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Abstract

Transforming growth factor beta (TGF-B) is a ubiquitous multifunctional polypetide and essential regulator of cellular
and physiologic processes including proliferation, differentiation, adhesion, migration, apoptosis, angiogenesis and
immunosurveillance. Abnormal activation or inhibition of these TGF-B signaling pathway. including mutation or
deletion of members of the signaling pathway and resistance to TGF-B-mediated inhibition of proliferation are
frequently observed in human cancers. Although these alterations define a tumor suppressor role for the TGF-B
pathway in human cancer, TGF-B also mediates tumor-promoting effects. TGF-B signaling transduction cascade is
initiated when TGF-B binds to transmembrane receptors, either through differential effects on tumor and stromal
cells or through a fundamental alteration in the TGF-B responsiveness of the tumor cells themselves. In the nucleus,
Smads can bind directly to DNA and cooperate with other transcription factors to induce tanscription of TGF-8
target genes. Ongoing advances in understanding molecular and cellular contexts of this pathway will targeting for

the chemoprevention and treatment of human cancers.
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A E
A zFA BEHA T34 (homeostasis) &
HA5EE AEs Fd9 A¥9 7|AE dRHE
Fegudzto] & F o] Fojof Gt o2} &
g2 Axe gd A= & F cytokinesd F
L8 5% Yol g5t YHAh MES} AxF
o 71d3te] #go] Aojd W FPHHE o|FH
o TGF-B o 98 oi7s= 7144 AAME ol=
B g Aol
TGF-B & bone morphogenic protein# activing
¥3st:  dimeric polypeptide HZEE9 =2
cysteineg E@sL Qo] £AZ disulfide bondsE
432 AH]). 712 AU RE AEES2
R0l AUATE UAHIE YAALE, AFA R
E 52 AARAY AEXEE FEs2 2F TGF-B
& A3st TGF-B ol & £8AE 712 Yo
TGF-B A5322 A XZA(proliferation), UA
(recognition), ¥38H differentiation), AFH (apoptosis).
G Eslo] ol27174A dFd FFE A=
d o] FFL2 J&5E 2F oA Ryt ol w)
$4 gAdAM RE FAEE ZFAMEEH ERF
of o]27] AX A Fo] AN FAGTH25).
TGF-BxE 9 FPFHolA & AU JA=
AZA, AFEA, ABAE I & B AW
gol A @AA o] FlA 7HE g2 dTFAEY
BAE TX Qe Eobrt dg71 A oA TGF-B
9 Jgojtt. 2 RAMEFAA AFEE B3
o o HYG2 AIANMTH EFF d™¥Y 7
Ao A9 ZAAYe HAF3 Ut o 7|AE
e MEY EPAQ 47, FIEY FFI, =
P50l XgE
TGF-B AzAGAMA= MEY FF g
BRsA gose o] #FN 42 TGF-B 53
A A& Aol s o HdF e FF2
2 d@sto o] gdit}

f

& &

Hanahan $& UZtolA 2dste &2 489 &
£ AHdE0l £3Ho Yedtl E3 g
(6). FMEES] 53 H= R 7 FEA/Y &
Aol A= o A2 JZGA dE A
4. 959 43U FERU0 A5Hez H3
e Y 2Fd &Sk FAE fdes
7Y, FAG BEAE A&dse 7Y ATALYAE
gushs 59, A48 ¥4S 58 ¥I3HE ©
JAAE Y= s85E § F U o E 7]
SE2 YAES gutgoz AR e FHEY
o GAE fAR B3Pl o] ¢ e 9
g8 3 A4 4 749 542 3Y AX o
Ae F9E 2Ede 98E e AsFEAA
o o5t zFHD WA TA7I Mol A2 2
Aol AR FE0d &2 1 £9 AR 3A
ol MsALAAY &4olges BHANAM HIsd
of &t olg|g AEzALAAY s TGF-B A
SAGAAN A IA® AXEY EYES =
AsAY wAAsed EFE 982 ALl ASH
A & &defA AcH(Table 1).

o]gX TGF-B AZAGAA 2ol A
ol gA g2 q¥e @38 JUsd= 875
AA A QoM 1 FE71A| o} FEI 7
A FRT Fol- QoA 2 F1AY FT o7t
ggd Fg& Astn A7) e TGF-B 3=2&
Bg3 Asto dFdte vie oMFE B30l Bl
oIl
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Table 1. TGF-B and the Hallmarks of Cancer
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Hallmark Effects of TGF-8

Example

Resistance  to

inhibitory factors inhibition

growth | Loss of TGF-B-induced growth

About half of human pancreatic cancers are not
growth inhibited by TGF-8 because of mutation
of the Smad4 gene (7)

Proliferation in absence of | TGF-£ stimulates proliferation

exogenous growth factors |of some cancer cells

TGF-8  stimulates  proliferation  through a
ras-dependent mechanism in colon carcinoma
cells(8)

Invasion and metastasis )
and metastasis

In prostatic cancer cells, exogenous TGF-£ increases

TGF-B promotes invasiveness | secretion of plasminogen activator, the expression of

which promotes extracellular matrix degradation and
is correlated with a more invasive phenotype(9)

replicative | Loss of TGF-8 induced
repression of ATERT

Limitless
potential

TGF-8 induces telomere shortening followed by
senescence in lung cancer cells (10)

Loss of TGF-8 mediated

Evasion of apoptosis .
apoptosis

Blocking of TGF-8 signaling inhibits tamoxifen
induced apoptosis in human breast cancer cell(11)

Induction of angiogenesis

TGF-£ induces angiogenesis

TGF-8
angiogenesis and tumorigenesis of TGF-£ insensitive

Neutralizing antibody  decreases the

renal cell carcinoma cells(12)

TGF-£ is a potent

Immune system evasion |,
immunosuppressent

In animal models increased TGF-8 expression
allows highly immunogenic cancer cells to escape I
mune surveilance and form tumors(13)

TGF-B AzAEA A

TGF-8 & E&79 doIH TGF-Bl. TGF-B2
TGF-83% 37HA 723 ool EA 47 o
2 AR g2 HAHE 29 dAN 23 5
olgo] k. TGF-Blo} 713 E&A &AL oY
g B9oq dAd TGF-B & AxY 712
(extracellular matrix) 2 2uiHol FA7IZFIHAH
Asad FA7 GUEEA A2 Ay d7
39 TGF-8 7t 84357 Astde dALHITE
=3 g2 #39 Qe oy o g4t
99 ligand® Wol FAHI o)l A 714 F7Y

AE $£A(TBRITBRIL TBRIIDA ZA#std A
TY A5AES 2AGA He Rolth

AE Fdol: A 7R $£&AF TBRIIC 7}
A LR EAs AY o7l ligand7t 25
A HA 4542 58492 TERIZ YAFA H2
TBRIE AANA "tHl14). TBRIS TBRII &9
A X 9ol serine/threonine protein kinase7t &
#] TPBRI®| transcription factorsEd YFY
SmadsSg 14t3H phosphorylation) 224 A £
2 A3zAgg ARJFH(Fig 1)(13.16).
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Figure 1. Mechanism of Signal Transduction Mediated by
Transforming Growth Factor beta (TGF-beta).

SMADS

AXZAA Roz TGF-B N3 E Adsts Fa
B2 Smads Dol 93} o] o] A} HE A
T2 SmadZl A% KAA Q)N TGF-B A3
Ag2 vfAgicie AMdo] LA YA ofxo=
FH3EEA 292 (Drosophila) & o] Hx9
Mol gL ZHYolA Mad(mother against
decapentaplegic) > BMP ligand9] frAtgdiog A
HA(17), C. elegansI A TGF-B &A1 @Wolzt
RAE AN debd A ¥Wol7} Sma-2, Sma-3,
Sma-4 £ FFE DY 49 FAAE J1A)
I e A9 BAo] FAgre] AT ATHIY).
Smas} Made 433 B2 FEM fAH4E BY
o. B AFFEANE TGF-B A5AZ B
3t fFAHEC] WAHJT o) F Smad PHIA
" AoTH(19).

Smads 9 #z¢ 7

AAAA 4@ 9712 £579 Smadsst SR 9L
=8 EAFL 42-60 kDaol T+ 7159 Hold
e A A FHE UdT & $84 22 A=29
Sol4€& 7Y R-Smads, common Smads(Co -
Smads), 2832 YA Smads(I - Smads)&°lt}k R -
Smads?t Co - Smadst FFHOE Mad SAIFZR

& &

d MHI# MH2 #9& ¥gstn F FHL proline
of 35¢ AdZ7Y(linker) 22 dAH Ao} | -
Smads carboxyl 71 el MH2 79 71A1
}H(Fig 2).

S

Smact (NN NI CoSmad
——Smact [
T s TN

Figure 2. Structure of the Smads. The MHI and MH2
regions are linked by a less conserved linker(white band)

R-Smad

].s....d

region.

MHI# MH2 #92 Smad®#9 7153 @A=
T2E FHojth. & MHITF9o) DNAZH 238
R A7t A2®(20), MH2792 hetero-, homo
- oligomers& ¥-Gst= THoItH21.22). =F MH2
+ Co-Samds7} transcriptiong #=84 = Z8
g BYFHA0ITH23). FA7] eI MHIT MH?2
© MEZ Z¥std Smad ANZAEEL FAA @
tH21). R-Smads¥ 982 18 +&A(TBRDS F
H Zgstqd TGF-B NZALHEZY downstream
effector2 71534 H=d Smads 1, 2, 3, 5 859
ozl TR Y 53] Smad 29 37 F4% g¥e
FEvH23). whd Smad 1, 5, 85 F2 BMP Al
AEHPd F2 Folste Aoz SFHHY, 25).
R-Smads= 52223 TBRI 9 GS #47} 2gst
71 A% FoUg g482 2o carboxyl 71 TG
o Ser - Ser - X - Ser(SSXS) sequence® 71X =6
o]x9] Td F 22| serine Aol EAs+Y THRI
o] 143k phosphorylation) & V& stA HI AN
¥ R - Smade F2F<Q Wgo] YojubA HTH,
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27). QA LoJUA FRAoZ W HA H
d MH13 MH2 799 3&3A7% 84 sz o
@4 323A7 AAHA =F R-Smade Co-Smad
(2 Smad4) ¢ hetero-oligomerg ©l€ & UA =
= Aojth(27-29). 4¢ R-Smad7t 4tstso] 23
Ao2 Co-Smad / R-Smad hetero-oligomer’t 874
A H9 ojFe EGA @ 71Ad dg FA
oz g ojF g FH3I0, Fig 1). Ax] Ao
R-Smadtt S-Smad' $ 2 ol: suetz Z¥HA
gu Rogo TGF-B AzAG Fof7t 2dse
AozHolM o F A7 ¥ YR AsAD
A2 Y4HY 9¥L 1 UL ¢ F Yo
(31,32). =¥ R-Smad’t @32 YUz 5971
d2% Co-Smad®) @Z%e] transcription 3ol 2
PHA Fgoz ¥ 7HA 239 J3¥2M F ¥
2%o] 295Ut AT Smadd7t TGF-B A&
AR zd AYHos PYaF AL oid Aoz W
A ATH27).

Co-Smad ¢ R-Smad7} TGF-B A33d2E A%
= Aoz gy v [-Smade A3AEY S
2z (down regulation)ol oIH F4F 4&L I
29 I-Smadsol= Smad6$t Smad7el EFEHEH
Smad 7°] TGF-B AzAGHAF ¢§ Fo|He=
Bl28% Smad 6= F= BMP AsA 2ol @it
(33.34). TGF-B A5AGe] lo}x AA dgg 3
7l gad A7iEE 1AL F AR Axdn &
I-Smad7t TBRI#* FAZ %3t R-Smadel 2%
g} e e Rol & 7HA0lR I-Smad7h
Co-Smad®} ZEae] Smad hetero-oligomerd] 348
£ wasts 7180 Ui & 7pA oJtk(35).

$44 23

Smade] FZ9 715 8@ FPo) APYo2A
TGF-B A3AZHAel A 2Ed: $87
o 2l BdsE 71Ae] WAAA B TGF-
B AsAYol e AN thge B9 &
g dehiad 27 2Ede $3A0 dE 2AE
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Zo|7} glojok @t} o]E BF FAA] E Fol
Hojgtn i ol Solde 1 AN5AE A
d A AAF A o2 F29 AsAEH
& 382 E4D 7H5@ Rolth TGF-B A&
A2 ligands7t TBRII F&aol ZAstoio} |2
2 AFs 3 o] Aol TERIE o]8 £o 43
saA APsA g & @¥stE  TBRI9)
R-Smadol kinase2 %8&3}9] R-Smad SSXS ¥4 2
Qlak3} A7)  ol9jA Co-Smad ¢! Smad 4%
R-Smad hetero-oligomer® BA3AA Uz 2
dstel 2E F249 transcription2 2 o]o1AA @
). 9¢ AU AYS Smad EFAE SRS FA
A¢] A 27 (Smad binding element, SBE)l 2
et Atk SBEE CAGA Wig€ ¥@she #4471
ZA35+=d o] Q| Smad 34 Smad 47 MHL +
9L ojgste AFA 363D, olHd 2FT
9= & FALQA(transcription factors) £ 2%
2ol wiz Ao AL AAM Smadsel AT
transcription®l 23] /AAHA & AAEY =
€3 ZAo| asH(Fig 3).

TGF$ O

Figure 3. Signal cascade of TGF-B. R-Smad that form
hetero-complexes with the co-Smads and translocate to the
nucleus where they bind specific DNA binding sites
assisted by DNA binding partners.

Smad 7} $8AAA AAFZE AASEd @4
e NAes A" e AF Sue FAST
(forkhead activin signal transducer) HAtQZojdh,
activin A& Ago] 12® FAST= DNA promotor
sitesol 2¥3HA Hewl A2 Smad ZFFAL
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EAst2 A Smad 29} Smad 4 AFA 7 FASTS)
Z%stA Hd R3] FFEJE HHFoz &
Asto] NsAGo] o]Fo|AA HH3P). T i}
Smads - 2¥A 9 HEU=Z A7jg= AL AP-]
transcription factors ©It}h. Smads: Jun A4 A
235t (39). TGF-B AZHEL 7143 A=
3= c-Jun ‘Jun kinase (JINK)ol o&tq 24
ggsteolop @t INKY €4 Ao glojA
TGF-B A3dgol ad Roezg daA 9lojA
(4041) 2#Ho=z TGF-B AEALL2 Smads9 2
AE EF AFAY AZAG AAS AP-1 2¥A
A9 Qe B FHEA FAE Sl g3}
£ Aotk o] 9o FtHez AANHE dAE=
CBP/P300, TFE3, ATF2, PEBP2/CBF S°] 1&¥§
A A oG 71FE E3o Smads FHEUYES
A FEFA AREL Yo Ha 23
TR FBAQA AANEZE FA8E Aol

Smadsol & FHEo] FARY AAE E434
e ALz g8A e v, H2 0P AFE
of d&td 2 % Smad 2F FEUESL AAE
At £oz FFL vAE ReE Y
2. Ski 9 SnoEel d7lel &= AAEoH
promotordl Z¥H Smadel Z#std N-CoR A
AAE F& $AA AAE QA Aoz TR
ATH42.43).

Smad #A)

TGF-B /15492 Smads?t E3 ligasesS whidd
Z85A 8ok Smurfl® £& E3 lagaser Smads&
EHOR Aot HAE AEIA Hed 2 7HL
ubiquitin-proteosome AZE E3t9 oA} o]y
¥ ubiquitination©] 1A HA HUolX SmadE
Ne & J33g2 A&Hog ojhign &
AATH44).

¥ & TBRI% TBRII Smad 2, Smad 3, Smad 45
°] Smad-dependent TGF-B Al 422 84 & o]27]
+ A% mitogen activated protein kinase( MAPK)

5 3

A5 H2AA ), Rho guanosine triphosphatases, PI-3
kinase/Akt. protein phosphatase?AS Smad independent
ASHGA A & A7 Jzo s APHn
Atk

@l delA TGF-B & 9%

A3AA ] A A A
AEYES AZEGT 348 8= Nsdg
3 ol§ Ak AEE FA 2= HF)
ojFoA = Aol olHF FAE HoluM LIL
AFdhe 389 45399 LA I8 GAx:
34& dAse BAE WoluA H1 R Ax
2G5 dol® A&AHog 48 HE Rolh
TGF-B + AXYExA 88 Azold. n&
#zo YA E(mesenchymal cells)d 3z
gL fxdhs BAE 2AH0(45), 2 gdo] Hj:
SIRAAIT TGF-B £ 718402 4u]4) Z(epithelial) 9
W24 Z(endothelial), Z¥M X (hematopoietic cells) 2]
F4e 2ol dAsks Edon. o F4949
g% 7132 ol7A A7 AT TGF-B= A
X57)(cell cycle) 27191 241A cyclin kinase inhibitors
PISINK4b(46), p21CIPI(47). p27KIPI(48) 5& #&3
o retinoblastoma protein(Rb)9l M-S wA o)
Rb A¢atshe E2F AARIALE AIAIA Ho AE
28& A Ak TGF-B= T3 FHASZ c-myc
9 AL JAFo2ZH NEFIIE AAFTH4I).
TGF-BY 4894 &#7} SmadE w2 § A%
AZAA st olAAYT W3 YA Smad 4
7t AR = A ¥(Smad 4 null cells)ol Y=
TGF-B o g F4947 oAk HuEo] ¢}
TH50). =& MAPKE E¢3 Smad 5P QY A=z
Eotd® TGF-B Als= Adgo] LA QIcH5D).
B E71DY FHAZT UM A 85%
ol%g AAste)l UoME ZlEFHoE TCF-B A
ZAA Gl e AP B olyd 4L
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3ge HEE A3g AME 2 71H0] Smad
glo] &4bd] o Aoz & gejA YTHELI). &
AAHDPCHQ) A$ F2= Smad 49 AR FF
o x¢] A&o|, hereditary nonpolyposis colon cancer
(HNPCC)ol QloiME TBRII 483 mismatch
repair gene®] AT Fo] 1 7]Holth AT 9
99 45 48 =9 ¥, AL AFALE A
AL o}A7HA 1 7)ol & gHA YA Ut

old 7)Aol WAAA e FS(RFEY U4S)
ol 9lold TGF-B A@71A2o2 AAHZ Je °l&
g8 AXEANH TGF-B F8A9 L@AS
(54-56), Smad 7€ E#F JA Smad(I-Smad)
3 (57), p53. Mye, E1A, Ras, Ski/SnoN Evi-1&
thorgt wrekehd (oncoprotein) ol ¥ TGF-B AxA
2o} 4| (58-64), Minin, Disabled-2, RUNX35& X%
e A gA A Asd B, Protein kinase
C(PKC)S & AzAGAA 450 AAsx
ATH 65-68).

AEE A BE2A43UAY FBEE A
U e FRASASAAS YAl HEE
E3la] 9RoA AgHE FIZANZ F¥He
2Ry EYSA Bk TGF-BE BFM TN Kol
= AP A2 ZFHE JYMTAA 79
B 7}A GHEF M= RAFIE F0HE9,70). B
843 714 AR geyd TGF-Be platelet-
derived growth factor, fibroblast growth factor, TGF
-q, connective tissue growth factor 3% 22 £¥€%
A AAARES AAF7te 2 #8409 2de F
FANANE FTHTI-76). ATHt Smad SHAZHE
AA =G AT JFAAY FANSE FF A
3 FTH77.78).

Z233 &3 A

TYEEFL FH2H L F¢sn e 2o 4
HA 4AR0E FEFoEN A AFAY 9F
& nAd oEF HFLS FAXS dAEE B
Z9 $49 B2FE F3F8Ed oA Yo
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TGF-B= AXAlold #3373 49, A 7138
798 zAsh= Edod. TGF-B+ E-cadherin(79)
9 dWdg AfgozH AET FHE AL
A4 #AY integrin(alllB) Y E&EE F7HAI71L
(80), fibulin-58F Z2 integrin 2¥THRY LALS F
7} AlQTHED). 3 TG FEGAEY o F
& JPHez /A & ATHE283).

AZAQ AgNA TGF-Be AMEe} 7139 B3
Z7H7= 488 $98h & collagenst fibronectin
3 22 AxY 713 9 g JAPFHoE F/HATIR
vl 7]Ag Bafshs 249 collagenase, heparinased
9 AL dAE F8 AEY 7139 FHE A
8= f49) plasminogen activaror inhibitor-153 2
e e AAg F7t AcHEY). 2EY ¢Ed
7)Ao s FAFs =W ¥ Fudst Ho
713 Bagase ANe FTMIZLEAN FAE
% g Ry §5& FUAIE Aol

TGF-B 7} $2ats FMZA01Y FEgs A
¥ z7td 239, 37t8 o993 Bi5Y 3ol
EgAoz Agsd FHAE/ 0 o F& I+
£ 7HAA He Rolth

P53 T2 gtolA] B Eo] v @3 HE 437N
old@ FAEEL YrA HAWN FF AZE I4A
ool MEAE3} Ze f7lo] BFsA 8o ¥
o GAZE oFdd 3y §7iE %= U BE
(immortalization)d] GAE doizith, BddA 5
e 5 714 7jdo) #AS gk AL gAA £
A A (telomeres) 7t MERG0] AFPHE FUA= &
Aso] §2 "ok Foloh ol telomerased] BE
Z2 & E519 telomeresd ZAolE fASH:T 8%
ubE 8] AH(repeats of nucleotides) & FE3 F7HEL
2 oj®Ad. £ & 7AA 1AL Azx¥HEE F3h
o] telomeres ZolE dgH o AFste RolTHb).
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AL} telomearseE FFZHsh= AL telomerase
9 7884F F9EE FIshs hTERTY AAkg
39 &Y8E F51o ol2tH8h). AMELE telomerase
AL JAske 718 B3 ol AT YA
P FZNA o)A AAZIAL F&rte 7Hd o
¢ Ate 233 o)AAA Ytk F JHA gA S
A=d TGF-B8 7F hTERTY 28 dAE A}
(transcription) GAN A #8 gt Aol 2 F 3
Yojtk. €3z AA/GEY FAAE F A A
(Mad 1. Menin, SIP1/ZEB-2) B%7} telomerase] o
3o JAF S 7HAT Qi8] BT YL o5
2T TGF-B AsdGelA TGF-B 9 AxgAY &
HEEE°ItH86-88). Mad 19} Menin2 25 AALYAQ
At ¥l hTERTS A#ale] 1 7S vepdch v
o Sip 1& TGF-8 7} hTERT dAIsk=d] Joixq B
Aoz Afshe Aoz LA UTHEE). ©1HF 7]
Ao oJuishz vh= TGF-BE 53 ¢4 axe 2
HHLE telomerase WAL JAFo2H olFHAGE
Aoltt. pl6INK © Fo® $443)M E(mammary
epithelial cell)o|A] hTERT @d€¥ o TGF-B 9 43
QA EAE oA F4PThe RaE= TCF-B A3
HA2AAS telomerase 28 F27} 398 453488
3 S-S AF3e Rolth8g).

A =49 (Apoptosis) 37

AEFH Y 232 AEAF(Apoptosis)ol 95t
ME o|FAt} Apoptosist AYH AT L&
Juigd. FAXE olPT ZANZAE AFI=
0] UM FHA &4 2L HAF FHA
= AMEAPEGF Eoj7kA] @FeTh gREY FS
of X TGF-B AzAGe HEAY AzHA
(proapoptotic) oIt} 23] Al ¥ (epithelial) & WA X
(endothelial), =¥ ¥(hematopoietic cells), @I,
TAES} AZAE ot ozl fuek 99 A,
HIE dadk AYPALG AEEL TGF-B o g4
A AZAEAT FEHE MEEY oo]th(90-99).
TGF-B ol 93t HEFo] FEHE 7|4 AX

5 7 3

9 AE7F A F@] weld Eo)FQ oz
&=, £3] Smad JEFA2E HFTH100.101).

AT APAL Axo AYIMERY Fo=
[-Smad(Smad 7)& &3tAY Smad S¥Z29 s}
9l Daxx-mediated JNK 71Ho] #AsE &t}
(102.103).

TGF-B #= AXAEL p53 4247 p53 SHA
713& &3t APHAY caspase 843}, proapoptic
factors®] 4¥XH & antiapoptic factors?] Bel-2,
BelxL9 stFzAFo] FAdske & AH104). 2
9 TGF-B + MEAUAE zAs:= b2 7|3
B5%48E 71 skt YA Fas-induced apoptosis
U PI-3 kinase/Akt Z2F0] 1 ot} 29 g3
of 93t Akt®} Smad 37} A4 43285 Smad
39 A¥EE AASL Smad 37t Yoz o=
RAg AAste Aoz 2AEAY. o]FA =9 Smad
3E WAR2E FARAAY AXAHo] AR A
o}}(105,106). 950l Smad 39 Akt ¥7} TGF-8 vl
NEF XD @ A2 A4 Fe43 3
A vldsts AL 9u Qs Ad7FFHE & Aotk

g2ta ZAEY AJHAAEY Fo] TGF-B 71 Al
EAGA QoA F2% AL Hyss MES
o AAM TGF-B FE= AMEADAL] AFste 7]
AL ol zH9 R oM TS BEH
Aolth. TGF-B 9 AEAIA $E75L FZ T
AoAX = HYg dAs= aFE JYehgozsd ¢
2 71 F2% 98 @A & AsAol A
H&E gk

RIS =

1Y FFo] ST &3 1WA 2 mm oL
2 Aol 39 A9 FFo] go] BESD
HA TFFLL olT £2E S wE 2F3
7] g5t A2 LS 2AY ¥ast g TGF-B
© Y8 ¥(angiogenesis) & ZAsh= ¥ gEE
cytokines F< shojth @4 BFolME= TCF-B
T EM £3F 2o olye 99 J)s YT
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7Asd Aoz yguAe AAgFAME BBE
z2Ase Bgo] $AsH yehdt I o
A TGF-B AzAGAZ} 3¢ 4L 3 Us
& Jugsts 2 7 A0 Ak AA, TGF-B
AzAGAAY F298 TGF-Bu TBRL TBRIIE
9 Yo A& FEF A UA wFY E#
AYL FHE 5 ATHIT). BA, WAAEEGS
71 £ 744 TGF-B 484 Z endoglin(type III
£3), ALK-1(type 1 5847t 824 2oiM &
f gasiths Aotk ol BHAEQ  hereditary
hemorrhagic telangiectasiadlX o2t 584 9] ®ol7}
the AR Aol SIA| ofotA wlotdA oA
st A7 BS olHF FEA9 dHo| AR
= AL FEFo s FHATHIM). A, WA X
9] endoglin® @@o] ol AT FEAA FFo)A
Z2Hoz Z7lte RoltH109). wA%es TGF-B
= 1 A7 AR R UM E 43049 dds
Z7 Itk Aoltk110). W= oM TGF-B
AszAGAAE EEA F 1A ¥ F2E §o
o] o)g7t} 2 ol shrt TBRIIS TBRI(o] B+
= ALK-5) &A1& 538l Smad 232 AgH: A
829 Smad d& A=olth E U2 F2& TBRIS
ALK-1 $84& E83 Smad 15822 AGH+= 2
29lg] o] ALl TGF-8 superfamilly 1 BMP
(bone morphogenetic protein)ol st &YstET
(110). 471& F 714 32 WAAEY 4% olF
o oI AutslA FgE Fk o] F A BRI
ANzAG FANMe FFol NHHMEY JETF
Ql 2| £Q83A4 A&F & 4717 HE W
AT 43 o]Fo] F/tR, Y471 E947t
A H8 AT F4F o]Fo] FoEA o

Aoz 2 HE 9 3

A EE B0 P& FAFT YN BEA
ozt A4 AR, FIAe FHHA H
k. 2y AR dFEd FHESS
gAY ZAlse HIse sHE AR
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o3l 9 YSd Fse F4 71AE AR
N EHoz Bujge TGF-B o 9% dHYA
g otk TGF-B: #EE AYAA cytokineol T
SA gl ol AEENER S FASHA Fe
YA E FHEE TGF-BE 44tol F7HHoAL,
o)d #A: wYo] JAH UtK1l). FEARTF
H d& 2FSqME TGF-BY &ul7t 37189
. TGF-B19 @do] F7tso] e AYFESS
AGZAANE Yst] FE FHF EF Tcellsl
QolH TCF-B AzAGAAEL AdsA =HE FA
¥o) Agsts AXER7I M) AP A AK112).

TGF-Bol 9% HAdIdAads F2 T cellsH
antigen presenting cells(APCs) & 3t ol FojAl=
Aol s ATh T celldld A48 TGF-B IL-2
9 Ang Hoste AF T cellsd F24& JAs
A st Z8L & B ofy cytotoxic T cells
ol helper T cell2 E3ste AT AAFTHI).
TGF-B lo] BHgA 52 31%d FHe T celld
Fed s A% 3FT A1, T
celld TGF-B Az AGAA TS Ag3ez 3@
A= A% B3Pl AtAGgA el fEEAUI).
3 TGF-B & APCs o 283 &% vl o
AN $38 TGF-8 & 27 A= d4A
o] §ES 8AF FAAAD116). TGF-B =
42 A4 X (dendritic cells)d] AFMEL FAZA
2 238 £ JEE HIsE 48E Wk @
tH(117). AANA AHEH TGF-B 1°] 2&d F
o] Euo|lAM: Langerhans MEE A3 #FF +
g ol@d AL TGF-B o H&ol Lagerhans
Axe 243 gyolFol oA Bad Rd=
AJALRTH(118).

Axe 444

AEY QAN HERIL #AAsHE AFol &4
Fhex pa3dl 9 ZAHol2hEA mismatch repair
AN2YE t5e DNA @Al AAS Fel A A (repair
system) & E3t $A"T. 22U FAEE o@
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FE /A AAE 5% L¥se 50 A ol
& A FEAAC T A ol wAEA F
B ool ¥ 888 339 ¥ & sz ¢
A2 20F R Aok TGF-B AzAE A=
old gPE FAe A FIE I¥e A
I . 98 E9¥ Rad5l€ € + led, TGF-BI
© Rad5l ¥dE BA AAE & Uk o|FA

A Raddlo] wl7lsh= DNA BF f89) AR g4

3ta] DNA9 E<H840] ZdistA ®rk119). TGF-B
7} pa3€ ZFshe 7%l Athe AL A& v
< TGF-B 57t €AY pi3s FHEE Fast
A €k TGF-B & Ax9 348 Fg&ez =
g 7% e A2E A AUk TGF-B 9 wd
o] AIAE Tefbl-null SEANAA $2% keratinocytes
+ N-phosphonoacetyl-L-aspartate 454 &3x 2
Zo] o @o] WAsA =Hed HaRasE ¥AEY
A7A =9 o B2 49 o5 (aneuploidy) & Bol
I GAA weld ¥HEER ZAPY Q% FL
Tefbl-null keratinocytes € GAMEFo] <R A
TGF-B2 48t F9 p53 oJU Rbe &4 oj&g}
8l FHA FFo] Fasa oFAS F4A
ol &% Zagths Foln o|Ao] TGF-B Asag
AAZE 2R Al FY FAPTE: AMS
Y3cte AoltH120).

s el k2 A1¢) TGF-B o
A2 A TCF-B

TGF-B & 343 BAEY AxAgA 714
ZA3td #ofPozA dLTAE dAdE 59
ZHR 9. ¥E A Xol5H I, YA, #
dASE Fatd 42 APAAe Y= B9
(Fig 4).
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Tumor Tumor
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Epithelial cells Stromal cells
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hTERT repression immunosuppression
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Model 2

TGF-p
Epithelial cells

Tumor Suppressor Tumor Promoter

EMT .
(Smad-dependent ?) > (Smad-independent ?)
Enhance motility
Promotes migration
Increase invasion

Inhibit growth
Promotes differentiation

Induces apoptosis

Figure 4. Transforming growth factor beta (TGF-B) as a
tumor suppressor and tumor promoter

ol 7Z|1AEL A FENFE 559 4FE A
ot Tefbl-null AT EL P 10-30% +52
2 TGF-B ¥4dE Holx o, uWsdlsiEdz 948
+E d fESHE £99 £ f95H 1R
£ 7 AtH121). Smad 4-null ¥HEFA (hemizygous)
JEEEF adenomatous polyposis coli-null ¥HAFA
AESES TA7IE € 6 2H8 Jq48e 7
A3 288 £ F AHIR). TGF-B AsdGo]
AE FHEFANA  (dominent negative TB RIL,
neutralizing TGF-B antibodies) M¥9] F&5IE =
SEAY, A dF A7t dAHE A1), 3L
TGF-B 71 AFA o2 M E ol5H LS T4 &
t A 52 TGF-B 9 ¢ APadE dHoz yoF
£ @itk

TGF-B 9 o8 & 542 A9 FiAgojA
E 239 dEdeid @3l A4 TGF-B
AzAGAAY Y57t SAHAAY dolgo gl
B¢/t dAsed o 3¢ TGF-B o 9% ¢
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AAA FFe A4HD ZARHez 4o 1P
A BoH124). TGF-B o 9% 42 e gl
493 ARE Fuold gRED UG RS
A TGF-8 2do] #7159 & 297t wAsed
olZ@A TGF-B A4o] Z7t8 &A= FAld &9
Ago] A42sl 37150 AR Bx #A AR E
EF3HA FH125).

Y% AAlel oM o] FEB FYE EA
A F AE AU

HEYQE o828 Eoiud 34 FEAFF9
271NN E gdA ad7t MG 712 A
#88 Aol 427 a737 o ST Rol
tHFig 4). S8+ FE2EYE 71283 2 /1A @
FEo|A i Hde] TGF-B ¢dAle ¢33 9
gg 2% 8% 4 Utk F718 TGF-B 2ol
AP Dyt Sy GfEEde xEHUAE
27lole FAEYS H4L dASA e Rol
TGF-B ¢gA adolt AT dd FEFGl
WgsA sE Adglel A4S HAE ¢FEE
AFA A ZdE TGF-B ¢FFA &7 oTH(126).
Atz Azt %ot £3o] dominant negative TP
RII A4S 49 si9ed(F TGF-B AzHLE
At e o), BASA AL A4 DA
g MEE dME AHSFE JHE AFAT ¢
As7t nestd A XS] distde 9433409 5
gL g7l EAL HAHI). BUER E
2 2943 TB Rlo) @#s HAHEEY #
AAz2 #(transgenic mousedt HTHE Neu T8
A7l gdsee 239 A9 A Fool B2
g9 o] A% 24" Ade ¢&d A7t 43
AHZ H5A o) BAsAT 4 T4 AA
L+ HAAol wEst F7189 ok v TH RIIY
B3 g APHsE 239 A9 Neu FEA7F #2
Fxg 239 FE ANIAS He gz 42l
717 g5 AT AHole gulA #FAd 2
£ 2 F A92).

AGH 717 o AAA & F gAR & A A
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AgE Mg go%sd ged 2ok TGF-B = A
oA AuA o] datdE T4 telomeraseE
A, ATEsG ADAE RGN EEL
AAets Ao, it S SolME ofF ¢y
A AAGE 71Hd AFIEE st HAY IA
FERE TGF-p 448 58 €9 188 287
L 7|A5e $UsA SxE doe AolthFig 4).
E3 o) ¢g AP 48 HEY A
WA 71 AY S22 adhesion molecules) & H 3t
N#A 9448018 27/MAAY A4S U5
SAY dQAAE o]BARAY s A& F5Y
olF Atk Rolth

E oE e gAY el &t J1EF 2
2 TGF-B AlzE wolEole 71Hd UAA oj7]
ojato] WA ATMEL FHAEE Estoq uiAd
g dgolth, o]d & FPYYANIE A
2 AYHA = vE GRS SAEA A
g 542 2o olf TGF-B A5 dig
gole FAR7 4n-F % A (epithellial to me-
senchymal transition, EMT) #3l & of 248
& gle Aoz deiA Ao EMT #HZeA Z9A
T 159 BEFEL PAse ALz ¢HA Ao
Z AWM EY MDY 7 APl 94A 1F
(nonmotility) 53 2 E4o] AAn FHH R
EAQ AT =28 FFH. o158 I F4
453 2L 432 YS5JTH129). EMT &
gt = 24-45%718. AL} B+ 39-60%.
AXGAME 74% 7+8 Baad TGF-B =
02 2 Rasdt ol EMTE #58 & &
C 49 2doME AF TGF-B A3HEAF
I ¢4 slojotst e Aozt dold F Uw
Aoz BuHYCHI30). EMTE TGF-B Az o
§ NI Aol wge 4F & Y& ofF uWF
Al 2ot AFzAAN EMT+E Smad-dependent
9} Smad-independent ¥ 7HAl A EHFE Fdtd ol
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E Atole] zpEstE wgols TS RIII 7} 388
9&E 3} Ue Aol old7 st= A} Utk o
ofgjujol AW F EMT #3dE TB RIIZL
TGF-B *1_3_%4_ o 79¢ 48 31 8o B
33, v A7 fHSHHE 2dd A EMT
H4 Tﬁ RIIIel &g=F(down regulation)s ¢
A B2 HAYHI3L). & FIHA T QoiE
T8 RIII7} TGF-B A3AEL Z71 Al7|= wid 4
HH XA = TGF-B AzALE A ddx 2&
Ae F Axe Aotk ojyF BugaRe TR RIII
o] TGF-B A3 AY7 2AFA 293 8L 9
3 7t 49 9Ag zFojgt= TGF-B Az
29 gubde 4¥E & U= WAERY A
£ QA "o

q &

TGF-B AsAGAA = AXY 23 £ A,
T3, ols5d FAd: B2 FFL vidsy 2
A ol oAM= g A st Fudst
AZE FA AR e 4utd 982 sz 9
B2 AT7AE0 A #hsto TGF-B A
AeHY & EATZAMNTEH FEstan st @
T2 JPaRed AR B 1AS0 ¢EA
™. Smad’t wiAsH= IFo] TGF-B A AGHA
o AolA Fa sAoln TLAHQ FHHSo] waH
. 2% EBT33 Smad SY/AE(ANE 59
MAP kinase. Rho, PI-3 kinase/Akt pathway)9 &
849 vt Zote doFoz weksin} o] Rof
9 A7t AP=HA TGF-B AsASAA AHA
0] BaAol FAHA g BFI N8HA B
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