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All Inflammation Is Not the Same

Blood
P

Inflammation=A defense mechanism of the body involving «IL-1B, IL-6, ”_{& 1L-17, IL-33, TNF
the immune system to a real or perceived danger, that
could become destructive if it is not controlled. °  GEnimD bRy

*  Metalloproteinases (MMP-9)
Systemic-cytokine storms=Sepsis +  Calprotectin (S100A8A)
Systemic-IL-1B=Cryopyrin diseases
Localized IL-4=Asthma

Localized IL-28=Psoriasis
Localized-IL-31=Chronic urticaria

a "

Anti-inflammatory
*  Alpha;-antitrypsin

in the brain=| i *  Alpha,-macroglobulin
*  Localized to the brain lining=Meningitis + C1-esterase inhibitor
Localized to the nerve insulation=Multiple « IgA, IgG, IgM
sclerosis « 110, IL-37, IL-38

»  Localized to the amygdala of the brain=Autism . IL-fsr, IL-33sr
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Inflammatory Conditions Involving Mast Cells
And Affected by Stress

«  Atopic dermatitis (AD) ‘
+  Autism spectrum disorder (ASD)

«  Chronic inflammatory response syndrome (CIRS)
«  Electromagnetic hypersensitivity

+  Fibromyalgia syndrome (FMS)

+  Inflammatory response syndrome (IRS)

+ Interstitial cystitis/bladder pain syndrome (IC/BPS)
+  Long-COVID syndrome

+  Mast cell activation syndrome (MCAS)

+  Multiple chemical sensitivity syndrome (MCSS)

+  Multisystem inflammatory syndrome (MIS)

+  Myalgic encephalomyelitis/Chronic fatigue syndrome (ME/CFS)
+  Neurofibromatosis

+  Pediatric acute neuropsychiatric syndrome (PAN)

+  Post-Lyme syndrome (PLS)

. Psoriasis [ —r——r—

+  Rheumatoid arthritis (RA) Guest Editorial
+  Sick building syndrome (SBS)
+  Toxic mold syndrome

«  Vitiligo

Stress, Inflammation, and Autommunity: The 3 Modern Ennyes

SCT

D, MD
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Typical Skin Mast Cell Metachromasia
as First Noted by Dr. Paul Ehrlich in 1887

«  Derives from distinct hemopoietic precursors

« s Myeloid, Mononuclear CD34+

+  PHENOTYPE: CD117+ (c-kit Receptor, SCF ligand)
+ Expresses CD23+ CD25+, CD2*

» Expresses FceR1 (surface receptor for IgE)

+  Contains 500-1000 secretory granules

» Isdistinct from Basophils

+ Is presentin all tissue

* Islocated around blood vessels and nerves

'
™
“
A A
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Activation of Mast Cells

CGRP, CRH, Mastoparan
Neurotensin, PTH,
Substance P

W | —

Antigen

Cytehines Stiamulabed by [1-33 in Haman Skin Mant Celle
ot Fotent

Dintinct Leveds and

Degranulation
(5-30 min)
Chondroitin sulfate Do niovo synthests
(624 )
11, IL-5, IL-6, IL-17,
IL-31, IL-33, TNF
CCL2, CCLS, CXCL8, CCL11
Bradykinin, Hemokinin-1,
Neurotensin, Osteopontin, VEGF

Heparin

Histamine

Leukotrienes

Prostaglandin D2
AF

ANAPHYLACTIC DIFFERENTIAL
DEGRANULATION RELEASE

Copyright by Dr. TC Theoharides
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Biological Actions of Platelet Activating Factor (PAF)

BioFactors ST f?.‘i:;
/\ N SR ——

AN

Monocytes.
| acropmages,

Endothelial —————— e e

Nodtophts Lymphocytes.

[_csu,covip-te | [ s

Platelet activating factor: Have we been missing the forest
for the trees?

Bofactors, 2022;48:1217-1225

3/26/2023 Copyright by Dr. TC Theoharides 6




Mast Cells Communicate With Other Immune
Cells and Pathogens

cRH

p— " scr o
Ykt . Borsin g SpinochetesInduce Mast Cll
® Wast ol Ackuaton and Cytokine Release
— s Reciment
. R4

RANTES
PAR2 =

TLR2 T4 POG

|ISHAM R

TR, 9

I
Hetense.

. Selective]
Vises. ShonCommuncatin

‘Sporothrix schenckii yeasts induce ERK pathway

activation and secretion of IL6 and TNF- in rat
mast colls, but no dogranulation

o T kR L

Vascular permeability, leukocyte infitration
[Effects of M ins on Neuropsychiatric

! Symptoms and Immune Processes
INFLAMMATION

Theohars C. Theoha

e . ngelinger, 0. Eder ‘ MENGL] MED 172 NEM.OBC JULY 8, 3313

Mast Cells, Mastocytosis, and Related
Disorders

Peter Valent, M.D., and Cem Alin,
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Diagnosis of Atopic Diseases
Blood
* IgE,1gG;, IgG,
« Anti-IgE receptor antibody
« Food Intolerance Panel
« Immune IgE (RAST for alpha-gal, casein,
« gluten, dust mites, fungi, grass, pollen)
*  Anti-IgE receptor antibody Dark under-eye circles
+ IL-4,IL-6, IL-31, TNF “allergic shiners"
+ PGD,
« Tryptase
Urine 24 hours (must be kept and sent cold)
* Methylhistamine (30% of histamine)
* MIA=methyl imidazole acetic acid (60% of
histamine
« 23BPG=2,3-Dinor-118-PGF,, Dermatographia
31262023 Copyright by Dr. TC Theoharides 8
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Primary
Environmental Drugs “Mastocytosis
*Monoclonal mast cell activation disorder (MMAS)
Secondary
~Allergies
“Mast cell activation in inflammation or cancer
+Physical urticarias
~Chronic autoimmune urticaria
diopat

e naphylaxis
o +Angioedema
“Uricaria

“Mast cell activation syndrome (MCAS)
Cytokines and
Growth Factors Peptides Adopted from (Akin et al. JACI 126:1099-104, 2010)

Mast Cells D i Probe

‘Cutaneous Blood Vessels to Capture Immunoglobulin E

vty 35166175, January 23207
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Respiratory

Nasal congestion

Throat swelling
Wheezing

Cardiovascular

Lightheadedness

-—
‘Tachycardia CRH, chymase,

histamine,IL-6,

PAF, renin,
TNF, tryptase

CRH, histamine, IL-6, NT, PAF,
PGD,, serotonin, TNF, tryptase,
vip

N

Digestive
Abdominal cramps
rrhea

sophageal reflu
Nausea and vomiting

Histamine, IL-6,
LCT,, PAF, PGD,

Hypotension
Syncope or near syncope N

NT, PAF, PGD,. TNF

S\slemw
Fatigue

Generalized malaise
| Weightioss
.

<G> ot
ot
>

Neurologic
Anxiety
Depression
Decreased concentration and memory (Brain Fog)
Insomnia
CRH, histamine, IL-6,

CRH, histamine, IL-6, IL-$, IL-33,
PAF, PGD; TNF, tryptase

IL-6, mn, RANKL,

TNF, tryptase

Cutaneous
Flushing
Pruritus
Urticaria
Angioedema

Musculoskeletal

Bone pain
Osteopenia/Osteoporosis

10

Mast cell activation syndrome: Proposed diagnostic criteria

Cam Akin, MD, PhD,"* Peter Valent, MD," and Dean D. Metcalte, MD"  us Arbor: Mich, Viewsa, Awstria and Bevheraba, M

Ths i e 8 it spedems ACA s g
rvasing e oo dhagrmnh fo sablets

i sscubar um.m.pnm -
comphaints. S path st "

Common Symptoms
+ Brain fog
+ Diarrhea
« Flushing
+ Gastrointestinal
+ Headaches
+ Hives Elevated basal serum tryptase identifies a multisystem
 Hypotension disorder associated with increased TPSABI copy number
« ltching (urticaria)
+ Myalgias
+ Neuropsychiatric
+ Palpitations
+ Shortness of breath
312612023 Copyright by Dr. TC Theoharides 1
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Mast Cells Contribute to Abdominal Pain

Local immune response to food antigens drives meal-induced

abdominal pain

Mg Mergams ¥ Fierems?, Moty Framen

Histamin H;
racaptor antagonist

An Allergic Basis for Abdominal Pain

[—
Biogenic amines in foods: histamine and food processing.
Bodmer . InatkC. Kneubahid

By the gut biota induces visceral hyper-

algesia through histamine 4 receptor signaling in mice 5 i i

. ° SEme B Histamine and histamine intolerance’ *
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SP and IL-33 together markedly enhance TNF synthesis

and secretion from human mast cells mediated by the TNF Gene Expression

% interaction of their receptors 3000
R A T, it Abion A Karmphnt, 1y g vl W, o H
B T e T H
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&
Substance P and IL-33 administered together stimulate
a marked secretion of IL-1B from human mast cells,

inhibited by methoxyl li A

s i’ e W, o Cons, Uk Morwst”, S Lo, Thchic € Thachied , g,,,

[ ‘ $ii,,
Taracanova et a. Proc Natl Acad USA, 2018 Oct 2:115(40) E631-E9390. HH
1
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Mast Cells Can Secrete the Content of
Individual Granules or Specific Mediators

Secretion in Mast Cells Induced by Calcium
Entrapped Within Phospholipid Vesicles

Abstrast. Purified mast cells secreted histamine when fused to phospholipid ves|
cles containing calcium but not magaesiam or potassium. Microscopic observai
revealed iighly localized exocylalic responses involving punciate exirusion of ind ~SCIENCE. YOL. 201, 72 SEFTEMBER 1578
vidual gearules. Calcium deli the vesicles is appar
sufficient stimulus {0 initiate exocyiosis. The resulis support the calcium hypothesi|
of stimulus-sccretion coupling.

IL-1 Induces Vesicular Secretion of IL-6 without

Degranulation from Human Mast Cells’

Kristiana Kandere-Grzybowska," Richard Letourneau,” Duraisamy Kempuraj,” Jill Donelan,”
Sarah Poplawski,” William Boucher,” Achilles Athanassiou.® and Theoharis C. Theoharides**

3/26/2023 Copyright by Dr. TC Theoharides

14

IL-6 Reflects Mast Cell Activationand Further
Stimulates Mast Cells

Refloct
Dissase Severity and Osteoporosts
inMastocytosis Patients

T — —

...... Oncogenic DB16V-KIT signaling in mast cells
IL8 promotes an increass in human mast cell number and o causes persistent IL6 production

reactivity through suppression of SOCS3 s T

O PP Rpu—— Aichaet P O Commal N . Normarom. Moty €. Coter Dol v,
Catman Prusen. MO Armost § Krshentiaam MO Mchast A Beaven PO 72 Dasn O Duan D Metcatie’ and Ana Obves
s
P~ " S P -
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Mast Cells Can Release Mitochondrial DNA that
Triggers Autoinflammatory Responses

Human mast c
n require mitochonds
Relevance to atopic d

degranulation and preformed TNF
slocation to exocytosis

Control

e v
J Allergy Clin Immunol 20° 522-31 SP
(2 um)
ProsT= |
Stimulated Human Mast Cells Secrete Mitochondrial Miochondviol Light WMargad
fuorescence (a)  Microscopy (b) )

Components That Have Autocrine and Paracrine
Inflammatory Actions

folume 7 | Tssue 12 | e49767

m=ms
-—vicys

DN related value

Convol SP(TuM) 8P (10 M)
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Free Mitochondrial DNA Indicates COVID-19 Severity

Circulating Mitochondrial DNA is an Early Indicator
of Severe lliness and Mortality from COVID-19 _

Davide Scozzi, Marlene Cano, Lina Ma, Dequan Zhou, Ji Hong Zhu, Jane
A O’Halloran, Charles Goss, Adriana

M. Rauseo, Zhiyi Liu, Valentina Peritore, Monica Rocco, Alberto Ricci, Rachele Am
odeo, Laura Aimati, Mohsen Ibrahim, Ramsey Hachem, Daniel Kreisel, Philip

A. Mudd, Hrishikesh S. Kulkarni, Andrew E. Gelman

doi: https://doi.org/10.1101/2020.07.30.227553

A 1 Pouil e PRt 1% G238 260,
Vi pubsiai o A, 300, 6 10,1152

wxm0

PERSPECTIVES | Virus-Host Cell Interactions and the Viral Life Cycle: Basic
Science to f?l?‘le[‘?lilJl'i

Decoding SARS-CoV-2 hijacking of host mitochondria in COVID-19

pathogenesis

ey K. Singh,'s Gyamesiwer Chiaubey. ™ Jake Y. Chen.” and Prashantn suravajnata’
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/& Review of Platelet Activating Factor As a
[Potential Contributor to Morbidiy
[Mortality Associated with Severe COVID- 14

[t B, BB 5. Vi B, P, BEPY
e

flammation,

Higher airborne pollen concentrations correlated with
increased SARS-CoV-2 infection rates, as evidenced
from 31 countries across the globe

Histamine Potentiates SARS-CoV-2

Spike Protein Entry Into Endothelial
8 . s
- e e gt - 18
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Additional Evidence of Mast Cell Involvement in COVID-19

lcov

@ — wnev

COVID 19, pulmonary mast celhs, cytoking storms. and
Ieneficial actions of lateolin

@ wury

19, pulmonary mast cells. cytokine storms. and
Ibeneficial actions of lutcolin

Edema,
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Evidence of Mast C

ell Activation in COVID-19

Mast Coll and Eosmophd Actrvation

Are Associated With COVID- 18 and

TLR-Mediated Viral Inflammatson:

Imphications for an Anti-Siglec -8
tbody

alveolar

thelial inflammation and

SARS-CoV-2-triggered mast cell rapid degranulation induces

Chymase=Angiotensin

" Converting Enzyme

P Not inhibited by Captopril
axmcL

lung injury

3/26/12023
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Conc. of IL1B

2 (24M) .
1L:33 (30 ng/mt) - *
Spike (10 ng/mL) +

Recombinant SARS-CoV-2 Spike Protein Stimulates
Cultured Human Mast Cells t

o Release IL-1(3 Via TLR-4
z - L))

[COVID-19 and Toll-Like Receplor 4 (TLRA4): SARS-CoV-2 May
[ind and Activate TLR4 to Increase ACE2 Expression, Faclitating
[Fniry and Cawsing Hyperinflammation

Theoharides, Tsilioni. New Engl J Med., In press.

3/26/2023

FL-Spike (10 ng/mL)

Anti-TLR2 Ab (2 pg/mL)
Anti-TLR4 Ab (2 pg/mL)
Anti-ACE2 Ab (2 pg/mL)
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Original Artide

The Mastocytosis Society Survey on Mast Cell Disorders:
Patient Experiences and Perceptions™ JALLERGY CLIN IMMUNGL PRACT
JANUARY [FEBRUARY 2014

Susan Jareivgs, PHD”, Marey Rlussal, Dr P, B Jarsigs, 85, Vabals Shva, AN, BEN", Liss Slarlesg, B5°,
Miruena Gl M, P, FARAAR, Patas Vibaot, MO, asedl Gt Allon, MD, PRD, FARAAL  Fiarti s, Nk Bt Mosrs:
o Vi, daeria

Heat | 512%
[ stress | 811%
Exercise | 626%
Aleohol | 544% ! e
Medications | 533% — n
Odors | 475% e aress on s
Inseet stings | 35.0% =
0.0% 20.0% 40.0% 60.0% 80.0% 100.0%
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Science

Fetal mast cells mediate postnaial allergic responses
dependent on maternal IgE

Rk i, A P, R, W Ko, Bt Mot Wb . & Sarea’
Ty i g Wi Mg Chacios Ao Deterir, A Larhe Jrey . V. O, Ak 10
[}

2

Allergy

ORIGINAL ARTICLE e

0GY AND GENET!

Prenatal negative life events increases cord blood IgE:
interactions with dust mite allergen and maternal atopy
Conert, . Stoudonmayer, . Hosen®, . A E. Pats Mills* & R. . Weight®?
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Prenatal Stress Contributes to Allergy and Inflammation

Allergy s

REVIEW ARTICLE C—

Prenatal maternal stress and atopic diseases in the chil
a ic review of i human studies

N. W. Andersson'#*", M. V. Hansen™, A. D. Larsen", K. S. Hougaard", H. A. Kolstad® &

V. Schliinssen*®®

Podiatic Allray and Immunclogy

ORIGINAL ARTICLE I ]
¥ | Maternal psy ic problems i the risk of
c Alergy snd imminoogy 27 2016 165-176.6 7015

childhood atopic dermatitis ‘ Ped
1 J Wang 2%, H. J. Wen*, T. L. Chiang®, S. J. Lin® & Y. L. Guo™*

Association Between Maternal
Perceived Stress in All Trimesters of
Pregnancy and Infant Atopic
Dermatitis: A Prospective Birth
Cohort Study

3/26/2023 Copyright by Dr. TC Theoharides 24
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Stress Worsens CSU and AD Via CRH Acting on Mast Cells

¥ trortiers -
®
=
of Chronic
Urticaria With Anxiety and
D ion in Adol
Mediation Analysis
J ALLERGY CLIN IAMUNOL
o L B i e MAY 2012
Increased serum CRH levels with decreased
skin CRHR-1 gene expression in psoriasis and
atopic dermatitis
0007
& [ P=ooor
4 P =.0003 N
2 [ ‘
] .
£ +
s L P
whe i
ek ek 18 DT Conrei_ Prorlasis P3 PN 1040 A0
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S [ES P ——

onal skin

Urticaria pigmentosa associated with acute stress and lesis
mast-cell expression of CRF-R1
© . K £ Machand.” . Trino M. Vi . Kesorou L4855

I e
M Mabr a0 ©. 8

High serum CRH and bone marrow mast cell CRH receptor
expression in a mastocytosis patient

Theoharis C. Theoharides, MS, PhD, MD*?, Anastasia L. Petra, MD',
Julia M. Stewart, RN', Irene Tsilioni, PhD', Cem Akin, MD, PhD*

2014 Jun 27.
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Corticotropin-Releasing Hormone and Brain Mast Cells
Regulate Blood-Brain-Barrier Permeability Induced by Acute
Stress

'PAMELA ESPOSITO, NATHAN CHANDLER, KRISTIANA KANDERE, SUBIMAL BASU, STANLEY JACOBSON,
RAYMOND CONNOLLY, DAVID TUTOR. and THEOHARIS G. THEOHARIDES.

30 minutes restraint stress /

9% change from control

tv %Tc-G
50
C57BL +/+ normal
W/Wv mast cell-deficient
T
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(CRH) Receptors and CRH Leads to Selective Secretion of

Human Mast Cells Express Corticotropin-Releasing Hormone

Vascular Endothelial Growth Factor'

J Immunol 2005;174:7665-7675

Jing Cao,*" Nikoletta Papadopoulou.! Duraisamy Kempuraj.' William S. Boucher,’
Koreaki Sugimoto.*' Curtis L. Cetrulo,’ and Theoharis C. Theoharides™'s

B ANCT

0

o0

H

VEGF (pg/10° cals)
8 8

B

]
Time (hours)

Substance P (SP) Induces Expression

(CRHR-1) in Human Mast Cells
Shahrzad Asadi'?, Konstantinos-Di
Nikolaos Siamanopoulos -, Magd!

3/26/2023 Theoharis C. Theoharides'

Corticotropin-Releasing Hormone Receptor-1

Alysandratos' 7, Asimenia Angdlidou’"", Alexandra Miniati
iadi' *, Bodi Zhang"**, Dimitrios Kalogeromitros™® and

of Functional

28

Corticotropin-releasing hormone induces
skin vascular permeability through
a neurotensin-dependent process

and Theoharis €. Theoharldes**1

PNA

Ernd edice Cenar, 13
Matics] Seh el Wercester, MA OIS

Oeparimentof -Enaracaiogy and pemartal
ess

21l Donelan*, William Boucher*, Nikoletta Papadopoulou*, Michael Lytinas*, Dean Papaliodis*, Paul Dobner',

stic, Bioxhemicny, and Simternal Medicine, Tutts Uriversy Schaolof Wedi
G711 na ‘Depatimens o Moecar Genetes 3nd Microbiogy, Unirer

e

FMAS | May 16,2006 | vol 103 | no 20 | 7750-7764

07
L
0] 1
o A7
1
0
contol M f0nM 1000 1M
CRH
OPEN B ACCESS Frealy available online
Neurotensin and CRH Interactions Augment Human Mast
Cell Activation
Konstantinos-Dionysios Alysandratos’” hahrzad Asadi'*”, Asimenia Angelidou™**®,
Bodi Zhang'**, Nikolaos Sismanopoulos'?*, Hailing Yang', Agatha Critchfield®,
Theoharis C. Theoharides’ 24678+
November 2012 | Valume 7 | tsaue 11 | e48934
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IL-33 augments substance P-induced VEGF secretion
from human mast cells and is increased in
psoriatic skin

Theoharis C. Theoharides**“4", Bodi Zhang**-, Dursisamy Kempursi*", Michse! Tagen*>, Magdakini Vasiadi®®,

Asimeria Angelidou”, Konstantinos-Dionysios Alysandratos®, Dimitris Kalogeromitres®, Shahrzad Asad,
Nikolaos Stavrianeas”, Erika Peterson’, Susan Leeman®”, and Pio Conti”

A

', Korstaptinos-Dionysios Alysandratos'

Uagdalini Vasiad: ", Bodi Zhan

Corticotropin-Releasing Hormone Receptor-1
(CRHR-1) in Human Mast Cells

r
- Substance P (SP) Induces Expression of Functional

Asimenia Angolidou’ ™%, Alexandra Miniai’
g, Dimitrios Kalogeromitros® and

J Immunol 2005;174:7665-7675

Autocrine hemokinin-1 functions as an

endogenous

J1 for IgE diated mast cell infl.

y resp

Tina L. Sumpter, PhD,* Chin H. Ho, MD,* Anna R. Pleet, BS." Olga A. Tkacheva, BS,* Wi
Darling M. Rojas-Canales, PhD, ¢ Adrian E. Morelli, MD, PhD,"*“ and Adriana T. Larregi

J. Shufesky, BS*
,MD, PRD*™*  Pittshurgh, Pa
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Mast Cells Increase Blood-Brain-Barrier Permeability,
Which Permits Focal Inflammation of the Brain

MINIREVIEW
MAST CELLS: THE IMMUNE GATE TO THE BRAIN
T.C. Theoharides, Ph.D., M.D.

_ W Basal ganglia
" (movement, reward)

Cerebral cortex

M Thalamus.

Department of Pharmacology, Tufts University School of Medicine
e L (sensory gateway)

36 Harrison Avenue, Boston,

Theoharides TC. Life sciences 46 (1990)

M Hippocampus.
mor

Forebrain (memory)

 Hypothalamus
(regulates body
function)
= Amygdala
{emotion)

Brain areas that regulate
homeostasis & emotions

Mast cells in meningiomas and brain &
inflammation
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Long-COVID Syndrome
Nervous system
consequences
Of COV|D'19 Persistent fatigue following SARS-CoV-2

infection is common and independent of
severity of initial infection

Neurological symptoms
highlight the need to

understand pathophysiologic | Fownamra ' e
. - [Frona Gattary " Lanwrs O Comvnon . Duirdion Lo vy Kiske O Brien”. Jornres Do’ diaemi:
mechanisms | Suugor’, Devic Hopkine, igmacio Martin-Lovches’, Clions M Cheatinigh*,

[Partiuban e apan” Ao Marie ek s Nosiaeg U Bourka’. Colen Bargin
[Cotomn O Farmiy™ . Crnram Bameunn** st Comiom ' *

Serens Spudich .7 Avindea Nath’

‘MMM‘.- " . anm‘

‘ Science, 375 (6578), - DOI 10.1126/science abm2052

2 Joural of Infection

il armal of Infec m
»
=

[Post-acute COVID-19 syndrome. Incidence and risk factors: A
Meiterranean. udy

\r
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Neurological outcomes 1 year after COVID-19 diagnosis:
A prospective longitudinal cohort study ey N

Vareru Raus' o | Rony Beer’ | Alos Josel Schisteckar’ | Anes Lindnr'

Mario Mofler' 0 | Bogelan Andred Lanow © | Philipp Mablkmecht? & | Bestrce Heim'
Marins Peball | Federico Carbone’ | Victoria Limmesnt' | Philipp Mind | Lauema Putins’ |
Blona Fava® | Sobina Sahunic® | Thomas Soneweber’ | Woligang N, Loscher'

Julla V. Wanschitz' & | Laura Zamarian' | Ashin Djamadichan’

Glinter Webss' | Riosa Belimann Weler' | Stetan Kiech | Kiaus Seppl'
Jueith Loeffler Rags” | Bettins Plausier’ | Ramund Helbok'

Nearags et s €5

i

|
|

[
|

t i

i
il

Cognitive impairments four months after
COVID-19 hospital discharge: Pattern, =
. severity and association with iliness

variables

S b . § e, S Sather . § Minem
Klunainn, Ry, T Lapgarrer, OB Persbary

3/26/2023 Copyright by Dr. TC Theoharides 33

33

11



Long-COVID Syndrome Is Associated
With Brain Perivascular Inflammation and Thrombosis

Microvascular Injury in the Brains of Patients with Covid-19 ‘

Extensive Cerebral Venous Thr

ntation in a COVID-19-Positive

National Institute of Meurologecal Disorders and Strake
Bethesda, MD Is

WENGL] MED 3845 WM ORG TESRUARY 4 2071 Y

2022 Farzin et al. Cureus 14(9): €29561. DOI 10.775cureus 29561
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Long-COVID Syndrome Is Associated With
Activation of Microglia

COVID-19-related neuropathology and microglial activation in
clderly with and without dementia
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Neuropathobiology of COVID-19: The
Role for Glia

Bain, Bebanior. & tewmonity - Heakh
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Microglia
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Cross-talk Between Mast Cells and Microglia Leading
to Inflammation of the Brain

The FASEB Joual aticle 11197134 Published onlne Apl 1, 2012
The FASEB Journal « Review

Microglia and mast cells: two tracks on the road
to neuroinflammation

Microglia
Neurotensin, Q)
K::QOD_:&S'I\ \}“ \)}J Pro-inflammatory mediators
Tryptase ‘3 2 > IL-1B,IL-6, TNF &

CCL2, CCL5, CXCL8

IL-6, TNF

 Cellular Physiology
Biochemistry
——
. Wast Cell Tryptase Induces Wicrogia Activation

Industion of Microgiial Activation by Via Protease activated Receptor 2 Signaing
Mediators Released from Mast Cells
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The $1 protein of SARS-€oV-2 crosses the
Role of SARS-CoV-2 Spike-Protein-Induced Activation of et e
Microglia and Mast Cells in the Pathogenesis of Neuro-COVID
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The Effects of Plant Flavonoids on Mammalian Cells:

Implications for Inflammation, Heart Disease, - = -
and Cancer Unique Properties of Luteolin

Reduces oxidative stress
* Inhibits inflammation
+ Inhibits mast cell activation
)"_: o * In microglia activation
« Inhibits neurotoxicity
« Is weak metal chelator

LA i
g :;u(:osllg * Increases memory
M 0 ',4",5,

oo ST

Brain Inflammation, Neuropsychiatric
Disorders, and Immunoendocrine
Effects of Luteolin

[Anti-Oxidant, Anti-inflammatory and Anti-Allergic l
lActivities of Luteolin
N 08: 74: 7-1677
Planta Med 2003; 74: 166 6 Theoharis C. Theoharides, BA, MS, MPhil, MD, PhD,*}:§ Pio Conti, DSc.|
nd Marina Econom, M. D54

Jouma of Cinicol Psychophamacology + Volume 34, Number 2, Apei 2014

Long-COVID iated brain fog and g
Luteolin to the rescue BoFadors 20214720241

Theoharis C. Theoharides'**** Christos Chobevas®
Kenstantinos Palyraidis’ | Antonios Palitis"
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Successful Treatment of a COVID-19 Patient on Lung Transplant List

This 49-year-old Caucasian female tested positive for COVI on 11/30/2020 and complained of

dyspnea and fatigue. The patient was admitted to the hospital on 12/20/2020 severely hypoxic with a
Diagnosis of acute respiratory failure. CRP and D-Dimer were elevated. O2 sat=52%

INTERNATIONAL
SOCIETY

FOR INFECTIOUS
DISEASES

Fig. 1A-Before Treatment Fig. 1B-After treatment
A ventilation-perfusion (V/Q) scan on 3/1/2021 revealed coarse heterogenous perfusion
of the lungs bilaterally, suggestive of diffuse microthromboembolic disease (Fig. 1A).
Pulmonary clots were apparently fossilized and deep within the Ilungs rendering
athromboendartectomy not a viable option. The patient was placed on the lung transplant list.
Arepeat V/Q perfusion scan on 8/6/2021 showed minimal heterogeneity of uptake (Fig. 1B).
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Advantages of TetramethoxyLuteolin
The novel flavone in is a potent i |
of human mast cells [ I
5o
*
Zuyi Weng, MS, PHD** Ari B Patel, M Smaro Panagiotidou, MA* nd
Theoharis C. Theoharides, MS, PHD, MD*><4 Ao, Mass
*x
Methoxyluteolin ol
(3457 totramthoxyflavone) s
www.GentleDerm.com b G + Betterabsorbed
e e B e sPa D - for
e Sctoasel Drugs(00 My - - Crom  Lut Methlur
: * Methyl donor
ot b + Nophenol intolerance

Neurotensin stimulates NTR3/sortilin and mTOR in | | _ ¢ 101 bt
human microglia: Potential therapeutic target in gg g oo ——poo
autism inhibitable by methoxyluteolin 2E% g0
5g g o
‘nvsl PNAS | Movember 8, 2016 | vol. 113 | no q‘ o3 e -
Flavonoid (uM) - - 041 05 1 5 10
NT(10nM) - + + + + + +
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Microglia and Mast Cell

Activation Involves mTOR

Neurotensin stimulates sort

and mTOR in human

microglia inhibitable by me
therapeutic target for autism

ASB. Patel™, e Toond”, Sunan . Lisenan™", and Theohark €
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Mast Cell and Microglia THggers
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Methoxykuteoln Inhibits Neuropeptide-simulated
Promflammatory Mediator Release via mTOR Actwation from
Human Mast Cells’
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A unique antioxidant lotion
containing a novel

flavonoid for dry, irritated

or sensitive skin

« Aloe vera extract

« Olive fruit extract

- Chamomile oil

- Oregano oil

* Honey

Pls - Methoxyluteolin
(Tetramethoxyflavone)

waes. GeutleDerm. com
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A unique antioxidant lotion containing a novel flavonoid
for dry, irritated or sensitive skin

Hydrates-Nourisi
Let Nature Calm Your Skin™
Net waight 2 o2 (36.7 gm)

s-Soothes

oo,
oo L
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o) Methoxyluteolin

(3'4'5,7-tetramethoxyflavone)
www.GentleDerm.com

Properties of methoxyluteolin:

*  Better absorbed
+  Decreased metabolism
+  Methyl donor
Tolerabilicy and benefit of a S
cetramethoxyluteotin-containing =
(ki lotion -
—
S A —
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Summary of Clinical Implications

Mast cells are ubiquitous in the body, including critical areas of the brain.

Mast cells contain as many as 1,000 secretory granules/cell each storing as many as 50
i such as inin, hi ine, chymase, tryptase and TNF.

Mast cells can synthesize and release another 50 or so pro-inflammatory mediators such

as PAF, chemokines, cytokines and peptides.

Mast cells can be triggered by allergic, but also pathogenic and stress stimuli.

Mast cells can sense the outside environment, but also the blood vessel lumen

Mast cell can orchestrate and regulate inflammatory reactions.

Mast cells in the lungs are involved in the pathogenesis of COVID-19 and in the brain in

Long-COVID and Neuro-COVID.

There are no effective drugs to block mast cell activation.

Liposomal (in olive pomace oil) dietary ining pure ids luteolin and

quercetin (e.g. NeuroProtek and FibroProtek) can inhibit mast cells.

A new supplement ViralProtek containing oleurupein, eriodictyol, hydroxytyrosol and

sulphraphane inbits multiple viral targets including ACE2, serine proteases, and TLR4.

ax United States Patent (o) Patent No.: US 8,268,365 B2
Theoharides @5) Date of Paent:  *Sep. 18,2012
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Mast cells and inflammation
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