
ABSTRACT
HM15211 is a novel long-acting GLP-1/glucagon/GIP triple agonist that is

being developed for the treatment of obesity and related complications.

Recent studies have shown that obesity, type 2 diabetes, and non-alcoholic

fatty liver disease increase the risk of developing progressive

neurodegenerative disease such as Parkinson’s disease (PD) and

Alzheimer’s disease (AD). Dysregulated metabolic pathways are shared in

the metabolic syndrome (MetS). To date, disease modifying drug has not yet

been developed for PD or AD. Therefore, it is hypothesized that treatment

improving MetS may be useful for PD and AD patients. It was reported that

both GLP-1 and GIP analogs showed neuroprotective properties in PD and

AD mouse models. In addition, glucagon also exerted neuroprotective effect

in ischemia and traumatic brain injury model.

In this study, we demonstrated the neuroprotective effect of HM15211 in 1-

methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced PD mouse model.

MPTP is a neurotoxin, which can selectively destroy nigrostriatal

dopaminergic neurons and cause parkinsonism in humans, nonhuman

primates and mice, therefore it is widely used to induce PD in mice. HM15211

significantly improved the MPTP induced motor impairments in behavior tests

(rotarod, pole test, traction test). The reduction of tyrosine hydroxylase

positive neurons in the substantia nigra and the density of tyrosine

hydroxylase in the striatum induced by MPTP was restored by HM15211. In

addition, HM15211 showed histologically an anti-inflammatory effect in the

MPTP induced PD model. These results suggest HM15211 as a potential

therapy for the treatment of PD.

BACKGROUND

• Neuroprotective effects of GLP-12, glucagon3 and GIP4

CONCLUSIONS
• HM15211 significantly improved MPTP induced motor

impairments in three behavior tests in a dose-dependent

manner.

• Histologically, the tyrosine hydroxylase (TH) positive neurons

in substantia nigra and the staining density in striatum were

reduced by MPTP. However, they were protected by HM15211.

• In addition, HM15211 changed inflammatory cytokine

expression and reduced lipid peroxidation byproduct in the

MPTP PD model.

• Even after a single injection of HM15211, neuroprotective

effects were shown against 7 days repeated MPTP injection.

• Based on these results, the novel long-acting GLP-1/

glucagon/GIP tri-agonist, HM15211 could have therapeutic

potential for PD.
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• MPTP 30 mg/kg was intraperitoneally injected once-daily for 7 days into

9 weeks old C57Bl/6 male mice. HM15211 (2.5 and 5.03 nmol/kg) was

subcutaneously administered once at the first day, 30 min after the 1st

MPTP administration.

• For motor function evaluation, behavior tests (traction test, pole test and

rotarod test) were conducted before sacrifice. (n=19~20)

• To assess histological changes, hemisphere of all mice brain were

sectioned using cryotome and stained. (n=7~10)

• The striatum were dissected from the other half of the brain and lysed

with RIPA buffer to detect molecular changes using ELISA (n=7~10)

1138-P 

RESULTS

 HM15211 administration restored MPTP induced motor function 

impairment in (a) traction test, (b, c) pole test and (d) rotarod test.

Figure 2. Neuroprotective effect of HM15211 against MPTP

(b) Pole test (T-Turn) (c) Pole test (T-Total)

 HM15211 administration protected MPTP induced dopaminergic 

neuronal cell damage in the striatum and the substantia nigra. 

Figure 3. Activated microglia reduction by HM15211

In striatum of MPTP PD mouse model, the area covered by

microglia was increased and the morphology of microglia was

activated. Administration of HM15211 leads to reduction of

microglia activation.

Figure 4. Effects of HM15211 on the expression of pro-

and anti-inflammatory cytokine

Figure 5. Reduced lipid peroxidation by HM15211

 In the striatum, HM15211 effectively decreased the HNE protein

adduct (a byproduct of lipid peroxidation), which was induced by

MPTP.
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• MPTP is a specific neurotoxin affecting the nigrostriatal

system.
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Data are presented as Mean ± SEM

* p<0.05, ** p<0.01, *** p<0.001 vs. MPTP

HM15211 reversed the induction of IFN-γ (a), IL-1β (b) and the

reduction of IL-10 (c) levels of mice induced by MPTP.

(a) IFN-γ (c) IL-10

Figure 1. Motor function restoring effects of HM15211

(a) Traction test

(d) Rotarod test

Motor function evaluation (b) IL-1β
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METHODS

Traction test

Score 1: No gripping of the wire with either hind paws

Score 2: Gripping of the wire with one hind paw

Score 3: Gripping of the wire with both hind paws

Score 1 Score 2 Score 3

Rotarod: Falling latency

Pole test

T-turn: Time to turn their angle

T-total: Time to land on all four paws

Tyrosine

DOPA

Dopamine

Decarboxylase

Tyrosine hydroxylase (TH)

rate limiting step

Alzheimer’s disease Parkinson’s disease

Insulin resistance, T2DM ↑ PD

↑ Insulin levels ↑ α-synuclein aggregation

Leptin ↑ survival of DA cells

Multiple sclerosis

Obesity ↑ MS risk

Caloric restriction ↑ EAE lifespan

↓ insulin sensitivity in MS

Obesity, leptin/insulin resistance ↑ HD onset

Abnormal fat cells function in HD

Huntington’s disease

↑ BMI, T2DM ↑ AD risk

Leptin/insulin resistance ↑ AD

Leptin ↓ Aβ, p-tau

• Obesity is one of the risk factors of neurological disorder1

GLP-1

Glucagon

GIP

Neuroprotection

Peripheral

contribution

Peripheral-CNS

Crosstalk

↑ Neurite outgrowth

↑ Progenitor proliferation

↓ inflammation

↓ Glutamate neurotoxicity

↑ Progenitor proliferation

↓ inflammation

Effects on microglia activation and 

inflammatory cytokines
Effect on oxidative stress
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