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. Pre-purification

. Post-Isolation (final)

Equivalent Islet Number (EIN)

HBSS-Biocoll UwW-Biocoll
Purification Method



Reprinted from DIABETES, VOL. 37, NO. 4, APRIL 1988
Copyright 1988 by THE JOURNAL OF THE AMERICAN DIABETES ASSOCIATION.

Automated Method for Isolation
of Human Pancreatic Islets

CAMILLO RICORDI, PAUL E. LACY, EDWARD H. FINKE, BARBARA J. OLACK,
AND DAVID W. SCHARP

Recirculation-Dilution Pump Heating Circuit  Heating
Switch * Bypass Circuit

Hank's Collecting Recirculation  Cooling Isolation
= AN Shaker
Solution Flask Cylinder Circuit Chamber




Purification of pancreatic islets for

allotransplantation




Clinical islet transplantation

R
%" at UIC - Phase 1/2 trial




Glucose Variability Before (Insulin Pump) and

Glucose

After Islet Transplantation

‘ Islet infusion

‘ Insulin

Independence
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Glucose - mg/dL

Glucose Variability (CGMS)
Two Years After Islet Transplantation
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Islet Transplantation for Brittle Type 1 Diabetes: The UIC Protocol

A. Gangemi , P. Salehi , B. Hatipoglu , J. Martellotto , B. Barbaro , J. B. Kuechle
M. Qi, Y. Wang , P. Pallan , C. Owens , J. Bui , D. West , B. Kaplan , E. Benedetti
and J. Oberholzer ,

, University of lllinois at Chicago, Chicago, IL
* Corresponding author: José Oberholzer,

29 Apr 2008 - Volume 8 - Issue 6 - pp 1250-1261



/¥ Clinical Islet
- Transplantation
Consortium

* Phase Il Pilot Clinical Trials (5 trials I1A)
* Phase lll Licensure (2 trials; IA, IAK)
 Extended Follow Up after Islet Transplantation in Type 1 DM

2004 2018
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%ﬂl S year follow up - Edmonton
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Diabetes 54:2060-2069, 2005
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Islet Transplantation in Type 1 Diabetic Patients Using
Calcineurin Inhibitor-Free Immunosuppressive
Protocols Based on

T-Cell Adhesion or Costimulation Blockade

Achieves 50% 5-year insulin independence

Bellin MD, Barton FB, Heitman A, Harmon J, Balamurugan AN,
Kanaswamy R, Sutherland DE, Alejandro R and Hering BJ.
American Journal of Transplantation, 2012.



Peri-Transplant Anti Inflammatory Immunomodulation
and Long Term Insulin Independence

mWhole Pancreas (N=677) B UMN-TCD (N=29)
BCITR-TCD w/ TNFaBlock (N=22) O CITR-TCD w/o TNFaBlock (N=41)
B CITR-NTCD (N=177)
P p=0.02
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Potent Induction Immunotherapy Promotes Long-Term Insulin Independence After Islet
Transplantation in
Type 1 Diabetes MD Bellin , FB Barton , A Heitman...R Alejandro, B J Hering AJT 2012;12(6):1576-83 P
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Adapted from
CIT-07 Treatment Protocol JAMA 293; 830-5, 2005

|— Tacrolimus
|7 Sirolimus

|— Etanercept '

I— Rabbit Anti-thymocyte Globulin —|
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Donor Islet T Days after transplant
Isolation Islet Transplant
{ Islet j
Culture

Subjects will receive up to 3 separate infusions of islets
Basiliximab instead of ATG for 2nd and 3rd transplants



Transplantation, 2014

The Path for Tolerance Permissive
Immunomodulation in Islet Transplantation

Camillo Ricordi

treatment could include the selected peritransplant anti-
inflammatory strategy and recipient treatment with granulo-
cyte colony stimulating factor (GCSF), whose administration
has been associated with tolerance-permissive, regulatory cell-
promoting effects. Interestingly, the association of low-dose
ATG (2.5 mg/kg, intravenous) followed by pegylated GCSF
(Neulasta; 6 mg SQ q2 weeks x 6 doses) was recently reported
to have a significant effect on the preservation of AUC C-

peptide in the subject with TIDM compared to placebo-
treated subjects (Haller et al. ADA 2014, 173-OR), and this

effect was associated with preservation of regulatory T cells



Engineering the “Optimal” Site

Engineering an ideal site:

Intramuscular Venous Sac Omental Pouch



Steatosis after islet transplantation

Miami (2/26)
AJT 5:2037, 2005

Edmonton (6/30) Italy - IAK (9/31)
Diabetes 52(7):1591, 2003 Cell Transpl 14:727, 2005



Islet Graft Survival and Grade 1 Steatosis(MRI signal
change 2 3% at graft dysfunction)

Leitdao C.B.,Westphalen A ,Peixoto EML, Mireles-Zavala L., Lauriola V, Bernetti K, RicordiC,
Alejandro R. Liver Fat Accumulation and Islet Graft Survival Cell Transplant. 2014;23(10):1221-7
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Intra-Omental Islet Transplantation
into Biologic Scaffolds

PILOT CLINICAL TRIAL
TIMELINE

IND Submission:: 01/30/2014
IND Approval: - 02/27/2014

IRB Submission: 04/15/2014
IRB approval: July 2014
1s? Patient: Aug
2014
2"d Patient: Nov
2014
3rd Patient: Feb
2015

¥ (3 months apart as per IND)

sioHub N 707 N

ommitment + Collaboration + Results



July 22, 2014 | vol. 111 | no. 29 | pp. 1039110780 .
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Mitochondrial pore components

Age and polio transmission
Gamejtheory and population genetics

Passenger'pigeon’ population fluctuation
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Islet-derived progenitors as a source of in vitro islet regeneration
Hanley S, Rosenberg L.

Department of Surgery, and Centre for Pancreatic Diseases, McGill
University Health Centre, Montreal, Quebec, Canada.

Methods Mol Biol. 2009;482:371-85.

In vivo characterization of transplanted human embryonic stem cell-derived
pancreatic endocrine islet cells

A. Eshpeter, J. Jiang, M. Au, R. V. Rajotte, K. Lu, J. S. Lebkowski, A. S. Majumdar and G.
S. Korbutt
Alberta Diabetes Institute and Department of Surgery, University of Alberta, Edmonton,
Canada, and Geron Corporation, Menlo Park, CA, USA

Cell Proliferation 2008;Volume 41,Issue 6, Pages 843 - 858



The Sequence of Development for Deriving Islets
from Stem Cells Is Known




Transplantation of HESC-derived Pancreatic Cells Makes
Functional Islets In Vivo

Cross Section of Encaptra® Drug Delivery System

Immune (8
Cells 3 Semi-Permeable Cell Therapeutic Outputs:
‘ ﬁ Containment Barrier  Insulin, amylin, glucagon, other

Glucagon

CellTherapy (e.g. PEC-01)
Insulin

Perimeter

Nutritional Inputs: Seal
Glucose, O;, Proteins, Others



Encapsulated Pro-islet Grafts Mature
in vivo to Functioning Islets
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Continuous Glucose Monitoring Using DexCom Seven
CGM in Rats with Viacyte Device
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A Robins, Cell Transplant Society, Oct 24, 2011
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Reduced Progression of Diabetic Retinopathy After Islet Cell
Transplantation Compared With Intensive Medical Therapy

Thompson, David M.1,5; Begg, lain S.2; Harris, Clairel; Ao, Zilaing3; Fung, Michelle
A.1; Meloche, R Mark3; Keown, Paull; Menellly, Graydon S.1; Shapiro, R Jeanl; Ho,
Stephen4; Dawson, Keith G.1; Ghofalli, Khalid Al1; Riyami, Loay All; Mehthel,
Mohammed All; Kozak, Sharon E.1; Tong, Suet Onl; Warnock, Garth L.3

Volume 85(10), 27 May 2008, pp 1400-1405




Curr Diab Rep.

* Impact of Islet Transplantation on Diabetes
Complications and Quality of Life

« Roberto Bassi & Paolo Fiorina

. 2011 Oct;11(5):355-63




Diabetes(@fIEe

Reduction in carotid intima-media thickness after pancreatic islet transplantation
in patients with type 1 diabetes.

Danielson KK, Hatipoglu B, Kinzer K, Kaplan B, Martelloto J, Qi M, Mele A,
Benedetti E, Oberholzer J.

Diabetes Care 2013 Feb;36(2):450-6.




Cleveland Clinic

Every life deserves world class care.
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http://www.CellR4.org

CiT-07

A prospective, single-arm, multi-center Phase Ili
study testing human islets in T1D

Subjects will receive up to 3 separate infusions of
islets within 8 months

Accrual objective: 48 transplanted subjects
followed for at least 24 months (2year F/up 9/14)

Primary endpoint: The proportion of subjects
with HbAlc < 7.0% at day 365 and free of severe
hypoglycemic events from Day 28 to Day 365
following the first islet transplant



Adapted from
CIT-07 Treatment Protocol JAMA 293; 830-5, 2005
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Donor Islet T Days after transplant
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Subjects will receive up to 3 separate infusions of islets
Basiliximab instead of ATG for 2nd and 3rd transplants



ATG/GCSF Combo Pilot Study
Data Summarx

. AUC c-peptide @@ Treated
@@ Placebo
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Haller et al. Journal of Clinical Investigation 2015; In Press
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Definition of the Facilitating Cell
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Distinct from Stem Cell

65% resemble tolerogenic
plasmacytoid dendritic cells
(B220*/CD11c*/CD1167)
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Kaufman et al, Blood 1994, 84(8):2436-2446
Fugier-Vivier et al, J Exp Med 2005, 201(3):373- _
383 s

P
Retfiere Huang et al, Blood 2010, 117(8):2494-2905 \Q)

Faciitating cell therapy



Facilitating Cell Mechanism of Action

Induces IL-10
B, ., IN Vitro Induces antigen-specific

rec_; . .
Tieg IN VIVO

Taylor KN, J Immunol 2007,
15;179(4):2153-62
, Blood 2011, 117(8):2494-2505

Enhances
homing
and migration

DOCK?2
Wen, Stem Cells, 2014
32(10):2732-43

Prevents apoptosis of
HSE

Rezzoug F, J Immunol 2008,
180(1):49-57

TCIonogenicity of HSC

Fugier-Vivier |, J Exp Med 2005, 201(3):373-
383 Taylor KN, J Immunol 2007, 15;179(4):2153-

Rezzoug F, J Immunol 2008, 180(1):49-57 62

Prevents GVHD in mice

Regenerex Y Y

Facsitating cell therapy



Mechanism by which FC Enhance HSC
Engraftment without GVHD

NK Q P-pre DC FC . Naive CD4* T

Cell:Cell cells 5
% mteractlon 3 3
' IL- 10

IL-6

CD19 FC'CDBe FC

................................................................... Ce” Ce”
— \ interaction

TNE-a O 5 Treg Trl

Other trophic factors 5
Treg CD4*CD25*FoxP3* 5

Trl: CD4*CD25FoxP3IL- ﬁ

Regenerex

ceil therapy



Simultaneous FCRx + Kidney Transplant

Timing of “Simultaneous” living donor FCRx and kidney transplant

@ Hematopoetic i @HSCtranspIant

stem cells (HSC) Processed donor
mobilized, leukopheresis
collected, product/marrow
processed & enriched for HSC,
cryopreserved facilitating cells (FC)

and progenitors

@' Conditioning to suppress (FCRx)

Pafient’'s own Immune
system. ‘
Fludarabine, Cytoxan,

200cGy TBI

Day L_Aﬁ- +1 |
R nerex Leventhal J et al, J Clin Pharmacol Thera, September 201 J

Faciitating cell therspy

stipite o Colllar Therspeutscs
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American Journal of [0

Transplantation

Long-Term Insulin-Independence After Allogeneic Islet Transplantation for Type 1
Diabetes: Over the 10-Year Mark

T. Berneya, S. Ferrari-Lacrazb, L. Buhlera,J. Oberholzera, N. Marangond,
J. Philippee, J. Villardb and P. Morela
American Journal of Transplantation 2009; 9: 419-423
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Pathology of an Islet Transplant 2 Years After
Transplantation: Evidence for a Nonimmunological Loss

Smith, R Neal; Kent, Sally C.; Nagle, Julie; Selig, Martin; lafrate, A John; Najafian,
Nader; Hafler, David A.; Auchincloss, Hugh; Orban, Tinamer; Cagliero, Enrico

Volume 86(1), 15 July 2008, pp 54-62




USA Health Care Spending

The cost of a pancreas $25
for islet transplantation RIGUSSION
is now $42,000

S400 for 1 hr IV saline 2010
infusion
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

International Trial of the Edmonton
Protocol for Islet Transplantation

A.M. James Shapiro, M.D., Ph.D., Camillo Ricordi, M.D., Bernhard J. Hering, M.D.,
Hugh Auchincloss, M.D., Robert Lindblad, M.D., R. Paul Robertson, M.D.,
Antonio Secchi, M.D., Mathias D. Brendel, M.D., Thierry Berney, M.D.,
Daniel C. Brennan, M.D., Enrico Cagliero, M.D., Rodolfo Alejandro, M.D.,
Edmond A. Ryan, M.D., Barbara DiMercurio, R.N., Philippe Morel, M.D.,
Kenneth S. Polonsky, M.D., Jo-Anna Reems, Ph.D., Reinhard G. Bretzel, M.D.,
Federico Bertuzzi, M.D., Tatiana Froud, M.D., Raja Kandaswamy, M.D.,
David E.R. Sutherland, M.D., Ph.D., George Eisenbarth, M.D., Ph.D.,
Miriam Segal, Ph.D., Jutta Preiksaitis, M.D., Gregory S. Korbutt, Ph.D.,
Franca B. Barton, M.S., Lisa Viviano, R.N., Vicki Seyfert-Margolis, Ph.D.,
Jeffrey Bluestone, Ph.D., and Jonathan R.T. Lakey, Ph.D.

N ENGL) MED 355,13 WWW.NEJM.ORG SEPTEMBER 28, 2006
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