Single Nucleotide
Polymorphisms and Alcohol
Intake In Relation to Breast
Cancer

Two prospective studies nested within the Danish
“Diet, Cancer and Health” cohort
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ADH, Alcohol Intake and Breast
Cancer

» Three possible mechanisms behind alcohol related breast cancer:
1.Increased estrogen levels,
2.Disturbing of the folate metabolism, or

3.The primary metabolite acetaldehyde acting as a mutagen

Alcohol metabolism:
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SB Larsen et al., 2010: “Interaction between ADH1C Arg?72Gln
and alcohol intake in relation to breast cancer risk suggest that
alcohol is the causal factor in alcohol related breast cancer”

e Two functional SNPs in two genes encoding alcohol
dehydrogenases — ADH1B and ADH1C — are analysed in Danish
postmenopausal women

— Carriers of the variant allele of ADH1B Arg#®His: “very fast
metabolisers” of ethanol — 1 conc. of acetaldehyde

— Carriers of the variant allele of ADH1C Arg272Gln:“slow metabolisers”
of ethanol — | conc. of acetaldehyde
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SB Larsen et al., 2010: “Interaction between ADH1C Arg?72Gln <=
and alcohol intake in relation to breast cancer risk suggest that
alcohol is the causal factor in alcohol related breast cancer”
Variahle Cases (N = 809) Controls (N =809) OR* (95% (1)
Mo, () Median [5-95%) Mo (%) Median (5-95%)
Fregquencies of alcoha inrake
Abstain 21 (3) 21(3) 1.15 (0U60-2.24)
«0-3 g/day 162 (20) 204 (25)
3-15g/day 321 (4D 344 (43)
15-30 g/day 133 (16) 91 (11)
U0 gy 172 (2] 149 (18]
Alcohol intake (gday 11 {1-43) 10 (0.7-42) 107 (1.00-1.14)
MYAID™ use (% ever users) EEETENN] JHE (3b) 126 | 1.03-1.55)
Duration of HRT* 2 (D-18) 2 (0-18) 1.00 {0.89-1.13)
Sdhoad edicadon
Low 246 (30) 287 (35) 1.00 { Ref)
Medium 304 (49) 383 (48) 1.23 (0.97-1.56)
High 165021 139017) 141 (1.03-1.93)
Mulliparous 115 (14 Q8 (12) 08T (05T-133)
Mumber of births® 2 (0-4) 2 (0-4) 0.95 {0.83-1.08)
Age at first birth’ 73 (18-32) 23 (18-31) 111 (0.96-1 249)
B M1 21 (3) 21(3) 1.02 (0.99-1 .04)

* IKR are mutually adjusted.

® The risk i estimated for the increment of 10 g alcohol [day.
® Mon-steroid anti-inflammatony dregs.

= The risk i estimated per additional year of HRT use.

" The risk is estirnated per additional birth.

" The risk is estimated per additional 5 years.

* The risk i estimated per additional 1 kgfm.
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SB Larsen et al., 2010: “Interaction between ADH1C Arg?72Gln <=
and alcohol intake in relation to breast cancer risk suggest that
alcohol is the causal factor in alcohol related breast cancer”
IRR for breast camcer in relation to the studied pohrmorphismes.
Canotype I LT Casesfcontrols (X OR (95 ar OR (95X CIT”
ADHIB Arg™His
GG TT8/ 768 a6/95 1.00 1.00
AA+AG /41 4[5 0.75 (0.47-1.20) 0.78 (0.48-1.26)
ADHIC Arg”~Gin
cC 291/311 I6/38 1.00 1.00
T I78/176 47/47 1.07 (0.86-1.33) 1.09 (0.87-1.36)
T 140/122 17/15 1.22 {0.90-1.65) 127 (084-1.73)
CT+TT 518/ 498 6462 1.10 {0.89-1.35) 1.13 (091-1.40)
Phenarype”
Very fast 3141 4[5 0.73 (0.45-1.18) 0.75 (0.46-1.23)
Fast 273282 34/35 0.94 (0.76-1.17) 091 (0.73-1.14)
Slow 505485 6250 1.00 1.00
4 Crode.

® Adjusted for parity { parous/nulliparous, number of births, age at first birth) education (low, medium, high), duration of HET (years), BMI (kg/m) and
consumption of alcohol {10 giday]

© Phenotypes of ethanal cxid ation: all ADH1E variant allele carfiers are considered “very fast’; double homozymous wildtype carfers are considered “fast”,
and wildtype ADH1E who are variant allele carders of ADH1C are considered “slow’.
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SB Larsen et al., 2010: “Interaction between ADH1C Arg?72Gln <=
and alcohol intake in relation to breast cancer risk suggest that
alcohol is the causal factor in alcohol related breast cancer”
IRR for breast cancer in relation to genotypes per 10 g aloohol'day.
Genotype | I —— IRR (95% Of Pvalue® IRR (952 AT P-value®
ADHIB Arg™His
GG 740 T28 1.09 (1.02-1.186) 1.08 (1.01-1.16)
AA+AG 28/40 1.11 (0.80-1.54) (.89 1.10 (0.79-1.54) 0.90
ADHIC Arg" ™ Gln
o 276 /205 1.02 (090-1.12) 0.99 (0.89-1.11)
CT 359 1356 1.12 (1.02-1.24) 017 1.12{1.01-1.24) 0.14
11 133117 1197 1&2—1.-14.'!1 1,19 (1.01-1.349
o 276 /205 1.01 (090-1.12) 0.99 (0.89-1.11)
CT +TT -'I-'Eli_l'-i 73 114 | 1051 _25] LLOE 1.14 {1.04-1.24 :I L+
* Crude.,

= Adjusted for panty (parousinulliparows, number of births, age at first birth] education (low, medium, high], duration of HRET (years] and BMIkzim+].
® Pvalue for interaction

« = “ethanol rather than the metabolite acetaldehyde is the carcinogenic
substance in relation to alcohol induced breast cancer in postmenopausal
Caucasian women”
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PPAR-y, Alcohol Intake and Breast
Cancer

e “Alcohol consumption is associated with a 7-10 % increased risk of
breast cancer per 10 g/day” (A Tjonneland, 2008; P Boffetta, 2006)

e One unit of alcohol — 12 g ethanol (Source: National Board of Health)

e The National Board of Health until recently: Women < 14 units/week and
men: 21 < units/week
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PPAR-y, Alcohol Intake and Breast

Cancer

e PPAR-y, alcohol and breast cancer:

1. Alcohol intake increases aromatase
expression in adipocytes — 1 sex hormone
level

2. PPAR-y agonists inhibit adipocyte
aromatase activity

Insulin signalling

Lipid metabolism

|

““-u-.,__‘_‘ —

/ \

Adipocyte differentiation
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U Vogel et al., 2006: “Peroxisome profilerator-activated
receptory2 Pro'?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”

e The variant allele of the PPARYy2 Prol2Ala polymorphism changes the
transcriptional activation of target genes —

— | risk of metabolic syndrome and improved insulin sensitivity (A Meirhaeghe et al.,
2004) and

— | risk of colorectal cancer compared to wild type carriers (S Landi et al., 2003)

National Food Institute, Technical University of Denmark

i



=
=
—

i

U Vogel et al., 2006: “Peroxisome profilerator-activated
receptory2 Pro'?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”

Table L Baseline characteristics of study participants selected from the Danish “Diet, Cancer and Health® prospective cohort study

Wariable Cases (V¥ = 361) Controls (& = 361) IRR® (95% CI)
Mo, (%) Median (3-93%) MNo. (%) Median (3-95%)

_Abstain 10 (33 10 (3} 123 (0 47-321)
Alcohol intake (g/day)” 11 (1-44) 10 (0.7-42) 108 (0.95-1.20)
TTNSAID URE (70 cvel URers) T37 1337 TS 137} 20 0917 3]
Prasent smoking 121 (34) 131 (36) 050 (0.62-1.30)
Duration of HRT 6 (0.5-20) 5 (0521} L0 i0.84-1.19)
Benign breast disease 70 (19) 47 (13) 1.52 (1L.0D-233)
School education

Low 102 (2B) 123 (34) 1.00

M dim 176 (49) 176 (49) 118 i0.81-1.73)

High B3 (23) 62 (17} 152 (0.594-2.44)
Parous® 47 (13) 43 (12) 0.67 (0.35-1.27)
Mumber of births 2(1-4) 2014 0.94 (0.77-1.14)
Age at first birth, vears” 23 (18-32) 23 (17-31) 118 i0.94-1.48)
BMTI 23 (20-33) 23 (20-34) L.01 {0.97-1.03)

Observed median values (595 percentiles) or fractions of the distribution of alcohol, NSAID, smoking and potential breast cancer confounders among breast

cancer cases and controls.
3 3 . El

e

“Risk estimate per 10 g incrementiday for alcohol.

L= B T ) - - ° -
“Risk estimate par additional birth, per additional vear of age and per 1 kg/m”™
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U Vogel et al., 2006: “Peroxisome profilerator-activated
receptory2 Pro'?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”
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Table I1. IRR for breast cancer in relation to the smudied genotypes

Genotype I — Caseg/ IRR (93% CI® IRR (93% CI)y"
Noonmols controls
361361 (TE)
-6 G-174C
GG 10808 32T 1.00 1.0
CG 167177 46049 0.84 (0.59-1.18) 0.81 (0.56-1.16)
CC BO/B6 24724 0.91 (0.61-1.36) 0.95 (0.63-1.43)
CGHOC 253263 T3 0.86 (0.63-1.19) 0.86 (0.62-1.20)
-8B T-251A
TT BRSTH 24/22 1.00 1.0:0
AT 160/167 44/46 0.81 (0.55-1.21) 0.83 (0.55-1.25)
A BRSTH 24/22 0.85 (0.56-1.28) 0.81 (0.53-1.24)
AT+AA 273283 ToTR 0.83 (0.58-1.19) 0.82 (0.57-1.20)
F w? Pral2d o
ﬁdf 283258 TRT 1.00 1.0
T T LN 7] 0.68 (0.47-0.98) 0.66 (0.45-0.96)
00 L4 23 0.67 (0.25-1.83) 0.81 (0.29-2.29)
COHGG T8/103 22029 0.68 (048097 067 (0.46-0.97)
COX2 TRL73C
TT 167/155 46043 1.00 1.0
CT 150/165 42/46 0.82 (0.59-1.14) 0.82 (0.58-1.15)
CC 44/41 12/11 LO1 (0.64-1.62) 104 (0.64-1.700
CT+CC 194,206 34/57 087 (0.64-1.1T7) 087 (0.64-1.19)
*Crude.

"Adjusted for parity (parous'nulliparous, number of births and age at first
birth}, education, duration of HRT, BMI and alcohol consumption.
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U Vogel et al., 2006: “Peroxisome profilerator-activated
receptory2 Pro'?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”

Table III. IRR for breast cancer per 10 g alcohol/day for different genotypes

Genotype  MNewed IRR (95% CIY*  P-value® IRR (95% CI)"  P-value®

Jl"'r-\.'-.nrl:mli

IL-6 G-174C

GG 108/9% 103 (0.85-1.24) 1.02 (0.84-1.24)

CG 167/177 1.21 (1.05-1.39) 0.27 1.20 (1.04-1.40) 0.25

cC BAB6 102 (0.83-1.27) 1.00 (0.80-1.25)

GG 10898 1.02 (0.84-1.22) 0.28 1.01 (0.83-1.22) 031

CG+OG 253263 115 (1.02-1.29) 1.14 (1.01-1.29)
IL-8 T-2514

TT BR/TE 115 (0.94-1.40) 1.12 (0.50-1.38)

AT 160/167 110 (0.96-1.26) 0.94 1.11 (0.96-1.28) 0.97

AA BH/TE  L11 (0.93-1.32) 1.08 (0.90-1.30)

TT BE/TE 115 (0.94-1.34) 0.72 1.11 (0.90-1.37) 0.91

AT+AA 273283 1.10 (0.99-1.23) 1.10 (0.98-1.23)
PPAR-y2 Pro'Ala

cC 283/258 1.21 (1.08-1.35) 1.20 (1.06-135)

CG TI/93  0.85 (0.68-1.06) 0.01 0.86 (0.68-1.08) 0.02

GG 7/10 0,55 (0.13-2.32) 0,48 (0.10-2.22)

cC 283/258 121 (1.08-1.35) 0.003  1.20 (1.06-1.35) 0.005

CG+OG 78103 0.83 (0.67-1.03) 0.83 (0.67-1.04)
COX2 T8473C

TT 167/155 1.17 (1.02-1.32) 1.16 (1.01-133)

CT 150/165 1.15 (0.95-1.38) 0.32 1.15 (0.94-1.40) 0.1%

cC 44741 091 (0.69-1.20) 0.85 (0.64-1.14)

TT 167/155 1.15 (1.01-1.31) 0.44 1.15 (1.00-1.32) 0.34

CT+TT 194206 1.07 (0.92-1.23) 1.04 (0.90-1.22)

*Crude IRR for breast cancer per 10 g alcohol/day .

"Adjusted for parity (parous/nulliparous, number of births and age at first
birth}, education, duration of HRT and BML

“P-value for interaction.
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U Vogel et al., 2006: “Peroxisome profilerator-activated
receptory2 Prol?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”

e PPAR-y, alcohol and breast cancer:

1. Alcohol intake increases aromatase expression in adipocytes — 1 sex hormone level
2. PPAR-y Prol2Ala changes the risk of alcohol related breast cancer
3. PPAR-y agonists inhibit adipocyte aromatase activity

= Alcohol intake may interact with PPAR-y — increased aromatase activity —
increased sex hormone level — increased breast cancer risk

National Food Institute, Technical University of Denmark
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U Vogel et al., 2006: “Peroxisome profilerator-activated

receptory2 Pro'?Ala, interaction with alcohol intake and NSAID use,
in relation to risk of breast cancer in a prospective study of Danes”

e 30 % of Danish women are not at
risk of alcohol related breast
cancer, but...

e 70 % of Danish women have an
increased risk of alcohol related
breast cancer — from 7-10 %
(general population — women) to
20 % per 10 g/day

e The “new” recommendations from
the National Board of Health:

National Food Institute, Technical University of Denmark




Discussion

e Should we in the future be more aware of individual differences when
recommending for example diet intake or toxicological levels of known
carcinogens?

e Which problem(s) could emerge?

National Food Institute, Technical University of Denmark
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