
Enumerating b-Cells in Whole Human
Islets: Sex Differences and Associations
With Clinical Outcomes After Islet
Transplantation
Diabetes Care 2015;38:e176–e177 | DOI: 10.2337/dc15-0723

Islet transplantation is an experimental
therapy for type 1 diabetes. Though it is
increasingly successful, limitations in-
clude unpredictable declines in islet
graft function (1). There is still inade-
quate knowledge of specific human is-
let characteristics that predispose to
successful and durable islet graft func-
tion and what types of donors are more
likely to have islets with these benefi-
cial traits. The relationship between the
composition of dissociated human is-
lets (as opposed to whole islets) and
transplant outcomes has been studied
(2), with a positive association between
recipients’ acute insulin response to
glucose (AIRg) posttransplant and num-
ber of pancreatic ductal cells in the
preparation (a positive association with
number of b-cells approached signifi-
cance). However, as dissociation inher-
ently damages islets, b-cells enumerated
after dissociation may no longer reflect
the number of b-cells within whole is-
lets ultimately transplanted. Using an
epidemiological approach, we there-
fore investigated 1) the independent as-
sociation of the b-cell composition of
transplanted whole human islets with
recipient outcomes and 2) the donor
characteristics associated with b-cell
composition.
Pancreata were biopsied prior to is-

let isolation (3), then immunostained

for insulin, glucagon, and somato-
statin (Fig. 1). An average of 867 im-
munoreactive cells were enumerated
for each donor, and percent staining
positive for insulin (b-cells) was calcu-
lated. Recipients were part of phase
1/2 (n5 1) or phase 3 (n5 13) clinical
trials. Donor and recipient character-
istics (e.g., age, sex, BMI) and serial
assessments of b-cell function (i.e.,
fasting and stimulated C-peptide, in-
sulin, and glucose and HbA1c) up to 15
months posttransplant were col-
lected (#295 total longitudinal time
points).

Forty-seven biopsies were enumer-
ated (mean donor age 47.9 years and
BMI 31.3; 48.9% female). Using multi-
variable regression, donor character-
istics significantly associated with
greater b-cell percent included former/
current alcohol use (P 5 0.008), a lower
white blood cell count prior to procure-
ment (P 5 0.04), and female sex (P 5
0.01), in which the model estimated fe-
males had on average 6.0% more b-cells
relative to males. Donor age, BMI, cause
of death, and smoking were not associ-
ated with b-cell percent nor were they
confounders.

Islets from 19 of these pancreata
(57.9% female) were transplanted
into 14 recipients (78.6% female). The
mean b-cell percent of biopsies from

donors whose islets were (n 5 19) or
were not (n5 28) transplanted did not
differ (68.3% vs. 69.4%, P 5 0.66). Us-
ing multivariable regression (repeated-
measures with clustering), a greater
percentage of b-cells in transplanted
islets was associated with higher fast-
ing C-peptide and lower stimulated
glucose, even after adjusting for the
number of islets transplanted and
other confounders (e.g., recipient age,
sex, weight, prior transplants). b-Cell per-
cent was not associated with HbA1c or
AIRg.

As alcohol use was obtained from
next of kin and may be incomplete,
future research should evaluate asso-
ciations with islet composition more
thoroughly. While it is known that
pregnancy upregulates b-cell mass,
this study revealed potential sex dif-
ferences in whole human islets where
(nonpregnant) females may have a
higher percent of b-cells relative to
males. In addition, a higher b-cell per-
cent in transplanted islets produced
significant improvements in recipient
outcomes. One explanation for this
potential sex difference is that estra-
diol protects islets from apoptosis and
enhances glucose-induced insulin se-
cretion (4). These findings may be im-
portant as currently only 35% of donors
used for islet transplantation are female
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(5). However, larger clinical studies are
needed to confirm whether female is-
lets provide a therapeutic advantage.
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Figure 1—Representative images of islets stained with immunofluorescence in human donor pancreas sections with similar total cell counts with
high (A) and low (B) b-cell percent. Blue, nuclei; green, insulin (b-cells); red, glucagon (a-cells); yellow, somatostatin (d-cells).
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