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Semi-Automated Assessment of Human
Islet Viability Predicts Transplantation
Outcomes in a Diabetic Mouse Model
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Abstract
In clinical and experimental human pancreatic islet transplantations, establishing pretransplant assessments that accurately
predict transplantation outcomes is crucial. Conventional in vitro viability assessment that relies on manual counting of viable
islets is a routine pretransplant assessment. However, this method does not correlate with transplantation outcomes; to
improve the method, we recently introduced a semi-automated method using imaging software to objectively determine area-
based viability. The goal of the present study was to correlate semi-automated viability assessment with posttransplantation
outcomes of human islet transplantations in diabetic immunodeficient mice, the gold standard for in vivo functional assessment
of isolated human islets. We collected data from 61 human islet isolations and 188 subsequent in vivo mouse transplantations.
We assessed islet viability by fluorescein diacetate and propidium iodide staining using both the conventional and semi-
automated method. Transplantations of 1,200 islet equivalents under the kidney capsule were performed in
streptozotocin-induced diabetic immunodeficient mice. Among the pretransplant variables, including donor factors and post-
isolation assessments, viability measured using the semi-automated method demonstrated a strong influence on in vivo islet
transplantation outcomes in multivariate analysis. We calculated an optimized cutoff value (96.1%) for viability measured using
the semi-automated method and showed a significant difference in diabetes reversal rate for islets with viability above this
cutoff (77% reversal) vs. below this cutoff (49% reversal). We performed a detailed analysis to show that both the objective
measurement and the improved area-based scoring system, which distinguished between small and large islets, were key
features of the semi-automated method that allowed for precise evaluation of viability. Taken together, our results suggest
that semi-automated viability assessment offers a promising alternative pretransplant assessment over conventional manual
assessment to predict human islet transplantation outcomes.
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Introduction

Over the past four decades, advancements in the field of islet

transplantation have been translated from animal models to

Food and Drug Administration-approved human clinical stud-

ies for the treatment of patients with labile type 1 diabetes1. In

clinical islet transplantation, evaluation of an isolated human

islet product prior to transplantation is vital for predicting

transplantation outcomes. Multiple factors are currently eval-

uated to determine suitability for transplantation, including

condition of the donor-pancreas, condition of the recipient,

and in vitro parameters of the isolated islets, such as islet

yield, function, and viability2,3. At present, few in vitro assess-

ments are accurate in predicting posttransplant outcomes4.

Because the islet isolation process introduces mechanical,

enzymatic, and osmotic stress4, viability analysis of the iso-

lated islets is an essential pretransplant in vitro assessment.
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The current method for assessing the viability of isolated

islets involves concurrent application of the cell-permeable

esterase substrate fluorescein diacetate (FDA) for live-cell

staining and the cell-impermeant nucleic acid stain propi-

dium iodide (PI) for dead-cell staining5,6. Islet viability is

then manually evaluated based on the extent of live-cell

staining present for each individual islet cluster in a given

islet batch. However, this method has limitations, including

its operator-biased manual count7,8. In addition, the conven-

tional scoring system fails to consider islet size when asses-

sing viability, creating no distinction between small and

large islets, with correspondingly small or large areas of

necrosis. In other words, conventional manual viability is a

non-area-based method that evaluates individual islet viabi-

lity, regardless of the size of islets or dead cell areas, to

calculate an average viability. Consequently, the results of

conventional manual viability assessments (viability-con-

ventional) do not correlate with in vivo transplantation out-

comes in mice8,9. For viability assessment to be considered

an optimal pretransplant islet assessment—i.e., to facilitate

appropriate selection of islets that will support successful

transplantation—viability assessment must be improved.

We recently introduced a semi-automated viability

assessment method that employs computer-based measure-

ment of total viable and dead areas using the same fluores-

cent images as the conventional method10,11. However, to

date, a correlation between viability measured using the

semi-automated method (viability-semi-automated) and in

vivo transplantation outcomes had not been established.

Therefore, in this study, we correlated it with posttransplan-

tation outcomes of human islets in diabetic immunodeficient

mice.

Materials and Methods

Human Isolated Islet Preparations

Human islets were isolated from human pancreata obtained

from deceased donors through OneLegacy, a local organ

procurement organization in the greater Los Angeles area12.

All islet isolations were conducted following standard oper-

ating procedures at the Southern California Islet Cell

Resource (SC-ICR) Center at City of Hope. Data on human

islets isolated and distributed for research purposes between

March 2015 and June 2018 were retrospectively analyzed.

Islets used in this study were selected using the following

inclusion donor criteria: 20 to 65 yr old and glycated hemo-

globin (HbA1c) less than 6.4%. Islets with >7 d post-

isolation culture period before distribution were excluded

from the study. In total, 61 islet batches met the inclusion

criteria. Standardized characteristics, consistent with the rec-

ommendations of Diabetes and Diabetologia13,14, are sum-

marized for donors and islets used in this study in

supplemental Table 1. After isolation, islets were cultured

in PIM-R culture medium (PRODO Laboratories, Aliso

Viejo, CA, USA) until they were distributed for analyses.

The following measurements were collected for quality

assessment of isolated islets: islet count (post-isolation islet

equivalent number [IEQ] and post-isolation islet particulate

number [IPN]), islet purity assessed by dithizone (DTZ)

stain, viability, and in vivo function (islet transplantation

using diabetic immunodeficient mice). In addition to these

post-isolation assays, days of post-isolation culture (days

between the completion of islet isolation and islet quality

assessments) and donor/isolation factors (donor age, donor

body mass index [BMI], donor HbA1c level, cold ischemia

time [time between the cross-clamping for pancreas procure-

ment to pancreas digestion for islet isolation]) were

recorded.

Viability Assessment of Isolated Islets

Viability assessment of isolated islets was performed using

both the conventional method and the semi-automated

method using FDA (Sigma-Aldrich, St Louis, MO, USA)

and PI (Sigma-Aldrich). To make the FDA/PI solution

used for viability staining, 5 ml of concentrated FDA stock

solution (48 mM; 2 mg FDA in 100 ml of acetone [Sigma-

Aldrich]) and 5 ml PI solution (1.5 mM, the original com-

mercially available concentration) were dissolved in 490 ml

phosphate-buffered saline (PBS) in the dark at 22�C, which

results in final concentrations of 0.48 mM FDA and 15 mM

PI. Islet samples were prepared separately for the two

viability assessment methods. In a 1.5-ml tube, 100 to

200 IEQ were incubated in FDA/PI solution in the dark

at 22�C for 5 min. Islets were washed with PBS, and then

transferred to the appropriate plates for subsequent viabi-

lity imaging.

Conventional Manual Method. Viability was assessed manu-

ally by trained personnel following standard operating pro-

cedures at the SC-ICR Center. The FDA/PI-stained islet

suspension was transferred to a six-well plate. Assessment

of the entire well was performed under a fluorescence micro-

scope (IX50, Olympus, Tokyo, Japan) using a 10� objective

lens. Each islet cluster was categorized into one of five

“estimated % viability” categories (individual viability),

according to the percentage of FDA-positive (green/alive)

Table 1. Scoring of Islet Viability in the Conventional Manual
Method Using FDA/PI Staining.

Description
Estimated %

viability

Almost all cells stained green (FDA-positive); few to
no cells stained red (PI-positive)

100

�65% islet cells stained green 75
35%-65% islet cells stained green 50
�35% islet cells stained green 25
Few to no cells stained green 0

FDA: fluorescein diacetate; PI: propidium iodide.
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staining (Table 1). The percent viability of the islet sample

was calculated as follows: viability-conventional (%) ¼
([(1.00 � number of islets scored as 100%) þ (0.75 � num-

ber of islets scored as 75%)þ (0.5� number of islets scored

as 50%) þ (0.25 � number of islets scored as 25%)]/total

islet number scored)� 100 (Fig. 1A). Conventional viability

was performed using a single sample per batch of human

islets (n ¼ 61).

Semi-Automated Method. Islet viability was assessed using the

semi-automated method as previously described11. An FDA/

PI-stained islet suspension was applied to a 96-well plate.

Micrographs were captured using a 4� objective lens (IX50,

Olympus). For evaluation, multiple images of a total well

were captured and assembled into a single image covering

the entire well. By setting a threshold for green (for FDA;

i.e., live cells) and red (for PI; i.e., dead cells), FDA-positive

or PI-positive areas were automatically calculated by the

imaging software (cellSens, Olympus). FDA-positive area

and PI-positive area were mutually exclusive in the islet

structure for the analysis (as colored by the software: blue

for FDA-positive area and pink for PI-positive area; Fig.

1B), and islet area was defined as the sum of FDA-positive

and PI-positive areas. The percent viability of an islet sample

was calculated as follows: viability-semi-automated (%) ¼
100 – ([PI-positive area/islet area] � 100). Unlike the con-

ventional method, the semi-automated method does not mea-

sure the viability of individual islets but calculates overall

viability using data from all areas including PI-positive areas

and total islet area.

Size Assessment of Isolated Islets

The size of isolated islets was analyzed using data from the

viability assay images. Individual islet area in each viabi-

lity assay image was calculated using imaging software

Fig. 1. Viability assessment using conventional and semi-automated methods. (A) An example of viability calculation using the conventional
manual method (green: FDA-positive area; red: PI-positive area). Overall viability is assessed based on estimated viability in individual islets;
islets are assessed in the enlarged figure (upper right). Calculation according to the conventional assessment is described. (B) An example of
viability calculation using the semi-automated method (blue: FDA-positive area; pink: PI-positive area). Overall viability is assessed based on
the total islet area and total dead area of all islets in the micrograph image (not based on individual islet viability). Scale bar: 500 mm.
FDA: fluorescein diacetate; PI: propidium iodide.
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(cellSens, Olympus). Islet area data were converted to a

two-dimensional (2D) circular model to calculate islet dia-

meter15. Average islet diameter in each islet preparation

was calculated.

In Vivo Islet Transplantation

Nonobese diabetic, severe combined immunodeficiency

mice (Charles River Laboratories, Wilmington, MA,

USA) were used as recipients for islet transplantations,

as previously described16. Mice were rendered diabetic by

streptozotocin injections (50 mg/kg, intraperitoneal injec-

tions in consecutive 3 d). Mice with a blood glucose level

>400 mg/dl for two consecutive measurements were con-

sidered diabetic. For every islet isolation that met the

inclusion criteria described above (human isolated islet

preparations), 2 to 8 mice (3.7 mice per islet batch on

average) were transplanted with 1,200 IEQ under the

renal capsule. Mice were closely monitored for more than

30 d and blood glucose levels were measured twice a

week using a glucose meter (LifeScan, Inc., Milpitas,

CA, USA). Diabetes reversal was defined as having blood

glucose below 200 mg/dl for more than two consecutive

measurements. To analyze posttransplant blood glucose

control quantitatively, the area under the curve (AUC) for

days 0 to 28 was calculated as the sum of blood glucose

measurements from days 0 to 28, which reflects glucose

change for 4 wk in an individual mouse (supplemental

Figure 1). The use of animals and animal procedures in

this study was approved by the City of Hope/Beckman

Research Institute Institutional Animal Care and Use

Committee.

Statistical Analysis

All data points were plotted to illustrate the correlation

between viability (assessed using conventional or semi-

automated methods) and other factors. Correlations were

analyzed using fitted regression lines and coefficient of

correlation (R) and coefficient of determination (R) val-

ues, and statistical significance was calculated using F-

tests. A fitted regression line is shown in a figure when

statistical significance was detected. Multivariate analysis

was performed to extract the factors that statistically

impacted upon in vivo islet transplantation outcomes.

Comparisons between two factors were analyzed using a

Student’s t-test. Receiver operating characteristic (ROC)

curves were used to calculate the optimal cutoff value to

distinguish two groups among the data set. Comparisons

between two groups in the cumulative diabetes reversal

assessment were analyzed using a log-rank test. All sta-

tistical analyses were performed using JMP 13.0.0 (SAS

Institute, Cary, NC, USA). P <0.05 was considered

significant.

Results

Results Using Two Viability Assessment Methods Do
Not Correlate and the Semi-Automated Method Shows
a More Dynamic Range of Values Than the
Conventional Method

As described in Materials and Methods, we assessed human

islet viability using both conventional and semi-automated

methods. Manual viability assessment evaluates individual

islet viability regardless of dead-cell area, to calculate the

average viability as an overall viability (Fig. 1A, right). In

contrast, semi-automated assessment uses total islet area and

total dead islet area among all the islets analyzed (Fig. 1B,

right). We correlated viability-conventional with viability-

semi-automated in each of 61 islet batches. We found no

statistical relationship between the results of the two meth-

ods (R2 ¼ 0.000, P ¼ 0.9435; Fig. 2A). Percent viability

calculated using the conventional method ranged from

88.0% to 99.6% (mean ¼ 95.9%, standard deviation ¼ 2.6,

Fig. 2B), whereas viability calculated using the semi-

automated method showed a wider range of 63.5% to

99.9% (mean ¼ 92.9%, standard deviation ¼ 8.5, Fig. 2C).

Blood Glucose AUC Is a Sensitive and Quantitative
Indicator of In Vivo Transplantation Outcomes

Diabetes reversal in mice receiving islet transplantations is

commonly used to evaluate in vivo transplantation out-

comes. Although this is a convenient assessment, the results

are qualitative (categorized only into yes or no). To deter-

mine whether a quantitative measurement, blood glucose

change, is an appropriate in vivo assessment of transplanta-

tion outcomes, we determined whether blood glucose AUC

is associated with diabetes reversal in mice receiving islet

transplantations (1,200 IEQ). To do this, we calculated AUC

for blood glucose after transplantation (0 to 28 d [AUC_0-

28], days � mg/dl) in individual mice (supplemental Fig-

ure 1); in this analysis, a smaller AUC indicates better

posttransplant glycemic control. We then compared AUC

data between mice that experienced diabetes reversal (n ¼
112) and mice that did not (n ¼ 63). We showed a distinct

distribution between diabetes-reversed mice and nonre-

versed mice; the average AUC_0-28 was significantly lower

for diabetes-reversed mice compared to nonreversed mice (P

< 0.0001, supplemental Figure 2A). We used ROC curves to

calculate an optimal cutoff AUC value for diabetes reversal

of 7,928 d mg/dL (sensitivity ¼ 0.9035, specificity ¼
0.8481, supplemental Figure 2B). Although the cutoff AUC

value distinguished two groups (reversed and not reversed),

both groups demonstrated a wide range of values; i.e., blood

glucose controls of individual mice were different even

when they were categorized in the same group. This suggests

that blood glucose AUC is an appropriate quantitative indi-

cator for in vivo transplantation outcomes.
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Viability Measured Using the Semi-Automated Method
Strongly Influences In Vivo Islet Transplantation
Outcomes in Multivariate Analysis

We used multivariate analysis to assess the relative

impact of 10 pretransplant variables, including donor/

isolation-related characteristics, on predicting in vivo

transplantation outcomes. We used AUC_0-28 as a quan-

titative transplantation outcome representative of post-

transplant glycemic control. We showed that four

variables, viability-semi-automated, donor BMI, average

islet area, and post-isolation IPN, significantly correlated

with AUC_0-28 (Table 2; the intercorrelation matrix is

shown separately in supplemental Table 2). Among these,

viability-semi-automated demonstrated the strongest cor-

relation; higher viability-semi-automated was statistically

associated with lower AUC_0-28, i.e., better posttrans-

plant glycemic control. Viability-conventional did not

correlate with AUC_0-28.

Optimized Semi-Automated Viability Cutoff Value
Predicts Diabetes Reversal Rate

Because viability-semi-automated correlated with AUC_0-

28 in the multivariate analysis, we further evaluated the

application of islet viability as a useful pretransplant assess-

ment for the prediction of transplantation outcomes. We

plotted glycemic control (AUC_0-28) data from all mice

against islet viability measured using each method

(viability-conventional or viability-semi-automated). Con-

sistent with the data shown in Table 2, AUC_0-28 did not

correlate with viability-conventional (R2 ¼ 0.004, P ¼
0.4055, Fig. 3A left panel), but did correlate with viability-

semi-automated (R2 ¼ 0.089, P ¼ 0.0001, Fig. 3A right

panel). The average viability-conventional in mice with dia-

betes reversal (96.2% + 0.2%) was not significantly differ-

ent from that in mice with no diabetes reversal (96.4% +
0.2%) (P ¼ 0.4197, Fig. 3B left panel). In contrast, for

viability-semi-automated, the average viability in mice with

Fig. 2. Lack of correlation between viability data obtained using the conventional method and the semi-automated method. (A) Islet samples
from 61 islet batches were analyzed using both conventional and semi-automated viability methods. No correlation was demonstrated
between methods (R2 ¼ 0.000). (B, C) The distribution of viability data collected using the conventional method (B) showed a narrower
range compared to viability data collected using the semi-automated method (C).

Table 2. Variables Influencing In Vivo Islet Transplantation Outcomes.

Variables Category R (AUC_0-28) P-value Notes

Viability-semi-automated (%) Post-isolation assay �0.299 0.0001 Correlated with good glycemic control
Donor BMI Donor/Isolation 0.2239 0.0048 Correlated with poor glycemic control
Average islet area (mm2) Post-isolation assay 0.2204 0.0055 Correlated with poor glycemic control
Post-isolation IPN Post-isolation assay �0.2068 0.0094 Correlated with good glycemic control

Pretransplant variables are listed according to the order of statistical relationship to AUC_0-28. Coefficient of correlation (R) is shown instead of coefficient of
determination (R2); negative R value indicates that the factor has a positive correlation with favorable transplantation outcomes (i.e., low AUC_0-28). Only
variables with statistically significant correlations with transplantation outcome are listed. An intercorrelation matrix of all variables is shown separately in
supplemental Table 2.AUC: area under the curve; BMI: body mass index; IPN: islet particulate number.
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diabetes reversal (96.2% + 2.3%) was significantly greater

than the average viability in mice with no diabetes reversal

(89.8% + 1.5%) (P < 0.0001, Fig. 3A right panel). To

establish the optimal cutoff value for semi-automated viabi-

lity that may predict diabetes reversal, we used an ROC

curve (sensitivity ¼ 0.6486, specificity ¼ 0.6557, Fig. 3C)

to calculate this cutoff value as 96.1% (dotted line in Fig.

3C). Indeed, the cumulative curves of diabetes reversal in

mice that received islets with >96.1% viability vs. islets with

<96.1% viability were significantly different, with overall

Fig. 3. Correlation of in vivo islet transplantation outcomes with viability. In vivo transplantation outcomes data from individual mice (n ¼
188) that received 1,200 islet equivalent number of human islets were plotted against viability measured using both methods. In vivo
transplantation outcomes were measured by AUC_0-28 as quantitative data, and by diabetes reversal (<200 mg/dl glycemic control)
as qualitative data. (A) AUC_0-28 correlated with viability measured using the semi-automated (R2 ¼ 0.089) but not conventional method
(R2 ¼ 0.004). (B) Average islet viability (vertical bars in plots) in mice with diabetes reversal vs. mice without diabetes reversal did not differ
for viability measured manually (96.2% vs. 96.4%), but demonstrated a significant difference for viability measured using the semi-automated
method (96.2% vs. 89.8%, *P < 0.0001). Dotted line in viability-semi-automated plot shows the cutoff line for diabetes reversal calculated in
the following ROC curve assessment. (C) ROC curve to calculate optimal cutoff line (96.1%) for the prediction of diabetes reversal using
viability-semi-automated. Dotted line is the reference line to calculate the optimal cutoff compromising between sensitivity (0.6486) and
specificity (0.6557). (D) Cumulative curves of diabetes reversal in mice. Two groups (29 batches in >96.1% viability group, and 30 batches in
<96.1% viability group) demonstrated a significant difference in diabetes reversal rate (77.4% vs. 49.4%). *P ¼ 0.0005.
AUC: area under the curve; ROC: receiver operating characteristic.
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reversal rates of 77.4% and 49.4%, respectively (P¼ 0.0005,

Fig. 3D). This suggests that viability-semi-automated can be

used to predict diabetes reversal rate.

The Semi-Automated Method Is an Islet-Size-Sensitive
Assessment that Distinguishes Between Small and
Large Islets and Enables Precise Viability Evaluation

Given that viability measured using the semi-automated

method, but not the conventional method, correlated with

islet transplantation outcomes, we examined possible rea-

sons for this. For example, the semi-automated method is

advantageous over the conventional method in terms of a

more precise area calculation. In contrast, the conventional

manual scoring system is a non-area-based method that eval-

uates individual islet viability regardless of size. Using a

similar graph to that shown in Fig. 2A, in which we plotted

islet viability data collected using conventional vs. semi-

automated methods, we further assessed conventional vs.

semi-automated methods relative to average islet size within

islet batches. To do this, we first colored data plots according

to the average islet size for visualization. We then categor-

ized islet batches into two groups based on the relative

estimation of viability by each method to compare islet size

between groups: for Group 1, viability-conventional <

viability-semi-automated, n ¼ 28; for Group 2, viability-

semi-automated < viability-conventional, n ¼ 33 (Fig. 4A).

Group 2, in which the conventional method overestimated

viability compared to the semi-automated method, con-

tained large-sized islets. Figure 4B shows the representa-

tive appearance of an islet batch in each group. To assess

this difference statistically, we compared average islet size

between the two groups. Group 2 (viability-semi-

automated < viability-conventional) exhibited a signifi-

cantly greater average islet area compared to Group 1

(viability-conventional < viability-semi-automated) (Fig.

4C, P ¼ 0.0071).

In islet batches containing some relative proportion of

large islets, the conventional viability assay fails to calculate

a precise percentage of the area of dead (or viable) cells

among the entire islet preparation. This is because the con-

ventional assay assesses individual islet viability, then

averages those viabilities, without considering islet size at

any point. Notably, large islets typically develop large areas

of central necrosis that greatly impact the total dead area

among the entire islet preparation15. Indeed, in our data set,

viability-semi-automated is negatively correlated with aver-

age islet size (P < 0.0001, supplemental Figure 3); i.e., islet

preparations containing larger islets exhibit lower viability.

We present schematics representing two distinct islet

batches, one that does not include large islets (supplemental

Figure 4A) and one that includes large islets (supplemental

Figure 4B), with data from both methods of viability assess-

ment. Viability calculated based on these schematics demon-

strates an overestimation of viability using the conventional

vs. semi-automated method in the islet batch containing

large islets but not in the batch without large islets. Note

that in the conventional viability calculation, a large, 75%-

viable islet is regarded as equivalent to a small, 75%-viable

islet, although the areas of necrosis differ considerably

Fig. 4. The semi-automated method allows islet-size-sensitive anal-
ysis with distinction between small and large islets and enables
precise viability evaluation. (A) Islet batches are colored based on
average islet size. Islet batches were also classified into two groups:
Group 1 (upper left, hatched in blue, n ¼ 28) demonstrating
viability-conventional < viability-semi-automated and Group 2
(lower right, hatched in orange, n ¼ 33) demonstrating viability-
semi-automated < viability-conventional. Group 2 contained
batches of large-sized islets. (B) Representative islet appearance
in the two indicated groups, exemplifying the difference in islet size.
(C) Average islet size analysis demonstrated a significant difference
in islet area between the two groups. *P ¼ 0.0071.
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between those islets (i.e., conventional method is non-islet-

size-sensitive). This is consistent with the less precise, nar-

rower viability range we measured using the conventional

method (88.0% to 99.6%) compared to the semi-automated

method (63.5% to 99.9%) in the empirical data set (Fig. 2),

as well as with the consequent inability of the conventional

method to predict transplantation outcomes. The more pre-

cise, islet-size-sensitive, semi-automated method overcame

this scoring drawback by estimating total dead and viable

areas within islets, which likely contributed to its successful

prediction of transplantation outcomes.

Discussion

The conventional manual method used to assess the viability

of isolated human islets prior to transplantation is limited by

inherent drawbacks, such as operator bias and reliance on a

non-islet-size-sensitive scoring system, which can affect

assay integrity. We previously introduced a semi-

automated method of calculating islet viability based on

relative live and dead cell area to eliminate such draw-

backs11. In this study, we found that viability measured using

the semi-automated method demonstrated a correlation with

islet transplantation outcomes in mice, but viability mea-

sured using the conventional method did not.

Several factors have been reported to affect transplanta-

tion outcomes of isolated islets, including donor age, isola-

tion techniques, and islet dose2,17. Among in vitro assays

used for quality assessment, several groups have reported

that the glucose-stimulated insulin secretion assay and con-

ventional viability assay are ineffective at predicting post-

transplant outcomes3–5,8,18,19, despite being routinely

performed. Recent studies introduced the concept of using

the oxygen consumption rate of islets or the adenosine

diphosphate/adenosine triphosphate ratio as a measurement

of mitochondrial activity as possible predictive factors that

correlate with mouse transplantation outcomes4,20,21.

Accordingly, there are some in vitro prediction factors

widely accepted today, which predict transplantation success

in clinical and experimental settings. Human islet transplan-

tation to diabetic immunodeficient mice is the only in vivo

test widely utilized8,22, although the lengthy duration of the

assay renders only retrospective results.

Our semi-automated method is a computer-based assess-

ment that automatically measures the total FDA-positive

(i.e., live) area and total PI-positive (i.e., dead) area to cal-

culate the percent viability of the entire islet sample11. This

method contributes to the objective evaluation of islet via-

bility by limiting operator bias; however, it still has the

potential to involve operator bias in the step of setting a

threshold for live vs. dead cells. Additionally, an area-

based analysis using 2D images has the potential to under-

estimate viability compared to a volume-based estimation of

viability15. With respect to a more precise estimation of

viability, conversion to volume-based viability from 2D

images may be an ideal option, although some technical

limitations may affect conversion; e.g., the irregular shape

of the islets makes conversion difficult, as islets are not

always spherical23. Another advantage of the semi-

automated method over the conventional manual method is

the improved scoring system. The conventional manual

method measures the viability of individual islets to average

the overall percent viability, in which neither the islet size

nor the corresponding size of any dead areas are taken into

account. For example, using the conventional method, a

large, 75%-viable islet is regarded as equivalent to a small,

75%-viable islet, although the dead volume between the

islets is considerably different, which only the semi-

automated method can accurately account for. This explains

why viability-conventional is overestimated compared to

viability-semi-automated in islet batches containing large

islets. Automated viability determination has recently been

applied with success in various studies10,16. In addition to

being a resourceful tool for assessing islet viability, a similar

automated method has been developed to evaluate islet

purity using zinc-chelating DTZ staining24,25. The high-

throughput capability of the DTZ method allows for high-

volume applications, which is attractive. With regard to the

practicality of the assay, our semi-automated method for

measuring viability is feasibly equivalent to conventional

viability assessment; both methods require similar staining

preparations and the duration of each procedure is similar.

Conventional viability assessment requires consistent and

proficient training of appropriate personnel to perform via-

bility evaluation with precision and diligence. The semi-

automated method requires only basic software operation,

to set the threshold of green (for FDA) and red (for PI). To

make the semi-automated method a widely accepted and

uniformly applied practice across multiple centers and

operators, the ultimate development of a fully automated

instrument is ideal.

Diabetes reversal has frequently been used to evaluate

islet transplantation outcomes in diabetic mouse models26,27.

Diabetes reversal is a qualitative assessment (i.e., yes or no).

To calculate the % diabetes reversal, transplantations using

multiple mice from the same islet batch are performed in

order to evaluate islet potential. However, because the num-

ber of recipient mice is generally limited, due to small num-

bers of islets allocated from the isolation and the availability

of same-day surgical procedures, results are not continuous

data but stepwise data. For example, four mice were trans-

planted from the same donor islet in most of the cases in our

study (3.7 mice per islet batch on average); subsequent %
diabetes reversal falls into one of five categories (0%, 25%,

50%, 75%, or 100%), which makes precise quantitative anal-

ysis difficult. To overcome this issue in this study, we quan-

titated AUC_0-28 in individual mice as a transplantation

outcome that reflects posttransplant glucose control in a

more quantitative manner. The resultant values allowed us

to precisely evaluate the correlation between viability and

transplantation outcomes, which revealed that viability
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measured using the semi-automated method was signifi-

cantly correlated with AUC_0-28.

Because the conventional viability assay using FDA/PI

staining does not correlate with transplantation outcomes,

some have criticized the staining dyes; i.e., FDA is not spe-

cific for beta cells, FDA remains positive in dying cells with

intact intracellular hydrolysis activity, and PI cannot detect

damaged cells with intact cell membranes. To address these

issues, different fluorescent dyes and cytometry-based anal-

yses have been introduced for more precise detection of

viable beta cells in islets5,11,28–30. Although our study sug-

gests that conventional FDA/PI staining works well when

analyzed using the semi-automated method, combining our

method with a beta cell-specific dye could further refine the

method for improved prediction of transplantation outcomes.

For example, we previously introduced a beta cell-specific

fluorescent dye, Newport Green11, which has great potential

to further improve accuracy in transplantation prediction.

In summary, we demonstrated that semi-automated via-

bility assessment of human islets is a promising alternative

approach over conventional manual assessment, and that it

correlates with transplantation outcomes in diabetic mice.

Further validation of this computational assessment is still

necessary, including use of clinical islet transplantation data,

before it can be universally implemented as a replacement

for the conventional manual assessment of islet viability.
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