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Accumulation of misfolded proteins is a common hallmark of several neurodegenerative disorders (NDs) which results
from a failure or an impairment of the protein quality control (PQC) system. The PQC system is composed by chaperones
and the degradative systems (proteasome and autophagy). Misfolded proteins are potentially neurotoxic, thus strategies
aimed at preventing their aggregation or enhancing their clearance are emerging as interesting therapeutic targets for
NDs. We tested the natural alkaloid berberine (BBR) and some derivatives (NAXs) for their capability to enhance
misfolded proteins clearance in cell models of NDs. We found that both BBR and its semisynthetic derivatives promoted
proteasomal degradation of mutant androgen receptor (ARpolyQ) causative of spinal and bulbar muscular atrophy,
preventing its aggregation. Overlapping effects were observed on other misfolded proteins causative of amyotrophic
lateral sclerosis, frontotemporal-lobar degeneration or Huntington disease, but with selective and specific action against
each different mutant protein. BBR and NAX compounds induce the clearance of misfolded proteins responsible for NDs,
representing potential therapeutic tools to counteract these fatal disorders.
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| 1. Introduction

This entry is related to the paper “Enhanced Clearance of Neurotoxic Misfolded Proteins by the Natural Compound
Berberine and Its Derivatives” that has been published in International Journal of Molecular Sciences .

Accumulation of misfolded proteins is a common hallmark of several neurodegenerative disorders (NDs) which results
from a failure or an impairment of the protein quality control (PQC) system, composed by the Ubiquitin Proteasome
System (UPS) and the autophagic-lysosomal pathway (ALP). [, This may contribute to the pathogenesis of several
neurodegenerative disorders (NDs), characterized by the progressive accumulation of damaged and misfolded proteins
Bl Among these diseases, the most common are Parkinson's disease (PD), Alzheimer's disease (AD), the class of
polyglutamine (polyQ) diseases, amyotrophic lateral sclerosis (ALS), frontotemporal lobar degeneration (FTLD), etc. [,
The polyglutamine-related diseases include Spinal and bulbar muscular atrophy (SBMA) and Huntington Disease (HD),
characterized by an elongated polyQ tract in the Androgen receptor (AR) protein and in the Huntingtin protein (HTT),
respectively. Despite the diverse aetiologies and the specific proteins involved, these NDs share a plethora of common
characteristics and events that contribute to pathogenesis B, This may allow a possible common therapeutic approach

aimed at stabilizing the native protein conformation, counteracting protein aggregation, or improving the misfolded protein
clearance G783

| 2. Aim

The aim of the present study was to test the natural alkaloid berberine (BBR) and some semisynthetic derivatives of BBR
(NAXs) for their capability to enhance misfolded proteins clearance in cell models of NDs evaluating which degradative
pathway mediates their action.

| 3. Results

We assayed BBR activity in a cellular model of SBMA targeting the mutant ARpolyQ that exerts neurotoxic activities in
motoneurons causing the disease. Our data suggest that BBR enhances the degradation of mutant and misfolded
ARpolyQ via the UPS, while ALP blockage does not counteract ARpolyQ clearance induced by BBR. These data are in
line with a previous report showing that BBR is able to suppress wtAR signaling via UPS activity in prostate cancer 19,



The detailed mechanism of action of BBR on ARpolyQ is not clear totally yet, but a protein-specific activity of BBR on AR
might be involved, since, in prostate cancer, BBR was shown to disrupt the interaction between AR and HSP90, the
chaperone involved in folding and degradation of AR, and that plays a protective function in SBMA models [LL[12113][14][15]

In addition, we demonstrated that BBR induces the degradation of other misfolded proteins, such as the 25 kDa C-
terminal fragment of TAR-DNA binding protein-43 (TDP-43), the TDP-25, involved in sporadic forms of ALS (SALS), as
well as mutant Superoxide Dismutase 1 (SOD1) causative of some familial forms of ALS (fALS). Of note, we observed
that the action of BBR seems to be rather specific, since we found that the levels of the endogenous SOD1 were not
affected by BBR treatment, clearly indicating that BBR acts preferentially and specifically on misfolded protein clearance.

BBR was already proved capable to promote HTT clearance in models of HD by stimulating autophagy; however, we did
not observed this effect possibly because of different BBR doses used 28],

Since we found positive effects of BBR in SBMA, we went further and analyzed three BBR semisynthetic derivatives
NAXs compounds (NAX014, NAX035, NAX 117), which were designed to improve the activity of BBR in some tumors,
such as colon, breast and pancreatic cancer. The NAXs are characterized by the presence of aromatic groups linked to
the C-13 position, in order to allow additional non covalent interaction with the molecular targets [LZ[L8]129],

Interestingly, we found that all NAXs reduced the number of cells bearing intracellular ARpolyQ aggregates, but only
NAXO014 induced a significant increase of the clearance of the mutant ARpolyQ. In addition, in cellular model of fALS
expressing SOD1-G93A, all NAXs stimulated the degradation of mutant SOD1 and were found more potent than BBR.
Conversely, in our cellular model of SALS (GFP-TDP25 expressing cells), only NAX014 exerted effects similar to BBR,
while NAXO035 was the unique compound effective in the clearance of mutant HTT in HD cell model. Therefore, these
compounds seem to have a selective activity in response to specific misfolded proteins, for example NAX014 is effective
on AR.Q46, TDP-25 and mutant SOD1, while it is ineffective or even detrimental on mutant HTT accumulation.

| 4. Conclusions

In this work, for the first time it has been demonstrated the beneficial effect of BBR and semisynthetic derivatives in the
clearance of ARpolyQ in motoneuronal cells. While NAXs have been already tested in different types of cancer, this is the
first report showing their potential use also in NDs. Some NAXs were found to have similar or more potent effects than
BBR, but with different specific activities depending upon the misfolded protein target evaluated, suggesting that these
compounds might be selective for mutant proteins. Given the pleiotropic and cell-specific effects exerted by BBR, and the
different effects observed by NAXs treatment on misfolded protein clearance, future perspectives will be focused on
unraveling the detailed mechanism of action of BBR on misfolded protein clearance, and, moreover, on understanding the
different and specific activity of NAXs. It is possible that the different NAXs might activate different intracellular pathways
leading to a selective clearance of misfolded proteins.

Compounds able to enhance misfolded protein clearance result in being very attractive for NDs. In this line, the use of
compounds able to cross the blood brain barrier might represent a safe and useful treatment alone or in combination with
other drugs.
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