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• 1899 Caesar Boeck: skin nodules 
characterized by compact sharply 
defined foci of  « epithelioid cells 
with pale nuclei and also a few giant 
cells »Thinking this resembled 
sarcoma he called the condition 
« multiple benign sarcoid of the skin » 

  Ianuzzi MC et al. NEJM 2007 

 

 



• (Ilya Ilitch Metchnikov) Élie 
Metchnikoff, (né le 15 mai 1845 à 
Ivanovka près de Kharkov, actuelle 
Ukraine et mort le 15 juillet 1916 à 
Paris). Avec Paul Ehrlich co-lauréat 
du Prix Nobel de physiologie ou 
médecine en 1908.  

http://commons.wikimedia.org/wiki/File:Ilya_Ilyich_Mechnikov_1913.jpg?uselang=fr


Granuloma 
From Wikipedia, the free encyclopedia 

• Granuloma (plural granulomas 
or granulomata) is an 
inflammation found in many 
diseases. It is a collection of 
immune cells known as 
macrophages. Granulomas 
form when the immune 
system attempts to wall off 
substances that it perceives 
as foreign but is unable to 
eliminate. Such substances 
include infectious organisms 
such as bacteria and fungi as 
well as other materials such 
as keratin and suture 
fragments.The adjective 
granulomatous means 
characterized by granulomas. 

 

The granuloma in this picture was found  
in a lymph node of a patient  

with Mycobacterium avium infection  
 

http://en.wikipedia.org/wiki/Infectious_organism
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Fungi
http://en.wikipedia.org/wiki/Keratin
http://en.wikipedia.org/wiki/Lymph_node
http://en.wikipedia.org/wiki/Mycobacterium_avium
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Attention à ce qui est compris sous 
la dénomination de granulome 
 
- granulomes à corps étranger 
- granulomes à cellules épithélioïdes 

http://en.wikipedia.org/wiki/Infectious_organism
http://en.wikipedia.org/wiki/Bacteria
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Granulomes épithélioïdes et sarcoidose 



tuberculose 
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Sarcoidose pulmonaire: 
Granulomes associés  
aux lymphatiques: 
 
Poumons:  
-zones sous pleurales 
-péribronchovasculaires 
-cloisons interlobulaires 
 
Atteintes  
- parenchymateuses, 
- des voies aériennes  
( bronches bronchioles) 
- vasculaires  
( veines et artères) 
 
Ganglions médiastinaux  

Dr Marianne Kambouchner 
Avicenne Bobigny 



Histologic pattern of granulomatous interstitial pneumonias modified   according to Cheung 2003; 

(D Valeyre et al.  Seminars in Critical and Respiratory Medicine 2014)  

 
Distribution Granulomas  Associated features * 

Sarcoidosis Lymphangitic 

( associated  to vessels, 

pleura, airways) 

Well circumscribed 

coalescent +++ 

Perigranulomatous  

fibrosis 

Little inflammation 

Unusual 

Berylliosis Lymphangitic as for 

sarcoidosis  

and/or  

scattered small 

granulomas with interstitial 

inflammation 

Similar to sarcoidosis 

Well circumscribed 

coalescent +++ 

Perigranulomatous  

fibrosis 

Infections 

(mycobacterias 

fungi) 

Randomly distributed or 

bronchiolocentricity 

Frequently palissadic 

around geographic 

necrosis  

Perigranulomatous 

inflammation 

Few fibrosis or none 

OP -/+ 

Int.Inf -/+ 

Hypersensitivity 

pneumonitis 

Airway centered 

inflammation 

( bronchioles, alveolar 

ducts) 

Small non-necrotizing 

loose granulomas 

without associated 

fibrosis 

OP -/+ 

Int.Inf +  

Hot tube lung  Bronchiolocentric and 

randomly distributed 

Solitary with a cuff of 

lymphocytes 

OP-/+ 

Int.Inf + 

Sjogren’s syndrome Interstitial  Small non necrotizing 

interstitial granulomas  

Peribronchial lymphoid hyperplasia 

*Associated features: OP organizing pneumonia; IntInf. Interstitial Inflammation  



Les populations cellulaires  
du granulome 



 
 

• Granuloma is characterized by a core of monocyte-
derived epithelioid histiocytes and multinucleate giant 
cells with interspersed CD4+T lymphocytes. A 
minority of cells near or by the granuloma are CD8+ T 
Ly, Treg, fibroblasts and B-Lymphocytes  

   Baughman R, et al AJRCCM 2011 

 



Exemple: biopsie bronchique , sarcoïdose 
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Mais: 
Béryllium  

Antigènes connus: mycobactéries 
Antigène(s) inconnu(s): sarcoïdose 

Antigène inconnu devant connu! 



P Soler,  

f 

CD28 

lymphocytes CD4+ / CD45RO+ / αβ 
exprimant le CD28 ligand de CD80, CD86 

 
P Soler 



T cells are rapidly recruited to and retained within  
BCG  induced liver granuloma structures 

Egen JG et al. Immunity 2008 



Mise en place dans la sarcoidose 



Baughman et al. ARJCCM 2011 

capillaires 

alvéoles 

interstitium  



D Moller et al.2017 



alvéolite granulomes 

Hunninghake GW, Crystal RG. Pulmonary sarcoidosis:  
a disorder mediated by excess helper T-lymphocyte activity  

at sites of disease activity. N Engl J Med. 1981 Aug 20;305(8):429-34.  



Capelli A et al. AJRCCM 2002 



Ly T CD4+ 
    Th1 

Antigène(s) 

Monocytes / 
Macrophages 

Granulome 

 HLA-TCR 
 
HLA-DRB1*1101 &HLA-DPB1*0101 risque x 
HLA-DQB1 
 HLA-DQB1*03 Lofgren/Suède 
 HLA-DQB1*0201 bon pg (UK; Hollande) 
 
  

Antigènes 
Propionibacterium acnes 
Mycobacterium tuberculosis 
      mKatG protéine:  
      catalase-peroxydase 
      de mycobactérie ( M. tuber.) 
Song..Moller D 2005 JExp Med 

Kyra Oswald-Richter et al. Mycobacterial  
ESAT-6 and katG  are recognized by  

sarcoidosis CD4+ T Cells when presented by the  
American Sarcoidosis Susceptibility  

Allele,DRB1*1101 
J Clin Immunol (2010) 30:157–166  

 



• Sarcoidosis: antigen-induced disease? (CE Broos et 
al 2013) 

 

– Epidemiology: environnemental and occupational 
risk factors ( musty odors, insecticides) (Newman RS et 
al. ARJCCM 2004) 

– Kveim –Siltzbach test 

– Propionibacterium acnes and Mycobacterium 
tuberculosis genome detected in sarcoid tissues ( 
Eishy y et al. 2002mais Bocart D et al 1992) 

– T Ly in BAL responsive to Kat-G ou ESAT-6 ( Chen et al 
2008) 

– Limited clonality CD4+Tcell with AV2S3 TCR( 

Grunewald J et al 2010)    

 



 

Test de Kveim 
Morgenthau AS & Padilla ML 2009 





Serum Amyloid A regulates  
granulomatous  inflammation  
in sarcoidosis  through  
Toll-like Receptor 2 
Chen ES ……….Moller DR AJRCCM 2010 

nidus for granuloma 

clearance of SAA 



PULMONARY GRANULOMATOSIS 
OF BERYLLIUM WORKERS 

J. W. STURTRIDGE  
Canad. M. A. J. Aug. 15, 1956, vol. 75 

 

HLADPB1*0201 
 (HLADPGlu69 Chaine β) 



Caroline E Broos et al. Frontiers Immunology 2013 



Mc Mowat a et al.  November 2017 



American Journal of Respiratory and 
Critical Care Medicine Volume 193 

Number 11 | June 1 2016 



M Kambouchner, Depart de Pathologie Avicenne Bobigny 



Transcriptional Reprogramming in Nonhuman Primate (Rhesus 
Macaque) Tuberculosis Granulomas. S Mehra et al PLoSONE 2010 

cytokines récepteurs 

INFγ network TNFα network 
Aspects histo identiques  

à 4 et 13 semaines! 



La proximité avec les lymphatiques 



Kambouchner M et al. Lymphatic and blood  
microvasculature organisation  

in pulmonary sarcoid granulomas.  
Eur Respir J. 2011 

 



« sumps » puisards, zones de vidange 
« initial foci of a wide variety 
of disease condition » (mycobac, poussières)  

M Kambouchner & JFBernaudin  
J Histochem Cytochem 2009 

 



Du granulome à la fibrose 



 

 
• « Although granulomas may resolve with little 

consequence pulmonary fibrosis occurs in 20 to 
25% of patients with sarcoidosis. The 
pathogenesis of pulmonary fibrosis remains 
uncertain » Ianuzzi MC et al. NEJM 2007 

 

• « While there has been progress in sarcoidosis  
over the past few years, much is still unknown » 
Baughman R, et al AJRCCM 2011 under press 



• 1. distorsion des voies 
aériennes proximales 

 
 

 

• 2. opacités linéaires à 
extension périphérique 

 

 
 

• 3. rayon de miel 

M Abehsera M, D Valeyre,P Grenier, H Jaillet, 
 JP Battesti, M. Brauner. Sarcoidosis with Pulmonary Fibrosis: 
CT Patterns and Correlation with Pulmonary Function 
AJR 2000 
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End-stage Sarcoid Lung Disease Is Distinct From Usual Interstitial Pneumonia. 
Xu, Lauren; Kligerman, Seth; Burke, Allen 
 
American Journal of Surgical Pathology. 37(4):593-600, April 2013. 
DOI : 10.1097/PAS.0b013e3182785a2d 

FIGURE 5 . Pulmonary sarcoid, gross fibrotic patterns. A, Diffuse 
fibrosis with scattered cysts. B, Marked septal and peribronchial 
fibrosis. C, Marked subpleural, septal, and peribronchial hilar 
fibrosis. 



alvéolite granulomes 



T Ulrichs, S HE Kaufmann. New insights  
into the function  of granulomas in  
human tuberculosis 
 J Pathol 2006; 208: 261–269 

TB Dheda K, Booth H 
Lung Remodeling in Pulmonary Tuberculosis 

JID 2005:192 

TGF β 
TNF α 

encapsulation 



Riitta Kaarteenaho-Wiik MD 
Human Pathology (2007)  

38, 147– 153 

Ac antiα actine m lisse 
Ac anti podoplanine D2-40 

MK &JFB 

Couronne de myofibroblastes 



alvéolite granulomes 

évolution fibrosante liée à l’atteinte  
parenchymateuse hors granulomes? 



 
 

•  7 poumons explants de transplantation pour « end-stage 
» sarcoïdose 

• 2/7 aspect d’UIP terminale + 2/7  pneumopathie 
interstitielle avec foyers fibroblastiques  

• durée d’évolution avant transplantation  
– 17, 20, 33 ans en absence de pneumopathie interstitielle 

inflammatoire (explant) 

– 3,3,6,7 ans si présence de pneumopathie interstitielle 
inflammatoire et/ou rayons de miel 

Shigemitsu H, Oblad JM, Sharma OP, Koss MN.  
Eur Respir J. 2010 Mar;35(3):695-7    



Capelli A et al. AJRCCM 2002 



 

 

 

 

• Sarcoidoses 

N-SL nodular  

 self limited(8) 

P-F progressive 

 fibrosis (7) 

 29000gènes étudiés 

sarc 

337 gènes 
-activation  immune 
-mécanismes de défenses 



 
 

 

 

• Le désordre dans les forces de 
tension 



MK, JFB, DV Avicenne 

traction 

Absence de cycle respiratoire 



D Moller  et al. 2017 



D Moller 2017 



 
Inflammation à  

±distance du granulome 
PHS, Th2… Cytokines produites  

par le granulome 

biologie du granulome 
Hypoxie? 

Forces mécaniques 



conclusion 

« While there has been progress in sarcoidosis   

over the past few years, much is still unknown »  

Baughman R, et al AJRCCM 2011  
 









 
Remerciements à  

Françoise Basset 
Jacques Chrétien 

Jean Bignon 
Ron Crystal  
Paul Soler 

Jocelyne Fleury 
Marianne Kambouchner 

Dominique Valeyre 


