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Transforming Growth Factor-beta(TGF-5) as a Mediator
of Tamoxifen and Retinoic Acid in Breast Cancer

Hy De Lee, M.D., Dong Sup Yoon, M.Il, Chul Woon Jung, M.D.
and Ja Yun Koo, M.D.

Department of Surgery, Yonsei University College of Medicine

TGF-A is multifunctional regulatory homodimeric polypeptides and regulate cell
differentiation, cell growth, cell function and is the most potent growth-inhibitory polypep-
tides known for a wide variety of cell types including most normal and transformed epi-
thelial, endothelial, fibroblast, lymphoid and hematopoietic cells. The production of TGF-8
by the estrogen receptor-positive cell line MCF-7 has been reported to be most affected by
antiestrogens, and Tamoxifen caused a 5-fold increase in production of TGF-8 by MCF-7
cells and its regulation of TGF-8 production was thought to be posttranscriptional. Recent
work has shown that the proliferation of both mouse and human keratinocytes was poten-
tially and reversibly inhibited by TGF-A, and that retinoic acid induced TGF-4: in cultured
keratinocytes and mouse epidermis. These results suggest that the regulation of TGF-8:
expression by tamoxifen and retinoic acid may have a important role in control of breast
cancer cell growth. To obtain better understanding of how tamoxifen and retinoic acid
could regulate growth of breast cancer cells, we carried out this experimental study.

Using phencl red-free medium, we cultured MCF-7 cells and then treated with various
dosage of tamoxifen, retinoic acid and tamoxifen with retinoic acid , and then observed
MCF-7 cell growth and the production of TGF-A. The growth of MCF-7 cell was markedly
inhibited by tamoxifen, and synergistic inhibitoery effect was discovered when retinoic acid
was supplemented with tamoxifen. Both tamoxifen and retinoic acid increased the secre-
tion of TGF-3 & TGF-&, especially TGF-% The mRNA induction of TGF-% was increased
by treatment of retinoic acid and it was more increased by treatment of retinoic acid with
tamoxifen.

As these results, we concluded that Tamoxifen and retinoic acid increased the produc-
tion of the TGF-8, retinoic acid may be used as second postoperative adjuvant therapeutic
agent of breast cancer,
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of ME71 A HEX 75 #93 = mechanism
2 o} Ao Hadelr] ¢ o] s]He] gl
=d o] 3 sl Growth factore] #4de|c),
Transforming growth factor-beta(TGF-8)=
ol-¢ clabgt 7]5& 713 homodimeric polypep-
tidesE 4 cell differentiation, growth, func-
tion& FAY #watk ol o2 £/ A Z(nor-
mal cell % transformed epithelial, endotheli-
al, fibroblast, lymphoid and hematopoietic
cetls)oll4 7}% 7}¥¥ growth-inhibitory poly-
peptides® ¥eiz 3slew, fukqt Az 47 W
Aol glolx2 o] zhgel e AL Fl&elA
¥ elch.

oA fgle] #F =P (estrogen, progesterone,
prolactin, androgen, thyroid hormone3)s <
A7 glvke AL & deial el o] Foy
% %% estrogend EHe2 & F Ut H4
frafrel WEu] 2)EAe] sk AL fud #Ab9
50% o]4}ell4 estrogen receptor{(ER )7} #at=ni,
ER(+) &212] 60%, ER(~) &#79] 6%lH 22F
Z 8 (tamoxifen)ell Wge] sl AFE o 5 4l
ot 7 A 24714 3 ER(+) &4 3 328
Z ol whg st BRAF ] Halol dislede of
A ge d77 AgFel 3k Estrogenc] TGF-g,
insulin-like growth factor I % platelet-de-
rived growth factor®] #»| 9 mitogenic acti-
vity & E71A171=4d v &, 198751 Knabbes| 9
#% ER(+) MCF-7 cell linesld TGF-8=
antiestrogen<l 28 71A4E WA gD dges,
=3 Tamoxifencl ER(+) estrogen-sensitive
MCF-7 celledl#le B34 4 9 TGF-84 &£¥lE 5
wojy} #AE) F714)7]=dl Hlsl ER(+) estrogen-
resistant LY-2 cellld= 234 ¥4 & ¢
8led o)zlo] Tamoxifencl ¢tAlZ AxgoA x3E
vl PlAe Aelelm B w3tec}, Retinoids
HA| Aze] AR i st Ta AR G
27 stoi} cle] o] sl wol Uiz glA
gtth. #T mousert A4 keratinocytes 34| ¢]

o1& i 34

TGF-g% &=} ZH&A GA=Z", cultured ke-
ratinocytes®l mouse epidermiseld TGF-5.7}
retinoic acid® 2]# induction ¥& #HFstge
%, ER(+) cell lines| 4 retinoic acids} tamo-
xifen®! W&o AAYA 2tee F71E Zadc:
ge Barge] slen.

alo] AAEL tamoxifend}t retinoic acids}
TGF-£% ¥4 € 4 3&A, TGF-871 tamoxifen
# retinoic acidel 2# oW r|HeE RAFE:
e AgE Fitod Hskn, Fuy #Ae} z2E
2 gl ¢lel tamoxifens} retinoic acide] 8-l
gt 0|24 w]AE AAFaz} o] Ay AFE A|Y
gkt

AME 9 WYYy
1)} Cell & Cell culture

Aol &% celld- “American Type Cul-
ture Collection(Rockville, Maryland, USA)” )
A FFuhE MCF-7 cell& A431804, celld] #
A= IMEM(improved minimal essential zinc
option medium)e] 5% FBS(Fetal
serum}g EQEH £AE AHgstgd)

413} A phenol red? weak estrogen ef-
fect® A7sl7] #9154 phenol red-free RPMI
1640 solutions] Sigma A%<l 1 xITS{Insulin,
Transferrin, Selenite)®& E¥ste] Algsloden,
passage 100 o8} A ZE Apgalo] Al3s} o),

bovine

2) Growth inhibition assay

MCF-7 cells& 6 well flaskel | welld 2 mle]
1.5x10°04 ¥& % reagents(Tamoxifen, Re-
tinoic acid)® HA%H, | welld 05xCu H,
Thymidine® % 242t F9t incubation@}.
Incubation ¥ 2.0ml¢] Methanol: Acetic acid
(3:1)& 1217t E<t cells2 = (fixation) 4% o}
2 2mle] 80% Methanol2 cellsg 23 wash ¥
% 0.5ml Trypsin(0.2 mg/ml Gibco stock)s 4
FoAEe A 1A F whAE F 0.5ml 1% SDS
B Y7 58 F beta counter® ME 52 &ty
c},
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Ay Fal(day 0)2 beta-countd 100%2 &1
A l(day 1), 3(day 3), 5{day 5)dA 4% <
& Ay el ok WE-E2 Hasigd

ol4be] W& oi=F, tamoxifen 9T, reti-
noic acid ¥ % tamoxifen®} retinoic acid
e Rofofrl zt2t AlYste tamoxifen, reti-
noic acid, tamoxifen+retinoic acid®] MCF-7
cellof =g 43 A4 RAF wn F498H0

3) Quantitative radioreceptor assay for
TGF-3

ol &, tamoxifen ¥, retinoic acid ¥+
9 tamoxifen®} retinoic acid H& FofTtel 22
TGF-% 9 TGF-5 ¥ui=sFe &AL day 599
David Danielpour® Sandwich ELISA{enzyme
linked immunosorbent assay) method8-9)%
AH45tedcl, § Reagentsz A% zhzhe] condi-
tioned medium-Z binding buffer(DMEM, 25
mM Hepes pH 74, 0.1% Bovine serum albu-
min}2 3¥9% serial dilutionglt}. TGF-beta
Standard curve® construction(l~3,000 pM)3}
o] z} plate vlv} normalization ¥ % Room
temperaturesl 4 2AI7t5at binding #=F §o}
Ice-cold wash buffer(Hank’s buffered saline
with 0.1% Bovine serum albumin)Z 2% #&
F 50 pM2 125I-TGF-beta(50,000 cpm/well )&
W47} & o+ icecold wash buffer® #x:
37°Cel 4 20% incubation A]%1% gamma couter
2 A4e b8 Staudard Curves} wjmsle] TGF-
betad guantitation ¥l Solubilization buff-
erfl% Triton X-100, 10% Glycerol, 20 mM
Hepes pH 7.4)5% #A7lgc},

4) RNA isolation and Nothern analysis
of TGF-2

ReagentsE& AHelslz oA 7|3te] 23 F 2
Sample(Flask)o} ] Conditioned medium% ¥
% GITC(Guonidinium Thiocyanate)-Phenol-
Chloroform Extraction %8 |83« RNAF
2%}, 3, T-150 flasksS PBSE F9 433
F GITC 2mlE& ¥2 ¥ 54] cell&2& scrape &

k. 0.2miel 2M Sodium acetate, 2mle] Phe-
nol, 0.4 ml® Chloroform-isoamyl-alcohol(49:
1)& 4718t Centrifugedte).

Agueous Phase® fresh tubeo] ¥& % iso-
propanol 2mlE #718te] v}A] Ceutrifugedict.
#%% Peiletd 0.6ml2l Solution DE H~}slo
4388 % |volumed isopropanoclZ precipita-
tion A7c}, 4°Celd 1027 948e]ge] RNA
pellet& 75% alcohol®]l Resuspension 2|31t}
ojglA ol ztzte] RNAE |% agarose-form-al-
dehyde gelsl A719F 27l NYTRAN(Sch-
leicher and Schuell)e transfer +|Zlc}, A
Klenow® A48 random primingd single
strand¢] DNA PROBE (TGF-beta 1, TGF-
beta 2)3 At&s}od transfer¥ RNA Filterol
Hybridization A7}, 65°ColA] overnights}od,
ela] | XSSCe 0.5% SDSE F¥ Washing & #
Autoradiography %t} Autoradiography 3%+
RNA bloté& densitometer® ZAgc}.

o] utgl2 Chomczynskin'# Single method
£ AHgstedch. TGF-83 29 probex 2z} o3
National Institute of Health®] Dr. Seong-Jin
Kim# Dr. Michael O'reillyd gift2 d3e &
At

-} o}

1) Tamoxifen, retinoic acid & tamoxifen
+retinoic acidel MCP-T cells growth
inhibition(Fig. 1)

H&F, retinoic acid <%, tamoxifen ¥4
9 tamoxifens} retincic acid H& FoJF el
day 08 7122 day I, 3, 5944 beta count
vlge] #Hile fEF 100.0%, 103.0%, 121.0%,
retinoic acid 57 1185%, 110.0%, 108.5%,
tamoxifen ¥ 100.0%, 81.5%, 75.0%, tamoxi-
fen¥} retinoic acid =4 ¥oF 105.0%, 70.0%,
68.5% 2 dehder, ol& tamoxifen Fo3
tamoxifend} retinoic acid®§ FoFol+ MCF-
7 cells® 4a dAx7} &S 9 FelE Aaleln]
EAHde 2 foF Aele geoey tamoxifens)
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{pM) 354
304
25
20+ [ TGF-betal
154 W TGF-beta2
104 E: estrogen
T: tamoxifen
5 RA: retinoic acid
0_
control RA RA RA RA E T E+RA T+RA
10-* 10°* 107" 10°®
Fig. 1, Growth inhibition assay.
1304
%) 1201 —=— controf
— RA .
110- (pm)y 30
y —— TMX 251 -+ control
100 - RA
904 ~+— RA+TMX 201 o TMX
151 - T+RA
801 RA: Retinoic acid 104
+ etinoic acl RA; Retinoic acid
701 TMX: Tamoxifen 51 TMX: Tamoxifen
60 L ' i 0 i L 1 'l L N
61 3 5 0 1 2 3 ¢ 5 &
(days) (days)
Fig. 2, Secreted TGF-beta | and TGF-beta 2 in CM. Fig.3. TMX & RA effect on the TGF-beta 2 in
MCF-7 cells.

retinoic acid ¥4 F9F 4 tamoxifen £&F
Bet 4% oA 44 197 Glee B ¢ 5 A
t},

2) Becreted TGF-8 and TGF-3. in CM
(Fig. 2)

A9 544 o&F, retinoic acid E£HF(107
107%, 1077, 107*M/L), estrogen FoJ3F, tamoxi-
fen ¥, estrogen+retinoic acid FoF 9
tamoxifen+retinoic acid FoFdAH TGF-43
TGF-8; 2vag 24¢ 45 TGF-A& 2E {4
A fralgk 2717F gldert TGF-A9 ¥ule gz
sl 3.39+0.16 pM<eldl w3 retinoic acid(16~7

M/Le|4) ¥4, tamoxifen o2 U tamoxi-
fen + retinoic acid ¥ el 4 2tz 29.0 + 0.5,
30.1£2.0, 31.6+25pM=E #9§ 77} qglon,
tamoxifen® retinoic acid®4 ¥ojFox 713k
f2g 217 ddgdch

3) Tamoxifen & retinoic acid effect on
TGF-3: in MCF-7 cells(Fig. 3)

H=F, retinoic acid ¥<JF, tamoxifen F49%
% tamoxifens} retinoic acid WE&FoJF oA
day 0, 1, 2, 3, 4, 59 TGF-8 #veks 248 A
o AY 5UAMAR AT BFelA 22 YA Frlalg
o tamoxifen® retinoic acid %4 SojZel4]
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{pM) 357
301 - TGF-betal
251 - TGF-betal
204 control
15 ~~ TGF-beta?
« TGF-beta2
104 control
5-.
0 1 2 3 4 5 8B 7
(days)
Fig. 4. RA effect on TGF-beta | & beta 2 in MCF-7
cells.
15+
1 0.81 093 0.77
1_
%
control TMX RA TMX+RA

Fig. 5. TGF-beta | Densitometry.

7ha o &alA Fs3 s

4) Retinoic acid effect on TGF-52 &
TGF-4 in MCF-7 cells(Fig. 4)

W2F# retinoic acid FoiFolA day 0, 1, 2,
3, 4, 5, 6ol TGF-3 TGF-% #vige 24¢ A
#F TGF-8+ <weld 497 2elrt gdsied
TGF-A+< retinoic acid $97 N4 day 5°1% %
o4 2717 sl

5) TGF-4 & TGF-5: RNA assay(Fig. 5, 6)

Autoradiography$ HFel4 RNA expres-
sion¥ 71§ densitometer® %% A=}, TGF-6
RNAE d2F, tamoxifen §%, retinoic acid
SoZ % tamoxifen® retinoic acid ¥4 FoF
2R 48 FAelrt et TGF- RNA:
A Bea Frlslges 53] retinoic acid ¥

3 1 16 255 115

2

control TMX RA TMX+RA
Fig. 6. TGF-beta 2 Densitometry.

oAZefA 255412 b g 27HE deiurh
x &

frdd2 WRpEe A, A g AR =
< SFoiAed A% AF ATz A3s dAd=s)
¥olAle Aeln], 1093 BABX) ] wiged o3}
H AA 944 F fustel AR wlgel 19879
9.1%°ll A 1993 12.3% & &iulc} Z7) S4e) glch,
ololl wkato] fupste] Y4k 9 % ANFAHE o}
ojulgle Aa] of Fokofl it We AT} Y Fo
e

kel HARA, 28, Aof, 71HY P RHQ
A, oF4 SubAd, dAbdEA f virusTae] @
Aell e wol oeixd 9z, o) 3 =& (es-
trogen, progesterone, prolactin, androgen,
thyroid hormone$ )3 Ad#RA7} qldEs e &
defzl Apdeln 53 estrogend WEHLR § 4
At o fukgre] viitu] g|EAe] Qnie AL
st #2ke] 50% ol4toll4 estrogen receptor
(ER)7} @#%3c], ER(+) #9 60%, ER(-) #
A2} 6%el4 T BE A E(tamoxifen)dl uh-3o] 4]
t AFo®E ¢4 glevh z A%E 2474 ¢ ER
(+) /% F 328 Az & 52 gy AR
2] Aol dated= b g AT AYFA ik

H oF AE7L Y HE 7%« FS8= mech-
anism& Wely A&zoe AHasr) HE e )
A 5 Growth factor®] R @ @& ¥ 5
o] e]Fox|ut glcl, GHEE wioks) A4} d=Ze
&) #[al4d A7et(exogenous growth fac-
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tors)s] Fu$ @ He e, o= wWyd Azt
Ap7zb4le] Agasrg Pty wbisle Azl
AzE el ola-& AlEAL?, o] AFasrF TGF-
a?t TGF-87} 34% 4%8 @9t Bl §
cpew 2 & TGF-g= dil¥ tigd 7l s
homodimeric polypeptides®4] cell differenti-
ation, growth, functiong EAg #qk ofvizl
2] 2%2] A Z(normal cell ¥ transformed epi-
thelial, endothelial, fibroblast, lymphoid and
hematopoietic cells)ell s 7}3 7423 growth-
inhibitory polypeptides® atal4 ale]®, fuiet
dze) A3 9@ Ao gle]Me) olef Atbdl we ¥
A& 71-EolA =%

Estrogene] TGF-u, insulin-like growth fac-
tor II 9 platelet-derived growth factore] &
¥] 9 mitogenic activity® Z71A7&dl v,
198713 Knabbes| 2j5t"d ER(+) MCF-7 cell
linesl 4} TGF-ft antiestrogene) 2l& 713
PAgcte stgdon, md Tamoxifene] ER(+)
estrogen-sensitive MCF-7 celidld: 4324
9 TGF-2] #ulE 5ulel4 dA3] Fr147=d ul
3 ER(+) estrogen-resistant LY-2 cellelid]+=
293 2% A7} anti-TGF-8 antibodies® Fi&}
a A3da zhge] dhAge dAsie]  elzle]
Tamoxifens] ¢AZ 43494 g el 7]
A Aelabz wrdgdci’. =3 BarrettE3 Mur-
rays& #4t 23e] 4AsA TGF-4& YA
TGF-5 mRNAZ7} £& o] A/|3e] FHAEL
3} atdAe] Sl & A Tyde] slctzm f
Hatglom® Colletta¥ s Tamoxifend F-o%
fibroblastsel 4} &< uls] 5~25uw]e] TGF-4
5 Bidg S9shgchm

Retinoidst vitamin A% <49 E324 Ax
o] Faz L8lo Tedsls Fog AR dIAge
v oolg] Z)He] SsiME el daF X o, 3
2 mouser} A1}el keratinocytes £4 <] TGF-4
o ols] Z}sbAd A=Y, cultured keratino-
cytes®} mouse epidermisels TGF-87} reti-
noic acid+l 9/# induction ¥& #¥3ls TGF-4
7} retinoic acid® =4 4R} 8¢ E 4l
Eojetn syt @

o}E2 Retinoic

el3d ¢ 34

acid”} TGF-82 #u]& 57141717 £} TGF-6;
#] Bu)E 2714719, in vivodl4 % active TGF-
£ expression® induction ¥+ retinoic acid|
Lefel gjEATie RaEgic

o]2]gt #HHELE EWE ER(+) cell linesiA
retinoic acidel tamoxifen®] =-&o] AaodA =t
49 718 2xgclE g8 Bigel At Glick
Z.& Retinoic acide} tamoxifens] N¥Fer]
MCF-7 cells®] 50~60%% A &7} U
viE] o|E2] e S 830~90%2 A4 xw
7b g} W wslgd e, WetherallF& o]&2
4 Fojr} N Fold ulw 2e) o]e] AAA &
7} dvbx Harspbgch

H2Eel A% AAE 2d %A 784 (Fig.
Del A tamoxifen ¥ tamoxifen®} retinoic acid
2] W& Foir} MCF-7 cells®] fA4 AadA &
7t L& & sk TGF-52] ¥wlsl sle}
tamoxifen ¥+ % tamoxifen-+retinoic acid
FoZof4 TGF-44 Bule d&2Fa ze]7t g5l
2} TGF-£9 #ule dA43% S7iEged reti-
noic acid F97e 107" M/L |48 ¥=2 4%
Zelld TGF-8 #vle 84% 717k U (Fig.
2). oI+ tamoxifen, retinoic acid, tamoxifen—+
retinoic acid $oi] MCF-7 cellsg] 434 &
#e TGF-£3 #v] 3718 £38ld olFolAH
retinoic acid ¥4 TGF-6 ¥uje] F7l= %
feke| pxdd glEA4ol gL dFsie A ¥
+9len, tamoxifen® retinoic acid® =& Fo
A] tamoxifens} retinoic acid?] &% Foi4] ®r}
TGF-A: 2] 3718 4% 2&o] s1&d & 734
t}{Fig. 3). TGF-# m-RNA<9 24 As#} TGF-L
m-RNAE BE Fo4d Fo3t #e)7t gldden,
TGF-f: m-RNAE retinoic acid Tz N4 b=
Z5r} 2.554 &71slden, tamoxifen® retinoic
acid FoiF14 L1154 F~lslelct(Fig. 5, 6). =
tamoxifen® retinoic acid <o 9¢ TGF-5
2] &7} transcriptonal pathways E3l& 714
o2 A4Z53 e ¢]zle] posttranscriptional
mRNA Stability ¢1%+ %FF o 457 dsdle
g} A4z Lo}

Retinoic acidel ¢]si TGF-&7} 2.5 ol4 &7}
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sle AoE Mol fubt 5eF HzA YokAaA
9o rAl Sebebell A M B4 e 22 retinoic acid
o] olapalartsAde] o] Ao g qlste R F
sled #F§ ER(+) 414 Tamoxifen ¥ reti-
noic acid®} &5 Wald o gAdFo da
shejed Azbsict

| 2

£ oiF: Phenol red-free medium% o834
MCF-7 cell line® AAA7| oldl oz £7F&]
Tamoxifen® Retinoic acidd $olsloE4 A2
g Az TGF-82 444 #asle obga 2L 4
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1) MCF-7 cellel 4% Tamoxifens] & &
A3 dA=4x Retinoic acid F714 44 A4
o} gladet.

2) Tamoxifen ¥ Retinoic acid 33 TGF-#
secretion® 74173 o] ¥ TGF-42 secre-
tiono] ¥v} W)

3) Tamoxifen 2@ Retinoic acidsl <] TGF-
8.2l mRNA inductiono] Z718lgi o]+ Reti-
noic acid®l ofsf Br} F-=g gt

4) Retinoic acid¢] TGF-8 production ¥4&3t
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