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Extracellular Vesicles from Human Pancreatic Islets Suppress Human Islet Amyloid 

Polypeptide (IAPP) Amyloid Formation 

 

Summary 

Extracellular vesicles (EVs) are small vesicles released by cells in the extracellular space to 

aid in cell-cell communication and tissue homeostasis. Human islet amyloid polypeptide 

(IAPP) is the major component of amyloid deposits found in pancreatic islets of patients with 

type-2 diabetes (T2D). IAPP is secreted in conjunction with insulin from pancreatic -cells to 

regulate glucose metabolism. Here we tested if pancreatic islet EVs would play a role in T2D 

via modulation of IAPP amyloid formation using a combination of analytical and biophysical 

methods in-vitro together with EVs isolated from pancreatic islets of healthy and T2D 

patients, as well as EVs from human serum. We discovered that pancreatic EVs from healthy 

patients inhibit IAPP amyloid formation. T2D and serum EVs had no effect and, moreover, 

healthy pancreatic EVs had no effect on the amyloidogenic brain protein, α-synculein. In 

accord with differential effects, EVs from healthy pancreas had a insulin-to-C-peptide ratio 

that was different from that of T2D and serum EVs. We propose that healthy pancreatic EVs 

limit IAPP amyloid formation as a tissue-specific control mechanism. 

The work reported herein is been prepared as a manuscript and submission for a scientific 

journal is planned. 
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Results and Discussion 

Characterization of human islet EVs 

 EVs were collected from cultures of human pancreatic islets from healthy and T2D 

patients (details in Table S1); cultures containing 1500±433 and 1900±630 islets/ml, 

respectively. In addition to EVs from healthy and diabetic pancreatic islets, we also included 

EVs isolated from human serum as control EVs. The concentration of the EVs was 

determined for total protein content (Figure 1A) and total particle content (Figure 1B) and all 

three EV samples displayed similar concentrations (i.e., ~5 mg/ml protein; 5-10 nM EVs). 

The size distribution of the EVs was characterized by nanoparticle tracking analysis (NTA) 

(Figures 1C) and showed the control serum EVs to be largest (~105 nm) and the healthy 

pancreas EVs smallest  (~95 nm) but overall all EVs showed a size distribution around 100 

nm in diameter, which is a value typically associated with exosomes (1). 

 To get an idea about the cargo of the EVs, protein content were analyzed by ELISAs. In 

related work, we established that the h-Islet-EVs contain typical markers of exosomes such as 

the tetraspanins CD63 and CD81 (manuscript in preparation). Here we quantified the content 

of insulin (INS), C-peptide (C-PEP; the C-terminal part of the pro-INS peptide, cleaved off 

when mature INS is produced (2)), and IAPP (Figure 1D, E and F). We found the EVs from 

healthy islets to have around 5-fold less INS than C-PEP whereas, for T2D-EVs and Ctr-EVs, 

the amounts of INS and C-PEP were roughly equal. The INS and C-PEP levels in T2D and 

control EVs were significantly higher and lower, respectively, than the amounts found in EVs 

from healthy islets. In contrast, IAPP amounts were similar in all three EVs. Although unclear 

what relation is to functionality, the results demonstrate divergent protein contents between 

healthy and T2D pancreatic EVs.  
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Figure 1 – Human pancreatic islets EVs characterization. EVs were isolated from 

cultures of 10 mL of non-diabetic islets donors (h-Islet-EVs), islets from diabetic donors (h-

T2D-EVs) and human serum from culture media (h-Ctr-EVs). EVs were characterized 

using A) total protein concentration; B) particles concentration; C) size distribution; Human 

pancreatic hormones INS (D), C-PEP (E) and IAPP (F) measured by ELISA. * Represents 

statistical significance. Correspondent p-value description on table S2. 

 

EV effects on IAPP amyloid formation 

 Next IAPP amyloid formation was assessed as a function of EV additions. For this, 

thioflavin T (ThT) fluorescence was used to monitor amyloid formation, as commonly used in 

in vitro amyloid experiments (3, 4). IAPP alone is aggregation prone and forms amyloids 

within 5-10 minutes at the conditions used here (Figure 2A). When EVs from healthy islets 

were added, a concentration-dependent (using EV protein content as the measure, which is 

proportional to the number of EVs) decrease in ThT fluorescence was detected (Figure 2A). 
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Analysis of ‘intensity at 10 min’ as a measure of reaction extent demonstrates a significant 

reduction of amyloid formation for the highest EV concentration used, 25 g/ml of EV 

protein (corresponding to ~0.05 nM EVs) (Figure 2B). To test if the EVs themselves were 

responsible for the inhibiting effects on IAPP amyloid formation, we filtered the EVs and 

tested the EV-free solution in IAPP aggregation reactions (Figure S1). No effect of the EV-

free solution on IAPP amyloid formation was detected implying that it is indeed the EVs 

(specific lipids or membrane-protruding proteins) that mediate the effect. Also, as a control 

we added BSA in the same amount as EV protein content (25 g/ml) and found no effect on 

IAPP amyloid formation (Figure S1). 

 For comparison, EVs from healthy and T2D islets as well as Ctr-EVs were added to 

IAPP at a concentration of 25 µg/mL (Figure 3A). The ThT assay showed a significant 

reduction of amyloid formation for the healthy EVs, as confirmed previously (Figure 2B). 

TEM analysis of the resulting products revealed that in contrast to for IAPP alone, where 

typical amyloid fibers were readily observed, no amyloid fibers were detected for IAPP mixed 

with EVs (Figure 3C). Instead, some amorphous aggregates were visible in the images that 

may be EVs alone or EVs with IAPP. When T2D and control EVs were added to IAPP 

aggregation reactions, no significant effects on amyloid formation were detected (Figure 3B) 

and amyloid fibers were clearly detected by TEM (Figure 3C) although they appeared 

‘fuzzy’, implying that EV fragments may attach to the amyloids. 

 To test the specificity of the inhibitory effect of the EVs from pancreatic islets, we 

turned to -synuclein amyloid formation. -synuclein is the amyloidogenic protein in 

Parkinson’s disease and is the major component of Lewy bodies found in Parkinson’s disease 

patients’ brains (5-7) but -synuclein can also be found in the pancreas (8). We recently 

showed that IAPP monomers and amyloid fibers can exaggerate -synuclein amyloid 

formation in vitro suggesting a possible explanation why T2D patients are prone to get 



Diana Ribeiro_ Secondment report   5/16 
 

Parkinson’s (9). However, EVs from neither healthy nor T2D islets had any effect on -

synuclein amyloid formation, even at 5 times higher concentration of EVs that in the IAPP 

experiments, as probed by ThT fluorescence (Figure S2). 

 

 

Figure 2 – Concentration-dependent effect of h-Islet-EVs on h-IAPP aggregation. A) 

ThT fluorescence assay over time (min). B) mean intensity at 10 min of incubation. * 

Represents statistical significance. Correspondent p-value description on table S2. 
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Figure 3 Aggregation of IAPP in the presence of different EVs populations. A) ThT 

fluorescence assay over time (min). B) mean intensity at 10 min of incubation. * Represents 

statistical significance. Correspondent p-value description on table S2. C) TEM imaging of 

typical fibrils formed. Bar = 100 nm. Arrow points out to an EV. 

 

 

 

Role of EVs for -cell uptake of IAPP? 

 Human IAPP added externally to immortalized -cell line cultures have been shown in 

other experiments to become internalized and kill -cells along with internal amyloid 

formation (10, 11). Thus, we wanted to test the effect of healthy EVs on such IAPP-mediated 

toxic processes, but at our conditions there were no toxic effects of IAPP addition alone, as 

probed by apoptosis after 5h of incubation (Figure S3A). Glucose‐stimulated insulin 

secretion (GSIS) after 72h of incubation (Figure S3B) was not disturbed by the presence of 

IAPP in solution and incubated mixtures of IAPP and EVs. The results can be explained by 

quick IAPP amyloid formation, reducing monomer uptake into the cells along with too short 

probing time in our experiments that did not allow cells time to die. Nonetheless, performing 

these experiments in the presence of ThT allowed us to visualize IAPP amyloids in the cell 
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cultures. By analysis of ThT mean intensity per image, we observed that IAPP added alone 

showed a significant higher ThT intensity than upon addition of IAPP pre-incubated with 

EVs, in agreement with the in vitro result of EV-mediated amyloid inhibition in aggregation 

assays. Human islets incubated only with media containing ThT showed significant lower 

fluorescence as compared to IAPP and IAPP+EVs conditions (Figure S3C).   
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Supplementary Content 

 

Figures S1-S3 

Tables S1-S2 
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Figure S1. ThT fluorescence of IAPP aggregation in the presence of EVs depleted buffer 

and BSA at 25 µg/mL. 
 

 

Figure S2 - Aggregation of α-synuclein in the presence of different EVs populations. 
ThT fluorescence assay over time (h). 
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Figure S3. Human pancreatic islets culture in the presence of IAPP and IAPP+EVs. A) 

Apoptosis (relative luminescence units – RLU per µg of dsDNA). B) INS released measured 

by ELISA and normalized for the total µg of dsDNA content, at low (2.8mM) and high 

(25mM) glucose chalenge. C) Imaging of pancreatic islets (bright field) incubated with ThT 

dye (green fluorescence )and IAPP conditions. D) quantification of ThT signal measured by 

the mean fluorescence intensity. * Represents statistical significance. Correspondent p-value 

description on table S2. 
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Table S1. Information of the h-Islets donors’ samples used for EVs isolation 

 

 

 

 

 

 

 

 

  

 

Table S2. P-value description. 

P-value Wording Symbol summary 

< 0.0001 Extremely significant **** 

0.0001 to 0.001 Extremely significant *** 

0.001 to 0.01 Very significant ** 

0.01 to 0.05 Significant * 

≥ 0.05 Not significant  

 

 

  

  

#Batch Gender Age BMI COD - cause of death 

1 Male 29 22,4 Head trauma 

2 Female 69 22,7 Stroke 

3 Male 23 24,8 Anoxia event 

4 Male 38 23,2 Stroke 

  
40,3 23,3 

 1 Female 55 29,8 Anoxia event 

2 Female 42 27,6 Motor vehicle trauma 

3 Female 56 29,5 Stroke 

  
51,0 29,0 
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Materials and Methods 

Human pancreatic islets. Human primary islets were purchased from Prodo Laboratories 

Inc., providing islets isolated from donor pancreases obtained from deceased individuals with 

research consent from Organ Procurement Organizations (OPOs). The use and storage of 

human islets was performed in compliance with the Declaration of Helsinki, ICH/Good 

Clinical Practice and was approved by the independent Regional Ethics Committee. H-Islets 

were transported in PIM (S)
®
 complete and changed to fresh PIM

®
 for an overnight recovery. 

EVs isolation. Human pancreatic islets-derived EVs were isolated from fresh pancreatic islets 

conditioned media. Donor’s information can be found at table S1. Conditioned media isolated 

after one day of culture was used for EVs isolation. Conditioned media was freshly 

centrifuged at 200g for 10 minutes, followed by 2000g for 10 minutes and a final 

centrifugation of 4000g for 60 minutes. The supernatant was filtered with a 0.45 µm filter and 

incubated with ExoQuick-TC
TM

 reagent following manufacturer instructions. EVs were 

resuspended in PBS and stored at -80°C in small aliquots. PIM
®
 media was used to extract 

EVs corresponding to the human serum fraction, and used as control EVs (h-Ctr-EV). Islets 

derived from T2D donors were used to isolate h-T2D-EVs and non-diabetic donors h-Islet-

EVs. 

EVs characterization. EVs were quantified in terms of total protein and particles 

concentration. EVs total protein content was measured using a Pierce™ BCA Protein Assay 

Kit. Particles concentration and size distribution was measured using Nanoparticle tracking 

analysis (NTA). NTA was carried out using the LM10 Nanosight (Malvern).  EVs were 

diluted in PBS to fit in the resolution window of measurement suggested by the instrument 

manufacture. The Nanosight NTA 3.1 software was used to capture and analyse the particles. 

Negative stain transmission electron microscopy (TEM) was used to image the EVs. ζ 

potential was measured by dynamic light scattering (DLS) at 25°C (Zetasizer Nanoseries ZS, 
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Malvern Instruments). The pancreatic hormones INS, C-PEP and IAPP, were quantified using 

the Mercodia ultrasensitive ELISA kits following manufacture instructions.  

Proteins/peptides. IAPP was obtained from Calbiochem (Prod. No. 05-23-2540). IAPP were 

treated with hexafluoroisopropanol (105228 Sigma-Aldrich) prior to usage to dissolve any 

pre-existing aggregates. aS was purified as described previously (12). The protein was freeze-

dried and dissolved in the appropriate buffer before usage, followed by filtration through a 0.2 

µm filter.  

Amyloid formation assay. Due to its faster aggregation kinetics, IAPP amyloid formation 

was monitored in 1-cm cuvette using a Cary Eclipse spectrophotometer (with a magnetic 

stirrer bar). IAPP aggregation was initiated by pipetting IAPP (2.5 mM stock in 

hexafluoroisopropanol) into the reaction buffer composed of 10 µM thioflavin T (ThT, T3516 

Sigma-Aldrich) in TBS (0.05 M TRIS HCl buffer, pH 7.4 with 0.15 M NaCl, 93318 Sigma-

Aldrich) for a final concentration of 4 μM. Fluorescence measurements recorded every 30 sec 

at 37°C. aS  amyloid formation reactions were conducted in a plate reader (BMG Labtech, 

Fluostar Optima) in TBS buffer in the presence of 10 µM ThT at 37°C with agitation and a 2-

mm glass bead in each well. Samples were typically incubated for 60 hours and fluorescence 

measured every 20 minutes.  For both proteins plate reader and cuvette experiments, ThT was 

excited at 440 nm and emission was recorded at 480 nm. EVs supplementation was dosaged 

in µg/mL of total protein and freshly incubated with the peptides. EVs free solution was used 

as control, using an Amicon Ultra-15 Centrifugal Filter Unit with a membrane NMWL of 100 

kDa. Bovine serum albumine (BSA, Sigma-Aldrich) was used as protein control. 

Islets incubation with IAPP. Human islets (~100IEQs/96 Corning
®

 Costar
®
 Ultra-Low 

attachment wells) were incubated with IAPP or IAPP+EVs (25 µg/mL) solutions in the 

presence of Tht preparted as described above. Apoptosis was measured after 5h of incubation 

using the Luminescent Caspase Assay (TB323 – Promega), following manufacturer 
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instructions. An IncuCyte
®
 ZOOM System (Essen BioScience) was used to monited and 

capture bright field and fluorecence images in a automatic sytems. Glucose‐stimulated insulin 

secretion (GSIS) was measured in islets cultured without ThT in the media with 72h of 

incubation with IAPP or IAPP+EVs. Islets were washed with Krebs (Krb) buffer and were 

then preincubated in low (2.8 mM) glucose Krb for 1 hr to remove residual insulin. Islets 

were washed in Krb, incubated in low-glucose Krb for 90 min, and supernatant collected. 

Then islets were washed in Krb, incubated in high (25 mM) glucose Krb for 90 min, and 

supernatant collected. Islets were then dissolved in H2O and cell lysates frozen until used. 

Supernatant samples containing secreted insulin were processed using the Human 

Ultrasensitive Insulin ELISA (Mercodia). Quant-iT™ PicoGreen
®
 dsDNA kit was used to 

normalized the data. 

Statistical analysis 

A minimum of three independent islet batches were used within the different experiments, 

with a minimum of two technical replicates per condition and assay. Data was statistically 

analysed using GraphPad Prism software (version 6.01; GraphPad Software Inc.). The results 

were analysed for normal distribution. Parametric or non-parametric methods were used to 

assess variance in the data depending of the data normality.  Automatic correction for outliers 

was performed using the ROUT method (Q=1%). Statistical significance of calculated P-

values is defined in table S2, P-values of 0.05 or less were considered statistically significant 

in the analysis of the results. Boxplots graphs were used to display the distribution of data. 

Reflection 

Pernilla’s group is a very dynamic and talented group of people. It was a pleasure to work 

there and this translated in future work opportunities. The secondment work was initially 

planned for 2 months, which end-up being extended for approximately 5 months in order to 

finalize a scientific manuscript and start its submission. This was the “fastest” work in my 
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research career that ended up in a high quality manuscript, which is mostly due to the 

enthusiastic spirit that Pernilla shares in her team. 
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