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First to link a toxin produced by Pfiesteria to the
Mid-Atlantic outbreaks of human illness in the
late 1990s.

•

First to determine that most cases of chronic
inflammatory response syndrome (CIRS) are
triggered by biotoxins and bioinflammagens
produced by molds and bacteria known to grow in
water-damaged buildings (WDBs).

•

First to clarify HLA genetic predispositions and
the pathophysiology of CIRS-WDB as
summarized in the Biotoxin Pathway diagram.

•

First to propose a case definition for CIRS-WDB,
and first to develop a stepwise protocol to treat it.
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CIRS Genomics

CIRS GENOMICS
Analyzing millions of RNA transcripts to find
predictable patterns in the illness, recovery, and
relapse of CIRS cases.

CIRS Genomics

The Human Genome
Less than 3% of the 3.3 billion nucleotides that make up the human genome code
for proteins. The non-protein coding regions of the human genome contain a
broad array of functional elements that regulate gene expression.
Functional Elements

% of Genome

Transcribed protein-coding sequences

1.5 - 3.0%

Transcribed non-protein coding sequences (mostly RNAs)

75 - 77%

Roughly 80% of the human genome contains functional coding sequences.

Transcriptomics
Studying differential expression of RNAs may be the most accurate guide to the
functional dynamics of the human genome. We are analyzing how coding and noncoding RNAs differ before, during, and after CIRS treatment.
The ENCODE Project Consortium. An integrated encyclopedia of DNA elements in the human genome. Nature. 2012 Sep 6;489:57-74.
Mattick JS, Dinger ME. The extent of functionality in the human genome. The HUGO Journal. doi: 10.1186/1877-6566-7-2.

CIRS Neuroscience

CIRS NEUROSCIENCE
Volumetric analyses showing changes consistent
with neuroinflammation point the way to research
aimed at treatments that reverse the changes to
volumes seen in healthy controls. And more.

Neuronal Exosomes
Exosomes can also
transmit mediators of
neurodegeneration

Neuronal exosomes

Exosomes offer a way of intercellular exchange of effector molecules including lipids, proteins, and
RNAs. These exchanges can modulate the strength of synapses in ways that fortify neuronal circuits
relevant to memory. Neuronal exosomes deliver specialized neuroprotective cargo needed to
modify protein expression and signal transduction in ways that restore better neuronal interactions
and brain function.
Through the works of Bredesen, Shoemaker, and others we can begin to investigate neuronal
exosomes as peripheral markers to see if levels correlate with correction of the volumetric
abnormalities seen in the brains of CIRS patients and how this might correlate with improvements
in what Bredesen has described as Type 3 Alzheimer’s disease, or Inhalational Alzheimer’s disease,
which correlates with CIRS.
Chivet M, et.al. Emerging role of neuronal exosomes in the central nervous system. Frontiers in Physiology. 2012 May;3(145):1-6.
Bredesen DE. Inhalational Alzheimer’s disease: an unrecognized—and treatable—epidemic. Aging. 2016 Feb;8(2):1-10
Shoemaker RC, House D, Ryan JC. Vasoactive intestinal polypeptide (VIP) corrects chronic inflammatory response syndrome
(CIRS) acquired by exposure to water-damaged buildings. Health. 2013;5(3):396-401.
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CIRS IMMUNOLOGY
Evolving understanding of inflammation triggers,
physiological systems of interest, biochemical
pathways involved, and clinical implications.

CIRS Immunology

WDB bioinflammagens are the main problem.
In CIRS cases, uncontrolled responses
to biosurface PAMPs is the main
problem. For reasons of HLA risk, an
estimated 1 in 4 are susceptible to
chronic inflammation as a result.

When exposed to biosurface PAMPs,
complement components will drive a
powerful inflammatory response.
Failure to clear such PAMPs marks
the pathogenesis of CIRS.

Microbial biosurface inflammagens likely exceed the number of biotoxins in CIRS exposures.

Biosurface Hazards in CIRS: Mold Spores
Ascospore conidia

Ascospores can survive heat, freezing, UV radiation, drought, and oxidative stress. Dormant conidia
of the Aspergillus genus can survive long periods of drought. Once activated by the presence of water
and nutrients (think damp building materials), the spores activate and as germination begins, they
become metabolically active cells capable of releasing secondary metabolites into their surroundings,
including mycotoxins. But in CIRS, inflammagenic biosurface PAMPs are likely the main problem.
The National Academy of Sciences sponsored the 2016 Workshop Summary on Health Risks of
Indoor Particulate Matter, chaired by William Nazaroff, distinguished editor of the prestigious
journal, Indoor Air. Did they address the innate immune inflammatory health hazards of indoor
PAMPs and other ultrafine particles in the genetically vulnerable? Not a word.
Nazaroff W, et al., Health Risks of Indoor Particulate Matter. National Academies of Science: Workshop Summary. 2016 Feb.
Wyatt T, Wosten H, Diksterhuis J. Fungal spores for dispersal in space and time. Advances in Applied Microbiology. Vol 85. 2013. Elsevier:New York.

Aspergillus Spore Generation
Spores are released to occupy more space over time as a natural selection feature.
Shoddy building and remediation practices help them along.

Read about how nature and people foster mold survival in Nicholas P. Money’s books,
The Triumph of the Fungi: A Rotten History, and Carpet Monsters and Killer Spores.
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Range of Biocontaminants Found in WDBs
Mycotoxins 1

Gram-negative bacteria 8-11

Hemolysins 3,6

Bioaerosols 2

Gram-positive bacteria 8-11

Proteinases 3,6

Cell fragments 3

Actinomycetes 12

Chitinases 6

Cell wall components 3

Nocardia 8

Siderophores 6

Hyphal fragments 4

Mycobacteria 13

Microbial VOCs 15-19

Conidia 4

Protozoa 12

Building material VOCs 15

Beta Glucans 3,5

Chlamydia 14

Coarse particulates 6

Mannans 6,7

Mycoplasma 14

Fine particulates 6

Spirocyclic drimanes 3

Endotoxins 5,8

Ultrafine particulates 20

Inorganic xenobiotics 8

Lipopolysaccharides 9

Nano-sized particulates 20

Table Reference Key: 1: Smoragiewicz 1993 2: Douwes 2003 3: Pestka 2008 4: Sorenson 1987 5: Rao 2007 6: Shoemaker 2010
7: Thrasher 2009 8: Butte 9: Saraf 1997 10: Hirvonen 2005 11: Roponen 2001 12: Suikho 2009 13: Kettleson 2013 14: Yli-Pirila
2004 15: Claeson 2009 16: Bennett 2015 17: Li 2004 18: Korpi 1998 19: Beijer 2003 20: Oberdorster 2005. (SEE NEXT SLIDE)

We suspect that most WDB biocontaminants are inflammagenic PAMPs
and VOCs and that biotoxins and viable pathogens can also be in the mix.
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How do mammalian immune systems recognize and
respond to the presence of potential pathogens?
They use pattern recognition molecules to recognize the “body parts” of potential
pathogens and this triggers an aggressive response by the innate immune system.
Our innate immune system is factory installed and ready to operate at birth
because it’s genetically coded to recognize and respond to pathogen-associated
molecular patterns (PAMPs).
Mammalian innate immune systems function as first responders. The innate
immune division includes a “Complement” system with Classical, Alternative, and
MBL pathways that recognize and respond to PAMPs.
In cases of CIRS, the MBL pathway works overtime due ongoing inhalation and
poor clearance of biosurface PAMPs, VOCs, and biotoxins from the air inside
damp homes, workspaces, and/or schools.

Recognition

CIRS-susceptible

Systemic Illness

Non-CIRS-susceptible

Little if any Illness

Response

Lectins
Carbohydrate-binding proteins
Mediate adhesion of
carbohydrates to cell surfaces.
Lectin-containing receptors
can recognize and bind
various carbohydrate residues
on biosurfaces.
Lectin-containing receptors
can also recognize and bind
non-self molecules produced
internally.

Leucoagglutinin: a toxic phytohemagglutinin found
in fava beans and concert posters.
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Lectin Pathway Detection and Activation
C-Lectin Recognition Domain (CRD) detection of
mannose or similar sugar molecules on the surfaces
of bacteria, fungi, viruses, and protozoa activates
Mannose-binding lectin-Associated Serine Proteases
1 and 2 (MASP-1 and MASP-2).
C-Lectin Recognition Domains

MASP-2 activation leads to the production of C4a (mediates local inflammation), C3
convertase (leads a cascade toward membrane attack complexes), C3a (binds to
bacterial membranes), and C3b (a major opsonin).

Figure 2.37 (above right) The Immune System, 3ed., Copyright Garland Science, 2009

There are other pattern recognition molecules besides MBL.
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Pattern recognition molecules in CIRS

Sentinels and regulators: the humoral arm of innate immunity.
Lectins: Macrophage galactose C-type lectin (MGL) helps macrophages and dendrite cells
process antigens able to stimulate helper T cell differentiation.

Dectins: Dectin-1 recognizes beta-glucans from Candida and Aspergillus species and
collaborates with Toll-like receptor 2 to increase suppressor cytokines and T reg cell production.

Collectins: Surfactant proteins A and D regulate pulmonary immune responses.
Ficolins: Multimeric lectins with collagen-like and fibrinogen-like domains.
Pentraxins: CRP and SAP recognize phospholipid and nuclear component PAMPs and
DAMPs. PTX3 recognizes multiple ligands and regulates innate immune inflammation.
Soluble PRMs predate antibodies as humoral defenders. They have antibody-like effector
functions and specialize in the discrimination of self from non-self (PAMPs), damaged-self
(DAMPs), and modified-self. They share basic multifunctional properties including
recognition and opsonization of pathogens and apoptotic cells, activation and regulation of
the complement system, and fine-tuning of inflammation.
Zizzari IG, et al. MGL receptor and immunity: When the ligand can make the difference. J Immunol Res. 2015; Article ID 450695.
Jaillon S, et al. The long pentraxin PTX3 as a key component of humoral innate immunity. Int Arch Allery Immunol. 2014;165(3):165-78.
Jaillon S, et al. Fluid phase recognition molecules in neutrophil-dependent immune responses. Semin Immunol. 2016 Apr;28(2):109-18.
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Lectin Pathway Detection and Activation
Members of the Collectin Family

1

The Ficolin Family

Mannose Binding Lectin

Collectin K-1

M-,L- and H-Ficolins

Pattern Recognition
Molecules:

C-type carbohydrate
recognition domain (CRD)

C-type carbohydrate
recognition domain (CRD)

Fibrinogen-like domain
(FBG)

Recognized Molecules:

Mannans, glycans,
N-acetyl-glucosamine

Mannose, fucose,
lipopolysaccharides

N-acetylated carbohydrates,
glycans, polysaccharides

From these Microbe
and Cell Types:

Bacteria, fungi, viruses,
apoptotic cells

Bacteria, fungi

Bacteria, fungi, viruses,
protozoa, apoptotic cells

MASP-1, MASP-2, C4a

MASP-1, MASP-2, C4a

MASP-1, MASP-2, C4a

3

Binding
Activates:

Kjaer TR, Thiel S, Andersen GR. Toward a structure-based comprehension of the lectin pathway of complement. Molecular Immunology. 2013;56:413-22.
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The Human Ficolin Family
Characteristics

M-ficolin

L-Ficolin

H-Ficolin

(monocyte ficolin)

(liver ficolin)

(Hakata antigen ficolin)

Molecular size

900 kDa

420 kDa

610kDa

Subunit size

35 kDa

35 kDa

34 kDa

Locations

monocytes, granulocytes > plasma

liver, plasma

liver, bile, lung, plasma

Chemical specificity

acetylated sugars

acetylated compounds, LPS,
1,3-beta glucans, elastin,
lipoteichoic acids, steroids

D-fucose, N-acetylated
glucosamine, fungal
polysaccharides

Microbial specificity

E. coli, S. aureus

E. coli, S. aureus, M. bovis,
A. fumigatus

A. viridans

C4 activation

Yes

Yes

Yes

Miscellaneous

Uniquely complex set of binding Most abundant ficolin in plasma,
sites, detects a wide range of
most potent activator of
granule-stored and plasma phase
PAMPs
complement in vitro

Could MBL and/or ficolin deficiency play a role CIRS susceptibility?
Genster N, et.al., Ficolins promote fungal clearance in vivo and modulate the inflammatory cytokine response in host defense
agains Aspergillus fumigatus. J Innate Immunity. 2016 Jul29 [Epub ahead of print].
Kilpatrick DC, Chalmers JD. Human L-ficolin (ficolin-2) and its clinical significance. J Biomed Biotechnol. 2012;2012:138797.
Ma YJ, et.al., Mouse mannose-binding lectin A and ficolin A inhibity lipopolysaccharide-mediated pro-inflammatory responses
by mast cells. BMB Reports. 2013 Jul;46(7):376-81.
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PRMs and CIRS-Relevant PAMPs
Pattern recognition molecules

Selected carbohydrate PAMPs
recognized
by collectins and ficolins

These carbohydrate
PAMPs are present on:

MBL

Beta-glucans

bacterial, fungal cells/fragments

MBL, Collectins, Ficolins

Lipotheichoic acids

gram+ bacterial cells/fragments

MBL, Ficolins

Lipoarabinomannans

mycobacterial cells/fragments

MBL, Collectins

Mannans

fungal cells/fragments

MBL, Ficolins

Glycans

fungal cells/fragments

Surfactant proteins A and D

Galactans

mycoplasma cells/fragments

MBL, Ficolins

Hyphal glucans

hyphal fragments

MBL, Ficolins

N-acetylglucosamine

bacterial, fungal cells/fragments

Surfactant proteins A and D

Fucose, maltose, lactose

fungal cells/fragments

Collectins, Ficolins

Lipopolysaccharides

gram- bacterial cells/fragments

All PAMPs are potential CIRS inflammagens.
Will such PAMPs be found in WDBs?

Absolutely!
[When it comes to WDBs,] “specific
causation doesn’t exist. Even if not
measured specifically, the multiple
inflammagens and toxigens that can
cause illness will be found in damp
buildings!”
From the 2008 U.S. Government Accountability Office Report
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Stachybotrys chartarum

Toxins and toxicity effects are also part of the CIRS picture
Tricothecenes can either murder or coax cells to commit suicide by disrupting protein synthesis.
Members of the S. chartarum gang include satratoxin G, roridin A, verrucarin A, T-2 toxin,
satratoxins F and H, and nivalenol, aptly co-named vomitoxin.

Spirocyclic drimanes such as stachybotrylactone and stachybotrylactam are complete and utter
bastards. Their mode of action is more subtle than the tricothecenes. Instead of killing cells, they
inhibit innate immune system regulation, forcing the body to beat itself up.

Hemolysins are cell-bursting proteins. Stachylysins localize in the cell wall of spores and

mycelia of S. chartarum. This toxin may have caused the pulmonary hemorrhages in Cleveland
infants whose homes were contaminated with S. chartarum as studied by the Vespers.
Stachybotrys translates to
“grapes on a stick.” chartarum
translates to “grows on paper.”
Spirocyclic drimanes are the
most common Stachy toxins.

After touring a nasty Stachy
home, N. P. Money guessed that
the stench of decay would bear
a similarity to a sumo wrestler’s
laundry basket.

Money, Nicholas P. (2004) Carpet Monsters and Killing Spores. Oxford University Press; New York.
Vesper SJ, Vesper MJ. Stachylysin may be a cause of hemorrhaging in humans exposed to
Stachybotrys chartrum. Infect Immun. 2002 Apr;70(4):2065-9.

Can a leaky gut barrier serve as a portal of
entry for inflammagens that trigger CIRS?

How zonulin, gliadin, and leaky gut trigger gluten sensitivity.

Fasano A. Celiac disease insights: clues to solving autoimmunity. Scientific American. 2009:32-9.
Hollon J, et al. Effect of gliadin on permeability of intestinal biopsy explants in celiac disease
patients and patients with non-celiac gluten sensitivity. Nutrients. 2015 Feb 27;7(3):1565-76.

Ingress of a multiplicity of PAMPs

What role
might low
aMSH levels
play in
permitting and/
or perpetuating
a leaky gut?

What role
might CIRS
inflammation
play in
permitting and/
or perpetuating
a leaky gut?

All PAMPs are potential CIRS inflammagens.
Are such PAMPs found in the gut? Can they activate DAMPs too?
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Probably!
The 2008 GAO Report clearly states:

Chronic or intermittent ingress of PAMPs
from the gut into gut wall tissues, blood, and
lymph can travel to the liver, brain, and other
tissues, activating innate immune responses
that may also generate DAMPs that activate
inflammasomes.
Source: Presenter speculation.
Bawa M, Saraswar A. Gut-liver axis: Role of inflammasomes. J Clin Exp Hepatol. 2013 Jun;3(2):141-9.
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Bioinflammagen (PAMP & DAMP) sources and their effects
in CIRS, including possible autoimmune transitions

2

Dysbiosis/Leaky gut

3

Internally produced
PAMPs and other
toxin exposures

1
Inhaled WDB
biocontaminants

Ingress of Biotoxins
and PAMPs in HLA
susceptible hosts

Pattern recognition
receptor activation
(TLRs, MBL, ficolins,
etc.)

Inflammasome
activation

Chronic cellular stress
signals, various DAMPs

CIRS inflammatory
cascades

Presenter

Speculation

Uncontrolled APC*
oxidative stress
*APC = antigen presenting cell

Presenter
Speculation

Presentation of
modified self-antigens

Presenter
Speculation

Autoimmune
transitions

If a leaky gut barrier serves as a portal of
entry for CIRS biotoxins and inflammagens,
how can we prove it?

Look for otherwise inexplicable C4a elevations when there is no
evidence of exposure to airborne PAMPs or stealth infections.
But how to prove that a gut is leaky?

Ways of Testing for Leaky Gut
Labs that evaluate
intestinal permeability:
Lactulose
Intestinal
Permeability: to mannitol
Direct
ratio
Intestinal
Antigenic
Reactivity:
Indirect

Zonulin:
Direct

GI-specific
antibody
panel
Direct
ELISA

If a leaky gut is present in a case of CIRS, the protocol might well need to
include a method for restoring functional integrity to the intestinal barrier.
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Meanwhile, back at the CIRS inflammatory cascade...
PAMP and DAMP Recognition and Activation Pathways
PAMPs = pathogen-associated molecular
patterns, or more appropriately, microbialassociated molecular patterns, as these
molecules are also found in commensal
and non-pathogenic microbes (MAMPs)
DAMPs = danger-associated molecular
patterns

Soluble

PRRs

Cell -bound

lectins
pentraxins
collectins
ficolins
dectins

PRR = pattern recognition receptors
TLR = toll-like receptor
NOD-LRR = nucleotide oligomerization
domain leucine rich repeat
RLH = retinoic acid-inducible gene 1 (RIG)
-like helicases
ASC = apoptosis-associated speck-like
protein containing caspase activation and
recruiting domain
HMGB-1 = high mobility group box-1
NALP-1 = NACHT leucine rich repeat and
pyrindomain containing-1

DAMPs that signal cellular injury or pathogen invasion
DNA, RNA (host or microbial), purine metabolites (ATP, ADP, adenosine, uric acid), heat shock proteins
(host or microbial), fibrinogen, heparin sulfate, hyaluronic acid, surfactant A, HMGB-1, S100 proteins,
biglycans, peptidoglycan fragments, peptides and glycosaminoglycans from apoptotic or necrotic cells.
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Defensins
The drones and photon torpedoes that WBCs and epithelial cells use
to shoot pathogens full of holes.
Defensin Functions
Small, cysteine-rich, cationic peptides with beta-sheet folds:
•Host defense against bacteria, fungi, and viruses.
•Can neutralize lipopolysaccharides and modulate inflammation.
•Can be soluble or stored and released by WBCs to kill phagocytosed bacteria.
•Antimicrobial peptides are also stored in epithelial cells.
•The underlying genes coding for defensins are highly polymorphic.

Defensin is a
CIRS genomics hit

Defensin Molecules

HBD2 - beta defensin

Anti-inflammatory soluble factors that protect epithelial tissues:
•Fibronectin (a cell adhesive glycoprotein important to tissue repair).
•Human Neutrophil Peptides 1-3 (pore-forming peptides released by neutrophils).
•HBD2 (beta defensin, expression induced by TGF beta-1 in endothelial cells.
•Lactoferrin (antimicrobial and antiviral activity, sequesters free iron).
•HD5 and HD6 (alpha defensins, secreted by Paneth cells, active against pathogenic
bacteria but minimal activity against commensals, regulate microbiome composition.

Paneth cell illustration: Nakamura et al. doi:10.12938/bmfh.2015-019
Martin L, et al. Antimicrobial peptides in human sepsis. Front Immunol. 2015 Aug 20;6:404.

In the Biotoxin Pathway, where
does antigen clearance go
wrong?
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Antigen processing and presentation

MHC II

MHC I

Hubbell JA, et al. Materials engineering for immunomodulation. Nature. 2009 Nov;462:449460.
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MHC antigen processing and presentation:
Pathway differentials

Ingestion

Phagocytosis
Macropinocytosis
Endocytosis (caveolae)
Endocytosis (clathrin)

Processing

Phagosomes
Endosomes
Lysosomes
Endolysosomes
Proteasomes
In the HLA CIRS-susceptible, where does antigen clearance go wrong?

Peptide Loading

MHC II ER formation
Vesicles to cell surface

Peptide Loading

MHC I ER attachment
TAP escort to cell
surface

Presentation

Peptide - MHC II molecule
microbial + toxins

Presentation

Peptide - MHC I molecule
Viral

T-cell Binding
Naive CD4

T-cell Binding
Naive CD8

CIRS and the APC-T cell Interface

Interactions between antigen presenting cells induce
T cell activation, differentiation, and regulation.

Inflammatory

Co-stimulatory

Regulatory

Co-stimulatory

Th1 cells secrete interferon-gamma to increase MHC II antigen presenting activity.
T regs and Th3 cells secrete IL-10 and TGF beta-1 to suppress MHC II antigenpresenting activity. Co-stimulatory molecules drive the type of response.
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T Cell Activation and Differentiation

• PAMPs & DAMPs

In the HLA CIRS-susceptible, where does antigen clearance go wrong? Securing
the answer to this questions could make CIRS a globally accepted diagnosis.
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B-Cell Activation

X

In the HLA CIRS-susceptible, could this pathway be where
antigen clearance goes wrong?

Can CIRS generate modified self-antigens?
Dendritic cell oxidative stress can result in modification of self-proteins,
resulting in MHC II posting of modified self-antigens.
Ketoaldehydes

ROS

Altered proteins

MHCII posting of
modified selfantigen

Isoketals

Altered proteins

Autoimmune
transition

A proposed pathway for DC presentation of modified self antigens.
Increased ROS production and formation of isoketals and protein-isoketal adducts
(modified self-antigens) in DCs associate with treatment-resistant hypertension.
Might this process occur in cases of CIRS?
Kirabo A, etal. DC isoketal-modified proteins activate T cells and promote hypertension. J Clin Invest. 2014 Oct 1;124(10):4642-4658.
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MMP-9 Innate Immune Regulation

Fibronectin is a
CIRS genomics hit

Activation and Duality of Function
MAPK

MMP9 activates
galectin-3, which binds
fibronectin, which binds
collagen, fibrin, and PGs
to help repair damage to
the ECM.

MMP9 activates
latent TGFbeta in the
ECM, where TGFbeta
converts ROR+ T cells
into cytotoxic
Th17 cells.

gene expression
mRNA translation
post-translational modification

ECM Repair

ECM Defense

pro-enzyme
activated enzyme

ECM Breakdown

Gelatinase

Gelatinase

plasma inhibitors
TIMP-1, TIMP-2, TIMP-4

ECM Breakdown

tissue inhibitors
ECM Damage Control

TIMP-1, TIMP-2, TIMP-3

TIMP= Tissue Inhibitors of Matrix Metalloproteinases
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T regulatory cells and Th17 cells

CD25+CD4+ T regs
The majority of regulatory CD4+ T cells express the CD25 marker (IL-2 receptor alpha chain).
•Typically constitute 5 to 10% of the CD4+ population; should be higher in chronic inflammation
•Prevent autoimmune transitions and help maintain immune homeostasis.
•Maintain self-tolerance by suppressing or eliminating cytotoxic and self-reactive lymphocytes.
•Suppress Th17 (cytotoxic) cell proliferation of and cytokine release.
•Regulate infectious tolerance and engage in bystander suppression.
•Induce antigen presenting dendritic cells to suppress effector T cell activity.

TGFbeta-1

Th17 activation
RORg2 is the nuclear
receptor needed for
TGFbeta to convert an
effector T cell into a
cytotoxic Th17 cell .

Fire!

Hold your fire!

Duality of Function

Foxp
3

The Forkhead Box P-3 transcription factor (Foxp3)
Foxp3 is a master regulatory gene for the differentiation of T reg cells in the thymus and the periphery.
•Foxp3-expressing CD25+CD4+ T regs are produced in the thymus and the periphery.
•Foxp3 expression is 100-fold higher in CD25+CD4+ than in CD25(-)CD4+ T cells.
•TGF beta and dendritic cells cooperate to differentiate naive and effector T cells into T reg cells.
Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the transcription factor Foxp3.
Science. 2003 Feb 14;299:1057-1061.
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T regulatory cell mediators
aT reg = adaptive T reg cell
nT reg = natural T reg cell
______________________________

T reg cell-derived
suppressor molecules
(good guys):
TGFbR = TGFb receptor
CTLA-4 = cytotoxic T
lymphocyte
associated protein 4
HO-1 heme oxygenase-1
Adenosine
CIRS
IL-10

genomic
Granzyme B
hit

The Upshot
T reg cells depend on
many tissue-dependent
suppressive mechanisms
working in concert to
keep adverse immune
responses under control.
Dendritic cytoplasmderived pro-inflammatory
mediator:

Tryptophan

Perforin
INF-gamma
IL-9

IDO
Kynurenine

cAMP
CD39
CD73
Galectins

Quinolinic acid

IL-35

A three-tiered model of the functions of T reg cells in maintaining normal immune homeostasis (damage control, restoration,
and tolerance). This model shows mechanisms potentially used by T reg cells for homeostatic control in the steady state,
during ‘damage control’ at the site of inflammation, and for infectious tolerance after the resolution of an immune response.
Tang Q, Bluestone, JA. The Foxp3+ regulatory T cell: a jack of all trades, mastermaster of regulation. Nature Immunology. 2008;9;239-44.
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Vasoactive Intestinal Polypeptide
Broad anti-inflammatory effects on immune responses
Deactivation of Innate Immune Responses

Th1
Th2
axis switch

Tolerogenic Effects

naive

CD4

Th1
Monocytes

Macrophages Granulocytes

TNF alpha
IL-6
IL-1 beta
iNOS
IL-12
HMGB1

Tolerogenic
Dendritic cell
CD4

Th2

IL-10
TGF beta

VIP decreases proinflammatory mediators while
increasing anti-inflammatory
mediators.

FoxP3

Th17

VIP decreases Th1 and Th17
activation while increasing
Th2 activation.

T reg

VIP activates
Ag-specific T reg cells

Ganea D, et al. The neuropeptide vasoactive intestinal peptide: direct effects on immune cells and involvement in
inflammatory and autoimmune diseases. Acta Physiologica. 2015 Feb;213(2):442-52
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Vasoactive Intestinal Polypeptide
Effects on vasodilation and oxygenation

VIP stimulates ATP
channel activity by
pulmonary artery
smooth muscle

VIP increases nitric
oxide production by
pulmonary artery
endothelial cells

VIP decreases Th1 and Th17
activation while increasing
Th2 activation.
Li Q, et.al. Mechanisms that underlie the induction of vasodilation in pulmonary arterty by rutin. Int Angiol. 2012
Dec;31(6):557-64.
Zhang S, et.al. Vasoactive intestinal polypeptide relaxes isolated rat pulmonary artery rings through two distinct
mechanisms. J Physiol Sci. 2010 Nov;60(6):389-97
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What CIRS and Sepsis Share in common
“Multiple positive feedback loops between danger-associated molecules,
PAMPs, and their overlapping receptors temporally and spatially drive
these processes and may represent the molecular basis for the observation
that infections as well as non-specific stress factors can trigger flares in the
systemic inflammatory response.”
John Marini and Arthur Wheeler
Critical Care Medicine: The Essentials, 4th ed., 2009

What CIRS and Sepsis have in common: PAMPs and DAMPs triggering
a systemic, uncontrolled innate immune inflammatory response.
The key differences:

1) In CIRS, T reg cells can fail to suppress defenses enough, whereas in sepsis, T reg cells
can suppress defenses too much. 2) Sepsis is an invasion of intact pathogens, whereas
CIRS is an invasion of microbe-associated molecular patterns, the main categories of
which consists of inflammagens, VOCs, and biotoxins produced by molds and bacteria
growing on the damp building materials found in water damaged buildings.
Martin L, et al. Antimicrobial peptides in human sepsis. Front Immunol. 2015 Aug 20;6:404.
Marini JJ, Wheeler AP. (2009) Critical Care Medicine: The Essentials, 4th ed. Lippincott, Williams & Wilkins: Philadelphia.
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SIRS (CIRS) as Sepsis Lite
Overwhelming inflammation with
infectious component

Overwhelming inflammation without
infectious component

SEPSIS

SEPSIS

Great suffering

Great suffering

High mortality

Low mortality

Sepsis
R65.20

Lite
SIRS R65.10

The Bioinflammagen Pathway

magen
Bioinflam

More Genomics!

flam
Bioin
en
mag

More on
Neuroscience!

More on
MRCoNS!

More on
Leaky Gut!

