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Germline Genetic Alterations in Intraductal Papillary Neoplasms
Associated with Extrapancreatic Tumors

Young Joon Ahn, M.D., Jin-Young Jang, M.D., Seung Eun Lee, M.D.,
Dae Wook Hwang, M.D., Yoon Sup Song, Dae-Yeon Cho, Ph.D.l, Sun-Whe Kim, M.D.

Department of Surgery, Seoul National University College of Medicine, ILabgenomics Clinical Research Institute, Seoul, Korea

Purpose: IPMN (Intraductal papillary mucinous neoplasm) is frequently reported in combination with a variety
of extrapancreatic tumors. The IPMN in these patients might represent the phenotypes of genes associated with
multiple tumor syndrome. The aim of this study was to confirm the presence of germline mutations in the p353,
MLH1, MSH2, BRCA1/2, and E-cadherin genes known to be associated with gastrointestinal malignancies in heredi-
tary tumor syndromes such as Li-Fraumeni syndrome, HNPCC, Hereditary Breast/Ovarian cancer, and Hereditary
diffuse gastric cancer.

Methods: 14 patients with [IPMN with extrapancreatic tumors (6 gastric cancers, 5 colorectal cancers, 1 gastric
GIST, 2 hepatocellular carcinomas, 1 AoV cancer) who underwent resection were enrolled in this study. We per-
formed PCR (Polymerase chain reaction) and direct sequencing analysis for the p53, MLH1, MSH2 and CDH-1
genes. Multiplex PCR, F-CSGE (fluorescent conformation sensitive gel electrophoresis) and direct sequencing was
performed for BRCA1/2 genes.

Results: We identified two novel mutations in the p53 gene (exon 1, codon 31, GTC>CTC, Glu—GIn) and
the CDH-1 gene (exon 14, codon 2218, CCC>TCC, Pro—Ser). For BRCAI, we identified 11 identical coding
SNP (exon 11, codon 3232, AAG>AGG, Glu—Gly) among 13 patients with a high allele frequency (46.1%)
compared with the 30.1% reported in Korean breast cancer patients. For BRCAZ, we identified a coding SNP
with an allele frequency of 2.6% (exon 11, codon 2578, AAG>AGG, Met—Val).

Conclusion: Germline alterations of the p53 and E-Cadherin genes in IPMN patients with extrapancreatic cancer
suggest that IPMN could be a manifestation of multiple tumor syndrome. (J] Korean Surg Soc 2009;76:236-245)

Key Words: IPMN, Extrapancreatic tumor, Germline mutation
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Table 1. Reported cases of extrapancreatic tumor associated with IPMN

Associated cancer

- %
malignancy

Extrapancreatic

IPMN

Year

Cases

Colon, esophagus
Colon, stomach
Stomach, colon

71

15
20
13
262

21

1996
1999
2000
2004
2005

Jiang et al.(1)

48

42

Sugiyama and Atomi(2)
Yamaguchi et al.(3)
Suzuki et al.(4)

Jang et al.(5)

27

48
1,024
208

Stomach, colorectal

19

53 Colon, stomach, liver

11

pancreas
Colon, stomach

28 35

79

2005

Kamisawa et al.(6)

esophagus, lung, pancreas

Stomach, colorectal
Colorectal, stomach

30
38

61 18
26

2006
2006

Choi et al.(7)

69

Eguchi et al.(8)
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Table 2. Hereditary tumor gene and its associated gastrointestinal cancer

Hereditary tumor Associated gene

Associated GI cancer (underlined)

Familial adenomatous polyposis APC

HNPCC*
hMSH6, hMLH3, TGF-RII

Hereditary breast/ovarian cancer BRCAI, BRCA2

Li-Fraumeni syndrome p53

Familial gastric cancer CDH-1

hMLHI, hMSH2, hPMS1,PMS2

Colon

Colon, endometrium, ovary, stomach, small intestine, liver,
GB, brain, skin, urinary tract

Ovary, prostate, stomach, colon, pancreas

Colon, pancreas
Colorectal, breast

*HNPCC = hereditary non-polyposis colon cancer.
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PCR buffer, 1.5 pM each of reverse and forward primer, dH>O,
0.5 unit Taqg DNA polymerase (GeneCraft, BioTherm' )7} &
FE A AL primere AHA] A2 A A&kt PCR
& % 353] Al el 95°CellA] 302, 55°CollA 30,
72°Coll Al 187F vE-& 3 72°Col|A] 787} final elongations
A 3813 e}

DNA Hlo] #4232 23 7] A4 E422 ABI 3730
DNA sequencer (Applied Biosystems)ol| 4] Tag dideoxy termi-
nator cycle sequencing kitE- o]-8-3}o] 37] A4& 43}
t}. o7}l 2oyl AbEoll tsle] pGEM-T Easy vector sys-
tem (Promega)S AF-8-3}9] Cloning PCRS A]e¥slo] &l

st
4) hMLH1, hMSH2 EXE 0| At

hMLHI, hMSH2 +R7k2] wol & 71 Arsl7] 914l PCR B
A 471 A4 45 Alsleleh PCR HE-g2 25 112 10
mM Tris HCI (pH 8.3), 50 mM KCl, 5 mM MgCl,, 0.5 units
of recombinant TagDNA polymerase, 0.5 pM of each primer,
1 1£Ci [alpha-32P] deoxyadenosine 5’-triphosphate (Amersham,
Aylesbury, UK), 100 ng of genomic DNA7} E8+%]A] s}t
HhS- 2712 95°Coll Al 302, 55°CellA] 30, 72°CellA] 30
HE-S- & 72°CollA] 557} final elongations A]e§3}3it}. PCR
ol 4] o] &g H.<l PCR A&+ ABI 377 automatic DNA se-
quencer (Perkin-Elmer)ol| 4] Taq dideoxy terminator cyclic se-
quencing kitg ©|&3lo] 7|AAE et
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BRCA 317} wlo] 1A= oDNA A1Ee] 02 1d&
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2 FAsch PCR WEEL 15412 1,419 DNA &4,
2.5 mM MgCl,, 1.25 mM dNTP, 0.5 #M of each primer, 1 U
Taq polymerase (TaKaRa)E E£3s}A] s}9iv}. HF-&-& 95°C
ol A 1027 ¥4 ¥ 95°CellA] 152, 57°CollA] 14, 72°Cell
A 4527t 353] AJe§3}9d ). Heteroduplexd] A& $]3}o]
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AbE, 0241 standard labeled TAMRA (GS500, Applied
Biosystems, CA, USA), 0.5 1 dextran blue (50 mg/ml), 0.5 21
2] freshly deionized formamided €&t} 7t laneol] 1~1.8
112] BRCA1/BRCA2¢} “Sporadic Breast Cancer in Korea3’ -+
AA7) dGE WEES EE31903 1X TBEAA 2,000 V,
42°C, 5A17e] =Ae g A7] FFeiel dold £4
GeneScan and Genotyper software (Applied Biosystems, CA,
USA)E o] &3}l ). CSGEolA o]4 478 K9l PCR At
=< MHEZ AFE  sequencing primerZ A5 F3}o]
Megabace 500 genetic analyzer (Amersham biosciences, CA,
USA)E ol&sto] 17 Ads A3l

6) E-cadherin SEA B0] ZA}

E-cadherin 37t Wo| & 2Q1s}7] 9Jsto] PCRe A3
st} PCR HFE£ 25 412 100 ng genomic DNA, 2.5 pM
of each primer, 47H2] 250 uM dNTP, 0.5 units of recombinant
TagDNA polymerase, buffer (Boering Mannheim, Mannheim,
Germany)7} E8E]A] $t3L, primere= A A2t A& A
Soldr). uhg F 353 2 94°Coll A 30, 55~60°CollA]
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Table 3. Clinicopathologic characteristics of the patients

IPMN
No. Sex Age Extrapancreatic cancer  Synchronocity Family history
Type Location

1 M 53 Dysplasia Head AGC (0} Stomach ca: father
2 M 61 Dysplasia Head EGC (0} Denied
3 M 69 Dysplasia Body, tail Colon ca (0} Denied
4 M 59 Dysplasia Head EGC X Denied
5 M 75 Dysplasia Head Colon ca X Denied

AoV ca (0} Denied
6 M 68 Dysplasia Tail Gastric GIST (0} Denied
7 M 52 Dysplasia Tail HCC (0} Denied
8 M 72 Dysplasia Head EGC (0] Denied
9 M 72 Adenoma Head Rectal ca (0] Stomach ca: sister
10 M 78 Carcinoma Head Colon ca X Denied
11 F 44 Dysplasia Head HCC (0} Denied
12 M 55 Dysplasia Tail EGC (0} Denied
13 M 66 Dysplasia Body, tail AGC (0} Denied
14 F 68 Adenoma Body, tail Rectal ca X Denied

4 i} 31 EBLC
1) e SAS9 AYHa|sty S4(Table 3) C¢TC
170 T 190

149 9] 872 F I 127, o A= 2do|gd HF o

H& 63.74144~78)%ch AlAl BA 719 Hfol] whE 2
Tl 7 Al Zoke A% (adenoma) 291], 73 AN W
QA FTE oA 114, &t 4 (carcinoma) 14| H5
Sgick #5741 Fd BUE AR v AR
T&E A 6oll(=7] A 4, B4 19 2¢), i 9
272} 59, $174-3 GIST (gastrointestinal stromal tumor) 1¢1],
ZAESE 26l WA sBUlR oF 107k ik 23 vl &
FA AN Zoka) v H|AA Foko] o] A A (metachronous) 2
2 e A9= E 49|(No. 4, 5, 10, 149932 A= B
T et T4 AR wrEoe] FH AAIE Al 3t
ek No. 5% 754 424 Y s A VH T TES

A

4 Foel EA0 AR Fold 74%9511:} 14@ s79]

g1l

TS 24604 $A4 ARl 5ol g B3 8l

94 A9 UL A2 ohl AT SRk AT No.

B A o F4 A AFPMA) 3

2) p53 RTALS| HO|

p53 472l Genomic DNAS ©]-2-3F PCR & #4 %17]

CTCAGAGGGGGC GACGC GG C1G

Fig. 1. The DNA sequence of exon 1 PCR product of p53 gene
of IPMN patient (M/69, moderate dysplasia) with synchro-
nous colon cancer. Point mutation of codon 31 in exon 1.
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Table 4. Sequence alterations detected in this study

Gene Case No. Exon Sequence alteration
p53 3 El 31 G>C E (Glu) 11 Q (GIn)
CDHI 14 El4 2218 C>T P (Pro) 740 S (Ser)
BRCAI 1 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
2 El11-6 2731 C>T Heterozygote P (Pro) 271 L (Leu)
El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
El11-9 3667 A>G Heterozygote K (Lys) 1,183 R (Arg)
El6 4956 A>G Heterozygote S (Ser) 1,613 G (Gly)
4 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
5 El1-6 2731 C>T Heterozygote P (Pro) 271 L (Leu)
El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
El11-9 3667 A>G Heterozygote K (Lys) 1,183 R (Arg)
El6 4956 A>G Heterozygote S (Ser) 1,613 G (Gly)
6 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
7 El1-6 2731 C>T Heterozygote P (Pro) 271 L (Leu)
El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
E11-9 3667 A>G Heterozygote K (Lys) 1,183 R (Arg)
El16 4956 A>G Heterozygote S (Ser) 1,613 G (Gly)
8 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
9 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
10 E11-8 3232 A>G Homozygote E (Glu) 1,038 G (Gly)
12 El1-6 2731 C>T Heterozygote P (Pro) 271 L (Leu)
El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
El6 4956 A>G Heterozygote S (Ser) 1,613 G (Gly)
13 El11-8 3232 A>G Heterozygote E (Glu) 1,038 G (Gly)
El6 4956 A>G Heterozygote S (Ser) 1,613 G (Gly)
BRCA?2 3 E10-1 1093 A>C Heterozygote N (Asn) 289 H (His)
Ell1-4 3199 A>G Heterozygote N (Asn) 991 D (Asp)
4 E10-1 1093 A>C Heterozygote N (Asn) 289 H (His)
El11-4 3199 A>G Heterozygote N (Asn) 991 D (Asp)
11 E10-1 1093 A>C Heterozygote N (Asn) 289 H (His)
El11-2 2578 A>G Heterozygote M (Met) 784 V (Val)
13 E10-1 1093 A>C Heterozygote N (Asn) 289 H (His)

A g3kt

4) BRCA1 % BRCAZ

BRCAI §AAE] Hol= AAS A9
~13)0l| 4] 937] Ade] wi3lr} 2
&710 2 BRCAI FAA Wo| AAE A
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Fig. 2. The DNA sequence of exon 14 PCR product of CDH-I
gene of IPMN patient (F/68, adenoma) with rectal cancer.
Point mutation of codon 2218.
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