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Mutations of DPC4/Smad4 Gene in Gallbladder
Carcinoma

Keon-Young Lee, M.D., Sun-Whe Kim, MD., Sangje
Park, M.D., Yoon-Chan Park, M.D., Jin-Young Jang, M.D.
and Young-Hyun Park, M.D.

Purpose: The DPC4/Smad4 gene is known to perform a key
role in the TGF-B group protein signaling pathway, which
regulates cell proliferation, differentiation and death. DPC4/
Smad4 gene mutation has been studied in cancers of the
breast, ovary, esophagus, colo-rectum, bile duct, as well as
the pancreas. The mutation rates depend on the kind of
carcinoma sites, and range from 10% to around 50%, but
no study has been performed on gallbladder carcinomas.
This study was performed to search for mutation of the
DPC4/Smad4 gene in the gallbladder carcinomas.
Methods: Eighteen surgically resected gallbladder cancers
were screened for mutation of the exons; 8, 9, 10 and 11
of the DPC4/Smad4 gene using dideoxyfingerprinting (ddF),
and single strand conformational polymorphism (SSCP). The
results were confirmed using automatic DNA sequencing,
and the expressions examined by immunohistochemical stain-
ing with the monoclonal anti-DPC4/Smad4 protein antibody,
B8.

Results: DdF revealed 3 mutations in two of the exons,
which were confirmed by direct sequencing. In one case, a
single-base substitution mutation existed in exon 11 with
codon change (missense mutation), whereas in two cases
such mutations were detected in exon 9 without codon
change (silent mutation). Immunohistochemical staining showed
negative to weakly positive expression for all three mutated
cases, but had high false-positive rates (7/11).
Conclusion: DPC4/Smad4 gene mutation exists in a certain
proportion of gallbladder carcinomas, but the mutation rate
seems to be low compared to organogenetically related
pancreas or bile duct carcinomas. This suggests somewhat
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different mechanisms may operate on the carcinogenesis of
these organs. (J Korean Surg Soc 2002;62:233-242)

Key Words: Gallbladder carcinoma, DPC4, Smad4, Dideo-
xyfingerprinting
=2t DPC4, Smadd, 7& AL, B0

S =,

Al

Al Ehof:

=
S

Department of Surgery, Seoul National University College of
Medicine, Seoul, 1Department of Surgery, Inha University
College of Medicine, Incheon, Korea

51 2247} 20~30%
A AEEE 304050 L3ksteh() weba
FAAE Aol 513 AR 27] gdeks AlQdsid 2
of| = w5 vl olghe A7} AufF o]m K} LEA
o A2 AT shol Werel WAL FRHE Aol &
Tk 2y o8 e 2y vpERvkA 2 g
el AL W] HEA @i e AR ol A
0 F Thdehe AEF} Aol whE WA HIEe] HA 3 A}
o] & Kol F44 &Qlolu} A Fol Uz 28
Aol A= 2 AR o F Q] AAT}L
g ovbe glek =3k 24, Ag3Tol 4 (anomalous pan-
creatobiliary ductal union, APBDU) 58 ¥£3}3F ofu 3t 2=
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ATE A Ha) A AT o] o] FolA]
2 gich whdetel s Balslel ATE §AAZE
p53, c-erbB-2, K-ras 5-o] H|2% 2lslA] A-15]9l 3 APC,
c-fos Z-9F=hl (oncoprotein), nm23 5% H1EF 9t e
Zok oA FAAEZ 22 % DPC4/Smadd -+ 2ol theto]
+ A7 v7l 3tk DPC4/Smadd -+ A= AlgSE =2 ol
A WolH AU detE = A9t wWol E JAl #AAR
A8] 7hsAd o] AR o] ofE] hEellA 1 Hlo] of 7t
AFE AL 011:}(3) e wbasld o 2 _ﬁﬂ];g.jq_ EWARCRS|
A Ao ukely| Aol 93k A3e = Aoz od#R
DPC4/Smadd S A7} ghgete] wbazt Zsiol] glo] A%
olwl kst 2lol2 744 Ao Az} HakA ol
Ul QPRI o] ol A A 9 ek olell 2 AT T
Jotol| 4] DPC4/Smadd A 7e] Wol9} 1 MIEE =4}
3 ok ol A o] A ke v]iste] DPC4/Smad4 -
AR} ukokel] Fofshs Bl Wit ATl V1% AES
nleEels EX0)] g3 thokal oF $A A} 8l Fok 4] A
Astel B4 E AFeio] I 02 et A Ul

= skl o] & X gell &% o Al sl f BEUE
G Bz Ause
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ALt 59 dukslsholl 4 Hdeho 2 A Al%(
AAE, o) A S A e B gdeh =
ARG AA FA] -190°Ce] HA| Ao FAAA B
189 8-S vhgo 2 ehedeh. o37] Ao HEFS A

4 9 242 Ageldeh. ® A% ol S BAsE

N =R
o % N ol

r-l

270% 7%k 04 DPCYSmade §717} Wlol7} 74 i
S s Aoz kel AR 24 eelloll el s
A9e AW

U =
sQlslar FoF AlE9 ngOI 50%§ Ldt EE%H&—% AT
ol Z3AZ . 207 WA 40709] 12-im < %—i‘"& 7
S upA ol = thA] 4ume] A S ubEo] T4 4
Hl &5 BQlslaL o] & 7|53 & 4A B4 TR E 4F
ket 225 ] Z3HA @l F mortoroll A & Zo} v Als}
A WHE F 22 100 mg? 1.2 ml«] %9} 22283} 10 mg/ml
o] ) Ballad K 120F W Egste] 50°ColA 12~
1847+ &3t A& A HH°H EP. o=l 7)ol 0.5M
Tris-HCI (pH 8.0)°l] 333 A (equilibriation)® E-9] %=
1.2 mlE 7}slo] 1032l 24 KVH =37 AL Bl
T e Aol HbA Lol © & 4°CollA] 4,000 rpm

L

o2 1087 94 Eelsldich 7 oz gHsh £el7v) o]
FolAH, 45 DNARE 2lsto] 12%-919] 7.5 M o]_/q]E/k]-
oy 2wl Y39 100% %iag ik 4coﬂx1 3000

pm o E 557 A4 Belste] DNAE &l3sich 27 o]
Z I ol &ste] AApelley7t EAEA FE5F A5
iy E'—Bl*}l A 70% $FEE 1 mE 7hslo] 94 el
g & 70% LZLS ¥ela DNA AAE AzA A o
DNA ZHAE 50 mM Tris-HCI (pH 8.0), 10 mM EDTA (pH
8.0)2] S=&A| 4 mloll 4°Coll 4] ODypol 0.05 ||Hko] = w7}
A FAsIA FALT1S] TR §Fo] 1.5 WA 2uiE
Z715) 22 3lo] 260 nmé} 280 nmell4] DNAS] &35 &
l"{:ﬁﬂ“ﬁ‘r ojull Aot Axgo® H]E©] 175Kt} A 5% 7]
T A, o] vl go] Yow FEE 7hidl W‘“Z‘ Ao]
A ol A5 ulsl o] wioll& sodium dodecyl
sulfate (SDS)E 0.5%7HA ZF#3to] 919 DNA &34 &
Hhsto] Aleegict. %% DNAE 4°Coll Habsfo] oh5
Ad el F¥(tamplate) o2 A-g3}% )

g &4 2482 (polymerase chain reaction, PCR)

kg &HL 10mM Tris-HCI (pH 8.3), 50
m 28, 1.5 mM 93} nfadlEs W 10 x £F
k2o plell 2 mM dNTP 2ul, 20 pMe] Z+zke] Al A
(primer, GIBCO), Taq 3%} & 4x(Dakara) 0.2p1 (1 unit) L2
31 genomic DNA 20 ngs Y3 S/GE WolA #F 25
o] 2017} H &= &t oA aHt-S-2 Perkin Elmer CetusAt
o] 4] L}-& thermal cycler (version 1.0)E ©]-83}o] 94°CollA]
SE7F dldgt 3 94°CollA] 302, 57°CellA] 30, 72°CollA]
127 Aglsle WH o & 3535 Alsgt & npx|utol] 72°C
oAlA 1027 A8k T8 54 dsliihs Fofl vhe &

BE spin downA]7] & -20°Col] Hpslxn YHE FHslo]
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Table 1. Primer sequence

Primer%-* Sequence Base pair
Exon 8S 5’-TTTCTCATGGGATTTGGTTC-3’ 20
Exon 8AS  5’-CAATTTTTTAAAGTAACTATCTGAC-3* 25
Exon 9aS 5’-TATTAAGCATGCTATACAATCTG-3’ 23
Exon 9aAS 5’-CTGTCTAAGTAGTAACTCTG-3’ 20
Exon 9bS  5’-CAAAGGTGTGCAGTTGGAATG-3’ 21
Exon 9bAS 5’-CTTCCACCCAGATTTCAATTC-3’ 21
Exon 10S  5’-GAATTTTCTTTATGAACTCATAG-3’ 23

Exon 10AS 5-TTTAAAAAAGAATGAAAAGCATAC-3> 24
Exon 11aS 5-CTGATGTCTTCCAAACTCTTTTCTG-3* 24
Exon 11aAS 5’-GGCATGGTATGAAGTCATTCGTC-3’ 23
Exon 11bS 5-CTGATGTCTTCCAACTCTTTTTCTG-3> 25
Exon 11bAS 5’-TGTATTTTGTAGTCCACCATC-3’ 21

*S = sequence sense; AS = sequence antisense.
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2% =T - “D(agarose geell A71dE5 sto] S5 v
ol 3k 24 u] & #lslelr}. AlEAl= DPC4/Smads -4
29 7]5oll Foddl= exon 8~ 11014 250 base pair ©]3}2]
DNA Z7ZH& 5 4= QA AAIE 9l 2™, exon 99} exon 11
A= ddFe] "ol & Sl 2 FEo g HAAA AAlste] F
6742 AlEA7F A5 9 ek(Table 1).

3) Dideoxyfingerprinting (ddF)

ddF FA4= 92, 4710l A8 T a4 Ak =4
off 3ol 1000 FI 2 AibgE F3E 5

34 o2fub-g Z3E-S High Pure PCR product purification
kit (Boehringer Mannheim, Indianapolis, USA)S ALslo] A
Als}kA e}, ddF sequencing reactions $]3lo] sequencing kit
(AccuPower DNA sequencing kit, Bioneer, Chungbuk, Korea)
£ A-g319 T} Sequencing kite G, A, T, C7} Z2ke] Al¢l
ol w2 wjg] E3tEo] glown, o] AjH F st
o]-gsto] Aslgict. AJ3ltell 200 ng o] <] F3t At
- AIEI 3ellA 50 Wk AFA (10 pmol), FHTE
oWt 952 Wi, 020 994 [a-PPlACTP (2500
Ci/mmol, Amersham pharmacia biotech, Buckinghamshire, UK)
2 7belgleh 47le) AFE FAW S A 27

I35} FA] 0.5xMDE nondenaturing gels (FMC Bioprod-
ucts, Rockland, Maine, USA)oll 4114 loadings}ic}. o] &
45W, 50°CE 2~3A17F 53t A7) A3t 74& 3 M &4
ol %A 80°CollAl 2417 Bt & wal ¥, 2447k 5
X-ray DEoll :=3381ich o= DNA 29| ZAzte} v s}l
of HIAGH o o] & K A5 FAA Hel7t e
Aoz F=sgict.

N
annheim) 5y, 2.5 mM
dNTP 1, Z+H7he] AlsAl 051, Taq THEAE 0.24,
genomic DNA 200 ng T2 FHFE L4 0] 501
7 HES S9m FEA7 F4 A4S AHES QlAquick
PCR purification kit (QIAGEN)E- o]-&3}o] Z3 odsfjuh-2
Ak AAS Wik o] Al 4HES GeneQuant (Phar-
macia) 5 ©]-&3F0] st

Cycle Sequencing Y8 GeneAmp PCR system 9600
(model 9600 Perkin-Elmer)& Ab-&3}3.0m, vlg] 96°C7HA|
A DA A7} 102 5 EEE A3 5 96°CellA] 30,

o
o, o
rlo
o

o ofN
=t

© 2 thermal cyclergE ©o]-&3}o] HF-S-A]71

Aol SOCOIA 15, 60°CollA] 484 % 253] WA A W

sequencing stop solution 4ulE ol Fo] W& FFAZA TR ok FEFH|2E|EE Centri-sep (Centri-Sep TM spin
t}. o] kS E3HE-S 95°Coll A 5E7F 71 Ao H columns Princeton Separations)& Ab-g3lo] A|AsIH 0w,

Table 2. Demographic data

Case No. Age/Sex* Operation name Pathology
1 71/M Palliative cholecystectomy Adenocarcinoma
2 61/F Palliative hepaticojejunostomy Adenocarcinoma
3 78/F Palliative cholecystectomy Undiff. carcinoma
4 67/F Palliative cholecystectomy Adenocarcinoma
5 52/F Palliative cholecystectomy Adenocarcinoma
6 64/F Extended cholecystectomy Adenocarcinoma
7 61/F Extended cholecystectomy Adenocarcinoma
8 57/F Extended cholecystectomy Adenocarcinoma
9 36/M Cholecystectomy Adenocarcinoma
10 56/M Palliative cholecystectomy Adenosquamous ca.
11 48/M Extended cholecystectomy Anaplastic ca.
12 73/F Palliative cholecystectomy Adenocarcinoma
13 76/M Cholecystectomy Adenocarcinoma
14 59/M Cholecystectomy Adenocarcinoma
15 T1/F Extended cholecystectomy Adenocarcinoma
16 56/M Palliative hepaticojejunostomy Adenocarcinoma
17 87/F Extended cholecystectomy Adenocarcinoma
18 51/F Cholecystectomy Adenocarcinoma

*M = male; F = female.
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sequencing products= Speed Vac (Savane Instruments)ol| A 71
ZA1 R A719E= Adstr] A ZAAE 90°CeollA] 287F
A& 7heta Aol gob Tl 4ue & o] 23
formamideoll %591 ¥ 4.75%2] denaturing polyacrylamide gel
ol &3ich 71952 30 WE 12417 A]71 3 ABI 373A
Sequence software version 1.2.15 A-&3to] A& E A3}

N
o\N

glol] tisle] K3t 59l slelal
SO 7R 5qme] A7 &
Ela=sl 3”‘3}%@3] °ﬂ-9—’q AME 3k 3 FoF =27
o §-7-5 3o v o' AA G Fokol el
Sl oA ool =2 wEo] EAAY WHoE et
= g *oﬂ(pH 6.0)°ll ‘:":L
REl PR o e o
Akl 9 EHof Fzket "5‘%01#“ 110022 «1‘4%
DPC4/Smad4 “HEE 3HA|(BS, Santa Cruz Biotechnology,
Santa Cruz, CA)} A&l A] 2417k 5k wjofst & <14kl
S EHo g Mk ohA] 2% Aol 307 ek
avidin-biotin -39} 30%, HO}U]L‘_W]Z]‘;l SHol| 227
st 3 2= Foll Ao Hbg5 TAATIAL 7 Eitol
£ duEAR 0 R vk faste] 3 Fmjon 43
shodch 52 A2 el A 95 7o ® oAl 1
AZ ol SAO<5%), FERHGE~10%), S
(H)(10~25%),  7+HA (++)(25 ~50%),  Z7FER(+++)
=86, =

R é(dlffuse)i =

&4 (focal) B w=|ut

Fig. 1. ddF results of exon 9b in normal control (N) and pancreatic

carcinoma specimens. Arrows indicate band shift in spec-
imen No.3.

4 i
1) EXe EM, = i U Ha| XX AL 2ot
189019 gt F WA} 74|, oJ A7} 1119 0w A7
I 3641 FE 87AI7EAI A AL A8 o] FghS 6241 Tk
FEL XA AATE 106014 o] Fo] R AL gelloll A= L
AR Fgnto] Jhesldet XA FERE g $dA
Aol 6cll, SrdAAEo] 40 AYPE AP 1A FEE
© FdAAEe] 6o, SdAAE W T3 TEol 24
A= Q). #HF el =22 A4 Ao Aol 1549 |l
E3}kot ¥ ¥k (anaplastic carcinoma) B 4133 9 (adeno-
I
CA GAG TTACTACTTASG
A 60

L

GAG CGT TACTAGT T

oAV

Fig. 2. Automatic sequencing results of exon 9b in normal control
(A) and pancreatic carcinoma specimen No.3 (B). Arrows
indicate the site of point mutation.

Fig. 3. ddF results of exon 1la in normal control (N) and pan-
creatic carcinoma specimens. Arrows indicate band shift in
specimen No.5.
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squamous carcinoma)®| Z+7+ 1014 919l tH(Table 2).
2) ddF ¥ XI5 7MY BM AN}

FHas Q) e 9 WP 22 B Sleko]

A aN7LA DPC4/Smadd F-A A2 Wol7t 74 &3k Ao g
42 AAYL 22 690l thsle] ddF B direct DNA se-
quencings A&kt 4 Azt el o] AL 23 F 2
ollol| 4] DPC4/Smadd A 2}+e] ¥lo]7} #2% 9} Exon 9b
9] ddF 73} 381 ZAAol| A band shifr} LFEFSE I (Fig. 1) 2
5 97149 EA4llA point mutationol] 2]3 exon 9b2] 411
A A7|(RAAH 2= 1,3608A])7} adenine (A)ollA] cyto-
sine (C)2.Z X|3}= © F A (substitution mutation) codon-
serine (AGT)ol|A] arginine (CGT)2-Z ¥ 3}5 Zo] &Qlx] 9]
t}(missense mutation)(Fig. 2). Z=¢F, exon 11a2] EAdl|A=

L
AT CA A AGAAACA
110

T —
04—

A T C A A C A AC G
100 110

Fig. 4. Automatic sequencing results of exon 1la in normal control
(A) and pancreatic carcinoma specimen No.5 (B). Arrows
indicate the site of point mutation.

Fig. 5. ddF results of exon 9b in gallbladder carcinoma specimens.
Arrows indicate band shifts in specimen No.l and No.2.

58 7 Aol A band shift7} VFEFEIL(Fig. 3) exone] 83|

AAH 2= 1,673HA]) 7|7} adenineol| A cytosine 2 2
%]3}t=] o] codon arginine (AGA)Ol|l A serine (AGC)2. 2 H

2| Sl eh(Fig. 4).

A=A ol A DPC4/Smadd F71712] Wlo| & gt
U3t =704 Pdet 2F o7 diF ¥ A% A71Ad

>

o =

A A A3 1sele] et 24% 3elellAl 27
exonoll F-A 2} o]z} 913t} Exon 9b2] ddF A3} F& 1

7} 20)| 4] band shifi7} I Q0 W (Fig. 5), 714D £
Aol Al B3AQ d7141%4 Q] exon 9b9] 37THA (A o2
= 1,356H4) $1717} adenineell A guanine (G)2-2 *| 2]

L

G GTCTTTGTACAGAGTTA
50 60

" eV m

b

G GT CTTTGTGCAGAGNTA

Fig. 6. Automatic sequencing results of exon 9b in normal control
(A) and gallbladder carcinoma specimen No.l (B) and No.2
(C). Arrows indicate the sites of point mutations.

Fig. 7. ddF results of exon 11a in gallbladder carcinoma specimens
and normal control (N). Arrows indicates band shift in
specimen No.18.
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21} codon- valine (GTA)ol 4] valine (GTG) 22 593 o}
1]}z Ako] 9l thsilent mutation)(Fig. 6). Exon 11a2] ddFellA =
Z# 180114 band shift7} FEE 3L (Fig. 7) G714 D A4
A3} 136 AEA A o 2= 1,724 7)) A4 93719 thymine
(Mel cytosineZ X|3k¥]o] codon®] leucine (TTA)olA]
serine (TCA)L.2 WH2H=| $lth(Fig. 8). ddFollA HlA4 A=<l
band shiftS ¥.9] exon (95, 11b)°l1412] B4 th= DNASIA
2t z2)ell e AR Wel7t gle AR A v
= 23l

OF AH

3) HAZXSIa 4

2

DPC4/Smadd +412+e] W& H7] flsfe] w1 =% 3}
o] M-S A38sl9dth(Table 3). 184 % 4¢ll= E.35 paraffin

b
TGAAATTCACTTACACCGGGC

130 140 150
A
R
TTGAAATTCACT CACAC CG GGC
130 140 150
B

Fig. 8. Automatic sequencing results of exon 1la in normal control
(A) and gallbladder carcinoma specimen No.18 (B). Arrows
indicate the sites of point mutation.

Fig. 9. Immunohistochemical staining of normal gallbladder muco-
sa. Densely stained nuclei and cytoplasms suggest strong
and uniform expression of DPC4 (grading +++) (x200).

blocke] glo] med =2 3}et 1A ti ol A] Ale]slgict. A
9|5 40ll9] Fd] Foll= DPC4 FARLS] Wol7} whA" =
de ok BE wd FHAddAe AR+ E
vebd BHE (Fig. 9) #o)7h 1 3dd19] Fallol A= 54
32 okokAE Hlrt Silent mutationd] Sl 13} Sl 200
AE w2238 JA A= AL E VeSO M (Fig.
10) missense mutation®] =] 304 & <FkA o Z byt

Table 3. Summary of results

Mutations detected Immunohistochemical stain

Case No.

By ddF By sequencing  Expression Nuclear stain

1 - -
2 - -
3 - - +++ Diffuse
4 - - +/- Focal
5 - - No slide

6 - - +/- Focal
7 - - - -

8 - - +++ Diffuse
9 - - +++ Focal
10 - - ++ Focal
11 - - +- Focal
12 - - No slide

13 - - No slide

14 - - +/- Focal
15 - - + Focal
16 - - No slide

17 - - - Focal
18 + + +/- Focal

Fig. 10. Immunohistochemical staining of gallbladder carcinoma

specimen. Loss of expression of DPC4 with negative
(grading -) result (*200).
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Fig. 11. Immunohistochemical staining of gallbladder carcinoma
specimen. Strong and uniform expression of DPC4 show-
ing positive (grading +++) result (*200).
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DPC4 A= Aol o 4A 18q2l.10 1A sk 4
A2 A Smadd®t FL3 FAAE A Ao ol
Transforming growth factor B (TGF-B)7- ¥HiAES] A%
A AA FAAQ] d&d¢s e 2oz Az
TGF-pv- ThiA L F2H o7 {A3E of ] F57e] whuld
To g2 FAEY Az F4, F3} 94 9 Ae 2439
of & WhAe] =4, =22 A3k} A Aol Hofsict. o7
o] &3l= 71 2 Z = Decapentaplegic (DPP) ¥HA I} activin,
BMP (bone morphogenic protein), TGF-§ 5] 9low o]&
S T 4252 BMP29t BMP4 ¥ Z3}2|(Drosophila)ol] A]
ololl A-33l= DPPE ATste ZHolA WA
TGF-37 ¥+ A-E Type 13} Type II FEAE 4R F
70 9] transmembrane serine/threonine kinaseol] Aol &3+
oZH AZE At} oA PAH HiA A5 A
A TGl A 7H Fa3t 8L Type I 8419 43t
(phosphorylation)o]™ o] I}l 4] Type II &A7} 202}
&5 3 AoE A7z QA= Type 1 +8419] N-
k0] ofAl 719 serine@} threonine®] thibol|A] Uoful=
o, o] F-9= s HEHQ Fiolm of7]of wo|7}
sl A% Ado] Agkx|al 1 A== wold thike] ¢
off nl&gkel. @ A, ligand= T84 A 849 Type I
T&Aol 7148l Type 1 TEAE Bolow IS svn
& 7 k. gt o] gt A o] whAIFQl ZFtol] oJslo] 8}
he] tigandell SJ3te] TR H3hE b 4 9 HekG)

Zvtg|ol|A] o] FE&Aol ofslo] vHEAH AB7t dow
Az = o8k §FAA7 Mad (Mothers against dpp)
ZZ}9} Medea -4 AFe] ™ (6) 4152+ (Caenorhabditis elegans)
of| Al Mad F+47+9] -5 A= sma FAAE(7) A
EeE 5 FEollA] HAE Smad 2= Mad®t sma
Adololtt. TR-FEOA Made) = thlA -2 Smadl
Bl Smad57tA] o}l 7HAE o] & TGF-B, activin, BMP2
3 BMP49] A% kol Fhofgtel. AA|7EAl LelA] Mad,
sma2, sma32| null mutatione ©] & A% S E HESH
C-HeHie] ofF F2 F9ollA LolubE missense S
nonsense mutation®|t}.(6-8) 3| o] FAALS] C-TelH =
ligandel] 3t SolAdS vrebhlw AAtS v &3 2%
ol| A missense mutations Ho]= FE-2 o] CALES] nj
T T¢E BEoFZA o] C-HTHEY XU F=It
DPC4/Smad4 f+412}2] A& Aol o3 95 & Al
A3ttt (9)

Schutte 5(10)< #4<te] <F 48%0l 4] DPC4/Smad42] ¥l
o7} WA x| = whd, fqtat Aol A& 10% mlRke
WAE o] FFe] Ftoll whel DPC4/Smadd 7 7+e] H o]
7} Zk= ou|7t vh2cka Haskgivk Rozenblum G (11)<
4201 9] Aol A K-ras, pl6, p53 L] 3L DPC4/Smad4
Aol wol & =ASIth 152 DPC4/Smad4d] Ho]ek
p168] Wo|7}t FEsh= 797t froshAl =kvka Harst
A p162] B|ZAI3}7L F o] DPC4/Smads®] Ho| & §-o]
sHAl & s ol ekt kgl BEdF 1997\ Grau 5(12)
< At AlES FollA] DPC4/Smad47} 313k Al E5Fo|
A1 TGF-p7} cdk (cyclin-dependent kinase) & A1S2 91 p21™!
= F5=3lA% DPC4/Smad47} glow o7 o] Wkl
A ¢5ot DPC4/Smad4®] &84 97} H|Astell A TGE-pell
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