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Redefining of COPD



* Definition
« Risk factor
« Respiratory symptom
« Structure

« Lung function



COPD definition by GOLD 2021

« Common, preventable and treatable disease that is characterized

by persistent respiratory symptoms and airflow limitation that is

due to airway and/or alveolar abnormalities usually caused by

significant exposure to noxious particles or gases and influenced

by host factors including abnormal lung development.
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Genetic landscape of chronic obstructive
pulmonary disease identifies heterogeneous
cell-type and phenotype associations

ARIC &0 =7 & Boclroeicomecied st o Serokel min
Meta-analysis of COPD in 25 studies S reraly mgrdrant i© Sprsklain
{35,735 cases and 222 076 controls)
UK Biobank
5':' -
P<5x10% | 82loci
Associations at known loci . .
J_{| —
for COPD or lung function Hlenir o i ) -
= i g 3 - a = ﬂ a
- i3 B ] : ¥ : 3
¥ e Lookug in SpiroMeta & oM 2 i & g E w3 ] CF!
{FEV, or FEV,/FVC) F 30 ] 5
= - of 3
B -1 7 Hzgd 1 : 5 %
l 38 2|4 gt | & : bR
v H
. & 5
Bonferroni-replicated boci Mominally replicated loci 20 5
One-gided P< 0.05/new loci One-sided P = 0.05
13 loci 14 loci
10 i
i i - | i i
| : | I |
H : 1 I r I
T T T T T T T T T T T T —r . § T T 75 rrn
= 1 L] B L & A, L = RN R

Sakornsakolpat et al, Nat Genet 2019



Associated pathways

Original gene set Original gene set Nominal P False discovery

G0:0048732 gland development 1.22E-07 <0.01
respiratory tube

GO0:0030323 3.12E-07 <0.01

development

GO0:0005604 basement membrane 3.91E-07 <0.01
GO0:0035295 tube development 4.31E-07 <0.01
G0:0048729 tissue morphogenesis 4.49E-07 <0.01
GO0:0030055 cell-substrate junction 4.79E-07 <0.01
GO0:0005925 focal adhesion 6.16E-07 <0.01

Gene sets significantly enriched at FDR < 0.05 using DEPICT



Lung Development Genes and Adult Lung Function

g Laura Portas'*, Miguel Pereira’?*, Seif O. Shaheen”, Annah B. Wyss", Stephanie J. London®, Peter G. J. Burney’,
Matthew Hind'**, Charlotte H. Dean’®*, and Cosetta Minelli'*

"Mational Heart and Lung Institute, Imperial College London, London, United Kingdom; EGOF‘IQE‘I'HCE Ltd., Wellcome Genome Campus,
L'Jeu'nl:m'::!gneﬂf United Kingdom: “Institute of Population Health Sciences, Queen Mary University of London, London, United

Kingdom; "Department of Health and Human Services, Mational Institute of Environmental Health Sciences, NIH, Research Triangle
Park, North Carolina; “Department of Respiratory Medicine, Royal Brompton & Harefield NHS Foundation Trust, London, United

Kingdom; and *MRC Harwell Institute, Oxfordshire, United Kingdom

Growth factors
CSNK2B Casein kinase 2 @ Ubiquitous protein kinase that regulates metabolic pathways, signal transduction, transcription,
translation, and replication
FGFR3 Fibroblast growth factor Encodes a tyrosine kinase and cell surface receptor for fibroblast growth factors
receptor 3
FGFR4 Fibroblast growth factor Encodes a tyrosine kinase and cell surface receptor for fibroblast growth factors
receptor 4
GSK3B Glycogen synthase kinase Encodes a serine-threcnine kinase belonging to the glycogen synthase kinase subfamily
3p
PDGFB Piatefet-derived growth Encodes a member of the protein family comprised of PDGFs
Baclor s unit- B Extracellular matrix
Receptor tyrosine Kinasa Encodes a receptor protein tyrosine kinase and a type | transmembrane protein that belongs to ELN Elastin Encodes a protein that is one of the two components of elastic fibers
like orphan receptor 2 the ROR subfamily of cell surface receptors ITGB5 Integrin subunit A 5 Encodes the integrin f subunit 5 protein
SFRP2 Secreted frizzled related Encodes a member of the SFRP family that acts as soluble modulators of Wnt signaling MMP24 Matrix metallopeptidase Encodes a member of the peptidase M10 family of MMPs
protein 2 24
TCF7L1 Transcription factor 7-iike 1 Encodes a member of the T-cell factorlymphoid enhancer factor family of transcription factors SERPINC1 Serpin family C Encodes a plasma protease inhibitor and a member of the serpin superfamily
WNT2EB Wnt family member 2 Member of the WNT gene family memier 1 : s , :
WNT7A Wit family member 7A Member of the WNT gene family SERPINGT Se:n'pimr_tnfba:fml‘;,r G En;:oclas : highly glycosylated plasma protein involved in the regulation of the complement
WA WriamivmampecQ  Memperof the WNT gens: family TGAV Inteqrin suburit o V Encodes a member of the integrin o chain family
MMP15 Matrix metallopeptidase Encodes a member of the peptidase M10 family and membrane-type subfamily of MMPs
15
Oxidative stress and
endothelial
dysfunction
AGER Advanced glycosylation Multiligand receptor; role in chronic vascular injury
end-product (AGE)
Transcriptional regulators spacific recaptor
GFI1 Growth factor Encodes a nuclear zinc-finger protein that functions as a transcriptional repressor Immune response and
independent 1 surfactant regulation . . ) . . . .
transcriptional SFTPD Surfactant protein D The protein encoded is part of the innate immune response and has a role in surfactant regulation
repressor
HOXA1 Homeobox Al Encodes a DMA-binding transcription factor involved in spatial patterning in development
HOXB4 Homeobox B4 Encodes a DMA-binding transcription factor involved in spatial patterning in development
KAT? Lysine acetyltransferase 7 Encodes a protein that is part of the multimerc HBO1 complex and possesses histone
H4-specific acetyltransferase activity; this activity regulates gene transcription (e.g., VEGFR2,
by influencing chromatin conformation)
KATE Lysine acetyltransferase 8 Encodes a member of the MYST histone acetylase protein family; the encoded protein regulates
gene transcription by influencing chromatin conformation
NCOR2 Muclear receptor Encodes a protein that regulates repression of thyroid-homone and retinoic-acid receptors
Ccorepressor 2
NFATC3 Nuciear factor of activated Encodes a member of the nuclear factors of activated T cells family of transcription factors
T cells 3
NR3C1 MNuclear receptor Encodes glucocorticoid receptor
subfamily 3 group C
membear 1
PPARD Peroxisome Encodes a member of the PPAR family that is believed to function as an integrator of
proliferator-activated transcriptional repression and nuclear receptor signaling
receptor delta
RARA Retinoic acid receptor Encodes the retinoic acid receptor « that acts as a ligand-activated transcription factor
RUNX1 Runt-related franscription  Encodes for a member of the runt family of transcription factors that regulate hematopoiesis and
factor 1 skeletal development
RUNX3 Runt-related franscription  Encodes for a member of the runt family of transcription factors that regulate hematopoiesis and
oy gl okt Portas et al, AJRCCM 2020
S0OX9 §RY—hox a The protein encoded is an HMG box DNA-binding protein /



Chronic obstructive pulmonary disease and related

phenotypes: polygenic risk scores in population-based and
case-control cohorts

Matthew Moll*, Phuwanat Sakornsakolpat®, Nick Shrine, Brian D Hobbs, Dawn L DeMeo, Catherine John, Anna L Guyatt, Michael | McGeachie,
Sina A Gharib, Ma’en Obeidat, Lies Lahousse, Sara R A Wijnant, Guy Brusselle, Deborah A Meyers, Eugene R Bleecker, Xingnan Li, Ruth Tal-Singer,
Ani Manichaikul, Stephen S Rich, Sunghe Won, Woe Jin Kim, Ah Ra De, George R Washko, R Graham Bar, Bruce M Psaty, Traci M Bartz,

Nadia N Hansel, Kathleen Barnes, John E Hokanson, James D Crape, David Lynch, Per Bakke, Amund Gulsvik, lan P Hall, Louise Wain, International
COPD Genetics Consortiumt, SpiroMeta Cansortiumt, Scott T Weiss, Edwin K Silverman, Frank Dudbridge, Martin D Tobin{, Michael H Chot
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Risk factors

« Cigarette smoking
« Occupational risk

» Reduced maximal lung function

Mormal maximum lung function

s

\ ———

Reduced maximum™_
lung function™

Reduced lung growth

S,
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ORIGINAL RESEARCH

Characteristics of Patients with Chronic
Obstructive Pulmonary Disease Exposed to
Different Environmental Risk Factors: A Large
Cross-Sectional Study
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Table ¥} Comparison of the Characteristics in the Subgroups of COPD Patients Exposed o Tobacco Alone, Biomass Smoke Alone,

Oceupational Exposure Alone, and Other Risk Facovors

Tobacco Alone Biomass Smoke Alone Ocoupational Other Risk
{n = I1520) {n= 413) Exposure Alone Factors
{n = 517} {n = 545)
Age (years), mean (5D 646 (B.2) &5.8 (8.5 583 (B.9) ** 630 {10.1) *BF
Sex. M (%)
Male 1498 (8.5) 129 (30.5) * 454 (B& 1) *® 302 (55.4) *B*
Female 22 {14 94 (695) 73 (139 ** 143 (#4.6) “°*
BMI (kg/m), M %)
<24 1024 (57.4) 90 (BB.5) 362 (£8.7) 353 (£4.8)
=24 454 (324) 133 {31.4) 185 (31.3) 192 (352}
Education, M (%)
Middie schoal o less 1047 (£8.9) 399 (34.0) ° 465 (BE.7) ** 419 (76.9) “B*
High school or upper 473 (31} 5 (59)* &2 {11.8) ** 126 [23.1) *5*
Maricl stamus, N (%)
Unmarried 13 {0.9) 2 (0.5) 7 {13} 407}
Married 1507 (#9.1) 421 (93.5) 530 (¥87) 541 (99.3)
CAT, mean (5D} 15.3 (5.3} 175 (6.3) % 52 (63" 163 (L&) “*
mMRC, M (%)
o-1 583 {IB4) 109 (25.8) * 154 (297 ° 114 (39.3) B
-4 937 (61.4) 314 (747) ° 373 (708 331 (80.7) **
Previous exacertatons, M (%)
<2 1075 (70.7) 233 (55.1) * 75 (522) 408 (74.9) &~
21 445 (293) 190 (44.9) * 151 (478 * 137 (25.1) ®*
FEV, {ler], median (KIR) 10D {074y Q.87 0.51) 1.72 (o3~ ® 096 {0&3) *5F
FEV,% predicted (%), 433 (272) 455 [24.9) ° 463 (274 " 47.1 (275)
medan (R}
FYL flicer), median (IQR) 246 (1.07) 1.B2 (0.86) ° 154 (1.07) 100 {034 *5F
FYCX prediced (%), median (KR} £3.6 (253) LBE (31.7) BOS (258) * £1 (36.4)
FEV/FYC (%), median (IR} 46.5 (1E.4) 489 (16.5) ° 504 (174) * 50.5 {18.5) °
ABCD group, N (%)
A 238 {I54) 30 (7.0)* &3 (13.01) ® TE(139) F
B BI7 (55.1) 03 (48.0) 206 (39.1) ® 332 (£0.9) **
= 48 (3.3) 13 (3.0) 29 (55)" B (L5
o 397 (26.1) 177 (41.B) 133 (42.3) 129 [13.7) **

Duan et al, IJCOPD 2020



( RESEARCH Open Access

Kim et ai. Respir Res {2021)22:43
https://doi.org/10.1186/512931-021-01649-4

Respiratory Research

™

A comparative study of chest CT findings
regarding the effects of regional dust exposure
on patients with COPD living in urban areas

and rural areas near cement plants

Junghyun Kim', Bom Kim?, 5o Hyeon Bak®, Yeon-Mak Oh* and Woo Jin Kim®'®

Table3 Comparison of lung function and CT-measurement adjusted for COPD medication and biomass exposure

Maodel 1 Model 2
CODA KOLD CoDA KOLD
L5Mean+5E  LSMeanx5E P L5Mean+5E  LSMean£5E P
CAT wore 1602 1130+744 < 0001
Putmanary turction 1est
Pre-bronchodilator FEVT (L) S+0012 127 £009 007
Pre-bronchodilator FVC (L) 131079 184014 0368
Past-branchodilatar FEVT L) i 012 412009 0087
Past-branchodilatar FWC L 292X018 300013 0.730
Past-branchodilator FEVFVL 057003 0474003 0003
BLR, bronchodilator response [0.80+2540 [240+219 0683
LT mieasurement
Pean wall arma (%) 30+ A790+ 055 0,130 M030+125 67.10+092 g
ermphyserma inges flax3 AN0+x232 0.0 6141299 [7E0£2.21 00
Emphyserna index, log-transtarmeddexponential 4542129 15231131 < a0l 451124 320120 0
[he ratio of mean lung density [expiationnsplration) 03500 004001 0.37n 0852001 0930 0uoed

Lung (2020) 198:555-563
https://doi.org/10.1007/s00408-020-00350-5

WORLD TRADE CENTER RELATED LUNG DISEASE

Quantitative CT Evidence of Airway Inflammation in WTC Workers
and Volunteers with Low FVC Spirometric Pattern

Jonathan Weber'® . Anthony P. Reeves®( . John T. Doucette® . Yunho Jeon®( . Akshay Sood>( .
Raul San José Estépar®( . Juan C. Celedén’(® . Rafael E. de la Hoz**3(

QCT metric Comparison OR 95% CI OR 95% CI
WAP Low FVC vs. normal 1.32 1.15;°1:52 1.25 1.08, 1.46
COPD vs. low FVC 1.11 0.87. 142 1.13 0.87, 1.47
COPD vs. normal 1.47 1.17, 1.85 .41 1.10, 1.80
MLA, Low FVC vs. normal 0.74 0.37. 1.48 0.85 0.40, 1.79
COPD vs. low FVC 6.56 2.69, 16.02 5.64 202,15.76
COPD vs. normal 4.83 2.43, 9.60 4.77 203,11.20
LAV% Low FVC vs. normal 0.48 0.14. 1.61 0.53 0:15, 1.87
COPD vs. low FVC 10.36 2.95, 3643 742 1.94,28.31
COPD vs. normal 4.98 240, 10.32 394 1.58,9.82

Small airway wall thickening assessed by computerized tomography is associated with low

lung function in Chinese carbon black packers

Xue Cao'". Li Lin**. Akshay Sood’. Qianli Ma?. Xiangyun Zhang*. Yuansheng Liu'. Hong Liu2,
Yanting Li'. Tao Wang!, Jinglong Tang!. Menghui Jiang!. Rong Zhang’, Shanfa Yu®. Zhiqiang

Yu*, Yuxin Zheng!*, Wei Han?. and Shuguang Leng!.7-8

Tox Sci 2020



« Preventable and treatable disease
« Cigarette smoking
« Occupational exposure
« Biomass exposure
« Air pollution
« Maternal exposure of CS, ETS, air pollution
« Childhood environmental exposure
 Childhood infection
« Childhood asthma



Chronic Obstructive Pulmonary Diseases:

Journal of the COPD Foundation

Original Research

COPDGene® 2019: Redefining the Diagnosis of Chronic

Obstructive Pulmonary Disease

Figure 1. Features Used to Define
COPD in the COPDGene® Study
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CT Imaging
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Table 1. COPDGene® 2019 Categories

Category

Symbol # of Disease

Gore
Category _ Odds of Changf }Jﬁllml in FEV Hazard RHJﬁi{l for AII:C:ua‘.e EDPDG‘enE IL.IJI‘E-"Jt
{95% CI) Mortality (95% CI) Classification
l" A 1.0 {ref’.) 1.0 (ref) NO COPD
é B 1.31 (1.04-1.65) 105 (0.76-1.44)
% c 1.42 (1.07-1.88) 1.55 (1.09-2.19) Possible COPD
j: [H] 0.92 (0.64-1.30) 148 (1.03-2.12)
@} E 1.74 (1.28-2.36) 1.90 (1.33-2.71)
& F 1.02 {0.66-1.60) 2,62 (1.84-3.72) Probable COPD
4 G 2.11 (1.66-2.68) L76(1.36-2.27)
¢ H 2,82 (1.18-3.66) 5.18 (4.15-6.48) Definite COPD

Lowe et al, JCOPDF 2019




Chronic Obstructive Pulmonary Diseases: ";‘f
Journal of the COPD Foundation COPD

Original Research

Design of the Redefining Therapy in Early GOPD Study

MeiLan K. Han, MD, MS! Wen Ye, PhD? Dong-Yun Kim, PhD? Prescott Woodruff, MD, MS* for the Pulmonary
Trials Cooperative Investigators Fi gure 1. Stu dy Flow Dlag ram

Redefining Therapy in Early COPD (RETHINC)  priorto

Enrollment

Total N=580: Obtain informed consent. Screen participants by criteria.

Inclusion Criteria

Individuals who meet all of the following criteria are eligible for enrollment as study participants: “
Subject must be able to understand and provide informed consent

1E

2. Age 40-80 In-perso_n_ Administer Study Product/Intervention

3. 210 pack-year smoking history Study Visit 1

4. Post-bronchodilator FEV/FVC ratio 20.70

5. Baseline CAT=10 Phone Call N=290 N=290

Antibiotic [l Glucoco rticoid Antibioticor [l Office or hospital M Severe Any Week 4 Indacatero”glycupyrmlate Placebo

1.6 glucocorticoid visit .
1.4 l l
1.2+ ‘“‘pefs‘?“, Assess for adverse events, reassess symptoms
Lol Study Visit 2
' Week 12

0.8+
0.6+

0.

Aoy L wi W

0
Controls Who Never Current or Former Current or Former Current or Former Current or Former

Assessment of Final Outcome
Smoked Smokers with Smokers with Smokers with Smokers with

Preserved Pulmonary Preserved Pulmonary  Mild-to-Moderate Mild-to-Moderate N E M 2 'I PDF 2 2
Function, Function, COPD, COPD,

CAT<10 CAT=10 CAT<10 CAT=10

i

Prospective Annualized Exacerbation Rate

o




Structure

Emphysema

« > 5% LAA< -950HU
Airway wall

« PIT0 > 2.5mm
Gas-trapping

« > 15% LAA< -850HU
Limitation
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Category (95% C1)* Mortality (95% CI) Classification
’ A 1.0 (ref.) 1.0 (ref)) NO COPD
;;? B 1.31 (1.04-1.65) 1.05 (0.76-1.44)
‘_' . C 1.42 (1.07-1.88) 1,55 {1,09-2,19) Passible COPT)
| g D 0.92 (0.6d4-1.30) 1.48 (1.03-2.12)
i’ E 1.74 (1.28-2.36) 1.90 (1.33-2.71)
|_: F 1.02 (0.66-1.60) 2.62 (1.84-3.72) Probable COPD
{ G 2.11 (1.66-2.68) 1.76 (1.36-2.27)
| ,z H ) Ls_z (2.18-3.66) 5.13_{4.15-5,43} :ﬂnile Eﬂ;’n_




Physiology

« Abnormal spirometry

o Airflow limitation

« FEV1 < 80% predicted and/or FEV1/FVC < 0.70

Adulthood

Childhood  Puberty
120 s

« Potential novel methods

100+

for detect airflow limitation

Lung Function
(% of predicted peak)
P o oa
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o

\ T
0 80 90

Age 1) NEJM 2019



Early COPD vs. pre-COPD

Required One or More of the Following:

=50 yr of age FEV/FVC less than lower limit of normal
=10 pack-years smoking history Compatible computed tomography abnormalities
(visual emphysema, air trapping, or bronchial
thickening graded mild or worse)
Evidence of accelerated FEV; decline (=60 ml/yr)

Martinez et al, AJRCCM 2018

« Prognostic marker — treat
« Risk factor — prevention

PULMONARY PERSPEC

From GOLD 0 to Pre-COPD

Meilan K. Han*, Alvar Agusti®, Bartolome R. Celli®, Gerard J. Criner**, David M. G. Halpin®, Nicolas Roche®,
Alberto Papi’, Robert A. Stockley®, Jadwiga Wedzicha®™, and Claus F. Vogelmeier'®

Han et al, AJRCCM 2021



Importance of Early COPD In Young Adults for Development of Clinical

COPD

Findings from the Copenhagen General Population Study

Yunus Golak'®®, Shoaib Afzal'*®, Barge G. Nordestgaard'*®, Peter Lange®*>*°, and Jorgen Vestbo®

105,143 adults with lung function and information on
smoking exposure al baseline examination in the
Caopenhagen General Population Study

16,089 excluded due lo
presence of FEV,/FVC <0.70
at bassline examination

89,054 individuals with FEV,/FVC 20.70 and information
on smoking exposure al baseline examination

14,870 individuals with lung function at final
examination 10 years later

DEFINITIONS
Early COPD = FEV,/FVC <LLN

Clinical COPD = chronic respiratory symptoms
with FEV,/FVC <0.70 and FEV, <B0% predicted

5,497 individuals with lung function and information on
smoking exposure at baseline examination belore age 50

No early COPD at baseline Early COPD al baseling
examination before age 50 examination befors age 50
n=5,329 n=168.

! |

Na clinical COPD at final Clinical COPD at final
examination 10 years later

examination 10 years later
n=5,246 =83 n=147

No clinical COPD at final
examination 10 years later

Clinical COPD at final

examination 10 years later
n=21

1

!

No clinical COPD at final Clinical COPD at final
examination 10 years later axamination 10 years later

n=5.393 n=104

At baseline examination before age 50
Early COPD = FEV /FVC <LLN

Smoking axposure =10 pack-years al basaling axamination
before age 50 (n=1.486)

—_—
No Early COPD
n=1,423
Early COPD
n=63
T T T T T
a 20 40 60 B0 100
Pravalence (%) >
Smoking exposure <10 pack-years al basaling exambnation
before age 50 (n=1.219)
—_—
Mo Early COPD
n=1,179
Early COPD
n=40
T T T T T
a 20 40 60 80 100
Prevalenca () "

At final examination 10 years later

Clinical COPD = chronic respiratory symptoms with FEV FVC <0.70
and FEV, <B0% pradicted

Mo Clinical COPD

n=1,368 e
Ciinical COPD _
n=55 ' e

f T T T T T
o 20 40 60 80 10D

Prevalence {3)

Mo Clinlcal COPD y
n=48 | o
Clinical COPD

t T T T T T
1] 20 40 1] 80 100
Pravalence (%)

No Clindeal COPD a6
n=1,167 o
Clinical COPD
n=12 4
1 T L L] T
0 20 40 80 80 100
Prevalence (3}
No Clindcal COPD 39
n=36 ~
Clinical COPD - 1%
n=4

(t] 20 40 &0 B8O 100
Prevalence (%)

Colak et al, AJRCCM 2021



Treatable trait?

« Chronic bronchitis
« PRISM

« Early COPD

* Pre-COPD

« Emphysema
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