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What is PANDAS? Sydenham’s Chorea is the Model

In 1894, Sir William Osler described
“bizarre” and “perseverative
behaviors” of children with “chorea
minor,” and first made the
relationship between obsessive-
compulsive OCD symptoms and
Sydenham’s chorea (SC)
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Sydenham’s Chorea is the Medical Model for PANS/PANDAS

* Chorea: “Dance-like”
abnormal movements.
— Loss of fine-motor
control
— Loss of emotional
control

 Sydenham’s Chorea is
the neurological
manifestation of Acute
Rheumatic Fever
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What is PANDAS?

Pediatric Autoimmune Neuropsychiatric Disorder
Associated with Streptococcal infection

’ -. : .3

Pediatric Autoimmune Neuropsychiatric Disorders 1998) Am J Psychiatry 155(2): 264-271.
Associated With Streptococcal Infections: [o%8) AmJ Eevchia 2
Clinical Description of the First 50 Cases

THE AMERICAN JOURNAL OF

Sugan E. Swado, M .D., Henriatta L. Leonard, M .D., Mar|oria Garvey, M .D., PSYC H I AT RY

Barbara Mittleman, M .D.. Albert J. Allen, M.D., Ph.D., Susan Perimutter, M.D.,
Lorraine Lougse, L.C5W., Sara Dow, BA., Jason Zamkofl, BA., and Billinda K. Dubbert, M 5N
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The PANS Research Consortium (PRC)

Immunomodulatory Task Force

Comprised of immunologists, rheumatologists, neurologists, infectious disease experts, general
pediatricians, psychiatrists, nurse practitioners, and basic scientists with expertise in
neuroimmunology and PANS-related animal models

» Stanford PANS Clinic and Research Program at Lucile Packard Children’s Hospital, Stanford University School of Medicine, Palo Alto, California.

* Pediatric Allergy, Immunology, and Rheumatology, Stanford University School of Medicine, Palo Alto

* Pediatrics and Developmental Neuroscience Branch, National Institute of Mental Health, Bethesda, Maryland

* Rothman Center for Pediatric Neuropsychiatry, Pediatrics and Psychiatry, University of South Florida Morsani College of Medicine, Tampa, Florida.

* Paediatrics and Child Health, Institute for Neuroscience and Muscle Research, the Children’s Hospital at Westmead, University of Sydney, Sydney,
Australia

* Pathology and Cell Biology (in Neurology and Pharmacology), Columbia University, New York, New York

* Pediatric Neuropsychiatry and Immunology Program in the OCD and Related Disorders Program, Harvard Medical School, Boston, Massachusetts

* Allergy, Immunology, and Rheumatology, The University of Arizona College of Medicine, Tuscon, Arizona

* Epidemiology, Center for Infection and Immunity, Columbia University Medical Center, New York, New York

» Pediatric Neurology, Nemours/Alfred I. duPont Hospital for Children, Wilmington, Delaware

* Neurology, University of Southern California Pediatric Movement Disorders Center, Children’s Hospital of Los Angeles, Los Angeles, California

* Pediatric Rheumatology, Baylor College of Medicine, Houston, Texas

* Pediatric Infectious Disease, Harvard Medical School, Boston, Massachusetts

* Pediatric Infectious Diseases, University of Missouri School of Medicine, Columbia, Missouri

* Pediatric Infectious Diseases, Stanford University School of Medicine, Stanford, California

* Pediatric Rheumatology, Tufts University School of Medicine, Boston, Massachusetts

* Microbiology and Immunology, College of Medicine, University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma

* Child and Adolescent Psychiatry, University of Minnesota Medical School, Minneapolis, Minnesota

* Pediatric Rheumatology, Miami Rheumatology, LLC, Miami, Florida

* Psychiatry and Behavioral Sciences, Child and Adolescent Psychiatry, Stanford University School of Medicine, Palo Alto, California

* Pediatric OCD and Tic Disorder Program, Harvard Medical School, Boston, Massachusetts

* Pediatric Neurology, Georgetown University Hospital, Washington, District of Columbia

* Child Psychiatry, Psychiatry, Psychology and Pediatrics, Yale Child Study Center, Yale School of Medicine, New Haven, Connecticut
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Nomenclature and Hierarchy
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Clinical Evaluation of Youth with Pediatric
Acute-Onset Neuropsychiatric Syndrome (PANS):
Recommendations from the 2013 PANS
Consensus Conference
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PANDAS

Pediatric Autoimmune
Neuropsychiatric Disorder

Associated with

Streptococcal Infection



PANS

Pediatric Acute-Onset Childhood Acute
Neuropsychiatric Syndrome Neuropsychiatric Symptoms

PITANDAS

Pediatric Infection-Triggered Autoimmune

Neuropsychiatric Disorders

PANDAS

Pediatric Autoimmune Neuropsychiatric
isorder Associated with Streptococcal infection

PANDAS is a Subset of Broader Related Conditions

Infection-Triggered

e Bacterial, Viral, Parasitic,
Fungal or possibly
environmental?

Autoimmune

* Immune dysfunction or
Immune-mediated

Neuropsychiatric Syndrome or
Symptoms

e Multisymptom

Directed against portions of the
brain

e Basal ganglia
Acute-Onset

e (Criteria for PANDAS/PANS
but not observed in all
conditions)



Post-infectious Autoimmune Disorders of the Basal

Ganglia

Responsible for: Putamen Caudate

* Voluntary motor control

Catii) Thalamus

* Procedural learning Globus Pallidus
Medial

« Cognitive functions

* Emotional functions

 Eye movement

Subthalamic
Nucleus

Substantia
Nigra

Two disorders of the
Basal Ganglia are
Parkinson's’ Disease and
Huntington's Disease



MRI Inflammation in Strep-Associated Children with OCD/Tics

compared to Healthy Children
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Neuroinflammation, Autoimmunity and the Brain

THE
INFLAMED

MIND

A radical new approach

(80} rll.'I|ZlH"1"-J|.|[I

EDWARD BULLMORE

Released April 2018

Dr. Bullmore is Co-Chair of
Cambridge Neuroscience,
Scientific Director of the
Wolfson Brain Imaging
Centre, and Head of the
Department of Psychiatry
at Cambridge University

Linking infection to "mental" iliness, as
strep antibodies are linked to the
neurological Tourette's syndrome, has
been rejected by many doctors since
the rise of psychoanalysis, but
Maloney insisted Sammy be tested for
strep titers when he became unable to
attend school and to walk. He was
diagnosed with PANDAS. Antibiotics
ended two torturous years for the
family, and Sammy's regains came as
rapidly as the symptoms had
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saving
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BRAIN ON FIRE

SUSANNAH CAHALAN

Susannah Cahalan is a news
reporter at the New York Post

who succumbed to an infection
then began a painful journey to

be diagnosed with an

autoimmune disorder attacking

her brain, and then the path to
recovery after receiving the
right treatment.

DVD: Documentary chronicling
several families and their
children suffering from
PANDAS and what they went
through to reach a diagnosis
and begin recove




CSF and Serum Autoantibody Binding to the Brain

Autoantibodies in CSF bind to Human Brain Sydenham Chorea Autoantibodies Bind and Stimulate
Caudate-Putamen in Children with Movement Disorders calmodulin-dependent protein kinase (CaMKIl)

Journal of Neuroimmunology 2006 Oct179(1-2):173-9 namre

Antibody-Mediated Neuronal Cell Signaling in mEdiCI ne
Behavior and Movement Disorders

Christine A. Kirvan?, Susan E. Swedob, Lisa A Snider®, Madeline W.
Cunningham

d. PANDAS e. PANDAS f. Sydenham’s Chorea

T TGAr

VOLUME 9 | NUMBER 7 | JULY 2003 NATURE MEDICINE
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One Mechanism of Infection-Triggered Autoimmune

Neuropsychiatric Disorders

Antibodies
Cross-React
Body Produces  With Neurologic Reaction
Microbial, Viral, @ Antibodies That Receptors Disrupts
Fungal Infection Recognize (molecular Brain Function

Occurs Infectious Agent mimicry) (friendly fire)

7 A
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Population-based Studies Linking Infection, the Immune

System and Mental lliness

Danish study of ~4,500 individuals revealed a relationship
between inflammatory markers and neuropsychiatric
disorders(?

Patients with elevated Interleukin-6 (IL-6) were more likely to be
depressed at age 18 years

+55%

Higher IL-6 baseline levels increased the risks of psychotic
experiences and psychotic disorder at age 18

+81%

Danish study of 3.6 million individuals revealed an
increased risk of mental illness associated with infections(?)

History of hospitalization for infection increased the risk of mood
disorders (bipolar affective disorder or depression)

Hospitalization for autoimmune disease increased the risk of a mood
disorder diagnosis

The two risk factors together increased the risk of subsequent mood +135%
disorders

+45%

1. “Autoimmune Diseases and Severe Infections as Risk Factors for Mood Disorders” JAMA Psychiatry. 2013;70(8):812-820
2. “Association of Serum Interleukin 6 and C-Reactive Protein in Childhood With Depression and Psychosis in Young Adult Life” JAMA Psychiatry. 2014;71(10):1121-1128
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Molecular Mimicry

* “Friendly Fire”

* Mechanism of action that
is implicated in many
chronic debilitating
diseases

* Infections that lead to
autoimmune responses
with debilitating
symptoms including
neuropsychiatric

Q1 =



Infection, Immune, Brain Connection to Neuropsychiatric

Disorders

Brain Function
(Neurological and
Neuropsychiatric symptoms)

GENETIC PREDISPOSITION IMUNE SYSTEM DYSFUNCTION

Infectious/Non- Immune System
Infectious Triggers (inflammation, microglia
(Environmental, bacteria, activation, cytokines,

viruses, parasites) autoimmune antibodies)



What is the Controversy?

Defining, Diagnosing and Treating a Cross-disciplinary
Multi-symptom Neuropsychiatric Disorder

1. PANDAS

— Association with Group A Streptococcus (GAS)
but most all children get Strep

2. Heterogeneous symptoms

— Patients present with multiple, and often
different neurological and psychiatric symptoms

3. Crosses multiple medical specialties

— Infectious Disease, Immunology/Rheumatology,
Neurology, Psychiatry

4. A clinically-defined disorder without
identifying biological markers

— based upon symptoms and often a diagnosis of
exclusion

17




Anti-Streptolysin O Titers and

OCD Symptom Severity (Y-BOCS)
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Challenges when Diagnosing Human Disease and the
Impact of Organ System Specialization in Medicine

Artificial View of Disease More Practical View of Disease

Disease
Category 3

Disease
Category 2

Disease Category 2

Disease
Category 3

Disease
Category 4

Disease
Category 4

Disease
Category 1

Different etiologies of disease can manifest identical symptoms

but resolution is only possible with an understanding of the etiology
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Problem: Patients Become Labeled into Symptom-Based

Categories

Common Symptoms Diagnostic Labels

SR . | Developmental

y Acute-Onset '
I\ | i

bnora ities Neuropsychiatric : & gfﬁz*::;ﬂf
Sleep

Disturbance Repetit_ive
Behavior

Changes in

Handwriting

Bedwetting

Tourette's
Hyperactivit Syndrome

| __._._,_u..—-—-—""

Difficulty in
School

Aggression/ Separation fADWADHD} Delay fPDD)
Rage Anxiety

Irritability — ! - *"‘/

Attention Deficit Parnsps

Developmental

Hyperactivity
Disorder
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Tack Laws #1 and #2 (Dr. Sydney Baker)

g

A

e If you are sitting on a tack, the treatment
is not two Advil every 3-4 hours

* The treatment for “tack sitting” is “tack
removal”

 Search for the root and treat the cause
rather than the symptoms

If you
removing one tack does not eliminate
50% of the symptoms

Complex conditions are “complex”

To be effective, address all the
underlying causes for resolution

Correctly diagnosing the root cause for patients with neuropsychiatric symptoms

is critical to prescribing the correct treatment

21



Topics We will Cover

1.

Definition of PANDAS/PANS

«  Nomenclature and alternative nomenclature
«  Proposed mechanism

«  What is the controversy?

Brief clinical presentation and symptoms associated with
PANDAS/PANS
«  Some common infectious triggers

Molecular mimicry and its role in post-infectious
autoimmune disorders of the brain

Anti-neuronal antibodies in the Cunningham Panel
«  Biomarker selection

« Patient population study

«  Swedish study conclusions and issues

Broader-based patient populations outside of
PANDAS/PANS, including adults

22



Estimated that 1 out of 150 to 250 children have

PANS/PANDAS

PANDAS DIAGNOSIS CRITERIA

* Presence of OCD and/or tics,
particularly multiple, complex or Before the infection During the episode After treatment

unusual tics ' %

®* Young age at onset

* Age requirement (Symptoms of P

the disorder first become evident
between 3 years of age and
puberty)

e Acute onset and episodic
(relapsing-remitting) course

e Association with Group A

Streptococcal (GAS) infection
— 6.5 +/- 3.0 years for tics

— 7.4 +/- 2.7 years for OCD

* Boys out number girls 2.6 to 1

e Association with neurological
abnormalities

23



Symptoms found in National Institute of Mental Health
Samples (NIMH) USA

» Choreiform
movements 95%

»  Emotional lability
66%

»  School changes
60%

»  Personality
changes 54%

P Bedtime fears
50%

vy

Fidgetiness 50%

Separation fears
40%

Sensory
defensiveness
40%

Irritability 40%

Impulsivity and
distraction 38%

24
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ADHD 40%
ADD 40%

Depression
36%

Separation
anxiety 20%

P Overanxious
28%

»  Enuresis
20%

»  Anorexia
17%



Dysgraphia is Frequently Observed

in Children with These Conditions

Subject 1: Before Observed Motor Tics Subject 1: After Observed Motor Tics

é"‘h ql | Lube \

D'_ ﬂ'b cachiye

Before and after pictures illustrate how a child with tics is profoundly impacted
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Some Infectious Triggers that are Associated with

PANDAS or PANS

_ Yes, You Can Catch Insanity
d G I'O u p A Stre ptOCOCC| 1 comfrorersial disease revives the detate abozt te immriene systeor amad meemtal e

* Influenza A

« Varicella (chickenpox)
 Mycoplasma
 Lyme disease
- Babesia

- Bartonella

« Coxsackie virus “*

Patients often have more than one
infection, and can be subclinical

26



Treatment Categories for Post-Infectious Autoimmune

Neuropsychiatric Disorders of the Brain

e Anti-microbials
e Steroids and NSAIDs

* Plasmapheresis (Plasma

Anti- exchange)

Inflammatory

* Intravenous Immunoglobulins
(IVIG)

* Immune modulating medications
Immune

Modulators  Symptomatic Treatment

— Cognitive Behavioral Therapy

— SSRIs

Effective allopathic, integrative or natural treatments tend to fall into these categories
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Molecular Mimicry Between Strep and Self-Antigens

Similar antigenic determinants between host and infecting microorganisms

I|III.\I.;.-i'l'nﬁ.:,_

Heart (carditis)

[cardiac myosin/laminin]
Joint (arthritis)

Brain (chorea)
[lysoganglioside/tubulin]

Streptococcal Cell Wall



Molecular Mimicry in Guillain-Barré Syndrome

Robert K. Yu et al. Infect. Immun.

Most often preceded by
gastrointestinal or
respiratory infections:

— Campylobacter jejuni
— Mpycoplasma

— Cytomegalovirus
(CMV)

2006;74:6517-6527

— Epstein-Barr virus
(EBV)

— Varicella-zoster virus

— Influenza
Infection-triggered S

. . L ¥ Signal Moving Through a Healthy Nerve
autoimmune reaction QT e FRet & Uty b

against the peripheral T a3

nervous system (the myelin
sheath)

Signal Moving Through a Damaged Nerve

e —;i;:l e 7#@

L |
Danlageh Area
(interrupts signa!]
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Molecular Mimicry is a Well-Established

Mechanism of Autoimmune Dysfunction

Guillain-Barré Syndrome occurs after a gut
or respiratory infection and involves
antibody attack on nerve tissue(?

Many conditions are believed to have
mimicry at the core("

Neurologic or CNS Conditions

Guillain-Barré Syndrome Sydenham Chorea

Multiple Sclerosis Myasthenia Gravis
Anti-NMDA Receptor Schizophrenia and Portions
Encephalitis of Autism

Lupus Rheumatic Fever
Myocarditis Crohn’s Disease

Lyme Arthritis Type 1 Diabetes

Inflammatory Bowel Disease Rheumatoid Arthritis

1. Ref: *"M.F. Cusick, et. al., Clin Rev Allergy Immunol. 2012 February, 42(1): 102-111 2. Ref: mayoclinc.org

Inflammation and destruction of tissues and organs impacts over 100 million people afflicted with more

than 80 different autoimmune diseases'
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Infection-Triggered Autoimmune Response through Molecular

Mimicry*

Infection Triggers that affect the CNS and other Systems

* Guillain-Barré Syndrome Cardiomyopathy (myocarditis)

— Campylobacter jejuni — Coxsackie virus, Group A
¢ Sydenham Chorea Streptococcus
— Group A Streptococcus * Crohn’s Disease
* Systemic Lupus Erythematosus — Gram-positive bacterial
(Lupus) peptidoglycans
— Epstein-Barr virus (EBV nuclear * Diabetes Type 1

antigen -1
9 ) — Coxsackie B virus, rubella,

* Multiple Sclerosis i '
ultiple herpesvirus, rotavirus

— EBV, measles and HHV-6
* Myasthenia Gravis

Psoriasis

— Streptococcus pyogenes

— Herpes Simplex Virus Type 1 (gpD) (Streptococcal M Protein)

*M.F. Cusick, et. al., Clin Rev Allergy Immunol. 2012 February, 42(1): 102-111
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Molecular Mimicry as a Basis for Chronic Disorders of the

Brain and other Diseases
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Antineuronal Antibodies

in Children with Motor Tics and OCD

JOURNAL OF CHILD AND ADOLESCENT PSYCHOPHARMACOLOGY

Volume 25, Number 1, 2015

Antineuronal Antibodies in a Heterogeneous Group

of Youth and Young Adults with Tics
and Obsessive-Compulsive Disorder

Carol J. Cox, PhD! ™ Amir J. Zuccolo, PhD!™ Erica V. Edwards, BS! Adita Mascaro-Blanco, BS!
Kathy Alvarez, BS! Julie Stoner, PhD? Kiki Chang, MD? and Madeleine W. Cunningham, PhD’

OCD + Tics Association with Anti-Lysoganglioside Antibodies OCD + Tics Association with CaMKIIl Activity
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Patient Group Participant Group

OCD / motor tics are associated with the presence of antineuronal

antibodies and correlation with CaMKII activity
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The Cunningham Panel™ Biomarker Components

The 5 biomarkers were originally identified from patients with Sydenham Chorea and

PANDAS/PANS children

The CUNNINGHAM PANEL™
of Tests

Yo
={ Pationst DOR; MM/DD/TYYY
moleculera labs Dt of Tost Raport: 09/17/ 2015
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00

]

50

1w [ £) e — AR Ay v o g, o ey el ate & by g gy
o w

B SR V] T LD o Y i afe® S el i e anal i e Fasetiar

|

W 41 eymeenter 2 5T

Ref: (1) Reported by Dr. Amirm Katz base upon his 112 patients studied and our patient

responses
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1) Anti-Dopamine D1

Often positive with psychiatric
symptoms including psychosis(")

2) Anti-Dopamine D2L

Often positive with movement
disorders and impulsivity(!

3) Anti-Lysoganglioside GM1

Often positive with neuropathic
symptoms including tics("

4) Anti-Tubulin

Often positive with cognitive
complaints, OCD and brain fog™"

Often positive with involuntary movements

and any symptom of adrenergic activation
(1)



Anti-Human Dopamine D1 and D2L Receptors

Synaptic

vesicle ] Postsynaptic

terminal
in the STriatum

Presynaptic terminal




Anti-BTubulin

Animal Cell Micrograph

" i 8RO

* Microtubules (tubulin) ; -.H i
form part of the = )
cytoskeleton that gives ey

structure and shape to
a cell, and also serve to
move other organelles
throughout the
cytoplasm

Figure 2

http://quasargroupconsulting.com/genetics/Microtubules.php

The Journal of biological chemistry.
Karki S, Tokito MK, Holzbaur EL 2000 Feb 18



Anti-Lysoganglioside GM1

Inside a nerve cell

Gangliosides are lipid
components of neuronal
cell membranes




Sydenham Chorea Sera Reacted with Lysoganglioside

P <0.0001
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Kirvan et al. 2003. Nature Medicine 9:914-920



Autoantibodies that stimulate CAMKII in Children with

neuropsychiatric syndromes

. aM
Crossreactive  =<|| kinase |l Presynaptic Nerve
Abs Terminal
\ A Tyrosine {from Substantia Nigra)
A vdroxylase
Autoreceptors 4/ Dopamine Vesicles filed with

neurotransmiter

- P Lo (Dopamine)

-
.E.

; "3, Dopamine
PeﬂcﬂéﬂpTéﬁ (D2 J- l rec?epmrs (01)
activates
Postsynaptic Crelase |\ camp linhi:its
Nerve
fin Striatum) PKA = DARPP.32
1

P
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Children who
demonstrate
CaMKIl neuronal
cell stimulation
positive tests
respond to
immunotherapy
and their
neuropsychiatric
symptoms resolve



Calmodulin Calcium-Dependent Kinase Il Triggering by
Autoantibodies against Neuronal Cell Receptors

CaM Kinase activity percent above basal level
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Autoantibodies that stimulate CAMKII in Children with

neuropsychiatric syndromes
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Kirvan et al., Nature Med, 2003
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Connecting Autoimmune Neurologic Antibodies and

Neuropsychiatric Symptoms

D
Synapse

E Lexapro 10mg
2 s

Group A
Lysoganglioside Dopamine carbohydrate-specific
D1 or D2 antibody
receptor //\
Dopaminergic Activated DDD -
neuron Uil P b
R N ‘
Dopamine
c[% Abnormal movements
;I]' :’josmei Dopamine \P and behaviors
ydroxylase
;4\\ /;
e o

Lexapro 20 mg

(/// 'Cymbalta

duloxetineg HCI

Riratie

Neuropsychiatric Symptoms Including Anxiety, Aggression, Rage,
OCD, Tics, Depression, Hyperactivity, Insomnia, Phobias




Individual Assay Normal Ranges

Anti-Neuronal Antibody Titer Normal Ranges (MEAN)

Anti-Dopamine D1 500 to 2,000 (1056)
Anti-Dopamine D2L 2,000 to 8,000 (6000)
Anti-Lysoganglioside-GM 1 80 to 320 (147)
Anti-Tubulin 250to 1,000  (609)
CAMKII 53 to 130 (95)

Normal ranges based upon 50 pediatric patients

* Lifetime history of no neuropsychiatric disorders or symptoms
* No first-degree relative with neuropsychiatric disorders

* No patient history of autoimmune diseases

* No active infections or symptoms



Retrospective Case Study: Autoantibodies Correlation

with Treatment/Symptom Resolution

Patients with Results From Two or More
Cunningham Panels
April 22, 2013 to December 31, 2016
{n=206)

|

Pre and Post-Treatment Symptom

Status Reported
{(n=62)

Group 1: “Improved/Resolved” Group 2: “Not-Improved /Worsened”
Symptoms Improved or Resolved Symptoms Failed to Improve or Worsened
Upon Treatment Upon Treatment
(n=37) (n=25)

| l

Included in Analysis
(n=62}
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CaMKIl Stimulation Assay Results

300
250 ] S ——
[ ]
> L1
E 200 -
< ®ee®, ® %o
¥ g0 o ®e.0® 0.0
= 150 _._lr_" . s S |- 0xocP
S el dec 0060°, ose _ag%con.
.... [ ] -.. Occ
o* nggngi 5. %o
100 ® vﬁuuc o o
000
™
50
Pre Post Pre Post
Mean; 153.8 115.7 148.4 138.6
SD: 38.2 18.8 33.0 20.7
P=0.000003 P=0.229
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Swedish Study of Cunningham Panel

ik | Although our findings identified a moderate
s enemal of Newofmmundlogs Bl correlation between change in CaMKIl and change
e e in symptom severity in individuals with PANS or

PANDAS, there was no indication that the

_ _ Cunningham Panel can be used to diagnose PANS

b e e e O e 10 5 i or PANDAS. Our results also suggest that test-

- retest reliability of CaMKII may be insufficient,
and that Cunningham Panel results are

commonly elevated in healthy controls.

Biomarkers for diagnosis of Pediatric Acute Neuropsychiatric Syndrome @,L"_
(PANS) - Sensitivity and specificity of the Cunningham Panel

Camperms Hers avpllahle ai o= i 0eemn)

e
J -"'{“’;L Journal of Neuroimmunology m!_.
£

|l B MEpAgE; WA Binavie condiLaby i

Corrigenihem

corrigendum 10 “Biomarkers for { VW€ have been informed that Moleculera Labs recommend Red
neuropsychiatric syndrome (PAN]

cunningham panel” 1. Newroimi| 1O glass tubes when collecting blood for the Cunningham panel.
Eva Hesselmark™ ", Susanne Bejerot™ .
i et e |1 OUE StUAY... We have used serum sampling tubes (BD
| Vacutainer® SST™ || Advance tubes, Gold Top) but erroneously

reported sampling in “serum sampling tube (BD Vacutainer,
yellow top)”... The use of another blood collection tube than the
one recommended by Moleculera could be viewed as a

limitation in our study.
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Swedish Study of Cunningham Panel

W N

Coimeses s wvailable ar S ienselime]

Journal of Neuroimmunology

LT TTIET, T, R T et A Pt e A

Swedish Study Conclusions of
Cunningham Panel

Biomarkers for diagnosis of Pediatric Acute Neuropsychiatric Syndrome
(PANS) - Sensitivity and specificity of the Cunningham Panel

Evi Hesselmark™ ', Susanne Bejerat™

= Comtpr o Paycissairy Fesparh, gt of shinkal ssreisien, avainks s CAP R G, (v 43 4 f, 120 8 Suckhoin, Svda
= Echond oy Moding Socvon, Uerbry Vvremis, i, Bemde
(ondsrviey ok Core Rwagrch Conar, Facudny o Mok o and 1ok, Sosdos Catvraty, (rsb, Vessan

@ | 1 “.testretestreliability of CaMKiIl
may be insufficient”

SST Gold Top Blood
Collection Tube

Invalid Blood Collection Tube
* Polymer Gel for serum separation
* Interferes with assay results

2. “...results are commonly elevated
in healthy controls”

Red Top Glass Blood
Collection Tube

Only validated Blood Collection Tube
* No Polymer Gel
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Anti-Dopamine D1R Test-Retest Reproducibility in Tubes
w/o Additives

250
- Results of 344
individual repeated
10 tests on 7 individual
100 patients over several
- I I months
0

Two Titers One Titer Reprod. One Titer Two Titers
Higher Higher Value Lower Lower

Relative Titer

Count

Seven patient samples collected in validated glass tubes with no additives (Red Top
glass tubes) tested at random intervals over a period of several months for 344
individual tests. We observed 62 readings at one dilution higher, 207 readings at

the most commonly observed dilution, and 75 readings at one dilution lower
50




CaMKIl Test-Retest Reproducibility in Tubes w/o Additives

—y =-2.5856 + 1.0614x R=0.90299
200

Multiple Test-retesting of
samples collected in Red Top
Glass Tubes (No additives)

180
160

140 * First test on the X axis

120 * Repeat test on the Y axis

100 * R=0.90299

CaMKIl Score (Repeat Test)

80

80 100 120 140 160 180 200
CaMKIl Score (First Test)
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Impact of Control Population Selection

CaMKIl Results in Study Populations of Diseased Children

Normal ranges based _

upon 50 pediatric 300
patients
* No Lifetime
history of 250 - : Qo
neuropsychiatric "
disorders i 6 000
* No first degree E 200 | '.:- | o | %
relative With | = :::' 200022 .'--:
neuropsychiatric = 2,0 ooogﬂgoo oS00,
disorders S 150 e :-: 'W :3-.-.-.-;;-"-:—
« No patient history . :'-:' “?‘Oogggoﬂ@ '--:::::E
of autoimmune 100 LewToo—sie- ': D% 00e, 0
diseases 83t “
« No active ¢ ©
infections or 50 " - : -
symptoms Original Original All Patients Hesselmark
Pediatric Pediatric This Study & Bejerot
Controls Patients
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Cunningham Panel Performance Conclusions

1. Results are variable and uncertain when
blood is collected in non-valid tubes,
working on finding if other collection tubes
can be validated

2. Assay test-retest reproducibility is robust
and highly reproducible, especially
considering this is a biological assay

3. Selection of control population for these
patients and in this Panel is critical to
understanding the differences in diseased
and “healthy patients”

4. More studies are needed to better
understand the biology and other potential
biomarkers in PANS/PANDAS patients
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Topics We will Cover

1.

Definition of PANDAS/PANS

«  Nomenclature and alternative nomenclature
«  Proposed mechanism

«  What is the controversy?

Brief clinical presentation and symptoms associated with
PANDAS/PANS
«  Some common infectious triggers

Molecular mimicry and its role in post-infectious
autoimmune disorders of the brain

Anti-neuronal antibodies in the Cunningham Panel
«  Biomarker selection

« Patient population study

«  Swedish study conclusions and issues

Broader-based patient populations outside of
PANDAS/PANS, including adults
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Challenges with Organ System Specialization in Medicine

Medical system rewards treatment (and retreatment) of symptoms rather than identification
of etiology and resolution of underlying cause

- e

Chm rﬁc
Depression

Distinctly different etiologies of disease can manifest identical symptoms but resolution is only possible
with an understanding of the etiology
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Autoantibody Etiology for Multiple Neuropsychiatric

Disorders Detected by These 5 Biomarkers

 PANDAS/PANS

e Autism Spectrum Disorder (ASD)
e ADHD

* Tourette's

* Anxiety

* Obsessive Compulsive Disorder
e Chronic Depression

e Bipolar Disorder

* Epilepsy

* Eating Disorders

Physicians have been utilizing the panel for many of these disorders with
positive results when using similar therapy. Case studies are being generated
and working manuscripts.
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Portions of Autism Spectrum Disorder are being linked to

Immune Dysfunction

!I S0 harte e Lt 0 s e 13418417 &
EXPERT REVIEW

A review of research trends in physiological abnormalities
in autism spectrum disorders: immune dysregulation,
inflammation, oxidative stress, mitochondrial dysfunction
and environmental toxicant exposures

D& Rogsignol' and RE Frye®

s e e s cone e L st s s ‘Y Jqrge percentage of publications implicated an
Recent sues nae we s (ISSOCIAtion between ASD and immune

discedurs (ASD) arel b p--,.gnlm |e mrmn particularty immung dysnng
BiFmkE, drial dysfunction End aviranmaentsl o - - .

ERenm s st dysrequlation/inflammation (416 out of 437

disidiod by several crilersa, includieg whathes of fal ey implicalod & associalion b

ine shmisegienl shrerin and 60 1 oe owene o puicsions motest - YU pljcations, 95%)... The strongest evidence was for

ligzne, 88%), axdalive slreas (80 115), mlll:b&w uErial dywlunction (145 ol 1535, 84%) and b
exposures (170 of 150, B3 Second. the strength nfnrdlnbu for publications in oac

s compur i » vlined e, T s = jmmune dysrequlation /inflammation and oxidative

and by
dyabanction. In all aneas, ai Iqur -E‘H. :H trir pishlicatians wore mbid a8 providing
for an the p pical sbnormalities and ASD. Third. th V4
rends & the four major areas were tompaned with I:'nml: in nuumlrmuuu naumcum stress,,,
theesiry 6l mirsl and genetics | faur camparisan aress’), The
ok in a8 oight sreas wummwumulmﬂpmlncumnmwln II‘II'Idh Fo_
1986, only 12 publications wers dentified in the four majar aress and 51 in the four comparison
nreas (42 for Hm Fﬂr pooh E-year penosd. hr botal number of publications = the eighl
ot arian Mawt ions (552 ol BO5. 82%) A the Towr majer
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Theory of mind and neurcpathciogy rnuur\:h has ceclingd in recend yoars. Atihoogh most
publications implicaied an association botwesn the four mlpr aneas and ASD, publiostion biss
may have ied Yo an i ol this Frarthas: f iniG (hena
physiciogical aneas may provide insight imo genenal or :ubnl-cpn:dt processes thil eculd
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Portions of OCD and Tourette’s are Associated with

Immune Dysfunction

JOURMAL OF CHILD AND ADOLESCENT PSYCHOPHARMAZOLOGY
Volume 20, Number 4, 2010

& Mary Ann Liebar, ing

Pp. 31 7-331

DCR: 10,1089 e 20100043

The Immunobiology of Tourette’s Disorder, Pediatric
Autoimmune Neuropsychiatric Disorders Associated
with Streptococcus, and Related Disorders:

A Way Forward

Tanya K. f\%;ﬁahy. M.D. Roger Kurlan, MD.Z and James Leckman, M.D3

Abstract
Obsessive-compalsive disosder (0CD) and relaic

disenders of wknown ctioloss asecised witina— “OlDS@SSive-compulsive disorder (OCD) and related conditions

reporied and debated inthe leeature simce the lae ¢

srepo o Gas) wieh v 0 e jcluding Tourette’s disorder (TD) are chronic, relapsing

investigation of the sympioms reported in Sydenh:

bouh ohsessive-compulsive and aremion deficinh; diso"ders Of unknown etio’ogy... ASSOCiatEd immune

stidden onset of these neuropsyehipleae svmplom
rheamutic fever. This presentution of OCD and < < 9

e i s T aas. on o AYSfunction has been reported and debated in the literature
aiiboanic arcas—he basal ganglia of the bran i o

thiat these disorders maght share @ common Dmmun since the Iate 805
through searches of the Psycl NFO and Medbind e Gang ma wmemang me gy wasn,
Sydenham chores, Towretie’s disorder Groop A Streprococons. Articles were also identified throngh reference lists from
research articles and siler menenals on childhood OCD, PANDAS, and TD between 1900 and December 2010, Considering
the overlap of chimcal and nevroanmaiomic fndings amomsg these disorders, thes review explores evidence regarding the
pnmunobiology iy well as the relevant ¢linieal and therapeutic aspects of TD, OCD, and PANDAS,

V4
.

B T Iy
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Portions of Autism Spectrum Disorder are being linked to

Immune Dysregulation

Open
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EXPERT REVIEW

A review of research trends in physiological abno
in autism spectrum disorders: immune dysregul:
inflammation, oxidative stress, mitochondrial dys
and environmental toxicant exposures
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camnbuie io e devnlopmen of ASO and oiher peychisinc disorders
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Keepwords: Autisr immuns dysreguintion; nflammation; oxiistes siress: milochandrial dy
lian; eryvimnmentsl aocanis

“A large percentage of publications implicated an
association between ASD and immune
dysrequlation/inflammation (416 out of 437
publications, 95%), oxidative stress (all 115),
mitochondrial dysfunction (145 of 153, 95%) and
toxicant exposures (170 of 190, 89%). Second, the
strength of evidence for publications in each area
was computed using a validated scale. The strongest
evidence was for immune dysrequlation/
inflammation and oxidative stress, followed by
toxicant exposures and mitochondrial dysfunction.”

“Further research into these physiological areas may
provide insight into general or subset-specific
processes that could contribute to the development
of ASD and other psychiatric disorders.”
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Portions of Autism Spectrum Disorder are being linked to

Immune Dysregulation

.'I,.“ lr_m_':l.i?rs e
] ; ;
Relevance of Neuroinflammation and

Encephalitis in Autism

e gy Mank | Gy

“In recent years, many studies indicate that children with an
autism spectrum disorder (ASD) diagnosis have brain
pathology suggestive of ongoing neuroinflammation or
encephalitis in different regions of their brains.”

“A conservative estimate based on the research suggests that
at least 69% of individuals with an ASD diagnosis have
microglial activation or neuroinflammation.

“...however, children with an ASD diagnosis are not generally
assessed for a possible medical diagnosis of encephalitis. This is
unfortunate because if a child with ASD has
neuroinflammation, then treating the underlying brain
inflammation could lead to improved outcomes.”
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Portions of OCD and Tourette’s are Associated with

Immune Dysfunction
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Volume 20, Number 4, 2010
Mary Ann Liebad, Inc
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The Immunobiology of Tourette’s Disorder, Pediatric
Autoimmune Neuropsychiatric Disorders Associated
with Streptococcus, and Related Disorders:

A Way Forward

s gty M0 “Obsessive-compulsive disorder (OCD) and related conditions
including Tourette’s disorder (TD) are chronic, relapsing
Abstract disorders of unknown etiology associated with marked

Obsessive-compalsive disoscder (0CD) and rels .
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Portions of OCD are Associated with Basal Ganglia

Neuroinflammation

JAMEA Peychiatry | Orginsl inmweagigation

Inflammation in the Neurocircuitry
of Obsessive-Compulsive Disorder
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The Goal of Precision Medicine

Medicine of the future: more personalized diagnostics

@ Cancer patients with
e.g. colon cancer

Therapy
Targeted to
Mechanism

of Action

Blood, DNA, urine and tissue analysis

ig ‘ ::' Sl.:l_) Biomarker diagnostics

i o 8

@ Therapy

Improved
Medical and

Economic
Outcomes

Effect
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Additional Information Sources

PANDAS PHYSICIANS NETWORK

i ,-f_

PANDAS _&. NETWORK

Pediatric Aufoimmune Newropsychiatric Disorders

A DIVISION OF THE FOUNDATION
FOR BRAIN SCIENCE AND IMMUNOLOGY

www.pandasppn.org www.pandasnetwork.org

R
} - ' National Institute
f | ‘\ of Mental Health

moleculera labs www.nimh.nih.gov

www.moleculeralabs.com
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When Working with These Patients you Become Pioneers

You can recognize a
pioneer by the
arrows in his back.

Page 65

pi-o-neer

Noun: a person who is among the
first to explore or settle a new
country or area.

Verb: develop or be the first to
use or apply (a new method, area
of knowledge, or activity)



When Working with These Patients you Become Pioneers
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Arthur Schopenhauer

1788-15L0 ~ Th‘iﬁ{, 1t 15 %CCBPtBC{ AS
E’e,img sel f-m/ic{e,nt




Grace’s Story — One of Thousands we Have Tested

Grace was diagnosed with ADHD, Oppositional Defiant
Disorder, and other childhood mental disorders.




Our Mission is to Help Change How Medicine is
Practiced for Neuropsychiatric Disorders

Thank you for helping those suffering with this
disorder, to gain hope and get well!

For More Information Contact:
Craig Shimasaki, PhD, MBA
shimasakic@moleculera.com

www.Moleculeral.abs.com
U.S. +1(405) 239-5250
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