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Interferon alpha impairs insulin production in human beta cells
via endoplasmic reticulum stress
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Abstract

Despite substantial advances in the research exploring the pathogenesis of Type 1 Diabetes (T1D),
the pathophysiological mechanisms involved remain unknown. We hypothesized in this study that
IFNa participates in the early stages of T1D development by triggering endoplasmic reticulum
(ER) stress. To test our hypothesis, human islets and human EndoC-pH1 cells were exposed to
IFNa and tested for ER stress markers, glucose stimulated insulin secretion (GSIS) and insulin
content. IFNa treatment induced upregulation of ER stress markers including Binding
immunoglobulin Protein, phospho-eukaryotic translation initiation factor 2a, spliced- X-box
binding protein-1, C/EBP homologous protein and activating transcription factor 4. Intriguingly,
IFNa treatment did not impair GSIS but significantly decreased insulin production in both human
islets and EndoC-BH1 cells. Furthermore, IFNa decreased the expression of both proinsulin
convertase 1 and proinsulin convertase 2, suggesting an altered functional state of the beta cells
characterized by a slower proinsulin-insulin conversion. Pretreatment of both human islets and
EndoC-BH1 cells with chemical chaperones 4-phenylbutyric acid and tauroursodeoxycholic acid
completely prevented IFNa effects, indicating an ER stress-mediated impairment of insulin
production. We demonstrated for the first time that IFNa elicits ER stress in human beta cells
providing a novel mechanistic role for this virus-induced cytokine in the development of T1D.
Compounds targeting molecular processes altered in ER-stressed beta cells could represent a
potential therapeutic strategy to prevent IFNa-induced beta cell dysfunction in the early onset of
T1D.
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1. Introduction

Type 1 Diabetes (T1D) is an autoimmune disease characterized by pancreatic p-cell
destruction and its incidence has been rapidly rising worldwide in the past several decades.
Environmental factors such as viruses have been implicated as possible causes of this rise
[1-3]. Moreover, growing evidence suggests that the virally-induced cytokine interferon
alpha (IFNa) is a key trigger of T1D. Indeed, therapies that neutralize IFNa are able to
suppress the beta cell dysfunction that precedes the disease, although the underlying
molecular mechanisms are still unclear [4].

All the major beta cell autoantigens, including insulin, traffic through the endoplasmic
reticulum (ER), a key organelle specialized in a number of important cellular tasks including
protein folding, calcium and redox regulation, and the activation of survival/death pathways.
Evidence is accumulating that defective folding and rapid degradation of mutant proteins is
one of the causes of various diseases including metabolic disease, neurodegenerative
disease, inflammatory disease, and cancer. In all cases the disorders are affecting the folding
of exportable proteins that tend to accumulate within the ER [5-8]. In professional secretory
cells like beta cells, the rapidly changing demand for insulin production and secretion in
response to serum glucose levels relies greatly on ER stability to ensure proper synthesis and
folding of proinsulin [9]. Recently, ER stress has been proposed to play a critical role in
autoimmune-mediated beta cell destruction. Indeed ER-stressed beta cells in early T1D
could eventually die or produce neo-autoantigens which could be targets of the autoimmune
response in T1D, initiating a self-perpetuating vicious cycle of failing beta cells and
autoimmune attack in genetically susceptible individuals [10-12].

Interestingly, high levels of IFNa have been linked with ER stress associated apoptosis in
human urothelial cancer cells [13] connecting IFNa to ER stress in non-pancreatic cells.
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Moreover, the a subunit of eukaryotic translation initiation factor 2a (elF2a) connects ER
stress and interferon responses, indeed the production of IFNa triggered by viral infection
upregulates double-stranded RNA-dependent protein kinase expression which
phosphorylates and activates elF2a [14].

The key role of IFNa in the etiology of T1D and the link between ER stress and beta cell
autoimmunity let us to hypothesize that IFNa could trigger T1D by inducing ER stress in
beta cells. Here we show strong evidence to support this hypothesis.

2. Materials & methods

2.1 Cell cultures and reagents

Human islets were isolated from deidentified donors by the Integrated Islet Distribution
Program (1IDP) as per IIDP protocols (iidp.coh.org/), and transported to the principal
investigator within 24 hours. Human pancreata were obtained from 15 non-diabetic organ
donors (45 + 10 years, range 28-60 years). There were 7 female and 7 male donors. (For one
donor the gender was not documented). Characteristics of human islet donors are also shown
in Supplementary Table 1. Upon receipt, human islets were cultured in RPMI 1640 medium
(Thermo Scientific) containing 5.5 mM glucose, 10% FBS (Sigma) and 1% antibiotic
antimycotic solution (HyClone) and maintained at 37°C in a humidified atmosphere with
5% CO2 for 24 h before starting experiments. The protocol was approved as exempt by
Albert Einstein College of Medicine institutional review board. Insulin-producing EndoC-
BH1 cells, a human beta cell line, were cultured as previously described [15]. For different
experiments cells were seeded on 10-cm dishes, 6-cm dishes or on 12 mm diameter glass
coverslips in 24-well plates. 24 hours later, cells were vehicle treated or treated with the
indicated drugs at the indicated experimental settings. Thapsigargin and Tunicamycin were
purchased from Sigma, IFNa, 4-phenylbutyric acid (PBA) and tauroursodeoxycholic acid
(TUDCA) were purchased respectively from Millipore, Sigma and Calbiochem.

2.2 Immunofluorescence

1.5x105 EndoC-BH1 cells were seeded on Matrigel and fibronectin coated 12-mm glass
coverslips in 24-well plates and allowed to attach for 5 days at 37 °C. Cells were then
vehicle treated or treated with the indicated drugs at the indicated experimental settings and
fixed in 4% PFA (Polysciences, Inc.) in PBS for 15 minutes at room temperature. After
being permeabilized by 0.5% Triton X-100 (Bio-Rad) in PBS for 10 minutes, cells were
blocked for 1 hour with 1% normal goat serum (Cell Signaling) in PBS (both steps were
done at room temperature). Cells were subsequently immunostained overnight at 4°C with
the primary antibodies diluted in blocking buffer. Indirect immunofluorescence was
performed using guinea pig polyclonal anti insulin, rabbit polyclonal anti C-peptide
antibody, and rabbit monoclonal anti PDX-1 as described in Supplementary Table 2.
Secondary antibodies conjugated to Alexa Fluor 488 or Alexa Fluor 568 (Life Technologies,
1:500) were used for 1 hour at room temperature. After final washes with PBS, the
coverslips were mounted on microscope slides with ProLong Gold Antifade Reagent
containing DAPI to counterstain the nuclei (Cell Signaling). Samples were examined with a
Leica DM6000 microscope.
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2.3 RNA isolation, reverse transcription, semi-quantitative and real-time RT-PCR

RNA isolation, reverse transcription and real-time reverse transcription polymerase chain
reaction (RT-PCR) were performed as previously described [16]. In brief, total RNA from
human islets or EndoC-pH1 cells was isolated using TRIzol reagent (Thermo Scientific) in
combination with the RNeasy Mini kit (Qiagen) followed by DNase treatment. Five hundred
nanograms of total RNA were retrotranscribed using the Superscript I kit (Thermo
Scientific) following the manufacturer’s instructions. The cDNAS obtained after
retrotranscription were used as templates for quantitative PCR, run on an AbiPRISM 7300
fast real-time cycler using the power SYBR Green real-time PCR master mix kit and
quantified by built-in SYBR Green Analysis (all from Applied Biosystems). The relative
amount of specific MRNA was normalized to Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). To amplify spliced and unspliced X-box binding protein-1 (XbpZ) mRNA, PCR
products were electrophoresed on 2.5% agarose gel and GAPDH was used as a loading
control. Primer sequences (Integrated DNA Technologies) used for PCR are shown in
Supplementary Table 3.

2.4 Western Blot Assay

Total proteins from adult human islets and EndoC-BH1 cells were extracted as previously
described [17, 18]. Supernatants were collected and equal amount of proteins (50 pg per
sample) were subjected to electrophoresis on SDS- polyacrylamide gel and transferred to
Immobilon-P membranes (Millipore) for 2 hours at 100V on ice. Membranes were incubated
in Odyssey Blocking Buffer (LI-COR) for 1 hour at room temperature and then reacted
overnight at 4 °C with specific primary antibodies for the protein of interest. The antibodies
used in this study are described in Supplementary Table 2. All immunoblots were developed
with the LI-COR Odyssey system, usinginfrared-labeled anti-rabbit and anti-mouse 1gG (LI-
COR 1:5000) secondary antibodies.

2.5 Insulin secretion and insulin/proinsulin contents

For insulin secretion analysis, insulin content, and proinsulin:insulin ratio we used 50 size-
matched islets from each individual for each experimental condition. All experiments were
repeated at least 3 times using islets from different donors (at least 3 donors). Human islets
with or without IFNa were left overnight in glucose starving medium (RPMI without
glucose, supplemented with 10% heat-inactivated FBS, 100 units/mL penicillin, and 100
mg/mL streptomycin) and subsequently incubated for 1 h at 37°C with 1 ml Krebs-Ringer
bicarbonate buffer solution supplemented with 2 mM glucose or 20 mM glucose. (Krebs-
Ringer bicarbonate buffer solution: 120 mmol/L NaCl, 4.7 mmol/LKCI, 1.2 mmol/L
MgS04, 1.2 mmol/L KH2PO4, 2.4 mmol/L CaCl2, and 20 mmol/LNaHCO3, supplemented
with 10 mmol/L HEPES and 0.2% BSA and gassed with a mixture of 95% O2 and 5%
CO2). Islets were then pelleted by centrifugation at 1500 rpm for 5 minute at 4°C and
supernatants were collected and stored at —20°C for insulin secretion. Insulin secretion in
EndoC-BH1 cells was performed as previously described [4]. For insulin and proinsulin
content measurements, human islets and EndoC-gH1 cells were lysed in ice-cold acid
ethanol (75% ethanol, 1.5% HCI) and incubated overnight in this extracting solution at 4°C.
Lysates were then sonicated and centrifuged for 2 minutes at 20,000 g. Samples were kept
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frozen at —20°C before use. In both systems insulin intracellular content was measured using
the Human Insulin kit (Mercodia) and proinsulin was measured using the Human Proinsulin
kit (Millipore).

2.6 Statistics

All experiments were performed at least in triplicate. Data are presented as means + SEM.
Statistical differences were determined using a two-tailed Student’s t test. Statistical analysis
was performed using GraphPad Prism (version 5.01; GraphPad Software Inc.). A p-value <
0.05 was considered statistically significant.

3. Results

3.1 IFNa induces BiP upregulation in human islets and EndoC-BH1 cells

To investigate if IFNa was able to activate ER stress in human beta cells we exposed human
islets and the insulin-producing human beta cell line EndoC-BH1 to increasing
concentrations of IFNa. To demonstrate that they are functional human beta cells EndoC-
BH1 cells were tested for baseline insulin, C-peptide, pancreatic and duodenal homeobox 1
(PDX1) expression, and for glucose-stimulated insulin secretion (Fig. LA-D). Treatment of
islets and EndoC-BH1 cells with 1000 U/ml IFNa for 48 hours induced upregulation of the
diagnostic ER stress marker Binding immunoglobulin Protein (BiP), a molecular chaperone
that resides in the ER [19] (Fig. 2A). Such induction was comparable to classic ER stress-
inducing agents, Thapsigargin and Tunicamicin, and was dose dependent (Supplementary
Fig. 1A). In addition, kinetic analysis done in human islets and EndoC-pH1 cells with 1000
U/ml IFNa showed that BiP mRNA was significantly increased as early as 24 hours after
treatment and remained elevated for 72 hours (Supplementary Fig. 1B). To corroborate these
findings, we tested the ability of classical ER stress modulators, the chemical chaperones
PBA and TUDCA [20], to prevent IFNa-induced BiP mRNA upregulation. PBA is a low
molecular weight non-specific chemical chaperone known to stabilize protein conformation,
improving ER folding capacity and facilitating the traffic of mutant proteins. Likewise,
TUDCA, a taurine-conjugated derivative of bile acid, mitigates ER stress by acting as a
chemical chaperone. Both PBA and TUDCA almost completely prevented the effect of
IFNa on BiP mRNA upregulation (Fig. 2A) confirming that IFNa upregulates BiP in beta
cells by inducing ER stress. The IFNa-induced increase of BiP mRNA and the effect of
PBA and TUDCA were also confirmed at the protein levels in both human islets and EndoC-
BH1 cells (Fig. 2BD).

3.2 IFNa induces unfolded protein response in human islets and EndoC-BH1 cells

The ability of beta cells to compensate for IFNa.-driven increases in ER stress requires an
intracellular signaling pathway, the unfolded protein response (UPR), that monitors
conditions in the ER, sensing an insufficiency in the ER’s protein folding capacity and
communicates this information regarding the status of the ER lumen to gene expression
programs of beta cells. Three principal branches of the UPR have been identified. Each
branch is defined by a class of transmembrane ER-resident signaling components: activating
transcription factor 6 (ATF6), double-stranded RNA-activated protein kinase (PKR)-like ER
kinase (PERK) and inositol requiring enzyme 1 (IRE1) [19]. Among ATF’s targets are
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prominent ER-resident proteins involved in protein folding, such as BiP (Fig. 2A-D). The
second branch of the UPR is mediated by PERK, a kinase that upon sensing ER stress
phosphorylates eukaryotic translation initiation factor 2a. (p-elF2a) that induces the
transcription of activating transcription factor 4 (ATF4), and C/EBP homologous protein
(CHOP) [19]. As shown in Figure 3A-D, treatment with IFNa increased UPR markers p-
elF2a, ATF4, and CHOP in human islets and EndoC-BH1 cells. Moreover, pretreatment
with PBA or TUDCA prevented these effects. IRE1 defines the third and best studied branch
of the UPR. When activated, IRE1 cleaves the mMRNA encoding a specific transcription
factor called Xbp1, giving rise to an active spliced mRNA (Xbp1s) that regulates the
transcription of genes involved in protein folding [21]. RT-PCR analysis done in human
islets and EndoC-BH1 cells showed an increase in both the total (unspliced) and spliced
(active) form of Xbpl mRNA levels following IFNa treatment, this effect was also
suppressed by PBA or TUDCA pretreatment (Fig. 3E-G). These data suggest that IFNa.
causes UPR activation in human beta cells.

3.3 IFNa-induced ER stress causes a decrease in insulin content and augments
proinsulin:insulin ratio

To investigate whether IFNa-mediated ER stress affected beta cells functionality we
measured glucose-stimulated insulin secretion (GSIS) in control and IFNa-treated human
islets and EndoC-BH1 cells. IFNa exposure did not alter GSIS but impaired basal insulin
release in both systems suggesting an effect on insulin content (Fig. 4A). To test this
hypothesis, we measured insulin content in human islets and EndoC-BH1 cells untreated and
treated with 1000 U/ml IFNa for 48 hours; in both systems the exposure to IFNa caused a
significant decrease in insulin content and an increase in proinsulin/insulin ratio. This
finding together with the observation that these effects were prevented by PBA and TUDCA
(Fig. 4B and C) are suggestive of an ER folding/processing defect. Interestingly, when IFNa
was removed from both systems BiP mRNA levels significantly decreased already after 12
hours and insulin production was restored within 24 hours both in human islets and EndoC-
BH1 cells (Supplementary Fig. 2A-B); this results can be explained by the short half-life of
the cytokine in tissue culture medium.

3.3 IFNa-induced ER stress impairs PC1 and PC2 expression in human islets and EndoC-

BH1 cells

To gain insights into the mechanism of impaired insulin content, we analyzed the
contribution of proinsulin convertase (PC) to the proinsulin conversion delay, we performed
real-time RT-PCR and western blot analyses of proinsulin convertase 1 (PC1) and proinsulin
convertase 2 (PC2) mRNA and protein levels, respectively. As shown in Fig. 5A-E, human
islets and EndoC-BH1 cells treated with IFNa exhibited a decreased expression of both PC1
and PC2 mRNA and protein levels suggesting that both suppression of transcription and
protein degradation can be involved in such down-regulation. However, pretreatment with
PBA or TUDCA prevented these alterations (Fig. 5A—E) demonstrating that not only IFNa
causes impairment in insulin content and proinsulin conversion via ER-stress mediated
mechanisms, but also that reversing ER stress may promote correct folding of PC1 and PC2
in human beta cells.
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4. Discussion

Currently, there is no cure or preventive regimen for T1D and the early stages of the disease
remain poorly defined. Viral infection has been hypothesized to be one of the environmental
triggers for the development of T1D and the mechanism of viral infection leading to beta
cell destruction involves multiple pathways including IFNa. This cytokine has been recently
proposed as a key molecule in the development of T1D creating a favorable inflammatory
milieu for the diabetogenic adaptive response. A growing body of evidence associates IFNa
with the development of T1D in humans and mice but the mechanisms underlying IFNa.-
induced beta cell dysfunction are still not known. Almost 25 years ago Timothy Stewart and
his group provided important data on the impact of type 1 interferons on beta cell function.
They discovered that transgenic non-autoimmune-prone mice expressing IFNa in beta cells
develop inflammatory infiltrates of the islets and T1D but the severity depends on the
genetic background, suggesting that IFNa. may be required for the initiation of T1D in
genetically susceptible hosts [22—-24]. Moreover, recent additional studies by Qing Li et al.
demonstrated that IFNa is an essential initiator in the pathogenesis of T1D in NOD mice
[25, 26]. In humans, a pathogenic role for IFNa has been proposed as IFNa treatment of
patients with viral infections or with leukemia has been shown to be associated with
increased incidence of T1D [27-32] Of interest, transcriptional profiling of NOD islets and
pancreatic lymph nodes before T-cell infiltration of islets identified an IFNa-induced gene
signature, showing that islet exposure to IFNa is a precipitating event in T1D pathogenesis
[33]. Intriguingly, elevated IFNa. mRNA transcripts were observed in the pancreata and
islets of deceased diabetic patients [34] and beta cells from type 1 diabetic individuals
contained immunoreactive IFNa [35]. Finally, IFNa.-producing plasmacytoid dendridic
cells have been detected in the blood of patients with T1D [36] and recent genetic analysis
supports a diabetogenic role for IFNa-induced genes in prediabetic children [37]. Taken
together these data pinpoint a key role for local islet IFNa production in starting the
autoimmune process in T1D.

Since no clear mechanism linking beta cell dysfunction and IFNa has been identified to
date, in the present study we hypothesized that local production of IFNa in the pancreas
(e.g. during viral infections) could trigger ER stress leading to beta cell failure. Beta cells
have the highest protein secretion burden in the body and secreting functional insulin is a
complex process very easy to perturb. For example, mutations in the insulin gene that cause
misfolding of the encoded protein result in chronic ER stress triggering beta cell apoptosis
[38]. Given the essential role of ER in insulin production and secretion, beta cells, which are
professional secretory cells, are very sensitive to ER perturbations. Interestingly, it has been
shown very recently that IFNa.-induced apoptosis is linked to ER stress also in non-
pancreatic cells [39], however, the effect of IFNa on islet cells different from beta cells is
still under investigation. Our study showed that IFNa can induce ER stress in human islets
and human EndoC-pH1 cells, identifying for the first time ER stress as a molecular
mechanism underlying IFNa and beta cell dysfunction that precedes the clinical onset of
T1D. IFNa treatment did not alter glucose induced insulin secretion in human beta cells but
insulin content was significantly reduced, with a significantly increased proinsulin:insulin
ratio. Moreover, exposure of human beta cells to IFNa decreased the expression of both
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proinsulin convertases PC1 and PC2. Of note, similar observations have been made in beta
cells for other proinflammatory cytokines (e.g. IL-1p or combinations of IL-1p and IFN-y)
consistent with our findings and indicating that increased proinsulin blood concentrations in
prediabetic conditions can result from exposure of beta cells to proinflammatory cytokines
[40, 41]. Indeed, increased blood concentrations of proinsulin as compared to insulin are a
recognized marker of beta cell dysfunction in T1D [42, 43]. Interestingly, we found that the
deleterious consequences of IFNa treatment were almost completely prevented by the
chemical chaperones PBA or TUDCA, suggesting that IFNa causes PC1 and PC2
misfolding in human beta cells. Such misfolding could alter the functional state of the beta
cells leading to a delay in proinsulin conversion and an increased ratio of cellular proinsulin
over insulin content.

In conclusion our findings have significant translational implications given the potential to
use PBA and TUDCA in the pre-diabetic stages of T1D and their excellent safety profiles.
Preclinical and clinical studies have recently demonstrated the therapeutic potential of PBA
and TUDCA in several metabolic diseases caused by ER stress. The beneficial properties of
PBA and TUDCA were already discovered and explored in cystic fibrosis [44], metabolic
syndrome [45], obesity [46], and atherosclerosis [47]. Moreover, TUDCA is currently being
tested in a clinical trial in recent onset T1D. Indeed, it is possible that these compounds may
be used in the future for their ability to restore insulin homeostasis in the early stages of
T1D.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Immunofluorescence analysis of human EndoC-BH1 cells
(A—C) EndoC-pH1 cells were cultured on 12-mm glass cover slips precoated with Matrigel

and fibronectin. After 5 days, the cells were fixed in 4% parafolmaldehyde for 1 hour.
Immunofluorescence staining was performed using insulin antibody (green), C-peptide
antibody (red) or PDX-1 antibody (red) described in Supplementary Table 2. The secondary
antibodies were: Alexa Fluor 488 goat anti-guinea pig antibody (1:500; Life Technologies)
for insulin, and Alexa Fluor 568 goat anti-rabbit antibody (1:500; Life Technologies) for C-
peptide and PDX-1. Nuclei were counterstained with DAPI (blue). Samples were examined
with a Leica DM6000 microscope. (D) Glucose-induced insulin secretion in EndoC-pH1
cells (***p < 0.001 compared to unstimulated cells).
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Fig. 2. Effect of IFNa on BiP induction in human islets and EndoC-BHL1 cells
(A-D) Human islets and EndoC-BH1 cells were pretreated overnight with 2.5 mM PBA or

with 1 mM TUDCA or with medium only (negative control) and then cultured in presence of
IFNa 1000 U/ml for 48 hours. (A) The expression levels of mRNAs for BiP were
determined by real-time RT-PCR analysis of total RNA from three different preparations of
human islets or EndoC-pH1 cells treated as above. mRNA levels in treated cells are relative
to those in vehicle-treated cells (CTRL). Bars represent means + SEM from three
independent experiments. ***p < 0.001 compared to CTRL cells. (B—-D) Human islets and
EndoC-pH1 cells (from five different preparations) were solubilized and equal amount of
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proteins (50 pg per sample) were analyzed by immunoblotting. Filters were probed with
antibodies against BiP. Representative images are shown. Band intensities were quantified
by densitometry using ImageJ software.
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Fig. 3. IFNa induces UPR activation in human islets and EndoC-gH1 cells
(A-G) Human islets and EndoC-BH1 cells were pretreated overnight with 2.5 mM PBA or

with 1 mM TUDCA or with medium only (negative control) and then cultured in presence of
IFNa (1000 units/ml) for 48 hours. (A-C) Human islets and EndoC-BH1 cells were
solubilized and equal amount of proteins (50 ug per sample) were analyzed by
immunoblotting. Filters were probed with antibodies against p-elF2a and B-Actin.
Representative images are shown. Band intensities were quantified by densitometry using
ImageJ software. (D-E) The expression levels of mMRNAs for ATF4, CHOP and Xbp1 were
determined by real-time RT-PCR analysis of total RNA from human islets and EndoC-pH1
cells treated as above. mMRNA levels in treated cells are relative to those in vehicle-treated
cells (CTRL). Bars represent means + SEM from four to five independent experiments. *p <
0.001; **p < 0.01; ***p < 0.001 compared to CTRL cells. (F-G) Semi-quantitative RT-PCR
analysis for Xbpl and GAPDH of total RNA extracted from human islets and EndoC-gH1
cells vehicle treated (CTRL) or IFNa treated, pretreated or not with PBA and TUDCA.
These results have been replicated three times.
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Fig. 4. IFNa-induced ER stress impairs insulin content and proinsulin:insulin ratio in human
islets and EndoC-gH1 cells

(A) Insulin secretion, (B) insulin content, and (C) proinsulin:insulin ratio in human islets and
EndoC-BH1 pretreated or not overnight with 2.5 mM PBA or with 1 mM TUDCA and
cultured in presence of IFNa (1000 units/ml) for 48 hours. Values are mean £ SEM of three
independent experiments. *p < 0.001; **p < 0.01; ***p < 0.001 compared to CTRL cells.
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Fig. 5. IFNa-induced ER stress impairs PC1-2 levels in human islets and EndoC-BH1 cells
(A-E) human islets and EndoC-pH1 were pretreated or not overnight with 2.5 mM PBA or

with 1 mM TUDCA and cultured in presence of IFNa. (1000 units/ml) for 48 hours. (A)
Real-time RT-PCR analysis of PC1 and PC2 mRNA levels using the total RNAs from four
different preparations of human islets or EndoC-gH1 cells treated as indicated, with
GAPDH as internal standard. mRNA levels in treated cells are relative to those in vehicle-
treated cells (CTRL). Each bar represents the mean + SEM of four independent experiments,
each performed in triplicate. *p < 0.001; **p < 0.01; ***p < 0.001 compared to CTRL cells.
(B-E) Human islets and EndoC-gH1 cells, both from three different preparations, were
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solubilized and cell lysates (50 ug per sample) were analyzed by western blotting with anti
PC1 and PC2 antibodies using p-Actin as a loading control.
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