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Cognitive Vitality Reports® are reports written by neuroscientists at the Alzheimer’s Drug 

Discovery Foundation (ADDF). These scientific reports include analysis of drugs, drugs-in-

development, drug targets, supplements, nutraceuticals, food/drink, non-pharmacologic 

interventions, and risk factors. Neuroscientists evaluate the potential benefit (or harm) for brain 

health, as well as for age-related health concerns that can affect brain health (e.g., 

cardiovascular diseases, cancers, diabetes/metabolic syndrome). In addition, these reports 

include evaluation of safety data, from clinical trials if available, and from preclinical models. 

 
 
MANF 
 
Evidence Summary   
Neurotrophic factor with anti-inflammatory and antioxidant activity. May protect cells against age-

related damage by protecting against ER stress. Not yet tested as a therapeutic in humans.  

Neuroprotective Benefit:  May protect neurons from inflammation, oxidative stress, and ER-

stress induced cell death. Has both intracellular and paracrine effects.   

Aging and related health concerns:  Decreases in MANF may contribute to age-related 

inflammation and organ damage. May promote pancreas regeneration in diabetes. Extends 

lifespan in flies.   

Safety: Recombinant MANF has not been tested in humans. MANF therapy has generally been 

safe in preclinical studies, but would need to be administered directly into brain for 

neurodegenerative diseases, which carries its own safety risks.  
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Availability: Research use Dose: Not established Chemical formula: 183 aa 

MW: 20kDa 

 
Source: RCSB PDB 

Half-life: Information not 

available 

BBB: recombinant protein not 

penetrant 

Clinical trials: None Observational studies: MANF 

serum levels decrease in aging.  

 

What is it? Mesencephalic astrocyte-derived neurotrophic factor (MANF), also known as Arginine-rich, 

mutated in early-state tumors (ARMET) was originally identified as a gene that is highly mutated and 

upregulated in a variety of human cancers. It is an endoplasmic reticulum (ER) resident protein that is 

upregulated in response to ER stress as part of the adaptive unfolded protein response (UPR) [1]. MANF 

can also be secreted and exert paracrine cytoprotective effects. MANF may play a role in age-related 

inflammation and susceptibility of cells to stressors. In preclinical models recombinant MANF has been 

shown to have neuroprotective and anti-inflammatory effects. It is currently in development as a 

therapeutic for Parkinson’s disease and retinal degeneration diseases.  

 

Neuroprotective Benefit:  May protect neurons from inflammation, oxidative stress, and ER-stress 

induced cell death. Has both intracellular and paracrine effects.   

Types of evidence: 

• Numerous laboratory studies  

Human research to suggest prevention of dementia, prevention of decline, or improved cognitive 

function? None  

Human research to suggest benefits to patients with dementia: None 
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Mechanisms of action for neuroprotection identified from laboratory and clinical research: 

Protection against intracellular ER-stress: The exact mechanisms by which MANF exerts its 

neuroprotective effects are not fully understood because the cell receptors responsible for mediating its 

paracrine protective activity have not yet been identified. Intracellularly MANF is localized to the ER, and 

after entering the Golgi complex can be secreted in response to decreases in ER calcium levels [2]. 

MANF protects neurons from ER stress mediated apoptosis. Within the ER, MANF interacts with the 

Hsp70 molecular chaperone GRP78, also known as BiP, which is a UPR protein upregulated in response 

to ER stress, and plays a critical role in proper protein folding [3]. The activity of GRP78 is regulated by 

ATPase activity, as it restricts protein folding in its ADP bound state and permits protein folding in its 

ATP bound state. MANF may promote protein folding homeostasis through the stabilization of the 

GRP78 ADP bound state [4]. 

Age-related declines in chaperone activity may increase the vulnerability of neurons to misfolded 

proteins and ER stress damage. Chaperones are also important for the maintenance and conformation 

of protein complexes involved in DNA binding, which can affect stress response related gene 

transcription. In mice, expression of the chaperone Hsc70 was found to decrease with age, which led to 

decreased levels of MANF and increased the vulnerability of Purkinje cells in the cerebellum [5]. 

Overexpression of MANF was found to be protective against Purkinje cell degeneration in this model. 

Therefore, maintenance of high levels of MANF may help reduce the susceptibility of older neurons to 

stress-mediated damage. 

Anti-inflammatory: Animals with reduced levels of MANF show elevated inflammation [6]. In the retina, 

MANF was found to be protective by promoting the alternative activation of innate immune cells 

towards a pro-reparative state [7].  

Antioxidant: The cytoprotective activity of MANF is largely attributed to its C-terminus. MANF protects 

against stress induced apoptosis, which is associated with a shift toward more anti-apoptotic Bcl2 and 

less pro-apoptotic Bax. The C-terminal SAP domain is homologous to the SAP domain of the Bax inhibitor 

Ku70 [8]. Some studies suggest that the neuroprotection is partly mediated by MANF’s antioxidant 

activity [9; 10]. The C-terminus contains a CXXC (CKGC) motif which can neutralize reactive oxygen 

species (ROS) and prevent loss of mitochondrial membrane potential and caspase activation in vitro 

[11]. The cytoprotection is dependent on the presence of the cysteines, and is enhanced by their 

reduction to the thiol state. Reactive cysteines (thiols) are a common feature of many antioxidants, as 

they can activate Nrf2 and its associated antioxidant system.  

https://www.alzdiscovery.org/
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Paracrine cytoprotection: While the C-terminus is important for cytoprotective activity, the N-terminus 

appears to be involved in facilitating the endocytic uptake of MANF, which is necessary for it to exert its 

intracellular effects [12]. MANF can bind the sulfatide 3-O-sulfogalactosylceramide, which is localized to 

outer cell membrane leaflets, and this interaction promotes endocytic uptake of MANF in C. elegans. 

Blocking the interaction with sulfatides blocks the ability of extracellular MANF to protect against ER-

stress mediated cell death. MANF likely associates with sulfatide in the Golgi prior to secretion, which 

can then enhance the endocytosis of MANF into target cells. This suggests that preincubation of 

recombinant MANF with sulfatides may enhance its in vivo neuroprotective efficacy.   

Parkinson’s Disease: Potential benefit (preclinical) 

MANF was originally identified as a secreted neurotrophic factor with preferential selectivity for 

dopaminergic neurons. It was found to have higher selectivity for dopaminergic neurons at low and 

moderate concentrations, relative to other neurotrophic factors, BDNF and GDNF [13]. MANF mutant fly 

embryos have high levels of ER stress and extremely low levels of dopamine [14]. They also show 

alterations in Parkinson’s disease (PD) associated genes and impaired lysosomal trafficking/function. 

Intrastriatal injection of recombinant human MANF (rhMANF) in rodents was found to be partially 

protective against behavioral deficits and the loss of dopaminergic neurons in the substantia nigra when 

administered prior to the neurotoxins 6-OHDA or MPTP [10; 15]. The neuroprotection may involve 

MANF’s antioxidant activity, as MANF can activate Nrf2 and induce Nrf2 response genes in cell culture, 

and blocking Nrf2 mitigates the protective effects against these neurotoxins [9; 10]. This anti-apoptotic 

and antioxidant activity has been found be dependent on the Akt/PI3K signaling pathway [9]. MANF 

was also found to have better distribution in the striatum beyond the injection sites, relative to GDNF 

[15]. MANF may also offer benefits in PD by modulating dopamine release. In rat midbrain slices, MANF 

treatment led to presynaptic enhancement of GABAergic inhibition on dopaminergic neurons [16]. 

Intrastriatal injection of MANF, but not GDNF, into healthy rats was found to enhance stimulus-evoked 

dopamine release in the striatum within one week [17]. The effect was transitory, as the potentiation 

did not occur when tested 3 weeks after MANF administration, suggesting that repeated injections or a 

continuous infusion delivery system may be necessary for sustained effects.  

Alzheimer’s Disease: Potential benefit (preclinical) 

Sulfatides, which may be key mediators of the paracrine neuroprotective effects of MANF, have been 

shown to be decreased in the brain and cerebrospinal fluid (CSF) of individuals with AD [18]. This may 

increase the vulnerability of neurons to A  induced ER stress. MANF and ER stress markers are 

upregulated in the brain of the APP/PS1 transgenic mouse model [19]. In vitro, rhMANF was able to 

https://www.alzdiscovery.org/
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reduce induction of ER stress markers and partially protect against Aβ mediated cytotoxicity. However, if 

MANF cannot be efficiently endocytosed then augmenting levels of extracellular MANF may be 

insufficient to protect neurons. Thus, due to the low endogenous levels of sulfatides, recombinant 

MANF therapy may only be effective if supplemented with sulfatides in AD patients.  

Stroke/Traumatic Brain Injury: Potential benefit (preclinical) 

MANF has been shown to be transiently upregulated in neurons, and to a lesser degree in glial cells, in 

response brain injury involving ischemia or ER stress [20; 21; 22; 23; 24; 25; 26]. Treatment with 

intracerebral rhMANF (5-20 ug) before or within 1 hour of ischemic stroke (MCAO), hemorrhagic stroke, 

or traumatic brain injury can reduce lesion size, and protect against neuronal loss, brain edema, BBB 

breakdown, and inflammation, while also enhancing functional recovery in rodents [20; 24; 25; 26; 27; 

28]. Protection may require administration of MANF close to time of damage, as treatment starting 3 

days after MCAO could modulate the immune response and promote functional recovery, but it had no 

effect on lesion size [29]. Furthermore, MANF was only partially protective, and one study found it less 

effective than edavarone [27]. However, MANF treatment may require a continuous infusion approach, 

thus acute treatment may have underestimated the potential benefits. Infusion of rhMANF into the 

peri-infarct region via canula (12 ul/day at 0.25 ug/ul) for two weeks promoted the migration of neural 

progenitor cells to the infusion site, and may promote their differentiation into neurons [30].  

APOE4 interactions:  

No clear role between ApoE and MANF has been established, however, one study found that ApoE 

regulates sulfatide homeostasis, such that higher levels of ApoE are associated with lower levels of 

sulfatides [18]. This suggests that ApoE status may affect the ability of neurons to take up extracellular 

MANF, which could impact the potential efficacy of recombinant MANF therapy.  

 

Aging and related health concerns:  Decreases in MANF may contribute to age-related inflammation 

and organ damage. May promote pancreas regeneration in diabetes. Extends lifespan in flies.   

Types of evidence:  

• 3 observational studies MANF serum levels (Aging, n=60; Type 2 diabetic adults, n=257; Type 1 

diabetic children, n=186) 

• Numerous laboratory studies 

https://www.alzdiscovery.org/
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Lifespan: Potential benefit (in flies)  

MANF expression levels have been found to modulate lifespan in flies [6; 31]. The degree of extension or 

shortening depends on which cell types are targeted. Lifespan was reduced by 11 to 24% in the context 

of ubiquitous, glial specific, and hepatocyte specific MANF deficiency; these flies also have increased 

inflammation [6; 31]. Meanwhile, lifespan was extended by 13 to 48% with MANF overexpression in 

hepatocytes or fat bodies [6]. While levels of MANF have been found to decline with age in a variety of 

species, including humans [6], the ability of MANF to influence lifespan in mammals has not yet been 

established.  

Liver Metabolism: Potential benefit (preclinical) 

Serum MANF levels decrease with age from approximately 3.5 ng/ml at age 20-40 to approximately 2.25 

ng/ml over age 60 (P<0.01) [6]. Declines in MANF levels may promote age-related liver damage and 

inflammation. Mice heterozygous for MANF develop progressive liver disease and steatosis, and 

patients with non-alcoholic fatty liver disease (NASH) were found to have lower circulating levels of 

MANF relative to age-matched controls [6]. These mice also show accelerated age-related inflammation. 

The effects on fat accumulation and inflammation-associated damage in the liver are mediated by 

different cell types, as the effect on liver fat accumulation could be recapitulated by MANF depletion 

specifically in hepatocytes, whereas the inflammatory damage could be induced by MANF depletion in 

Cx3cr1+ macrophages. Treatment with rhMANF (i.p. 0.7 mg/kg 3x/week for 5 weeks) reduced liver 

cytokine levels and age-related signs of liver damage in aged (20 month) mice. MANF has also been 

implicated in mediating the liver rejuvenating effects of young blood. In mice, heterochronic parabiosis 

(5 month and 20 month) produced liver rejuvenating effects in MANF dependent manner, as parabiosis 

with young mice deficient in MANF (heterozygotes) failed to offer liver protective benefits to the 

conjoined older mice. This suggests that the rejuvenating effects of young plasma therapy may be 

partially dependent on the presence of high levels of MANF.  

Diabetes: Potential benefit (preclinical) 

MANF deficient mice have chronic UPR activation in their pancreatic islets leading to reduced β-cell 

mass and severe progressive diabetes [32; 33]. Pancreatic overexpression of MANF can enhance β-cell 

proliferation and regeneration in the streptomycin diabetes model [32]. Loss of MANF leads to 

increased susceptibility of β-cells to inflammatory cytokine induced ER stress. Inflammatory cytokines 

can induce MANF secretion in vitro, which acts to mitigate their cytotoxicity through activation of Akt 

and inhibition of NF-kB signaling [33; 34; 35]. Newly diagnosed adults with Type 2 diabetes, and children 

https://www.alzdiscovery.org/
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with Type 1 diabetes were found to have elevated serum levels of MANF [36], and an inverse correlation 

between MANF serum levels and time from diagnosis was found in children with Type 1 diabetes [37]. 

This suggests that MANF may be upregulated early in the disease course as a protective response, which 

gets lost over time.  Indeed, prolonged cytokine stress exposure can lead to the degradation of 

endogenous MANF [34]. rhMANF can partially protect human islet cells from cytokines in vitro, through 

inhibition of NF-kB [34; 35].  Furthermore, MANF can induce global upregulation of gene expression and 

promote human β-cell proliferation in the context of TGFβ inhibition [35]. While hypothalamic MANF 

expression was shown to reduce insulin sensitivity in hypothalamic neurons [38], MANF serum levels 

were positively correlated with insulin sensitivity indices in prediabetic patients [36], suggesting that 

MANF may exert cell type specific effects, and would be expected to ameliorate not exacerbate insulin 

dysfunction in diabetics. This suggests that recombinant MANF therapy may have the potential to stop 

or reverse pancreatic β-cell loss in the context of diabetes.  

Myocardial infarction: Potential benefit (preclinical) 

MANF expression is induced in cardiac myocytes in response to myocardial infarction induced ischemia 

[2; 39]. The UPR protein ATF6 was shown to be important for the induction of MANF in response to 

ischemic stress in cardiac myocytes [39]. rhMANF infusion (300 ng/h/g) via an osmotic pump 24 hours 

prior to myocardial ischemia reduced infarct size by 44% in a mouse model [2]. This suggests that the 

presence of high levels of MANF close to the onset of an ischemic injury may be cardioprotective. 

However, the therapeutic window has not been established, so it is not clear whether rhMANF would 

also be protective after the onset of cardiac damage.  

Macular Degeneration: Potential benefit (preclinical) 

A mathematical model-based analysis examining how MANF influences processes associated with 

photoreceptor degeneration, and whether its addition has a significant effect on mitigating these 

processes found that MANF plays a key role in reducing apoptosis [40]. The authors concluded that 

irrespective of the underlying cause, MANF is likely to offer meaningful benefits when incorporated into 

a treatment program aimed at slowing photoreceptor degeneration. In mouse and fly models of 

photoreceptor degeneration, MANF was found to be upregulated in innate immune cells in response to 

the release of PDGF-A by damaged retinal cells [7]. Innate immune cells adopted a protective M2-like 

state in response to MANF, and intravitreal administration of rhMANF prior to the onset of retinal 

damage was able to protect against subsequent photoreceptor apoptosis. MANF is likely to be most 

beneficial when administered in conjunction with other therapies aimed at repairing pre-existing 

https://www.alzdiscovery.org/


 

8 

damage. When co-administered with cell replacement therapy, MANF enhanced integration of the 

injected cells and functional retinal recovery in mice.  

 

Safety:  Recombinant MANF has not been tested in humans. MANF therapy has generally been safe in 

preclinical studies, but would need to be administered directly into brain for neurodegenerative 

diseases, which carries its own safety risks.  

Types of evidence:   

• Numerous laboratory studies 

Recombinant MANF therapy has not yet been tested in humans. Adverse events were not noted in any 

of the preclinical studies where rodents were administered rhMANF [2; 6; 7; 15; 24; 25; 27; 28; 29; 30; 

32]. However, the longest use of rhMANF therapy was 5 weeks [6], so there is no information available 

about possible long-term effects of chronic recombinant MANF supplementation. Since recombinant 

MANF is not BBB penetrant, it needs to be administered directly into the brain for neurodegenerative 

conditions, thus complications associated with this delivery system is one of the biggest potential safety 

concerns at this time. A related neurotrophic factor, CDNF, is currently being tested in a Phase 1/2 

clinical trial in Europe by Herantis Pharma (NCT03295786). CDNF is being administered to PD patients 

(n=18) using an implanted Reinshaw drug delivery system in monthly brain infusions for 6 months. The 

preliminary results from the first few patients suggest that the system is safe and well-tolerated (Press 

release). The results from this trial may influence the feasibility of using a similar strategy for MANF.  

Although a rodent study indicated that extracellular rhMANF did not significantly impact insulin signaling 

in hypothalamic neurons, the study did not look at chronic administration [38]. Intracellular expression 

of MANF in hypothalamic neurons in mice was found to promote food consumption and reduced insulin 

sensitivity. Since secreted MANF can be taken up into cells, it is possible that depending on the way 

recombinant MANF is modified that it could be taken up by hypothalamic neurons and induce similar 

hyperphagic activity as endogenous MANF. Therefore, it may be necessary to carefully restrict the 

localization of recombinant of MANF infusion in the brain.  

Some preclinical studies indicated that there is a U-shaped neuroprotective dose response to 

intrastriatal MANF administration [15; 28]. Similar dose responses have been seen with other growth 

factors, such as GDNF, indicating that an optimal therapeutic dose will need to be established, and 

https://www.alzdiscovery.org/
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precautions will be necessary to ensure that the therapeutic dose is not exceeded in the context of a 

continuous infusion delivery system.  

Sources and dosing:   

Recombinant human MANF is available for research use from commercial suppliers. Formulations for 

human use are currently in development by MANF therapeutics, but have not yet been clinically 

validated.  

Research underway:   

There are currently no clinical trials testing recombinant MANF therapy.  

MANF therapeutics, which is a subsidiary of Amarantus BioScience, has acquired the IP necessary to 

develop MANF as a therapeutic. Their initial focus has been on retinal degenerative diseases and 

Parkinson’s disease. They were granted Orphan drug designation by the FDA for retinitis pigmentosa in 

2014 and retinal arterial occlusion in 2015. They initiated IND-enabling studies for MANF (ARMS-001) in 

glaucoma and retinitis pigmentosa in 2015, which were halted for unknown reasons. These studies were 

restarted in 2018. In early 2019 they received a patent allowance for the use of MANF therapy for 

Parkinson’s in Europe and Diabetes in Japan.  

Search terms:  

Pubmed, Google:  MANF or ARMET +  

• Alzheimer’s disease, Parkinson’s disease, stroke, aging, lifespan, cardiovascular, diabetes, 

inflammation, safety, recombinant MANF therapy 

Websites visited for MANF: 

• PubChem 
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