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Purpose: Transforming growth factor-3s (TGF-3s) are prototypic multifunctional negative
growth factors that inhibit the growth of many cell types. TGF-8 type I and II recep-
tors(RI, RII) are transmembrane receptors containing cytoplasmic serine/ threonine kinase
domain and have been implicated in mediating TGF-8 activity. Because a heteromeric
complex of RI and RII is required for TGF-3 signal transduction, cancer cells may reduce
the expression of either RI or RII to escape from growth inhibition of TGF-3. We exam-
ined the correlation between the growth inhibitory activity of TGF-3: and the genetic
expression of RI & RII genes in human- breast cancer cell lines.

Materials and Methods: We examined the growth inhibitory activity of TGF-8; in 5
breast cancer cell lines by incorporation of ’H] thymidine. To investigate the correlation
between TGF-B, insensitivity and genetic change of TGF-8 receptor genes (RI, RII),
Southern blot analysis, Northern blot analysis, and Western blot analysis were performed.
We also examined whether microsatellite instability(RER) was associated with RII muta-
tion. ’
Results: We found that 3 breast cancer cell lines (MCF-7, YCC-B101, YCC-B151) were
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resistant to growth inhibitory effect of TGF-8;. MCF-7 cell line expressed no detectable
RII mRNA and RII protein, but showed normal structure of RII gene and normal
expression of RI gene. And we did not find any abnormal expression of mRNA, protein,
and genetic structure of RI & RII in YCC-B101 and YCC-B151.

Conclusion: Our results suggest that aquired resistance to the growth inhibitory effect
of TGF-8; could be transcription regulation system of RII in MCF-7 cell line, and could
be postreceptor signal transduction pathway in YCC-B101 and YCC-B151 cell lines.
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1) faiet MEF e

B AFe o] &3 fugt AIEFE AU
o) FHut AMgATFLolA FYE AEF YCC-
B101, YCC-B1513} ATCC(American Type Culture
Collection, Rockville, MD)ol|4] 3%t MCF-7,
MDA-MB-231, SK-BR-30|t}. A#¥ld} A&3 AE
FEL 56°CollA 3087 BEASAT 10% T
o} ¥A(GIBCO, Grand Island, NY)& 3§}
MEM(GIBCO, Grand Island, NY)-g 7]% ujokaj o
2 3o} 5% CO,, 37°Ce &g, g5 ujkrlellA
sl on, & 2~33 wiAE wstsigict

2) 742t MEF0| Ci8t TGF-8:2] 83 HH|

H|m

Sulol A EZLE 5% 10° celywell?] density 2 24
well plateo] BF3tgich 7} wello] TGF-5i& 5
ngmls] SE2 Helshm 4847 Fek 37°ColA
etk o 2 wellg 0.5 4Ci®} ['H] thymi-
dine 2. & labeld}ed 37°CollA] 24)7F wiokdt o}-&-
Sulol Q| EE-S 1 ml®] methanol/acetic acid (3 : 1
voljvo) Z Aol A 1A7F F<t A AF e} 1 ml
9] 80% methanol2 23] AJHs-3L, 500 pl2] trypsin
(0.2 mg/ml)g 37°CollA] 305 7+ Hel&k 3 500 ul
9] 1% SDS &Heo g2 LIMAAA radioactivityE
=234}t Mink Lung Epithelial Cell 2 €] 37
slglov] TGF-3,9l sensitivedt CCL64 A|EFE
iz HEFeZ Ay o) &3t

3) Southern blot analysis

AA) Skt A EF0)| A QIAGEN Blood & Cell
Culture DNA kit(QIAGEN, Chartworth, CA)& A&
3}o] genomic DNAE Hel3t & A48 A4
t}. 10 uge] DNA-E restriction endonucleases(EcoR1
or HindllE A B33t I, 0.8% agarose gelol|
A7 4E3% L nylon membraneo] H7l UV
cross-linkd}g c}. 42°CollA] 3A]7F E4} pre-hybridi-

zation ¥ [“P]dCTPZ label¥ A} 13 2 A 23
TGF-8 58-4] cDNA probes& A}-§8lo] hybridiza-
tionX1Fr}. vFS membraneg- A& sle] Kodak XAR-2
filmol] x=&A1A d4sl3ich

4) Northern blot analysis

AAl 4 AEFA total RNAE guanidi-
nium isothiocyanate/phenol/chlorform %} og 2
23 3 AYS ARk 10 pge] RNAZ 06 M
formaldehyde S 58l 1% agarose gelol] A 7] <g
%3} Duralone-UV membraneef] #%7]3 UV cross-
links}1t}. 1% bovine serum albumin/7% SDS/0.5
M sodium phosphate/l mM EDTAE 65°Col]A] pre-
hybridization$t ¥ [“P]dCTPZ label¥l | 18
A 28 TGF-8 484 cDNA probes® A-£3}od
hybridizationA] Z t}. ©}8- membraneS 0.1% SDS/1
XSSC &Ho g 23] AL }& Kodak XAR
filmoll :=&A1AH W45t

5) Western blot analysis

AA et AIEES PBSE 2¥ AT F
lysis buffer(25 mM Tris/S0 mM NaCl/2% Nonidet
P-40/protease inhibitor) & Q& Hol|A] 3087 &
BA|A proteing FEl¥ F AHE AW
10 pg2) protein—%‘4~12% Tris-Glycine gel(NOVEX,
San Diego, CA)oll A7) €3} nitrocellulose mem-
brane2 2 &7, human TGF-8 =&l thgt
rabbit polyclonal antibodies(Santa Cruz Biotechnol-
ogy, Santa Cruz, CA)E oj&3}e] ECL kit(Amer-
sham LIFE SCIENCE, Little Chalfont, Buckingham-
shire) 2 7335t

6) Microsatellite instability {3

200 ng/ul®] genomic DNAZ.A] 10 nge] [ °P]ATP
Z labelzl BAT 26, BAT 40, TA 102] forward
primer2} 150 ng®] reverse primerE- primer setQ. 2
s} Taq polymerase E#f3}ol] 95°Coll 4 30%, 55°C
AdlA 18, 72°Coll A 18-L 1 cycleZ 3t S &
& AHhE-E 40 cycle A¥#3At. 5 ule] PCR
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AE-S 3 9] stop solutionz} A 95°ColjA] 45
7+ 71438 % 8% denatured polyacryl-amide gelol|
Al 52°Cslel]l A 7] AFE vhg Xeray filmoll 27}
ZAAA microsatellite?] 4FQlojv} A& R E
Honge

| 1}
1) fabet MES0|l CHE TGF-6,2 83 X

hml

5 ng/mle] TGF-3,-2 X elg ¥ CCL64 iz A

FollAE 90%2 A4 A ZIrt BEAEY
1}, MCF-7, YCC-B101, YCC-B1519|4&= TGF-8,
e Foll= Aol HARA g TGF-B0 of
3 A A S sttt MDA-MB-2312} SK-BR-
3 AEFAAE Aol 50% )8 Ao} TGF-
Bioll gk Aol vlnd {A1¥ S W3
(Fig. 1).
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Fig. 1. Inhibition of DNA synthesis by TGF-3: The effect
of TGF-8, on the growth of five breast cancer
cells was measured by incorporation of [3H]—thy-
midine in the absence(—) or presence(+) of por-
cine TGF-8; (5 ng/ml) for 48 hours. The assay
was done in triplicates. Bars represent SD.

1%l ul, TGF-R9] A% A AlAll Fo% 9%
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Fig. 2. Southern blot analysis of the TGF-3 receptor gene:
10 ug of genomic DNA were digested with EcoRI
for TGF-3 RII gene & HindIIl for TGF-8 RI gene
and electrophoresed. (A) Hybridization with TGF-
B8 RI cDNA shows normal structure of TGF-3 RI
gene in 5 human breast cells. (B) Hybridization
with TGF-8 RII cDNA shows normal structure of
TGF-8 RII gene in 5 human breast cells.
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Fig. 3. Northern blot analysis of TGF-8 receptor mRNA
expression: 10 ug of total RNA from cells were
analyzed for the expression of TGF- receptors.
(A) Hybridization with TGF-3 RI cDNA shows
normal patterns of TGF-8 RI mRNA in MCF-7,
YCC-B101, YCC-B151 which are resistant to
TGF-3; and in MDA-MB-231, SK-BR-3 which are
sensitive to TGF-3;. (B) Hybridization with TGF-3
RII ¢cDNA shows various expression patterns of
TGEF-38 RII mRNA. TGF-3 RII mRNA is undetect-
able in MCF-7 which is resistant to growth inhibi-
tion by TGF-3,. But YCC-B101 and YCC-BI151,
resistant to TGF-8;, express a full-size TGF-3 RII
mRNA.

W2 A EF| w} Xolrt JSE JFE F
ANtk F TGF-5.2] A4 AA| A&l AGAS
Vel ®E MCF-7 H|EFAE Al 238 TGF-8
&4 mRNA W8g {4 g2 YCC-
B1013} YCC-B151 A|EF|AE A 28 TGF-B
&2 mRNAW& o] Aot HbH TGF-,0l
Zaidel ¥l2d fAFAUYW MDA-MB-2314| X
Fol| A Al 28 TGF-8 -84 mRNAQ] st
%3, SK-BR-3 A|EFAAE walo] Zadg
I8l cHFig. 3).
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Fig. 4. Western blot analysis of TGF-8 receptor protein:
(A) The expression of TGF-8 RI protein (size in
55kD) shows normal pattern in 5 human breast
cells. (B) The expression of TGF8 RII protein
(size in 70kD) corresponds with the expression of
TGF-3 RII mRNA. Note that expression of TGF-8
RII was not detectable in MCF-7.
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Holl IE HF oy dH g =A% A 28
TGF- <+&A|9] o 8- TGF-8,0 digt =3
A w3t A 23 TGF-8 €A mRNA 28 £
AL AR F JYIYY MCF-7 AEFNA &4
Hol Je-& #lsd oy Unix] St AESF
oAlA = EF 70 kD] whufo] Waigdg #lsle]
t}. Wby 55 kD9] A| 13 TGF-8 &) e
MCF-7 A|E£F& ¥ B E AEFollA] g
< BEE F AATHFg. 4).

i} &

FoFe AT AN FF FAHA ==
% Al FHAG AE A Azkebe] B2 A o)
A= ol F4 AT B4 AE AR
24 713& oy &Aooz Aaste o
21 F9 shurt AIE A dztbe) whde)] o
Folch20~21). AIE AA AAE A W A
3l polypeptide, ZAH, AE FZ2F Fozr
B 2 5 Jdov £33 42 AE 29 =
Zolr} dHEAAE AE 249 FFS ARy
T dolA A4 AEJ ¢ ATz 8 Ag=E
dl F23F g% drh2).

HEHQ] FAAE QA TGF-BE of$- ook
3t 7]15€ 7}A homodimeric polypeptide 24} A E
AEHH 242 XX A AAlQ) serine/threo-
nine kinaseZ E3 A¥ o] A& =A, T 7|
A2 YA, AE9 23, 4y Js dAE 9
slth(1~4,23). B3] TGFR: A4 Au AE9
ARE AR vl Foll AEES A3 Aol
A TGF-39] A4 oA 248 th3t AeAdE 3
E31A] 5 o]} & TGFBol| it A &
AL gk BAANA oS Fo3 APz Q4
53 gick(12). AAl TGF-82] AA A #Lo)
g AgA A5 fdelu £AE Hg o
o AEFA BaEonj(15~16), thA9
Y FUdNA A AEFE TGF-Boll ZA
o] FAEx ot dAY MEFANAE TGF-B
ol gt ZArAle] £ARUSTE HASSUTH(12).

fetol e 328 X 80 TGF52) 4o}
7hsle] FAIFEL] A AA A el Ry -2(9)
TGF-32] s&AE 58 A% Ad AA7 F8<¢
o A g Age Fa% AL s USE
4 F et

£ dFolAe HA 54 A st AEF
(MCF-7, MDA-MB-231, SK-BR-3, YCC-B101, YCC-
BI5SNE A MEEZ +}3 TGF-6,2] 24] 9|
24l Aol U CCL64 AEFE diz Al

F23le] 7+ NEF9 TGF-9 Z4] AA| =
£oll it A Xl & 243 1 A
37Me] gukel MFEFMCF-7, YCC-B101, YCC-
BI5Doll A & 2 gAe] HE5xof glgle, 2749
Suk9t A EF(MDA-MB-231, SK-BR-3)0]| A= H]
P TGF-4ioll gt rido] BEHO QLS
8t ol gt TGE-8iol] it AgA &
2] 7lA"e] A 28 TGE-B F&A A= wolo)
2]3to] wlelol N EE (retinoblastoma)ol]| 4] HEx 2
Hag o]9(13), YO, 745 HE 4v14),
AAXE HL(15), AR16), HALA7) F o33 &
A Fokol|A] A 23 TGF-B 4&] urs o)4lo)
TGF-Bell &t X344 Y53} Ate] Qi Bw
=it

TGF-39) &4 ¥A-2 TGF-871 A 28 TGF-
B &l A3t ¥ | 13 TGFB FEA9} &
Al(riplex)E HAsHA Hz 2 A A 13
TGF-§ &A7F Q43 fo 24 $43ts|o] )
24 AXER A% A P27 ARG, %
2hA] olZH o2 TGFB A% Ag AAA 4 1

% TGF- &2l Al 2% TGF-8 &A% nht

7HAZ $83% 8-S o= BFta AA &
3} FAZoA A 13 TGFB F&A Aol 23k
TGF8 A4 & 5ol #& B =Foh(18). £
AFollAE A TGF-B,0l A3HALS 5 370
9 kst AEFNA Al 23 A 13 TGF-8
TEA FRAe] WHn o) E F4A) Ty
g A ARE zAstod TGF-Bioll dizk A4

£ 7]AolA TGF-B/TGF-3 &2 23] o
&8 =A st d. TGEBlo sl A kAde] e
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MCF-7 M| £l A A} 13 TGF- &) DNA,
mRNA gl ©h} kg A o]l or} ) 28 TGF-8
T&4)2] DNAE EAl¥ol s B33 mRNAS}H
A o] AR ok3& sk o] A
= SunE(24)8] X9} YXsl= Ao MCE-7
AEFNA TGF-Bi0ll g A H5 7jAL
Al 13 TGF-B +&|9] o)4dol] &J3to] ofa A
2% TGF-3 & ZAgell s &3] A2 =}
Ae] ZAgelglr|HolE mRNA HaE A
AA 24 7179 ol 71U S AN
Beh SATHES). o) 2L ARE HZel A 28
TGF-3 &4 §42}L2) promotor region AA} 2
4 ¥515 PRE2 2918 Qxsh: Dol ERT
(ets-related transcription factor)?] W& o] 7tAx|md
AA7L sl A2 ¥TGF-B 42 mRNA 4
do| £A48S HUY AFATAE AFY F 3
o} s120ch26).

HbH, TGF-Bioll ¥t Aol HA] #el=]gl
@ YCC-B1013} YCC-B151 A|EFA = A 18
T&A 32 mRNA 9 ghuo] whsollE A
& WY o Pk zElx A 28 FEA9
B4 SAANE ol4o] U] mRNAS)
o] YCC-B101& wu]e}3t ubw, YCC-B151& 73}
ek 28uh Western blotd)9] i) wle e EQ
SHAl WSt wEky olE Ut AEF)
A AR Aol JSAIA FAA L
TEEDE, TGF-Biol gt A4 g5 714
o] &A FAA A LHolA g o) Ho}
= TEA olF X AG A4 g
EAES] A £ A4 L4471 AEto g
ol &8k FAARoNA e AEES ndE 5 AR
ch. obF 74 TGF-59] 413 AgG ZH27) A
THHAE FUAT TGF-8 FEA2RE] A%
£ Adse g £A5 EnFa w2 F
H3E3 Q1 Ze] Drosophilia®] WS ZA-sh= MAD
FR32L9] A8l homologueql Smad family £-2}&
olc}. 53] Smad 2, Smad 3, Smad 4%E¢] TGF-89)
AZ Aol Fofdhctn dex 9les(19) M3
o AEA Smad 4DPCHE Ado] T W

E BEEHA o]l F% A #ARY s
Ao| His]x 2 (27~28) %% YCC-BIO1 9 YCC-
BIS1 A|¥EFl|A] o]F EAIEQ W o) o
& A7t desich Ak =3 MCF-7 Al23F
o] AEatol| A= TGF-8 F&AI7} ZAMstA g&A
Tt A EAWlE 7] FEA7F EAgTo] Tt
Hon, o] F F£EAE AX FRolE Ao
7} $A3L kA glycosylationol] o)z} lo] A=
F-&A o] AETto g o)F FHAd| o)4ol
WAste] TGF-Boll w3l A4 85 7154 o] #)
Alg uh29), A4 o2 TGFB 849 ¢A=}
9} 1 wdo| PAE o] TGF-Bel thdk g4 o)
BEASE Aol o] 22 71" ok A+t
g g3}t st

TGF-3i0l] i3t Aol w24 fA=ERH F
AEFoA = oAdet 2 A 13 9 A 28 TGF-8
FAZe}; 2 e Wi o] AAAYE g 5 gl
gtk 28]y SKBR-3 AlEF 2] 79 MDA-MB-
231 A|ESl vl3] Al 28 8412 mRNAS} <
W] Wdoe] nfitolE Esta MDA-MB-231
AEFS FASE Aol S-S #Usin) ut
24 £33 TGF-B: &9 w4 =9} TGF-8
oAl & ZrAate] 4dAol #E AFE Ay
Fo 24 TGF-4:9 ¢ X 8ol H & 7154
< #9% 5 A =Y H Tl AL 9
ol TGF-8 +&AE vFA3 A7l B
o7} utA g o 24 TGF-Bol thdk A gtAle] AE
FollAuk obe} QlA9] FFollAE uhAgo] &
U=, TGF-Bl] thit A gAje] wiet 314
A AEEE 4214 849 74 E A=
(12,16). Wty £ AFdAE ulz2t clAlZ
TGF-8 =& -3 27} Southern blot analysisol] 4]
BAE = AA §HR} FZo| ojite] & 7}
SAE U3 Asle] iAol s E vl
E71 7H4 2 marker5(30~31)2 o]83}e] RER
A o BE gl oy, 2AL WdAE §
Ao o] & WEY 4 glol(data not shown) A
A HAolE ool §lg MeAE HHHez
thA] #1e + U
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B Q7 A#RE Fhd U AEFH
TGF-g;ioll gt A 5L 43t FAdA o)
$+ 9% DA, AgA Y52 /AL ¢
chekit-g & = ik wWakA TGF-8 /| TGF-8 &
A BgAE EFE TGFB Ax A AA AA)
7t &% FA AA7S fAl 83 o] 7=
7b sk 34 Al AR AEdE AR
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