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3D InSight™ Islet 
Microtissues are an 
attractive, robust 
solution for the 
challenges currently 
faced by diabetes 
researchers who 
depend on a regular 
supply of high quality 
islets. 

I n S p h e r o  W h i t e  P a p e r  

3D InSight™ Islet Microtissues:  
An advanced in vitro islet model for diabetes research 

Introduction 
Diabetes is a global health burden that currently affects 415 million people 
worldwide and is predicted to increase to 642 million by 2040. The disease 
accounts for 12% in global health expenditure and is the 8th leading cause of 
death. Undoubtedly, diabetes is one of the most intensively studied areas in 
academic and industrial research. Globally, pharmaceutical companies have 
~180 anti-diabetic drugs under development1, serving a market that generates 
yearly revenues of ~73 billion US dollars2. In 2012, the National Institutes of 
Health (NIH) allocated 1.1 billion dollars for diabetes-related research activities, 
a figure that is most likely far exceeded by anti-diabetic drugs research and 
development investments by the pharmaceutical industry. Current and future 
diabetes research focuses on the development of different classes of anti-
diabetic drugs, such as improved insulin analogs/formulations, new insulin 
secretagogues, or compounds that protect or stimulate the formation of 
insulin-producing cells.  

Due to the central role of pancreatic islets in blood glucose homeostasis and 
metabolism, anti-diabetic drug research depends largely on the availability of 
human islets as an in vitro model system during various stages of the drug 
development process (i.e. target identification, lead optimization and preclinical 
development). Human islet cells are also used for benchmarking stem-cell-
derived pancreatic β cells. The vast majority of findings obtained from animal 
studies require confirmation on human tissue; in fact, this is typically a 
prerequisite imposed by Scientific Grant Review Committees and scientific 
journals. A 2014 Islet Biology Keystone Meeting white paper3 that was 
submitted to the NIH expressed concerns amongst the islet community about 
limited availability of human donor islets. Moreover, human β cell research is 
further stymied due to the short in vitro lifespan of donor islet cells. Within the 
community of islet investigators, there is unanimous agreement that the 
quantity of human islets available for research must double to satisfy 
increasing demand. This could be achieved by either providing additional 
financial support to increase the capacity of existing islet isolation centers or 

Standardized, functionally robust and long-lived human pancreatic islets 
provide convenience, efficiency and reproducibility.  
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by attempting to miniaturize and standardize islet preparations and related 
assays. The latter approach would help spare precious donor material while 
simultaneously increasing assay robustness and reproducibility.  

Standardization of islet culture, however, is a difficult task due to inherent 
heterogeneity in islet size and cellular composition, as well as the complexity of 
the isolation process. In vivo, islets can range in size from just a few cells to an 
intricate structure of several thousand cells with a diameter up to 400 μM5. 
Additionally, especially in higher mammals, there can be a great variation 
among the fractions of different endocrine cell types that constitute islets. To 
compensate for islet-to-islet variability, researchers have to pool islets (typically 
5-25) with a labor-intensive hand-picking process, use multiple replicates for 
each data point, and normalize their data. Moreover, islets obtained from 
various isolation centers can be heterogeneous in their purity and viability, 
depending on the quality of the donor material (Figure 1). This necessitates 
further hand picking of islets to eliminate the contaminating exocrine material. 
The manual islet picking process is not only tedious and time consuming, but 
also inevitably results in waste. Certain circumstances, such as unfavorable 
donor characteristics, prolonged cold ischemia time, or inadequate collagenase 
perfusion, can lead to islet fractions of lower quality, represented by fractions 
of low purity, fading functionality (glucose responsiveness), or rapid decline in 
viability. Such issues usually cannot be anticipated at the time islets are 
received and can result in unusable experimental data, thus exacerbating the 
loss of time, money, and precious materials, and subsequent researcher 
frustration. 
 

 

Figure 1. Heterogeneity in islet fractions. This section of paraffin-embedded isolated and purified 
islets illustrates the heterogeneity of an islet fraction commonly obtained from islet isolation 
centers. The colors identify the three main cell types within the endocrine pancreas, insulin-
producing β cells (green), glucagon-producing α cells (red) and somatostatin-producing δ cells 
(blue). Note the different islet sizes as well as heterogeneous cellular composition. Contaminants of 
exocrine tissue are denoted by yellow dotted lines. 
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Here, we present 3D InSight™ Islet Microtissues: an attractive and robust 
solution for the challenges currently faced by scientists who depend on a 
regular supply of high quality islets to conduct meaningful diabetes research.  

The concept: purification and standardization of human islets by cellular self-
assembly 

To overcome the myriad problems associated with primary islet fractions, we 
developed a post-isolation protocol designed to take full advantage of the 
inherent ability of dispersed epithelial cells to re-establish cell-cell contact and 
assemble into spheroids. Under proper 3D cell culture conditions, such as 
gravity-induced cellular self-assembly, dispersed islet cells can form intact, 
uniform islet microtissues, with preserved morphological features of native 
pancreatic islets4. 

Our 3D Select™ Process includes the mild dissociation of an islet fraction 
obtained from islet cell resource centers, followed by a proprietary recovery 
and pre-conditioning process prior to re-aggregation in hanging drop cultures. 
This enables scaffold-free cellular self-assembly of dispersed cells, allowing 
them to produce their own extracellular matrix. Moreover, specially formulated 
medium supplements help to enhance the self-aggregation process and to 
improve the recovery rate.  

 

Figure 2. 3D Select™ process for developing standardized islet microtissues. Schematic 
illustrating the standardization process starting with a heterogeneous fraction of an islet isolate 
finally yielding islets of uniform size and cellular composition. Exocrine contaminant cells are not 
incorporated into nascent islet microtissues and decay. 

 

Results and discussion 
The described transformation procedure yields five major advantages, which 
are fundamental to islet viability, functionality and assay standardization: 
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1. Uniform and small islet size 
Using the hanging-drop-based re-aggregation process, islet microtissue size 
can be carefully controlled by the number of cells seeded per single drop. 
Figure 3 illustrates the typical size heterogeneity of freshly isolated rat or 
human islets, represented either by diameter or volume, using islet equivalence 
(IEQ) measurements, a standard estimate of islet volume, where 1 IEQ 
corresponds to a volume of a standard islet of 150 μm diameter. Roughly 60-
80% of total isolated islet mass consists of islets larger than 1 IEQ which are 
prone to experience hypoxic damage due to limited oxygen supply, particularly 
when cultured in vitro over extended periods. Through the standardization 
process, the size variation of islet fractions can be reduced from %CVDiam > 30 
to %CVDiam < 10. Moreover, the islet size can be kept intentionally small to 
overcome problems related to hypoxia.  

Figure 3. Size heterogeneity of human and rat islet microtissues. Size distribution of native 
human and rat islets depicted from a typical islet isolate (A, B). Size distribution of human and rat 
native islets and islet microtissues produced from a defined number of islets cells (C, D). Box plots 
indicate the interquartile range, median, and extreme values4. 

2. Uniform cellular composition with preserved islet architecture 
The 3D Select™ islet microtissue production process involves the dissociation of 
isolated islets into a single cell suspension representing a homogenous mixture 
of different endocrine cell types that compose islets. Single cells are then 
allowed to spontaneously re-aggregate to yield a uniform cellular composition 
across all resulting islet microtissues in each production. Investigations using 
human islet microtissues show they not only display homogeneous cell number 
and composition, but also reflect the cellular ratio of α, β, and δ cells observed 
in native islets4,6,7. Thus, the islet microtissue production process ensures 
homogeneous and biologically relevant results based on similar representation 
of different islet endocrine cell types and their corresponding biological 
function. 
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The cellular self-assembly process is guided through a cell’s adhesion molecule-
mediated intrinsic ability to associate with distinct neighboring cells through 
which organotypic function can be maintained. Even though islet microtissues 
are produced from a single cell suspension of dissociated donor islets, the cell 
aggregation step results in newly formed islet microtissues with a cellular 
organization that mirrors the native architecture of rat and human islets, 
preserving the species-specific morphological distribution of different 
endocrine cell types. While rat islet microtissues show a predominantly 
peripheral location of α cells identical to native rat islets, human islets and their 
re-aggregated human islet microtissues display a rather intermingled 
localization of β and α cells (Figure 4). Thus, the re-assembly of islets into 
microtissues preserves cellular composition and matches the morphological 
properties of native islets of either species while achieving maximal 
standardization.  

Figure 4. Comparison of native human and rat pancreatic tissue morphology to 3D InSight™ 
Islet Microtissues. Immunofluorescent staining of paraffin sections of native pancreas and re-
assembled islet microtissues demonstrating preserved species-specific islet architecture with 
distinct organization of α, β, and δ cells. Bars = 50 μm. 

3. Increased islet purity 
Islet isolates contain exocrine tissue, usually in the range of 5-30% of total 
tissue mass. The fraction of exocrine contaminants can be limited only to a 
certain extent, depending on donor characteristics and pancreas quality. 
During the islet isolation procedure, exocrine tissue often adheres to islets, or 
islets are completely embedded in exocrine tissue due to incomplete enzymatic 
digestions which hampers the complete separation of islets from the exocrine 
cell fraction. Through the islet dissociation process, exocrine cells get 
separated from endocrine cells and rarely integrate into the newly forming islet 
microtissues. Non-incorporated exocrine cells eventually decay. Therefore, islet 
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microtissues are devoid of any significant portion of exocrine cells compared to 
fresh islet isolates (Figure 5). The self-assembly process increases the purity of 
the endocrine fraction of islet isolates and diminishes undesirable interferences 
mediated through the exocrine cell contaminants. 

 

Figure 5. Morphology of 3D InSight Islet™ Microtissues compared to fresh islet isolates. 
Illustration of islet microtissues at various stages of the production process: A) originating from a 
rat or human islet isolate B) dissociated into a single cell suspension and C) re-aggregated into 
compact, uniform islet microtissues. A1-C1: Immunofluorescent staining of hormones identifying β 
cells (insulin: green), Pancreatic α cells (glucagon: red) and δ cells (somatostatin: blue). A2-C2: 
Immunostaining for amylase (brown) identifying pancreatic acinar cells, which constitute the bulk 
of the exocrine pancreas. C2: The infrequent presence of individual acinar cells associated with 
islet microtissues are indicated by arrows. Bars =100 μm. 

4. Long‐term viability and functionality 
One limitation using freshly isolated islets is the rapid loss of cell mass and 
functionality during in vitro culture. Even addition of extracellular matrix 
supplements or medium additives intended to avert β cell apoptosis is unable 
to prevent gradual loss of islet function over time. In contrast, transforming 
islet isolates into intentionally small and uniform islet microtissues, and 
subsequent culture in GravityTRAP™ plates, dramatically increases long-term 
survival and sustained functionality. 3D InSight™ Islet Microtissues remain 
stable and functionally active for at least 28 days in culture (Figure 6), as 
demonstrated by tissue integrity (islet size), metabolic activity (ATP) and 
functionality (GSIS). Islet microtissue size stays constant over the entire period 
of 4 weeks, while ATP and total insulin content increase over the same time 
period, indicating further stabilization and maturation of the re-assembled 
islets. Functionality, determined by glucose-stimulated insulin secretion is re-
established already after 7 days and remains stable over at least 4 weeks in 
culture with stimulation factors up to 20 fold. These data represent average 
values from three independent donor lots, confirming the stability, 
reproducibility and robustness of the islet microtissues as a robust in vitro 
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The robust long-term 
performance and data 
reproducibility of 3D 
InSight™ Islet 
Microtissues are 
unmatched by any 
conventional islet 
culture system. 

system. This long-term performance and data reproducibility is unmatched by 
any conventional islet culture system.  

 

Figure 6. Long-term stability of 3D InSight Islet™ Microtissues. Size, intracellular ATP and total 
insulin content of re-assembled 3DInsight™ Islet Microtissues measured over time for up to 4 weeks 
in standard culture conditions. The lower panel demonstrates glucose-dependent insulin secretion 
over the same time period of 4 weeks. Data are obtained from single islet microtissues, measured 
in 6 replicates from 3 individual islet donors. Data are represented as mean±SEM 

5. Convenience 
The 3D InSight™ Islet production process ensures all islets within a plate and 
within the entire production lot are of consistent size and cellular composition. 
By this standardization process, inter-well, inter-plate and inter- donor 
variability can be significantly reduced, ensuring low intra-assay variation  
and facilitating data comparison between different donor lots. Moreover, islet 
microtissues are provided in a ready-to-use 96-well format (GravityTRAP™ 
Plate) and do not require labor-intensive pre-selection of similar-sized islets by 
tedious hand-picking. 

Each production lot is quality controlled fulfilling minimal quality criteria, such 
as:  

 Average islet microtissue size is between 0.75 and 1.75 IEQ 
 Maximal variation in diameter is %CV < 10 
 Minimal ATP content is > 2.0 pmol per IEQ 
 Insulin secretion at 2.8 mM glucose is > limit of detection 
 Insulin secretion at 16.8 mM glucose is > 0.2 fmol/min*IEQ-1 
 Glucose stimulation of insulin secretion (16.8 mM/2.8mM) > 2 fold 
 Microtissues in plates are sterility tested 
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The wells of the GravityTRAP™ plate are treated with a biocompatible, non-
adhesive coating which prevents islets from attaching, spreading out and 
subsequent disintegration. The specific design of the wells (Figure 7) also 
protects the islet microtissues from being inadvertently aspirated during 
medium exchange. Thus, procedures with frequent pipetting steps, such as 
GSIS assays, do not need to be conducted under continuous visual monitoring.  

Figure 7. 3D InSight™ Islet Microtissues delivered in assay-ready format. 3D InSight™ Islet 
Microtissues are provided in the GravityTRAP™ Plate.  Handling of islets, medium exchange, 
supplementation with reagents or sampling is convenient and safe, as the SureXchange™ ledge 
protects islet microtissues from accidental aspiration within the small cavity on the bottom of the 

well.  

 

Furthermore, due to the uniform 
size and cellular composition, 
normalization of functional islet 
performance is no longer needed, 
and islets do not need to be 
sacrificed for total insulin, protein, 

or DNA content measurements. This enables long-term experiments with 
repeated dosing that can be performed over a span of up to four weeks.  

Conclusions 
InSphero 3D InSight™ Islet Microtissues are a practical solution to the daily 
challenges faced by scientists performing research with human pancreatic 
islets. Our platform addresses the most difficult research hurdles of working 
with human pancreatic islets, including islet heterogeneity, labor intensive 
manual handling, limited long-term viability and function, and the resulting high 
data variability (summarized in Table 1). 3D InSight™ Islet Microtissues, uniform 
in their size and cellular composition, are delivered in an automation 
compatible 96-well plate format, with guaranteed performance for at least 2 
weeks upon delivery. The high degree of standardization and long-term 
functionality improves data quality and reproducibility, which provides 
convenience, efficiency, and restores confidence in in vitro human islet 
research.  

  



3D InSight™ Islets for Diabetes Research InSphero White Paper 

www.insphero.com 9 

Table 1. Comparison of conventional in vitro islet models to 3D InSight™ Islet Microtissues 

 

  

 Conventional  
islet assay systems 

3D InSight™  
Islet Microtissues 

Supply   
Availability   source-dependent  every 2 weeks 
Format  bulk  96-well plate 
Sterility testing  source-dependent  yes 
Tested for glucose responsiveness  only upon request  yes 

Handling   
Manual islet selection   Commonly required  not required 
Format  not standardized  SBS/ANSI microplate format 
Medium exchange   difficult  safe 
Failure related to bad quality  occasionally  rare 
Automation compatibility  no  yes 
Compatibility with downstream 
processing/read outs 

 low  high 

Standardization   
Islet size  highly variable (~0.1-5 IEQ)  0.75-1.75 IEQ; %CVDiam<10 
Cellular composition  high inter-islet variability  low inter-islet variability 
Exocrine contaminants  low-medium  low 
Normalization (by protein or DNA)  important  not required 
Data variability  high  low 

Functionality   
Islet integrity  fusion/decomposition  stable  
Viability  fades over time, depends on size  stable for > 4 weeks 
Glucose responsiveness  yes, but fades over time  stable for > 4 weeks 
GLP-1 responsiveness  donor dependent  donor dependent 

Applications   
Investigation on secretagogues and 
co-secretagogues 

 feasible  feasible 

Toxicological studies   only short term  short and long-term 
β cell replication  only short term  short and long-term 
Disease modeling  difficult  feasible 
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