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Infiltration of immunocytes into pancreatic islets precedes loss of β cells in type 1 diabetes. It is conceivable that local
release of cytokines affects the function of β cells before their apoptosis. This study examines whether the elevated
proinsulin levels that have been described in prediabetes can result from exposure of β cells to cytokines. Human β-cell
preparations were cultured for 48 or 72 hours with or without IL-1β, TNF-α, or IFN-γ, alone or in combination. None of
these conditions were cytotoxic, nor did they reduce insulin biosynthetic activity. Single cytokines did not alter medium or
cellular content in insulin or proinsulin. Cytokine combinations, in particular IL-1β plus IFN-γ, disproportionately elevated
medium proinsulin levels. This effect expresses an altered functional state of the β cells characterized by preserved
proinsulin synthesis, a slower hormone conversion, and an increased ratio of cellular proinsulin over insulin content. The
delay in proinsulin conversion can be attributed to lower expression of PC1 and PC2 convertases. It is concluded that
disproportionately elevated proinsulin levels in pre–type 1 diabetic patients might result from exposure of their β cells to
cytokines released from infiltrating immunocytes. This hormonal alteration expresses an altered functional state of the β
cells that can occur independently of β-cell death.
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Introduction
Infiltration of macrophages and T lymphocytes in the
pancreatic islets precedes the destruction of insulin-
producing β cells in human diabetes (1). Indirect evi-
dence suggests that the release of cytokines by infil-
trating cells might be responsible for the loss of β cells
(2, 3). Cytokines are produced in islets of rodents that
develop an autoimmune form of diabetes (4–6). They
are also expressed in islets of patients with type 1  dia-
betes (7–9); higher circulating IL-1α and TNF-α levels
were measured in identical twins who developed type 1
diabetes than in those who did not (10). Addition of
cytokine combinations to isolated rodent islets can
lead to destruction of β cells within 24 hours (2, 3); in
human islet cell preparations, the cytotoxic effect was
noticed only after more than 3 days of exposure (11). In
the present study, we examined whether cytokine-
exposed human β cells exhibit signs of functional
impairment during the first 3 days of culture — before
the appearance of apoptotic cells. The total amount of
insulin released in the medium was taken as an index
of the β cells’ secretory activity over this period. We
compared the release of insulin with that of proinsulin,
because the prediabetic stage of type 1 diabetes is often
associated with disproportionately elevated proinsulin
levels (12). Proinsulin is also elevated in first-degree rel-
atives of type 1 diabetic patients positive for islet cell
antibodies (13), as well as in normoglycemic siblings
(14) and discordant twins (15) of type 1 diabetic

patients. The present in vitro experiments thus test the
possibility that disproportionately high proinsulin lev-
els might serve as an early marker of a process that can
ultimately result in apoptosis of human β cells.

Methods
Isolation and culture of human islets. Human pancreata
were obtained from organ donors (14 donors, 42 ± 3
years of age, range 18–59 years of age) at European hos-
pitals affiliated with β Cell Transplant (Brussels, Bel-
gium), a European concerted action for islet cell trans-
plantation in diabetes (16). Islets were isolated at the
central unit of β Cell Transplant and cultured for 24
hours in Ham’s F10 medium supplemented with 1%
(wt/vol) BSA (Fraction V, RIA grade; Sigma Chemical
Co., St. Louis, Missouri, USA), 0.075 mg/mL peni-
cillin, 0.1 mg/mL streptomycin, 6.1 mmol/L glucose, 
2 mmol/L glutamine, 2 mmol/L leucine, 2 mmol/L
nicotinamide, and 2% human serum (16). On day 2, the
medium was replaced by serum-free Ham’s F10 medi-
um containing 1% BSA, 2 mmol/L glutamine, and 6.1
mmol/L glucose (17). Culture was continued for 48 or
72 hours, in the absence or presence of cytokines, with
the following, alone or in combination (18): human IL-
1β, 50 U/mL, 95% pure, 200 U/ng (Genzyme Pharma-
ceuticals, Cambridge, Massachusetts, USA); murine
TNF-α, 1,000 U/mL, 98% pure, 220 U/ng (Innogenet-
ics, Ghent, Belgium); human IFN-γ, 1,000 U/mL, 97%
pure, 47.5 U/ng (Genzyme Pharmaceuticals). In one set
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of experiments, L-nitro-methylarginine (L-MA; Sigma-
Aldrich, Milwaukee, Wisconsin, USA) was added to the
culture medium in order to suppress nitric oxide pro-
duction (19). After culture, the medium was collected
for insulin and proinsulin measurement and nitrite
determination (20), and islet cells were collected for
DNA (17) and insulin and proinsulin measurement. In
one set of experiments, the islet cells were examined for
their rates of proinsulin synthesis and conversion, as
well as for PC1 and PC2 expression.

Measurement of protein and insulin and proinsulin synthe-
sis. At the end of culture, islet cells were washed twice
with labeling medium (Ham’s F10 containing 1% BSA,
2 mmol/L glutamine, and 10 mmol/L glucose) and
pulse labeled for 30 minutes in this medium supple-
mented with 16.7 Ci/mmol 3H-tyrosine (specific activ-
ity 50 Ci/mmol; Amersham International, Bucking-
hamshire, United Kingdom). After washing, cells were
resuspended in 1 mL chase medium (Ham’s F10 con-
taining 1% BSA, 2 mmol/L glutamine, 2 mmol/L CaCl2,
2.5 mmol/L glucose, and 1 mmol/L tyrosine), gassed
with 5% CO2 and 95% O2, and then incubated at 37°C
for 60 or 120 minutes. After resuspension in chase
medium, cells were centrifuged at 1,000 g for 5 minutes.
Supernatants were collected and stored at –20°C. Pel-
lets were extracted in 1 mL 2 M acetic acid BSA for
measurement of total protein and proinsulin biosyn-
thesis (17) and were analyzed for proinsulin conversion
rates using HPLC and Biogel P-10 columns (Bio-Rad
Laboratories Inc., Richmond, California, USA), as
described previously (21, 22). Elution fractions were
counted, and counts corresponding to the insulin peak
were expressed as a percentage of total counts. The
half-time of proinsulin disappearance (t1/2) was calcu-
lated as the time required for 50% of the newly formed
proinsulin to shift to insulin.

Hormone assays. The insulin RIA was carried out as pre-
viously described (23). The proinsulin RIA is based on
the 2-step nonequilibrium assay developed by Bowsher
et al. (24). Human insulin and C peptide do not cross-
react with proinsulin in this assay (24). Polyclonal goat
anti-human proinsulin (100 µL; Linco Research Inc., St.
Charles, Missouri, USA) was added to a 200-µL sample
or proinsulin standard (kindly donated by F. Sodoyez-
Goffaux, Centre Hospitalier Universitaire, Liège, Bel-
gium). When undiluted perifusion samples were ana-
lyzed, perifusion medium was used for background
determination; background values were not different
from those with buffer alone. After an 18-hour incuba-
tion at 20°C, 100 µL of radiolabeled proinsulin (also
provided by F. Sodoyez-Goffaux) was added, and the
incubation was continued for 24 hours. Bound and free
proinsulin were separated by adding 1 mL horse anti-
sheep–coated Sepharose (Pharmacia Decanting Sus-
pension n°2; Pharmacia Biotech AB, Uppsala, Sweden),
incubating for 20 minutes at 20°C, and centrifuging at
2,500 g. Pellets were washed with 1 mL PBS containing
0.25% BSA and then were counted. Standard curves
were calculated by on-line RIA Calc software (Pharma-

cia, Wallac, Finland), and values were accepted if they
showed 2 linear dilutions. The sensitivity of the assay
was 5 pM (blanc-3 SD), and the interassay coefficient of
variation was 11%, 6%, and 5% for 20, 60, and 100 pg
proinsulin per tube (n = 12), respectively. The intra-assay
coefficient of variation was 3%, 4%, and 8% for 70, 35,
and 10 pg proinsulin per tube (n = 6), respectively.

Immunoblot analysis. The expression of PC1 and PC2
was analyzed by Western blot as described previously
(25). Briefly, human islets were sonicated in 50 µL SDS-
gel sample buffer (25); run on 10% SDS-polyacrylamide
gels; electrically transferred to nitrocellulose filters; and
incubated with rabbit anti-rat PC1 antibody (1:1,000;
kindly provided by I. Linberg, Louisiana State Univer-
sity School of Medicine, New Orleans, Louisiana, USA),
rabbit anti-rat PC2 (1:1,000; kindly provided by C.J.,
Rhodes, University of Texas–Southwestern Medical
Center, Dallas, Texas, USA), or goat anti–β-actin
(1:1,000; Santa Cruz Biotechnology Inc., Santa Cruz,
California, USA). Horseradish peroxidase–linked
immunoglobulins were used as second antibodies, and
peroxidase activity was detected by enhanced chemilu-
minescence (ECL; Amersham International). The inten-
sity of the bands was quantified on an Ultroscan XL
Enhanced Laser Densitometer (LKB; Pharmacia
Biotech AB), and expressed in arbitrary units of OD.
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Figure 1
Time course of cytokine-induced increase in proinsulin release. Cells
were cultured in the presence (open circles) or absence (filled circles)
of IL-1β (50 U/mL) plus IFN-γ (1,000 U/mL). Medium was sampled
at 4, 24, and 48 hours and assayed for insulin and proinsulin. Data
represent mean ± SEM of 3 independent experiments. Proinsulin
release between 4 and 24 or 48 hours is significantly higher during
cytokine exposure. Statistical significance of difference in controls
was calculated by Mann-Whitney U test. *P < 0.05.



Competitive RT-PCR analysis. The mRNA of cultured
human islets was isolated using oligo(dT)25–coated poly-
styrene beads (Dynabeads; Dynal, Oslo, Norway), and
cDNA was prepared with a GeneAmp RNA-PCR Kit
(Perkin-Elmer Corp., Norwalk, Connecticut, USA) as
previously described (25). PC1 and PC2 mRNA levels
were quantified by competitive PCR (25). Competitor
DNA for PC1 was synthesized from human islet cDNA
using a 2-step PCR method (26) with a linker primer (5′-
TTGGTGTGCACTGAACAGTGAAGCTGCTTCTG-3′)
and target-specific primers (5′-TTGGTGTGCACT-
GAACAGTG-3′ and 5′-GCCCATATCACACGATCATC-
3′). Its PCR products are shorter than the target cDNA.
The competitor DNA for PC2 was prepared from rat
cDNA using the primers corresponding to an iden-
tical sequence in rat and human PC2 cDNAs (5′-AGA-
GATTCCACTGTGTGGGA-3′ and 5′-CAAAATG-
GACTTGGTGCCCA-3′). Human and rat PC2 frag-
ments can be discriminated following digestion with
RsaI, which is expected to cleave only the rat PC2
sequence. The competitor DNAs were purified using a
QIAquick spin PCR purification kit (QIAGEN GmbH,
Hilden, Germany) and were quantified in a spectropho-
tometer (UV-160A; Shimadzu Europa GmbH, Kyoto,
Japan). PCR reactions were carried out in a volume of 25
µL containing cDNA, competitor DNA, 10 mmol/L Tris-
HCl (pH 8.3), 1.5 mmol/L MgCl2, 0.04 mmol/L of each
dNTP, 0.4 mmol/L of target-specific primers, and 0.625
U AmpliTaq DNA polymerase (Perkin-Elmer Corp.).
PCR was performed in a PTC-200 DNA thermal cycler
(MJ Research, Watertown Massachusetts, USA) using
the following conditions: initial denaturation for 2.5
minutes at 94°C, and 35 cycles of denaturation for 45
seconds at 94°C, annealing for 45 seconds at 58°C, and
extension for 90 seconds at 72°C. The last step was a 10-
minute extension at 72°C. A cDNA aliquot was used to
amplify the “housekeeping” gene GAPDH in order to

confirm equal cDNA loading. Ten microliters of PCR
products was separated by electrophoresis in 2%
(Agarose MS; Boehringer Mannheim, Brussels, Belgium)
molecular screening agarose gel and stained with ethid-
ium bromide. To discriminate the human and rat PC2
PCR fragments, 12 µL of each PCR reaction was digest-
ed overnight at 37°C with 15 U of RsaI (Eurogentec,
Seraing, Belgium) before loading on the gel. The gels
were photographed under ultraviolet transillumination
using Kodak Digital Science DC40 camera (Eastman
Kodak Co., Rochester, New York, USA). The PCR band
intensities on the image were quantified by Biomax 1D
Image Analysis Software (Eastman Kodak Co.) and
expressed in pixel intensities. The ratios of target cDNA
to competitor DNA PCR products were plotted against
the amount of competitor DNA added to the reaction.

Data analysis. Data analysis was performed with
Statview SE and Graphics for Macintosh. Results are
expressed as mean ± SEM. Statistical significance of dif-
ferences was calculated by Wilcoxon rank sum test and
Mann-Whitney U test.

Results
Effects of cytokines on cellular content and release of insulin and
proinsulin. Culture of human islets for 72 hours in the
presence of IL-1β, TNF-α, or IFN-γdid not alter the cel-
lular or medium content in insulin or proinsulin (Table
1). Combinations of these cytokines decreased cellular
insulin content but did not affect total insulin recovery,
i.e., cells plus medium (Table 1), suggesting a stimula-
tory effect on release. The higher insulin content in the
medium only reached statistical significance for the
combinations with IL-1 and when expressed as a per-
centage of total insulin: release of 61–65% of total in IL-
1β plus IFN-γ and/or TNF-α versus 47% in the control
(P < 0.02 for IL-1β + IFN-γ;P < 0.05 for IL-1β + TNF-α).
These IL-1 combinations increased the medium proin-
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Table 1
Effect of cytokines on cellular and medium content of insulin and proinsulin and on medium content of nitrite

Proinsulin Insulinz Proinsulin/InsulinA Nitrite

Medium Cells Total Medium Cells Total Medium Cells Total

Culture pmol/K β cells pmol/K β cells 10–2 pM/µg 
condition DNA.1h

Control 0.021 ± 0.003 0.020 ± 0.004 0.041 ± 0.008 1.05 ± 0.27 1.13 ± 0.25 2.18 ± 0.50 2.3 ± 0.3 1.8 ± 0.2 2.z0 ± 0.2 0.6 ± 0.3
IL-1β 0.023 ± 0.003 0.021 ± 0.007 0.043 ± 0.010 1.27 ± 0.32 0.68 ± 0.13 2.02 ± 0.45 2.2 ± 0.4 2.5 ± 0.4 2.2 ± 0.2 0.9 ± 0.3
TNF-α 0.019 ± 0.003 0.020 ± 0.007 0.039 ± 0.010 0.93 ± 0.28 0.92 ± 0.23 1.85 ± 0.53 2.5 ± 0.3 2.0 ± 0.2 2.2 ± 0.1 0.6 ± 0.3
IFN-γ 0.022 ± 0.006 0.019 ± 0.007 0.041 ± 0.011 1.22 ± 0.42 1.02 ± 0.33 2.23 ± 0.75 2.5 ± 0.5 1.9 ± 0.4 2.1 ± 0.2 0.9 ± 0.3
IL-1β + 0.034 ± 0.007B 0.024 ± 0.006 0.059 ± 0.012B 1.53 ± 0.45 0.78 ± 0.15B 2.30 ± 0.60 2.8 ± 0.4 3.2 ± 0.7C 2.8 ± 0.3 1.1 ± 0.5
TNF-α
IL-1β + 0.043 ± 0.009C 0.022 ± 0.007 0.066 ± 0.014B 1.35 ± 0.33 0.68 ± 0.17C 2.02 ± 0.47 3.8 ± 0.7B 3.1 ± 0.7C 3.3 ± 0.4B 10.7 ± 3C

IFN-γ
TNF-α + 0.032 ± 0.008 0.026 ± 0.008 0.058 ± 0.016 1.27 ± 0.48 0.83 ± 0.23C 2.10 ± 0.65 3.5 ± 0.7 2.8 ± 0.5 3.0 ± 0.3B 0.9 ± 0.5
IFN-γ
IL-1β + 0.067 ± 0.022C 0.026 ± 0.007 0.091 ± 0.026B 1.42 ± 0.40 0.60 ± 0.15C 2.22 ± 0.47 4.7 ± 0.7C 4.3 ± 1.1C 4.2 ± 0.6B 14.3 ± 4.5C

TNF-α+IFN-γ

Human islets were cultured for 72 hours in the presence of IL-1β (50 U/mL), TNF-α (1,000 U/mL), or IFN-γ (1,000 U/mL), alone or in combination. Data rep-
resent mean ± SEM of 7 independent experiments. Statistical significance of differences with control was calculated by Wilcoxon rank sum test. ARatio of molar
concentrations. BP < 0.05. CP < 0.02.



sulin content in absolute terms, without reducing the
cellular proinsulin content; consequently, total proin-
sulin recovery (i.e., cells plus medium) was higher than
in the control (P < 0.05). As a result of these preferential
effects on medium and total proinsulin content, the
medium and cellular ratio of proinsulin over insulin
was increased in these IL-1 combinations (Table 1).
Because these cytokine-induced alterations were most
marked in the combinations with IL-1β plus IFN-γ, we
selected this condition for subsequent experiments.

The stimulatory effect on hormone release was not
yet noticed after a 4-hour exposure to IL-1β plus IFN-γ
(Figure 1). The medium proinsulin and insulin content
after a 4-hour culture period was relatively high, which
is, at least in part, attributable to hormone discharge
during resuspension of the cells in culture medium and
subsequent plating in the dishes. Hormone release in
the following 20- or 44-hour culture periods was high-
er in the cytokine condition, reaching statistical signif-
icance for proinsulin (Figure 1). The cytokine-induced
increase in proinsulin release occurs independently of
nitric oxide formation: addition of L-MA prevented
nitrite accumulation but did not prevent the 2-fold
increase in medium proinsulin (Table 2). The nitric
oxide independence of the observed cytokine effect is
also apparent from the data obtained with the IL-1β
plus TNF-α combination: although nitrite accumula-

tion was not increased, proinsulin release was elevated
and cellular insulin content decreased (Table 1).

Effect of cytokines on proinsulin conversion. Culture for 48
hours in the presence of IL-1β plus IFN-γ did not alter
the rate of proinsulin synthesis during a subsequent 30-
minute pulse at 10 mmol/L glucose (0.64 ± 0.07 dpm/β
cell vs. control 0.80 ± 0.09 dpm/β cell in control prepa-
rations; n = 3). When these pulse-labeled cell prepara-
tions were chased for 60 and 120 minutes, a delay was
noticed in the rate of disappearance of newly formed
proinsulin: t1/2 of 52 ± 7 minutes in the IL-1β plus IFN-
γ condition vs. 38 ± 1 minutes in control (calculated
from Table 3; P < 0.05). At the end of these chase peri-
ods, cytokine-treated cells retained larger fractions of
the unconverted proinsulin and the des (31,32) inter-
mediate, which is suggestive of a delay in the 2 conver-
sion reactions (Table 3). The cytokine-treated cells’ ratio
of newly synthesized proinsulin over insulin was 3- to 6-
fold higher than in control cells (Table 3).

Effect of cytokines on the expression of conversion enzymes.
Culture for 48 hours in the presence of IL-1β plus IFN-
γ (CK) reduced PC1 and PC2 expression by 40–45%
(Figure 2a): OD values for PC1 were 0.30 ± 0.03 (con-
trol) and 0.18 ± 0.02 (CK; n = 5, P < 0.05). For PC2, they
were 0.90 ± 0.09 (control); 0.50 ± 0.20 (CK; n = 8, 
P < 0.001). This reduction was already observed after a
24-hour exposure to the cytokines (data not shown); it
did not occur after addition of the single cytokines
(Figure 2). When the blots were exposed for a longer
time, both control and cytokine condition contained
an additional 87-kDa band with the PC1 antibody and
a 75-kDa band with the PC2 antibody, but these bands
represented less than 10% of the intensities of 65- to 66-
kDa bands (data not shown). Using a competitive PCR
analysis, cellular PC2 mRNA content was not signifi-
cantly decreased (27 ± 9% decrease; P > 0.05, n = 3) after
a 48-hour exposure to the cytokine combination,
whereas PC1 mRNA remained at the same level as in
the control condition (95 ± 8% of control; n = 3) (Figure
2b). The cytokines did not modify GAPDH mRNA
expression (data not shown).

Discussion
This in vitro study indicates that 1–3 days’ exposure
of human islets to a combination of IL-1β plus IFN-γ
results in elevated extracellular proinsulin levels. The
release of proinsulin was disproportionate to that of
insulin, as indicated by the higher ratio of proinsulin
over insulin in the medium. These features are also
characteristic of the prediabetic stage of type 1 dia-
betes (12–15).

Our experiments identify cellular processes that
might be involved in this cytokine effect. After a 72-
hour exposure to IL-1β plus IFN-γ, human islets pres-
ent the same proinsulin content as in the control con-
dition, but their insulin content is 40% lower. This
reduction in cellular insulin is not a consequence of a
cytodestructive process, because the number of necrot-
ic or apoptotic cells was not increased in the cytokine
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Figure 2
(a) Western blot analysis of PC1 and PC2 protein expression in
human islets cultured for 48 hours in the presence or absence of IL-
1β (50 U/mL), IFN-γ (1,000 U/mL), or IL-1β plus IFN-γ.(b) Compet-
itive PCR analysis of PC1 and PC2 mRNA expression in control and
cytokine-cultured (IL-1β + IFN-γ, 48 hours) human islets. Lanes 1–4
contain the same amount of cDNA from the same human islet prepa-
ration and a decreasing amount of competitor DNA (0.5, 0.125, 0.03,
and 0.0075 amol, respectively). Competitor DNA for PC2 was pre-
pared from rat cDNA for PC1 from human cDNA. After amplifica-
tion, PC1 products were directly run on 2% agarose-ethidium bromide
gel, whereas PC2 products were digested with RsaI before separation.
Competitor rat PC2 appears as 2 bands (151 and 65 bp) after RsaI
restriction, but human PC2 remains intact. The figures are represen-
tative of 3 independent experiments.



condition and because the proinsulin biosynthetic
activity of those preparations was not affected. The
lower cellular insulin content appears to be the result of
2 processes. First, the β cells exhibited a higher secreto-
ry activity during the preceding 3-day culture with
cytokines. Second, the cells convert proinsulin into
insulin at a 1.4-fold lower rate than control cells. This
delay is caused by a slower conversion of proinsulin into
the des(31,32) intermediate and the conversion of this
intermediate into insulin. The delayin proinsulin con-
version might be attributable to a lower expression of
the PC1 and PC2 convertases; this lower protein expres-
sion was not associated with lower mRNA levels, sug-
gesting that it is caused posttranscriptionally. The sup-
pressive effect of cytokines on convertase expression by
human β cells is not necessarily specific for these pro-
teins; it may reflect — as in rat β cells (25) — an alteration
in β-cell phenotype in which several other proteins are
downregulated and others are upregulated.

Human β cells can thus be exposed for 3 days to IL-1β
plus IFN-γ without an impairment of their hormone
synthetic activity. The total of released insulin plus cel-
lular insulin at the end of the 3-day exposure was indeed
not lower than that in control cells, and their rates of
proinsulin synthesis after 3 days were not different from
those in control preparations. Howev-
er, human β cells exhibited an altered
functional state that was characterized
by an increased hormone release with
disproportionately elevated proinsulin
levels as compared with insulin. At the
end of this 3-day exposure to the
cytokines, their cellular insulin store
was reduced, but not their proinsulin
content, which resulted in an elevated
cellular ratio of proinsulin over insulin.
Exposure of human islets to IL-1β plus
IFN-γ can thus also cause an increased
ratio of proinsulin over insulin content
in the β cells, which should be reflected
in the extracellular medium during
subsequent measurements.

Disproportionately elevated serum
proinsulin levels have been noticed in
the prediabetic stage of type 1 dia-

betes (12–15). The underlying causes have
not yet been identified. The present obser-
vations indicate that prolonged exposure
to more than one cytokine, in particular
IL-1β plus IFN-γ, might represent one of
the reasons. This condition could occur in
islets with infiltrating immune cells. It is
not necessarily associated with β-cell
death, although apoptosis of β cells might
ultimately result from longer exposure to
cytokines (11). The presence of dispro-
portionately elevated proinsulin levels in
the serum might thus represent a periph-
eral marker for β cells exposed to

cytokines and, hence, to immune cells. Presently, we
have no direct evidence to support the validity of this
extrapolation to the in vivo condition. Further stud-
ies are therefore needed to evaluate the clinical rele-
vance of the present findings versus other potential
mechanisms for the elevated proinsulin levels in pre-
diabetic subjects (27–31).
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Table 2
Effect of L-MA on cytokine-induced increase in proinsulin release

Culture condition Proinsulin Nitrite

L-MA ng/K βcells pM/µg DNA.1h
Control – 0.23 ± 0.07 1.0 ± 0.6

+ 0.17 ± 0.04 0.7 ± 0.4

IL-1β + IFN-γ – 0.43 ± 0.09A 17.1 ± 1.7A

+ 0.34 ± 0.07A 1.8 ± 2.1

Human islets were cultured for 48 hours with or without L-MA (1 mmol/L) in the presence or
absence of IL-1β + IFN-γ. Data represent mean ± SEM of 5 independent experiments. Statis-
tical significance of differences with respective control was calculated by Wilcoxon rank sum
test. AP < 0.05.

Table 3 
Effect of cytokines on proinsulin conversion in human islets

Unconverted Conversion to Ratio

Pretreatment 3H-proinsulin 3H-des(31,32) 3H-insulin 3H-PI/3H-I

Culture 48 hours

Total 3H-proinsulin synthesis(%) 10–2

60-minute chase 

Control 20 ± 2 16 ± 2 64 ± 4 31 ± 6
IL-1β + IFN-γ 40 ± 7A 16 ± 2 44 ± 6A 97± 32B

120-minute chase

Control 2 ± 0.2 3 ± 1 95 ± 1 2 ± 0.2
IL-1β + IFN-γ 10 ± 2A 8 ± 2A 82 ± 4A 13± 4B

Human islets were cultured for 48 hours with or without IL-1β + IFN-γbefore 30-minute pulse incu-
bation with 3H-tyrosine. Conversion of newly synthesized proinsulin was determined after a 60- and
120-minute chase incubation. Cellular extracts were analyzed for the percentage of unconverted
3H-proinsulin, 3H-des(31, 32), and 3H-insulin. Data represent mean ± SEM of 3 independent exper-
iments. Statistical significance of differences with respective controls was calculated by Mann-Whit-
ney U test. AP = 0.05. BP < 0.05.
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