Progress Toward Preventlon and
Reversal of Type 1. Dlabetes '

Lau.ra‘Jacobs_en., MD_ B
. Pediatric Endocrinologist
University of Florida, Gainesville, FL




Disclosures

DSMB for Investigator-initiated trial:

TArgeting Type 1 Diabetes Using POLyamines (TADPOL)—
Difluoromethylornithine (DFMO)

Insulet Omnipod 5 Advisory Board

UF Diabetes Institute
UNIVERSITY of FLORIDA Working together for a diabetes-free world



Learning Objectives

>> |dentify the many types of T1D prevention and reversal therapies.

>> Recognize the hurdles to T1D prevention and reversal.

>>\What may be right for me and my family?
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‘“T1D Prevention & Reversal”

What Society Thinks It Means = What the Internet Thinks It Means

What Loved Ones Think It Means What PWD Think It Means What Endos Think It Means
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The Endocrine Pancreasin T1D

Immune Invasion & Beta Cell Dysfunction

Image courtesy of Irina Kusmartseva PhD

Rodri -Cal | Diabetes 2021
& Maria Beery MS at UF odriguez-Calvo et al Diabetes




The Exocrine Pancreasin T1D

Loss of Pancreas Mass

Pancreas is smaller - even in relatives!
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Mike Haller & Martha
Campbell-Thompson at UF

Campbell-Thompson et al Diabetes Care 2019



B cell mass

Stages of T1D & Intervention Categories

Antigen-specific therapies Cell therapies Islet transplant

Immunomodulators Cytokine blockade B cell differentiation
Inhibitors of B cell stress & encapsulation

Genetic Risk

Time of T1D

\Z Diagnosis

Stage 3: Islet autoantibodies
and persistent hyperglycemia

Stage 1: islet autoantibodies
and euglycemia

Stage 2: islet
autoantibodies and
dysglycemia

Time
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Delay Prevent Beta Cell Loss

Rx group T1D-free T1D ™
Censore d —— Placebo 7 25
——  Teplizumab 22 22 z '

™ Criteria: (teplizumab-mzwv)

- At least 2 autoantibodies
1 - Mildly abnormal glucose
E 0.5- L‘ A
— - Ages 8 and up
: 03—

14-day IV infusion
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Herold et al NEJM 2019
Sims et al Sci Transl 2021
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Thymocyte Depletion + Immunomobilization
Dol e ATG + G-CSF — 2017
ATG + G-CSF + Rapamycin + Islet Transplant — 2018
Alemtuzumab + Anakinra + Etanercept + Liraglutide +
DEFEND 1 & DEFEND 2— Plerixafor — 2021
1-alpha-

Teplizumab

relixiziimab ATG + G-CSF + Low dose IL-2 + Etanercept +
hydroxyvitamin D3 A DILT1D— IL-2 Exenaitde — 2021
Cytokines
1alpha,25- Autologous  Canakinumab REPAIR-T1D— Autologous Anti_lﬁg‘;gc'gp(f’;':t';‘g‘;ﬂ%;ig)lz J018
dihydroxyvitamin D3 Hematopoietic Sitagliptin + CD3*CD4*CD25*CD127 Anti-IL12/1L-23 (Ustekinumab) — 2017
. Autologous Stem Cell AIDA— Lansoprazole Polyclonal Treg cell Low dose rhiL-2 — 2018
C c I o S O rl n e Non-myeloablative ChAglyCD3 Transplant Anakinra therapy Low dose Proleukin (IL-2) — 2023
. T cells
(broad iImmune CHUTENEG ST , Protége— T — Anakinra IMCY-0098 — 2018
ATG + Teplizumab Teplizumab e M Autologous Otelixizumab — 2021
H Cyclophosphamide Umbilical Cord Teplizumab — 2022
suppression and e enmtide s/ Stem Cells fical . .
e e o ; DIATOR— Wharton’s CLBS03 (Autologous Ex Vivo Expanded Polyclonal
kidney toxicity) Daclizumab Mycophenolate . Sparon’s | Autologous Cord ] Regulatory T-cells) — 2020
Atorvastatin JElly Blood + Oral ATG + G-CSF . o .
mofetil + Mesenchymal | pocosahexaenoic CD4*CD127"°/-CD25* Polyclonal Tregs + IL-2 — 2021
: BCG Stem Cells 4+ Vitami Umbilical Cord Blood Tregs + Liraglitude — 2019
Daclizumab acid + Vitamin D or
Vaccination G-CSF Umbilical Cord Blood Tregs — 2020
Costimulation
Abatacept (CTLA4-Ig) — 2018
DCs
T cells +/- T & B Tcell- Stem  Hygiene _ Stem Increti _ Thymocytes +/- Autologous Immunoregulatory Dendritic Cells — 2019
Stem Cells Incretin  Vitamin D T cells ApC  Cells Hypothesis IL-1 Tcells uUCB n& He+ IL-1 immunoraE I Treg |
Global Immune T cell co- Innate  Vitamin Innate ‘
B cells Cytoki Vitamin D + Il ; ;
cells Cytokines g opression Cs Treg +/- B ce stimulation  !mmunity D stem Cells | mmunity Stern Calls
Allogeneic Mesenchymal Stem Cells — 2017
Allogeneic Adipose Mesenchymal Stem Cells with
Bone Marrow Mononuclear Cells — 2018
i . Stem Cell Educator Therapy — 2019
Negatlve' Autologous Atl_Ft)ha-l_ Alpha-1 Autologous Stem Cells — 2019
. ENBREL Tolerogenic antitrypsin antitrypsin  Allogeneic Umbilical Cord Blood Mesenchymal Stem
Cyclos.por!ne (Etanercept) Dendritic Chemoth i Cells =2019
emotherapeutics
Azathioprine Cells TIDAL— Alefacept Cholecalciferol Imatinib — 2018
BCG Vaccine Oral IFN-a Neuropeptide
. . . . Abatacept Substance P —2017
Otelixizumab (anti-CD3) Rapalrljw;cm CXCR1/2 Inhibitor
+ IL- Ladarixin — 2018
ITN High-dose ATG Autologous Immunoablation (ATG + Cyclophosphamide) + Incretin _
Alpha-l-Antitrypsin CUn;bélllcald DF-IL2— Autologous Hematopoietic Stem Cell Transplant SE:;r;it::ien—_Zz%llz
ord Bloo IL-2 + G-CSF Albigluti
. . biglutide — 2017
Insulin, GAD Transfusion Lira:glil:lcl,:dee—2019
Vitamin D Rituximab . Umbilical Cord Mesenchymal Stromfl Cell -:-l - stres‘:apamvcin + Vildagliptin — 2018
Canakin-, TOC“Z-, Ustekin-umab Cholecalciferol Autologous stoer:: (I;/;?lr;?;/\r/]:slc;r:inuc ear Ce Tauroursodeoxycholic Acid (TUDCA) - 2018
Verapamil — 2019
Mycophenolate mofetil + daclizumab Calcitriol Alpha difluoromethylornithine (DFMO) — 2019
. . e : Adipose-derived Insulin-secreting Mesenchymal Vitamin D
Sitagliptin + lansoprazole IS/chlﬁsnoorm + Stromal Cells + Bone Marrow-derived L frocaliferol-2020
. ethotrexate P :
IL2 + Ra pPamycin Hematopoietic Stem Cell Infusion TRIGR Hydrolyzed Infant Formula — 2017
Prebiotic Fiber — 2017
Stem Cell Educator Therapy Probiotics — 2018
GNbAC1 - 2018
' ' ' Autol M h I St | Cell Gluten-free Diet — 2019
Atkinson et al Lancet Diabetes Endocrinol 2019 utologous Mesenchymal Stromal Cells

Enterovirus vaccination — 2022
BCG vaccination — 2023



New Onset T1D Trials

Using B cell and T cell-directed Therapies
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2-Hour Mean C-peptide AUC (pmol/ml)

C-peptide AUC (nmol/L)

Teplizumab
anti-CD3

= - plesigg Anti-thymocyte
11 ATG & GCSF - Mean & 95% ClI .
Y globulin (ATG)
Boot bt i lyclonal T cell
g e
éé‘ﬂs . IV___‘-_____~..~‘.--‘_.- Ear]1:|t)C)(j|EES;
O ‘
§ i ) ¥\ \ \ v
B 04 ¢
: & .\
Control 3 = ———
: 02 - *
Placebo 31 30 30 30 26
: , : 01 —htarscss 27 % % % £
6 | I | ] | |
0 3 6 9 12 18 24

Months

Abatacept

CTLA4-Ig

o
a
1

&2
v
1

o
S
1

C-peptide (nmol/L)

o
w
1

o
o)
1

Aggregate p=0-0022

T T T
12 18 24

Time on study (months)



New Onset T1D Trials

Using Calcium Channel, Tyrosine Kinase, Cytokine-directed Therapies
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=g Placebo
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| | |
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Treatment Group Means at 1 Year by Study

(adjusted for baseline C-peptide & age)
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Treatment Group Means at 2 Years by Study
(adjusted for baseline C-peptide & age)
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Hurdles to Beta Cell Preservation

The population:

ldentifying those at-risk - screening and monitoring
(relatives vs general population)

The science:

Biomarkers needed & Combinations therapies
The approval:
FDA & Pharma

Is it worth it?

How long to treat?
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Beta Cell Replacement Therapies

Transplant site:

- Liver . ( G-'—"’“\\-" Porcine
- Omentum With immuno- Vi, «__\ pancreas
- Muscle suppression J S\
Clinical trials - -
2 In vitro CEER
S | ?;Jdn;sgric differentiation (3 00‘?.
|6\ pancreas Ry
(f "'i ', 5 With immuno- Nt oX
4 ,‘ suppression Stem cell-derived Pancreatic progenitor Embryonic or
\ |l { o B-like cells (sBCs) (PP) cells induced human
(] | & pluripotent
\ (I = stem cells
il Pancreatic islet In vivo differentiation [/_7
In vivo differentiation /
with immunosuppression ﬁﬁ‘?
Open design

Brusko TM et al Science 2021



Purified Human Pancreatic Islet Transplant

Baselinoe median ) Severe hypoglycemic 11/48 25/48 20/48
HbAlc 7.2% (5.7-9.2%) events resolved in all but 2 | (23%) (52%) (42%)
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Hering BJ et al Clinical Islet Transplantation Consortium. Phase 3 Trial of Transplantation of
Human Islets in Type 1 Diabetes Complicated by Severe Hypoglycemia. Diabetes Care. 2016



FDA Approval of Lantrida

Purified Human Pancreatic Islet Transplant Product

» Two studies, which totaled 30 participants, showed varying
levels of success for Lantidra (donislecel)

* b5 neverinsulin independent
+ 4 (13.3%) insulin independent <1 year

(o)
* 11(836.7%) for 1-5 years Table 23. Total Treatment-Emergent Adverse Events by UTH-001 and UTH-002
o Adverse Event Severity N UIH-001 UIH-002
« 10 (33.3%) for >5 years -, i 0 i
Life-Threatening 11 4 7
Severe 124 46 78
Moderate 420 161 259
Mild 1344 913 831
Missing Severity Category 142 92 o0

S -G ted by Clinical revi
https://www.fda.gov/media/147525/download ource: Lenerated by LAnicat reviewer



Making Beta Cells from Stem Cells

TINBP

— 72 hrs of D3 D5 SANT1 D9 13 D30
duster Activin A EGF ALKSi
t ®® formation CHIR i’ @ KGF Xxi @
. Definitive Primitive Pancreatic Stem Cell
2D- 3D- spherical Pluripotent Endoderm Gut Tube Progenitors Derived
monolayer hpsc  Stem Cells (DE) (PG) (PP) Beta Cells
hPSC clusters  (hPSC) (sBC)
TRA-1-60 FOXA2 HNF1B NKX6.1 C-PEP
SOX2 SOX17 HNF4A PDX1 NKX6.1
PDX1
Traditional Microcapsules Conformal Capsules

Triolo & Bellin Front Endocrinol 2021
Tomei et al PNAS 2014



Encapsulating (“Hiding”) Beta Cells From

the Immune System

PEC-Direct™ VX-880 (stem cell-derived beta cells + immunosuppression)

* Prelim results first 6 recipients (17 planned) nttps://clinicaltrials.gov
e All went from no C-peptide to making C-peptide /study/NCT04786262
* All had reduced HbA1c, insulin use, and severe hypos

e 1is off insulin still at 21 months of follow up

 1isoff insulin still at 12 months

e 2 not off insulin and withdrew

e Other 2 not followed long yet

VX-264 (VX-880 + “a proprietary immunoprotective device that allows
us to eliminate the need for immunosuppression”) - surgically implanted

ViaCyte = Vertex



Hurdles in Beta Cell Replacement

Gene Editing for Immune
Evasion or Immune Protection
or Local Immunomodulation

(CRISPR, selective HLA
depletion, etc) e

Biomaterial

* Protection from ischaemia . optimization
and inflammation Encapsulation
e Stemn ¢ ells. | * Accelerate vascularization -
» Xenogeneic islets —
—
Need for Capsule fibrosis
. life-long and bio- -
Survival of immuno- incompatibility
Limited transplanted suppression c_,__,___-J
source B-cells C__:,_//
of B-cells - C;:J/

5”:&

Desai & Tang Nature Revs Endo 2018






Is There Anything | Can Do?!

/1 FDA/Rest Research:\ 4 1 FDA/Rest Research: )
- _ ~ Ages vary Hypoglycemia unawareness,
Available now: Short T1D duration severe hypoglycemic events
Any age (before majority of Adults with longer T1D
Any T1D duration duration

beta cell loss occurs)/ \_
wreference y \\/

Techlgy Immune & Beta Cell Beta Cell
Protective Therapies Replacement



In Summary

>>T1D prevention & reversal comes in many forms.

> Tzield (stage 2) and Lantrida (IAH/SHE) FDA
approved

> Generalizability? Not for all. Need choices!

>>The hurdles to T1D prevention and reversal are
enormous but achievable - is the timeline
knowable?

> Probably not.
>>|s there a therapy right for me and my family?
> Stay tuned (active area of research)
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