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BACKGROUND ART
Chronic obstructive pulmonary disease (COPD) is the 4™ leading cause of
15  death in developed countries and a major cause for hospital readmission world-wide.
It is characterised by insidious inflammation and progressive lung destruction. It
becomes clinically evident after exertional breathlessness is noted 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
20  (specifically forced expiratory volume in one second or FEV1). Over 95% of COPD
is attributed to cigarette smoking yet only 20% or so of smokers develop COPD
(susceptible smoker). Studies surprisingly show that smoking dose accounts for only
about 16% of the impaired lung function. A number of family studies comparing
concordance in siblings (twins and non-twin) consistently show a strong familial
25 tendency and the search for COPD disease-susceptibility (or disease modifying)

genes is underway.



WO 02/ 099134 PCT/ NzZ02/ 00106 2 Despite advances in the treatnent of airways
di sease, current therapies do not significantly alter the natural history
of COPD wwOh2fo9ags essi ve | oss of lung function causing r®spiNZag/oorpef ail ure
and death. Although cessation of snoking has been shown 5 to reduce this
decline in lung function if this is not achieved wwthin the first 20 years
or so of snoking for susceptible snokers, the |loss is considerable and
synptonms of worsening breathl essness can not be averted. Snoking cessation
studies indicate that techniques to help snokers quit have [imted
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smokers can be developed and that new treatments can be discovered to reduce the
adverse effects of smoking.
A number of epidemiology studies have consistently shown that at exposure
doses of 20 or more pack years, the distribution in lung function tends toward
15 trimodality with a proportion of smokers maintaining normal lung function (resistant
smokers) even after 60+ pack years, a proportion showing modest reductions in lung .
function who may never develop symptoms and a proportion who show an
accelerated loss in lung function who invariably develop COPD. This suggests that
~ amongst smokers 3 populations exist, those resistant to developing COPD, those at
20 modest risk and those at higher risk (termed susceptible smokers).
The underlying pathophysiology of COPD is not yet understood. Exposure to
cigarette smoke in the lung results in both an inflammatory response and oxidant

burden that initiates at least four processes. A number of cytokines are released

locally and both neutrophils and macrophages are recruited in to the lung.



COPD i s a heterogeneous di sease enconpassing, to varying degrees,
enphysenma and chronic bronchitis which develop as part of a renodelling
process Wolokowisg the inflammatory insult from chronic t@oanzo2smoke
exposure and other air pollutants. It is likely that nany genes are
involved in the devel opnent of COPD. 5 Further, epidem ol ogical studies
have shown that inpaired |ung function,3 measured by spironetric nethods,
provi des a di r ediOPRihwhetodfogehncagndseasg ehdvenpapsiagaovaryirdg dagidesy t endency
toward obstructive |lung disorders (eg chronic obstructive |ung disease,
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It has long been recognised that impaired lung function as currently measured
by spirometric methods is the clinical basis for assessing the presence and severity of
15  obstructive lung diseases such as chronic obstructive lung disease, asthma,
bronchiectasis and bronchiolitis. In the presence of chronic smoking these disorders
may be characterised by minimally reversible airways obstruction as reflected by low
forced expiratory volume in one second (FEV1), low percent predicted forced
expiratory volume in one second and reduced ratio of the forced expiratory volume
20 in one second over the forced vital capacity (general reference).
Over the last 20 years epidemiological studies have examined the relationship
between impaired lung 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

25  exposure, it is clear from epidemiological studies that only a proportion of smokers



die fromthese conplications. However the converse shows that over 90% of
COPD and lung cancers are attributable to chronic cigarette snoke
exposure.wBmlvngs4i s considered the nost inportant |ifestgiteNzoeséiobact or
that contributes to coronary artery disease nortality. Al though the

epi dem ol ogi cal studies have recruited a diverse 5 group of subjects they
consistently identify reduced FEV1 (or 4 el ated neasure) as a significant
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cancer, par(HoteauPhret ¢l. 1996 hEhesmpytalgy risk aggociated with reduced FEV1 for CAD is

seen for both smokers and non-smokers but is approximately two fold stronger in the
former (Hole DJ, et al. 1996).
It has long been recognised that chronic obstructive lung disease, lung cancer,
15  stroke and coronary artery disease all run in families and that chronic cigarette smoke
exposure is an important environmental contributor to the development of these
diseases. Although the prospective studies have shown that reduced FEV1 is a
reliable predictor of increased risk to all these diseases, it can take thirty or more
years of chronic smoking before there is sufficient damage to the lungs for this
20  susceptibility to be clinically detectable (by reduced lung function testing).
It would be desirable and advantageous to have methods which could be used
to assess a subject’s predisposition to developing pulmonary disorders such as
chronic obstructive pulmonary disease (COPD), or a predisposition to developing

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



snoker and/or has enhanced susceptibility to oxidative stress. SUMVARY OF
THE | NVENTI ON The present invention is based in part on the surprising
findi ng tweto2/peuaspt er 5 pol ynorphi sns of certain genes amd¢TINZOXPE 06T
genes, particularly those involved in matrix renodelling, anti-oxidant
defence, inflammtory response and their inhibitors, are found nore often
in patients with COPD than in control subjects. In another part, the
present i nvegtet didehses bahed XD astiolte tahé tungloafcer Spanicull drhyif tHg subjatt is a

pol ymor phisns in these genes and/or their regulatory regions are

associ at ed ghdokéy &%r%ﬁé’@rﬂ!ah&’ed%sé‘egnbmﬁ{or $GddtRStrédnction in snokers. To
date it has not been possible to assess the collective effects (additive,
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net al | opr otagd foafi® morbeftei i patientd WehaTORD @handin Buhted]isaBjects ntal6her p£gi Ons s
i ndi cative of predisposition to devel oping the di sease. According to

anot ner - aSRAGHrel Tl forfit BUdeH LrFLNGth Rin oAl plymBRAERARST L1 on O

devel opi ng chronic obstructive pul nonary is a

snoker or neone ex d.t h | evel s of ai ol utants.sugh as 25
oot ¥ onuen e SRt GBR2 AiraSedlh il EoRt Bt s DU AR ETRE o |
the WO 02/ 099134 PCT/ NzQ2/ 0010 6 regul atory and/or pronoter region of a
mat ri x et AMPHHRAJTRE FRSHON {HERER- t he

To date it has not been possible to assess the collective effects (additive,
protective or multiplicative) of several “susceptibility” genetic variants in
contributing to COPD/emphysema or impaired lung function. Thus, the presence of
several variants (mutations and/or polymorphisms) of the COPD/emphysema

15  susceptibility genes appears to confer a greater risk of having COPD/emphysema
and/or impaired lung function in a simple additive model.

Thus, according to one aspect there is provided a method of determining a
subject’s predisposition to developing chronic obstructive pulmonary disease,
comprising the analysis of polymorphisms in the regulatory and/or promoter regions

20 of the genes encoding matrix metalloproteinase, wherein the presence of a mutation
in these regions is indicative of predisposition to developing the disease.

According to another aspect there is provided a method of determining
predisposition to developing chronic obstructive pulmonary disease in a subject who
is a smoker or someone exposed to high levels of air pollutants such as

25  environmental tobacco smoke, comprising the analysis of polymorphisms in the



presence of a nutation in the regulatory and/or pronoter regions of genes
encoding matrix netall oproteinases is indicative of predisposition to
devel opi yotokedBsease. Accordi ng to anot her aspect therePCI/NaRvilded a
met hod of diagnosing in a 5 subject the potential onset of chronic
obstructive pul nonary di sease conprising the analysis of polynorphismin
the regul atory and/or pronoter regions ©f a matrix netall oproteinase,

wher ei n t hgeg@gsgnmd/ @ préndiet @iloarofiammattie nptallopr@einaeyivhereditha matrix
nmetal | oproteinase is indicative of potential onset or severity of the
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region of a matrix netalloproteinase is indicative of potential onset or 15
severity ofsublieel the petanieal omyes pEekypnig obpleugtive apingnest disepse eomprisieg et ed from
interstitial collagenase (matrix netall oproteinase-1 or MW-1), gel atinase
B (matrix raablybis ofpolymiorpises th the regldPord)and fod phometer regionse phagetrel ast ase gene
(MWP-12). The preferred polynorphism (nmutation) is 1G2G in the pronoter

of i nter st irhdtalloprettinags MdERIn the preséRRAF ainfuthtiéh RrtBePlotiot@fregighafhnase B and
the Ato G -82 polynorphismin the pronoter of human macrophage el ast ase
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COPD ne) t HHRICHVIIS @Fmak et HSORIeans sXRosest torhigh leyels of air gailytants such as

environmental tobacco smoke the potential onset of chronic obstructive pulmonary
disease comprising the analysis of polymorphism in the regulatory and/or promoter
region of a matrix metalloproteinase, wherein the presence of a mutation in the
promoter region of a matrix metalloproteinase is indicative of potential onset or
15  severity of the disease.
Preferably the metalloproteinase is selected from interstitial collagenase
(matrix metalloproteinase-1 or MMP-1), gelatinase B (matrix metalloproteinase-9 or
MMP-9) and human macrophage elastase gene (MMP-12). The preferred
polymorphism (mutation) is 1G/2G in the promoter of interstitial collagenase, C-
20  1562T in the promoter of gelatinase B and the A to G —82 polymorphism in the
promoter of human macrophage elastase gene and/or polymorphisms in linkage
disequilibrium with these polymorphisms.
It will be understood. by those skilled in the art that the determination of
regulatory and/or promoter polymorphism may be conducted on one or a

25  combination of the metalloproteinase genes. The assessment of predisposition of a



the pronoter region of interstitial collagenase or that of gelatinase B or
that of macrophage elastase. It is preferred however that regul atory

and/ or prwowmesdidpol ynor phi snms of a conbi nati on of these gemaszo2bwwoeor al l
three in any conbination, 5 be used in the nethods of the present

i nvention. According to yet another aspect there is provided a nethod of
determining a subject's predisposition to devel opi ng chronic obstructive
pul nonary gutgease devetepipg COPMmui ¢hua ba bysid Dnahe anatysidofitat éxampdé only

pol ynorphisns in the regul atory and/or pronoter regions of the genes
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i nvention. Any conbination of two or nore gene pol ynorphi sns nay be used
in the net Ratsisctaf predigpodfioprte devdlopiny eitbhiopbioweive hulnidianpdietase.ence, the
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aspect thergmhsisinh o HRHsR oFalcofbidateh 80poIFR oIHARESIn tﬁé‘fUFQl'ato?%hﬂ@Bﬁ for use
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regul atory regi.ons of the . relevan .%eneﬁ1 descri bed herein.
10 ~ wherein the presence of a polymorphism 1n these regions is indicative of

predisposition to developing the disease.

Preferably, polymorphism in all three matrix metalloproteinase genes,
namely interstitial collagenase (matrix metalloproteinase-1 or MMP-1), gelatinase B
(matrix metalloproteinase-9 or MMP-9) and human macrophage elastase gene

15 (MMP-12), is used in the methods of the present invention.

However, in conjunction with the polymorphisms in the metalloproteinase
genes, polymorphisms in other known genes, such as alphal-antitrypsin and
glutathione S-transferase, can be used in the methods of the present invention. Any
combination of two or more gene polymorphisms may be used in the methods of the

20  present invention however, for preference, the polymorphisms in all genes described
herein is used.

According to another aspect there is provided a set of nucleotide probes

and/or primers for use in the methods of any one of the previous aspects.



It wll be understood that in the context of the present invention the term
5 "pol ynor phi sns" is used to describe any variants and mutations, including
t he t ot alwoan/opasii al absence of genes (eg. null nutati on®CT/N#hows of
determ ning a subject's potential risk of developing chronic obstructive
pul nonary di sease, conprising the anal ysis of pol ynorphisns in the

regul atory and/ or pronoter regi ons of the genes encoding nmatrix
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pol lutants such as. epvironnmental topacco s e, conprising the analysis of
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encoding matrix netal |l oprotei nases, inflammatory and anti-inflanmmatory
cyt oki nés, “palyimsirphipms’ois usest tojdeseribeainy gpratte in sukationg, inelpging she tatadl ved i n
met abol i si ng oxi dants, 20 wherein the presence of a nutation in these
regi ons i s orpditthtbsenceddf ganepleginuplenutatiodsyct i ve agai nst COPD. Preferably,
the netalloproteinase is interstitial collagenase (matrix
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I nhibitor of Metalloproteinases 3 , and the _%_r ef erred _pol ynorphismis
subst i t19t i dpflagpmmtory and apti-inflammatory cytokines, inhibitors of matrix

metalloproteinases and enzymes involved in metabolising oxidants, wherein the
presence of a mutation in these regions is indicative of a genotype protective against
COPD.
Method of determining the potential risk of developing chronic obstructive

15  pulmonary disease in a subject who is a smoker or someone exposed to high levels of
air pollutants such as environmental tobacco smoke, comprising the analysis of
polymorphisms in the regulatory and/or promoter regions of the genes encoding
matrix metalloproteinases, inflammatory and anti-inflammatory cytokines, inhibitors
of matrix metalloproteinases and enzymes involved in metabolising oxidants,

20  wherein the presence of a mutation in these regions is indicative of a genotype
protective against COPD.
Preferably, the metalloproteinase is interstitial collagenase (matrix
metalloproteinase-1 or MMP-1). The preferred polymorphism (mutation) is 1G/2G in
the promoter of interstitial collagenase. The preferred inflammatory cytokine is

25  transforming growth factor b1, and the preferred polymorphism (mutation) is



position -1296. The preferred enzyne involved in netabolising oxidants is 5
super oxi de di snutase 3 and the preferred pol ynorphism (mutation) is a
substi t utwom2/0e134£ to G at position 760. In yet another aPpENZothewe is
provi ded a nmethod of determning a subject's potential risk of devel oping
chronic obstructive pul nonary di sease, conprising the analysis of

pol ynor phisms in the regul atory and/ or $ronoter regions of the genes 10
encodi ng naubstitutiont &lnuoclevideT na€ds codpnuttadfhitapsfrmingnsdwthafaeter banTher ot ease
inhibitors, wherein the presence of a nmutation in these regions is
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provi ded a nethod of determ ning the potential risk of devel oping chronic
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gl ut at hi one transferases, _= and protease jnhibitors, wherein the presence of
a mut at iSon SHRCTPRAS dispugase Aand he prafgrmed pplymogphism fwytiopkis & 5ebdibatian e t o
COPD. 20 Preferably, the netalloproteinase is nmacrophage el astase (matri x
met al | opr otofiChtad@ at pcitom MP- 12) and t he preferred pol ynorphismis
substitution of Ato G at position -82. The preferred gl utathione

transferase i s ghytwedrdothenaspSct theresd proailed 4 nivtkbd dfaletapmariing b esbjeisy mor phi sm
is the ML null polynorphism The preferred protease inhibitor is alphal

antitrypsi noaidal & d%fd%ffég%iﬁg cROMEBERIM S A pufind diseab@cotnpringqhy Mor phi sm
WO 02/ 099134 PCT/ Nz02/ 001 10 According to anot’her aspect thére is

21099132 PG e ng to another aspe .
e rod | AP AL B ROt R B BRL oo E e SR O e CEnee

encoding matri x renodel | i roteins (includin e
1% enco&ing matrix metaﬁgprgtemases, glu{atlrlllone trans?erases, and protease inhibitors,

wherein the presence of a mutation in these i‘egions is indicative of a genotype
susceptible to COPD.
In a further aspect there is provided a method of determining the potential risk
of developing chronic obstructive pulmonary disease in a subject who is a smoker or
15  someone exposed to high levels of air pollutants such as environmental tobacco
smoke, comprising the analysis of polymorphisms in the regulatory and/or promoter
regions of the genes encoding matrix metalloproteinases, glutathione transferases,
and protease inhibitors, wherein the presence of a mutation in these regions is
indicative of a genotype susceptible to COPD.
20  Preferably, the metalloproteinase is macrophage elastase (matrix metalloproteinase-
12 or MMP-12)and the preferred polymorphism is substitution of A to G at position
—82. The preferred glutathione transferase is glutathione S transferase 1 and the
preferred polymorphism is the M1 null polymorphism. The preferred protease

inhibitor is alphal antitrypsin and the preferred polymorphism is the 3* Taq 1

25  polymorphism.



proteases and/or their inhibitors), inflammtory proteins and oxidative
stress 5 responsive proteins, wherein the presence of a nutation in one or
nore of swDd2gemes s indicative of predisposition to dewerozopgotoepai r ed
l ung function and its associated health risks. According to another aspect
there is provided a nethod of determning predisposition to devel oping
inmpaired lung function in a subject whd®is a snoker or a 1o subject
exposed to hi gh Acewsling fanothietlaspesteheat ismsyided apdetlsdngg deteemmirgd Si s of

pol ynmor phi sns in the genes encoding matrix renodel ling proteins (including

proteases apgle@rs fri@kpositihithide@)Sping inpdiRATBI LM SO t&hPSsiAdtheOXi dat i ve
]

stress responsive protelns, wherein the presence Of a ion in one or

nore of th o ] i : ' | S 1404l Y2 .

br cdi sposi AT S pAPERHRS el ARk st defudddling By Bhefudine,

anot her aspect there is provi.ded a.nethod of diagnpsi.ng.in, a subject the
Dotent | al - BROBISCOI sriley BT isR: PORGIAOY SEER G CRBHE o1 o o

pol ynmor phismin the genes _encoding matri x renpdel ling proteins (including
prot easés aPRPPBYIVE Profains, Whetsin e presengeraf apptatien ingng 0g mese afaidgangsat i ve
stress 20 responsive proteins, wherein the presence of a mutation in one or
more of t hés pdivetve efwedispryitimatte dgvalepinglghpaired lprefusctivs anidntslassbiciaged

prot eases and/or their inhibitors), inflanmatory proteins and oxidative

stress respeslfi Ngksproteins is indicative of potential onset or severity of
| ung function inpairnent. According to another aspect there is provided a

met hod of di agnORichRliddkohndMes 2ipkaGheriOprbvidad § FRKRId FdeRriRiLCt exposed
to oxidative stress the potential onset of WO 02/099134 PCT/ 2/ 00106 11

LDt 29 1 s OO0 O B Gy S S SR B
Ipp(f;![ 2: hgf S\)ﬁﬂ}é]fslgln %Lgsrr{:g%tb B{éﬁéﬁ%}g (?tj or)](?daztair\]/g st(r)é(sis,dc%trrilp\{'i%in?gtt{)g aslnsalyrs?sS fonsi ve
polymorphisms in the genes encoding matrix remodelling proteins (including
proteases and/or their inhibitors), inflammatory proteins and oxidative stress
responsive proteins, wherein the presence of a mutation in one or more of the genes
encoding the said proteins is indicative of predisposition to developing impaired lung
15  function.

According to another aspect there is provided a method of diagnosing in a
subject the potential onset of impaired lung function comprising the analysis of
polymorphism in the genes encoding matrix remodelling proteins (including
proteases and/or their inhibitors), inflammatory proteins and oxidative stress

20  responsive proteins, wherein the presence of a mutation in one or more of the genes
encoding matrix remodelling proteins (including proteases and/or their inhibitors),
inflammatory proteins and oxidative stress responsive proteins is indicative of
potential onset or severity of lung function impairment.

According to another aspect there is provided a method of diagnosing in a

25  subject who is a smoker or a subject exposed to oxidative stress the potential onset of



of a mutation in said proteins is indicative of potential onset or severity
of lung 5 function inpairnent. In yet another aspect there is provided a
met hod ofwoOeReIBhi ng a subject’'s predisposition to develPGpINTY2/00106
nmorbidity/nortality risk of a disease associated with inpaired |ung
conprising the analysis of polynorphisns in the genes encoding proteins
involved in matrix renmodelling, inflamkhtion and response to oxidative 10
stress, whéamephined lneg fumetemcempfisingithetanslysis ofipagmoephism iregafes saodingenes i s

i ndicative of predisposition to developing norbidity/nortality risk of

sai d di seasgatriRc@hcichiigyprbfemsdineRASR protetrk a/d/BFlthelr@MiBitGEPUP consi sting of
chronic obstructive lung di seases, coronary artery di sease, stroke and

|ung cancery Brat LAtk AdGaTRIdlibe LEURIRbLIAG a@g@rﬁgah'&émk Bfsfbef T OM

al pha | -antitrypsin, interstitral collagen trix

nmet al | opr ot ei nase-1 .or _ \NVP-1) . |latinase B..(matrjx netal l.oproteinase-9
or - b5y i M st dppiahs s PRALL AR Rl 8y V&P ar BB ' "t he
oxidative stress protein is glutathione -s transferase. The preferred

pol ynor ghi SARGLRBERPRFASIL s the G to A 1237 in the 3' region of al pha
-antitrypsin, the 1G2Gin the pronoter of interstitial coll agenase,
C-1562T in the pnoyetomethenspeet thereas prosigled B maathpd ¢fedefermaniaz a 8ubjedisy nor phi sm
in the promoter of human macrophage el astase gene and/ or pol ynor phisns in
| i nkage di geelisposibion tondevieldping metidipdinyrtalitp hisk 06 a dReasearwieiaed Jh oxi dat i ve
stress protein is selected from glutathione -s transferases. It will be

under st ood iﬂ%ﬁaﬁmﬁﬁg 6&5&&@@ R ahmgs@ bf pbibaborgHigndiRtiRE Bidealchaif 25
|

suscepti bility pol ynorphi sms may be conducted on one or a conbination of
br ot el no. (PAPLR S se ol eBRhoghfodRRenRRAGTLARIRSIE Y LRFAAE. | 1O
proteins and oxidative stress responsive proteins.. The asses nt of
D1 edl spils, PTG, BROEIaBPESTE 5T FUURIOGH I GOF HpEPRC! PR RATT O ey
of predisposition to developing morbidity/mortality risk of said disease.
Preferably the disease is selected from a group consisting of chronic
obstructive lung diseases, coronary artery disease, stroke and lung cancer.
Preferably the matrix remodelling protein is selected from alphal-antitrypsin,
15  interstitial collagenase (matrix metalloproteinase-1 or MMP-1) , gelatinase B (matrix
metalloproteinase-9 or MMP-9) and human macrophage elastase gene (MMP-12).
Preferably, the oxidative stress protein is glutathione -s transferase. The preferred
polymorphism (mutation) is the G to A 1237 in the 3’ region of alphal -antitrypsin,
the 1G/2G in the promoter of interstitial collagenase, C-1 562T in the promoter of
20  gelatinase B and the A to G -82 polymorphism in the promoter of human
macrophage elastase gene and/or polymorphisms in linkage disequilibrium with
these polymorphisms. Preferably the oxidative stress protein is selected from
glutathione -s transferases.

It will be understood by those skilled in the art that the determination of

25  susceptibility polymorphisms may be conducted on one or a combination of the



t hus be based on the analysis of for exanple only the pronoter region of
interstitial 5 collagenase or that of gelatinase B or that of macrophage

el ast ase.wDt02i0e91p+ ef erred however that pol ynorphi sns of &CEtondor/n@vé on of

t hese genes, two or all three in any conbination, be used in the nethods
of the present invention. According to yet another aspect there is provided
a nethod of determning a subject's pﬂédisposition to devel opi ng inpaired
| ung funct igenes encoghing siatrix tdreodeDingpadtyims sinoludimgpeotedsasn amtier their y mor phi sm i n
t he genes encoding matrix renodelling proteins (including proteases and/or
their i nhi QhRiBHSk), inAHnhAMNBRE HHobeindrAH Skidati Péstres® ¥esPsivesrofelrRS The €sponsi ve
proteins, wherein the presence of a nmutation in said genes 1is indicative
of predi spQsit. j i i - f j I ,

pol Yrror phy SeaeriiE 0P pakBLaRbGrd MG Revphigine bl A IGERRY, oo ¢
col | agenas t.rix, metal | opr.ot ej.nase-1 or -1 el ati nase B. trix

net al | opr ot%@gsnr?;sbea-sgj (o]} &Wﬁg@fl? Oﬁtﬂﬁﬁﬁ”ﬂég PBB'%B“%’?%%V&%@“QZHE“EMlZ) and
glutathione s-transferase, is used in the methods of the present invention.
Accor di Ag t8llagrBasrer thalod gelatipase 8 ordbyof magephagesdestase. His pesserradle probes
and/or prinmers for use in the nethods of any one of the previous aspects.
20 The pr efhowerer thati peymorhisnay ofpr ewindxnagion of Hesegees.awospal, three imany abl e to
be wused to span, the polynorphic regions of genes encoding matrix

renodel | i ngopibidationsbe sedéd the neghdals of drIesseAndi a@ftionnei r i nhi bitors),
inflammatory proteins and oxidative stress responsive proteins and of

ot her genes used\dddrdihieto Rk BRSiBerpdcheR i PRMded 4 WiBMRbE BRdetiiRiRHE 399134
PCT/ Nz02/ 00106 13 Wen referring %o "snokers" herein the termis also

e | e o 0 B O S, T ovre

10  analysis of more than one polymorphism in the genes encoding matrix remod'elling
proteins (including proteases and/or their inhibitors), inflammatory proteins and
oxidative stress responsive proteins, wherein the presence of a mutation in said genes
is indicative of predisposition to developing impaired lung function.

Preferably, ﬁolymorphism in all five genes, namely alphal -antitrypsin,

15 interstitial collagenase (matrix metalloproteinase-1 or MMP-1), gelatinase B (matrix
metalloproteinase-9 or MMP-9), human macrophage elastase gene (MMP-12) and
glutathione s-transferase, is used in the methods of the present invention.

According to another aspect there is provided a set of nucleotide probes
and/or primers for use in the methods of any one of the previous aspects.

20 The preferred primers and/or probes are those which span, or are able to be
used to span, the polymorphic regions of genes encoding matrix remodelling proteins
(including proteases and/or their inhibitors), inflammatory proteins and oxidative
stress responsive proteins and of other genes used in the methods of the present

invention.



5 susceptibility genetic variants show a linear relationship with an
estimated |ikelihood of having COPD as high as 80%in those with four or
nore suscwptoeioddiseay variants. Figure 2: G aphic represent @CTNzoahohe dat a
in Table 10. The risk estimate, as quantified by the standardised rati o,
shows that the presence of 0 10 protective genotypes in this study
significantly increases the risk of a !3npker having COPD by 167%
Conversel y, thi SVheaatefstiag shGmokelst hereiththe térakis @fsodntendedetd envdnigas® or nore
protective genotypes, having COPD is reduced by.67% G ven the background
ri sk of CORB.dnbkessokers before genetic testing is about 20% the presence
of 0 15 protective genotypes significantly i ncreases this risk. Figure 3:

Graphi cal representation of ghep ﬁsdﬂﬁfi}ﬁdﬂl? gstimte analyses
K

showed no significant differences inris thougﬁ trend showi ng a

Juccopti bi HEgegnot E%ewa HoBpiamrple et DR SReEsesbrsy eatm e Enow o

trend towards greater lung function in snmokers. with jncreasing nunbers of
pr ot ect Sve genot ypes Sus e varianisshpraERRETsIgtoRsp MUIPS Usi ng
case-control studies we have conpared the frequencies of several genetic
vari ants (pol ynor phi sstithated likelitgiod af baygeg €ORhasiigh es 80%rid theisewathdonor s.
25 The majority of these candi date genes have confirmed (or |ikely)
functional effects Whaaroohd svscBdibilNg024iaR306 14 on gene expression or
protein function. Specifically we have conpared the frequencies of

pol ynor phi s, Ref. me@r%kﬁ@%p‘i'&@ﬁ’ﬁaﬁ&?@ﬁth@h&ta ih §EbIRIBNThSHBK&EiMa)ds T hose
wi th COPD (stbdivided into those wth early onset and those with normal

onset). The present iyaiHdaql) HEMBARA iR b \Bbwh BEk the¥irbseRll fr Pr Ot ecti ve

and

10 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 1is reduced by 67%. Given the background risk of COPD in
smokers befére genetic testing is about 20%, the presence of 0

15 protective genotypes significantly increases this risk.

Figure 3: Graphical representation of the data in Table 11. Risk estimate
analyses showed no significant differences in risk although trends
showing a greater risk of a smoker having COPD in the presence of 2
or more susceptibility genotypes was evident.

20 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 studies we have compared the frequencies of several
genetic variants (polymorphisms) of candidate genes in smokers and blood donors.

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



5 susceptibility genotypes derived from sel ected candi date gene

pol ynor phi sms. Gven COPD is a polygenic disorder and nany genotypes are
i kel y t owlee2iopsmed ved in the devel opnent of COPD in any eaa/neassoepti bl e
snmoker only sinple genetic nodels can be explored (ie the net effect of
susceptibility and protective genotypes is not known). In one enbodi nent
described herein 3 susceptibility genetl#c pol ynorphisms 10 and 4 protective
geneti c polonngenp bxpoassicar @ proteint fuhdtipe. Sidcifidatlyivkahavarampsaed tief t he conbi ned
effects of these pol ynorphi sms shows that the genetic assays of the

present i n\%g@m@sm pOBmtsiBEish® bethRBh bloyd YORMEL R8s, BEBRhEIm SesKarif

devel opi ng D. Thus, through systematic analysis of the frequency of

these pol yqﬁés%%i%?PPJsQ{@ildd&ﬁn%&?@%%ﬂH%?rlypgrtls%%t?@sea\pﬂh H{)’H{'ﬁaﬁm’kers’ as

descri bed herein, | possi o Inplicate certarn proteins in the

devel opnment__of D _and .i nprove our bil]ity to identify which snokers were
t§nor easdiST SRearRgR BT aRH ge PRt e S R piotdcuffiatbe 1 or

predi ctive purposes. As only the mnority of snokers suffer one or

conbi natsi orfufePHibiibeecrobpss daived fioat eelorisd epdidate geae pelayprorPlliens (HKeT s” who

t hrough the conbi ned effects of genetic 20 nechani sns and hi gh oxi dant
exposur e arGORP igja pelygertic disgidendndsnarki gepotypeaaredikielyrtg bdiiseded it @@PD and

| ung cancer). G ven the epidem ol ogical findings to date it is |ikely that
t hi s genet idevelupmemtdfBORD yn alyseheauicepilsle stoRerurty kigpds gdnefit nodelt her
snmoki ng rel ated di sorders such as CAD and stroke. Further, we believe that

reduced FEa bb exoRUIEANK R MlecPordanepabiliBuiifRoRRtidUdibped § sbfie adverse

effects of chronic snoking and oxidative stress. That 1 02/ 099134

PCT/ N202/ Oq%nggln?jlg oﬂggl?l{é c?lgl@gfs (#égrgt?edq{erqug%yg%%ﬂ%iigﬁéein\éﬁc é‘{ﬂ?‘g‘r&i}h&%% ' n that

seen w th chroni’c cigar _ exposure ere-is tion in the
AN IR o SR A MO AR A MY RS
enzynes) Ovc?);nbri)rze?ll e%'ggtg C(i)f ?heerscie g(ﬂ;mlorep%cijs?nst S?lOENQ %hart) td?errg'iﬂtniet(i)cnas(g:lysl ol%rtll?e
present inventon can be used to identify smokers at greater risk of developiné COPD.
Thus, through systematic analysis of the frequency of these polymorphisms
in well defined groups of smokers and non-smokers, as described herein, it is
15 possible to implicate certain proteins in the development of COPD and impro;e our
ability to identify which smokers were at increased risk of developing impaired lung
function and COPD for predictive purposes.
As only the minority of smokers suffer one or combination of these diseases,
there may exists “susceptible smokers” who through the combined effects of genetic
20 mechanisms and high oxidant exposure are at greatest risk of smoking related lung
disease (COPD and lung cancer). Given the epidemiological findings to date it is
likely that this genetic susceptibility also extends 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

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



5 inflammation, fibrosis and parenchymal danage causing chronic obstructive
l ung diseases and contributes to lung cancer. These sanme processes occur
in the arwernzaboi3mal | t hereby pronoting progressi on and/ orrcrmetoabolost y of

t he at heromat ous plaque resulting in, if not the devel opnent of coronary
artery di sease and stroke, the progression of atheromatous plaque to

t hrombus formation (Waltenberger J. 2001). 10 Thronbus formation in turn

| eads to thmded donditiehs efstirbmie oxidativid1gtaab(e imth@t fizn vithudheonioyigarttdi al
infarction and stroke, all of which carry high nortality. It has been

proposed t hgtokkRERLRG BRIER MfalteRlibAMRE Aty BHgrbetins SRBRl ih Rehe@pd/ or

response to oxidative stress nay contribute'to 'the plaque instability that

characteris e. I N, € ntif i hi N ed FEV 1 is
an indir ectrg%f){i)%@?g(é? %’F’% tﬁ‘%lsaen%\é\(}rtohd V%Ltgeﬁé'czg? ?lgél}%c?%.(c§1’vEtbe§§g§1g %e matrix
renmodel ling, infla i on and, enhanced dama from.oxi dati.ve stress. Thus,
{hrough t habeeia (HEKALY 6P BHEALOYF" PROAZCE E Ay St Jhe PPDRiR ot hBs o

di seases can_be |inked through the activity of matrix renodelling

prot ei ng, iinflamamaders Aprosisoandingsenghymallamege gauging chzonie pestmative lasgonse to
oxi dative stress. Al though reduced FEV1 is a reliable predictor of

i ncreased rdishsdsandkonttibetsetodOng caeas €Bhese sanaproteskes doour inythoarterial e year s
of chronic snoking before there is sufficient danage to the lungs for this

suscept i bi lvdlytheRbY prodhdtitigGrbsrissitat SRl bhgabiiy of @tttRgomuidgs plagiet i on

testing). The methods of the present invention overcone this di sadvantage.

EXAMPLES T fi4E ti Ll j I Ny: L, th reference
T non. 25 FLEER 80 ke A o b e L RN R L il 6

e bR S SR BB BT T
consec ult()i Veﬁ%émgggrr\xl\lgt?ondi%fnilrgﬁga .s Qo ?hlébcjli(ralfctalsenvt\{(t]igs Qfl Enstable angina, acute
myocardial infarction and stroke, all of which carry high mortality. It has been
proposed that the processes of inflammation, matrix remodelling and/or response to
oxidative stress may contribute to the plaque instability that characterises these
clinical entities. In this context, reduced FEV1 is an indirect biomarker of those with
15  asusceptibility to adverse matrix remodelling, inflammation and enhanced damage
from oxidative stress. Thus, through these mechanisms reduced FEV1 and mortality
risk for these diseases can be linked through the activity of matrix remodelling
proteins, inflammatory proteins and an individual’s inherent response to oxidative
stress. Although reduced FEV1 is a reliable predictor of increased risk to all these
20 diseases, it can take thirty 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). The methods of the present invention overcome this disadvantage.
EXAMPLES

The invention will now be described in more detail, with reference to non-

25  limiting examples.



5 snoked a m ni nrum of twenty pack years and had an FEV 1/FVC ratio (Forced
expiratory volune in one second/ Forced vital capacity) of < 70% and FEV 1
as a perweoenvaga3pbf predicted <70% (neasured usi ng Ameri c2Z0T/N7OL/ACIE
Society criteria). Patients with the above lung function tests who had
been di agnosed with COPD by specialist physicians were recruited if they
were over 50 years old and had devel opéd8 10 synptons of breathl essness
after 40 y@Ewample Bo@refintaaryStiidg hi story of asthma, bronchiectasis or

| ung surgery were excluded. Eighty-four patients were recruited, of these
56% wer e I [ FVC ( Standard Devi ation) was 0.44 (0.12),
mean FEV Pagsui g‘grrgéﬁpgg?ﬂof pred| cted was 33 (13). Mean age and pack year

hi story was 73 nd 45 ack ars re ctlvel Usi ng a PCR
based 15 net hod)f’%éﬁr&ﬁ%’g YroBYan A Scenié%@ﬁtted\(;%g%sé’%f‘ﬁe/ Eoup f or
the al-antitrypsin nutations (S and _Z variants d none had the Z allele
(Mz, Sz, z2haiichOP{wgre reguited cogsecptivgleg COP® was A impuiertgwhePad (snoki ng
stat us unknown) who were recruited consecutively through the | ocal bl ood
donor sér vismekeda frtiginfuny of {veentyeprck weare andrbad amBEVHEMVC metio(Bogesdnas 45
years. 20 1.2. MWLl pronoter pol ynorphi sm genotypi ng Genom ¢ DNA was
extracted fekpimatwdyolotuhé foshesseomideRor(ddaniabtapacity), of F70% asdFER] aka and
Sanmbrook, J., Mlecular Coning Manual. 1989). The MW1 pronoter

pol ynor phi %@c\éﬁtﬁgéjgf Sedicrad70y, (ﬁ%é&@&re@rﬁﬁihé A8 ThofacR RCRY Qutehiy).
publ i shed et hod™ (Dunl eavey et al., 2000, incorporated in its entirety

herein b 4

ol i gonuc?/e\oﬁt%lgﬂ?[é g’rgl)ti%#ger %fﬁlﬂ%ﬁﬁ&é%&é&kﬁf%&% %%ﬁ%y) Worvvard
rimer) and 5' - TCT TG ATT- GAT- TT TAA- ver,se primer

Phe POk  oseRid e (et if Gy Bt ove o o ST 40 SREERSE ol nec

50 ng genom c DNA, Oonol forward and reverse 5 priners, 100nM dNTPs, 10
mv Tri 49 HCEqulp;qngs Qt)breaj,ldewqggﬁer 40 Eeaﬁmﬁ\@gﬂz‘hose with a history of asthma,

bronchiectasis or lung surgery were excluded. Eighty-four patients were recruited, of
these 56% were male, the mean FEV1/FVC ( + Standard Deviation) was 0.44 (0.12),
mean FEV1 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

15  method (Sandford et al., 1999), we genotyped the COPD group for the al-antitrypsin
mutations (S and Z variants) and none had the Z allele (MZ, SZ, ZZ genotype). We
also studied 178 European blood donors (smoking status unknown) who were
recruited consecutiveiy through the local blood donor service. Fifty-five percent were
men and their mean age was 45 years.

20 1.2. MMPI promoter polymorphism genotyping

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

Fritsch, E. F. and Sambrook, J., Molecular Cloning Manual. 1989). The MMP1
promoter pdlymorphism was determined by minor modifications of a previously

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



and 1 unit of Taq polynmerase. Cycling tinmes were incubations for 2 mn at
95C followed by 35 cycles of 45s at 92C, 50s at 60C and 50s at 72C. 4ul of
PCR pr oawotog/ogdi3Bbp) were visualised by ultraviol et tran®CriNz2opboasi on of
a 3% agarose gel stained with ethidiumbrom de. The remnai nder was di gested
for 4 hrs with 10 10 units of Asp 700 (Roche Di agnostics, New Zeal and) at
37C. Digested products were separated!dn a 3% agarose gel run for 2.5 hrs
at 80 V wi trofefddEe)pThé BCR oligenudbédiide poithees wererfdi TEGFTGRAGAAVEGT-CITHP) in the
presence of the 2G allele or was cut in to bands of 100 bp and 17 bp in

the presenqecofaAThe’ dofwal bAhRr)RAnNdSCITCRIGENATTIGAWRPTGEAGALTRA-I n three
subj ects assi gned the genotypes 1GlG 1&G or 2Q&G by 15 the above net hod

and oot { TBAGLARAES: @ LELpAREACHId BoR daBlb] Ladthe BhSRIGELPr | Pr esence

of the 1 G or prorm yrmrp I'Sm genot ypi ng
Genom ¢ DNA yas e d fro ol e net hods descri bed
in exanpl e ¥ ﬂﬁ%f"ﬁ Codlltal? %;Iég %ﬁqoﬁﬁggl\gy 1@?@ gg’%‘ Te¥ ¥hot er 20
pol ynor phi sm was per f or me rom net hods publ i shed by Zhang
B, et &l wrsaulﬁew%éNéYPédlqrﬁMT%S B&L@&%%é%ﬂ%%@l 1 SreMeMes). using t he
prinmers gelb 1 (5 - GCC TGG CAC- ATA- GTA- GGC- CC-3') and gel b2

( 5- CTT- CCT-aa60-uait@ef GBGpopakerF€- GydlingRDResangst irfdubatidne fondamipatrfSeCmed in a
PTC- 100 therno cycler (M} Research, Inc.) in 25 1| reaction mx. The

reaction mfsllgwed BO3Mgyddds cfeseal R2°CNFs ab60°0RNdS002018¢. ATUIROR/ 00106 18
ng of each prinmer, 20M of dNTP, 1.5nmM MyCl2, 0.5 unit Tag DNA pol ynerase,

10mM Tri s- Hba c‘é({m&fﬁwe?@ﬁs@alﬁ@éb @ﬁﬁa@fdléi raR 8 BRSO PRAGADHILONS ver e:

An initial denaturation step at C for 3 mnutes, 35 cycles of PCR

(denat urat i g%? %&3’ gvﬁh e@ﬁ&lgﬁlobl%ﬁ'ﬁ dﬁn%? E%F'ﬂﬁ"(?er 'u{;ég d est@g %rflpﬁrs %ﬁthlsﬁf; onds, and

el ongati on secon cl e of ongation at
T2 o ey SO LS Bkl e EEERIRELS T
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
in to bands of 100 bp and 17 bp in the presence of the 1G allele Direct sequencing
was performed in three subjects assigned the genotypes 1G1G, 1G2G or 2G2G by
15  the above rﬁethod and confirmed that the latter correctly identified the absence or
presence of the 1G or 2G alleles.
1.3. 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-1562T promoter
20  polymorphism was performed by PCR (modified from methods published by Zhang B,
et al 1999, incorporated 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 genomic DNA. 50




(LifeTech) in the recommended buffer systemat 37C for five hours. Al
digests were analysed on a 3% agarose gel. Direct sequencing was perfornmed
in three Wolpeet1s4 assi gned the genotypes CC, CT or TT byPCheNZabowesé nmet hod
and confirnmed that the latter 10 correctly identified the Cand T alleles.
1.4. MWP 12 pronoter pol ymorphi sm genotyping Genomi c DNA was extracted from
whol e bl ood by the same nethods descriBg&d in exanple 3. Genotyping of the

human nacr gigh#gactepas i SeuliNYRINID), 15nGAg0I) 05 ahit Fad YNX phlyaierases
per f or med by PCR (rmodi fied from met hods published by 15 Jornsjo S et al

2000, incor i § imers

mepl (5 - REATRE A KA R a@%-"?%%%&“%“@??“ﬂ%@ﬁ%%%&% b

TTG TAG AGC- TGT- TCA- GG - 3' f ic orned. i C 100
her o ey oltia] dApeEann,sap, & DES or MBS, 38 st pon Rk (depriratisnct B3IF

was 50 ng of genom c DNA. 50 ng of each prinmer, 20M of dNTP, 1.5nM I\/gCI 2,
0.5 unit Tdor 2Dscodiidspanneakingatet6 °a o STyecenddCind domgdtikiTht 27 for 691%gel at i n.
The PCR cycle conditions were: An initial denaturation step at 95C for 2

m nut es s 336tk ER1INelbRoné SRNAS I8N 8l 78€G0f 9 mintes Folfforo@pNeal i ng
at 66C for 48 seconds and elongation at 72C for 58 seconds) followed by

one cycle el.ongat | C far u mcrollt al i quots of
the PCR pr&l‘ﬂ%?té"% eﬁglarogf‘éawerﬁ%gisée‘{ylrtﬁ?}f S OSHOL VYIS SRB! 02/ 099134
PCT/ Nz02/ 00106 19 Pvull (LifeTech) in the recomTended buffer systemat 37C
for five hdlifeTech) n tp srogmmengded Buleraysiemddt 81°G fgof vagueres 8llgligestsiyerect
sequencing was perfornmed in three subjects assigned the genotypes AA AG
or GG by t lmmalybalen agYodepdroaadelc Dirketrsegubntingtwasiperfotra¢d mrthiee sutgedts y
identified the A and G alleles 5 Genotypes were assigned by two

i nvest i gat QksighdidBe gaiRyids CATT & TTHy te abphenrthvdani Coltniddha Ok agéy
status. The differences in allele and genotype frequencies were conpared

by odd' g T alhRciaBsk RN AE celd 1PAfagonT | dence limits,

1.4. 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 elasfase (MMP 12) A-82G
promoter polymorphism was performed by PCR (modified from methods published by
15 Jormsjo S et al 2000, incorporated in its entirety herein by reference) using the primers
hmepl (5'- AGA-TAG-TCA-AGG-GAT-GAT-ATC-AGC-T -3") and hmep2 (5- GGC-
TTG-TAG-AGC-TGT-TCA-GGG -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
genomic DNA. 50 ng of each primer, 20pM of ANTP, 1.5mM MgCI2, 0.5 unit Taq
20 DNA polymerase, 10mM Tris-HCI, 50mM KCI and 0.001%gelatin. The PCR cycle
conditions were: 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 aliquots of the PCR products were digested with 10 U restriction enzyme



Yates corrected x2-squared test with significance taken as p <_ 0.05. 1.5.
MWPI / MVP9/ MWP12 pronoter allele and genotype frequencies 10 Anal ysis of our
genot ypi ngodatwgishowed t hat Hardy Wi nberg equilibrium wasTmeto2iooobot h
cohorts and that significant differences were found (sunmarised in Tables
1, 2 and3). Table 1. MW 1 1 G 2G pronoter pol ynorphism allele and genotype
frequency in the COPD patients and bl 8dd donor controls. Frequency Allel e*

Genotype  FSuBGLIfET &h) GRGe 26306mm &b od4y 6iém1 3796 f@Fidhouf YA dgs (60%
(19%  (42% (39% Controls n=178 197 159 56 85 37 (% (55% (45% (31%

(48% (21N erd analydel 'E‘)h%@"/%__g&gérec%g Qﬁg%?}gégglg%m%“& f)&F(ﬁmeag‘l WRecl€d e?[s CcoPD

e
vs controls, Odds ratio nce Iimts 1.

Ve cont r o @SERge 1ot A S0 b BRUR MR Spripeintd éﬂ%cqslﬁerszlfdﬁv g o e
& 15627 pr amr@png%x"yy%%mﬁv‘é’gﬁﬁ%%ﬁiMﬁﬁ%?ﬁg?’ygg1??eq38n13bl o e s
patients and bl ood donor controls. Frequency Allele* Genotype C T CC CT TT
COPD n=84 124 445ep®typas gere(apglg(leﬂm w(ogxg%snggg%m@mg@en(ﬂy%ld blind to

phenotype (COPD and control) status. The differences in allele and genotype

frequencies were compared by odd’s ratio using Cornfield 95% confidence limits,

Yates corrected y2-squared test with significance taken as p < 0.05.

1.5. MMPI/MMPY/MMPI12 promoter allele and genotype frequencies

10 Analysis of our genotyping data showed that Hardy Weinberg equilibrium
was met in both cohorts and that significant differences were found (summarised in

Tables 1, 2 and3).

Table 1. MMP1 1G/2G promoter polymorphism allele and genotype frequency in the COPD

patients and blood donor controls.

Frequency Allele* Genotype

1G 2G 1G1G 1G2G 2G2G
COPD n=84 67 101’ 16 35 337
(%) (40%) (60%) (19%) (42%) (39%)
Controls n=178 197 159 56 85 37
(%) (55%) (45%) (31%) (48%) (21%)

15 * number of chromosomes (2n)
1. Allele: 2G vs 1G for COPD vs controls, Odds ratio (OR) =1.89, 95% confidence
limits 1. 3-2.7,
v* (Yates corrected)=10.67, p=0.001
Genotype: 2G2G vs 1G1G + 1G2G for COPD vs controls, OR =2.47, 95%

20  confidence limits 1.3-4.5, x> (Yates corrected)=9.05, p=0.003



Controls n=178 301 55 126 49 3

of chronpbsones (2n) 1. Allele:
=1. Wp i@p9%1sonfidence limts 1.2-3. 1, 5 x2 (Yates ceoTezoed)rnd. 91,
COPD vs control s,

(R
p=0. 004 2.

Genot ype:

confidence limts
12 A-82G pronoter pol ynorphismallele d8d genotype frequency in

COPD pat i erntadlesh) M¥AIPODA- 1$62T Hramnster polgmorphdsiisitety arl gedbBb

CT/TT vs CC for
2.2-3.7,

AG GG COPD n=84 151 17 67 17 O

n=178 286

e &dp

(A (85% (15% (719 (27% (29

T vs C for

COPD vs control s,

*

nunber

Qdds ratio

OR =2.1, 95%

x2 (Yates corrected)=6.7, p=0.009. Table 3. MW
10 the

eGegadngpen A G AA

(% (90% (10% (80% (20% (0% Controls

n‘énts(ar(é bl Gonbr?@Htrols64%) (339 (3%

*

nunber

of

chr onosones (2n) Allele: Avs G for COPD vs controls, Qdds ratio (OR)
=2. 17, 959%ganfidence tipmits 1;8; x2(Yates Trected)=6-83; p=0.009
15 2. Genctyége JAA vs AG G for %ODD vs| controls, %?&pg 21, 95% confi dence
limts 1.2-473, WO 027/ 099134 cPCTy NZg2/ 0ULU0&c 21 | X2 dryates cefrected)=5. 89,
p=0.02. The above data indicate that the MMP 1 1 G 2G the MW9 Ci1562T and
the MW 1Z0RD&2€3 pronot ef pakynprpial sns ares | ndepersdent Iy caidi date | oci
for %) (74%) | (26%) (53%) (40%) (7%)

Controls n=178 301 55 126 49 3

(%) (85%) (15%) (71%) (27%) (2%)

* number of chromosomes (2n)1. Allele: T vs C for COPD vs controls, Odds ratio

(OR) =1.94, 95% confidence limits 1.2-3. 1,

v* (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,

v (Yates corrected)=6.7, p=0.009.

Table 3. MMP 12 A-82G promoter polymorphism allele and genotype frequency in

10  the COPD patients and blood donor controls.

Frequency Allele* Genotype
A G AA AG GG
COPD n=84 151 17’ 67 17 0
(%) (90%) (10%) (80%) (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
limits 1.8-2. 8,

¥ (Yates corrected)=6.83, p=0.009

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

limits 1.2-4.3,



susceptibility to the devel opnent of COPD. In case of MW1, both the 2G
allele 5 frequency and the 2&G genotype frequency were significantly nore
pr eval entwpon2iopm34 COPD patients than in the heal thy contr@cTpapabans on (60%
vs 45% and 39% vs 21% respectively). Simlarly, in case of MW9 both the T
allele frequency and the CT/TT genotype frequencies were significantly nore
preval ent in the COPD patients than iR!the healt hy control popul ation (26%
vs 15% and 4 (Yates cadditedysneetp=0ad2y) . 10 Lastly, in case of MWI12 both the
A allele frequency and the AA genotype frequency were significantly nore

prevalent in th t lggt i on (90%
vs 80% and 80% %ﬁ%fﬁ%g@éﬁ%{fgt{%{hé MMb?é%ytggnMgﬁ?g #pzﬁo%ldaﬁx%l trypsi n0

3 Taq | tracted fromauhole.bl ood as f
the previ odtVis £ A R PSR R PG BERfensty SR ot o m s
det d by the fol t ho | hed

(Sandf o AVCRUSHY teg£$%“sv%9om”$%at skeolpr [Pt Wﬁbyba‘?h“%elf@ dsd ™

5' - CTA- CCA- GGA- ATG GCC- TTG TCC- (forward primer) and 5'-CTC TCA GGT CTG
TGT TCASTCdreguerfayend ithe? (2@ :gemqtypelfn@qmw wergcsignificantly nvue prevalepuin they a
total volunme of 25ul and contained 50 20 ng genomc DNA, | Opnol forward

and rever seCQPD patients thah idihe NERghy chdtroMpoplitdtion K% (M58 ahd, 3BOveaMKCl , 1.5
MM MgCG 2 and 1 unit of Taq polynerase. Cycling tines were incubations for

2 mn at 95gsp%@twewye@n{aﬁa&5 i€ Y45k @8 MNIPS Bothathe TAMGle fQmedy £dGhand 45s at
72C wth a final cycle of 5 mns at 72C. 4ul of PCR progucts (205bp) were

g't Z?ﬁLhZ&"tﬁf’%ﬁrﬁ%é%gEQ%‘;&%@Q?# RO Horg %ﬁ%ﬂﬁ@tﬂg;@@%ﬂ’&nf'

[ 0 34 . PCT/ NZ02/ 00106 0 Taq 1
eatri ot i o HeNHEE FEH GROSIT oA % da éiésvs??/l bl ed
products were separated on a 2% agarQse %@querun for 5 hrs at 80 Vwth

TBE buflfer Latthy ipegsempt a@w@az pethhe Acplighd ney mah%{}ﬁ EGROLPE

frequency were significantly more prevalent in the COPD patients than in the healthy
control population (90% vs 80% and 80% vs 64% respectively).
1.6.  Genotyping the alphal-antitrypsin 3’ Taq 1 polymorphism.
Genomic DNA was extracted from whole blood as for the previous
15  examples. The alphal-antitrypsin 3’ Taq 1 polymorphism was determined by the
following methods using previously published primers (Sandford AJ, et al 1997b).
The PCR oligonucleotide 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
20 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 45s at
94°C, 40s at 62°C and 45s at 72°C with a final cycle of 5 mins at 72°C. 4ul of PCR
products (205bp) were visualised by ultraviolet trans-illumination of a 1.5% agarose

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



presence of the t (nutant) allele or was cut in to bands of 130 bp and 75
bp inthe 5 presence of the T (wld type) allele. 1.7. Genotyping the

gl ut at hi owe 03obriansf erase (GST) ML nul | pol ynor phi sm  Gen@airaNzZDhAo mes
extracted fromwhol e blood as for the previous exanples. The gl utathione
S-transferase (GST)ML null del etion pol ynorphi smwas determ ned by the

fol | owi ng net hods using previously pubREshed priners (Cantlay 1o AM et al.
1994) . The fBCORhA wigohUIGhies0dfiThe 1oMebtiieticn svef/te((RocKelOraghdstitdA®eW G ATT- GAT- GG
-3'"; 5'-ATC-TTC TCC- TCT- TCT-GIC-TC-3' and 5' - TTC TGG

ATT- GTA- CClrdaihd {4\ 63°C.- DIg¥8tel PR JuBRGHdr® SepdBiteddt 4 28 e Bl An QA% vol une
of 25ul and contai ned 50 ng genom ¢ DNA, '50 ng of each prinmer, 20uM dNTPs,

10 nmM Tri s 8. . i.t . of Tag 15
pol yrer asei’r%éﬁg @lfr%% bag?ﬂmgg% P%‘hc%%ﬁfnﬁ ﬁ?g?z@gj flglﬂ%omed by 35
cycles of 45s at 94C 48s at 56C and 48s at 72C.w th a final, el ongation
For 5 i s HRengor il gngmmtbeiels FoRat i o nds 660 Seihdsds o indho 1 of et
trans-illum nation of a Z%ﬂ;gar ose gel stained with ethidiumbrom de. The

PCR pr oductrsesgaeecoidhoBAwld tymehdlleleGSTMA i nternal control for anplification)
and either a 275 bp band for a normal 20 GSTML (honpzygote or heterozygote)
or no 275 bip7.ban@eriongirgthepdutathioreeySroensferast 66SThd 1 Galligbymurphided et i on.

Table 4. Al phl-antitrypsin 3" prime Tag 1 pol ynorphism allel e and genotype

frequency in theGekdhcIBNA s exahcedroMdyIENeBloo ap forahspretioaguency Al l el e*
Genot ype WO 02/ 099134 PCT/ NZ02/00106 23 Tt TT It tt COPD n=84 150 18' 66

18 0 (99 (&%le(s.l’laﬁ)@ gl&tz&%ne(sz-l]r?@sférgs()@(GSWI rrﬁ‘lﬁie'i&i%ﬁ%o%‘f’orﬁﬂisrﬁqgasll 0

determined by the following methods using previously published primers (Cantlay

10  AM, et al. 1994). The PCR oligonucleotide primers were (5'-CTG-CCC-TAC-TTG-
ATT-GAT-GG -3'; 5-ATC-TTC-TCC-TCT-TCT-GTC-TC-3' and 5-TTC-TGG-
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 Taq

15  polymerase. Cycling times were incubations for 3 min at 95°C followed by 35 cycles
of 45s at 94°C, 48s at 56°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 bromide. The PCR products were a 202 bp baqd
(GSTM4 internal control for amplification) and either a 275 bp band for a normal

20 GSTMI (homozygote or heterozygote) or no 275 bp band indicating homozygosity
for the GSTM1 null deletion.
Table 4. Alphl-antitrypsin 3’ prime Taq 1 polymorphism allele and genotype

frequency in the COPD patients and blood donor controls.

Frequency Allele* Genotype




(A _(97% (3% (949 (6% (0%

* nunber of chronosones (2n) 4. Allele:

t

vs T for COPD vs controls, Odds ratio (OR) =3.76, 95% confidence limts
1.6-8. 8,wod2(¥aBes corrected)=1 1.27, p=0.0008 5 2. Cenotrggenzoipotott vs TT
for COPD vs controls, OR =11.98, 95%confidence limts 1.7-10.0, x2 (Yates
corrected)=11.98, p=0.0005. Table 5. GSTML pol ynor phi sm al | el e and genot ype
frequency in the COPD patients and bl dd donor controls. Frequency N n
COPD n=84 29 55 (% (35% (@5% | Cantropls TE178| 103Tt/5 |(%9 #58%| (42% 10
n vs Nin|COPD conpared t¢o contropls OR=R.6, 95% [l 1.5-4./6, x2 (Yates
correct ed) Aopplg4P=0. 0007 1 Though Thi's gol ynpr pnjc?sm s Togated in a
region contalning regulatory elenents,|in vitro|studies |have failled to
show an i mp@6)t ant functi onal89&6)f ecfl1Vom t([AP%) gendl1%) vari afite)( Sandford et
al . 1997) . -Eor—the—GSHMt—rutpti-of—pe—fpund—a—15rFreguency—oef-—42% i n
control s an B Bur coPBHat enﬁ. V\DTBQ?OQQIM I Nz02/901068 24 When
the conbi negyeffect of thes@yggnet kg,%yar“i qohg,)wer e gspessied p,)a l|ogistic
equation (lQdds ratio estiimmates) ich assumed sim|ar frelquencies fin
heal thy snbkwmberad cmomosomes @ny, it estimated that about 42% (95%
Cl =31-56% of the
4, Allele: t vs T for COPD vs controls, Odds ratio (OR) =3.76, 95% confidence
limits 1.6-8. 8,
xz (Yates corrected)=11.27, p=0.0008
5 2. Genotype: Tt /tt vs TT for COPD vs controls, OR =11.98, 95% confidence limits
1.7-10.0,
v (Yates corrected)=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 n=84 29 55
(%) (35%) (65%)
Controls n=178 103 75
(%) (58%) (42%)
10 nvs N in COPD compared to controls OR=2.6, 95% CI 1.5-4.6,
v (Yates corrected)=11.52, p=0.0007.
Although this polymorphism is located in a region containing regulatory
elements, in vitro studies have failed to show an important functional effect from this
genetic variant (Sandford et al. 1997). For the GSTM1 mutation, we found a
15  frequency of 42% in controls and 65% in our COPD patients.



tendency to COPD coul d be expl ained i ndependently, by each of the five
genetic 5 variants. \Wen exam ned graphically, the percentage of people
wi t h COPDwploatob®id4 agai nst the nunber of susceptibility geaFiNZD206w06 ant s
they had showed a linear relationship with an estimated |ikelihood of
havi ng COPD as high as 80%in those wth four or nore susceptibility
variants (see figure 1). Qur COPD cohokt is likely to be a heterogeneous

group of patientWhu the cdRbined ¢ifeg ofesegenetit veritty serrassdseiahi ti s and
reversi bl e airways obstruction (the asthmatic conponent of COPD). The

present styg sﬂ?cf %l'aﬁ'&? %@d’ds‘;ﬁﬂp@stﬁﬂ'é%s ) Witk as edgsnﬁ'ﬂgt[ REquidbidsin heﬁlth

over - express un l'ie the devel oprrent of COPD 1 n sone snokers and is

the first to d| rag% é/o([mrrpsl | ca%elated cﬁlltlﬁ‘%/%/(gg Ml.%a/%)c{f?ﬂl ele (in

MVWP9) and éma Fe pro |sms he genetic
basis of this, proce As st at ed ab th D co or.t ed in the present
studies is PIM@EW%@SBQ cquldihsiexp Effeé‘ gf’f@’ﬁt Ve\ﬁef‘ﬁlcvarypng
severity of enphysema as part of thelr COPD. V\é propose that one and/or a
conbi natsi orvagents hWheapxaming grephirallyathe/nsrcentaepof peepld witk COHRP plottrdP12 A
allele, exert their effect on the devel opnent of 20 COPD t hrough

over - expr esaghinst thé ntberr oflsescaptibiligt genzticredrahtsaheyohai shawed atidearsubsequent
devel opnent of enphysema. However, it is not clear how the inflammatory

stinul us ofrelafib@Rigwith a@&@ﬁﬁeﬁe@muwom@mg SOPD NMWF0ME80% Bb&sSi on. I'n
this regard it is of interest that tunmour necrosis factor-a (TNF-(X), an

i nf | ammat or. | garette snoke (and

i nplicated v?’%l?%%x?@%re[%%%@ﬁﬁﬂ%@aﬁaﬁ %Sﬁ%ﬁ hown to bind to tgle core -
sequence of Ets 02,09 4 PCT/ Nz02/ 00, act or

b1 i ng it e (vaMgaI B A&q-‘/%&@) ﬁ?@ﬁﬁns(’%&mw i E3BE bound by
any particular nechanism of actjon, not e(il that the above

pol yrorighi SiEying degregsof emphyemes B{?ﬁﬂl“ﬁéé? reyerspleainuyaobstrestion(thgnscri pt i on

bi ndi ng sites which may
asthmatic component of COPD).

The present study provides evidence that MMP1, MMP 9 and/or MMP12
over-expression may underlie the development of COPD in some smokers and is the
first to directly implicate the 2G allele (in MMP1), T allele (in MMP9) and G allele

15 (in MMP12) promoter polymorphisms as the genetic basis of this process.

As stated above, the COPD cohort used in the present studies is likely to be a
heterogeneous group of patients with varying severity of emphysema as part of their
COPD. We propose that one and/or a combination of the MMP 1 2G allele and/or
MMP9 T allele and/or MMP12 A allele, exert their effect on the development of

20  COPD through over-expression of the relevant matrix metalloproteinase and
subsequent development of emphysema. However, it is not clear how the
inflammatory stimulus of chronic cigarette exposure results in MMP over-
expression. In this regard it is of interest that tumour necrosis factor-a. (TNF-a), an
inflammatory cytokine released in response to cigarette smoke (and implicated in

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



enhance responsiveness to inflammatory stimuli such as TNF-a rendering
those 5 snokers at risk of devel opi ng enphysema. Exanple 2. Expanded

St udy. Thwopeebdisd nary assessnent of MVWP 1, 9 and 12 prompCaEmNzZeabymor phi sns
as candidate loci for susceptibility to the devel opnent of COPD was

foll owed by a second, broader study that included genotyping of candidate
pol ynor phi sns of the 1o TGFI 3, SOD3 and>TI MP3 genes. This study was

desi gned t qadttavisifding sit€(vol &lehahe bBO41) 1993)0Watle insewihihg3 o 6 Bplindiby ardyy
genotypes nay be derived fromthis subset of genes. 2.1 Subject recruitnent

Subj ect' s of,, QR GRENARGR BF st AT GEPHEHNHE aBAVY Cﬂ&% hisisREN pack years
& tive

and di agnosed by a physician wth chronic obstru ul ronary di sease 15
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criteria: were over 50 years old and had devel oped synpt ons of

br eat hl essﬁ@h@caﬁsepnwwwpgnwraa@ry stiall speh g d B -@xedeErS PSS ol une i n
one second (FEV 1) as a percentage of predicted <70% and a FEV1/FVC2 ratio
( For ced sexpinoktmryrisiobfdayeiopingreenpdweamal/ For ced vital 20 capacity) of < 70%
(measured using Anerican Thoracic Society criteria). One hundred and

el even subjmhsplmre Exganded 8¢hdyof these 58% were nale, the nedian

FEV1/ FVC ( interquartile range (IRQ) was 44% (37- 50) medi an FEV1 as a

percentage of prigdisedRRindSsststhéntof Minvpheslhi 2G5 BRmforyfghs Bl story
was 73 yrs (66-77) pand 23 :ftckS earos (30-57) respectlvgly e ssecond gr oup

recruited wer 02/ 099134 /00 ent efe ed W th
br eat hl essnes‘ﬁd%to 06(1:1 CReéste %er | en%d%vlel %gwnﬁﬁf (B(%jf)t earSSfO ?%?d(’:g and
spironetric assess wer e d| agnosed as h VI a ch

physi ci an) Se¢aRd gf fudy faat irglpdsdisspotyPing @ Fandtipie é’hfsﬁ’a?rf’@?)eyears ol d
and had deveI oped synpt ons of breathl essness after 40 years of age, had a
For ced 16x piTGlHSPROAnATEIMPB genes. This study was designed to investigate whether both

protective and susceptibility genotypes may be derived from this subset of genes.
2.1 Subject recruitment
Subjects of European decent who had smoked a minimum of fifteen pack
years and diagnosed by a physician with chronic obstructive pulmonary disease
15 (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 years old and had developed symptoms of breathlessness after 40 years of age,
had a Forced expiratory volume in one second (FEV1) as a percentage of predicted
<70% and a FEV1/FVC? ratio (Forced expiratory volume in one second/Forced vital
20  capacity) of < 70% (measured using American Thoracic Society criteria). One
hundred and eleven subjects were recruited, of these 58% were male, the median
FEV1/FVC ( % interquartile range (IRQ)) was 44% (37-50), median FEV1 as a
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



5 one second (FEV 1) as a percentage of predicted <70% and a FEV 1/ FVC3
ratio (Forced expiratory volune in one second/ Forced vital capacity) of <
70% ( nmeaswpad/092134 ng Anerican Thoracic Society criteria). PEITRAP2/00106
subjects were recruited, of these 43% were male, the nmedian FEV1/ FVC (
interquartile range (IRQ) was 44% (38-55), nedian FEV1 as a percentage of
predi cted was 37 (24-47). Median age ad®l | 0 pack year history was 58 yrs
(53-62) angaddntpaférradoritls bledthi&ahess rspensi oepatientSinigwho, AeRclhdsgid net hod
(Sandford et al., 1999), we genotyped both COPD groups for the

al - anti t rypgili Bpifdthétic @8Rsdnten®perd di4ghos30 a8 having cCordb 4dadnifeng) W th the
Z allele (M, SZ, ZZ genotype). We al so studied 85 Elropean Subjects who

had snoked 1 N f r red
br eat hi essiad e thEE Riohinbtehe b R0 R 0 AN ey AL P
di sease in the past, in particular. asth or oni £ obstructive .l ung

i sease.  THYOPLBI GhreapBRpeader P b thalihoErd ety VMR dor y
and consi sted of 58% nmal e, the medi an FEV1/ FVC ( ICRE was 82% (76-88),
nmedi an BEVPngseeng dFB¥hi asepaseeniage of erediftedas’ Wa apdz FEYTFVGEatian  age and
pack year history was 52 yrs (46-6 1) and 38 pack years (25-59)

r espect i vel(forc2d expratdry oolupwr inione dechid/Ferned pétaincaphaitydl ofl s 70l s(nfeaswkd ng
status unknown) were recruited consecutively through |ocal blood donor
servi ces. HisfrigyAheN@nPRioeRAY SouRéte critdEin). Shdy-lonekiibje@slivert regRith$f45 years.
WO 02/ 099134 PCT/ NZ02/ 00106 27 This study shows that pol ynorphisnms found

1 9122 er (ANl OB SV O TR LAERILE SR 61 ot o
Smoker s corforosh UL bPu-Sihe e S ERphYe: AT EhDoyot) MLt o
protective role. Sunmary of characteristicsfor the COPD (hosp), COPD
(clinic armack pedr distory wasp8Kes €3-62) and 41 pack years (31-52) respectively. Using a
PCR based method (Sandford et al., 1999), we genotyped both COPD groups for the
ol -antitrypsin mutations (S and Z variants) and had excluded those with the Z allele
(MZ, SZ, ZZ genotype). We also studied 85 European subjects who had smoked a
minimum of twenty pack years and who had never suffered breathlessness and had
15 not been diagnosed with an obstructive luné disease in the past, in particular asthma
or chronic 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.
20  We also recruited 178 European blood donors (smoking status unknown) were

recruited consecutively through local blood donor services. Fifty-five percent were

men and their median age was 45 years.




Paranet er COPD, n=111 COPD, n=61 Resistant, n=85 Median (IQR) Hosp.

adm ssion Qutpatient clinic Healthy snokers % male 58% 43% 58% Age (yrs)
73 (66- 77W058/00H34 62) 52 (46-61) Pack years 43 (30-57) 4PCIAIz02/2)1088
(25-59) FEVI (L) 0.76(0.55-1.6) 0.93 (0.65-1.2) 2.8 (2.5-3.3) FEVI %
predi cted 32% (24-47) 37% (24-47) 94% (87-101) FEVI/FVC 44 (37-50) 44
(38-55) 82(76-86) 10 2.2. Transform ng2hrow h factor fl (TG 3) codon 10
pol ynor phi sm ge mbiisyqoadycsho W Fbmioihi was fornd irnglestdr frequenehil €0bpood
sanpl es (I\/ani atis, T. Fritsch, E. F. and Sanbrook, J., Ml ecular d oning
Manual . 19Gkentd mnﬁ;;?éa%%)omeem e ah HHERERE] mmﬂfiﬂ&fh@ ned by mi nor
nodi fi cati ons of a previousl publi shed method (Syrris et al.,

i ncor por at nt | he

ol i gonucl eggvggpdﬁ%nﬁr?g%rgp%}\%%még fuﬁ&? A@@ﬁé}iﬁﬁafg )pﬁﬂ?’gb&f% {?ugfi war d
primer) and 5'- AGC CAC AGC GGTI AGC AGC TGC (reverse The
BOR 1 et | Oh BT CEMPEUToSE SR kST oG SB%C@Q%*&J&S@HE 9\6%55899134
PCT/ Nz02/ 00106 28 contai ned 20 ng genom ¢ DNA, 500pnol forward and reverse
prinmerss Op2hepts)anarsilecte pateqtivesolaCL (pH 8.4), 150 mM KCl, 1.0 nM MyCl12
and 1 unit of Taq polynerase (Life Technol ogies). Cycling tinmes were

i ncubat i onsSubronary oficharaateriSies fof thel CRRD (hysp3 QYD (eBniof ardeesixtar®@4C, 60s at
66C and 60s at 72C. A final elongation 5 of 10 mins at 72C then fol |l owed.
4ul of PCRgspfomerscts were visualised by ultraviolet trans-illumnation of a

3% agar ose gel

stal ned W|th et hi d| um brom de.

An al i quot of

3ul of

aplificati CU Was PW 107 uni USp Rk e Ll=4sR0che
Di agnosti ¢s, w Zeal and '}1 ges &Q products wer e sseparriatged on a
0,

2|' % agar W di (gne}IQR)m fo H%ls‘p. aI}rmzsszotn 80 51‘/ tpatzenr} c}rmc £ byf ealihylstzlo S
ultraviole

% male 58% 43% 58%

Age (yrs) 73 (66-77) 58 (53-62) 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 (38-55) 82 (76-86)

10

15

2.2. Transforming growth factor [ (TGF[) codon 10 polymorphism genotyping.

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

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

codon 10 polymorphism was determined by minor modifications of a previously

published method (Syrris et al., 1998, incorporated in its entirety herein by

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



10 transillum nation after ethidiumbrom de staining. The products were
visual i sed against a 123bp |l adder. In the presence of the |eucine (L)

al l el e t hwoproduset size of 110 pb were cut in to 86bp an®CINzZpopweduct s
while the anplified product remained uncut in the presence of the proline
(P) allele. Direct sequencing was perforned in three subjects assigned the
genotypes LL, LP and PP by the above nB¢hod and 15 confirned that the

| att er cor reafainedi2datdehomit DNa, 806l dovard aedavese pfimetsp0RmM P al | el es.
2.3. Superoxide disnmutase 3 (SOD3) C+760G (Arg213dy) pol ynorphi sm

genot ypi ng. NggRo10 &WsWLW@%}%MM%W zﬁﬂnpﬁlﬁﬁofTaq
(Mani atis, T., 20 Fritsch, E. F. and Sanbrook, J., | ecul ar d oni ng

Manual . 198 Y IoL phi ' -nor

rodi 11 cat | GRS R TGRS, G L MR gt [F iRl oY
incorporated in jts_entirety herej reference) Jh .

ol i gonucl e&gklﬂ@edp‘?x %ﬁ?@%&fé%aﬁ%ﬁ’ %@t ﬁgﬁe@é&%@@gz é@% g{@elﬂ@?ﬁ@{% A -3
(forward primer) and 5' -CCA GAG GAG AAG CTC 25 AAA GCC AGA -3' (reverse
prinmer) 5 T 1PaRns s ¢ drenviaHowed Aubef RER pradugtsivesra visyghisod bp gliresiplet

PCT/ Nz02/ 00106 29 vol une of 25ul and contai ned 175 ng genonm ¢ DNA, | nnol

f orwar d andranevitursinati@r ofneed%,agarodeniitl diditied, witlDethidiuin ibsorkide. Ap#ligotdf 150 niv
KCl, 1.0 MMM 2 and 0.5 unit of Taq pol ynmerase (Life Technol ogi es).

Cycling ti rsofgligichtisiifotib@nas digested fon INsr with 936ité of PN@®bchy 33 cycl es of
50s at 94C, 60s at 66C and 60s at 72C. 5 A final elongation of 10 m ns at

72C then T ghboiRfes, Nt AdaldndRal’d 700U )i Ses o dubtsSWare IsSatllY otlh b8y 1 Ol et

trans-illumnation of a 3% agarose gef stained wth ethidium bronmide. An

ot of L P R PR O L Rl 010
(221 bp)were Separated on a3 5% agarose gelrun for 1.0 hrs af 80 V vith
égainst a 123bp ladder. In the presence of the leucine (L) allele the product size of
110 pb were cut in to 86bp and 24 bp products while the amplified product remained
uncut in the presence of the proline (P) allele. Direct sequencing was performed in
three subjects assigned the genotypes LL, LP and PP by the above method and
15  confirmed that the latter correctly identified the absence or presence of the L or P
alleles.
2.3. Superoxide dismutase 3 (SOD3) C+760G (Arg213Gly) polymorphism
genotyping.
Genomic DNA was extracted from whole blood samples (Maniatis,T.,
20  Fritsch, E. F. and Sambrook, J., 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
TGG AGA ACG GGA A -3’ (forward primer) and 5’-CCA GAG GAG AAG CTC

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



10 Using ultraviolet transillumnnation after ethidiumbrom de staining, the
products were visualised against a 123bp | adder. In the presence of the

G y-213 (Wwoo@p9EBd el e the product size of 221 pb was unc®CTINZ02/00106 he
presence of the wild-type Arg 213(or C) allele the product is cut into 2
bands. Direct sequencing was performed in three subjects assigned the
genotypes CC and CG by the above nethod and confirned that 15 the latter

correctly i\damhd dfi 31 hPcoRBSRIICE 53 RNERRTOR A0 nfbEfdewald Mdabigies. 2. 4.
Ti ssue inhibitor of netalloproteinase 3 (TIMP 3) T-1296C pronoter

pol ynor phi s \SyVAeY, ! |/ tfa I od sanpl es
(et ot | o, PO R e O TR OO ot 8 S M K O B M Vi
1989). The TI 3.T-..20 1296C pr r I rphi.sm was determ ned by m nor
Todi 11 cat i GRS Ogronit of s Rens e EiTe JeeioTesl e LR Werd fsgbations
incorporated in its entirety herein by reference)). The PCR

ol i gonucl eder Hminsrat QaiCstolleped by 3dsuclazwt Nsat 24€. t 6/ andp0sat 72%C.
(forward prinmer) and 5" -CTG GGT TAA GCA ACA CAA AGC - 3' (reverse priner).
The PCRSr edctindrelongstigaof iledinsat 72°0 then follawedodul € POR #6duictawere25 cont ai ned

1 ug genom c DNA, 10 prmol forward and reverse priners, 0.2mM dNTPs, WO

02/ 099134 RAshakEd byQfltdGoleBPantQlluivinktibs of B % didrd3e 431 stfifledWitiKethididmb MM
MyCl2 and 0.7 unit of Taq polynerase (Life Technol ogies). Cycling tines

wer e i ncubgfb A, ARGIiQudl bR Suldlf afpfifichtiin RYGEE: s dfheiés it BfwidDo at 95C,
60s at 61C and 30s at 72C. A final elongation of 10 mns at 72C then

fol | oned. ] e\ | uly: 1,0

trans-ill uﬁTllH%t%.E Ifl(\)’lﬁv%é(ﬁéﬁ%@ é%é)\gﬁ;éséﬁéglszj%{[dglﬁﬁgtd&gmct pléff%%elddjlrg% §Sr 2r2n1 de. An
al i quot of Qul of applificati on produc di ed ight with 5
i 15 ot *ARBRSREAEE A %% peSosclaeh iadar by by i) BEBHERF ot oduct s
(221 bp)were separated on a 3.5%agarose gel run for. 1.0 hrs at 80 V with
TBE buflPer Usirg Haviplet Hmsollmmatmr\aﬁ%r ethigrhmarpoidestaivingche peiduatsbr oni de

stai ning, the products were visualised
were visualised against a 123bp ladder. In the presence of the Gly-213 (or G) allele

the product size of 221 pb was uncut but in the presence of the wild-type Arg 213(or
C) allele the product is cut in to 2 bands. Direct sequencing was performed in three
subjects assigned the genotypes CC and CG by the above method and confirmed that
15  the latter correctly identified the absence or presence of the C or G alleles.
2.4. Tissue inhibitor of metalloproteinase 3 (T. IMI; 3) T-1296C promoter
polymorphism genotyping.
Genomic DNA was extracted from whole blood samples (Maniatis,T.,
Fritsch, E. F. and Sambrook, J., Molecular Cloning Manual. 1989). The TIMP 3 T-
20  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 primers were 5’-CAA AGC AGA ATC AAG
ATG TCA AT -3’ (forward primer) and 5’-CTG GGT TAA GCA ACA CAA AGC -
3’ (reverse primer). The PCR reaction was carried out in a total volume of 25ul and

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



10 against a 123bp ladder. In the presence of the T allele the digest bands
were 201, 128, 69, 53 and 32 while in the presence of the C allele the

di gest bawov2mesies 201, 160, 69, and 55 bands. Direct seqPETINZIYINAE
performed in three subjects assigned the genotypes TT, TC and CC by the
above nethod and confirmed that the latter correctly identified the
absence or presence of the T or C allePés. 15 Conbined Results of the COPD

genetic aSSOGﬁMT@H@J{%ﬂ&@ﬁBUﬁWiI@@QIIﬁQ 1, ahd®. Tepaf T&HONS shown in
Tables 3,4 and 5 show that the MW 12 A allele/ AA genotype (-82 pronoter),

al -antitrysgj Bnﬁeréée'(Eif@&@&ﬁﬁoﬂo@%@%%%gﬁi%?é@e?’é mcﬁﬁﬂf-oﬁg%égqin@t-@@"dm (null)

genotype are“significantly incréased rn frequency 1 n patients

conpared t aont r.ol The rdsans, sh i n, Jabl , 7, and.8 20 show
Char the ML o s RS RSk A IGR 725 A Bral loBRdape
genotype (caqdon 10),_ G all el e/ CG gepo e (+760 exonjc). and TI genotype
(-1296 pr &368@}1515 a2 @iaﬂw gf)ﬁ&\é(ﬁ@w“ﬁ?ﬁf%@%fsiww ¥isuaised by pltravglet: ant
snokers conpared to COPD patients. WD 02/099134 PCT/ NZ02/00106 31 Table
| a. Dafa Mw-llm@m@lqanemg% agarop®ed stapedywitr ghidsym hfdmeide Amaliquenof ype
frequency in the COPD patients, resistant snokers and bl ood donor

control s. GOalLgf angdeivatiyippaddédtivedsalifasted veamighs with)S dniSafAlylq®oche
frequencies(%9 | G2G1 d G1 KRG 2&RG Snokers COPD (hospital) 100 118 26

155 et AR D el L 2
61 3.5% agarose gel run for 1.0 hrs at 80 V with TBE buffer. Using ultraviolet
transillumination after ethidium bromide staining, the products were visualised
10  against a 123bp ladder. In the presence of the T allele the digest bands were 201,
128, 69, 53 and 32 while in the presence of the C allele the digest bands were 201,
160, 69, and 55 bands. Direct sequencing was performed in three subjects assigned
the genotypes TT, TC and CC by the above method and confirmed that the latter
correctly identified the absence or presence of the T or C alleles.
15  Combined Results of the COPD genetic association study. (summarised table 9)
The comparisons shown in Tables 3,4 and 5 show that the MMP 12 A
allele/AA genotype (-82 promoter), al-antitrysin t allele/Tt/tt genotype (1237 3’
region) and GSTM1 nn (null) genotype are significantly increased in frequency in
COPD patients compared to controls. The comparisons shown in Tables 1, 6, 7 and 8
20  show that the MMP 1 2G allele/2G2G genotype (-1607 promoter), P allele/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.
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"~ 12732211 V. 0 Controls =19.7 159, 56 . 85", 37 N=178-(178) (55%
(45% (31WD ocr4 (21% nunber of chronosones (2n) 5 PabNzoiborodnal ysi s
MWP11l 1G 2G (-1607) pronoter pol ynorphi sm 2x2 contingency table statistics
conparing the allele and genotype frequencies in the COPD patients,

resi stant snokers and bl ood donor conBtols. Goups Allele/genotye OR 95%
Cl for OR Xuble M.\Bdfa X2 Yates P 2G vs 1 G Resist vs 1.93 1.27-2.93 10.53
0.001 9.95 0.001 total COPD 2&2G vs Resist vs 2.48 1.41-4.39 11.32 0.0008

10. 48 0. 00hyndsPfdAd D ST 81IEIR h® ,90549 Aeyiconti dence
interval 10 X2 - MHeé)@%éjntel'[})Haensfgll X2 Yat e‘sge: e%% ees corrected WO

021 099134 BATLMZ! IPA00 o 3l oAy Bt IVER (Sidgf2T P OOt er

pol ynor phi sm alt el geno ype requency D, resi stant snokers

and bl ood 4 ..u. w..;ru. s—Group—N=-genetyped—A-elef+ *
Genot ype e cgeﬂg?’éfCAFeM@?e’%m (Y8ioker s OEt9PIBE, rﬁ%‘?ﬁ?’f‘éﬁ’ 18‘) 31 79 27
° 1G 2G 1GIG 1G2G 2G2G

Smokers

COPD (hospital) 100 118 26 48 35

N=109(111) (45%) (55%) (24%) (44%) (32%)

COPD (clinic) 44 72 12 20 26

N=58 (61) (38%) (62%) (21%) (34%) (45%)

10

Controls - -

N=] 78 a 78)

2197 -

55%)

159 .
- (45%)

56 -
(31%)

85

(48%)

37

C(21%)

° number of chromosomes (2n)

Table 1b. Analysis

MMPI1 1G/2G (-1607) promoter polymorphism 2x2 contingency table statistics

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

smokers and blood donor controls.

Groups Allele/genotye | OR 95%ClforOR | y2-M-H | P 22 Yates | P

2Gvs IG Resist vs 1.93 1.27-2.93 10.53 0.001 9.95 0.001
total COPD

262G vs Resist vs 2.48 1.41-4.39 11.32 0.0008 |10.48 0.001

1G2GNGIG (o101 COPD

OR = odd’s ratio, 95% CI = 95% confidence interval
12 — M-H = y2 Mantel-Haenszel, ¥2 Yates = y2 Yates corrected
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49 3 N=178 (178) (85% (150/() (711% . _ (27% (2% 5 nunber of chronosones
(2n) Table 2b. Analysis MW9 C- 1562T3gronot er pol ynor phi sm 2x2 conti ngency
t abl e st aldldé 2@ Datgonpari ng the all el e and genotype frequenci es in the COPD

pati ent s, MmISl GUS6UT rsm}w ik phisROslI A0 bR &wgﬁp@g} A& iNgh&1 gni fi cant
di fferences observe WO 02 99134 PCT/ Nz02/ 0%10 3 TabI e 3a. Data Mw 12

A-82G pr oppPD), rldRYoHIS RS B bl fesfrnt ype frequency in the COPD
patients, resi [ Stant sm)Eers anﬁgedgglg onor“;'control s. Group N=genotyped
Al'lele frequencies (%9 * Genotype frequencies(% A G AA AG GG Snokers COPD
(hospital) 190 26 82 26 0 N=108 (111) (88% (129 (75%9 (25% (0% COPD

(clinic) roup N=genolyped | Allele Jfrequencies (%)* Genotype frequencies(%)
C T cC CT TT
Smokers
COPD (hospital) 185 31 79 27 2
N=108 (111) (86%) (14%) (73%,) (25%) (2%)
COPD (clinic) 98 18 40 18 0
N=58 (61) (84%) (16%) (69%) (31%) (0%)

Controls . - |. 301 | 55 | 126 49 |3
N=178 (178) 1% | 15w | (1% | (21%) | (%) -

5  number of chromosomes (2n)

Table 2b. Analysis

MMP9 C-1562T promoter polymorphism 2x2 contingency table statistics
comparing the allele and genotype frequencies in the COPD patients, resistant

smokers and blood donor controls.

10
No significant differences observed
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,N= 17 (178) (80% (20910) (64% (33% (3% nunber of chronosones (2n) 5
Tabl e 3b. Analysis MW 12 A-82G pronoter pol ynorphi sm 2x2 contingency table
statistics conparing the allele and &kenotype frequencies in the COPD
patients, TabkiXi Data snokers and bl ood donor controls. Groups

All el e/ geMﬂmzm&@@%ofmmmoxghrsml\wéwa e\ﬁa%%s N ikt al  COPD
1.60 1.04-2.47 4.99 0.03 4.55 0 VS contro GTotaI COPD 1. 60

0. 98-2. 63 i pllills, Fesigiahe b yss ,ﬁpmw Sominrgfld’ s ratio, 95%Cl = 95%
confldence%{ nt Qf)s, 6 '% = MantoQ’f Hg'elnszel X2 Yates = X2 Yates
corrected At-pht—anti trypsin

3 (1237 G%ala@“’ﬁ=g56?fyprfnr pﬁf‘lgfﬁ“r?"*gﬂmc&esa{%a* enot y%‘@’yF R P (ho COPD

Rﬂ Ieﬁgt fsr equencies (9 [ Ge“no:t'ypg! ?%gqﬁg;glr eg‘?;; T ZGQ_OJ;p_%_E'Q&Mt yped
Smokers
COPD (hospital) 190 26 82 26 0
N=108 (111) (88%) (12%) (75%) (25%) (0%)
COPD (clinic) 90 16 38 14 1
N=53 (61) (85%) (15%) (72%) (26%) (2%)

Controls - s e 2286 - 70 4. .. 58 | .6
N=178 (1 78 | (80% 20%) | (64%) | (33%) | (3%

s number of chromosomes (2n)

5 Table 3b. Analysis

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

smokers and blood donor controls.

Groups Allele/genotye | OR 95% ClforOR | y2-M-H |P x2 Yates | P

Avs G Total COPD | 1.60 1.04-2.47 4.99 0.03 4.55 0.03

vs controls

Ad vs AG Total COPD | 1.60 | 0.98-2.63 3.96 0.05 3.52 0.06

vs controls

OR = odd’s ratio, 95% CI = 95% confidence interval
10 X2 —M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected
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Al | el e/ genotye OR 95% Cl
3.98 1.83-§ §g~016'p

o

for

crstant snmu~ct -~

(~ rF(|

ul

g

Snmokers COPD (hospital) 197 25 87 23 1 N=111 (111) (89%
'(21 % (1 %9 COPD (clinic) 111 11 52 7 2 N=61 (61) (91 %
COPD 3118 36 139 3(1 3 N=172CriNZdp/odwd 1%
1SYr
Controls 345 11 167 11 0 N=178 (178)

74 10 , ~

nunber of éhronobsones (2n) 5 Table 4b. Analysis
ant i tTapesfanDada (1237) Taq 1 pol ynor phi sm 2x2 contingency table
conparing the allele and genotype frequencies in the COPD

OR X2 -

[Aph Bantitrypssi8KER3 750l Dpslpphotshism afletetand\genofpOfibguency in
MHP x2 Yates Pt vs T COPD (hosp)

&l&fm&%a%n%ﬁeﬂ o AWPood'ForfoP Chhbs Tust vs TT COPD

702/ 00106

(hosp) 4.19 60 15.26 0.00009 13.90 0.0002 vs controls t vs T COPD
toral 3.6 Gfmup Négens'tyﬁézz RIS erctes T ¥ P OO2GYR e h s tastes e |
T ) TT Tt 1t

Smokers

COPD (hospital) 197 25 87 23 1

N=111(111) (89%) (11%) (78%) 21%) (1%)

COPD (clinic) 111 11 52 7 2

N=61 (61) (91%) (9%) (85%) (12%) (3%)

Controls

N=178 (178)

345
7% |

11
- 3%).

| o

167

11

(6%,

e number of chromosomes (2n)

Table 4b. Analysis

Alph1-antitrypsin 3’ (1237) Taq 1 polymorphism 2x2 contingency table statistics

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

smokers and blood donor controls.

Groups Allele/genotye | OR 95% CI for OR | y2-M-H | P ¥2 Yates | P

tvsT COPD (hosp) | 3.98 1.83-8.82 15.63 0.00008 | 14.26 0.0002
vs controls

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

twsT COPD total 3.67 1.76-7.79 15.17 0.0001 14.04 0.0002




vs controls Tt vs TT COPD (hosp) 3.69 1.68-7.89 13.42 0.0002 12. 31 0.0005
vs controls Ti vs TT COPD (hosp) 3.69 1.68-7.89 13.42 0.0002 12.31 0.0005
vs cont r owe i2/0va3d COPD (hosp) 2.01 0.89-4.62 3.29 0.07 2rea/N¥.0200106S
resistant Tt/tt vs TT COPD (hosp) 2.04 0.86-4.92 3.12 0.08 2.50 0.11 wvs
resistant OR = odd's ratio, 95% Cl = 95% confidence interval x2 - MH = ,r2
Mant el - Haenszel, ,r2 Yates = x2 Yates 8édbrrected 5 Table 5a. Data GSTML
nul I pol yijor phi snj at fedas and genolt ype frequgncy in tffhe COPD patients,
resistant | snokers and bl ood donof controls.| Goup N=genotyped NN{Nn nn
Snokers COPE TThosplOap yhop BA69 N=[1A63-18011) (|42% (58%0002COPD2.¢cl i nv.oYos528| 28
N=56 (61) |(50% (p0% Tota] COPO 92 (172 Resistant sm-np s 46 A 39
Controls 103, -75|vNe¥P8 (178) (58% (42%

Ttvs TT COPD (hosp) | 3.69 1.68-7.89 13.42 0.0002 12.31 0.0005

vs controls

tvsT COPD (hosp) | 2.01 0.89-4.62 3.29 0.07 2.62 0.10

vs resistant

Tw/stvs IT COPD (hosp) | 2.04 0.86-4.92 312 0.08 2.50 0.11

vs resistant

OR = odd’s ratio, 95% CI = 95% confidence interval
¥2 - M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected

Table 5a. Data
GSTM1 null polymorphism allele and genotype frequency in the COPD patients, resistant

smokers and blood donor controls.

Group N=genotyped

NN/Nn nn
Smokers
COPD (hospital) 46 64
N=110(111) (42%) (58%)
COPD (clinic) 28 28
N=56 (61) (50%) (50%)

Controls N 103 75
N=178 (178 (58%) | (42%)

*number of chromosomes (2n)

10



*nunber of chronosones (2n) 10 WO 02/099134 PCT/ NzZ02/ 00106 36 ysis Table
Sb. Anal GSTMLnul | pol ynor phi sm 2x2 contingency table statistics conparing
t he al | el woan@9oigenot ype frequencies in the COPD pati ent s POT@&i0306I06
snokers and bl ood donor controls. Goups Allele/genotye OR 95% Cl for OR
X2 - MHP X2 Yates P nn vs Nn/NN Total COPD 1.71 1.09-2.68 6.05 0.01 5.55
0.02 vs controls nn vs Nn/NN COPD (hosfp) 1.91 1.15-3.19 6.99 0.008 6.38
0.01 vs cqmbledbsdmulysiss Nn/ NN COPD (hosp) 1.64 0.89-3.03 2.90 0.09 2.44
0.12 wvs resistant 5 OR = odd's ratio, 95% Cl = 95% confidence interval X2
- M H = X2 08T™ Biuilidapmsigpblism 252 c¥afimsncy table Navistics conipuring i alldedlde 6a. Dat a
TG, 8 exonic T-->C (codon 10) pol ynorphism allele and genotype frequency in
the COPD Xendrpheifeigucncies B5the COPD psutients Irésistand sihdieeschnd Bivod demvricorrrds. & oup
N=genotyped Al lele frequencies (%9 * Genotype frequencies(%9 P L PP PL LL
Snmokers COPD (hospital) 40 72 4 32 20 N=56 (111) (36% (649 (7% (57%
(3699 COR@rowphi ni deld@ng2 SORE 2[79570NHGG QR 1)) x2(-32H) (689U (|8IWarksATH) (459

nnvs NNN | Total COPD | 1,71 1.09-2.68 6.05 0.01 5.55 0.02

vs controls

nnvs N/NN-{ COPD (hosp) | 1.91 1.15-3.19 6.99 0.008 6.38 0.01

vs controls

nnvs NwNN -\ COPD (hosp) | 1.64 0.89-3.03 2.90 0.09 2.44 0.12

Vs resistant

5 OR = odd’s ratio, 95% CI = 95% confidence interval
712 — M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected

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

10 patients, resistant smokers and blood donor controls.

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

P L PP PL LL
Smokers .
COPD (hospital) 40 72 4 32 20
N=56(111) (36%) (64%) (7%) (57%) (36%)
COPD (clinic) 38 82 5 28 27
N=60 (61) (32%) (68%) (8%,) (47%) (45%)

o

Controls 125 - 155 26 |
N=140 (178) 3% | (5% | 9% | (52% | (1%

number of chromosomes (2n)



Total C69DD O (40(" ) N-116-(172) niok.c 65 IM14. 3 1, REMControls 125
155 26 73, 41 N=1 40 (178) (45% (55% (19% .(52% (21% nunber of

chr onosonwe 0229130 02/ 099134 PCT/ NZ02/ 00106 37 Tabl e 6lrCTATARYEGI06 TG/ 3
exonic T-'C (codon 10) pol ynorphi sm 2x2 contingency table statistics
conparing the allele and genotype frequencies in the COPD patients,

resi stant snokers and bl ood 5 donor codtrols. Goups Allelel/genotye OR 95%
Cl for ORx2 - MHP -2 Yates P P vs L Resistant vs 1.58 1.01-2.48 4.51
0.03 4.07 0.04 COPD (total) PP vs PULL Resistant vs 2.82 1.07-7.58 5.44
0.02 4.45 (abi3 6b.CLHMsisot al ) OR = odd's ratio, 95% Cl = 95% confi dence
interval X2 - MH = X2 Mantel -Haenszel, X2 Yates = x2 Yates corrected 10

Tabl e 7a. DGIFB &6hid TCHT GOdor Y PaliiBbsbllsme2%d BortinReNcy MabldNpitERdsabmpdringand
genotype frequency in the COPD patients, resistant snokers and bl ood donor

controls. @eecwmel\&ﬁg@a%wﬁdqﬂnkﬁi B thé €QPDYatidis, kéifistant SaIXOs AR blood
frequencies(%9 C G CC Snoker s

5 donor controls.

Groups Allele/genotye OR 95%Clfor OR | y2-M-H | P 12 Yates | P

PvsL Resistant vs 1.58 | 1.01-2.48 4.51 0.03 4.07 0.04
COPD (total)

PPvs PLLL | Resistant vs 2.82 | 1.07-7.58 5.44 0.02 4.45 0.03
COPD(total)

OR = odd’s ratio, 95% CI = 95% confidence interval
2 — M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected

10  Table 7a. Data
SOD3 C+760G (Arg213Gly) exonic polymorphism allele and genotype frequency in the

COPD patients, resistant smokers and blood donor controls.

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

C G cC CcG GG
Smokers
COPD (hospital) 187 1 93 i 0
N=94(111) (99.5%) (0.5%) (99%) (1%) (0%)
COPD (clinic) 111 3 54 3 0
N=57 (61) (97%) (3%) (95%) (5%) (0%)

Controls** | 408 10 199 0 | 0
N= s ©). | @w | 9% | (% | (0%




COPD (hospital) 187 1 93 1 0 N-=94 (111) (99.5% (0.5% (99% (1 % (0%
COPD (clinic) 111 3 54 3 0 N=57 (61) (97% (3% (95% (5% (0% Total
COPD 4 1=Wwp 021099134 N=131 (172) (yeti ";1 ~y7""i ~Rsr~~artt pEmMN&®R2M01D6. 5 ~ ~
r'r" '~7 11 ~ ,,Control s** 408 10 199 10 V N=209 (98) (2% (95% (5% (0%
WO 02/ 099134 PCT/ NZ02/ 00106 38 *nunber of chronosones (2n) **Contr ol
group of European descent Ukkola et al 32001. Table 7b. Anal ysis SOD3

C+760G ( Ar 0&d3Bky )f B¥srbsonie® | 3Hyor phi sm 2x2 contingency table statistics 5
conparing the allele and genotype frequencies in the COPD patients,

resi st ant I s Allele/genotye OR 95%
S*%ﬁ{\r/?%ﬂg gPJg{gr%geﬁrPﬁé}EerBQﬁ&cEﬁ & ul SB(QUP g y

Cl for OR X2 - S PGvs ¢ Resistant vs 3.76 1.08-14.29 5.62
0.02 4.45 X 3 ); total) CG vs cc Resistant vs 6.03 1.69-23.43 10.97
0. 0009 9.2 : D(total) OR = odd's ratio, 95% Cl = 95% confi dence

I nt | X2, = | - | . . X2 X , = X2 . d 10
Tabl ¢ ga. CS% 1 RG hefoBe e R Bpron AR e P ik (ST PY
frequen &Y Icro]m}gﬁngqge?gleleoﬁ;[dl g%r%t?pe f;e%ﬁéfc;'e@m the Wpsau%g erlSQIBIq sﬁ%psr

controlS.

and blood donor controls.

Groups Allele/genotye OR 95% Clfor OR | y2-M-H | P 22 Yates | P

GwsC Resistant vs 3.76 | 1.08-14.29 | 5.62 0.02 4.45 0.03
COPD (total)

CGvs CC Resistant vs 6.03 | 1.69-23.43 10.97 0.0009 |9.23 0.002

COPD(total)

OR = odd’s ratio, 95% CI = 95% confidence interval

22 — M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected
10
Table 8a. Data

TIMP3 T-1296 C promoter polymorphism allele and genotype frequency in the COPD

patients, resistant smokers and blood donor controls.

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

T C T C cc
Smokers
COPD (hospital) 119 65 35 49 8
N=92 (111) (65%) (35%) (38%) (53%) (9%)
COPD (clinic) 72 38 19 34 2
N=55 (61) (65%) (35%) (34%) | (62%) (4%)




G oup N=genotyped Allele frequencies (% * Cenotype frequencies(%9 T CTT
TC CC Snpkers COPD (hospital) 119 65 35 49 8 N=92 (111) (65% (35% (38%
(53% (9%voo@@Pd3{clinic) 72 38 19 34 2 N=55 (61) (65% @E8FMZotBe1Y (62%
(4% 'Total COPD 191 | H 54 83 lii E N=147 (172) (0 (3/7" (1) (5 0?
istant ,rnokers 4 48 ~ 41, ~3~2 8 x(,70%. x(30%a.; SI %9 3;9% (00 WO
02/ 099134 PCT/ NZ02/ 00106 39 “iCGontrol 3%** 116.. 74 39. 38 18 N=95 (61 %) .

(399 (41+4%ontré® . (199, meurrber o chrjonosenes (28§ * |* %tu)l group
of Europegn_ ggscent Berahe 0, Tabl ‘ Ly HoTEMP3 T- 1296
Cpr onot er po iA‘ra?'or phi sm 2xP 2%’?)1 ngen /i)abl ?ﬁ E %g/ | he

all el e ano agam@&,ymhmr@&ug@g(m in the COPD patients, reS| stant snokers.
Goups Allele/genotye OR 95% Cl for OR X2 - MH P X2 Yates P TT vs TC/ CC

Resi ctant ve TP ST ARATGRELH 40 o)) |

Table 8b. Analysis

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

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

Groups Allele/genotye OR 95%ClforOR | y2-M-H | P 22 Yates | P

TTvs TC/CC | Resistant vs 1.77 | 0.98-3.18 4.12 0.04 3.59 0.06
COPD(total)

TTvs TC/CC | Resistant vs 1.94 | 0.90-4.19 3.41 0.06 2.81 0.09
COPD(hosp)

OR = odd'’s ratio, 95% CI = 95% confidence interval
2 — M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected
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O ~ NOU .fIl ~j U C Il bll U all cll EOcl, W 02/099134
PCT/ NZ02/ 00106 42 Summary of the conbi ned anal yses Tables 10 and 11
sumar i sewDhe/0pHEs3ul t s conparing the frequencies of 0, 1 amdT/NZ020@woet ective
or suscepti bl e genotypes between the COPD patients, resistant snokers 5
and controls. Significantly greater nunber of snokers with COPD had O
protective genotypes conpared to resistant snokers. Conversely, a
significantly greater nunber of resistant snokers had 2 or nore protective
genotypes conpared to snokers with COPD. On conparing the frequencies of

0.1 and ?2 gusceptipilit enotypes, significantly greater nunber of
snokers Wi t‘?(”(‘ﬂg%’ ﬁ&geg%g%gggg% B%1ity genotypes 10 conpared to bl ood
donor controls. A significantly greater nunmber of controls had 0
susceptibility J@h@ssﬁégd ¢bsyamalse Be ssrpltepampgring trofpguengiss of 4,daand
Frequency of snokers susceptible (COPD) or resistant to snoking according
t o nunber of2 proettectdrsesagptibit gpastyfasbédwebd tHe\GOPD-fatid oS, ApAEAM, smidkets3- PP,
SOD3- (+760) CG, TI MP3-(-1296) TT) Frequency of protective genotypes (% (for
Excl uded * and controls. Significantly greater number of smokers with COPD had 0 protective

genotypes compared to resistant smokers. Conversely, a significantly greater number

of resistant smokers had 2 or more protective genotypes compared to smokers with

COPD. On comparing the frequencies of 0.1 and >2 susceptibility genotypes,

significantly greater number of smokers with COPD had 22 susceptibility genotypes

10  compared to blood donor controls. A significantly greater number of controls had 0

susceptibility genotypes compared to smokers with COPD.

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

15 (MMP 1-(-1607)2G2G, TGF-PP, SOD3-(+760)CG, TIMP3-(-1296)TT)

Frequency of protective genotypes (%) (for Excluded*
subjects with 23 of the 4 typed)
Group 0 1 2+
COPD (hospital) 40 37 16 18
N=93(111) (43%) (40%) (17%) (16%)
COPD (clinic) 16 29 11 5
N=56 (61) (29%) (52%) (19%) (8%)
Total COPD oo s6 o |66 : e 2300 s
N=149 (172) 38%)

o)
Totals N=227

67
(29%) (42%) (29%)

Excluded* = subjects with <2 protective genotypes typed were excluded from
analysis




subjects with >3 of the 4 typed) Goup 0 1 2+ COPD (hospital) 40 37 16 18
N=93 (111) 43% 40% 17% 16% COPD (clinic) 16 29 11 5 N=56 61 29% 52% 19%
8% Tot alwOOR0¥834 6611 27 23 N=149 (1-72) (38% (44% (P8¥NZLV0L6 | ?
SIStL1LI \npkcl"S _ 1 2Y; weEc' ~_ ,V (R~ 14l % (3 (48% Totals N=227 67
95 65 29% 42% 29% Excl uded* = subjects with _<2 protective genotypes
typed were excluded from analysis WO 62/099134 PCT/ NZ02/ 00106 43 Tabl e
10b: Frequency of snokers susceptible (COPD) or resistant to snoking
accor di ng tle#bteitflbe Frequepen i okees YerettiploC QRBLeRmesisant @ Wokéngt ye OR 95%
Cl for OR X2 - MHP X2 Yates P 2+ vs 0-1 Resist vs 4.29 2.24-8.27 23.35

0. 000001 2Bco@ddig0oaater phprutecBOPRerynpes - 2+ Total COPD 3. 67 1.70-8.05
13.51 0.0002 12.46 0.0004 vs Resistant 2 x 3 table Resist vs - - - - 26.92
0.000001 total COPD OR 7 odd's ratio, 95% Cl = 95% confidence interval 5

X2 - MH 7 GBRorpen GhaliRRIbSZEbR XRosYPERer OR N2 YA §S |GOT T ecyed y Jabire Her
0

Frequency snokers suscepti bl ef (COPD) or [resistant to snoking
2+ vs0-1 | Resistvs 4.29 | 2.24-8.27 23.35 0.000001 | 21.98 0.000003
total COPD

Ovsi-2+ | Total COPD | 3.67 | 1.70-8.05 13.51 0.0002 12.46 0.0004

vs Resistant

2 x 3 table | Resist vs - - - - 26.92 0.000001

total COPD

OR = odd’s ratio, 95% CI = 95% confidence interval
S x2-M-H = y2 Mantel-Haenszel, y2 Yates = y2 Yates corrected

Table 11a: Frequency of smokers susceptible (COPD) or resistant to smoking
according to number of susceptibility genotypes (n=3)

(MMP 12 — (-82)AA, al AT 3’ —(1237) Tv/tt, GSTM1 — null (nn))

Frequency of susceptible genotypes (%) (for Excluded*
subjects with 22 of the 3 typed)

Group 0 1 2+

COPD (hospital) S . 9 57 0

N=]11(111) (5%) (44%) (51%) (0%)

COPD (clinic) 7 30 21 3

N=38(61) (12%) (52%) (36%) (5%)

Total COPD - 12 179 s 3
— " 4 0, 0,

BN A0
Totals N=253

23 119 111

9%) (47%) (44%)
Controls (donors) 32 89 57 0
N=178 (18%) (50%) (32%) (0%)

10 Excluded* = subjects with <1 susceptibility genotypes typed were excluded from
analysis



according to nunber of susceptibility genotypes (n=3) (MW 12 - (-82)AA
alAT 3'-(123 7) Tt/tt, GSTML- null (nn)) Frequency of susceptibl e genotypes
(% (for Woakwekads subjects with >2 o the 3 typed) G oupC@/Nz02401080PD
(hospital) 5 49 S7 0 N=111 111 5% (44% 51% 0% COPD (clinic) 7 30 21 3
N=58 (61) 12% (52% 36% 5% Total =COPD 12 79 _.78: = 3 N=169 (172) (7%
7% (46% (2% J? c s ,stcnal,en20 'r4*11i1) =3 ~ 1 Totals N=253 23
119 J 111 9% 47% 44% Contral s g(donors) 32 89 57 0 N=178 (189 (50% (321)
(0% 10 Exciabeltb: Fregugncyof spiokprssuscepsiblaGQPP) oy resistanttsm d were
excluded from analysis WO 02/099134 PCT/ Nz02/ 00106 44 Table Il b:
Frequency akcondidkgtosnwgnbaaytsubdeptibilitPBenatypesesi st ant t o snoki ng accordi ng
to nunber of susceptibility genotypes CGenotype Allel e/ genotye OR 95% Cl for
OR X2 - M|lbehdpe Yalaggekdn2+ OB OF Hulati@orRCOBD-1,-82 [P 15- 2./88 Ydtes26 PO. 007
6.70 0.009 vs control 2+ vis 0-1 COPD (hospg) 2.24 1.34-3.76 10.66 0.001
9. 90 0. 002 2+Vso-¢optaadforD 1.82 | 1.15-2.88 7.26 0.007 | 6.70 0.009

vs control

2+vs0-1 | COPD(hosp) | 2.24 | 1.34-3.76 10.66 0.001 9.90 0.002

Vs control

2+vs0-1 | COPD(hosp) | ].63 | 0.88-3.01 2.78 0.10 2.34 0.13
vs Resistant

2x 3 table | Total COPD - - - - 12.73 0.002
Vs control

2 x 3 table | COPD (hosp) - - - - 16.66 0.0002
Vs control

2x 3 table | COPD (hosp) vs | _ - - - 5.94 0.05
Resistant

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

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,

10  having COPD is reduced by 67%. Given the background risk of COPD in smokers
before genetic testing is about 20%, the presence of 0 protective genotypes
significantly increases this risk. Figure 3 shows graphically the data in Table 11. Risk
estimate analyses showed no significant differences in risk although trends showing a

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



2+ vs 0-1 COPD (hosp) 1.63 0.88-3.01 2.78 0.10 2.34 0.13 vs Resistant 2 x
3 table Total COPD - - - - 12.73 0.002 Vs control 2 x 3 table COPD (hosp)
- - - - IWoeeHn®eHN02 Vs control 2 x 3 table COPD (hosp) WPSTANZ02/00106 5. 94
0.05 Resistant OR = odd's ratio, 95% Cl = 95% confidence interval x2 - MH
= X2 Mantel - Haenszel, x2 Yates = x2 Yates corrected 5 Figure 2 shows
graphically the data in Table 10. The #isk estinmate, as quantified by the
standardi sed ratio, shows that the presence of O protective genotypes in
thi s st udy gerdtgpastwasgident. Figresase shawa tiend kowsrdagreatelang enehiag irCOPD by
167% Conversely, this analysis shows that the risk of a snoker, with 2 or
nor e pr ot esinbkers gethahyrpasing tonteay ofproCCIPER genotypdsiced by 67% G ven the
background risk of COPD in snokers before genetic testing is about 20%

t he presengrs@ksibn p_ggkp@,;deye&ggﬁotypes significantly increases this risk.
Figure 3 shows graphically the data in Table 11. Risk estinmate anal yses

shoved no_ st gni iFhgaRlq, %L%ﬂ@%@%@@rﬁﬁ@gﬁg&ﬁﬁ&bg&ﬂgré)@% s, &

greater risk of a snoker having ence nor e

susceptibilit .02/ 099134 PCT/.NZ02/ 00106 enot.ypes S evident.
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i ncreasi ng nunbers of protective genatypes. Discussjon of Expanded Study.
This st udy 2BAGKER fremrdueric smpking-yl heibarid ghthis yeregsegenestis Ekely Ia/tfusni sns
that, 5 alone and in conbination, predict increased risk of suffering

i mpai red | em(y) thandiracopffects of those polymorphisms found to alter gene expression or

protein function or (2) indirect effects where these polymorphisms are in linkage
disequilibrium (genetic v;zriants consistently inherited together) with other mutations

10 that have these direct effects. In keeping with our hypothesis that COPD results from
the combined effects of many polymorphisms in smokers, this study has shown that
several genes encoding proteins involved in several inter-related pathophysiological
processes are involved. Specifically, the results of this study shows that genetic
variation in the genes encoding proteins involved in the inflammatory response

15 (TGFpI), anti-oxidant defence (SOD3, GSTM1) and matrix remodelling (including
proteases (MMPI1, MMP12) and their inhibitors (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

20  smokers but of themselves, significantly increase the ability to identify smokers at
higher than average risk for impaired 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



and COPD from chronic snoking. The basis of this increased risk is likely
to be due to (1) the direct effects of those pol ynorphisnms found to alter
gene exprwoIoies protein function or (2) indirect effe®CI/N#ep@oshese
pol ynor phisns are in |inkage disequilibrium (genetic variants consistently
inherited together) with other nutations 10 that have these direct effects.
I n keeping with our hypothesis that COPPD results from the conbined effects
of many pol ynorphi sns in snokers, this study has shown that several genes
encodi ng pEBeesIes thaiveridn imprised urgfincrioneiiend bayard Haribhgeeliig cal
processes are involved. Specifically, the results of this study shows that
geneti c var@BDibaninchde herogenecs tam divdiseysipoketaidieng canokr ddieed niahe of

i nfl ammatory response 15 (TG-/31), anti-oxidant defence (SODS, GSTM) and
mat ri X r enoiebiotdiss ddstrbddtn Wis siidpheasksen (Wdlshte NPl Wisdabei r i nhi bitors
(a] antitrypsin, TIMP3)) are likely to contribute to the devel opnent of
OCPD. The qesjehiny at) ABLase 45 ShbRS Unl BhfecRkBeeddriSlitic) o mEBREREL Onl Y 2

sanpl e of the sumtota genetic’ variants fromt above

pat hophysi 0} ogi,cal, pr.ocessges t nt ;1. but h evel o nt of COPD in
D0 Srokir s AT G heRnEEr URhe Bl PR P hOB BB BETRRL | Lo
identify snokers a& hi gh r%?an av(grage risk for inpaired |ung function.
In this redXf@gersklorseiyar giegsofiteincdssays such as serum chol esterol ,
the nmethods of the present invention can be used to diagnose a

predi sposi tExample 3¢ | iImpaireddang-Fengtion, has becone manifest both

pat hophysi ologically or clinically. Epidemological studies indicate that

t he WO 02/ G9R1348ubfett MNLoditd@it06 46 processes that result in inpaired |ung
function extend beyond the risk of devel oping COPD but include coronary

artery di sease, Subjeeic®fEuebpebiil@eceaN Wb had B6IeA dBMYMEIN ofttWentprpatiei ns
described in this study have been inplicated in vascul ar di sease (coronary

artery i Sﬁ%é{%ﬂ@éf’@gﬂﬂi@ ﬁo@%&ﬁﬁ&@fﬂ%‘@%@%hﬂ_g'el'étﬂaltiieﬁﬁ'wfl@ﬁémehnvent ion 5

descri bed rein identi ose expose cigarette snoke at greater
than aver z:%?gn()lse%kbyf Y Ighy\é%lsa%"{lo %ravéj Isigr%%%gntﬁngnp%fargg ﬁlrn'g function (in this case

labelled as chronic obstructive lung disease) which met the following criteria: were
over 50 years old and had developed symptoms of breathlessness after 40 years of
age, had a Forced expiratory volume in one second (FEV1) as a percentage of

15  predicted <70% and a FEV1/FVC ratio (Forced expiratory volume in one
second/Forced vital capacity) of < 70% (measured using American Thoracic Society
criteria). Eighty-four subjects were recruited, of these 56% were male, the mean
FEV1/FVC ( £ Standard Deviation) was 0.44 (0.12), mean FEV1 as a percentage of
predicted was 33 (13). Mean age and pack year history was 73 yrs (9) and 45 pack

20  years (29) respectively. Using a PCR based method (Sandford et al., 1999), we
genotyped the COPD group for the al-antitrypsin mutations (S and Z variants) and
none had the Z allele (MZ, SZ, ZZ genotype). We also studied 58 European subjects
who had smoked a minimum of twenty pack years and who had never suffered

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



Exanpl e 3. Inpaired Lung Function Study. 3.1. Subject recruitnent Subjects
of European decent who had snoked a m ni nrum of twenty pack 1o years were
recruit eawbroomvtido sources. The first group were patient Wwed/NZagobeen

di agnosed by a physician to have significantly inpaired |ung function (in
this case |abelled as chronic obstructive |ung di sease) which net the
following criteria: were over 50 year$47old and had devel oped synptons of
breat hl essness_after 40 years of % had a Forced expiratory volune in
one second PeREppartidla 2y Brpaicd S!BCtmeém&ﬂlé@PSWB% SHUrOAZEY W HVC rati o
(Forced expiratory volune in one second/ Forced vital capacity) of < 70%
(nmeasur ed usirmigedsheigh &hub¥ Horthe elde®p endetonsistediaf ey 1% maldsilghmganf our subj ect s
were recruited, of these 56% were male, the nean FEV1/FVC ( Standard

Devi ati on) P‘E’«ﬁl/ﬁVé‘tﬂ@taﬂ@a)rdD@@ﬁﬂoE)EVzﬂs%Z mrﬁemmelaéa Brc@sthgd &d was 33
(13). Mean age and pack year history was 73 yrs (9) and 4£ pack 20 years

genot yped. S e O YT A RallPt O Hienf s 3 T gy

variants) and ne had the Z allele (MZ, SZ, ZZ genotype). W al so studied
58 Eur oaeaﬁ'egrﬁtggécrf’sé’ec ‘had snmoked a mini num of twenty pack years and who
had never suffered breathl essness and had not been di agnosed with an
obstructive | ungarseingamethodypndgandidato gonesaremmiaseritedon eadier 47 past, in
particul ar asthma or chronic obstructive |lung di sease. This control group
was recr uiekadplkehr ough cl ubs for the elderly and consisted of 57% mal e, the
nmean FEV1/FVC ( Standard Deviation) was 0.82 (0.08), nean FEV1 as a

percent age 30  Rekiflehi onphringshOfivd deketic Mardint RlidRRalBAHI dbtRREVRIySHhOTY Was 54
yrs (11) and 46 pack 5 years (28) respectively. Cenotypi ng nethods and
candi dat e QRS Hifh Rornilf Sl iNp&irtd Iung fuh&lon. €X2NPI €S.
10 When the smokers were subdivided in to tertiles of lung function (FEV1
percent predicted, absolute FEV1 and FEV1/FVC) we find a significant trend
towards an excess of the susceptibility genetic variants in the lowest tertile groups

(see tables 1-3 below).

Table 1. Subjects by tertiles of FEV1 percent predicted and frequency of

15 susceptibility variants (in bold).
A-82G HME C-1562T Gel B | 1G/2G MMP 1 G1237A 3 al-AT | GSTMI null
Tertile aa ag/gg cC CT/ | 161G 2G2 | TT Te/tt | N n
1G2G
TT G
Lowest | 37 10 26 21 30 17 37 10 12 35
(19%) | @1%) | (55%) | (45%) | 64%) | (36%) | (719%) | 21%) | @5%) | (74%)
Middle | 36 13 29 20 29 20 40 9 23 25
M%) | Q7%) | (59%) | @41%) | (59%) | 41%) | ®2%) | (18%) | (48%) | (52%)
highest | 17 29 36 10 33 13 44 2 19 23
G1%) | 63%) | (18%) | Q1%) | (12%) | 28%) | 96%) | 4%) | @5%) | (55%)
P value* | <0.0001 0.05 Ns 0.05 0.05

HME= human macrophage elastase (MMP 12), Gel b= gelatinase B (MMP 9), MMP 1= matrix
metalloproteinase 1 or interstitial collagenase, a.1-AT= o.1-antitrypsin, GSTM1 = glutathione S

20 transferase M.



3.2 Results conparing the five genetic variants individually and
collectively in snokers with normal and inpaired |ung function. 10 Wen

t he snokewe oampa3subdi vided in to tertiles of |ung functi @eeT(NZBY0d106 per cent
predi cted, absolute FEV1 and FEV1/FVC) we find a significant trend towards
an excess of the susceptibility genetic variants in the |owest tertile
groups (see tables 1-3 below). Table #8 Subjects by tertiles of FEV1L
percent predicted and frequency of 15 susceptibility variants (in bold).
A-82G HVE & PEBPTOCHSEYFG 2G MWP | G1237A 3' al -AT GSTM null Tertile as

/ CC CrT/ TT.Tt/tt N | G t 37 10 26 .30 17 37
1099 55 < Tmagte EoSuhiers plterdiong” %a@i&%&g@%ﬁ“eﬁw USRI 405
Mddl e 36 13 29 20 29 20 40 9 23 ¥#%1an&GR bolbey (5905 (4199 (5999 (41%
(829% (18% (48% (529 highest 17 29 36 10 33 13 44 2 19 23 (37% (63%
Ns

(789 (2199 (7204-%12%95 (bEIF TGy | WBGMIMPE 50| PNAY gbAT 1FSBEL 0. 05

40O\

0. 05 0. 05 [FHivE=Thumenr JgEcT epha %ﬁi SHATER J%-E\'@Fm), ’Cfé/ b~ getgiase B
(MW 9), WWP 1=[matrix n@talloprotelnasa or{ i nter|s |?|al colfl agengse,
al -AT= al Jantitfypsih, GSIM | £ gl ut %%i one S| 20 trlansferase Y WO
02/ 099134 [PCT/ NE02/ 00106 | 48 *Qﬁﬁ val ue [f of ¢hi -sqyare. |Tabl e|2. Subjects
by tertiles_of absolute FFV1 and freequency of lsusceptibillity ariantls (in
bol d) ) Lowest 36 10 20 26 31 15 36 10 10 36
(78%) (22%) (43%) (57%) (67%) (33%) (78%) (22%) (22%) (78%)
Middle 33 14 32 15 25 22 37 10 21 26
(70%) (30%) (68%) (32%) (53%) 47%) (79%) (21%) (45%) (55%)
highest 21 28 39 10 36 13 48 1 23 21
43%) | (57%) | 80%) | (20%) | (73%) (27%) | (98%) (2%) (52%) (48%)
P value 0.0008 0.0009 0.10 0.008 0.008
5

HME= human macrophage elastase (MMP 12), Gel b= gelatinase B (MMP 9), MMP 1= matrix
metalloproteinase 1 or interstitial collagenase, a.1-AT= al-antitrypsin, GSTM1 = glutathione S
transferase M.

*= p value for Chi-square

10 Table 3. Subjects by tertiles of FEV1/FVC ratio and frequency of susceptibility
variants (in bold).

A-82G HME C-1562T Gel B 1G2G MMP 1 G1237A 3> al-AT | GSTM1 null
Tertile aa ag/gg CC CT/ 1G1G 2G2 TT Tt/tt N n
1G2G
TT G
Lowest 39 10 30 19 29 20 40 9 16 33
(80%) | (20%) | (61%) | (39%) | (59%) 41%) | (82%) (18%) | (33%) (67%)
Middle 34 12 23 23 28 18 37 9 17 28
(74%) | (26%) | (50%) | (50%) | (61%) (39%) | (80%) (20%) | (38%) (62%)
highest 17 30 38 9 35 12 44 3 21 22
(36%) | (64%) | (81%) | (19%) | (74%) (26%) | (94%) (6%) (49%) (51%)
P value <0.0001 0.007 ns 0.14 0.11

HME= human macrophage elastase (MMP 12), Gel b= gelatinase B (MMP 9), MMP 1= matrix
15 metalloproteinase 1 or interstitial collagenase, a1-AT= al-antitrypsin, GSTM1 = glutathione S

transferase M.



A-82G HMVE C1562T CGel B 1GEF 2G MW 1 G1237A 3' al -AT GSTM null Tertile as
ag/gg CC CI/ 1GlG2& TT Tt/tt Nn 1&G TT G Lowest 36 10 20 26 31 15 36
10 10 36 wWOBM916L2% (43% (57% (679 (33% (78% (22% PCI2e402/(11869
Mddle 33 14 32 15 25 22 37 10 21 26 (70% (30% (68% (32% (53% (47%
(79% (21% (45% (55% highest 21 28 39 10 36 13 48 1 23 21 (43% (579
(80% (20% (73% (27% (989 (2% (529§ (48% P value 0.0008 0.0009 0.10
0.008 0.008_ 5 Hﬁlif/g: human macr ophage. el astase (MW 12), Gel b= gel atinase B
(MWP 9), MVPPYEHBETH-%" et al | oproteinase 1 or interstitial col | agenase,

al - AT= al -antitrypsi GSTM = gl ut at hi one S ansferase M .*= p value for
Chi -square 10 Ta eé:ogéctgﬁﬁ%@ggttoﬂavnggpf PT reo‘?fttlg%@‘ffﬁ%m%tvia‘amgﬁgnfrequency
of susceptibility variants (in bold). A-82G HVE C 1562T CGel B 1G 2G MW 1
Gl237A 3' drogfngions exgnined fiptheibox piats belpygThere ésm cangsstsnbimenditpwardsi ¢ N n
1&G TT G Lowest 39 10 30 19 29 20 40 9 16 33 (80% (20% (61% (39%
(59% (41%hayBieHrogreBNely Bans lyngAuyction(HEVé percenpprediczd, dgolug BEVY 17 28
(74% (269 (50% (50% (61% (39% (80% (20% (38% (62% highest 17 30
38 9 35512 atd FEVAIFVQ) with increasing number of genetic susceptibility variants (see

Figures 1-3)

On logistic regression analysis (after adjusting for all variables) step wise
selection found, for each parameter of lung function, several genetic and non-genetic
factors that were significantly associated (summarised in table 4 below).

10

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

Lung function Variable Partial R* Model R* P value
FEV1 % predicted age 0.37 0.37 <0.0001
A-82G HME 0.065 0.44 <0.0001
GSTM1 null 0.013 0.45 0.07
Absolute FEV1 age 0.52 0.52 <0.0001
GSTM1 null 0.026 0.54 0.006
A-82G HME 0.02 0.56 0.015
G1237A 3’ al-AT 0.01 0.57 0.068
FEVI/FVC age 0.34 0.34 <0.0001
A-82G HME 0.06 0.40 0.0003
Smoking pack years 0.03 0.43 0.01
GSTM1 null 0.02 0.45 0.03

15  Discussion of results .




(369 (64% (81% (19% (749 (2699 (94% (6% (49% (51% P value <0.0001
0.007 ns 0.14 0.11 HME= human nmacrophage el astase (MW 12), Gel b=

gel ati naswoB20dvB% 9), MVP 1= matri x 15 netal | oprot ei nase PCTINZoR/nt1e6 st i ti al
col | agenase, al-AT= al-antitrypsin, GSTM = glutathione S transferase M
WD 02/ 099134 PCT/ NZ02/ 00106 49 p value for Chi-square The collective
effect of having one or nore of the suSteptibility variants on |ung
function is exanmned in the box plots below There is a consistent trend
towards havi ng Theaesults of qusfudydndieaty thag ornsveespshilityrRyiangseare ayspcipieddi ct ed,
absolute FEV 1 5 and FEV1/FVC) with increasing nunber of genetic

suscept i bi withyimpairedhing fusation ifrb groupof imdkerOnThizds ficicaserelgnegs amalysanal ysi s
(after adjusting for all variables) step wise selection found, for each

paramet er e ¢ffROof gn6typedon Ie/Rhedond8R6d i tROBoPIBtsqERaket ¢-3)f act ors that
were significantly associated (summarised in table 4 below). 10 Table 4.

Resul t s of dh00ishly2 iRk AR BIRTRNY BlaP Whot (SORI LE RASARAGARRSE €

factors assocl ate | ung functi on. ung nction

e 1 PP ST ST 0oe Re Bs  §AES £ 00
<0.0001 GSTML null Q.026 0.54 0.006 _A-82G HME 0.02 Q.56 0.015 Gl237A 3'
al -AT 0.01 @ngi;eddp%gmctlon 1s seen, whether the latter is assessed by absolute FEV1,
percent predicted FEV1 or FEV1/FVC . Conversely, when subjects are divided
according to their lung function in to tertiles, the results consistently show that those
with the most impaired lung function have the greatest frequency of our
10  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 transferase gene contribute to
impaired lung function (see table 4).
With direct relevance to the methods of the present invention and their
15  applications is linkage disequilibrium. This is a phenomenon in genetics whereby
two or more mutations or polymorphisms are in such close genetic proximity that
they are virtually always co-inherited. This means that in genotyping for one
polymorphism, the presence of another polymorphism in linkage disquilibrium can
be inferred. Thus any genetic variants (mutations or polymorphisms) that are in
20 linkage disequilibrium with t‘he genetic variants described herein are also included in
the inventive concept described herein. Such variants are described in publications
included herein as well as in established literature. |

The above data provide a novel biological link underlying the

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



FEV1/ FVC age 0.34 0.34 <0.0001 A-82G HVE 0.06 0.40 0.0003 Snoking pack
years 0.03 0.43 0.01 GSTML null 0.02 0.45 0.03 15 Di scussion of results .
WO 02/ 09w B028WisNZ02/ 00106 50 The results of our study iPe@iNZag/eoohat our
susceptibility variants are associated wth inpaired lung function in a
group of snokers. This is the case when we anal yse the effect of genotype
on lung function as seen in the box pléts (figures 1-3). Specifically, the
box plot results show that when subjects are divided according to 5 the
number of dess éerpredispopitipnyeyrand death feoms ichromnic feppiratery diseases(CQR,at i onshi p
with inpaired lung function is seen, whether the latter is assessed by
absol ut e FEsthma, pencldadtagis adi rbechiélEg) botr alfedArdiBVAScula@ndisexsse(cyronatye n

subj ects are divided according to their lung function in to tertiles, the

resul ts congtest @sdabyar@uke)ald dehamanéré (uhdEandBy THoMalent@véddea function
have the greatest frequency of our 10 susceptibility genetic variants (see

t abl es 1-3); - | G LSt i . r, adj usted for
the majori tlgledg?i%%: %%%ﬁ%?‘%@ &tgiélg gbﬂstgg%lﬁl tﬁhla{ @&%’rg}??%ﬁl{fbsan‘g{i hﬁltg he human

macr ophage £l ast as ene.an | ut at hi one, s transfer.ase.gene contribute to
Mpai req  dRnRel rEAcpaaetede ety AL A PR S EREARREEER he net hods
of the present invention and their 15 applications is |inkage

di sequi | i brebsiRe athpreesnesis/thieahesis 38t caeelyenet i cs whereby two or nore

mut ati ons or pol ynorphisms are in such close genetic proximty that they
are virtual |y alAMehpygle theimessni ingentionhias deseribed with refenenge tosnepifieg f or one

pol ynor phism the presence of another pol ynorphismin |inkage disquilibrium
can be i nfexamplds addprefetred egiodinhents) &rwitliiesappradiatdd Wndhose skiltedyindiephi Sns)
that are in 20 |inkage disequilibriumwth the genetic variants descri bed
herein are 2 A& JaRefidtd@ed mibdifications which incorporate the principles and the spirit of

10  the inventive concept described herein, are also within the scope of the present

invention.



the inventive concept described herein. Such variants are described in
publications included herein as well as in established literature. The
above datwoproviide a novel biological |ink underlying theprcamNzdenviobogi cal
findings that inpaired lung function is not only a useful diagnostic WO

02/ 099134 PCT/ Nz02/ 00106 51 test for predisposition to, and death from
chronic respiratory disease (COPD, asfthma, bronchiectasis and
bronchiolitis) but al so cardi ovascul ar di seases (coronary artery disease
and stroke)mﬁ%ERE ES n cancers (lung cancer). The present invention
identifies specific genetic susceptibility variants that determ ne inpaired
| ung 5 f untntiomisentNRarl®89 Psagniosiplin clabrid obstridhiee pnbieoriayy digease: results

pat hophysi ol ogi cal processes causing at herogenesi s/thronbosis and cancer.
Al t hough t H®nps aftidenien vigiitdl @RalVam ResRedpaelisuiddsgeEey ence to specific
exanpl es and preferred enbodinents, it will be appreciated by those skilled

in the art BtaﬂgtKM,aGE@Eﬂ Pﬂi%x?&@rl g?ébﬁén%t@%ﬁm&&t Bf&tﬁﬂ{ggg%?t e the

principles and the spirit the i nventive conce i bed herein,
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chroni c obstructive pul nonary di sease. Thorax 54, 245-252. Beranek M
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10  Cell Probes 14, 265-68.
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15 14
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and recruitment of macrophages and mast cells in airways in chronic obstructive

pulmonary disease. Am J Respir Crit Care Med 1998; 158, 1951-195.
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DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 8. Met hod of deternining a subject's
predi sposition to_devel oping chronic obstructive pul nonary di sease,

conpri si ng 4haeg Bndleys iHergang 5-Yhst ah] V9 ungtionnl pelymogjism ity and/ or
pronoter regions of the genes encoding matrix mnetall oproteinase, wherein

t he pr esenceguidtory regioatof Gicldtinasentd genariggélotion fosseverity iof adronay of

predi sposition to devel oping the di sease. 2. Method of determ ning

predi sposi tatifoscleréiis/ €iepiatign; 9 D188M4obst ructi ve pul nonary di sease in a
subj ect who is a snoker or sonmeone exposed to high 10 levels of air
pol I utants such as environnental tobacco snoke, conprising the anal ysis of
pol ynmor phisns in the regul atory and/ or pronoter region of a matrix

nmet al | opr ot ei nase, wherein the presence of a nmutation in the regulatory
and/ or pronoter regions of genes encoding matrix netal |l oproteinases is

i ndi cative of predisposition to devel oping the disease. 15 3. Method of

di agnosing in a subject the potential onset of chronic obstructive

pul nonary di sease conprising the analysis of polynorphismin the regul atory
and/ or pronoter regions of a matri x netall oprotei nase, wherein the presence
of a nutation in the pronoter region of a matrix netall oproteinase is

i ndi cative of



potential onset or severity of the disease. 20 4. Method of diagnosing in a
subj ect who is a snoker or soneone exposed to high levels of air

pol | ut antwolne$1as envi ronment al tobacco snoke the pot enPrCaiNZoze&o of
chronic obstructive pul nonary di sease conprising the analysis of

pol ynmorphismin the regulatory and/or pronoter region of a matrix

met al | opr ot ei nase, wherein the presencéof a nutation in the pronmoter WO
02/ 099134 PCT/ Nz02/ 00106 60 region of a matrix netall oproteinase is

i ndi cative of potential onset or severity of the disease 5. A nethod
according to any one of clainms 1 to 4, wherein the netalloproteinase is
sel ect ed f rIdhk ChiAdMst DEFBYING THEGRNVASETIOMAR K ASEtQLLOW St ei nase-1 or MVWP 5
1), gelatinase B (matrix mnetall oproteinase-9 or MW-9) and human

macr ophage 1el agMahed gdeterflifiile 2 3hbjeft’s predigpditiibnac developifg throaity one of
claims 1 to 5, wherein the polynorphism (mutation) is 1G2Gin the
promoter of i nt@Epldili ﬁhln&ﬁi&ﬁ&@é&@é%mﬁﬁ%ﬁ@%ﬂé ddalysheof pRIyRARDBEme in

gelatinase B and the A'to G -'82 polynorphismin the prorioter of 10 human

W ih thase potyharanABREa RSl GorBRc R U s AR RBlAE T L e 1 1o

6, wherein the determ nation,of. requl atory and/or prqnoter. pol ynorphismis
conduct ed on moRGAARENCBRS. Whetei e protse T adainn iy B regiohR iy of

determning a subject's predisposition to devel oping chronic obstructive
pul nonary di seardicativeeppredispgsitieretoxdexplping the diseasenbi nat i on of
pol ynorphisnms in the regul atory and/ or pronoter regions of the genes
i nvol ved iZ, dMethodoftdettratning predispasition ta daveldeirg ahgoniowlesteictive he presence
of a polynorphismin these regions is indicative of predisposition to
devel opi ng pulmonary disease in a subject who is a smoker or someone exposed to high
10 levels of air pollutants such as environmental tobacco smoke, comprising the
analysis of polymorphisms in the regulatory and/or promoter region of a
matrix metalloproteinase, wherein the presence of a mutation in the regulatory
and/or promoter regions of genes encoding matrix metalloproteinases is
indicative of predisposition to developing the disease.
15 3. Method of diagnosing in a subject the potential onset of chronic obstructive
pulmonary disease comprising the analysis of polymorphism in the regulatory
and/or promoter regions of a matrix metalloproteinase, wherein the presence of
a mutation in the promoter region of a matrix metalloproteinase is indicative of
potential onset or severity of the disease.
20 4. Method of diagnosing in a subject who is a smoker or someone exposed to
high levels of air pollutants such as environmental tobacco smoke the
potential onset of chronic obstructive pulmonary disease comprising the

analysis of polymorphism in the regulatory and/or promoter region of a

matrix metalloproteinase, wherein the presence of a mutation in the promoter



20 the disease. 9. A nethod according to claim8, wherein the determ nation
is conducted on polynorphisns in interstitial collagenase (matrix

nmet al | oprwODerngme+ 1 or MVP- 1), gelatinase B (nmatrix netalPCoNZoe/eémase-9 or
MWP-9) and human nmacrophage el astase gene (MWP-12). WO 02/ 099134

PCT/ Nz02/ 00106 61 10. A nethod according to claim8 or claim9, further
conprising the deternination of polynmé®phisns in alphal -antitrypsin

and/ or glutathione S- transferase genes and/or. pol ynorphisns in |inkage

di sequi I'i bri um v#gion ehamatrixgaetellenrpisingpasis indigative gfpotsptigl 98PEOr | de pr obes
and/or prinmers for use in the nethods of any one of <clains 1 to 10. 12. A
set of nucl eoti devepitpbtthedisddser primers according to claim 11, wherein the
nucl eoti de probes and/or primers are those which span, or are able to be

used to span, A hethpalayeRdipRite akyegietTelahs Pre WPk BEEinahe meeUlopdtetigse €gi ONS
of the 10 genes. 13. Method of determning a subject's predisposition to

devel opi ng i MPR fefibiddUGn irtbhRtid1 RB1I SRR (HaBk mBRIBARBLNHsS 1% NaQipYTor phi s

in the genes encoding proteins involved in nmatrix renodelling,

i nfl amati on and JeeRonse ko G ARLINE ST £SNVINGS Sl N, presence of

mutations in o nore sai genes 1s indi I've of predisposition
to developing inpaired lung function. .. 14. Method of determ ning
boe OpTRg ERmaYEa D)

pr edi sposi ti on M4 W &hp I ung function in a subject who is a
snoker or a subject exposed to high |evels of air pollutants conprising
t he anal ysifs ofA pethpdoepstidinato any enecofgtatas 16,8 ouhergin the pelzmamhisvol ved in
matrix renodelling, inflammtion and response to 20 oxi dative stress ,
wher ei n t he prémetatiennik 1MG2G1N thepromotonef ioterstivinkbcadlapehase, C-1562T in the

promoter of gelatinase B and the A to G —82 polymorphism in the promoter of

10 human macrophage elastase gene and/or polymorphisms in linkage

disequilibrium with these polymorphisms.

7. A method according to any one of claims 1 to 6, wherein the determination of
regulatory and/or promoter polymorphism is conducted on more than one
metalloproteinase gene.

15 8. Method of determining a subject’s predisposition to developing chronic
obstructive pulmonary disease, comprising the analysis of a combination of
polymorphisms in the regulatory and/or promoter regions of the genes involved
in, or associated with, matrix remodelling, wherein the presence of a
polymorphism in these regions is indicative of predisposition to developing

20 the disease.

9. A method according to claim 8, wherein the determination is conducted on
polymorphisms in interstitial collagenase (matrix metalloproteinase-1 or MMP-

1), gelatinase B (matrix metalloproteinase-9 or MMP-9) and human

macrophage elastase gene (MMP-12).



genes is indicative of predisposition to devel oping inpaired |lung function.
15. Method of diagnhosing in a subject the potential onset of inpaired |ung
functi on worpi9EBng t he anal ysis of pol ynorphisns in the gemezogneod ng
proteins involved in matrix renodelling, inflamuation and response to WO
02/ 099134 PCT/ Nz02/ 00106 62 oxidative stress, wherein the presence of
mutations in one or nore said genes i$lindicative of potential onset of
impaired lung function. 16. Method of diagnosing in a subject who is a
snoker or d0sulf} wethodapessdiagteclaiin §tor claira 9 fusthepremprigingithgnt s t he potenti al
onset of inpaired lung function 5 conprising the analysis of polynorphisns
in the genes edeednmgtipn of molyreorphisnt ivealphal -amtitnypsin aedvod glutathigne S-

i nfl ammati on and response to oxidative stress, wherein the presence of
mutations in om@nﬁ&ag@g@egan&aipblgﬁegﬂﬁm inilindhgdiboqilivriupl @th gResi tion to
devel oping inpaired lung function. 17. A nethod according to any one of
clainms 1 to 4, LRshbe matrix 10 renodel ling or inflammatory protein is
selected frominterstitial collagenase (matrix netall oproteinase-1 or MWP-

1), gelatinaseB tri metal | oprotei nage-9 or,, MVP-9). hunman rophage
ol astass gdte. Co Tupisptis REhE e BR R e RLoEMrs gl <l ect
responsi ve protein glutathione transferases (GSTs). 15 18. A nethod
according to aﬁﬁmﬁﬁ t9i0clains 1 to 5, wherein the pol ynmor phi sm (mutati on)
is 1 E2Gin the pronoter of interstitial collagenase, C 1562T in the
pronot er of 14el &k seiaf sudcotide@robes gndéor pmgrs| ageardivigite elaim 1i hehereiorthe er  of
human nmacr ophage el astase gene, the GL237A 3' al-antitrypsin pol ynorphism
the GSTML nul | matleotideproben andhr prim2ds gre thyose mblivhsspan,artasd abdei beruskd nkage
di sequilibriumw th these pol ynorphisns.

to span, the polymorphic regions of promoters and regulatory regions of the

10 genes.

13. Method of determining a subject’s predisposition to developing impaired lung
function comprising the analysis of polymorphisms in the genes encoding
proteins involved in matrix remodelling, inflammation and response to
oxidative stress, wherein the presence of mutations in one or more of said

15 genes is indicative of predisposition to developing impaired lung function.

14.  Method of determining predisposition to developing impaired lung function
in a subject who is a smoker or a subject exposed to high levels of air
pollutants comprising the analysis of polymorphisms in the genes encoding
proteins involved in matrix remodelling, inflammation and response to

20 oxidative stress , wherein the presence of mutations in one or more said
genes is indicative of predisposition to developing impaired lung function.

15. Method of diagnosing in a subject the potential onset of impaired lung
function comprising the analysis of polymorphisms in the genes encoding

proteins involved in matrix remodelling, inflammation and response to



19. A method according to any one of clainms 1 to 6, wherein the

determ nation of functional polynorphisns is conducted on nore than one
gene encoaDrg/oWmO2/ 099134 PCT/ Nz02/ 00106 63 protei ns i neohnad2/oomoemat ri x
renmodel | ing, inflanmati on and response to oxidative stress. 20. Method of
determ ning a subject's predisposition to devel oping inpaired |ung

function conprising the analysis of a &bnbi nation of pol ynorphisns of the 5
genes involved in, qor associated with matrix renodelling, inflammtion and
response to oxi @4tdatire srespaherein theprewnsrief mplagonsinongion moresaid seehice of a
pol ynorphismin these regions is indicative of predisposition to devel opi ng
i npai red | ung f isodicative @fipotentiabometiofbiopeired hggtfanatioai m 8, wherein the
determ nation is conducted on 10 pol ynorphisns in the matrix renodel | ing
or inflammat@ry Methédbidiaglositges a shibjeco wht ig ashiokeBdr Lsubjeapepasal tomat ri x

nmet al | oprotei nase-1 or MVW-1), gelatinase B (matrix netal |l oproteinase-9 or

MWP-9), human maesORGAYSS aifhARKARS tHEGHREntiMRId2dr iABGirdd AR ircE¥RSi n_gene
and oxidative stress responhsive protein glutathione transferases (GSTs).

15 22. Set of n i | for use | h hods of
any one§of cl a?ﬁ%’g%&fl gﬁl%[rﬁg'gg 0%@? {Yg{ao r@%krgg!rgtrh i ﬁ?e;\égf%%&ds}%f’%é{{&ls

predi sposition to devel opin nmoyhidity/nortality risk of a disease

associ ated wi t h BYRhYEdIA qt’ﬁ’gbem%‘{? o)) a}’i’é?nziﬂéf?g?%seé? oR9rY¥for phi sns i n
t he genes encoding proteins 20 involved in matrix renodelling, inflammtion
and response t o SBisdwhergim the presence ofjuitasions ith enppemerrcel said genesisi ons in one
or nore of said genes is indicative of predisposition to devel opi ng

nmor bi di t y/ nor t alindigativiesK preflispasition th deval®ping impaired lung function.

17. A method according to any one of claims 1 to 4, wherein the matrix

10 remodelling or inflammatory protein is selected from interstitial collagenase
(matrix metalloproteinase-1 or MMP-1), gelatinase B (matrix
metalloproteinase-9 or MMP-9), human macrophage elastase gene (MMP-12)
and a1-antitrypsin gene and oxidative stress responsive protein glutathione
transferases (GSTs).

15 18. A method according to any one of claims 1 to 5, wherein the polymorphism
(mutation) i1s 1G/2G in the promoter of interstitial collagenase, C-1562T in
the promoter of gelatinase B, the A to G -82 polymorphism in the promoter of
human macrophage elastase gene, the G1237A 3’ al-antitrypsin
polymorphism, the GSTM1 null polymorphism and/or

20 polymorphisms/mutations in linkage disequilibrium with these
polymorphisms.

19. A method according to any one of claims 1 to 6, wherein the determination

of functional polymorphisms is conducted on more than one gene encoding



WO 02/ 099134 PCT/ NZ02/ 00106 64 24. A nethod according to claim 11, wherein
the disease is selected froma group consisting of chronic obstructive
| ung di sewo®2/09%06f onary artery di sease, stroke and |ung eaemoa02/0@B6 A
met hod according to claim 11 or claim 12, wherein the matrix renodelling 5
or inflammatory protein is selected frominterstitial collagenase (matrix
met al | opr ot ei nase-1 or MWP-1), gelatind&%e B (matrix netall oproteinase-9 or
MWP-9), human macr ophage el astase gene QAME¥12) and al -antitrypsin gene
and oxi dative storeigdsiebiddp matty smadglliggyinfemmetien epdrespasases ( GSTs) .
26. A nethod according to any one of clains 11 to 13, wherein the 10
pol ynor phi sm ( moxatatiwejtréss. 1G 2G in the pronoter of interstitia
col | agenase, C-1562T in the pronoter of gelatinase B, the Ato G -82
pol ynor phi spo.i n NiétBod pf @sterhefingl sibjers predispuitagiao deadbpiag ifsdaed lide GL237A
3" al-antitrypsin polynorphism the GSTML nul | pol ynor phi sm and/ or
pol ymor phi s/ Myl ARSmpAs ks AkAEA1 A F Ao hibRikibH oo lmbhfisns diihe

27. A net f clal

pol ynor phi sns. od accordi’ng to any one o 11 to 14,

wher ei n the det e pination: of LUDGLLSNR RRLY IRELINAIE s, Gondchgd on more

t han oné gene e I'ng" proteins involve ng,
i nfl anmati on and resgonsegép oxi dati ve streﬁs. 20 28.. Method o
determini ng a sdBjPARTe 1@ Oistalixg tgass matix wmogdelingophergindhs Brssace 8h&t r uct i ve

pul nonary di sease, conprising the anal ysis of polynorphisnms in the
regul at ory and/ @eolymepsarin rtBgicgagions istindicajiyisof peedispasitien teedavieleping
net al | opr ot ei nases, inflammtory and anti-infl amuatory cyt oki nes,
i nhibitors of nmpaired loeg ldctipn.ot ei nases and enzynes involved in
met abol i si ng oxi dants, WO 02/099134 PCT/ Nz02/ 00106
21. A method according to claim 8, wherein the determination is conducted on
10 polymorphisms in the matrix remodelling or inflammatory protein selected
from interstitial collagenase (matrix metalloproteinase-1 or MMP-1),
gelatinase B (matrix metalloproteinase-9 or MMP-9), human macrophage
elastase gene (MMP-12) and al-antitrypsin gene and oxidative stress
responsive protein glutathione transferases (GSTs).
15 22,  Setof nucleotide probes and/or primers for use in the methods of any one of
claims 1 to 10.

23.  Method of determining a subject’s predisposition to developing
morbidity/mortality risk of a disease associated with impaired lung
comprising the analysis of polymorphisms in the genes encoding proteins

20 involved in matrix remodelling, inflammation and response to oxidative
stress, wherein the presence of mutations in one or more of said genes is

indicative of predisposition to developing morbidity/mortality risk of said

disease.



65 and/ or pol ynorphi snms/ mutations in |inkage disequilibriumwth these

pol ynor phi snms, wherein the presence of a nutation in these regions is

i ndi cat i WeOmbk/ogw1genot ype protective agai nst COPD. 29. Met rod/NFo2/d&wer m ni ng
the potential risk of devel oping chronic obstructive 5 pul nonary di sease in
a subject who is a snoker or someone exposed to high Ilevels of air

pol lutants such as environnental tobacéb snoke, conprising the analysis of
pol ynorphisns in the regul atory and/or pronoter regions of the genes
encodi ng nagti x AErehadaceerdingda skimifl| wherginothy disraseisselested frammat or y

cytoki nes, inhibitors of matrix netall oproteinases and enzynes involved in
10 net abol i si ng greimennsstingdf chromoloystorctine bmg/disetsetsj @menary attéry kisgase,

di sequilibriumw th these pol ynorphi snms, wherein the presence of a nutation
in these regi onstroke hidlilgad daverof a genotype protective agai nst COPD. 30.
Met hod according to claim28 or claim30, wherein the netal |l oproteinase is

i nterstitiabscolA aoanasReorimedd ¥R cRHRARIHAGelANE kiR AfhoddiigEei n the

pol ymorphismis 132G in the™ pronoter of intersitial collagenase and/ or

2 L S e 1

32. Met hod accorélng in ammat ory
cytokine is transform ng. growmh tor betal. 20 33. Method according to

cl ai m 32, wherei® ’Ill‘é’rﬂtg}r%ﬁ%WBﬁ}\éﬁfilg’ %&%?%%fmwwetaﬁ%%mf‘dé% to Cin
codon 10 of transform ng growh factor betal and/or

pol ynor phi sns/ mM¥MMB-8) duinan magtophagedilastasa igenMNIMP-1d)tand oHi-antiprybsinor phi sm
34. Method according to claim28 or claim?29, wherein the inhibitor of

met al | opr ot ei nasRfe fd dridaie streks fesdoative brdvih alltahiont @lancreRsesIGSTE).
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26. A method according to any one of claims 11 to 13, wherein the

10 polymorphism (mutation) is 1G/2G in the promoter of iﬁterstitial collagenase,
C-1562T in the promoter of gelatinase B, the A to G -82 polymorphism in the
promoter of human macrophage elastase gene, the G1237A 3’ a1 -antitrypsin
polymorphism, the GSTM1 null polymorphism and/or
polymorphisms/mutations in linkage disequilibrium with these

15 polymorphisms.

27. A method according to any one of claims 11 to 14, wherein the determination
of functional polymorphisms is conducted on more than one gene encoding
proteins involved in matrix remodelling, inflammation and response to
oxidative stress.

20 28. Method of determining a subject’s potential risk of developing chronic
obstructive pulmonary disease, comprising the analysis of polymorphisms in
the regulatory and/or promoter regions of the genes encoding matrix

metalloproteinases, inflammatory and anti-inflammatory cytokines, inhibitors

of matrix metalloproteinases and enzymes involved in metabolising oxidants,



35. Method according to claim 34, wherein the pol ynorphismis substitution
of T to C at position -1296 and/or pol ynorphi sns/ nutations in |inkage

di sequi | iwoioaampaa h t hi s pol ynor phism 36. Met hod of det emPdiTmNZzvg0a106
subject's potential risk of devel oping chronic 5 obstructive pul nonary

di sease, conprising the analysis of polynorphisns in the regulatory and/or
pronot er regions of the genes encodi ngéyratri x netall oprotei nases,

gl utat hi one transferases, and protease inhibitors_and/or

pol ynor phi sns/ manéier pelymorphismiayatienssiadinkpgedisagiilibniom with shese

pol ynmor phi sns, wherein the presence of a nutation in these regions is 10

i ndi cative of apgbmatrpiiems,waeegh ithe predeacesiROnuiion Methhsedregiondst er mi ni ng t he
potential risk of devel oping chronic obstructive pulnonary disease in a

subj ect who i s @ndem@kebr 8eRAPRINIBeBiROSAthst cORDh | evel s of air
pol lutants such as environnmental tobacco snoke, conprising the analysis of

pol ymor phi sy | Rydiey SERUAiIARY 1R i Pﬁs‘?ﬁ?}{d%(/ 1658k QRonf obsfifictive 9enes
encodi ng matrix mat(zﬂ ? opr ot e@n%segglt%l lat at hi onee tﬁa%s?@rnasoes, %‘Elvg pr ot ease
i nhi bi tgrs and/ qr, pol rphisns/ qutatkons in |inkage disequilibrium wth
t hese pgl ynor phipg}ﬁ?n%g‘ﬁ%sﬁ T %%“%S?Z%VER &2 Wogr%f‘gflf%lﬁ ef‘ﬁosteﬂ é%é‘gﬂr egi ons
is indicative of a genotype susceptible to COPD, 38. thod according to
claim 36 or cl ailfielsPf aimollutantsisHeh prsmyIPRmeRakiohacce smoke, sempgising heyge
el astase (matrix netal |l oprotei nase 12 or MW12). 39. Method according to
cl ai m 38, wher eianaly$ie ohpdlymorphksnsyinithe regilgtory and/enpromofgr regions cdtheposi ti on
-82 and/ or pol ynorphi sns/ nutations in |linkage disequilibriumwth this
pol ynmor phi sm  Wgefsd/ el i3 mRTTK hiZ@Rprolidses iaHladthatdviz ahd ahtinflanmhhatgryt o ¢l ai m
36 or claim37, wherein the glutathione transferase is glutathione S
transferase 1. cytokines, inhibitors of matrix metalloproteinases and enzymes involved in
10 metabolising oxidants and/or polymorphisms/mutations in linkage
disequilibrium with these polymorphisms, wherein the presence of a mutation
in these regions is indicative of a genotype protective against COPD.
30. Method according to claim 28 or claim 30, wherein the metalloproteinase is
interstitial collagenase.
15 31. Method according to claim 30, wherein the polymorphism is 1G/2G in the
promoter of intersitial collagenase and/or polymorphisms/mutations in
linkage disequilibrium with this polymorphism.
32. Method according to claim 28 or claim 29, wherein the inflammatory
cytokine is transforming growth factor betal.
20  33. Method according to claim 32, wherein the polymorphism is substitution of
nucleotide T to C in codon 10 of transforming growth factor betal and/or
polymorphisms/mutations in linkage disequilibrium with this polymorphism.

34. Method according to claim 28 or claim 29, wherein the inhibitor of

metalloproteinases is Tissue Inhibitor of Metalloproteinases 3.



41. Method according to claim40, wherein the pol ynorphismis the ML null
pol ynor phi sm and/ or pol ynor phi sns/ nutations in |inkage disequilibrium 5
wi t h t hi swpekgemasphi sm 42. Method according to claim 36 ®CTNZap/m18¢,
wherein the protease inhibitor is alphal antitrypsin. 43. Method according
to claim42, wherein the preferred polynorphismis the 3" Taq 1
pol ynor phi sm and/ or pol ynor phi sns/ nut attbons in |inkage 10 disequilibrium
with this pol ynmorphism ) ) ) o o
35.” Method according to claim 34, wherein the polymorphism is substitution of T
to C at position —1296 and/or polymorphisms/mutations in linkage
disequilibrium with this polymorphism.
36. Method of determining a subject’s potential risk of developing chronic
5 obstructive pulmonary disease, comprising the analysis of polymorphisms in
the regulatory and/or promoter regions of the genes encoding matrix
metalloproteinases, glutathione transferases, and protease inhibitors and/or
polymorphisms/mutations in linkage disequilibrium with these
polymorphisms, wherein the presence of a mutation in these regions is
10 indicative of a genotype susceptible to COPD.
37. Method of determining the potential risk of developing chronic obstructive
pulmonary disease in a subject who is a smoker or someone exposed to high
levels of air pollutants such as environmental tobacco smoke, comprising the
analysis of polymorphisms in the regulatory and/or promoter regions of the
15 genes encoding matrix metalloproteinases, glutathione transferases, and
protease inhibitors and/or polymorphisms/mutations in linkage disequilibrium
with these polymorphisms, wherein the presence of a mutation in these
regions is indicative of a genotype susceptible to COPD.
38.  Method according to claim 36 or claim 37, wherein the metalloproteinase is
20 macrophage elastase (matrix metalloproteinase 12 or MMP12).
39. Method according to claim 38, wherein the polymorphism is substitution of A

to G at position —82 and/or polymorphisms/mutations in linkage

disequilibrium with this polymorphism.
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40.

41.

42.

43.
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Method according to claim 36 or claim 37, wherein the glutathione
transferase is glutathione S transferase 1.

Method according to claim 40, wherein the polymorphism is the M1 null
polymorphism and/or polymorphisms/mutations in linkage disequilibrium
with this polymorphism.

Method according to claim 36 or claim 37, wherein the protease inhibitor is
alphal antitrypsin.

Method according to claim 42, wherein the preferred polymorphism is the
3’ Taq 1 polymorphism and/or polymorphisms/mutations in linkage

disequilibrium with this polymorphism.



