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CRITICAL ROLE FOR CELL CYCLE REGULATORS
IN ANDROGEN RECEPTOR FUNCTION
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Androgen plays an important role in the growth of prostate cancer, but the molecular mechanism
that underlies development of resistance to antiandrogen therapy remains unknown. Cyclin E has
now been shown to increase the transactivation activity of the human androgen receptor (AR) in the
presence of its ligand dihydrotestosterone. The enhancement of AR activity by cyclin E was resistant

to inhibition by the antiandrogen 5-hydroxyflutamide.

Cyclin E was shown to bind directly to the AB

domain of the AR, and to enhance its AF-1 transactivation function. These results suggest that cyclin
E functions as a coactivator of the AR, and that aberrant expression of cyclin E in tumors may
contribute persistent activation of AR function, even during androgen ablation therapy.

(Acta Urol. Jpn. 47: 819-823, 2001)
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Fig. 1. Mechanism of Androgen receptor
(AR).
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Fig. 2. Structure of (AR) gene. The AR ex-
hibits two transactivation functions
that are mediated by ligand-indepen-
dent (AF-1) and ligand-dependent
(AF2) activation domain located in the
NH2-terminal AB region and in the
COOH-terminal ligand-binding EF re-
gion.

T, #l2D Gl #I#47, SH (DNA HEH) ~0H
1T, BEERRE LR TETTRL, MRS EDOH
i, MR LMEDORE SRS L, 3612, A
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1. Cell culture, CAT assay

Hela, MDAHO041 #if21%10% FBS ® DME T,
LNCap & RPMI1640 TH#EHF L 72. Transfection @
Q4B BRTICF v+ I — VL L725 % FBS 2Nz 7z
DME (2353 7-. Transfection I&, ") YEEH IV
LEIZTITVY, ARE CAT reporter plasmid 8ug, -
galactosidase expression vecter 3 ug (transfection %Y
HOREMEIT Y ha— )LD 7/z®), AR expression
vector 1 ug, cyclin E expression vector % 2 ug (2T
fT»72. 2ug ® GAL4 AR (AB), GAL4 AR (EF),
4 ug VP16 cyclin E vector, 8 ug 17M2-G-CAT re-
porter plasmid % mammalian two hybrid analysis
TR 7. Transfection M 1885##4IC PBS |2 Tk
L, ligand % & ¢ DME T& 5 (ZI8BFHHEE L,
N—~_Z L, CAT B X U B-galactosidase activity
TME L.
2. Northern blot analysis

M LA RNAR1%T7HA—RA 7+ VAT VT
v R WVICEBRL, A0 ATV VIFTI YR
77— L7:. PSA, AR, p-actin ® cDNA probe %
Random Primer DNA Labeling kit (TAKARA) iZ
T «[®P]dCTP THE#L, 0% KNV LT IFT
42°C, U THA TN T4 - a Y RIEITL.

3. Immunoprecipitation and immunoblot analysis
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MDAHO041 #82i cyclin E & full length ® AR
¥ 7212 AR @ AB, EF domain @ expression vector
% transfection L, DHT OFHET, FHFET THE
L7-. IP buffer iZ CH#&# cell lysate % 4°C THL
cyclin E #i4k (Santa Cruz Biotecnology), protein
A-agarose beads (Boehringer) & 3£12 incubate L
7:. Beads L#& L72EBE%10% SDS-PAGE 2T
SEEL, = POk T—RRA YT LT transfer L,
#i AR #ifk (AN1-15; Affinity Bioreagents, C-19;
Santa Cruz Biotechnology) € immunoblot analysis
107z,
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1. %% Gl cyclin & AR DEEEME

Je Fuy R tx57ur (DHT) OFET, FF
ETIZBWT CAT assay %#47- 7. Cyclin A, DI
Tit, 13 A LB LD o725 (DI TRBENK
TF), cyclin E T AR OEEFHOER ZRB O
(Fig. 3A). 72, Z® cyclin E 12 X 5EEHHEDHE
i3 DHT FHETICB VT b7 (Fig. 3A).
Dose 12 & AHEFIZB VT, cyclin E O dose depen-
dent |2 AR DEEFEHOBH R0 7 (Fig. 3B).
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Fig. 3. Potentiation of the transactivation
activity of the AR by cyclin E. A,
MDAHO041 cells were co-transfected
with an AR expression vector, an
ARE-CAT reporter plasmid, and an
expression vector for cyclins E, A, or
D1. Cells were incubated in the abs-
ence or presence of 1 nM DHT for 18 h
and then assayed for CAT activity.
B, MDAHO041 cells were co-transfected
with an AR expression vector, an
ARE-CAT reporter plasmid, and the
indicated amounts of a cyclins E ex-
pression vector. Cells were incubated
in the presence of 1 nM DHT for 18 h
and then assayed for CAT activity.
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Fig. 4. A, MDAHO04! cells were co-transfected
with an expression vector for AR, GR,
or PR, an ARE-CAT reporter plasmid,
and an expression vector for cyclins E,
A, or D1. Cells were incubated in the
absence or presence of 1 nM DHT, 1
nM dexamethasone, or 1nM prog-
esterone for 18 h and then assayed for
CAT activity. B, MDAHO041 cells
were co-transfected with an ERa ex-
pression vector and an ERE-CAT re-
porter plasmid in the absence or pre-
sence of an expression vector for cyclin
A, D1, or E. Cells were incubated for
18 h in the absence or presence of 10
nM 178-estradiol (E2) and then
assayed for CAT activity.

cyclin E 12 X 2EEFEHOHEM % 20 2 - 7= (Fig.
4A). X Pu¥y L+t7¥%—/ERa Ti, XD
£ L E#EIC>Y, cyclin D1 KB WIEHLREERN
DRIEETD, ShE, T LT TA—VIEEETK
BOWTHTIDLNA, cycdin E L LT}, BE
EROWE 2RO T (Fig. 4B), cycin E L X 2EE
EHEoWMIE, ARFENTHLLEZLNL.
FrFTyRur v THL, SSeraki -7
¥ I FEETIKBWTY cyclin E ICL5BEEHRED
B % 24T block T5 2 &3 T&%LMho7 (Fig.
5).
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Fig. 5. MDAHO041 cells were co-transfected
with an AR expression vector, an
ARE-CAT reporter plasmid in the
absence or presence of the cyclin E ex-
pression vector. Cells were incubated
for 18 h in the absence or presence of 1
nM DHT and 5-hydoroxyflutamide,
and then assayed for CAT activity.
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Fig. 6. MDAHO041 cells were co-transfected
with an AR expression vector, an
ARE-CAT reporter plasmid in the
absence or presence of an expression
vector (3 ug) for wild type (WT) or
the R130A mutant of (Mut) cyclin E,
or of an expression vector (5ug) for
wild type (WT) or a kinase-inactive
mutant (Mut) Cdk2. Cells were incu-
bated for 18 h in the presence of 1 nM
DHT in the absence or presence of 1
mM hydroxyurea (HU) or nocodazole
(Noc; 0.1 ug/ml, only added during
the final 8h of incubation). Flow
cytometry revealed that >70% of cells
were arrested at GI-S or M phases by
hydroxyurea and nocodazole, respec-
tively (data not shown).

=2 & B SH block &b, cyclin E 12X % AR
DEEFEH O WS F FABICR®D 255, Cdk 2 D wild
type 3 & U kinase inactive Td % mutant Cdk 2 %
overexpression 35 Z L2 L D cyclin E 2 X 5EE
EHEOHEAHIR X/ (Fig. 6). Cdk2 & DHEEEE
% 7z < L 7> mutant cyclin E (R130A) RS ZidN
o7z (Fig. 6). THNHDFKERID cydin EIZ X
5 AR OEEFMEOHEMIL, cell cyde ITKFET,
cyclin E/Cdk 2 complex IZ& % b DTId7% <, F#E
AED cyclin E ICL 2B THHEELONL.

3. BILBRIEAMEAEIC BT HRRET

X2, AR positive TRV E AARFFHIETE % 7R Rl
SRR EMBRR Tdh A LNCap % AV, RE L L.
LNCap (2817 % PSA OB 5ZEH % North-
ern Blot IC X WHETL7-& 25, cyclin E @ overex-
pression {2 & ) PSA mRNA DEBUMEMBE R0,
72, AR DRBRICIEEL 5 aho7: (Fig. 7). &
DT L 51 cycin E A% AR O Co-activator & L THE
ALTWAZ EARBR SN,

4. CyclinE & AR & O#&

MDAHO041 #i2iZ AR (AR full-length, AB i,
EF %83#), cyclin E % co-transfection L IP-West-
ern % Hi{T L72. AR full-length, AB #iIZB VT
cyclin E 12 X 2RBILEICLI D AR DY K2 de-
tect 1 (Fig. 8A, B), cyclin E i& AR @ AB %
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9A), GAL4 cyclin E Tix, GAL4 cyclin E DA T,
o CAT #E# D LA 4% ), GAL4 cyclin E & VPI6
E 2 AR/AB Dfi% TE 612 CAT EHOZEH 2 LAZR
L w7: (Fig. 9B). T#% L1, cyclin E id AR O AB
E
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Fig. 7. LNCap cells were transfected with a 5 4 2 1
cyclin E expression vector or with g , g
empty vector, and subsequently incu- é é‘ 0
bated for 18 h in the presence of 10 nM 0
DHT. Data revealed the relative GAL4-AR |— |- [ABJaBJEF [EF[EF[EF] [GALa-cyclinE |- [+ |- [+ |
abundance of PSA, AR, and f-actin CycinE |- 1+~ |+~ ]-|+[+] [veiearaaB) [~ |- [+ [+ |
mRNA by densitometric scanning. okl
Fig. 9. Functional interaction of cyclin E with
s ) the AB domain of the AR. A, HeLa
LRETHLER LN T, cyclin A, DI Ot cells were cotransfected with 17M2-G-
EILMETIE, AR #% detect T3 (data not shown), CAT, GAL4-AR (AB), or AR (EF),

: - 11~ ek O s , and an expression vector for cyclin E.
cyclin B Fi AR CRRIVICRHET 2 LR DN Cells were incubated for 18 h in the
5. CydicE & AR OH#EEH absence or presence of ] nM DHT and

Mammalian two hybrid assay (Z35v>C, DHT E[k}}‘:n .assaye(.i fo}g CAT é‘;}‘ll‘jj}ty 11_3,
- . . e 1nteraction between -Cyclin
FHIT T, GAL4 AR/AB & cyclin E %, KI5 E and VP16-AR (AB) was examined
Bag/-t & CAT EHoZEHL LA 70 (Fig. in a similar manner.
A Ip: a Cyclin E
AR + = 4+ + + -+
Cyclin E - = = = 4 4+
DHT a4
e o 0 —~-— AR
- We 8 —-— AR
B : .
Ip:a Cyclin E Ip:a Cyclin E
MENE)  ar 2 ag 50 ap ae AR(EF) Gro g0 ap Gy oor
CyclinE === & I Cyclin E SO dh
DHT = + =+ DHT == =k o
A ¢ e < A\RAB) -»>- <= AR(EF)
Fig. 8. Physical association of cyclin E with AB domain of AR in wvivo.

MDAHO041 cells were co-transfected with expression vector for cyclin E
and for either full-length AR, the AB, or EF regions of AR. Cells were
incubated for 18 h in the absence or presence of 1 nM DHT, lysed, and
subjected to immunoprecipitation (IP) with antibodies to cyclin E or
with normal rabbit serum (NRS) as a control. The resulting immunop-
recipitates were then subjected to immunoblot analysis with anti-AR (N-
20) or anti-AR (C-19). The first two lanes of each represent direct im-
munoblot analysis of cell lysates.
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Fig. 10. Functional and physical interaction
between cyclin E and the AR.

FHIBICHEA L, Co-activator & LTHEHLTWwWAZ &
MEZ LNz

Cycdin E 37X FRF0 VIEFLETFICBVTYH,
AR @ AB fHIBIZ#EA L AF-1 function %15 L Tw
HEEZHN7: (Fig. 10). ThonZ iy, 44,
COREERRET S L RILEWIFIVE L IEHUHERT
MBRIBOWERICAZITH L0 d Ltk

¥ )
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A functional and physical interaction
between nuclear hormone receptors
and components of the cell cycle
machinery may represent a general
mechanism by which the transactiva-
tion function of these receptors is reg-
ulated through recruitment of coacti-
vators.

Fig. 11.
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fAEFE LT, wbiE, 77EVETL—-FIH7
5, Y47 /Cdk Bethe& Cdk {1 e €S —i3,
HIBLBEOF v 7 FA >~ L DNA OFEE,
B, iR, SRLEOBEAREGKRLBEELBRICH
% (Fig. 11). ThonZtiExHbEDHLEFED
L2WHEEAMEATE-TB Y, BIZRERIVE
VBRI KELEREL 2 5 T AN H 5. 414
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