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Remarkable similarities in the intracellular and genetic events occur when lymphoid
and hematopoietic cells are exposed to their specific growth factors. The interleukin-2
(IL-2) receptot, whose cell-surface expression is an absolute requirement for the
growth and differentiation of lymphoid cells, was detected on various nonlymphoid
hematopoietic’ cell types in this study. Cell lines consisting either of granulocyte-
macrophage precursors or mast cells, which are dependent on interleukin-3 (IL-3) for
theif growth, expressed high levels of the IL-2 receptor on their surface. Analysis of the
binding characteristics of these receptors with **I-labeled recombinant IL-2 revealed
that only receptors with low affinity for IL-2 were present on these cells. Addition of
purified recombinant IL-3 to these cell lines led to an increase in IL-2 receptor gene
expression within 1 hour in isolated nuclei. This IL-3—induced increase in the number
of IL-2 receptors on the cell surface is maximal within 24 hours. Addition of 10,000
units of IL-2 to these cells had no apparent effect on their growth or differentiation.
The presence of the receptor with only low affinity for IL-2 on hematopoietic cells and
the regulation by IL-3 suggest that this receptor is involved in some important
metabolic event in hematopoiesis. ’ :

" HEN T LYMPHOCYTES ARE ACTI-
vated after mitogen or antigen
stimulation in vitro, they are in-

duced to secrete a glycoprotein hormone,
interleukin-2 (IL-2) (1), and tp express spe-
cific membrane receptors for this molecule

(2). The expression of these receptors on the
cell surface after stimulation is transient,
with peak expression for 3 to 7 days, then
declining for 7 to 10 days to 5 to 15 percent
of the maximum levels with a concomitant
loss of proliferative capacity (3). Restimula-
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Fig. 1. Expression of 7D4 antigen on various cell lines. Solid lines represent the fluorescence profile of
7D4 antigen distribution. Broken lines show levels of nonspecific staining after incubation in excess
unlabeled 7D4. Shaded area shows background with avidin-fluorescein isocyanate (FITC) alone. (A)
CT-6, a cytotoxic T-cell line from C57BL/6 (25); (B) FDC-P1, an IL-3—dependent granulocyte-
macrophage progenitor cell line (7); and (C) DX-1 and (D) DX-2 (two newly derived mast cell lines
with the phenotype Thy-17, Lyt-17, Lyt-2~, Ly-5.1*, I-A%* T.E?*, FcyR*, FceR™, Mac 17) were
independently established from bone marrow cultures of C57BL/6 (DX-1) or BALB/c (DX-2) as
described (26) and cultured in RPMI 1640 containing 5% fetal calf serum (FCS), 5 x 107°M B-
mercaptocthanol (B-ME), and a source of IL-3. Cytofluorometric analyses for 7D4 expression were
performed as follows. Cells were washed three times in RPMI 1640 and incubated with saturating
amounts of 7D4 or a control monoclonal antibody for 1 hour at 4°C. After two washings, cells were
incubated in FITC-conjugated goat antibody to rat IgM (Cappel, Cochranville, PA). After two more
washings cells were analyzed on an Ortho Cytofluorograph System 50 with an argon ion laser at 488
nm. Live cells were gated. Information was stored on an Ortho 2150 computer system. Fluorescence
Intensity was compared by using the mean channel number for different histograms. The percentage of
cells expressing the 7D4 antigen (%POS) was calculated against a background of nonspecific labeling
with normal IgM (1% to 3%).
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tion of these cells with either mitogen or
antigen results in increased expression of
high-affinity IL-2 receptors, which can then
be bound by IL-2 to initiate further rounds
of cell growth (4). Robb et al. (5) showed
that there are two classes of IL-2 receptors
with distinct affinities for the ligand on T
cells. Both types of IL-2 receptors are also
present on activated B cells (6).

Interleukin-3 (IL-3) has the ability to
promote the growth of diverse myeloid
cells, particularly their progenitor cells (7,
8). Recently, some of these IL-3—dependent
cells have been shown to respond to another
growth factor, granulocyte-macrophage col-
ony-stimulating factor (GM-CSF); this sug-
gested that different growth factor receptors
can be expressed simultancously on the same
myeloid cell (9).

In the course of studies on the intracellu-
lar consequences of growth factor stimula-
tion of lymphocytes and hematopoietic cells,
we were struck by the similarities between
the responses of IL-2—dependent cells to IL-
2 and the responses of IL-3—dependent cells
to IL-3 (10). In both cases, translocation of
protein kinase. C to the cell membrane,
increases in intracellular calcium ([Ca®*];)
flux, and the rapid transcription of certain
cellular oncogenes seem to characterize the
response to ‘these specific growth factors
(10). Since IL-2.stimulation of IL.-2—depen-
dent T cells results in increased transcription
of the IL-2 recgptor gene (11), we investi-
gated the possibility that the regulation of
this gene is a general physiological response
of hematopoietic cells to their growth fac-
tors. FDC-P1, a murine cell line consisting
of granulocyte and macrophage progenitor
cells (7) and two newly derived murine mast
cell lines, DX-1 and DX-2, were tested for
the presence of IL-2 receptors.

A rat monoclonal antibody, 7D4, to the
murine IL-2 receptor (12) allowed flow
cytofluorimetric analysis of several murine
cell types. More than 6Q percent of all three
nonlymphoid cells express the 7D4 antigen
in asynchronous cultures (Fig. 1A). Howev-
er, the mean fluorescent intensity of the 7D4
antigen binding on FDC-P1, DX-1, and
DX-2 was 50 percent of the mean seen on
the IL-2—dependent cytotoxic T-cell clone
CT-6 (Fig. 1A), indicating that the density
of receptors per cell was less than on T cells.
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Fig. 2. 7D4-immunoprecipitated membrane components from
different cell lines. Electrophoretic patterns were obtained after
immunoprecipitation of lysates obtained from the IL-2—and IL-
3—dependent cell lines CT-6 and FDC-P1, respectively, with an
IgM control or the 7D4 antibody. Cultured CT-6 lymphocytes
and FDC-P1 myeloid cells were washed free of growth medium
and resuspended in 2 ml of methionine-free RPMI 1640
(Gibco) and equilibrated at 37°C for 30 minutes. The cultures
were then incubated for 4 hours in the presence of 0.5 mCi of
[**S)methionine (New England Nuclear). After several wash-
ings with ice-cold RPMI 1640 containing methionine, the cells
were lysed in 10-mm tris-HCI (pH 7.5) buffer containing 1%
Triton X-100. After centrifugation at 100,000g for 1 hour at
4°C, the supernatants were cleared and subjected to immuno-
precipitation with 7D4, a rat monoclonal antibody to mouse IL-
2 receptor or a control IgM monoclonal antibody as described
carlier (12). After protein A-immunoabsorbents were washed
extensively with TTO buffer [100 mAM tris-HCI, 0.5% Tween
20, and ovalbumin (1 mg/ml)], bound antigens were eluted by
boiling for 5 minutes in 2% SDS-TTO sample buffer and
resolved on an SDS—polyacrylamide gel (7.5% to 15%) accord-
ing to the method of Laemmli (27). After being strained with
Coomassie brilliant blue R250, the gel was treated with En-
Hance (New England Nuclear) and dried. Fluorography was
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performed at —80°C.

The 7D4 antigens immunoprecipitated
from the myeloid or T-cell lines were then
compared by analysis on sodium dodecyl
sulfate—polyacrylamide gel -electrophoresis
(SDS-PAGE) (Fig. 2). Immunoprecip-
itation of endogenously labeled IL-2 recep-
tor from CT-6 cells showed two principal
species on SDS-PAGE analysis. A low mo-
lecular weight form at M; 36,000 to 38,000
and a broad band of higher molecular
weight forms at M, 58,000 to 60,000.
These molecular weights are in agreement
with those obtained earlier with immuno-
precipitates from either murine or human T
cells, for which [*S]methionine-labeled
antibody to the IL-2 receptor was used (13,
14). The lower molecular weight form has
been suggested to be primarily an immature
receptor modified by post-translational
processing by N- and O-linked glycosylation

to yield the higher molecular weight species,
with diffuse electrophoretic properties im-
parted by wvariable glycosylations (13).
Immunoprecipitation of the IL-2 receptor
from FDC-P1 cells revealed a low molecular
weight form at M; 36,000 to 38,000, simi-
lar to that seen in T cells. However, the
broad band of higher molecular weight
forms was seen at M, 62,000 to 70,000,
which is 8,000 to 10,000 higher than that
observed in murine T cells. All these forms
are specifically recognized by the 7D4 anti-
body and not by a nonspecific antibody of
the same isotype (Fig. 1B). Therefore, both
T cells and promyeloid cells exhibited simi-
lar putative intracellular immature forms of
IL-2 receptors identified by the 7D4 mono-
clonal immunoglobulin M (IgM). Howev-
er, pronounced differences were seen with
the higher molecular weight species in these

Table 1. Numbers and affinity values of IL-2 receptors and growth effect of IL-2 and IL-3 for various
cell lines. Receptor numbers and Ky values were determined by Scatchard analysis as described in the
legend to Fig. 1. Determination of growth effect of IL-2 or IL-3 (23) on cells was done as follows. Cells
were incubated at 37°C, free of growth factors in order to obtain quiescent cultures. Then, 100,000 cells
were placed in 0.2 ml of RPMI 1640 containing 5% FCS and 5 x 107°M B-ME with the indicated
amounts of recombinant IL-2 and IL-3 (24). After incubation at 37°C for 20 hours, the cells were
labeled with [*H]thymidine for 4 hours and harvested. IL-2 receptors were determined on quiescent
cells and after 24 hours of growth factor stimulation (values * standard error for three assays).
Abbreviations: T, T cells; G, granulocyte progenitors; M, mast cells; ND, not done.

Cell  Cell Ligand High-affinity Receptors Low-affinity Rcccptdrs [PH]TdR
e line added sites per cell Ky sites per cell K4 (counts/min)
P (unit/ml) (x10% (nM) (x10% (nM) (x10%)
T CT-6 58+x15 0.13+007 17 =52 28=x10 0.7
G FDC-P1 <200 1.2+04 32=zx16 0.8
M DX-1 <200 2107 14+ 9 0.7
T CT-6 IL-2 (1) ND ND ND ND 103
G FDC-P1 1IL-2 (10,000) <200 1.0+04 33zx15 0.8
M DX-1 IL-2 (10,000) <200 21207 14+ 9 1.4
T CT-6 IL-3 (500) 49+13 015*+007 18 +45 27+ 8 0.5
G  FDC-P1 IL-3 (50) <200 25+08 33=zx15 42
M DX-1 IL-3 (50) <200 4111 14 9 27
456

cell lines. This heterogeneity in the immuno-
precipitates is most likely due to differences
in glycosylation (13, 14), but it requires
more detailed biochemical analysis to deter-
mine its relation to binding affinity for IL-2
on cells of different lineages.

The affinity for IL-2 of the IL-2 receptors
present on the cell surface of various cell
lines was then examined in binding experi-
ments with '*I-labeled IL-2. The IL-3-
dependent cell lines FDC-P1 (myeloid) and
DX-1 (mast cell) expressed low-affinity re-
ceptors but not high-affinity receptors for
IL-2 on their cell surfaces (Fig. 3 and Table
1). Dissociation constants (Kg) of the recep-
tors were 1.4 x 107%M and 3.3 x 107M
for DX-1 and FDC-P1, respectively, and
receptor numbers were 1.2 x 10* and
1.8 x 10 per cell, respectively. In contrast,
the IL-2—dependent T-cell clone CT-6 ex-
pressed both high- and low-affinity recep-
tors on its cell surface (Fig. 2 and Table 1).
No IL-2 receptors were detected on the
mouse myeloma cell line NS-1.

Because of the limits in the sensitivity of
the binding assay, less than 200 high-affinity
receptors for IL-2 cannot be reliably detect-
ed on any cell line (2). Thus, the effect of
recombinant IL-2 on the proliferative re-
sponse of IL-3—dependent cell lines was
determined. An IL-2—dependent T-cell
clone was stimulated to near maximal
growth at a concentration of 1 to 2 units
(100 to 200 pM) of recombinant IL-2,
indicating that binding to high-affinity re-
ceptors is correlated with growth stimula-
tion (Table 1) (3). In contrast, IL-3 had no
effect on growth of CT-6 (Table 1). Neither
FDC-P1 nor DX-1 cells were stimulated by
IL-2 at concentrations up to 10,000 unit/
ml (1 pM). Thus, as judged from the calcu-
lated K4 values in Table 1, the equilibrium
constants for IL-2 binding sites on non-T
cells were 14 to 33 nM. Consequently, 1
wM should saturate these low-affinity bind-
ing sites. In addition, IL-2 did not induce
proliferation in these IL-3—dependent cells
in the presence of limiting doses of IL-3, 12-
O-tetradecanoyl  phorbol-13-acetate, or
Ca’* ionophore A23187. Thus, it scems
likely that IL-2 binding to the IL-2 recep-
tors expressed on IL-3—dependent cells is
not sufficient to transmit a growth signal
because they are predominantly, if not en-
tirely, receptors with low affinity for IL-2.

Cell-surface expression of IL-2 receptors
on these IL-3—dependent cells was aug-
mented after IL-3 was added to quiescent
FDC-P1 and DX-1 cells (Table 1). IL-2
increases IL-2 receptor expression on T cells
(15) by increasing transcription of the IL-2
receptor gene (11). The possibility that IL-3
can similarly regulate transcription of the
IL-2 receptor gene in FDC-P1 was explored
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by trying to detect increased IL-2 receptor
transcripts in isolated nuclei through hy-
bridization with complementary DNA
(cDNA) probes specific for the IL-2 recep-
tor (16). Increased IL-2 receptor transcripts
were observed 1 hour after IL-3 stimulation
of quiescent FDC-P1 cells (Fig. 4). In-
creased transcription of c-myc and ribosomal
RNA-specific transcripts was also seen, sug-
gesting that this increase in expression of the
IL-2-receptor gene is part of the quiescent
cell’s physiological response to growth fac-
tor stimulation. This represents specific gene
induction since albumin and c-7as transcripts
were not increased after IL-3 stimulation.
Increased cytoplasmic messenger RNA
(mRNA) specific for the IL-2 receptor was
seen by Northern blot transfer of RNA at 4
hours after IL-3 stimulation and led to a
doubling of the receptor number in 24
hours. The predominant mRNA species was
4.7 kilobases (kb) (16) in both CT-6 and
FDC-P1 cells, although all IL-2 receptor
mRNA’s were seen in both cell types.
Recently, it was reported that murine L
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Fig. 3. Scatchard analysis of IL-2 binding to IL-
2- and IL-3—dependent cell lines. The following
cell lines were analyzed for '>’I-labeled IL-2 bind-
ing by Scatchard analysis: CT-6, (O); FDC-P1,
(@); and DX-1, (A). For accurate measurement
of ligand binding, especially on cells growing in
IL-2, any receptor-bound IL-2 was dissociated by
a 60-second exposure to RPMI 1640 plus 25 mM
sodium acetate (pH 4.0) and washed three times
with cold (4°C) RPMI 1640 containing 10%
FCS. For cgulibrium binding analysis, serial dilu-
tions of '*I-labeled IL-2 were incubated with
1 x 10°to 10 x 10° cells (200 pl) for 20 minutes
at 37°C. To quantitate binding to a receptor with
low affinity, nanomolar amounts of IL-2 were
used (5). Cell-bound and free radioactivity were
determined after separation by centrifugation
(13,0004 for 90 seconds) through a mixture of
84% silicone oil and 16% paraffin oil as described
carlier (2). The number of binding sites per cell
was determined by Scatchard analysis after sub-
traction of nonsaturable binding in the presence
of a 150-fold excess of unlabeled IL-2. The
number of units per milliliter for both labeled and
unlabeled IL-2 was determined in a standard IL-2
proliferation assay in which CTLL-2 (23) was
used with serial dilutions of IL-2 and then ana-
lyzed by probit analysis. Protein determinations
were performed by the Lowry method. CT-6 (O)
intercepted the x-axis at 1.7 x 10° low-affinity
binding sites per cell.
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cells genetically transfected with a cloned
human IL-2 receptor gene express receptors
for IL-2, which appear to be entirely of low
affinity (17). Our results show that lineages
of normal cells exist that, without molecular
manipulation, express IL-2 receptors with
low affinity. It has been shown that transfec-
tion of the human cDNA for the IL-2
receptor into a mouse T-cell line results in a
functionally active human type receptor that
binds IL-2 with high affinity (I18). This
suggests that lymphoid cells expressing the
IL-2 receptor need accessory proteins or
molecules for binding IL-2 with high affini-
ty. Thus, since there is only one copy of the
IL-2 receptor gene present in the genome
(16) and the same mRNA species are seen in
both hematopoietic cells and lymphoid cells,
it is clear that the IL-2 receptor gene as
defined by molecular biology is under regu-
latory control in hematopoietic cells despite
the absence of a high-affinity interaction
between the receptor and its hormone.

However, it is surprising that the pre-
dominant IL-2 receptor expressed on hema-
topoietic cells is a receptor with low affinity
for IL-2. These IL-3—dependent cell lines
are not affected by the addition of large
amounts of IL-2, suggesting that low-affini-
ty IL-2 receptors are not able to stimulate a
growth response when bound by IL-2. In-
deed, recent experiments have shown that
the binding of IL-2 to cell lines possessing
only receptors with low affinity for IL-2 fails
to transmit several transmembrane biochem-
ical signals associated with binding to the
high-affinity receptor (19). However, it is
possible that IL-2 triggering of the low-
affinity receptor stimulates an unrecognized
differentiation event.

The finding of binding sites with multiple
affinities for a ligand is not unique to the IL-
2 receptor. The receptors for several poly-
peptide growth factors such as nerve growth
factor, epidermal growth factor, platelet-
derived growth factor, and interferon bind
with two different affinities (20). The affini-
ties of some of these receptors could be
interconverted with lectins or monoclonal
antibodies (21), indicating that variations in
ligand-receptor affinities could be due to
conformational changes of the protein.
Alternatively, the extensive post-translation-
al glycosylation of the IL-2 receptor ob-
served in T cells (13, 14) and hematopoietic
cells could account for the differences in
receptor affinities. The fact that the IL-2
receptor on hematopoietic cells exists solely
as a low-affinity receptor and that post-
translational modifications made the recep-
tor appreciably larger than on T cells make
these observations different from those re-
ported previously for other receptors.

However, the physiological role of these

receptors with low affinity for IL-2 in hema-
topoiesis is not clear. Recent evidence sug-
gests most of the receptors for hematopoiet-
ic growth factors are linked in a hierarchical
manner that allows binding of certain fac-
tors to their receptors to down-regulate and
activate different receptors without specific
ligand binding (for example, IL-3 can acti-
vate the GM-CSF receptor) (22). It is possi-
ble that the receptor with low affinity for IL-
2 is part of this linkage of hematopoietic
growth factors and has some important met-
abolic function on hematopoietic cells that is
unrelated to its ability to bind IL-2. It is also
possible that this receptor binds another
ligand with high affinity or that IL-2 bind-
ing triggers an as yet unrecognized event. In
summary, we have shown that the IL-2
receptor gene is regulated by IL-3 in IL-3—

FDC-P1+IL-3
myc

IL-2R

pBR322

rRNA
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Fig. 4. Analysis of IL-2 receptor transcripts by
nuclear transcription runoff assay. The FDC-P1
cell line was incubated for 2 hours in the absence
of IL-3. Then, recombinant purified IL-3 at 100
units per 10° cells was added to the cultures (this
was designated 0 time). The nuclear transcrip-
tional runoff was then performed at various times.
In this assay, RNA transcripts which are already
initiated are faithfully elongated giving an accu-
rate measure of transcriptional level at time of
lysis (28). Briefly, 10® cells after various treat-
ments and time intervals were washed three times
with ice-cold phosphate-buffered saline and lysed
in NP-40 lysis buffer [10 mM tris (pH 7.4), 10
mM NaCl, 3 mM MgCl,, 0.5% (v/v) NP-40],
incubated on ice for 5 minutes, and centrifuged at
500 rev/min for 5 minutes. The nuclei were
washed in lysis buffer and resuspended in 100 pl
of reaction mixture [10 mM tris-HCI (pH 8.0); 5
mM MgCly; 300 mM KCl; 0.5 mM each of ATP,
CTP, and GTP, and 200 pCi of [a->?P]JUTP
(3000 Ci/mm, Amersham)]; and incubated at
30°C for 15 minutes. The **P-labeled RNA was
then isolated and precipitated with ethanol as
described elsewhere (28). This RNA solution was
hybridized to linearized plasmid DNA immobi-
lized on nitrocellulose for 36 hours at 65°C as
described (28). The filters were then washed in
2x standard saline citrate (SSC) [1X SSC is
0.15M NaCl, 0.0125M sodium citrate (pH 7)] for
2 hours at 65°C and incubated at 37°C with
ribonuclease A (10 ug/ml), washed, air-dried, and
exposed to Kodak x-ray film. Plasmids containing
human IL-2 receptor were hybridized under con-
ditions for mouse IL-2 receptor mRNA (I6).
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dependent cell lines in the same fashion that
it is regulated by IL-2 in IL-2—dependent T-
cell lines. Thus, in both T cells and hemato-
poietic cells, IL-2 receptor expression is a
component of very similar cellular responses
to specific growth factor stimulation. These
responses also include protein kinase C
translocation, [Ca®*]; flux, and increased
expression of c-fos, c-myc, and c-myb. Our
results suggest that the IL-2 receptor is
important in regulating the growth of hema-
topoietic cells.
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Induction of the c-fos Oncogene by Thyrotropic
Hormone in Rat Thyroid Cells in Culture

GruriA COLLETTA, ANNA MARIA CIRAFICI, GIANCARLO VECCHIO

Rat thyroid cells in culture, rendered quiescent by hormone deprivation, can be
stimulated to undergo DNA synthesis in the absence of serum by the addition of
purified thyrotropin. The primary effect in response to thyrotropin action in thyroid
cells is the induction of the c-fos oncogene, followed by c-myc expression. This suggests
that thyrotropin acts as a competence growth factor.

EVERAL PROTO-ONCOGENES HAVE

been directly implicated in the control

of cellular proliferation. Expression of
oncogenes coding for nuclear proteins, such
as c-fos and c-mye, is enhanced by stimulation
by growth factors and may transduce signals
that affect the cellular response to exogenous
stimuli.

Moreover, three distinct proto-oncogenes
(c-sis, c-erbB, and c-fins) seem to control
critical events in the transduction of extracel-
lular growth signals into the cell. Sequence
comparisons suggest that c-sis codes for
platelet-derived growth factor (PDGF) (4,
2) and that the c-erbB product is partially
homologous to the epidermal growth factor
(EGF) receptor (3). Finally, the mouse c-fins
product, which is found in high concentra-
tions in macrophages, is closely related to
the colony-stimulating factor-1 receptor
“).

The c-myc oncogene is induced in resting
cells of both hematopoietic and fibroblast
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origin, in response to mitogens and growth
factors, and in regenerating liver tissue after
partial hepatectomy (5-7). The transcrip-
tion of c-fos is also greatly increased within
minutes of the administration of purified
growth factors to quiescent rat fibroblasts.
This is followed by the induction of c-myc
messenger RNA (mRNA) and the subse-
quent rapid disappearance of almost all c-fos
mRNA (8-10). This suggests that c-fos in-
duction is one of the earliest effects on gene
expression triggered by growth factors.

We focused our analysis on the effect of a
purified hormone, thyrotropin (TSH), on ¢-
myc and c-fos expression in epithelial thyroid
cells, which are the physiological target for
the hormone in vivo. The rat thyroid cell
line (FRT-L-5 cell clone) has the following
differentiated functions: (i) TSH depen-
dence for growth, (ii) thyroglobulin synthe-
sis and secretion in the culture medium, and
(iii) ability to take up iodide. FRT-L-5 cells
grow in the presence of calf serum and

require a mixture of six hormones (6H),
which includes TSH (10 mU/ml), somato-
statin (10 pg/ml), insulin (10 pg/ml), gly-
cyl-L-hystidyl-L-lysine acetate (10 wg/ml),
transferrin (5 ug/ml), and hydrocortisone
(1078M1). Under these conditions, the cells
have a doubling time of 32 hours and
display the fully differentiated phenotype
that is typical of the original tissue (11). The
hormone mixture, and in particular the TSH
hormone, is an absolute requirement for
FRT-L-5 cell growth. Without the 6H mix-
ture, thyroid cells remain attached to the
plate, develop morphological alterations,
and do not divide (12).

In this system, depriving rat thyroid cells
of the hormone mixture can make them
quiescent even in the presence of 5% calf
serum; only background levels of incorpo-
rated [*H]thymidine were observed. How-
ever, to exclude any interference by serum
proteins in the action of growth factors, we
carried out experiments on synchronized
thyroid cells in serum-free medium. Treat-
ment of quiescent FRT-L-5 cells with 6H
resulted in a 20- to 30-fold increase in the
incorporation of [*H]thymidine into tri-
chloroacetic acid (TCA)—precipitable mate-
rial that reached a peak 19 hours after
stimulation (Fig. 1). These data demon-
strate a synchronous progression of rat thy-

Dipartimento di Biologia e Patologia Cellulare e Moleco-
lare, Centro di Endocrinologia ed Oncologia Sperimen-
tale del Consiglio Nazionale delle Ricerche, IT Facolta di
Medicina e Chirurgia, Via Sergio Pansini 5, Naples,
Ttaly.

SCIENCE, VOL. 233





