
IPFIPF

IPF AND SURROUNDINGS
Discussants: S.Harari,
C. Robalo Cordeiro

IPFIPF
PathogenesisPathogenesis

Prof. Marco Chilosi
UOC Anatomia e Istologia Patologica 



20022002

20032003

20042004

20052005

20062006 20072007 20092009



20022002

20032003

20042004

20052005

20062006 20072007 20092009



20102010

20032003

20042004

20112011

20132013

20072007

20142014

20122012



IPF IPF pathogenesispathogenesis

StemStemcellcell exhaustionexhaustion
Pulmonary disease determined by accelerated aging of lung

parenchyma leading to abnormal tissue renewal with
tissue remodelling, and progressive functional impairment.

Complications: 
• senescence related co-morbidities

• Acceleration with DAD features,

• Carcinoma development
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The The VictimVictim

Pneumocyte

DADDAD

Am J Respir Crit Care Med Vol 181. pp 254–263, 2010

Laminin 5γγγγ2



AgingAging
Replicative senescence
and Telomere attrition

GeneticGenetic
Telomerase gene mutations

IPFIPFIPFIPF
Epithelial Stem cell Epithelial Stem cell Epithelial Stem cell Epithelial Stem cell 

exhaustionexhaustionexhaustionexhaustion

Telomerase gene mutations
Surfactant gene mutations

Endoplasmic reticulum stress

Smoking, Smoking, pollutionspollutions::
Oxidative stress, ROS, NOX4

AnatomyAnatomy
Mechanical stress





Proc Am Thorac Soc Vol 8. pp 158–162, 2011

Telomere 
dysfunction
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stress (unfolded 
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Epithelial stem cell 
exhaustion



ERJ Express. Published on April 2, 2015 as doi: 10.1183/09031936.00163814

The genetic basis of idiopathic pulmonary fibrosis
Jonathan A. Kropski1, Timothy S. Blackwell, and James E. Loyd.





Nature Genetics VOLUME 45 | NUMBER 6 | JUNE 2013



PARN and RTEL1 mutation carriers had shortened leukocyte 
telomere lengths, and we observed epigenetic inheritance of short 
telomeres in family members. Together, these genes explain ∼7% of 
familial pulmonary fibrosis and strengthen the link between lung strengthen the link between lung 
fibrosis and telomere dysfunction.fibrosis and telomere dysfunction.



CellCell SenescenceSenescenceCellCell SenescenceSenescence
ImmunosenescenceImmunosenescence
SASPSASP
StemStem cellcell exhaustionexhaustion
AberrantAberrant signalingsignaling
WNT WNT pathwaypathway
MechanicalMechanical stressstress
OxidativeOxidative stressstress



Chilosi M, Carloni A, Rossi A, Poletti V. Premature lung aging and cellular senescence in the pathogenesisof idiopathic pulmonary fibrosis
and COPD emphysema.  Transl Res 162: 156-73, 2013



Replicative senescence and Telomere attrition AgingAging

IPFIPFIPFIPF
EpithelialEpithelialEpithelialEpithelial StemStemStemStem cellcellcellcell exhaustionexhaustionexhaustionexhaustion

Parenchymal senescence

Replicative senescence and Telomere attrition

Endoplasmic reticulum stress

Oxidative stress

Mechanical stress

AgingAging

SurfactantSurfactant

SmokeSmoke

AnatomyAnatomy





IPF IPF 
AnatomicalAnatomical location location lowerlower lobeslobes, , posteriorposterior, , peripheralperipheral

Abnormal bronchiolar proliferation and dilation ����

HoneycombingHoneycombing



Maximal Maximal alveolaralveolar
deformationdeformation



Am J Respir Crit Care Med Vol 189, 10,  1161–1172, 2014



Stemcell exhaustion in IPF
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2. Multifactorial/complex pathogenesis:  genetic predisposition, cell 
senescence, stem cell exhaustion

- pediatric ILD (Surfactant-PB or PC-deficiency, ABCA3 mutation, 
NKX2-1 mutations)

- familial IPF (TERT, TERC, SP-A2, SP-C, ABCA3, pro-MUC5B 
rs35705950 polymorphism)

- Dyskeratosis congenita with pulmonary involvement (telomeropathy)

- Idiopatic pulmonary fibrosis - IPF/CPFE  
- genetic features:  rare: surfactant SPA2 and SPC, ABCA3 mutations,  

frequent:  pro-MUC5B rs35705950 polymorphism,
- molecular features: telomere shortening, WNT-pathway activation , 
EMT, etc.)













Annu. Rev. Med. 2010. 61:105–19





Cell senescenceCell senescence

• is a permanent state of cell cycle arrest 
unresponsive to growth factors that can be 
triggered by different mechanisms including:triggered by different mechanisms including:

•• replicativereplicative telomere erosion, telomere erosion, 

•• cellular stresses, cellular stresses, 

•• DNA damage, DNA damage, 

•• oncogeneoncogene activation  (OIS) activation  (OIS) 



EtioEtio--pathogenicpathogenic modelmodel forfor IPF: IPF: 
matchingmatching clinicalclinical, , pathologicalpathological and and imagingimaging featuresfeatures

��AgeAge
��SmokeSmoke
��LowerLower--posteriorposterior lobeslobes

��FamilialFamilial vs vs sporadicsporadic
ExacerbationsExacerbations��ExacerbationsExacerbations

��MolecularMolecular featuresfeatures ((wntwnt, , caveolincaveolin, etc.), etc.)

��RemodellingRemodelling
��fibroblastfibroblast focifoci
��honeycombinghoneycombing



Sarcoidosis Vasc Diffuse Lung Dis. 2010

3. RemodellingRemodelling

1.

2. AberrantAberrant signalingsignaling

AlveolarAlveolar lossloss



OIS: a OIS: a dangerousdangerous mechanismmechanism

PraguePrague, , JuneJune 20142014



Oncogenes P53
p21
P16
p63

OISOIS
Oncogene Oncogene InducedInduced SenescenceSenescence

• Oncogene-induced senescence (OIS) is a defense mechanism and a major 
obstacle to cancer development and progression. 

• As senescent cells are incapable of further proliferation, OIS has to be 
overcome for cancers to grow and progress (e.g. mutations in p53, p16 genes). 





Van Deursen JM. The role of senescent 
cells in ageing. Nature
2014;509(7501):439-446







SASP SASP 



The The secretorysecretory phenotypephenotype
ofof senescentsenescent cellscells





12/19 pulmonary LCH     ���� BRAF+
19/19                                  ���� p16+, p21+



• beta-catenin is an oncogene
• can trigger cell senescence by OIS,
• can amplify in a vicious circle aberrant signaling and SASP

SASPSASP



InflammationInflammation in in IPFIPF

p16p16

SASP



WNTWNT

cMYCcMYC
apoptosis

Proliferative 
molecular signals 

WNTWNT

•• Progressive Progressive alveolaralveolar lossloss
•• PNPN--II  II  attemptedattempted regenerationregeneration

•• FrustratedFrustrated renewalrenewal

SASPSASPWNTWNT



WNTWNT

• Progressive alveolar loss
• PN-II  attempted regeneration

• Frustrated renewal
cMYCcMYC

apoptosis

INTERSTITIAL FIBROSISINTERSTITIAL FIBROSIS
HoneycombingHoneycombing

Proliferative 
molecular signals 

WNTWNT

myofibroblastmyofibroblast
proliferationproliferation

SASPSASP

OIS OIS Beta-Catenin

BMP

VascularVascular
changeschanges

PAHPAH

neoangiogenesisneoangiogenesis

BronchiolarBronchiolar
proliferationproliferation

HoneycombingHoneycombing

GremlinGremlin

WNTWNT

EMTEMT

WNTWNT



• beta-catenin is an oncogene
• can trigger cell senescence by OIS,
• can amplify in a vicious circle aberrant signaling and SASP

SASPSASP



pleura

WNTWNT
Zombie Zombie 

PneumocytesPneumocytes

OISOIS
SASPSASP

bronchiolesbronchioles



pleura

Micro-Honeycombing

WNTWNT
Zombie Zombie 

PneumocytesPneumocytes

OISOIS
SASPSASP

bronchioles

WNT-Tsunami



Honeycombing



Bronchiolar
proliferation

Injury at bronchiolo-alveolar junctions

OIS

PneumocytePneumocyte
apoptosisapoptosis

Alveolar loss

WntWnt--activationactivation
FieldField--EffectEffect



Meuten et al. Respiratory Research 2012, 
13:62



TenascinTenascin

pleurapleura



b-catenin nuclear accumulation in type-II pneumocytes

WNT-pathway

ββββββββ--catenincatenin
•• CyclinCyclin--D1D1
•• MMP7MMP7
•• cc--mycmyc

ProliferationProliferation
ApoptosisApoptosis

J Biol Chem. 2003 Oct 10;278(41):40231-8. 

ββββββββ--Catenin is required for specification of proximal /distal cell fate during Catenin is required for specification of proximal/d istal cell fate during 
lung morphogenesis.lung morphogenesis. Mucenski ML, Wert SE, Nation JM, Loudy DE, Huelsken J, Birchmeier W, 
Morrisey EE, Whitsett JA. Division of Pulmonary Biology, Cincinnati Children' s Hospital Medical Center, Cincinnati, Ohio 45229-3 039, USA. 

EMTEMT



Am J Pathol 2003 May;162(5):1495-502 

AberrantAberrant WntWnt//betabeta--CateninCatenin PathwayPathway ActivationActivation in in IdiopathicIdiopathic PulmonaryPulmonary FibrosisFibrosis..
Chilosi M, Poletti V, Zamo A, Lestani M, Montagna L, Piccoli P, Pedron S, Bertaso M, Scarpa A, Murer B, Cancellieri A, Maestro R, Semenzato G, Doglioni C. 
Department of Pathology, University of Verona, Verona.

p63p63 CK5CK5p63p63 CK5CK5

ββ--CatCat CyclinCyclin--D1D1 MMP7MMP7--MatrylisinMatrylisin



TAp63TAp63

C-Myc

Renewal strategies in bronchiolar and alveolar epithelia are different

telomerase

AECIIAECII

Rigged game

Surfactant SPA

∆∆∆∆∆∆∆∆NN--p63p63 CK5

AECIIAECII

AECAEC--II

ββββββββ--catenincatenin









CK5/sox2

Micro-honeycombing
In IPF

Normal bronchiole







Lab Invest. 2002 Oct;82(10):1335-45. 
Abnormal re-epithelialization and lung remodeling in idiopathic pulmonary fibrosis: the role of deltaN-p63. 
Chilosi M, Poletti V, Murer B, Lestani M, Cancellieri A, Montagna L, Piccoli P, Cangi G, Semenzato G, Doglioni C. 

ββ--catenincatenin

∆∆NN--p63p63



BronchiolarBronchiolar dysplasiadysplasia in IPF: in IPF: molecularmolecular featuresfeatures

hyperhyper--expressionexpression
•N-beta-Catenin
•Laminin-5g2
•Hsp27
•Tubb3
•P63
•ZEB1
•MUC5B

Chilosi et al, in preparation

Tubb3Tubb3 + + ZEB1ZEB1

Tubb3Tubb3 + p63p63

•MUC5B
•S100A4
•Fascin
•C-Myc
•MMP7
•K14

impairedimpaired--expressionexpression
•SOX2
•MUC5AC







OncogeneticOncogenetic ModelModel: : fibroblastfibroblast foci in IPF/UIPfoci in IPF/UIP

LamininLaminin--5 5 
gammagamma--2 chain2 chain

Bronchiolar basal (stem) cells

myofibroblastsmyofibroblasts

ROSROS
Reactive Oxigen Species





HSP27 HSP27 
• Involved in cell motility

• Involved in cancer prognosis
• Involved in drug resistance

Proteasome inhibitors, 

Cancer Res 2007; 67: (24) 15, 2007

•
Proteasome inhibitors, 

doxorubicin

• Antiapoptotic effect
• Suppression of OIS 

• Suppression of drug-induced
senescence



N Engl J Med 2011;364:1503-12.



CK8CK8

HoneycombingHoneycombing: : bronchiolarbronchiolar dysplasiadysplasia ??

∆∆∆∆∆∆∆∆NN--p63p63CK5CK5

Basal cell hyperplasia and atypia



∆∆∆∆∆∆∆∆NN--p63p63

Abnormal basal cells

∆∆∆∆∆∆∆∆NN--p63p63

CK 8/18CK 8/18

FromFrom metaplasia metaplasia toto squamoussquamous carcinoma in IPFcarcinoma in IPF



Patients with idiopathic pulmonary fibrosis (IPF) have an
increased incidence of lung carcinoma (LC) when
compared to general age-matched population (up to
48%) in different series, and different studies suggest
that this increase is independent of the effect of
cigarette smoking

[[haddad 1968, Turner-Warwich 1980; Panos 1990; Aubrey-2002;
Hubbard 2000; Artinian 2004, Daniels 2005, Le Jeune 2007,
Matsushita 1995, Ozawa 2009].





..90% peripheral…

…65% topographically 
associated with 

honeycombing…



Airway Progenitors 
(basal cells)

neuroendocrine
progenitor

Squamous carcinoma (central and peripheral)
m-BAC

Bronchiolar-type adenocarcinoma
Adenosquamous carcinoma

Metaplastic enteric (?)

Uncommitted 
progenitor

Distal (TRU, alveolar) progenitors 
Pneumocyte type II

bipotential
Progenitors

(Clara cells?)

BAC
Mixed-BAC

Pneumocyte-type adenocarcinomas

Adenocarcinoma NOS





NapsinNapsin--AA

ADK ADK mucinousmucinous ((mm--BACBAC) in IPF (#3)) in IPF (#3)

MUC5ACMUC5AC

CK7        CK20      TTF1      SPA        NAPS    MUC5AC          



The “The “wormworm--signsign” in ” in mm--BACBAC

EE-SPA-TTF1

mm--BACBAC



The “The “wormworm--signsign” in IPF/UIP” in IPF/UIP

CK5CK5







A                         b                           c                         d

EntericEnteric--typetype ADK in IPF   ADK in IPF   Case #6Case #6

Metaplastic enteric adenocarcinoma developed in IPF (a: H&E). The acinar component express an incomplete intestinal phenotype: SPA – (b), CK20 +/-,(c), TTF1 –
(d), cdx-2 + (e,f), villin + (g), beta-catenin + (nuclear h).

E                         f                             g                          h



ConclusionsConclusions::
OurOur resultsresults showshow thatthat

hyperactivehyperactive WntWnt signalingsignaling inin lunglung
progenitorsprogenitors expressingexpressing aa lunglung--specificspecific genegene
cancan induceinduce aa dramaticdramatic switchswitch inin lineagelineage
commitmentcommitment andand thethe generationgeneration ofof intestinalintestinal
cellcell typestypes.. WeWe discussdiscuss thethe relevancerelevance ofof ourour
findingsfindings toto thethe poorlypoorly understoodunderstood
pathologicalpathological conditioncondition ofof intestinalintestinal
metaplasiametaplasia inin humanshumans..



FromFrom““bronchiolarbronchiolar DysplasiaDysplasia to carcinoma in to carcinoma in IPF/UIPIPF/UIP

Squamous carcinomaSquamous carcinoma

Abnormal stem (basal) cells
WNTWNT--abnormal abnormal 

activationactivation
IntestinalIntestinal--type type 

adenocarcinomaadenocarcinoma

GobletGoblet--
metaplasiametaplasia

mm--BACBAC

adenocarcinomaadenocarcinoma
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