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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 
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Attention à ce qui est compris sous
la dénomination de granulome!

- granulomes à corps étranger
- granulomes à cellules épithélioïdes
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Mais:
Béryllium 

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

Antigène inconnu devant connu!



• 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



Biopsie pulmonaire Dr Marianne Kambouchner AvicenneEBUS FNA Dr Jocelyne  Fleury Tenon

Granulomes épithélioïdes et  sarcoidose



Sanchez et al. A 3-dimensional in vitro model of epithelioid
granulomas induced by high aspect ratio 
nanomaterials 
Particle and Fibre Toxicology 2011, 8:17



Wang et al. 
Formation of granuloma-like 

cellular aggregates by 
co-culture of PBMCs and 
macrophages infected 

with M. leprae. 
BMC Infectious Diseases 2013, 13:279



• 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



• Adams DO  
The granulomatous 
inflammatory response . A 
review. Am J Pathol 1976

• Spector WG 
The granulomatous 
inflammatory exudate Int 
Rev Exp Pathol 1969

• Cohn ZA The structure 
and function of monocytes 
and macrophages Adv  
Immunol 1968
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CD28

lymphocytes CD4+ / CD45RO+ / α β
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



alvéolitegranulomes

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



Baughman et al. ARJCCM 2011
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• 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



David R. Moller  Potential etiologic 
agents in sarcoidosis

Proc Am Thorac Soc Vol 4. pp 465–468, 2007

mKatG protéine: 
      catalase-peroxydase

      de mycobactérie



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



Chen, E. S. & Moller, D. R. Nat. Rev. Rheumatol. 7, 457–467 (2011); 



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 



PULMONARY GRANULOMATOSIS
OF BERYLLIUM WORKERS

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



• Beryllium  specific MHC 
restricted 
antigen/hapten

• HLADPB1*0201
(HLADPGlu69 Chaine β)

Richeldi l, Sorrentino P, 
Saltini C . Science 1993 



NF-κBACTIVATION
ESAT-6 Kat-G

IL-1β

IL-6

TNF-α

TLR-2

Macrophages alvéolaires 
et monocytes dans sarcoidose



Caroline E Broos et al. Frontiers Immunology 2013



Ly T CD4+
Antigène(s)

Monocytes /
Macrophages

IL-1
TNFTNF
IL-7
IL-12
IL-15
IL-17
IL-18
IL-27…

IL-2
IFN-IFN-
MCF
MAF
MIF…

Granulome

recrutement
activation
immobilisation

recrutement
prolifération/activation
différenciation Th1

RANTES (CCL5)
MIP-1,(CCL3, 4)
MCP-1,3,4 (CCL2, 7, 13)
IP-10 (CXCL10)
Ostéopontine…

P Soler 2010



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!



En périphérie des granulomes: 
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



microparticules

nanoparticules

- Izbicki G, et al. World Trade Center "sarcoid-like"  exposure to crystalline 
silica and risk of sarcoidosis . Occup Environ Med 1998
- Drent M, Wijnen PA, Boots AW, Bast A. Cat litter is a possible 
trigger for sarcoidosis. Eur Respir J. 2012 
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Table 1: Results of morphometric analysis of 38 selected intralobular granulomas chosen as 

being representative of this site.  

 

 

 Min Max mean SD± median 

minimum diameter (µm) 42  477 197 113 174 

maximum diameter: (µm) 80 671 335 181 299 

surface area (µm²)  3677 249402 71748 70167 47742 

perimeter (µm) 227 2215 991 573 873 

sphericity index (SI) 0.58 0.97 0.86 0.07 0.88 

lymphatics-to-edge distance (µm) 0 256 33 51 16.5 

lymphatic-to-centroid distance (µm) 23 431 182 97 164 

 

M Kambouchner et al. ERJ2011



• « While there has been progress in 
sarcoidosis  over the past few years, much 
is still unknown » 

Baughman R, et al AJRCCM 2011
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