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Chapter 3: Phenotypic associations of TNFa and TNFA in

AATD

3.1 Aims of this chapter

This chapter will detail the COPD phenotypes observed in AATD and the phenotypic
associations TINF'A variation, and of circulating and sputum TNFo levels in such

subjects. Independent effects of TINF'A variants on circulating and airway levels of TNFa

will then be described.

The introduction, methods and results for TNF'A and TNFa will be presented in sub-
sections specific to genetic association, and protein associations with clinical phenotype,
prior to an analysis of protein level associations with genotype which utilises results from
both preceding sub-sections, prior to an overall conclusion for the chapter. Much of the

data presented here has been published in a peer reviewed journal (Appendix 7).
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3.2 TNFA

3.2.1 Introduction

TNFA, which encodes TNFa, is located on chromosome 6p21.3, and is situated within
the HLA class III region, illustrated in Figure 3.1. TINF'A is composed of 4 exons arranged
over approximately 3kb of DNA[222], as shown in Figure 3.2. Regulation of TNFa
production at the transcriptional level is controlled by several regulatory sequences at the
5" end of the gene, including sequences for the activator proteins 1 and 2 sites and a cyclic
adenosine monophosphate (cAMP) responsive element[223]. The 3’ untranslated region
also contains a sequence which affects mRNA stability and therefore subsequent
translation efficiency[223]. SNPs affecting these sequences have the potential to alter the

production of TNFa, which if present in excess might drive the inflammation seen in

COPD.
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Figure 3.1: The HLA region
This is a simplified diagram of the HLA region on chromosome 6p21. Detail of key genes

in each class is shown, with class IIT expanded.
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Figure 3.2: The structure of TNFA

The structure of the gene is shown, together with the SNPs studied in this chapter. The
original SNP descriptors are shown beneath the current reference SNP numbers, for ease
of comparison with prior published work.
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TNFA in COPD and AATD

TNFA has been investigated in several COPD phenotypes[72, 105-107, 224, 225],
predominantly with selected SNP work[105-107, 224, 225], though one study used tag
SNPs to screen the whole gene for association|72]. These studies have defined their cases
by FEV1 and FEV1/FVC diagnosed COPD[72, 105, 224], presence of emphysema[106,
225] and chronic bronchitis[107]. The associations have been poorly replicated, perhaps
because of these differences in patient characterisation, or because of low numbers of
patients in each study. LD with HLA alleles[226] and racial variation may also have
contributed[227]. If an association is actually due to an allele with which it exhibits a
degree of LD some studies may show the association and others, perhaps where the
population have a different degree of LD, may not. Similarly racial differences may affect
the distribution of SNP genotypes, a fact which prompted the genotyping of four racial
groups in the studies underying HapMap. A recent meta-analysis concluded that a
promoter region SNP (rs1800629, G-308A) is significantly associated with COPD[228], but
the validity of this may be questioned as it pooled results from studies that defined their
COPD subjects using differing criteria.

In AATD there is significant variation in the clinical phenotype. Both familial and
non-familial studies suggest that, as in usual COPD, other genetic influences may be
important in determining clinical features[194, 195, 197, 199], but no studies have
examined the role of candidate genes in the full range of COPD phenotypes previously
associated with TNF'A polymorphisms. Furthermore, the interaction between AAT and

TNFa might magnify any effect of TNFA polymorphisms in AATD. Epistatic effects
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explicable by cytokine interactions, such as this, are also seen in asthma when multiple
polymorphisms in genes involved in the Th2 immune response magnify the risk of asthma
phenotypes[229]. For instance, both interleukin-13 (IL13) and interleukin-4 (1L4),
produced by Th2 cells, are capable of inducing B lymphocytes to produce IgE after
allergen exposure and share a common receptor component, interleukin-4 -receptor alpha
(IL4Ra)[229]. The presence of associated alleles of single SNPs with asthma phenotypes
(such as bronchial hyperresponsiveness) in IL4RA and ILI13 together in an individual was
found to increase the risk of asthma relative to either associated allele being present

alone[229].

3.2.2 Methods

Subjects

Four hundred and twenty four unrelated UK Caucasian subjects with the PiZZ
genotype of AATD were studied in the initial case-control study. Although phenotypic
information and blood had been stored on a further 20 subjects, the samples of blood on
these subjects were so small as to yield insufficient DNA for genotyping of all SNPs and
were therefore excluded from further analyses. Subjects’ characteristics, with additional
stratification by the phenotypes described in chapter 2 (section 2.1 and Table 2.1) are
shown in Table 3.1. The frequency and degree of phenotypic overlap for the qualitative
phenotypes is illustrated in Figure 3.3. It should be noted that only 82% of subjects
underwent a CT to formally diagnose emphysema, and as such the number of subjects for

whom CT derived diagnostic information is available is less than that for lung function.
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Similarly annual lung function data with 4 data points over 3 years, providing data for
annual decline, was only available for a sub-set of subjects, so the number for this analysis
is again smaller.

Subjects with emphysema had worse lung function and greater smoke exposure
compared to those without emphysema (all p<0.001). There was no difference in smoke
exposure, lung function or UZVI between those with and without bronchiectasis, though
affected subjects were older (p<0.001). Bronchiectatics had more severe lower zone
emphysema, (p=0.026), than those without bronchiectasis. Subjects with chronic
bronchitis had lower FEV1 (p=0.013) but no other demographic or clinical feature differed
from those without bronchitis. There were no gender differences between those with and
without each of the qualitative phenotypes.

Seventy two sibling pairs were studied as a replication dataset; samples suitable for
DNA extraction were only available on 52 pairs, thus comparison of genotypes was only
possible in this smaller group. The characteristics of the siblings are shown in Table 3.2.
Significant differences were observed between index and non-index siblings in that index
siblings tended to have worse lung function and a higher incidence and severity of
emphysema. There was no difference in the incidence of chronic bronchitis between

siblings.
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Whole group Emphysema Bronchiectasis Chronic bronchitis
n=424 Yes n=279 No n=70 Yes n=83 No n=266 Yes n=159 No n=265
% of subjects of male 59.91 64.16 54.29 57.83 63.67 64.78 57.03
gender
Age in years 50.01 (0.52) 51.76 (0.78) 41.52 54.18 (1.03) 48.90 (0.63) 50.79 (0.77) 49.48 (0.69)
(33.77-49.27)
Pack years 14.00 17.50 0 14.63 13.50 14.63 12.75
(2.35-25.65) (7.65-27.35) (0-4.18) (4.33-25.93) (1.40-24.60) (2.55-26.71) (0.75-24.75)
FEV1 %predicted 37.15 32.08 102.88 36.64 35.54 32.76 38.17
(18.30-56.04) | (18.94-45.22) | (80.93-124.83) | (14.59-58.69) | (17.39-53.69) (15.49-50.03) (14.18-62.16)
FEV1/FVC 38.40 35.00 73.60 40.10 37.50 37.85 39.40
(25.95-50.85) | (26.00-44.00) | (63.10-84.10) | (24.35-55.85) | (25.00-48.00) (26.85-48.85) (26.40-52.40)
KCO %predicted 69.82 (1.18) 63.18 (1.38) 98.66 (2.55) 67.85 (2.75) 70.57 (1.54) 67.62 (2.31) 71.34 (1.89)
UzZVI 31.09 (1.05) 32.71 (1.02) 2.31 (0.39) 33.45 (1.89) 30.63 (1.27) 32.98 (1.69) 29.88 (1.36)
LZVI 44.59 (1.21) 46.78 (1.14) 5.85 (1.01) 54.15 47.95 48.85 49.50
(39.50-68.80) | (32.15-63.75) (34.60-63.10) (31.90-67.10)
FEF25-75 (1) 0.38 - - - - - -
(0.18-0.58)

Table 3.1: Clinical features of the AATD case-control dataset

Data is presented as mean (standard error of the mean) or median (interquartile range) dependent on its distribution.

FEV1 = forced expiratory volume in one second, F'VC = forced vital capacity, KCO = gas transfer corrected for alveolar volume, FEF25-75
= forced expiratory flow between 25 and 75% of total, UZVI = upper zone voxel index, LZVI = lower zone voxel index.
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Figure 3.3: Phenotypic overlap and frequency of qualitative phenotypes and in the AATD

case-control dataset
The Venn diagram shows the number of subjects with each of the three qualitative

phenotypes studied, and the degree of overlap between them. The bar chart shows the
proportion of each phenotype within the group (%).
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Index Non-index p value
Gender (% male) 59.68 53.18 NS
Age in years 47.91 (1.20) 46.00(1.22) NS
Smoking in pack years 12.50 (1.5-23.00) 8.50 (0-18.50) NS
FEV1 %pred 31.00 (21.00-55.00) 68.00 (46.00-107.00) <0.001
FEVI/FVC % 37.00 (30.0-47.0) 59.00 (43.00-75.00) <0.001
KCO %pred 69.10 (3.21) 82.70 (2.51) 0.023
Chronic bronchitis (%) 46.20 42.60 NS
Emphysema (%) 82.50 55.70 0.001
UZVI % voxels <-910HU 35.35 (23.32-47.39) 16.02 (5.32-26.72) <0.001
LZVI % voxels <-910HU 53.90 (40.45-67.35) 27.92 (12.80-43.05) <0.001

Table 3.2: Characteristics of the familial replication dataset
Data is presented as mean (standard error of the mean) or median (interquartile range)

dependent on its distribution.

FEV1 = forced expiratory volume in one second, FVC = forced vital capacity, KCO = gas

transfer corrected for alveolar volume, UZVI = upper zone voxel index, LZVI = lower

zone voxel index, NS= non-significant
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Figure 4.5: Examples of two cluster TagMan® plot for rs8110090 & rs1146638 in TGFB
Two cluster plots were seen for two SNPs within TGI'B, examples of the plots from SDS

(version 2.2.2, ABI, UK) being shown above.
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Gene SNP All AATD Chronic Emphysema | Bronchiectasis
bronchitis
CCDC97 | rs8109167 [G/T]
T allele 20.00 21.48 21.27 19.18
GG 63.44 (251) | 61.07 (91) 62.42 (167) 65.75 (48)
GT 32.91 (130) | 34.90 (52) 32.84 (88) 30.14 (22)
TT 3.54 (14) 4.03 (6) 4.85 (13) 4.11 (3)
rs8109627 [T/C]
C allele 31.01 29.28 29.86 29.45
TT 47.34 (187) | 45.64 (68) 47.69 (128) 49.32 (36)
TC 43.29 (171) | 44.97 (67) 44.62 (120) 42.47 (31)
CC 9.37 (37) 9.39 (14) 7.46 (20) 8.22 (6)
rs10417924 [C/T]
T allele 19.12 17.45 16.60 19.18
CC 65.06 (257) | 68.46 (102) | 68.28 (183) 64.38 (47)
CT 31.65 (125) | 28.19 (42) 30.22 (81) 32.88 (24)
TT 3.29 (13) 3.36 (5) 1.49 (4) 2.74 (2)
TGFB rs8179181 [G/A]
A allele 23.80 24.49 26.87 24..66
GG 56.96 (225) | 57.72 (86) 48.13 (129) 56.16 (41)
GA 38.48 (152) | 37.58 (56) 50.00 (134) 38.36 (28)
AA 4.56 (18) 4.70 (7) 1.87 (5) 5.48 (4)
rs11466345[A/G]
G allele 9.75 11.07 10.07 9.59
AA 81.01 (320) | 78.52 (117) | 79.85 (214) 82.19 (60)
AG 18.48 (73) 20.81 (31) 20.15 (54) 16.44 (12)
GG 0.51 (2) 0.67 (1) - 1.37 (1)
rs8110090 [A/G]
G allele 5.32 5.37 4.29 6.16
AA 89.36 (353) | 89.26 (133) | 91.42 (245) 87.67 (64)
AG 10.63 (42) 10.74 (16) 8.58 (23) 12.33 (9)
GG - - -
rs11466338[A/G]
G allele 8.48 7.72 7.09 7.54
AA 83.04 (328) | 84.78 (126) | 85.82 (230) 84.93 (62)
AG 16.96 (67) 15.44 (23) 14.18 (38) 15.07 (11)
GG - - -
rs4803455 [A/C]
C allele 42.53 43.29 41.60 43.84
AA 33.42 (132) | 32.21 (48) 35.45 (95) 32.88 (24)
AC 48.10 (190) | 48.99 (73) 45.90 (123) 46.58 (34)
CC 18.48 (73) 18.89 (28) 18.66 (50) 20.55 (15)
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rs1800469 [C/T]

T allele 26.96 27.18 22.01 26.03

CC 52.91 (209) | 52.35(78) |60.82(163) | 54.79 (40)
CT 40.25 (159) | 40.94 (61) | 34.43 (92) 38.36 (28)
TT 6.84 (27) 6.71 (10) | 4.85 (13) 6.85 (5)

MGC4093 | rs11083616[A/G]

G allele 32.78 34.23 30.78 33.56

AA 44.57 (176) | 42.28 (63) | 47.76 (128) | 42.47 (31)
AG 45.32 (179) | 46.98 (70) | 42.91 (115) | 47.95 (35)
GG 10.13 (40) | 10.74 (16) | 9.33 (25) 9.59 (7)

Table 4.4: Allele and genotype frequencies of TGFB region tag SNPs

SNP alleles are listed [major, minor| and the minor allele frequency given as a percentage,

together with all genotype frequencies as a percentage, the raw number being given in

brackets.
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SNP Phenotype Minimum odds ratio detectable with
80% power
rs8109167 Emphysema 1.86
Bronchiectasis 1.86
Chronic bronchitis 1.62
rs8109627 Emphysema 1.77
Bronchiectasis 1.72
Chronic bronchitis 1.53
rs10417924 | Emphysema 1.92
Bronchiectasis 1.84
Chronic bronchitis 1.67
rs8179181 | Emphysema 1.83
Bronchiectasis 1.83
Chronic bronchitis 1.61
rs11466345 | Emphysema 2.23
Bronchiectasis 2.32
Chronic bronchitis 1.85
rs8110090 Emphysema 2.96
Bronchiectasis 2.60
Chronic bronchitis 2.24
rs11466338 | Emphysema 2.50
Bronchiectasis 2.40
Chronic bronchitis 2.03
rs4803455 Emphysema 1.79
Bronchiectasis 1.74
Chronic bronchitis 1.55
rs18004.69 Emphysema 1.87
Bronchiectasis 1.76
Chronic bronchitis 1.58
rs11083616 | Emphysema 1.77
Bronchiectasis 1.71
Chronic bronchitis 1.53

Table 4.5: Power of the TGFB region studies to detect qualitative phenotypes in the case-

control dataset

Power calculations were carried out as before (Appendix 4), and the ORs shown are prior

to adjustment for covariates.
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Tag SNP Phenotype B SE (B) |2 p value
change

* 1 rs4803455 logFEV1 0.037 |0.018 0.009 0.043
logFEVI/FVC | 0.022 | 0.012 0.007 0.076

§ | rs1800469 logFEV1/FVC | -0.041 | 0.033 0.007 0.052
FEF25-75 -1.501 | 0.629 0.041 0.019

* 1 1s11083616 | logFEV1/FVC | 0.20 0.013 0.006 0.100

Table 4.6: TGFB region tag SNP associations in linear regression models

The table shows the regression parameters models from those models where p<0.1 Co-
dominant models are denoted *, in each case the heterozygote was coded 1, and the minor
allele homozygote 2, such that when the B value is positive it indicates a higher level of
the outcome variable in minor allele homozygotes. § indicates a recessive model.

0.8 1

e
(o)
1

FEF25-75 (1)

e
[\
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BCC/CTOTT

Figure 4.6: FEF25-75 relates to rs1800469 genotype

The bar chart shows the mean (SE) prior to adjustment for covariates, stratified by

genotype. The minor allele homozygote is shown separately as this genotype was only
significant in a recessive model. The difference is significant, with p=0.019 in the
regression model.

166



J—
-
—

, .
\\ o \\\
" s,
\\ ", '\'
. "
\'\. . \\

=t 'y] ] o
] = ] - e o (] L o —
™~ =] (=] o L] o =] [Ty [T=] w
=] - = - w [1=] (=1 =t =t o
[=1] [=1] - =] =] (7=] (=1 e = oo
(=] = oy o= =+ =t — = = =
- - = - - — — oo oo —
[==] =] - [==] - — ] =t — —
[] [1] ;] [] ] 4] 4] ] w 4]
—- = - - —- g i i iy g

Block 1 (20 ki)

6 Fi
7h 2
21 1
45 51
] 4 ]
26 3
11 16 N 29
20 7 a4
2 B

Figure 4.7: Linkage disequilibrium plot for tag SNPs in the TGFB region
This output from Haploview shows the r? values between SNPs, and identified one

haplotype block containing all tags within CCDC97 and 2 within TGFB. The 3 tags
showing a tendency to association with small airways disease (rs4803455, rs1800469 and
rs11083616) have a propensity to form a haplotype, as can be seen from the r? values, and
colour of the blocks, although this was not statistically significant.
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443 GC

Genotyping was successful in 90.1% of cases (n=382). This is a little lower than some of
the other genes contained in this thesis, although above the acceptable threshold of 90%.
This occurred predominantly because of initial problems with the assay for rs705117,
which required alterations of the PCR reaction mixture before adequate genotype
discrimination was achieved. This process is summarised in Figure 4.8. Despite this
improvement, a genotype could not be confidently allocated in 42 cases for this SNP. All
SNPs were in Hardy Weinberg equilibrium (p>0.05 for deviation from HWE), except
rs3755967 (p=0.04), which was therefore excluded from further anlayses. Allele and
genotype frequencies are shown in Table 4.7. In the qualitative analyses the mean OR the
study had 80% power to detect was 2.01; full details of power are shown in Table 4.8.

One SNP (rs2070741) showed both allele and genotype association with bronchiectasis,
with the minor allele [C] conferring an OR of 1.80, as shown in Table 4.9. A second SNP
showed an association with the same phenotype in the minor allele homozygote, but its
significance was lost in an allelic analysis (Table 4.9). No other associations were seen with
the qualitative or quantitative phenotypes described earlier (p>0.1 in regression models).

Further analyses were undertaken based on the existence of bacterial colonisation of
the airway (section 2.2.6), to give an indication of the mechanism behind the phenotypic
association. One hundred sputum samples were analysed; the frequency of colonisation
and bacterial species identified are shown in Table 4.10. Some examples of the growth
plates used are shown in Figure 4.9. Subjects with airway colonisation exhibited no

significant clinical differences from those without (Table 4.11), but the phenotype was
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more likely to occur in carriers of the C allele of rs2070741. The allele conferred an OR of
3.83 for this phenotype (p=0.04). There was insufficient data relating to bronchiectasis
and bacterial colonisation in the family dataset to test replication.

Three haplotype blocks were observed in the case-control dataset (Figure 4.10), but

none showed any qualitative phenotypic associations (all p>0.1 in each analysis).
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Figure 4.8: TagMan® plots for selected rs705117 genotyping reactions

(a) No genotypic groups could be distinguished by fluorescence signals in the original PCR
reaction (b) Increasing the amount of fluorophore allowed genotypic groups to be
distinguished by the software, but there was a linear pattern; clear clusters were not seen

until the PCR cycles were also extended (c).
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SNP All AATD Chronic bronchitis | Emphysema | Bronchiectasis
rs2070741 [A/C]

C allele 9.29 8.78 9.55 14.00

AA 81.41 (311) | 83.11 (123) 81.65 (218) | 74.67 (56)
AC 18.11 (69) 16.22 (24) 17.77 (47) 22.67 (17)
CC 0.52 (2) 0.68 (1) 0.75 (2) 2.67 (2)
rs705117 [T/C]

C allele 17.54 16.89 17.23 17.33

TT 68.85 (263) | 70.95 (105) 70.04 (187) | 69.33 (52)
TC 27.23 (104) | 24.33 (36) 25.47 (68) 26.67 (20)
CC 3.93 (15) 4.73 (7) 4.49 (12) 4.00 (3)
rs3755967 [C/T]

T allele 27.62 28.04 29.03 28.00

CC 50.26 (192) | 51.35 (76) 47.19 (167) | 49.33 (37)
CT 44.24 (169) | 41.22 (61) 47.57 (127) | 45.33 (34)
TT 5.50 (21) 7.43 (11) 5.24 (14) 5.33 (4)
rs222035 [G/T]

G allele 42.93 44.59 44.76 46.00

GG 33.25 (127) | 34.46 (51) 32.21 (86) 36.00 (27)
GT 47.64 (182) | 42.14 (62) 46.07 (123) | 36.00 (27)
TT 19.12 (73) 23.65 (35) 21.72 (58) 28.00 (21)
rs222023 [G/A]

A allele 5.89 4.05 5.43 7.33

GG 88.74 (339) | 92.57 (137) 89.89 (240) | 88.00 (66)
GA 10.73 (41) 6.76 (10) 9.36 (25) 9.33 (7)
AA 0.52 (2) 0.68 (1) 0.75 (2) 2.67(2)
rs1491718 [T/C]

C allele 13.22 13.18 12.55 13.33

TT 75.13 (287) | 74.32 (110) 76.40 (204) | 74.67 (56)
TC 23.30 (89) 25.00 (37) 22.10 (59) 24.00 (18)
CC 1.57 (6) 0.68 (1) 1.50 (4) 1.35 (1)
rs222029 [A/G]

G allele 18.32 16.22 17.98 20.40

AA 67.02 (256) | 71.62 (106) 67.79 (181) | 61.84

AG 29.32 (112) | 24.32 (36) 28.46 (76) 31.53

GG 3.67 (14) 4.05 (6) 3.91 (10) 2.63
rs1352844 [C/T]

T allele 12.83 11.15 13.30 15.33

CC 75.13 (287) | 77.71 (115) 73.78 (197) | 70.67 (53)
CT 24.08 (92) 22.30 (33) 25.84 (69) 28.00 (21)
TT 0.79 (3) - 0.37 (1) 1.35 (1)
rs2298849 [C/T]

T allele 19.50 17.23 20.22 24.00

CC 64.92 (248) | 69.59 (103) 63.67 (170) | 54.67 (41)
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CT 31.15 (119) [ 26.35 (39) 32.21 (86) | 42.67 (32)
TT 3.93(15) | 4.05 (6) 412 (11) 2.70 (2)
13733359 [G/A]

A allele 9.55 9.80 8.80 8.67

GG 82.03 (313) | 81.38 (120) 83.15 (222) | 82.67 (62)
GA 17.02 (65) | 18.24 (27) 16.10 (43) | 17.33 (13)
AA 1.05 (4) 0.68 (1) 0.75 (2) -

Table 4.7: Allele and genotype frequencies of GC tag SNPs

SNP alleles are listed [major, minor| and the minor allele frequency given as a percentage,

together with all genotype frequencies as a percentage, with the raw value in brackets.
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SNP Phenotype Minimum odds ratio detectable with 80%
power
rs2070741 | Emphysema 2.22
Bronchiectasis 2.33
Chronic bronchitis 1.89
rs705117 | Emphysema 2.13
Bronchiectasis 2.13
Chronic bronchitis 1.82
rs3755967 | Emphysema 1.82
Bronchiectasis 1.75
Chronic bronchitis 1.56
rs222035 | Emphysema 1.77
Bronchiectasis 1.70
Chronic bronchitis 1.54
rs222023 | Emphysema 2.93
Bronchiectasis 2.92
Chronic bronchitis 2.08
rs1491718 | Emphysema 2.05
Bronchiectasis 2.05
Chronic bronchitis 1.76
rs222029 | Emphysema 2.00
Bronchiectasis 1.91
Chronic bronchitis 1.64
rs1352844 | Emphysema 2.21
Bronchiectasis 2.05
Chronic bronchitis 1.74
rs2298849 | Emphysema 2.06
Bronchiectasis 1.90
Chronic bronchitis 1.61
rs3733359 | Emphysema 2.06
Bronchiectasis 2.18
Chronic bronchitis 1.90

Table 4.8: Power of the GC studies to detect qualitative phenotypes in the case-control

dataset

Power calculations were carried out as before (Appendix 4), and the ORs shown are prior

to adjustment for covariates.
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Minor allele Minor Allele | 95% CI
homozygote allele OR
rs2070741 [A/C] | 0.031 0.046 1.80 1.02-3.19
rs2298849 [C/T] | 0.013 NS - -

Table 4.9: G C tag SNP associations with bronchiectasis

The table shows the p values for associated SNPs only. SNPs are listed showing
[major/minor] alleles, together with the OR of bronchiectasis conferred by genotypes

containing the minor allele.

Frequency (n)

Not colonised

30

Mixed normal flora

20

Haemophilus influenzae

23

Moraxella catarrhalis

11

Haemophilus
parahaemolyticus

8

Staphylococcus aureus

Pseudomonas aeruginosa

Streptococcus pneumoniae

Haemophilus parainfluenzae

Pseudomonas species

Proteus mirabilis

Enterobacteriaceae

Haemophilus haemolyticus

Klebsiella oxytoca

Haemophilus species

Bacterial numbers in cfu/ml

6
5
4
3
2
2
2
1
1
1
8.

0x107

(1.2 x107-1.3 x10)

Table 4.10: Microbiology of stable state sputum samples in AATD subjects

The majority of subjects had at least one bacterial species in the airway, with only 30

samples having none present.
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Figure 4.9: Sputum culture plates

(a) Pseudomonas colonies: small, white colonies, shown on primary plate and a subsequent
dilution and a specific cetrimide plate (b). P.aeruginosa appears green and will fluoresce
under UV light when grown on this medium.

(c) Staphylococcus aureus colonies: larger, yellow colonies, with dilution across the plate
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Airway bacterial colonisation No colonisation

Age in years 51.37 (47.24-55.31) 50.74 (42.48-59.05)
Smoking in pack years 16.00 (5.70-26.30) 18.00 (11.00-22.00)
FEV1%predicted 32.71 (21.14-56.18) 28.15 (19.57-38.21)
FEV1/FVC % 37.70 (26.10-47.00) 33.00 (25.00-45.00)
KCO %predicted 66.31 (3.32) 56.57 (5.07)
Bronchiectasis % 35.56 34.78

Emphysema % 86.67 86.96

UZVI % voxels <-910HU 30.96 (2.53) 44.50 (4.53)

LZVI % voxels <-910HU 49.80 (29.68-59.43) 59.40 (52.10-65.50)

Table 4.11: Characteristics of subjects with and without airway bacterial colonisation
Data is shown as mean (SE) and median (IQR), as described in chapter 2 (section 2.3.1).
There were no statistically significant differences.
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Figure 4.10: Linkage disequilibrium plot for GC tag SNPs

The output above from Haploview, using r? values as before, shows that 3 haplotype
blocks were observed. No phenotypic associations were seen with any of these blocks.
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4.5 Discussion

The results presented in this chapter illustrate the concept that detailed phenotypic
information is key when examining genetic associations, since SF'TPB, the TGFB region
and GC show different phenotypic associations from one another, yet have all been
associated with the broader diagnosis of COPD in previous published work. It is
interesting that the associations seen are consistent with their protein products’ putative
roles in pathogenesis, though further studies would be needed to endorse this. However
the strength of these associations and the degree of confidence in the results is also
variable, and will now be discussed.

The association of rs2118177 SNP in SFTPB with COPD, defined by lung function, in
the case-control dataset and with FEV1 in the family dataset indicate a potential
protective effect of the minor allele homozygote. It is an intronic SNP of no known
function that tags the promoter region of the gene in HapMap|[71], though coverage here
is relatively sparse. In usual COPD this SNP has been associated with exacerbation
frequency[113]; a number of SNPs within the gene were associated with this outcome
(defined by health care utilisation only) in a study population comprising participants in
NETT. The most associated SNP was in the promoter region of the gene (rs3024791,
p=0.007) but rs2118177 showed a weaker association. This phenotype has not been
examined in other studies, so the result should be viewed with caution until it has been
replicated. Other genetic association studies derived from NETT have not examined this
SNP [19, 72, 78] and the only similar study in AATD did not genotype this SF'TPB SNP

[236]. The AAT genetic modifier study only genotyped rs1130866 (Thrl311le), since this
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had previously been the most associated SNP in SFTPB with COPD, and was only able
to examine association with spirometric measures[236]. These two facts might explain the
lack of association seen.

Evidence from the study reported in this chapter alone would be insufficient to justify
the expense of fine mapping the haplotype block to find the actual disease associated
variation, but should encourage further study of the role of surfactant proteins in
emphysema and AATD, since a genetic association implies a role for the protein product
in pathogenesis. Current evidence would suggest that it is most likely to be involved in
parenchymal disease, since levels are low in an animal model of emphysemal[252] and
mathematical models suggest that the effect of this in the lung would be to alter alveolar
surface tension in such a way that emphysema could result[253]. We were unable to prove
such an association here, perhaps because the number included in the analyses based on a
CT diagnosis of emphysema was lower, as CT data was not available on all subjects. If
SFTPB contributes to emphysema it might show potential in treating the condition,
especially as preparations of surfactant suitable for delivery to the lung are already in
use[272].

In the TGF'B region 3 tag SNPs showed a tendency to associate with lung function,
consistent with small airways disease in the case-control dataset. However, since FEF25-
75 (the lung function measure most specific for small airways disease) was not available in
the familial dataset, it was not possible to replicate the association. The associations with
other lung function measures were tested in the familial dataset but showed no
association. The most associated SNP was rs1800469 (C-509T) in which the T allele

elevates circulating TGFI by increasing gene transcription[262]; this suggests that the
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protein contributes to small airways disease, and is consistent with prior clinical work
examining small airway biopsies which show elevated levels of the protein product
(TGFB1) in this location[264]. In usual COPD genetic association work on rs1800469 has
shown conflicting results - in American Caucasian subjects the T allele has been associated
with both COPD[108] and increased dyspnoea[78], but C allele containing haplotypes are
also associated with COPD in European Caucasians[134] and in Chinese subjects[273]. If
the association is specific to small airways disease, as our results suggest, then inadequate
phenotyping might explain these inconsistencies. It is also possible that the true
association is with a SNP in LD with rs1800469. The two SNPs tagging haplotype blocks
adjacent to rs1800469 (rs4803455 and rs11083616) were associated with FEV1 and showed
a slight trend to association with FEVI1/FVC respectively, both being phenotypes
consistent with early disease, and the haplotype analysis suggested that these tended to
form a block with rs1800469 (Figure 4.8) though this did not reach statistical significance.
The rs4803455 SNP is an intronic SNP in TGFB of no known functional consequence, and
with no known disease associations. rs11083616 is an intronic SNP, again with no known
functional consequence, and lies in MGC4093, a gene which codes for a hypothetical
protein. Expression of MGC4093 is increased in the small airway epithelium of smokers
compared to those who have never smoked[274], and correlated with emphysema severity
in subjects in NETT[275]. This suggests a role for the protein in small airway disease, and
emphysema, such that genetic variation might also be associated with disease. This gene,
its putative protein product, and their roles in COPD are, therefore, worthy of further
study. Since TGFp1 is a multifunctional protein, if a specific association were proven with

TGFB it is unlikely to be a target for drug design, as blocking or altering its actions would
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probably have widespread, potentially harmful effects.

Two GC SNPs showed association with bronchiectasis and/or bacterial colonisation of
the airway in the case-control dataset. Information pertaining to these phenotypes was
not available in the familial replication dataset, so the association could not be replicated.
Both are intronic SNPs of no known function, do not tag known functional variants, and
were at low frequency in the cases studied. The latter fact in particular means that the
result must be viewed with caution as the possibility of false positive results is higher in
small datasets. However, given that GC is involved in both neutrophil chemotaxis and
macrophage activation, by enhancement of the chemotactic properties of complement
derived peptides[268] and because it is a precursor of macrophage activating factor[267],
the observation of an apparent genetic association with airway defence against infection is
interesting. Airway bacterial colonisation is associated with increased pulmonary
inflammation[235], and with an increased frequency of exacerbations[276], both of which
may influence disease progression. The cause of bronchiectasis in AATD is unknown;
though it tends to co-locate with emphysema in the majority of subjects, a bronchiectasis
predominant phenotype is also recognised[22]. This genetic association generates a
hypothesis that structural damage to the airway from repeated exacerbations, after
bacterial colonisation of the airway, could lead to bronchiectasis. It will therefore also be
of importance to examine the role of GC polymorphisms in bronchiectasis unrelated to
AATD, and to study the protein’s role further in airway disease.

The level of p-value to determine significance in genetic studies is controversial, as
discussed previously (section 3.5). The studies herein adopted the well recognised strategy

of replication in an independent dataset. Unfortunately there was insufficient phenotypic
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data to test for replication of all observed associations in TGF'B and GC in the family
dataset, thus the association in SFTPB is the only one that can be viewed with
confidence. In diseases where a number of genes influence outcome, as is likely to be the
case with COPD, each polymorphism may confer only a small increased risk of disease,
thus large numbers are needed to detect differences between populations. In this respect
the studies in this thesis are limited, and underpowered. Power was a particular issue with
the studies contained in this chapter where many tag SNPs exhibited low minor allele
frequencies. This means that an effect cannot be excluded in all SNPs, except where the
allele effect size exceeds that reported in Table 4.8. These are somewhat higher than many
of the OR’s now being reported in other complex diseases with multiple genetic
associations, which may be as low as 1.1[277]. The level of OR more typically observed
when the association is within a locus whose protein product is deemed
pathophysiologically important, such as the thyroid stimulating hormone receptor gene in
Grave’s disease, is closer to 1.5[278]. Nevertheless it does not diminish the significance of

the result for rs2118177, within SFTPB, since this has replicated in both datasets.

4.6 Conclusions

Variation within the haplotype block tagged by rs2218177 in SFTPB is associated with
COPD in AATD. Variation within the TGFB region and within GC associates with small
airways disease and bronchiectasis respectively, but these results require verification in an

independent patient population.
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Chapter 5: The role of MMPs

5.1 Introduction

Matrix Metalloproteinases (MMP’s) compromise a structurally and functionally related
group of twenty proteolytic enzymes, which are capable of degrading components of the
extracellular matrix[39]. The functions of some of those thought to be important in COPD
are summarised in Table 5.1. It is this potential for destruction which is thought to
contribute to the pathogenesis of COPD, consistent with the protease-antiprotease theme
discussed in Chapter 1 (section 1.1.3)). Many clinical studies have reported the presence of
MMPs in the lung, with elevated levels in subjects with COPD[279, 280], supporting this
concept.

MMPs are synthesised as proenzymes which are maintained in an inactive form by
interaction of a zinc residue in their catalytic domain with a cysteine residue within the
proenzyme domain, as shown in Figure 5.1. Macrophages secrete many MMPs, including
MMP1, MMP3, MMP7 and MMP12[39]. A separate group, known as membrane type
MMPs, are localised to the cell surface (MMP14-17). The production of both MMP types is
highly regulated at the transcriptional level by a variety of growth factors and
cytokines[39]. A further two macrophage derived MMPs (MMP8 and MMPY) are not as
well regulated, being stored in the granules of neutrophils for rapid release[39].
Subsequent MMP activity is regulated by tissue inhibitors of metalloproteases (TIMPs).
Although all TIMP’s are capable of inhibiting any MMP their affinity for each MMP

varies|281].
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Interstitial | Basement membrane components Elastin

collagens
MMP1 I, I, 11 Laminin, entactin, proteoglycan -
MMP3 - Laminin, entactin, proteoglycan, pepsinised type IV | +
collagen
MMPO Gelatin Types IV and V collagen, entactin, proteoglycan ++
MMP12 - Laminin, entactin, proteoglycan, pepsinised type IV | ++++
collagen

Table 5.1: Activity of selected MMP against components of the extracellular matrix

The table shows some of the MMPs most widely studied in relation to COPD, delineating
their substrates in 3 columns. The first two list interstitial collagens and basement
membrane components that the given MMP is capable of degrading. The third column
indicates relative activity levels against elastin by the use of + and - signs, such that a
single + indicates some activity, further + signs indicates higher activity and - no activity.
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Catalytic zinc ion

Cysteine residue within

proenzyme domain

Figure 5.1: The structure of an MMP molecule

The picture shows the structure of MMP9, used as an example of the molecular structure
of MMPs. All MMPs have a catalytic domain, highlighted here in pink and a proenzyme
domain, shown in blue. Within these areas the zinc and cysteine residues that interact to
keep the molecule in inactive conformation have been labelled.
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MMP’s are logical candidate genes for association with COPD, and have been the
subject of a number of genetic studies, as outlined in Chapter 1 (section 1.1.4). MMPs
have been mapped to chromosomes 11, 14, 16, 20 and 22 with several (including MMPI,
MMP3 and MMPI12) being clustered on the long arm of chromosome 11[282]. This area
was linked to both FEV1 and KCO in a European familial genetic association study in
AATDJ[203]. For this reason this cluster of MMPs, rather than any other previously

associated MMP, was chosen for the studies contained in this chapter.

5.1.1 MMP1, MMP3 and MMP12

MMPI1, MMP3 and MMPI12 lie adjacent to one another on chromosome 11¢q22-23.
MMPI is approximately 17kb in size[283] and is comprised of 10 exons and 11 large
introns. MMP1, also known as collagenase, is capable of breaking down type I, IT and III
collagen, which are ubiquitous in the connective tissues of the body, including the lung.
MMP3 is similar in structure to MMP1I, such that their protein products share over half
their amino acid sequences, suggesting a common evolutionary origin[284]. MMP3 is also
known as stromelysin, and digests proteoglycan, laminin and type IV collagen[285] which
also contribute to the extracellular matrix in the lung. MMPI2 is somewhat smaller,
being 1.8kb in length, but codes for a similar sized protein (470 amino acids). It is known
as macrophage metalloelastase, is produced by alveolar macrophages and is capable of
degrading elastin[286].

In usual COPD a SNP in the promoter region of MMPI (rs1799750) was implicated in

upper zone dominant emphysema[19] and in decline of FEV1[77], as detailed in chapter 1
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(section 1.1.4). The rs1799750 SNP increases gene expression by creation of an extra
transcription factor binding site (ETS)[287]. An animal model in which transgenic mice
overexpress MMPI, results in the presence of emphysema [288]. The SNP associations
seen must, however, be viewed with caution as neither has been replicated. The NETT
genetics study[19] attempted replication of the association of rs1779750 with emphysema
zone by examining both surgically and medically treated groups, but found no association
in the latter. When the entire NETT cohort were compared to healthy subjects from the
normative aging study no association with emphysema was seen, nor was there association
in a family cohort with COPD[72]. No other studies have examined rs1799750 in relation
to lung function decline. A SNP in MMPI2 (rs652438) was also implicated in lung
function decline in the LHS, but only as part of a haplotype with rs1799750 (MMP1I)[77].
Animal studies here show that MMP12 null mice are protected against smoke related lung
injury[289], thus making it a good candidate gene. Again, however, the association
described in usual COPD has not been replicated, and should be viewed with caution.
Important interactions of AAT and MMP12 have also been observed in in vitro studies,
where smoke exposed macrophages fail to secrete MMP12 in the presence of AAT[202]
providing further rationale for the study of this gene in subjects with AATD. Unlike
MMPI and MMPI12, MMP3 had not previously been associated with COPD at the start
of this project, nor are there are any specific animal models or in vitro work regarding its
protein product in respiratory disease. However, MMP3 lies between MMPI and
MMPI2, thus is still within the region of the linkage peak in AATD[203] and was worthy
of further association analysis in AATD. Subsequent to the completion of this project a

large genome wide study in usual COPD has reported association of a SNP within MMP3
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(rs615098) with a quantitative emphysema phenotype [73].

5.2 Aims of this chapter

This chapter describes associations of MMPI, MMP3 and MMPI2 with lung function
and lung function decline in AATD, and forms a follow up study after the report of
linkage of FEV1 and KCO to this region in AATD][203]. It, therefore, aims to provide
initial evidence of replication of this association, and narrow the size of the block
containing the associated variant(s) such that further fine mapping might be planned if

appropriate.
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5.3 Methods

The subjects studied have been described in Chapter 3 and comprise the unrelated case-
control dataset only (n=424), since some members of the familial dataset had participated
in the linkage study that reported an association which this study aims to replicate[203].
Specific phenotypes relating to lung function, lung function decline and emphysema zone
were chosen because of prior evidence in AATD[203] and usual COPDJ[19, 77]. The group
assessed for decline of lung function showed no difference in any demographic or clinical
feature from the whole group (described in Chapter 3), except that they had smoked
slightly more (median 18.75 v 14.00 pack years, p=0.030). Clinical characteristics of the
genotyped decline group are shown in Table 5.2. Non-genetic influences upon decline of
lung function have been assessed further and are described in Chapter 7, significant
independent predictors being included in the regression models herein. Emphysema zone
was analysed as a quantitative phenotype, defined as UZVI-LZVI in the presence of a
visual appearance and densitometry consistent with emphysema.

Tag SNPs covering the 3 genes were chosen using HapMap, and genotyped using
TaqMan® genotyping technologies, as described previously (Chapter 3, section 3.2.2). The
location of tags is shown in Figure 5.2, and the context sequences for primer design in
Table 5.3. One tag in MMPI12 (rs476185) failed design, probably due to a high GC content
in the region. No other tags were available within the frequency limits (MAF>5%) thus
this haplotype block could not be genotyped.

Haplotypes were identified in Haploview, and analyses of association with continuous

outcome variables carried out in SPSS. This was done by coding each observed haplotype

188



as described in Chapter 2 (section 2.3.2) and using this code in the regression models for

lung function and lung function decline.
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Decline group

n=110
Gender (% male) 66.36
Age in years 51.48 (0.92)
Pack years 18.75 (9.01-28.49)
FEV1 %predicted 35.01(18.25-51.77)
FEV1/FVC 37.30(27.10-48.40)
KCO %predicted 68.09 (2.12)
UZVI1 32.84 (1.69)
LZVI 52.10(38.53-65.68)
Decline of FEV1 in ml/yr -42.00 (-87.00-3.00)
Decline of KCO in -0.03 (0.004)
[mmol/min/kPa/l]/yr

Table 5.2: Clinical characteristics of genotyped subjects for decline of lung function

The table shows demographic features, lung function and HRCT densitometry measures

in the group assessed for decline of lung function. Data is shown as mean (SEM) or median
(IQR) dependent on its distribution. FEV1 decline was non-normally distributed and
required log transformation prior to subsequent linear regression modelling. KCO decline

was normally distributed, and as such could be used in its raw form for subsequent

regressions. The group showed no difference in any demographic or clinical feature from

the whole cohort (Table 3.1), except that they had smoked slightly more (p=0.03).
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Figure 5.2: Location of tag SNPs in MMP1, MMP3 and MMP12
The diagram shows the structure of the 3 MMPs on chromosome 11 chosen for further study. The mauve blocks represent exons, the

promoter is represented by a grey pentagon, other regulatory regions by pink blocks and introns by a black line. All SNPs are denoted by
their reference SNP number.
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Gene SNP Context sequence Design
strand
MMPI | 15470747 TTTGCTAAACATGTGCACTCTGAAA[A/G]TCATTACAGAAAATACACAATGAGG Reverse
rs7125062 AAAAAAAGCAAGAAAAGTTTCCATC|C/TIAATTTCTGGTAATCTCTGGCAGATA Forward
rs7125320 | ACCATTGTATAGCATACAAATAAAA|G/TIAGGCATAAGTAACTTTAAGAACATA Reverse
rs996999 GGAAAACACAAAAAGCCTTCCTTTT[C/T|TTTAATTTCCACATAAGTTTATGAC Forward
rs470358 ACTAAAAATTTACATTATTGTCACA|C/T|GCAATGCAGCATTTACCTGGACTAA Forward
rs3213460 | AGTGATGGCTTCCCAGCCTCTTGCT[A/G]CTCCAATATCCCAGCTAGGAAGCTC Forward
rs5031036 | TATCGCTAATGGCTGTTTNATTTGAAATACATATAAAGACCACCAGGCCCTTGTCCGTAA Forward
[T/C]GTTTTTCCCCATACTCACCATATATGGCTTGGATGCCATCAATGTCATCCTGAGCTAGC
MMP3 | rs650108 GAGGTGACAAGTGGGTGAGGTTAGA|A/G|GTAGCCCTTGAAAATCATATAGTAG Reverse
rs3025066 | TGTTTGTCATGTGCATATTGATCCA|C/T|CAGTAAGTAAATTACTTGATTAAAT Reverse
rs476762 AAATGTGGGAAAAGGCAGCACCAGA[A/T|CTAAATGATTCCAAGCTCAGAAGAA Forward
rs678815 ATTTCTCTAGCTTGCTGAAATAATG|C/G|CAAATTTTATAATATGATACTAGCA Forward
MMPI2 | rs652438 GGGATAATTTGGCTCTGGTCTTAAA|C/T|TGCTAATTAACCAGTATTTGTCATC Forward
rs632009 CCTCATCTGTATAATGAAGATAATA|C/T]CTGTGTCACCTGCCACACAGGGTTC Reverse
rs11225442 | GTCTTTTCGTAAGCCCAAATATAAG|A/G|CTATCATTAAGTTTCAGGTACTGTG Forward
rs17368659 | TTACCACAATACTTCATTTTTGCTA|G/T|CACAATTGGAAAATGGATCATTTCA Forward

Table 5.3: Context sequences for primer design in MMP1, MMP3 and MMP12

The two possible alleles of each SNP are highlighted in blue between square brackets indicating the position of the SNP within the gene.
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5.4 Results

Adequate genotype discrimination could not be achieved in AATD subjects for
rs5031036 thus it could not be assessed further. No other tags were available for this block
within the required allele frequency limits - that is, no other SNPs with MAF>5% were
tagged by rs5031036. The genotyping success rate in the remaining SNPs was 92.5%. All
SNPs were in HWE, except rs476762 (MMP3, p<0.01), which was excluded from further
analyses. The allele and genotype frequencies of successfully genotyped SNPs are shown in
Table 5.4.

In the dominant quantitative models of lung function, two SNPs (rs470358 and
rs678815) were independent predictors of baseline KCO. The minor allele (T) of rs470358
in MMP1 showed a protective effect in the regression model (B=6.130, p=0.025), the B
value indicating that KCO is 6.13% higher in those carrying at least one T allele. The
major allele (G) of rs678815 in MMP3 was associated with a protective effect on KCO of
similar magnitude (B=7.766, p=0.025). The B value from the regression shows that
subjects who did not have the G allele exhibited KCO 7.77% lower on average than those
with at least one copy of it. Mean KCO stratified for presence of these alleles is shown in
Figure 5.3.

There were no genetic associations with FEV1, FEV1I/FVC or emphysema zone (all
p>0.1). In the models to assess decline no SNP genotype predicted FEV1 or KCO decline
(all p>0.1).

One haplotype was observed in Haploview (Figure 5.4), which showed no associations

(all p>0.1) with the quantitative phenotypes above.
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Gene Tag SNP Genotype frequency % (n) MAF
Major allele Heterozygote | Minor allele (%)
homozygote homozygote

MMPI | rs470747 [G,A] | 40.55 (159) 50.39 (198) 9.06 (36) 34.25

rs7125062 [T,C] | 50.29 (197) 42.77 (168) 6.94 (28) 28.32
rs7125320 [C,T] | 83.75 (328) 14.95 (58) 1.27 (5) 8.82
rs996999 [C,T] | 64.65 (253) 30.21 (118) 5.14 (20) 20.24
rs470358 [C,T] | 34.40 (135) 50.71 (199) 14.89 (58) 40.25
rs3213460 [G,A] | 63.82 (250) 34.13 (134) 2.05 (8) 19.11
MMP3 | rs650108 [A,G] | 55.06 (216) 40.17 (157) 4.78 (19) 24.86
rs3025066 [G,A] | 85.52 (335) 13.45 (52) 1.03 (4) 7.76
rsd76762 [T,A] | 72.97 (286) 19.77 (77) 7.27 (28) 17.15
rs678815 [G,C] | 27.80 (109) 52.12 (204) 20.08 (79) 46.14
MMPI12 | rs652438 [G,A] | 87.89 (345) 12.11 (47) - 6.06
rs632009 [T,C] | 44.97 (176) 42.59 (167) 12.43 (49) 33.73
rs11225442 74.01 (290) | 23.16 (91) 2.82 (11) 14.41
[G.A]
rs17368659 77.38 (303) 21.31 (84) 1.31 (5) 11.97
[G.T]

Table 5.4: MMPI1, MMP3 and MMP12 allele frequencies

The table shows the tag SNPs within the MMP cluster that were successfully genotyped.

SNPs are listed as [major allele, minor allele], with the incidence of each genotype shown

as a percentage, the raw data being in brackets, and the minor allele frequency (MAF) in

the final column.
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Figure 5.3: KCO stratified for associated MM P SNP genotype
The graph shows the mean and standard error of KCO from the regression models after

adjustment for age, gender and smoking. The difference in KCO was significant for both
SNPs, in each case p=0.025.
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5.5 Discussion

The main factor prompting the investigation of the 3 MMPs reported in this chapter
was a linkage study in AATD, which suggested that the region of chromosome 11
containing them contained a protective variant[203]. Many of the siblings in the UK
familial dataset participated in this study, which is why associations were not assessed in
this group again. Two protective variants were identified in the unrelated dataset reported
here; the T allele of rs470358 (MMPI) and the G allele of rs678815 (MMP3), both being
associated with higher KCO. The results presented in this chapter, therefore, support prior
work. Both SNPs are located in intronic regions of their respective genes and neither has
an identified functional role.

Previous work in usual COPD implicated a SNP in the promoter region of MMPI
(rs1799750) in UZDE[19]. In this study two tags cover the promoter region of MMPI1, one
of which is rs470358, though since rs1799750 allele frequencies were not reported in
HapMap for this SNP the HapMap software did not report that it was tagged by
rs470358. However, given that the MAF in previous studies has been greater than 5% it is
likely that it is. Nevertheless we were unable to confirm association with emphysema
zone, defined using the difference between LZVI and UZVI in an individual. This may
have been because there were lower numbers of subjects in the CT based analyses since not
all subjects underwent a local quantitative scan. In AATD emphysema zone relates to
lung function with FEV1 tending to reflect LZDE better than UZDE and KCO the

converse (i.e. reflecting UZDE better than LZDE)[18]. Thus the results for KCO are

consistent with a tendency to protection from UZDE in those with the associated alleles.
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This would also be in agreement with the association seen in NETT of rs1799750 with
UZDE.

The results of this chapter did not show any associations within MMP12, but it should
be noted that variation within MMPI2 alone has not usually been reported with any
phenotype in either COPD or AATD previously, rather only as part of a haplotype. A
SNP in MMPI12 (rs652438) was implicated in lung function decline in the LHS, but only
as part of a haplotype with rs1799750[77]. Another study on two mixed European
populations showed an enhanced risk of COPD in individuals with a haplotype of two
MMPI12 SNPs (rs652438 and rs2276109)[164]. Our results do not show any haplotypes
containing tags within MMPI and MMPI2 or any significant haplotypes within
MMPI12, though rs470747 and rs470358 approached significance as a pair (Figure 5.4).
This might be because the population studied herein (although of the same racial group to
the LHS, and indeed European) come from a different geographical region. The LHS was
carried out in Denmark, and although the population there is predominantly Caucasian,
as in the UK, the racial ancestry may differ. A similar difference might occur between a
UK and a mixed mainland European population. This is because in recorded history the
UK has been invaded by Danish Vikings, Nordic Vikings and Romans amongst others.
Thus the UK population’s genetic make up will reflect this[290], unlike Denmark, where
the influences are different. HapMap exemplifies the differences in LD that occur between
racial groups, though it has not studied racial ancestry within Caucasians. It is, therefore,
possible that differences between the Caucasian cohorts might account for differences in
haplotypes observed in the 2 populations. High degrees of geographical variation have

been observed on both the long and short arm of chromosome 11 in a large genome-wide
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study in the UK[217]. We might speculate that this is due to differences in the ancestry of
populations residing in each area of the UK — for instance, areas in the South-East might
show more markers of Danish Viking ancestry than those in the North-West, because of
the site of Viking invasion in the South-East and relatively slow spread of the invading
population North and West. This highlights the importance of geographical
standardisation, as well as replication in different racial groups, when considering genetic
associations with complex disease.

MMP3 had not previously been associated with COPD when this project started.
However, recently a genome-wide study has reported association of a SNP (rs615098) very
close to the MMP3 promoter region with a quantitative emphysema phenotype[79].
Although the association did not replicate in the second population tested it remained
significant at genome wide level in a meta-analysis of the two groups. This type of meta-
analysis is relatively new and remains a little controversial in the field so will require
further replication. There are no specific animal models or in vitro work regarding its
protein product (MMP3) in COPD. A mouse model of inflammatory lung injury,
performed by instilling a chemotactic cytokine into the trachea, showed less lung injury in
MMP3 deficient mice than their normal counterparts[291]. This may indirectly support a
role for the protein in inflammatory diseases of the lung, including COPD. A recent
Japanese study identified a functional polymorphism in the MMP3 promoter, associated
with increased serum MMP3[292], supporting the existence of genetic variants that could
change the risk of diseases where MMP3 plays a role. Elevated pulmonary levels of other
MMPs have been observed in emphysemal[279, 293] and may contribute to disease

pathogenesis via increased proteolytic damage to the lung parenchyma. It is conceivable
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that this is the same for MMP3, though the only study to report airway levels (in sputum)
thus far found no difference between subjects with COPD and healthy controls[294].
However, the study was small and further investigation is warranted, which should
include examining levels of the protein in airway biopsies, resected specimens of lung
parenchyma, or airway secretions in subjects with and without COPD.

Genetic association implies a role for the protein product in pathogenesis, and hence a
rationale for treatment. Our results suggest that treatments targeting MMPs might be
appropriate in AATD. Endogenous anti-proteases (TIMPs) given to patients as a
recombinant protein, or by gene therapy, and synthetic MMP inhibitors have been
considered[295]. However, recombinant proteins are not yet cost effective and gene
delivery is unlikely to produce enough protein to be effective[295]. A small study of a
synthetic MMP inhibitor in asthma showed some promise in reducing pulmonary
inflammation [34] but no trials have been conducted in COPD. Due to the associations of
MMP genes with phenotype in COPD and AATD, such drugs might be of benefit in
subjects with both conditions. However, the observation that pulmonary inflammation is
more marked in AATD than usual COPD [234] might make the efficacy of the

intervention more easily detectable in this group.

5.6 Conclusions

Variation within MMPI1 and MMP3 is associated with KCO, a marker of parenchymal
disease, in AATD. These results support a family based linkage study in AATD, and

whilst not true replication, go some way to confirming the importance of the region.
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