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Outline of the talk

1. Breast cancer in Korea

2. Diet as a cause of breast cancer

3. Folate and breast cancer

4. Common variation of folate-metabolizing 
gene in breast carcinogenesis

5. Interaction of folate and folate-metabolizing 
gene in breast carcinogenesis

6. Is folate good for everyone?



Crude Incidence of Breast Cancer
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19,791 

(5.2 
times 
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(3 times 
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Percentage change in breast cancer mortality between 1985–87 and 1995–97 in women aged 50–74 and 
25–49 years in selected countries worldwide, sorted by descending order of magnitude of the change 
(earlier period is 1988–90 for China, later period is 1994–96 for Argentina). Source: http://www-
depdb.iarc.fr/who/menu.htm.
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Age-specific Crude Incidence* of USA, Japan and Korea
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Evidence 
level

Reproductive
/hormonal

Lifestyles Others

Established Early menarche
Late menopause
Nulliparity
Later first fullterm

pregnancy

Obesity
Alcohol consumption

Family history of 
breast cancer

Probable Breast feeding
Number of fullterm

pregnancy
Hormonal replacement

therapy
Recent oral 

contraceptive use

Physical activity
Fruit and vegetable consumption 
Smoking
NSAID use
High saturated fat and well-done 
meat intake

Ionizing radiation

Risk and protective environmental factors of breast cancer

J Kor Med Assoc 2009; 52(10): 937-945

Food, Nutrition and the Prevention of Cancer: a Global Perspective,
World Cancer Research Fund, American Institute for Cancer 
Research, 2007



Causes of cancer (IARC)

Causes                             % of all cancers

Tobacco 15-30%

Chronic infections 10-25%

Nutrition 30%

Occupational factors

Genetic factors

Reproductive factors

< 5%, each

Alcohol drinking

Environmental pollution

Solar & ionizing radiations

3%, each



Type of cancer Deaths%a
Percent avoidable

Doll-Peto, 1981 Willett, 1994

Lung

Colon/rectum

Breast

Prostate

Pancreas

Stomach

Endometrium

Gallbladder

Larynx, cervix,

mouth, esophagus

Other types

28

11

8

7

5

5

1

1

6

28

20

90

50

(with other)

50

35

50

50

20

10

20 (10-30)

70 (50-80)

50 (20-80)

75 (20-80)

50 (10-50)

35 (30-70)

50 (50-80)

50 (50-80)

20 (10-30)

10

Overall estimate 35 32 (20-42)

a Percent estimated deaths, 1993. 

Doll & Peto, JNCI, 1981; Willett W, Environ Health Perspect 103:165-70, 1995

Cancer Deaths Avoidable by Dietary Change



한국인 유방암의 원인(위험요인)은?



Risk and protective environmental factors for breast cancers in Korea

Risk and preventable factors for breast cancer Minimum to maximum relative risk

Established factors, reported in Korea

Reproductive/hormonal
Late menarche
Later menopause
Nulliparous women
Later age of the first full-term pregnancy

Lifestyles
Obesity among postmenopausal women
Alcohol consumption

Family history of breast cancer
- the first relatives
- first and second degree

0.2~0.8
1.4~6.3 
1.3~2.0 
1.2~4.1 

1.1~2.0
1.2~2.3 

7.9 
1.5~2.3

Probable factors in Korea

Breast feeding
Exercise
Cigarette smoking
Fruit and vegetable consumption

0.2~0.8
0.3~1.0
1.3~3.2
0.6 (graph, tomato, soybean)

Probable factors in Western population but not significant in Korea

Hormonal replacement therapy in postmenopausal women
Paternal age

1.0 
1.0~1.6 

Not reported factors in Korea

High saturated fat and well-done meat intake
Birth weight
Ionizing radiation
Aspirin

not reported in Korea
1.0~1.5 
0.7~1.1 
0.8~1.1 

J Kor Med Assoc 2009; 52(10): 937-945



Health & Nutrition Transition in Korea

Source: Kim S, AJCN, 2000

http://www.ajcn.org/cgi/content/full/71/1/44/F7


Changes of dietary life in KOREA



The story is not over….. 



Dietary agents with anti-cancer properties



Folate reduce breast cancer risk?



 Water-soluble B vitamin, one-carbon transfer

 Macrocytic anemia, neural tube defects,

cardiovascular diseases, and many cancers 

 Major functions of folate

 nucleic acid synthesis

 plays an important part in DNA metabolism

 DNA methylation & DNA synthesis

Folate

http://www.grovelands.com/acatalog/Seeds.html
http://imagebingo.naver.com/album/image_view.htm?user_id=qlalfdufthlo&board_no=29716&nid=7582


Dihydrofolate THF 5’-methylTHF

5’,10’-methyleneTHF

Methionine 

systhetase

Deoxyuridylate 

dUMP

Thymidylate 

dTMP

DNA 

Synthesis

Deoxyuridine(dU)

Thymidylate 

Synthetase

10’-formylTHF

Purine

DHFR

MTHFR

FIGURE 1 Simplified scheme of folate involving DNA synthesis and methylation. 

B12, vitamin B-12; DHFR, dihydrofolate reductase; CH3, methyl group;  

CpG, cytosine-guanine dinucleotide sequence; MTHFR, methylenetetrahydrofolate reductase;

SAH, S-adenosylhomocysteine; SAM, S-adenosylmethionine; THF, tetrahydrofolate.

Folic Acid

Diet

Methionine

SAM

Homocycteine

SAH

B12

Dimethyl-

glycine

Betaine

Choline

DNA methyltransferase

DNA---CpG--DNA DNA---CpG--DNA

CH3
Kim YI, J Nutr Biochem, 1999



More than 25 epidemiologic studies suggest that diminished 

folate status leads to an increased risk of cancer and 

supplementation of folate may have a protective effect against 

development of cancer.

(JNCI 1996,2000; IJC 1999; CR2001;CCC 2003; CEBP2006). 

Epidemiologic evidence available thus far has not been 

consistent, nor has it provided unequivocal support for the 

purported inverse relationship between folate status and breast 

cancer risk

Epidemiologic evidences 

on folate and breast cancer risk



Folate-Gene interactions in Breast Cancer Risk 

Modifications:

- by polymorphisms of critical genes.

- MTHFR, MTR, MTRR, TS etc.

Folate-Alcohol (or other environmental factors) 

interactions in Breast Cancer Risk Modifications : 

- alcohol: folate antagonist

Limited Evidence in Asian countries !!

Possible reasons  for these discrepancies



Internal 
Dose

Biologically 
Effective 

Dose

Early 
Biologic 
Effect

Altered 
Structure/ 
Function

DiseaseExposure

Genetic SUSCEPTIBILITY

A continuum of biomarker categories reflecting 

the carcinogenic process resulting from 

xenobiotic exposures



Single Nucleotide Polymorphism (SNP)

A tiny change in the gene sequence

: only a single nucleotide change

Allele frequency: 1/1000 to 1/2 

in populations

Functional consequences:

 alteration in protein function, thus 

metabolic pathway

 alteration in promotor activity, thus 

metabolic pathway

 no known alteration but association with 

parameter level  

http://biotech-adventure.okstate.edu/low/basics/dna_structure/dnahelix/dnahelix.gif


SNPs in five novel independent loci exhibited strong and consistent evidence of association 
with breast cancer (P,1027). Four of these contain plausible causative genes (FGFR2, TNRC9, 
MAP3K1 and LSP1).





Cancer panel 
annotation

(1421 SNPs)

403 SNPs
(488개 중 85개 중복)

1
428 SNPs

(487개 중 58개 중복)

2

• 159 SNPs
• 41 SNPs 중복, 118 SNPs 추
가
• Non-syn : 17, syn : 15 포함

• 158 SNPs
• 14 SNPs 중복, 144 SNPs 추가

Major Gene associated SNPs 
screen

Non-synonymous SNPs 
selection

1 2

Location Relative to gene

3' UTR 136

5' UTR 33

Coding
Non-synonymous 158

synonymous 148

Flanking_3' UTR 109

Flanking_5' UTR 192

intron 645

Total 1421

305 SNPs
HapMap searching of Drug response 

associated 24 gene
 18 gene/ 2065 SNPs detected
 CHB, JPT : Monomorphic allele 제외
 MAF < 0.1 delete
Thesis 285 SNPs 중복 delete

18 Gene / 681 SNPs

Searching of thesis
285 SNPs
Cytokine & growth factor
DNA repair/break
Drug response
Early-onset BR
Hormone metabolism
Others
Xenobiotics metabolism
transcription factor
tumor suppressor gene

Final applied SNPs 

384 SNPs



Group No. of Gene No. of SNPs

Cytokine & growth factor 10 94

DNA repair/break 9 23

Drug response 5 17

Early-onset BR 5 39

Hormone metabolism 4 36

Others 46 112

Xenobiotics metabolism 21 50

transcription factor 4 6

tumor suppressor gene 3 14

Total 107 Gene / 384 SNPs 

<Searching of thesis>



<Distribution of Gene/SNPs from thesis>

Cytokine & growth 
factor

FGFR2 6

Hormone 
metabolis

m

AR 6

Others 

ATK1 5

Others

RELN 1

IGF1 23 ERBB2 13 ECHDC1 2 RHOA 1

IGF1R 55 PGR 15 H19 1 RUNDC3B 1

IGFBP3 2 SULT1E1 2 MMP8 1 TLR6 1

ITGA3 1

Transcripti
on factor

A2BP1 1 MRPS30 2 TNP1 1

ITGA6 1 EHMT1 1 RB1 1 TOP2A 1

ITGB3 1 FLJ45983 1 RNF146 2 PON1 2

MAP3K1 1 GATA3 3 BUB3 1 POU5F1P1 1

LOC643714 1 Tumor 
suppresso

r 

APC 11 C17orf37 1 RELN 1

TOX3 3 LSP1 2 C6orf163 1 RHOA 1

DNA repair / break 

ATM 3 PRDM2 1 C6orf97 2 RUNDC3B 1

ATP1B2 1

Xenobioti
cs 

Metabolis
m 

ADH1B 1 CYP19A1 3 TLR6 1

BARD1 7 ADH1C 1 EGFR 11 TNP1 1

BRCA2 2 AURKA 7 EHMT2 1 TOP2A 1

CHEK2 1 AXIN2 5 FGFR1 8

LIG4 1 CASP8 1 FLJ41481 1

TP53 3 CCND1 4 G0S2 1

WDR79 4 CCND3 1 HCN1 3

XRCC1 1 CCNE1 1 HDAC8 1

Drug response 

XRCC2 1 CDK6 1 KDR 8

XRCC3 3 CDKN1A 2 KIAA1239 1

ABCB1 11 CDKN1B 1 KIT 11

DHFR 1 CDKN2A 1 LOC64371 1

MTHFR 1 DNMT3A 1 MAP2K1 4

Early-onset BR 

COMT 1 DNMT3B 1 MAP2K2 5

CYP1A1 1 GPX4 1 MET 11

CYP1B1 2 HSD11B1 4 MOCS2 1

ESR1 27 ICAM5 1 MYC 1

ESR2 8 IRS2 11 NBN 2

NUMA1 1 P2RY5 1

PTGIS 3 PON1 2

TBXAS1 1 POU5F1P1 1



ERPR HER2 TN
Hetero Minor Hetero Minor Hetero Minor Hetero Minor Hetero Minor Hetero Minor

Gene rs # OR (CI 95%)1 OR (CI 95%)2 OR (CI 95%)1 OR (CI 95%)2 OR (CI 95%)1 OR (CI 95%)2

HSD11B1 rs2235543 0.96(0.70-1.32) 0.82(0.53-1.28) 0.64(0.38-1.07) 0.65(0.32-1.36) 0.81(0.59-1.10) 0.73(0.47-1.13) 0.51(0.31-0.85) 0.65(0.32-1.34) 1.00(0.72-1.38) 0.84(0.54-1.33) 0.59(0.35-1.01) 0.75(0.35-1.60)

2p(19150424) rs4666451 0.43(0.20-0.90) 0.45(0.16-1.23) 1.14(0.65-1.98) 1.14(0.48-2.75) 1.08(0.61-1.94) 1.05(0.41-2.71)

CYP1B1 rs1056836 1.00(0.69-1.45) 3.50(0.70-17.50) 0.77(0.44-1.33) 1.63(0.18-14.42) 1.18(0.83-1.68) 1.68(0.28-10.14) 0.88(0.52-1.51) 0.83(0.08-8.32) 1.46(1.03-2.08) 3.34(0.64-17.38) 1.12(0.64-1.95) 1.63(0.18-14.86)

BARD1 rs2229571 1.47(1.08-2.00) 0.85(0.52-1.39) 1.72(1.04-2.84) 0.94(0.46-1.93) 1.15(0.84-1.56) 0.87(0.55-1.39) 1.28(0.78-2.10) 0.79(0.39-1.60) 1.07(0.78-1.46) 0.69(0.42-1.14) 1.20(0.72-2.02) 0.68(0.32-1.46)

FGFR2 rs12505080 1.28(0.91-1.79) 1.05(0.69-1.61) 1.05(0.62-1.79) 0.93(0.48-1.80) 1.08(0.78-1.50) 1.06(0.70-1.59) 1.00(0.59-1.70) 1.05(0.55-2.01) 1.62(1.14-2.30) 1.19(0.77-1.85) 1.38(0.79-2.41) 1.21(0.61-2.41)

KIT rs2237038 0.69(0.50-0.95) 0.74(0.48-1.15) 0.64(0.38-1.07) 0.79(0.40-1.58) 1.01(0.74-1.40) 0.75(0.48-1.18) 0.94(0.56-1.56) 0.66(0.33-1.34) 1.05(0.75-1.46) 1.01(0.65-1.58) 1.00(0.58-1.70) 0.83(0.40-1.73)
KIT rs981959 0.69(0.50-0.95) 0.72(0.46-1.11) 0.63(0.38-1.06) 0.75(0.37-1.50) 1.00(0.73-1.39) 0.71(0.45-1.11) 0.91(0.55-1.52) 0.60(0.29-1.23) 1.08(0.77-1.51) 1.03(0.65-1.62) 0.97(0.57-1.67) 0.81(0.39-1.69)
KIT rs2237023 0.86(0.63-1.17) 1.02(0.63-1.65) 0.94(0.58-1.53) 0.94(0.45-1.96) 1.22(0.89-1.66) 1.19(0.73-1.93) 1.47(0.90-2.39) 0.97(0.46-2.04) 1.04(0.75-1.44) 1.73(1.09-2.74) 1.13(0.68-1.88) 1.17(0.55-2.49)
KIT rs6810872 0.84(0.61-1.14) 1.00(0.62-1.62) 0.92(0.57-1.50) 0.91(0.43-1.90) 1.20(0.88-1.63) 1.15(0.71-1.87) 1.46(0.89-2.37) 0.93(0.44-1.97) 1.03(0.75-1.43) 1.70(1.07-2.70) 1.14(0.68-1.89) 1.14(0.54-2.42)
KDR rs17709898 1.47(1.08-1.99) 1.14(0.62-2.11) 1.49(0.92-2.41) 0.78(0.33-1.84) 1.20(0.89-1.62) 1.07(0.59-1.95) 1.18(0.73-1.92) 0.75(0.32-1.76) 1.16(0.85-1.58) 1.20(0.66-2.18) 1.02(0.61-1.69) 0.72(0.30-1.75)

KDR rs1870377 1.39(1.00-1.93) 1.22(0.80-1.87) 1.29(0.77-2.14) 1.10(0.56-2.16) 1.33(0.96-1.84) 1.30(0.86-1.97) 1.31(0.79-2.18) 1.35(0.70-2.60) 1.05(0.76-1.45) 0.97(0.63-1.49) 0.95(0.56-1.61) 0.91(0.46-1.81)

KDR rs7673274 1.02(0.75-1.39) 0.62(0.32-1.20) 0.96(0.59-1.57) 0.51(0.21-1.22) 0.84(0.61-1.14) 0.51(0.26-1.00) 0.69(0.42-1.13) 0.37(0.15-0.89) 1.18(0.86-1.61) 0.95(0.52-1.75) 1.05(0.63-1.74) 0.59(0.25-1.42)
STE or SULT1E1 rs1881668 1.27(0.92-1.74) 1.50(0.96-2.33) 0.96(0.58-1.59) 1.08(0.54-2.14) 1.26(0.92-1.71) 1.46(0.94-2.26) 0.89(0.55-1.47) 1.05(0.54-2.07) 1.52(1.10-2.09) 1.22(0.76-1.96) 1.14(0.68-1.91) 0.89(0.43-1.85)
ADH1B rs1042026 0.95(0.69-1.29) 1.25(0.54-2.88) 0.95(0.59-1.55) 1.22(0.32-4.58) 0.99(0.73-1.35) 0.98(0.41-2.35) 0.99(0.61-1.59) 0.90(0.23-3.48) 0.65(0.47-0.90) 0.98(0.41-2.34) 0.69(0.41-1.15) 0.79(0.19-3.28)

5p12 rs4415084 0.91(0.65-1.27) 0.66(0.44-1.00) 0.95(0.57-1.59) 1.03(0.53-2.01) 0.95(0.69-1.32) 0.60(0.40-0.91) 1.16(0.70-1.93) 0.94(0.48-1.83) 1.01(0.72-1.42) 0.88(0.58-1.33) 1.17(0.69-1.99) 1.32(0.66-2.62)
5q(52454339bp) rs30099 0.95(0.69-1.32) 1.23(0.79-1.92) 1.66(1.01-2.73) 1.50(0.77-2.95) 0.75(0.55-1.02) 0.83(0.53-1.29) 1.28(0.79-2.09) 0.99(0.50-1.94) 0.87(0.62-1.21) 1.34(0.86-2.08) 1.41(0.83-2.38) 1.73(0.87-3.44)
CDKN1A rs3176336 1.36(1.00-1.84) 0.74(0.40-1.34) 1.03(0.64-1.65) 0.66(0.27-1.59) 1.16(0.85-1.57) 1.04(0.61-1.78) 1.00(0.62-1.61) 1.12(0.49-2.57) 1.28(0.94-1.74) 0.88(0.50-1.57) 1.04(0.63-1.72) 0.83(0.34-2.04)
ESR1 rs851984 1.17(0.82-1.67) 0.12(0.02-0.92) 0.95(0.55-1.63) 0.06(0.01-0.53) 0.92(0.64-1.33) 0.85(0.33-2.18) 0.78(0.45-1.35) 0.42(0.13-1.40) 1.13(0.79-1.63) 0.49(0.15-1.59) 0.89(0.51-1.58) 0.23(0.06-0.92)

ESR1 rs851982 1.13(0.79-1.61) 0.12(0.02-0.91) 0.94(0.55-1.63) 0.06(0.01-0.53) 0.88(0.61-1.27) 0.95(0.38-2.36) 0.77(0.45-1.33) 0.47(0.15-1.51) 1.12(0.78-1.60) 0.49(0.15-1.58) 0.90(0.51-1.59) 0.23(0.06-0.92)
ESR1 rs2881766 1.37(0.99-1.91) 1.53(1.00-2.33) 1.31(0.79-2.16) 1.76(0.86-3.61) 1.22(0.88-1.67) 1.07(0.70-1.65) 1.12(0.68-1.83) 1.37(0.67-2.77) 1.41(1.01-1.95) 0.93(0.59-1.48) 1.38(0.82-2.33) 1.11(0.51-2.38)

ESR1 rs926778 1.73(1.24-2.41) 1.68(1.09-2.57) 2.55(1.54-4.24) 2.66(1.33-5.31) 1.34(0.98-1.84) 0.89(0.57-1.39) 1.87(1.15-3.04) 1.43(0.71-2.86) 1.37(0.99-1.89) 0.90(0.57-1.42) 2.07(1.24-3.48) 1.66(0.80-3.45)
ESR1 rs3020366 1.00(0.73-1.39) 0.56(0.36-0.87) 1.04(0.62-1.75) 0.50(0.26-0.96) 1.40(1.01-1.94) 0.83(0.54-1.27) 1.41(0.84-2.37) 0.67(0.35-1.27) 1.28(0.91-1.80) 1.05(0.68-1.60) 1.21(0.70-2.08) 0.78(0.40-1.51)
ESR1 rs2273206 1.62(1.18-2.22) 1.60(1.00-2.56) 2.44(1.48-4.03) 2.06(0.98-4.36) 1.22(0.90-1.65) 0.83(0.50-1.36) 1.72(1.06-2.80) 1.02(0.47-2.21) 1.38(1.01-1.88) 0.93(0.56-1.55) 2.31(1.38-3.87) 1.39(0.62-3.11)
ESR1 rs750686 0.91(0.65-1.26) 0.57(0.37-0.88) 0.73(0.43-1.25) 0.41(0.21-0.80) 1.15(0.82-1.60) 0.82(0.54-1.25) 0.89(0.52-1.54) 0.59(0.31-1.14) 1.21(0.85-1.71) 1.08(0.71-1.64) 0.91(0.52-1.62) 0.68(0.35-1.34)

ESR1 rs3798577 0.80(0.58-1.11) 1.13(0.73-1.74) 0.87(0.53-1.45) 0.99(0.51-1.92) 0.69(0.51-0.94) 0.68(0.43-1.07) 0.69(0.42-1.14) 0.51(0.26-1.02) 0.57(0.42-0.79) 0.60(0.38-0.96) 0.57(0.34-0.96) 0.50(0.24-1.03)
ESR1 rs910416 1.05(0.76-1.44) 1.01(0.65-1.58) 1.13(0.69-1.86) 1.17(0.59-2.32) 0.84(0.62-1.14) 0.54(0.34-0.88) 0.89(0.55-1.45) 0.49(0.24-1.01) 0.77(0.56-1.06) 0.60(0.37-0.96) 0.88(0.53-1.47) 0.87(0.42-1.80)
IGFBP3 rs2854744 1.59(1.16-2.17) 0.39(0.19-0.82) 1.44(0.88-2.36) 0.38(0.14-1.00) 1.02(0.74-1.40) 0.58(0.32-1.05) 0.86(0.52-1.41) 0.52(0.22-1.23) 1.34(0.97-1.85) 0.80(0.44-1.43) 1.20(0.72-2.01) 0.50(0.20-1.29)
EGFR rs6593207 1.37(1.01-1.86) 1.19(0.71-2.00) 1.24(0.77-2.01) 1.06(0.48-2.37) 1.47(1.09-1.98) 1.03(0.61-1.75) 1.31(0.81-2.11) 0.84(0.37-1.89) 1.22(0.90-1.66) 0.45(0.23-0.88) 1.21(0.73-1.99) 0.44(0.17-1.16)

EGFR rs11977388 1.25(0.92-1.70) 0.90(0.54-1.48) 1.13(0.69-1.83) 0.75(0.36-1.58) 1.44(1.06-1.94) 0.87(0.52-1.43) 1.26(0.78-2.04) 0.67(0.31-1.41) 1.19(0.88-1.63) 0.65(0.37-1.12) 1.18(0.71-1.96) 0.59(0.26-1.34)
EGFR rs10228436 1.14(0.83-1.57) 1.05(0.68-1.61) 0.99(0.60-1.63) 0.92(0.47-1.78) 1.48(1.08-2.03) 1.06(0.69-1.64) 1.27(0.77-2.10) 0.80(0.41-1.58) 1.33(0.97-1.84) 0.77(0.48-1.23) 1.27(0.75-2.14) 0.80(0.39-1.66)

ABCB1 rs1045642 1.41(1.03-1.93) 1.18(0.74-1.90) 0.98(0.60-1.61) 0.92(0.43-1.97) 1.01(0.75-1.37) 0.81(0.51-1.31) 0.71(0.44-1.16) 0.71(0.33-1.52) 0.97(0.70-1.33) 1.22(0.77-1.92) 0.63(0.37-1.05) 1.03(0.48-2.22)
ABCB1 rs2091766 0.87(0.64-1.19) 0.58(0.36-0.93) 1.11(0.68-1.82) 0.79(0.39-1.60) 0.88(0.64-1.19) 0.68(0.43-1.06) 1.08(0.67-1.76) 0.87(0.44-1.76) 0.89(0.64-1.22) 0.89(0.57-1.38) 1.11(0.67-1.85) 1.02(0.50-2.10)
ABCB1 rs868755 1.12(0.81-1.53) 1.17(0.73-1.87) 0.85(0.52-1.41) 1.05(0.48-2.31) 0.87(0.64-1.18) 1.06(0.67-1.66) 0.72(0.44-1.18) 1.13(0.52-2.42) 0.79(0.57-1.09) 1.18(0.75-1.85) 0.58(0.35-0.98) 1.30(0.60-2.84)
ABCB1 rs2520464 0.97(0.71-1.34) 0.65(0.42-1.02) 1.26(0.76-2.09) 0.76(0.40-1.47) 0.85(0.62-1.16) 0.65(0.42-0.99) 1.00(0.60-1.64) 0.69(0.36-1.32) 0.99(0.71-1.37) 0.85(0.55-1.31) 1.18(0.70-2.00) 0.83(0.42-1.64)
ABCB1 rs1978095 1.09(0.80-1.48) 1.01(0.50-2.01) 1.20(0.74-1.95) 1.00(0.37-2.73) 1.38(1.02-1.86) 1.68(0.90-3.14) 1.52(0.94-2.47) 1.58(0.61-4.13) 1.34(0.99-1.83) 1.71(0.90-3.24) 1.35(0.82-2.23) 1.59(0.59-4.26)
CDK6 rs3757823 0.88(0.61-1.25) 0.52(0.34-0.79) 0.75(0.42-1.34) 0.54(0.28-1.04) 0.86(0.60-1.23) 0.62(0.41-0.93) 0.69(0.39-1.23) 0.61(0.32-1.16) 1.02(0.70-1.48) 0.72(0.47-1.09) 0.94(0.51-1.74) 0.79(0.40-1.56)
Q129R rs662 0.80(0.59-1.09) 0.73(0.45-1.17) 0.66(0.40-1.07) 0.66(0.31-1.40) 1.13(0.83-1.53) 0.67(0.41-1.11) 0.90(0.55-1.47) 0.66(0.31-1.42) 0.70(0.51-0.95) 0.53(0.32-0.88) 0.52(0.31-0.87) 0.47(0.21-1.04)
MET rs41736 1.44(1.01-2.05) 0.90(0.60-1.36) 1.32(0.76-2.29) 0.95(0.50-1.82) 1.21(0.86-1.71) 0.84(0.57-1.26) 0.98(0.57-1.68) 0.89(0.47-1.68) 1.37(0.95-1.96) 1.01(0.67-1.53) 1.11(0.63-1.95) 0.98(0.50-1.92)
MET rs41739 1.46(1.02-2.08) 0.91(0.60-1.38) 1.36(0.78-2.37) 0.95(0.50-1.83) 1.24(0.88-1.74) 0.84(0.57-1.25) 1.02(0.59-1.75) 0.88(0.47-1.66) 1.40(0.98-2.01) 1.01(0.67-1.53) 1.15(0.65-2.04) 0.99(0.51-1.94)
TBXAS1 rs6971207 1.19(0.87-1.63) 1.60(1.00-2.55) 1.63(1.01-2.65) 2.22(0.97-5.10) 1.03(0.76-1.39) 0.63(0.37-1.09) 1.28(0.79-2.06) 0.99(0.42-2.37) 1.35(0.98-1.85) 1.52(0.93-2.46) 1.84(1.11-3.06) 2.56(1.09-5.98)
FGFR1 rs6983315 0.73(0.53-0.99) 0.93(0.59-1.48) 0.54(0.32-0.89) 0.63(0.31-1.25) 0.89(0.65-1.20) 0.93(0.58-1.48) 0.71(0.43-1.16) 0.64(0.32-1.29) 0.93(0.67-1.27) 1.29(0.82-2.04) 0.75(0.44-1.26) 0.76(0.37-1.55)
CDKN2A rs3731239 0.71(0.50-1.01) 0.61(0.24-1.58) 0.58(0.34-0.99) 0.37(0.11-1.23) 0.85(0.61-1.19) 0.25(0.07-0.91) 0.73(0.43-1.21) 0.15(0.03-0.65) 0.94(0.67-1.32) 0.79(0.32-1.96) 0.80(0.47-1.37) 0.31(0.08-1.14)

GATA3 rs570613 0.71(0.52-0.97) 0.67(0.42-1.07) 0.81(0.50-1.32) 0.98(0.45-2.12) 0.70(0.52-0.96) 0.66(0.41-1.04) 0.84(0.52-1.36) 1.06(0.49-2.27) 0.53(0.39-0.73) 0.64(0.40-1.02) 0.69(0.42-1.15) 1.00(0.45-2.20)

FGFR2 rs11200014 1.22(0.90-1.66) 1.41(0.83-2.39) 2.30(1.37-3.87) 1.00(0.48-2.11) 1.26(0.94-1.71) 1.04(0.60-1.81) 2.48(1.48-4.15) 0.86(0.40-1.85) 0.94(0.69-1.29) 0.71(0.39-1.30) 1.61(0.94-2.75) 0.65(0.29-1.46)

FGFR2 rs2981579 1.17(0.84-1.64) 1.52(1.00-2.31) 1.88(1.12-3.15) 1.76(0.93-3.32) 1.05(0.76-1.46) 1.36(0.90-2.06) 1.67(1.00-2.78) 1.61(0.86-3.00) 1.11(0.80-1.55) 1.06(0.68-1.65) 1.44(0.85-2.44) 1.15(0.59-2.23)

FGFR2 rs1078806 1.25(0.92-1.69) 1.33(0.78-2.27) 2.24(1.33-3.76) 0.95(0.45-2.01) 1.25(0.92-1.68) 1.04(0.60-1.80) 2.37(1.42-3.98) 0.84(0.39-1.82) 0.96(0.71-1.31) 0.64(0.34-1.20) 1.63(0.95-2.78) 0.58(0.26-1.34)
FGFR2 rs1219648 1.29(0.93-1.78) 1.58(1.02-2.45) 2.05(1.24-3.40) 1.60(0.83-3.07) 1.17(0.85-1.59) 1.27(0.82-1.96) 1.92(1.17-3.16) 1.40(0.73-2.69) 1.05(0.77-1.44) 0.94(0.59-1.49) 1.54(0.92-2.58) 1.06(0.53-2.11)
FGFR2 rs2420946 1.41(1.03-1.95) 1.56(1.01-2.40) 2.10(1.26-3.49) 1.45(0.76-2.76) 1.28(0.93-1.74) 1.28(0.83-1.97) 1.97(1.20-3.26) 1.33(0.70-2.52) 1.11(0.81-1.53) 1.01(0.64-1.58) 1.54(0.91-2.59) 1.07(0.54-2.09)

FGFR2 rs2981582 1.54(1.13-2.10) 1.09(0.66-1.81) 1.79(1.09-2.92) 0.98(0.46-2.07) 1.30(0.96-1.76) 1.19(0.74-1.93) 1.64(1.01-2.68) 1.21(0.58-2.52) 1.23(0.90-1.68) 0.82(0.48-1.41) 1.36(0.82-2.26) 0.83(0.38-1.82)
LSP1 rs661348 1.08(0.78-1.49) 1.16(0.75-1.77) 1.47(0.89-2.42) 1.05(0.56-1.99) 1.40(1.02-1.93) 1.33(0.87-2.04) 1.88(1.14-3.11) 1.19(0.63-2.27) 1.13(0.82-1.56) 0.83(0.52-1.32) 1.53(0.91-2.57) 0.70(0.35-1.41)
H19 rs2107425 1.11(0.78-1.58) 0.94(0.61-1.44) 1.07(0.62-1.85) 0.95(0.48-1.86) 0.68(0.49-0.94) 0.58(0.38-0.87) 0.61(0.36-1.03) 0.60(0.31-1.15) 0.80(0.57-1.13) 0.76(0.50-1.17) 0.75(0.42-1.31) 0.79(0.39-1.58)

NUMA1 rs3750913 0.57(0.34-0.95) 1.09(0.15-7.80) 0.86(0.38-1.96) 0.30(0.04-2.25) 0.86(0.55-1.34) 1.56(0.71-3.39) 1.16(0.75-1.79) 0.62(0.06-6.84) 1.36(0.62-3.01) 0.20(0.02-2.23)

PGR rs1042839 9.40(1.17-75.52) 1.02(0.99-1.05) 2.86(0.35-23.32) 1.08(0.07-17.29) 0.28(0.02-4.49)

PGR rs1042838 9.48(1.18-76.18) 2.87(0.35-23.46) 2.17(0.20-23.99) 0.50(0.04-5.73)

PGR rs566351 1.15(0.83-1.58) 0.66(0.22-2.00) 1.79(1.04-3.10) 0.65(0.15-2.80) 1.17(0.85-1.60) 1.14(0.44-2.91) 1.77(1.03-3.04) 0.94(0.24-3.77) 1.04(0.75-1.44) 1.09(0.42-2.88) 1.48(0.84-2.62) 1.41(0.35-5.69)
IGF-1 rs6214 0.98(0.69-1.39) 0.87(0.58-1.31) 0.78(0.43-1.40) 0.70(0.37-1.34) 0.77(0.54-1.08) 0.80(0.54-1.18) 0.59(0.33-1.05) 0.52(0.28-0.98) 0.91(0.64-1.31) 0.88(0.59-1.32) 0.70(0.38-1.29) 0.58(0.30-1.14)

IGF1 rs2373721 1.14(0.83-1.58) 1.30(0.60-2.83) 0.84(0.51-1.38) 3.93(0.50-31.14) 0.71(0.51-0.99) 1.31(0.63-2.76) 0.60(0.37-0.99) 4.18(0.54-32.43) 1.06(0.77-1.48) 0.95(0.41-2.21) 0.86(0.52-1.43) 3.23(0.39-26.62)

IGF-1 rs7136446 1.18(0.86-1.63) 1.43(0.67-3.07) 0.85(0.52-1.39) 3.98(0.50-31.50) 0.71(0.51-0.99) 1.31(0.63-2.76) 0.60(0.37-0.99) 4.18(0.54-32.43) 1.05(0.76-1.46) 1.04(0.46-2.38) 0.85(0.51-1.42) 3.45(0.42-28.19)

IGF-1 rs9989002 0.95(0.68-1.32) 1.26(0.53-3.02) 0.69(0.42-1.15) 2.65(0.33-21.45) 0.60(0.42-0.85) 1.67(0.75-3.71) 0.59(0.35-0.98) 3.89(0.50-30.33) 1.00(0.71-1.39) 1.09(0.44-2.74) 0.84(0.50-1.41) 2.85(0.34-23.92)

IGF-1 rs7956547 0.97(0.70-1.36) 1.03(0.41-2.58) 0.66(0.40-1.10) 2.02(0.24-16.87) 0.68(0.48-0.96) 1.20(0.51-2.81) 0.60(0.36-1.00) 2.79(0.35-22.08) 1.05(0.75-1.48) 0.86(0.32-2.29) 0.84(0.50-1.41) 1.89(0.21-16.80)

IGF1 rs10778176 1.15(0.83-1.59) 0.70(0.45-1.07) 0.89(0.53-1.51) 0.53(0.28-1.02) 1.00(0.73-1.38) 0.70(0.47-1.06) 0.79(0.47-1.33) 0.52(0.28-0.99) 1.08(0.78-1.51) 0.71(0.46-1.09) 0.91(0.52-1.58) 0.51(0.26-1.01)

IGF-1 rs35765 1.92(1.17-3.17) 0.41(0.04-3.95) 1.52(0.72-3.18) 0.46(0.03-7.59) 1.34(0.79-2.25) 0.91(0.43-1.97) 1.18(0.68-2.04) 0.69(0.30-1.57)
BRCA2 rs144848 0.97(0.72-1.32) 1.35(0.70-2.62) 0.93(0.58-1.49) 1.15(0.41-3.27) 0.73(0.54-0.98) 1.77(0.96-3.25) 0.70(0.44-1.12) 1.78(0.65-4.85) 1.06(0.78-1.43) 1.19(0.59-2.37) 0.88(0.54-1.44) 1.25(0.42-3.72)

IRS2 rs9515118 1.18(0.87-1.60) 0.50(0.26-0.96) 1.55(0.95-2.51) 0.75(0.27-2.11) 1.05(0.77-1.43) 1.07(0.64-1.81) 1.31(0.80-2.13) 1.85(0.73-4.68) 1.26(0.93-1.72) 0.92(0.52-1.63) 1.51(0.91-2.53) 1.96(0.72-5.35)
IRS2 rs754204 0.99(0.73-1.34) 1.29(0.75-2.23) 0.79(0.49-1.27) 1.08(0.46-2.57) 0.94(0.70-1.27) 1.26(0.73-2.15) 0.79(0.49-1.26) 1.12(0.48-2.63) 0.70(0.52-0.96) 0.89(0.50-1.58) 0.60(0.37-0.99) 0.64(0.25-1.61)
IRS2 rs9559648 1.13(0.83-1.53) 0.95(0.42-2.14) 0.86(0.54-1.39) 0.58(0.19-1.83) 0.92(0.68-1.25) 1.21(0.58-2.53) 0.69(0.43-1.11) 0.75(0.26-2.18) 0.66(0.48-0.92) 1.15(0.54-2.45) 0.51(0.30-0.84) 0.67(0.22-2.09)
IRS2 rs9559654 1.26(0.92-1.71) 1.26(0.53-2.95) 0.90(0.55-1.45) 0.86(0.26-2.87) 1.00(0.73-1.36) 1.49(0.67-3.31) 0.70(0.43-1.14) 0.93(0.29-2.97) 0.79(0.57-1.10) 1.14(0.48-2.68) 0.58(0.35-0.96) 0.85(0.25-2.93)
CYP20 rs4646 1.00(0.74-1.36) 1.00(0.60-1.67) 1.56(0.94-2.58) 1.17(0.55-2.50) 1.01(0.75-1.38) 0.86(0.51-1.45) 1.62(0.99-2.67) 0.81(0.37-1.78) 0.92(0.67-1.25) 0.76(0.44-1.30) 1.74(1.03-2.94) 0.96(0.43-2.17)
CYP1A1 rs1048943 1.19(0.87-1.63) 1.73(0.89-3.39) 1.33(0.81-2.18) 1.63(0.53-5.06) 1.10(0.81-1.49) 1.05(0.51-2.17) 1.16(0.71-1.90) 1.12(0.35-3.58) 1.48(1.09-2.03) 2.10(1.08-4.10) 1.48(0.89-2.45) 1.62(0.50-5.23)
IGF1R rs4966007 1.15(0.83-1.60) 1.58(1.04-2.41) 1.28(0.78-2.10) 2.30(1.12-4.70) 1.05(0.77-1.43) 0.93(0.60-1.44) 1.23(0.76-1.99) 1.39(0.67-2.90) 1.15(0.83-1.59) 1.12(0.72-1.75) 1.28(0.77-2.14) 1.58(0.74-3.37)
IGF1R rs4966009 1.12(0.81-1.55) 1.53(1.00-2.34) 1.27(0.77-2.08) 2.10(1.02-4.31) 1.05(0.77-1.44) 0.96(0.61-1.49) 1.26(0.77-2.04) 1.35(0.65-2.80) 1.14(0.83-1.58) 1.19(0.76-1.85) 1.27(0.76-2.13) 1.59(0.75-3.38)
IGF1R rs1574213 0.99(0.73-1.35) 1.16(0.49-2.72) 0.94(0.58-1.51) 0.96(0.71-1.30) 1.78(0.82-3.85) 0.99(0.61-1.59) 0.89(0.65-1.22) 2.19(1.03-4.69) 0.91(0.55-1.50)
IGF1R rs8032477 0.83(0.59-1.16) 0.62(0.41-0.94) 1.17(0.69-1.97) 0.73(0.39-1.38) 1.05(0.74-1.47) 0.74(0.49-1.12) 1.41(0.83-2.38) 0.85(0.45-1.59) 1.13(0.79-1.61) 0.91(0.59-1.39) 1.70(0.97-2.98) 1.15(0.59-2.22)
IGF1R rs2670501 0.90(0.65-1.24) 0.89(0.57-1.38) 0.90(0.55-1.47) 1.10(0.53-2.29) 0.81(0.59-1.11) 0.92(0.60-1.40) 0.74(0.45-1.20) 1.09(0.53-2.24) 0.72(0.52-0.99) 0.74(0.48-1.16) 0.77(0.46-1.28) 1.04(0.49-2.24)
IGF1R rs1521481 1.11(0.82-1.51) 0.92(0.51-1.69) 0.80(0.50-1.28) 0.92(0.34-2.45) 1.17(0.86-1.58) 0.49(0.24-0.99) 0.80(0.50-1.28) 0.54(0.19-1.54) 1.02(0.75-1.40) 0.99(0.55-1.80) 0.86(0.53-1.41) 1.11(0.40-3.10)
IGF1R rs4966035 0.85(0.61-1.20) 0.97(0.64-1.47) 0.61(0.35-1.04) 1.14(0.55-2.35) 0.76(0.54-1.06) 0.90(0.60-1.35) 0.51(0.30-0.87) 1.09(0.53-2.23) 0.68(0.48-0.96) 0.99(0.66-1.48) 0.51(0.29-0.89) 1.44(0.69-3.03)
IGF1R rs7165875 0.87(0.62-1.23) 1.04(0.69-1.57) 0.59(0.34-1.02) 1.06(0.52-2.15) 0.78(0.56-1.09) 0.91(0.61-1.35) 0.50(0.29-0.87) 0.96(0.48-1.93) 0.74(0.52-1.05) 1.06(0.71-1.58) 0.50(0.28-0.89) 1.36(0.66-2.80)
IGF1R rs3743259 0.84(0.59-1.19) 1.12(0.75-1.69) 0.56(0.32-0.98) 1.06(0.52-2.17) 0.72(0.52-1.01) 0.91(0.61-1.37) 0.46(0.26-0.80) 0.90(0.44-1.83) 0.68(0.48-0.96) 1.04(0.69-1.57) 0.45(0.25-0.80) 1.24(0.60-2.58)

IGF1R rs2684803 1.58(1.16-2.17) 1.30(0.81-2.08) 1.59(0.98-2.59) 1.42(0.68-2.98) 1.06(0.78-1.43) 1.07(0.68-1.69) 1.08(0.67-1.75) 1.15(0.55-2.41) 1.29(0.95-1.77) 0.99(0.61-1.62) 1.37(0.83-2.27) 1.32(0.61-2.84)
IGF1R rs1546713 1.58(1.16-2.17) 1.26(0.78-2.03) 1.62(0.99-2.63) 1.43(0.68-2.99) 1.06(0.78-1.43) 1.07(0.68-1.69) 1.10(0.68-1.77) 1.16(0.56-2.43) 1.28(0.94-1.75) 0.99(0.61-1.61) 1.37(0.83-2.28) 1.31(0.61-2.81)
IGF1R rs7166558 1.63(1.19-2.23) 1.35(0.84-2.17) 1.69(1.04-2.75) 1.51(0.72-3.17) 1.07(0.79-1.45) 1.07(0.68-1.70) 1.13(0.70-1.83) 1.17(0.56-2.45) 1.28(0.93-1.75) 1.02(0.63-1.66) 1.42(0.86-2.36) 1.40(0.65-3.00)

IGF1R rs2229765 1.62(1.18-2.22) 1.37(0.86-2.20) 1.66(1.01-2.71) 1.47(0.70-3.08) 1.04(0.76-1.41) 1.09(0.69-1.72) 1.09(0.67-1.76) 1.13(0.54-2.36) 1.27(0.93-1.74) 1.00(0.61-1.64) 1.35(0.81-2.25) 1.28(0.60-2.76)
IGF1R rs11635251 0.92(0.68-1.25) 0.41(0.23-0.74) 0.77(0.47-1.24) 0.24(0.10-0.56) 1.01(0.75-1.37) 0.85(0.52-1.39) 0.78(0.48-1.27) 0.63(0.31-1.31) 1.08(0.80-1.48) 0.73(0.43-1.24) 0.93(0.56-1.53) 0.53(0.24-1.16)

IGF1R rs8038056 1.18(0.87-1.61) 0.81(0.49-1.34) 1.70(1.04-2.79) 1.03(0.46-2.30) 1.09(0.81-1.48) 0.81(0.50-1.32) 1.45(0.89-2.37) 1.18(0.54-2.60) 1.42(1.04-1.93) 0.40(0.21-0.76) 1.81(1.08-3.01) 0.43(0.16-1.12)
IGF1R rs12916884 0.95(0.70-1.29) 0.35(0.20-0.62) 0.68(0.42-1.10) 0.28(0.12-0.63) 1.11(0.82-1.50) 0.69(0.43-1.10) 0.80(0.49-1.29) 0.64(0.31-1.32) 1.16(0.85-1.58) 0.60(0.36-1.00) 0.87(0.53-1.45) 0.59(0.27-1.28)

IGF1R rs7166565 1.30(0.95-1.77) 1.01(0.63-1.61) 1.59(0.98-2.59) 1.39(0.63-3.05) 1.15(0.85-1.57) 1.04(0.66-1.64) 1.26(0.78-2.04) 1.57(0.73-3.38) 1.39(1.02-1.91) 0.86(0.52-1.42) 1.49(0.91-2.47) 0.90(0.39-2.10)
IGF1R rs939626 0.97(0.71-1.32) 0.64(0.35-1.15) 1.51(0.91-2.53) 0.60(0.25-1.47) 1.07(0.79-1.45) 0.62(0.34-1.12) 1.66(1.00-2.75) 0.64(0.26-1.55) 1.08(0.79-1.47) 0.51(0.26-0.98) 1.34(0.78-2.30) 0.48(0.18-1.24)

IGF1R rs12437963 1.35(0.98-1.86) 1.37(0.88-2.15) 1.05(0.64-1.71) 2.44(1.06-5.65) 1.04(0.76-1.42) 1.14(0.74-1.77) 0.85(0.52-1.36) 1.89(0.82-4.40) 1.01(0.73-1.39) 1.10(0.70-1.73) 0.75(0.45-1.24) 1.90(0.80-4.49)

TNRC9/LOC643714 rs8051542 1.28(0.94-1.73) 1.09(0.49-2.40) 1.49(0.91-2.43) 1.70(0.35-8.22) 1.37(1.02-1.86) 1.68(0.82-3.44) 1.78(1.09-2.90) 3.35(0.75-15.00) 0.98(0.71-1.34) 1.58(0.77-3.26) 1.29(0.77-2.16) 2.97(0.65-13.69)

TNRC9 or TOX3 rs3803662 0.68(0.49-0.93) 0.68(0.43-1.06) 0.76(0.46-1.25) 0.66(0.34-1.31) 0.64(0.47-0.87) 0.58(0.37-0.90) 0.66(0.40-1.07) 0.42(0.21-0.85) 0.93(0.68-1.29) 0.80(0.51-1.27) 1.01(0.60-1.70) 0.92(0.45-1.89)
ATP1B2 rs1641512 1.02(0.75-1.40) 0.62(0.39-0.99) 1.28(0.79-2.08) 0.95(0.46-1.99) 1.09(0.79-1.49) 1.13(0.74-1.71) 1.45(0.89-2.36) 1.89(0.93-3.82) 0.93(0.67-1.27) 0.74(0.47-1.16) 1.15(0.69-1.90) 1.06(0.50-2.24)
AXIN2 rs4791171 1.02(0.75-1.40) 0.97(0.61-1.53) 1.08(0.66-1.76) 1.04(0.51-2.12) 0.73(0.54-0.99) 0.48(0.29-0.79) 0.79(0.49-1.28) 0.51(0.24-1.07) 0.87(0.63-1.19) 0.82(0.52-1.31) 1.03(0.62-1.71) 0.87(0.41-1.85)

AXIN2 rs11079571 1.05(0.77-1.43) 0.98(0.56-1.72) 1.18(0.72-1.91) 1.08(0.45-2.58) 1.43(1.06-1.94) 1.56(0.92-2.64) 1.63(1.00-2.64) 1.68(0.72-3.91) 1.13(0.82-1.54) 1.39(0.82-2.39) 1.11(0.66-1.85) 1.28(0.53-3.07)

AXIN2 rs3923087 1.09(0.79-1.48) 1.14(0.71-1.83) 1.17(0.72-1.91) 1.32(0.63-2.75) 0.71(0.53-0.96) 0.56(0.34-0.93) 0.78(0.49-1.27) 0.61(0.28-1.32) 0.84(0.61-1.15) 1.01(0.63-1.61) 0.97(0.59-1.60) 1.09(0.50-2.37)
AXIN2 rs3923086 0.96(0.70-1.33) 0.80(0.30-2.13) 0.67(0.42-1.08) 0.62(0.44-0.86) 0.47(0.16-1.39) 0.44(0.27-0.72) 0.97(0.70-1.35) 0.96(0.37-2.47) 0.70(0.43-1.15)
MAP2K2 rs350916 1.02(0.75-1.39) 0.56(0.33-0.96) 1.00(0.62-1.62) 0.64(0.30-1.40) 1.26(0.93-1.71) 1.09(0.69-1.74) 1.26(0.78-2.05) 1.27(0.61-2.66) 1.29(0.94-1.78) 1.30(0.82-2.08) 1.30(0.79-2.16) 1.39(0.65-3.00)
MAP2K2 rs350913 1.12(0.83-1.53) 0.55(0.33-0.92) 1.13(0.70-1.83) 0.60(0.28-1.26) 1.36(1.00-1.85) 1.02(0.65-1.61) 1.40(0.86-2.27) 1.12(0.55-2.26) 1.41(1.02-1.94) 1.25(0.79-1.98) 1.49(0.89-2.48) 1.36(0.65-2.83)
MAP2K2 rs7258366 1.38(1.02-1.87) 0.82(0.47-1.43) 1.22(0.76-1.96) 1.09(0.46-2.62) 1.40(1.03-1.88) 1.02(0.61-1.71) 1.20(0.75-1.92) 1.27(0.54-3.02) 1.60(1.17-2.18) 1.51(0.91-2.50) 1.37(0.84-2.24) 1.53(0.63-3.71)

MAP2K2 rs12459484 1.39(1.02-1.91) 1.04(0.66-1.64) 1.24(0.77-2.01) 1.66(0.73-3.76) 1.43(1.05-1.95) 1.04(0.66-1.62) 1.17(0.73-1.89) 1.83(0.81-4.10) 1.76(1.27-2.45) 1.87(1.21-2.91) 1.56(0.94-2.60) 2.89(1.26-6.65)

PTGIS rs6095541 0.86(0.57-1.30) 4.55(0.51-40.97) 1.95(0.87-4.37) 0.98(0.66-1.45) 3.24(0.34-31.27) 2.30(1.05-5.05) 0.82(0.54-1.25) 1.18(0.07-18.94) 1.14(0.48-2.68)
AURKA rs8173 0.96(0.70-1.31) 1.64(1.01-2.66) 0.94(0.58-1.53) 1.24(0.60-2.59) 0.99(0.73-1.34) 1.60(0.99-2.59) 1.10(0.68-1.79) 1.31(0.63-2.71) 1.11(0.82-1.52) 1.39(0.83-2.31) 0.99(0.60-1.64) 0.84(0.38-1.83)
COMT rs4680 0.83(0.61-1.12) 0.93(0.51-1.72) 0.93(0.58-1.49) 0.87(0.33-2.25) 0.72(0.53-0.97) 1.14(0.64-2.01) 0.76(0.47-1.21) 1.13(0.45-2.84) 0.68(0.50-0.93) 1.17(0.65-2.08) 0.73(0.44-1.19) 1.29(0.49-3.35)

102 SNPs



ERPR HER2 TN

Hetero Minor Hetero Minor Hetero Minor

Gene OR (CI 95%)2 OR (CI 95%)2 OR (CI 95%)2

ESR1 0.87(0.53-1.45) 0.99(0.51-1.92) 0.69(0.42-1.14) 0.51(0.26-1.02) 0.57(0.34-0.96)0.50(0.24-1.03)

ABCB1 0.85(0.52-1.41) 1.05(0.48-2.31) 0.72(0.44-1.18) 1.13(0.52-2.42) 0.58(0.35-0.98)1.30(0.60-2.84)

Q129R 0.66(0.40-1.07) 0.66(0.31-1.40) 0.90(0.55-1.47) 0.66(0.31-1.42) 0.52(0.31-0.87)0.47(0.21-1.04)

TBXAS1 1.63(1.01-2.65) 2.22(0.97-5.10) 1.28(0.79-2.06) 0.99(0.42-2.37) 1.84(1.11-3.06)2.56(1.09-5.98)

IRS2 0.86(0.54-1.39) 0.58(0.19-1.83) 0.69(0.43-1.11) 0.75(0.26-2.18) 0.51(0.30-0.84)0.67(0.22-2.09)

IRS2 0.90(0.55-1.45) 0.86(0.26-2.87) 0.70(0.43-1.14) 0.93(0.29-2.97) 0.58(0.35-0.96)0.85(0.25-2.93)

CYP20 1.56(0.94-2.58) 1.17(0.55-2.50) 1.62(0.99-2.67) 0.81(0.37-1.78) 1.74(1.03-2.94)0.96(0.43-2.17)

IGF1R 1.70(1.04-2.79) 1.03(0.46-2.30) 1.45(0.89-2.37) 1.18(0.54-2.60) 1.81(1.08-3.01)0.43(0.16-1.12)

MAP2K2 1.24(0.77-2.01) 1.66(0.73-3.76) 1.17(0.73-1.89) 1.83(0.81-4.10) 1.56(0.94-2.60)2.89(1.26-6.65)

Adjusted odds ratios of selected SNPs for breast cancer risk



ERPR HER2 TN
Hetero Minor Hetero Minor Hetero Minor Hetero Minor Hetero Minor Hetero Minor

Gene OR (CI 95%)1 OR (CI 95%)2 OR (CI 95%)1 OR (CI 95%)2 OR (CI 95%)1 OR (CI 95%)2

IGF-1 0.98(0.69-1.39) 0.87(0.58-1.31) 0.78(0.43-1.40) 0.70(0.37-1.34) 0.77(0.54-1.08) 0.80(0.54-1.18) 0.59(0.33-1.05) 0.52(0.28-0.98) 0.91(0.64-1.31) 0.88(0.59-1.32) 0.70(0.38-1.29)0.58(0.30-1.14)
IGF1 1.14(0.83-1.58) 1.30(0.60-2.83) 0.84(0.51-1.38) 3.93(0.50-31.14) 0.71(0.51-0.99) 1.31(0.63-2.76) 0.60(0.37-0.99)4.18(0.54-32.43) 1.06(0.77-1.48) 0.95(0.41-2.21) 0.86(0.52-1.43)3.23(0.39-26.62)
IGF-1 1.18(0.86-1.63) 1.43(0.67-3.07) 0.85(0.52-1.39) 3.98(0.50-31.50) 0.71(0.51-0.99) 1.31(0.63-2.76) 0.60(0.37-0.99)4.18(0.54-32.43) 1.05(0.76-1.46) 1.04(0.46-2.38) 0.85(0.51-1.42)3.45(0.42-28.19)
IGF-1 0.95(0.68-1.32) 1.26(0.53-3.02) 0.69(0.42-1.15) 2.65(0.33-21.45) 0.60(0.42-0.85) 1.67(0.75-3.71) 0.59(0.35-0.98)3.89(0.50-30.33) 1.00(0.71-1.39) 1.09(0.44-2.74) 0.84(0.50-1.41)2.85(0.34-23.92)
IGF-1 0.97(0.70-1.36) 1.03(0.41-2.58) 0.66(0.40-1.10) 2.02(0.24-16.87) 0.68(0.48-0.96) 1.20(0.51-2.81) 0.60(0.36-1.00)2.79(0.35-22.08) 1.05(0.75-1.48) 0.86(0.32-2.29) 0.84(0.50-1.41)1.89(0.21-16.80)
IGF1 1.15(0.83-1.59) 0.70(0.45-1.07) 0.89(0.53-1.51) 0.53(0.28-1.02) 1.00(0.73-1.38) 0.70(0.47-1.06) 0.79(0.47-1.33) 0.52(0.28-0.99) 1.08(0.78-1.51) 0.71(0.46-1.09) 0.91(0.52-1.58)0.51(0.26-1.01)
IGF-1 1.92(1.17-3.17) 0.41(0.04-3.95) 1.52(0.72-3.18) 0.46(0.03-7.59) 1.34(0.79-2.25) 0.91(0.43-1.97) 1.18(0.68-2.04) 0.69(0.30-1.57)
BRCA2 0.97(0.72-1.32) 1.35(0.70-2.62) 0.93(0.58-1.49) 1.15(0.41-3.27) 0.73(0.54-0.98) 1.77(0.96-3.25) 0.70(0.44-1.12) 1.78(0.65-4.85) 1.06(0.78-1.43) 1.19(0.59-2.37) 0.88(0.54-1.44)1.25(0.42-3.72)
IRS2 1.18(0.87-1.60) 0.50(0.26-0.96) 1.55(0.95-2.51) 0.75(0.27-2.11) 1.05(0.77-1.43) 1.07(0.64-1.81) 1.31(0.80-2.13) 1.85(0.73-4.68) 1.26(0.93-1.72) 0.92(0.52-1.63) 1.51(0.91-2.53)1.96(0.72-5.35)
IRS2 0.99(0.73-1.34) 1.29(0.75-2.23) 0.79(0.49-1.27) 1.08(0.46-2.57) 0.94(0.70-1.27) 1.26(0.73-2.15) 0.79(0.49-1.26) 1.12(0.48-2.63) 0.70(0.52-0.96) 0.89(0.50-1.58) 0.60(0.37-0.99)0.64(0.25-1.61)
IRS2 1.13(0.83-1.53) 0.95(0.42-2.14) 0.86(0.54-1.39) 0.58(0.19-1.83) 0.92(0.68-1.25) 1.21(0.58-2.53) 0.69(0.43-1.11) 0.75(0.26-2.18) 0.66(0.48-0.92) 1.15(0.54-2.45) 0.51(0.30-0.84)0.67(0.22-2.09)
IRS2 1.26(0.92-1.71) 1.26(0.53-2.95) 0.90(0.55-1.45) 0.86(0.26-2.87) 1.00(0.73-1.36) 1.49(0.67-3.31) 0.70(0.43-1.14) 0.93(0.29-2.97) 0.79(0.57-1.10) 1.14(0.48-2.68) 0.58(0.35-0.96)0.85(0.25-2.93)
CYP1A1 1.19(0.87-1.63) 1.73(0.89-3.39) 1.33(0.81-2.18) 1.63(0.53-5.06) 1.10(0.81-1.49) 1.05(0.51-2.17) 1.16(0.71-1.90) 1.12(0.35-3.58) 1.48(1.09-2.03) 2.10(1.08-4.10) 1.48(0.89-2.45)1.62(0.50-5.23)
IGF1R 1.15(0.83-1.60) 1.58(1.04-2.41) 1.28(0.78-2.10) 2.30(1.12-4.70) 1.05(0.77-1.43) 0.93(0.60-1.44) 1.23(0.76-1.99) 1.39(0.67-2.90) 1.15(0.83-1.59) 1.12(0.72-1.75) 1.28(0.77-2.14)1.58(0.74-3.37)
IGF1R 1.12(0.81-1.55) 1.53(1.00-2.34) 1.27(0.77-2.08) 2.10(1.02-4.31) 1.05(0.77-1.44) 0.96(0.61-1.49) 1.26(0.77-2.04) 1.35(0.65-2.80) 1.14(0.83-1.58) 1.19(0.76-1.85) 1.27(0.76-2.13)1.59(0.75-3.38)
IGF1R 0.99(0.73-1.35) 1.16(0.49-2.72) 0.94(0.58-1.51) 0.96(0.71-1.30) 1.78(0.82-3.85) 0.99(0.61-1.59) 0.89(0.65-1.22) 2.19(1.03-4.69) 0.91(0.55-1.50)
IGF1R 0.83(0.59-1.16) 0.62(0.41-0.94) 1.17(0.69-1.97) 0.73(0.39-1.38) 1.05(0.74-1.47) 0.74(0.49-1.12) 1.41(0.83-2.38) 0.85(0.45-1.59) 1.13(0.79-1.61) 0.91(0.59-1.39) 1.70(0.97-2.98)1.15(0.59-2.22)
IGF1R 0.90(0.65-1.24) 0.89(0.57-1.38) 0.90(0.55-1.47) 1.10(0.53-2.29) 0.81(0.59-1.11) 0.92(0.60-1.40) 0.74(0.45-1.20) 1.09(0.53-2.24) 0.72(0.52-0.99) 0.74(0.48-1.16) 0.77(0.46-1.28)1.04(0.49-2.24)
IGF1R 1.11(0.82-1.51) 0.92(0.51-1.69) 0.80(0.50-1.28) 0.92(0.34-2.45) 1.17(0.86-1.58) 0.49(0.24-0.99) 0.80(0.50-1.28) 0.54(0.19-1.54) 1.02(0.75-1.40) 0.99(0.55-1.80) 0.86(0.53-1.41)1.11(0.40-3.10)
IGF1R 0.85(0.61-1.20) 0.97(0.64-1.47) 0.61(0.35-1.04) 1.14(0.55-2.35) 0.76(0.54-1.06) 0.90(0.60-1.35) 0.51(0.30-0.87) 1.09(0.53-2.23) 0.68(0.48-0.96) 0.99(0.66-1.48) 0.51(0.29-0.89)1.44(0.69-3.03)
IGF1R 0.87(0.62-1.23) 1.04(0.69-1.57) 0.59(0.34-1.02) 1.06(0.52-2.15) 0.78(0.56-1.09) 0.91(0.61-1.35) 0.50(0.29-0.87) 0.96(0.48-1.93) 0.74(0.52-1.05) 1.06(0.71-1.58) 0.50(0.28-0.89)1.36(0.66-2.80)
IGF1R 0.84(0.59-1.19) 1.12(0.75-1.69) 0.56(0.32-0.98) 1.06(0.52-2.17) 0.72(0.52-1.01) 0.91(0.61-1.37) 0.46(0.26-0.80) 0.90(0.44-1.83) 0.68(0.48-0.96) 1.04(0.69-1.57) 0.45(0.25-0.80)1.24(0.60-2.58)
IGF1R 1.58(1.16-2.17) 1.30(0.81-2.08) 1.59(0.98-2.59) 1.42(0.68-2.98) 1.06(0.78-1.43) 1.07(0.68-1.69) 1.08(0.67-1.75) 1.15(0.55-2.41) 1.29(0.95-1.77) 0.99(0.61-1.62) 1.37(0.83-2.27)1.32(0.61-2.84)
IGF1R 1.58(1.16-2.17) 1.26(0.78-2.03) 1.62(0.99-2.63) 1.43(0.68-2.99) 1.06(0.78-1.43) 1.07(0.68-1.69) 1.10(0.68-1.77) 1.16(0.56-2.43) 1.28(0.94-1.75) 0.99(0.61-1.61) 1.37(0.83-2.28)1.31(0.61-2.81)
IGF1R 1.63(1.19-2.23) 1.35(0.84-2.17) 1.69(1.04-2.75) 1.51(0.72-3.17) 1.07(0.79-1.45) 1.07(0.68-1.70) 1.13(0.70-1.83) 1.17(0.56-2.45) 1.28(0.93-1.75) 1.02(0.63-1.66) 1.42(0.86-2.36)1.40(0.65-3.00)
IGF1R 1.62(1.18-2.22) 1.37(0.86-2.20) 1.66(1.01-2.71) 1.47(0.70-3.08) 1.04(0.76-1.41) 1.09(0.69-1.72) 1.09(0.67-1.76) 1.13(0.54-2.36) 1.27(0.93-1.74) 1.00(0.61-1.64) 1.35(0.81-2.25)1.28(0.60-2.76)
IGF1R 0.92(0.68-1.25) 0.41(0.23-0.74) 0.77(0.47-1.24) 0.24(0.10-0.56) 1.01(0.75-1.37) 0.85(0.52-1.39) 0.78(0.48-1.27) 0.63(0.31-1.31) 1.08(0.80-1.48) 0.73(0.43-1.24) 0.93(0.56-1.53)0.53(0.24-1.16)
IGF1R 1.18(0.87-1.61) 0.81(0.49-1.34) 1.70(1.04-2.79) 1.03(0.46-2.30) 1.09(0.81-1.48) 0.81(0.50-1.32) 1.45(0.89-2.37) 1.18(0.54-2.60) 1.42(1.04-1.93) 0.40(0.21-0.76) 1.81(1.08-3.01)0.43(0.16-1.12)
IGF1R 0.95(0.70-1.29) 0.35(0.20-0.62) 0.68(0.42-1.10) 0.28(0.12-0.63) 1.11(0.82-1.50) 0.69(0.43-1.10) 0.80(0.49-1.29) 0.64(0.31-1.32) 1.16(0.85-1.58) 0.60(0.36-1.00) 0.87(0.53-1.45)0.59(0.27-1.28)
IGF1R 1.30(0.95-1.77) 1.01(0.63-1.61) 1.59(0.98-2.59) 1.39(0.63-3.05) 1.15(0.85-1.57) 1.04(0.66-1.64) 1.26(0.78-2.04) 1.57(0.73-3.38) 1.39(1.02-1.91) 0.86(0.52-1.42) 1.49(0.91-2.47)0.90(0.39-2.10)
IGF1R 0.97(0.71-1.32) 0.64(0.35-1.15) 1.51(0.91-2.53) 0.60(0.25-1.47) 1.07(0.79-1.45) 0.62(0.34-1.12) 1.66(1.00-2.75) 0.64(0.26-1.55) 1.08(0.79-1.47) 0.51(0.26-0.98) 1.34(0.78-2.30)0.48(0.18-1.24)
IGF1R 1.35(0.98-1.86) 1.37(0.88-2.15) 1.05(0.64-1.71) 2.44(1.06-5.65) 1.04(0.76-1.42) 1.14(0.74-1.77) 0.85(0.52-1.36) 1.89(0.82-4.40) 1.01(0.73-1.39) 1.10(0.70-1.73) 0.75(0.45-1.24)1.90(0.80-4.49)

IGF1, IRS2, IGF1R



Gene(s) SNP rs SNP position

Distance 
from 
previous 
SNP

Alleles Function
Amino acid 

change
Amino acid 

position
Validated

Min 
frequency

Max 
frequency

MTHFR rs12404124 chr1:11808135 18 G/T Promoter - - Y 0.458333 0.483333
MTHFR rs13306554 chr1:11790703 59 C/T Coding exon P/P 202 N - -
MTHFR rs13306555 chr1:11789546 39 C/T Coding exon A/A 302 N - -
MTHFR rs1476413 chr1:11786566 190 A/G Intron (boundary) - - Y 0.108333 0.341667
MTHFR rs1801131 chr1:11788742 19 A/C Coding exon E/A 429 Y
MTHFR rs1801133 chr1:11790644 511 C/T Coding exon A/V 222 Y 0.108333 0.488889
MTHFR rs1931226 chr1:11798240 70 G/T Intron - - Y 0 0.0583333
MTHFR rs2066461 chr1:11795614 72 A/C Coding exon T/T 115 Y - -
MTHFR rs2066462 chr1:11789162 141 C/T Coding exon S/S 352 Y - -
MTHFR rs2066466 chr1:11795542 433 A/G Coding exon T/T 139 Y - -
MTHFR rs2066470 chr1:11797323 86 C/T Coding exon P/P 39 Y - -
MTHFR rs2066472 chr1:11797237 36 A/G Coding exon R/Q 68 Y - -
MTHFR rs2077360 chr1:11783145 740 A/G Exon - - Y 0 0.42
MTHFR rs2184226 chr1:11781702 694 A/G Exon - - Y 0.01 0.12
MTHFR rs2274974 chr1:11785585 102 A/G Coding exon G/E 566 N - -
MTHFR rs2274976 chr1:11785193 562 A/G Coding exon R/Q 594 Y - -
MTHFR rs3737964 chr1:11801310 593 A/G Promoter - - Y 0.0795455 0.308333
MTHFR rs3927589 chr1:11788759 17 G/T Coding exon E/D 423 N - -
DHFR rs4846042 chr1:11771565 248 A/C 3' UTR - - Y 0 0.2
DHFR rs4846048 chr1:11780518 54 A/G 3' UTR - - Y 0.0930233 0.4
DHFR rs4846051 chr1:11788723 858 A/G Coding exon F/F 435 Y - -
DHFR rs6664734 chr1:11789507 169 C/T Coding exon V/V 315 N - -
DHFR rs7525338 chr1:11796598 1 C/T Intron - - Y 0 0.1
DHFR rs7533315 chr1:11794949 212 C/T Intron - - Y 0.266667 0.308333
MTR rs12749581 chr1:233292889 1032 A/G Coding exon R/Q 52 N - -
MTR rs1805087 chr1:233374541 370 A/G Coding exon D/G 919 Y 0.166667 0.169643
MTR rs11799647 chr1:233386962 71 A/G Coding exon I/V 1259 N - -
MTRR rs1801394 chr5:7923973 12 A/G Coding exon I/M 22 Y - -
MTRR rs1532268 chr5:7931179 348 A/G Coding exon S/L 175 Y - -
MTRR rs2303080 chr5:7931424 232 A/T Coding exon S/T 257 Y 0 0.170455
MTRR rs10064631 chr5:7938907 381 C/G Coding exon L/V 333 Y - -
MTRR rs162036 chr5:7938959 52 A/G Coding exon K/R 350 Y - -
MTRR rs2287780 chr5:7942304 88 C/T Coding exon R/C 415 Y - -
MTRR rs16879334 chr5:7944506 405 C/G Coding exon P/R 450 Y - -
MTRR rs16879355 chr5:7946013 297 C/T Coding exon A/V 515 Y - -
MTRR rs10380 chr5:7950191 55 C/T Coding exon H/Y 595 Y - -

Common Genetic Variations in MTHFR, MTR, DHFR and MTRR gene



• We have previously found that vegetable intake was 
associated with an reduced risk of breast cancer.

• Especially green yellow vegetable, not white vegetable 
was strongly associated with breast cancer risk 

- aOR*=0.32 (95% CI 0.24-0.42) for green vegetable          
- aOR*=1.06 (95% CI 0.81-1.38) for white vegetable

* for top vs. bottom tertiles

Background



Study Aim

To examine the association between folate, vitamin B2, B6, B12 

and the risk of breast cancer, as well as the potential modifying 

effect by two common polymorphisms  of the MTHFR, MTR, 

MTRR & DHFR gene on folate and vitamin B status-associated 

risk in a multicenter hospital-based case-control study



Molecular Classification of Breast Cancer

HER2 (+)

Luminal A Luminal B

IHC and FISH test and pathologic exam

Triple NegativeHER2(+)

ER(+)  or  PR(+) ER(-)  and  PR(-)

HER2 (-) HER2 (+) HER2 (-)



Study Population

• Exclude participants with implausible total energy 
intake or incomplete diet data

• Exclude participants with history of cancer

Breast cancer cases 1021

Luminal A 345

Luminal B 227

HER2 124

Triple Negative 325

Controls 390



Used dish-based semiquantitative food 

frequency questionnaire (SQ-FFQ) with over 

95 food items

Dietary Assessment



Veracode Technology

Veracode (coded bead)

• Assay type: Golden Gate Assay (allele specific extension)

• Marker density: 96 – 384 SNPs

• Marker type: Custom SNPs

• Sample per exp.: 16 or 96

• Average call rate : > 99%

• Reproducibility: > 99.9%

Veracode – code detection technology



VeracodeOPA (Oligo Pool All) BeadXpress scanner

Golden-Gate Assay Scanning

Research Process by Using Veracode Technology

Beadstudio 3.0

Intensity data
analysis

Genotype dataFinal data reporting

Genotype exportingStatistical analysis



Results



Overall Luminal A Luminal B HER2 Triple Negati

Nutrient Tertile OR (95% CI)1 OR (95% CI)1 OR (95% CI)1 OR (95% CI)1 OR (95% CI)1

Folate <291 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

291-434 0.85(0.67-1.09) 0.90(0.67-1.20) 0.82(0.59-1.16) 0.83(0.55-1.23) 0.81(0.55-1.20)

434≤ 0.65(0.51-0.84) 0.73(0.54-0.98) 0.48(0.33-0.70) 0.60(0.39-0.93) 0.75(0.51-1.12)

Vitamin B2 <1.0 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1.0-1.4 0.98(0.76-1.26) 0.99(0.74-1.33) 0.93(0.66-1.33) 0.91(0.61-1.37) 1.08(0.74-1.59)

1.4≤ 0.88(0.68-1.14) 0.98(0.72-1.32) 0.80(0.56-1.16) 0.79(0.51-1.21) 0.85(0.57-1.27)

Vitamin B6 <1.5 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

1.5-2.1 0.99(0.77-1.26) 1.06(0.80-1.41) 0.79(0.56-1.11) 0.97(0.65-1.43) 1.12(0.77-1.61)

2.1≤ 0.55(0.42-0.71) 0.57(0.42-0.78) 0.52(0.36-0.76) 0.52(0.33-0.82) 0.55(0.36-0.85)

Vitamin B12 <3.2 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

3.2-5.1 0.79(0.62-1.02) 0.85(0.63-1.13) 0.71(0.50-1.01) 0.79(0.53-1.18) 0.77(0.52-1.15)

5.1≤ 0.69(0.53-0.88) 0.69(0.51-0.94) 0.57(0.40-0.83) 0.65(0.43-1.00) 0.87(0.59-1.28)

OR (95% CI)1 : adjusted age, BMI, smoking status, alcohol consumption.

Folate, Vit B2, B6, B12,and the risk of breast cancer



Overall Luminal A Luminal B HER2 Triple Nega

Gene rs# OR (95% CI)2 OR (95% CI)2 OR (95% CI)2 OR (95% CI)2 OR (95% CI)2

MTHFR rs1801131

AA 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

AC/CC 0.90(0.67-1.19) 0.84(0.59-1.20) 0.86(0.57-1.29) 1.14(0.70-1.85) 0.91(0.56-1.48)

DHFR rs1677666

CC 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

CG 1.29(0.68-2.46) 1.29(0.60-2.79) 1.86(0.84-4.13) 1.44(0.50-4.12) 0.25(0.03-1.89)

OR (95% CI)2 : Multinomial logistic regression model adjusted age, BMI, smoking status, alcohol consumptio
n, age at menarche, age at first parturition.

MTHFR, DHFR, and the risk of breast cancer

MTHFR: Methylenetetrahydrofolate reductase

DHFR: Dihydrofolate reductase



MTHFR DHFR Overall Luminal A Luminal B HER2 TN

rs1801131 rs1677666 OR (95% CI)2 OR (95% CI)2 OR (95% CI)2 OR (95% CI)2 OR (95% CI)2

AC/AA CC 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

AC/AA CG 0.93(0.31-2.78) 0.83(0.20-3.48) 0.89(0.17-4.65) 2.27(0.52-9.90) -

AA CC 1.09(0.81-1.46) 1.16(0.80-1.67) 1.09(0.72-1.66) 0.93(0.56-1.53) 1.08(0.66-1.75)

AA CG 1.66(0.73-3.77) 1.82(0.70-4.76) 2.64(1.00-7.01) 0.88(0.18-4.33) 0.42(0.05-3.46)

OR (95% CI)2 : Multinomial logistic regression model adjusted age, BMI, smoking status, alcohol 
consumption, age at menarche, age at first parturition.

Gene-gene interaction with breast cancer risk



MTHFR & folate with the risk of breast cancer

MTHFR
Folate interaction

p
p trend

T1 T2 T3

Overall

AA 1 (ref) 0.81(0.54-1.21) 0.48(0.31-0.72)

AC/CC 0.78(0.49-1.25) 0.78(0.48-1.26) 0.47(0.28-0.79) 0.159 0.014

Luminal A

AA 1 (ref) 0.81(0.49-1.34) 0.56(0.34-0.94)

AC/CC 0.82(0.46-1.46) 0.71(0.39-1.30) 0.45(0.23-0.87) 0.114 0.032

Luminal B

AA 1 (ref) 0.76(0.44-1.31) 0.34(0.18-0.64)

AC/CC 0.57(0.29-1.12) 0.79(0.42-1.50) 0.42(0.20-0.89) 0.356 0.032

HER2

AA 1 (ref) 0.90(0.46-1.77) 0.31(0.13-0.73)

AC/CC 1.05(0.50-2.22) 1.12(0.53-2.39) 0.30(0.10-0.92) 0.656 0.265

Triple Negative

AA 1 (ref) 0.81(0.41-1.60) 0.69(0.35-1.38)

AC/CC 0.83(0.38-1.82) 0.64(0.27-1.50) 0.82(0.36-1.85) 0.718 0.446



MTHFR
Vitamin B2 interaction

p
p trend

T1 T2 T3

Overall

AA 1 (ref) 1.01(0.67-1.52) 0.68(0.44-1.03)

AC/CC 1.04(0.64-1.68) 0.87(0.54-1.41) 0.52(0.31-0.88) 0.093 0.049

Luminal A

AA 1 (ref) 1.05(0.64-1.72) 0.64(0.37-1.08)

AC/CC 0.98(0.54-1.78) 0.85(0.48-1.53) 0.43(0.21-0.86) 0.074 0.040

Luminal B

AA 1 (ref) 0.93(0.53-1.64) 0.77(0.43-1.37)

AC/CC 0.89(0.44-1.78) 0.84(0.43-1.65) 0.60(0.29-1.24) 0.285 0.213

HER2

AA 1 (ref) 0.76(0.37-1.53) 0.51(0.24-1.10)

AC/CC 0.98(0.44-2.17) 1.07(0.50-2.26) 0.54(0.21-1.38) 0.998 0.609

Triple Negative

AA 1 (ref) 1.39(0.71-2.74) 0.80(0.39-1.68)

AC/CC 1.57(0.73-3.37) 0.75(0.31-1.81) 0.64(0.25-1.65) 0.234 0.289

MTHFR & vitamin B2 with the risk of breast



MTHFR
VitaminB6

interaction p p trend
T1 T2 T3

Overall

AA 1 (ref) 0.88(0.59-1.32) 0.44(0.28-0.68)

AC/CC 1.03(0.64-1.67) 0.90(0.56-1.44) 0.27(0.15-0.47) 0.012 0.002

Luminal A

AA 1 (ref) 0.85(0.53-1.38) 0.42(0.24-0.73)

AC/CC 0.97(0.54-1.75) 0.87(0.49-1.55) 0.18(0.08-0.41) 0.013 0.003

Luminal B

AA 1 (ref) 0.77(0.44-1.33) 0.53(0.29-0.97)

AC/CC 0.95(0.49-1.84) 0.69(0.35-1.36) 0.42(0.20-0.89) 0.124 0.047

HER2

AA 1 (ref) 0.84(0.43-1.66) 0.38(0.17-0.89)

AC/CC 1.16(0.53-2.50) 1.43(0.69-2.95) 0.07(0.01-0.55) 0.409 0.241

Triple Negative

AA 1 (ref) 1.25(0.66-2.36) 0.35(0.15-0.85)

AC/CC 1.25(0.58-2.68) 0.82(0.36-1.87) 0.43(0.16-1.14) 0.195 0.087

MTHFR & Vitamin B6 with the risk of breast



MTHFR
VitaminB12 interaction

p
p trend

T1 T2 T3

Overall

AA 1 (ref) 0.80(0.52-1.22) 0.57(0.38-0.86)

AC/CC 0.91(0.57-1.46) 0.76(0.47-1.23) 0.39(0.23-0.68) 0.063 0.013

Luminal A

AA 1 (ref) 0.84(0.50-1.39) 0.48(0.28-0.80)

AC/CC 0.78(0.43-1.40) 0.79(0.44-1.41) 0.29(0.14-0.62) 0.067 0.009

Luminal B

AA 1 (ref) 0.70(0.39-1.25) 0.58(0.33-1.02)

AC/CC 0.92(0.49-1.76) 0.69(0.35-1.35) 0.30(0.13-0.71) 0.089 0.038

HER2

AA 1 (ref) 0.73(0.35-1.52) 0.60(0.29-1.24)

AC/CC 1.20(0.56-2.55) 0.89(0.39-1.99) 0.49(0.18-1.32) 0.741 0.538

Triple Negative

AA 1 (ref) 0.95(0.47-1.92) 0.82(0.41-1.65)

AC/CC 1.01(0.45-2.23) 0.67(0.28-1.62) 0.82(0.34-1.97) 0.584 0.490

MTHFR & Vitamin B12 with the risk of breast



DHFR
Folate

interaction p p trend
T1 T2 T3

Overall

CC 1 (ref) 0.87(0.63-1.22) 0.51(0.36-0.72)

CG 1.22(0.45-3.29) 0.85(0.30-2.41) 0.93(0.21-4.01) 0.574 0.014

Luminal A

CC 1 (ref) 0.88(0.58-1.33) 0.55(0.36-0.86)

CG 1.66(0.55-5.01) 0.35(0.07-1.82) 1.36(0.26-7.08) 0.745 0.083

Luminal B

CC 1 (ref) 0.87(0.55-1.38) 0.42(0.25-0.71)

CG 1.15(0.31-4.33) 1.72(0.51-5.72) 1.22(0.20-7.57) 0.137 0.155

HER2

CC 1 (ref) 0.93(0.54-1.60) 0.30(0.15-0.62)

CG 0.97(0.18-5.09) 1.60(0.37-6.90) - 0.639 0.033

Triple Negative

CC 1 (ref) 0.81(0.46-1.43) 0.78(0.44-1.36)

CG 0.48(0.06-4.23) - - 0.165 0.142

DHFR & Folate with the risk of breast



DHFR
VitaminB2

interaction p p trend
T1 T2 T3

Overall

CC 1 (ref) 0.92(0.66-1.29) 0.62(0.43-0.88)

CG 1.11(0.40-3.12) 1.64(0.51-5.26) 0.62(0.18-2.09) 0.629 0.105

Luminal A

CC 1 (ref) 0.94(0.62-1.42) 0.55(0.35-0.86)

CG 0.95(0.26-3.55) 1.66(0.45-6.18) 0.67(0.15-2.94) 0.624 0.119

Luminal B

CC 1 (ref) 0.90(0.56-1.45) 0.73(0.44-1.20)

CG 1.44(0.38-5.48) 2.36(0.59-9.44) 1.23(0.28-5.44) 0.170 0.970

HER2

CC 1 (ref) 0.94(0.53-1.66) 0.58(0.31-1.11)

CG 2.31(0.60-8.95) 0.93(0.10-8.82) - 0.852 0.255

Triple Negative

CC 1 (ref) 0.91(0.53-1.58) 0.62(0.34-1.13)

CG - 0.85(0.09-8.05) - 0.205 0.049

DHFR & VitaminB2 with the risk of breast



DHFR
VitaminB6

interaction p p trend
T1 T2 T3

Overall

CC 1 (ref) 0.89(0.64-1.24) 0.35(0.24-0.51)

CG 1.16(0.43-3.18) 0.77(0.25-2.38) 0.85(0.24-3.02) 0.582 0.0005

Luminal A

CC 1 (ref) 0.88(0.59-1.32) 0.31(0.19-0.51)

CG 1.26(0.39-4.11) 0.66(0.17-2.58) 0.83(0.18-3.90) 0.697 0.002

Luminal B

CC 1 (ref) 0.75(0.47-1.19) 0.46(0.27-0.77)

CG 1.23(0.33-4.61) 1.17(0.29-4.69) 1.68(0.40-7.12) 0.121 0.254

HER2

CC 1 (ref) 1.08(0.63-1.86) 0.28(0.13-0.59)

CG 2.18(0.57-8.39) 0.62(0.07-5.64) - 0.904 0.028

Triple Negative

CC 1 (ref) 0.98(0.58-1.66) 0.34(0.17-0.67)

CG - 0.52(0.06-4.77) - 0.214 0.002

DHFR & VitaminB6 with the risk of breast



DHFR
VitaminB12 interaction

p
p trend

T1 T2 T3

Overall

CC 1 (ref) 0.80(0.57-1.13) 0.53(0.37-0.75)

CG 1.13(0.41-3.12) 1.23(0.31-4.87) 0.72(0.25-2.08) 0.629 0.022

Luminal A

CC 1 (ref) 0.87(0.58-1.31) 0.44(0.28-0.70)

CG 1.04(0.31-3.57) 1.55(0.33-7.38) 0.63(0.17-2.37) 0.697 0.024

Luminal B

CC 1 (ref) 0.72(0.45-1.15) 0.50(0.30-0.82)

CG 1.59(0.45-5.54) 1.59(0.30-8.35) 0.99(0.26-3.74) 0.238 0.247

HER2

CC 1 (ref) 0.75(0.42-1.34) 0.54(0.29-1.00)

CG 1.70(0.39-7.31) 0.98(0.10-10.08) 0.54(0.06-4.77) 0.839 0.220

Triple Negative

CC 1 (ref) 0.82(0.47-1.45) 0.79(0.45-1.41)

CG - - 0.52(0.06-4.62) 0.276 0.204

DHFR & VitaminB12 with the risk of breast



Conclusions of this study

• Folate, and one carbon metabolizing 
nutrients were inversely associated with 
breast cancer risk

• MTHFR and DHFR genetic polymorphisms 
may modify susceptibility to breast cancer.



MTHFR polymorphisms, dietary folate intake

and breast cancer risk in Chinese women

 a case-control study 

 with 669 cases and 682 population-based controls 

 in the Jiangsu Province of China

 83-item food frequency questionnaire

Dietary folate

aOR = 0.70 (0.53~0.92) for top vs. bottom tertiles

J Hum Genet. 2009 Jul;54(7):414-8



CEBP, 2004

MTHFR genotypes and folate intake with breast cancer risk:

Shanghai Breast Cancer Cohort Study

genotype
Dietary folate intake p for 

interactionQ4 Q3 Q2 Q1

C677T

CC  1.00 1.76 1.75 1.94 (1.15-3.26)

0.048CT 1.16 1.50 1.73 2.17 (1.34-3.51)

TT 0.70 1.66 2.17 2.51 (1.37-4.60)

A1298C

AA 1.00 1.59 1.94 2.18 (1.46-3.25)
0.71

AC/CC 1.05 1.80 1.59 1.94 (1.23-3.05)



Ma E, Iwasaki M, Tsugane S et al. National Cancer Center, Tokyo, Japan.

A hospital based, case-control study in Nagano Prefecture, Japan

388 pairs of patients with histologically confirmed invasive breast cancer and age- and 

area-matched controls selected from medical checkup examinees.

Dietary intake of folate and related B vitamins and 

genotypes of MTHFR or MTR have no overall association 

with breast cancer risk in Japanese women

Nutr Cancer. 2009;61(4):447-56.

Dietary intake of folate, vit B2, vit B6, vit B12, genetic 

polymorphism of related enzymes, and risk of breast cancer:

A case-control study in Japan



2009

Nutrient intake Premenopausal Postmenopausal

aOR*(95% CI) P trend aOR*(95% CI) P trend

Folate (ug/d) 2.17(1.23~3.83) 0.01 0.91(0.59~1.41) 0.68

Vitamin B6 (mg/d) 0.81(0.48~1.37) 0.41 1.54(1.01~2.35) 0.04

* for top vs. bottom tertiles



Is folic acid good for everyone?

Fortification of food with folic acid to reduce the number of neural tube 

defects was introduced 10 y ago in North America.

High blood concentrations of folic acid may be related to decreased natural 

killer cell cytotoxicity, and high folate status may reduce the response to 

antifolate drugs used against malaria, rheumatoid arthritis, psoriasis, and 

cancer. 

Folate has a dual effect on cancer, protecting against cancer initiation but 

facilitating progression and growth of preneoplastic cells and subclinical 

cancers, which are common in the population. Thus, a high folic acid intake 

may be harmful for some people.

Kim YI, AJCN 2008



Dual modulatory role of folate in carcinogenesis

Kim YI, Mol Nutr Food Res, 2007



Folate: 

a magic bullet or a double edged sword 

for cancer prevention ?

Gut 2006



Treatment with folic acid plus vitamin B12 was associated with increased cancer
Outcomes and all-cause mortality in patients with ischemic heart disease 
in Norway, where there is no folic acid fortification of foods. 



No relation of folate supplementation with cancer risk



Figueiredo, J. C. et al. J. Natl. Cancer Inst. 2009 101:432-435; doi:10.1093/jnci/djp019

Kaplan-Meier plot of the prostate cancer-free status over time among the 643 
men randomized to placebo and folic acid treatment in this study





Public health implications of  nutrient (folate)-gene 

interactions  for cancer  prevention/treatment

 Gene-environment interaction study have provided 

so far important insight into whether a nutrient is 

causally associated with cancer risk 

 If nutrient-gene interaction is established, should 

individuals be genotyped and their diets targeted based 

on the results?

Still unanswered !



Summary of talk

Folate may affect cancer risk through one-carbon metabolism.

Interactions of folate with MTHFR genotypes also may modify 

cancer risks.

Limited evidence of epidemiologic study in Asian countries 

Well-designed prospective  studies and randomized controlled 

trials in Asia are needed; 

1) to find the optimal timing, doses, and forms that maximize 

efficacy and minimize adverse effects

2) to identify subjects who will get benefit from interventions with 

folate

3) to assess the role of folate in the primary prevention of cancer and 

also in treatment of cancer patients. 
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Thanks for your attention !



Veracode Overview (Golden-Gate Assay)



NCCBR – BeadStudio: Genotype calling



NCCBR – Genotype Cluster Image



Single Nucleotide Polymorphism (SNP)

A tiny change in the gene sequence

: only a single nucleotide change

Allele frequency: 1/1000 to 1/2 in populations

Functional consequences:

 alteration in protein function, thus metabolic pathway

 alteration in promotor activity, thus metabolic pathway

 no known alteration but association with parameter level 

http://biotech-adventure.okstate.edu/low/basics/dna_structure/dnahelix/dnahelix.gif


MTHFR
5,10 methyleneTHF5 methylTHF

tetrahydrofolate 
(THF)

nucleotide 
synthesis

DNA 
methylation

Methylenetetrahydrofolate reductase (MTHFR)

homocysteine

methionine



Methylenetetrahydrofolate reductase (MTHFR)
 MTHFR: 5,10-methyl THF  5-methyl THF

 A common polymorphism (677C→T) in the MTHFR gene causes 

heat sensitivity (thermolabile variant) and reduced enzymatic activity 

in vivo and in vitro.

 C677T

- cytosine to thymidine conversion at 677

- alanine  valine

- enzyme activity: CC(100%), CT(65%), TT(30%)

- frequency of TT: 10-15%

 A1298C

- adenine to cytosine conversion at 1298

- glutamate  alanine



Pill or Food?

A population study demonstrated that the risk of lung cancer is inversely 
associated with dietary folate but not with intake of fortified folate, 
supplemented folate, or total folate intake. 

(Shen, CEBP 2003;12:980)

The supplementation with folate in a single synthetic chemical form, 
folic acid, might not be as effective as high folate diets, which contain 
more physiologic forms of folate and other nutrients needed for folate 
metabolism.



It sounds like a simple 
question. 

In fact, finding the answer is 
a complex puzzle worthy of 
Sherlock Holmes. 

Can we prevent cancer with B-vitamins?  

“Someone has been nibbling at our research again”



Public Health Implications of 
Nutrient-Gene Interactions 
for Cancer Prevention

 Gene-environment interaction study have provided so far 

important insight into whether a nutrient is causally associated 

with cancer risk 

 If nutrient-gene interaction is established, should individuals 

be genotyped and their diets targeted based on the results?

more carefully designed studies and scientific evidences are

needed
Still unanswered !



1. SNP/Sample success rate 2. Genotype call rate

Design Success
Success rat

e
# of expected genotypes

354x1418=501,972

# of SNPs 384 354 92.2%
# of observed genotypes: 501,0
55

# of Sample
s

1,440 1,418 98.5%
Call rate: 501,055/501,972=99.8
%

3. Minor allele frequency
MAF # of SNPs %

Monomorphic 25 7.1%
≤0.1 45 12.7%

≤0.2 42 11.9%
≤0.3 66 18.6%

≤0.4 103 29.1%
≤0.5 73 20.6%

Total 354 100%

Breast 1021

Luminal A 345

Luminal B 227

HER2 124

TN 325

Control 390



Association of 384 SNPs 
with the risk of breast 

cancer
Case-control study

Breast 1021

Luminal A 345

Luminal B 227

HER2 124

TN 325

Control 390
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Freq.

ht1 C A T T C A C G G G T 0.331 

ht2 T C T T A G T C A G C 0.186 

ht3 T A C C C G T C A G T 0.170 

ht4 T A C C C A T G G A T 0.098 

others < 0.05

IRS2






