A) or absence
(B) of the agglutinin:

(B)
(B)

(A) -

Al = x 100.

The agglutination index (A.L.) represents the percentage
increase (at 2SMC) above the control (without con A)
curve due to the presence of con A. The higher the
amount of agglutination, the higher the A.I. Duplicate
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counts at each threshold point were taken to allow
calculation of a range of these values at 2SMC and
therefore to give an estimate of the range of the A.I. All
experiments reported here were done at least twice, the
range representing the average of the ranges of each
experiment.

Con A-Specific Agglutination

When we monitored cellular agglutination in the
presence of con A microscopically, two general patterns
of agglutination were seen. In one the cell clumps were
composed of fewer than 20 cells, mostly two to five
cells/clump. In the other the cell clumps were composed
of between 20 and 50 cells. In each pattern, the cell
clumps were surrounded by a variable number of single,
nonagglutinated cells. The reason for these different
patterns was unclear, since both patterns were seen in all
cell types showing agglutinations, and seem to be
independent of the length of time of the agglutination
assay or the amount of agglutination seen. Both of these
patterns produced an increase in the A.L

Large cell clumps generally reduced the total number
of particles in samples with equal initial numbers of cells.
This was evident, then, in lower counts at the lowest
threshold point, taken as the total number of particles in
the sample. The cell count at 2SMC would not have to
represent a very large number of particles to show
specific agglutination, since the plotted point was the
count expressed as a percentage of the total number of
cells in the sample. A similar method of measurement

has already been reported for spontaneous cell
aggregation (19). On the other hand, small cell clumps
may produce little or no decrease in the total particle
number, since apparently the counter may recognize a
two-cell clump as two separate cells at the low threshold
setting. Small cell clumps produce a marked increase,
however, at 2SMC since the pulse height of these clumps
is still much higher than that of a single cell. As a result,
both large and small cell clumps are detected by this
method.

RESULTS

Fig. 2 shows cells that have been agglutinated with
20 pg/ml con A and have an agglutination index of
53. In assays used by previous workers in which
agglutination was expressed on a scale of 0 to
++++, these cells would be classified as having
a low degree of agglutination. Having developed
an assay which can quantitatively measure such
low degrees of agglutination, we employed the
assay to study untransformed 3T3 cells, 3T3-
cAMP™2.1 cells in which cAMP levels fall when
the cells are placed at a lower temperature, and
1.929 cells, a commonly used transformed line.

373-4 Celis

Fig. 3 shows the A.l. values of cells agglutinated
with three different concentrations of con A (20,
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FIGURE 1

Particle size distribution curves in the presence and absence of an agglutinin. This figure shows.

the generation of distribution curves produced by counting particle numbers at increasing lower threshold
levels. These are then expressed as a percentage of the total number of particles and plotted as shown. Ag-
glutination results in higher counts above the SMC threshold level. The values arbitrarily read at 2SMC in
the presence (A) and absence (B) of an agglutinin are used to compute an agglutination index (A.l.) as

follows:

Al =&
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FIGURE 2 3T3cAMPe-] cells agglutinated by Con A after temperature change with new serum addition.
These are phase-contrast micrographs of 3T3cAMP!*-| cells after agglutination (10 min). Cells were
removed from the incubator and exposed to new 10% calf serum medium for 15 min before removal with
EDTA. On the left is a control in the absence of con A, on the right a group of the same cells in the pres-
ence of 20 ug/ml Con A. A.l. = 53. x 120.

50, and 100 pg/ml). We observed that normal
3T3-4 cells showed very little con A-specific
agglutination either microscopically or by our
quantitative method. However, adding new
medium with 10% serum to the cells 15 min before
removal with EDTA produced a small but
significant increase in their agglutinability.

3T3cAMPes-| Cells

When these cells are removed from a 37°C
incubator for as little as 30 s, a fail in cAMP levels
occurs even if the cells are returned to 37°C. The
cAMP levels fall to about 50% of normal after 2-3
min and remain there for about 1 h, then overshoot
to very high levels before finally returning to
normal 3-4 h later (31). Since it took 20-25 min to
measure the agglutinability of the cells, the cAMP
levels were low during the course of the
agglutination assay. As shown in Fig. 3 and Table
I, such cells are much more agglutinable than the
parent 3T3 cells. An agglutination assay without
temperature change was not possible with the
mutant cells, due to their extreme sensitivity to
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small changes in temperature. The mutant cells
also lower their cAMP levels and show
morphologic changes in response to feeding with
fresh serum. When temperature shift and feeding
were combined, agglutinability with concanavalin
A was enhanced (Fig. 3). The increased
agglutinability was prevented by a short (15 min)
preincubation with 1 mM MIX. This agent was
employed because it rapidly increases cAMP levels
in many cell types. We also employed Bt,cAMP
which acts more slowly in these cells (31). We,
therefore, treated cells for 24 h with 1.0 mM
Bt,cAMP and found that this concentration of
Bt;cAMP also depressed the agglutinability of the
3T3cAMP*s-1 cells (Table I).

In the experiments employing MIX, this agent
was present during the EDTA treatment, washing,
and agglutination assay. If cells pretreated with
MIX were prepared and studied in its absence, the
effectiveness of the agent was diminished (Table I).

One feature of 3T3cAMP™s-1 cells is that
90-120 min after the temperature is lowered, the
¢cAMP levels rebound to levels two to three times
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FiGUrRe 3 Agglutination indices of 3T3-4,
3T3cAMP 2.1, and L929 cells. Each of the cell types
were grown and removed with EDTA as described in
Materials and Methods. The agglutination indices were
calculated from individual experiments with 20, 50, or
100 pg/mt Con A in the agglutination assay. Cells
pretreated with serum were preincubated in 4 new serum
medium for 15 min before removal with EDTA.
(O——0) = 3T3-4, (O~ -O) = 3T3-4 pretreated with
new serum medium, (A——A) = 3T3cAMPt -] cells
removed from the 37°C incubator. (A- -A) =
3T3cAMP 8- cells treated with serum medium at the
time of temperature change. (O——0) = L929 cells. The
bars shown represent the range of the A.1. values at each
point.

higher than those of untouched cells (31). We
measured agglutinability of cells 90 min after tem-
perature shift and found that their agglutinability
was decreased (Table I).

L929 Cells

As to be expected of transformed cells, 1L.929
cells were highly agglutinable (Fig. 3). After a brief
15-min exposure to MIX or with longer Bt,cAMP
treatment, their agglutinability was considerably
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reduced (Table I). It is of interest that with both
L1929 and 3T3cAMP®=-] cells, washing the cells
after the incubation with MIX rapidly increased
their agglutinability. This observation may
indicate how rapidly cAMP exerts its control over
cell agglutinability.

DISCUSSION

Previously published results with a number of
transformed cell lines suggested an intimate
relationship between cell surface properties that
result in agglutinability with plant lectins, and the
transformed state of the cell (8, 7, 1, 4, 3, 9). It
became evident after examining many different
cell lines that almost all transformed fibroblastic
cell culture lines had lower cAMP levels than their
corresponding normal parent (21, 27, 20). Further,
membrane properties altered in transformation
such as adhesiveness (14), morphology (29, 13, 6,
21, 27, 31), and motility (12) seemed integrally
related to cAMP metabolism. Therefore, we began
to examine whether agglutination with plant
lectins was also one of these cAMP-mediated
phenomena. Others have already shown that
chronic treatment of transformed cells with
Bt,cAMP qualitatively decreases their
agglutinability (5, 26, 15).

TABLE |
Agglutination Indices of L929 and 3T3cAMP!s-1
Cells Treated with Agents that Raise
cAMP Levels

(con A = 100 ug/ml) A.l.

Treatment 1929 3T3cAMPie.|
Temperature shift 170 56
I mM Bt,cAMP (24 h) 30 12
I mM MIX (15 min) 19 11
I mM MIX 15 min MIX 68 29
absent during assay
Recovery phase (90 min — 27

after temperature shift)

1929 and 3T3cAMP™%-1 cells were grown and assayed as
described in Materials and Methods. Cells were grown in
the presence of | mM Bt,cAMP for 24 h or | mM MIX
for 15 min as shown. For washout of MIX, cells
preincubated for 15 min were removed with EDTA,
centrifuged, and washed once in 10 ml PBS before the
agglutination assay was performed. Recovery phase
3T3cAMP'™-1 cells were obtained by temperature
change and serum addition 90 min before removal from
the incubator. All assays were in the presence of 100
ug/mt Con A.
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The inability to quantitate agglutination, as well
as objectiens to manipulating cAMP levels by
external agents, made this question difficult to
answer. The quantitative procedure presented in
this paper, and the isolation of an untransformed
cell whose cAMP levels could be rapidly lowered
(3T3cAMP*=-1) (31) made this study practical.

Our findings that the temperature
change-sensitive 3T3 cells (a) become agglutinable
after temperature shift or after temperature shift
with serum addition, (b) show low agglutinability
with agents that elevate cAMP levels, and (c¢) show
less agglutination during the refractory period
after temperature change, constitute strong
evidence that the agglutinability of this cell line is
mediated through cAMP. The quantitative
confirmation of previous papers (5, 15, 26) that
chronic (24 h) Bt,cAMP treatment lowers
agglutinability also supports this concept. Our
finding that normal 3T3 cells become moderately
agglutinable after the addition of new
serum-containing medium, a treatment known to
lower intracellular cAMP levels in confluent cells
(31, 24, 2, 22), indicates that, even in a normal cell,
the lower the cAMP level, the more agglutinable
the cell becomes. During the ceil cycle, cAMP has
been found to be low during mitosis, a time when
otherwise nonagglutinable cells become highly ag-
~lutinable 2, 28). One exception, the increased ag-
glutinability of Bt,cAMP-treated Chinese ham-
ster ovary cells (30), might be related to direct
surface membrane alterations due to the active
release of virus induced in these cells by Bt,cAMP.

What is the mechanism through which cAMP
regulates agglutinability? Porter et al. (23) have
suggested that, since some cell surfaces are smooth
during times of nonagglutinability, and studded
with microvilli when they are agglutinable, the
agglutinability of cells during these times (during
mitosis, transformation, or after trypsin treat-
ment) may be related to the presence of these
many microvillar structures. Indeed, since the
amount of con A bound to cells appears to be the
same in cells which do or do not agglutinate (25,
16), then changes in the gross structure of the
surface membrane may account for this differ-
ence. The points at which agglutinability and
microvilli seem to correlate are also points at
which cAMP levels in cells are low, suggesting a
relationship between cAMP, microvilli, and ag-
glutinability. Nicolson, on the other hand, has
suggested that the agglutinability of cells with con
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A may be related to the distribution of con A
molecules on the cell surface (17, 18).

We feel that the results presented in this paper
strongly support the notion that agglutinability
is a property to be included in the list of cAMP-
mediated phenomena in normal and transformed
fibroblasts grown in culture. This in no way im-
plies that this is the only manner by which agglu-
tinability could be regulated. It does, however,
point out that in order to show that a transform-
ing agent has caused a specific change in agglu-
tinability, its effects on cAMP metabolism must
be considered.

Received for publication 21 March 1974, and in revised
form 29 April 1974.

REFERENCES

I. BURGER, M. M. 1969. A difference in the
architecture of the surface membrane of normal and
virally transformed cells. Biochemistry. 62:994.

2. BURGER, M. M., B. M. Bowmsik, McL.
BRECKENRIDGE, and J. R. SHEPPARED. 1972.
Growth control and cyclic alterations of cyclic AMP
in the cell cycle. Nat. New Biol. 239:161.

3. BURGER, M. M., and A. R. GOLDBERG. 1967.
[dentification of a tumor-specific determinant on
neoplastic cell surfaces. Proc. Natl. Acad. Sci.
U.S. A. 57:359.

4. EckHART, W., R. DuLBECCO, and M. M. BURGER.
1971. Temperature-dependent surface changes in
cells infected or transformed by a thermosensitive
mutant of polyoma virus. Proc. Natl. Acad. Sci.
Sci. U. S. A. 68:283.

5. Hsie, A. W., C. Jongs, and T. T. Puck. 1971.
Further changes in differentiation state
accompanying the conversion of Chinese hamster
cells to fibroblastic form by dibutyryl adenosine
cyclic 3',5'-monophosphate and hormones. Proc.
Natl. Acad. Sci. U. S. A. 68:1648.

6. Hsie, A. W, and T. T. Puck. 1971. Morphological
transformation of Chinese hamster cells by dibutyryl
adenosine cyclic 3',5'-monophosphate and testos-
terone. Proc. Natl. Acad. Sci. U. S. A. 68:358.

7. INBaR, M., H. BEN-BassaT, and L. SacHs. 1971. A
specific metabolic activity on the surface membrane
in malignant cell transformation. Proc. Natl. Acad.
Sci. U. S. A. 68:2748.

8. INBarR, M., H. BEN-BassaT, and L. SacHs. 1972.
Membrane changes associated with malignancy.
Nat. New Biol. 263:3.

9. INBAR, B., and L. SacHs. 1969. Interaction of the
carbohydrate-binding protein conconavalin A with

293



10.

20.

294

. NicoLsowN, G. L.

normal and transformed cells. Proc. Natl. Acad. Sci.
U.S. 4. 63:1418.

JoHNsoN, G. S., R. M. FrIEDMAN, and I. PAasTaN.
1971. Cyclic AMP-treated sarcoma cells acquire
several morphological characteristics of normal
fibroblasts. Ann. N. Y. Acad. Sci. 185:413,

. JoHnsoN, G. S., R. M. FrRIEDMAN, and 1. PASTAN,

1971. Restoration of several morphological
characteristics of normal fibroblasts in sarcoma cells
treated with adenosine-3’ 5'-cyclic monophosphate
and its derivatives. Proc. Natl. Acad. Sci. U. S. A.
68:425.

. JoHnsoN, G. S., W. D, MorGaN, and I. PASTAN.

1972. Regulation of cell motility by cyclic AMP.
Nature (Lond.). 235:54.

. JounsoN, G. S., and 1. PasTaN. 1972, Role of 3',5'-

adenosine monophosphate in regulation of mor-
phology and growth of transformed and normal
fibroblasts.J. Natl. Cancer Inst. 48:1377.

. Jounson, G. S., and I. Pastan. 1972, Cyclic AMP

increases the adhesion of fibroblasts to substratum.
Nat. New Biol. 236:247.

. KURTH, R., and H. BAUER. 1973. Influence of Bt,-

cAMP and theophylline on cell surface antigens
on oncornavirus transformed cells. Nat. New Biol.
243:243.

. NicoLson, G. L. 1971. Difference in topology of

normal and tumour cell membranes shown by dif-
ferent surface distribution of ferritin-conjugated
concanavalin A. Nat. New Biol. 233:244.

. Nicorson, G. L. 1972. Topography of membrane

concanavalin A sites modified by proteolysis. Nat.
New Biol. 239:193.

1973. Temperature-dependent
mobility of concanavalin A sites on tumour cell
surfaces. Nat. New Biol. 243:218.

. O’NEiL, C. H. 1973. Growth induction by serum

or polyoma virus inhibits the aggregation of tryp-
sinized suspensions of BHK21 tissue culture fibro-
blasts. Exp. Cell Res. 81:31.

Ott1EN, 1., J. Bader, G. S. JOHNSON, and 1. PAsTAN,
1972. A mutation in a Rous sarcoma virus gene that

THE JourRNAL ofF CELL BioLoGy -

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

controls adenosine 3',5'-monophosphate levels and
transformation. J. Biol. Chem. 247:1632.

OTTEN, J., G. S. JoHNSON, and 1. PasTaN. 1971.
Cyclic AMP levels in fibroblasts: Relationship to
growth rate and contact inhibition of growth. Bio-
chem. Biophys. Res. Commun. 44:1192,

OtteN, J., G. S. JounsoN, and I. Pastan. 1972,
Regulation of cell growth by cyclic adeonsine 3',5'-
monophosphate. J. Biol. Chem. 247:7082.

PorTER, K., D. PrREscoTT, and J. FRYE. 1973.
Changes in surface morphology of Chinese ham-
ster ovary cells during the cell cycle. J. Cell Biol.
57:815.

REIN, A., R. A. CARCcHMAN, G. S. JoHNsON, and
[. PasTan. 1973. Simian virus 40 rapidly lowers
cAMP levels in mouse cells. Biochem. Biophys.
Res. Commun. 52:899.

SHaroN, N., and H. Lis. 1972, Lectins: Cell-agglu-
tinating and sugar-specific proteins. Science (Wash.
D. C.). 177:949.

SHEPPARD, J. R. 1971. Restoration of contact-in-
hibited growth to transformed cells by dibutyryl
adenosine 3',5'-monophosphate. Proc. Natl. Acad.
Sci. U. S. A. 68:1316.

SHEPPARD,J. R. 1972, Difference in the cyclic aden-
osine 3',5'-monophosphate levels in normal and
transformed cells. Nat. New Biol. 236:14.
SHepPARD, J. R., and D. M. PRescoTT. 1972. Cyclic
AMP levels in synchronized mammalian cells. Exp.
Cell Res. 75:293.

SMETS, L. A. 1972. Contact inhibition of trans-
formed cells incompletely restored by dibutyryl
cyclic AMP. Nat. New Biol. 239:123.

TiHoN, C., and M. GREeN. 1973, Cyclic AMP-am-
plified replication of RNA tumour virus-like par-
ticles in Chinese hamster ovary cells. Nat. New
Biol. 244:227.

WILLINGHAM, M. C., R. A. CarcHMAN, and L.
PasTaN. 1973. A mutant of 3T3 cells with cyclic
AMP metabolism sensitive to temperature change.
Proc. Natl. Acad. Sci. U. S. A. 70:2906.

VOLUME 63, 1974



