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Overview

1. Description of the target population (for inclusion
& exclusion criteria)

2. Overview on pathogenesis to identify
mechanistic targets for patients’ stratification
(precision medicine) and therapeutic interventions

3. Study design and execution



Prevalence Of Symptoms Following COVID In Children And Adolescents

Long-COVID in children and adolescents

25.24%

Neuropsychiatric (%)
© Mood (sad, tense, angry,
anxiety, depression)
o Fatigue
o Sleep disorder (8:42) (insomnia,
hypersomnia, poor sleep quality)

© Headache / )
© Cognition (confusion, impaired N

concentration, learning difficulties,
memory loss)

o Dizziness
© Neurological abnormalities
(pins and needles, tremor, numbness)

© Balance problems
Gastrointestinal (%)

© Abdominal pain '2.91
o Constipation 2.05

o Diarrhea
© Vomiting/nausea (1:53)

Speech disturtances [
Dysphagia
Balance problems
Urinary symptoms .
Neurological abnammalties - [
Hair koss  mmm—
Changes in menstruation  em—
Paipitations —
Vomiting/nausea —
Dlarrhes [—
Muscubskeletal other  I—
Fever —
Dysphonia —
Constipation f——
Vaisgionsin heart rate f
Sore throat  [—
hest tightness |
Swollen lymph rodes  fr——
Dermatolopc  f—
Abdominal pain f
Opntdmologic

8.00 - 17.00%
4.00 - 7.99%

2.00-3.99%

0.00 - 1.99%

Cardiorespiratory (%)
o Respiratory symptoms
o Sputum/nasal congestion (7.53)
© Orthostatic intolerance
o Exercise intolerance (5.73)
o Chest pain(4.62)
o Rhinorrhea(4.15)
o Cough ' 3.80
© Sore throat ' 2.47
© Chest tightness 2,45
© Variations in heart rate 2.29

o Palpitations (3:27)

Dermatologic/Teguments (%)
Hyperhidrosis
Dermatologic 2.61 (dry skin,
itchy skin, rashes, hives)

Hair loss (17
Others (%)

o Loss of appetite (6.07)

o Altered smell (5.60) (phantom smell,
hyposmia, anosmia, hyperosmia)

o Body weight changes 3.99

© Myalgia/arthralgia 3.76

o Altered taste 3.65

o Otalgia 3.41 (tinnitus, earache or vertigo)

© Ophtalmologic 3.00 (conjuntivitis, dry
eyes, problems seeing/blurred vision,
photophobia, pain)

o Swollen lymph nodes 2.58

o o Dysphonia (1:89)
O e— o Fever (1.87)
e — © Musculoskeletal other (1:72)
e e S o Changes in menstruation (1:27)
e — © Urinary symptoms (6.63)
PO © Dysphagia (0:46)
S/ cresn © Speech disturbances (0.43)
st |
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Mood
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Reported symptom: fatigue

Post-COVID Controls Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
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Figure 2. The pooled prevalence of long-COVID by symptoms in children and adolescents. Meta-analyses
revealed that the prevalence of more than 40 long-COVID symptoms in children and adolescents. The presence
of one or more symptoms following a SARS-CoV-2 infection was 25.24%.

Lopez-Leon, et al Sci Rep 12, 9950 (2022).



Symptoms

e Cardiac impairment
e Myocardial inflammation
e POTS

Ry e

e Cough e Abnormal gas
e Dyspnoea exchange

e Chest pain
o Palpitations

Pathology

e Autoimmunity

Pancreas e MCAS

e Diabetes
e Pancreas injury

Gastrointestinal tract

e Abdominal pain e Gut dysbiosis
e Nausea e Viral persistence
and viral reservoir

e Cognitive impairment e Dysautonomia

o Fatigue e ME/CFS

o Disordered sleep e Neuroinflammation
o Memory loss e Reduced cerebral
o Tinnitus blood flow

e Small fibre neuropathy

Kidneys, spleen and liver

e Organ injury

Blood vessels

e Fatigue e Coagulopathy
* Deep vein thrombosis
o Endothelial dysfunction
e Microangiopathy
e Microclots
e Pulmonary embolism
e Stroke

Reproductive system

e Reduced
sperm count

o Erectile dysfunction

o Increased severity and
number of premenstrual
symptoms

o Irregular menstruation

FATIGUE

POST-EXERTIONAL
MALAISE

BRAIN FOG

SELECT SENSORIMOTOR
SYMPTOMS

HEADACHES AND
RELATED SYMPTOMS

MEMORY ISSUES

INSOMNIA

MUSCLE ACHES

SPEECH/LANGUAGE
ISSUES

SHORTNESS
OF BREATH

JOINT PAIN

TACHYCARDIA

TIGHTNESS
OF CHEST

OTHER SLEEPING
SYMPTOMS

Prevalence Of Symptoms
Following COVID In Adults

REMAINING SYMPTOMS AFTER MONTH 7 (PREVALENCE >30%)
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Davis HE, et al Nat Rev Microbiol 21, 133—-146 (2023)



What Causes Long COVID?

Four Hypothesis As To What Might Be Four Interconnected Steps Leading To
Causing Long COVID Symptoms Long COVID Symptoms




Prolonged shedding of
virus in stools

Role in acute illness (?)
Role in long COVID
Role in MIS
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Spike protein present in the serum of long COVID Nucleocapsid
patients despite no virions are present in circulation

Spike glycoprotein (S) —
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Spike protein is present in the serum of MIS-C patients
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Yonker, Gilboa, Ogata et al, JCI, July 2021
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SARS-CoV2 in the Gl tract ~ Zonulin-dependent
causes dysbiosis and barrier defect leads to

Increased zonulin release SARS-CoV2 spike influx

4

Normal/physiologically
controlled permeability

SARS-CoV?2
superantigen triggers
T cell proliferation,
cytokines storm,
and microclots

Zonulin Inhibitor _+ Superantigen-like activity

AT1001 (Larazotide) /y l
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Tregs Cytohine storm
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associated with

severe COVID-19

Long COVID




ADHD

Aging

Ankylosis spondylitis

Autism

Bipolar Disorders

Celiac Disease

Colitis/IBD (Crohn’s disease)
Colitis

Depressive Disorders
Gestational diabetes

Glioma

Glioma

Irritable bowel syndrome
HIV

Long COVID

MIS-C

ME/CFS

Multiple sclerosis

Multiple sclerosis

Multiple sclerosis
Necrotizing Enterocolitis (NEC)
Nonalcoholic fatty liver disease
Non-Celiac Gluten Sensitivity
Obesity/Insulin resistance
Sepsis

Type 1 diabetes

Type 2 diabetes

Human
Human
Human
Human
Human
Human

Human
Mouse
Human
Human
Human
Cells
Human
Human
Human
Human
Human
Cells
Mouse
Human
Human
Human
Human
Human
Human
Human

Human

36786182
29896420
28069576
36447452
37098666
32162764

34979917
28423466
34320451
35994108
19701495
23637756
31210949
29762690
1182544
34032635
35946099
30449598
25184418
31317818
35279661
32255299
32060130
35666025
23457771
16644703
24347174
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MIS-C is driven by zonulin-dependent loss of gut mucosal barrier

Exposure to SARS-CoV-2
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« SARS-CoV-2 detected In the stool weeks-
months after COVID-19 first encounter.
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Age (years)
Female Sex
Non-white Race*
BMI (kg/m2)
Current Smoker
Median number of days from infection
Comorbidities
Hypertension
Diabetes

HIV infection
Medications
Statin

Ox-LDL (U/L)
IL-6 (pg/ml)
D-dimer (ng/mL)
hs-CRP (ng/ml)
sTNE-RI (pg/ml)
Zonulin (mg/mL)

LBP (ng/mL)

*Includes African American, Asian, Hispanic, and Other Numbers in Bold indicates statistical significance (P < 0.05).

Increase In Zonulin And Oxidized LDL Is
Assoclated With Post-Acute Sequelae of SARS-CoV-2

COVID+

COVID- (n=258)

No PASC (n=72)

PASC+ (n=85)

n (%) or median (IQR) / mean =+ std

43.68 + 13.69
101 (24.34)
108 (26.02)
2791 + 6.05

158 (38.35)

27 (10.47)
5 (1.94)

98 (37.98)

5(1.94)

47.02 (35.52, 62.77)
2.65 (1.62, 4.25)
423.7 (256.02, 705.09)
2720.07 (941.82, 7205.25)
1103.11 (887.11, 1375.03)

3.37 (2.13,4.91)

16657.37 (11899.67, 21686.01)

44.85 + 13.31
35(8.43)
25 (6.02)

30.68 +9.49
19 (4.61)

292 (IQR: 172, 518)

14 (19.44)
5 (6.94)

22 (30.56)

11 (14.1)
57.24 (40.7, 75.37)
2.21 (1.44, 3.63)

429.96 (243.58, 677.41)

2764.87 (1188.0, 7241.84)

966.99 (755.06, 1331.06)

3.43 (1.65, 5.25)

14441.98 (9919.42, 23111.83)

47.81 £ 13.49
50 (12.05)
26 (6.27)

31.82 + 8.63

9 (2.18)

229 (IQR: 147, 478)

23 (27.06)
9 (10.59)

22 (25.88)

10 (9.17)

76.75 (59.95, 103.28)
2.46 (1.77, 4.01)
451.57 (266.36, 626.74)
3182.65 (1423.9, 8931.79)
1099.98 (886.19, 1316.1)
4.76 (3.2, 7.35)

16438.56 (10640.08, 22563.73)

0.05

0.01

0.14

0.0002

<.0001

0.22

0.001

0.0002

0.1

0.28

<.0001

0.25

0.93

0.35

0.08

<.0001

0.66

Characteristics of
participants by COVID and
PASC (Long COVID) Status

Mouchati C et al, Front Immunol, 2023



Zonulin (mg/mL)

Distribution of Zonulin by COVID Distribution of Oxidative-LDL by
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Association of Gut Permeability And
Oxidated-LDL with PASC

OR LCI UCI P

Age (years) [ 099 098 1.01 0.79

Sex (Female)

132 084 207 023

0]

BMI (kg/m2) = 102 099 105 012

Zonulin (ng/mL) | © i 144 14 19 001

(log2)Ox-LDL } o | 244 167 355 0.0001

T T T T
085 1 1.5 25 36

*Race*Smoke[aOR:3.85(95%Cl:1.41,10.51; p=0.01)]
*LCL = lower confidence limit; UCL = upper confidence limit

Independent Associations with
COVID+ PASC+

uOR (95% Cl)* p-value

Age 1.02 (1.002, 1.03

o)

N
Female vs. Male Sex 1.88 ‘(}&@QJS)

X
non-White vs. White Race \ 9&3?(0.44, 0.99)
S
BMI . e(\\ 1.06 (1.03, 1.09)
0\\

Current Smoker ? 0.13 (0.08, 0.22)
IL-6 0.84 (0.65, 1.09) 0.2
hs-CRP 1.09 (0.95, 1.26) 0.23
D-dimer 0.86 (0.68, 1.07) 0.18

<.0001

S
a Bl

potent

1.48 (1.14, 1.91) 0.003

LBP 0.8 (0.61, 1.06) 0.12

*uOR=Unadjusted Odds Ratio and 95% Confidence Intervals.
Numbers in Bold indicates statistical significance (P < 0.05).

Mouchati C et al, Front Immunol, 2023




3. Autoimmune Response
Post-COVID-19 Autoimmunity Reports

1.Immune thrombocytopenic purpura —ITP

2.Guilliam Barre Syndrome (GBS)

3.Miller Fisher Syndrome (MFS)

4.Antiphospholipid antibodies and thrombosis
5.Multisystem inflammatory syndrome in children (MIS-C) (?)

6. Long COVID (?)

Ehrenfelda M et al, Autoimmunity Reviewers 19 (2020) 102597
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Spike Superantigen Structural Signature Supported by
Skewed TCR Repertoire in Children Affected By MIS-C

Mulitisystem Inflammatory Syndrome in Children (MIS-C)
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4. Microclots

The spike protein has the capability to change soluble
clotting proteins to insoluble little microclots



Blocking Zonulin to Stop The March Toward Chronic
Inflammation Onset (Experimental Medicine At Work)

Zonulin Inhibitor
Larazotide Acetate
(AKA AT1001) ( w
ﬂ’(}xid' s = ( \

-~ e\( N N \
0
Persistent Chromc Autoimmune
virus inflammation response

-




Larazotide Expedites Gl Symptoms

Resolution and Spike Clearance in MIS-C

* FDA approval for compassionate use

* |RB approval

* Clinical team approval

* Patient/family consent

* Larazotide 10mcg/kg (max 500mcg/dose) four times daily x 21

Larazotide treatment associated with:

e Significantly shorter time to resolution of Gl symptoms

e Significantly faster clearance of Spike antigenemia

e Trend toward improvement in:
* Length of stay
* Fever duration

* No escalation of care in larazotide-treated group

days
* Currently in phase 2 DBPC trial
Patient characteristics Patient 1 Patient 2 Patient 3 Patient 4 Larazotide Histori
. . . . ISTOriIcC
Age (years) 17 3 6 2 MIS-C with larazotide add-on vs historic controls treated P value
Sex F F F M (n=4) controls (n=22)
Race. Ethnicit White Asian Black White _
’ y Non-Hispanic | Non-Hispanic | Non-Hispanic | Non-Hispanic ||A8€, mean years (range) 8.8 (3-17) 9.1(1-21) ns

SARS-CoV-2 RT-PCR

WOV R or Yes Yes Yes Yes LOS, mean days (range) 4.5 (3-7) 7 (2-16) ns
antibody positive
SARS-CoV-2 Spike Yes Yes Yes Yes Escalation of care, number 0 3 ns
antigenemia

Mild dilation . .
Cardiac involvement None None coronary of coronary Fever duration, post steroids/IVIG, mean days 0.8 (0-2) 1.6 (0-6) ns
aneurysm (range) . .
artery g
. ) abdominal
adbominal pain abdominal pain, abdominal pain ain
Gastrointestinal involvement . Palt | \omiting, a7 pail palf, Time to resolution of Gl symptoms, mean days
diarrhea diarrhea vomiting vomiting, 2.3 (1-3) 6.7 (1-17) 0.03
diarrhea (range)
Highest level of care Ward Ward PICU Ward
i Time to first clearance of Spike, median days

Treatment with approve.d, Yes Yes Yes Yes p ’ Y 1 (1_12) 10 (6_190) 0.04
expanded use of larazotide (95% Cl)




Spike As A Potential Surrogate Marker
For Larazotide Efficacy Signal

COVID-19 MIS-C
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NIH National Library of Medicine

National Center for Biotechnology Information

AT1001 for the Treatment of Long COVID About This Site v Data About Studies v Study Basics v
ClinicalTrials.gov ID NCT05747534

Sponsor Massachusetts General Hospital

Information provided by Lael Yonker, M.D., Massachusetts General

Hospital (Responsible Party)

Last Update Posted 2023-06-22

- IR ETRETEEE ||
| Study Overview —l_l

Contacts and Locations

ClinicalTrials.gov

Participation Criteria

Study Plan Study Overview

Collaborators and Investigators

Brief Summary: STUDY START (ACTUAL) @
Publications The primary objective of this study is to evaluate the safety and efficacy of Larazotide (AT1001) versus 2023-05-31

placebo in children and young adults 7 to <21 years of age who present with symptoms of Long COVID in
More Information the presence of SARS-CoV-2 antigenemia. AT1001 (n=32) or placebo (n=16) will be administered orally

FUEiFBE % day (Q|D) for 21 days. PRIMARY COMPLETION (ESTIMATED) @

2025-03-31
Detailed Description:
This is a Phase 2a randomized, double-blind, placebo-controlled clinical trial to evaluate the safety and STUDY COMPLETION (ESTIMATED) @
efficacy of AT1001 for use in children and young adults with symptoms of Long COVID in the setting of 2026-03-31
SARS-CoV-2 antigenemia. Eligible participants (N= 48) will be treated with AT1001 (n= 32) or matching
placebo (n= 16) orally four times a day (QID) for 21 days. The study will consist of three phases: ENROLLMENT ESTIMATED)

|. Baseline Screening Visit
48

After obtaining informed consent and before starting treatment with Larazotide or placebo, an initial
study visit will be conducted in person to confirm subject eligibility. Subjects will be asked complete a... STUDY TYPE @

Show more ;
+ Show more Interventional

OFFICIAL TITLE PHASE ©

Phase 2a Randomized, Double-Blind, Placebo-Controlled, Multi-Center Study to Evaluate the Safety and Phase 2
Efficacy of Larazotide (AT1001) for the Treatment of Long COVID in Children and Young Adults

ck

ATLIED CTIIRVY IR AlTIR2ADEDC A



Long COVID Clinical Trial: Targeted Population

Spike/S1
biomarkers for
patients’
stratification and
targeted
intervention

Inclusion Criteria

Exclusion Criteria

Age 7 to <21 years

Age <6 years or >22 years at time of enrollment

History of SARS-CoV-2 infection, documented by

Pregnancy and/or lactation

SARS-CoV-2 Antigenemia, defined as any
detectable presence of full-length spike protein

and/or Spike S1 subunit in plasma

Female participant of childbearing age unwilling
to use an acceptable method of birth control for

the duration of the study

present 24 weeks after SARS-CoV-2 infection.

Symptoms include but are not limited to fatigue,
malaise, headache, cognitive impairment,
neuropsychiatric symptoms, decreased exercise
tolerance, post exertional malaise, dyspnea,
cough, chest pain, palpitations, tachycardia,
gastrointestinal symptoms, musculoskeletal
symptoms, fever, lightheadedness, insomnia and
other sleep disturbances, anosmia or dysgeusia,
pain, paresthesia, menstrual cycle irregularities,
erectile dysfunction.

Inability to tolerate drug

Unstable medical conditions or significant co-

morbid disease that, by the investigator’s
determination would make the participant
unsuitable for enrollment

Participation in any other clinical investigation
using an experimental drug within 30 days prior
to screening

Intent to participate in another clinical study
while participating in this clinical trial

Blood/plasma donation and or blood loss greater
than 400 mL within 90 days, or greater than 200

mL within 30 days prior to screening

Known hypersensitivity to any of the formulation
components of AT1001.

Abnormal baseline liver function as indicated by
AST or ALT =3 times the upper limit of normal
(ULN), or direct bilirubin 22x ULN for age

Abnormal baseline renal function, defined as
glomerular filtration rate <50 mL/min/1.73m?2




Long COVID Clinical Trial: Study Design

Screening Treatment Follow-Up
| | | |
| R |

-

Day Day Week Week Week
0 1 1 2 3
Screening  Visit 1 Visit 2 Visit 3 Visit 4 Follow-Up End of
Visit Visit Study
In person |n person In person Visit

» 48 participants (N=48) will be enrolled: study drug 4
times/day x 21 days

e 32 treated with Larazotide
e 16 placebo
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