NI £k 274 4 % 1 279~292 (2001) 279

KIEMKIBIRIEEDS / L APC BoFEE LBERMED
BRICREY 2%

/NG Fs— BB

o REMABIRIEE (FAP) 3SR MAXBRELSEEABHRELHHREL,
adenomatous polyposis coli (APC) BIZFERICERT 3 BIEMERBEZEASNTVS.
AEICHTIREFLHMOBERZHES PICT B 10, APCRIGFER EERBBEORER
aEHEIL 7.

HEEFHEH: KBBLIUKBIRED,S FAP LERFRZHET L /-2 Mz X& & L,
LIF &% £ 1) 5 APC BIETFER%E PCR-SSCP &, KWL PTTETRA 7 U —
290, 5@ (Tov1-12) TEE, 3 (T 13-15) TEE, TREMHOD
3SEICA, ABREOEE, B - t-iBREOCEE BB, 5LUMROXBARE
(BHE, TAEAFN, PEREFELRARSE) OEESIEBRIL A 2) TRBHAIOER
EHRB4#%FEL, LREREAMKECHIEL L.

BR:1) 7RZSBIES AEREE NER26EIIRERS, 4RRIIPIIIEREM
BTHh-rf JFAERBRTIMO2#LY HBERNAGIRERE, +—RFEFLERERRE,
5LUPEReFLRBTEROBENSERICE D - 240, +Z1EHBIEILEEARIRIEDER & O
BEIZBES AT o7 2) 8 RF11IC nonsense TR %, 8 HFE176IZ frameshift
ZEEEDE AR 1615 L V1556DERR TS K BRIRIEEN RTEM THREIRERIEE -
TV, AR VISERFRTIIEZERETH 5B IREEEL, QN 130ERRRT
EREMT AT FEEOREZROL.

8 APCBIETERIBMOBWVC LD REBIFRNE FAP OREEREEHS ICL L.
Bt > THBIZFLW (L FAP BEDEEFHRED—BILHEY 35EF250 3. LU
FAP OEEE L TS, APCBIRZFUNOEENFROBESHBII N .

CEREI34E10H 16 H S5

Correlation between APC Germline Mutation and Clinical Phenotype in
Familial Adenomatous Polyposis

Yoichiro KOBORI

Background : Familial adenomatous polyposis (FAP) is an autosomal dominant disease
characterized by the occurrence of multiple colorectal adenomatous polyps and various extracolonic
manifestations. The gene responsible for FAP is the adenomatous polyposis coli (APC) gene. To

investigate the clinical significance of the APC gene analysis in the disease, I searched for APC
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germline mutations in our FAP patients, and compared them with clinical manifestations,

Subjects and methods : The subjects were 44 FAP patients from 32 families. The APC gene in
these subjects was screened by polymerase chain reaction based-single strand conformation
polymorphism or the protein truncation test. The patients were divided into a 5° mutation group
(exons 1-13), a 3’ mutation group (exon 15) and a negative group. The types of colorectal
polyposis, the frequencies of gastroduodenal adenomatosis and extraintestinal manifestations
(osteoma, desmoid tumors, congenital hypertrophy of the retinal pigment epithelium), and the
clinical course of duodenal adenomatosis were compared among the three groups. In the 3’ and 5’
mutation groups, the mutation was further determined by sequencing analysis.

Results | Eight patients from 7 families had a 5’ mutation and 22 from 11 families had a 3’
mutation. The remaining 14 patients from 14 families were negative for APC gene mutation. The
prevalence of profuse polyposis, duodenal adenomatosis and congenital hypertrophy of the retinal
pigment epithelium were significantly higher in the 3’ mutation group than in the 5’ mutation
group and the negative group. However, there was no difference in the prevalence of progressive
duodenal adenomatosis. Fifteen different mutations were detected in 16 families. Eight mutations
in eight families were nonsense mutations, while seven in eight families were frameshift mutations.
Three families with mutations at codons 161, 332 and 1556 had sparse colorectal adenomatosis
with serrated adenoma. A family with a mutation at codon 1556 had severe and progressive
duodenal adenomatosis. A family member with a mutation at codon 1530 had severe desmoid
tumors.

Conclusion : There is a close correlation between genotypic and phenotypic features in FAP
with APC gene mutations. Therefore, APC gene analysis seems to be a clue that can be used in an
individual surveillance program. It is also suggested that genes other than the APC gene may be
responsible for the development of FAP. (Accepted on October 16, 2001) Kawasaki Igakkaishi 27(2) .
279292, 2001
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LT & 7z polymerase chain reaction-based single
strand conformation polymorphism (LAF PCR-
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APAOIE AR 2B L TR 4 /2. Ll L@ PCR
FEM % Y AR ARILEES 4 £ — MK B in
vitro BIERR IZIRM L T APC B[ D — & &0



282 I e
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JRE 7 R L 7.
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Mt BE CIRURABICBIT 2 AIRMNR Y —
THEKGROFEEL R Lz FRRE#
T ] B W o K X M v LRI
MPERES LK) —THEFW L, K —7F

Applied Biosystems #I:

APC gene

exon 1-14 exon 15
5 : | ¥

A (codon 2-479)
B (codon 348-758)
C (codon 658-1283)
D (codon 1099-1700)

E (codon 1547-2246)
F (codon 2123-2843}

Fig. 1. Segments of the APC gene divided for protein
truncation test.
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KB EOILE T, KEHOREX3HETE
W hdodons, KEBEEOREIRZ- T
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Table 1. Results of APC gene screening in patients with
FAP
PCR-55CT

PTT positive negative Total
positive 1 4 15
negative 0 9 9
not perform 3 5 8
Total 14 18 32

number ! families

Table 2. Comparison of clinical features among groups devided by APC gene
screening result.

BERY. MAZ ) —= v 7FER

5'mutation Imutation negative
HAT L7224 R D 95 B 2055 TH B S )
%;ﬁs‘— FLTwWwihs, # a)»ﬁ_{l@ 4 Mean age at diagnosis (range)®* 38 (8-72) 25 (9-47) 42 (22-65)
d Familial history 5 19 8
KZ1: PTT &5 2—> PCR-SSCP Colonic lesion
. e X Colon cancer 3 7 7
(_g |§f=;.' ‘m_ T ﬁ) = 7. ‘[;,E -~ 7T, PTT (Ji Number of colorectal adenoma®
. . 3 i scattered 2 1 2
2 &% APC BIZ T ERBMEEN sparse 4 8 8
N e - profuse 2 13 4
PCR-SSCP &E £ ) o 1275, Extracolonic lesions
o e e U intestinal lesions
HEEIZ RN do 7. %%elg gastro-intestinal lesions ; - ]
M R i k2 Al i [ Gastric adenoma 2 B* 2
2) ﬁﬁ\ﬁ:gﬁ t Iﬁﬁbkﬁﬁ{ﬁ:@ [5@ Duodenal adenoma® 5 21 9
£ Ampullary adenoma 4 12 5
Extraintestimal lesions
PLEDA ) —= v 7O R Ostecma 5 18 10
. s ey s Desmoid 1 4 1
B, WHA4FII5 WA R 8 F Soft tissue tumor 1 7 4
CHRPE* 0 13" i

(7TFFR), 3MERMH2F (11F
F), EREBEEBEY (UERR)
24 s 7. Table 22 3 B

CHRPE ; congenital hypertrophy of retinal pigment epithelium.
polyposis. “one case, “two cases, and “three cases are not examined. a,b,c : p<
0.05,d : p<0.01.

FGP ; fundic gland
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Table 3. Comparison of devodenal adenomatosis with FAP

il (85274 45 2001)

(Table 3). iH{k4% ‘J#ﬁ“"d)’)fo,

Smutation  ¥'mutation  negative =g W\ﬁbﬂﬁ'}ﬂ; OWHEIZE T o
Biey Sty B ATANE | S wmﬁﬁ;
Grade of non-ampullary adenomatosis  (n=s) (n=21) (n-2) 5T HIZERREE (0%) T 2 8
Stage | 2 ? : (3" 2 R At65%, ZERIEERGS
Stage I 2 12 4
Stage Il 1 2 1 %) £ b H{%AH - 7. Figure 2 (C
Stage IV 0 0 0 MBI BT S | IR
Grade of ampullary adenomatosis (=4} (n=12) (n=5) S RIEOPRA(L R Y. 51
normal 0 3 1 PR 4 45 L{*' 2, 37fZESBEL0
ok e | ; , Wik 3 i, A SEREVERE 5 B 2 6
|2 stage 0)113_‘—11 RS L, 3
W THEFTE SRR LB & i v
S el IR R 7z, i 7o BRI DT 1
LREMREO 1 FI B TR A
5 9. APC iz ‘f’-’é‘aﬁﬂ! a T 5 8
1) APC #ifn T4 5R
Ao ==y FHHIBRZTIEERIIB W
THEALZ b - v—p Ty AL 0 R
i p—Tra— ﬂﬁ#mﬁﬂht.M®2%%imefww
Hegative gaup T o 2h, DNA ORILEF]IC R & BT,
R é%udmAmmm_;@,Lyv/yﬂm
. . r T : . . T5 A 2y SR RIS BB SR A D 7.
1020 30 40 50 60 70 ey Table 4IZ16KF D APCMIE T ERERL,
Figure 3 [Z%% 2 (Fig. 3A) & %% 12 (Fig. 3B)

Fig. 2. Correlation between the APC gene mutation and
clinical course of duedenal adenomatosis

Table 4. Results of germline APC gene mutation sequencing analysis

DYy —T T ADFEREHEFE LTERL.
ARFge TR L7 APC #t{s BRIz ¥
Y161 (Vv d) HaT Ry

Kindreds(subjects) Exon Codon Nucleotide change

Consequence of mutation

1556 (=2 »15) DFEIZHT:

L 4 161  CAA—TAA Nonsense b, HIEIERRIZ X B nonsense %5
2 (1) 5 213 CGA — TGA Nonsense G Ve e e
3 (1) 6 232 CGA — TGA Nonsense ;n'\:yb‘ 8 %;{‘! 17%&wL5 lﬁi&ﬂﬂ?ﬁ
4 (2) 8 302 CGA — TGA Nonsense - frameshift ZE 845 7 32
5 (1) 9 332 CGA — TGA Nonsense L&D EIRDTEA, ]
6 (2) 13 554 CGA — TGA X Nonsense 1 ¥ AlZ & A frameshift POR
7 (1) 15 656 AA del Frameshift, stop at codon 672 ik s
8 (1) 15 848  AGAT del  Frameshift stopatcodon 859 2 1 KA TH o7z, - T, &K
9 (1) 15 935 TAC = TAA Nonsense Z 1T E3 PC & T G AT HE
10 (3) 15 1068 TCAA del Frameshift, stop at codon 1124 ARIZBWTAPCHHO T
1 (2 15 1102 TAC — TAG Nonsense i Ry
12 (1) 15 1251 G del Frameshift, stop at codon 1264 ks el S
13 (2) 15 1324 C del Frameshift, stop at codon 1414 Z) ﬂ%& ’I’EJ’R
14 (1) 15 1324 C del Frameshift, stop at codon 1414 . - A T ] AT
15 (3) 15 1530 G del Frameshift, stop at codon 1564 Flgure 412 APC 'lh 11; T _"J A H
16 (5) 15 1536 A ins Frameshift, stop at coden 1558 B L 721638 R27 1) o [ R B &

FEtE#ES6% T, BﬁH"iTUH%ﬁ X Ao
7o, MBS ILBUEBIE ORI S AR A T

APCHEZ T HE RV OMEE £
Lo, MESEEEEEEREs Y 132 F
Y5541 D3 MOERERIIRD ST, B
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2RFZ (5P S, FORTIS Y Y
152 F Y1556 ERFR (34]) TIE, wih
b 2051 2 b405§tﬂ®ﬁ5ﬂ¢'i: stage T2 H IV

A CGA—TGA  (codon 213) B

Jthl b

APC B FER S BRI O MR L0008

deletion G

(5]
(o o]
o

ANOFEELERAA SN T, FERCRIRE
DL RREIEDLSMW (v yr4ab Yy
161) Z2 L3l (=& 153 F X1556) (2
S AERNERTHoF. FATA FHGE
V6, 13BLT, BHLIMUHEID2ER (=
#3153 F 15307 > L1556) 2 i/,
ZNH B F IO ERERICERLEEL
Ry F2EAL FEENEELT

{codon 1251) Vet oo
UEo ki, =#v 133 F
VSRS Iy Y 153 1324
ELERFERTIE, wWihb i
WEE A0 LA T, 358w
Eaefl, MEE L EEPEE

GAAAAACGAGCA

amx%ﬂﬁmr%wwéFm
A Td - 72 DVH L, B

Fig. 3. Examples of direct sequencing in family 2 (A) and family 12 (B).

Sequencing curves in family 2 demonstrate a C to T replacement at codon
Sequencing curves in family 12

213 resulting in nonsense mutation.
demonstrate 1 bp (G) deletion at codon 1251.

oto B osfed

. ° §8 g

[ ]
0od
O
O
O

oo

~ exon 1-12 q——— exon 13-15 — ——

5 ;

@%%%%TM#%@M&%K@
ERTOAB SRS, TRDLR
Fl (ORI, SRR

Colorectal polyposis
© scattered

O sparse

® profuse

<> Serrated adenoma
in the colon (-)

2 @ Serrated adenoma
in the colon (+)

O Progressive duodenal
adenoma (-)

M Progressive duodenal
adenoma (+)

| [ 3

/A Desmoid tumor (-)
A Desmoid tumor (+)

pp
B>

¥ CHRPE (=)
¥ CHRPE  (+)

{(Congenital hypertrophy

<I<]

<4<

of retinal pigment epithelium)

Fig. 4. Correlation between the site of the APC gene mutation and clinical features
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A B

Fig. 5. A member of a family with APC gene mutation at codon 161. Barium enema shows sparse colonic polyposis (A).
Colonoscopy shows a serrated adenoma in the sigmoid colon (B).

TEM 2 o LA R G I NE S, AT 1 Je e
PR, B ek IRBRAE)  (Fig. 8) 2B W T
W) 7 BROR ffes A5l eh & 7z,

% =

JTAE, FAP O RIKEME & APC @i FARD
MWL S, FAEDLBAAERIIKET S
ZEDRESIRT LY, L Th, K
HL I A5 0D 2 P R0l 4 0 R AT H B R, 7R
BA FNEHY O3 B L ORISR R
W2 S0 o g A E R AR AR B AVE BRI 4R
TBHI EMNG, APC BIG TR L AE D & WY
e e e DFH I TP TR HHOREITHEL TH L
Fig. 6. A member of a family with APC gene mutation at EEZONDL LIS TW A,

codon 332. Macroscopic findings o.f lhe.resecled colon APC 8% T-25 5o 0 #1112 12 PCR-SSCP #: 5%
shows sparse adenomatous polyposis and an advanced N

cancer (arrow). Z{MwehT&7, LaLl, AEETIE8529

HHETHER S N2 85T, Ao % BT

IihE) (Fig. 5), %5 (B F KNG M i, 5EE5 (mutation cluster region ; MCR) 7372\ 7

Kpatiz 7z L) (Fig. 6), 35R/15 GREMET 5008000, SueBEELHELL TR

AEA FIEE) (Fig. 7), BLUHERIE (Wi 6920 I L, FAPFKARIIHBIT HEE
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T %5 5L oo HE 45 DY nonsense 72 13 frameshift
mutation Tadh A FE 5, L 0 HHEH2EAC
HifE APC B & MINT 5 PTT @®EAHSE S M7z

A %2 T3 PCR-SSCP i & W & PTT = 51k
R, AEEBASNE Do 12, BED
I 0 BT H AWREMEDRE SN —T, B

YT Friedle & O640H] DHF TH2% 12 B L5
A LD L5, BAFORSE TIEM T
FZ L o T L MBIIZE  OBRMEFSEET
29810 KR T, PCR-SSCP % L
PTT % % Hl W 723 & T H 44% IR R DT

A

L7, F7, Scott 533 LU Giarola 5% (%
APC B iz T RV FAP 7 O K E G H
DR RERGLIEEMELTVLED, A
HeadThE B ORREE L L TEEMK
I IEE 45 & OF 1 45 B M i oD 5T BE A v
A b7, T Ens FAP DKM E L
T APC Bz TN O BIEFEROATEN G
TEhWwEEZLNRT,

FAP |2 BT 2 KB IRIEG O R E APC #Ein
TAERIMICHEINLZENHLENER ST
WwWh, Thbb, 7153 K 1250056

Fig. 7. A member of a family with APC gene mutation at codon 1530. CT shows a large intra-—abdominal tumor (A).
Histologic  findings of the tumor are compatible with desmoid tumor (H.E. staining % 400) (B).

A

B

Fig. 8. A member of a family with APC gene mutation at codon 1556, Duodenoscopy at the age of 29 years reveals numerous
protrusions (Grade 1) (A). At the age of 44 years. the duedenal lesions has increased in size and showed manifest carpet-

like configuration (Grade [V) (B).
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