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ABSTRACT: Arginine vasopressin (AVP) is a nonapeptide long known as an endocrine and paracrine
regulator of important systemic functions, namely, vasoconstriction, gluconeogenesis, corticosteroidogenesis,
and excretion of water and urea. Here we report, for the first time, that AVP specifically inhibits expression
of the cyclin D1 gene, leading to cell cycle blockage and halting cell proliferation. In GO/G1-arrested
mouse Y1 adrenocortical tumor cells, maintained in serum-free medium (SFM), AVP mimics FGF2,
promoting rapid ERK1/2 activation (5 min) followed by c-Fos protein induction (2 h). PKC inhibitor
G06983 and PI3K inhibitors wortmannin and LY294002 all inhibit ERK1/2 activation by AVP, but not
by FGF2. Thus, AVP and FGF2 concur to activate ERK1/2 by different regulatory pathways. However,
AVP is not a mitogenic factor for Y1 cells. On the contrary, AVP strongly antagonizes FGF2 late induction
(2—5 h) of the cyclin D1 gene, down-regulating both cyclin D1 mRNA and protein. AVP inhibition of
cyclin D1 expression is sufficient to block G1 phase progression and cell entry into the S phase, monitored
by BrdU nuclear labeling. In addition, AVP completely inhibits proliferation of Y1 cells in 10% fetal calf
serum (10% FCS) medium. On the other hand, ectopic expression of the cyclin D1 protein renders Y1
cells resistant to AVP for both entry into the S phase in SFM and continuous proliferation in 10% FCS
medium. In conclusion, inhibition of cyclin D1 expression by AVP is an efficient mechanism of cell
cycle blockage and consequent proliferation inhibition in Y1 adrenocortical cells.

We have been focusing on characterizing antagonistic phenotype of Y1 cells includes evasion from apoptosis and
mitogenic and antimitogenic signals initiated at, respectively, a limitless replicative potential, our strain of this cell line
FGFZ and ACTH receptors in the mouse Y1 adrenocortical retains control mechanisms of the GOG1— S transition
tumor cell line (, 2), aiming, in the long run, to elucidate of the cell cycle, being highly responsive to mitogenic
the signaling circuitry that controls the cell cycle and cell stimulation by FGF2.

growth in adrenocortical cells. Y1 is an ACTH-responsive, |n Y1 adrenocortical cells GO0/G1l-arrested by serum
steroid-secreting, clonal cell line that expresses high levels geprivation, the mitogenic response elicited by FGF2 includes
of ACTH receptors, closely mimicking fasciculata cells from () activation of ERK1/2 and PI3K (210 min), (b)
the normal adrenal cortex3(4). Although the malignant  transcription activation of the immediate early genes c-fos,
c-jun, and c-myc (1630 min), and (c) the onset of DNA

* This work was supported by grants from FAPESP (Fuadate sy_nthe5|_s initiation ®8 h (5—7). ACTH bloc_ks this FGF2
Amparo a Pesquisa do Estado déoSzaulo) and CNPq (Conselho  mitogenic response at the early and middle G1 phase,
Nacional de Desenvolvimento Ciéfito e Tecnolgico) to H.A.A.. triggering concerted antimitogenic mechanisms mediated by

F.L.F. and T.T.S. were predoctoral fellows from FAPESP. : - -
*To whom correspondence should be addressed. Phone: 55-11—the CAMP/PKA pathway. These mechanisms include, first,

3091-2172. Fax: 55-11-3091-2186. E-mail: haarmeli@quim.ig.usp.br. rapid dephosphorylation/deactivation of Akt/PKB) (and
*Universidade de $aPaulo. degradation of the c-Myc proteirf) and, second, a late

"These authors contributed equally to this paper. i ; AT ;
s Universidade Federal deS®aulo. increase in the levels of the CDK inhibitor g&# (7). In
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PBS, phosphate-buffered saline; FITC, fluorescein isothiocyanate hypophysis. But AVP is also synthesized and secreted by
conjugate mouse 1gG; DAPI, 4,6-diamidino-2-phenylindole; MEK,  ¢romaffin cells localized in both the cortex and medulla of
MAP kinase kinase; PLE phospholipase @; PKD, protein kinase . . . S
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coupled receptor (GPCRs) superfamilgOf. Type V1 expressing cyclin D1 protein. Stocks of ¥D1 clonal lines
receptor induces breakdown of phosphoinositides, generatingwvere kept frozen in liquid nitrogen and periodically thawed
inositol phosphates and diacylglycerol (DAG) to initiate to grow in 10% FCSDME plus 100ug/mL G418. All the
mechanisms of vasoconstriction, gluconeogenesis, and cor-Y1—D1 clones arrested the cell cycle at the GO/G1 interface
ticosteroidogenesis. V1a receptors are expressed in the liverupon serum deprivation, maintaining response to FGF2 and
smooth muscle cells from blood vessels, and certain periph-AVP, despite expressing high levels of cyclin D1 (T. T.
eral tissues, whereas V1b receptors are found in the adenoSchwindt and H. A. Armelin, unpublished results).
hypophysis. Type V2 receptor, localized in the kidney, acts  Synthetic or Recombinant PeptideSynthetic arginine
via the cAMP/PKA pathway and is involved in the regulation vasopressin peptide was purchased from Sigma or synthe-
of water and urea excretiod1—13). Y1 adrenocortical cells  sized in L. Juliano’s laboratory, Escola Paulista de Medicina
express Vla receptors (P. F. Asprino and H. Armelin, (Universidade Federal de”&&Paulo, Sa Paulo, Brazil).
unpublished results). Recombinant bovine FGF2 was prepared in the laboratory
Reports from several laboratories have shown that AVP of Dr. Angelo Gambarini, Instituto de Quica (Universidade
initiates mitogenic signaling, via V1a receptors, in different de S@ Paulo, Se Paulo, Brazil).
cell types, eventually leading to stimulation of DNA synthesis ~ Analysis of ERK/R PhosphorylationCells were lysed in

and cell proliferation. In intestinal epithelial celld4), ice cold 62.5 mM Tris-HCI, pH 6.8, 2% SDS (w/v), 10%
mesangial cells1(5), cardiomyocytes(6), smooth muscle  glycerol, 50 mM DTT, and 1% bromophenol blue (w/v). The
cells (17), and Swiss 3T3 fibroblasts8 19), addition of lysates were sonicated for 2 min, boiled for 5 min, and
AVP triggers a cascade of events including (a) activation of clarified by centrifugation (14000 rpm, 5 min,°C). A 40
phospholipase @, (b) an increase in cytosolic €3 (c) uL sample of the total extract containing 120 of protein

activation of PKC, (d) activation of protein kinase D (PKD), was resolved by 10% SDSAGE. After electrophoresis the
(e) activation of PI3K, and (f) phosphorylation of ERK1/ gel was electroblotted onto Hybond-C nitrocellulose mem-
2—MAP kinases. Thus, signals initiated in AV¥1la branes, using a semidry Bio-Rad apparatus, total ERK1/2
receptors and in tyrosine kinase receptors converge to mainor Thr 202- and Tyr 204-phosphorylated ERK1/2 isoforms
mitogenic pathways, namely, the ERKHRIAP kinases and ~ were detected with monospecific rabbit polyclonal antibodies
the PI3K (L5, 20). (New England Biolabs), followed by secondary peroxidase-
In GO/G1-arrested Y1 cells, AVP rapidly promotes phos- Conjugated antirabbit polyclonal antibodies for chemilumi-
phorylation of ERK1/2 and induction of c-Fos protein, nescentdetection (ECL, Amersham-Pharmacia). The results
resembling the first steps of the mitogenic response triggeredare representative of three independent experiments.
by FGF2. However, AVP inhibits G1 phase progression in __Levels of Cyclin D1 ProteinCells were lysed in cold NP-
a step after induction of the immediate early genes, specif- 40 buffer (20 mM Tris-HCI, pH 8.0, 135 mM NaCl, 10%
ically blocking expression of the cyclin D1 gene induced 9lycerol, 1% Nonidet P-40, 1 mM sodium orthovanadate, 2
by FGF2. Altogether these results demonstrate, for the first#9/mL leupeptin, 2ug/mL aprotinin, 2ug/mL pepstatin).
time, that AVP inhibits the cell cycle and cell proliferation After quantitation by Bradford assay, 1&g aliquots of the
of Y1 adrenocortical cells initiating antimitogenic mecha- total protein were mixed with SDSPAGE sample buffer,

nisms different from those triggered by ACTH. resolved by 10% SDSPAGE, and processed for Western
blotting as described above for ERK1/2 proteins, using a

MATERIALS AND METHODS rabbit polyclonal antibody monospecific for mouse cyclin
D1 (Santa Cruz). The results are representative of three
Cell Line Culture An HSR subline 21) of mouse Y1  independent experiments, and Ponceau staining of electrob-

adrenocortical carcinoma cell®)(was purchased from  |otted membrane was used to visually monitor protein
ATCC in 1973 and adapted to grow in 90% Dulbecco’s transfer.
modified Eagle’s medium (DME), 10% FCS in a 5%  Northern Blot for Cyclin D1 mRNAGO/G1-arrested Y1
C0,-95% air atmosphere. Stocks are kept frozen in liquid cells were stimulated with FGF2 and/or AVP and lysed with
nitrogen and periodically thawed. This Y1 cell line displays Trizol reagent, and the total extracted RNA was quantified
(a) c-Ki-ras gene amplification according to the original by absorbance azeo Aliquots of 15ug of the total RNA
report of Schwab et al2@), as monitored by Southern blots  were loaded and resolved in denaturing agarose gel electro-
and in situ hybridization 23), (b) an average of 39  phoresis and blotted in a Hybond+Nnylon membrane. A
chromosomes/cell, within a very narrow range, and (c) mouse cyclin D1 cDNA-containing vector was radioactively
marker chromosomes ml and m2l) in 100% of the  |abeled witha-32P-dCTP using the kit Random Primers DNA
metaphase spreads. To arrest the cell cycle at the GO/G1_abeling System to yield the cyclin D®P probe. Hybrid-
boundary, Y1 cells growing exponentially in 10% FES jzation of blotted membranes with cyclin 34 probes was
DME were incubated for 48 h in SFM (serum-free medium), carried out overnight at 42C, and after successive washes
where they are viable and fully responsive to both FGF2 with SSG-SDS mixtures, the membranes were exposed to
and AVP. X-ray films at —20 °C for 24 h. A mouse GAPDH cDNA

Y1 Clonal Lines Expressing Cyclin D1 Protgivil-D1 probe was used to reprobe the membranes under the same
Lineg. A mouse cyclin D1 cDNA clone, obtained from Dr.  conditions. The results are representative of two independent
C. J. Sherr (St. Jude Children’s Research Hospital, Memphis,experiments.
TN), was inserted into pSVKS3 vector to yield the pSVD1 BrdU Incorporation GO/G1-arrested Y1 cells, seeded on
construct, which was cotransfected into Y1 cells with a neo coverslips, were incubated initially with hormone at zero
gene marker vector (pSVNeo) and neutrally selected with time, followed by 10QuM BrdU between 12 and 24 h. The
(G418 to generate stable ¥D1 clonal lines constitutively  cells were then fixed with cold methanol for 10 min, washed
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three_times with PBS, and SL_Jbseq_uent_Iy stored in PBS Table 1: DNA Synthesis of GO/G1-Arrested Y1 Adrenocortical
overnight at 4°C. The coverslips with fixed cells were cells Stimulated by FGF2 and/or A¥P

incubated in 1.5 N HCI for 30 min with agitation, washed

three times with PBS, inverted onto a drop (40 of mouse pigc::dzm treatme':tv(g) ” rel DNA

. . . . 6 BrdU-labeled synthesis
anti-BrdU antibody (Amersham/Pharmacia), and incubated (,, 10-10p) (1076 M) nuclei stimulation
for 30 min at room temperature. After the coverslips were 3 0
washed with PBS, immune complexes were detected with 0-2 58 35
FITC secondary antibody (fluorescein isothiocyanate con- 0-24 69 4.3
jugate mouse IgG, Sigma). The coverslips were then 0-2 35 17
incubated with Sug/mL DAPI (4,6-diamidino-2-phenylin- 02 ((’;54 53* g-i
dole, Sigma) for 20 min, and fluorescently stained nuclei 0—24 024 o6 1.0
were examined under a Nikon Fluophot microscope using 0-2 6-24 22 0.7

two e).(cnatlon filters: UV 33,0'38_0 to visualize DAPI-stained . aG0/Gl-arrested adrenocortical cells, maintained in SFM, were
nuclei and IF 420-490 to visualize the BrdU-labeled nuclei treated with FGF2 and/or AVP, according to the time course indicated,
stained with FITC. The coverslips (two per condition in each and DNA synthesis stimulation was estimated by BrdU incorporation
experiment) were randomly coded, and 5@D0 nuclei per into DNA between 12 and 24 h. Values of percent BrdU-labeled nuclei

coverslip were blindly counted. The raw data of independent o two independent experiments were pooled such that-22800
cells were counted per condition. As analyzedyBwvith 1 degree of

experiments (at least two) were pooled to derive a final value freeqom, all differences between percentage values were signifigant (
of the percent labeled nuclei under each condition and < 0.001%), except for the pair marked with asterisks. Relative DNA
statistically analyzed by? with 1 degree of freedom. Inthis  synthesis stimulation was derived from values of percent BrdU-labeled
analysisn (number of independent events) is the pooled nuclei as aratio of experimental minus control divided by control, where
number of cells counted per each condition in all experi- 1€ control is untreated cells.

ments.

Cellular Growth Cuwes Parental Y1 cells and Y4D1 mechanisms by which AVP could regulate GO/G1 S
transfectant clonal lines were plated in 35 mm plates transition in Y1 cells, we began by asking whether AVP
containing 10% FCSDME without or with 100uM G418, would activate ERK1/2. This seemed to be a reasonable
respectively, and maintained in culture for five to six days, question since, as a rule, mitogen receptors rapidly activate
with or without AVP stimulation. Duplicate plates from each ERK1/2 and AW 2 h pulses significantly stimulated cell
cell line were removed daily, trypsinized, and counted in a entry into the S phase, resembling mitogens. In fact, AVP
Neubauer chamber. On the third day, the cultures were refedmimicked FGF2, promoting rapid activation of ERK1/2
with fresh medium £AVP). The results are presented as (Figure 1A). In addition, a combination of FGF2 and AVP,

the average of three independent experiments. at saturating concentrations, promoted maximal activation
of ERK1/2 (Figure 1B,C), indicating that there is no
RESULTS antagonism between FGF2 and AVP as far as ERK1/2

AVP Blocks G1 Phase Progression in GO/G1-Arrested Y1 activation goes. However, the mechanisms of ERK1/2
Adrenocortical Cells Stimulated by FGFB0/G1-arrested ~ activation triggered by FGF2 and AVP are different. The
Y1 cells were treated with FGF2 and AVP, for short pulses PKC inhibitor Go6983 strongly inhibited ERK1/2 activation
(2 h) or sustained treatments (24 h). Cell entry into the S by AVP, but not by FGF2 (Figure 1B). Furthermore, PI3K
phase, within 24 h, was estimated by BrdU nuclear labeling, inhibitors wortmmanin and LY 294002 also inhibited ERK1/2
incorporating BrdU into DNA between 12 and 24A 2 h activation by AVP, but not by FGF2 (Figure 1C). These
FGF2 pulse was sufficient to cause 3.5-fold relative stimula- results imply that, first, AVP activation of ERK1/2 is
tion, whereas sustained FGF2 treatment led to 4.3-fold mediated by PKC and PI3K and, second, AVP and FGF2
relative stimulation (Table 1), in agreement with previously activate ERK1/2 by different regulatory pathways in Y1
published results5| 6). AVP treatments, on the other hand, adrenocortical cells. Consistent with this conclusion, 2 h
displayed a different pattern of DNA synthesis stimulation pulses of both AVP and FGF2 induced c-Fos protein (Figure
(Table 1): 2 h pulses caused moderate stimulation (1.7-fold 2). c-fos is an immediate early gene long recognized as a
relative stimulation) that significantly decreased in sustained nuclear target of ERK1/2, whose induction is mainly
treatment (0.9-fold relative stimulation), showing that AVP regulated at the level of transcription and whose expression
does not function as an FGF2-like mitogen. On the contrary, is required for G1 phase progression stimulated by mitogens.
AVP is indeed an inhibitor of FGF2 mitogenic activity: (a) Thus, the event that AVP inhibits to block G1 phase
combination of FGF2 and AVRi2 h pulses yielded only ~ progression, antagonizing FGF2 mitogenic activity, is likely
half (51%) of the stimulation obtained by FGF2 alone (Table to occur after induction of the immediate early genes.

1); (b) in sustained treatment the AVP inhibitory effect was  AVP Blocks Cyclin D1 Expression Induced by FGF2 in
significantly greater; stimulation of FGF2 plus AVP was 79% Y1 Adrenocortical CellsIn mitogen-induced G1 phase
less than that of FGF2 alone (Table 1); (c) finakyh FGF2 progression, the D-type cyclins provide a link between the
stimulation followed by AVP stimulation between 6 and 24 immediate early genes and the cell cycle machingdy.(n

h was 84% less tm2 h FGF2 stimulation alone (Table 1). GO0/G1-arrested Y1 cells, FGF2 triggered G1 phase progres-
Altogether, these results suggest that AVP inhibits G1 phasesion, leading to cyclin D1 protein induction at5 h (Figure
progression induced by FGF2 blocking reactions in the 3B,C) via a process dependent on protein synthesis (not
middle of the G1 phase. shown) and inhibited by inhibitors of ERK1/2 and PI3K,

AVP Mimics FGF2, Actiating ERK1/2, but in a PKC-  respectively, PD98059 (Figure 4A) and wortmmanin (Figure
and PI3K-Dependent Mannefo probe into the molecular  4B), but not by the inhibitor of PKA, H89 (Figure 4B). We
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Ficure 1: Phosphorylation of ERK1/2 promoted by AVP in Y1
adrenocortical cells and inhibition by PKC and PI3K inhibitors.
GO/G1l-arrested Y1 cells, maintained in SFM, were previously
treated €30 min), or not, with PKC and PI3K inhibitors and
stimulated with FGF2 and/or AVP (&6 min). Cellular lysates were
assayed by Western blot using total or phospho-ERK1/2-specific

antibodies. These results are representative of three independen

experiments. (A) AVP doseresponse curve. (B) Effect of PKC
inhibitor Go6983. (C) Effect of the PI3K inhibitors LY294002 and
wortmannin.
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FiGure 2: Immunocytochemistry assay showing the induction of
c-Fos protein by AVP and/or FGF2. GO/G1l-arrested Y1 cells plated
on coverslips and maintained in SFM for 48 h were treated with
FGF2 and/or AVP fo2 h and assayed by immunocytochemistry
for the c-Fos protein as previously describé&)l Briefly, nuclear
c-Fos immune complex was visualized by immunoperoxidase
staining using the Vectastain Elite ABC kit and diaminobenzidine.
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Ficure 3: AVP inhibits cyclin D1 expression (MRNA and protein)
induced by FGF2 in Y1 adrenocortical cells. GO/G1-arrested Y1
cells, maintained in SFM, were treated with FGF2 and/or AVP
according to the time periods and concentrations indicated in the
panels. (A) Northern blot for cyclin D1 and GAPDH mRNA
(control). (B) Western blot for cyclin D1 protein. (C) AVP dose
response curve in a Western blot assay for cyclin D1 protein. The
results are representative of three independent experiments; Ponceau
staining of blotted membranes was used to monitor protein transfer
(not shown).

Cyelin DT - L me g S—— e s SFM, 48h
FGF2, M, 5h 0 41077 41072 2401 2.10794.102 4102 21011 2,100
PD98059, 50uM, 5h - .- o+ o+ %

A
Cyelin DI - - — -s SFM, 48h

FGF2, 2.101°M, 5h - + - - + - +
FCS, 10%, 5h - - + . . . -
Wortmannin, 100nM, 5h - - - - + +
H89, 1uM, 5h - - + + . .

Ficure 4: The induction of cyclin D1 by FGF2 is dependent on
MEK1 and PI3K pathways and independent of the PKA pathway.
GO0/G1l-arrested Y1 cells in SFM for 48 h were stimulated by FGF2
after 30 min of pretreatment with MEK1 inhibitor PD98059 (A)
and PI3K inhibitor wortmannin and PKA inhibitor H89 (B). The
results are representative of three independent experiments; Ponceau
staining of blotted membranes was used to monitor protein transfer
(not shown).

drastic reduction in the basal levels of cyclin D1 mRNA and
completely abolished its induction by FGF2 (Figure 3A).
Cyclin D1 protein was barely detectable in Western blot
assays, but was strongly induced by FGF2, (Figure 3B)
whereas AVP, at physiological concentrations (Figure 3C),

Values of percent c-Fos-labeled nuclei from three independent entirely blocked cyclin D1 protein induction (Figure 3B,C).

experiments were pooled such that about 3000 cells were counte
per condition. As analyzed by? with 1 degree of freedom, all
differences between percentage values were significant< (
0.001%).

investigated whether AVP would interfere with cyclin D1
gene induction by analyzing mRNA steady-state levels by
Northern blot (Figure 3A) and protein levels by Western blot
(Figure 3B,C) to show that AVP, in fact, blocked induction
of the cyclin D1 protein.

d

It is very likely that AVP blocks cyclin D1 protein expression
by inhibiting transcription of the cyclin D1 gene or by
promoting cyclin D1 mRNA degradation or both.

Ectopic Expression of Cyclin D1 Is Sufficient To Render
Y1 Adrenocortical Cells Resistant to Growth Inhibition by
AVP. To test the hypothesis that inhibition of the cyclin D1
gene expression is the mechanism by which AVP blocks G1
phase progression, we transfected a cyclin D1 cDNA
construct into Y1 cells, generating stable transfectant clones

Northern blot assays, in GO/G1-arrested Y1 cells, displayedto ask whether sustained expression of cyclin D1 protein

low levels of cyclin D1 mRNA that increased with FGF2
treatment (Figure 3A). On the other hand, AVP caused

would render Y1 cells resistant to cell cycle inhibition by
AVP. The transfectant clone (D1G) cell cycle arrested at



2120 Biochemistry, Vol. 42, No. 7, 2003 Schwindt et al.

-

=ii=NOT TREATED
= == VASOPRESSIN 1nM

40 4

20 4

10 4 - A
_- 24 48 72 96 120 144 168

TIME OF TREATMENT (hours)
NOT TREATED FGF2 (0-24h) AVP (0-24h) FGF2+AVP (0-24h)
A
A

g

% BrdU LABELED NUCLEI
g
CELLS (x 10000}
g

85 & 3 8

§

——-NOT TREATED
—=VASOPRESSIN 1nM

D1G Y1

Cyclin DI - e @ SFM, 48h

FGF2, 2.101°M, 5h - + - +
B

CELLS (x 10000)
8B 885882 3 8 8

Ficure 5: S phase entry promoted by FGF2 and/or AVP in GO/
G1l-arrested Y2D1G cells, a clone constitutively expressing cyclin
D1 protein. GO/G1l-arrested ¥AD1G cells, maintained in SFM,
were treated with FGF2 (& 10719 M) and/or AVP (1G°® M) for

the time periods indicated in the panels; BrdU incorporation between
12 and 24 h. (A) Values of percent BrdU-labeled nuclei from three
independent experiments were pooled such that about 3000 cells .
were counted per condition. As analyzed gywith 1 degree of Ficure 6: Growth curves of Y1 adrenocortlcal pa_rental_ce_lls and
freedom, all differences between percentage values were significantthe Y1-D1G transfectant clone in 10% FCS medium: inhibitory
(p < 0.001%). (B) Western blot immunoassay for cyclin D1 protein €ffect of AVP. Y1 (A) and YE-D1G (B) cells were plated in 35

in lysates of Y:-D1G cells and Y1 parental cells. The results are Mm dishes and daily counted in a Neubauer chamber immediately
representative of two independent experiments; Ponceau staininggfter trypsinization. The results are averagesSD) of three

of blotted membranes was used to monitor protein transfer (not Independent experiments.

shown).
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D1 clones is independent of clonal variation. In conclusion,
the GO/G1 boundary by 48 h of starvation in SFM displayed inhibition of cyclin D1 expression by AVP, detected in
constitutive expression of the cyclin D1 protein (Figure 5B) Northern and Western blot assays, seems to be an efficient
and presented very low levels of DNA synthesis (Figure 5A). mechanism of growth inhibition in Y1 adrenocortical cells.
These GO/G1l-arrested D1G cells responded to FGF2 with a
strong increase in DNA synthesis, reaching 54% BrdU DISCUSSION
Iabeling that represented a 13.3-fold relative stimulation We have previous|y shown that Y1 adrenocortical cells
(Figure 5A). This DNA synthesis stimulation by FGF2 was  display ERK-MAP kinases under remarkably tight control,
poorly inhibited by AVP: compare 18% inhibition shown \whose FGF2- or FCS-dependent stimulation is absolutely
in Figure 5A for the D1G transfectant with 784% required for triggering the GO/G*- S transition , 5, 6).
inhibition in the parental Y1 cells (Table 1; 24 h treatment). Here we demonstrate that induction of the cyclin D1 protein
Altogether, these results support the proposal that AVP js obligatory for G1 phase progression in GO/G1-arrested
blocks the cell cycle of Y1 adrenocortical cells by inhibition y1 cells stimulated by FGF2 or FCS. AVP inhibits cyclin
of cyclin D1 expression. In addition, Figure 5A also shows D1 induction (Figure 3), an inhibitory effect sufficient to
that AVP remained a weak mitogen even for cells displaying block G1 phase progression in serum-free medium containing
constitutive expression of the cyclin D1 protein. Two other FGF2 (Table 1) and to halt cell proliferation in FCS-
Y1-D1 clonal lines were tested and also proved to be supplemented culture medium (Figure 6A). This conclusion
resistant to AVP inhibition of DNA synthesis stimulated by is Supported by the fact that ectopic expression of Cyc”n D1
FGF2 in SFM (not shown). protein is sufficient to render Y1 cells resistant to the growth

Finally we asked whether AVP would also block expo- inhibitory effect of AVP (Figures 5 and 6B). However, cyclin
nential growth of Y1 cells maintained in 10% FCS medium D1 ectopic expression is not sufficient to abrogate the FGF2
and whether sustained expression of cyclin D1 would render requirement for triggering the GO/G#% S transition (Figure
Y1 cells resistant to AVP growth inhibition. The growth 5A), implying that cyclin D1 is not a dominant factor to per
curves shown in Figure 6 clearly indicate that AVP com- se warrant G1 phase progression without mitogen stimula-
pletely blocked growth of Y1 parental cells (Figure 6A), but tion.
not growth of the D1G transfectants (Figure 6B). Growth  Cyclin D1 is a recognized critical regulator of G1 phase
curves for two Y1-D1 clones other than D1G have shown progression, activating CDK4/6 to phosphorylate pRb and
the same pattern displayed in Figure 5B (data not shown),to sequester pZP! (24, 25). Despite the functional redun-
indicating that resistance to AVP for growth among-Y1  dancy within the cyclin D family, cyclin D1 is well-known
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for normal and pathological effects in the regulation of the
cell cycle and cell growth. Overexpression of cyclin D1

Biochemistry, Vol. 42, No. 7, 2002121

AVP block cell cycle progression in Y1 adrenocortical cells
at the G1 phase by entirely different mechanisms. Although
we do not know exactly how AVP blocks expression of the
cyclin D1 gene, transcription is very likely inhibited and,
perhaps, degradation of mMRNA is also promoted (Figure 7).
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