
0 5 DEC 2005 WO 02/099134 PCTINZ02/00106 1  "METHODS AND COMPOSITIONS FOR
ASSESMENT OF PULMONARY FUNCTION AND DISORDERS" TECHNICAL FIELD 5 The
present invention is concerned with methods for assessment of  pulmonary
function and/or disorders, and in particular for diagnosing predisposition
to and/or severity of chronic obstructive pulmonary disease in smokers and
non smokers using analysis of genetic polymorphisms and altered gene
expression. The  present invention is also concerned with methods for
diagnosing impaired lung 1o function and in particular to diagnosing
predisposition to and/or severity of impaired  lung function and the
associated morbidity/mortality risk of other diseases. The  invention also
relates to compositions for use in said methods. BACKGROUND ART Chronic
obstructive pulmonary disease (COPD) is the 0h 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. 0 50, DEC 2005  WO 02/099134
PCTJNZ02/00106 2 



Despite advances in the treatment of airways disease, current therapies do
not  significantly alter the natural history of COPD with progressive loss
of lung function  causing respiratory failure and death. Although cessation
of smoking has been shown 5 to reduce this decline in lung function if this
is not achieved within the first 20 years  or so of smoking for susceptible
smokers, the loss is considerable and symptoms of  worsening breathlessness
can not be. averted. Smoking cessation studies indicate that  techniques to
help smokers quit have limited success. Analogous to the discovery of
serum cholesterol and its link to coronary artery disease, there is a need
to better 10 understnd the factors that contribute to COPD so that tests
that identify at risk  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. WO 02/099134
0 5 DEC 2005 PCT/NZ02/00106 3  COPD is a heterogeneous disease
encompassing, to varying degrees, emphysema and chronic bronchitis which
develop as part of a remodelling process  following the inflammatory insult
from chronic tobacco smoke exposure and other  air pollutants. It is likely
that many genes are involved in the development of COPD. 



5 Further, epidemiological studies have shown that impaired lung function,
measured by spirometric methods, provides a direct method of diagnosing the
presence of and/or tendency toward obstructive lung disorders (eg chronic
obstructive lung disease, asthma, brochiectasis and bronchiolitis)
(Subramanian D, et  al. 1994)) and an indirect method of assessing
morbidity/mortality risk from other 10 diseases such as coronary artery
disease, stroke and lung cancer (Hole DJ, et at.  1996, Knuiman MW, et al.
1999, Sorlie PD, et al. 1989, Bang KM, et at. 1993,  Rodriguez BL, et al.
1994 and Weiss ST, et at. 1995). 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  ]5 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 (FEVI), 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 FEVI)
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 0 5 DEC 2Q05 WO
02/099134 PCT/NZ02/00106 4  die from these complications. However the
converse shows that over 90% of COPD and lung cancers are attributable to
chronic cigarette smoke exposure. Smoking is  considered the most important
lifestyle risk factor that contributes to coronary artery  disease
mortality. Although the epidemiological studies have recruited a diverse 5
group of subjects they consistently identify reduced FEV 1 (or related
measure) as a significant and independent risk factor for death from not
only COPD but also from  CAD, stroke and lung cancer (Hole DJ, et al. 1996,
Knuiman MW, et al. 1999, Sorlie 



PD, et al. 1989, Athonisen NR. 1989, Bang KM, et al. 1993, Rodriguez BL, et
al.  1994 and Weiss ST, et al. 1995). In the largest of these studies, the
risk of death from 10 CAD attributed to impaired lung function was as great
as that for. serum cholesterol  (Hole DJ, et al. 1996). The mortality risk
associated 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 FEV 1 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
PCT/NZ02/00106  Received I August 2003 5 related diseases. such as CAS,
stroke and lung cancer, particularly if the subject is a  smoker and/or has
enhanced susceptibility to oxidative stress. SUMMARY OF INVENTION The
present invention is based in part on the surprising finding that
polymorpbisras  of certain genes and groups of genes, particularly those
involved in matrix  remodelling, anti-oxidant defence, inflammatory
response. and their inhibitors, are  found more often in patients with COPD
than in control subjects, in another part, the  present invention is based
on a further surprising finding that polymorphisms in these 10 genes and/or
their regulatory regions are associated with the severity of impaired  lung
function in smokers, 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 15 (mutations and/or polymorphisms) of the
COPD/emphysema 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, (COPD) and/or  20 a method of diagnosing in a subject
the potential onset of COPD and/or a method of  assessing potential risk of
developing COPD, comprising the analysis of polymorphisms in the regulatory
and/or promoter regions of the genes encoding matrix metalloproteinase
alpha, 1-- antitrypsin, Glutathione S-transferase,  transforming growth
factor X31, tissue inhibitor of metalloproteinases 3, superoxide AMENDED
SHEET  IPEA/AU 0 5 DEC 2 90 PCTINZ02/00106  Received I August 2003
dismutase 3. 6 Such method may also be used to determine a subject's
predisposition to potential  risk of developing, and/or diagnosing the
potential onset of, impaired Lung function  and/or morbidity/mortality risk
of a disease associated with impaired lung function. 5 The methods are
particularly useful in smokers or those exposed to high levels of air
pollutants such as environmental tobacco smoke. 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 (NW-12), 10 It will be
understood by those skilled in the art that the determination of
polymorphisms may be conducted on one or a combination of genes. The
assessment of predisposition of a subject to developing COPD, for example,
may  thus be based on the analysis of for example only the promoter region
of interstitial  collagenase or that of gelatinase B or that of macrophage
elastase. It is preferred 



I S however that regulatory and/or promoter polymorphisms of a combination
of the  genes described herein, two or all in any combination, be used in
the methods of the -present invention. It will be understood that in the
context of the present invention the term `polymorphisms" is used to
describe any variants and mutations, including the total 20 or partial
absence of genes (eg no mutations). . Preferably a "disease associated with
impaired lung function" as used herein is  selected from a group consisting
of chronic obstructive lung diseases, coronary artery  disease, stroke and
lung cancer. AMENDED SHEET  IPEAIAU 0 5 DEC 2 00 PCTINZ02/00106  Received 1
August 2003 7  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. 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 s (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.
In one. particularly preferred form of the invention there is provided a
method of 10 determining a subject's predisposition to developing chronic
obstructive pulmonary  disease (COPD), comprising at least the analysis of
at least one polymorphism .  chosen from the group consisting: A-82G in the
promoter of the gone encoding MMP 12 (human macrophage elastase);  T--+C
within codon 10 of the gene encoding TGFl3 (transforming growth factor
beta);  15 C+7600 of the gene encoding SOD3 (Superoxide dismutase 3);
T-1296C within the promoter of the gene encoding TIMP3 (tissue inhibitor of
metalloproteinase 3); and polymorphisms in linkage disequilibrium with
these polymorphisms; wherein  



the genotype of the subject is indicative of predisposition to developing
COPD. 20 In another preferred aspect of the invention there is provided a-
method of  determining a subject's potential risk of developing chronic
obstructive pulmonary  disease (COPD), comprising at least the analysis of
at least one -polymorphism  chosen from the group consisting: AMENDED SHEET
IPE AAU 0 5 DEC 2Uil5 PCT/NZ02/00106  Received 1 August 2003 8- A-82G in
the promoter of the gene encoding MMP 12 (human macrophage elastase);  T-'C
within codori. 10 of the gene encoding TOFA (transforming growth factor
beta);  C+7600 of the gene encoding SODS (Superoxide dlsmutase 3); T-1296C
within the promoter of the gene encoding TDa3 (tissue inhibitor of  5
metalloproteinase 3); and polymorphisms in linkage disequilibrium  with
these polymorphisms; wherein  the genotype of the subject is indicative of
potential risk of developing COPD. In another preferred aspect of the
invention there is provided a method of diagnosing  10 in a subject the
potential onset of chronic obstructive pulmonary disease (COPD) comprising
at least the analysis of at least one ,polymorphism chosen from the group
consisting: A-82G in the promoter of the gene encoding MMP12 (human
macrophage elastase);  T--+C within codon 10 of the gene encoding TGF13
(transforming growth factor beta);  15 C+7600 of the gene encoding SODS
(Superoxide dismutase 3); T-12960 within the promoter of the gene encoding
TIMP3 (tissue inhibitor of  metalloproteinase 3); and polymorphisms in
linkage disequilibrium with these polymorphisms; wherein  the genotype of
the subject is indicative of the potential onset of COPD. 20 In another
preferred aspect of the invention there is provided, a method of  



determining a subject's predisposition to developing impaired lung function
comprising at least the analysis of at least one -polymorphism chosen from
the group  consisting; AMENDED SHED I  IPEAIAU 0 5 DEC 2805 PCT/NZ02/00106
Received 1 August 2003 9  A-82G in the promoter of the gene encoding MMP 12
(human; macrophage elastase);  T-+C within codon 10 of the gene encoding
TGFB (transforming growth factor beta);  C+760G of the gene encoding SOD3
(Superoxide dismutase 3); T-1296C within the promoter of the gene encoding
TIM'3 (tissue inhibitor of  s metalloproteinase 3); and polymorphisms in
linkage disequilibrium with these polymorphisms; wherein  the genotype of
the subject is indicative of predisposition to developing impaired  lung
function. 10 Tn another preferred aspect of the invention there is provided
a method of  determining a subject's potential risk of developing impaired
lung function  comprising at least the analysis of at least one
-polymorphism chosen from the group consisting:  A-820 in the promoter of
the gene encoding MMP 12 (human macrophage elastase);  15 T-C within codon
10 of the gene encoding TGFB (transforming growth factor beta); C+7600 of
the gene encoding SOD3 (Superoxide dismutase  3); T 1296C within the
promoter of the gene encoding TIMP3 (tissue inhibitor of  metalloproteinase
3); and polymorphisms in linkage disequilibrium with these polymorphisms;
wherein 20 the genotype of the subject is indicative of potential risk of
developing impaired lung  function. AMENDED SHEET  JPEAJAU O 5 DEC 2005
PCT/NZ02/00106  



Received 12 September 2003 10  In another preferred aspect of the invention
there is provided a method of diagnosing  in a subject the potential Onset
ofinmpaired lung function comprising at least the  analysis of at least one
polymorphism chosen from the group consisting: A-82G in the promoter of the
gene encoding MMP12 (human macrophage elastase);  5 T--+C within codon 10
of the gene encoding TGFJ3 (transforming growth factor beta);  C+760G of
the gene encoding SOD3 (Superoxide dismutase 3); T 1296C within the
promoter of the gene encoding TIMP3 (tissue inhibitor of  metalloproteinase
3); and polymorphisms in linkage disequilibrium  with these polymorphisms;
wherein  10 the genotype of the subject is indicative of the potential
onset of impaired lung  function. In another preferred aspect of the
invention there is provided a method of  determining a subject's
predisposition to, and/or potential risk of, developing 15
morbidity/mortality risk of a disease associated with impaired lung
function  comprising at least the analysis of at least one polymorphism
chosen from the group  consisting: T-+C within colon 10 of the gene
encoding TGFi3 (transforming growth factor beta);  C+7600 of the gene
encoding SODS (Superoxide dismutase 3); 20 T-1296C within the promoter of
the gene encoding TIMP3 (tissue inhibitor of  metalloproteinase 3); and
polymorphisms in linkage disequilibrium with these polymorphisms; wherein
AMENDED SHEET  IPEA/AJ 0 5 DEC 2 005 PCTINZO2/00106  Received 12 September
2003 11  the genotype of the subject is indicative of predisposition to,
and/or potential risk of,  developing morbidity/mortality risk of said
disease. 



In another aspect the invention provides a method of determining a
subject's $ Predisposition to, and/or potential risk of, mortality from a
disease associated with  impaired lung function comprising at least the
analysis of at least the polymorphism  A-82G in the promoter of the gene
encoding MMP 12 (human macrophage elastase). In another aspect the
invention provides a method of determining a subject's  to predisposition
to, and/or potential risk of, developing morbidity of a disease associated
with impaired lung function wherein the subject has been exposed to
tobacco smoke, the method comprising at least the analysis of at least the
polymorphism A-82G in the promoter of the gene encoding M1vIP12 (human
rnaorophage elastase). 15 Preferably, the disease is selected from a group
consisting of chronic obstructive lung  diseases, coronary artery disease,
stroke and lung cancer, Preferably, a method of a preferred form of the
invention further comprises the  20 analysis of a polymorphism in at least
one gene encoding a protein involved in matrix remodelling, omit-oxidative
defence, or inflammatory response, including  genes encoding matrix
metalloproteinases, inflammatory and anti-inflammatory  cytokines,
inhibitors of matrix metalloproteinases a nd enzymes involved in
metabolising oxidants. Preferably, the at least one gene is chosen from the
group  25 consisting: Y MMP 1 (interstitial collagenase);  MMP9 (gelatinase
B); MW 12 (human macrophage elastase);  al-antitrypsin; and 30 OSTI
(glutathione S transferase 1). AMENDED SHEET  !PEAT, U 0 5 DEC 2005
PCT/NZ02/00106   Received 12 September 2003 11a Preferably, the
polymorphism analysed is 10/20 at position -1607 within the  



promoter of MMP 1, 5 Preferably the ol mor hi l  , p y p sm ana ysed is C
1S62T in the promoter of the gene  encoding MMP9 AMENDED SHEET  EPE r.J 0 5
DEC 2005 PCTINZO2/00106  Received 12 September 2003 12 Preferably, the
polymorphism analysed is G1237A in the 3' region of the gene  encoding a
l-antitrypsin. Preferably, the polymorphism analysed is the M1 null
polymorphism in the gene  encoding GSTM1, Preferably, the polymorphism
analysed is A-82G in the promoter of the gene  encoding MMP12. 10 A
preferred method of the invention comprises analysing the polymorphisms:
1G/2G at position -1607 within the promoter of MIDI; C-1562T in the
promoter of the gene encoding MMP9; and,  



A-820 in the promoter of the gene encoding MMP12. 15 Another preferred
method of the invention comprises analysing the polymorphisms:  10120 at
position -1607 within the promoter of MMP1; T-aC within codon 10 of the
gone encoding TGF8;  C+760G of the gene encoding SOD3; and, 20 T-1296C
within the promoter of the gene encoding TIMP3. A further preferred method
of the invention comprises analysing the polymorphisms:  A-82G in the
promoter' of the gene encoding MMP12; G1237A in the 3' region of the gene
encoding a 1-antitrypsin; and,  25 Ml null polymorphism in the gene
encoding GST1. In accordance with a method of the invention the genotype
-82AA within the  promoter of the gene encoding MMP 12 is indicative of one
or more of., a AMENDED SHEET  , p EN Jrz 0 5 DEC 20UM PCTINZ02/00106
Received 1 August 2003 12A  predisposition to developing COPD, impaired
lung function, and/or  morbidity/mortality risk of a disease associated
with impaired lung function; b)  potential risk of developing COPD,
impaired lung function, and/or  morbidity/mortality risk of a disease
associated with impaired lung function; and c) 3 potential onset of COPD
and/or impaired lung function. In accordance with a method of the invention
the genotypes +760GG or +760CO  within the gene encoding SOD3 are
indicative of one or more of a) protection  against developing COPD,
impaired lung function, and/or morbidity/mortality risk of io a disease
associated with impaired lung function; and, b) reduced risk of developing
COPD, impaired lung function, and/or morbidity/mortality risk of a disease
associated with impaired lung function. In accordance with a method of the
invention the genotype -1296TT within the Is promoter of the gene encoding
TTMP3 is indicative of one or more of: a) protection  



against developing COPD, impaired lung function, and/or morbidity/mortality
risk of  a disease associated with impaired lung function; and, b) reduced
risk of developing  COPD, impaired lung function, and/or
morbidity/mortality risk of a disease associated with impaired lung
function. 20 In accordance with a method of the invention the genotype CC
(homozygous P  allele) within. codon 10 of the gene encoding TGFI3 is
indicative of one or more of.,  a) protection against developing COP]),
impaired lung function, and/or  morbidity/mortality risk of a disease
associated with impaired lung function; and, b) AMENDED SHEET  I PEA'"U Q 5
DEC 2005 PCT/NZ02/00106  Received 1 August 2003 12B  reduced risk of
developing COPD, impaired lung function, and/or  morbidity/mortality risk
of a disease associated with impaired lung function. In accordance with a
method of the invention the genotype 202G within the 5 promoter of the gene
encoding MMP 1 is indicative of one or more of: a) protection  against
developing COPD, impaired lung function, and/or morbidity/mortality risk of
a disease associated with impaired lung function; and, b) reduced risk of
developing  COPD, impaired lung function, and/or morbidity/mortality risk
of a disease associated with impaired lung function. In accordance with a
method of the invention the genotypes -1562CT and -1562TT  within the
promoter of the gene encoding MMP9 are indicative of one or more. of: a)
predisposition to developing COPD, impaired lung function, and/or
morbidity/mortality risk of a disease associated with impaired lung
function.; b)  15 potential risk of developing COPD, impaired lung
function, and/or  morbidity/mortality risk of a disease associated with
impaired lung function; and, c)  potential onset of COPD and/or impaired
lung function. In accordance with a method of the invention the genotypes
1237AG and 1237AA  20 (Tt or tt allele genotypes) within the 3' region of
the gene encoding a 1 antitrypsin 



are indicative of one or more of: a) predisposition to developing COPD,
impaired  lung function, and/or morbidity/mortality risk of a disease
associated with impaired  lung function; b) potential risk of developing
COPD, impaired lung function, and/or AMENDED SHEET  IPEA/AU 0 5 DEC 2005
PCT/NZ02/00106  Received I August 2003 12C  morbidity/mortality risk of a
disease associated with impaired lung function; and, c)  potential onset of
COPD and/or impaired lung function. In a preferred form of the invention
the presence of two or more protective genotypes  5 is indicative of
reduced risk of developing COPD, impaired lung function, and/or
morbidity/mortality risk of a disease associated with impaired lung
function. In a further preferred form of the invention the presence of two
or more susceptibility  genotypes is indicative of increased risk,of
developing COPD, impaired lung 10 function, and/or morbidity/mortality risk
of a disease associated with impaired lung  function. In one aspect of the
invention, where the polymorphism T---)C within eodon 10 of the  gene
encoding TGFB and/or the polymorphism C+760G of the gene encoding SODS 15
are analysed, the analysis is performed using RNA or cDNA encoding TGFI3 or
SOD3, In another aspect the invention provides a set of nucleotide probes
and/or primers for  use in the preferred methods of the invention herein
before described. Preferably, the 20 nucleotide probes and/or primers are
those which span, or are able to be used to span,  the polymorphic regions
of the genes. In another preferred aspect, the invention provides a method
of determining the  potential risk of a subject developing COPD, impaired
lung function and/or AMENDED SHEET  JPEA/AU DEC 2005 'PCTfNZOI/00106
Received 1 August 2003 



12D  morbidity/mortality risk of a disease associated with impaired lung
function  comprising at least the step of analysing in the subject at least
one of: the level ofTOFJ3;  the activity of TGFO; 5 the level of mRNA
transcript encoding TGFI3; and, wherein an alteration in the level of TGFO,
mRNA transcript encoding TGFP, or  activity of TGFJ3, compared to a
control, is. indicative of potential risk, In a further preferred aspect
thereis provided a method of determining a subject's  10 predisposition to
developing COPD, impaired lung function and/or morbidity/mortality risk of
a disease associated with impaired lung function  comprising at least the
step of analysing in the subject at least one of: the level of TGFP;  the
activity of TGFP; 15 the level of mBNA transcript encoding TGPJ3; and,
wherein an alteration in the level of TGFJ3, mRNA transcript encoding TGFA,
or  activity of TGFJ3, compared to a control, is indicative of the
subject's predisposition, in yet a further preferred aspect there is
provided a method of determining in a 20 subject potential onset of COPD,
and/or impaired lung function comprising at least  the step of analysing in
the subject at least one of: the level of TGFP;  the activity of TGFP; the
level of mRNA transcript encoding TGF J3; and, 25 wherein an alteration in
the level of TGFJ, mRNA transcript encoding TGFP, or  activity of TWO,
compared to a control, is indicative of potential onset. A further
preferred aspect includes a method of determi the potential risk of a
subject developing COPD, impaired lung function and/or morbidity/mortality
risk of 30 a disease associated with impaired lung function comprising at
least the step of  analysing in the subject the amino acid present at a
position mapping to codon 10 of  the gene encoding TGFJ3. AMENDED SHEET  



IPEA/AU 0 5 DEC 2005 PCTINZ02/00106  Received 1 August 2003 12E Another
preferred aspect includes a method of determining a subject's
predisposition  to developing COPb, impaired lung function and/or
morbidity/mortality risk of a  disease associated with impaired lung
function comprising at least the step of 5 analysing the amino acid present
at a position mapping to codon 10 of the gene  encoding TGFO. In another
preferred aspect the invention provides a method of determining in a
subject the potential onset of COPD, and/or impaired lung function
comprising at 10 least the step of analysing the amino acid present at a
position mapping to codon 10  of the gene encoding for TGF!3. The presence
ofleucine at said position is  indicative of a predisposition to, and/or
potential risk of developing, COPD, impaired  lung function and/or
morbidity/mortality risk of a disease associated with impaired  lung
function, and/or potential onset of COPD and/or impaired lung function. The
15 presence of praline at said position is indicative of reduced risk of
developing  COPD, impaired lung function and/or morbidity/mortality risk of
a disease  associated with impaired lung function. In another preferred
aspect the invention provides a method of determining the  20 potential
risk of a subject developing COPD, impaired lung function and/or
morbidity/mortality risk of a disease associated with impaired lung
function  comprising analysing in the subject at least one of: the level of
SOD3;  the activity of SODS; 25 the level of mRNA transcript encoding SODS;
and, wherein an alteration in the level of SODS, mRNA transcript encoding
SOD3, or  activity of S OD3, compared to a control, is indicative of
potential risk. In another preferred aspect the invention provides a method
of determining a  30 subject's predisposition to developing COPD, impaired
lung function and/or morbidity/mortality risk of a disease associated with
impaired lung function  



comprising analysing in the subject at least one of., AMENDED SHEET
IPEA/A.!J 0 5 DEC 2005 PCTINZ02/00106  Received 1 August 2003 12F the-level
of SOD3;  the activity of SOD3; the level of mRNA transcript encoding SOD3;
and, 5 wherein an alteration in the level of SOD3, mRNA transcript encoding
SODS, or  activity of SOD3, compared to a control, is indicative of a
predisposition. In another preferred aspect the invention provides a method
of determining in a  subject potential onset of COPD, and/or impaired lung
function comprising analysing 10 in the subject at least one of  the level
of SOD3; the activity of SODS; the level of mRNA transcript encoding SOD3;
and, wherein an alteration in the level of SOW, mRNA transcript encoding
SODS, or  15 activity of SOD3, compared to a control, is indicative of
potential onset. In, another preferred aspect the invention provides a
method of determining the  potential risk of a subject developing COPD,
impaired lung function and/or  morbidity/mortality risk of a disease
associated with impaired lung function 20 comprising at least the step of
analysing in the subject the amino acid present at  position 213 of SODS,
In another preferred aspect the invention provides a method of determining
a  subject's predisposition to developing COPD, impaired lung function
and/or 25 morbidity/mortality risk of a disease associated with impaired
lung function  comprising at least the step of analysing in the subject the
amino acid present at  position 213 of SOD3. In another preferred aspect
the invention provides a method of determining in a 30 subject potential
onset of COPD, and/or impaired lung function comprising at least  



the step of analysing in the subject the amino acid present at position 213
of SOD3. AMENDED SHEET  IPEA/AU Q 5 DEC 2005 T/ ON00106   Received 1 August
2003 120 The presence of glycine at position 213 is indicative of potential
risk of developing,  and/or predisposition to developing, COPD, impaired
lung function and/or  morbidity/mortality risk of a disease associated with
impaired lung function, and/or 5 potential onset of COPD and/or impaired
lung function, The Presence of arginine at said position is indicative of
reduced risk developing  COPD, impaired lung function and/or
morbidity/mortality risk of a disease  associated with impaired lung
function. 10 In another preferred aspect the invention provides a method of
determining the  potential risk of a subject developing COPD, impaired lung
function and/or  morbidity/mortality risk of a disease associated with
impaired lung function  comprising analysing in the subject at least one
of: 15 the level of MMP12 and/or TIM3;  the activity of MW 12 and/or TIM3;
the level of mRNA transcript encoding MMP 12 and/or TIM3; and, wherein an
alteration in the level of MW 12 and/or TIM3, niRNA transcript  encoding
MMP12 and/or TIM3, or activity of MMP12 and/or TIM3, compared to a  20
control, is indicative of a potential risk. In another preferred aspect the
invention provides a method of determining a  subject's predisposition to
developing COPD, impaired lung function and/or  morbidity/mortality risk of
a disease associated with impaired lung function  25 comprising analysing
in the subject at least one of, the level of MMP 12 and/or TIM3;  the
activity of MMP 12 and/or TIM3; the level of mRNA transcript encoding MMP
12 and/or TIM3; and, 



wherein an alteration in the level of NW 12 and/or TIM3, mRNA transcript 30
encoding MW 12 and/or TIM3, or activity of MMP 12 and/or TIM3, compared to
a  control, is indicative of a predisposition. AMENDED SHEET  1PEAJAU 0 5
DEC 2905 PCT/NZ02/00106  Received 1 August 2003 12H In another preferred
aspect the invention provides a method of determining in a  subject
potential onset of COPD, and/or impaired lung function comprising analysing
in the subject at least one of. 5 the level of MMP 12 and/or TIM3;  the
activity of MMP 12 and/or TIM3; the level of mRNA transcript encoding MW 12
and/or TIM3;, and, wherein an alteration in the level of MMP12 and/or TIM3,
mRNA transcript  encoding MMP 12 mid/or TIM3, or activity of MMP 12 and/or
TJM3, compared to a  10 control, is indicative of potential onset. In
another preferred aspect the invention provides a method of determining the
possible responsiveness of a subject to treatment with an agent, the method
13 comprising at least the analysis of at least one -polymorphism chosen
from the group  consisting: A-8203 in the promoter of the gene encoding MMP
12 (human macrophage elastase);  T-4C within codon 10 of the gene encoding
TGF8 (transforming growth factor beta);  C+7600 of the gene encoding SOD3
(Superoxide disnmutase 3); 20 T-1296C within the promoter of the gene
encoding TIMP3 (tissue inhibitor of  metalloproteinase 3); and
polymorphisms in linkage disequilibrium with these polymorphisms; wherein
the genotype of the subject is indicative of possible responsiveness to
treatment with  the agent.: Preferably, the subject has, is predisposed to,
or is at risk of developing,  2s COPD, impaired lung function and/or a
disease associated with impaired lung function. Preferably, the method
further comprises the step of administering. the  



agent to the subject and noting the subject's responsiveness to the agent.
AMENDED SHEET  IPEAJAU 0 5 DEC 2005 WO 02/099134 PCT/NZ02/00106 13  When
referring to "smokers" herein the term is also intended to encompass
ex-smokers. BRIEF DESCRIPTION OF FIGURES Figure 1: The percentage of people
with COPE) plotted against the number of  5 susceptibility genetic variants
show a linear relationship with an  estimated likelihood of having COPE) as
high as 80% in those with  four or more susceptibility variants. Figure 2:
Graphic representation of the data in Table 10. The risk estimate, as
quantified by the standardised ratio, shows that the presence of 0 10
protective genotypes in this study significantly increases the risk of a
smoker having COPE) by 167%. Conversely, this analysis shows that  the risk
of a smoker, with 2 or more protective genotypes, having  COPD is reduced
by.67%. Given the background risk of COPE) in  smokers before 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 



0 5 DEC 2005 WO 02/099134 PCT/NZ02100106 14  on gene expression or protein
function. Specifically we have compared the  frequencies of polymorphisms
between blood donor controls, resistant smokers and  those with COPD
(subdivided into those with early onset and those with normal  onset). The
present invention demonstrates that there are both protective and 5
susceptibility genotypes derived from selected candidate gene
polymorphisms. Given  COPD is a polygenic disorder and many genotypes are
likely to be involved in the  development of COPD in any one susceptible
smoker only simple genetic models  can be explored (ie the net effect of
susceptibility and protective genotypes is not  known). In one embodiment
described herein 3 susceptibility genetic polymorphisms 10 and 4 protective
genetic polymorphisms are identified. Statistical analyses of the  combined
effects of these polymorphisms shows that the genetic assays of the present
inventors can be used to identify smokers at greater risk of developing
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 improve 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 FEVI is a biomarker of a general 25 susceptibility to the adverse
effects of chronic smoking and oxidative stress. That is, 0 5 DEC 2005 WO
02/099134 PCTINZ02/00106 



15  under conditions of chronic oxidative stress (as in that seen with
chronic cigarette smoke exposure) there is an alteration in the activity of
proteins involved in matrix remodelling, inflammation and/or oxidative
stress. The altered activities of these proteins (typically enzymes) over
prolonged periods leads to the promotion of lung  5 inflammation, fibrosis
and parenchymal damage causing chronic obstructive lung diseases and
contributes to lung cancer. These same processes occur in the arterial
wall thereby promoting progression and/or instability of the atheromatous
plaque  resulting in, if not the development of coronary artery disease and
stroke, the  progression of a theromatous plaque to thrombus formation
(Waltenberger J. 2001). 10 Thrombus formation in turn leads to the clinical
entities of unstable 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 FEV  1 is an indirect  biomarker of
those with 15 a susceptibility to adverse matrix remodelling, inflammation
and enhanced damage  from oxidative stress. Thus, through these mechanisms
reduced FEVI 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 FEVI
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. WO 02/099134
16 5 DEC 2005 PCT/NZ02/00106 Example 1. Preliminary Study  



I.1 Subject recruitment Patients of European descent admitted to hospital
with an exacerbation of  their COPD were recruited consecutively. COPD was
defined in subjects who had  5 smoked a minimum of twenty pack years and
had an FEVI/FVC' ratio (Forced expiratory volume in one second/Forced vital
capacity) of < 70% and FEV1 as a  percentage of predicted <70% (measured
using American Thoracic Society criteria).  Patients with the above lung
function tests who had been diagnosed with COPD by  specialist physicians
were recruited if they were over 50 years old and had developed 10 symptoms
of breathlessness after 40 years of age. Those with a history of asthma,
bronchiectasis or lung surgery were excluded. Eighty-four patients were
recruited, of  these 56% were male, the mean FEV 11FVC ( Standard
Deviation) was 0.44 (0.12),  mean FEV 1 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
consecutively 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 MMP i  promoter polymorphism was determined by minor
modifications of a previously  published method (Dunleavey et al., 2000,
incorporated in its entirety herein by WO 02/099134 5 DEC ZU5
PCTINZ02100106 17  reference). The PCR oligonucleotide primers were
5'-TCG-TGA-GAA-TGT-CTT CCC-ATT-3' (forward primer) and
5'-TCT-TGG-ATT-GAT-TTG-AGA-TAA- GTG-AAA-TC-3' (reverse primer). The PCR
reaction was carried out in a total  volume of 25u1 and contained 50 ng
genomic DNA, 10pmol forward and reverse 



5 primers, 100mM dNTPs, 10 mM Tris-HCL (pH 8.4), 50 mM KCl, 1.5 mM MgC12
and l unit of Taq polymerise. Cycling times were incubations for 2 min at
95C  followed by 35 cycles of 45s at 92C, 50s at 60C and 50s at 72C. 4u1 of
PCR  products (118bp) were visualised by ultraviolet trans-illumination of
a 3% agarose  gel stained with ethidium bromide. The remainder was digested
for 4 hrs with 10 1o units of Asp 700 (Roche Diagnostics, New Zealand) at
37C. Digested products  were separated on a 3% agarose gel run for 2.5 hrs
at 80 V with TBE buffer. The  PCR product remained uncut (ie 118 bp) in the
presence of the 2G allele or was cut  in to bands of 100 bp and 17 bp in
the presence of the 1 G allele Direct sequencing  was performed in three
subjects assigned the genotypes IGIG, 1G2G or 2G2G by 15 the above method
and confirmed that the latter correctly identified the absence or  presence
of the 1 G 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-I562T 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 l reaction mix. The
reaction mix was 50 ng of genomic DNA. 50 0 5 DEC 2005 WO 02/099134
PCT/NZ02100106 18  ng of each primer, 20pM of dNTP, 1.5mM MgCI2, 0.5 unit
Taq DNA polymerase, 10mM Tris-HCI, 50mM KCI and 0.00 1 %gelatin. The PCR
cycle conditions were: An  initial denaturation step at 95C for 3 minutes,
35 cycles of PCR (denaturation at 92C  for 50 seconds, annealing at 66C for
48 seconds, and elongation at 72C for 58 5 seconds) followed by one cycle
of elongation at 72C for 5 minutes. Four microlitre  aliquots of the PCR
products were digested with 10 U restriction enzyme Sph.I  (LifeTech) in
the recommended buffer system at 37C for five hours. All digests were  



analysed on a 3% agarose gel. Direct sequencing was performed in three
subjects  assigned the genotypes CC, CT or TT by the above method and
confirmed that the latter  10 correctly identified the C and T alleles.
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 elastase (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 hrnep2 (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 dNTP, 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 95C for 2
minutes, 35 cycles of PCR  (denaturation at 92C for 50 seconds, annealing
at 66C for 48 seconds, and elongation  at 72C for 58 seconds) followed by
one cycle of elongation at 72C for 5 minutes. Four  microlitre aliquots of
the PCR products were digested with 10 U restriction enzyme WO 02/099134 5
DEC 2005 PCT/NZ02/00106 19  PvuII (LifeTech) in the recommended buffer
system at 37C for five hours. All digests  were analysed on a 3% agarose
gel. Direct sequencing was performed in three subjects  assigned the
genotypes AA, AG or GG by the above method and confirmed that the  latter
correctly identified the A and G alleles 5 Genotypes were assigned by two
investigators independently and 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
x2-squared test with significance taken as p:5 0.05. 1.5.
MMP1/MMP9/MMP12promoter 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 1 G/2G promoter
polymorphism allele and genotype frequency in the COPD  patients and blood
donor controls. FrequencyAllele*Genotype 1G20IG1G1G2G2G2G COPD n=84 67 101
16 35 332 (%)(40%)(60%)(19%)(42%)(39%) Controls n=178 197 159 56 85 37
NO(55%)(45%)(31/a)(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, x2 (Yates corrected=10.67, p=0.001 Genotype: 2G2G vs I GI
G + 1 G2G for COPD vs controls, OR =2.47, 95% 20 confidence limits 1.3-4.5,
x2 (Yates corrected)=9.05, p=0.003 WO 02/099134 * 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, 5 x2 (Yates corrected)=7.91, p=0.064 2.
Genotype: CT/TT vs CC for COPD vs controls, OR =2.1, 95% confidence limits



2.2-3.7, x2 (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. FrequencyAllele*Genotype AGAAAGGG COPD n=84 151 17 67
17 0 {"/o)(90%)(10%)(80%)(20%)(0%) Controls n=178 286 70 114 58. 6
(%)(80%)(20%)(64%)(33%)(3%) EEC 2005 PCT/NZ02/00106 20  Table 2_ MMP 9
C-1562T promoter polymorphism allele and genotype frequency in the COPD
patients and blood donor controls. FrequencyAllele*Genotype CTCCCTTT COPD
n=84 124 44 45 



34 5 (%)(74%)(26%)(53%)(40%)(7%) Controls n=178 301 55 126 49 3
(%)(85%).(15%)(71%)(27%)(2%) * 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, x2 (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, WO 02/099134 21 0
DED'2005 PCT/NZ02/00106 x2 (Yates corrected)=5.89, p=0.02. The above data
indicate that the MMP1 1 G/2G, the MMP9 C-1562T and the  MMP 12 A-82G
promoter polymorphisms are independently candidate loci for  susceptibility
to the development of COPD. In case of MMP1, both the 2G allele 5 frequency
and the 2G2G genotype frequency were significantly more prevalent in the
COPD patients than in the healthy control population (60% vs 45% and 39% vs
21 %  respectively). Similarly, in case of MMP9 both the T allele frequency
and the CT/TT genotype frequencies were significantly more prevalent in the
COPD patients  than in the healthy control population (26% vs 15% and 47%
vs 29% respectively).  to Lastly, in case ofMMP12 both the A allele
frequency and the AA genotype  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 aiphal-antitrypsin 3' Taq I polymorphism.  Genonti.c 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 25u1 and contained 50
20 ng genomic DNA, I Opmol forward and reverse primers, 100mM dNTPs, 10 mM
Tris-HCL (pH 8.4), 50 mM KCI, 1.5 mM MgCl2 and 1 unit of Taq polymerase.
Cycling times were incubations for 2 min at 95C followed by 35 cycles of
45s at  94C, 40s. at 62C and 45s at 72C with a final cycle of 5 mins at
72C. 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 0 5 DEC 2005 WO 02/099134
PCT/NZ02100106 22  for 4 hrs with 10 units of Taq 1 restriction enzyme
(Roche Diagnostics, New Zealand) at 65C. Digested products were separated
on a 2% agarose gel run for 2.5  hrs at 80 V with TBE buffer. The PCR
product remained uncut (ie 205 bp) in the  presence of the t (mutant)
allele or was cut in to bands of 130 bp and 75 bp in the 5 presence of the
T (wild type) allele. 1.7. Genotyping the glutathione S-transferase (GST)Ml
null polymorphism.  Genomic DNA was extracted from whole blood as for the
previous  examples. The glutathione S-transferase (GST)M1 null deletion
polymorphism was  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 25u1 and contained
50 ng genomic DNA, 50 ng of each primer, 20uM dNTPs, 10  



mM Tris-HCL (pH 8.4), 50 mM KCI, 1.5 mM MgCl2 and 0.5 unit of Taq 15
polymerase. Cycling times were incubations for 3 min at 95C followed by 35
cycles  of 45s at 94C, 48s at 56C and 48s at 72C with a final elongation
for 3 mins at 72C.  6u1 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 band  (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 I
Allele' I Genotype WO 02/099134 23 5 DEC 2005  PCT/NZ02100106 TtTTTttt COPD
n=8415018'66180 (%)(89/a)(11%)(79%)(21%)(0%) Controls n=17834511167110
(%)(97%)(3%)(94%)(6%)(0%) * number of chromosomes (2n) 4. Allele: t vs T
for COPD vs controls, Odds ratio (OR) =3.76, 95% confidence  limits 1.6-8.
8, 2 (Yates corrected)=11.27, p=0.0008 5 2. Genotype: Tt /tt vs TT for COPD
vs controls, OR =1 1.98, 95% confidence limits  1.7-10.0, x2 (Yates
corrected)=11.98, p=0.0005. Table 5. GSTMI polymorphism allele and genotype
frequency in the COPD patients and blood donor controls. Frequency Nn 



COPD n=84 29 55 (%)(35%)(65%) Controls n=178 103 75 (%)(58%)(42%) 1o n vs N
in COPD compared to controls OR=2.6, 95% CI 1.5-4.6,  x2 (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 GSTMI mutation, we found a 15 frequency of 42% in
controls and 65% in our COPD patients. 0 5 EC 2U05 WO 02/099134
PCT/NZ02/00106 24  When the combined effect of these genetic variants were
assessed in a logistic equation (Odds ratio estimates) which assumed
similar frequencies in healthy  smokers as our controls, it estimated that
about 42% (95% CI=31-56%) of the  tendency to COPD could be explained
independently, by each of the five genetic 5 variants. When examined
graphically, the percentage of people with COPD plotted  against the number
of susceptibility genetic variants they had showed a linear  relationship
with an estimated likelihood of having COPD as high as 80% in those  .with
four or more susceptibility variants (see figure 1). Our COPD cohort is
likely to be a heterogeneous group of patients with 10 varying degrees of
emphysema, bronchitis and reversible airways obstruction (the  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 MW 1), 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  NINIP9 T.allele and/or MMP 12 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 WO 02/099134 d 5 DEC 2005 PCTJNZ02/00106 25  factor binding
site (von der Ahe et al., 1993). While not wishing to be bound by any
particular mechanism of action, it is noted that the above polymorphisms
are  associated (found near to or generate) Ets transcription binding sites
which may  enhance responsiveness to inflammatory stimuli such as TNF-a
rendering those 5 smokers at risk of developing emphysema.  Example 2.
Expanded Study. The preliminary assessment of MMP 1, 9 and 12 promoter
polymorphisms as  candidate loci for susceptibility to the development of
COPD was followed by a  second, broader study that included genotyping of
candidate polymorphisms of the 1o TGF i, SOD3 and TIMP3 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 (FEVI) as a percentage
of predicted  <70% and a FEV 1/FVC2 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% (3 7-50), median FEVI 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 0 5 DEC 2O 5 WO
02/099134 PCT/NZ02/00106 26  patients referred with breathlessness to a
chest outpatient clinic who, after clinical and spirometric assessment,
were diagnosed as having COPD (by a chest physician)  and who met the
following criteria: were less than 65 years old and had developed  symptoms
of breathlessness after 40 years of age, had a Forced expiratory volume in
5 one second (FEVI) as a percentage of predicted <70% and a FEVI/FVC3 ratio
(Forced expiratory volume in one second/Forced vital capacity) of < 70%
(measured  using American Thoracic Society criteria). Sixty-one subjects
were recruited, of  these 43 % were male, the median FEV 1/FVC (
interquartile range (IRQ)) was 44%  (38-55), median FEVI as a percentage of
predicted was 37 (24-47). Median age and 10 pack year history was 58 yrs
(53-62) and 41 pack years (31-52) respectively. Using a  PCR based method
(Sandford et at., 1999), we genotyped both COPD groups for the
aI-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 lung
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. 0 5 DE 2005
WO 02/099134 PCT/NZ02100106 27  This study shows that polymorphisms found
in greater frequency in COPD patients compared to controls may reflect an
increased susceptibility to the  development of impaired lung function and
COPD. Similarly, polymorphisms found  in greater frequency in resistant
smokers compared to susceptible smokers (COPD 5 patients) may reflect a
protective role. Summary of characteristics for the COPD (hasp), COPD
(clinic) and resistant  smokers. Parameter COPD, n=111 COPD, n=61
Resistant, n--85 Median (TQR)Hasp. admissionOutpatient clinicHealthy
smokers % male58%43%58% Age (yrs)73 (66-77)58(53-62)52(46-61) Pack years43
(30-57)41 (31-52)38(25-59) FEVI (L)0.76(0.55-1.6)0.93 (0.65-1.2)2.8
(2.5-3.3) FEVI % predicted32% (24-47)37% (24-47)94% (87-101)
FEV1/FVC44(37-50)44(38-55)82(76-86)  10 2.2. Transforming growth factor f
(TGFJ3) 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 (TGF j3)  codon 10 polymorphism was
determined by minor modifications of a previously  published method (Syrris
et al., 1998, incorporated in its entirety herein by 



15 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
25u1 and WO 02/099134 0 5 . DEC 2005  PCT/NZ02/00106 28  contained 20 ng
genomic DNA, 500pmol forward and reverse primers, 0.2mM  dNTPs, 10 mM
Tris-HCL (pH 8.4), 150 mM KCI, 1.0 mM MgC12 and I unit of Taq  polymerase
(Life Technologies). Cycling times were incubations for 3 mins at 95C
followed by 33 cycles of 50s at 94C, 60s at 66C and 60s at 72C. A final
elongation 5 of 10 minx at 72C then followed. 4ul of PCR products were
visualised by ultraviolet  trans-illumination of a 3% agarose gel stained
with ethidium bromide. An aliquot of  '3u1 of aplification product was
digested for 1 hr with 4 units of Pal (Roche Diagnostics, New Zealand) at
37C. Digested products were separated on a 2.5%  agarose gel run for 2.0
hrs at 80 mV with TBE buffer. Using ultraviolet 10 transillumination after
ethidium bromide staining. The products were visualised  against 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 (Arg213G1y) 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 05 DEC 205 WO 02/099134 PCT/NZ02I00106 .29 volume of 25u1 and
contained 175 ng genomic DNA, lnmol forward and reverse  primers, 0.1mM
dNTPs, 10 mM Tris-HCL (pH 8.4), 150 mM KCI, 1.0 mM MgClz  and 0.5 unit of
Taq polymerase (Life Technologies). Cycling times were incubations  for 3
mins at 95C followed by 33 cycles of 50s at 94C, 60s at 66C and 60s at 72C.
5 A final elongation of 10 mins at 72C then followed. 4u1 of PCR products
were visualised by ultraviolet trans-illumination of a 3% agarose gel
stained with ethidium  bromide. An aliquot of Sul of amplification product
was digested for 1 hr with 10  units of MwoI (Roche Diagnostics, New
Zealand) at 60C. Digested products (221  bp)were separated on a 3.5%
agarose gel run for 1.0 his at 80 V with TEE buffer. 10 Using ultraviolet
transillumination after ethidium bromide staining, the products  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 ofinetalloproteinase 3 (TIMP 3) T-1296Cpromoter  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
I ug genomic DNA, 10 pmol forward and reverse primers, 0.2mM dNTPs, 0 5 DEC
2 005 



WO 02/099134 PC INZ02/00X06 30  10 mM Tris-HCL (pH 8.4), 50 rnM KC1, 1.5 mM
MgCl2 and 0.7 unit of Taq polymerase (Life Technologies). Cycling times
were incubations for 5 mins at 95C  followed by 30 cycles of 30s at 95C,
60s at 61C and 30s at 72C. A final elongation  of 10 mins at 72C then
followed. 4ul of PCR products were visualised by ultraviolet 5
trans-illumination of a 3% agarose gel stained with ethidium bromide. An
aliquot of  10ul of amplification product was digested overnight with 5
units of Alul (Roche  Diagnostics, New Zealand) at 37C. Digested products
(221 bp)were separated on a  3.5% agarose gel run for 1.0 hrs at 80 V with
TBE buffer. Using ultraviolet  transsillumination 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 12 G 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. 0- 5 DEC
2ri00 WO 02/099134 31 PCTINZ02/00105 Table Ia. Data 



MMPI I G/2G (-1607) promoter polymorphism allele and genotype frequency in
the COPD patients, resistant smokers and blood donor controls. Group
N=genotypedAllele frequencies (%) *Genotype frequencies(%) IG2G1GIGIG2G
2G2G Smokers COPD (hospital)1001182648 35 N=109 (111)(45%)(55%)(24%)(44%)
(32%) COPD (clinic)44721220 26 N=58 (61)(38%)(62%)(2151.)(34%) (45%)
Controls = _ _: 19.7159- ..5685'- 37 N=178`078)(55%)(45%)(31 0)(48%) (21 %)
number of chromosomes (2n)  5 Table Ib. Analysis MMPI I G/2G (-1607)
promoter polymorphism 2x2 contingency table statistics  comparing the
allele and genotype, frequencies in the COPD patients, resistant  smokers
and blood donor controls. GroupsAllele/genotyeOR95% Cl for ORX2 -M-HPZ2
YatesP 2G vs IGResist vs 1.931.27-2.9310.530.0019.950.001 total COPD 2020
vs Resist vs 2.481.41-4.3911.320.0008..10.480.001 lG2G/1GIGtotal COPD  OR =
odd's ratio, 95% CI = 95% confidence interval 



10 x2 - M-H = X2 Mantel-Haenszel, Z2 Yates = Z2 Yates corrected 0 DEC NO WO
021099134 32 PCT/NZ02/00106 Table 2a. Data MMP9 C-1562T promoter
polymorphism allele and genotype frequency in the COPD, resistant smokers
and blood donor controls. ' Group N=genotypedAllele frequencies (%)
*Genotype frequencies(%) CTCCCTTT Smokers COPD (hospital)185-3179272 N=108
(111)(86%)(14%)(73%)(25%)(2%) COPD (clinic)981840180 N=58 (61)(84%)(16%)
.(69%)(31 %)(0%) '~a,,t~a..~lCC~T'.D=. ;zT283=   mo eo.89%MM Controls. ..:
_ 3015512649,3 N=178 (178) :(85%)_.(IS%)(71 %)(27,%)(2%) 5 number of
chromosomes (2n)  Table 2b. Anal sis 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 0 5 DEC 2005 WO 02/099134 



PCT/NZ02/00106 33 Table 3a. Data AMP 12 A-82G promoter polymorphism allele
and genotype frequency in the COPD patients, resistant smokers and blood
donor controls, Group N=genotypedAllele frequencies (%) *Genotype
frequencies(%) AGAA AGGG Smokers COPD (hospital)1902682 260 N=108
(111)(88%)(12%)(75%) (25%)(0%) COPD (clinic)901638 141 N=53
(61)(85%)(15%)(72%) (26%)(2%) ~ ~P,D~'.~~1=-'..,.~:...=43>.20 ~ ~  L.n'L
~/~. ~ ~ ~~`s ( O~ ~ ~  i 1y ~~'^ ~~~4!(J~ r ~~~~ li-"F-y.__ V Q
s'~:-.-{~~, 



il/~Y~Sr-q. _ i Q  Controls - _ ,- 286-70114- 586 ,N 17.8
;(178).(80%)(20%)(64%) (33%,)(3%)  number of chromosomes (2n)  5 Table 3b.
Analwis 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 OR = odds ratio, 95% CI = 95%
confidence interval GroupsAllele/genotyeOR95% CI for ORX2 -- M -HPX2 YatesP
A vs GTotal COPD 1.601.04-2.474.990.034.550.03 vs controls AA vsAGTotal
COPD 1.600..98.2,633.960.053.520.06 vs controls  10 X2 -M-H = X2
Mantel-Haenszel, X2 Yates = X2 Yates corrected 0 5 DEC Z00 WO 02/099134
PCT/NZ02/00106 34 Table 4a. Data Alphl-antitrypsin 3' (1237) Taq I
polymorphism allele and genotype frequency in  the COPD patients, resistant
smokers and blood donor controls Group N=genotypedAllele frequencies (%)
*Genotype frequencies(%) TttTITt tt Smokers COPD (hospital)197258773 1 



N 111(111)(89%)(11 %)(78%)(21 %) (1 %) COPD (clinic)11111527 2 N=61 (61)(91
%)(9%)(85%)(12%) (3%) 09 M RN  702   ~t MOO~Ot spp Controls' 345 "1116711 0
N=178 (178)(97%)(3%)r(94%) =(6%j_ _ "(0%)  number of chromosomes (2n) 5
Table 4b. Analysis Alphl-antitrypsin 3'(123 7) Taq 1 polymorphism 2x2
contingency table statistics  comparing the allele and genotype frequencies
in the COPD patients, resistant  smokers and blood donor controls.
GroupsAllele/genotyeOR95% CI for ORx2 - M-HPX2 YatesP i vs TCOPD (hosp)
3.981.83-8.8215.630.0000814.260.0002 vs controls 7utt vs TTCOPD (hosp)
4.191.86-9.6015.260.0000913.900.0002 vs controls t vs TCOPD
total3.671.76-7.7915.170.000114.040.0002 0 5 DEC 2005 WO 02/099134 35
PCTINZ02/00106 vs controls 



TY vs 7TCOPD (hosp)3.691.68-7.8913.420.000212.310.0005 vs controls Tr vs
Ti'COPD (hasp)3.691.68-7.8913.420.000212.310.0005 vs controls t Vs TCOPD
(hasp)2.010.89-4.623.290.072.620.10 vs resistant Tr/U vs 7TCOPD
(hosp)2.040.86-4.923.120.082.500.11 vs resistant OR = odd's ratio, 95% CI =
95% confidence interval Z2 - M-H = Z2 Mantel Haenszel, ,Z2 Yates =,,v2
Yates corrected 5 Table 5a" Data GSTM1 null polymorphism allele and
genotype frequency in the COPD patients, resistant  smokers and blood donor
controls. Group N=genotyped NN/Nnnn Smokers COPD (hospital)4664 N=110
(111)(42%)(58%) COPD (clinic)2828 N=56 (61)(50%)(5091.) I'gtal31' xz ~:a-1
(. 55 Controls103,:_ 75 N=178 (178)(58%)" "_.(42%) number of chromosomes
(2n) 10 WO 02/099134 .36 



5 OR = odd's ratio, 95% CI = 95% confidence interval x2 - M -H = %2 Mantel
Haenszel, X2 Yates = Z2 Yates corrected Table 6a. Data TGF,6 exonic T-->C
(codon 10) polymorphism allele and genotype frequency in the COPD  10
patients, resistant smokers and blood donor controls. Group N
genotypedAllele frequencies (%) * Genotype frequencies("/o) PL PPPLLL
Smokers COPD (hospital)4072 43220 N=56 (111). (36%)(64%) (7%)(57%)(36%)
COPD (clinic)3882 52827 N=60 (61)(32%)(68%) (8%)(47%)(45%)   ~. - - es 57
o' rU 8~o l I9%p+ Controls125155 2673 =-. 41 N 140 78)(45%)(55%
(19%).{52./0)(21_%) 0 5 DEC 2005 PCT/NZ02/00106 Table Sb. Analysis
GSTMInull polymorphism 2x2 contingency table statistics comparing the
allele and  genotype frequencies in the COPD patients, resistant smokers
and blood donor controls. GroupsAllelelgenotyeOR95% Clfor ORZ2 - M-HPZ2
YatesP n" vs Nn/NNTotal COPD1.711.09-2.686.050.015.550.02 



vs controls nn vF Nn/NNCOPD (hosp)1.911.15-3.196.990.0086.380.01 vs
controls nn vs Nn/NNCOPD (hosp)1.640.89-3.032.900.092.440.12 vs resistant
number of chromosomes (2n) 0 5 DEC 2005 WO 02/099134 37 PCT/NZ02/00106
Table 6b. Analysis TGF/3 exonic T-->C (codon 10) polymorphism 2x2
contingency table statistics comparing  the allele and genotype frequencies
in the COPD patients, resistant smokers and blood 5 donor controls.
GroupsAllele/genotyeOR95% Cl for ORx2 -M-HPx2 YatesP P vs LResistant vs
1.581.01-2.484.510.034.070.04 COPD (total) PP vs PULLResistant vs
2.821.07-7.585.440.024.450.03 COPD(total)  OR = odd's ratio, 95% CI = 95%
confidence interval Z2 - MH = Z2 Mantel-Haenszel, Z2 Yates = Z2 Yates
corrected 10 Table 7a. Data SOD3 C+760G (Arg213G1y) exonicpolymorphism
allele and genotype frequency in the COPD patients, resistant smokers and
blood donor controls. Group N=genotypedAllele frequencies (%) *Genotype
frequencies(%) CGCCCGGG Smokers COPD (hospital)18719310 



N=94 (111)(99.5%)(0.5%D)(99%)(1 %)(0%) COPD (clinic)11135430 N=57
(61)(97%)(3%)(95%)(5%)(0D/o)       .,Conirols**4081019910'1}:
(98).(2%)(95%)(5%)(0%) ry . . WO 02/099134 38 0 5 DEC 2U05 PCT/NZ02/00106
*number of chromosomes (2n) **Control group of European descent Ukkola et
al 2001.  Table 7b. Analysis SOD3 C+760G (Arg213G1y) exonic polymorphism
2x2 contingency table statistics 5 comparing the allele and genotype
frequencies in the COPD patients, resistant smokers  and blood donor
controls. GroupsAllelelgenotyeOR95% CI for ORX2 - M-HPX2 YatesP G VS
CResistant vs 3.761.08-14.295.620.024.450.03 COPD (total) CG vs CCResistant
vs 6.031.69-23.4310.970.00099.230.002 COPD(total)  OR = odd's ratio, 95% Cl
= 95% confidence interval X2 - M-H = Z2 Mantel-Haerrszel, X2 Yates = x2
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=genotypedAllele frequencies (%) *Genotype frequencies(%)
TCTTTCCC Smokers COPD (hospital)1196535498 N=92
(111)(65%)(35%)(38%)(53%)(9%) COPD (clinic)723819342 N-55
(61)(65%)(35%)(34%)(62%)(4%)   - -- -- s m4841  0 5 DEC 2005 WO 02/099134
39 PCTINZ02/00106 controls**116.., _74-39. .:388:=_; N 95 ,.('61%)
'(39%)(41'%40%)' =(1W A : *number of chromosomes (2n) "Control Control
group of European descent Beranek et al 2000. . Table 8b. Analysis 5 TIMP3
T-1296 Cpramoter polymorphism 2x2 contingency table statistics comparing
the  allele and genotype frequencies in the COPD patients, resistant
smokers. GroupsAllele/genotyeOR95% Cl for ORZ2 -M-HPX2 YatesP Tr vs
TGCCResistant vs1.770.98-3.184.120.043.590.06 COPD(total) 77 vs
TCJCCResistant vs1.940.90-4.193.410.062.810.09 



COPD(hasp) OR = odd's ratio, 95% C1= 95% confidence interval x2 - M-H = x2
Mantel-Haenszel, X2 Yates = x2 Yates corrected a 5 DEC 265 WO 021099134 40
0ON  CD 00NO C7OciOOO aOa000 ONM0000000 M '1 UCA m a.-'-I 00too,O\ 00 tn00
0 0ON ON6I- ~4o U]0 00 , .~ C14 - C0 v =:. It a N oo  ! 1 I C) 4 ci 4 w-+ 
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0 5 DEC 2005 WO 02/099134 PCTINZ02/00106  41 N fl 5 DEC 2005 WO 02/099134
PCT/NZ02/00106 42 Summary of the combined analyses Tables 10 and 11
summarise the results comparing the frequencies of 0, 1 and ?2 protective
or susceptible genotypes between the COPD patients, resistant smokers  5
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 >_2 susceptibility genotypes 10 compared to blood
donor controls. A significantly greater number of controls had 0
susceptibility genotypes compared to smokers with COPD. Table 10ar
Frequency of smokers susceptible (COPD) or resistant to smoking  according
to number of protective genotypes (n=4) 15 (MMP 1-(-1607)2G2G, TGFf-PP,
SODS-(+76Q)CG, TIMP3-(-1296)TT) Group COPD (hospital)  N=93 (111)  COPD
(clinic) N=56 (61) Total CO1?D N=149 (172) e i~tcin Totals N=227 Frequency
of protective genotypes (%) (for  subjects with 2-3 of the 4 typed) 



0 1 2+ 40  (43%)  16 29%  56. 8%  11 14%j  67 29% 37 40% 29  52% 95  42%
48%  65 29% Excluded* Excluded* = subjects with -<-2 protective genotypes
typed were excluded from  analysis WO 02/099134 u 5 EIC 2Ou 05
PCTINZ02/00106 43  Table IOb: Frequency of smokers susceptible (COPD) or
resistant to smoking  according to number of protective genotypes
GenotypeAllele/genotyeOR95% CI for ORZ2 -M-HPj2 YatesP 



2+ vs 0-1Resist vs4.292.24-8.2723.350.00000121.980.000003 total COPD 0
vsl-2+Total COPD3.671.70-8.0513.510.000212.460.0004 vs Resistant 2 x 3
tableResist vs---'26.920.000001 total COPD OR = odd's ratio, 95% Cl = 95%
confidence interval 5 x2 -- M-H = Z2 Mantel-Haenszel, Z2 Yates = x2 Yates
corrected Table Ila: Frequency of smokers susceptible (COPD) or resistant
to smoking  according to number of susceptibility genotypes (n=3) (MMP 12 -
(-82)AA, WAT 3' -(123 7) Tt/tt, GSTMI - null (nn)) Frequency of susceptible
genotypes (o/o) (for  subjects with 22 of the 3 typed) Group  COPD
(hospital)  N=111 (111) COPD (clinic)  IV_58(7) 0  5 5 0. 7  12 1 12+ 49
157 44% 30  (52% Total:COPD'--: = 12 79.. : N=169 (1,72) (7. %, (47%)
Excluded* 



Totals N=25323 119 111  9%47%44( %) Controls (donors)3289570 N=178L8 Ylo);
(50010)(32()(0%0) 10 Excluded* = subjects with _7 susceptibility genotypes
typed were excluded from  analysis 05 DEC M15 WO 02/099134 PCT/NZO2/00106
44  Table 11b: Frequency of smokers susceptible (COPD) or resistant to
smoking  according to number of susceptibility genotypes
GenotypeAllele/genotyeOR95% CI for ORX2 -M-HPx2 YatesP 2+ vs 0-1Total
COPD1.821.15-2.887.260.0076.700.009 vs control 2+ vs 0-1COPD
(hosp)2.241.34-3.7610.660.0019.900.002 Vs control 2+ vs 0-1COPD
(hosp)1.630.88-3.012.780.102.340.13 vs Resistant 2 x 3 tableTotal
COPD---12.730.002 Vs control 2 x 3 tableCOPD (hasp)_16.660.0002 Vs control
2 x 3 tableCOPD (hasp) vs5.940.05 Resistant OR = odds ratio, 95% CI = 95%
confidence interval x2 - M-H = Z2 Mantel-Haenszel, X2 Yates = x2 Yates
corrected 5 



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, 1o 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 05 DEC 2(5 WO 02/099134 PCr1NZ02100106 45  genotypes
was evident. Figures 4-6 show a trend towards greater lung function in
smokers with increasing numbers of protective genotypes. Discussion of
Expanded Study. This study shows the novel utility of identifying genetic
polymorphisms that, 5 alone and in combination, predict increased risk of
suffering impaired lung function  and COPD from chronic smoking. The basis
of this increased risk is likely to be due  to (1) the direct effects of
those polymorphisms found to alter gene expression or  protein function or
(2) indirect effects where these polymorphisms are in linkage
disequilibrium (genetic variants 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 (TGFf31), anti-oxidant defence (SODS, GSTMI) and matrix
remodelling (including  proteases (MLIP1, MMP12) and their inhibitors (a]
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 ofgenetic 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 0 5 DEC 2005 WO 02/099134 PCT1NZ02/00106 46  processes that result in
impaired lung function extend beyond the risk of developing  COPD but
include coronary artery disease, stroke and lung cancer. Indeed many of
the proteins described in this study have been implicated in vascular
disease  (coronary artery disease and stroke) and cancer suggesting utility
in the invention 5 described herein identifying those exposed to cigarette
smoke at greater than  average risk for vascular disease and cancer.
Example 3. Impaired Lung Function Study.  3.1. Subject recruitment Subjects
of European decent who had smoked a minimum of twenty pack  10 years were
recruited from two sources. The first group were patient who had been
diagnosed by a physician to have significantly impaired lung 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 FEVI/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  FEVIIFVC ( Standard
Deviation) was 0.44 (0.12), mean FEVI 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 a1-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 U DEC 21G5 WO 02/099134 PCT/NZ02/00106 47  past, in
particular asthma or chronic obstructive lung disease. This control group
was  recruited through clubs for the elderly and consisted of 57% male, the
mean  FEV1/FVC ( Standard Deviation) was 0.82 (0.08), mean FEVI as a
percentage of  predicted was 97 (11). Mean age and pack year history was 54
yrs (11) and 46 pack  5 years (28) respectively. Genotyping methods and
candidate genes are as described in earlier  examples. 3.2 Results
comparing the five genetic variants individually and collectively in
smokers with normal and impaired lung function. 10 When the smokers were
subdivided in to tertiles of lung function (FEVI  percent predicted,
absolute FEV1 and FEV 1/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 ofFEV1 percent predicted
and frequency of  15 susceptibility variants (in bold). A-82G HMEC-1562T
Gal B1GI2G MMP 1G1237A 3' al-ATGSTM1 null
TerdleanaglggCCCT/IG]G2G2TTTtlttNn 1G2G TTG Lowest37102621301737101235
(79%)(21%)(55%)(45%6)(64%)(36%)(79%)(21%)(25%)(74%*)
Middle3613292029204092325
(73%)(27%)(59%)(41%)(59%)(41%)(82%)(18%)(48%)(52%)
highest1729361033134421923 



(37%)(63%)(78%)(21%a)(72%a)(28%)(96%)(4%)(45%)(55%) P
value*<0.00010.05Ns0.050.05 Ifv4E= human macrophage elastase (MMP 12), Gel
b= gelatinase B (M N2 9), MMP 1= matrix  metalloproteinase 1 or
interstitial collagenase, cd-AT= al-antitrypsin, GSTM1 = glutathione S  20
transferase M. o 5 _ C 2005 WO 02/099134 PCTINZ02/00106 48 *= p value for
Chi-square. Table 2. Subjects by tertiles of absolute FEVI and frequency of
susceptibility  variants (in bold). A-82G lIMEC-1562T Gel BIG12G MMP
IG1237A 3' al ATGSTMI null Tertileasag(ggCCCT/]GIG2G2'TTTtlttNn IG2G TTG
Lowest36102026311536101036
(78%)(22%)(43%)(57%)(67%)(33%)(780/6)(22%)(22%)(78%)
Middle33143215252237102126
(70%)(30%)(68%)(32%)(53%)(47%)(79%)(21%)(45%u)(55%) highest21283910361348
-12321 (43%)(57%)(80%)(20%).(73%)(27%)(98%)(2%)(52%)(48%) P
value0.00080.00090.100.0080.008 5 HME= human macrophage elastase (MMP 12),
Gel b= gelatinase B (MMP 9), MMP 1= matrix  metalloproteinase 1 or
interstitial collagenase, al-AT= a1-antitrypsin, GSTMI = 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 13MEC-1562T Gel BIG/2G MMP 1G1237A 3' al-ATGSTMI null 



Tertileasag/ggCCCT/1GIG2G2TTTtlttNn IG2G TTG Lowest3910301929204091633
(80%)(20%)(61%)(39%)(59%)(41%a)(82%)(190/6)(33%a)(67%)
Middle3412232328183791728
(74%)(26%)(50%)(50%)(61%)(39%)(80%)(20%)(38%)(62%)
highest173038935124432122
(36%)(64%)(8I%)(19%)(74%)(26"/a)(94%)(6/a)(49%)(51%) P
value<0.00010.007ns0.140.11 HME= human macrophage elastase (M MP 12), Gel
b= gelatinase B (MMP 9), MMP 1= matrix  15 metalloproteinase I or
interstitial collagenase, al-AT= al-antitrypsin, GSTMI = glutathione S
transferase M. 0 5 DEC 2005 WO 02/099134 PCT/NZ02/00106 49 *= p value for
Chi-square The collective effect of having one or more of the
susceptibility variants on  lung function is examined in the box plots
below. There is a consistent trend towards  having progressively worse lung
function (FEVI percent predicted, absolute FEV1 5 and FEVI/FVC) 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
functionVariablePartial RModel RP value FEVl %predictedage0.370.37<0.0001
A-82G LIME0.0650.44<0.0001 



GSTM1 null0.0130.450.07 Absolute FEVIage0.520.52<0.0001 GSTM1
null0.0260.540.006 A-82G HME0.020.560.015 G1237A 3' al-AT0.010.570.068
FEV1/FVCage0.340.34<0.0001 A-82G LIME0.060.400.0003 Smoking pack
years0.030.430.01 GSTMI null0.020.450.03 15 Discussion of results. Q 5 DEC
2005 WO 02/099134 PCTINZ02/00106 50  The results of our study indicate that
our susceptibility variants are associated with impaired lung function in a
group of smokers. This is the case when we analyse  the effect of genotype
on lung function as seen in the box plots (figures 1-3).  Specifically, the
box plot results show that when subjects are divided according to 5 the
number of susceptibility variants, a strong inverse linear relationship
with  impaired lung function is seen, whether the latter is assessed by
absolute FEV1,  percent predicted FEVI or FEVI/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 the 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 0 5 .C 2005 WO 02/099134 PCT/NZ02/00106 51  test
for predisposition to, and death from, chronic respiratory disease (COPD,
asthma, bronchiectasis and bronchiolitis) but also cardiovascular diseases
(coronary  artery disease and stroke) and certain cancers (lung cancer).
The present invention  identifies specific genetic susceptibility variants
that determine impaired lung 5 function but are also implicated in the
underlying pathophysiological processes  causing atherogenesis/thrombosis
and cancer. Although the present invention was described with reference to
specific  examples and preferred embodiments, it will be appreciated by
those skilled in the art that variations and modifications which
incorporate the principles and the spirit of  10 the inventive concept
described herein, are also within the scope of the present  invention. 0 5
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59 CLAIMS: 1. Method of determining a subject's predisposition to
developing chronic  obstructive pulmonary disease (COPD), comprising at
least the analysis of at 5 least one polymorphism chosen from the group
consisting: A-82G in the promoter of the gene encoding MMP 12 (human.
macrophage  clastase); T--3C within codon 10 of the gene encoding TGFI3
(transforming growth factor  beta); io C+760G of the gene encoding SOD3
(Superoxide dismutase 3); T-12960 within the promoter of the gene encoding
TIM23 (tissue inhibitor of  metalloproteinase 3); and polymoxphisms in
linkage disequilibrium with these polymorphisms; wherein  the genotype of
the subject is indicative of predisposition to developing COPD.  15 2.
Method of determining a subject's potential risk of developing chronic
obstructive pulmonary disease (COPD), comprising at least the analysis of
at  least one polymorphism chosen from the group consisting: A-820 in the
promoter of the gene encoding MMP 12 (human macrophage  20 elastase); T--'C
within codon 10 of the gene encoding TGFB (transforming growth factor
beta); C+7600 of the gene encoding SOD3 (Superoxide dismutase 3); T-1296C
within the promoter of the gene encoding TxMP3 (tissue inhibitor of  25
metailoproteinase 3); and polymorphisms in linkage disequilibrium with
these polymorphisms; wherein  the genotype of the subject is indicative of
potential risk of developing COPD. 3. Method of diagnosing in a subject the
potential onset of chronic obstructive  30 pulmonary disease (COPD)
comprising at least the analysis of at least one  polymorphism chosen from
the group consisting: AMENDED SHEET  



IPEAIAU DEC E2005 PCTINZ02/00106  Received 1 August 2003 60 A-82G in the
promoter of the gene encoding MMP 12 (human macrophage  elastase); T- +C
within codon 10 of the gene encoding TOR (transforming growth factor
beta); 5. C+760G of the gene encoding SOD3 (Superoxide disrnutase 3);
T-1296C within the promoter of the gene encoding TIMP3 (tissue inhibitor of
metalloproteinase 3); and polymorphisms in linkage disequilibrium with
these polymorphisms; wherein  the genotype of the subject is indicative of
the potential onset of COPD, 10 4. Method of determining a subject's
predisposition to developing impaired -lung  function comprising at least
the analysis of at least one polymorphism chosen  from the group
consisting: A-82G in the promoter of the gene encoding MMP 12 (human
macrophage  is elastase); T-C within codon 10 of the gene encoding TGF'i3
(transforming growth factor  beta); C+760G of the gene encoding $OD3
(Superoxide dismutase 3); T-1296C within the promoter of the gene encoding
TIMP3 (tissue inhibitor of  20 metalloproteinase 3); and polymorphisms- in
linkage disequilibrium with these polymorphisms; wherein  the genotype of
the subject is indicative of predisposition to developing  impaired lung
function. 25 S. Method of determining a subject's potential risk of
developing impaired lung  function comprising at least the analysis of at
least one polymorphism chosen  from the group consisting: A-82G in the
promoter of the gene encoding MMP12 (human macrophage  



elastase); 30 T-+C within codon 10 of the gene encoding 'TGFii
(transforming growth factor  beta); C+760G of the gene encoding SOD3
(Superoxide dismutase 3); AMENDED SHEET  JPERNAU 300148712  503961-142 0 5
DEC 2005 PCT/NZ02/00106  Received 12 September 2003 61  T-12960 within the
promoter of the gene encoding TIMP3 (tissue inhibitor of  metalloproteinase
3); and polymorphisms in linkage disequilibrium with these polymorphisms;
wherein  the genotype of the subject is indicative of potential risk of
developing  impaired lung ftmction. 6. Method of diagnosing in a -subject
the potential onset of impaired lung function  comprising at least the
analysis of at least one polymorphism chosen from the  group consisting: 10
A-82G in the promoter of the gene encoding MM P 12 (human macrophage
elastase); T- +C within codon 10 of the gene encoding TGPJ3 (transforming
growth factor  beta); C-+-760G of the gene encoding SOD3 (Superoxide
dismutase 3); 15 T- 1296C within the promoter of the gene encoding TIlAP3.
(tissue inhibitor of  metalloproteinase 3); and polymorphisms in linkage
disequilibrium with these polymorphisms; wherein  the genotype of the
subject is indicative of the potential onset of itnpafred lung  function.
20 7. Method of determining a subject's predisposition to, and/or potential
risk of,  



developing morbidity/mortality risk of a disease associated with impaired
lung  function comprising at least the analysis of at least one
polymorphism chosen  from the group consisting: 25 T-C within codon 10 of
the gene encoding TGF13 (transforming growth factor.  beta); C+760G of the
gene encoding SOD3 (Superoxide dismutase 3); T-1296C within the promoter of
the gene encoding TIMP3 (tissue inhibitor of  metalloproteinase 3); and 30
polymorpbisms in linkage disequilibrium with these polymorphisms; wherein
the genotype of the subject is indicative of predisposition to, and/or
potential  risk of, developing morbidity/mortality risk of said. disease.
AMENDED SHEET  (PE /,!~J 300148712  503961-142 0 5 DEC 2005 PCT/NZ02/00106
Received 12 September 2003 62  8. A method according to claim 7$ wherein
the disease is selected from a group consisting of chronic obstructive lung
diseases, coronary artery disease, stroke  and lung cancer. 5 9. A method
as claimed in any one of claims 1 to 8, wherein the method further
comprises the analysis of f-a polymorphism in at least one gene encoding a
protein involved in matrix remodelling, anit-oxidative defence, or
inflammatory response, including genes encoding matrix metalloproteinases,
inflammatory and anti-inflammatory cytokines, inhibitors of matrix 10
metalloproteinases and enzymes involved in metabolising oxidants. 10. A
method as claimed in claim 9 wherein the at least one gene is chosen from
the group consisting. MMPI (interstitial collagenase);  MMP9 (gelatinase
B); 



MMP 12 (human m,acrophase elastase);  al-antitrypsin; and OSTI (glutathione
S transferase 1). 20 11. A method as claimed in claim 10 wherein the
polymorphism analysed is 10/2G  at position -1607 within the promoter of
MMPI. 12. A method as claimed in claim 10 wherein the polymorphism analysed
is C - 1 S 62T in the promoter of the gene encoding M309. 26 13. A method
as claimed in claim 10 wherein the polymorphism analysed is  01237A in the
3' region of the gene encoding a I-antitzypsin. 14. - A method as claimed
in claim 10 wherein the polymorphism analysed is the  30 Ml =11
polymorphism in the gene encoding GSTM1. 15. A method as claimed in claim
10 wherein the polymorphism analysed is 'A- 82G in the promoter of the gene
encoding MW 12. AMENDED SHEET  [PFD JAU 300148712  $03361.142 0 C 2005
PCT/NZ02/00106  Received 12 September 2003 63  16. A method as claimed in
claims 10 or 11, wherein the following polymorphisms are analysed; 10/2G at
position -1607 within the promoter of MW 1,  T--*C within codon 10 of the
gene encoding TGFI3;  C-l-760G of the gene encoding SODS; and, T-1296C
within the promoter of the gene encoding T1MP3. 17. A method of determining
a subject's predisposition to, and/or potential risk of,  developing
morbidity/mortality risk of a disease associated with impaired lung  10
function comprising the analysis of the polymorphisms: 10/2Cat position
-1607 within the promoter of MW 1;  



C-1562T in the promoter of the gene encoding M1ViP9; and,  A-82G in the
promoter of the gene encoding MMP 12. 15 18, A method determining a
subject's predisposition to, and/or potential risk of,  developing
morbidity/mortality risk of a disease associated with impaired lung
function comprising the analysis of the polymorphisms ; A-820 in the
promoter of the gene encoding MMP12; G1237A in the 3' region of the gene
encoding a 1-antitrypsin; and,  20 Ml null polymorphism in the gene
encoding GST1. 19. A method as claimed in any one of claims Ito 6, 10, 15,
17 and 18, wherein  the genotype -82AA within the promoter of the gene
encoding MMP12 is  indicative of one or more of: a) predisposition to
developing COPD, impaired 25 lung function, and/or morbidity/mortality risk
of a disease associated with  impaired lung function; b) potential risk of
developing COPD, impaired lung  function, and/or morbidity/mortality risk
of a disease associated with impaired  lung function; and c) potential
onset of COPD and/or impaired lung function. 30 20, A method as claimed in
any one of claims I to 16, wherein the genotypes  +760GG or +760CO within
the gene encoding SODS are indicative of one or  more of: a) protection
against developing COPD, impaired lung function,  and/or
morbidity/mortality risk of a disease associated with impaired lung AMENDED
SHEET  IPEAI,W . 300148712  505951-142 0 P DEC 2005 PCT/NZ02/00106
Received 12 September 2003 64  function; and, b) reduced risk of developing
COPD,. impaired lung function,  and/or morbidity/mortality risk of a
disease associated with impaired lung  function. 5 21. A method as claimed
in any one of claims 1 to 16,, wherein the genotype - 



1296`T within the promoter of the gene encoding TRMP3 is indicative of one
or more of a) protection against developing COPD, impaired lung function,
and/or morbidity/mortality risk of a disease associated with impaired lung
function; and, b) reduced risk of developing COPD, impaired lung function,
10 and/or morbidity/mortality risk of a disease associated with impaired
lung  function, 22, A. method as claimed in any one of claims I to 16,
wherein the genotype CC  (homozygous P allele) within colon 10 of the gene
encoding TGFA is is indicative of one or more of a) protection against
developing COPD, impaired  lung function, and/or morbidity/mortality risk
of a disease associated with  impaired lung function; and, b) reduced risk
of developing COPD, impaired  lung function, and/or morbidity/mortality
risk of a disease associated with  impaired lung function. 20 23. A method
as claimed in any one of claims i to 17, wherein the genotype 2G2G,  within
the promoter of the gene encoding MMP I is indicative of one or more  of.
a) protection against developing COPD, impaired lung function, and/or
morbidity/:mortality risk of a disease associated with, impaired lung
function; 25 and, b) reduced risk of developing COPD, impaired lung
function, and/or  Morbidity/mortality risk of a disease associated with
impaired lung function,  24. A method as claimed in anyone of claims 1 to
17, wherein the genotypes  .1562CT and -1562TT within the promoter of the
gene encoding MMP9 are 30 indicative of one or more of a) predisposition to
developing COPD, impaired  lung function, and/or morbidity/mortality risk
of a disease associated with  impaired lung function; b) potential risk of
developing COPD, impaired lung AMENDED SHEET  }PEA`J 00146712 0 5 DEC 2005
PCTINZ02/00106 03901-1142 Received 12 September 2003 65  



function, and/or morbidit /mortaUty risk of a disease associated with
impaired  lung function; and,'c)  potential onset of COPT) and/or impaired
lung function. 25. A method as claimed in any one of claims 1 to 16 and 18,
wherein the 5 genotypes 1237AG and 1237AA (Tt or tt allele genotypes)
within the 3' region  of the gene encoding a 1-antitrypsin  are indicative
of one or more of: a)  predisposition to developing COPD, impaired lung
function, and/or  morbidity/mortality risk of a disease associated with
impaired lung function; b)  potential risk of developing COPD, impaired
lung function, and/or 10 morbidity/mortality risk of a disease associated
with impaired lung function;  and, c) potential onset of COPD and/or
impaired lung function. 26. A method as claimed in any one of claims I to
25, wherein the presence of two  or more protective genotypes is indicative
of reduced risk of developing 15 COPD, impaired lung function, and/or
morbidity/mortality risk of a disease  associated with impaired lung
function. 27. A method as claimed in any one of claims 1 to 25, wherein the
presence of two  or more susceptibility genotypes is indicative of
increased risk of developing 20 COPD, impaired lung function, and/or
morbidity/mortality risk of a disease  associated with impaired lung
function. 28. A method as claimed in any one of claims 1 to 27, wherein the
subject is a  smoker or someone exposed to high levels of air pollutants
such as 25 environmental tobacco smoke. 29. A method as claimed in any one
of claims I to 16 and 19 to 28 wherein where  the polymorphism T--+C within
codon 10 of the gene encoding TGF13 and/or  the polymorphism C+760G of the
gene encoding SOD3 are analysed, the 30 analysis is performed using RNA or
cDNA encoding TGF13 or SOD3. AMENDED SHEE=T  A/A~  PE 300148712  503961-142
66 



0 5 DEC 2005 PCT/NZ02 /00106  Received 12 September 2003. 30. A method of
determining the potential risk of a subject developing  COPD,  impaired
lung function and/or morbidity/mortality risk of a disease associated 5
with impaired lung function comprising at least the step of analysing in
the  subject at least one of; the level of TGFj3;  the activity of TGFji;
the level of mRNA transcript encoding TOP[; and, 10 wherein an alteration
in the level of TGFp, mRNA transcript encoding TGFj3,  or activity of TGFp,
compared to acontrol, is indicative of potential risk. 31. A method of
determining a subject's predisposition to developing COPD,  impaired lung
function and/or morbidity/mortality risk of a disease associated 15 with
impaired lung function comprising at least the step of analysing in the
subject at least one of.. the level of TGFj3 ;  the activity of TGFji;  the
level of mRNA  transcript encoding TGFI; and, 20 wherein an alteration in
the level of TGFj3, tnRNA transcript encoding TGFp,  or activity of TGFj3,
compared to a control, is indicative of the subject's  predisposition. 32.
A method of determining in a subject potential onset of COPD, and/or 25
impaired lung function comprising at least the step of analysing in the
subject  at least one of. the level of TGFj3;.  the activity of TGFp; the
level of mRNA transcript encoding TGF[; and, 30 wherein an alteration in
the level ofTGFji, mRNA transcript encoding TGFji,  or activity of TGFj3,
compared to a control, is indicative of potential onset. SHEET  I I`J 



300148712  509961 i4z 0 5 DEC 2005 PCT/NZ02/00106 _ Received 12 September
2003 67  33. A method of determining the potential risk of a subject
developing COPD, impaired lung function and/or morbidity/mortality risk of
a disease associated with impaired lung function comprising at least the
step of analysing in the subject the amino acid present at a position
mapping to codon 10 of the gene  5 encoding TWO, 34. A method of
determining a subject's predisposition to developing COPD,  impaired lung
function and/or morbidity/mortality risk of a disease associated  with
impaired lung function comprising at least the step of analysing the amino
10 acid present at a position mapping to codon 10 of the gene encoding
TGF', 35, A method of determining in a subject the potential onset of COPD,
and/or  impaired lung function comprising at least the step of analysing
the amino acid  present at a position mapping to codon 10 of the gene
encoding for TGF{i, 15 36. A method as claimed in any one of claims 33 to
35 wherein the presence of  leucine at said position is indicative of a
predisposition to, and/or potential risk  of developing, COPI), impaired
lung function and/or morbidity/mortality risk  of a disease associated with
impaired lung function, and/or potential onset of 20 COPD and/or impaired
lung function. 37. A method as claimed in claim 33 wherein the presence of
proline at said  position is indicative of reduced risk of developing COPD,
impaired lung  function and/or morbidity/mortality risk of a disease
associated with impaired  25 lung function, 3 8, A method of determining
the potential risk of a subject developing COPD,  



=paired lung function and/or morbidity/mortality risk of a disease
associated  with impaired lung function comprising analysing in the subject
at least one  30 ofthe level of SOD3; the activity of SODS; to level of
mRNA transcript encoding S OD3; and, Akm DL` ` SHEET  Rli VRu 05 DEC 2005
PCT/NZ02/00106  Received 12 September 2003 68  wherein an alteration in the
level of SOD3, mRNA transcript encoding SOD3,  or activity of SOD3,
compared to a control, is indicative of potential risk. 39. A method of
determining a subject's predisposition to developing COPD, 5 impaired lung
function and/or morbidity/mortality risk of a disease associated  with
impaired lung function comprising analysing in the subject at least one
of-the level of SOD3; the activity of S01)3; the level of niRNA transcript
encoding SODS; and, 10 wherein an alteration in the level of SOD3, mRNA
transcript encoding SOD3,  or activity of SOD3, compared to a control, is
indicative of a predisposition. 40. A method of determining in a subject
potential onset of COPD, and/or  impaired lung function comprising
analysing in the subject at least one of:  is the level of SOD3; the
activity of SOD3; the level of mRNA transcript encoding SOD3; and,wherein
an alteration in the  level of SOD3, mRNA transcript encoding SOD3, or
activity of SOD3,  compared to a control, is indicative of potential onset.
20' 41. A method of determining the potential risk of a subject developing
COPD,.  



impaired lung function and/or morbidity/mortality risk of a disease
associated  with impaired lung function comprising at least the step of
analysing in the  subject the amino acid present at position 213 of SOD3.
25 42. A method of determining a subject's predisposition to developing
COPD,  impaired lung f nction and/or 3norbiditylmortaity risk of a disease
associated  with impaired lung function comprising at least the step of
analysing in the  subject the amino acid present at position 213 of SOD3.
30 43. A method of determining in a subject potential onset of COPD, and/or
impaired lung function comprising at least the step of analysing in the
subject  the amino acid present at position 213 of SOD3. ;AMENDED SHIEST
IPF.A AU 5 EEC 2005 PCT/NZ02/00106  Received 12 September 2003 69 44. A
method as claimed in any one of claims 41 to 43 wherein the presence of
glycine at position 213 is indicative of potential risk of developing,
and/or  predisposition to developing, COPD, impaired lung function and/or $
morbidity/mortality risk of a disease associated with impaired lung
fLmction,  and/or potential onset of COPD and/or impaired lung function,
45. A method as claimed in claim. 41 wherein the presence of arginine at
said  position is indicative of reduced risk developing COPD, impaired lung
function 10 and/or morbidity/mortality risk of a disease associated with
impaired lung  fanction. 46. A method of determining the potenti al risk of
a subject developing COPD,  impaired lung function and/or
morbidity/mortality risk of a disease associated is With impaired lung
function comprising analysing in the subject at least one of;  the level of
MMP 12 and/or TIN93; the activity of MMP 12 and/or TIMP3; 



the level of mRNA transcript encoding MMP 12 and/or TJMP3; and, wherein an
alteration in the level ofMMP12 and/or TEV P3, mRNA transcript  20 encoding
MMP 12 and/or TIMP3, oractivity of MMP 12 and/or TIMP3,  compared to a
control, is indicative of a potential risk. 47, A method of determining a
subject's predisposition to developing COPD,  impaired lung function and/or
morbidity/mortality risk of a disease associated 25 with impaired lung
function comprising analysing in the subject at least one of  the level of
MMP 12 and/or TIMP3; the activity of MMP 12 and/or TUv1P3; the level of
mRNA transcript encoding MNIP12 and/or TIMP and, wherein an alteration in
the level of MMP 12 and/or TI P3, mRNA transcript  so encoding MMP12 and/or
TIMP3, or activity of N1MP12 and/or TIMP3,  compared to a control, is
indicative of a predisposition. AMENDED SHEET c 2U PCTINZ02/00106  Received
12 September 2003 70  48, A method of deternii~g in a subject potential
onset of COED, and/or impaired lung function comprising analysing in the
subject at least one of,,  the level of M1vi.P 12 and/or TIMP3; the
activity of MMP 12 and/or TIMP3; 5 the level of mRNA.script encoding MMP 12
and/or T1MP3; and, wherein an alteration in the level of MMP 12 and/or
TIMP3, MRNA transcript  encoding MMP12 and/or TIMP3, or activity of MW 12
and/or TIMP3,  compared to a control, is indicative of potential onset. 10
49. A method of determining the possible responsiveness of a subject to
treatment  with an' agent, the method comprising at least the analysis of
at least one  polymorphism chosen from the group consisting: - A- 82 G in
the promoter of the gene encoding MMP 12 (human macrophage  elastase); 



15 T--+C within codon 10 of the gone encoding TGFl3 (transforming growth
factor  beta); C+760G of the gene encoding S 0D3 (Supero)dde dismutase 3);
T-1296C within the promoter of the gene encoding TiMP3 (tissue inhibitor of
znctalloproteinase  3); and 20 polymorphisms in linkage disequilibrium with
these polymorphisms; wherein  the genotype of the subject is indicative of
possible responsiveness to treatment  with the agent. 50. A method as
claimed in claim -50 wherein the subject has, is predisposed to, or  25 is
at risk of developing, COPD, impaired lung function and/or a disease
associated with impaired lung function, 51. A method as claimed in either
claim 49 or 50 wherein the method further  comprises the step of
administering the agent to the subject and noting the  30 subject's
responsiveness to the agent. 52. A method of determining a subject's
predisposition to, and/or potential risk of,  mortality from a disease
associated with impaired lung function comprising at AMENDED SHEET  IDEA, U
0 r DEC 2005 0 71  least the analysis of at least the polymorphism A-S2G in
the promoter of the  gene encoding MMl'12  (human macrophage elastase). 53.
A method of determining a subject's predisposition to, and/or potential
risk of,  s developing morbidity of a disease associated with impaired lung
function wherein the subject has been exposed to tobacco smoke, the method
comprising at least the, analysis of at least the polymorphism A-82G in the
promoter of the gene encoding Maven 12 (human macrophage  elastase), 10 54.
Analysis in a sample from a subject of at least one polymorphism chosen
from  the group consisting: A-824 in the promoter of the gene encoding MMP
12 ( hurchan macrophage  



elastase); T- +C within codon  10 of the gene encoding TGFB (transforming
growth factor  Is beta); C+760G of the gene encoding SOD3 (Superoxide
dismutase 3); T.1296C within the promoter of the gene encoding  TtMP3
(tissue inhibitor of  metalloproteirias  3); and polymorphisms  in linkage
disequilibrium  with these polymorphisms, 20 in a method for testing
potential agents to prevent or treat COPD, impaired  lung function and/or
morbidity/mortality from a disease associated with  impaired lung function.
2$ 


