Physiopathologie des
granulomatoses systémiqgues
JF Bernaudin.

Cytologie et Histologie. Université Pierre et Marie Curie
Paris 6

Anatomie et cytologie Pathologigue hopital Tenon Paris &
Pneumologie Hoépital Avicenne Bobigny



Granuloma

* Granuloma (plural granulomas
or f?ranu/omafa ) 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 of f
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

The granuloma in this picture was found

characterized by granulomas. in a lymph node of a patient
with Mycobacterium avium infection


http://en.wikipedia.org/wiki/Infectious_organism
http://en.wikipedia.org/wiki/Infectious_organism
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/Lymph_node
http://en.wikipedia.org/wiki/Lymph_node
http://en.wikipedia.org/wiki/Mycobacterium_avium
http://en.wikipedia.org/wiki/Mycobacterium_avium
http://en.wikipedia.org/wiki/Mycobacterium_avium

Granuloma

* Granuloma (plural granulomas
or f?ranulomafa ) 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 of f
substances that it perceives
as foreign but is unable to
eliminate. Such substances
include infectious organisms
such as bacteria and fungi as

vell as other materials such
as keratin and suture

fragments. The adjective
granulomatous means
characterized by agranulomas.

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

- granulomes a corps étranger
- granulomes a cellules épithélioides
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[Inflammation aigué] élimination de
I'Agent agresseur

résolution

(poly N = macrophages)

persistance de
I'’Agent agresseur

Agression

[ inflammation chronique ]

(macrophages)
Ag + /(+ yn NA9-
granulomes de granulomes a
type immun corps étranger

(CPA + Ly T activés) (macrophages, c. géantes)

Paul Soler



[Inflammation aigué]

(poly N = macrophages)

| Antigenes connus: mycobactéries
Antigene(s) inconnu(s): sarcoidose
Antigene inconnu devant connul

élimination de
I'Agent agresseur

résolution

Mais:
Béryllium

inflammation chrpnique

(macrophages)

Ag+ fiiym \ A -

Paul Soler

granulomes de granulomes a
type immun corps étranger
(CPA + Ly T activés) (macrophages, c. géantes)



* 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 »

Tanuzzi MC et al. NEIM 2007
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Granulomes épithélioides 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
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Wang et al.
Formation of granuloma-Iike
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 ATRCCM 2011
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IN IMMUNITY, INFECTION AND
PATHOLOGY, Edited by Ralph van Farth

1975 | PRI

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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SEVENTH INTERWATIONAL
CONFERENCE ON SARCOIDOSIS
AND OTHER

GRAMNULOMATOUS DISORDERS
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OF A SARCOIY GREARULOMA ULTEASTELCTURAIL
STUERY OF SERIAL SECTHMNE
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_ . n. E‘f«'i lymphocytes CD4+ / CD45RO+ /
s . W4 exprimant le cD28 ligand de cD8O, CD86

P Soler

P Soler,
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T cells are rapidly recruited to and retained within
BCG induced liver granuloma structures
Egen JG et al. Immunity 2008



ALVEOLITIS AND GRANULOMAS : SEQUENTIAL COURSE
IN PULMONARY SARCOIDOSIS

J. Lacronigue®, J.-F. BErNaAUDIN®®, P, SoLER""", F. LANGE"", O. KawaNamit,
G. Saumor***, R. GEorGes""**, F. Basser***

® INSERM U, 214, Hopial Laennee, F.lri_;., France, ** Sepvice d'Histologle, Département de Pathologie. ERA.
CHNRS §45, Université Paris-Val de Marne, Hopital Henri-Mondor, Créteil, France. *** INSERM L. 82, Héopi-
tal Bichon, Paris. France. 1 Pulmonary Branch and Pathology Branch, NHLBL-NIH, Bethesds MD, USA,

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.
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TABLE 3. T-CELL SUBSETS AND CCRS+ LYMPHOCYTES AND MACROPHAGES IN BAL IN THE

STUDY POPULATION®
Control Eubfm:u Smul:ln-sls Stage | JSarcoldosis Stage I Sarcoldosis Stage i
(n= 18 (n=12) (n= % (n= Kruskal-Wallis p

CD4+, % 40,1 (26.0-48.0) 68.4 (54.2-87.8) 54.6 (30.2-68.9) 45.5 (20.2-64.0) 0.0004
COB+, % 26.4(13.1-30.3) | 14.3(6.1-45.0) 25.0(12.0-31.1) 41.0 (29.4-48.6)" 0.0001
CD4+/CDE+ 1.6 {0.9-2.4) 4.9 (1,9-10.3) 21{1.2-5.3) 1.2 (0.5-1.7) 0.0001
Iy CCRS +, % 2005 {2.0-40.0) B2.5 (75.0-97.2) 80,0 (67.0-92.4)' 64.2 (55.0-82.4)" 0,001
AMUCCRS +, % 2.75 (0-25.8) 53.8 {39.0-65.00' 43.5 (29.8-62.4)' 1.4 (25.0-42.1) 0,0001

Definition of abbreviationi: AM = alveolar

* Walus are mediani (range).

Iﬂu:rnpm-gu: by = h'mp'ocylu.

Mann-Whitney U test analysis: 'p < 0.001 versus controly; 'p < 0,01 versus the other groups.

‘I'AHI.E 1‘ EHA.ME‘!‘ERFSTFES DF BAL Fﬂﬂh'l TI-L i'l'l.ll.‘r'l' POPULATION®

I
lﬂ“““‘““-"” -

ﬂﬂﬂ-lil'iﬂ h‘bpbt[‘iti'r - lﬂ'! Sarcaidenis Stage | (n = 10

Recovery, mi g4 {63-103) HY (64-95) B3 (67-97)
Collfml & 10" V250 [54.6-245.4) 2905 {1.29.3-398.1) P32 {105, 9-4%2 4)
bacrophages, %% P05 (74.3-95.6) 59 335, 7-85.6) 1.5 (22.0-85.7)
Lynphocyles, % BA(LI-ZLY) FRINII-63 46201 2-FL5P
Fewtrophils, % 1.5 (0.2-2.8) 1.7 D.2-5.8) 3.6 (1. 7-10.2)"
Ecainophili, % 3 (0-1.1) 0.3 {0-0,.7) 0.6 (0-2.4)"
Banophilt, 0.1 (=09 0.1 {0=0,4) 0 (0-0.9)
Macraphages/ml = 16" 1056 (46 4-234,1) 1728 (89, 7=-575 ) 103,29 [39.9-285.9)
Lympdsocyteu’mi = 107 B.O(22=-37.9) G (AT e.233 FAS {15 9-382 00
Meutraphils'md » 10" 1.7 (0.2-5.4) Xa0r-12.1M FY20-28 5y
Ecsinophituimd = 10" 0.5 (0-1.4) 9 (0-2.8) 1.4 (0-118
I‘.l-!'I-l:ﬂ:ll'-l'l."l'l'll--!'llill ﬂ'l{[l—'li_'l] ﬂl[ﬁ-l-l] 0.3 [0-2.5)

* Vil wre medisng

b hrn-dmnﬁlagrllltn F] l'-mtalwﬂsp

B4 (52-100)
2337 (90,9-481 4)
£6.2 (29,1-81.1)
18.3 (13944 0F
682214
2.0 {0.0-3.3)

0.1 (0-1.3)
151.7 (54.3-292.5)
53.9 (33.7-221.5)"
10.6 (1, 5-103.00"
5.5 (041560
I:I 4 {0-, g L}

Crange].
Slans-Whitney L best anabplc Tp < 0.008, 'hcﬂﬂlml.nnmhﬂh-duummilqur-: O30T verus conteal,

Capelli A et al. ATRCEM 2002
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Monocytes Baughman et al. ARJTCCM 2011
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* Sarcoidosis: antigen-induced disease? (c# sroos et
al 2013)

— Epidemiology: environnemental and occupational

risk factors ( musty odors, insecticides) (Newman RS et
al. ARTCCM 2004)

— Kveim -Siltzbach test

— Propionibacterium aches 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 (chenetal

2008)

— Limited clonality CD4+Tcell with AV253

TCR{ Grunewald J et al 2010)



Morgenthau AS & Padilla ML 2009



David R. Moller Potential etiologic
agents in sarcoidosis
Proc Am Thorac Soc Vol 4. pp 465-468, 2007

mKatéG protéine:
catalase-peroxydase
de mycobactérie

Mycobacterial infection
\

host killing response

Ag \

- host proteins

"\mﬂats .A

u -
n’u aggregation

Sarcoidosis
Granuloma

/1 AN

Remission Chronic disease




Mycobacterial infection

l Antigens

clearance of SAA

Serum Amyloid A regulates

: : g "
granulomatous inflammation Chronic Remission
in sarcoidosis through Gy
Toll-like Receptor 2

Chen ES .........Moller DR ATRCCM 2010
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Figure 1 | Serum amylodd A misfolding hypothesis of the pathobiology of sarcoidosis. n this scenario, misfoldad SAA
BEEregAles serve as ‘seeds’, providing & poorly soluble mdus and a template for further SAA aggregation within sarcoldosis

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



HLA-TCR

HLA-DRB1*1101 &HLA-DPB1*0101 risque x
HLA-DQBI1

HLA-DQB1*03 Lofgren/Suede
HLA-DQB1*0201 bon pg (UK; Hollande)

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

S NI

Kyra Oswald-Richter et al. M ycobacfer/a/
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
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PULMONARY GRANULOMATOSIS
OF BERYLLIUM WORKERS
J. W. STURTRIDGE
Canad. M. A. J. Aug. 15, 1956, vol. 75




i ~Be-haptenized HLA-DP
Antigen : or HLA-DP/peptide
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Fig. 4 Schematie diagram of the immune response to e i beryilo-
sis, TINF-tx: tumour necrosis foctor-alpha; TCR: T-cell receptor; 1L: in-
erleukin; [FN-y inferferop-gamma;, HLAC human leukocyle antigen

Salhui Cerae EAT 148

* Beryllium specific MHC
restricted
antigen/hapten

* HLADPBI1*0201
(HLADPGIu69 Chaine )

Richeldi |, Sorrentino P,
Saltini €. Science 1993
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Linkmorwms Antigen
A (E54T-6 or mKaLGH) B

Caroline E Broos et al. Frontiers Immunology 2013



Antigéne(s) 00,

"o Ly TcD4x A2
IFN-.
MOHOCYTZS / recrutement MCF
MGCF‘OPhGgeS A prolifération/activation MAF
A différenciation Th1l
o CA MIF...
IL-I m O
o TNF~ recrutement 5 A
activation &
IL-7 1mmobilisation
IL-12
IL-15
IL-17
IL-18
ILRANTES (ccLB)

MIP-1»,3(CCL3, 4)
MCP-1,3 4 (CCL2, 7, 13) Granulome
IP-10 (CXCL10)

Ostéopontine...
P Soler 2010
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Transcriptional Reprogramming in Nonhuman Primate (Rhesus
Macaqgue) Tuberculosis Granulomas. S Mehra et al PLoSONE 2010
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En périphérie des granulomes:
lymphatiques



Kambouchner M et al. Lymphatic and blood
microvasculature organisation
in pulmonary sarcoid granulomas.
Eur Respir J. 2011




M Kambouchner & JFBernaudin
J Histochem Cytochem 2009
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LUNG FLUID, ALVEOLAR DUST
DRIFT, AND INITIAL LESIONS OF
DISEASE IN THE LUNGS3®

CHARLES €. MACKLIN, M.B., M.D., M.A,
Ph.D., Di5e., F.RE5C., Tormmin

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




By Ml Reapda TODD, J% NOO-LEH
@ AFLF, Pam, J00E

LETTRE A LA REDACTION

Sarcoidose et empoussiérement pulmonaire, une hypothése
pathogénique qui prend du crédit

Sarcobdosis and pulmenary dust exposure, a plausible pathogenic link

M. VINGENT (1), M. LIEVRE (2)

i 1) & rnktv de pevvumsilopis, Credre Alonipibntiee £ Diaepd o0 X L, Lon
[N i o dogie climiygmy, Focsddd de mddeeime Lacwwy, Fom
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microparticules

- Izbicki 6, et al. World Trade Center "sarcoid-like" exposure to crystalling
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

Available online a8t www sciencedirecl.com ﬁ
T kTR . nnais o
*.” ScienceDirect DIAGNOSTIC
PATHOLOGY
Annaly of Diagoosise Fathology 11 (3007 142 - 152 B

Review Article
nanoparticules The cause of sarcoidosis:

the Centurial enigma solved
Dennis K. Heffner®

Diggprertmeni of Erndocriae and Ehatarpagicifend aoad Neck Pathalogy, Armed Forcex faxinie of Poivology, Waslingtas, OO 203076000, L5



Manotoxicology: An Emerging Discipline Evolving from Studies
of Ultrafine Particles
Ginter Dhorddrstes,” Eva Dberddrater,” and Jan Dberdirater?

| Departmant o Emarasmordsl Medicics, Uinrseralty ol Rocheaser, Rochedbar, New Fork, USA; ‘Depadimen of Bialbgy, Tou et f
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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 (um) 42 477 197 113 (174
maximum diameter: (um) 80 |671 335 |181 299
rSUTfaCe area (o) SOTT T2t T T A T T OO T T T T2
perimeter (um) 227 12215 |991 573 |873
sphericity index (Sl) 0.58 |0.97 0.86 |0.07 |0.88 =
lymphatics-to-edge distance (um) |0 256 33 51 16.5
Iyrﬁ%a?ic-to—centroid distance (um)|23 |431 182 |97 164
700
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* « While there has been progress in
sarcoidosis over the past few years, much
is still unknown »

Baughman R, et al ATRCCM 2011
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