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Macrophages in the Lung

• Host Defence
M i t i t ilit f th iMaintain sterility of the airways

• Clearance:
I h l d ti l PhagocytosisInhaled particles
Bacterial pathogens

Phagocytosis

Apoptotic cells
- Efferocytosis

Apoptotic cells



Macrophage Phagocytosis 



Macrophage Phagocytosis
Confocal Imaging: Phagocytosis of fluorescently labelled beads



Phagocytosis of Beads 
Alveolar Macrophages MDMAlveolar Macrophages, MDM, 

Tissue Macrophages
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Different Types of Pulmonary
M hMacrophages 

Alveolar MφInterstitial Mφ

8 μm 16 μm

Fathi et al., (2001) Exp Mol Pathol. 70: 77-82



Macrophage Polarization 
M1 M2Membrane receptors

Scavenger receptors A + B
CD163
Mannose receptorTLR2 TLR4

Cytokines
IFNγ/LPS

Mannose receptor
CD14
CD23 (Fcε-RII)

TLR2, TLR4
Fcγ-RI, II, III

(CD16, CD32, CD64)
CD80, CD86

IL-10

Cytokines
IL-4/IL-13IL-1ra

IL-10

TNF-α
IL-1
IL-6

IL-12
IFN

Cytokine receptors

Chemokines

IL-4/IL-13, IL-10

Decoy IL-1R type II

IFN

IL-1R type 1

Chemokines
CCL-17, CCL-22
CCL-24
CCL-18

CXCL9, CXCL10, CXCL11

CCL2, CCL3, CCL4, CCL5
CXCL8

Chemokine receptors
CCL-16

CCR2
CXCR1, CXCR2

CCR7

Effector molecules
CXCR1, CXCR2

arginase
NOS-2

ROI

Mantovani et al, (2002) 
Trends in Immunol.
23: 549-555



Changes in Lung Inflammatory Cells

Inflammatory Asthma COPD
cells

CD45+ 2 2
CD3+ 2 4
CD4+ 3 3CD4 3 3
CD8+ 2 8
Macrophages 0 9
Neutrophils -2 2p
Eosinophils 93 4

Fold change in number of cells vs healthy controls

Jeffery, P.K (2000) Chest 117: 251S-260S



Macrophages and AsthmaMacrophages and Asthma

Remodelling
MMP-9MMP-9
TGF-β

T-cell responses
CD4+ IL 5CD4+ IL-5

MediatorsMediators
CO
IL 12 IL 18

Lack of AHR
IL-12, IL-18suppression



Macrophage Suppression of AHR
Sprague
D l

Brown
NDawley Norway

OVA

No AHR AHR

NO AHR
Careau and Bissonette (2004) AJRCMB 31: 22-27

NO AHRNO AHR



How can Macrophages Suppress AHR?

OVAOVA OVA
AHRXAHRX

↔ IL-10↔ IL-10
↔ IL-13
↔ IL-12
↓ TNFα ↓ TNFα 

Restore phagocytosisRestore phagocytosis
Careau et al., (2006) Am J Physiol Lung Cell Mol Physiol 290: L871-879



Summary: Macrophages in 
A hAsthma

• Modulate the inflammatoryModulate the inflammatory 
response

– ↓ IL-10 IFNλ  ↑ IL-4↓ IL-10, IFNλ, ↑ IL-4

• Remodelling

• Regulate AHRRegulate AHR



Chronic Obstructive Pulmonary Disease

• Ch i b hiti• Chronic bronchitis
mucus hypersecretion ‘large’ airwaysmucus hypersecretion – large airways

Chronic• Bronchiolitis
Chronic 

Inflammation
‘small airways disease’; bronchiolar

‘collapse’

Inflammation
collapse

• Emphysema



Macrophages in COPD
Monocyte

Neutrophil CCL2
CXCL1CXCL1

CXCL8
LTB4
CXCL1

TGF-β

CXCL9

MMP-9
C th i

CXCL10
CXCL11Neutrophil 

Elastase BronchiolitisCathepsins

CD8+

Bronchiolitis

Chronic bronchitisChronic bronchitis
Granzyme B
Perforin

Emphysema
Perforin



Macrophages and COPDMacrophages and COPD

• ↑ Macrophages in BAL and sputum

• ↑ Macrophages at sites of proteolytic
damage

• ↑ Macrophages produce increased  
proteases and chemokinesproteases and chemokines

– MMP-9, IL-8



Release of Elastolytic Activity by 
Alveolar MacrophagesAlveolar Macrophages 

(normal, smokers, COPD subjects)
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Release of MMP Activity by Alveolar y y
Macrophages 
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Effect of Dexamethasone on Release of 
MMP Activity by Macrophages from COPDMMP Activity by Macrophages from COPD

Patients
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Cytokine Release by Alveolar 
Macrophages
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Anti-inflammatory agentsy g

OH
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H

ResveratrolDexamethasone

• Found in the skin of
peanuts, red fruit (plums

d ) d d i

• Glucocorticosteroid

• A ti i fl t and grapes) and red wine

• Anti-oxidant and anti-

• Anti-inflammatory

Anti-oxidant and anti-
proliferative properties



Effect of Dexamethasone and Resveratrol
on IL 8 release by Alveolar Macrophageson IL-8 release by Alveolar Macrophages

(smokers, COPD)

Dex Res

300

400 300

60
200

300

ng
/m

l

***

*200

ng
/m

l
20

40

60

[IL
-8

] 

*********
***

***
***

100

[IL
-8

] 
0

20

6789 5Control
*********

0
45678Control

-log [Dex] M -log [Res] M

Culpitt et al., (2003) Thorax 58:942-946Culpitt et al., (2003) AJRCCM. 167:24-31



MAP Kinase Pathways
STIMULI

MAPKKK MAPKKKMAPKKK
Inactive

MAPKKK
Active

CYTOPLASM

MAPKK PMAPKK
Inactive

MAPKK
Active

P
P

MAPK
Inactive

MAPK
Active

P
P

NUCLEUS
RNA



MAP Kinase Pathways
STIMULI

CYTOPLASM
MEKK1,

Raf ASKMEKKMEKK1 MAPKKK

MKK6MKK3 MKK7MKK4MEK1/2 MEK5MAPKK

p38
α, β, γ, δERK1/2 JNK1, 2, 3ERK 5MAPK

NUCLEUS
ATF2c/EBPα

MAPKAPK-2
ELK-1cFOS MEF2

cJUN

SP1STAT1
CHOP

MAX

c/EBPα



Effects of a PCG on Cytokine Release

Monocyte

Effects of a PCG on Cytokine Release

MONOCYTES
Monocyte
Derived
Macrophages
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Differential Expression of p38 MAP Kinase 
I f i M t d M hIsoforms in Monocytes and Macrophages
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IFNγ Signalling

CYTOPLASMJAK JAKPP CYTOPLASM

STAT-1 P

PP

STAT-1P

STAT-1 PSTAT-1P

NUCLEUSNUCLEUS Transcription



Inflammation in COPD
MacrophageMacrophage

CXCL10

TNFα

CXCL10
IL-6

TNFα

CD8+

IFNIFNγ



Effect of IFNγ ± TNF α on Macrophage 
Stimulation of IL 6 and CXCL10 (n=4 5)Stimulation of IL-6 and CXCL10 (n=4-5)
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Effect of JAK/STAT inhibitors (PF95, PF13) on 
IFNγ stimulated cytokine release (n=4-5)IFNγ stimulated cytokine release (n=4 5)
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Effect of JAK/STAT inhibitors (PF95, PF13) on 
IFNγ+TNFα stimulated cytokine release (n=4 5)IFNγ+TNFα stimulated cytokine release (n=4-5)
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Summary 

Inhibition of signal transductionInhibition of signal transduction
pathways could provide anti-p y p
inflammatory therapies

However macrophageHowever, macrophage 
differentiation state may alter y
these responses



Macrophage Phagocytosis in COPDp g g y

• Alveolar macrophages phagocytose inhaled
particles and pathogens and maintain sterility of
the airways

• Despite increased numbers of macrophages in
COPD the lower airways are colonised

• This suggests defective pathogen clearance by
h i COPDmacrophages in COPD



COPD and Exacerbations

• COPD exacerbations are the most common cause
of hospital admissions in the UKp

• Increased numbers of exacerbations are
associated with decline in lung function

• Approx 40% of exacerbations are caused by
bacterial infections

- H. influenzae
- S. pneumoniae



Leukocyte Isolation and 
Diff ti ti f MDMDifferentiation of MDM

WHOLE BLOOD

Negative 
selection

GM-CSF
10% (v/v) FCS

12 daysDextran 
sedimentation

MONOCYTE
MACS 
system

Percoll Gradient

NEUTROPHIL
BASOPHIL

PBMC
MONOCYTE

NK CELL

EOSINOPHIL

BASOPHIL

B CELL
T CELL

MONOCYTE DERIVED MACROPHAGEDENDRITIC CELL MONOCYTE-DERIVED MACROPHAGE



Measurement of Phagocytosis

Incubate MDMs with heat inactivated
labelled bacteria or beads

Remove particles &
quench extracellular

fluorescence with

labelled bacteria or beads

Remove particlesfluorescence with
trypan blue

Remove particles.

Disassociate cells from plate and 
place in FACS tube

p
Stain cells with 
DAPI (nucleus) 
and Evans Blue 

(Cytoplasm)(Cytoplasm)

Remove trypan blue andRemove trypan blue and 
quantify phagocytosis in 

fluorimeter at ex 480nm and 
em 520nm View cells using con-focal microscope

Analyse phagocytosed 
particles using FACScan



MDM phagocytosis of Beads

No beads 1x106 beads/ml 5x106 beads/ml

10x106 beads/ml 50x106 beads/ml



MDM phagocytosis of beads
Non-smokers (n=9), smokers (n=13) and COPD

subjects (n=11)
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Phagocytosis of E.coli

No E.coli 1μg/ml E.coli 2μg/ml E.coli

25μg/ml E.coli 100μg/ml E.coli 400μg/ml E.coli



Does Disease Affect Phagocytosis?
Monocytes Alveolar MacrophagesMDM
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MDM phagocytosis of S. pneumoniae
N k ( 16) k ( 11) d COPDNon-smokers (n=16), smokers (n=11) and COPD 

subjects (n=12)
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MDM phagocytosis of H. influenzae
Non-smokers (n=15) smokers (n=11) and COPDNon-smokers (n=15), smokers (n=11) and COPD 

subjects (n=16)
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Confocal Microscopy of MDMpy
H. influenzae S. pneumoniaep



Relationship between Lung Function 
d Ph t i f H i fland Phagocytosis of H.influenzae
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Macrophage Phagocytosisp g g y

Alveolar 
macrophage

• Non-smoker
• Normal smoker
• COPD

Defective
phagocytosis

Bacteria

p g y

↑ ↑ Inflammatory
mediators

Sterilisation of

mediators

Sterilisation of
Respiratory tract

Chronic colonisation
P i t t i fl tiPersistent inflammation



Recognition of Particlesg

FcR C
FcR SR

FcR CR

CD 14

APOPTOTIC CELL

GRAM +VE
αvβ3
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MARCO MR CD163 CD36

CD 36

CR
APOPTOTIC CELL

CR SR FcRTLR2/6
CD 163

MR

MARCO, MR, CD163, CD36, 
TLR2, TLR4

PS
Receptor

αvβ3/5
CD 36

NUCLEUS

TLR4
β2

NUCLEUS
GRAM -VE

CD 163
MR



Signal Transduction Pathways

MR
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Effect of Kinase Pathway Inhibitorsy

PI3K Inhibitor Rho kinase InhibitorPI3K Inhibitor Rho kinase Inhibitor
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Effect of Colchicine (microtubule disruptor) on 
E li Ph t i i MDME.coli Phagocytosis in MDM
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Effect of Formoterol on Phagocytosis

H influenzae S pneumoniaeH. influenzae S. pneumoniae
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Effect of Budesonide on Phagocytosis

H influenzae S pneumoniae
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Summary 
Monocytes/macrophages could be targets for
asthma and COPDasthma and COPD

R l D d t i t/ h tRole – Dependent on environment/phenotype

Inhibit – monocyte migration
mediator release
protease activity

Promote – phagocytosis
i d l t limmunomodulator release
e.g. IL-10


