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APC Mutation Spectra in Sporadic Colon Cancer Tissue among Korean
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Departments of Surgery and lLabomtory Medicine, College of Medicine, Chonnam University, Hwasun, Korea

Purpose: APC (adenomatous polyposis coli) gene is one of the tumor-suppressor genes that acts in the early stages
of cancer. Among general colon cancer patients, normal APC gene expression is deficient in 80%. It seems that
APC is the most important gene in the development of colon cancer. This study was performed to analyze the
mutation spectra of APC gene in sporadic colon cancer tissue from Korean patients with colon cancer.

Methods: A total of 38 patients with sporadic colon cancer were enrolled. Colon cancer tissues were analyzed
for the determination of APC gene mutation spectra by multiplex ligation-dependent probe amplification (MLPA)
method using SALSA MLPA P403 APC kit (MRC-Holland, Amsterdam, NL).

Results: APC gene mutations showing deletion/duplication in one or more exons were detected in 23 (60.5%)
patients. Duplication in 13 patients (56.5%), duplication and deletion in 7 patients (30.4%), and deletion in
3 patients (13.1%) was detected. The incidence of APC gene mutation found in this study was highest in exon
3. From this study, no significant differences were observed with respect to clinicopathologic findings and the

presence or absence of APC mutations.

Conclusion: The frequency of APC gene mutation was about 61% in Korean patients with colon cancer, it showed
concordance with the previous reports on the frequency of APC gene mutation from Caucasian patients with
sporadic colon cancer. However, in contrast to these reports, the frequency of duplication disclosed much higher
than those of western countries. (J Korean Surg Soc 2009;76:159-167)
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A3 tAkete] kAl 3pA o)A 2 7] thAol| Fofsl= §A
X} Z9] s} 2 APC (adenomatous polyposis coli) A&
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At 3hate] =28 AA 2 tissue lysis buffers 93
homogenizerZ ¢+ £33k 3 QlAamp DNA Blood Mini Kit
(QIAGEN Inc, Hildern, Germany)& ©|-&3}o] DNAE F%3]
th %% DNAE TE bufferoll Fo] & A g9 55
50~500 ng/ 112 2R3}k,

3) MLPAZ 0|E%t APC RTAIHO| 24

APC §77#o] E A2 SALSA MLPA kit P403 APC
(MRC-Holland, Amsterdam, Netherlands)E ©]-&3}o] A=A
of A AAIg Wi o2 AJeslgict. MLPA AAE 9 W

A
Primer probe
5 «— PCR primer
sequence X
PCR primer _ N
sequence Yy~ Stuffer sequence
N " (different for each probe)
Hybridization sequence
B

a. Denaturation&hybridization
5.Y \l X

\__

3 Target 5
b. Ligation
5 Y Ligase \l X
3 Target 5
c. PCR
5. Xz

Fig. 1. Outline of the multiplex ligation-dependent probe amplifica-
tion (MLPA) reaction. (A) The primer probes consist of
two oligonucleotides, one with only primer and hybrid-
ization sequences, and the other with an extra stuffer se-
quence between the two sequences. (B-a) The two parts of
each probe hybridize to adjacent target sequences. (B-b)
Probes are ligated by a thermostable ligase. (B-c) A univer-
sal primer pair is used to amplify all ligated probes. The
stuffer sequence is different for each probe and makes the
amplification product separated by electrophoresis.

Hell all A= Fig. 10l 7Hks] Awskgict. Kit el APC
probe mixoll ¢ A£AZAE2 Table 13} 2%kl MLPA
A& Takara PCR Thermal Cycler (Takara Bio Inc, Japan)&
o &35k,

(1) DNA i A(denaturation) % m%t 4 TE
bufferol] 3]43 DNA 5115 FHol| FF3slo] 98°CollA] 5+
7t 7ol DNAE WAAZ 2 o 25°CE WY7hsto]
probe mix 1.5 1219} buffer 1.5 £19] &3t HE 7k FH| &5
stgdeh thA] 95°CellA 187F 3 A7 F 60°CellA 7
probeE©] target DNAS} 276 E5 1647 59k HHS-A|Z
o},

(2) ZgH(Ligation) ¥H2: APC geneoll 5o]Z 2l ¥ 23719
probez-oll 4] Z+ probeol] tHall 2702] oligonucleotide”} 73 g+

Z}(hybridization):
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Table 1. Probes used for APC-specific MLPA

Probe name*

Detection region

PCR length (nt)

Ligation site

Sequence

Synthetic probe 2ql4
0797-L0463 5q31
1532-L0975 Promotor region 1 139
2065-L1586 Promotor region 2 148
1063-L0061 14q13
1534-L.0977 Promotor region 3 166
1535-L0978 Exon 1 175
1217-L0694 4q34
1536-L0979 Exon 2 193
1537-L0980 Exon 3 202
1344-1.0555 9q21
1538-L0981 Exon 4 220
1539-L1337 Exon 5 229
0517-L0097 2q14.2
1540-L0983 Exon 6 247
1541-L0984 Exon 7 256
0960-L0547 2pl12
1542-1L.0985 Exon 8 274
1773-L1339 Exon 9 283
0990-L0567 11p12
1544-L0987 Exon 10 301
1545-L1338 Exon 11 310
1042-L0791 8q24
1774-L1340 Exon 12 328
1700-L1341 Exon 13 337
2182-L3127 6q26
1548-L0991 Exon 14 355
1549-L0992 Exon 15 start 364
1085-L0653 14q32
1550-L0993 Exon 15 middle 382
1701-L1469 Exon 15 end 391
0977-L0564 15¢31
3323-1.2526 Exon 10A (alternative) 409
3324-1.2527 1061 mutation 418
3325-1L2528 309 mutation 427
1843-L.1408 16p13
1440-L0909 2pl6

538-539 GGCATCTT-GTGCTAAT
821-822 GCGCACGT-GACCGACA
35-36 CTGCAGAT-GGCTGATG
64-65 GCTTCATA-TGATCAGT
240-241 CTATGGCT-TCTTCTGG
363-364 AAGGATCT-GTATCAAG
508-509 TGACAAAG-AAGAAAAG
660-661 CGATGGAA-GAACAACT
729-730 AGCAAATC-GAAAAGGA
813-814 ATGAAACC-GGCTCACA
921-922 ATGAAACA-GCCAGTGT
1190-1191 AGTAAAGA-GGCTCGGG
1418-1419 GTTCTAAT-GAAACTTT
1492-1493 AGAATTAT-TGCAAGTG

1652-1651 Rev

TTTTAGTT-GGGCCACA

1725-1726 GAGCAGAT-GTAAATAG
1902-1903 TTGCATTT-TTGGTTGG
2234-2235 GCAGCTTT-AAGGAATC
4896-4897 AGCTGCCT-GTGTACAA
8409-8410 CTCCTTTT-AATTACAA
215-216 GCATTTCA-TCACAGGA
3239-3240 GAAATAAAACAAAGTG

3985-3984 Rev

CCAATCTT-TTCTTTTA

*Names of the probes included in the SALSA MLPA kit P403 APC (MRC-Holland).

)& o] IA A= HA thermal cyclerE 54°CE WYAA|A
u]2] d-FollA Foi<F Ligase-65 mix (MRC-Holland, Amster-
dam, Netherlands) 32 115 7} HHol| EFel9ict o o}
54°Coll A 15 &< HESAIZ] 3 98°Coll A 587 7F-23l9d
c}.

(3) PCR gt2: A &-Hol PCR buffer 4 119} 32} Z57<F
26 119 3T 4719 whg AHE 10 415 s
60°C2] thermal cycleroll 4 10 1212] polymerase mixE Z+72F
FrHoll £33 F PCRE Al&k4ich. PCR W2 95°Cell

o

A 30, 60°CellA] 30, 72°CollA] 184S 353] SFe}a,
uhA atel) 72°Coll 4] 20587 gL AZek PR A 10 g/
ml®] ethidium bromideE 3}-3-3F 1.8% agarose geloll4] 100
VEZ 4027 719853 F AHE Fsiqich

(4) Genescan: PCR A& 1plo ROX 0.3 .19} HiDi-
Formamide (Applied Biosystems, Foster City, CA, USA) 9 «1
2 pFeln 7 FHE orceld 287 AT F ALl
A 37X ZA ek, L vh5 ABI PRISM 3130X Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA)2} Genescan-ROX



162 J Korean Surg Soc. Vol. 76, No, 3

500 sized standard (Applied Biosystems)& ©]-&3}o] genescan
2 A

(5) AopEM: APC FAA wWolo] EAL Softgenetics
MLPA Z & 1% (GeneMarker)& ©|-83}o], 2} DNA &2
N gk(peak 7HI} 271 & AL E 7] F Hlo[EHE &
Asigict. Hdigkol AW Z717F AL v SolH e F
Z5] Az, Ak (primer) ©] 2FA|(dimer) 2! MLPA control
mix 256 doj H gk AHAlslaL, MLPA AR 7t
e HgEnt @7 delelA AEY] Ee dzT Hd

Table 2. Clinicopathological characteristics of patients
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Probe name* Detection region

PCR length (nt)

Ligation site Sequence

Synthetic probe 2ql4
0797-L0463 5q31
1532-L0975 Promotor region 1 139
2065-L1586 Promotor region 2 148
1063-L0061 14q13
1534-L0977 Promotor region 3 166
1535-L0978 Exon 1 175
1217-L0694 4q34
1536-L0979 Exon 2 193
1537-L0980 Exon 3 202
1344-L0555 9q21
1538-L0981 Exon 4 220
1539-L1337 Exon 5 229
0517-L0097 2ql4.2
1540-L0983 Exon 6 247
1541-L0984 Exon 7 256
0960-L0547 2pl2
1542-1.0985 Exon 8 274
1773-L1339 Exon 9 283
0990-L0567 11p12
1544-1L.0987 Exon 10 301
1545-L1338 Exon 11 310
1042-L0791 8q24
1774-L1340 Exon 12 328
1700-L1341 Exon 13 337
2182-L3127 6q26
1548-1.0991 Exon 14 355
1549-1.0992 Exon 15 start 364
1085-L0653 14932
1550-L0993 Exon 15 middle 382
1701-L1469 Exon 15 end 391
0977-L0564 15¢31
3323-1L.2526 Exon 10A (alternative) 409
3324-1.2527 1061 mutation 418
3325-L.2528 309 mutation 427
1843-1.1408 16p13
1440-L0909 2pl6

538-539 GGCATCTT-GTGCTAAT
821-822 GCGCACGT-GACCGACA
35-36 CTGCAGAT-GGCTGATG
64-65 GCTTCATA-TGATCAGT
240-241 CTATGGCT-TCTTCTGG
363-364 AAGGATCT-GTATCAAG
508-509 TGACAAAG-AAGAAAAG
660-661 CGATGGAA-GAACAACT
729-730 AGCAAATC-GAAAAGGA
813-814 ATGAAACC-GGCTCACA
921-922 ATGAAACA-GCCAGTGT
1190-1191 AGTAAAGA-GGCTCGGG
1418-1419 GTTCTAAT-GAAACTTT
1492-1493 AGAATTAT-TGCAAGTG

1652-1651 Rev

TTTTAGTT-GGGCCACA

1725-1726 GAGCAGAT-GTAAATAG
1902-1903 TTGCATTT-TTGGTTGG
2234-2235 GCAGCTTT-AAGGAATC
4896-4897 AGCTGCCT-GTGTACAA
8409-8410 CTCCTTTT-AATTACAA
215-216 GCATTTCA-TCACAGGA
3239-3240 GAAATAAAACAAAGTG

3985-3984 Rev

CCAATCTT-TTCTTTTA

*Names of the probes included in the SALSA MLPA kit P403 APC (MRC-Holland).
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: i 2) MLPA ZHAW| 2|3t APC SHR} 0| A
4 o} Fig. 29} Fig. 32 MLPA ﬂx}i WEE APC FAA &+
o] AL i A0l oo
1) AR O] QAEa|E E3 exon®| 7<= (deletion) ¥ - (duplication)®] HEH Q] of|o]
o} AA| 389 F 23‘ﬁ(60.5%)°ﬂ/11 st} o] 49] exono] Z<&
> 42 @Ak 239(60.5%), 12 157 (39.5%)°1 T TES Hol= APC fA47 Wo 7l #EE9lom, A
i, HF ol 61489, 36~77A)ATE. Fake] xE uk AEE AL 33W(13.1%), FEU B2E A9E 13
AR 249 (63.2%) B THH 147 (36.8%)0] Atk Fk2 H(56.5%), LB|3L AL FHo] FAl HEE B 7
e gz 2k AHokE 329 (84.2%), HMA AtE 51 (30.4%)°]1cl. 3+, promotor region, exon 3 frequent

(132%) 2 71} 192.6%)0|Q et 183
Committee on Cancer stage (AJCC)oll 23l £33t tia<te]
W7)= 17] 3% 8.0%), 27] 149 (36.8%), 37] 207 (52.6%) Y
47] 1'4(2.6%)°] A t}(Table 2).

, American Joint

e} 7

Bol 4] o] GRS Table 374 2
B+ exon 30| 15O 7}Ak ek
31, exon 19[4 109, exon 159114 89, exon 2 B! 5ol|4] 7+
74, exon 10014 69, exon 8|4l 4

exon 4, 9 9 7014 7} 3

mutation region

Ste}. ol 7} )

v, promotor region 2,

v, promotor region 1 Bl 3oj|A Z}

Table 3. MLPA analysis results from patients with deletions/duplications of one or more exons of the APC gene

Frequent
Promotor .
. Exon mutation
Patient region region Dele- Dupli-
No. tion cation
15, 15, 15,
1 23 1 2 3 4 5 6 7 8 9 1011 12 13 14 10A 1061 1309
start middle end
1 dup dup dup 0 3
2 del 1 0
3 dup dup dup 0 3
4 dup del 1 1
6 dup 0 1
10 del del 2 0
12 dup dup dup dup del dup dup dup dup del dup 2 9
13 dup dup dup del del del del 4 3
14 dup 0 1
15 dup 0 1
16 dup dup 0 2
17 del 1 0
18 dup 0 1
19 dup dup dup dup del del dup dup dup dup dup dup del dup 3 11
20 dup del del del 3 1
21 dup dup del del dup dup dup dup 2 6
22 dup 0 1
23 dup 0 1
26 del del dup dup 2 2
27 dup 0 1
30 dup 0 1
31 dup dup dup 0 3
34 dup dup dup 0 3
Deleton 1 2 000 0 0 3 7 1 1 0 O O O O O O 2 1 30 0 o0
Duplication 1 1 2 10 7 15 0 0 0 2 4 3 3 1 1 0 0 O 2 0 3 0 o0
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Table 4. The association of APC gene mutation (one or more exon deletion/duplication) and clinical, histological and pathological parame-

ters of patients

No APC mutation,

APC mutation, number (%)

Parameter P-value*
number (%) Deletion Duplication Both Total
Age
<60 4 (26.7) 2 (66.7) 6 (46.2) 2 (28.6) 10 (43.5) 0.167
60~70 9 (60) 0 3 (23.1) 5 (714 8 (34.8)
71~79 2 (13.3) 1 (33.3) 4 (30.7) 0 5 (2L.7)
Gender
Male 10 (66.7) 2 (66.7) 7 (53.8) 4 (57.1) 13 (56.5) 0.905
Female 5 (33.3) 1 (33.3) 6 (46.2) 3 (42.9) 10 (43.5)
Site
Proximal 6 (40) 1 (33.3) 5 (38.5) 2 (28.6) 8 (34.8) 0.960
Distal 9 (60) 2 (66.7) 8 (61.5) 5 (71.4) 15 (65.2)
Differentiation
Well 9 (60) 1 (333) 8 (61.5) 3 (42.9) 12 (52.2) 0.902
Moderate 3 (20) 1 (333) 3 (23.1) 3 (42.9) 7 (30.4)
Poor 3 (20) 1 (333) 2 (154) 1 (142) 4 (17.4)
American joint committee
on cancer stage
I 1 (6.7) 0 1 (7.6) 1 (14.3) 2 (8.7) 0.812
I 6 (40) 0 6 (46.2) 2 (28.6) 8 (34.8)
I 7 (46.6) 3 (100) 6 (46.2) 4 (57.1) 13 (56.5)
v 1 (6.7) 0 0 0 0

2 . .
*x~ (mutation versus no mutation).

29, exon 6, 11 @ 120l14 7+ 1199 =o]9)r}. s}A|uk, exon
13, 14, frequent mutation region 1061 3! 130904 = o] 7}

Table 5. APC gene mutations of respective carcinomas patients

APC mutation,

Total P-value*
WA ohsk number (%)
Adenocarcinoma 32 18 (56.3)
3) APC A0 HIEQ} QA a|stH 4740 oAzt Mucinous adenocarcinoma 5 4 (80) 0.429
Squamous cell carcinoma 1 1 (100)

kel A, A,

APC A7k 0o W&

=
ok

o] 91X, B3hE 2 wi7lo] wpe
Table 49} 7gkeh. APC G4

2 . .
*x~ (mutation versus no mutation).

o] 6041 ulutollA] 43.5%F 604 o]/l 7Kk whekar,

Aol Al A9 56.5% % oA A+] 435%01 vl w@oke | Z

U A fostA e ekdkehP>0.05). FE3E Foke

A7t A9YHEQ AL 652%F ZH 34.8%01 H]3l Ho] APC A= T4 A AR EA 59 GAA 9] q21 F

7} o ggon, R35rl 2o A$ 522%%2 B3Est o
o Ao W HET} =9, 37]004] 56.5%% o2 H7]dl

Yol ZAlet 15709] exone & FAE o] QUrh(1415) &

28437019] ofulibo 2 o] Folxl WA S AR, of

Hlﬁﬂ Hol WIE7} Egtont, o]t £AEY FAXLE AR AEE Ao]9] Rl Jofzt= whAQl wElT)
frelatAl = ESkehP>0.05). WeloHd A7l webA = 2 glde]gbe ghilAn Agtsto] AE Ato] o] Aol B
7+ AQFE 56.3% (18/32), ANA AHE 80% (4/5), :13]::1 ofgto @y AE AA Ao JFE Frh(415) BE
AT AELF 100% (1/D)NA APC F47} w7} 34 Qo] 80% o]l Al A3 Q) APC Thio] WHE ]| ¢k
<, 9 ]5—.”31 22740l whE APC A o] W% Tt % oB g, APC AR tiAeke] WA B Mt Fe
o3k ARBA7E kP >0.05)(Table 5). FAAZ AzbE s glek. g, ohE 9 oF AT
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22| kol SolstAl Fofete APC 7S] Hol=
o A 9] 7)ol HFodiet. oA APC FAA Wol= 7t
T4 ATE 559 W g A FUYde
2, A4 Sho] obd A4 diagre] ATt E <dto]
oha A Sleh(6-18)

B AFoAE APC $AHA Hlo]E elsly] el

Schouten 5(19)0] gkt MLPA ZAALE o|-£3}91t}. MLPA
AAE target exon®] F71A R HA 5 FAe WL
2 & W Eol B]3) target regionoll Ag st &
PCR primert AH-&-sto] 3 Wio] wk3-o 2 A5 <ok ? A%
o sk, o] AAET vlazsle] 3k Wl B2 AAE A
glE & g o] Hek zbas, 7 exond Al & &
T Qo] APC FAA}; Hlo] F9j9t AEE ﬂ“ﬂ g Qo=
ARl Ak (20) olH3E o] FE o] HAWE APC 9ol
hMLHI, hMSH2, BRCAI Bl BRCA2 52| thokst 544}
Aol AEE L k2

B T = AkA tiaket saE ke g APC §A
2} wlol & FA s =, ¥ 381 T 239(60.5%)0l A Hio]
7} #EE Ak o] H%“’J*"— o 3k 7]E dellA
B35 ApC A Aol HIEQ]l 47~83%9F S-A}Y
th(6,16) 34, 71E9] 04%’—011 wLEJ:% APC GAA} Wo)7}

r—r’
L

r-{r:

U A5 exon«] Aol RS ARSI IL,(10,21-23)
A A LT E Ak 8 7kl A exon 49
S0l Bl vl Qlvk(24) shAIuE, B dollA] g &
Z7 Wol = exond] FEHT AW 97} 13%(56.5%) 2=
7b A, AL FHo] FAl W Aeve 74
(304%), Lela ALt $EE 971 38(13.1%) Tl
o} o]igt fol7} QIF W Aol whE Xpo]QIA & )
71 Sl A AT e Ao g A7t
g, B ool FollA] AE e 5 APC §AA Mol &
Hol+x X9+ exon 39| 158 2 Q_U:], exon 19|

2] 109, exon 15914 8%,
o] Cao S(10)°] 7FEA A%
Zol| Al ZAEE APC 77} Hio] TS’J % exon 15¥ 0] 7}

Eeliehe Raske Aol Holx glgich. olelat Aol
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