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Any sample-based medical study can create obanks. Within this broad
category, however, we can classify biobanks by other criterin, L2 target popu-
hhm.mhmc.nnd&nhuld:maoﬂhepmhm

Al the O for Co ion and D (OECD)
meeting for ‘Human Genetic Research Databases (HGRD): lssues of Privacy
wnd Security' in Tokyo in February 2004, Dr Bartha Knoppers classified
bnnhukadmmmnlmuuurgupopuhnmm“wﬁmm
r:gloml-ur]luvblm-hn’d Mhﬂimuﬁmﬂmhﬂmu.
ethmic-based datab and biobanks based on i jonal/s | cadeay-
mum-m“ummyormmmmm
:lnbeﬁud:tmpﬂmiudme(ammn or |t can include » follow-up

itudinal or cobort). Finally, biobanks can also focus
mhhmmumofmmm

The OECD meeting used HGRD as an equivalent berm for "biobank”. The
OECD report containg much information on the different types of biobanks in
& global context (OECD 2006). In this chapter, bowever, I will discuss only the
domestic issues of national biobaniks.

Public and private biobanks

We can classify human resource banking systems mto private and public ones.
“Public’ here does not mean that the banking system i government-funded.
Rather, *public’ refers to the function of bicbanks in medical rsearch. If &
biobank distributes its collection to qualified researchers using an open and fair
evaluation system, we call the biobank *public’.

A ‘private’ biobanking system belongs to a specific organusation or person
and supports specific researchers. Its biobanking policies govem the function
of the arganisation. The collection is not open to the public, and distribution of
material and information is anly for & collaborstive or commercial purpose.
Private bichanks can be supporied by public funds, Altematively, a publicly
funded research project can create s private biobank, not open to qualified
researchers.

Dmmommmrmurmmmmm

‘When using genetic Jand info itlsi for ik o

be public, mmummmmormmmmmmc
dmmmllyp:btmmdmmhummnmmﬁdumuc
expense, and thereft national (4)itis I that this
resource remains open for public research, and (5) & public biobank avoids
duplication of  collection. On the other hand, arguments for building & privare
biobank include: (1) health data are a commodity; (2) there is no inherent
difference with traditional clinical trial data (data owned by the sponsor of
crmlml.mmmnmmﬁkmwuwmm
dats exclusivity); (3) de nove coll require additional funds; and (4) the
mrlmpl.weullvl:nnw (OBCD 2006). In addition it could be argued that
a private biobank could serve the protection of ssmple donors well, as a private
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[n 2000, MJmpmmmmumNMBmhmaMyw
for science and i seven

(Government Office 2006). mmwmmﬁmhhm

genome and required the creation of guidelines.

Comciding with the planning of the Millennium Project in 1999, three cases
of genome analysis were reported without the specific informed consent of the
donors (METI 2006). And because genetic/genome information in Japan is
regarded as the ultimate form of private information (Nukaga and Teutani
mm&mmﬂnmmumwamm
The three cases helped the g blish &
rmumwmmwwmmﬁmmm
lines on genome analysis were issued on 28 April 2000 (MHLW 2006). The
Ministry of Health, Labour and Welfare (MHL W) published *the Millennium
wmum&mwgmmmﬁm

no R ) for the - fmillennium genome projects.

Ind dent of the guideli Biosthics C i the Council for
mmmwmmcmcmcmwwsm
IWMW‘FWWMWMMWM
(Hito Genomu Kenkyu nikansuru m«m} tcs'r 2000}, on 14 June
2000, Thnl\ohuwahm‘" pmnooll‘

incipl ‘h)!'(tnL D
ﬂnHmnOmedemnR.l;hn orUNESCOlPD’?tU’N‘BSDOlMJ
Mmluhﬂmnmﬁdhmmtﬁrmmmd

‘were not asp g
mmmmmmmmmnm
govemment blish the guidel with three

decided to
ministries: the MHLW, mmmormmcmmsmum
Tuhmlomfmmxn.mdhumnryofm Trade and Industry
(METI), "The Ethical Guideli lytical R h on Human Genome/
Genes® wMGmeNMMMMWh}m
issued on 29 March 2001 (MHLW, MEXT, METI 2001). The new guidelines
replaced the ald guidelines from the MHLW, merging the trends from the old
guuumm.hnmnmmwmdmmmbmhm
k (issues off decision-making process, und
nmahnldmm
From 2003, the Data Protection Bill (Kojin Jyouhou Hogo Houan) was
aumdmmmy mddupuw:bummm in the m
datap Hi , the use of genome
was not dmdy examined, which may have ocourred beoause mﬁum
research was exempt from the Act (Article 50) and academic areas alreacy had
the gﬂddm-. Ol'umn-m. modifications o the guidelines were necessary
i k of the 2003 Act (Kojin 2003).
Ammmummmwmm *Guidelines for Appropriate
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banking system could tightly control the use of human material and informs-
tion. o practice, a public banking system would not be able to limit the use of
dam efficiently.
In the context of this discussion, even deCODE Genetics, which is a repre-
private biobank, was d 4 in leeland in a ‘public” light:

Due to the nature of the data and their origin, they cannot be subject to

in the usual sense, neither by institutions, companies nor
individuals. It is, bowever, both fair and & duty to utilise the data in the
interests of the health sciences and public health. This can best be done by
the government authorising the creation and operation of a single
centralised database, which has the following benefits: (1) acquisition of
new knowledge of health or discase, (2) improved quality and economy in
the health system, (3) development of high-technology industry und
employment in [celand, and (4) potential for attrscting business o Ieeland
(OECD 2006).

Therefore, deCODE Genetics i f the g
wmdbmnﬁum&w;hummmmﬂm
(Masui 2002b; Rose 2006), In this senee, the deCODE case 15 a quasi-public
activity, This discussion clearly demonstrates the public nature of human
genome material and data.

In any case, u biobank should maintain & public policy over data and sample
collection. Another reason for public concern over biobanks lies in the way
they are used and whom they benefit. It is impartant for the users of 8 biobank
to maintain their public starus and act accordingly. This leads us to the issus of
mmhmmmmmmmmulmmmmm
wamw]t)rm Iving the of ity and the

ibility of the benefs and the iary. To i the
Mmmmmnmmo{wk even further, uhnmbepunmimthu
ummmwmmmmamm
will become clear when and British in the
Intter part of this chapter.
mmhmnﬂwmhrmwuunmmulmvmmm
Eullﬁmlnkmlmhm a large amount of

only:m:ndyluehd *valushle' stock, the biobank would be out of
date as research trends shift. Collections should not be too narrow and must be
prepared for possible changes in the futre. In this respect, the biobank does
not fit the requirements of & private commercial activity, because a commercial
nctivily seeks efficiency and does not tolerate “dead stock”. This discussion
raises issues of funding for biobank systems associated with their role in
society.
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l-llndung owal'mlanlm Medical and Care Services® (Irpow/Kaigo kankei
ni okeru K

o Teki. na Toriatsukai no tameni), issued
mummmwm; The guidelines established due process
for data processing in medical practice and care. However, the guidelines
provided very little information about how to tranafer medical information
from the medical field to research.

Since the Data Protection Act (Kgjin 2003) became effective on | April
2005, the guidelines for medical reseurch had (o be adjusted to comply with the
Act. The revision process was completed in December 2004, and became
eﬂm“mmmmw.m.mmmemw

on the area of data p ion and the p ',-ﬁ;r-m di a:;
physical, and technical
mmmwﬁmmmw(om1muum
the Act 2003,
mpun‘ulm M(Kqﬂu J. G _ "
mllnlﬁmofﬂwrmvh,, whn i i consent from

sample donors and the actual use of materials and information in medical
muhmmmﬁemofmmmm
range of research app consent is limited. These require-
ments in general are not suitable for biobank activities, because biobanks, in
mqﬂ;mnmmumm

Genomic h has d several biobanks in Japan. T will describe
two of them: the Pharma SNP Consortiom,' and Biobank Japan.*

The Pharma Single Nucleotide Polymorphism Project

The Pharma SNP C ium (PSC) was lished in S her 2000, and
mmmmmmrmmummm;
mummhmwmuhmmwmmw
MEXT, METI 2001). The Ci forty-three
MMMMMMIMWWW
Itmﬂwﬂhlﬂnﬁddmﬂoﬂdwmlﬁdﬂiﬁuﬁm
naires. The samples were compl and p d as
aumnrmmmmmmmmmuwm
uhTmequh;lvmm Imdshhdﬂlpor N'?ﬂ!.bﬂ'
wmm,m s group at
hisms (SNPs). The project
mumam«mmworw
onﬂmr)r 'me

toserve
-hmmnlmnm{m
Th--mplﬂmmw“hhhmdmhuwllhmmnm
the permission for use by the PSC and the guaranteed donation of the samples
nnmm:hhemlmﬁmm Tbopoopkmwud
to these two conditions p The PSC pi
dommdhlwdnolmlympmfymeDNﬁ !klumpnjmbmllnwmh
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mmmortalised cell lines by infecting the B-ly yte cxll i of blood
ﬂhﬂmﬂmfﬁﬁlm ficial mfect; n(hlun" vh
with the EB virus causes an d cal i

withou!
mmamwmm mmmmm
forma & limited resource from & donor to mn slmost uniimited resource of
tumman DNA. After the compietion of the progect, the cell Imes wero donated 1o
the Human Science Research Resource Bank.” and o the Japunese Collection
of Research Biologicals, JCRB Callbank.* Thess bania collsborsie under the
guidance of the MHLW,

Although this research plan received partial funding from the MHLW, it was
imitiated and primarily funded by consoruum members of industry and was nol
part of the Millennium Project. In 2000, there were no specific guidelines
Mwummmmmmuu

Mitlennmum Project Gt

mmMmmhMmmdm
material for research by industry in Japan. As the collection of genome mars-
rial and cams was still & publicly maner, PSC » cautious
sititude during the whole period. The dats was released in Pebruary 2004, and
jeat after two months the data had been made acoessible to the consortium

hers. As in other the mdusirial mitiative reguires smcter san-
dards than those of scademis becsuse journalists snd the public watch their
activities much more carefully than those of acadenics. The public policy was
applied not only to the operation. bt also to the collection of data, and the
Consortium opens all its activities on its website. Thers may be other ressons
for establishing public policy for PSC activities. It might be difficult 1o estab-
lishe plan for the digtrib of benefits among the members of the
i ium without it. Therefore, if a policy was devised for allocating certain
periods of exciusive use of the data by members of the Consortium, the
mmmnwhmdmmmum
The other issue might be the continustion of funding The generation of
research dats does not require much effort and funding after collection. On the
other baod, the collected and immortalived materials demand cars and beck-up
fumding for long-term maintermnce. The best use of publicly collected materm!
wﬁﬂhMuduuMmormmuwhm
prnte inf d consent. This muy have pushed the Consortium 1o
esmblish its own public policy: all the establisbed cell lines were donated to
public ceil banks. In this way, the collection became & useful 1ol in the public
doromin.

At the time of the donation of materials to the cell banis, the sccompanying
wumuwhmumwmsm
University, In this way, the dam and i
maintining & high level of seurity. hnﬁlumoy\dnhmmnd:
‘Women's Madical University waa responsible for providing the avatlable data
upon request. The Consortium only lasted three year, from September 2000 to
May 2003, but the collection has become a valuable public resource in Japan
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mukate). The suggested budget was settled for the next fiscal year under the
project tithe, “The Realization of Tailor-made Medicine on the Genetic

becama known as the Biobank Japan
B»hmthmmmaullmmmmmgm{wm}mm
over forty major diseases, in with over forty
(MMMM)MBM|MFMW
and i

function as
mmmwmamdmmm
pies of patients other diseases. The project defines (he biobank as:

A collection of DNA and serum of patients with certain diseases and
patients with effectual and adverse drug reactions. [ts infrastructure facili-
tates the analysis of SNPs and the creation of order-made {*made to order”;
‘personalised”) medicine [tranalaed by the suthor].

The Biobank Japan Project stared in the fiscal year of 2003 with the project
title of Ord de Medicine (Ooda-ameido Iryou Jitnugen ka

Purojekuto)’.
Although the term ‘order-made* w not English, 1ts meaning 15 significant 1o
the project. Professor Nakamura, its leader, faveurs the use of the term ‘order-
made’, though the documents from the MEXT stick to the *milor-made"’ medi-
cine. Professor Nakamura expressed his view that the concept of *tailor-mads”
mu-mmﬂ-ﬂhmmmmmu
o the general public, not to & privileged elite. Therefore, if the

moﬂymhmﬂuw-m“d‘mnm
not be consistent with what Biobank Japan intends to offer the public. The
wpwit n which Biobank Japan was estsblished, then, would have to be i agree-
wvﬁﬂumdhﬁ&m“ummhhm
10 & great extent has mpli equality snd with the y

underprivileged.
W"W"_"‘ﬂw‘“""“w‘w”ﬂ",ﬂ

Enll

up prop P the grnome-
urm-im.um&—-iﬁmmnrmmamhh
example, patients with diabetes might be studied in comparison with thoue
with cancer. In addition, the secondary use of the callected materis] and infor-

their
hiobank. However, mmmaw&#mmum
10 the researcher. In the original plan, the research project which had received
DNA material would provide the analytical results of the DNA to the bicbank,
and the data analysis centre of the biobank would snalyse the DNA data with
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The data g d froms the propedt s alse bl uhm'ﬂnn-h
ﬁhmm“nunmmhmm
pinns from their research etiuos committee. This process = enforond because

wmmumm for the use of donated maierials
mmwy.mm i:lumdnﬁ time of giving

the future use of thew
misterialy from the public cell banin.
Ln the bepnning. peblic biobanks discussed the intemational of
PSC materials. However, since many Jops ph atical C
intemutional, public biobanks decided to distribute the matevials and informs-

mm-d-hmumﬁﬂﬂyh
the PSC of research
ethics commintees, reseurch results, snd maierials and information. PSC,
however, is an exceptional case in Jspsnese research, especially the “public
status” of the bank and ity politios] transpanncy.

Biobank Japan

In the official Japanese papen, the concept of the ‘biobank plan’ sppesred n s
report from the Subcommittes on Science Project Evaluanon and Life Science,
Cienome Resesrch Working Party (Genoms Kenbpw Ryoulll Shos-linkal) oo
20 March 2002." The report included recommendations for & policy on
genocmic resaxrch in Japan. The report defined the “biobank” us follows:

4 sollecton of, i ied and

ago L P y peopa-
gable EB vinn tmnsformed B-cell lines derived from patients and their

mmummmumurmmm
Mhmhmwh of smples from 360,000
people,
ahhpwhmo!mml,h!nhm for
MMMMMM|mdh
Science, Technology and Academin Comumities of the MEXT, issued the
mwuwﬂmduﬁmm
2002). In the repon, the - ng the infia-
for the of and techaology © mﬂn
mmwm}‘[www],ﬂnﬂlﬂy
2003, the Cabinet Commities of Science and Technology (Sougow Kagahy
(Gijutru Kaigi) issued the ‘Estimation of Science and Technology relaied
Budget in 2003° (Heisei 15 nendo no kagakugijutru posan no gatsampoukys ni
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other medical and lifestyle duta and return the final results. As [ will describe
below, the governance of material and iaformation by Bicbank Japan is very
difforent from that of UK Biobank, which plans to provide dat, but not
distribute DNA material.

‘The British plan for genome research®

The UK House of Ct * Science and Technology C: itiee issued the

key report | *Human Cenetics: Science snd Its Consequences’ in 1995, This
the sartmg pomt for research policies oo geoome science and

report “The Work of the Medical Research Council [MRC)' m 2003 (Houss of
Commmons 2003), the 1995 report paved the way for the extablishment of UK
Blobank.

thmmehbwﬂmm
One was the particip of Celera Gu in the human geoome project,
and the other was that the loelandic parliament passed the fcelandic Health
mnmnmwummhm“m

eartier, the

ldmuhudhuimnnhmdhn-pmmﬂndh
hhﬁnﬂh.mmmmmnumhm
a policy for the go of and produced the interim gui
wmn—-ﬂwmhmmu—w

tional and Ethical Guidelines’ 2001 (MRC 2001). An imporant point of
Mﬁdﬁuwnhhpﬂhmdhﬂmm
and the governance of the funding body handling the collection.

UK Biobank
The muthor bas been following the developments of UK Bicbank from i
inception (Masui 20025, 2003, 2004b; Masui and Tukads 2005). 1t is clear that
WWmhw-nmmpu.hwsw
wﬂﬂ&n.hhl\hududw)-d

from m,m UK citizens,

and
ma'mnnmmmunmnmmm
years” [ts pim is:
1JK. Biobank project will enable scientists to gain & unique wnsight ito the
and causal factors iated with @ wide mage of

genotic
'%_M'NM_ nesded to work

The UK Biobank project is expected to provide research rescurces to qualified
ressarchers. |1 i conceivable that the core concept of the UK Biobank project
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is that of » social experiment set up 10 obtain the best passible cutcome from
human genome research in the context of the medical health sector in the UK.
For this resson, UK Biobank serves as  cusindian of the resources of UK
citizens.

The UK strnd di biomedical collection in late
lmmmlmmmmw.lhmrm(wnmdwmmu-
tled ‘UK Pog *, at which it reviewed major

genome  cohort prnjm funded by them, These funding bodies jointly
announced that they would fund the preparatory steps of the UK Population
Biomedical Collection in June 1999, In October and November of the same
year, mmmﬂmmanmdu'wmonﬂwm
cogenetics’ and the “Workshop on Human Biomedical Collecti

mmmlmummumm&muﬂﬂd‘ﬂm

T 4 Biological Samples for Use in R . Thess activities followed
and strengthened the joint in June. Inﬂ:uhkxlmﬂhn,lhe
MRC proposed a material go policy and di d public

and custodianship becsuse the fundamental question of & large biobank
concems its impact on not only individuals, but also society at large. For this
reason, the MRC and the WT have maintuined a policy of engagement in
public debate on the public nansre of the collection. These discussions focus in
particular on the collection of UK Biobank and the National DNA banking
network (Rawle 2003).

mmmmwumamhmﬂmmw

P biobanks. They attached great

mnmmmmmmu&-WNML
The d at around & quarter or less, It
wmmhmmﬁm{nmuwnnm
tions for und in that lar age range were favoursbly aware of
the atms and the process of the project. This meant that UK Biobank attached
value to its public status and was motivated to survey the public perception of
UK Biobank (PSP 2002). At the same time, they studied the perceptions of
professionals in UK Biobank (Hapgood et al. 2006). Even though there was
continuing criticism of the UK Biobank project (Giles 2006), the funding
bodies and the biobank have come to feel confident and comfortable with its
status,

In the spring of 2003, the funding bodies, consisting of the MRC, the WT,
and the Dep of Health, i n CEO and started practical moves
fwhpﬁﬂmhwmw“lhwmmul
charity. In 2005, & new CEO was appointed. In my interview with Professor
MMHMMCIOMUKW{FMMLMMC&IMM
that the project was planning to recruit people independently from genernl
practitioners, and that UK Biobank had applied to the Patient Informaticn
Advisory Croup (PIAG),” and obtained authorisation from the Minister of
Health to survey potential participants without their consent. The terms of the
PIAG are as follows:

&0 Tohru Masui
mmmhmhmm“mmhmo{

ding the relationship b biobank and society. In 1995, the Science
MTMmethuuaf&mthm

mmmmum a ceniral
was s ndk:

In addition to this top-down knfia the Deg of Health and the

Department of Trade and decided to jointly fund the Genetics

bottom-up movement in the field. In 2004, the Human Tissue Act 2004 was
passed," and in 2005 the Human Tissue Authority waa established 1o address
the issues of human tissue," the essential resource of genome |

This would provide the legal frunework for the use of human tissue in genome
research as a whole.

These elements of the policy of the House of Commons and the HGC, the
engagement of GKP and the Ethics and Governance Commitee (EGC, see
w;mmmmwmuxsbmmnmm
the U!tmhn-nfhmm
indicate that the UK go jousl i hﬂhﬂhﬂn
mmmummruuwmdm
which imvalves collecting medical data from UK citizens. The use of geoome
information is regarded as contral to its future success. The UK policy, then,
was § determination to build & robust trust based upon the dinlogue between
stakeholders. These activities were regarded as necessary for a marure society
to consider and accept the possible outcomes of genome research.

Diffe in the origin of in UK and Japan

The scademic background of researchers in biobank projects is an important

hmmmmmmmorw

started in the 1980s. Th were

exciternent among citwens and funding bodies. F«h roason, gEnetic

mu—dwmmhm.mmum
The Project ch

factorial diseases. In Japan, genetic researchers of DNA science who had been
working on single-gene disorders were the first to move into the area of

In comparison, in the UK, it wes epidemiologista, by i Eenome
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mwﬁmmwmmmrmmhpwm

und whers anonymous information will not suffice "

In shor, although UK Biobank itself does not have any specific legal powers,
its nctivities are framed and supported by the Dats Protection Act of 1998 and
the Human Tissue Act of 2004,

Differ b I and UK biohamk

As mentioned above, definitions of biobanks differ in a variety of respects.

*public' status. The scope of the differences reveals impormnt points of consid-
eration in the concept of collecting human material and information.

Preparing Blobank Japan and UK Biobank
The implementation of the plans for Biobank Jepan started in the fiscal year of

already been revissd once in 2001 (MLHW, MEXT, METI 2001). The plan-
ning committee for the project believed that Japan wes prepared for Biobank
Japan, and that there would be no great need for further preparation (Ohmishi

described earlier, the success of the PSC project may have had a strong impact
on Biobank Japan, because the practice of PSC had influenced the definition of
*biobank' used in the March 2002 report ‘Genome Research Working Pary*
(Genomu Kenkyu Ryouikl Shou-linkaf), chaired by Dr Yoshiyuli Sakaki.
B\nhnl Japan established the Ethical, Legal, and Social lssves (ELSI)
Group in 2003. mnmuumrr the funder of the bank,
blished an ELSI C the project.’ Its task was
wmmmmumuwm
For UK Biobank, the dmft of the Ethics and Governance Framework was
open to public comments from September 2003, and public comments were
summarised and published in May 2004, Then, the Ethics and Governance
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information into their epidemiological analytical processes, who have led UK
Biobank and existing genome epidemiology projeces. Genome information
would be a powerful tool in stratifying buman populations, but the contribution
armmummnm diseases. Carefll

is essen-

mumﬂyﬂmﬁhdbhm Epidemiology.

rial disenses.
mmdwmunwmmmm

of human diseases, fi hip between

. bt ]’ pidemiologh dod b Obisk

discase data is not without its complications, because individual
doctors have different styles of diagnosis, and to study human disease requires

of the d jon of each disease. Researchers then require
stndardised data on patients. Thus, dam from blood tests seom suitable and
useful, but they show only » one-time section of & patient and have limited

value,
Therefore, obtaining human data may benefit from the experience of epide-
miologists. mwhﬂhhmmdmhm

and in the UK, then, the ep ' & of the bicbaaks in Japan
und the UK are quite different.

Reyulation of sampling

In Jupan, clinical draw most of the biood However, a clin-

fcal rechnician can only draw blood up 1o 20 ml under 8 MHLW Notice.”
PSC collected 30 ml (10 ml for biochemical snalysis, 10 mi for DNA isolation,
10 ml for immortalisation of B-cell fraction), and Biobank Japan collects 20 mi
(6 ml for blomedical analysis, 7 ml for DNA and plasma isolation, and 7 ml for
serum (solation). The 20 mi limitation of the MHLW's Notice may seem 10 set
a limit for sample collection.

“There is another limiting fctor in Japan. In ethical discussions, informed
mudmmhwmmmmhpm
ophy of informed consent strictly

the use to which it may be put. Consequently, medical hers are very
Muumwam'wmmmm
may also limit the sample size.

Ten millilitres of blood yields about 200 jig of DNA. Thus, in Japan, the
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Wnrmnmmumquum

careandn budget.

o el St
and the sionge, ‘- protocol and 3 wversion 1.0° an
lmmmmwmmmmwmmdw
(30 mi for DNA and plasma, 10 m! for serum). According to this sampling
schedule, UK Biobark tikes more than four times the ssmples for DNA analy-
uwup-dhnmnl.lqu.umm UK Bicbank seems to be planning
0 save s limi of samples by conducting genome analysis within the
biokank. in this wey, they can recover leflover samples from the genome anal-

yyie. However, Biobank Japan has decided 1o provide a 3 pg aliquot of DNA
.u.omemdmmmwmn-qmnm
researcher. ™ This illustrates a different srategy in governing samples.

On the distribution policy of data samples, UK Biobank plans to provide
wmamusmmm“p-u
sample jon 1o the her. In the b ks of Japan
and the UK have greatly contrasting policies for goveming genstic material
and information.

Enrolimens focus - differences bn follow-up and rizh manggemeni™

The UK Biobank project is a cobort study for up to thirty years, and earclment
will focus on “ordinary’ UK citimens. The bank follows the health sans of
participants during this period. The considersble follow-up process requires
mmmmwﬁummmm
Although, in the
mplhh“:ﬂhmmumm
requires @ well-prepared serategy and for supporting

among stakeholders n cooperation with the EGC.

In contrast, Biobank Japan aims to collect samples and informancn from
pwnﬂ.mipﬂbmmﬁn{mmmmdummnhmw
programme. Patients are generally more ble to than
volunteers. I the stage of research planning, one disense is compared to
another disease a3 the control group. The collection schedule for Biohank
quarmmmuurutnmmuhmmm
|wmlhbmnmmmmnﬂw

mmmkum-mnmmmnmmmmmw

of the biobank planning process. In panticular, the public sector
wumwwmmmwo and human tissue
‘without consent. Py officers from UK Biobank
mmmmmmm-mmm.mlum
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Balancing risk and beneflt

In medical practice, & patient and a doctor focus on the risks and benefits of
treatment to the patient, [n the clinical setting, then, the subject is singular, and
the focus is on the improvement of the condition of the patient, ie. the well-
bmufhmhﬁlnhnrymwmmmmmor
biomedical research mvolving bummn subjects, medical doctors and
mmhnidyonhbmhwlmmm
in deseribed in the Declarat f"" m?‘inmu
medical practice and n medical b b
mm&dwﬂu‘ Ofmll'pﬂi:wlt
walfare is the primary concem in
mm*haﬂm«ammmmu
the well-being of the buman subject should ke precedence over the interests
of science and society (section 5)'. mmmbﬁm
cerned with the do [ seientific b ion. Sinoe medical
MMHMMMMMMW
mmmummwmwmm
spenl much time ‘placebo lled trial" and §
mdmnmnhmnﬂmm hllnwm,gdnu
procedure places ‘risks and burdens’ o the
wmummmwywammm
pants’ mﬁﬂhhﬂﬂmmorhwmm

wdes is & contral point of dep in Thus, if we take
mmthMﬂMm human beings and
indirect medical rescarch material and data, the laner could

hbhnhhdunﬂddynpu.ﬁuwu to reduce the risks and burdens
on hm-nbdnp. In this sense, biobanks could have indispensable valve 1o
medical development end to the weifare of research participants and should be

prometed.

Though besefits to the public are also an important iswue for biobanks, the
UK and Japan take the same stance of not paying the donors for participation.
Since medical ressarch prod fits that are not meant for the participants
themselves, but for the next generation, the donors expest (hat their tissues,
mﬂmwmnumﬁmmm

i respousibility.

1 we think of benefit shartog as a form of reciprocity, the ethical burden Hes
with the resesrcher’s use of humen material and data. As medical research may
result in commercial beoefit, scedemic honours, snd public reputation,
researchers should be wware of the public status of research resources. What it
mesns in reality varies in each case. However, researchers must pay consider-
wumnmum.ummmmum
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Woﬁmﬂywhmdﬂmwmm
April 2001 Though the project reguires enthusissti
wmmh;hmymmﬂ:mhhhuﬁmofhm
The idea was that “too high of an expectation kills all’. Until they were ready
m respond to the public or opponents, they wanted o keep UK Biobank low
profile. Another sspect to the UK risk management strategy concerns the

nanure of the benefit of UK Biobunk. The programme officers stated that the
benefit of UK Biobank lies in the mcrmase in knowledge. This basic

in essenial becamse it shows UK Biobank’s m o support competis
resenrch projects without making any p n principle. Hi thisisa
difficult task

1f resesrchers only raise *spproprisie’ expectagjons, they may not cbemin
sufficient support from the pon-expen population, and funding bodies might
mmummmmﬂ»mu
ises of their aifficers of UK Bicbank,
ammymnmm«hwmmmm
promising to0 much. It is comoeivable that the resesrchery felt that they should
chtain the support of citizens and motivate funding bodies in the bicbenk
project. This might be the cxuse for the behaviour of researchers during the
B period of & research

While ferring the knowledge on hypothetical and ientifh
research 10 pon-experts, possible filere of experimentation shoold be
made explicit and discussed rationally and calmly. However, research resuln
mmum&mmummumm
thetical natore of science d, and even to in

Mpvﬂnﬂmhﬁ.hﬁhgﬁnﬂmhmﬂun

of a poor und ding of human expert Mnm
the ling of science, e d technology are seen
uummhumnrmmhml
benefits of a h project is imp for g fnds and the suppornt

ordnm,mmhmmhﬁlhuflmﬂth
nature of science. In order to avoid the risks, the projects must guaranies
substantial It is said that this seq of providing prospects bene-
ficial to society is importan! in promoting research and il was praised in the
third *Science and Technology Basic Plan (Kagaky Gijutr: Kikon Kelkabx)' of
mCMIhmMTmmr'mmhpmﬂw
reward cytle, ie. ‘sclence, cannot absorb
dummuwhwu:ﬂumofdmﬂkm:h.Mmm
increass the risks associated with medical research and create a poor under-
Sing of sci
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No di I hamalh P

Both the biobanks in Japan and the UK are careful to deny the personal gain,
not anly monetary but medical, of individoal participants. The public has diffi-
culties in sccepting this.
In Japan, the idea of order-made or personalised medicine has been very
popular, since it was thought that genome research would lead to a miracle
m&(h“dwmmﬂnmhmﬁmﬂw
images of the workings of antib infectious agents. Or
wmmmmmwum
health. However, it takes o Jong time for research oulcomes to produce &
practical cure,
The ides was put forsmard that 'p il bl ditional
medical practice focusing on individul patients; di ic and- th ti
mmwmmduﬂmhw”
work differently from traditional medical kn in the | sense. It
wmmmmurmm@uhmmu
individual patient at the clinical phase. In these aspects, medical research and
treatment are different.
These ideas should be familiar to the general public. However, ordinary citi-
zens do not see them in & frvourable light, since direct and substantial benafit
in easy to research domaing should explain the conse-
quences of medical research to make the participants gnd public und |
them.

It is interesting that UK Biobenk suffered a similsr problem
w»mhuwmuumww
Frwk mmm;m-w-hwmmm
be d as & sub | benefit to partic As a policy, UK Bicbank
mmumwmmmuomw
ﬂmnhhwwmﬂhm-mm
substantia] benefit or data return to participants and reconfirmed the voluntury
status of the participants, so a8 nol to mise unrealistic expectations (EGC
2006).

Although the bicbank sesms to be 1 natural consequence of post-sequence
wmuhmnummmmnw
accept this type of ‘indirectly fmvasive’ activity. Only if we build on the basis
of trust can the ides of a bicbank survive the many problems to come. Since the
idea of research is not & promise in the future, in some cases ‘umoconditional®
support should be necessary.

What s the role of trust in the participation In medical
research?

In his memorial essay on human experi ion, the philosopber Hans Jonas
dmmnhmnfm&dmnhnmuudqundmm
bocause trust is not based on an equal relationship end on independence (Jonas




B&  Tohru Mm

1974). Theref
donations.
His clum is fundamentally important and correct, but | believe that in
miedical research it would not be practical and in some sense wrong. There are
never entirely equal relationships between medical doctors or resesrchers and
patients or participants in md:ulmuedulmthmmvolm
non-medical hers and often i ] interests. In practice,
wmmnmmwmmumywlmmm
try to obtain motivaed Of course, the motivation of the
MMlonJyfmmmmwbhcmwthommmlum
In the dislogue with research participants, the research
domain encourages them with openness and a sense of responsibility 10 under-
stand the intended results of the medical research project, which are intrinsi-
ujlymnunmnndmardyhmhdmme(mmfm“y]ﬁum
Without a respomsible attitude, the i cannot be ged o
memhm:lmmlhmduummmm
nmdmlmeunhmﬂyluuud‘hl!rymmwmn
and Though the described
mmmumm.pmmmmwlimammhofm
mmmlmmwmmonwwmmwmmmm

the trust i ple cannot call for voluntary

is painful, therefore, and the professionals in medical h should develop
norms on medical research.
mmumllumrmwmofpcmmuhmpmm
This p b danumrufhumwhulhqlr!
dalnawlthnndm" - fei Thep is indeveloping a

mmfumedmlm“fvshnuldwylndﬂlkwmhmm—
alism in medical rescarch. Professi
mwkmmmm[mu.mm-mormmm
mmunnnnwmmmmum lndningoo.mwmar
Richard Shryock might be helpful to und up our minds to take
the nature of medical science ot‘hmndhnnes und ity difference from
‘science’ per se (Shryock 1974).

Physicians were the only scientists who, because they were also practitio-
nmorlﬂulnmmmuyhuupmmemdmm
Other h men, in in the face of new problems,
could suspend judgment and proceed with doe caution. Prectitioners
confronted with dying patients did not dare to wait; they must st quickly
and, if necessary, ‘take chance." Even during hours stolen for research,
they were still under pressure to get practical results as soon as posxible.

Shyrock orginally wrote this about 70 years ago, and the situation with current
medical research does not seem to huve changed much. We have to keep this in
mind and maintain the dialogue between the various stakeholders and smong

B8 Tohru Masui
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medical researchers and doctors, In this way, we can judge curselves better in
the coming era of human experimentation.

Reflections
mmwwmjmmmmdmmm“yhnmﬁml

for all biobanks should be the scquisiti andmlim-
mmufmlmmmwmmmwmdhn
mqummnmmmm-mmmlmmly
believed now that public s H it ia far from clear
if public engagy is truly ding in ing the public (Wellcome
Trust 2006b).

To control the risks of genome research, scientilis, medical doctors, and
mmmmmawmmwmmw
with the uncertainties of science, rather than with exaggerated prommises.
Homm,ummwmhwwﬂmwmm
medical doctors, and policy-mukers have a difficult time understending the
hypothetical nature of science. Moreover, we still have very few clues shout
the use of genome information-besed research and biomedical ressarch and the
resulting medical practices.

Observations of the Japan and UK bicbanks made me aware of the dyna-
mism of dialogue among stakeholders. A philosophy of moaitoring and com-
pliance will never bring shout an era of hle human in
mnh.muumhmum-nyhudmmﬁdomhumm
with the culti of domain and public. If the
mmmemmormmmmmm
“volunatriness’ would not be necessary. However, it scems not casy to under-
stand indirect andfor remote exchange of benefit As discussed, medical
mm.mmarWMmumm

2 ipants, benefactors, and the future
pa i beneficiaries, Such & phil hudmrmmhwﬁlwﬂlmf
+ate the pahlic in in imp medical rescarch. And the trend

to demand direct benefits of science and medical rescarch will weaken and
damage the trust in medical research, because most resulis of ‘advanced
research, including genome research to date, have not been benefiting the
mmmmmmmmhtww beliw- Ihnw?lbw.id
jon of motivated l
MmmwmhaﬂlmmlﬂMMmmm
This process in itself could realise the best use of genome research based on the
I { and information of individuals, such = hichenks can Support
As n beginning, we need to b wmlomdpwﬂonlnlhemd:munﬂ
remote processes involved in genome and medical research,
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The putative impact of alcohol on pancreatic cancer (PC) risk remains
controversial. Here, we conducted a case-control study in Japanese
to assess the impact of alcohol in conjunction with polymorphisms
in alcohol-metabolizing enzymes. Cases were 160 patients with
pancreatic cancer at Aichi Cancer Center, Nagoya, Japan. Two control
groups of 800 age- and sex-matched non-cancer subjects each were
independently selected. The impact of alcohol and polymorphisms in
aldehyde dehydrogenase 2 (ALDH2) Glu504Lys, alcohol dehydrogenase
(ADH) 1B His48Arg, and ADH1C Arg272Gin on PC risk was examined
with multivariate analysis adjusted for potential conf i

to estimate odds ratios (ORs) and 95% wnﬁdonu intervals (Us)
Results showed no independent impact of alcohol or genotype on
PC risk except former drinking. To avoid reverse causation, former
drinkers were excluded in further analyses. In the analysis of the
combined effects of alcohol cor ptionand g ype, significant
impact of alcohol was seen for those subjects with ALDH2 Lys+ allele,
ADH18 His/His, or ADH1C Arg/Arg (trend P = 0.077, 0.003, or 0.020,
respectively), each of which is associated with a high conuntmlon or
rapid production of acetaldehyde. Analysis of genotyp
showed that ‘ever drlnking with both ADH!B His/His and ALDH2
Lys + was the most potent risk factor for PC relative to ‘never
drinkers’ with both ADH18 His/His and ALDH2 Glu/Glu [OR (95% CI);
4.09 (1.30-12.85)). These results indicate that alcohol has an impact on
PC risk when the effects of alcohol consumption and metabolism
are combined. Acetaldehyde may be involved in the mechanisms
underlying PC development. (Cancer Sci 2009; 100: 296-302)

Thc mortality of pancreatic cancer (PC) in Japan is increasing,
and is now the sixth leading cause of cancer death. The age-
adjusted incidence rates and mortality of PC are 9.1 and 8.4
for men and 5.3 and 4.9 for women, respectively.!” Because of
the difficulty in detecting this cancer in the early operable
stage and lack of any curative treatment apart from complete
surgical removal, 5-year relative survival rate is only 5.5%."%
Epidemiological research of PC risk should therefore play an
important role in both prevention and decreasing the number of
PC deaths.

Lifestyle and other risk factors known to affect the incidence
of PC include age, smoking, obesity, diabetes mellitus, chronic
pancreatitis, and family history of PC.*” The effect of alcohol
consumption on risk has also been investigated in many case-
control or cohort studies, but results have been inconsistent.”'*
In many studies, the impact of alcohol disappeared after adjustment
for potential confounders, particularly smoking habits,"*'¥
while several groups found a significant impact of alcohol even
after adjustment for confounders."®'" In our previous report, an
impact of alcohol was seen only among former drinkers, and not

among current drinkers.”
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Alcohol is first oxidized to acetaldehyde by the alcohol dehy-
drogenase (ADH) enzymes, particularty ADHIB and ADHIC.
Acetaldehyde is further oxidized to acetate by aldehyde
dehydrogenase (ALDH) enzymes, to which ALDH2 is the major
contributor. Encoding genes display polymorphisms that modulate
individual differences in alcohol-oxidizing capability."*'® Regarding
ADHIB Hisd48Arg (rs1229984), the 48His allele represents a
superactive subunit of ADHIB which has about a x40 higher
maximum velocity (Vmax) than the less active ADHIB Arg/Arg
form of ADHIB."*'® The ADHIC 272Arg allele represents a
superactive subunit of ADHIC which has a x2-3 higher Vmax
than the ADHIC 272GIn allele (rs1693482)."%'*) The ADHIB
and ADHIC genes are located close together in the short arm of
chromosome 4, and ADHIB His48Arg and ADHIC Arg272GIn
polymorphisms are considered to be in linkage disequilibrium."™'%
However, ADHIB does not necessarily predict the ADHIC locus
among Japanese.”" As for the ALDH2 Glu504Lys polymorphism
(rs671), the 504Lys allele encodes a catalytically inactive
subunit."*' Individuals with the ALDH2 Glu/Lys genotype have
only 6,25% of normal ALDH2 504Glu protein, indicating a dominant
negative effect of ALDH2 504Lys.?" The ADHIB 48His, ADHIC
272Arg, and ALDH2 504Lys alleles, associated with higher
accumulation or rapid production of acctaldehyde, are clustered
in Asian populations such as Japanese.”™2% Therefore, these
three genetic polymorphisms modify toxic acetaldehyde
exposure and are expected to affect cancer risk, especially in
Asian populations in whom minor alleles are common.

Here, we conducted an age- and sex-matched case-control study
to explore the impact of alcohol consumption in conjunction
with genetic polymorphisms in alcohol-metabolizing enzymes
on PC risk among Japanese.

Materials and Methods

Study subjects. Cases were 160 PC patients with no prior history
of cancer who were diagnosed at Aichi Cancer Center Hospital
(ACCH), Nagoya, Japan, between January 2001 and November
2005. To avoid spurious associations, we used two independent
non-cancer control groups [control 1 (C1), n =800; control 2
(C2), n =800] to give an overall case : control ratio of 1:5.
Sex- and age-matched (2 years) Cl and C2 subjects were
independently selected from outpatients who visited ACCH during
the same period without a history of any cancer. When results
from C1 and C2 were consistent, we pooled controls (C1 + C2)
for analysis,
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All subjects were enrolled at first visit to ACCH in the hospital-
based Epidemiological Research Program IT at ACCH (HERPACC-
II) between January 2001 and November 2005. The framework
of HERPACC-II has been described elsewhere ™% Briefly, all
first-visit outpatients at ACCH aged 20-79 years were asked to
fill out a self-administered questionnaire regarding lifestyle
items before the development of current symptoms, which was
then checked by trained interviewers. Outpatients were also
asked to provide a 7-mL blood sample. Approximately 95% of
eligible subjects completed the questionnaire and 50% provided
blood samples. All data were loaded into the HERPACC database
and linked periodically with the hospital cancer registry system
to update the data on cancer incidence, Our previous study
showed that the lifestyle patterns of first-visit outpatients were
in accordance with those in a general population randomly
selected from Nagoya, confirming external validity for the
study.”” This study was approved by the Ethics Committee of
Aichi Cancer Center Institute. Informed consent was obtained
at first visit from all participants.

Genotyping of ALDH2, ADH1B, and ADH1C. DNA of each sample
was extracted from the buffy coat fraction using a BioRobot
EZ] with an EZl DNA blood 350 pL kit or QlAamp DNA
blood mini kit (Qiagen K.K., Tokyo, Japan). Polymorphisms
of alcohol-metabolizing enzymes ALDH2 GluS04Lys, ADHIB
His48Arg, and ADHIC Arg272GIn were examined based on
TagMan assays by Applied Biosystems (Foster City, CA, USA).
The principle of the TagMan real-time polymerase chain reaction
(PCR) assay system using fluorogenic probes and 5' nuclease
has been described by Livak.”™™ All of the assays were done in
96-well PCR plates using a 7500 Fast Real-Time PCR System
(Applied Biosystems) coupled with the 7500 Fast System SDS
software. Amplification reactions (5 pL) were done in duplicate
with 30 ng of template DNA, 2x TagMan Universal Master Mix
buffer (Applied Biosystems), 20x primer and probe mix
(Applied Biosystems). Thermal cycling was initiated with a first
denaturation step of 20 s at 95°C, and then by 40 cycles of 3
at 95°C and 30 s at 62°C. Genotyping quality was statistically
assessed using the Hardy-Weinberg test in our laboratory;
when allelic distributions for controls departed from the Hardy-
Weinberg frequency, genotyping was assessed using another
method.

Assessment of exposure. Daily alcohol consumption in grams
was determined by summing the pure alcohol amount in the
average daily consumption of Japanese sake (rice wine), shochu
(distilled spirit), beer, wine and whiskey, with one cup of
Japanese sake (180 mL) considered equivalent to 25 g of ethanol;
one large bottle of beer (720 mL) to 25 g; one glass of wine
(80 mL) to 10 g; and one shot of whiskey (28.5 mL) to
12.5 g. One drink of shochu, which contains 25% ethanol, was
estimated at 108 mL and 27 g of ethanol. Cumulative smoking
exposure was evaluated as pack-years, the product of the
average number of packs per day and the number of years of
smoking. Height and body weight at baseline and weight at age
20 years were self-reported. Current body mass index (BMI)
and BMI at age 20 were calculated as current weight and weight
at age 20 divided by height squared, respectively, and expressed
as kg/m®, Family history of pancreatic cancer was considered
positive when at least one parent or sibling had a history of
pancreatic cancer.

Statistical analysis. All statistical analyses were performed using
Stata version 10 (Stata Corp., College Station, TX, US). A P-
value <0.05 was considered statistically significant. Accordance
with the Hardy—Weinberg equilibrium among controls was checked
with the ¥*-test to assess discrepancies between expected and
observed genotype and allele frequencies. Differences in
characteristics between cases and controls were compared with
the x*-test, and the Mann—Whitney test was used to compare age
distribution between two groups. Frequency of alcohol consumption
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was categorized into the five levels of never, rare, 1-2 times,
3—4 times, and 5-7 times per week. Drinking status was
categorized into the three groups of never drinkers, former drinkers,
and current drinkers. Drinking experience was categorized into
the two groups of never drinkers and ever drinkers. Odds ratios
(ORs) and 95% confidence intervals (Cls) were estimated using
an unconditional logistic regression model adjusted for potential
confounders. Potential confounders considered in multivariate
analysis were age as a continuous variable, sex (male or female),
pack-years of smoking (0, 1-20, 21-40, 241), current BMI
(<20.0, 20.0-22.4, 22.5-24.9, 25-29.9, 230.0 kg/m*), BMI at
age 20 years (<20.0, 20.0-22.4, 22.5-24.9, 25-29.9, 230.0 kg/
m?), history of diabetes (yes or no), and family history of PC
(yes or no). Among ALDH2, ADHIB, and ADHIC polymorphisms,
the two polymorphisms other than that under evaluation were
included as confounders when appropriate.

Trends in alcohol impact were assessed using a score test for
average daily ethanol consumption, with scores of 0, none; 1,
<30g:; and 2, 230 g. Gene—environmental interactions were
assessed by the logistic model, which included interaction terms
between cthanol consumption and genes with scores of 0,
homozygote in major alleles; and 1, others.

Results

Table 1 shows baseline characteristics of case subjects and the
two independent control groups. Men accounted for 70.6% of all
subjects. Findings were consistent across both control groups. A
significant prevalence of more than 40 pack-years of smoking
was seen among case subjects. A history of diabetes was also
significantly common in cases as compared to each control
group. A current BMI <22.5 was more prevalent in cases,
whereas the distribution of BMI at 20 years did not significantly
differ between cases and the two controls.

Distributions for alcohol-related characteristics and their
adjusted ORs with 95% ClIs for PC are shown in Table 2. A
significantly increased risk of PC was seen in former drinkers
[pooled controls: adjusted OR (95% CI), 4.71 (2.74-8.08)]
but not in current drinkers [pooled controls: 1.18 (0.79-1.78)]
relative to never drinkers. Adjusted ORs (95% Cls) for frequency
of alcohol consumption per week relative to never drinkers
among pooled controls were 1.37 (0.70-2.71) for less than once
per week (rare drinkers), 0.93 (0.44-1.98) for 1-2 times, 1.99
(1.14-3.45) for 3-4 times, and 1.61 (1.04-2.49) for 5-7 times,
showing an increase in OR with drinking frequency (trend
P = 0.026). To further analyze the impact of alcohol on PC risk,
we categorized drinkers into two groups according to average
alcohol consumption per day, calculated as the product of pure
alcohol consumption of reported alcoholic drinks per day and
drinking frequency. We defined drinkers with an intake of
<30 g alcohol/day as ‘moderate’ drinkers and those with an
intake of 30 g or more as ‘heavy” drinkers. Overall, an impact of
alcohol consumption on PC risk was observed among heavy
drinkers [pooled controls: adjusted ORs (95% Cls) for alcohol
consumption: 1.44 (0.96-2.15) for moderate and 1.92 (1.14-3.21)
for heavy drinkers relative to never drinkers], and PC risk
increased with alcohol consumption (trend P = 0.012). However,
if former drinkers were excluded, the impact of alcohol among
heavy dnnkers disappeared [pooled controls: adjusted OR (95%
CI), HR 1.39 (0.79-2.45)].

Adjusted ORs (95% Cls) for PC by genotype distributions of
ALDH2, ADHIB, and ADHIC genotype are shown in Table 3.
The distribution of these three genotypes was in accordance with
expected values according to the Hardy—Weinberg equilibrium,
Adjusted ORs (95% Cls) of ALDH2 Glu/Lys and Lys/Lys were
1.29 (0.91-1.81) and 0.65 (0.32-1.34) relative to ALDH2 Glu/
Glu. In addition to ALDH2, the ADHIB and ADHIC genotypes
were also not found to be independent risk factors.
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Table 1. Characteristics of case and control subjects

Cases (%) Caontrol 1 (%) Control 2 (%)
(n = 160) (n = 80O) P-value {n = B0O) Povalue
Age Median (range) 60 (28-78) 60 (27-79) 0.927 60 (26-79) 0.881
Sex
Men 113 (70.6) 565 (70.6) 1.000 565 (70.8) 1.000
Women 47 (29.4) 235 (29.4) 235 (29.4)
Pack-years of smoking
0 56 (35.0) 340 (42.5) 0.013 350 (43.8) 0.009
1-20 21 (13.1) 132 (16.5) 125 (15.6)
21-40 31 (19.4) 155 (19.4) 152 (19.0)
=41 51 319 159 (19.9) 157 (19.6)
Unknown 1 (0.6) 14 (1.8) 16 (2.0)
History of diabetes
No 126 (78.8) 734 (91.8) <0.001 737 (92.1) <0.001
Yes 34 (21.3) 66 (8.3) 63 (7.9)
Current BMI (kg/m®)
<20.0 33 (20.6) 118 (14.8) 0.051 115 (14.4) 0.075
20.0-22.4 51 (319 215 (26.9) 207 (25.9)
225-249 42 (26.3) 265 (33.1) 274 (34.3)
25.0-299 30 (18.8) 188 (23.5) 179 (22.4)
230.0 4 (2.5) 8(1.0) 18 (2.3)
unknown 0 (0.0) 6 (0.B) 709
BMI at age 20 years (kg/m?)
<20.0 50 (31.3) 264 (33.0) 0.129 244 (30.5) 0.109
20.0-22.4 58 (36.3) 330 (41.3) 368 (46.0)
22.5-249 33 (20.6) 146 (18.3) 130 (16.3)
25.0-29.9 11 (6.9) 38 (4.8) 38 (4.8)
230.0 2(1.3) 1(0.1) 3 (0.4)
Unknown 6(3.8) 21 (2.8) 17 @1
Family history of pancreatic cancer
No 152 (95.0) 770 (96.3) 0.459 770 (96.3) 0.459
Yes 8 (5.0) 30 (3.8) 30 (3.8)

Table 2. Odds ratios (ORs) of pancreatic cancer by alcohol-related characteristics

Cases Pooled controls Control 1 Control 2
R n ORs' (95% CI) n ORs’ (95% CI) n ORs' (95% CI)
Drinking status
Never drinkers 47 602 1.00 (reference) 304 1.00 (reference) 298 1.00 (reference)
Former drinkers 33 75 4.71 (2.74-8.08) 43 4.29 (2.39-7.72) 32 5.24 (2.84-9.64)
Current drinkers B0 923 1.18 (0.79-1.78) 453 1.25 (0.81-1.92) 470 1.11 {0.73-1.70)
Trend P =0.755 Trend P =0.572 Trend P = 0.977
Drinking frequency per week
None 47 602 1.00 (reference) 304 1.00 (reference) 298 1.00 (reference)
<1 time 12 119 1.37 (0.70-2.71) 62 1.39 (0.68-2.85) 57 1.32 (0.64-2.70)
1-2 times 9 126 0.93 (0.44-1.98) 69 0.87 (0.40-1.90) 57 0.96 (0.43-2.13)
3-4 times 23 160 1.99 (1.14-3.45) 70 2.28 (1.26-4.16) 90 1.67 (0.93-2.98)
25 times 69 589 1.61 (1.04-2.49) 295 1.69 (1.07-2.69) 294 1.56 (0.99-2.45)
Unknown [i] 4 NA* 0 NA* 4 NA®
Trend P = 0.026 Trend P=0.013 Trend P = 0.074
Alcohol consumption per day
0g 47 602 1.00 (reference) 304 1.00 (reference) 298 1.00 (reference)
<30g 77 745 1.44 (0.96-2.15) 7 1.50 (0.98-2.31) 374 1.37 (0.90-2.08)
230g 36 254 1.92 (1.14-3.21) 125 1.99 (1.15-3.46) 129 1.79 (1.04-3.08)
Trend P=0.012 Trend P=0.012 Trend P = 0.032

'ORs were adjusted for age, sex, pack-years of smoking, history of diabetes, current BMI, BMI at 20 years, and family history of pancreatic cancer.
'NA indicates not available because of the absence of subjects in this category.

As shown in Tables 2 and 3, ORs and trends for alcohol-related  of reverse causation, former drinkers were excluded in these
charactenstics and genotype distributions were consistent across  later analyses on the assumption that alcohol-related discases
the two control groups. We therefore pooled data for the two  due to long exposure of alcohol, such as alcoholic pancreatitis,
control groups in later analyses. In addition, to exclude possibility  might influence the reporting of drinking status.
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Table 3.

Pooled controls

Cases
n n ORs' (95% ClI)

ALDH2

GlwGlu 74 790 1.00 (reference)

Glu/Lys 77 653 1.29 (0.91-1.81)

Lys/Lys 9 157 0.65 (0.32-1.34)
ADH1B

His/His 101 975 1.00 (reference)

His/Arg 55 551 1.00 (0.70-1.43)

Arg/Arg 4 74 0.51 (0.18-1.45)
ADHIC

ArglArg 140 1428 1.00 (reference)

Arg/Gln 20 169 1.22 (0.73-2.01)

GIn/GIn 0 3 NA'

Odd ratios (ORs) of pancreatic cancer by genotype distribution of ALDH2, ADH18B, and ADH1C genotypes

Control 1 Control 2

n ORs' (95% CI) n ORs' (95% CI)
404 1.00 (reference) 386 1.00 (reference)
325 1.35 (0.94-1.94) 328 1.22 (0.85-1.75)

7 0.79 (0.37-1.67) B6 0.55 (0.26-1.17)
482 1.00 (reference) 493 1.00 (reference)
274 0.99 (0.68-1.43) 277 1.00 (0.69-1.45)

a4 0.47 (0.16-1.35) 30 0.55 (0.18-1.63)
VAR! 1.00 (reference) mn7 1.00 (reference)

86 1.20 (0.71-2.05) 83 1.28 (0.75-2.19)

3 NAY 0 NA'

'ORs were adjusted for age, sex, pack-years of smoking, history of diabetes, current BMI, BMI at 20 years, and family history of pancreatic cancer.
'NA indicates not available because of the absence of subjects in this category.
ALDH2, aldehyde dehydrogenase 2; ADH18, alcohol dehydrogenase 18; ADHIC, alcohol dehydrogenase 1C.

Table 4. Combined impact of alcohol consumption with ALDH2, ADH1B, or ADHTC genotypes on pancreatic cancer risk among case and control

subjects, excluding former drinkers

Alcohol Cases Fo0led Genotype
Comsumptioniday o controls P-value
n ORs' (95% CI)
ALDH2 Glu/Glu (normal)
0g B 143 1.00 (reference)
<30g 27 423 1.35 (0.58-3.18) 0.485
230 g 18 184 1.98 (0.77-5.13) 0.159
Trend P=0.284
ADH18 His/His (rapid)
0g 28 392 1.00 (reference)
<30g 32 422 1.44 (0.80-2.57) 0.2
230 g 16 114 2.99 (1.39-6.44) 0.005
Trend P = 0.003
ADHIC Arg/Arg (rapid)
Og a 550 1.00 (reference)
<30¢g a5 613 1.31 (0.80-2.15) 0.289
230g 21 200 2.07 (1.05-4.06) 0.035
Trend P =0.020

Cases Poclec SEnowRe Interaction
i controls P-value P
n ORs' (95% CI)
Lys+ (weak)
39 459 1.67 (0.75-3.75) 0.21
28 268 2.26 (0.93-5.46) 0.072
7 48 327 (1.03-10.44) 0.045
Trend P =0.077 0.920
Arg+ (slow)
19 210 117 {0.61-2.21) 0.640
23 269 1.42 (0.75-2.70) 0.286
9 118 1.30 (0.54-3.17) 0.558
Trend P=0,722 0.096
Gln + (slow)
6 52 1.59 (0.61-4.12) 0.341
10 78 252 {1.11-5.69) 0.026
4 32 247 (0.74-8.25) 014
Trend P = 0.644 0.774

'Odd ratios (ORs) were adjusted for age, sex, pack-years of smoking, history of diabetes, current BMI, BMI at 20 years, family history of pancreatic

cancer and nonevaluated two polymorphisms.

‘Interactions evaluated in the model included age, sex, pack-years of smoking, history of diabetes, current BMI, BMI at 20 years, family history of
pancreatic cancer, alcohol consumption by score (none: 0, <30 g: 1 and 230 g: 2), ALDH2, ADH1B, or ADHIC by score (ALDHZ GIwWGlu: 0, Lys+ : 1,
ADH18 His/His: 0, Arg+ : 1 and ADHTC Arg/Arg:0, Gin+ : 1), and the cross-product of scores,

ALDH2, aldehyde dehydrogenase 2; ADH1B, alcohol dehydrogenase 18; ADH1C, alcohol dehydrogenase 1C.

To assess the influence of alcohol and acetaldehyde metabolism
in PC nisk, we evaluated the impact of the combination of
ALDH2, ADHIB, or ADHIC genotypes with daily alcohol
consumption (Table 4). Overall, no impact of alcohol consumption
on PC risk was observed among cases and controls. However,
on combination of ALDH2 genotype and alcohol consumption,
adjusted ORs (95% Cls) of moderate and heavy drinkers with
the ALDH2 Glu/Glu or Lys + allele relative 10 never drinkers
with ALDH2 Glw/Glu were 1.35 (0.58-3.18) and 1.98 (0.77-
5.13) for those with ALDH2 Glu/Glu, and 2.26 (0.93-5.46) and
3.27 (1.03-10.44) for those with ALDH2 Lys+, and alcohol
consumption showed a borderline trend to increased PC risk in
ALDH2 Lys+ (ALDH2 Glu/Glu, trend-P = 0.284, ALDH2 Lys+,
rend-P = 0.077). Among those with the ADH B His/His genotype,
adjusted ORs (95% Cls) for PC with alcohol consumption were

Kanda et al,

1.44 (0.80-2.57) for moderate and 2.99 (1.39-6.44) for heavy
drinkers, compared with never drinkers, with this trend being
significant (trend P = 0.003). In contrast, the trend was not
significant among those with ADHIE Arg+ allele (trend P = 0,722).
With regard to the ADHIC genotype, trends were similar to
those for the ADHIB genotype (ADHIC Arg/Arg, trend
P = 0.020, ADHIC Gin+, trend P = (.644). Interaction of the
ADHIB genotype with alcohol consumption was marginally
significant, suggesting the existence of a gene—environment
association between alcohol consumption and alcohol metabolizing
enzymes (interaction P = 0.096).

The combined impact of ALDH2 genotype with either ADHIB
or ADHIC genotype and drinking experience on PC risk is further
explored in Table 5. Adjusted ORs (95% Cls) of current drinkers
with both ADH B His/His and ALDH2 Glw/Glu or Lys+, relative
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Table 5. Combined impact of ALDH2 with ADH18 or ADH1C genatypes and drinking experience on pancreatic cancer risk among case and control

subjects
ALDH2 Glu/Glu (normal) ALDM2 Lyse (weak)
Ca:e-s Pooled :ontrols ORs' (95% C1) Ca:es Pooled :ontrols ORs' (85% C)

ADH18 HisHis (rapid)

Never drinkers 4 a4 1.00 ({reference) 24 298 2.09 (0.70-6.29)

Current drinkers 24 367 1.78 (0.58-5.45) 24 169 4.09 {1.30-12.85)
ADH18 Arg + (slow)

Never drinkers 4 49 1.88 (0.44-7.97) 15 161 2.21 (0.69-7.09)

Current drinkers 21 240 2,15 (0.68-6.80) 1" 147 1.84 (0.54-6.33)
ADHIC Arg/Arg (rapid)

Never drinkers 8 133 1.00 (reference) i3 a7 1.48 (0.65-3.36)

Current drinkers 35 540 1.27 (0.55-2.95) 3 13 2.29 (0.95-5.51)
ADHIC Gln + (slow)

Never drinkers [+] 10 NA® 6 42 2.69 (0.84-8.58)

Current drinkers 10 67 3.09 (1.07-8.90) 4 43 2.07 (0.55-7.78)

'Odds ratios (ORs) were adjusted for age, sex, pack-years of smoking, history of diabetes, current BMI, BMI at 20 years, family history of pancreatic

cancer, and nonevaluated polymorphisms.

'NA indicates not available because of the absence of subjects in this category.
ALDH2, aldehyde dehydrogenase 2; ADH18, alcohol dehydrogenase 18; ADH1C, alcohol dehydrogenase 1C.

to never drinkers with both ADHIB His/His and ALDH2 Glu/
Glu were 1,78 (0.58-5.45) and 4.09 (1.30-12.85), respectively.
While adjusted ORs (95% Cls) of current drinkers with ADHIB
Arg+ and ALDH2 Glw/Glu or Lys+, relative to never drinkers with
both ADH 1B His/His and ALDH2 Glu/Glu were 2.15 (0.68-6.80)
and 1.84 (0.54-6.33), respectively. These findings show that the
combination of ADHIB His/His with ALDH2 Lys+ for current
drinkers was the most potent risk factor for PC. With regard to
combinations of ADHIC and ALDH2 genotypes, PC risk among
current drinkers with the combination of ADHIC Arg/Arg with
ALDH?2 Lys+ allele relative to never drinkers with both ADHIC
Arg/Arg and ALDH2 Gluw/Glu was marginally significant
ladjusted ORs (95% Cls): 2.29 (0.95-5.51)]. The OR (95% CI)
for current drinkers with the combination of ADHIC Gin+ with
ALDH2? Glu/Glu allele relative to never drinkers with both
ADHIC Arg/Arg and ALDH2 Glw/Glu was 3.09 (1,07-8.90),

Discussion

Here, we found that the risk of PC was increased with alcohol
consumption in subjects with the ALDH2 Lys+ allele, or
ADHIB His/His or ADH| Arg/Arg genotypes, but not in those
with the ALDH2 Glu/Glu genotype, or ADHIB Arg+ or ADHIC
Gin+ alleles. Combined analysis of ALDH2 with the ADHIB or
ADHIC genotypes demonstrated a significant impact of alcohol
in subjects with both ALDH2 Lys+ and ADH B His/His relative
to those with both ALDH2 Glu/Glu and ADHIE His/His. To our
knowledge, this is the first study to examine the combined
significance of alcohol consumption and each of the ADHIB,
ADHIC, and ALDH2 genotypes in PC risk.

The carcinogenic effect of acetaldehyde in various types of
cancer has been shown in experimental studies.**" Given that the
metabolisms of alcohol and acetaldehyde are strongly influenced
by genetic polymorphisms of alcohol-metabolizing enzymes,
namely ALDH2 GluS04Lys, ADHIB Hisd8Arg, and ADHIC
Arg272Gln, evaluation of the effect of these polymorphisms on
cancer risk in combination with alcohol consumption is worthwhile.
Consistent with previous reports,'*'¥ we found that an impact of
alcohol consumption on PC risk was not recognized if genotypes
of ALDH2, ADHIB, and ADHIC were not taken into consideration.
However, siratification of analyses by the respective genotypes
revealed a significant or marginally significant impact of alcohol
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consumption on PC risk among subjects with ALDH2 Lys+,
ADHIB His/His, and ADHIC Arg/Arg. These findings suggest
that among populations in which any of these three genotypes is
prevalent, the association between alcohol and PC may be null
unless the genotype is included as a potential confounder.

ALDH2 of the 504Lys allele has been shown to be an inactive
form exerting a dominant negative effect on alcohol-metabolizing
activity in virro."*'® Peng er al validated this negative cffect in
human studies, showing that among subjects with the ALDH2
Glu/Lys genotype, the peak in acetaldehyde blood concentration
and area under the curve (AUC) for acetaldehyde afier the intake
of 0.5 g/kg ethanol were about 20 and 30 times hiFhr.r than
respective values in subjects with ALDH2 Glw/Glu.®" On this
basis, pancreatic cells in individuals with the ALDH2 Glu/Lys
genotype would be exposed to a considerably larger amount of
acetaldehyde after ingestion of alcohol. This striking difference
in acetaldehyde metabolism would also explain why the impact
of alcohol was observed only among subjects with the ALDH2
Lys+ allele. In contrast, among subjects with ALDH2 Glw/Glu,
acetaldehyde peak and AUC were not statistically different
between those with ADHIB His/His and ADHIB Arg/Arg,”"
although the ADHIB 48His allele represents a superactive
subunit of ADHIB with a higher Vmax than the other allele,"*'®
Considering these previous and present results, we speculate
that the rapid production and exposure of acetaldehyde within
pancreatic cells exposed to alcohol influences the risk of PC
with regard 1o ADHIB and ADHIC.

In the additional analyses of the combined impact of ADHIB
or ADHIC with the ALDH2 genotype, a particular increase in
risk was seen among current drinkers who had both ADHIB
His/His and ALDH2 Lys+ or both ADHIC Arg/Arg and ALDH2
Lys+. This finding supports our hypothesis that acetaldehyde
may be involved in the underlying mechanisms of PC development.
This analysis also demonstrated that PC risk among current
drinkers with the combination of ADHIC Gln+ with the ALDH2
Glu/Glu allele was significantly increased compared with never
drinkers with both ADHIC Arg/Arg and ALDH2 Glw/Glu,
which is not consistent with our hypothesis. However, the
number of control subjects in our study population with both
ADHIC Gin+ and ALDH2 Glw/Glu was too small to rule out
chance association. Validation of these results will require studies
in a larger number of subjects in other populations.

dol: 10.11114.1349-7006.2008.01044 x
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In the present study, we separately assessed the impact of
ADHIB and ADHIC on PC risk. Although several reports have
found linkage disequilibrium between ADHIB rs1229984 and
ADHIC rs1693482,"7' results from a recent large-scale study
conducted in Europe strongly support the independent impact of
these two loci on aerodigestive tract cancer risk, regardless
of linkage disequilibrium."™ This finding reflects those of our
previous study on drinking behavior.”” Reasonable assessment
can therefore be carried out on the individual effects of ADHIB
and ADHIC.

Chronic pancreatitis has been suggested as contributing to PC
risk,”” and several studies have shown that the ADHIB His +
allele increases the risk of pancreatitis in heavy drinkers.®**
With regard to the mechanism of pancreatic cancer, acetaldehyde
exposure may increase PC risk by inducing a state of chronic
pancreatitis. Information regarding past history of pancreatitis
may aid in further understanding the mechanisms underlying
pancreatic cancer.

In a previous case-control study, Miyasaka er al. reported that
although the ALDH2 Lys*-allele was found to be a risk factor for
PC among subjects with both drinking and smoking habits,
frequency of drinking habit did not differ significantly between
patients and controls, regardless of presence or absence of
ALDH2 Gluw/Lys polymorphisms.”® These findings suggested
possible effect modification by smoking in the impact of
ALDH2 polymorphism. However, in our analyses stratified by
drinking and smoking, we did not observe this effect (data not
shown). This inconsistency may have arisen by chance due to
the small sample size of both studies, or may be attributed to
residual confounding by smoking or other factors. Another
explanation may be due to the selection of controls from different
population bases, which might in turn affect allele frequencies
as well as prevalence of drinking or smoking habit. Cases and
controls in our study were all sampled from the same population
base at Aichi Cancer Center. In contrast, the study by Miyasaka
et al. investigated cases from National Kyushu Cancer Center
and sampled controls from a comprehensive population-based
longitudinal study conducted in rural areas in Aichi prefecture.
Future studies should employ an appropriate study design,
possibly a prospective one, with appropriate confounders and a
sufficient number of subjects to sustain stratification by smoking
and drinking as well as multiple genotypes.

With regard to the methodological background of our study,
one important factor was selection of the control base population.
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We used non-cancer patients at the ACCH for this purpose on
the basis that our subjects arose within this population, thereby
warranting internal validity. We have previously confirmed the
similarity of this population to the general population in
terms of a range of exposures of interest, in this case alcohol
consumption, thereby warranting external validity.”” Further,
genotype distribution of the ALDH2, ADHIB, and ADHIC
polymorphisms in our controls was similar to that in the general
population.™ A second potential source of bias was the medical
background of the controls. However, our previous study in
women demonstrated that this had only limited impact: more
than 66% of non-cancer outpatients at ACCH have no specific
medical condition, while the remaining 34% have specific diseases
such as benign tumors, non-neoplastic polyps or both (13.1%);
mastitis (7.5%); gastrointestinal disease (4.1%): or benign
gynecologic disease (4.1%)."" The situation for men is comparable.
Bias from this issue, if present, therefore appears limited.
Furthermore, in contrast to standard hospital-based studies, the
HERPACC system is less prone to information bias because all
data are collected prior to diagnosis. Lastly, we did not apply an
adjustment of multiple comparisons in the analysis because we
have an a priori hypothesis in the present study. Therefore, our
findings need to be interpreted cautiously.

In conclusion, alcohol intake has an impact on PC risk when
alcohol consumption and genotype polymorphisms of alcohol-
metabolizing enzymes are combined. Our finding that the impact
of alcohol on PC risk was observed among individuals with
ALDH?2 Lys+, ADHIB His/His, or ADHIC Arg/Arg, associated
with a rapid production or high accumulation of acetaldehyde,
indicates that acetaldehyde may play a substantial role in the
underlying mechanism of PC.
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Authors report the results of four meta-analyses of studies that examined the association
between methylenetetrahydrofolate reductase (MTHFR) C677T and A1298C polymorphisms
and head and neck cancer (nine studies, 2076 cases and 4834 controls for C677T; four stud-
ies, 1439 cases and 3941 controls for A1298C), and lung cancer (ten studies, 5274 cases and
7435 controls for C677T; seven studies, 5098 cases and 6243 controls for A1298C). The
summary odds ratio (OR) of head and neck cancer was 0,92 (95% CI: 0.76-1.11) for MTHFR
677 TT and 0.68 (95% CI: 0.37-1.26) for MTHFR 1298 CC. The OR of lung cancer was 122

Ki . g

95% confidence interval (Cl): 0,95-1.55) for MTHFR 677 TT and 1.07 (95% Cl: 0.83-1.38)
Methylenetetrahydrofolate reductase |
e e for MTHFR 1298 CC. Results from the meta-analysis of three studies on C677T stratified
Lung cancer according to dietary folate intake showed an increased risk for individuals with low folate

intake (OR = 1.37, 95% Cl: 0.92-2.06 for head and neck and OR = 1.28, 95% CI: 0.97-1.68 for
lung) versus high folate intake (OR=0.85, 95% CI: 0.63-1.16 for head and neck, and
OR = 0.94, 95% Cl: 0.79-1.12 for lung). Despite the lack of formal statistical significance,
these findings are consistent with the hypothesis that folate play a role in lung and
headfneck carcinogenesis, and show the need to incorporate data on folate intake when
interpreting results of MTHFR palymorphisms in relation to cancer risk.

© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction |3]. Sequence variants in genes coding for key enzymes

in the folate metabolism, such as methylenetetrahydrofo-

The potential protective effect of folate on cancer risk
has been of research interests in the last decade [1]. In hu-
mans, folate plays the fundamental role of providing
methyl groups for de novo deoxynucleoside synthesis
and for intracellular methylation reactions [2], and low fo-
late levels was shown to lead to uracil misincorporation
during DNA synthesis, chromosomal damage, DNA strand
breaks, impaired DNA repair, and DNA hypomethylation
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late reductase (MTHFR), were suggested to be associated
with folate levels and DNA methylation [4,5].

MTHFR irreversibly catalyzes the conversion of 5,10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate,
the primary circulating form of folate, thus playing a cen-
tral role in balancing DNA synthesis (which involves
5.10-methylenetetrahydrofolate), and DNA methylation
(which involves 5-methyltetrahydrofolate). Two common
polymorphisms associated with lower enzyme activity
and reported to exist in negative linkage disequilibrium
have been described: C677T in exon 4 and A1298C in exon
7 |6-9]. Individuals who are homozygous TT for MTHFR




