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Diabetes

http://www.cdc.gov/diabetes/data/statistics/2014statisticsreport.html

Insulin injection
Side effects 
• Injection site - Itching, mild pain,

redness, or swelling at the injection site

• Systemically - Hypoglycemia, weight 

gain, insulin edema.

•Inconvenience

Type I diabetes-Autoimmune disease



Pancreatic islet transplantation

■ Alpha cells producing glucagon (15–20% of total islet cells)

■ Beta cells producing insulin and amylin (65–80%)

■ Delta cells producing somatostatin (3–10%)

■ PP cells producing pancreatic polypeptide (3–5%)

■ Epsilon cells producing ghrelin (<1%)

Ref) J. R. T. Lakey et al., Transpl. Int. (2003) 16:6 13-632

Intraportal islet transplantation



History of pancreatic islet transplantation  

Ref) Nat Rev Endocrinol 13, 268–277 (2017)



History of pancreatic islet transplantation  

Ref) Nat Rev Endocrinol 13, 268–277 (2017)



Hurdles of Islet transplantation

Harlan D M et al. Diabetes 2009;58:2175-2184R. F. Gibly et al., Diabetologia (2011), 54:2494-2505,

Inflammation & Immune reaction



Immunosuppressive drugs

Ref) Modified from wikipedia



Edmonton Protocol for Immunosuppression 

Ref) Cold Spring Harb Perspect Med, 2012 Jul;2(7):a007823.

Insulin therapy
& re-transplantation



Surface modification
Encapsulation

Systemic immunosuppression

Approaches to improve survival of transplanted islets

Cell empowerment Local immunosuppressionGene therapy

§ Tacrolimus (FK506)

§ Sirolimus/rapamycin

§ Cyclosporine

§ Tofacitinib

§ Daclizumab (binding to CD25)

§ Anti-thymocyte globulin (ATG)
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Edmonton Protocol (2000) NEJM



Cell encapsulation



Immune responses in pancreatic islet transplantation

Pathogen-associated
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Redrawn and modified from R. F. Gibly et al., Diabetologia (2011), 54:2494-2505

Redrawn and modified from R. F. Gibly et al., Diabetologia (2011), 54:2494-2505



Immunoprotection by alginate encapsulation
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Redrawn and modified from R. F. Gibly et al., Diabetologia (2011), 54:2494-2505



Alginate encapsulation

G. A. Juarez et al., Fron. Bioeng. Biotechnol, 2(2014), Article 26

Alginic acid, also called algin, is a naturally 
occurring, edible polysaccharide found 
in brown algae.

+ Calcium Ion 

Alginate encapsulated porcine islets 



Limitations of droplet-based encapsulation technology

Large capsules

Nutrients and oxygen

Incomplete encapsulation

Immune cells

Multi-cell encapsulation

Nutrients and oxygen

High percentage of empty capsules

Ø Thickness of alginate layer > 150 µm results in
insufficient diffusion of nutrients and oxygen.
Ø Larger capsules increase the transplantation

volumeà limit the transplantation site

Ø More than 20% of capsules containing
protruding cells leads to immediate graft failure.

Ø High percentage of empty capsules leads to the increase of
transplantation volume à limit the transplantation site to
only abdominal cavity.

Ø Cells experience different levels of nutrients and oxygen,
causing biased outcome.



A better encapsulation technology?

Penetration of antibody,
immune cells

Thickness
Diffusion of nutrients
O2, waste 

Pore size

Biocompatibility

Integrity/Cell egress
Immunoprotective effect

Stability

Individual encapsulation

Thin layer cell encapsulationCritical factors in cell encapsulation

Nutrients and oxygen

Nutrients 
and oxygen

Immune cells

Complete cell encapsulation

Individual cell encapsulation



Surface triggering in situ gelation (STIG) for cell encapsulation

+ Alginate

ChelationCaCO3 +  Gluronic acid à
Ca2+ + Gluronate + CO2 + H2O

PD-CaP conjugated 
cell spheroids

GDL Gluronic acid

Mechanism of STIG

Precisely-controlled thickness of alginate capsule by STIG

PD-CaMS

Ca2+Ca2+Ca2+Ca2+Ca2+Ca2+Ca2+Ca2+

Alginate capsules
• Controllable capsule thickness 

(1-hundreds of micrometer)

• Complete cell encapsulation

• Individual cell encapsulation

• No empty capsules

• No equipment requirement

CaCO3 particles



STIG for encapsulation of pancreatic islets

+ 5-10 min
HBSS pH 8.0

PD-CaP
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Progressive propagation of alginate capsules by STIG
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Impacts of encapsulation on islet viability and functionality
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Selective permeability of alginate capsules

Insulin
(5.7 kDa)

Activated 
complements
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In vivo islet transplantation

Transplanted islets

v Donor: Male SD rats

v Recipient: Male C57BL/6 mice

v Transplantation site: Kidney capsule

v Mass of islets: 400 IEQ
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Role of complete encapsulation on islet survival
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Evaluation of encapsulated islets after transplantation
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Surface triggering in situ gelation (STIG) for cell encapsulation

Pancreatic islets
/Cell clusters

Conventional droplet-
based technology

Surface-triggering in situ
gelation technology

Advantages

• Easy manufacturing into a kit form

(only includes basic materials:

calcium carbonate particles,

alginate + GDL mixture, HBSS

solution, Ca2+ and Ba2+ solution).

• FDA-approved materials.

• Can be performed in all labs and

transplantation center without the

need for specific devices.

• Can be applied for multiscale

objects (from single cells to cell

clusters to biomedical devices).



Single cells Cell clusters/Organoids Biomedical devices

Conformal coating of multi-scale cells and biomedical devices

Individual encapsulation
of pancreatic islets

Universal conformal 
hydrogel coating

Ti
ta

ni
um

400 µm

Alginate
PLGA  particles

Ti
ta

ni
um

Ti
ta

ni
um

Live
Dead

200 µm

Individual encapsulation 
of stem cells

500 µm

Stem 
cells

50 µm

Alginate / F-actin / Nuclear

0 mm 5 10 15

0 
m

in
5 

m
in

10
 m

in

T.T. Pham et al. Advanced Functional Materials, 2021



Lab interconnected keyworks

Heterospheroid

Surface 
modification

Pancreatic islets

Drug 

Delivery 
System

3D cell culture

Encapsulation

MSCs
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