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Xenotransplantation: How close we are to the Clinical Application?
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NEW LIFE FOR PIG ORGANS

Gene-editing technologies have breathed life into the
languishing field of xenotransplantation.
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Heart disease Stroke
by 2—4 fold? by more than 2-4 fold?

Q@ = o= 2H0ll,17,280 S 2 B A S YOl 2 E...

...in the USA

1. International Diabetes Federation. Diabetes Atlas, Fifth Edition: www.diabetesatlas.org. Accessed 25 June 2012. Estimated based on mortality data;
2. Adapted from: CDC 2011 National Diabetes Fact Sheet: http://www.cdc.gov/diabetes/pubs/estimatesit.htm#12. Accessed June 2011.

Global estimates for type 1 diabetes in children and

adolescents (<20 years) for 2017

IDF region

Population (<15 years) 1.94 billion
Population (<20 years) 2.54 billion
Type 1 diabetes in children and adolescents (<15 years)

Number of children and adolescents with type 1 diabetes 586,000
Number of new cases of type 1 diabetes per year 96,100

Type 1 diabetes in children and adolescents (<20 years)

Number of children and adolescents with type 1 diabetes 1,106,200

Number of new cases of type 1 diabetes per year 132,600

IDF Diabetes Atlas - 8th Edition
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Glycosylated Hemoglobin (%)

* Capilary Giucose (mg/d)
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GLYCEMIC
CONTROL

> Less than 30% of patients with diabetes have reached
their target blood glucose level.

> Even if applying the recommendation of HbAlc < 7%
given by the American Diabetes Association,
only about half are under adequate glycemic control.

> The mean glycated hemoglobin was found to be 7.4%.

<30%

GLYCEMIC CONTROL
Defined as glycated hemoglobin less than
6.5% based on treatment guideline set by

Korean Diabetes Association

HbAlc <6.5%

HbAlc <7.0%

Korean Diabetes fact sheet. 2015
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Daily Overlay
Feb 13 - Feb 19, 2013
(7 days)

Sensor Data (mg/dL)

Wed Feb 13 Thu Feb 14 FriFeb 15  SatFeb 16

12008 2c0s 400s 000s oos  1coos  1acop 2009 accy o001 coop  1000p  1awos
Daily Overlay
Feb 20 - Feb 26, 2013
(7 days)

Sensor Data (mg/dL)

Wed Feb 20 Thu Feb 21  Fri Feb 22 SatFeb 23 Sun Feb24 MonFeb25 Tue Feb 26

1300a 2004 4008 ©00s oms 10:00a 1200p 200p aocy 800y ©oop 1000p 2:000

Fig. 1. Improvement in glycemic control before (Top) and after ( Bottom) counseling about dietary indiscretion.

R. Vigersky, M. Shrivastav/Journal of Diabetes and Its Complications 31 (2017) 280-287

== HEYS Yl SR
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Table 3. Hazard Ratios for Incident Vascular Outcomes and Death among Patients Who Had Severe Hypoglycemia as Compared with Those

Who Did Not.*
Hazard Ratio
Adjusted for
Clinical Outcome and Interval Treatment Assignment
after Hypoglycemia No. of Events (95% CI) P Value
Macrovascular events 1147 4.05 (2.86-5.74) <0.001
3mo 3.27 (1.22-8.73) 0.02
6 mo 2.61 (1.17-5.83) 0.02
Microvascular events 1131 2.39 (1.60-3.59) <0.001
3 mo 2.90 (1.09-7.74) 0.03
6 mo 3.24 (1.62-6.50) <0.001
Death from any cause 1031 4.86 (3.60-6.57) <0.001
3 mo 10.4 (6.02-18.00) <0.001
6 mo 7.28 (4.50-11.80) <0.001
Death from cardiovascular cause 542 4.87 (3.17-7.49) <0.001
3 mo 6.25 (2.34-6.70) <0.001
6 mo 4.20 (1.74-10.10) <0.01

Hazard Ratio
Adjusted for

Multiple Covariates

(95% CI)f
3.45 (2.34-5.08)
3.55 (1.32-9.54)
2.75 (1.22-6.19)
2.07 (1.32-3.26)
1.96 (0.63-6.17)
2.41 (1.07-5.43)
3.30 (2.31-4.72)
5.86 (2.97-11.60)
4.28 (2.36-7.75)
3.78 (2.34-6.11)
5.35 (1.94-14.80)
3.57 (1.43-8.90)

P Value
<0.001
0.01
0.01
<0.001
0.24
0.03
<0.001
<0.001
<0.001
<0.001
<0.01

0.01

'N Engl) Med 2010;363:1410-8
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Alert tient
Hlert warns patient of ncomighigh

of oncoming low

Prompt action may avoid
high or reduce duration*

Prompt action may avoid
low or reduce duration*

GLUCOSE - mg/dL

200 AM 600 M 900 AM 12000M 300 £00PM 900PM 1200 M

TIMEOF DAY S\ Continvous glucose @ Fingerstick tests
monitoring data

“A confirmatory fingerstick is required prior to taking action.

the Guardian Real-Time (Medtronic MiniMed, Northridge, CA),

Transplanting Islet Cells

' Sf;:arated 5. Transplanted
., islets Tanspianed
Roopentiver | {1l

4

;ﬁ:ﬂ;mg Islets are
islet in the :m;oﬁg:ed
pancreas liver

Chamber: key
islet isolation
device
© 2005 Diabetes Research Institute, U. of Miami
Artist: Robert Margulies

Islet transplantation could be a promising treatment modality to
overcome the insulin therapy problems.
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Organ procurement

Transfer to GMP facility 5 : ;
> Biological Safety Cabinet (BSC)

GMP Facility

Liberase digestion

Divide pancreas Physical digestion in Ricordi Chamber Digestive tissue
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— 1-077

islets

e 1-085

Other
tissues

b 1.100

COBE 2991 Cell Processor
Density gradient separation of
islets

Purified islets

* call to recipient * intraportal injection of isolated islets
* transplantislets with 72 hours after * discharge after confirming lack of acute
isolation complications
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* 1894, Dr. Williams

o EJl R= 2 HE=EE o= 2 X0l O] &)
1972, Drs. Ballinger and Lacy
e 4F F X =2l L 0lAE S E

[ < N B Y

OE

2 Al
1989, Dr. Camillo Ricordi
e Ricordi chamber: XtS3tE AIE H & 22l X
* 1990, Dr. Sharp et al

e A2 M8 =9 X

=X g4
2000, Dr. Shapiro et al

e Edmonton Protocol: cure 7 diabetic patients for 1 year
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2000 Edmonton group?| s 4l

i diabetic 9 atients Insulin Independence Following Islet Transplantation in Man

A Comparison of Different Recipient Categories

=B~ PIDM-Auto 1990-97 (n=50) =H~= Type-1-Allo 1990-97 (n=200)
mean fO”OW'Up: 12 mOS 100+ == PIDM-Allo 1990-97 (n=15) (pre-tx C-peptide negative)
90
Results o
. lete cure in all patient 60 e
complete cure in all patients %] 5o el e 5 & -
e no complications 40 HJ* L
L. 30
e admission: 12 hrs 2
0 e T 8%,

0012345678 9101 12
NEJM J UIy 2000 only well documented patients months posttransplant

1999-2002 2003-2006 2007-2010

I 44%

v} N 0

5 = — 37%

s 27% —V—

S 40-

T

£

£

2 20-

= | \

BN

0 - T T T T T T T
1 2 3 4 § 1 2 3 4 8§ 1 2 3 4 5
Years Post Last Infusion
CITR Data at 2013 Dec
g Groups with favorable factors Groups without favorable factors
c
g 50~
g
g 40
()]
E 30 |
£ 20-
2
15 10
BN
ndent T T T T T T T T T T
1Yr 2Yr 3Yr 4Yr 5Yr 1Yr 2Yr 3Yr 4Yr 5Yr
Faverabiafactors Years Post Last Infusion
Age 2 35yrs

Insulin requirement < 0.43 U/kg
T cell depletion immunosuppressant
TNF-alpha blocked
Diabetes Care 2012;35:1436-1445

8th Collaborative Islet Transplant Registry (CITR) Report
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Alginate microencapsulation method

A Beagle-1 B Beagle-2 C Beagle-3
600 3 _ 3 600 g _
= 3 2 e 2z 1222 3 2 = L 2
3 - 5 % :
£ 400 22 Eao 2z E 400 2 e
@ = @ > ® =]
173 “ 7] 17} ] 1]
S E 8 £ S b
s @ s @ s @
© 200 13 O 200 13 O 200 13
o s o < o s
S 8 o & 9 &
2 S 2 S 2 o
o @ o
o] 3 fia}
0 ‘0 0 -0 0 0
0 60 120 180 240 300 360 0 60 120 180 240 300 0 30 60 90 120 90 180
Post-transplantation (days) Post-transplantation (days) Post-transplantation (days)
D E F
- —@— Normal beagle (n=3)
I 800 Diabetic beagle (n=3) 2500 - . ~ 030 -@-- Beagle-1
? Beagle-1 T T ) E -(O-- Beagle-2
= 600 Beagle-2 @ 2000 > 02 =¥ Beagle-3
S Beagle-3 S o 020
S _; 1500 b
G 400 % 8 ois
o o 1000 -3
3 - S & 010
@ < 500 € oos
Siageecepres®zszl o
. agreceBrz ol ! - Y 0,00
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Post-glucose loading (min) Post-glucose loading (min)
Unpublished data
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Graft at Endpoint

: Dithizone staining and grafted capsules

A-C: Dithizone Stain
D-F: Grafted capsules in omentum Unpublished data

Is beta-cell replacement for

diabetes on the horizon?
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Live encapsulated porcine islets from a type 1 diabetic patient

9.5 yr after xenotransplantation
Elliott RB, EscobarL, Tan PL, Muzina M, Zwain S, Buchanan C.
Xenotransplantation. 2007 Mar;14(2):157-61
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Microbiological safety of the first clinical pig islet

xenotransplantation trial in New Zealand
Wynyard S, Nathu D, Garkavenko O, Denner J, ElliottR.
Xenotransplantation. 2014 Jul-Aug;21(4):309-23
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(The clinical development of xenogeneic cell based products should involve initially patients with
serious or life threatening disease for who adequately safe and effective alternative therapy are not
available, or where there is a potential for a clinical relevant benefit.)

Xenotransplantation 2016: 23: 3-75
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