1 "METHODS AND COWPOSI TI ONS FOR ASSESMENT OF
PULMONARY FUNCTI ON AND DI SORDERS" TECHNI CAL FI ELD The
present invention is concerned with nmethods for
assessnment of pul nonary function and/ or disorders,
and in particular for diagnosing predisposition t.o
and/ or severity of chronic obstructive pul nonary

di sease in snokers and non- snokers using anal ysis of
geneti ¢ pol ynor phi sns and al tered gene expression. The
present invention is also.concerned with nmethods for

di agn$MEEHODS ANDPQOMPASITIONS FORASSESMEND OF PULMONARY
to di agnosi ng predi SPANSCTION AND PISORDEREVerity of

i mpaired lung function and the associ ated
norbidity/nortality riTECANIOAL®IEIIDSeases. The -
invention also relates to conpositions for use in.
sai d netThe gesenBAGHEROIINGhoREd ®ith mBihedsabsdseddidny/6f

pul ronary di sease (CON is the 4 h | eading cause of

de apiimpueryifmetioo patioraiixerders £ impetialafyr diagiaing prefigposition
hospital readm ssion world-wide. It is characterised
by forsd/di ity effichenivebstontivepilnpmenyrdsst iesmiolktar and non-
destruction. It beconmes clinically evident after

ex eymaken abindanebtsik bEgnetagelyingrphits dndalteafifpemt eapression. The
snokers when 50% or nore. of lung function has already
beepresentinveatian ipblyo ¢onsarned Fithgnethods for ofiaghosing ifbpaictilumg i s
~ detected clinically by reduced expiratory flow rates

( s plragtion aiq in partigiardel diegyising prsdigposition tveind/or ssweity efdmpalred
~or FEVIY . Over 95%of COPD 1is attributed to

ci garslupetion puktbegpsyiatedgnerhiditgmpdalitg dskoff othanslissasss. The
devel op COPD (susceptible snoker). Studies _
suripyndemasoyelatepin comaesitions for pey inspikmetbedsunt s for only
- about 16% of the inpaired:-lung function. A nunber of
family studies conpa?%%éﬂaggﬁ €e in siblings

(tw ns EQ% nop-t wi n) consistenthg show a strong

fam | i afboBiqebfmetErlmonary isssse (CPRYY) iethprh leading cause of

di sease-suscept.i bilit or, di sease nndj fyin enes
i s qu.FE g} %géc_)peﬁ countries a%:ld agmajor cause for hospital regdmjsgs%on \%rld-wide.

1t is characterised by insidious inflammation and progressive lung destruction. It
becomes clinically evident after exertional breathlessness is nioted by affected
smokers when 50% or more of lung function has already been irreversibly lost. This
loss of lung function is detected clinically by reduced expiratory flow rates |
(specifically forced expiratory volume in one second or F ﬁVI). Over 95% of COPD
is attributed to cigarette smoking yet only 20% or so of smokers develop COPD
(susceptible smokerj. Studies surprisingly show that smoking dose accounts for only -
about 16% of the impaired lung function. A number of family studies comparing
Soncordance in siblings (twins and non-twin) consistently show a strong familial
t;ndency and the search for COPD disease-susceptibility (or disease modifying) ﬂ

genes is underway.



2 Despite advances in the treatnent of airways

di sease, current therapies do not significantly alter
the natural history of COPD wth progressive |oss of
lung function -causing respiratory failure and death.
Al t hough cessation of snoking has been shown to
reduce this decline in lung function if this is not
achieved within the first 20 years or so of snpking
for susceptibl e snokers, the% 0oss is consi derabl e and
- synptons of worsening breathl essness can not be
averted. Snoking cessation studies indicate that
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resistant to devel opin ose at risk

angmbiaoseindk diepe] ana'ﬂ% néé @éa%& Cog@a&dobérsd &) %ﬁ@é e -
The underlyi ng pat hophysi ol ogy of

ung&k§kqggmsg§gﬂagg§e to cigarette snoke in the Iung
results in both an inflammtory response and oxi dant

burden hhatibérdf EhiddnRSlog sth@@Thved &H&&st&iﬁ? SEoWRGRat atéxposure

nunber of cytokines ar€ rel eased ocally and bot
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lung. 3 . COPD is a heterogeneous disease
en &ﬁm&?l with a fréhotidh YF §Eok4R I ARSning normal lung function (resistant

_-smokers) even after 60+ pack years, a proportion showing modest reductions in lung '
. finction who may never develop symptoros and a proportion who show an
“accelerated loss in Inng function who invariably develop COPD. This suggests that
" amongst smokers 3 populations exist, those resistant to developing COPD, those at
modest risk and those at higher risk {termed suscepﬁble'smokers).
The underlying pathopl}ysio]ogy'of COPD is not yet understood. Exposure to
cigarette smoke in the lung results in both an inﬂammatofy response and oxidant
burden that initiates at least four processes. A number of cytokines are released

locally and both neutro;phils and macrophages are recruited in to the hang,



enphysema and chronic bronchitis which devel op as part
of a renodelling process follow ng the inflamatory

i nsul.t fromchronic tobacco snoke exposure and ot her
air pollutants. It is likely that many genes are

i nvolved in the devel opnment of COPD. Further,

epi dem ol ogi cal studi es have shown that inpaired | ung
function, neasured by spironetric mnethods, provides
a direct nmethod of diagnosing the presence of and/or
tendency toward obstructive -l&ng disorders (eg chronic
obst r uct COBDlixmigtabgeamnedisasd dAttnpakiings o vasimpdegreaN d
bronchiolitis) (Subramanian D, et al. 1994)) and an

i ndiemphysemetridatironfc basskitis which davelbp &N fayt/off® kdnldbliNg Frbseks
fromother diseases such as coronary artery di sease,
st r ddllpwangthd inflgmeatorydnsult Homehiodic ebiacddlsmoked &P6surdRl bivgh
MN et at. 1999, Sorbe PD, et al. 1989, Bang KM et

‘al . aitpolBytantsREids likphethatBhany génembre inkOB-4d Atk d40EI6SM AT of RIPD.
al. 1995). It has long bee nethods is the clinica
basi s f oFurthers ghdamiglogitnt stpdiestmncshoan thas@pairdd lyngiimetion,
obstructive |ung di seases such as chronic obstructive
| ungpeaiusd by epiroaetrivmegthodly iporvishs editeemathaiaf diagnosing the
bronchiolitis . In the presence of chronic snoking

t he prssaticesef madorsendeasy toward bistradive hing didordyrs (derchroaicl v
reversi bl e airways -obstruction as reflected by | ow

f or ebstfuetivp lung viseape, pohmmbrichicdasis 208 bmchiqlFEEMSiihrambrgan D, et
percent predicted forced expiratory volune in one

sec @n%?géﬁ énd edndieedt mehddef efsessing mothiditydnaialityrrisk Gom other
vol une i.n one second over the forced vital capacity -
( gethiEsagss syebpe papRaE) artegytscasehsirokeand Iung cprogr @lole DI, et al.

epi dem ol ogi cal studi es have exam ned the rel ationship
bet WEerFTsRan YZG of akr§99. §atie PBnetehd 889, BanediMperet 1993 t h
mort a jtg ri sk fromnon- COPD causes of death notably

cor Z4e 854 1§PE s eipsSilpptal dP99ke and | ung

cancer. t hough these are wel] recognised

consequ é@é@g’% CeRRroppmed diatiqipair ?démﬁ]%%!@m eSPyFslyateapyred
is clear from epidem ol ogjcal studies that only a
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S n%‘f&:cﬁfé&a%%sua%g bro%crﬁ%mn'g.gﬁ tﬁe presence of chronic smoking these disorders
may be characterised by minimally reversible airways obstruction as reflected by low
forced expiratory volume in one second (FEYI),' low percent predicted forced
expiratory volume in one second and reduced ratio of the forced expiratory volume
in one second over the forced vital capacity (general reference).

Over the Iast 20 years epidemiological studies have examined the relationship
between impa:ired‘ hung function (most often FEV1) with mortality risk from non- -
COPD causes of death notably coronary artery disease (CAD), stroke and lung

-~ "cancer. Although these are well recognised consequences of chronic cigarette smoke

expcsure; it is clear from epidemiological studies that only 2 proportion of smokers



consi dered the nost inportant |ifestyle risk factor
that contributes to coronary artery disease
nortality. Although the epidem ol ogi cal studies have
recruited a diverse group of subjects they
consistently identify reduced FEVI "(or rél ated
measure) as a significant and independent risk factor
for death fromnot only COPD but also from CAD
stroke and |l ung cancer (Hole , et al. 1996, Knui man
MN et al. 1999. Sorli PD, et al. 1989, Athonisen
R 8 558 tess ﬁfaﬂ%%%f’ai- Hgpvover Hig Sonver G2t eier I OEFOPD
199§1qnd Q%%Sﬁns %et al. 1995). In the |argest of
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pul monary di sorders su o I'C obstructive

PUlRRAMHLISHE 8839 966OPD), or a predisposition to
devel oping inpaired lung function and the associ ated

risk ofg amsﬁg&a&@oghgmicﬁ@aé%bﬂweh%}g dFsg%se %%cam,

rel ated di seases. such as CAS, stroke a o} cer,
paktidke uh@édronatyf arfelyaig 440 1a8 Biln th Bnlies SHPHE ARLY

enhanced susceptibility to oxi dat?sve stress, "%[i%ﬁ%ﬂ ©
OF ealplis(ird ikl afiinportant environmental contributor to the development of these

diseases. Although the prospective studies have shown that reduce;_d FEViisa
reliable predictor of increased risk to all ﬁ1ese diseases, it can take th1rty or more
- years of chronic smoking before there is sufficient damage to the lungs for this
susceptibility to be clinically detectable (by reduced lung function testing).
It would be desirable and advantageous to have methods which ;:culd be used
to assess a subject’s predisposition to developing ﬁulmonary disorders such as
- chronic obstmcﬁve pulmonary disease (COPDj, or a predisposition to developing

impaired lung function and the associated risk of obstructive lung disease and risk for



The Present invention is based in part on the

surprising finding that pol ynorpbisns of curtain

genes and groups of genes, particularly those involved

in matrix renodelling, anti-oxidant defence, '

i nfl ammatory response. and their inhibitors, are

found nore often in patients wiwth COPD than in contro

subjects, in another part, the, present invention is

based on a further surprisingstiding that

pol ynor phi sns in these genes and/or their regul atory
Iegig;amg;e associated with the severity of inpaired

| ungg sedsonstich asSOAR AitrGke ' : N

possible to assess the Co|%@3??&%“%%P@@?&gﬁéﬁgﬁﬁﬁygﬁwa
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"susceptibility" genetic varirants in contributing to

CDPDY enphysema or | goMVIa®y Op REFoRN- Thus, the
presence of several variants mut at 1 ons and/ or

pol Thepresiait davedtionfis bded MRS HRY rﬁﬁﬁrﬁggﬁaﬁoﬁﬁfad\?ﬁ%dréﬁsms

genes appears to confer a great

esemd gRopebf geﬁﬁ?ﬁéﬁ&lérlg?%?se fBfkd er]mig%é :ct

sinple additive nodel. Thus, acc ng to one

t hepwodellingy antictitdndofitd) ffafinfle) Rl 88 AiSHbhESE, o

predi sposition to devel opi ng chrioni'c obstru

pulfowndamore oftendn petients GRRRIOIEN GhR coﬁﬁ'@gﬁg’%ﬁ. qgfﬂn%ﬁsgﬂﬂ, the

di agnosing in a subject the potentla
andtasent invemtidndsibegéd oS RMERdE siigried SR | T
devel opi ng COPD, conpri si ngsm?he aﬁgqﬁﬁ I'S ﬂgf}%f;%hmmgmthesa
polegnes pptrdhsr repulatblyeegiog dt s Qiokc@ i he BRI b ryoained
regions of the genes encoding natrix neta prote ase
al g\m,ﬁlncﬁeniamtdoksry.psi n, Cilutathione Saansferase;
tr%n%form' ng growh factor 1., tissue inhibitor of
e tlaidste frhes wit besmaossible S HaREONKE oSV BILAS Biadiny® ptl]
met hod may al so be used to determne a su Je_g;(ég veor
pr sditiplestive) ofiscverl frab@PRbiRY" pdnedvidfnd ﬁ’@dnﬂﬂ:hﬂ]% to
and/ or di agnosing the potential onset of, inparted
| u RGPk o fopaired ing linbol ki Wi eokhcd ot Bvefll yaraats
di sease associated with inpaired |ung function. ‘ﬁev
me{iseionsendl/qy aolyinorihisnsy o AEECOUPD/R BRI b c MibERAP Ses
exposed to high levels of air

appears to confer a greater risk of having COPD/emphysema and/or impaired lung

funetion in a simple additive model.
Thus, according to ons aspect there is provided 2 method of determining a subjc&’s
predisposition to developing chromic obstructive pulmonary disease, (COPD) and/or
&8 method of diagnosing in a subject the potential onset .of COFD audfbr a method of
asgessing potential risk of developing COPD, compﬁsing the analysis of

_ polymorphisms in the regulatory and/or promoter regions of the genes encoding
metrix metalloproteinase alpha, 1 — antitrypsin, Glutathions S-transferase,

transforming growih factor p1, tissue inhibitor of metalloproteinases 3, superoxide



pol l utants such as environnental tobacco snoke,
Preferably the netall oproteinase is selected from
interstitial eollagenase (matrix
nmet al | oprot ei nase-i or MW-1), gelatlnase B (matrix
nmet alloproteinase-9 or MMWP. 9) aid human nacrophage
el astase gene (MW-12). It will be understood by those
skilled in the art that the determ nation of
pol ynor phi sms may be conducteg on one or a combination
of digomtzse 3The assessnent of predisposition of a
sugégft to devel oping COPD, for exanple, may thus be
ba methodmmapalad ¥Suged f : ’e ronnt.e
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region of interstit al co
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preferred however that regu
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descri bed herein, fwo or

THe ingihs . tion. it .
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descri be any variants and nutattons, including the

t opgk: th ' ne nuy |

ot e Mt Bpror B et A6 FlareBf) Sitlgrngge (raix
"1 Npadah A &aiireny; ) herein js sel ected .
from a@g{r}tg%g&clony sti ﬁgg%?%“g%f%ﬁ%“b’aﬁtﬁb%?fﬁwﬂmw -
di gﬁmmpﬁgﬁg‘ﬂ;}%¥ i stroke and | un
caﬁ?g?. 7 Acco %g%eéﬁ%etd@éﬁﬁaszect there is °
Pr R wiltBSrRe@iod is r d/or . primers
for use in the %%ﬁ%@%%%@gﬁgﬁ%@gﬁw iBus
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whi ch span, or are able
; . di .
P8 A K
hBigbeibak Dbyt [ otei ns and oxjdative
stress respoﬁﬁsbir ve E"F‘%lé“?ﬁgﬁ%ﬂ%g%f{h&i’mﬂﬁéw Wﬁﬁ%
t WMQQMO@MQ B tht of nqa/c%gp hge elasiase. It is preferred

however that regulatory and/or promoter polymorphisms of a combinstion of the

genes described herein, two or all in aty combination, be used in the methods of the

‘present invention,

It will be understood that in the context of the present invention the term
“polymorphisms" is used to deseribe any variants and mutaﬁons,-including the total
or partial absence of genes (eg null mutations),

.Preferably 8 “disease associated with impaived lung fimetion” as used herein ig

selected from a group consisting of chronie obstructive hung digeages, coronary artery

disease, stroke and lung cancer.



In one partioularly preferred formof the invention
there is provided a meod of determning a subject's
predi sposition to devel oping chro:ai obstructive

pul ronary di sease (CORD), conprising at |east the
anal ysis of 'at |east one pol ynorphism chosen from
the group consisting: A-820 in the pronoter of the
gene encoding M1 2 (human macr ophage | astase);
T--4C within codon 10 of the gene encoding TG F

(t r deeddingtarpothennapect thod jo proviled), set of niBOHRE REbek Re/or
gene encoding SCD3 pero)dde dis nmutase 3); T -1 296C
Wi t RFiFRess e use irthe methods dffagy grendt e eastiuB @sptetdP  (ti ssue
i nhi bitor of netalloprotoi s e 3); and pol ynorphisns
i n Thepeafperediprimers hd/ar robos aitidie Witk spe] orHRY b1 158 bsed to
wherein the genotype of the subject is indicative o
pr e&tasgbe pelymorphio refotslod pirieg enco@RPmedrit raisdeNBE proteins
preferred aspect of the invention, there is provié%d
a. f(reeltriing prbteases siel@isiniinibiters)s RS bioSy ROLB bddBxidalik
of devel oping chronic obstructive pul nonary disease

( CORtEDps regromyive mroteinsand bithdr gbitg uaidiah 8 ki tRlls Gt fasht |
one -pol ynorphi sm chosen fromthe group consisting:

B. inmem@G in the pronoter of the gene encoding MV 12
(human macrophage el astase) ; T-rCwithin colon 10 of
the gene encoding TA J3 (transform ng growth factor
beta); C+764G of the gene encodi ng SODS ( Superoxi de

di simsmasertiyglarty prafBOE Yo iohiiha m»b@cidz?m@{rs Bfovited b RRPARE

encoding T=MF3 (tissue inhibitor o

et detarnping ssiubjects predi3posiaiog toikal Sy dHSbbstrbdlivk bRka
disequilibriu wth these polynorphisns ; wherein the
gendsepged COPD)ivompritipg attledssthi ankilyshiof idedef ord dephism .
ri sk of devel oping COPD. In another preferred aspect
of dhpeeniftpushe gronp témsisting:s provi ded a net hod of

di agnosi n in a subject the pote ti Ir is onset of

chrént?@ ipibe poumtiref thejgatampaliyg M2 Hnfe@RBophage elastase);

conprising at |least the analysis of at |east one

- pol~yRovigtn endon hdefthe gorermtditneWGRBtransforming growth factar beta);
CH760Q of the gene encoding SOD3 (Superoxide dismutase k)

 T-1296C within the promoter of the gene encoding TIMP3 (fissue nbibitor of
metalloproteinase 3); and
polymorphisms in linkage disequilibrium with these polymorphisms; wherein
the genotype of the subjeot is indicative of predisposition to developing COPD,

In another preferred aspoct of the invention thers is provided a method of
detemining a subject’s potential risk of developing chronic obstructive rultnonary
disease (COPD), comprising at least the enalysis of at least one -polymorphism

chosen from the group consisting;



consisting: A-82Gin the Pronoter of the gene encoding
MtiiP1l2 (hu nm nacrophage elastase); T-*C wthin
colon 10 of the gene encoding TGFB (transform e 3);
T-12960 within the pronoter of the gene encodi ng Tam
(tissue inhibitor of netailoproteinase 3); and
Folymorpliismm in linkage disequilibrium wth these
pol ynor phi sns ; wherein the genotype of the subject

is indicative of the potentiak. onset of COP . In
andt-B2G impthe peimotal ofithe gerte arbodifEMMPE Thirih thd¥fdphageelastase);
provided. a method of determning a subject's

pr € prttirt dodon 1 Dofthy edrseRhaelirig IR (Rehstith ol HHH 9%0r beta);
conprising at |east ‘the analysis of at |east one ’
POIGHTE0P bf thmngeteeacstiiy SO QP disRAN HL i ng; A 820
in the pronoter of the gen(teﬁga{e)ncodi ng M\%12 (human

t 2Tl 296 avgithin the pBURKE of the glne dnbodthd TiMD {-,ﬂ,pu- he
gene encodi ng TGFB (transfgonni ng grovwzﬁcﬁ%gg or 1@Ié?ife\);
C+tfe@llopoteitiage P)psed encodi ng SOD3  ( Super oxi de di sh
utase 3); T-1296C within the pronoter of the gene
enoolyindephistlyiielinlalzé SiSatRituARi isms: ;

nmet al | opr ot ei nase 3);. and pol yin?%?sgltpglgrznﬁ?msfnﬁ’ Tv?mr{ﬁ’gge

di gRqehdtyiydithe sbjht 1§ RaREHR LSS eL8ppt he
genotype of the sJubj ect Is ggﬁ?%g&?ve oi?evc\%}ﬁﬂgbBPD.
predi sposition to devel oping inpaired I|ung function.

In another preferred aspect of the invention there is

Pr RVdndedsr frofeRbd e&fofg@%%hﬂa ' fs?bé‘%\}f%d%ésté%d of diagnosing

potential risk of developing |npa

t i ebiepx (RO Afiet of Srdald o P%gg%ﬁ i
gene encodi ng MVPI 2 (ohuman r?gcrop ge e s‘{l%egeeér‘?ﬁ)m

ey A i . “
di gdrlr\ﬁ; ase%%fﬁ?@%%l@s(g@@@&?ﬁ?%n? ﬁe iprﬁ@géﬁé@ﬁ%%&%@
encagistige: TI MP (tissue inhibitor of

A-82G in the promoter of the gene encoding MMP12 (human macrophage elastase);
T—C within codon 10 of the gene encoding TGFS (transforming growth factor beta);
CH760G of the gene encoding SOD3 (Superoxide dismutase 3

T-1256C within the promoter of the gene encoding TIMP3 (tissue inhibitor of
metalloproteinase 3); and

polymotphisms in linkage disequilibtium with these polymorphisms; wherein

the genotype of the subject s indicative of the potential onset of COPD,

In enother prefarred aspecf of the invention there {s provided 2 method of
determining a subject’s predisposition to developing impaived fung function
comprising at least the analysis of at least one -polymotphism chasen from the group
consisting:



net al | oprotei nase 3); and pol ynorphisns in |inkage
disequilibriumwth these pol ynorphi sns; wherein the
genotype of the subject is indicative of potentia

ri sk of developing inpaired lung fonction. 10 In

anot her preferred aspect of the invention there is

provi ded a nmet hod of diagnosing in a subject the
potential onset of inpaired lung function-conprising
apogggé%ngss anal ysis of at keast one pol ynorphi sm

ch in theprdmoterof dia gofy WhoSdihd MMPY2 R ndn < elastse):
pronoter of 1b.0 geneggncoding NNPl% (hungﬁk %%%p agéﬂ’

el dBtEseltin cdBon 00 of fh h&e%ﬁ%&g@%(ﬁﬂ&lﬂﬂ%%%?%&%m);

TOF13 (transform ng grow h factor beta

t heCyénd oem@dﬁw@c&msséﬁy@g%km ' e3 );
T-12960 within the pronoter O0f thedlg{gﬁgwe codi ng Tl MP3
(t IBE20SC vkt the PFonttter o Ak cUABG: fgﬁa: ithe

poi ynor phi sns ?n [ nkage%dl%‘ sequi 11 bri gﬁflé%\ﬂnﬁﬁ?ﬁlé%fe
polnysmlophitsiie 3); Wer €i n the genotype of the subject
is indicative of the potential onset of inpaired |ung

e R e e SRR hoblne gl
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On ahaeaea phi sm chosen from the group consi sting;
T--+C within codon 10 of the gene encoding TGF3
(transform ng grow h factor beta); 0+7600-of the gene
encodi ng SODS ( Super oxi de di snut ase T-1296C

3);
i i . : Is Tl ' MR3
('t Fetoh e O Ripek: o e Ve B OV afrefids
di Tl . . . . 11
] Gt 00 B A
of Bcﬁﬂﬂ'isﬁig% le&&lrﬂw EJJEJ?SiS Qﬁﬂlle%t OBQIF%I}’%{O s &ogefn’ from the group

consisting:

A-82G in the promoter of the gene encoding MMP12 (human macrophage elastase);
T-C within codon 10 of the gene encoding TGF8 (transforming growth factor beta);
C+760G of the gene envoding SOD3 (Buperoxide dismutase 3);

T-1296C within the promoter of the gene encoding TIMP3 (tissue infibitor of .
metalloproteinase 3); and “

polymorphisms in linkage disequilibriym with these polymorphisms; wherein

the genotype of the subject is indicative of potentisl risk of developing impaired fung
fimetion,



devel oping inorbi & y/nmottatity rls k of said disease.

I n another aspeo t the Invention provides a nethod

of dotenninin a eubJect's predispasfto to,

andforpoten t risk of; norty i a dlssas assooiate d
%lt fnpalred lung ffinvtio n aonprtsin g at | east

the anal ysis of at |east the polysttorphfsnm A-92G k
the pronoter of the gene encoding MW 12 (human

nagxr;‘ph ge-olastasa ). In anothgr sspe the invontton

pr ol sdetherpreferrbdabpast oSMMERS R, 1k ﬁ}%,} ..
preigi sposition too, and/or potnent Trs %ﬂam@fh%"fdm@“mg
mor iacibjgctdlic ptamtiglanget cABSRELPLES AR JARsL. | fjnc
t| onwherein - subJeotha s been ex%osea‘!ﬁtccg%g’i’%%%%g?ﬁﬁ%:

t hesnalyeis oflatdensorie Solthondlenl @R sts, of at |
erast *c pol ynor phi smlﬂ,lA- SZO%ﬁﬁggﬁbéﬁ?fﬁ%e

di S&430 it the pedrmtétant He oRRE dhobH Pk of chrpnic
obsi nttive [ung di‘seaggges,_ CCoronar ytze@%éwa&{‘?g%@;m);

st rlor€ veitidn badog 10 3 R et hod
of apreffrred fgar mﬂ%?ginﬁghlégﬁ\ﬁlfgﬁﬁ%r@%ﬁﬁfﬂgﬂ B factag beta);
t h&+760@ oy the e dap@ing W13 ﬁ'juﬁng%iHeaitsm easf, on gene

encodi aproteininvo(ved I matrrx re ling,

- e 12860 atifie the PRARAG B the eyl ——ﬁ%@n Tons, e, ,

" I'ncl udi ng - geneg encodi ng%?r%tc%l%( e%taie,%]‘%‘l“ﬁ"’ﬁ%fé’gs,
m ngtedlopptedmede 3kdd Nt | ammatary  oyts idnes;
Inhibitors bEmatrix rnetal |l apratei nascs and des
| npolymetbhisms inHilabe HssulBrfmle st g% ly, ,the at
| east one gene is eho?en Sroqmﬁ{hheesa%l gltpglgﬂg’s"fqewm
MVIe genatyieet afithel sabjestgORaRave of thY A Sred
MWPI Z (I | amas maor opl t age el ast i‘gtg?‘?@gé’?{"aﬁw%@%sand
. GSfietfaph-ut u . one S trmsfenmse 1). Proferably'the
pal ynor phf sm 4401y red is 10/ 20 atposition-1607
withtnthe proraot of 1- w. '

In anothgr preferred aspect of the invention there s provided a method of
determining a subject’s predisposition to, and/or potential risk of, developing
morbidity/mortality sk of a disease associated with impaired fung fiunction
. comptising at lenst the anaiysis of at least one polymorphism chosen from the group
consisting:
T—C within codon 10 of the gene pncéding TGFB (transforming growth factor beta);
CH760G of the gene encoding SOD3 (Supémxide dismutase 3);
T-1296C within the promoter of the g.en; encoding TIMPS3 (fissue mﬁbi%or of
- metalloproteinase 3); and o

polymorphisms in linkage disequilibrium with these polymorphisms; w]ierein



Preferably, 1hc pol ynorphismarned is 61562T In the
pronos of the gene e Gooding WWP9 12 Preferably, the
pol ynor phi sm anal ysed is 01237A in the 3' ftgion ofd
gone encoding a 1l-atttitrypsin, Preferably, the

pol ynmor phi sm anal ysed is the ML null pol ynorphismin
the gene encoding GSTM . Pkbferably, t he pol ynor phi sm
anal ysed is A-82G in the pronoter of the gene

encodi ng MW12. A preferred nethod of the invention

conp HieEBuotene o fhoispgect Indndiantivand pratfisiasinion to, kd(@k Befevtlal slske of,

Phe. prempingsibottt oty e EBN Bied o0, ana. A 820 in

t he prom)ter of the gene encodi ng Mpl2, Another -

Phe. S foater @bt vl o B0 AR e,

t he 1 &% mrpownwwmmmm akdison® assbﬁamm
enco : B ﬁ &
an S/P ;I!_s 2%2191@ ?‘ﬁfﬁ"ﬁ E@&“@(ﬂ Em%?%%%m;

- Conprises anal yS| ng the poI ym)rphl snms:  A-820 in the
pronpt.er’ ofthe ene encodl ng M\ 2; 01237A in the 3'
r egi ekion mowigoss methed of detypining & sobjebt’s M

]
I e
12 |®bamsma!m&emﬁm¢ﬂmpﬁﬂhmldﬁstﬁemﬂyd&faﬂmfhe '

pr ed@m IR SRR S F2E R edeBHAL Rtk Sk

f unction
meayophage elastage),

Preferably, the disease is selected from a group consisting of chronlc obstructive hmg
digeases, coranary artery disease, stroke and hung cancet. -

Pnﬁudmhanﬁﬂwdofapmﬁxmdﬁmmofﬂmﬁwmﬂmnﬁnﬂmrmmwﬁmmﬂm
. analyds of m polymotphism in at least one gene encoding a protein imrolwd fn

matrix remodelling, andt-oxidative defencs, or Inflammatoty response. inoluding

genes encoding mutrix metalloprotelnases, inflammatory and anti-nflammetory

eytokines; intibitors of matrix metalloprotc!nases snd extymes Involved in

metsbolising ogldants, Preferably, the at léast one gene is chogen fiom the group
* consisting: _ ‘

MMP1 (intorstifial callagenase);

MMPO (golatinase B);

MMP12 (liten macrophage elaatnse),

al-antiteypsing and

GSTI (ghdmtidone 8 tansfomee l)

Preferebly, the polymorphism aurlysed is 1GRG atﬁosiﬁon ~1607 within the
proraoter of MM,

Prefarebly, the polymoxphism nnalysed {s C-1562T In the pmmowr of the gene
sticoding MMED ' :



norbidity/nortality risk of a disease associated with
i npai red Tung fonttion; b) potential risk of
devel opi ng COPD, inpaired lung function, and/or
nmorbidity/nortality risk of a disease associated with
impaired lung function; and c) potential onset of
COPD and/or inpaired lung function, In accordance with
a method of the invention the genotypes +760GG or
+760CG within the gene encoding SOD3 are indicative
of one or nore of. a) protectidn against devel opi ng.
COPD, inpaired lung function, and/or
nor Bicfbedbly, tHar, SSQCI d W th
gl ' SneoP eyt By s A AERIE PR G e
dev#t %F mvunpalred | ung function, and/or
nnrbldlty/nnrtallty risk of a disease associated W th
éﬁg &Gg function. 1n accordance with a nethod of
¢ hel el BOlRemiaTDEplyeed it 80 GTTnull folyniorpHitke in the gans
proan@@mg@ﬁanQe gene encoding TIMP3 is indicative of
one or nore of: a) protection against devel oping
COPT?, inpaired lung function, and/or

norma . l.sease associated with
i n’palird*;g% ﬂll}gb&ﬂn n@;ﬁj lé‘lgg‘%l 18 gfﬁbéﬁﬁfé’&’q‘? tenof e gene
deV@f D, [ rrpal red lung function, and/or

norbidity/nmortality risk of a disease associ ated with
i-mpai red l'ung function. In accordance with a nmethod of

t hef* Prfrand method nbthg énvettimeoBtidel aniaing )
W “MG&%%? Ji%o’r’(vitiaﬁ gﬁe GV?W& @g)o?m s

iye of one or ection agai nst
f%ﬁ 0t¢rmﬁﬁxer$nhmmﬁn§m;gm, and/ or _
rmmgm%% ?{e%{tlh%hgﬂégﬁ%dmgw?fe associated wth

| mpai red |ung func ‘educed ri sk of
developlng COPD |npa|red | ung function, and/or

k of di ted with
F"n%%."?e A khbd of helty o e elippi e priTmbions:

Mﬁf’?«l@n-ﬂﬁ@? within thepeorRERGf MNIPI;n the pronot er
of 'Iu@wggg% ative of one or nore
g r ot e%t[bl on %g%/'vp%ﬂw%%ﬂ%& ng COPl), inpaired
Qﬁ?@t wemnmgsmmbmty/ mortality risk of
T-12960 within the promoter of the gene encoding TIMP3, |

A farther preferred method of the ittvention comprises analysing the polymorphisms:
A-82G in the promoter'of the gens encoding MMP12;

GI237A inthe 3’ region of the gone encoding o 1-entitrypsin; and,

M1 nyll polymorphism in the gene encoding GSTI1.

In accordance with a method of the invention the genotype «82AA within the
promoter of the gene encoding MMP12 is indicative of one ot more oft &



a di sease associated with inpaired lung finction; and,
b) reduced risk of developing COPD, inpaired |ung
function, and/or norbidity/nortality risk of a disease
associated with inpaired |lung function. In accordance
with a nmethod of the invention the genotypes -1562CT
and -1562TT w thin the prohbter of the gene encoding
MWP9 are indicative of one or nore. of., a).
predi sposition to devél oping COPD, inpaired |ung
f UBfdaisPaki MRS d/elopHBICOID, idpd | otibd a.
di seasg assoc?g{cggm%%ﬁ?ﬁn%g%gqgl%mg’%ﬁg |{)n; b)

- POtk M) i v s L laung .
fract ilo ’/mgﬂrt]dé#}g?gk %ﬁ%ﬁ%ﬁﬁ%@%‘ ﬁht%;/xp r |e§§g§ on; b)

di PE@RHR A ' ' i s ' fu ion; and,

c)  pot en?f%ﬁeﬁ%i%??%@g%@%ﬂﬁﬁ%a ’?@ ¥ ung

f URGLH @R /) Mg | nwent |
P e o e S B G G o)
ge . ot “p_@ ' lieqi i he gene-encoding a
1- g%%ltﬁfé%sgﬁ’ﬁmﬁebl n |I%P%J%ghg%fg%°gg r more of: a) -
predi sposition to devel oping COPD, inpaired |ung
function, and/or norbidity/nortality risk of a disease

g B ok WS e BB
angi@in dle V\Hb'ﬁﬁli;n Yoy nl&fncéti\]{c'ﬁggﬁo%ﬁorgh% %?ﬁ%tecﬁon

assocl ate alre

oGt & BpRE D okl i Ml B Shd ol il o
E-Q?Q o B O R P e ) %@%@Hb‘égfﬁ%f@m
i SR DR e R0 SR RO AR Pl Lot gifess 1, 4

fu%%&%gﬁgﬁ%m ﬁlng{i?nt.he i nvention the presence
of two or nor susce%tl Ity genotypes is indicative
of increased risk.of devel oping COPD, inpaired |ung

finction, and/or norbidity/nor .ty risk of a disease

of " et e Wi 1 e oL B Rl Bk bR PR

€05efhotkl ofthe B encoding TIMP3 is indicative of one or more oft &) protection

U

against developing COPD, impaired Jung function, and/or morbidity/mortality risk of
a diseage assoeiate_d with impaired lung fiinction; and, b) reduced risk of devsloping
COPD, ixupaired lung function, and/or morbidity/mortality risk of  disease

associated with impaired lung function.

In accordance with a method of the iﬁvention ﬁe genotype CC (homozygous P
allele) within: codont 10 of the gene encoding TGRS is indicative of one o more of!
8) protection against developing COPD, impaired lung function, and/or
morbidity/mortality risk of a disease associated with impaited hng function; and, b)



gene encodi ng TGRS and/ or the pol ynor phi sm C+760G of

t he gene encodi ng SOD3 axe anal ysed, the analysis is
performed using RNA or eDNA encoding TGF$ or SOD3. In
anot her aspect the invention provi des a set of

nucl eoti de probes and/ or %gers for wuse in the
preferred nethods of the invention herein before
descri bed. Preferably, the nucleotide probes and/or
primers are those which span, or are able to be used

t o Tgkead risk dfalepadopinCORDCnREEdIn8 Mhctiohnaepes. | n
anot her preferred aspect, the invention provides a

met thostidisy/ bty imish bfg diséaes ashedlaRddtviifd imbp h-_@éﬂ}@;;g gm ect
devel oping COPD, inpaired |lung function and :
norbid y/naortafty risk of a disease associated with
inmpaired lung function conprising at |east the step

of Inpedogdsieegwiting mbthed obfhe bivedion HiRaBHorARSGRE WiRtén eV e!
of TOFJ3; . the activity of TGP, the [-evel of nRNA

t 1 qmemotensf tergenelimodHERNP pRdadiog ke ar b@rggwa&uon
in.the level of TGRJ3, ml 2NA transcript encodi n

TGRg8nst develapiny COPY, infpafd it fus@RB,2n e ﬁ:&bﬂit?)%bﬁ-ﬂéﬁﬂyrisk of

i s-indicative of potential risk. I'n a furth

pr eidserssassasiped withmpsited aigfuhdles! add, B taeda %k of developing
determning a subject's predisposition to devel opi

CORISPLY, inppeired darg fimgptibh nat/oPRomdiHlyMortality risk of & dissase
nmorbidity/nortality risk of a disease associated with

i mpesosietdd with gmpaired hirgrfunctiepr i si ng at | east-the step
of analysing in the subject at |east one of; the |evel
of TGt FJ3; the activity of TGFJ3; the |evel of MR NA
transcript encoding TGRJ3; and, wherein an alteration

i nIa #rcordance withfa TREROAIE the iAo 8 S6otydbs -2 5620t AE -1562TT -
T[FJ3, or activity of TG-J3, conpared to a control,

i s Vithinitheprometenef thiygens ehgodinig MMPP @8 i:ERAGd dfQRe or more.of: 1)
predisposition. to developing COPD, inspaired lung function, and/or
motbidity/mortality ﬁsk of & disease associated with impaired lung function; b)
potential risk of developing COPD, impaired Jung finetion, and/or - |
morbidity/mortality risk of a disease associated with impaired lung functon; and, c)
potential onset of COPD and/or itnpaired lung fimction.

In accordance with a method of the invention the genotypes 1237AG and 1237AA
(Tt or tt allele gonotypes) mthm the 3" region of the gene encoding o 1-antitrypsin
ate indicative of one or ﬁlore of ) predisposiﬁqn to developing COPD, impaired
lung function, andfor morbidity/mortality risk of a disease assoclated with impaired
lung function; b) potential risk of developing COPD, impaired lung function, and/or



In yet a further preferred aspect there is provided a
nmet hod of determining in a subject potential onset of
COPD, and/or inpaired lung f niction conprising at

| east the steep of analysing in the subject at |east
one ot: the level of TGRJ3; _the activity of TGRI3;
the level of mRNA transcript® encodi ng TGFJ3; and,
wherein an alteration in the level of TGFJ3, nRNA
transcript encoding TGRJ3, or act|V|ty of TGFJ3,

Sﬁ?é’?m%’*‘?“%ﬁﬁff@%?e b9 s b i Efe%@mad 9
e AR bl B0r ool B NipeBiheBon-on ancl or

rmr biditytnortality risk of a disease associated with
i npai red lung function conprising at | east the step of

pod g%%%%g%ﬁgﬂﬁm‘g%%ﬁ%%%  qhiwo bﬂw o ghasivAgenotypes
T@Sj.édicauv%ffg‘dx% %#’ge*( rred ect P-"F‘? Iud scu%mrraentdliﬁo?_d

termning a

o ey Ap e R Bk “”gw%wﬂé“ °“a§@ag?mm th

i npai red | ung functl on conprising at |east the stop of
anal ysing the amno acid present at a position mappi ng

prgﬁgﬁggecf aspec{i&%he Py %%%gﬁ"eﬁ’??‘? 8@@%‘!@8%"@%@1’“?
E?f"?’?%g‘l B of ek O oBBlope Sny Bseoned e 1 he
mappl Bff, B tE r&{‘gmﬁg’?ﬂ%&’éﬁfs&%%em%@%@ OS" S

gm gsence of | euai ne at said position is

cative of a predisposition to, and/or potenti al
r| sk of devel oping, COPD, inpaired Iung function
and/or norbidity/nortality risk of a disease

BRI 2 e o

Theune encoding TGFB and/or the polymorphism C+760G of the gene encoding $OD3

 are analysed, the analysis is performed using RNA or cDNA encoding TGFS or
SOD3.

In another aspect the invention provides a set of nucleotide probes and/or primers for
use in the preferred methods of the invention hereln. before described. Prefersbly, the
nucleotide probes and/or primers are those which span, or are able to be used to span,

the polymorphic reglons of the genes.

In another preferred aspect, the invention provides & method of dctérmi.tdng the
potential risk of a subject developing COPD), impaired lung function and/or



presence of proline at said position is indicative of
reduced risk of developing COPD, inpaired |ung
function and/or norbidity/nortality risk of a disease
associated with inpaired hung function. In another
preferred aspect the inventjon provides a nethod of
deter ning the potential r}&k of a subj ect devel opi ng

COPD, inpaired lung function and/ or
norbidity/nortality risk of a di sease associated with

i npmr’plédy/hmrtglit&' risketf 4 m@easmmum vﬁ&z igDakaifrhdichhe

one t e v of SOD3; " the
act i @?{mﬁ%?ﬂ%%% m&ﬁeﬁﬁ}%ﬁ&tﬂe&ﬁw phit
endhﬂ:lﬁmj;of:’ﬂ%ﬁ, and, vvherel n an alteration in the |evel
%ﬁ@ﬂ@éranécri pt encodi ng SODS, or "activity
@d to a control, is indicative of
poﬁlwi&v@bfmkb&trdnﬁorﬁa‘ﬂ@ﬁeb m%ﬁed aspect the
Qn on roy,l des. a det er ni ni ng a

s W&P&HJ@?F ﬁ’f ?@F&éwéman@ﬁmdmgﬁﬁl?ﬂ,m
| UWVﬁWWTGG‘B, RAPARY to MBIHRbI istﬁﬁﬁﬁhgféﬁ%g?'rﬁﬁ of a

di sease associated with inpaired i"on
conprising analysing in the subj ect at Iout one of . 18

t hin & fivibbr REfe@eABpoct AR S terrkilS o SVEL . 0f
MRNA.fra rpgr |e ncodi n 801¥%éé/ ? e?meulil %ui%eats
) PElspipat Bevelopiag OP R et FangsSunion st | pt

e nemoehidigy/meiiH

contr (;l ¥ IS rtly ?gca?f?\%dewetagmgi%tggl sposﬁwﬁ'&ﬁ?ﬁmgﬂ%t her

pr ST SIng k’ﬁ%iél?ﬁ sereofiapalsing ip thegnbjeitatisashomnithod of
deﬁeummﬂ'gg}pm a subject potential onset of COED,

[or.inpaired lung function conprising analysing in
g“’ bt 0? TQEB) east one of: the level of SODS;

the 1eve1 of mRNA, transoript encoding TGEP; and,
wherein an alteration in the level of TGF, mRNA transcript encoding TGS, or
activity of TGFB, compared to a control, is indicative of the subject's predisposition,

n.—.—

)

In yet a further preferred aspect there is provided u method of determining in a
subjeot potential ouset of COPD, ad/or impaired hang fimotion comprising at least
the step of analysipg in the subject at least one oft
the level of TGFp;
the activity of TGFB;

- the level of mRNA. transctipt etcoding TGFp; and, :
wherein an alteration in the level of TGFB, mRNA trenscript encoding TGEB, or
activity of TGFB, compared to a control, is indicative of potential onget,

A further preferred aspect includes a method of determining the 'pofenﬁal risk of a
subject developing COPD, impaired hmg fanction and/or morbidity/mortality risk of
a disease essociated with impaired hing function comprising at least the step of
analysing in the subject the amipo acid present ata position mapping ta codon 10 of
the gene encoding TGFp.



the activity of SODS; the |evel of nRNA transodpt
encodi ng 801)3; and, whem n an alteration in the |evel
of S OD3, nNRNA transcript encoding SOD3, or activity
of SOD3, conpared to a control, is iudioative of -
potential onset. In another greferred aspect the

i nvention provides a nethodl bf determining; the
potential risk of a subject devel oping COPD, inpaired
lung function and/or norbidity/nortality risk of a

di sease associated with inpaired |ung function

co 1S e ste f alysing jnthe - .
- cunpeinB it B lnchidSs S BBnf oo Bl shegposon
soeeievelapiag mi’ar:a iqm?.éﬁruﬁg fmesaesid/ok hﬁ,ragmﬁtﬁbﬂwiw risk of a

r . Of erpgining a s ctss '
D b3 2o B TR U i B R et e of
f uamyshug thowthino acidprekintttayosion Alapitie folcdorPforf#iesRAS ©
asg%%aq.altﬁgﬁgy th inpaired Iung function conprising at
l e ep of analysing in the subject the am no
acid present at position 213 of SOD3. In another

pref erped afs_oegt the i.nvention provides a net hod of
deFPeAORTIY PrGEemRY appect s lnvsptiompravides:a mefhadtaf dgterndgmpin a

angibiuct thepotefied ohse\ef COPFYS; kharBr iSRRI lﬁﬁé‘ﬂnéﬁonlcslgﬁﬂshé e
- st f analysing in the sybject the amno acl

or e e %ﬁ%ﬁﬂ?@ﬁﬂwwgmt 3t ppREop mering to cofion 10
9! offthé gerd enddaig!fbioTGER] 3rtle Prdsbifdl ©PIchitfe Alunil BbGMH B
“@g‘i of devel qpi n? and/ or predi sposition’to L
e PRioBte/) o PesdiprsHonsasndlar paitgial dakaf dovelaping) GOPD, impaired
- Mol sk BRI biof i Bty ArA ARIR0 ARSAREALAN iithila
i npal Led,l ung, functign, and/or potential. onset o
cgﬁﬁﬁ éﬁa‘?% “?44‘6&10?3866? B0k SRR miad{or impairgslurgdiraasions The
ot o, el ekl R Bk of BAUICER,
oS OPE g 8 foasonisol obmosidiivisaarisity b s iaweel i t h
| NEp@doleell Wit EnpaldluhORmdtibnanot her preferred aspect the
i nvention provides a nethod of determ ning the

pot enti al risk of a subject devel oping COPD, inpaired
| URGnétiaGréfeRedtapdcPthe invention provides a tnethod of determining the

potential risk of a subject developing COPD, impaired lung finction and/or
morbidity/mortality risk of & disesse associated w&h impaired lung function
comiprising analysing in the subject at least one oft ‘

the level of SOD3;

the activity of SOD3;

-the leve] pf mRNA franscript encoding SOD3; and,

wherein an alteration in the level of SOD3, mRNA trensoript encoding SOD3, or -
activity of SOD3, compared to a control, is indicative of potential risk.

In another preferred aspect the invention provides a method of determining o
subject’s predisposition fo developing COPD, impaired lung function and/or
morbidity/mortality risk of a disease associated with impaired lang function

comprising analysing in the subject at least one of: |



norbidity/nortality risk of a disease associated with
inpaired lung function conprising analysing in the
subj ect at |least one of; the |level of MW12 and/ or ‘
T.1MB3; the activity of MW12 and/or TIMVB; the |evel
of rmRNA transcript encoding MW12 and/or T v 3; and,
wherein an alteration i'n thk8l evel of MP12 and/ or Tl M3,
MRNA transcript encoding MOM and/or TIM3, or activity
of MW12 and/or TIM3, conpared to a control, is

I ndicative of a potential risk. In another preferred
aspgelievehe sopyent i on provides a nmethod of determ ning
a ubj ect's Br’edi sposition to devel opi hg COPD,

i pBe A QR8ORACt i on and/or norbidity/nortality risk
of fie WvelaFSANS ' e Lapai red | ung function
conpyi S| f]bg anal 33%#‘3@%%%%&% at | east one-of:

t he P2 BifquaTin thedyvel of BOTE, mRNFet@ebript elosah MBS 2o
anddeg6t ; of NRNA, t.araserl pt encoding -
NI VP 1?7 %f;%%%’ E@Tk?ﬁg; d Ja°r?<§,°m€ﬂ]i'§9 Edipatiyp ofepdisposfion; n 1 he
l evel of NW12 and/or TlI, nRNA transcript encoding
MVPn kRotB&h b dbreh! . pvity,.of MVP 12 and/or TM
co g@gr ed % ‘a Ec%"%%%fﬁl%stmﬂ"ﬁ P%@% 05‘?"‘ gina
pr StPISfPeteptial onset oOCORD zmdbhizipairedfung ARBBAGHsth  Bralysing
i n\&ﬁﬂieis%]a&ﬁ%ag Se. et hod of determning in a’

subj ect potential” onset of COPD, an.d/or inpaired |ung
f urfad et oEB@PRi sing analysing in the subject at |east
onahdMciiviher degtye! of ! 12 and/or TIM3; the-activity of

X1 nd/or TIM3;7 the level of 3nRNA transcri pt
en Yy R BN tavegrint oPo&iBE SOD3; der ei n an al teration

i’ vitBid @\eteraRbn £AnST0 OF sODYEnritA RS im0, or |

activity of SOD3, compared to a control, is indicative of potential onget,

In auoﬂ;er preferred aspect the invention provides a method of detennmmg the
potential risk of & subject developing COPD, impaired lung function and/or
morbidity/mortality risk of a disesse assoclated wiﬂi impaired [ung function

- comprising at least the step of analysing in the subject the amino acid present at
position 213 of SOD3,

In another preferred aspeot the invention provides & method of determining o
subject’s predisposition to developing COPD,; impaired lung function and/or
morbidity/mortality risk of a disease associated with impairéd lung function.
comprising et least the step of aualysing in the subject the amino acid present at
position 213 of SODA, |

In another preferred aspect the invention provides 2 method of dete ina
subject potential onset of COPD, and/or impaired lung funotion comprising at least
the step of analysing in the subject the amine acid present at position 213 of SOD3,



encoding MW 12 and/or TIM3, or activity of MWP12
and/or T1MB, conpared to a <control, is indicative of
potential onset. In another preferred aspect the
-invention provides a nethod of determ ning the
possi bl e responsi veness of a subject to treatnent with
an agent, the nethod conprl%ing at | east the analysis
of at | east one -pol ynorphi smchosen fromthe group
consi sting: A-820 in the pronoter of the gene encoding
MM " 12 Quunan macrophage el astase); T-4C within codon

10 ing TCE . (transform ng, growt h
Facrr BEedFF Ry ERE 8ot o2 bRtk porphil st develping,
( fSlipé/prhdlePOEIiﬁsm m'd_céxlfﬁw% 300}?2 Pepairil qlﬁhjggu%clﬂgn g%dggot er

of 4 1 in ssue_inhibitor o

o af PaBFBE S 25k 85 dirite st Mo TR cign ando
di detsutidliobret o COPD hnd/biifpaipd! ivigradioans; wherein the
genotype of the subject is indicative of possible

rezﬁgnsi veness to treatnent with the agent. |, _
Pr prednge of dyginie b st position 9l i8diRI0s bSRARRY N Ievaby

at A i . el Qbi n D,..inpaired | ung functio
R 18ep Y Wt p o i e ik ahdipese
f ustsoiigtad with éhipaielt lyng fidegomet hod further conprises the

step of adm nistering the agent to the subject and
noting the subject's responsiveness to the agent, 21

Vh@h pioiange hapet Tnion ROFE é%?gﬁi%%SCéfPT %% OF
in ; G S e%-S rs. . CRI P
FI @%ﬁ%ﬁj E%%@gu%ga%%d?ﬁ%@ tredlung fuectinn end/eopD
pl Brortidityhyantaity ﬁ&ktné‘amliwm;asseﬁaw@ﬁﬁﬁ ﬁﬁﬁ#ﬂ'ﬁﬁ hink YurREREL | Cd
va 2 linear.relationship wth an estimte
| | &eig Logég%ys‘%%tﬁeg%ﬁg‘@“ﬁf‘% ‘as 801%in those
wi the levebofi MMl 1 RendorTIdBept i bi l ity variants. Figure 2:
G 46t L] the data in Table 10. The

' BRALE SAATRDS AP i,

ri sk est
the evel of mRNA transeript encoding MMF12 and/or TIM3; and,

wherein an elteration in the level of MMP12 and/ot TIM3, tmRNA transcript
encoding MMP12 and/or TIM3, or activity of MMP12 andfor TIM3, compared to a
control, is indicative of a potentlal sk,

In another preferred aspect the invention provides 2 method of detormining a
subject’s predisposition to developing COPD), impaited hung fimetion and/or
morbidity/mortality risk of a disease associated with impaired Jung function
comprising analysing in the subject at least one oft
the level of MMP12 and/or TIM3;
the activity of MMP12 and/or TIM3;
the level of mRNA transoript encoding MMPIé anql/or‘TIN.[?:; and,

_ whetein an alteration in the level of MMP12 and/or TIM3, mRNA transcript -
encoding MMP12 and/or ’I_‘IM3, or activity of MMP12 and/or TIM3, compared to a
control, is indieative of a predisposition,



quantified by the standardi sed ratio, shows that the.
presence of 0 protective genotypes in this study
significantly increases the risk of a snoker having
COPD by 167% Conversely, this analysis shows that
the risk of a snoker, with 2 or nore protective
genotypes, having COPD is #&duced by 67% G ven the
background risk of COPD in snokers before genetic
testing is about 20% the presence of 0O protective
genotypes significantly increases this risk. Figure 3:

St er ﬁr&ﬁmﬁﬂé@m&%eﬁﬁm{ﬁgﬂ%a cant ng%t?er en RI S “

est;ﬁ%a € ot ses _showed no 'si

St R AL AOREt of SORD, &@m\imwgwélvgs@mcéon ednsrising aﬂalysmg
snokethe bjeornd 1daétkRke b t he presence of 2 or nore
susgeptibilit enot ypes was evident. Figure 4-6:

Fig E?aﬁ"—fqumé;tomrds greater lung function

i N gheadiig of MMIN2iangGeeBiNg nunbers of protective

gen CRI PTI ON OF THE PREFERRED EMBODI MENTS
ﬁ‘ai@g‘i"g“&% Heisorpt sarading MMR 5% endéw FRMB pehd; he

frewm @ alte@dtiof DY BE Mvel FRDRD

(po?%oww cand |&ate !gie’;né@}:r%ﬂ%’Mﬁmgpt

bl 0 8r T3 o1 2cfivisy ofMMPE2 eudholi TIM3couymyae to a
hav&n&ﬁpfslmqvégpown{gﬁloﬁetfunct| onal effects 22 on
gene expression or protein function. Specifically we

have conpared the .frequencies of polynorphisns
betmeen bIood donor controls resi stant snokers and

%@ga%ub V|ded|ntothose wth early

ons LS ey weation pravides § methpd ofdetsmining the
iny si n denpbnstrates that there are both protective
and™" 8’6}’1?%?‘}% agubigtt jeenitaay wite an ageohthsahatiide d
Car}:@h@ﬁ olyriyorphisrns. Gven COPDis a

pol Vg i of ahispstng drolpsacsphisre chdskrefiom the doeup
|nvcglm\{ Yo, |n the devel opnent of COPD in any one

susc '8 e snoker only sinple genetic nodels can be

e th ef fect . of suscetlblllty and
pr g% ecﬁgi\}%é Hems ?’W}é‘&e pane gpoding MMF macrophage elastase);
T—C within codon 10 of the gene encodmg TGEB (transforming growth factor beta);

C+760G of the gene encoding SOD3 (Superoxide dismutase 3);

T-1296C within the promoter of thc.gene encoding TIMPF3 (fissue inhibitor of
metalioproteinase 3); and .
‘polymorphisms in linkage disaquilibrium with these polytorphisms; wherein

the genotype of the subject is indicative of possib_le responsiveness to tregtment with
the agent. -Preferably, the subject has, is prodisposed to, o is & risk of developing,
COPD, impaired Iung function end/or a disease. associated with impaired lung
fimetion, Prefetably, the method firrther comprises the step of administering the

agent o the subject and noting the subject’s responsivensss to the agent.,



known). I n one enbodi nent described herein 3
susceptibility genetic polynorphisns and 4 protective
geneti c pol ynorphisns are .identified. Statistica

anal yses of the conbined effects of these

pol ynor phi sms shows that the genetic assays of the
present inventon can be usedilto identify snmokers at
greater risk of devel oping COPD. Thus, through
systemati c anal ysi s-of the frequency of these

pol ymor phisms_ in well _ defined groups of snokers and
non- s mokW&hen refgering dosspokks]” hesirdthe term gs 4lse infendad 19| cacompass
inplicate certain proteins in the devel opment of COPD
andCF-$pek§tPe our ability to identify which smokers
were at increased risk of devel oping inpaired |ung
function and COPD fmwgmmggﬁfgﬁgﬁmﬁs only 't he
mnority of snokers suffer one or conbinatjon of these
di sBlgRERL: ¢ TesReroeppecalpeqple with GOBR plogpdagaingiites rambegiof
t hrough the conbined effects of gengetic _nechani sns
and hi gh oxi HasrPtituliysenstic varjents ghowp lapaprstationsiuip with an
snoking rel ated | . disease (COPD and | ung cancer) .
G ven the epfiiBaed iisyee offires GOED ephigintsdOrk n fagse wit
likely that fhis genetic _suysceptibility also extends
to a predispt¥i ¥ e?ﬁ“%?ﬂgvv?%ﬁﬁ'ng rel ated disorders

Ui 0, AR Gt e B HS A B
S epL B B0 AR S B ELERTLS o0

e o i e
ot 11+ emoePRYs EEDHurk 2 oGl Bin LR Ry bl

FLress. T BLAGRd Ackh il £ Al S8 U S

(typically enzynes) over onge

the pronoti 2 [ b ' [, ' :
parenchynalq%g%ggéHggﬁgﬁﬁgﬁgﬁggﬁP%%%g%fgﬁgﬁ#égeﬁﬁﬁdn
di seases and. ' . ' eSRe SEATE
processes o%gﬁ?%%é%gg%ﬁ%gﬁdgﬁgab&ai I _ t’t?g}ggéﬁe
promoting Praditess kB pAd Dirckf/ihtdsdslts A { he

at heromat ous plaque resulting 'n, 1f not the

devigb@RBENt @hipliQl RPRENREES St k8350 AN Rikldiphfs he

analyses showed no significant differences in risk although trends
s'hov‘sring a greafer risk of a smoker having COPD in tille presence of 2
or more susceptibility genotypeés was evident.
Figure 4-6: Figures 4-6 show a trend towards greater lung function in smokers
with increasing numbers of protective genotypes.
DESCRIPTION OF THE. PREFERRED EMBODIMENTS
Using case-~control émdies we have compared the frequencies of several
genetic variants {polymorphisms) of candidate genes in smokers and blood donoi‘s.

The majority of these candidate genes have confirmed (or likely) functional effects



progressi on of atheromatous plaque to thronbus
formation (Wal tenberger J. 2001). Thronbus fornmation
inturn leads to the clinical entities of unstable
-"angi na, acute nyocardial infarction and stroke, al

of which carry high nortality. It. has been proposed
that the processes of infl tion, matrix renodelling
and/ or response to oxidative stress may contribute to
the plaque instability that characterises these

cli gl gefd expRbsdibd GSrotdif Alnlich, wﬁmywéﬁ%&%goggt i d IS

an i ndirect biomarker of those wth a su ility ’

10 RUVEIRE of B as,?mﬁmiﬁ%éeﬁ Pied &dkbi &m&,'rﬁﬁb&ﬁf‘?ﬁ%ﬁ and

enhanced danage rom oxi dative stress. T

t heggse RRGITOHTS @ diBEH GRS il EMbinAdety BNeh flaidioke with 5 r

t hese di seases can.be |inked through tﬁg activity o

mat dokef). TRORERH ihiGtioPddloRitafs talihbR R pYot L gldns
and an individual's inherent response to oxldatlve -
st r@septivtity BQieHRed RAVEEI T tell Saridaf! gAY of R Silng!
of i %El? east%g r ?sﬁﬁ to all -these .diseases, oi t can ta irgen
t i ¢&BD Ala PR Enid &8drer Qhd HEHyQPRhSy IR 1Ry RAfAhRIVEH & Be
~is sufficient damage to the |ungs. for ¥h|s _
S USdeGidbpinitint S OORPinkRy 6hd sﬁ&c@ﬁﬂﬂlé’snﬂﬁ&ed?ﬁ)%lﬁhﬁe bdnusid Rokesed
lung function testing). The nethods of the present
| N\e@iThd XPloRARTeaRs Bt bificBof@hsafibaily A t%%\?eln it
i nventi %? Wi Iql now be descr iéégigdﬁ% n 2%? e de aig??cswi th
I efkabwRCE: dnd efibdiméd BéstAtvg hessmBth&Sptibiifty ErRiidpdlyrorphisms
Prelimnary Study .1..l Subject recruitnent Patients
of b4 posRtivedREQRPolyadphisin dreti@entiBER BlafdtickliabdlyREof the
exacerbation of their COPD were recruited
corsmbintd affebty of GERPoaBrOHRins BiRAvsitint the RpRaE Sssiyld of fhad
.snoked a m ni nrum of twenty pack years and had an .
FEYresényBventod ¢an be beud eeidentifix gholeis@l yreatedriskef delelopisy COPD.
second/ Forced vital capacity) of < 70% and FEVIi as a
per cent dys, througid systenchtic A wbhs feqeneyif tgseAribymotghikms
Thoracic Society criteria). Patients with the above
| uargwélldefinedgrotps of snaliers ahdubnmeler) aa desosied hedeinl) #tGOP
by i
possible to implicate certain proteins in the development of COPD and jmprove our

ability to idcntify which smokers were at increased risk of d‘eveloping impaired lung
fonction and COPD for predictive purposes.

. As only the minority of smokers suffer one or combination of these diseases,
Aﬂlgare may exists “susceptible smokers” who through the combined effects of genetic
mechanisms and high oxidant exposure are at greatest risk of smoking related lung
&isease (COPD and iung cancer), Given the epidemiological findings to date it is
likely that this geneﬁc?susmptibility also exte;nas to a predisposition to other
smoking related disorders such as CAD and stroke.
| Further, we believe that reduced FEV1 is a biomarker of a general

susceptibility to the adverse effects of chronic smoking and oxidative stress. That is,



speci al i st physicians were recruited if they were over
50 years old and had devel oped synptons -of
breat hl essness after 40 years of age. Those with a

hi story of asthma, bronchiectasis or |lung surgery
wer e excluded. Eighty-four patients were recruited, of

. these 56%. were nale, the FEVI I FVC (f Standard
‘Devi ation) was 0.44 (0.12), nmean FEVI as a percentage

of predicted was 33 (13). Mean age and pack year
history was 73 yrs (9) and 45 pack years (29)
I €S peddr totditivns dfehRGicax it Re&E the inBitRas witianahRIcthaRtte
al ., 1999), we genotyped the COPD group for the
al- gmblid dxpdbichtherdlid taltOagon( iSRRI ity \bEproRRE SovoRBTin Rk
had the Z allele (MZ, SZ, ZZ genotype). W also
stu wemg\% irfflafr@de adandl o 04 d AR OfeSs. (TRRItérBDacEliBESLT these
unknown) o were recruited consecutively through the
| OC ptotdisqGPicABNREyER) WeErolofed ipyridds Yead{e Eedmotdh 6f lung
men and their nean age was 45 years. LZ, MW
pr o giffariratdny Hbropih ksl Pafacgininiang sde0sig chrdaN obé@setive lung
extracted from whol e bl ood sanples (Maniatis, T.,
Fri tReRes ald cdntritmited tSatig ¢aheep. ORbesdSambptor esddsdioniOhe gkrial
Manual . 1989). The MW 1 pronoter pol ynor phi sm was
det emuliileety frympiisgprogredioh emddrimaabiliof ofahqutieyinoisas ylague
publ i shed met hod (Dunl eavey'et al., 2000, incorporated
i N revetingib) if adtyhehilevdopmedot/of2bronief ety disdase ahidatrddERhe
ol i gonucl eotide priners were 5 -TCG TGA- GAA- TGT CTf -
CCCprhgiEssiin of hthervmatgugylague to) thimmbiusfoenTa@on [VieAHerger J. 2001).
GAT- TTG AGA- TAA- GIG AAA-TC-3" (reverse priner). The
PCRThrembes formajias ingum¢adsitodhet clinieal gntities af unstable anginagéicute
25ul and contai ned 50 ng genom c DNA, | Qpnol forward
andmyespeiial infargtidnrend siroks, ol ief/whish copey highGmonelifhr ilichas@ien ( pH
8.4), 50 MM KC1, 1.5 nM MyC12 and | unit of Taq
pol prpgsed et teyrpeesgs of infasmusion, matrdutgmodalling apdfpr rspansg to
at 9511C followed by 35 cycles of 45s at 92C, 50s at
60 CoxdaiivesEsspay/opgiribitg fo e plpguR instabBigubetshiraderspyhesaer e
visualised by ultraviolet trans-illunination of a 3%,
agaflBicel enfjies. korthis pratpxhiredmeed (FRVA ity n indiessy biemark gf those with
remai nder. was djgested for 4 bra with 10

a susceptibility to adverse matrix remodelling, inflammation and enhanced damage

from oxidaﬁvé stress, Thus, through these mechanisms reduced FEV1 and mortélity
risk for these diseases can be linked through the activity of matrix remodelling
 proteins, inflammatory proteins and an individual’s inherent reépdﬂse to oxidative
. stress. Although reduced FEV1 is a reliable predictor of increased risk to all these
diseases, it can take th1rty or more years of chronic smoking before there is sufficient
damage to the lungs for thls suséeptibﬂity to be clinically detectable (by reduced lung
function testing). The methods of the present invention overcome this disadvantage.
EXAMPLES
The invention will now be described in more detail, with reference to non-

limiting examples.



units of Asp 700 (Roche Di agnostics, New Zeal and) at
37C. Digested products were separated on a 3% agarose
gel run for 2.5 hrs at 80 V with TBE buffer. The PCR
product remained uncut (ie 118 bp) in the presence of
the 2G allele or was cut into bands of 100 bp and 17
bp in the presence of the 1G allele D rect sequencing
was perfornmed in three suﬁﬂxns assi gned t he genotypes
1Gl'G 1&RG or 2&RG by the above nethod and confirned

or oExkBI R FRGuERRREShuk POl o °71 15 T
TSR <o 1 TR S e
oA e SEE0R ey PR RS B 1 St
o e EBPoie BB B UL 2 .
LS e ki
(= ST 8 SFRn S50 TR Salae L PSR L 8"
il s D SRS SRy G S35 S
pol s & Uy b s b 138 £V by
0l 38R U PR 4003 05 0 e

PC@y&%ﬁ:ﬁﬁ%&@&ﬂl&@nﬁ ate40 ,(Ja&rof L, %ﬁ&sgqg@ &hgg,pfgésayﬂga,at

66C fOr 48 seconds, and el ongatton at

Seqpdifiket @ d Mg%@éﬁy Yidfe cﬁ?&‘lﬁ&eﬁ ﬁ%z?{qfﬁzg?:gﬁégg%eﬁ% m&é@ of

for 5 ninuteé Four microlitre 3 U's
SorrC e Py BES B L RvER Bl T B AT 1)

3T ndaBE YL K SO Boe %@f&k&%&%ﬁ@@@ﬁ@%ﬁg% Yot 3%

agar ose gel . sequenci ng ree

. . _ A
Db} Yo P (el dedReORaR O Epevai il o FER B
| Aol ShafoltPer &1, 3860),whenblyBt the COPD group for the ol-antitrypsin

mutations (S and Z variants) and none had the Z allele (MZ, SZ, ZZ genotype}. We

also studied 1;18 Buropean blood donors (sﬁloking stats unknown) who were-
recruited consecutiveiy through the local blood donor service, Fifty-five percent were
men and their mean age was 45 years.
12,  MMPI promoter polymorphism genotyping

Genomic DNA was extracted from whole blood samples (Ma;ﬁatis,T.,
Fritsch, E. F. and Sambrook, J3, Molecular Cloning Manual, 1989). The MMP1
promoter pélymorphism was detenniped by minor modifications of a previ'ous]y

published method (Dunleavey et al., 2000, incorporated in its entirety herein Ey



L4. MVP 12 pronoter pol ynor phi sm genotypi ng Genom c
DNA was extracted from whol e bl ood by the sane net hods
described in exanple 3. Genotyping of the hunan

macr ophage el astase (MW 12) A-82G pronoter

pol ynmor phi sm was performed by PCR (nodified f.rom

nmet hods publ i shed by Jor rrs?g S et al 2000,
incorporated in its entirety herein by reference)
using the prinmers hnepl (5 - AGA- TAG TCA- AGG GAT- GAT
ATCG-AGC-T -3') and hmep2 (5- GCC- TTG TAG
ACC-HeEnEGAEEER vBgonuctBaRe Ak e 8LT66. RS GRALTET R
in a PTC 100 .the?gm).cycl er (w&%gegggmwﬁg%fﬁ@g
Pl rEECATD’ (hofvard PalnerBaE b1 POTTEG- AR GAG- PR GA-TAA-
genom ¢ DNA. 50 ng of each prinmer, 20M of dNTP, 1.5nM
My ClZrG-BAD-POB! (rdhfe pithid). ARE FOR kRSifon whd EMich dubintd(thtal
50mM KCI and 0. 001%gel ati n. The PCR cycle conditlons
Ver &iolufie of P6ul aridl coft@ifad w(%tgeﬂﬁuﬁbﬁﬂ, PprRPforh B4 arfd reverse
m nutes, 35 cycles of PCR~ (denaturation at 92C for
50 $EERAMMOmMACEHs] IO TR @H 848, s9eaakes, 1SRN MeCL
el ongation at 72C for 58 seconds) fol |l owed by one
cyclafid DtnitdfIag Bilir0da] CybRig thifids ward tnéiktRSs foF 9 Win at 95°C
mcrolitre aliquots of the PCR products were digested
Wi t HolibBrellby BSdyclecs 450 at@RTY B a2 G0t $0s al-72F@ HACITPORN
the recommended buffer systemat 37C for five hours.
Al | pelidges(l $3bp)veere viandisaityditaniokt B A ATiRRon 6 3% Bidast
sequenci ng was performed in three subjects assigned

t he gdehbtey pb ethidjumEomide.(Be bamdirdder wedydigesteebohBrs an 10
confirmed that the Ilatter correctly identified the A
and v@tsaifAeh € (Beche Djqrescstivn; New dsdangha 3710y Digwted products +
i nvestigators independently and blind to phenotype

( COPEreagrmiratedion a3 o) agstoss gebrun Tir@.5dirs 4t 80 ¥rvothsSTBHbuctfet. dhe

and g}%not ype frequencies were conpared by. odd's

r at PORpridne rdeminefl meduti(O© Bbpbinfictessense bf the 2@ plleldvartvess cut

- convected x2-squared test with significance taken as p

5 0108 bandsot 10fbg AP DIARE Breganesafither 1 Codliels IDireatrrgquencing

genotype frequencies Analysis of our genotyping data

s hoWatperfasned iptheey suhidcivisesigred o stnotypesiiGl G, 162G nedG2AGhby

both cohorts and that significant differences were

f outhg 2poye mstied gdpontirmed that the latter correctly identified the absence or
presence of the 1G or 2G alleles.
L3. MMP 9 promoter polymorphism genotyping

Genomic DNA was extracted from whole blood by the same methods described

in example 3. Genotyping of the gelatinase B (MMP 9) C;I 562T promoter
polymorphism was performed by PCR (modified from methods published by Zhang B,
et al 1999, incorporatea in its entirety herein by reference) using the primers gelbl (5
GCC-TGG-CAC-ATA-GTA-GGC-CC-3") and gelb2 (5-CTT-CCT-AGC-CAG-CCG-
GCA-TC-3)). PCR amplification was performed in a PTC-100 thermo cycler (MJ

Research, Inc.) in 25 pl reaction mix. The reaction mix was 50 ng of gendnxic DNA. 50




Tables 1, 2 and3). Table 1. MWl i GL2G pronoter
pol ynor phi sm al | el e and genotype frequency in the COPD

patients and bl ood donor controls.

FrequencyAl | el e*CGenotype | Gl G &&Z&ZG COPD n=84 67
101 16 .35 33 (% (40% 0) (6029 (19% (42% (39% Controls

n7-178 197 159 56 85 37 (N {55% (45% (31% (48/u) (21%

* nunber of chronmpbsomes (2n) 1. Allele: 2Gvs 1G for -
COPD vs controls, Odds ratio (OR) =1.89, 95% confi dence

limts_ 1. 3-:2.7, x2 (Yates corrected)=10.67 =0, 001
Gen 88 §fRech Brémey %PMO@T& 1:5mM24e¢13, OSmpib Teg DNAmob@esse,

OR =2.47, 95% _confidence limts 1.34.5, xx (Yates -
cort %&LI@CIQMI@I @nk0.90] %gelatin. The PCR cycle conditions were: An
injtial denaturation step at 95°C for 3 minutes, 35 cycles of PCR (denaturation at 92°C
| for 50 seconds, annealing at 66';0 for 48 seconds, and elongation at 72°C for 58
seconds) followed ‘by one cycle of elongation at 72°C for 5 minutes_. Four microlitre
aliquots of the PCR products were digested with 10 U restriction exizyme Sphl
(LifcTech) in the recommended buffer system at 37°C for five hours. Al digests were
analysed on 2 3% agarose gel. Direct sequencing was performed in three subjects
assigned the genotypes CC, CT or TT by the above method and confirmed that the latter
correctly identified the C and T alfeles. |
L4. MMP 12 promoter polymorphism genotyping
Genomic DNA was extracted from whole blood by the same methods described
-in example 3. Genotyping of the human macrophage da@e (MMP 12) A-82G
promoter polymorphism was performed by PCR (modified from méthods published by
Jormsjo 8 et al 2000, incorporated in its entirety hermn by reference) ﬁsing the primers
hmep1 (5'- AGA—'I‘AG—TCA-AGG—GAT—GAT-ATC—AGC—T -3') and hmep2 (5- GGC-
TIG-TAG-AGC-TGT-TCA-GGG -3). PCR amplification was performed in a PTC-100
thermo eycler (MJ Research, Inc.) in 25 pl reaction mix. The reaction mix was 50 ngof
genomic DNA. 50 ng of each primer, 20pM of dNTP, i.SmM MgCI2, 0.5 unit Tag
DNA. polymerase, 10mM Tris-HCI, 50mM KCI and 0.00l%gelatin. The PCR eycle
conditions wcre;: An initial denaturation step at 95°C for 2 minutes, 35 cycles of PCR
(denaturation at 92°C for 50 seconds, annealing at 66°C for 48 seconds, and elongation

at 72°C for 58 seconds) followed by one cycle of elongation at 72°C for 5 minutes. Four

- microlitre aliguots of the PCR products were digested with 10 U restriction enzyme



Table 2. MW 9 C- 1562T pronoter polynorphismallele
and genotype frequency in the COL'D patients and

bl ood donor controls, FrequencyAllhle*Genotype

CTCCCr TT COPD n=84 124 44 45 34 52

(99 (749 (2699 (539 (40% (799 Controls n=17830155 126 49
3 (1501.)(719% (2799 (2% * ndbber of chronobsones (2n)
1. Allele:. Tvs Cfor COPD vs controls, Odds ratio
(OR) =1.94, 95%confidence limts 1.2-3. 1, x2 (Yates
corrected)=7.9 1, p=0.004 2. Genotype: CIT/TT vs CC for

O (307604t Ecsfclcs 938 SYBLFOPE R LR, A g
I e o R i B S 950 AR
CONbsled EBERUBANA, L8 bFEE bR AR EucAGANY B irmed that the
latter cotrectly identified the A and G alleles
Genotypes were assigned by two investigators independently and blind to
phenofype (COPD and control) status. The differences in allele and genotype
frequencies wer-.:-, compared by 0dd’s ratio using Coﬁﬁeld 95% confidence limits,
Yates corrected 2-squared test with significance taken as p < 0.05.
LS. MMPI/MMPIMMPI2 promoter allele and genotype frequencies
Analysis of our genotyping data showed that Hardy Weinberg equilibrium
was met m both cohorts and that significant differences were found (summarised in
Tables 1, 2 and3).
Table 1. MMP1 1G/2G promoter polymorphism allele and gcnotype frequency in the COPD

patients and blood donor controls,

| Frequency Allele* ~ Genotype
| 16 | 2G 1GIG 162G 362G
.| COPD =84 67 101} 16 | 35 33°
%) %) | 0w | asw | @ (39%)
.[Controls =178 197 159 S6 | 8 | 37
(%) (55%) (45%) | (31%) (48%) (1%)

" * number of chromosomes (2n)

1. Ailele: 2G vs 1G for CQPD vs controls, Odds ratio (OR) =1.89, 95% confidence -
' limits 1,327, |
%* (Yates corrected)=10.67, p=0.001
Genotype: 2G2G vs 1G1G + 1G2G for COPD vs controls, Qk =247, 95%

confidence limits 1.3-4.5, ¥* (Yates corrected)=9.05, p=0.003



COPD n=84 151 11 67 17 0 (% (909 (1(% (80% (20% (00%
Controls n=178 286 70- 114 58 (30%
({)(80% (200% (640% (330/.) * nunber of chronosones
(2n) 3. Allele: Avs Gfor COPD vs controls, (Qdds
ratio (OR) =2.17, 95%confidence limts 1.8-2. 8,
(Yates (Yates correct ed) =6.88, p=0.009 2. Genotype: AA
vs AG GG for COPD vs controls, OR =2.21, 95%
confidence limts 1.2-4.3, 29 xz (Yates

L Lo I RIS
SRR WA et Y

of ~-CoPD—}-A—ease W

fre ﬁ“élﬁ"c’y and thé 202 Fenot ype frequerPNRer e

sirgniticantTy 1Tofe gy eviatr it [ BHE CT T
COEPD n=84 124 - 44! 45 34 51
%) - (74%) | (26%) (53%) (40%) (7%)
Controls n=178 301 55 126 49 3
(%) ' @5%) | (15%) (71%) (271%) (2%)

* number of chromaosomes (2n)1. Allele: T vs C for COPD vs controls, Odds ratio
(OR)=1.94, 95% confidenice limits 1.2-3. 1,
' (Yates corrected)=7.91, p=0,004
2. Genotype: CT/TT vs CC for COPD vs controls, OR =2.1, 95% confidence limits
2.2-3.7,
o (Yates corrected)=6.7, p=0.009.
Table 3. MMP 12 A-82G promoter polymorphism allele and genotype frequency in

the COPD patients and blood donor controls.

Freqnency " Allele* Genotype

A : G AA AG GG
COPDn=84 - 151 17 67 17 [
(%) {80%) {LO%%) (80%2) (20%) {0%)
Controls n=178 286 70 114 58 . 6
%) (80%) (20%) (64%) (33%) . (3%)

* number of chromosomes (2n)

3. Allele: A vs G for COPD vs controls, Odds ratio {(OR) =2.17, 95% confidence
: hmlts 1.8-2. §,

x* (Yétes cortected)=6.83, p=0.009

2. Genotype: AA vs AG/GG for COPD vs controls, OR =2.21, 95% confidence

himits 1.2-4.3,



COPD patients than in the healthy control popul ation
(60% vs 45% c) and 39% vs 21 % respectively).
Simlarly, in case of MW9 both the T allele frequency
and the CT/TT genotype frequencies were significantly
nore prevalent in the COPD.patients than in the
heal t hy control popul ati on 426% vs 15% and 47% vs 29%
respectively). Lastly, in case of MWP12 both the A
allele frequency and the AA genotype - frequency were
significantly nore prevalent in the COPT] patients

t han? yaidshefealdstie, p=0ant rol popul ation (90%vs 801/9
andq%gg/% Vs 64% jr espectively). 1.6 Genotyping the

al phal  upid JbVeRBlaIndcate RS g;ieo 1 'f@?gr? kh?@&?&&ﬂg B 1Cantbie

Y
was extracted from whol e as pr évi ous

exanpys ATHe Rbdbal Isoﬂ%drﬁﬂééﬁgia}{_lﬁ%ép ez}-ﬁgﬂy]candidate loci for

pol ynor phi sm was det'erm ne ow ng mnet hods
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Op Midspee¥eng)! Sindldy, i YRE SEVBPD K8 $he TARE LNEES ankrd ™
Tris-HCL (pH 8.4), 50 MM KC1, 1.5 nM MyC1l2 and | unit

of Taw/ IOl tPsctFcQuents i GighifitR Sy %Eeﬁaréﬁ&ﬂﬁﬁtﬂemﬂzlﬁﬁen%
nun at 95C followed by 35 cycles of 45s at 94C, 40s

at fdiinahchedisy dbtrol 36pultion (Z6% VsN3k. w4 av % vo L% rdspdcitelP!
72C. 4Wof PCR products (205bp) were visualised by

ul t Lasty,dh edse b MNIP12 bbth ticnasliefregfiendy dndi06 AL aERTHe gel
stained with ethidiumbrom de. The remai nder of the

PCr frgmeshy ctere/sdimifitaglysh@e pRQalénd in te COPD puMidnts thhQ inhé h&lthy
of Tag 1 restriction enzyne (Roche Di agnostics, New

Ze atcatvdl)popislated (209D oR84 el 0o idYegespedtieelgepar at ed on a
2% agarose gel ran for 2.5 brs at 80 V with TBE

buf L.ér . GenetR@Reuipdal-antitomein 3etequiymdimdpidss205 bp) in

the presence of thet (nutant) allele or was cut in
t 0 bandsCapmkdINA paaerdra?tsd bpn viole bipod py bsthapeviols the T
(w;xgmtlgs?e ez?llllza?-l efi sin 3 Taq 1 polymorphism was determined by the
p. phal-antitryp aq 1 polymorphism was determined by
' f;J]Iowing methods using previously published primers (Sandford AJ, et al 1.997b).
The PCR oligomucleotide primers were 5’-CTA-CCA-GGA-ATG-GCC-TTG-TCC-
3 (forward primer) and 5*-CTC TCA GGT CTG TGT TCA TCC-3" (reverse
primer): The PCR reaction was carried out in a total volume of 25ul and contained 50
ng genomic DNA, 10pmol forward and reverse primers, 100mM dNTPs, 10 mM
Tris-HCL (pH 8.4), 50 mM KCl, 1.5 mM MgCl, and 1 unit of Taq polymerase.
- Cycling times were incubations for 2 min at 95°C followed by 35 cycles of 455-:;t
+ 94°C, 40s at 62°C and 45s at 72°C with a final @cle of 5 mins at '72°C. 4ul of PCR
products (205bp) were visnalised by ultraviolet trans-illumination of a 1.5% agarose

gel stained with ethidium bromide. The remainder of the PCr product was digested



1.7. CGenotyping the glutathione S-transferase (GST)M
nul I pol ynorphism Genom ¢ DNA was extracted from
whol e bl ood as for the previous exanples. The

gl ut at hi one S-transferase (GST)ML nul |l del etion

pol ynor phi smwas determ ned by the follow ng nethods
usi ng previously published $?irers (Cantlay AM et
al . 1994). The PCR oligonucl eotide priners were
(5'-CTG CCC-TAC- TTG ATT- GAT GG -3' ;

AT R R R %ﬂ SR o oo
cor it Bre Dy Froaait yenipea ST AR 24T ok
IL:M%‘O#W%% byF RS iy %ac?rgame%wiﬁ%mﬂw |
asaPtabis el Bt Ul G ua p 4B (e o
m?ﬂé&\% s%gfhﬂgre(gﬁgypeufatlf%vrglcet te):rjingfl IPICSmpLgS:JgLSof a
or Oiier S¥itthe s Byl & a1 %{f;%fiiereﬂfrgavﬁew
f I
ol ormal SRR 1?%%‘%%%%%%@% @&%@8@5@% B rifiond 275
dgl eti‘on. @a%w %I%qﬁ{f ant’l ?Y)ypy n n%%was
%%%%@P% é‘“‘ﬁ‘“ﬁ’ﬁ i con%“%%?%%uenk%ﬂay
(1 ES ST R BOR oblaicllo- Bk SRt RN E SRR T
E gﬁ?ﬁl( BANES I LeneP - PO R TET RHELAE-3Qhd STFRAPERIES

ATT-GTA-GCA-GAT-CA-3"). The PCR reaction was carried out in a total volume

of 25ul and contained 50 ng genomic DNA, 50 ng of each primer; 20uM dNTPs, 10
mM Tris-HCL (pH 8.4), 50 mM KCl, 1.5 mM MgCl, and 0.5 unit of Tag
polymerase. Cycling times were incubations for 3 min at 95°C followed by 35 cycles
OF 45 at 94°C, 48s at S6°C and 48s at 72°C with a final elongation for 3 mins at 72°C.
~ 6ul of PCR products were visualised by ultraviolet trans-illumination of a 2%
agarose gel stained with ethidium bromidq:i The PCR products were a 202 lbp band
(GSTM4 internal control for amplification) and_either a 275 bp band for a normal
GSTM1 (homozygote or heterozygote) or no 275 bp band indicating homozygosity
for the GSTM1 null deletion.
Table 4. Alphl-antitrypsin 3° prime Tagq 1 quymori:hism allele and genotype

frequency in the COPD patients and biood donor controls.

Frequency Allele* Genotype




4. '"Allele: t vs T for COPD vs controls, Odds ratio
(OR) =3.76, 95% confidence |imts 1.6-8.8, x? (Yates
corrected=11. 27, p=0.0008 2. Genotype: Tt / t t vs TT
f or COPDv s controls, OR =11.98, 95% confidence
limts 1:7-10.0, x2 (Yates corrected)=11.98,

p=0. 0005. Table 5. GSTM pot¥ynorphismallele and
genotype frequency in the COPD patients and bl ood
donor controls. Frequency COPD n=84 N n (0/0) Controls
X"178 (99 29 (35% 103 (58% n vs N in COPD conpared
tofcontrols ORFZ. 6, P CT t1.3-4BF JZ (At e m
corfrect ed) =11. 52, p=0. 0007. Aljt hough this pol ynor phi sn

i s [Icosms #B4 N a TIEGIsy Fongal N1 Nggg eguT at (g y 0
el gnents, in vitrjo stud ye failed to shoy an

es ha
i ¥ ant functi on&9%f { dE1%X o) s | J@H&Y i ¢ vEant
( SFLREEneT7gal . [1954H) - | FOI] (e Gy M [Mutylion, Wg

fodnd a frequency of 4R%.in ¢ontrolsfand 65%fn our
cordPat i ent s. 39 ©7%) | (3%) (94%) (6%) (0%)

* number of chromosomes (2n)

-

_ 4. Allele: t vs T for COPD vs controls, Odds ratio {OR} =3.76, 95% confidence
limits 1.6-8. §,
x? (Yates corrected)=11.27, p=0.0008 -
2. Genotype: Tt /it vs TT for COPD vs controls, OR =11.98, 95% confidence limits
1.7-10.0,
«% (Yates comected)=11.98, p=0.0005. |

Table 5. GSTM1 polymorphism allele and genotype frequency in the COPD patients

and blood donor controls.
Frequency

N n
COPD =84 29 55
(%) -~ (35%) " (65%)
Controls n=178 103 75
(%) C(8%) | (42%)

"1 vs N in COPD compared to controls OR=2.6, 95% CI 1.5-4.6,
f (Yates corrected)=11.52, p=0.0007.
Although this polymorphism is located in a region containing regulatory
¢lements, in vitro studies have failed o show an important functional effect from this
genetic vaziant (Sandford et al. 1997). For the GSTM]1 mutation, we found a

frequency of 42% in controls and 65% in our COPD patients.



When the conbi ned effect of these genetic variants
were assessed in a logistic equation (QOdds ratio
esti mates) which assuned sinmlar frequencies in

heal thy snokers as our controls, it estimted that
about 42% (95% 0=31-56% of the tendency to COPD
coul d be expl ai ned |ndepend%21tly by each of the five
genetic variants. \Wen exani ned graphically, the

per cent age of people with COPD plotted agai nst the
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of interest that tunour necrosis factor-a
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CI garette snD e (and inplicated in
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sequence OF Ets I‘ anscrl pt i on
As stated above, the COPD cohort used in the present studies islikelytobea

zu

heterogencous group of patients with varying severity of emphysema ds part of their
C_OPD_. We propose that ope and/or a co_mbinat_i@n 6f tl;e MMP 1 2G allele and/or
MMP9 T allele a.ﬁd/or MMP12 A allele, exert their effect on the devalopﬁlent of
COPD through ov.er-expfession of the relevant matrix metalloproteinase and
subsequent development of emphysema. Howévcr, it is not clear how the
inflammatory stimulus of chronic cigaretie exposure results in MMP over-
gxprdesion. In this regard it is of interest that tumour necrosis factor-o (TNF-&), an
inflammatory cytokine released in response to cigarette smoke (and il;;lplicated in .

COPD remodeling), has been shown to bind to the core sequeﬁce of Ets transcription



factor binding site (von der Ahe et at., 1993). Wile
not wi shing to be bound by any particular nechani sm
of action, it is noted that the above pol ynor phi sns
are associated (found near to or generate) Ets
transcription binding sites_which may enhance
responsi veness to inflannat%?y stimuli such as TNF-a
renderi ng those snokers at risk of devel opi ng
enphysena. Exanple 2. Expanded Study. The prelimnary
assessnent of MW 1, 9 and 12 pronoter pol ynorphi snms
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mﬁtﬁh%%$§£Fc ob§r¥ ctiv ﬂ%ﬁﬂ%onary di sease (COPD)

Ver gzh 64l t g4 &g@g@hﬂﬁ;sources. The first group were
Pe W t

patientsS admt an exacerbation of .their COPD
and who t 2 | MPeld 2 :

years ofgﬁgﬁ ?§g9§%§@?§%%§ synﬁi%ﬁé %ﬁg@%g?ﬁ?e Shess
af t Qindftc YRR sREepBBity to RRWCRIJpRIRCH COPP degtfcgfo%ed’%L 4Ime

in one second (FEV 1) "as a percentage of predicte
<70%cant bRadeEMudy BMGRddRY igého(yﬁ% 6LGnBAN ﬁ@}ﬁ&rgmm o4 e
in one second/ Forced vita capacity) of’ < 70%

(e aguR SO A I bided Thil BRERGECAeS0R18d Mv&ﬁ%&t@&ﬁe@)&r both
One . hundred and el even subjects were recruifed, of

t hegRiRBNE §1ﬁcé}5&iﬁﬁty W%ﬁﬁh debived frdaYis(subset of genes.

interquartile range was 44% (37-50), nedi an
FEVE. 13%bfct rt@hiAeage of predicted was 32 (24-47).
Medi an age and pack year history was 73 yrs (66-77)
and 43 pEsjecty 6EESofcadddnt whe SREGIokME] MininTle o SR shek
group recruited were 34 patients referred with
b:r e adak a[as 8REHSed ty aph§He ST wigldhbakid dbtuctld filiBondhyQliseabt er
clinica

(COPD) were recruited from two sources. The first group were patients admitted

with an exacerbation of their COPD and who met the following criteria: were over
50 Lyears old and had devéloped symptoms of breathlessness after 40 yeﬁrs of age,
ha:td a Forced expiratory volume in one second (F E\('i) as a percentage of predicted
<70% and a FEV1/FVC? ratio (Forced expiratory volame in one second/Forced vital
capacity) of < 70% (nieasured using American Thoracic Society criteria). One
hundred and eleven subjects were recruited, of these 58% were male, the median
FEV1/FVC (& interquattile range (IRQ)) was 44% (37-50), median FEVi asa
percentage of predicted was 32 (24-47). Median age and pack year history was 73 yrs

(66—77) and 43 pack years (30-57) respectively. The second group recruited were



and spironetric assessnent, were di agnosed as havi ng
COPD (by a chest physician) and who net the foll ow ng
criteria: were |ess than 65 years old and had .
devel.-oped synptons of breathl essness after 40 years
of age, had a Forced expiratory volune in one second
(FEVI) as a percentage of pthedicted <70% and a

FEV1/ FVC3 ratio (Forced expiratory volune in one
second/ Forced vital capacity) of< 70% (neasured using
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- ( OFRuronic obstructive lung disease. This control group was recruited through clubs

for the elderly and consisted of 58% male, the median FEV1/FVC ( £ IQR) was

82% (76-88), median FEV1 as a percentage of predicted was 94 (87-101). Median
age and pack year history was 52 yrs (46-61) and 38 pack years (25-59) respectively.
~We also recruited 178 European blooﬁ donors {smoking stafus uoknown) were
recruited consecutively through local blood donor services, Fifty-five percent were

men and their median age was 45 years.




patients) may reflect a protective role. Sunmary of
characterisdcsfor the COPD (hos ,p), COPD (clinic) and
reAsunt snokers. P ranmeter COPD, n=11.1-COPD, n=61
Resi st=4 n--85 a Hosp. adm ssionQutpatient

clm cHeal thy snokers Median (7QR) %ral e43%%8?10 Age
61rs) 73(66-77) 58(53-62) . 52(4b- 61) '

Packyear s43(30-57) 4] (31-52)38(25-59) FE Vt
(L)O.76(0.55-1.6)0.93 (0.65-1.2)2.8 (2.5-3.3) FEV,

%or edi ct ed32% 24- 47) 37% (24-47) 94% (87- 101)

FEVI | FVG#( 844/39) Briphihis BEhd i ;

" Trititsform ngygrQ oﬂmﬁggto %ﬁﬁ“%%@%’é‘fﬁ'@%ﬁﬁ”ﬁyp |Cg r%)e

01 Yol oilipdeRN BhroR MBI Ci iR leAdubo bt i, bI 00

sanples (Maniatisy., Fritsch, E. F. an rook, J.,

VD! @evHichinefd of BhgafedRRt Bhetioh %@Pﬂhﬁﬂlﬁ E%J,ym‘a&ﬂﬁﬂls }[%P

pol yrnor pbi sm was determ ned by m nor I'cat’i ons

a pﬁx?gibeﬂéis'&eguen@{ﬂ ldsRRBOTIRED 0o M Shs&@btitdl smolkkRIBOPD
incorporated in its entirety hérein by reference)).
The phifehtsPink ﬂé@iﬁ@kmrﬂg_i mers were 5'-ACC ACA CCA
GAA ATG TTC GC-3' (forward prinmer) and 5' - AGI AGC CAC
ACCstdstlnalYIf chihctdristics for the COPD (hosp), COPD (clinic) and resistant

smokers.

Parameter COPD, n=111 COPD, n=61 Resistant, r;"'—=85
Mediarn (TIOR) Hosp. admission Outpatient clinic Héalthy smokers”
Vomale 38% - 13% 58%

Age (yrs) 73 (66-77) 58 (33-62) 52 (46-61)

Pack years 43 (30-57) 41 (31-52) .38 (25-59)

FEV (L) 0.76(0.55-1.6} 0.93 (0.65-1.2) 2.8(2.5-3.3)
FEV; % predicted | 32% (24-47) 37% (24-47) 94% (87-101)
FEV/FVC 44 (37-50) 44 (38-53} 82 (76-86)

2.2, Transforming growth factor B (TGFf) codon 10 polymorphism genotyping.

Genomic DNA was extracted from whole blood samples (Maniatis,T.,

Fritsch, E. F. and Sambrook, I., Molecular Cloning Manual. 1989), The (TGFp)

 codon 10 polymorphism was determined by minor modifications of a l:ireviously

i)ublisheci method (Syrris et al., 1998, incorporated in its éntirety herein by

A reference)). The PCR oligonucleotide primers were 5°-ACC ACA CCA GAA ATG

TTC GC-3” (forward primer) and 5’-AGT AGC CAC AGC GGT AGC AGC TGC -

3’ (reverse primer). The PCR reaction was carried out in a total volume of 25ul and




3" (reverse prinmer). The, PCR reaction was carried out
in a total volune of 25ul and 36 contai ned 20 ng
genom c-DNA, 500pnol forward and reverse priners,
0.2nM dNTPs, 10 nM Tris-HCL (pH 8.4), 150 mM KC1, 1. 0
mM MgCl z and 1 unit of Tact polynerase (Life

Technol ogi es). Cycling ti me3®were incubations for 3
wins at 95C followed by 33 cycles of 50s at 94C, 60s
at S6C and 60s at 72C. A final elongation of 10 wins
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confimmed _that the latter correctly identified the absence or presence of the L or P

alleles,

| 2.3, Superoxide dismutase 3 (SOD3) C+760G (Arg213 Gly) polymorphism
genotyping.

| Genomic DNA was extracted fom whole blood samples (Maniatis,T.,

Fritsch, E. F. and Sambrook, ., Molecular Cloning Manual, 1989). The SOD 3
C+760G polymorphism was determined by minor modifications of a previously
published method (Ukkola et al., 2001, incorporated in its entirety herein by
reference)). The PCR oligonucleotide primers were 5'-GCA ACC AGG CCA GCG
TGGAGAACGGGA A ~'3’ (fofward primer) and 5°-CCA GAG GAG AAG CTC

AAA GGC AGA -3’ (reverse primer). The PCR reaction was carried out in a total



AAA GCC AGA -3' (reverse prinmer). The PCR reaction was
carried out in a total 37 volune of 25ul and contai ned
175 ng genom c DNA, | mmol forward and reverse

primers, 0.1nM dNTPs, 10 mM Tris-HCL (pH 8.4), 150 nM
KC1,1.0 MM MgCl 2 and 0.5 unit- of Tag pol ynerase (Life
Technol ogi es). Cycling time3’were incubations for 3
rains at 95C followed by 33 cycles of 50s at 94C, 60s
at 66C and 60s at 72C. A final elongation of 10 mns
at 72C then foll owed. 4ul of PCR products were
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(Maniatis, T., Fritsch, E. F. and Sambrook,™I.,

VDI @6rd hvidtialisddighiing a Voaby ddder A3RY presth® of C1B21E (oA @PhEle
pronot er pol ynor phi smwas deternined by mnor.

NDdfhé podidt SiBSofQD1 Fb wid 1@Vt OtSh ¥hePpriatics bEde WRA-BRE Arg 213(0r
(Beranek., 2000, incorporated in its entirety herein
by CyakRueneatis AR tPCBakdk i fotRRatihEwad e B8 iVEres
5' - CAA AGC AGA ATC AAG ATG TCA AT -3' (forward

- pr i sibjedts adigndt the GEmtiHet CTAAI CGAhyARF sboe mAkId and 3onfirmed that
(reverse prinmer). The PCR reaction was carried out in
a tthé hittencolrertipidefitifidl tHe absedes or presence of the C of G alleles.

2.4. Tissue inhibitor of metalloproteinase 3 (TIMP 3) T-1296C promoter
polymorphism genotyping

Genomic DNA was extrac‘:ted i_itmi whole blood samples (Maniatis,T.,
Fritsch, E. F. and Sambrook, J., Molecular Cloning Manual. 1989). The TIMP 3 T-
1296C promoter polymorphism was determined by minor modifications of a
previously published method (Beranek., 2000, incorporated in its entirety herein by -
reference)). The PCR oligonucleotide pximerg were 5'-CAA AGC AGA ATC AAG
ATG TCA AT -3’ (forward primer) and 5'-CTG GGT TAA GCA ACA CAA AGC -
3’ (zeverse primer). The PCR reaction was carried out in a total volume of 25ul and

contained 1 ug genomic DNA, 10 pmél forward and reverse primers, 0.2mM dNTPs,



contained | ug genornic DNA, 10 pnol forward and

reverse prinmers, 0.2mM dNTPs, 38 10 nM Tris-HCL (pH

8.4), 50 nMKC1, 1.5 mM MgCl1l2 and 0.7 unit of Tact

pol yrnerase (Life Technologies). Cycling tinmes were

i ncubations for 5 mns at 95C followed by 30 cycles

of 30s at--95C, 60s at 61C and 30s at 72C, A final

el ongation of 10 mns at 72C then foll owed. 4ul of

PCR products were visualised by ultraviol et

trans-illumnation of a 3% agarose gel stained with

et hil AP THE-BnldBH 8 Ah 53 K61 Tox mM Mg angf0.7 unit of Tag

anplification product was digested overnight with 5

uni PAYBErayg (e ?F@@E‘P’l%gie%i %@\%@%Q‘I@mb@m fan8mingtat 95°C

37C_ . Di ted oduct s 21 bp)vwere separated on a i

3 Sl oS opBle” PAAE PTG b R ot G 56+ 70k A Emsiongation
“buffer. Using ultraviolet transillumnation after
ot hPY LI B s then Bllawed. ] of PR Pdectuers vialised by wltraviolet
[ [ [ . Inth f

! hotpedlBaloinEs Siogeupsetal s St bonbie. $5aiDar of

and_ 3: ile in the presence.. of the Callele the

di géé‘\% Dﬁagm@c%@ﬂ@mz‘ was Jigestedgyemighivitiy w&ﬁa%AluﬁRpgi@t

sequenci ng was rfor in three subjects assigne

t hg ﬁwggpggwﬁﬁﬁ“ﬁ&tgﬁg?- c%gﬁ?dtpﬁﬁ%@%bmﬁiﬁé@a@ﬁé ona

confiymed that the.latter orrect]y identified the

abs%ﬁ‘réea%‘?s%ﬁﬁt%%é‘ogﬁﬂ it "01‘“8%1@@ %{yff%l%gls Hslehed

Resul t s _of the COPT). geneti.c assocjation study.

(suﬁaf'f"ﬁ P?g'_&&?naarﬂe%e%‘)fmﬁ’%ﬁ%mlgﬁﬂﬁ‘ﬁ’rng "@’ﬁ'ﬁ\ﬁﬁ’n’l‘?ﬁuﬂi&'ﬁ@ es

3,4 w. 1 hat .t he MWP | . el.el AA genot ype

! gl stPRdd B ok B e orthe PultdmEntel GalSia M.
1 . egi-Qn)..and GSTM ( L), not: are

i o128, 6 33 = e B0 e el h e il @%ﬁg@%%?wl s

conpar e 1 O r@l.s. The conparisons,.shown-i.n. Tahl e

TOTIRS! 8 a5k Bl peh Sl VT A-BR0R A PR G e

e - tety),. P al l.el.e/ PP __.genat ype

(s e 1 SrRbP CP R o by oy God oo e
enat - LgnLfd.gantly increase

o Pkt ihenkiz e B ORPL A R B YU AR Y "orD

P até’ﬂﬂi’t?ed lfegll‘sl}’_%% Wgenetﬂ: association study. (summarised table 9)

The comparisons shown in Tables 3,4 and 5 show that the MMP 12 A

alle_l_g_:JAA genotype (j82 promoter), a1-antitrysin t allele/T/tt genotype (1237 3°
region) and GSTMI nn {null) genotype are signiﬁcantly increased m frequency in
CQPD patients compared to controls. The comparisons shown in Tab_les 1,6,7and 8
- show that the MMP 1 2G allele/2G2G genotype (-1607 promoter), P allcle/PP
genotype (codon 10), G allele/CG genotype (+760 exonic) and TT genotype (-1296 '
promoter) are significantly increased in frequency in resistant smokers compared to

COPD patients.



39 Table in, Data MWI 1GL2G (4607) pronoter

pol ynor phi sm al |l el e and genotype frequency in the

COPD patients, resistant snokers and bl ood donor
controls G oup N=genotypedAllele frequencies (%
*Genotype frequencies(9% |1 &RA GG &XR&EZ&AZG Snokers COPD
(hospital )1001182648' 35 N=109

(111) (45% (55% (24% (44% (32% COPD (clinic)' FCTNZO2/00106
447212.2026 NS (3899 % . (21 % (349 (45% 8 (61)(662.
7Q- ~". Il~iu ,~vin a:/39% Controls _197159..

. 56. iz /8 (178) X55% 454(31 % (48% (21 % nunber
of %ﬁ%s (2n) .Table Ib. Analysis If W |1Gl2G

(16Q4kp s ' i .
R R e S R e L T

F T e GlRRIPIE Suriels, T\ Bt bt SRS dn2Bioda dbifss eorheiUR

Group N=genatypeﬁ Allele frequencies (%)™ Genotype frequencies(%)

G 2G 1GI1G 1G2G 262G
Smokers
COPD (hospital) 00 | 118 26 3 35
N=109 (111} (45%) (55%) (24%) (44%) (32%)
COFD (clinic) 7] 72 12 20 26
N=358 (61) (38%) (62%%) . (21%) {34%) {45%)

=

.‘"

Comtrols © = : . | 197 --| . 159 . ¢ 56- .| 8. .| 37
Rf7Sa79 1| pe | ey 3 613 | s | 1w

o number of chromosomes (2n)

Table 15, Analysis
MMPI IG/2G (-1607) promoter polymorphism 2x2 contingency table statistics

comparing the allele and genotype frequencies in the COPD patients, resistant

smokers and blood dovior controls.

Groups | Allclefgenotye | OR | 93% Cifor OR | 72 -0 | P 72 Yates | P
v IG Resist vs 193 1.27-2.93 10.53 0.061 2.95 0.001
total COPD '

202G vs Resist vs 248 | 1.41-4.39 1132 - | 00008.)10.48 |[0.001

162GAGIC | total cOPD

OR = odd'’s retio, 95% CI = 95% confidence interval
X2 ~M-H = 32 Mantel-Haenszel, 2 Yates = y2 Yates corrected



snokers and bl ood donor controls.

G oupsAl | el el genotyeOROS% C for ORX2 _NMHPX2 YatesP 2G
vs t@Resist vs 1,931.27-2.9310. 530. 0019. 950. 001 t ot al
COPD 202G vs Resi st vs :
2.481.41.4.3911. 320..0008..10.480.001 1(72F 14 G ot al
COPD OR = odd's ratio, 95% Cl = 95% confi dence
interval X2 --MH = g2 Mant e?Haensxel, x2 Yates =X2
Yates corrected 40 Tabl e Z%Data MVP9

Cflggg;‘l'%a%otsagolcgggr plr1| smal | eI e and genotype

donor ¢ on? e FoL molqégse”h I?e @F‘F‘&P e§"f'eﬂ%e(ﬁ'ﬁ-‘é’ﬁ'cf%es

o AR ARSI i ST SToRTS PO

(111) (869 (149% (73% (25% (29% COPD (cli ni c) 981840180
N=58 (61) (849 (696) (31 % (0% ;M\, W

Group N=genotyped | Allele frequencies (%)* Genotype frequencies(%)

C T cC CT T
Smokers
COPD (hospital) 185 31 79 "27 2
N=108 (111) (36%) (14%) (73%) @25%) | (2%
COPD (clinic) 98 40 18 0
N=58 (61) 8499 - (69%) (31%) %)

| _:'Eo g—%s@? e gt ses = ‘-~':_-__-' 3 .7 = e

Controls . L {..300_ | 3. | 126 | 49 | 3

N=178 as E5%. LI | 1. L e | @R

number of chromosomes (Zn)

Table 2b, Anal]m,g'_
MMF? C-1562T promoter polymorphism 2x2 contingency table statistics
comparing the allele and genotype frequencies in the COPD patients, resistant

smokers and bload dornor controls.

No significant differences observed



Cont rol s30155126493 - N a78 (178)05 -. (45% (71% .
~"(27% (29 : nunber of chronobsones (2n) Table 2b.
Anal ysis 111 MP9 C-1562T pronot er pol ynor phi sm 2x2
contingency table statistics conparing the allele and
genotype frequencies in the COPD patients, resistant
snokers and bl ood donor control x No sign ant

di fferences observed 41 Table 3a. Data 11P 12 A-82G
pronot er pol ynorphism allele and genotype frequency in
the. CORD patients, resist aﬁﬁ snokers anti bl ood donor

coq{,g;gbépag oup N genotypedAllele frequencies ((/0)

SBDIP VDR IR SR ul RGeS opR s B

( hOSpI t aI ) 19
%M%&L@ﬁ&k@é%;&@?&d E&H?;Pc.{,&#orsm c) 901638 }141

N:53 )(8 W(1 SU(720/)(26% (2% ~ ?~~~~~~

Graup N=genotyped | Allele frequencies (%6)* Genarype ﬁequenczes(’if’ )
1 G A 16 GG

Smokers - .
COPD (hospital) i90 26 82 26 o
N=108 (111) (858%5) (1298 (75%) {25%) (0%%)
COPD (clinic) o0 16 38 14 I

| N=53 (61) (35%) _ (15/)

772 P R
(64%) (339 " 3%

T8 | 0.

‘Coiztrolé -7 - *
N1z [ i 0%
o number of chromosomes {2n)

(05’

Table 3b. Analysis

MMP 12 A-82G promoter polymorphism 2x2 contingency table statistics
comparing the allele and genotype frequencies in the COPD patienits, resistant

smokers and blood donor controls.

Groups Allelelgenotye | OR 93% Clfor OR | y2~-M-H | P 22 Tates | P

AwG Totdl COPD | 160 | 1.04-2.47 4.99 0.03 4.55 0.03
¥s controls

AdvidG | Total COPD | 160 | 0.98-2.63 3.96 ‘_0.05 3.52 0.06
Vs controls |

) OR = add’s ratio, 95% CI = 95% confidence interval

X2 —M-H = 32 Mantel-Huaenszel, 32 Yates = 32 Yales corrected




r.-../\ - —~— [ ~~~

~ . ~ - . asap -. ~ . ~.,r , _ _ Ao
Coi &0l s-286 -.70 - 114=-, 58,6 .N=178 ;(178)(80% (20%
(S49% (3399 3/) -nunber of chronosones (2n) Table A
Anal ysis MWP 12 A-82G pronoter pol ynorphi sm 2x2 .
contingency table statistics conparing the allele and
genotype frequencies in the COPD .patients, resistant
snokers and bl ood donor control s:

42

N

Yable 4a. Data
Alphl-antitrypsin 3° (1237) Tag 1 polymorphism allele and genotype frequency in

the COPD patients, resistant smokers and blood donor controls

Group N=genquped Allele frequencies (%6)* Genotype frequencies(%4)
T 0 T Tt p”
Smokers
COPD (hospital) 197 25 87 %3 I,
N=111(111) (59%) (11%) (78%) 21%; (1%)
COPD (clinic) 111 11 52 7 2
N=6 (61) (91%) (12%) (3%)
DELCOED: Bl =
W ) e A
T e Brweaa
8 T3 ; 7] 0;
Controls T 345 w17 | Ir oy 0
N=178 (178) 0% 6%, | 0 | 6%, | 0%

¢ number of chromosomes (2n)

Table 4b. Analpsis

Alphl-antitrypsin 3° (1237) Taq 1 polymorphism 2x2 contingency table statistics
comparing the allele and genotype frequencies in the COPD patients, resiétant

smakeré and blood donor controls,

Groups Allele/genotye | OR 95% CLfor C-‘R 2-MH P | 22 Yatés | P

T COPD fio) | 398 | 13852 | 1565 G008 | 135 | 000z
vs conirols | |

Tt wsIT | COPD (hosp) | 4.19 1.86-9.60 15.26 0.00009 | 13.90 0.0002
vs controls

tuf COPD total 3.67 1.76-7.79 13.17 0.0001 | 14.04 0.0002




G oups, wel el genOyeOR95% CI for OR2 --MHPZ2 YatesP A
COPD 1.601. 04-2.474.990. 034. 550. 03 vs
COPD
1.60"0..98-2.633.960.053.520.06 vs controls L OR =

VS

control s AA VSAGTot al

odd's rati o,

X2

GTlot al

Mant el

95% Cl
Haenszel ,

Tabl e 44. Data Apphl
pol ynor phi sm al l el e and gen#3ype frequency in

COPD patients,

= 95% confi dence I nterval
g2 Yates ~ x2 Yates corrected 42
-antitrypsia 3

(1237) Taq |

t he

resi stant snokers and bl ood donor

X2 -VMH =

Tal
'

1 4.
' 7307

A 1
AI'rAal

comtT o sy rmpRET P chronosones—{2m)
sig$ Alphljantitrypsin 3 (1237) Taq | poliynor phi sm 2x2
contrtmmyencyora®ise) 8.6t | JUisEB89 conpat4zng i nevoal Tlab.e and.coos
genotype frequenci es injthe COPD patients, resilstant:
smpkers ah¥eB¥®dd donor |control s.
G W’Eﬁ VeI L Fr M Ggds YEE ST 1 ag0as
V$| TGOPD w@% B 01s oh : '
"0 00008141;52@:@029007 vs dontrols Tift vs?]' COPD (hosp)
4.191_84-9 6015 260 0000913900 0002 vs _¢ontrolis
tvsT COPD (hosp) | 201 | 0.89-4.62 3.29 0.67 2.62 0.10
Vs resistant
WuwIT | COPD (hosp) | 2.04 | 0.36-4.92 312 0.08 2.50 0.11
Vs resistant

OR = 0dd’s rativ, 95% CI = 95% confidence interval
42— M-H = y2 Mantel-Haenszel, 32 Yates = 2 Yates corrected

Zable Sa. D
GS’TMI null po[ymrph:sm allele and genotype frequency in the C’OPD paaents, res:stant

smaokers and blood donor controls.

Group N=genotyped

NN/Nr nn
Smokers
COPD (hospital) 46 64
N=110 (111) (429%) (58%)
‘COPD (clinic) 28 28
N=5§ (61) (50%) (50%)

703,

Controls 2.75
| N=178 (178) 8% | 2% '

*number of chromosomes (2n)



lvs TCOP13 total 3.671. 76-7. 7915. 170. 000114. 040. 0002 4
3 vs controls 7r vsCOPD

(hose) 3. 69L68- 7. 8913. 420. 000212. 310. 0005 vs control s
Tr vs 7TCOD (hasp) 3.691. 68-7.8913. 420. 000212. 310. 0005
vs controls tvs TCOPD

(hasp) 2. 010. 89-4. 623. 290. 071. 620. 10 vs resistant 7" vs
“77COPD (hasp) 2. 040. 86-4. 923. 120. 082.500.11 VS
resistant OR = odd's ratio, 4 95% C = 95% confi dence

intzgéa! 22 -1rl-H - x2 Nhn teI Hae nszel Z2 Yates =X2
Yat d Table Sa. Data GSTM | nul | :

Bg't SRRt 2R L IR el il HolEPare.

: Brodpaf emaﬁ.si aﬁm m,tem&,&mﬂ 7k 652 81508 Dol Qusrot
(42? 43 e s oo ‘ moreoniro
"} Groups Ailele/genotye | OR 95%ClforOR | y2-M-H [P - x2 Yates | P
[ v BBV | Total COPD | 1.71 | 1.09-2.68 6.05 0.01 |555 |0.02
vs controls
mivs NN | COFD (hosp) | 1.9] | 1.15-3.19 6.99 0.008 638 o001
- vs controls
N | COFD (o) | 1.64 | 089303 290|609 |44 |62
vs Mistant o '

= odd’s ratio, 95% CI = 95% confidence interval
X2~ M-H = y2 Mantel-Haenszel, 32 Yates = y2 Yates corrected

Zable 6a. Data
TGFf exonic T—C (codon 10) polymorphism allele and genotype freguency in the COPD

patients, resistant smokers and blood donor controls.

Group N=genotyped Allgle Jrequencies (%)% |  Genotype frequencies(%)

- P L PP PrL . LL-
Smokers ) oo
COPD (hospital) 40 | 72 4 32 20
N=36 (1] 1) . {36%) {64%) (7%} {37%) (3674
COPD (clinic) 38 8z 3 28 27
N=60 (61) (32%) (68%) 3% | @ | @#5%

Controls i T 155 | 26 - T, A

N—M? awg 5% |5 s | (e (szﬁ i

number of chromosomes (2n)



64 (58% 28 (50% 'nunber of chronosones (2n) 44
Tabl e 5b. Anal GSTM nul || pol ynor phi sm 2x2 conti ngency
tabl e statistics conparing the allele and. genotype
frequencies in the COPD patients, resistant snokers
and bl ood donor controls. G oupsAllel el genot yeORIS%
Cfor ORx2 -MHPX2 YatesP nmr vs | VWANNTot al

COPD1. 711. 09- 2. 686. 050. 015. 550. 02 vs control s Kam COPD
(hosp) 1. 911. 15- 3. 196. 990. 0086. 380. 01 vs control s NCOPD
(hosp) 1. 640. 89- 3. 032. 900. 092. 440.-12 vs resistant OR =
odd's ratio, 95% Cl = 95% confidence interval x2--MH
- X2 Mantel - Haenszel, x2 Yates = x2 Yates corrected
Tab[Tebl&sh. Dadbais TG 1 exonic T-9C (codan 10)

pol ynor phi sm al | el e and genotype frequency in the COPD
pat TEHF exonic TsHScaion 103 pableer shisaxdl2 bintegin gt erhle statstot comparing
nunber of chronosones (2n) 45 Tabl e 6b, Analysis

TGFfAe e5eraed genotyee fegiseicies in Gy CRBP yetisntpmisistenispkers and blood
conéﬁn enc% table statistics conparing the allele and
oy

gen quencies in the COPD patients, resistant
snmokers and bl ood , :
"t Groups Allelefgenctye | OR 95% CIjor OR | y2~M-H P. 12 Yates | P
Pl Resistanzvs | 1.58 | 1.01-2.48 451 0.03 |407 |0.04
_ COPD (total)
PPV PLEL | Resistantvs | .82 | 1.07-7.58 | 5.44 6.0z 445 | 0.03
COPDftotal) ' '

OR = odd’s ratio, 95% CI = 95% confidence interval
22~ M-H += y2 Mantel-Huenszel, 2 Yates = 32 Yates corrected

Tablé 7a. Data - o
SOD3 C+760G (Arg213Gly) exonic polymorphism ollele and genotype frequency in the

COPD patients, resistant smokers and blood denor controls.

Group N=genotyped | Allele frequencies (%)* Genotype frequencies(%)

c G cC cG GG
Smokers
COPD (hospital) | 187 . 1. 93 F 0
N=94 (111} (99.5%4) (0.5%) (99’_’/5) {1%) 0%
COPD (clinic) Tl 3 B2 0
N=ST ) | 0T | o | 0% | %

03 0| 199 I T
0. | @9 | o | e 09




donor

controls.

-MHP,,2 YatesP P vs t; Resi stant vs
1.581.01-2.484.510. 034.070.04 COPD (total) PP vs
FULLResi stant vs 2.821.07-7.585.440. 024. 450. 03

COPD(t ot al )
,x2 -

i nt erval

freqy
Snoke

811}1ﬁ92.¥%%§

M - H

the COR

bl o HoUE BhekeBiea (4
Brebein

OR = odd's rati o,

9S% Cl

- f2 Mantel - Haenszel ,
-2 Yates corrected Table 7m Data SOD3 C+760G
(Arg213Gr7y) exonic pol ynorpkbsm all el e and genotype

* Genot

GeAPedl

patients,

e ot

eZl r

encj

e

ol 4J

G oupsAl | el e/ genot yeOR95% CI for ORx2

= 9596confidencé

x2 Yates =

resi stant snokers and

oup N genotypedAllele
0

_ A o0 @

0.5%99% (1 % (0% COPD (cliinic)1113543

9 (5% (0%

S0D3 C+760G (Arg213Gly) exouic polymorphism 2x2 contingency table stafistics

comparing the allele and genotype frequencies in the COPD patients, resistant smokers

and bfoad donor controls.
Groups Allelg{genog;e OR 5% ClforOR | p2-M-H | P 2 Yates ‘P
Gwl Resistant vs 3.76 | 1.08-1429 | 5.62 0.02 4,45 0.03
COPD (total)
[ 6w | Resistamtvs | 6.03 | 1.69-23.43 | 10.97 | 0.0000 1925 1 0.003
COPD(total) '

OR = 0dd’s ratio, 95% CI = 95% confidence interval
22— M-H = y2 Mantel-Haenszel, 32 Yates = y2 Yates corrected

Jable 8a. Data
TIMP3 T-1296 C promoter polymarphism allele nnd genotype frequency in the COPD

Dpatients, resistarit smokers and blood denor controls,

Group N=genotyped | Allele frequencies (%)* Genotype frequencies(%)
T C Ir rc cC
Smokers _
COPD {hospital) 119 55 35 49 3
N=92(111) (65%) (35%) (38%) (53%) (9%)
COPD (clinic) 72 38 19 34 2
=33 (61) (65%%) (35%) (34%) (62%) (4%)_

LT




ifaorttro7s **40810' 19910- =Yd X09 = _ {98)

(29 (9599 ~5"% (0% 46 *nunber of chronosones (2n)
**Control group of European descent Ukkol a et al 2001.
Tabl e 7b. Anal vsis SOD3 C+760G (Arg2l 3@ y) exonie

pol ynmor phi sm 2x2 contingency table statistics
conparing the allele and genotype frequencies in the
COPD patients, resistant snokers and bl ood donor
controls. GroupsAI | el e/ genpyyeOR95% C1 for (RO/Q - M HP2
Yat esP C Vs CReS| st ant vs _

o {:I-. £J. 9. 63— T, oe @ = > |
R ant vs | d. iys .23, 1310 3707 00C 3‘5 0QZ 3L
B?f%t al’} - OR|n féé%r U 198, ST fg@%ftdf'f ride
i nt sﬁmergf?ckrdmo g{{znyam e HRensae Z2 Yares =%
"Yates corrected Table 8a. Data Tl bF3 T-1296
Cpr 8RObaFd) QP Bf Brbfetih skl Berddfl AR DOG0Y PE T requency in
-the COPD patients, resistant -snokers and bl ood donor
controls. 47 ntrC|Is**11G7439 73& = :'39fo) (41

"~40%)..,. , 1 a::h
Table 8b. Analysis

TIMP3 T-1296 C promoter polymorphism 2x2 contingency table statistics comparing the

:wo "

-Z

allele and genotype frequencies in the COPD patients, resistant smokers .

Groups | Allelefgenotye. | OR | 95% Clfor OR | z2—M.H | P 2 Yotes [P
Ya ;
TTys TCACC | Resistant vs L77 | 0.98-3.18 412 - g04 1359 0.06
COPD(total)
TIwTOOC | Resistané s | 1.94 | 0.90419 | 3.41 0.06 1281 |0.09
COPD(hosp)

OR = odd’s ratio, 95% CI = 95% confidence Giterval
2 - M-H = 32 Mantel-Haenszel, 32 Yates = 32 Yates corrected
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50 Sunmary of the conbi ned anal yses Tables 10 and 11
sunmari se the results conparing the frequencies of O,
1 and 7?2 protective or susceptible genotypes between
the COPD patients, resistant snokers and controls.
Significantly greater nunber of snokers with COPD had
O protective genotypes conpared to resistant snokers.
Conversely, a significantly greater nunber of
resi stant snokers had 2 or re protective genot ypes
conpared to snokers with D. On conparing the
frequencies of 0.1 and k2 susceptibility genotypes,
significantly greater nunber of snokers with COP]) had
72 Sumaep kg qompingd aenlyspes conpared to bl ood donor
controls. A significantly greater nunber of controls.
had 0 SigBlse}ftangil]l punymayise Beygsaks comppringdbi fauewizk of 6 1 and
with COPD. Tabl e 10a: Frequency of snokers susceptible
( COR) prptegiive prsviseeptibie ganotypesdkivsen tha COFDiatients, resistantizaiokers
of protective genotypes (n=4) (MM"' 1-(16117)2Q&G
TGRind PetroBOBiguificitl P pG@er MnbRDI EmdRIEYiTY TOED dadie foitctive
of protective genotypes (% (forExcluded*. subjects
Wi t 2enotgpes corhsres to yasistht s@obrrp CoBvicPselyOORBnificantly greater number
(hoipltai)40371618 N=93 11143%10% 7%46% COPD (cl i ni c}
repigiegt sp®kers had\l@engd pORVEVHeTGNRes capGBRe to GhdBers with
12723 N=-=149 1~244%1S%130 = ~r ..112' 4 Totals N
2 2 T RIB & comparing the frequencies of 0.1 and =2 suscaptrbthty genotypes,

significantly greater number of smokers with COPD had 22 susceptibility genotypes
compared fo blood donor controls. A signiﬁr;antly greater number of confrols hari 0

susceptibility genotypes compared to smokers with COPD.

Table 10a: Frequency of smokers susceptible (COPD) or resistant to smoking
. according to number of prbtecﬁve genotypes (n=4)

(MMPI-( ~1607)2G2G, TGFﬂ-PP SOD3-(+760)CG IM3~( 1296)17)

Frequency of protective genotypes (%) (for Excluded*
| subjects with >3 of the 4 typed)
Group 10 1 2+
COPD (hospital) 40 37 ’ 16 18
N=93 (111} = (43'}’) (40/) (17%) (16/)
- | COED (clinic) . . " 116 ¢ > . 129 | BTV )
N=SeEr) QP/) (52/)‘- (19%)° - . (8/)
Total COPD o) 562~ .7 |66 {27 - m 2340
1 {3899 3 (4121 ' Lashet

Tatai N=227

' (29%) (2% | 29w
Exeluded* = subjects with 52 protective genotypes typed were excluded from:
analysis




29%42% -29% Excl uded * =

subjects wth <

protective

genot ypes typed were excluded from analysis 51 Table

10h:

resi stant to snoking

for ORX2 -

vs4. 292, 24- 8. 2723. 350. 00000121. 980. 000003 f at al
COPD3. 671. 70- 8. 0513. 510. 000212. 460. 0004

t7 vsli

-2+Tot al

M - HPj 2

Frequency of snokers-susceptible (COPD) or
accordi ng to nunber of
protective genotypes CenotypeAll el el genot ye-

Yat esP 2+ vs 0O- 1Resi st

OR95% Cl
COPD

vskesistant 2 x 3 tabl eResi’dt . vs26. 92: 0. 000001 t ot al

- COPD OR. odd's

rati

o, 95% C

= 95% confi dence i nterval

, 2Wlhle by fearuency plsmenkers susceptibleGOBD) or r2sistyntiesnoking

corrected Table 11a:

Frequency of snokers susceptible

( COmppridig tp auinbar gfiprotegtiveigekeirys accor di ng to nunber of
susceptibility genotypes (n=3) (

ciJ.4T 31-(123 7) TM?, GSTML-

nul

| WF 12 -

(- 82) AA,

| . (nn)) Frequency of

su$ Gepireb| dlelgamarey p@Bs (| P5% 6bfor OBX ¢ k& | Subj eqti Tamst P
?2lo the B ed Group012+ COPD (hospital )B349570 IN=111
11) 8707 BResistvy  ob4.ANARCHRT7( | | B33 73EPPA001 | 21.98 | 0.000003
total COPD .
Gwizt |ToilCOPD | 3.67 | 1.70-8.05 | 13.51 |0.0002 |1246 |0.0004
vs Resistant '
2x 3 table | Resistvs - - - - 26.92 | 0.000001
total COPD
OR = 0dd's ratio, 93% CI = 95% canfidence interval
#2< MoH = y2 Mantel-Haenszel, 22 Yates = 22 Yates corrected
Table 11a: Frequency of smokers susceptible (COPD) or resistant to smoking
according to number af susceptibility genotypes (n=3)
(MMP 12 — (-82)AA, alAT 3’ —(1237) Teit, GSTMI — null (nnj)
| Frequency of suscepiible genotypes (%) (for Excluded*
subjects with 22 of the 3 typed)
Grouwp - 0 ) 1 24
COPD (hospital) 5 {49 57 0
N=]11(111) (5%) | (442%) (51%) {0%)
COPD (clinic) 7 130 21 3
{ N=358 (61) (12%%) (529’) (36/} (328)
TvtalCOPD M 12 ?9 3 '-?;8,_1"_' & ::..3_;'; s

“Totals N=253

19

] _ (9%) 7%) ' (44/) .
| Controls (donors) 32 89 .. 57 - 0
| N=178 ' (8% (50%) (32%) (0%)

analysis

FExcluded* = subjects with <1 susceptzbzlzty genotypes typed were excluded from




N-58 6112%32%36%%% T-otal cor'r.12

N=.169.172° 7' % 4~k4G% i 2 y~an Totals N25323119111
47%14al o Controls (donors)32--89','570 .
N=178(&8% f 5Cf 0) (3 10, (0% Excluded* = subjects with
.<l susceptibility genotypes typed were excluded from
anal ysis 52 Table 11b: Frequency of snokers
-susceptible (COPD) or resistant to snoking according
to nunber of susceptibilityZenotypes '
Genot ypeAl | el el genot yeOR95% Cl for ORz2 - M HPZ2

Yat Eabite Pib: Feeqilecy@ff &hokers susceptible (COPD) or resistant to smoking
"COPD1. 821. 15- 2. 887. 260. 0076. 700, 009 VS control 2+ vs

0- 1%!311@1&&1&3@&%&41:&:]}@@@“&@5 0019 900. 002 Ys
control 2+ vs alCOPD

( hp&®adte 6 ayeO[1CR 7 3054.002:r320 }B—M-ﬁ Si St gk Yedes X| B
ta CoPD12.1734 002 Ys control 2 x 3 tahl eCOPO
( hp&'py &-6. oBY.CO0D2 (Y82 ¢ddt2d¥ 2 X326 abl ¢COPD (|e&p) | 0.009
24 vs 0-1 gom thosp) | 2,24 | 1.34-3.76 10.66 0.001 9.90 0.002
Vs control .
Trvs0-1 | COPD (hosp) | 1.63 | 0.88-3.01 2.78 010 |23¢4 |0.13
s Resistant '
2x 3 table | Total COPD _ - - - 12.73 0.002
¥s controf
2x 3 table | COFD (hosp) - - - - 16.66 0.0002
¥ control _
2x 3 table } COPD (hospivs | . - - - 5.94 0.05
Resistant ’

= odd s ratio, 95% CI = 95% confidence inierval
12 -~ M-H = 32 Mantel-Haenszel, y2 Yates = y2 Yales correa:ed

Figure 2 shows graphically the data in Table 10. The risk estimate, as quantified by
the standardised ratio, shows that the presence of 0 protective genotypes in this study
significantly increases the risk of a smoker having COPD by 167%. Conversely, this

. analysis shows that the risk of a smoker , with 2 or more protective genotypes, |
having COPD s reduced by 67%. Given the background risk of COPD in smokers
before genetic testing is about 20%, the presence of 0 protet;ﬁve genotypes
significantly increases this risk. Figare 3 shows graphically the data in Table 11. Risk
estimate analyses showed no significant differences iﬁ risk although trends showing a

greater risk of a smoker having COPD in the presence of 2 or more susceptibility



Resistant OR = odd's ratio, 95% C = 95% confi dence
interval x2 - MH = x2 Mantel - Haenszel, Z2 Yates = z2
Yates corrected Figure 2 shows graphically the data in
Table 10. The risk estimate, as quantified by the
standardi sed rati o, shows that the presence of 0
protective genotypes in this study significantly
~increases the risk of a snoker having COPD by 167%
-Conversely, this analysis syiows that the risk of a
snoker, with 2 or nore protective genotypes, having
COPD is reduced by 67% G ven the background risk of
COPgnbiypesivnk evident.(Riduoesd-Gshoe tirend towtridngredtsr ladgductioTi
the presence of O protecti.ve genotypes significantly
i ncsruken svithlingeasing kumbergipetetiwgemgymgs.aphi cal [ y t he
data in Table | X Ri sk estimte anal yses showed no
Si gDisénssiamvf BypahdedeStadss i n ri sk al t hough trends
showing a greater risk of a snmoker having COPD in the
pr esenc dhixfstdy drowstreeosdisidigpafidentifying s58tigproieypeanseat
evident. Figures 4-6 show a trend towards greater |ung
f undbacomdiimecongirokion, pradidt increased ek ofvyfaringivaparedfung function
protective genotypes. Discussion of Expanded Study.
Thi edSTQRE) frem chwnictygoking Ehe hasis bf thiy insteasadarisk istlifeintp be due
genetic pol ynorphisns that, alone and in conbination,
pr edi{Dithe diveceafSets of thask pelymaspliitnsowd o elisaigenspraivgn or
function and COPD from-chronic snoking. The basis of -
t hi Brofeindiecigeer (@) sdirics effecix whe thesapelymamrhisms aro in fivfege
direct effects of those pol ynorphisnms found to after,
e ndseauilibrags (g netis varipsoBsITienly i eriterogpharDyith ofr prastations
effects where these polynorphisnms are in_ |ink

di skeefdiors Bese direq gt dndespinigivithoyr bareesés bariC B results from

inherited together) wth other nutatiops hat have
t helecamtined et i P woraé%sﬁvﬁgmfa%’ﬁ 'Je}ﬂrm%%éf e that
that COPD results from_ the_ conbined effects of rr.
Dol SFHOPHERNE FECor e SHRINAT olee e der TaG d ngpPly idlpe el

e SRRSO oL, NS goc

ot TR e ook provls ts sl b hrdmandiors v &ihse
(TGFB1), anti-oxidant defence (SOD3, GSIMI) and matrix remodelling (including

' proteases. (MMP1, MMP12) and their z'nkif;itors (al antitrypsin, TIMP3)) are likely

to contribute to the development of COPD. The genetic variants described here are
Likely 'to represent only a sample of the sum total of genetic variants from the above
pathophysiological processes that contribute to the development of COPD in
smo]-cem but ofthemselves, significantly increase the ability to identify smokers at
higher than average risk for im;oaz'red lung function. In this regard, like other
biological assays such as serum cholesterol, the methods of the present invention can
be used to diagnose a predisposition to future disease before it has become manifest

both pathophysiologically or clinically. Epidemiological studies indicate that the



variation in the genes encoding proteins involved in
the inflammtory response (TGF 3I), anti-oxidant
defence (SOD3, GSTM) and matri x renodel | ing
(including protesses. (MWI, t~2e P12) and their
inhibitors (al antitrypsfn, TIMP3)) are likely to
contribute to the devel opnent of COP)). The genetic
vari ants described here are likely to represent only
a.sanple of the sumtotal of,genetic variants fromthe
above pat hophysi ol ogi cal processes that contribute to
t hepraeassds CRarRkl: M fimpdiied ling ftBkeetend Bdyosd the RSNBFabVRBing
significantly increase the ability to identify snokers
at ChOPpite intihdd coroneryagRry disds§epStrokbrer HimbahdéP Indeed many of
function. In this regard, |like-other biologica

as Sy prasdinileanibedin Wiy sid) Hros Bed bmplivdred moasemdsdigdisd he
present invention can be used to diagnose a

pr e@baparyiakieyistde tiod St¥oke)hing eavier ngdeo uility i e DREHITR
mani fest bot h pat hophysiologically or clinically.

Epi diesrtel agemadentiving isSe kxpolied 8t dedritRismblrei prater than
processes that result in inpaired.lung function extend
beyseackgt Hek foi td¢crdrir diteaselapgdcarger. COPD but . i ncl ude
coronary artery di sease, stroke and'lung cancer.

| ndéeokplady hipaited Eupp Trective Stadcr i bed in this study
have been inplicated in vascul ar di sease (coronary
artRly dubeaserdmmbngt r oké) and cancer suggesting
utility in the invention described herein identr) ing
t hose efSpusasbfiforapragaieetnt whe halkemoked sgnipianver ofttiventy pack
average riskfor vascul ar di sease and cancer. Exanple
3. Yemm Mieregeerited fomiwe sougees SEhedipst gro8pl weigpifjeatwho had been
recrui tment . Subjects of European decent who had

s moftaggosed by A phsigieian fo haye piegifipad K imppised kingienaiop éip thi$ ¢asel
fromtwo sources. The first group were patient who had
bedrbeller ssghiosis abspctivedmesiitsrsthwhich meisbe Bllaring Fiteine Fore
impaired lung function (in this case |abelled as

c hroyen 30 ys#rs pld ged hadeieyalopyd armntemeqf bygathlepsnaisaftendd years of
followng criteria: were over. 50 years old and had

de R8s dpdai FagsdsEpiFoTh VolBme it Wéi‘?%&@‘fé} BePeneriyEsf s of

age, had a Forced expiratory volune in one second
( Fmd}ctegsd g%rjzgql EgﬁYHg'ng'pho eéorced expiratory volume in one

second/F orceﬁ vital capacity) of < 70% (measmeﬁ using American Thoracic Society

. -criteria). Bighty-four subjects were recruited, of these 56% were male, the mean

" FEVI/FVC ( % Standard Deviation) was 0.4 (0,12), mean FEV1 as a percentagsé of
~predicted was 33 (13). Mezn age and pack year history was 73 yrs (9) and 45 pack
vears (29) respectively. Using a PCR based method (Sandford et al., 1999), we
genotyped the COPD group for the ctl -;nﬁtrypsin mutations (S and Z variants) and
none had the Z allele (MZ, Si, ZZ genotype). We also studied 58 European subjects _
who had smoked & minimum of twenty pack yeﬁs and who had never suffered

breathlessness and had not been diagnosed with an obstructive lung diseasé in the |



predi cted <70% and a FEVI/FVC ratio (Forced expiratory
volunme 'in one second/ Forced vital capacity) of < 70%
(measured using American Thoracic Society criteria).
Ei ghty-four subjects were recruited, of these 56% were
mal e, the nean FEV I/ FVC ( Standard Devi ati on) was
0.44 (0,12), nean FEVI as a percentage of .predicted
was 33 (13). Mean age and pack year history was "73
yrs (9) and 45 pack. years (29) respectively. Using a
PCR based net hod (Sandford5ét al., 1999), we
genogiped the COPD group for the al -antitrypsin
nut &ish dhearticlapstiima of shrpnin phsjrogtivg lung diseast, QHJSFPI@T"?EW“P was
allele, (NE SZ,. ZZ genotype). W al so_studi ed
Eur &50itr! Siopghedubs fontheeldraly aadwmmaedofni i WﬂlF’rfh"oFe"’Pwent y
pack years. and who_had never suffered Dbreathl essness
an d FF\%HFHQI( HSearard Dagripsd Wash-32(048), swsan FRIC #s poercentge of
di sease in the 55 . past, in particular asthma or
chr psdlietedBar F7&D)i Meaq agn ancadeyesistqnyivas Syrs Fd) andrdmeck
was recruited through clubs for the elderly and
con¥sast(@q) respeciygy-nal e, the nean FEV1/ FVC (t Standard
Devi ation) was 0.82 (0.08), nmean FEVI as_a_percentage
of prediaetringethods a{lqﬁdldﬁéawe%@% agfiesrribebiv cpigr
hi story was 54 yrs (11) and 46 pack years (28)
resﬁ@?PFWely Genot ypi ng met hods and candi date genes

are_as described in earlier, exa -3 2. Resu] ts
conbar n‘ﬁ‘fﬁ*"ﬁ PR e B30ETe AR AT PRSP o
col | egt in smpkers wth _normal and inpaired | urg
f untq Qﬂ“?ﬂgy ngBMEtat hdi vided in to :

abeol L?Z‘Nl%fgé e e et o o R e e EET
var M e e Baf i UFYG) ot AR S

Do gt TS dru SURLSGl Ry Becierdd tsgngf E\/M@ﬁ%gt

pre I'C reguen suscep Y vari ant

(1 Nshds 13 betow).

Table 1. Subjects by tertiles of FEV1 percent predicted and frequency of
- susceptibility variants (in bold).

A-82G HME C1E6ITGAB | 1G/2G MMP1_ Gi237A 5 ai-AT | GSIMI rall
Tertile &a ag/ge cC cT/ 1G1G 2G2 T . Tttt N n
162G : :
TT [ &
Lowest | 37 10 % | 1 30 17 37 10 12 35
(79%) | @1%) | (55%) (45%) | (64%) @6%) | (719%) G1%) | (5% {74%)
Middle | 36 13 29 20 29 W [ [ 23 75
Mm% | @%) | &%) | @1%) | %) #1%) | G294 8% | @8%) (52%)
highest | 17 2% 2% 10 33 3 44 2 |19 23
_ B1%) | (63%) | (8%) | Q1% | (12%) @8%) §96%) | W% | @5%) (55%)
F value* | <0.0081 0.05 . Ne _ 0.05 0.05

HME= human macrophage elastase (MMP 12}, Gel b= gelatinase B (MMP 9), MMP 1= matrix
metalloproteinase | or interstitial collagenase, ol-AT= l-antitrypsin, GETMI = glutathione §

transferase M.



A-82G HMVBC- 1562T Get BI A 2G MW | C1237A 3' nl - ATGSr ML
nul | Ter8lesaag/ ggCCCT!I G KZTTTt (ttND 1&RG TTG
Lowest 37102621301737101235

(799 (219 (55% (45% (64% (3b% (799 (719 (259 (74%

‘M ddl e3613292029204092325

(739 (279 (599 (41%) (599 (419 (829 ( 18% (49% (52%

hi ghest 1729361033134421923

(37% (63% (78/u) (219 (72% (28% (96% (4" /n) (45% (55% A
vat ue*<0. 00010. 05Ns0. 050. 0 = human macr ophage

el astpasiee foridhiMy®ir=12) , CGel b= gel ati nase B (hw9), MW
1= matrix netalloproteinase | or interstitial

col | AgelndsRubjecks hyTtertid¢sof phsohut %/E%Vhanmnw of susceptibility
gl utat hi one S tsferasevatiamsin bkold).val ue for
Chj-square. Tabhle 2. Subjects b\/ tertiles' of absolute

FRV1 angAtPdttiend GU6T S8tis ¢ FEMMFT i t [/STRAD Haiit[SSP

bo[ T PéhZG [GERECEd SGZd i icidT Qaga TERGRIAN 3™ = :
- alp ATGSEML nlul | Terti|l sasag{zggCCCT/ 1c1@E2" T'|1' Tt/ |t Na
| G I TG Lowest 3610202¢1| s361(1@; - B6 ) .
(7B% (22% (43% (57% (14731 b) (3310) (78% (22% (42% ( 7B%
M pGt&3pHA3 240, 2PA23TH2TPE B [% [0 [ |3
- (7P9) ( 3DeA4 682k ( @20 UG5 PGk ) (| 4384 ((BRY0 | (24 Y)cksAHS Ol
S55( e | 33 N 32 B |5 = 37 m P %
m) | oo [@% [e2m (W @ [mw | eaw | ew | 6w
Tighest | 21 TR E) 1 % | B | &. i 3 21
@w | % e (@ |mw e (e [ew | @w | ew
Fvalue | 0.0008 0.0008 “Te10 008 ' 0.008

HME= human macrophage elastase (MMP 12), Gel b= gelatinase B (MMP 9), MMF 1= matrix
metalloproteinase 1 or interstitial collagenase, a1-AT= al-an;iuypsin, GSTM1 = plutathione §
mﬁ@c M. |

- #=p value for Chi-square

Table 3 Subjects by tertiles of FEV1/FVC ratio and frequency of suscepublhty

vanants (in bold)

ARIG HME - | 5621 GAB | 1GRGMMF 1 | GIZ37A3 oF-AT | GS1M1 uull

Tertile an ap/ge cC CT/ | 161G 22 | TT Ttit | N n
o ' | 1626 ) :
IT G

Lowest | 39 ia 3 12 29 28 @ 9 16 33

B0%) | 20%) | (61%) | Q9% | %% | @1w) |2 | s | Gswy [ er)
Middle | 34 12 3 3 28 18 37 |9 17 28

' (4%) | @6%) | (50%) | G0%) | 61%) | (B9%) | B0%) | o) [ (8%} | (&2%)

highest | 17 30 33 9 33 |12 44 3 21 22

@) | (64%) | 819%) | (9% | Ca%) [ @%) | 4%y | 6% | @) | G1%)
Fvalte | <0.0001 0.007 . us B o1

HME=human macrophage elastase (MMP 12), Gel b= gelatinase B (MIMP 93, MMP 1= martrix
metalloproteinase 1 or interstitial collagenase, «l-AT= al-antitrypsin, GSTM1 = glutathione S

transferase M.



hi ghest 2128391036134812321

(430/9) (57% (80% (20% . (73% (279 (98% (2% (52% (48% P
val ue0. 00080. 00090. 100. 0080008 HVE human nacrophage

el astase (MW 12), Gel b= gelatinase B (MW 9), MW 1=
matrix netal |l oproteiuase | or intend" coll agenase, al
-AT= al -autitrypsin, GSTML= giulathione S transferase
M p value for Chi-square Table 3. Subjects by
tertiles of FEVI/FVC ratio gnd frequency of
susceptibility wvariants (in bold). . A-82G HVE

-G 1562T Gel H1IGL2G MM? I'G237A 3' al- ATGST1411 nul

Ter t FRAES ST GEEeTI 1GLR@RTTTt I ttNa 1&R2G TTG

- EA 8§'§i§- (238 %@?%%?é‘%ﬁ%‘%%{%%ﬂ Be LA ISPl B
(7S ERHRO EEGTSRAf Pse sy B todopresand e
< se?f%%éﬁ%%%%%%?%ﬁ%ﬁ%ﬁ% IFRTpEst P
rr:ﬁ: rag‘?o age e ast a%ég?%uﬁ%g D}%%bﬂ?? nasa%tS gef(' MVP

321 mat ri x neta_lloprotelnasel or
|nterst|t| | col |l agenase, aI-AT— al-antitrypsin GST™M

= gl ut at gj !H%stiéegﬁfs%%ﬁ%?ss( et ag J%Pg aorQll VaHRs %g: wise

Chl -square Ihe col l ective avi ng on

of kh&erivy Bmed tirkhdnl ptabém\é@f 6i‘?ﬁ}¥g3faﬁbrﬁon, several genetic and non-genetic

factors fhat were significantly associated (summarised in table 4 below),

Table 4. Results of logistic regression analysis for genetic and non-genetic
- factors associated with lung function, ,

Lung function Variable Partisl R | Model R? P value
FEV1 % predicted age 0.37 0.37 <000}
AS2G HME T lo08s - ~fo4d . [<seel |
GSTMimall |93 | 048 007
[ Absolute FEVI P 052 = R— T
| GStMimdl — [u6z% |05 0006
A-S2CHME o0z 56 0.015
GIZ3TAS al-AT | 001 057 6.068
FEVIFVE e ‘ 0.34 034 —T<5.0001
ABGEME |66 040 0.0003
Smoking packyears 0.03 0.43 To.01
GSTMI null 0.02 045 0.03

Discussion of yesults .



l ung function is examned in the box plots bel ow
There is a consistent trend towards havi ng
progressively worse |ung function (FEVI percent

predi cted, absolute FEV1 and FEVI/FVC) with . -
I ncreasi ng nunber of genetic susceptibility variants
(see Figures 1-3) On logistic regression analysis
(after adjusting for all variables) step w se

sel ection found, for each parameter of l[ung function,
several genetic and non-gemetic factors that were

signi fi gRofelnits %?&9%&!@% ?gicglﬁ @E‘&gi# gltﬁla%uhﬂ Anfs dte associated

bel ow). Table-4. Resu regression

anal-usi £ .0r fqd O - t FQe s -
Sl AR O GBIR, 1 A6 v i
fu ' o ' S Wels) ; 9% .

or ot %ﬁtﬁgeo’}é?g@%"?‘%@.‘%om QA%E(%D %?%Exg&%ﬁ@?“:{q 3

=Y. é&ﬁcaﬁg,qge 1652 TAdk rddiihd Mo #3Onitba QuiBderARSB1HE Eaccording to
FEVI'age0. 520. 52<0. 0001 GSTM. nul I 0.°0260. 540. 006 A-82G
EMEL Mu@%ﬁib@ﬁ%, adtrodd ifvet Gnoaf 1B with
EVVFVCage0340. 34<0.0001 A-82G'LI MEO. 060. 400. 0003
SMGlhRE:d PG b8 8 Secl 3oheftBP TutbrN Mleskid by GnBititk FERA, 03

Di scussion of results 58 The results of our study

| NQefedit Prdaltall FEVN o HBYEPYTDIdontitseivha Yubjedd Re divided
associated wth inpaired lung functionh in a group of

S Mak@kding thlhelr Nl fuliof 856 toAlQ) theRes@RRLYERntlY Sdwahd: efobe

of genotype on lung function as seen in the box plots

(f ivgthriRSmdst Snpaired lung function have the greatest frequency of our
susceptibility genetic variants (see tables 1-3). Lastly, in a stepwise logistic
regression, after adjusted for the majority of covariables, the susceptibility variants of
the human macrophage elastase gene and glutathione s fransferase gene contribute to
impéired luﬁg function (see table 4), _

With direct relevance to the methods of the present invention and their
applications is linkage disequilibrium. This is a phenomenon in genetics whereby
{Wo or more Iqutatioﬁs or polymorphisms arc m such close genetic proximity that

| they are virtually always co-inherited, This means that in genofyping for one
_polymorphism, the presence of another polymorphism in linkage disquilibﬁﬁm can
be inferred. Thus any éenetic variants (mutations or polymorphisms) that are in
linkage disequilibrium with tile genetic variants described herein are also included in
the inventive concept described herein-. Such variants are desqribe& in publications
included herein as well as in established literature. | |

The above data provide a novel biological link underlying the

epiderniological findings that impaired lung function is not only a useful diagnostic



Specifically, the box plot results show that when

subj ects are divided according to the nunber of
susceptibility variants, a strong inverse linear
relationship with inpaired |ung function is seen,

whet her the latter -is assessed by absol ute FEVI, :
percent predicted FEVI or FEVI/FVC. Conversely, when
subj ects.are divided according to their |lung function
into tertiles, the results consistently show that
"those wth the nost inpair& |ung function have the
greatest frequency of our susceptibility genetic

var itatfosprédigesitiabiopmd He@l fromachitdnit respivatarystisepsi(SOPD,

| ogistic regression, after adjusted for the mpjority
of aehmas, ibalntideasisansd wuschéghitis)ibiof dldocadivi@niasdighses (dofnary
human nmacr ophage el astase gene and gl utat hi one s

t r ansérg diases g nizoked midrdebait eantars (lurgrasced dTHepngedt iveritioan
(see table 4). Wth direct relevance to the nethods of
t he identifies specifin gamrtic anceptibilitytveiiants thys dbtemdtd iopsirdddung

| i nkage disequilibrium This is a phenonenon in
gendincian bhere din/implivasedin theomderiying paihophysioliogical processes

pol ynor phi sns are in such close genetic proximty that
t heyavsing athérpgenesiy/throsfbugiysndrancenher i t ed.  Thi s neans
that in gen ing for one polynorphism the presence
of anot r@&ou@vﬁwmepmmtwmwm dakesib G{) withsigferenedop ispeaifican
be inferred. Thus any ‘genetic varlants nut ati ons or
pol p¥Epish pusiseferradsmbadiments, it Willibr appsecitteddyydhast shilled rin the
W th the genetic variants described herein are al so

i ncptithalyapations 39d madifications avhicy incerppratsdhensingiples ped fod spirit of
Such variants are described in publications_ included
her B fpveivg gmpeps descrbed dersl, 1 Hé%wrﬂiuﬂ greacgpeef thypeseabov e
data provide a novel biological |ink underlying the
ep|H¥ﬁ¥%¥og|cal findings that inpaired Iung function
is not only a useful diagnostic 59 test for :
predi sposition to, and death from chronic respiratory
di sease (COPD, asthma, bronchiectasis and
bronchiolitis) but also cardi ovascul ar di seases
(coronary artery disease and stroke) and certain

_ cancers (lung cancer). The present invention
identifies specific genetic susceptibility variants.

t hat detern1ne |npa|red | ung



function but are also inplicated in the underlying

pat hophysi ol ogi cal processes causing

at her ogenesi s/t hronbosi s and cancer. Although the
present invention was described with reference to
specific exanples and preferred enbodi nents, it wll-
‘be appreciated by those skilled in the art that

vari ations and nodifications which incorporate the
principles and the spirit 86 the i nventive concept
descri bed herein, are also Wthin the scope of the
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pol ynor phi sm chosen from the group consisting: A-82G
in the pronoter of the gene encoding MW12 (human

macr ophage el astase); T--~C within codon 10 of the
‘gene encoding TG-B (transform ng growth factor beta);
C+760G of the gené encodi ng SOD3 (Superoxi de di snmut ase
3); T-1296C wthin the pronoter of the gene encodi ng
TIMP3 (tissue inhibitor of 66rret al | oprotei nase 3); and
pol ynor phi snms in |inkage disequilibriumwth these

pol ynor phi soe; wherein the genotype of the subject is
i N ¥ Sitlemann SHb st ¢l O Fandieval pelpmerghisainthand/ or
emphysenma. 2. Method of determ ning a subject's
poteiatoty regjonit Gelafirage B epnerin relation k1 ssvaitsehcampatye

pul nonary - . di sease (COPD) and/or enphysenma, conpri sing
at fBgrosqlerpsis Cirpuiption 0:518844. | cast one” pol ynor phi sm
chosen fromthe group consisting: A-82Gin the :
pronoter of the gene encoding MW 12 (human nacrophage
ellastase); T-3C within codon 10 of the gene encodi ng
TGFB (transform ng growh factor beta); C+760G of the
gene encodi ng SOD3 (Superoxide disnutase 3); T- 1 296C
wi thin the pronbter of the gene encoding TIMP3 (tissue
‘inhi bitor of *~ netal | oproteinase 3); and pol ynorphi sns
in linkage disequilibriumwth these pol ynorphi sns;
wherei n the genotype of the subject is indicative of
potential risk of devel oping COPD and/ or - enphysena.

3. Method' of diagnosing in a subject the potenti al
onset 'of chronic obstructive pul nonary disease (COPD)
and/ or enphysena conprising at |east the anal ysis of
at | east one pol ynorphi sm chosen fromthe group
consisting: A-82Gin the pronoter of the gene encoding
MWP 12 (human macrophage el astase); T-C within codon
10 of the gene encoding TGFB (transformng grow h
factor beta); - C+760G of the gene encoding SOD3

( Super oxi de di snut ase 3);



T-1296C within the pronoter of the gene encoding TI MP3
(tissue-inhibitor of netall oproteinase 3); and

pol ynmor phisns in |inkage disequilibriumwth these

pol ynor phi sns; wherein the genotype of the subject is
i ndi cative of the potential onset of COPD and/or
enphysena.

CLAIMS: 67

i.  Method of determining a subject’s predisposition to developing chronic obstructive
pulmonary disease (COPD) and/or emphysema, comprising at least the analysis of at least one
polymorphism chosen from the group consisting:

A-82G in thf; promoter of the gene encoding MMP12 (human macrophage elastase);
T—C within codon 10 of the gene encoding TGFS (transforming growth factor beta);
C+760G of the gene encoding SOD3 (Superoxide dismutase 3);
T-1296C within the promoter of the gene encoding TIMP3 (tissue inhibitor of

- metalloproteinase 3); and
polymorphisms in linkage disequilibrium with these polymorphisms; wherein
the genotype of the subject is indicative of predisposition to developing COPD and/or

emphysema,

2. Method of determining a subject’s potential risk of developing chronic obstructive pulmonary
disease (COPD) and/or emphysema, comprising at least the analysis of at least one
polymorphism chosen from the group consisting:

A-82G in the promoter of the gene encoding MMP12 (human macrophage elastase);
T—C within codon 10 of the gene encoding TGFB (transforming growth factor beta);
C+760G of the gene encoding SOD3 (Superoxide dismutase 3);

T-1296C within the promoter of the gene encoding TIMP3 (tissue inhibitor of
metalloproteinase 3); and

polymorphisms in finkage disequilibrium with these polymorphisms; wherein

the genotype of the subject is indicative of potential risk of developing COPD and/or

emphysema.

3.  Methodsof diagnosing in a subject the potential onset of chronic obstructive pulmonary
disease (COPD) and/or emphysema comprising at least the analysis of at least one
polymorphism chosen from the group consisting:

A-82G in the promoter of the gene encoding MMP12 (human macrophage elastase);
T—C within codon 10 of the gene encoding TGFB (transforming growth factor beta);
C+760G of the gene encoding SOD3 (Superoxide dismutase 3);

T-1296C within the promoter of the gene encoding TIMP3 (tissue inhibitor of
metalloproteinase 3); and

polymorphisms in linkage disequilibrium with these polymorphisms; wherein

the genotype of the subject is indicative of the potential onset of COPD and/or emphysema.



