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Abstract : Retinoic acid is a signaling molecule involved in the regulation of the growth and
differentiation of various normal and transformed epithelial cells. Retinoids exert their action
through two families of nuclear receptors : retinoic acid receptors (RARs) and retinoid X receptors
(RXRs). There are three types of RARGg, B, 7 for all trans-retinoic acid (af-RA) in mammals. To better
understand the effect of at-RA on proliferation and RAR-expression of a human salivary gland
adenocarcinoma cells (HSG-S8), growth, DNA histograms, Northern blot of c-myc mRNA,
TUNEL-positive apoptotic cells, immunohistochemisry of keratins and the expression level of RAR
by RT-PCR were analyzed in HSG-S 8 cells cultured with at-RA. At-RA decreased the expression of
c-myc mRNA and induced G 1 arrest, resulting in a dose-dependent inhibition of cellular growth of
HSG-S8.

However, HSG-S 8 did not undergo apoptosis, since the frequencies of TUNEL-positive cells in
the group of the culture with a-RA and in those of the group of the culture without at-RA were
almost the same. RARa-selective agonist (Ro40-6055) inhibited the incorporation of [*H]-thymidine
into HSG-S 8 in a similar dose-dependent manner to that of at-RA. Immunoreaction of molecular
keratin peptides with PKK-1 monoclonal antibody decreased in at-RA-treated cells. On the other
hand immunoreaction with 68kD cytokeratin monoclonal antibody increased in HSG-S8. Namely,
at-RA induced squamous metaplasia of HSG-S8. These results indicated that at-RA inhibited the
growth of HSG-S 8 because of down-regulation of c-myc and subsequent G 1 arrest, but did not
induce apoptosis of cells. These actions of az-RA on HSG-S 8 cells seemed to be mediated by
RARa.

Key words : retinoic acid, retinoic acid receptor, cell growth, salivary adenocarcinoma cell

" PR ISEMIENBRR G TV B Y,
By IvARBBHuF yTHEIEH, RIX
VFI4F (RARZE-ZBAIOESY I VA BLy /s —nicifash b sEgani
ORFR) BIRKEERTE L TRRINIIEE %, ENRETLTF -, RICERIETH

]

sy v, HEEH HiaokEs ot 382+5vALF /A B (all-trans retinoic
HREREEE S & AR I B ) BTEEERR 75 &, acid, at-RA) ELIEEMED 9cis LF /4 v

Retinoic acid inhibits cell growth and enhances expression of retinoic acid receptor ¢ in human
salivary gland adenocarcinoma cell’s subclone (HSG-S 8)
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HSG-S 8 #ifd 3 MIMA SRS (SFM1015%
#h, HKBER) T3T7°C, SHBIRMA X DRET T
BEEgxh, #1BMgcE#EREIhTH S,
RN AR B f2 i, 24-well plate 1T HHEE
(0.5x10*MA /well) %, 2 Hi%: (48EFRJAMLER
B 55033 Btk Q4BSRIMEED i<, arRA
(Sigma Chem. Co. St) #ZHuciml 7z, 4
HEII0.08% b Y 7+~ +01%EDTA &8¢
Ca?*, Mg®*-free PBS/A K T 5 4 & AL H
B7°C) LTilazEsy, [ nlic®F L 2%, M
BGTERER O CHlas e B2 72, at-RA 3 <
Y/ = WVICTERR L B IBELO% LT TN
Ay 1 O
2. 7a—HA A MY —

THEIETEL O HSG-S 8 #ila% £, PBS T
etk 0.1% triton X TE#ZICL, 1mg/ml
RNase (5,000 units/ml, Worthington Biochem.
Co., USA)MIEDT%, lng/ml propidium iodide
(Carbiochem. USA) 2 &1:1.12% 7 = v B+
)Y LEKRT DNA L7214, 40mr+—1ov
Ay va%@@Ll, FACScan Flow Cytometer
(Becton Dickinson, Mountain View, Ca, U.S.
A) TDNA R 75 6 %2ERR LT,
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HERE | -+ %5, Quickprep Micro
mRNA Purification kit (Pharmacia P-L
Biochemicals, Sweden) ZHWTHY (A"
RNA 28I L1, #£) (A)" RNA A& ILAT
N7k REELH (5 x MOPS buffer 2.0ul,
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formaldehyde 3.5ul, formamide 1.0ul$ &
U2 ~ 5 pg® RNA 1T H,0, A THE20u
L) TEMSER, 1%7Ho—-ZhTE
KUK EITV, IROVTH VD RNA 24 v 7L
YIZANI—IKEF L, AVvTLYT4s—
BZNATYTALE— Y a vk (50% formamide,
5 x Denhard #& (0.2% polyvinylpyrrolidone,
0.2% Ficoll 4007F#), bHx SSPE (0.75M
NaCl, 0.05M NaH.PO,, 5 mM EDTA-Na,),
0.3%SDS, 5mg¥ s ¥+ DNA, 200pg/ml 410
BTNTIV) THALA vFa~x—1 LI,
PP TSNN LI cmye O — T (EWE T
#) &MAINATY 54 € — v a ViETL2C,
20854 v F 2 X—F L, ZTDR, 10x SSC
(3M NaCl, 0.3M 7 = ¥+ + ) v 4, pH
70) THEL, 2 VT3 74— KXE
7 4L EHT-80CTH BBt S, B
7a—7 L%, elongation factor-1a® ®7
O—7TENM 7Y 5A4E—va vETS 2,
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Hoi—H5 A LIREEERELIMI3E4% 05 &
VAT IF e FTEE (4°C, 305 Ui 0.3%
H,O, 2NA -4 % /7 — VL, RIGE
(100mM # 2 g+ ~ ) v 4, 1 mM ko
2NV b, B0ug/mlE T F v, 10uM B F ok
—dUTP, 100U/ml terminal deoxynucleotidyl
transferase) TA ¥ F 2 ~N— b+ L7 (604,
3T°Clo IRIZR_NVLTF v F—FEEH LT b
TEYYTA vFax—1 (FH 2040 Lk
%, 0.01%H.0: #&¢:0.02%3, 3'- V73 /
VFOVHBETHRBI S, - FF5 2 LT,
BETHEIE R & 0 10 2 R A TEEREET
Vv, BHEEoO—FHEN GEOLAREET
100cd) A L 7o &ffagic Xt 9 5 TUNEL
Bt oB& sz — &~ b TEHE L1,
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At-RA 7RIS 3\ I EASHNEE T AS A AL
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TAC, 1057, BEE L k. oS bEngd
BAPVPrFTEY Y s EFF v -avFry
2 2 (Pathostain ABC-POD kit, FIDGAZE, X

B HTiTo720 0.03%H.0: ZMA it &
J = NVTHUEE (BR, 109D % 10%EEY
FIOFECUEL CHEBREMNREE To w7 L
foo RIC, —IRIUEDIHHA Y rSF e 0
o — > gtk (PKK-1, x50, Labsystems), &
BUVIRHSKD ¥4 bS5 F Y E S 70— F I
{& (348B4, x10, Enzo Diagnostics, USA) T 1
B (37°C), £ 72 13PT RARa B X UH RARy
K1) 7 o—F Pk (x200, Santa Cruze,
Biochem., USA) T304/ (EiR) RISS 7,
Bk, RO A F v EBIi~ Y R
BELY ¥ 1gG I (£, 1h) ¥/,
NI FF Y —EERTEY - EAXF Y T
Y7Ly 7 ARETINE ER) A v Ea
~N—=pt L, RWT0.02%3, 3 VT I/ RUFY
v (0.05 mM Tris-HCD) THfEx S, &kt
FEORLYIKEE<Y R, 504 FME
(x500) ZHVTEtE2 v bo—E LT,
6. RT-PCR

WMH L7220 1ug# Y (A)"RNA % Sumol @
oligo (dT)y-1s primer & & b E ¥ S & 1
(70°C, 1043) #, 100 units ® Molony murine
leukemia virus FR¥EEREZ (Reverscript
I fOesisR) 2SI (50mM Tris-HCl,
3 mM MgCl;, 10 mM Dithiothreitol, 75 mM
KCD) TRIb&+ (37°C, 1HfHD, cDNA %2&
A% L 7o BB L 72 cDNA @ 1 gl % 0.4uM 7 5
A= —, 0.129mM dNTPs, 0.025 units/ul Taq
DNA polymerase %5 {2 (50 mM KCl,
1.5 mM MgClz, 10 mM Tris-HCI (pH 9.0)) T
PCRRIGE B THIBES R, 7714 2—-4&
PCR O 7: 9 DEMHIE RARe, B, BLUrico
Wik Billoni 50 5icE - %, G3PDH
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g (100V EEE, 305 L7k, SRAMES
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Fig. 1. Effect of at-RA on the growth of HSG-S 8
cells. Cells (0.5 x 10*/well) were seeded in
a 24-well dish plate and cultured for two
or three days. At-RA (0.01-10uM) was
added and continuously cultured for 48
hrs or 24 hrs. Statistical analysis was
done by Student’s ¢test. Significant
differences between control and at-RA
cultures are marked with single asterisk
(P<0.05) and double asterisks (P<0.01).
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Fig. 22 The representative DNA histograms of
HSG-S8 cells cultured in the absence
(RA(—)) or presence (RA48h) of at-RA (1
M) for 48hrs. The excitation and
emission wavelengths were 488 nm and
630 nm, respectively. About 10,000 cells
were measured by flow cytometry. The
proportion of GO0/Gl, S, and G2/M
phase cells of each DNA histogram was
determined by CellFit Cell Cycle analysis
software.

HSG-S 8 #Hfa0 &5l = 1E L7z (Fig. 1), #l
Rai20. 1M BE AR IR T, |IRIHO
77.2%, 1uMBE T628% CHELBIIHE XN
foo 24BN & ASKEEINIR D MEEIC > W\ T HE
MEEOMI0LILM U EOBEILSVWTHE
BENED SN/ (Student t-test), T D,
IEAIIEE T ORISR IE38. 4B TH b, 488
FILEE T3 0. 1M BRI TH4.9850, 10pM
BERITS.0EE &Y, ZhxFnigliEs
QUBITIER L 12,
2. MRaRHc5 % 2EH

At-RA (1uxM) T48FEEIMEE L 72 HSG-S 8
A ED DNA EX F 75 L %5RDI, 2D
BB, AtRA MBI X - T, SHomEsREd
L GlEloigozanstEmL - (Fig. 2),
DI &5 at-RA HEAHO G115
S HA~OITAIEI L, HSG-S8#ia%E G111
g &R EBIEL I 5 7,
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Fig. 3. Northern blot of c-myc mRNA. Poly(A)’
RNA fraction was isolated from HSG-S 8
cells cultured in the absence or presence
of at-RA for 6, 24, and 48 hrs. Three ug of
poly(A)’'RNA were electrophoresed in
agarose gels and then blotted onto
nitrocellulose filters, which were
sequentially hybridized with *P-labeled
cDNA for c-myc.
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Fig. 4. TUNEL staining of HSG-S8 cells. Cells
were cultured in the absence (A) or
presence (B) of 1M at-RA for 24 hrs.
Small brown fragmented nuclei are
positive for TUNEL stain.

3. c-myc mRNA #HIc5Z 251%

At-RA i’IN& 2 W 3 AR NES TR 2 L7

fam o+ ) (A)'RNA ZHBIL, /—FvTey
FEfT- 720 at-RA SEARANEED HSG-S 8 #fifaid
c-myc mRNA 255 FEH L Tw/2h3, RAAL
Hick - cxoRBFH s (Fig. 3)s
T OFNRIT at-RA IRINK 6 BRI TR SN, 241
fal TR & 75 0 AR THIHIRN R 1T Wb L 72,
4. TUNEL %

TUNEL [5 £ fd © H BUSEREE (3 ar-RA (1
M, 24h) WEEHIIEFC©1.43+10.54, MALHEEE
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Fig. 5. Immunohistochemistry of keratin peptides
with PKK-1 (A, B) and anti-68 kD keratin
monoclonal antibodies (C, D) in HSG-S 8
cells. Cells were cultured in the absence
(A, C) or presence (B, D) of 1uM at-RA
for 48 hrs. Cells fixed with acetic acid :
acetone (1 : 1) were immunostained by a
streptavidin-biotin-complex method.

Fig. 6. Immunohistochemistry of RARe (A, B) and
7 (C, D) in HSG-S8 cells. Cells were
cultured in the absence (A, C) or presence
(B, D) of 1M at-RA for 48 hrs, fixed with

acetic acid acetone (1:1), and
immunostained with anti-RARe and RARy
antibodies by a streptavidin-biotin-complex
method.
7z (Fig. 4),
5. ¥4 b I F v OGBS rIgE
KO FEOH A b5 F 19 (40kD), +A4



102 P el il EJi

(x103 dpm/well)
> o
A 1

[3H]-thymidine incorporation
|

0001 001 01 1 10 100 0001 001 01 1 10 100

] L ]

(-) vehicle RA(u M)

RO 40-6055(nM)

RO 44-4753(nM)

Fig. 8. Effects of selective agonists of RARe (Ro40-6055) and RAR7y (Ro44-4753) on [‘H]-thymidine
incorporation into the nuclei of HSG-S 8 cells. Cells were cultured in the absence or presence of
either vehicle, at-RA, Ro40-6055, or Ro44-4753 for 48 hrs, and [*H]-thymidine (18.5 Bq/ml) was
added. Thereafter, cells were continuously cultured for 3 hrs, and the radioactivity incorporated
into TCA-insoluble materials of cells was measured.
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Fig. 7. RT-PCR of RARe and RARy in HSG-S 8
cells cultured with or without at-RA of 1
M. ¢cDNA was synthesized by using poly
(A)'RNA (0.1zg) as template and amplified
by a method of PCR. PCR product was
separated by electrophoresis in agarose
gel. Lane 1: absence of at-RA, lane 2:
at-RA-treatment for 3 hrs, lane 3:
al-RA-treatment for 24 hrs.
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68kD # 4 k4 T F VICHRIERIGT B UK
MaREh chEE L la s S bdh it RIB L 1
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D% JE B o S EL & BRI i Bt ic e th L 7:
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6. RAR D8

fiL RARa ik 13 & A & ® HSG-S 8§ fflad
At ic g L, ar-RA ML & - THE
e & —ioogtmttrtéamL 72 (Fig. 6 A,
B). —7, JEMIHRD HSG-S 8 Hfa D #AE (351
RARy JUARICEERG I Y & - 7223, at-RA JLEE
flac iz otk 3k L (Fig. 6C, D),
7. RT-PCRIC &L % RARa & vy DFEH

RARa (3 at-RA JLEE24HE[]#% 0 HSG-S 8
e JEMLE A R TV N v KA3A S
(Fig. 7)o RARy mRNA %3 at-RA JLFH 3
it T U 24 1 (370 L [BITE L 7o A3 JE
PR D L N OVITIZE S 1) - 72, HSG-S 8
fHlE D RARS DFH I3 A SNt - ko (data
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8. RARa & RARy D #EIRK 7 == X 8
HSG-S 8 fifa® [*H]-thymidine O H Y A& I
RiE1EA

RARa DERK]7 =R } Ro40-6055(10~°M
~10""M) & HSG-S 8 fifd® [*H]-thymidine
DY A A% ABKEVNCHE L 7. 7 OiEH
i atRA DB X Z1005TH - 72 (Fig. 8)o
RARy D:#RH7 = = X b Rodd-4753 (10" °M
~107*M) (2 [*H]-thymidine B D ;A& £ <
HELEZ -1, 0TMOSEETIE
Ro40-6055 & [EIFEEE OFHEMER £R L 72,
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DR D, SENOBITHHF LN EEZLS
iz,

5o, RA Zin vitro THEBEINEWER 2R
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z DRIEESNMRESEE L CBE 3T B

KEBEELZONTWS, —4, A UAHEE
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RO L - T, HA5VIdAROEER
Bick-TREBBIEERRLTVS,
RAWRE FEBOIEEY 95/ 41 FORK
SMeictEsr s+ v 1 (k1) OXEBEBEMNEHE
E4 50, —F, BLE 755/ 44 bicxt
LT, RAFHELFRICERNCEET K13
PHE LEYEER T LR oA REIEICEED
KEETAEATFROKIIORBLHMEE 3
EHE RN TV A, HSG fife% RA MLEE L /-
BaP», HSG %2 5- TH Vv F Vv THMEL T
BohiyH 77 0—>rThsb HSG-AZAS .Y
7F 1) )V cAMP TR L 728881, #lamic
68kD # A4 M S5F A KRNI ) VIBAL
N, BELEMEE LTtoiksd Sbint,
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23T 3 S FEBEIC68kD v A b r 5 F v ORI
pEmUEAE RO < —h — LB 5 KL T
BEOYA MrSFUPRDTEEDOTH -7,
Tb 5, RA BB LR OERAR FE AR
X LT, BNFEOY 3 F v ORBEEAFE
L, RELEbAEE S L LEBRESN,
A T HSG-S § #Bf1(2 RARa & v £ RE
LTVWBIEDBHOMICK -1, BlkTH 3
HSG i RARa & 7, RXRa & 8% 2#H
L, RARIZRXR &~7 v _BAEKETL
DNADVF /A vBLAR YRz LAV E
EEL, RADEEZEIEL TVWa I &ML
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DYINT, £ T TAMATIE RARe & RARy
DF7IT=RbEFAVEEREI T, Z08
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RARa & RARB 5 up-regulation &1 5 & W
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AIZ—#&8ic RARa 24 L T A A[REMESS B
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RARy €2 W T HREEHORIFFKICHB O
THREFRICBES T 2 L MESNTVWEY, &
7z, RARy / v 7 79 b= 9 R TCRHEHEICE
BREREERA SN TWSEY, SaoERiER
Tid, RARy ®7 2= 2 + (Rodd-4753) 11210
nM BELIT T3 HSG-S 8 #ifa o #e5E 1o it 3
BEHDBE2L AN - 12DT, at-RA O
FERHEIC RARy OB 5w EBbns, L
L, —HTRT-PCR O# %3 RA YL 3
< RARy mRNA O FEBHEDAERLTH
D, RA iZ RARy 2/ L THEFEEELIA DM S
HOER A RIE L T A TR X
Nz, TNMBED LD BAEHBOMIT>WTIR
LSHORZTHONICT BLENSH L, RAD
ZELEREThFhicBE5 3 % RAR 9
BMFEE, XS F-—sE2FEBIBILICE-
T, RA OZRRISAEHA O OMIRCEII> &
ZZo05,
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All-trans V' F 7 4 v (at-RA) 13 HSG-S 8
D c-omyc mRNA OREAF/LDEH, G1
Bir o SH~OBITEEET 2 C & THiES
MH L 7zo TUNEL efiic & 3RETOER, 7
b=V RICED CBEBEE TR - 7,
HSG-S 8 #ifi3 RARe & ¥ 2B L, RARB
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