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*| am an equity partner in CIRSx, LLC.

* | provide legal work and testimony as an expert, on behalf of both
plaintiffs and defendants, in mold-based iliness related litigation
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WHAT IS A GRANULOMA?

* One of the body’s to foreign bodies
and indigestible organisms

* “0.5-2 mm collections of modified macrophages called ‘epithelioid
cells,” usually surrounded by a rim of lymphocytes.”

* Presence of Langerhan’s cells (foreign body-type giant cells)

Robbins SL, Cotfran RS, Kumar V. “Pathologic Basis of Disease.” WB Saunders. Philadelphia, PA. 1984. pp 64-65.
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https://en.wikipedia.org/wiki/Granuloma
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https://www.researchgate.net/figure/Microscopic-appearance-of-caseous-necrosis-A-well-formed-granuloma-containing_fig1_44138406

https://www.eatingwell.com/recipe/263540/strawberries-and-cottage-cheese/
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WHAT TYPES OF GRANULOMAS EXIST?

» Caseating
+ Usually infectious agent
+ Classic example is the tubercle of M. tuberculosis

* Non-caseating
« Typically, but not always, non-infectious

WHAT ILLNESSES CAUSE GRANULOMAS?

» Caseating Non-caseating

Tuberculosis (Mycobacterium tuberculosis, LN) Sarcoidosis
Some fungal infections Foreign body reactions
» Cryptococcus neoformans Mineral oil
* Blastomyces dermatitidis Complex polysaccharides
+ Coccidioides immitus (Valley Fever) Complex polymers
Syphillis (Treponema pallidum) Leprosy (Mycobacterium leprae)
Cat-scratch fever (Ted nugentiiae, Bartonella henselae, LN) Crohn's disease
Actinomycosis (Actinomyces bovis) Vasculitis
Schistosomiasis (blood flukes of the genus Schistosomal) Paracoccidioides
» Eggs, caseating and non-caseating




Th effector phenotype:  Cytokines Key target cell Associated Response
1 R Thi:
Thi, TNFa ‘ ( Intracellular pathogens:
w2 - > b/ iL-2 | K Bacteria, Virus, mycobacteria
q" > IFN-y : :
IFNy > 1L-18 Macrophages Tissue Repair,
Denciitic | Foreign bodies
cell
Th2 L4
» ILs .
) . Th2:
w— Y W N .
A IL2s —_— Parasites, Allergens
QN / Eosinophils Drug as Antigens
N, TGFb
Vg
181 Th17
o1 e
stnmulatlonT o 21 ‘K — % Th17:
123 han TNF-a Extracellular pathogens:
. Candida, Fungi, Bacteria
Neutrophils
rom Maria Dolores Vazquez-Abad. IMMUNE response https://www.youtube.com/playlist?list=PLk6hQkaknrtuuW7epzWI860NOLPKprTvl
13

Adaptive Immune Response

: Th Cell Phenotypes

—~

Mechanism

Thi:

Phagocytosis

Killing

Granuloma Formation
Hypersensitivity Type IV

Th2:

Atopic: IgE
Antibody-Mediated: IgG or
Mast-cell Degranulation
Hypersensitivity Type I-11l

Th17:

Anti-microbial Peptides
Inflammation

Barrier Integrity
Hypersensitivity Type IV

HOW ARE GRANULOMAS FORMED?

» Foreign body of some type that cannot be digested by the immune system
» Some antigenic or irritant material that the innate immune system fails to destroy

« Granuloma formation is a Th1 function

» Dendritic cell & T-cell & IL-12/IFN-y = Th1 response = increased IL-2 production =»TNF-a/more IFN-y =
activate macrophages to become “epithelioid” = granuloma production

7/6/22



Adaptive Immune Response: Th Cell Phenotypes
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Mechanism

Th1:

Phagocytosis

Killing

Granuloma Formation
Hypersensitivity Type IV

Th2:

Atopic: IgE
Antibody-Mediated: 1gG or
Mast-cell Degranulation
Hypersensitivity Type I-111

Th17:

Anti-microbial Peptides
Inflammation

Barrier Integrity
Hypersensitivity Type IV

Granuloma cavitatio
and dissemination
of Mtb in the lung

Caseating
granuloma

Infected cells undergo
necrosis resulting in

the formation of the caseum

Transmission of Mtb

Initial infection and
replication of Mtb
in macrophages

Recruitment of
Innate and
adaptive immune

cells

Solid granuloma,
containment of Mtb

https://www.frontiersin.org/files/Articles/228728/fimmu-07-00434-HTML/image_m/fimmu-07-00434-g002.jpg
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HOW IS CIRS INVOLVED WITH GRANULOMAS?

» The above description is the short version of granuloma creation
* The literature shows there is a missing, critical, precursor step for granuloma formation

» Without this step, granulomas are not made in:

+ Tuberculosis

» Granulomatosis with polyangiitis (vasculitis)

+ Paracoccidioidomycosis infections

+ Sarcoidosis

* Berylium-induced granulomas (foreign body)
Crohn'’s disease/IBD
Maybe all the rest!
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WHAT ILLNESSES CAUSE GRANULOMAS?
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HOW IS CIRS INVOLVED WITH GRANULOMAS?

Normal levels of properly functioning Treg cells downregulate IL-2 production

With decreased IL-2 production, TNF-a and additional IFN-y are not made (inhibits the Th1 response)

Without TNF-a and additional IFN-y, macrophages are not activated to become “epithelioid”

Without activation of macrophages, granulomas are not made (or fewer are made)

Adaptive Immune Response: Th Cell Phenotypes
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Hypersensitivity Type IV

Th2:
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Anti-microbial Peptides
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HOW IS CIRS INVOLVED WITH GRANULOMAS?

» In fact, some evidence suggests that the Th17 response, and specifically IL-6 and IL-23, ...
* Are required for granulomai initiation in Tuberculosis and Paracoccidioidomycosis infections.

» And possibly all granuloma formation!

Tran DQ. TGF-p: The sword, the wand, and the shield of FOXP3+ regulatory Tcells. Journal of Molecular Cell Biology. 2012;4(1):29-37.

Tristao FS, Rocha FA, Carlos D, Ketelut-Carneiro N, Souza CO, Milanezi CM, Silva JS. Th17-indcuing cytokines IL-6 and IL-23 are crucial for granuloma formation during experimental
paracoccidiomycosis. Front Immunol. 2017;8:949.

Horvath R, Rozkova D, Lastovicka J, Polockova A, Sedlacek P.Sediva A, Spisek R. Expansion of T helper type 17 lymphocytes in patients with chronic granulomatous disease. Clin
Exp Immunol. 2011;166(1):26-33.

Shen H, Chen ZW. The crucial roles of Th17-related cytokine/signal pathways in M. tuberculosis infection. Nature. Cell Mol Immunol. 2018;14:216-225.
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HOW IS CIRS INVOLVED WITH GRANULOMAS?

» So, a better way to visualize the pathway to granulomatous disease is to look at the previous road map
and add the Th17 portion...

» Elevated TGF-B1, along with elevated IL-6, shunt naive CD4+ T cells to become Th17 cells, reducing the
number of Treg cells, and secreting more IL-6, IL-23, IL-17A, IL-17F and TNF-a...

* Then...dendritic cell =& T-cell =& IL-12/IFN-y = Th1 response = increased IL-2 production =»TNF-a/more
IFN-y = activate macrophages to become “epithelioid” = granuloma production
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Adaptive Immune Response
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HOW IS CIRS INVOLVED WITH GRANULOMAS?

CIRS causes low levels of Treg cells

Naive CD4+ cells in the presence of low or normal TGF-R1 differentiate into Treg cells

Naive CD4+ cells in the presence of elevated TGF-p1 differentiate into Th17 cells

« This requires elevated IL-6

CIRS causes elevated TGF-B1 levels and leads to reduced Treg cells & the necessary condition for
granuloma formation
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TAKEAWAYS

A Th17 response is needed to prime the granuloma formation pump
* Blevated TGF-B1
* Elevated IL-6
* Elevated IL-23
» Decreased number or function of Treg cells

CIRS causes decreased Treg cells
+ Low levels or functioning of Treg cells allows IL-2 production, a key for Th1 functioning

In the right environment, granuloma formation is a Th1 function

Because low or abnormal functioning of Tregs appears necessary for all granuloma formation...

» CIRS, when present, can likely be linked to the development of any granulomatous disease including...
+ Sarcoidosis, Crohn’s disease/IBD, foreign body granulomas and even infectious causes

SCOTT W. MCMAHON, MD

WHOLE WORLD HEALTH CARE
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