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Y. Rosen. Atlas of Granulomatous Diseases

Granuloma Granuloma
“Given that the epithelioid granuloma is 
the pathological hallmark of sarcoidosis, 
any etiological agent must be capable 
of inducing this pattern of 
inflammation.”

Moller DR. Proc Am Thorac Soc. 2007; 4:465-68

Granuloma
“The formation of granulomas, an 
ancient and preserved pathological 
response to (usually) foreign material, 
occurs around a nidus of poorly 
soluable or insoluable material that 
cannot be simply removed by a single 
cell.  It is an organized structure that 
develops in an orchestrated manner 
over days to weeks.”

Moller DR. Proc Am Thorac Soc. 2007; 4:465-68

Pathophysiology
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Kuby Immunology, 4th ed.

Lymphocyte-Macrophage Interaction

Moller and Chen. 2002. Am.J.Respir.Cell.Mol.Biol. 27:391 

Antigen Presentation

Kuby Immunology, 4th ed.

What is the antigen?

Kuby Immunology, 4th ed.
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Cytokine Profiles

Rubin & Farber,  Pathology 

Microorganisms in sarcoidosis

Mycobacteria Propionibacteria

In 1917 Schaumann postulated that the laminated, 
calcific inclusions in sarcoid granulomas represented 
remnants of transformed tubercle bacilli

Schaumann’s Body
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Mycobacteria

231/874 (26%) sarcoidosis patients in 31 studies had 
mycobacterial nucleic acids detected in lymph nodes

Eur Respir J 2007; 30: 508–516

Molecular evidence for the role of mycobacteria in sarcoidosis:
a meta-analysis

D. Gupta, R. Agarwal, A.N. Aggarwal and S.K. Jindal

Journal of Experimental Medicine 2005;201:755-67

Mycobacterial catalase–peroxidase is a tissue
antigen and target of the adaptive immune
response in systemic sarcoidosis

Zhimin Song, Lisa Marzilli, Brian M. Greenlee, Edward S. 
Chen, Richard F. Silver, Frederic B. Askin, Alvin S. 
Teirstein, Ying Zhang, Robert J. Cotter, David R. Moller

Mycobacterial Proteins in Sarcoid Tissue Moller’s Hypothesis
Sarcoidosis is caused by linked T- and B-cell 
response to poorly soluable protein 
aggregates of microbial and/or endogenous 
origins with physiochemical properties similar 
to those of the Kveim reagent.
No a priori hypothesis regarding specific 
microbial, environmental, or auto-antigens 

Song et al, JEM 2005;201:755-67

Moller’s approach
1. Limit the proteome set of tissue proteins on 

the basis of the physiochemical properties 
of the Kveim reagent

by Hansi Bohm

Kveim-Siltzbach Reaction

Louis Siltzbach

Kveim-Siltzbach
Reaction:

Well-formed 
epithelioid
granulomas
develop 2-4 
weeks following 
intradermal
injection

Biochemical 
characterization of 
Kveim extracts 
revealed poorly 
soluable protein 
aggregates:

-insoluable in neutral 
detergents

-heat, acid, and 
protease resistant

-sensitive to potent 
denaturants
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Moller’s approach
1. Limit the proteome set of tissue proteins on the basis of 

the physiochemical properties of the Kveim reagent
2. Assess for the presence of tissue antigens by protein 

immunoblotting, using sarcoidosis and control sera
3. Identify candidate antigens by matrix-associated laser 

desorption/ionization-time of flight mass spectrometry
4. Confirm the presence of candidate antigens in tissues by 

protein immunoblotting, using specific antibody reagents 
to the candidate protein

5. Evaluate B- and T-cell responses to recombinant candidate 
proteins and derived peptides identified by the initial 
studies

Protease-resistant proteins in 
sarcoidosis tissue

Song et al, JEM 2005;201:755-67Neutral detergent +/- protease

Mass Spectrometric analysis identifies  
mycobacterial proteins in                  
protease resistant extracts

Mtb catalase-peroxidase (mKatG)
Mtb topoisomerase 1

Song et al, JEM 2005;201:755-67

Anti-mKatG antibodies react with 
proteins in sarcoid tissue

Song et al, JEM 2005;201:755-67

Sarcoid sera contains IgG that 
react with mKatG

Song et al, JEM 2005;201:755-67 Song et al, JEM 2005;201:755-67

Immunohistochemistry
identifies mKatG DNA 
sequences in 7/18 
sarcoid tissue samples 
vs. 0/18 controls vs. 
4/4 Mtb tissues 
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Summary
mKatG identified by mass spectroscopy in 
protein extracts from sarcoid tissue
Protein immunoblotting with anti-mKatG
monoclonal antibodies confirmed the 
presence of mKatG in 5/9 sarcoid tissues vs. 
0/11 control tissues
IgG antibodies to mKatG were detected in the 
sera of 12/25 sarcoid patients vs. 0/11 
control subjects

Song et al, JEM 2005;201:755-67

Multiple Mycobacterium antigens induce 
interferon-γ production from sarcoidosis
peripheral blood mononuclear cells

J. Carlisle, W. Evans, R. Hajizadeh,M. Nadaf, B. Shepherd, R. D. Ott,
K. Richter and W. Drake

Clinical and Experimental Immunology. 2007;150:460-68

Monocytes from sarcoidosis patients 
secrete cytokines in response to 
Mycobacerial antigens

Cross-reactive and species specific 
Mycobacterium tuberculosis antigens in the 
immunoprofile of Schaumann bodies: a major 
clue to the etiology of sarcoidosis

Ang Sc and Moscovic EA. Histolo Histopathol. 
1996;11:125-34
Immunohistochemistry was performed on 
formalin-fixed tissue from 8 patients with 
sarcoidosis using panels of antibodies against 
mycobacterial antigens
Schaumann bodies stained intensly for both 
mycobacterial antigens and host cytoplasmic
proteins 

Moller DR. Proc Am Thorac Soc. 2007; 4:465-68

Case 1    Summer 2002
36 y/o white male presented with non-
productive cough, chest pain, dyspnea

Case 1    Summer 2002
Mediastinoscopic lymph node biopsy showed non-
caseating granulomatous inflammation, no AFB or 
fungus

Anaerobic culture <1+ Propionibacterium species
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Propionibacterium acnes
Homma et al. 1978. Bacteriological investigation 
on biopsy specimens from patients with 
sarcoidosis. Jpn J Exp Med. 48:251-255

Investigated bacterial growth (aerobic & 
anaerobic) from lymph nodes removed 
under aseptic conditions
No aerobic bacteria were isolated
Propionibacterium acnes isolated from 
75% of nodes from sarcoid patients
No other bacteria or fungi grew in 
culture

Abe et al. 1984. Frequent isolation of Propionibacterium
acnes from sarcoidosis lymph nodes. Zentralbl. 
Bakteriol. Mikrobiol. Hyg. [A] 256:541-547

P. acnes cultured from 31/40 (78%) of 
sarcoidosis lymph nodes, vs. 38/180 (21%) of 
lymph nodes from control lymph nodes, 
p<0.001.
% positivity correlated strongly with the 
extent of granulomas within the node

>75% of node granulomas: 100% cx +
50-75% of node granulomas: 78% cx +
<50% of node granulomas: 67% cx +

J. Clin. Microbiol. 2002. 40:198-204

Molecular studies of Propionibacteria in sarcoidosis

Ishige et al. 1999 15/15
Eishi et al. 2002 116/118
Yamada et al. 2002 8/9
Gazouli et al. 2002 20/46

Study                          Year             Positive samples/total samples
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In situ hybridization using P. acnes 
specific probe

Animal Studies
Mouse P.acnes Human sarcoid

-lymphocytic alveolitis

-CD4+ T-cells

-polarizaed Th1 cytokine profile

Arch Dermatol. 2001. 137:69-73
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Bachelez, H. et al. Arch Dermatol 2001;137:69-73.

Chronic inflammatory plaques involving the right arm in 
patient 2 before and after minocycline treatment

Bachelez, H. et al. Arch Dermatol 2001;137:69-73.

Papulonodular lesions of the frontal area 
in patient 3 before and after minocycline 

Bachelez, H. et al. Arch Dermatol 2001;137:69-73.

Enlarged mediastinal lymph nodes in patient 12 on the 
chest x-ray film taken before and after minocycline

Bachelez, H. et al. Arch Dermatol 2001;137:69-73.

Bachelez, H. et al. Arch Dermatol 2001;137:69-73.

Case 2 February 2003
26 year-old AA female presented with 
pleuritic chest pain 
Chest CT: mediastinal and hilar
adenopathy, multiple parenchymal
masses
Transthoracic needle biopsy
Pathology: non-caseating granulomas, 
special stains showed no organisms
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Case 2 August 2004 
Cutaneous lesions
Skin Biopsy:

Epitheliod granulomas, little necrosis.  No 
foreign material upon examination with 
polarized light. PAS stain negative

Case 2 January 2005 
Symptoms: wheezing and dyspnea
Spirometry:

FVC:   2.72 (down from 3.36L)
FEV1: 2.07 (down from 2.28L)
DLCO: 19.0 (down from 22.8 ml/mmHg/min) 

Exam:
Papules and plaques on neck, face, trunk, arms, legs

Lab:
Elevated LFTs, elevated ACE

Case 2 January 2005 Case 2 February 2005

PA AND LATERAL CHEST DICTATED: 2/15/05 
REASON FOR EXAM: Sarcoid. No prior chest 
exams are available for comparison. The heart 
is not enlarged. There is evidence for some 
mediastinal adenopathy and considerable 
bilateral interstitial and alveolar infiltrates 
are present with some coalescence. The 
findings are consistent with the diagnosis of 
sarcoid with a moderately advanced 
parenchymal involvement. Without old films for 
comparison, it is impossible to exclude acute 
infiltrates or superimposed infection. 
IMPRESSION: Findings are most consistent 
with sarcoid with mediastinal and hilar
adenopathy together with diffuse parenchymal
disease.

Case 2
Minocycline and topical steroids

January 2005 January 2006

Case 2
Minocycline and topical steroids

January 2005 January 2006
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Case 2  

February 2005 June 2006

Case 2   Pulmonary Function

2/15/05
FVC:  3.15 (80%)
FEV1:  2.28 (68%)
DLCO:  19.0 (69%)

6/20/06
FVC:  3.77 (96%)
FEV1:  2.68 (81%) 
DLCO:  25.3 (92%)

8/15/06
FVC:  3.97 (101%)
FEV1:  2.62 (79%) 
DLCO:  24.7 (90%)

Case 2  

February 2005 September 2008

Labs pre/post minocycline

2/15/05
ACE:  148
TP:  9.8
Alk Phos:  557
GGT:  379
ALC:  2.1

8/23/05
ACE:  139
TP:  8.4
Alk Phos:  286
GGT:  252
ALC:  2.5

8/15/06
ACE:  50
TP:  
Alk Phos:  114
GGT:  196
ALC:  3.9

Toxicity of minocycline
Infectious causes or contributors to 
“non-infectious” human diseases

Tropheryma whipplei > Whipple’s Dz
Helicobacter pylori > Gastric ulcers
Bacteria > Sarcoidosis


