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COPD - two major phenotype

Emphysema
« Alveolar wall destruction
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Chronic Inflammation

« Abnormal inflammatory response — damages airways
(bronchitis-bronchiolitis) and alveoli (emphysema)
—physiologic decline lung function acceration — leads to
airflow limitation

» Type 1, Type 2 inflammation



Inflammatory and immune cells involved in chronic obstructive
pulmonary disease (COPD)
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Table 1| Comparison between patterns of inflammation in asthma and COPD

Neutrophils
Eosinophils
Mast cells
Macrophages
T cells

B cells

Dendritic cells

Chemokines

Cytokines

Lipid mediators

Oxidative stress

Steroid response

Asthma
Mild

T 2 cells; ++
iNKT cells: ?

Igk producing
+

CCL11: +

IL-4: ++
IL-5: ++
IL-13: ++

LTD :++
PGD,: +

0

++++

Severe
++

++
+++

4

T 1cells:+
T .2 cells: +
T 1cells: +
T 2cells: +7
T.17 cells: ?

Igk producing
?
CXCLS8: +

I M MM I I

TNF: ++

LTB :++
PGD,: +

++

T

Exacerbation
++++

+++

+++7

?

?

CXCLS8: ++

+++

+

COPD
Mild
++

0

0

+++

Tcl cells: +

+
+7

CXCLS: +
CXCL1: +
CCL2: +

TNF: +

I_TB4: +

++

0

Severe
+++

0

0

++++

T 1cells: +++
T 1 cells: +++
THHl? cells: 7

+++
+7
CXCLS: ++

TNF: ++

LTBq: ++

+++

0

Exacerbation
+H++

+

++++

?
?
CXCLS: +++

TNF: +++

LTB,: +++

++++

0

Refs

7
110,111
7.26,112
113
18,66,114

18,73
115
116

117,118

10,11

119-122
92

0, no response; +to ++++, magnitude scale; 7, uncertain. CCL, CC-chemokine ligand; COPD, chronic obstructive pulmonary disease; CXCL, CXC-chemokine ligand;
iNKT, invariant natural killer T; LTB,, leukotriene B ; LTD,, leukotriene D,; PGD,, prostaglandin D,; T 1, type 1 cytotoxic T; T, T helper; TNF, tumour-necrosis factor.



Heterogeneity of Airway inflammation
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Type 2 inflammation in COPD
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TABLE 1 Prototypical type 2 cytokines

Type 2 cytokine Source Function in the lung
IL-4 Th2 cells, ILC2s, mast cells, basophils, NK Promotes the differentiation of naive T cells into Th2 cells and the production of
T cells, eosinophils Igk antibodies by B cells and contributes to inflammatory cell recruitment
including Th2 cells, B cells and mast cells
IL-5 Th2 cells, ILC2s, mast cells, basophils, Crucial for the growth and differentiation of eosinophils
eosinophils, activated B cells
IL-13 Th2 cells, ILC2s, eosinophils, mast cells, Induces Igg synthesis from B cells and contributes to mucus production,
basophils, NK T cells, epithelial cells inflammatory cell recruitment and small airway remodelling
IL-9 Th2 cells, ILC2s, mast cells, Tregs, Th9 cells Contributes to mast cell growth and function, and to the recruitment and
maturation of ILC2s
IL-10 Th2 cells, Tregs, macrophages and Generally considered an anti-inflammatory cytokine owing to its activity in
monocytes, dendritic cells, B cells, maintaining immune homeostasis; can also promote Th2 responses
NK cells, mast cells, epithelial cells under stress

IL: interleukin; Th2: type 2 helper T; ILC2: group 2 innate lymphoid cell; NK: natural killer; Tregs: regulatory T cell.

IL-4 and IL-13 : permeability of the mucosal surface of airways by downregulating key
proteins that regulate intercellular tight junctions — leaky airway mucosa
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Inflammatory mediators

* Lipid mediators
* significant increase in PGE2 and PGF2a, LTB4 concentrations

 Cytokines
« TNF-a
« Chemokines
« CXCL8 1 exacerbations, CCL2, CXCR3 expression

* Protease

* MMP-9 elastolytic enzyme in COPD and is secreted from
macrophages, neutrophils, and epithelial cells.



Pathophysiology

« Airflow obstruction and gas trapping

* Hyperinflation

* Pulmonary gas exchange abnormalities
* Pulmonary hypertension

* Exacerbation

« Multimorbidity




Airflow obstruction and gas trapping

e Cause

« small airways disease (airway resistance 1) + parenchymal
destruction (emphysema, elastic recoil |)

e Chronic inflammation

* Narrowing small airways — luminal exudateds, low of alveolar
attachments to the small airways

 lung elastic recoil | + | FEV1 and FEV1/FVC ratio (Expiratory flow
limitation) — gas trapping, hyperinflation



Pathological Features of COPD According to the Severity of Airflow Limitation.
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Number of Small Airways According to Severity of Airflow Limitation and Amount of
Emphysema.
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Hyperinflation
« End of expiration, Gas volume 1

* mild obstruction at rest
* Dyspnea
« Impaired exercise tolerance
* increased hospitalization 1

« Moderate to severe obstruction
« Dynamic hyperinflation correlates severity of small airways obstruction
* higher ventilator response to exercise
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Bronchodilator
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Pulmonary gas exchange abnormalities

e Structural abnormality — alter V/Q distribution

° Reduced ve ntllatlon (d/t Sedc Table 3. Percentages of abnormalities of the principal

pulmonary gas exchange descriptors according to the GOLD

hypercapnic respiratory failul sage of coPD

GOLD Stages

Characteristic | 2 3 4
* Pa rencymal destruction — de Pao,, < 80 mmHg 40% 60% 72% 97%
Paco,, = 50 mmHg 0 0 1 % 21%
AaPo, = 15 mmHg 87% 90% 94 100%
Log SDQ, = 0.60 67% 73% 91% 95%
Log SDV, = 0.65 60% 90% 100% 95%
Log SDQ and/or Log SDV 73% 95% 100% 98%
DISP R-E*, = 3.0 93% 95% 100% 100%

Ventilation-perfusion indexes are dimensionless. To convert millimeters of
mercury to kilopascals, multiply by 0.133.



Table 2. Ventilation-perfusion distributions of the patients grouped according to the GOLD stage of COPD

Characteristic GOLD Stage 1, Mild GOLD Stage 2, Moderate GOLD Stage 3, Severe GOLD Stage 4, Very Severe P Value*
Shunt, %Ot 1+1 1+1 1+2 2+28§ < 0.01
Low, VA/Q, %Qr 1.4+3.3 28548 4.1+7.0 3.1x£7.0 NS
Mean Q 083023 072023 (0.68-+030 0652027 NS
Log SDQ I 0.83+£0.32 0.8720.30 0.98+0.24 1.00£0.26 < (.05 I

gﬁt}'ﬂ_llg . VA, WOVE 00x2.8 [ ST L1071 Do 1l.07 .
Mean V + 1L534-+-073 ] 80-+() 852 2000078 J

Log SDV 0.72£0.25 0.79+£0.24 0.98£0.26%% 1.04£0.288 < (0.001
DISP R-E* 8.12+4.43 9.02+4.11 13.22+£6.08*%% 14.20+4.57§ < (0.001
Dead space, % Vg 2112 2815 AlX12 RESSEN = 0.01
Vg, /min 9.0£4.0 0.0£23 8.3+£2.0 8.4+2.0 NS
Qr, /min 5.8+£1.8 6.0£1.3 56%1.5 5.3x1.5 NS

Values are means = SD. Shunt, perfusion-to-alveolar units with VA/Q ratios <0.003; low VA/Q, ratios between 0.005 and 0.1 (excluding shunt); Qr, cardiac
output; mean Q, the mean V4/Q ratio of the blood flow distribution; Log SDQ, dispersion of pulmonary blood flow; mean V, the mean of VA/Q ratio of the
ventilation distribution; Log SDV, dispersion of pulmonary blood flow, V A/Q ratio between 10 and 100; DISP R-E*, dispersion of retention minus excretion of
inert gases corrected by dead space; dead space, Va/Q ratios >100; Vg, minute ventilation. mean Q, mean V, Log SDQ, Log SDV, and DISP R-E* are

dimensionless. P values were determined by the Kruskal-Wallis test: *P << 0.0083, GOLD stage 1 vs. 3; TP < 0.0083, GOLD stage 1 vs. 4; £P << 0.0083, GOLD
stage 2 vs. 3; §P < 0.0083, GOLD stage 2 vs. 4.

Roterto et el, J Appl Physiol, 2009



Pulmonary hypertension

* Inflammatory response in vessel, endothelial cell dysfunction

 Progressive pulmonary hypertension — Rt ventricular
hypertrophy , Rt heart failure (Cor pulmonale)

* Diameter of pulmonary artery, exacerbations 1



Exacerbation

* Trigger : respiratory infection, environmental pollutants

 During exacerbation
e airway , systemic inflammation 1
e gas trapping 1
* hyperinflation with reduced expiratory flow



Ew Respir J 2005, 26: 420-428
DOl 10.1183/03031936.05.001 36304
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Physiological changes during symptom
recovery from moderate exacerbations of
COPD

gy 1:1N3= W Recovery from acute exacerbations of chronic obstructive disease as indicated by changes in measurements from study
entry (day 0) during follow-up visits

Variable Day 7 Day 14 Day 30 Day 60 Final visit
Subjects n 8 17 15 15 20
Days post study entry T+1 1541 30+1 6313 6015 (14-92)
Symptoms
CRQ dyspnoea 01404 1.5+0.3** 1.410.4%* 1.8+05+* 1.6+0.4%*
Modified MRC 0.840.3* 08103 0.910.4** -1.010.4%* 0.810.3*
DI 3.0+0.7* 2.7 10.7* 24110 33109 28108
Dyspnoea at rest Borg 02106 0.71£0.3 -1.440.5% 11105 -1.610.4%*
Pulmonary function
FEV1 L 0.00+0.09 0.12 £0.06* 0.13 £0.06* 0.24 £0.06** 0.19£0.05%*
FEV1/FVC % 25124 02421 12118 20119 14118
FEFzs-75% L™ -0.07 10.04 0.01£0.04 0.04 £0.08 0.04 £0.04 0.03+10.08
PEFRLs" 0.091+0.14 0.70 +0.22* 0.65+0.25* 0.64 £0.18* 0.60+0.14**
FC L 0.1510.12 0.30£0.11* 023 +0.00** 0.40+£0.11** 0.35£0.10**
ICL 0.06 +0.07 0.26 +0.06™* 0.27 £0.07** 0.30 £0.06** 0.30 £0.06%*
SVC L 0.27 +0.10* 034 £0.11** 0.32 £0.07** 0.47 £0.12** 0.38 £0.10**
ncL 0.07 £0.15 -0.0010.09 0.1210.07 0.1310.07 0.0910.06
FRC L 0.00+0.12 -0.28 +0.08** -0.16£0.10* -0.17 £0.07* -0.20 +£0.06**
RV L =021 £0.11 -0.41 £0.11** -0.20+0.11* -0.34 £0.12* -0.31 £0.10*
sRaw % pred -15+50 -133 £57* 67 £57 -128 £51* =102 +43*
D cofVa % pred 611* 213 213 143 213
Steady-state rest (room air)
Sa0, % 04402 16108 15105 28109 21108
Vo, L-min ' -0.0010.02 0.02 +0.02 0.02 +0.02 0.02 +0.02 0.01£0.02
Veo, L-min™ 0.00+0.01 0.01 £0.02 0.02 +0.02 0.02 +0.02 0.01£0.02
V'E L-min”! 18411 0.71£0.6 0.1105 03107 0.3106
WL 0.0510.04 0.01£0.04 0.0210.06 0.04 £0.06 0.0310.06
f braaths-min™' -4.010.7** 13110 08413 16411 11110
ot -0.01 £0.02 -0.02+0.02 -0.00+0.01 -0.0010.02 -0.02+0.02

wm
o

s

e

e

LR

]

Difference from day 0 % pred

e

Difference from day O L

e 1t
$iate

e

LE
-
-
L=t
-
LR L]

I_T_|

FEV1FEV1/ FVC PEFR FEF

0.6
05
0.4 4
0.3
0.2 4
0.1
00+
0.1 1
021
0.3 1
041
05 -

_|’,

s

_|#

—

IC SVC FRC RV TLC

ﬁ

*H

[

RV TLC

Parker et el, ERJ (2005)



Multimorbidity

« Co-occurance of COPD with possible shared mechanisms and
risk factors

« Smoking, aging, Inactivity

* Inflammatory mediators — skeletal muscle wasting, cachexia,
worsen comorbidity



A COPD asasingle disease B COPD as a single disease with comorbidities C COPD in the context of multimorbidity
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Fabbri et el. Lancet Resp Med. (2023)




Individual: lifestyle, work, and health Environment

Exposome

Life course

Bt

Intermediate pathways

Apoptosis Inflammation
Lowr EITIP"I}'SEFTIE. Necrosis Bronchitis Hiﬂ'l
BAAI HETS BmiI
IL-8 IL-6
SPD Fibrinogen
sRAGE proliferation CrRP

Components of multimorbidity

Metabolic syndrome, 054, diabetes, degenerative joint

Osteoporosis, sarcopenia, abdominal aortic aneurysm,
disease, erectile dysfunction, congestive heart failure

anxiety, peripheral arterial disease, lung cancer

Fabbri et el. Lancet Resp Med. (2023)



Summary

 Type 2 inflammation in COPD

» Airflow obstruction and gas trapping

* Hyperinflation

« Pulmonary gas exchange abnormalities
* Pulmonary hypertension

* Exacerbation

« Multimorbidity
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