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ABSTRACT

Amylin is a peptide hormone co-synthesized with
insulin in pancreatic beta cells at a ratio of 1:100. Nota-
bly, amylin has a pronounced tendency to form toxic amy-
loid fibrils, a characteristic relevant to its pathological role.

Purpose: This study aims to review both approved
amylin analogs (AAs) and those currently in preclinical and
clinical development, with a focus on their molecular struc-
ture, pharmacokinetics, receptor activity, and metabolic
outcomes.

Methods: A comprehensive literature review was
conducted using PubMed and clinical trial databases. The
analysis focused on structure-function relationships of AAs,
biotechnological modifications influencing pharmacoki-
netics, receptor pharmacology (AMY 1-3), and their effects
on glycemic control and appetite.

Results: Pramlintide, approved by the FDA in 2005,
delays gastric emptying, suppresses postprandial glucagon
secretion, improves HbAlc, and induces modest weight loss.
Dual amylin-calcitonin receptor agonists (DACRASs) repre-
sent next-generation drugs. Davalintide, in phase II trials,
has demonstrated reductions in food intake, body weight,
and HbAlc. It was ultimately discontinued due to insuffi-
cient efficacy and an unfavorable tolerability profile. KBP-
089 and KBP-088 have shown favorable metabolic and he-
patic effects in preclinical studies. Cagrilintide, a long-act-
ing amylin analog combined with semaglutide
(CagriSema), is currently in phase III clinical trials, show-
ing significantly greater weight loss and improved glycemic
control compared to monotherapy. Novel investigational
agents, including NN1213, eloralintide, petrelintide, MET-
233i, and amycretin, have demonstrated substantial weight
loss, signaling a new era in amylin-based obesity pharma-
cotherapy.

Conclusion: Amylin analogs present a compelling
dual-targeted approach for managing T2D and obesity by
improving both glycemic control and weight outcomes.
Ongoing clinical trials will further define their long-term
therapeutic role.
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INTRODUCTION

A literature review was conducted on the properties
of endogenous amylin and the relationship between its
amino acid sequence and its propensity for amyloido-
genesis. The physiological effects of amylin (AMY) are
summarized, and the structures of novel amylin analogs are
discussed, along with the biotechnological modifications
that contribute to their pharmacological effects aimed at
improving glycemic control, suppressing appetite, and re-
ducing body weight in patients with type 2 diabetes (T2D)
and obesity.

Amylin, also known as islet amyloid polypeptide
(IAPP), consists of 37 amino acids. Its precursor, proamylin
(pro-IAPP), contains 67 amino acids and includes a 22-
amino-acid signal peptide. Pro-IAPP undergoes post-trans-
lational modifications, including proteolytic cleavage, to
generate biologically active amylin [1, 2]. The conversion
of proamylin into amylin involves proteolytic processing and
the removal of N- and C-terminal residues through the ac-
tion of the prohormone convertase enzymes C2 and C1/3.

REVIEW RESULTS

Pharmacodynamics of Amylin and Physiological
Functions

Amylin is an important physiological factor in the
regulation of glucose and energy homeostasis. Both insu-
lin and amylin (AMY) lower plasma glucose levels. Insu-
lin promotes postprandial glucose utilization in skeletal
muscle and adipose tissue, suppresses hepatic glucose pro-
duction, inhibits lipolysis, stimulates lipogenesis, enhances
protein synthesis, and regulates electrolyte transport of ions
between the extracellular and intracellular compartments.
Amylin slows gastric emptying and the delivery of nutri-
ents into the small intestine, thereby reducing the entry of
glucose into the bloodstream [3]. It lowers postprandial
blood glucose levels by paracrine inhibition of glucagon
secretion from pancreatic alpha cells. Amylin also plays a
role in the regulation of energy balance by reducing food
intake through the induction of satiety. Its physiological
effects are mediated via three types of amylin receptors,
which are expressed in the area postrema, the caudal
brainstem, and certain hypothalamic nuclei of the central
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nervous system, as well as in peripheral tissues.

Amylin receptors (AMY-R) belong to the family of
calcitonin-like receptors. AMY-R is a G protein—coupled
membrane receptors composed of a calcitonin receptor
(CTR) complexed with one of three receptor activity-modi-
fying proteins (RAMPs), which regulate receptor pharma-
cology and signaling activity (Figure 1). This interaction
forms three distinct amylin receptor subtypes — AMY-R1,

Fig. 1. Amylin receptor

R2, and R3. RAMP proteins enhance the binding affinity
of amylin to its receptor. A mouse knockout study target-
ing genes encoding different RAMP subtypes showed that
each RAMP subtype is responsible for specific biological
responses associated with the respective amylin receptor
types. For instance, RAMP1 is involved in mobilizing fat
from adipose tissue as an energy source, while RAMP3 regu-
lates food intake and glucose homeostasis [4, 5].
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Amylin crosses the blood-brain barrier and, within
the arcuate nucleus of the hypothalamus, activates POMC
neurons while inhibiting NPY neurons, thereby exerting an
anorexigenic effect and reducing food intake. Amylin also
selectively stimulates the production of interleukin-6 (IL-
6) by hypothalamic microglia, which enhances leptin
signaling and leptin sensitivity. Leptin is an adipocytokine
secreted by adipose tissue that enters the central circula-
tion and is transported to the hypothalamus, where it acti-
vates the satiety and reward centers. In obese individuals,

Amylin binds to the extracellular domain
of the receptor complex (CTR + RAMP)
and activates G protein signaling.

(Receptor Activity-
Modifying Protein)
C Single-pass
transmembrane protein

leptin resistance is often present. In IL-6 knockout mice,
leptin signaling is impaired, confirming the role of IL-6 in
this process [6, 7, 8, 9]. Therefore, the administration of
AMY or its analogs has the potential to improve leptin sen-
sitivity in the central nervous system.

Another physiological role of AMY is the modula-
tion of sodium excretion, activation of the renin-angi-
otensin system via stimulation of renin synthesis, sodium
reabsorption, and an increase in circulating blood volume
(Table 1) [10].

Table 1. Summerized physiologic effects of amylin

Glucose homeostasis Energy balance

Water-electrolyte balance

Slowing of gastric emptying

Activation of POMC neurons (nucl.
arcuatus) — anorexigenic effect

Action in circumventricular organs —
modulation of central RAS

Reduces the rate of glucose absorption
via the vago-vagal reflex

Suppression of NaPY neurons — block-
ing of the orexigenic signal

TRenal excretion of Na* (natriuresis)

Inhibition of postprandial glucagon

secretion (oi-cells) microglia

Stimulation of IL-6 from hypothalamic

Regulation of extracellular fluid vol-
ume and blood pressure

UHepatic glucose production

— lpostprandial glycemia

Improved leptin signaling and syner-
gistic anorexigenic effect

Central angiotensin-dependent me-
chanism (outside BBB)

Abbreviations: POMC - proopiomelanocortin; NPY — neuropeptide Y; IL-6 — interleukin 6; RAS — renin angiotensin system;

BBB - blood brain barrier
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Amylin and Amyloidogenesis

Human AMY exists in three conformational forms —
monomers, oligomers, and fibrils. Insoluble islet amyloid
deposits are misfolded oligomeric proteins with a -sheet
fibrillar structure. AMY monomers contribute to glucose
and lipid homeostasis but can misfold into toxic oligomers
under certain conditions, such as acidic pH, the presence
of chaperone proteins (HSPs), or hyperglycemia [11].

Intracellular pro-apoptotic mechanisms include the
entry of toxic amylin oligomers into the cytosol of B-cells,
leading to mitochondrial membrane disruption, activation
of oxidative stress, and generation of reactive oxygen spe-
cies (ROS) [12]. An extracellular mechanism of toxicity in-
volves Fas ligand expression and activation of the Fas-me-
diated apoptotic pathway, facilitated by activation of RAGE
(receptor for advanced glycation end products). It has been
demonstrated that blocking RAGE—amylin interactions pro-
longs B-cell survival [13].

In patients with T2D and in diabetic cats, AMY has
been shown to aggregate in pancreatic islets through
amyloidogenesis, potentially contributing to impaired glu-
cose tolerance. Empirical observations indicate that human
IAPP has a high propensity for amyloid formation, whereas
rat IAPP does not. Human and rat IAPP differ at six amino
acid positions, five of which are located between positions
23 and 29. It can be concluded that the amino acid sequence
within this region is a key determinant for amyloidogenesis
[14]. The tendency toward amyloid formation presents a
challenge in the development of amylin analogs [3]. An-
other important mechanism by which amylin aggregation
can lead to B-cell death is through activation of the
inflammasome. The inflammasome is a multiprotein com-
ponent of the innate immune system that produces the in-
flammatory cytokine IL-1fB. Overproduction of this
cytokine, triggered by amylin aggregation, represents an-
other possible mechanism leading to -cell apoptosis [15].
Under homeostatic conditions, misfolded proteins are trans-
ported to the ubiquitin—proteasome system for degradation,
thereby preventing protein aggregation and amyloid for-
mation. Reduced activity of the ubiquitin—proteasome sys-
tem and subsequent B-cell apoptosis are characteristic of
insulin resistance [16]. The aforementioned amyloido-
genesis-triggering mechanisms are provoked by hyper-
glycemia, high-fat diets, and low-grade chronic inflamma-
tion [17]. Various in vitro and in vivo studies have shown
that human biologically active amylin 1-37 and proamylin
1-48 exhibit similar tendencies to form toxic amyloid spe-
cies, demonstrate equivalent biological activity, and allow
for the addition of various functional groups to the N-ter-
minus without loss of bioactivity [18], which underpins the
development of amylin analogs with therapeutic potential.
In summary, the overproduction of amylin, mediated by
various mechanisms and factors, may induce amylo-
idogenesis under specific conditions, which correlates with
B-cell death. Although human AMY is highly amylo-
idogenic, it typically does not form toxic amyloid depos-
its in healthy individuals, for reasons that remain under in-
vestigation [14].
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Relationship between diabetes type, amylin pro-
duction levels, and amyloidogenicity

Type 1 diabetes (T1D) is characterized by auto-
immune-mediated destruction of B-cells, involving the for-
mation of autoantibodies against islet antigens and T-cell
cytotoxic responses, which develop years before clinical
onset. In T1D patients, the plasma concentration of islet
amyloid polypeptide (IAPP) does not correlate with C-pep-
tide levels, suggesting that IAPP levels may rise briefly and
lead to amyloidogenesis and B-cell death. The destruction
of a-cell-specific proteins may also result in the generation
of autoantigens. In conclusion, the formation of toxic amy-
loid oligomers may play a role in the pathogenesis of T1D
[19]. In T2D, the formation of toxic IAPP oligomers is a
secondary cause of a-cell death, induced under conditions
of insulin resistance and secretory dysfunction. It is sug-
gested that hyperglycemia in decompensated T2D causes
B-cell glucotoxicity, stimulating the overexpression of
proamylin 1-48 and amylin 1-37, which may lead to the
formation of toxic oligomers and apoptosis via various
mechanisms [20]. Serum amylin levels are elevated in pa-
tients with insulin resistance, obesity, and hypertension.
Hyperamylinemia leads to aggregation of amylin fibrils in
B-cells, which are cytotoxic and may independently con-
tribute to the insulin secretory defect in T2D [21, 22, 23].

Gestational diabetes (GD) is diagnosed when hyper-
glycemia is detected during pregnancy. The underlying
cause is the inability of the endocrine pancreas to compen-
sate for the physiological insulin resistance, which is a nor-
mal metabolic adaptation during pregnancy. Glucose-stimu-
lated amylin synthesis is also elevated during pregnancy
[24]. Currently, there is no compelling evidence that
misfolded amylin oligomers cause GDM. Studies in
transgenic pregnant mice exposed to human amylin sup-
port the hypothesis that amylin aggregation during preg-
nancy may increase the risk of developing T2D in the years
following delivery in women with GD [25].

Amylin analogs

In vivo and in vitro analyses of the properties of IAPP
and pro-IAPP1-48 reveal that they share similar biological
activity and amyloidogenic potential. Altering the amino
acid sequence at positions 25, 28, and 29 significantly re-
duces the tendency of amylin analogs to form toxic amy-
loid fibrils. Modifying the N-terminal amino acid sequence
and attaching functional groups can further improve the
pharmacokinetic properties of amylin analogs. Promising
results have been observed with certain long-acting ana-
logs that achieve sustained and effective weight loss (Ta-
ble 2).

All these properties of AMY have led to the devel-
opment of amylin analogs aimed at improving glycemic
control and promoting safe weight reduction in patients
with obesity and T2D. Pramlintide is the first approved
amylin analog. It differs from human amylin by only three
amino acids, with proline substitutions at positions 25, 28,
and 29 to minimize amyloidogenicity.
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Table 2. Amylin analogs

Analog Phase Body weight reduction Glycemic control
Pramlintide Approved Moderate reduction Improvement
CagriSema Phase 3 Significant reduction Significant improvement
Davalintide Phase 2 (discontinued) Moderate reduction Improvement

KBP-089 Phase 1-2 Dose-dependent Expected improvement
NN1213 Preclinical Strong reduction Expected improvement
Eloralintide Phase 2 Up to 20.1% (48 weeks) Expected improvement
Petrelintide Phase 2 10.7% (42 weeks) Under investigation
Met-233i Phase 1 8.4% (36 days) Under investigation
Amycretin (subcutaneous) Phase 2/3 Up to 24.3% (36 weeks) Significant improvement
Amycretin (oral) Phase 2/3 Up to 13.1% (12 weeks) Improvement

Pramlintide is FDA-approved and used in patients
with type 1 and T2D as an adjunct to insulin therapy. It
allows up to a 50% reduction in insulin dose and im-
proves glycemic control by lowering postprandial blood
glucose levels. Pramlintide, like endogenous AMY, does
not impair the counterregulatory response during hypo-
glycemia. Under hypoglycemic conditions, pramlintide
and native AMY do not delay gastric emptying or inhibit
postprandial glucagon secretion. These effects are be-
lieved to be mediated via glucose-sensitive cells in the
area postrema. In addition to its role in glycemic regula-
tion and achievement of HbA1C targets, pramlintide is
also a potential pharmacologic option for obesity treat-
ment. Due to its short plasma half-life, pramlintide is ad-
ministered subcutaneously three times daily before ma-
jor meals. Pramlintide and insulin must be injected sepa-
rately, as fixed-dose combinations are unstable. A poten-
tial solution for combination therapy is the addition of
insulin-degrading enzyme inhibitors, which are known to
metabolize both insulin and amylin [26].

Regarding drug interactions, pramlintide may
potentiate insulin-induced hypoglycemia, necessitating
dose adjustments of insulin. Its gastric motility-slowing
effect may be enhanced by anticholinergic agents.

Pramlintide demonstrates multiple benefits in pa-
tients receiving insulin therapy, but its pharmacokinetic
limitations and modest effects on body weight reduction
have led to the development of long-acting dual amylin
and calcitonin receptor agonists (DACRAs). DACRAs ex-
hibit improved pharmacokinetics, achieved through
strategies such as PEGylation-covalent attachment of
polyethylene glycol (PEG) to peptides and proteins, as
well as N-methylation or acylation with fatty acids. Com-
pared to endogenous amylin and pramlintide, DACRASs
show superior effects on both weight reduction and
glycemic control. The beneficial effects on glucose
homeostasis are mediated through dual agonism of both
amylin and calcitonin receptors, which significantly en-
hances efficacy compared to selective amylin or calci-
tonin receptor agonists. This includes lower fasting glu-
cose levels, increased insulin sensitivity, and achieve-
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ment of target HbA1C levels [27]. In 2017, Barlet et al.
conducted a preclinical study in mice fed a high-fat diet.
In mice with a calcitonin receptor knockout, DACRA ad-
ministration resulted in deteriorated metabolic control,
impaired glucose tolerance, and elevated serum lipids.
This highlights the critical role of the calcitonin receptor
in DACRA’s mechanism of action. In contrast, in a simi-
lar study involving knockout of the gene encoding cal-
citonin, DACRA treatment led to improved glycemic
control, including lower fasting glucose, better glucose
tolerance, and a more favorable lipid profile. These find-
ings indicate that calcitonin receptor—-mediated signaling
plays a significant role in enhancing glycemic regula-
tion [28]. The first known DACRA is salmon calcitonin
(sCT), a non-selective molecule that binds both to the
calcitonin receptor and to all three types of amylin
receptors.

Davalintide is another representative of the
DACRA class, sharing 49% of its amino acid sequence
with endogenous amylin and exhibiting substantial se-
quence similarity with salmon calcitonin (sCT). Its pro-
nounced 4-helical secondary structure contributes to
slower receptor dissociation and thus a longer duration
of action compared to pramlintide. Davalintide signifi-
cantly improves glycemic control, lowers fasting blood
glucose levels, and demonstrates beneficial effects on
appetite regulation and body weight reduction [27].
However, davalintide was discontinued after Phase 2 de-
velopment due to a combination of insufficient efficacy
over existing amylin therapies and an unfavorable tol-
erability profile

The impact of DACRAs on weight loss and the role
of amylin receptors has been demonstrated in studies
with KBP-089, a DACRA currently in preclinical devel-
opment. KBP-089 induces significant weight loss in ex-
perimental animals (rats), primarily through selective re-
duction of adipose tissue. Fat reduction has been ob-
served in both skeletal muscle and liver, suggesting po-
tential utility in the treatment of metabolic-associated
steatotic liver disease (MASLD). Its improved glucose
tolerance is attributed to amylin receptor agonism and
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delayed gastric emptying. Appetite suppression by KBP-
089 is thought to be mediated via stimulation of pro-
opiomelanocortin (POMC) neurons in the arcuate nu-
cleus of the hypothalamus [29].

Cagrilintide is a novel, long-acting amylin ana-
log with enhanced pharmacokinetics. It retains the core
structure of human amylin (AMY) and is stabilized via
a salt bridge formed through 14E and 17R mutations.
Additionally, proline substitutions at positions 25, 28,
and 29 help reduce the propensity of the peptide to form
fibrils and a-sheets, while insertion of a C-terminal pro-
line increases its affinity for the calcitonin receptor. Fur-
thermore, a C20 fatty acid chain is conjugated to the N-
terminus to enable albumin binding and prolong plasma
half-life. Cagrilintide activates amylin receptors in vari-
ous brain regions, particularly in the arcuate nucleus and
area postrema.

Cagrilintide has shown substantial potential for
weight loss in patients with obesity, hypertension, and
dyslipidemia in clinical studies. In a 26-week trial,
weight loss was observed across all dose groups and
throughout the study period, with a 10.8% reduction in
body weight compared to 3% with placebo and 9% in
liraglutide-treated groups. The effects of cagrilintide are
dose-dependent, with weight loss increasing in propor-
tion to the dose (ranging from 0.3 to 4.5 mg). Cagrilintide
also improves the lipid profile, with reductions in
triglycerides and low-density lipoproteins [30].

Cagrilintide has been formulated into a fixed-dose
combination with the GLP-1 receptor agonist sema-
glutide, known as CagriSema, administered subcutane-
ously once weekly. The two agents work synergistically
to improve glycemic control and reduce adipose tissue
mass. In Phase 3 clinical trials, CagriSema 2.4/2.4 mg
led to a 20.4% weight reduction, compared to 11.5%
with 2.4 mg cagrilintide alone, 14.9% with 2.4 mg
semaglutide alone, and 3% in the placebo group. The
combination demonstrates a favorable safety profile,
with dose-dependent gastrointestinal adverse effects be-
ing the most commonly reported [31, 32].

Another potential approach for achieving sustained
and effective body weight reduction, primarily targeting
visceral adipose tissue, is the development of a selective
amylin agonist that predominantly interacts with amylin
receptors in the area postrema and the arcuate nucleus of
the hypothalamus. Such a molecule is NN1213, currently
under development and investigation. Studies conducted
on experimental animals have demonstrated dose-depend-
ent appetite suppression by NN1213 [33].

Petrelintide is an investigational once-weekly
amylin analog, acting as a dual amylin and calcitonin
receptor agonist (DACRA). Phase 2 trial data
(ZUPREME-1) demonstrated a mean weight loss of
10.7% at 42 weeks versus 1.7% for placebo, with early
evidence suggesting better gastrointestinal tolerability
than GLP-1 therapies and preferential reduction of fat
mass over lean muscle [34]. Its chemical stability also
makes it a strong candidate for co-formulation with other
peptides to further enhance efficacy.

J of IMAB. 2026 Apr-Jun;32(2)

https://www.journal-imab-bg.org

Eloralintide (LY3841136) is an investigational
once-weekly injectable amylin receptor agonist devel-
oped for obesity treatment. It works as a synthetic human
amylin analog that selectively activates the amylin path-
way without affecting calcitonin receptors, enabling sus-
tained appetite suppression and significant weight loss.
[35]. Eloralintide selectively activates the amylin 1
receptor (AMY 1R) with significantly greater potency than
calcitonin or amylin 3 receptors, and in preclinical mod-
els reduced food intake and body weight primarily
through fat mass loss while inducing less taste aversion
than the non-selective comparator cagrilintide [35]. In a
Phase 1 trial, single doses of 4 mg and 12 mg produced
mean body weight reductions of 2.5% and 4.4% respec-
tively at four weeks, with a favorable safety profile sup-
porting once-weekly dosing. Subsequent Phase 2 evalua-
tion demonstrated up to 20.1% mean body weight reduc-
tion at 48 weeks, confirming the therapeutic potential of
eloralintide as a once-weekly obesity treatment.

MET-233i is a once-monthly amylin analog devel-
oped for obesity management. Phase 1 data showed up to
8.4% mean placebo-subtracted weight loss by day 36,
with gastrointestinal side effects that were mostly mild and
largely confined to the first week. It is currently being ad-
vanced both as a monotherapy and in combination with
the ultra-long-acting GLP-1 analog MET-097i, potentially
offering a convenient monthly dual-mechanism treatment
for obesity [36].

Amycretin is an investigational dual GLP-1 and
amylin receptor agonist developed for obesity and type
2 diabetes. It is available in both a once-weekly injec-
tion and a once-daily oral tablet. Early trials have dem-
onstrated remarkable efficacy, with the injectable formu-
lation achieving approximately 24% weight loss over 36
weeks and the pill delivering up to 13% over 12 weeks,
both without an observed plateau [37].

The amylin pathway has emerged as one of the most
actively pursued targets in modern obesity pharmacology.
With candidates spanning weekly and monthly dosing,
varied receptor profiles, and promising combination strat-
egies, the field is rapidly maturing. These developments
signal a fundamental shift in how metabolic disease may
be treated in the coming decade.

CONCLUSION

Accumulated evidence regarding amylin analogs
developed thus far indicates that they may represent safe,
effective, and promising therapeutic agents capable of sig-
nificantly reducing body weight in patients with T2D
while regulating glucose homeostasis. Results from on-
going clinical trials will further enhance our understand-
ing of the clinical pharmacology and therapeutic poten-
tial of amylin and its analogs.
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Abbreviations:
AMY - Amylin
AAs — Amylin analogs

DACRA - Dual amylin—calcitonin receptor agonists

IAPP - Islet amyloid polypeptide
GD - Gestational diabetes

sCT — Salmon calcitonin
T2D — Type 2 diabetes
T1D - Type 1 diabetes

MASLD - Metabolic-associated steatotic liver disease

PEG - polyethylene glycol
ROS - reactive oxygen species
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