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T1D is an autoimmune disease

Immune Cells

CD8+

~ “ — T cell B

Macrophage

Y
o 00

()
OOO

Insulin

( Barbara Davis Center for Diabetes

.:-;j'f'jl"‘"‘l UNIVERSITY OF COLORADO ANSCHUTZ MEDICAL CAMPUS



Insulin is the therapy for T1D (>100 years!!)

“Insulin is not a cure for diabetes; it is a
treatment. It enables the diabetic to burn
sufficient carbohydrates, so that proteins
and fats may be added to the diet in
sufficient quantities to provide energy for
the economic burdens of life.”
- FREDERICK BANTING
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T1D is an autoimmune disease
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Can we shift the
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Beta cell replacement therapy
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slet transplantation as a therapy (25 years ago)

Recipients remain insulin independent for >5-10 years
Reduced hypoglycemic episodes
Improved quality of life

11

Challenges: =

Multiple donors for each patient CISLETS -
Limited donor tissue . PORTAL

VEIN

Substantial graft failure
Immunosuppression required
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Historical milestones of pancreatic islet transplantation

Pancreatic islet
isolation from
guinea pig utilizing
collagenase first

First successful
pancreas
transplantation
performed by

The Ricordi
Chamber was
created by Dr.

Camillo Ricordi,

The Edmonton
Protocol was
developed by Dr.
James Shapiro,

described by surgeons Richard  allowing for more  allowing successful
Stanislaw Lillehei and William efficient pancreatic  restoration of long-
Moskalewski Kelly islet isolation term endogenous

insulin production
and glycemic
stability in subjects
with type 1 diabetes
by introducing a
steroid-free
immunosuppressive
regimen
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First stem cell-
derived islets enter
a phase 1/2 clinical
trial. Developed by

ViaCyte (VC-01)

Phase 3 clinical First cellular

trial of allogeneic therapy for type 1
human islets in diabetes patients is
Type 1 diabetes approved by the

patients suffering
from severe
hypoglycemia

US FDA. Lantidra
(CellTrans) consists
of allogeneic
pancreatic islet
transplantation
from deceased
donors




Can there be an unlimited source of f3 cells?

Donor islets

— L
& ==

@

Dead or
dysfunctional B cell
B cells
pancreas Transplantation
e — { _-__-."‘1- 4
" F ‘
125 ' 125
“o (mg/dI) - mOE . 150 (mg/d1)
Fasting blood glucose Fasting blood glucose

: | Barbara Davis Center for Diabetes

;‘.']"-""‘ UNIVERSITY OF COLORADO ANSCHUTZ MEDICAL CAMPUS



How do we generate 3 cells in a dish?

Blastocyst Somatic cells

> 20 years of research
Oct3/4 © = Mouse models

Sox2 @ ]
c-Myc © " |nternational
Kifa  © effort

® = Trial and error

Pluripotent Cell Lines Differentiation Pancreatic progenitors
or
B-cells
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Vertex Clinical Trial

November 2021

€he New Pork Eimes

A Cure for Type 1 Diabetes? For
One Man, It Seems to Have
Worked.



Challenges with differentiating [3 cells

hES or hiPS
Cells
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Challenges with differentiating [3 cells

hES or hiPS Definitive Primitive Gut Pancreatic Endocrine Beta-like
Cells Endoderm Tube Progenitor Progenitor Cells
# # # # ﬁ PDX1,NKX6.1
INS
OCT4 SOX17 PDX1 NGN3
NANOG FOXA2
SOX2
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Summary: hPSC-derived 3 -like cells

5_.

Remaining issues:

« Derived B cells are still “p — like”

« Differentiation isn’t strictly
directed 2 o, p and 6 cells

-®- human islet
== immature sBC

% total insulin content

« Differentiations are highly
variable

« B cells are immature

« We still have to block the 0 o 30
immune system time (min)

low glucose - high glucose - KCI
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B Single-cell
sequencing Electron
Functional microscopy

characterization

4 hiPSC Endoderm Foregut Pancreas Endocrine hiPSC-islets
lines progenitors progenitors
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Vertex

Infused into the

Phase 1/2 .
w A portal vein
Clinical Trial
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 7
: |
‘ Definitive Primitive Posterior Pancreatic ‘ Endocrine Immature Mature
hPSCs Endoder guttube ~ foregut f_" progenitors B cells B cells
OCT4 FOXA2 FOXA2 PDX1 PDX1 NGN3 INS INS
NANOG SOX17 HNF1R HNF6 NKX6.1 NEUROD1 GCG PDX1
SOX2 CXCR4 HNF6 SOX9 SOX9 NKX6.1 SST NKX6.1
PTF1A NKX2.2 MAFA

Immature B-cells:

* Polyhormonal

* Do not respond to glucose

* Do not express
appropriate B-cell markers

Barbara Davis Center for Diabetes

UNIVERSITY OF COLORADO ANSCHUTZ MEDICAL CAMPUS




Armerican Vertex Releases New
A S etes 2024/2025 Data on Potential Cure

- Association.
for Type 1 Diabetes

12 Participants (O levels detectable insulin/severe hypoglycemic
episodes)

All 12 had a reduction in A1C <7.0% and >70% time-in-range (70-
180 mg/dL) and did not experience severe hypoglycemic events

11/12 had reduced need for exogenous insulin within 90 days of
treatment

3/3 participants past the 2 year mark are insulin independent
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Vertex Trial (ongoing)

Participant 1

Study day Day 0 (baseline) Day 121-150 Day 241-270
Daily Insulin dose 34 units 2.6 units 0 units
Time in Range 40.1% 81.4% 99.9%

A1C 8.6% 6.7% 5.2%
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Vertex Trial FORWARD'A

Type 1 Diabetes Clinical Trial

A Safety, Tolerability, and b . WY

INGTON §+ MONTANA i DAKOTA . N Ne
. gir Yy 4 MINNESOTA = oo Ottawa Montreal ;
Efficacy Stuady of VX-880 .y . - .
Sl : SOUOTTH ! 2 : ! NOVA ¢
k : i DAKOTA ! !
EGONT Ty e &) L - \ i

(Zimislecel) in Participants b L g R T

NEBRASKA ',

_‘!'LLiNOlS . om0

With Type 1 Dia bEteS HEAR® UTAH Uniteél States\ I’?DIAEI-A NewYork

?i5‘5°\. 3 HERLORADO KANSAS  MISSOURIL w‘%’éfﬂfm

KENTUCKY “VIRGINIA
LIFO : X - R
Oll_asVegas 3 . OKLAHDMA TENNESSEE s C;*SSEI';'M
Los eles B ] ARKANSAS"""""""L """ i
. . ; : A cor ! SOUTH
Recruitment goal: 37 Subjects SanDiego INEWMEXCO  Dallas I
° A ; ; : \LABA
‘ L TEXAS i __GEORGIA
3 LOUIS!ANA e
© 5 San'Antonioo ., ©
%6 . \ Houston
. & FLO
("] s e SR -\
Z. . -7 Monterrey
BN i Gulf of o
W TR Mexico Miami

X Barbara Davis Center for Diabetes

" UNIVERSITY OF COLORADO ANSCHUTZ MEDICAL CAMPUS




Summary

Great progress in stem cell-derived beta cell research
Ongoing clinical trials
Viable future therapy

Challenges remain
Directed differentiation
Variability between cell lines
Functional maturation
Graft survival
Immune protection
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Immune protection of the beta cell

Immunosuppressants

MHC Matching

| HLA-A: *XX-XX:XXXXN

Macrophages
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Tahbaz and Yoshihara, Frontiers in Endo 2021



Remaining Questions/Challenges

Is a functional cure possible without long-term
Immunosuppression?

Can the manufacturing process and quality control by more
automated and scalable?

Cost?
What is the optimal transplantation site?

What is the optimal cell composition?




Future Roadmap of Stem Cell Therapies

= e Immune evasion,
§ £— Genome Edltmg enhanced functionality

3D tissue maturation

Graft monitoring

Personalized A ‘ Personalized Patient-specific
Therapy ®) Therapy IPSCs

Translational & Regulatory Milestones
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