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What Do We Want to Know?

For a given islet preparation:

Is it safe to Transplant?

What is the Purity?

What is the “potency” or “dose”? E.g. Number of Viable, Functional β-

Cells /Kg BW recipient.

Can we predict transplantation outcome using a set of real-time 

assays?

Goals for Pre-Transplant Islet Quality Assessment
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Islet Characteristics/ 

Mechanistic Information



Islet location and structure – islet contains  multiple cell types



Islets are Complex “Organoids”



Islets are Complex “Organoids”

• Pancreatic islets have a complex, “glomerular-like” 
network of blood vessels

• High capacity for exchange and necessary for islet 
function

• Nutrient sensing and hormone dispersal 
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Islet = Cell Cluster 50-400 μm in Diameter

150 μm Islet (Sphere) = 1 “Islet Equivalent” 

(IE)

1 IE has ~1500–2000 Cells

~50%-75% of these Cells are

Expected to be β-Cells that Produce Insulin

Definition of an Islet Equivalent (IE)

Islets also contain alpha-cells that produce glucagon as well as delta-cells that 

produce somatostatin



Islet (β-cell) function is highly sensitive to hypoxia



Islets are highly sensitive to hypoxia

β-cells are unable to effectively produce ATP anaerobically:

- low LDHα

Overexpression of LDHα impairs islet function

J. Clin. Invest. 104: 1621-1629, 1999





- 6 hr exposure to hypoxia with HIF1α activation is 

sufficient to cause a persistent “hypoxic signature” 

e.g. LDH-α, resulting in long-term (months) 

impairment of insulin secretion







Islet Processing and Engraftment: Focus on the “islet”

Pancreas 
Preservation

Human Islet 
Manufacturing 

Islet Culture 
and 

Distribution

Islet Infusion/ 
Engraftment

PQA IQEAIQAPQA IQA IQEA

PQA: Pancreas Quality Assessment

IQA: Islet Quality Assessment

Post-TransplantPre-Transplant

IQEA: Islet Quality and Engraftment  Assessment

Islets are exposed to a number of stresses in key steps from donor to ITx recipient

Do we need to worry about islet quality pre-Tx?
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Transplant Proc 2001, 33(1-2): 1709
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Transplantation Proceedings 2001, 33(1-2): 1709
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4. Many techniques for cells 

are inapplicable to islets 

because the islets may not be 

usefully dissociated into cells.

Why Are Islet Preparations Difficult  To Characterize?

1. Islets are cellular aggregates.
Variety of shapes and sizes
Visual size estimation is    

• prone to error

• operator dependent

• large uncertainty

2. Human preparations have
varying amounts of impurities.
Distinguishing properties of  
islets/exocrine tissue difficult

3. The islet is a moving target.
Damage occurs during 

• pancreas preservation   
• isolation
• culture
• shipment
• post-Tx

Islet
Dispersed 

Cells

agitation

Serine proteases

(trypsin)

• Cells are damaged: anoikis

• Cells are lost

• Recovered cells are likely not 

representative of original islet
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Islet Potency – Nude Mouse Bioassay

Papas KK, Sensitivity and Specificity of the Nude Mouse Bioassay to the Clinical Islet Allotransplantation 
Outcome. ICR-ABCC, City of Hope. PDF: 
https://icr.coh.org/docs/PDF%20Powerpoint%20Conversions/Papas%20Animal%20Study%20Slides.pdf



Transplantation 2008; 86: 360-363

The only assay significantly correlated with clinical outcome was human C-

peptide in mice





Theoretically when combined, information on identity, viability and potency as  

described in this TABLE 1 should provide information on the number of 

viable/functional β-cells transplanted/Kg BW recipient (and should be predictive of 

transplant outcome in the absence of immune rejection)



However, this may not be true unless:

1) Measurement of IE number, viability, and purity, is accurate and precise; 

2) β-cell fraction/islet is relatively constant (or is measured and accounted for); 

3) β-cell function (insulin secretion) is not impaired or it is within acceptable limits.

Theoretically when combined, information on identity, viability and potency as  

described in this TABLE 1 should provide information on the number of 

viable/functional β-cells transplanted/Kg BW recipient (and should be predictive of 

transplant outcome in the absence of immune rejection)





Notes: 

1) Stimulation Index  (ratio of glucose stimulated over basal insulin secretion in 

a static incubation setting) by itself cannot be predictive of Transplant 

outcome; However, it may be proven more useful when combined with 

information such as specific basal and glucose stimulated insulin secretion 

rate, especially if obtained with Dynamic (Perifusion) assays.

2) It may be important to consider α-cell function and glucagon release.
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• Quantity of tissue

Volume

Number of Cells

Composition

• Viability

Membrane Integrity

Mitochondrial Function

Apoptosis

• Potency

Glucose Stimulated Insulin Release (Static/Dynamic – Perifusion)

Immunodeficient Mouse Transplant

What Are the Characteristics of Interest?  and What 
Tools Are Available?
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Quantity of Tissue – Current Release Test Methods

Volume

Number of Cells

Cell Composition

Islet 

Preparation

Islet 

Preparation

Islet 

Preparation

Dispersed 

Cells

Tissue volume

Islet volume

Total DNA

Total intact 

cell nuclei

Volume fraction 

islets

Individual cell 

types

Individual cell 

types

● Packed cell volume of tissue pellet

● Insulin content

● Dithizone (DTZ) staining

Visual counting

Image analysis

● DNA content

● Nuclei counting

● DTZ staining

● Morphology (light microscopy)

● Ultrastructural analysis

(electron microscopy), 

immunohistochemistry

● Differential staining

(laser scanning cytometry)

Enumeration of islet

equivalents (IE)

Type of Quantity
Tissue 

Assayed
Parameter 

Measured Method

Characterization of islet preparations. In: Cellular Transplantation. Elsevier; 2007:85-133.



Quantity of Tissue – Improved Test Methods
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Volume

Number of Cells

Cell Composition

Islet 

Preparation

Islet 

Preparation

Islet 

Preparation

Dispersed 

Cells

Tissue volume

Islet volume

Total DNA

Total intact 

cell nuclei

Volume fraction 

islets

Individual cell 

types

Individual cell 

types

● Packed cell volume of tissue pellet

● Insulin content

● Dithizone (DTZ) staining

Visual counting

Image analysis

● DNA content

● Nuclei counting

● DTZ staining

● Morphology (light microscopy)

● Ultrastructural analysis

(electron microscopy), 

immunohistochemistry

● Differential staining

(laser scanning cytometry)

Enumeration of islet 

equivalents (IE)

Type of Quantity
Tissue 

Assayed
Parameter 

Measured Method

Characterization of islet preparations. In: Cellular Transplantation. Elsevier; 2007:85-133.



STEM CELLS TRANSLATIONALMEDICINE 2016;5:1338–1344

Assessment of functional beta cell mass and graft composition



β-cell fraction is highly variable in human islet preparations



AJT 2005, 5: 1635-1645

β-cell fraction is highly variable in human islet preparations



AJT 2005, 5: 1635-1645

β-cell fraction is highly variable in human islet preparations

DTZ does 

not capture 

that

Therefore, it is important to measure β-cell fraction



Transplant Proc. 2014 ; 46(6): 1953–1955. doi:10.1016/j.transproceed.2014.06.011.

Islet Fraction Purity (by DTZ):
Pure:            >70%        (avg: 84.2%) 
Less Pure:      30-69%  (avg: 39.2%)
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Viability of Tissue – Current Release Test Methods

Cell Membrane

Integrity

Mitochondrial

Function

Apoptotic 

Events

Islet 

Preparation

Islet 

Preparation

Dispersed 

Cells

Dispersed 

Cells

Fixed Tissue 

or Cells

Live/Dead (Membrane Permeable)

Fluorescein Diacetate (FDA)/Propidium Iodide (PI)

SYTO 13/Ethidium Bromide (EB)

All/Dead 

LDS 751/Sytox Orange

Dead 

Trypan Blue

Quantitative assay via Nuclei Counting- 7- AAD

Redox state of the cell-Tetrazolium salts MTT, MTS

Oxidative phosphorylation-Oxygen consumption rate (OCR)

Energetic State-[ATP], [ATP]/[ADP], ATP production rate

Mitochondrial membrane potential (MMP)-Fluorescent dyes 

JC-1, TMRE (Flow Cytometry)

Early:  Signaling pathway – Caspase activation 

Late:  Nucleosome DNA fragmentation 

Phosphatidyl serine translocation – Annexin V

DNA fragmentation – TUNEL

Type of Assay

Tissue 

Assayed Method

Characterization of islet preparations. In: Cellular Transplantation. Elsevier; 2007:85-133.
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Viability of Tissue – Current Release Test Methods

Cell Membrane

Integrity

Mitochondrial

Function

Apoptotic 

Events

Islet 

Preparation

Islet 

Preparation

Dispersed 

Cells

Dispersed 

Cells

Fixed Tissue 

or Cells

Live/Dead (Membrane Permeable)

Fluorescein Diacetate (FDA)/Propidium Iodide (PI)

SYTO 13/Ethidium Bromide (EB)

All/Dead 

LDS 751/Sytox Orange

Dead 

Trypan Blue

Quantitative assay via Nuclei Counting- 7- AAD

Redox state of the cell-Tetrazolium salts MTT, MTS

Oxidative phosphorylation-Oxygen consumption rate (OCR)

Energetic State-[ATP], [ATP]/[ADP], ATP production rate

Mitochondrial membrane potential (MMP)-Fluorescent dyes 

JC-1, TMRE (Flow Cytometry)

Early:  Signaling pathway – Caspase activation 

Late:  Nucleosome DNA fragmentation 

Phosphatidyl serine translocation – Annexin V

DNA fragmentation – TUNEL

Type of Assay

Tissue 

Assayed Method

Characterization of islet preparations. In: Cellular Transplantation. Elsevier; 2007:85-133.

Note: if islets are dissociated, there may be inaccurate data. Therefore, it is important 

to explore assays that maintain aggregate structure.
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Examples of (Prospective) Assays with 

Attempts to Relate to/Predict Nude Mouse 

Bioassay Tx Outcome (Retrospective)

Presenter Notes
Presentation Notes
Pepper – ISI w/mouse outcome(?)




Oxygen Consumption Rate (OCR) Parameters

If OCR per viable cell ~ constant

OCR Number of viable cells            Amount of good tissue

Volume of viable tissue

DNA Number of cells Total amount of tissue

Total tissue volume

Parameter Proportional To Measure of

OCR

DNA

Viable tissue volume

Total tissue volume
Quality of the tissue

OCR/DNA

(OCR/DNA)v
=   Fractional Viability

Assuming function is not impaired, viable β-cell (OCR) dose per Kg recipient BW 

would be expected to predict Tx outcome in the absence of immune rejection.
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AJT 2007, 7: 707-713
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J Invest Surg 2010, 23(1): 28-34
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Additional studies attempting to relate in vitro islet quality assays to diabetic mouse 

transplant outcome

All employed parameters related to oxygen consumption rate/mitochondrial 

function



The University of Arizona

Assays with attempts to relate to/predict 

clinical Tx outcome
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Fig 2. Overlap and correlation of islet

characterization methods with clinical

transplant outcome.

PLoS One 2015, 10(8):e0134428
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While great progress has been made in the field:

• There is a need to further develop and refine real-time predictive potency 

tests for clinical islet allotransplantation.

• Islet nuclei counts and DNA measurements may further improve islet 

dosing especially when combined with measurements or β-cell (and α-cell) 

fraction.

• Measurements of islet preparation purity should be further refined and 

the relationship between islet purity and transplant outcome should be 

further explored.

• Viability and potency assays based on mitochondrial function (i.e. Oxygen 

Consumption Rate) appear to be useful and should be further explored.

• Attempts to correlate to clinical outcome should take into account viable 

(and functional) β-cell dose.

Summary
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