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Project Summary

. . Study for genetic susceptibility to esophageal cancer in relation to
Title of Project X .
metabolism of carcinogens

Key Words Esophageal cancer, carcinogen, genetic susceptibility

Project Leader Do-Hoon Lee

Associated Company |Not applicable

Purpose
This study aims to investigate effects of genes relating to glucuronidation of tobacco-specific
nitrosamines on development of esophageal cancer, and to use these genetic associations to

screen high-risk subjects in general population

Methods

‘Total 218 esophageal cancer patients and 197 of age and sex-matched normal subjects were
enrolled in this study. The genomic DNA sequences of five genes were analyzed using Sanger
sequencing which are related to N-glucuronidation and O-glucuronidation: UGT1A4, UGT1A9,
UGT2B7, UGT2B10, and UGT2BI17.

Results

This study determined minor allele frequency in the normal Korean subject for five genes.
Main findings were as follows: UGTI1A4xle (allele frequency 0.8); UGT1A4*4 (0.5%);
UGT1A4%3b (13.9%); UGT1A4%6 (0.3%); UGT1A9%3 (9.3%). We also detected novel sequence|
variants with no previous report in the targeted genes. Among esphageal cancer patients,
following missense variants were newly identified: UGT1A4:c.8G>C, p.R3T;
UGT1A4:c.1145G>A, p.S382N; UGT1A4:c.1210C>T, p.R404C; UGT1A4:c.1218G>A, p.E406K;
UGT2B7:c.469A>G, p.G157S; UGT2B10:c.403C>G, p.L135V; UGT2B10:c482A>C, p.EI61A;
UGT2B10:c.512A>T, pHI7IL; UGT2B17:c.1312C>T, p.P438S; UGT2B17:c.866G>A, p.G289R.
Further functional study may elucidate the enzymatic characteristics of these UGT genotypes
and the pathogenic risk of these genotypes in cancer patients, especially Korean ethnicity.
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(Figure 1)

a. N-glucuronidation ¥ %=}

O UGT1A4 (UDP glucuronosyltransferase 1 family, polypeptide A4 [Homo sapiens])
Gene ID: 54657
Reference mRNA NM_007120.2, 5 exons, total annotated spliced exon length: 2374
Reference precursor Protein NP_009051.1, 5 coding exons, annotated AA length:
534

O UGT2B10 (UDP glucuronosyltransferase 2 family, polypeptide B10 [Homo
sapiens])
Gene ID: 7365
Reference transcript variant 1 mRNA NM_001075.4, 6 exons, total annotated
spliced exon length: 2756
Reference isoform 1 precursor Protein NP_001066.1, 6 coding exons, annotated
AA length: 528

b. O-glucuronidation ¥#¢] #Fd 2k UGTI1A9, 2B7, 2B17

O UGT1A9 (UDP glucuronosyltransferase 1 family, polypeptide A9 [Homo sapiens])
Gene ID: 54600
Reference mRNA NM_021027.2, 5 exons, total annotated spliced exon length: 2376
Reference precursor Protein NP_066307.1, 5 coding exons, annotated AA length:
530

O UGT2B7 (UDP glucuronosyltransferase 2 family, polypeptide B7 [Homo sapiens])
Gene ID: 7364
Reference mRNA NM_001074.2, 6 exons, total annotated spliced exon length: 1887
Reference precursor Protein NP_001065.2, 6 coding exons, annotated AA length:
529

O UGT2B17 (UDP glucuronosyltransferase 2 family, polypeptide B17 [Homo
sapiens])
Gene ID: 7367
Reference mRNA NM_001077.3, 6 exons, total annotated spliced exon length: 2077
Reference precursor Protein NP_001068.1, 6 coding exons, annotated AA length:
530
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Figure 1. Genomic location of targeted genes which marked by red boxes. (A) UGT1A9 and
UGT1A4 (B) UGT2BY7, 2B10, and 2B17

2) A7
a AW 2 YA 33

Z ATl Ake] E &3 e A DNA Blood mini kitE ©]-&3te] DNAE &3

(i) #+9] human genome sequence (http://www.ncbi.nlm. nih.gov/
entrez/query.fcgi?db=gene) S reference® 3.
(ii) A2 9719 numbering®} 7] HUGO nomenclatureE W&
(http://www.hgvs.org/mutnomen/).
(ifi) Sanger sequencing ¥l 23 A2 A7]A G EA:
7} AR BE exond splicing junctiond ¥ 3= intronol thdle] PCR ¥
dideoxy reaction ¥ o2 thS3 o] dr|HdE HAE9S.
D A exon intron ¥-$1E PCRZ £%3t1, ¢4 &83 (Table 1).
@ AA3 & (1-40 ng)9 PCR 4= S BigDye Terminator v1.1/3.1 cycle
sequencing kit (Applied Biosystems)¥} cycle sequencing W83}
@ Unincorporated dye terminatorS EtOH/ EDTAW 0. & A 73}
@ ABI 3730 A& 715 ol &3t H71dEE.
B 971949 484 software, Seqscape, Mutation Surveyor, Sequencher 5%
o] &3te] A7lol A Wolg HET
FAA Wolel gk in-silico analysis X 7% A EAL:
2 ATE A AEA 2HE F7¥ol

(Novel unclassified variants)+ novel
polymophism# novel mutations ZEatd 5. EAl das 49 g3 22 &4
Al a2
(i) 97180l ¢] functional effect ¥4}
Amino acid®] Al W3+ In-silico analysis
Amino acid®] %3t conservation %1



Polyphen/SIFT/PMut% prediction software ©]-&

(i) Az W= 24

Table 1. Primers using sequence analysis of UGT1A4, 1A9, 2B7, 2B10, and 2B17

UGT2B7_EIF2_F

GGTGACTGTACTGGCATCTTCA

UGT2B7_E1F2_R

TCCATGAAAGTCATTTGATCAGT

UGT2B7_EIF3_F

TGGTCAGACCTTCCAAAAGA

UGT2B7_EI1F3_R

GCCACAGGGTTTTAACTGACC

UGT1A4 Primer Sequence (5'-3')
UGT1A4 P_F ACATGTGGTTGGGGACTAGG
UGT1A4 P_R ACTGAGGAGGAGCAGCAGTC

UGT1A4_EIF1_F

TGATTTGCTAGGTGGCTCAA

UGTIA4_EIF1_R

CACCTATGAAGGGCCAAAGA

UGTI1A4_E1F2_F

TTTTCACCCTGACAGCCTATG

UGTIA4_E1F2_R

GTTCTTGACCCTTTGCAGGA

UGT1A4_E1F3_F

TGTCGATTCCTGCTGTGTTT

UGT2B7_E2_F TGTGTATATATTTTTCAAAGCACAGA
UGT2B7_E2_R TCAGTGTAAGTCAAACACTCTGAAA
UGT2B7_E3_F AACAGCATCCACCTATCTCATATT
UGT2B7_E3_R AAAATGCAACCACAATTTTCAA
UGT2B7_EA_F GTTGGCCACACGTAGGTTTT
UGT2B7_E4_R ACAGAGAGACAGCCCAGGAA
UGT2B7_E5_F AGCCCAACTGGAAATCTTGT
UGT2B7_E5_R GACAAGAGAAGCTATCTGTAAATACCA
UGT2B7_E6_F GCCGAATAAAACCCTTCCTT

UGTIA4_E1F3_R

GAAGCCAAAATAAAATCTTTGGAA

UGT2B7_E6_R

TTGCATCACAATCTTTCTTGC

UGTI1A4_E2_F TGGATTTTGCATCTCAAGGA
UGTIA4_E2_R GCAGGGAAAAGCCAAATCT

UGTI1A4_E3_F CAAAACAAGATGCCGGAAGT
UGTI1A4_E3_R TTACTCACATGCCCTTGCAG
UGTI1A4_E4_F CTGCAAGGGCATGTGAGTAA

UGT1A4_E4 R

GAAACAACGCTATTAAATGCTACG

UGT2B10 Primer Sequence (5'-3")
UGT2B10_P_F TCCTTGAACCAAGATATTCAAAAA
UGT2B10_P_R CTTTCCACAACTCCCAGAGC

UGTI1A4_E5_F

TTCTTAAGCAGCCATGAGCA

UGT2B10_E1F1_F

CATCCATGTACTCAGGATGCTC

UGTI1A4_E5_R

TTAACACTGATTCTGTTTTCAAGTTT

UGT2B10_E1F1_R

TGTCATTAATTGCCCACAGG

UGT2B10_E1F2_F

CAGCCTTTGGATGAATATGAAG

UGT2B10_E1F2_R

GGAACCAAAAGTCAAAATAAAGCA

UGT2B10_E1F3_F

CCTGTGGGCAATTAATGACA

UGT2B10_E1F3_R

TCACAGCGTTTTCACTGACC

UGT2B10_E2_F

ACCAACATTTTTGCCTGCAT

UGT1A9 Primer Sequence (5'-3')
UGTI1A9_P_F GAGCCCCAATTTAGGAGGTT
UGT1A9_P_R GTCAGCAGCAGACACACACA

UGT2B10_E2_R

TGCTTTACCCCACCTACTTCC

UGTI1A9_EIF1_F

AAAAACACGCCCTCTATTGG

UGT2B10_E3_F

CCCTGACTACAATGTAATAGCTCCT

UGT1A9_EIF1_R

AAAAATGTCATTGTATGAACCCATT

UGT2B10_E3_R

CTCAAGTTCCCTTTTGTGGA

UGTI1A9_EIF2_F

TGGCAACTGGGAAGATCACT

UGT2B10_E4_F

TGTGGTTATTCTTTTTGCATCA

UGT1A9_EIF2_R

CCAAGTGCATGATGTGGTTC

UGT2B10_E4_R

TTCTTTTCCCCTAGGACTGGA

UGTI1A9_EIF3_F

CTTCGCCAGGGGAATACTTT

UGT2B10_E5_F

TTCAGAGCCTTTCATTGTGC

UGT1A9_EIF3_R

TGGAAAGAAATTTGAAATGAAACA

UGT2B10_E5_R

AAAAAGGATGAAACTCATGCTCA

UGTI1A9_E2_F

UGT1A9_E2_R

UGTI1A9_E3_F

UGT1A9_E3_R

UGTI1A9_E4_F

UGTI1A9_E4_ R

UGTI1A9_E5_F

UGTI1A9_E5_R

1A49} 54

UGT2B10_E6_F

GAAAAGTCCAATTTAAAAGCCAAA

UGT2B10_E6_R

TGTTTTCTTCATTGCCACAGA

UGT2B17 Primer Sequence (5'-3")
UGT2B17_P_F ACTGAGCTGCATCAGCAGAA
UGT2B17_P_R TGGTTGCCTAGGGTAGGATG

UGT2B17_E1F1_F

TCCCATAAAAACACTATCTTCTGACA

UGT2B17_E1F1_R

GAATTGTGTTGGGAATATTCTGACT

UGT2B17_E1F2_F

GGAACAGAAATCCTCCACCA

UGT2B7

Primer Sequence (5'-3")

UGT2B17_E1F2_R

GCTCTGGGAGTTGTGGAAAG

UGT2B7_P_F

CAAAAATATGTGGACCATGTTTAGTC

UGT2B17_EIF3_F

TGAAATACTATATGTCCATCTATCGAA

UGT2B7_P_R

GCAAAAGCTCAGTTGTATTAGCA

UGT2B17_EIF3_R

AAAAGAACACCAAACACACTAAAA

UGT2B7_EIF1_F

GGGTTACATTTTAACTTCTTGGCTA

UGT2B17_E2_F

TTGTGGGTTGCACAATGAAG

UGT2B7_EIF1_R

CAAAATGTATCTTTTGGAAGGTCTG

UGT2B17_E2_R

TTCCAAGTCCTTTCAGGAAAAT




UGT2B17_E3_F

GCAGTTAAATTTTCAGGCAGAAC

UGT2B17_E3_R

TTGTTTCATTTCTTCCTTACACACA

UGT2B17_E4_F

TGTAACAAAATGCCAACTACCA

UGT2B17_E4_ R

TGTGGGTATTCAGCTTACCTCAG

UGT2B17_E5_F

CAAAGGGTTCAAACTCATATTCA

UGT2B17_E5_R

GGAACAGTTTTGCTTTAAGTTCC

UGT2B17_E6_F

GTTTTGTCGCAGGAAAAAGG

UGT2B17_E6_R

AATCACTTGTGTGGCGCTTT

b. PCR ¥ Sanger sequencing®l 23t 2t 97]A g &4

UGT21A4 PCR Result

UGT1A4_Promoter UGT1A4_Promoter UGT1A4 Exon1_F1

2013/02/18 14:31

C.d+ &%
D fAA 2
a. Database UGTIAL Exon1_FL UGTIAExont_FL

UGT allele®] nomenclaturex= th+- database® 93 =3

http://www.pharmacogenomics.pha.ulaval.ca/cms/site/pharmacogenomics/ugt_alleles
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Table 2. UGT1A4 allele database
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UETIAM P,
MiA
Silent Mk,
Silart [
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A
i
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(Eremr o af , 2004, Wiere
T, 2004)
UGTIA s i
VGTIAL N UGT1A4_Exonl_F3 UGT1A4_Exonl_F3 UGT1A4_Exon2
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UGT1A4 i
UGTIALT L]
1
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c. Aol A9 UGT Fd2 24

Table 3. Sequence variation found in Korean population in this study

UGT1A4_Exond UGT1A4_Exon5

Gene Sequence variation Amino acid change Allele frequency

PR T in normal
T e -- -

“ceeseseeeeegee - | population (%)

UGT1A4  (NM_007120.2) .30G>A p.P10= 0.8

o

.31CT p.R11W 0.
.142T>G p.L48V 13.9
.162A>T p.R545% 0.8
.173CT p.AS8V 0.3
.175delG p. V59N fsX7 0.3
.804G>A p.P268= 12.3
.1094C>T p.P365L 1.3
.1494C>T p.A498= 0.3
. 1459T>G p.Y487D 0.3
.1473C>T p.D491= 0.6
.69C>T p.A23= 0.3
.588G>T p.G196= 2.4

ol

UGT1A4_ExonS

[Exonl] c.175delG, 59fsX6 [Exonl] ¢.292C>T VGTIA9 (NI_021027.2)

o 0 60 60 0 60 60 60 60 0060006060000 0600000000

I —— _— UGT2B7 (NM_001074.2) .~161T>C promoter 68.4
S R LRSS S L f ¢ ~125T>C promoter 6.4
\ﬁ‘/ AV W WV \A WW\ WATAAUN .155A>T p.E52V+ 0.5
1 (175T>A p.S59T* 0.5
cr .211G>T p.A71S 10.3
i A A 37206 p.R124= 18
.735A>G p.T245= 5.3
A\ N s .801A>T p.P267= 61.4
1 .802T>C p.Y268H 61.4
cr .1059C>G p.L353= 67.9
.1062C>A p.Y354= 6.1
. 1324G>A p.V442] 0.5
Figure 2. Examples of PCR amplification and detection of sequence variation for the UGT 1569A>T p.A523=x 0.5
genes. UGT2B10 (NM_001075.4) .84G>T p.W28Cx 0.3
c.5730T p.S191= 0.3
c.776A>T p.N2591+ 0.3
. 845G p.K282R+* 0.3
. 8470>G p.P283A 3.9
c.861A>G p.L287=x 0.3
¢.1035C>G p.A345= 4.6
c. 1441A>G p.N481D 0.3
. 1558A>G p.R520G 4.9

* Novel sequence variation

-1 - -12 -
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d. Akl A o] UGT 3 #24 Table 6. UGT2B10 sequence variation found in esophageal cancer patients
Table 4. UGT1A4 sequence variation found in esophageal cancer patients Gene Sequence variation Amino acid change Allele frequency in
Gene Sequence variation Amino acid change Allele frequency in patients
patients UGT2B10 (NN_001075.4)  ¢.274T>C p.L92=+ 1.6
UGT1A4 (NM_007120.2) c.86>C p.R3T* 0.2 ¢.403CG p.L135V+ 0.9
¢.30G>A p.P10=x 1.1 c.482A>C p.E161A% 1.8
¢.31CT p.R11W 0.7 c.512A>T p.H171L= 1.6
c. 142T>G p.L48V 13.3 IVS1+16A>G intronic variant 100.0
¢.1506>C p.E50D 0.5 IVS1+100G>A intronic variant 79.6
¢. 159G p.A53=x 0.5 c.847C>G p.P283A 3.8
¢.175delG p.V59WfsX6 0.2 1VS2+59G>C intronic variant 79.9
¢.292C>T p.QO8Xx 0.7 IVS3-24G>A intronic variant 61.5
¢.448T>C p.L150= 3.3 IVS3-1C>A intronic variant 79.6
.471T>C p.C157= 84.2 ¢.1035C>G p.A345= 5.0
¢.804G>A p.P268= 15.4 + Novel sequence variation
[VS1+43C>T intronic variant* 12.2
[VS2+15T>C intronic variant 5.0 Table 7. UGT2B17 sequence variation found in esophageal cancer patients
[VS2+18C>T intronic variant 0.2
1VS3-82T>C intronic variant# 1.8 Gene Sequence variation Amino acid change Allele frequency in
¢.1059T>C p.V353=+ 0.2 patients
¢.1094C>T p.P365L 0.7 UGT2B17 (NM_001077.3) ¢.1312C>T p.P438S* 12.7
c.1145G>A p.S382N+* 0.2 ¢.1152C>T p.A384= 3.6
¢.1210C>T p.R404C+ 0.2 ¢.1065G>A p.Y355= 4.1
c.1218G>A p.E406K= 0.5 ¢.866G>A p.G289R* 4.1
c.1362T>G p.Y454D 0.5 * Novel sequence variation
¢. 1459T>G p.Y487D 0.2
¢.1494C>T p.A498=+ 0.2
* Novel sequence variation
Table 5. UGT2B7 sequence variation found in esophageal cancer patients 3. c"i?aj"]’ % N AE
Gene Sequence variation  Amino acid change  Allele frequency in ®ATE Ed, A4 @79 oA UGTIAL, 1A9, 2B7, 2B10, 2B17¢] minor allele
patients frequency 7} T E ATt (Table 3). A& % F 23 minor allele th&3 29kt UGT1A4x1e
UGT2B7 (NM_001074.2)  c¢.211G>T p.A71S 5.9 (allele frequency 0.8); UGT1A4#4 (0.5%); UGT1A4%3b (13.9%); UGT1A4%6 (0.3%); UGT1A9%3
¢.4694>G p.G1575% 4.5 (93"/) wmE B AFE AA g3 TolA 7B §lE sequence variation THFEE 7 &8,
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