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Abstract : Retinoic acid (RA) regulates the growth of human salivary gland adenocarcinoma
cell line (HSG), through mediation of a retinoic acid receptor (RAR) expressed in the nuclei of HSG
cells. In the process of induction of biological effects of RAR, the binding of RAR to a retinoic acid
response element (RARE) on the promoter of the target gene is essential.

In this study, we first examined the DNA binding properties of the in vitro-transcribed and
-translated human RAR a and RXR e, retinoid X receptor a/ 9 -cis RAR @, using a gel-mobility-
shift assay. Then, the DNA binding ability of the nuclear extract of HSG cells was investigated in
vitro to examine whether RAR expressed in HSG cells has a biological function.

In vitro-translated RARa or RXRa did not bind to [ 7-#P]ATP-labeled BRARE, a naturally
occurring RARE found on the 5-promoter of RAR 5. However, RAR @ bound to [¥P]SRARE in the
presence of RXR a, suggesting that RAR a requires RXRa as a coregulator when it binds to
BRARE. The binding was competed by an excess amount of unlabeled SRARE but not by a
glucocorticoid response element (GRE), indicating that the binding was specific.

On the contrary, the nuclear extract of HSG cells bound to [¥P] 8 RARE by itself, and the binding
was found to be specific in competition analysis using an excess amount of unlabeled SRARE and
GRE. When the amount of the nuclear extract used for the binding was increased, the band was
broadened, indicating the heterogeneity of the binding.

These findings suggest that the nuclear extract of HSG cells contain molecules belonging to the
RXR family, and these molecules cooperate with RAR of HSG cells in the process of
transactivations which induce various biological functions of RAR.

Key words : retinoic acid receptor / retinoic acid response element / retinoid X receptor / human
salivary gland cell line
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retinoic acid response element.
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HBUEEAR T REE A & R0,

IhETIT, in vitrollHBIF 5 RAR OE
FHicd HeLa Mifao Mtz L oAk o
REBRBETH BP0 EHPMoN T,
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RA O ARMAATH 5 9 -cisRA H5 RXR i3
TEHERRMKEYFY FXTHB T &M 19924
WS ITE - 72D, Z20Hic RXR I3, B
f£ 9 cisRAR & bIFFIN TV 3, & T A8,
1991 K 5 1992 i i3 T, T D RXR A
RAR &E~F o ¥4 < — %k LENRET 7
nE—9—FiHBLF/AVBLARVRT
LA ¥ (retinoic acid response element,
RARE) » o DEE2EEE#2E VS T &
7%, Rosenfeld 5%, i\ T Chambon 5%,
Evans 5®¥0 7 V- it L hiR&Z K@ ah ke
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EEFHCHEG T 5 ARMEOKRFH RXR TH
5 EMHEAL 72y < U T RXR O4HEER
KoL THHRARIFIREh->-H 5,
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FIRZEHAVWTE F RARa & RXRa &K
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1. &Nk

HSG #ifai A 5®ic &k b, OEEREOISHE
Df-H¥ Co BHAEZ - 50 FEHOE TR &
DRI E NIRRT H 5, UBETIIT O
K%, 1986 4Fic T RFEMFIEE 2 ORI
BEOKBNEEIR & 0 L5 S TR U
BLTWw3,

HSGHifa D= 12, L-glutamine 300mg/L,
Kanamysin 100mg/L B £ US%HF v ¥ M#F
(Gibco BRL, U.S.A) %#&¥ Eagle’s MEM (H
TKEEE) 2V, 37C, 5% CO, EHETICTIT»
foo Ef, 5EHT LMY 7Y v —EDTA Hic
LR L 727,

2. HSG Ml okihtia o %

100-mm ¥ 4 v ¥ a2 (Nunc, Denmark) I
2.5 X 10°cells /dish & 75 % & 5 g% B L
BEREITo 1, v 7 LY MITELARE,
HlEERo A OEHK 10mM
Tris-HCI (pH 7.4), 1M hexylene glycol, (.5
mM MgCl,, 1 mMEGTA, 2 mM leupeptin,
0.01% aprotinin] thc 265 —-vov ) vy%
HuwTheYFr A4 X Ll FEEYVR— M2
1,000 X gicT 10 /il O L, B ohicttBy
BHEUEEEHRIC THRERL, WETHbBEK
218, Mg, D icHAVCHlaEERD 2
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B (200 — 300 p D) o AEEHE (50
mM Tris-HCl (pHT7.4), 1.5mM EDTA, 1
mM DTT, 10% glycerol (TEDG), 0.3M
KCl, 2mM leupeptin, 0.01% aprotinin] 1
I T0C, 30 43 L7, fhH#% 15,000 X g
2T 60 iR, EFEEED Ih% HSG i
B & L, Boni HSG iz, DT
WK NE “FUVBEEY 7 MR K& B L RE
VRLL A Y& DRIV,
3. in vitro BIER RARa 72 5 Ui RXRa O FF
5

t FRARaZ S5 VICRXRa D2 E%: 3 —
F 4 % cDNA % pGEM-3 7% 5 U i< pBlue-
script CHlAIRAAKE 5 X3 FRy § 29
Yy 71r=7KH¥vPxzT%K, Dr. C. K.
Glass L O ) % &% fEITHIREZTY)
Wr %, 2,000units / mL RNasin (RNase
inhibitoy, Promega, U.S.A) OFAF T, NTP
B&# (Pharmacia, Sweden) & T TRNA &
YA S —¥ (FlESE) 2BV Tinvitro B
TEBA2ITWENENO RNA 28K L1, o
SVT, BT I BOFGHETTY 4 FERR
¥R (Promega, U.S.A)) O%%H\\ 7z in vitro
B 38ERZTV, RARa7Z 5UICRXRa
Yy BB LT, B LIcy o33
BICHIB O HSG LY D54 L ERkic L 2
HYRT LAY EDEABITICHV,

—7, in vitro ®IR Y v ¥ 0 DHTRBEHT
33 ERICB VLTI, methionine Db DI
[®*S]methionine (39.18 TBq / mmol, ICN, U.
SA) 2BURET I/ BOGATRTHR%E
fToto 8507 RARa 5 RXRa &4
2 11 IZEE d sodium dodecyl sulfate (SDS)-
sample buffer [0.20 M Tris-HCl (pH 6.8),
4% SDS, 10% 2-mercaptoethanol, 20%
glycerol] =&ML, 100°C SN X 3
Al LI 5 T SDS AL SDS R Y 77 Y v T
I FHALVEBELKE (SDS-PAGE) 21T - 720
20 bATERENRIC T 1.5 BSlElkBI 21T - 18R, 7'
EUBRIEINA TS T 4K D S D
=R L 7%, SDS-PAGE o FE~<—Hh —i
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BEUTIERT 5 [“Cl-E#iva v F—=—
# — (Amersham, UK) %2H\7, [myosin
(200 K), phosphorylase b (97.5K), BSA (69
K), ovalbumin (46 K), carbonic anhydorase
(30 K), trypsin inhibitor (21.5K), lysozyme
(14.3K)]
4. FUVBEFE Y 7 r it & % RARE & O
& DT
VF /A VL e TS — BEEET (RARB)
D5 k7o e—4%—IicHFET S RARE, ¢
THHE BRAREZ B URIB2TEO £ v X
(5-aaggggatcGGGTAGGGTTCACCGAAA
GTTCACTCG-3) Bo PR T v F v 2R
(5-aggaagatctCGACTGAACTTTCGGTG
AACCCTACCC-3") A1) IR 7 LA F NEH®
ZEH L 7o Grik L fcigs DNA 13, 489% urea
(BRL,US.A) 288 125% ®V 72U VT 3
FAVEROTREREZT - oo MHET7T=—
%, [7-“PJATP (222 TBq/mmol, NEN, U.S.
A) THREBEHRL, chit7o-7ELTUF
DIEEEBICH VI, Ril2B L U3 THRRL
4 vy RARa Qul), RXRa (Gul) 75
i HSG #hth¥ (2—8 1) %, 10 mM Tris-
HCl (pH8.0), 0.19% NP- 40, 6% glycerol, 1
mM DTT, 1ug polydeoxyinosine-poly-
deoxycytosine (i Clng @ [7-*PJATP- &%
7a—-7 (10cpm) &0C, 304MHEA vy *=
N—p LEEGT T RBER20 1D, #EER:
B DNA— % ¥ ¥ 7 88K (5 pul) 24%#
V72007 FAVIIRERBL, X0.5TBE
[X1TBE=90mM Tris-HCl (pHS.0), 90
mM boric acid, 2 mM EDTA] fic T, 150
V, LhRflESkE 2T ko 7o — 7 L OfE
GV FERET DI, KBIKTHROF V
TEBRSE, X7 o vsE2ERT-80C K
T 14— BB s ¥, RBEGORKRREY
BRTO T ELARE Lk, b5, [PP]-1EH
BRARE [ZBFE (50 f5— 200 £%) OIS
BRARE, 307 vaanvFaf FL AR
YAz LA vh  (glucocorticoid response
element, GRE)™ %A - HEEREITL, &
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5. A6/ 7ay bk

ik 2 TR L 72 HSG Mok (5
«1) 1% &0 SDS-sample buffer 27 L 72,
100°C 5 ML U n7A{k7s © Uic SDS fLik,
L4 viR—<—#H—&& b SDS-PAGE %
fTotco ¥NMIE10% T2 VLT I FAVER
W, 12 mAEBR T T 1.0 BRpkE) Lt PkEHK
T#% # v Eo® % vy (3Clear Blot
Membrane-p (7 b —) 12 8 VOIEETICT 1.5
B EBSABIIC 5 v 27 7 — L, 230
THEIZ5% dried milk, 0.19% Tween- 20 25T
Tris buffered saline [20 mM Tris-HCl (pH
7.6), 137 mM NaCl] (TBS) thic4°C—Hg#iE
L7ay v &iTote, 7Ry d V7T
%, % 04% €35 F v - TBSIZT 200 fEic A
B LAHRARa 72 5 it RXR a Hifk £ 0°C
1A v F 2 "= b Lizo 2 IREGUALIBED—
#H o # ff 1< |2 Blotting detection kit
(Amersham, U.K.) Z#fHW\, TEY v —EXF
YTIVAY T4+ RT 74— EHEICLD RARa
150 RXRa 28 L,

= S

1. in vitro iR RARa 73 5 i RXRa &
BRARE & 056G

1ZU»Iic, [®*S]Imethionine % H\\ T in vitro
BRSH/7~RARa 5 5 FICRXR a ®
SDS-PAGE f##r %7\, =—h—O5#E%E
bricpraERA~NK (Fig.1), 7v40 75
74— U WRIic kY, Wivte 7y —3I3EE
LBy vy rsunsy FELTESNL
(lanes 1, 2) A3, /Nv FO#ES#®L, (ET
BHbHTROEHCHESNETH -7 T
TR EGHE EES LcE T A,
RARa, RXRa &t bicbhd +a st v (K) i<
vy Ny BB ot (lanes 3, b, £17,
RARa ®/3 v F DA RXRa D /¥ v KT
NFELLHWT EA S, RARa OFIERZIR Y
RXR a OBRMBICENFGO EBHS M E
7576 RARaM S5 VICRXRaZzhZEHD
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Fig.1 SDS-PAGE analysis of in vitro-translated
RARa and RXRa.
A plasmid pGEM-3 containing 1.4 kb-
RAR a@ cDNA or pBluescript containing
1.6 kb-RXRa cDNA was restricted by
Sall or Xhol, respectively. Template
DNA (5pg) was precipitated with
absolute ethanol, suspended in sterilized
DEPC water, and transcribed in the
presence of [®*S]methionine using TTRNA
polymelase in vitro. After transcription,
RNA was precipitated with ethanol,
suspended in sterilized DEPC water, and
translated using a rabbit reticulocyte
lysate translation system (Promega) as
described by the supplier. An aliquot
(2u1) of the in vitro-translated RARa
or RXRa was mixed with an equal
volume of SDS-sample buffer and
applied to SDS-PAGE gel (10%). After
electrophoresis, the gel was treated with
Amplify (Amersham, U. K.), and dried.
Fluorography was performed at —80°C
using Fuji RX X-ray film. Exposure time
was 24 or 6 h.
Marker proteins ; myosin (200K), phos-
phorylase b (97.5K), BSA (69K), ov-
albumin (46K) and carbonic anhydrase
(30K) were applied on the same gel.

cDNA BEHp o #E s L 2B RAR a (462
73/ BOUICRXRa 4627 I /R D
NTBIIEBICHMKTHD, AEBRERIZC
nic—H L7, #-T, BIRRARaB ST
RXRa ZLWIFNSEETH S LRSI NI,

zZTkiE, ThoBARRARa B 5 VI
RXRa & 7u— 7 BRARE & DAV T
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FUVBEEY 7 MTic kO RE Lic, A
By 7 bEICBWT, FYo—7DNA &Y v
Ny EEA L DNA— ¥ vy HAKAETEK T
5L, HTRRIAKELBY, YL ETOEHE
70— TDHRICENNS LBV Fid
LIz 5N 3, invitro BIER RARa 75 5 TS
RXRa &z nZhHifluc, & 20 IxM&EILE
TS THGHEER 70 — 7 [PP] BRARE &
Bk, FEERV T2 ILT I FFL (U%) i
TEXKHZITV, F—+ 7394757 4 —1C
by 7 bLEEENNYFERBL

(Fig.2A)o RARa 75 50N RXR a DX &
L THW o 4 FRRIRMER (A, lane 2) (3,
70 —T7DADEE (A lane 1) E[ElkEic, 7
O—TFEDESERT Y7 b LNy FIZED
SN -tz, £, RARa7 50 RXRa
zhzhliflicid [PP] BRARE & 0541328
wonth -1z (Alane 3, 4), —4, RAR-
at RXRaDEHFEFicBVWTY 7 b LNy
FAHE L (A lane 5), TR, 475b
% RARa iz & %5 BRARE D8 ic RXRa ®
FHEENEET S E VS HIRIE, BRARE T
D RARa —RXRa~7 o A = — DK%k
B3I 5b5DTH 5B,

S XIZ, BidL7 RARa, RXRaiFEFT
H#4 2 [*P] BRARE & DA/ NV F DS
Fesiti%, @EEOBA DNA 2HVTRITL
7z (Fig.2B), %54 DNA I[C 37— 7 &
@ U BRARE, 7550 GRE 2\, B7S
A, FvaanFad Fre74— (GR) I
L DERMICEBRENGRE D3 v+ v+ xfig
511l AGAACA TH b, RARITX hERMIC
ABSISNBRARED 2 v & v 4 2 B ¥
AGGTCA & 3R 2%, HiAHKEBROHE,
RAR a, RXRa T ic th8l4 %5 [®P]-
BRARE L O#EA/N v K (B, lane 1) (343
7w — 7 D50 % — 200 £% 18 Bl o K=K
BRAREBEHAFIcBLTLFh bk L1 (B,
lanes 2 —4) 45, GRE TIiikLih -1
(B,lanes 5 — 7)o T O§ERM S, FlRL &7
% —& [*P] BRARE & O#E& I3 RIAITH %
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Fig.2 Bindings of in vitro-translated RARa

and RXRa to [*P]BRARE.

A : Gel-mobility-shift assay was carried
out using in vitro-translated human RAR-
a (2ul), RXRa (Gul) and [7y-*P)
labeled BRARE (1 ng). In vitro transla-
tion was carried out as described in the
legend of Fig.1, except for the use of
unlabeled methionine instead of [*S]-
methionine.

B : RARa and RXRa were incubated
with [YP]JBRARE in the absence or
presence of an excess amount (50, 100,
200 ng) of unlabeled BRARE or gluco-
corticoid response element (GRE). RAR-
a and/or RXRa were incubated with
[*P]BRARE (1 ng) at 0°C for 30 min in
the presence of 0.1 M KCI.

The mixture was applied to 4% poly-
acrylamide gel and electrophoresed at
150 V for 1.5 h. The gels were dried and
exposed to Fuji RX X-ray film at —80°C
for 16 h. The sense and antisense strands
of the BRARE probe consisted of seq-
uences 5-aaggggatccGGGTAGGGTTCAC
CGAAAGTTCACTCG-3’ and 5-aggaagat
ctCGAGTGAACTTTCGGTGAACCCTAC
CC-3, respectively.

Vs mis S i S
gl il L TR SIS

Cotidineg
il

ZEMREant,
2. HSG ¥ & BRARE & D#sS

HSG ffITREB L T\ 3 RAR (3, BG4
1S EHE PR RER B2 A E T SR B & L
T, BRICBY 2ENETOToE—5 -5
S0iE T vy —HIBICHEET 5 RARE &
DIEGDMATH 5, £ TR UDIT, Afffa
D RAR HBIEM A2 H T 2 h&h % [#P]-
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BRARE & O#EAFERIT L DRI L7zo RAR
SAmSE L THHR L7 HSG @ 0.3 M KCI i
& 2, 4, 8 ul% [“P]BRARE &4
%, FYVEEE Y 7 Mg %7 - 12 (Fig.3A).
HSG #&iiy i High, $2bbiARtEDRF
2 LT [®P] BRARE A L1, iy
Qul ZHHLBE0HA R, - 1 (A,
lane 4) 75, iEYIOBEICE bR VEEA/Y
v N3t n (A lanes 5, 6), 7z, Xt
BeLTHLEBHARAR - RXRD [%P]-
BRARE & 0#E&/Nv F (A, lanes 2, 3) &
Wigd 2 &, it 2 pl cBDHLN B A4
YNy FRETFTFIAMEL (A lane 4), &
MIOHFRBTRIE B T EMRBE NI, il
MoBEEMLZEBICEAD SN BN Y N,
Qul THONI AL vy FEaRulic BT
<70 (A lanes 5, 6) ZDIEHERAED
HIE 2 RS & 78 5 72 T DFEE I3 HSG
¥1& BRARE & @ # 41K D heterogeneity %
HRAEE2HDTH %,

BeWT, HEEORREMEFENS OB R
DIAEF RARE 73 5 O'IC GRE I & 3 A%
ER%1T - 72 (Fig. 3B), T OFEH, HSG &
Y& [*P] BRARE L fE& /N~ F (B, lane
1) 3, #@FED BRARE OfFEFTHAL K
(B, lanes 2 — 4) #5, GRE TI3HELEH -
tz (B, lane 5 — 7)o $~ T HSG iy &
7u— 7LD IIRFRNTH S EMREN
155
3. HSG#uicEB1F % RXRaRBlDA L/ 7
oy BT K AR

%< OIEFEH#TRXRa DRBMBED SN
TW 39, HSG #ific 1+ 5 RXRa DREBL
KoWTORFFRIAETHREILTLARL, £
CTCHRUAER VA A Toy bikiTkD
HSG i MIcH 1+ 3 RXRa DREBIC>W\WT
BRit Lo BMNLE 7% —Tdh %RXRIZ
RAR & Atk il D NICRET %4, in
vitro T4 A4 v, 7&Zi303—-04M
KCI72 ETRAR & & bt oHlitiah 3 C
EMHS M ERL > TWAEY, £ 2T, HSG fila
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Fig.3 Bindings of the nuclear extract of HSG
cells to [*P]BRARE.
A : Gel-mobility-shift assay was carried
out using the nuclear extract of HSG
cells and [*P]BRARE. The nuclei were
prepared from 10" HSG cells and
extracted using 200u1 of 0.3 M KCI in
TEDG buffer. Aliquots (2, 4, 8u1) were
incubated with [*P]BRARE at 0°C for 30
min in the presence of KCl at final
concentration 0.1 M. Lanes 2 and 3 show
the band of RARa —RXRa bound [*P]-
BRARE for comparison with that of the
nuclear extract.
B : The nuclear extract was incubated
with [¥P] BRARE (1 ng) in the absence
or presence of an excess amount (50,
100, 200 ng) of unlabeled ARARE or
GRE.
Details are described in the legend of
Fig.2. Exposure time was 16 h.

® 0.3M KCI #hiti#ic >\ SDS-PAGE #
ITOHRXR aditkic X a2 KAk, D
R, RXRaDfFfEARYT 4K LD/ v K
BE» S h -1 (Fig.4)o —4, RARa®d
HRAEHRVS L, 4K {HIic RARa D/
YEBEDONI, 146/ Toy bOXGEE
fllx ¥ RXRa O % & SicadA 7248, RXR
aD7oy bRESOBE- (F—7IdRE
W),
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Antibody RARa RXRa

54K —|

-30

215
—14.3

Fig.4 Immunoblotting analysis of the nuclear
extract.
Aliquots (2.5u1) of the nuclear extract
of HSG cells were run on the SDS-
polyacrylamide gel (10%). Immunoblott-
ing analysis was performed using the
specific antibody for the C-terminal
peptide (17 amino acids) of RARa or
the bacterially expressed DNA binding
domain of RXR a. Detection was carried
out by the avidine-biotin-alkaline
phosphatase method as described in
Materials and Methods. The molecular
weight markers used were myosin
(200K), phosphorylase b (97.5K), BSA
(69K), ovalbumin (46K), carbonic
anhydrase (30K), trypsin inhibitor
(21.5K) and lysozyme (14.3K).

% =

INFETICRAR IR a, B, 7TDH T 44
THEET B ESRES TV A, fi it
3 HSG #ific i3 RAR a® 8 & T v GR¥E
) BIETFHFEELTVWAI L%, mRNA LS
ey vy LRV TROWHE L, BEPEIC
BROICRHESNBRAR Y P LRI,
RAR a 3/Mg, THEE, #E, IR, F5, B
BR7s L2 SUAEERNOL < OFlE I RESED
5h, FOERREIEICb > TWLWBEA, F
7z, RARa iZfilAORE, b, 2MbEwv-ik
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AN SHEIEIC b 2EEHIHNT & bF X
5N 5%, AW TIZHSGHIIC B+ 5RAR a
»3 HSG #liffa o ¥45iE % 43 (b & W 2 ic il i 4 %
», THbb5 RARa I & B ENBLETFOEE
IR ORI 2 HAg & L, HSG #ifdd RAR
2 &L E BRARE & DS DRI %
A A1z, HSG 1D RAR & BRARE & D
BERET DB, LB DD IR RAR ®
RXRO &S BHfbshicr e 7y —2HOVT
BRARE L D#EGEFANRBZ L IZHETH D,
fEORRRDEWILI EE { OEHERMT 5, F
7z, RAR @ RARE & o#tEaERIcB L Tid,
COHIFERXR ED~F 054 < — D NE
PEAIRIBEN TV BZ UBEOps keSS [ 2 —
T7bH b RAR BT b RARE IciEAT % &
OHELESHVVBETOHERBPE V. TITA
EERTIZE S, invitro TEIER L7 RARa T &
3, BRILZAEYRT LAY FTH5BRARE
DRHBEBR RXR a 1177, FHETICTRR
Ltzo TO#EHE, RARa (3B Tld BRARE
AABTET, RXRaFE T TD A BRARE
ERBIT B EBP S EL S (Fig.2A),
IR Yu 5 0EPE—HKT EH5DTH %,
—7%, HSG &#hi#¥ & BRARE & ofE& % H
~NickER, HSG ¥ 85 © BRARE &
AT BIENHSLLEL 51 (Fig.3A), T
DFER &, RARa 3B TId BRARE %323%
TERVWEWVLSIER (Fig.2A) » 5, HSG ¥
4 E 4> i RAR @ RARE & 054 % 14
Mg BRFHIEET B EDmRBE N,
KR, HSG ¥ & BRARE & OfE& /v
N DfiiEH RAR + RXR & SRARE & 04
Ny FONEEREKR S (Fig.3A) T&ick
D, HSG Kt ic i3 RXRa & I3 3
RXR R FOHFESFEI NI, &5, &
HHYE SO BAEMR L BICED Sh A S
/N F @ heterogeneity (Fig.3A) »»5, RAR
EHHEMEMA Y 5 RXR BIRFIc 3 BEREAS
HalfetE s E Z St

RXR IZ 3 RAR EFEIBRICY 75 14 7L
TEHIEMREESNTVS, TNETICE T
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HRXRaW& B2PMRsa—=vraEntTVn’
B, 2OHTH RXRa BEKNOE DR
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