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ABSTRACT: Amyloid formation has been implicated in a wide range of human diseases including
Alzheimer’s disease, Parkinson’s disease, and type 2 diabetes. In type 2 diabetes, islet amyloid polypeptide
(IAPP, also known as amylin) forms cytotoxic amyloid deposits in the pancreas, and these are believed
to contribute to the pathology of the disease. The mechanism of islet amyloid formation is not understood;
however, recent proposals have invoked a role for incompletely processed proIAPP. In this model,
incompletely processed proIAPP containing the N-terminal pro region is excreted and binds to heparan
sulfate proteoglycans (HSPGs) of the basement membrane thereby establishing a high local concentration
which can act as a seed for amyloid formation. Here we report biophysical proof-of-principle experiments
designed to test the viability of this model. The model predicts that interactions with HSPGs should
accelerate amyloid formation by the proIAPP processing intermediate, and this is indeed what is observed.
Interaction with heparan sulfate leads to the rapid formation of an intermediate state with partial helical
content which then converts, on a slower time scale, to amyloid fibrils. TEM shows that fibrils formed
by the proIAPP processing intermediate in the presence and in the absence of heparan sulfate have the
classic features of amyloid. Fibrils formed by the proIAPP processing intermediate are competent to seed
amyloid formation by mature IAPP. The seeding experiments support a second major premise of the
model, namely, that fibrils formed by the processing intermediate are capable of seeding amyloid formation
by the mature peptide.

Amyloid deposition is a characteristic component of many
human diseases, including Alzheimer’s disease, Parkinson’s
disease, and type 2 diabetes (1, 2). Human islet amyloid
polypeptide (IAPP), also called amylin, is a 37 residue
peptide that is responsible for pancreatic amyloid formation
in type 2 diabetes (3-7). Synthetic amyloid fibrils are toxic
to the insulin-producingâ-cells, indicating that islet amyloid
could contribute to the loss ofâ-cell mass and function in
type 2 diabetes (5-10). The extent of amyloid deposition
correlates with the severity of the disease, offering further
evidence for a relationship between islet amyloid formation
and type 2 diabetes (10). IAPP is synthesized in the
pancreaticâ-cells where it is stored with insulin in the insulin
secretory granules (11). The normal physiological role of
soluble IAPP is not entirely clear, but it is thought to act as
an antagonist of insulin and is believed to play a role in

gastric emptying, suppression of food intake, and glucose
homeostasis (12-16).

The mechanism of islet amyloid formation is not well
understood. IAPP secretion is coregulated with insulin
secretion and is elevated in type 2 diabetes. However,
overproduction of IAPP alone does not trigger amyloid
formation, nor, with one exception, have mutations in the
IAPP gene been implicated in islet amyloid formation (5,
17). It has recently been proposed that defects in the
processing of proIAPP1 could play a critical role in triggering
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islet amyloid deposition (18-22). IAPP is initially synthe-
sized as an 89 residue precursor (preproIAPP) (11). The
signal sequence is removed proteolytically to produce the
67 residue pro hormone, proIAPP. ProIAPP is further
processed to yield the mature 37 residue hormone. Post-
translational processing of proIAPP occurs at two conserved
dibasic sites and involves the same prohormone convertases
that process proinsulin, PC(1/3) and PC2 (21-24). PC(1/3)
is responsible for processing at the C-terminal dibasic site
while PC2 favors cleavage at the N-terminal dibasic site (23-
26). Normal processing of proIAPP is a two stage process
that is initiated by cleavage at the C-terminal site in either
the trans-Golgi network or secretory granule, while N-
terminal cleavage occurs in theâ-secretory granule. Ad-
ditional posttranslational modifications include amidation of
the C-terminus and formation of the intramolecular disulfide.

A portion of the secreted insulin is incompletely processed
in type 2 diabetes, suggesting that the same could be true
for IAPP. Immunohistochemical studies of islet amyloid have
indicated the presence of the N-terminal region of proIAPP
but not the C-terminal region, thus demonstrating the
presence of a processing intermediate which contains the
N-terminal prosequence (27, 28). This intermediate corre-
sponds to the first 48 residues of proIAPP and is designated
proIAPP1-48. Abnormal processing of proIAPP has been
proposed to play an important role in islet amyloid formation
and correlate with cell death (19, 20, 22). One hypothesis is
that incorrectly processed proIAPP interacts with heparan
sulfate proteoglycans (HSPGs) of the basement membrane
(18). HSPGs are found in islet amyloid deposits and appear
to be a general feature of amyloid plaques (29-38). The
proteoglycan perlecan has been implicated in virtually all
human amyloid diseases (27-36). HSPGs are ubiquitously
expressed and have been proposed to serve as scaffolds for
amyloid, stabilizing and possibly inducing amyloid forma-
tion. Peptide fragments derived from the N-terminal region
of the proIAPP1-48 processing intermediate have been shown
to bind glycosaminoglycans (GAGs) (18, 20), suggesting that

interactions between HSPGs and proIAPP1-48 might play a
role in amyloid deposition in type 2 diabetes. In particular,
Verchere and co-workers have proposed that improperly
processed N-terminal extensions of proIAPP could bind to
HSPGs upon secretion to the extracellular space and provide
a seed for the formation of amyloid depositsin ViVo (18).
This model predicts that peptide GAG interactions should
promote amyloid formation by the proIAPP1-48 intermediate
and also predicts that fibrils formed by the interaction of
proIAPP1-48 with GAGs should be competent to seed
amyloid formation by mature IAPP. In this work, we report
biophysical proof-of-principle studies of this proposal.

FIGURE 1: (A) The primary sequence of the 67 residue human proIAPP polypeptide. The N-terminal and C-terminal flanking regions of
proIAPP are shown in red, and the black sequence corresponds to mature IAPP. Cleavage of proIAPP occurs at the two dibasic sites
(Lys10-Arg11) and (Lys50-Arg51) indicated by the arrows. Further processing occurs at the C-terminus to yield amidated mature IAPP. (B)
The primary sequence of the proIAPP1-48 processing intermediate. (C) The primary sequence of mature IAPP. All three peptides have an
intramolecular disulfide and an amidated C-terminus. The numbering system used corresponds to that of the complete pro sequence.

FIGURE 2: Effect of heparan sulfate upon amyloid formation by
proIAPP1-48. Heparan sulfate was added at 20 min as indicated by
the arrow. The red curve corresponds to a solution of 32µM
proIAPP1-48. The blue curve corresponds to a solution of 32µM
proIAPP1-48 in the presence of 2.7µM heparan sulfate (added at
20 min). The pH of the solutions was 7.4. The solutions contained
2% HFIP by volume and were continually stirred at 15°C. The
symbols indicate the time points at which CD spectra were recorded
(Figure 3 and Figure 4).
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EXPERIMENTAL PROCEDURES

Peptide Synthesis and Purification.Peptides were synthe-
sized on a 0.25 mmol scale using an applied Biosystems
433A peptide synthesizer, using 9-fluorenylmethoxycarbonyl
(Fmoc) chemistry as described. Pseudoprolines were incor-
porated to facilitate the synthesis (39). The 5-(4′-Fmoc-
aminomethyl-3′,5-dimethoxyphenol) valeric acid (PAL-PEG)
resin was used to afford an amidated C-terminal. Standard
Fmoc reaction cycles were used. The first residue attached
to the resin,â-branched residues, residues directly following
â-branched residues, and pseudoprolines were double coupled.
Crude peptides were oxidized by dimethyl sulfoxide (DMSO)
for 24 h at room temperature. The peptides were purified
by reverse-phase HPLC using a Vydac C18 preparative
column. Analytical HPLC was used to check the purity of
the peptides before each experiment. The identity of the pure
peptides was conformed by mass spectrometry using a Bruker
MALDI-TOF MS (proIAPP1-48, expected 5209.7, observed
5209.2; for IAPP, expected 3904.3, observed 3904.5).

Sample Preparation.A 1.58 mM peptide solution was
prepared in 100% hexafluoroisopropanol (HFIP) and stored
at-20°C. Heparan sulfate, dermatan sulfate, and chondroitin
sulfate were obtained from Sigma-Aldrich. 2 mg/2.2 mL
GAG solutions were prepared by dissolving GAGs in 20 mM
Tris-HCl buffer at pH 7.4. For the seeding experiments,

preformed proIAPP/heparan sulfate seeds were produced by
diluting 34µL of filtered stock solution and 70µL of heparan
sulfate solution into 20 mM Tris-HCl buffer, which gave a
final concentration of 32µM proIAPP/38.2µg/mL heparan
sulfate in 2% HFIP. The solution was incubated with stirring
for 80 min at 25°C to obtain solutions of fibrils, which were
used within 8 h for the seeding experiment.

ThioflaVin-T Fluorescence.All fluorescence experiments
were performed on a Jobin Yvon Horiba fluorescence
spectrophotometer at an excitation wavelength of 450 nm
and emission wavelength of 485 nm. The excitation and
emission slits were set at 5 and 10 nm respectively. A
1.0 cm cuvette was used, and each point was averaged for 1
min. All solutions for these studies were prepared by diluting
filtered stock solution (0.45µm filter) into a Tris-HCl buffer
(pH ) 7.4) and thioflavin-T solution immediately before the
measurement. The final concentration was 32µM peptide
and 32µM thioflavin-T in 2% HFIP for all proIAPP1-48/
GAG experiments. The concentration of GAG was 38.2µg/
mL. The final concentrations of seeds used in proIAPP1-48/
heparan sulfate seeding experiments were 2.3µg/mL heparan
sulfate and 2µM proIAPP in 2.2% HFIP. All solutions were
stirred during the fluorescence experiments.

Circular Dichroism (CD).CD experiments were conducted
with an Aviv model 62A DS circular dichroism spectrometer.

FIGURE 3: Far UV CD spectra of proIAPP1-48 collected at four different time points after the initiation of the fibrilization reaction. Heparan
sulfate was added at 20 min. The time points correspond to the times indicated in the kinetic trace displayed in Figure 2: (A) corresponds
to the time point at 8 min (O), (B) corresponds to the time point at 24 min (]), which corresponds to 4 min after the addition of heparan
sulfate, (C) corresponds to the time point at 82 min (4), and (D) corresponds to the time point at the end of reaction at 200 min (3). The
sample used for the CD measurements was exactly the same as that used for the fluorescence experiment.
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CD experiments used exactly the same stock solutions as
the thioflavin-T fluorescence measurements. The final con-
centration of peptide was 32µM peptide. Some samples
contained 38.2µg/mL GAG. Spectra were recorded from
190 to 250 nm at 1 nm intervals in a 0.1 cm path length
quartz cuvette at 15°C.

Transmission Electron Microscopy (TEM).TEM was
performed at Life Science Microscopy Center at the State
University of New York at Stony Brook. Sample solutions
for TEM were taken directly from thioflavin-T fluorescence
assays. 15µL of peptide solution was placed on a formvar
200 mesh copper grid and negatively stained with saturated
uranyl acetate.

RESULTS AND DISCUSSION

Amyloid Formation by ProIAPP1-48 Is Slower Than Wild
Type but Is Accelerated by Heparan Sulfate.The sequences
of proIAPP, the proIAPP1-48 processing intermediate, and
mature IAPP are shown in Figure 1. The locations of the
prohormone cleavage sites are also indicated. The N-terminal
extension of proIAPP1-48 contains a pair of basic residues
immediately adjacent to the first residue of the mature
peptide; these basic residues are important for heparan sulfate
binding (18, 20). Fibril formation was initiated by diluting
stock solutions of peptide, prepared in HFIP, into Tris-HCl
buffer and then monitored by thioflavin-T fluorescence.
Fluorescence detected thioflavin-T binding provides a con-
venient probe of the time course of fibril formation, since

the quantum yield of the dye increases significantly upon
binding to amyloid fibrils (40). The proIAPP processing
intermediate, proIAPP1-48, is capable of amyloid formation

FIGURE 4: Far UV CD spectra of proIAPP1-48 collected at four different time points after the initiation of the fibrilization reaction. No
heparan sulfate was added. The time points correspond to the times indicated in the kinetic trace displayed in Figure 2: (A) corresponds
to the time point at 24 min (0), (B) corresponds to the time point at 82 min (g), (C) corresponds to the time point within the growth phase
between 150 and 165 min (*), and (D) corresponds to the time point at the end of reaction at 200 min (3). The sample used for the CD
measurements was exactly the same as that used for the fluorescence experiment.

FIGURE 5: Transmission electron microscopy of proIAPP1-48
aggregates formed in the presence and absence of heparan sulfate:
(A) proIAPP1-48 alone collected at 24 min, (B) proIAPP1-48 plus
heparan sulfate collected at 24 min, (C) proIAPP1-48 alone collected
after 200 min, (D) proIAPP1-48 plus heparan sulfate collected after
200 min. Scale bars represent 100 nm.
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in the absence of any added heparan sulfate, but it forms
amyloid more slowly than mature IAPP with a lag phase 5-
to 6-fold longer under the conditions of our studies (Figure
2). ProIAPP1-48 has a lag phase on the order of 140 min
under the conditions of these experiments while IAPP has a
lag phase of 25 min. The slower rate of amyloid formation
by proIAPP1-48 is not surprising considering that the N-
terminal extension is rich in polar and charged residues.
Transmission electron microscopy (TEM) images of the end
product of the reaction reveals that it consists of fibril
material with dimensions typical ofin Vitro amyloid deposits.

We used the GAG heparan sulfate as a model for HSPG
interactions since it has been previously employed in
investigations of HSPG interactions with IAPP and proIAPP.
The addition of heparan sulfate to a sample of proIAPP1-48

accelerates amyloid formation (Figure 2). The results are
quite interesting and somewhat surprising. Addition of
heparan sulfate at 20 min after initiation of fibrillization led
to a very rapid increase in thioflavin-T fluorescence, but the
fluorescence intensity was less than that of wild type fibrils.
The rapid initial rise was followed by an intermediate plateau
and then a subsequent rapid growth phase which ultimately
led to a final fluorescence similar to wild type. The final

fluorescence intensity at the end of the reaction is essentially
identical for the proIAPP1-48 and proIAPP1-48/heparan sulfate
samples. The results are not an artifact caused by substo-
ichiometric addition of heparan sulfate. Increasing the amount
of heparan sulfate 3-fold leads to the same behavior (data
not shown). The results are reproducible having been
observed with several different samples. The unusual time
course is not a consequence of waiting 20 min to add the
heparan sulfate. Similar behavior is observed if the reaction
is seeded at time zero. In that case, a rapid raise in
fluorescence is once again observed leading to an intermedi-
ate plateau. The intermediate plateau persists for on the order
of 30 min before a rapid increase to a final value that is
similar to the level achieved by unseeded peptide (Supporting
Information). The unusual multiphase reaction is not due to
the choice of the cosolvent used to prepare the stock solutions
since an intermediate plateau is also observed when DMSO,
instead of HFIP, is used as the cosolvent (data not shown).

In order to follow the reaction in more detail, we collected
CD spectra at the various time points indicated in Figure 2.
For the proIAPP1-48 plus heparan sulfate sample, the first
spectrum was collected at 8 min, which corresponds to a
time point prior to the addition of heparan sulfate. The

FIGURE 6: (A) Thioflavin-T monitored aggregation of mature IAPP and the effects of seeding: mature IAPP alone (b), mature IAPP with
heparan sulfate added at time zero ([), and mature IAPP seeded by proIAPP/heparan sulfate at time zero (2). The seeds were added at 0
min. (B) TEM image of amyloid fibrils formed by mature IAPP in the absence of seeds. (C) TEM image of amyloid fibrils formed by
mature IAPP in the presence of proIAPP1-48/heparan sulfate seeds. Solutions used for TEM were identical to those used for the seeding
studies. The pH of the solutions was 7.4. The solutions contained 2.2% HFIP by volume and were continually stirred at 25°C. The scale
bars in the TEM figures represent 100 nm.
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spectrum was similar to that expected for a largely unstruc-
tured peptide (Figure 3). Heparan sulfate was added at 20
min. The CD spectrum collected 4 min after the addition of
heparan sulfate (total time 24 min) indicates a mixture of
R-helix andâ-sheet structure. The dramatic change in the
CD spectrum confirms that binding to heparan sulfate causes
a significant change in the conformational ensemble of
proIAPP1-48. Binding to heparan sulfate induces an inter-
mediate which is partially helical. At 82 min, which
corresponds to a time point in the second growth phase, the
ensemble has converted intoâ-sheet rich structure.â-Sheet
structure continues to develop, and the CD spectrum recorded
at the end of the reaction (200 min) is typical of those
observed for IAPP amyloid. It is natural to inquire whether
conformational transitions observed after the addition of
heparan sulfate are due to the binding of proIAPP1-48 to
heparan sulfate, or whether they are necessary steps in the
amyloid formation pathway promoted by interactions with
heparan sulfate. We collected CD spectra as a function of
time for a sample of proIAPP1-48 without any GAG in order
to distinguish between these possibilities (Figure 4). The
spectrum collected at 24 min is similar to the spectrum
collected for the proIAPP1-48 plus heparan sulfate prior to
addition of GAG (i.e., the 8 min time point in Figure 3A).
A spectrum collected during the lag phase of the proIAPP1-48

sample (at 82 min) is consistent with the development of
partial helical structure. A spectrum recorded in the growth

phase region of the reaction (Figure 4C) shows the conver-
sion of the partially helical ensemble intoâ-sheet structures.
The time dependent CD studies show that interactions with
heparan sulfate are not required for the formation of the
intermediate but do promote its rapid formation. CD,
particularly of heterogeneous systems, is best viewed as a

FIGURE 7: Comparison of the effects of the addition of chondroitin sulfate and dermatan sulfate to a solution of proIAPP1-48: (A) TEM
of the proIAPP1-48/chondroitin sulfate sample after 200 min incubation, (B) CD spectrum of proIAPP1-48/chondroitin sulfate sample after
200 min incubation, (C) TEM of the proIAPP1-48/dermatan sulfate sample after 600 min incubation, and (D) CD spectrum of proIAPP1-48/
dermatan sulfate sample after 600 min incubation.

FIGURE 8: Effects of dermatan sulfate upon amyloid formation by
proIAPP1-48 as monitored by thioflavin-T fluorescence. Dermatan
sulfate was added at 20 min as indicated by the arrow. The pH of
the solutions was 7.4. The solutions contained 2% HFIP by volume
and were continually stirred at 15°C.

12096 Biochemistry, Vol. 46, No. 43, 2007 Meng et al.



semiqualitative technique, and we do not wish to imply that
structural ensembles of the two samples are identical. TEM
studies confirm that the addition of heparan sulfate induces
significant changes and promotes aggregation. Aliquots from
both samples were removed at 24 min, blotted onto TEM
grids, and imaged (Figure 5). The sample of proIAPP1-48

alone shows modest amounts of stained material but no
obvious fibrils or large aggregates. The micrograph of the
proIAPP1-48 plus GAG sample is dramatically different,
exhibiting dense mats of stained material. TEM images of
the final products (200 min time point) confirm the presence
of amyloid in both the proIAPP1-48 sample and the
proIAPP1-48 plus heparan sulfate sample although there are
some apparent minor differences (Figure 5). ProIAPP1-48

formed long fibrils in the presence of heparan sulfate, while
in the absence of heparan sulfate it formed a mixture of long
fibrils and small short fibrils.

ProIAPP1-48 Fibrils Can Seed Amyloid Formation by Wild
Type IAPP.Having demonstrated that heparan sulfate can
promote amyloid formation by the proIAPP1-48 processing
intermediate, we next sought to determine if these fibrils
could efficiently seed fibril formation by fully processed wild
type IAPP. It has been suggested that complexes formed by
improperly processed proIAPP1-48 and HSPGs could promote
amyloid formation by mature IAPP (18). The data presented
in Figure 6 demonstrates that the proIAPP1-48/heparan sulfate
fibrils are indeed capable of seeding amyloid formation by
mature IAPP. Addition of the seeds to the reaction mixture
abolished the lag phase (Figure 6). The effect is not simply
due to interactions of mature IAPP with heparan sulfate since
addition of heparan sulfate alone has only a very small effect
upon the kinetics of amyloid formation by mature IAPP
under these conditions. TEM measurements clearly demon-
strate that amyloid is formed in both the seeded and unseeded
reactions (Figure 6). The images of the amyloid formed by
unseeded mature IAPP and by mature IAPP seeded with
proIAPP1-48/heparan sulfate fibrils are similar in appearance
and have the classical amyloid morphology.

Demonstration of Specificity in ProIAPP1-48 GAG Interac-
tions.We examined the interaction of proIAPP1-48 with two
other GAGs in order to test if the interactions we observed
with heparan sulfate are generic or if there is any specificity.
Chondroitin sulfate and dermatan sulfate were used for these
control studies. Chondroitin sulfate induced effects which
were similar to those observed with heparan sulfate, namely,
an initial rapid increase in thioflavin-T fluorescence followed
by an intermediate plateau that led to a second rapid growth
phase and then a final plateau. TEM images collected from
this sample at the end of the reaction reveal the presence of
extensive amyloid fibrils, while the CD spectrum is consistent
with significant â-sheet structure (Figure 7). The situation
is very different when dermatan sulfate is used. In this case,
the rapid rise in thioflavin-T fluorescence is observed upon
addition of the GAG, but the subsequent behavior is
significantly different. There is a gradual decrease in
thioflavin-T fluorescence leading to a final apparent steady-
state value (Figure 8). We fail to observe the second growth
phase that was detected with the two other GAGs even
though the proIAPP1-48/dermatan sulfate sample was fol-
lowed for a significantly longer time (600 min vs 200 min)
than the other samples. TEMs of the reaction mixture
collected after the completion of the time course are very

different from those of the proIAPP1-48/heparan sulfate or
proIAPP1-48/chondroitin sulfate samples. A large amount of
amorphous, densely stained material is present, but no fibrils
are detected. The image is qualitatively similar to the one
recorded of the proIAPP1-48/heparan sulfate sample just after
the addition of the GAG. CD spectra of this sample also
differ significantly from the other GAG/proIAPP1-48 samples;
the spectrum appears noticeablely more helical (Figure 7).

CONCLUSIONS

We have demonstrated that amyloid formation by the
proIAPP1-48 processing intermediate is promoted by its
interaction with heparan sulfate. Heparan sulfate-peptide
interactions likely enhance proIAPP1-48 amyloid formation
by promoting a high local concentration of the peptide. The
GAG binding site has previously been shown to be located
in the N-terminal half or two-thirds of the molecule (18, 20).
Binding to this region would leave the C-terminal region
free to play a role in peptide self-association. The C-terminal
portion of IAPP is very prone to aggregation and amyloid
formation (41). Along these lines, it is interesting to note
that a fragment composed of the first thirty residues of
proIAPP1-48, which lacks the C-terminal region, also interacts
strongly with heparan sulfate but is far less prone to form
amyloid in the presence of heparan sulfate (20).

The control experiments with chondroitin sulfate and
dermatan sulfate demonstrate that the effects are not specific
to heparan sulfate, but they also indicate that there is some
specificity in the polypeptide GAG interaction. It is interest-
ing that interactions with dermatan sulfate appear to trap the
peptide in a state which is not able to undergo the final self-
assembly intoâ-sheet fibrils, or at the very least slows it
significantly. It may be that interactions with dermatan sulfate
induce a conformation which is not competent to undergo
the conversion toâ-structure. Alternatively, the conformation
of the peptide could be similar to that adopted in the presence
of the other GAGs, but the interactions might be stronger
with dermatan sulfate than with the other GAGs, and this
might trap the intermediate. A detailed structure-function
study will be required to sort out all of the details of
proIAPP1-48 GAG interactions. This is beyond the scope of
the present study, but is clearly an interesting topic for further
exploration.

One interesting feature of the seeding experiments is the
observation of a partial helical intermediate. Although this
may seem counterintuitive given that the final fibril structure
is rich inâ-sheet, there is a precedent for helical intermediates

FIGURE 9: Schematic representation of how an increase in the
production of incompletely processed IAPP (Npro-IAPP) could
contribute to amyloid formation. Polypeptides with an uncleaved
N-terminal extension (shaded) are able to bind to HSPGs in the
extracellular matrix resulting in a high local concentration of
peptide. This in turn could act as a seed for amyloid formation.
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in amyloid formation. Partial helical structure is induced
when IAPP interacts with model vesicles and helical structure
has been postulated to play a role in the membrane mediated
association of IAPP (42-43). In addition, Teplow and co-
workers have presented compelling evidence implicating an
on pathway helical intermediate in Aâ amyloid formation
(44-45).

Importantly, fibrils formed by proIAPP1-48/heparan sulfate
are competent to promote amyloid formation by mature
IAPP. Models of islet amyloid formation that involve a
critical role for interactions between proIAPP processing
intermediates and the HSPG components of the extracellular
matrix assume that such complexes can promote amyloid
formation by mature IAPP (18). The work presented here
provides the first direct evidence that this is indeed the case.
Our observations providein Vitro proof-of-principle studies
in support of the mechanism of amyloid formation initially
proposed by Verchere and colleagues (18). A schematic
diagram depicting the proposed mechanism is shown in
Figure 9. ProIAPP1-48 binds to HSPGs in the extracellular
matrix leading to a high local concentration of aggregation
prone peptide. This acts as a seed for further recruitment of
proIAPP1-48 and mature IAPP thus promoting amyloid
formation.

Peptide and HSPG interactions are thought to play a
general role in amyloidosis, and they may modulate cyto-
toxicity by mediating the interaction of amyloid fibrils with
the cell membrane. Peptide HSPG interactions have been
proposed as potential drug targets (46). There is an emerging
view in the amyloid field that nonfibrillar oligomers or
prefibrillar aggregates may be the toxic species in amyloid
diseases. While the current study has not addressed the
toxicity of the intermediate species observed, it is possible
that conformational transitions induced in proIAPP1-48 by
interactions with GAGs could result in more toxic aggregates.
The work reported here demonstrates the importance of
interactions between proIAPP processing intermediates and
GAGs, at leastin Vitro, suggesting that targeting proIAPP
HSPG interactions may be an interesting strategy (47).
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