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Abstract

Introduction: Central nervous system (CNS) diseases affect a large portion of the population, 

however, few therapeutic options are available. Furthermore, to date, clinical trials have been 

largely unsuccessful due to difficulty in targeting the undruggable, toxic proteins that underly 

many CNS disorders. PROteolysis Targeting Chimeras (PROTACs) are a rapidly emerging 

technology that has been proposed as a potential treatment option for various CNS diseases by 

hijacking the endogenous protein degradation process.

Areas Covered: Herein, the authors discuss how the application of PROTACs may be beneficial 

in the treatment of major CNS diseases. They further discuss the main advantages and 

disadvantages of using PROTACs in the CNS, focusing on potential limitations such as their 

transient nature, localization, blood-brain barrier permeability and proteasome dysfunction.

Expert opinion: It is evident that PROTACs have significant potential as a therapeutic tool for 

the treatment of CNS diseases and there is preliminary evidence suggesting that PROTACs could 

be successful in a clinical setting. Nevertheless, numerous limitations exist that must be overcome 

before this technology can be applied as a successful therapeutic for CNS disorders. Importantly, 

more in vivo studies are needed to determine the feasibility and effectiveness of using PROTACs 

in the brain.
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1. Introduction

PROteolysis Targeting Chimeras (PROTACs) are a rapidly expanding field with significant 

potential for the treatment of undruggable protein targets1 that has been developed over the 

last two decades through the significant contributions of several labs1-4. PROTACs target 

proteins of interest (POI) for degradation by utilizing processes controlled by the highly 

conserved ubiquitin-proteasome system (UPS), which in cells is employed to degrade 

misfolded, nonfunctional and other undesired proteins and is critically involved in a variety 

of cellular processes, such as gene transcription5, protein transport6, synaptic plasticity and 

memory7, and the pathophysiology of various neurodegenerative diseases8-10 and cancers11. 

The UPS works through sequential conjugation of ubiquitin to a target substrate via a series 

of three ubiquitin-associated enzymes, E1, E2 and E3, the latter of which has substrate 

specificity and can lead to the target being ubiquitinated, recognized and degraded by the 

proteasome12-14. PROTACs essentially hijack this process, working in conjunction with the 

UPS system to degrade target substrates (Figure 1). This process works by PROTACs 

binding the POI ligand with an E3 ligase through a linker, leading to POI ubiquitination and 

subsequent degradation by the proteasome15-17. The cereblon (CRBN) and von Hippel-

Lindau (VHL) ligands are the two most commonly used E3 ligases when designing 

PROTACs, although efforts are being made to identify other E3 ligases that are compatible 

for PROTAC-mediated targeting18. PROTACs have significant potential as a means of 

degrading unwanted, toxic and foreign proteins in the cell that are difficult to target via 

traditional pharmacological approaches and have proved successful for targeting drug-

resistant proteins, indicating their potential for treating various forms of cancer and 

neurodegenerative diseases17.

The central nervous system (CNS), representing the brain, spinal cord and all associated 

nerves, exerts executive control over every bodily function. There are more than 600 known 

diseases that affect the CNS, including a wide variety of neurological, neurodevelopmental 

and neurodegenerative disorders19, and it is estimated that nearly 1/6 of the world’s 

population suffers from a CNS disorder20. Unlike the peripheral nervous system (PNS), the 

CNS poses unique challenges that often hinder drug discovery efforts21, resulting in clinical 

failure rates that can reach near 100% for some disorders. Some of this failure can be 

attributed to a poor understanding of the disease itself, making it difficult to correctly target 

the major cellular mechanisms that underly it. However, in other cases drug development has 

been largely unsuccessful even when the underlying pathophysiology is well understood, 

such as in Huntington’s disease. Furthermore, diseases that result from mutations or 

malfunctioning of proteins expressed in both the PNS and CNS pose unique challenges in 

regards to localizing the treatment specifically to the CNS. Consequently, even some of the 

most promising treatments for various CNS disorders continue to fail and, to date, an 

overwhelming number of major CNS disorders, such as Alzheimer’s disease, lack an 

effective treatment option.

PROTACs have the potential to treat a wide variety of diseases22, 23, and have been proposed 

as the next “blockbuster” therapy that could treat Alzheimer’s disease and other disorders of 

the CNS that have undruggable protein targets17, 24. Yet whether PROTACs are the answer 

for CNS drug development remains unclear due to a lack of empirical evidence that they can 
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treat certain disorders of the nervous system in vivo. In this perspective we briefly review 

evidence that PROTACs could be a potential treatment for CNS disorders, focusing on the 

most prevalent neurodegenerative disorders (Alzheimer’s disease, Parkinson’s disease, 

Huntington’s disease, amyotrophic lateral sclerosis) and glioblastomas, all of which still lack 

effective therapeutic strategies. Next, we discuss the potential limitations that might limit 

PROTAC effectiveness and drug development for CNS disorders and conclude by providing 

our expert opinion on whether PROTACs are a “game-changer” for CNS drug development. 

For a more detailed discussion on the design of PROTACs, we refer the reader to recent 

reviews on this topic25, 26.

2. Disorders of the CNS: Could PROTACS be the answer for 

neurodegenerative disorders?

Neurodegenerative disorders are one of the largest class of CNS diseases, affecting more 

than 10 million people worldwide each year. These disorders have debilitating outcomes and 

are considered among the most difficult diseases to treat. While the pathophysiology of these 

disorders can be complex, often times they are associated with accumulation of toxic 

proteins that lead to severe, progressive neuronal death, such is the case with Alzheimer’s 

and Huntington’s diseases. For this reason, PROTACs have become an attractive approach to 

potentially treat these disorders. In this section we will briefly discuss recent evidence 

suggesting that PROTACs have significant potential to treat the 4 major neurodegenerative 

disorders: Alzheimer’s, Parkinson’s and Huntington’s diseases and amyotrophic lateral 

sclerosis (ALS). For a more detailed discussion on this topic we refer the reader to several 

recent reviews17, 25-30.

2.1. Alzheimer’s disease

Alzheimer’s disease affects more than 10% of the population over the age of 70 and is the 

leading cause of dementia world-wide. However, despite a number of promising candidates, 

drug development has been largely unsuccessful for the treatment of this disorder. A 

hallmark characteristic of Alzheimer’s disease is abnormal accumulation of tau protein 

throughout the brain31, which results in significant and progressive cell death. Recently, 

PROTACs have been employed to target and degrade intracellular tau. For example, a recent 

study designed a PROTAC peptide that used Keap1-Cul3 ubiquitin E3 ligase to bind tau, 

leading to ubiquitination and subsequent degradation32. Another study combined PROTAC 

technology and positron emission tomography (PET)33 and developed 25 hetero-

bifunctional molecules by linking PET tracer T807, which binds to pathological tau, and E3-

ligase recruiting ligand pomalidomide to target tau for degradation. One molecule, called 

QC-01-175, would preferentially target tau for proteasome-dependent degradation in 

frontotemporal dementia (FTD) patient-derived neurons as opposed to the wild-type (WT) 

neurons. While these in vitro studies do not fully embody in vivo outcomes, these data 

demonstrate the potential of PROTACs to target the tau protein and potentially be used as a 

drug treatment in patients with Alzheimer’s disease. Notably, one study examined the ability 

of PROTACs to target tau in the brain of a mouse model of Alzheimer’s disease. Several E3 

ligases and chimeric molecules that could penetrate cells and bind to tau were generated, of 

which molecule TH006 was demonstrated to permeate the cells and induce tau degradation 
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via an increase in polyubiquitination34. Importantly, TH006 was administered to mouse 

model of Alzheimer’s disease using a combined intranasal approach with intravenous 

injection for 10 days, which reduced tau in the hippocampus and cerebral cortex. 

Additionally, Arvinas, a pioneering company in PROTACs, has recently reported preclinical 

evidence of a PROTAC that targets pathological tau. This PROTAC was able to cross the 

blood-brain barrier and degrade more than 95% of pathological tau, without altering 

wildtype tau, in the mouse brain 24-hours after parenteral administration. Together, these in 
vivo studies demonstrate the ability of PROTACs to effectively work in the brain, where 

abnormal tau accumulation is present, indicating the potential PROTACs could have in 

treating even difficult to target CNS diseases, such as Alzheimer’s disease.

2.2. Parkinson’s disease

Parkinson’s disease is a neurodegenerative disorder that affects 1-3% of the population over 

80 years of age. The main characteristic of Parkinson’s disease is accumulation of alpha-

synuclein protein (α-syn), which leads to the formation of Lewy-bodies35. A recent 

investigation demonstrated the ability of PROTACs technology to target α-syn36. This study 

combined an α-syn protein binding domain, a cell-penetrating domain, and a proteasome-

targeting motif to generate a cell-permeable PROTAC, which was able to target α-syn for 

degradation by the proteasome in a time- and dose-dependent manner in primary neurons 

and neuroblastoma cells. The reduction in α-syn lead to decreased mitochondrial 

dysfunction and cell toxicity, indicating the potential of the PROTAC as a potential strategy 

to treat Parkinson’s disease. Importantly, though these results are exciting, this in vitro study 

will need further validation to determine if this method has potential clinical applications.

2.3. Huntington’s disease

Huntington’s disease is an autosomal dominant neurodegenerative disorder that is caused by 

an excessive expansion of a CAG trinucleotide repeat, which leads to the mutant huntingtin 

(mHtt) protein that often aggregates and leads to cell death3738. Recently, two PROTACs, 

labeled 1 and 2, were shown to target mHtt for degradation in fibroblast cells derived from 

two patients with Huntington’s disease37. Both PROTACs 1 and 2 successfully reduced 

mHtt levels in the fibroblasts with the former having dose-dependent effects, though wild-

type Htt also had reduced levels without changes in gene transcription. Furthermore, this 

PROTAC-mediated reduction of mHtt levels occurred via proteasome-dependent 

degradation. Interestingly, these PROTACs were able to lead to degradation of the mHtt 

protein without knowing the specific ligand that was targeted. This demonstrates that 

PROTAC technology can be used to target mutant, aggregate-prone proteins that lead to 

neurodegenerative disorders, even if the specific ligand is unknown. Similar to those 

PROTACs described in previous sections, further validation with in vivo studies will be 

necessary to know the full potential of this technology for treating Huntington’s disease. 

Interestingly, degradation of mHtt has been reported by using an autophagosome-tethering 

compound (ATTEC), which utilizes the macroautophagy degradation pathway. This study 

found that ATTECs were able to pass through the blood-brain barrier and distinguish 

between mHtt and WT Htt during targeted degradation, which ultimately led to the rescue of 

multiple Huntington’s disease-related phenotypes in both drosophila and mice39. This 

approach is a comparable alternative to PROTACs, as it utilizes a pathway for protein 
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degradation to target a POI with a small molecule, and further demonstrates the potential for 

targeting mHtt for degradation with PROTACs or PROTAC-like technology.

2.4 Amyotrophic Lateral Sclerosis (ALS)

Amyotrophic Lateral Sclerosis (ALS) is a multisystem, progressive neurodegenerative 

disorder with a median survival of less than 5 years after onset40, 41. One common 

characteristic of ALS is the aggregation of TDP-43 protein in the cytoplasm, although more 

than 20 genes have been associated with the disease40. Previously, TDP-43 has been targeted 

by hydrophobic tagging and various other methods, indicating its targeting potential42, 43. In 

2018, Zfn179 E3 ligase was discovered to specifically ubiquitinate TDP-43 and was able to 

regulate clearance of TDP-43 aggregates44. While still in its early stages, several efforts are 

currently underway testing the potential of PROTAC-mediated degradation of TDP-43 to 

control ALS disease progression.

Aggregation of mutant SOD1 is associated with familial ALS. One study generated a 

Dorfin-CHIP PROTAC containing the hydrophobic portion of Dorfin, an E3 protein that 

binds to the mutant SOD1, and the U-box domain of the C-terminal of Hsc70-interacting 

protein (CHIP), which has strong E3 activity45. The Dorfin-CHIPL chimeric protein was 

able to specifically target mutant SOD1, but not WT SOD1, for ubiquitination and decreased 

aggregation formation. Together, these studies indicate the potential for PROTACs as a 

therapeutic for ALS, though more research is needed.

3. Disorders of the CNS: Could PROTACS be the answer for 

glioblastomas?

Glioblastoma is an aggressive, malignant brain tumor that typically leads to death within 

15-18 months46. Although glioblastomas are heavily studied, treatment options remain 

limited and usually consist of surgery and chemotherapy, which still results in less than ideal 

survival rates. Recently, histone deacetylase 6 (HDAC6) has been implicated as a target for 

glioblastoma treatment47 as overexpression of this protein promotes cell proliferation and 

contributes to drug resistance in cancer. However, while readily available, HDAC inhibitors 

are often non-selective and result in unfavorable effects. To combat this, the small molecule 

chemical compound, J22352, was synthesized to selectively target HDAC6 and was able to 

significantly decrease HDAC6 expression and inhibit cell proliferation in glioblastoma. 

Importantly, this small molecule acted in a PROTAC-like manner, promoting the 

ubiquitination and subsequent degradation of HDAC6 by the proteasome. This study 

provides compelling evidence that HDAC6 can be targeted for degradation by synthetic 

small molecules, indicating the potential of PROTACs for the treatment of glioblastoma.

4. Advantages of using PROTACs to treat CNS disorders

As described above, PROTACS have significant potential to treat a variety of CNS disorders. 

Importantly, they have several advantages over traditional approaches that make them 

uniquely suited for the treatment of CNS diseases28. The first major advantage, as described 

in detail above, is the ability of PROTACs to control targeted degradation of undruggable 
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proteins in the CNS. Additionally, PROTACs bypass the potential toxic effects that can be 

created by pharmacological approaches which simply inactivate a target protein without also 

controlling turnover. Furthermore, the specificity of PROTACs is especially high in 

comparison to other approaches, with numerous examples coming from molecules designed 

to degrade mutant, but not wild-type, proteins. Finally, PROTACs have substoichiometric 

catalytic activity48, allowing administration of very low concentrations to be sufficient 

enough to degrade a target protein. Collectively, these data suggest that PROTACs could be a 

very effective method to target and destroy undruggable proteins that characterize the 

pathophysiology of many CNS disorders.

5. Limitations of using PROTACs to treat CNS disorders

The studies described in Sections 2 and 3 are just a few of the available evidence suggesting 

that PROTACs have a high potential for treating CNS disorders, as they can target aberrant 

proteins for degradation. However, considering the complications of treating CNS disorders, 

there are a number of limitations that could prevent PROTAC drug development and clinical 

application. For example, one major issue is blood-brain barrier permeability, which can be a 

limiting factor for many pharmacological approaches. As discussed above, one study 

evaluated PROTAC in vivo efficacy and saw effects in the brain after intravenous and 

intranasal administration34, suggesting that PROTACs may be able to effectively penetrate 

the blood-brain barrier. Nevertheless, each PROTAC is designed for a specific target, which 

means using different E3 ligases and linkers that could further link to other molecules and 

have varied molecular weights, all of which can impact blood-brain barrier permeability and 

efficiency28, 49. Another potential limitation is localization of the PROTAC to specific brain 

regions. To successfully use a PROTAC, the E3 ligase must be expressed in the target 

region(s), however, some E3 ligases, including CRBN50, are differentially expressed across 

brain regions. This differential expression pattern can lead to complications when treating 

diseases that span brain regions. For instance, in Alzheimer’s disease, tau accumulation 

occurs in a progressive manner across brain regions, starting in the locus coeruleus and 

entorhinal cortex and finishing in the primary visual cortex51. This means that depending on 

disease progression, PROTACs would need to target tau specifically in some brain regions. 

Besides the potential absence of E3 ligase expression in the affected brain regions, such 

localized drug manipulations are not yet possible, though promising new technology 

suggests that this could be possible in the future52.

PROTACs are transient by nature53, but evidence suggests they can be effective in low, 

infrequent doses, specifically in cases of slow protein synthesis, and last longer than 

traditional inhibitor drugs54. Still, continuous administration throughout a patient’s life 

would be required when the disease has a genetic basis (Figure 2). For example, while 

PROTAC-mediated degradation of mHtt could clear the protein and reduce cellular toxicity, 

the effect would only be temporary as the disease-causing trinucleotide repeat expansion in 

Htt would continue to produce new mHtt protein. Furthermore, many CNS disorders are 

associated with broad reductions in proteasome catalytic activity55, meaning that even if a 

PROTAC can ubiquitinate the POI it still may not be possible to degrade it. Importantly, 

PROTACs cannot solve this problem of proteasome downregulation and instead are greatly 

limited by it since they rely on the endogenous proteasome function to degrade the target 
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protein. Consequently, for PROTACs to be effective at treating some CNS disorders, they 

may have to be combined with approaches that can stimulate proteasome function. There is 

evidence that 1-[1-(4-fluorophenyl)-2,5-dimethylpyrrol-3-yl]-2pyrrolidin-1-ylethanone 

(IU1), a small-molecule inhibitor of the ubiquitin-specific protease 14 (USP14), can 

successfully enhance protein degradation in vitro56 and in mouse brain tissue following 

intraperitoneal injections57. However, IU1 does not directly stimulate the proteasome, 

instead leading to increased protein degradation of select substrates regulated by USP14. 

Consistent with this, one study found that when IU1 was directly infused into the amygdala, 

proteasome activity was not altered58. This evidence suggests that IU1 is unlikely to broadly 

enhance proteasome function in the brain, which would be needed in severe states of 

reduced protein degradation that are present in many diseases, such as Alzheimer’s disease. 

Furthermore, while promising new data does suggest that CRISPR-dCas9 technology could 

be used to broadly stimulate proteasome function in the brain59, this is still in its early 

stages. Thus, reduced proteasome function remains a barrier for PROTAC-mediated 

degradation of mutant proteins, especially when treating CNS disorders that span multiple 

brain regions.

6. Conclusion

In summary, PROTACs have significant implications for drug discovery efforts focused on 

developing effective treatments for a wide range of CNS disorders. Importantly, due to their 

ability to target proteins that are largely “undruggable”, PROTACs may have a significant 

advantage over previous approaches that have ultimately failed in preclinical stages. 

However, as noted above, there are several boundaries to CNS PROTAC drug development 

that must be overcome before this potential can be accessed. Despite this, PROTACs have 

been and will continue to be a critical tool used in drug discovery efforts meant to develop 

treatments for complex CNS disorders.

7. Expert opinion

While only a small sample of the literature, the studies discussed here suggest that PROTAC 

technology has the potential to be a critical tool in treating CNS diseases. However, this 

work has been done almost exclusively outside of the brain, meaning that further research 

must be conducted to validate the ability of PROTACs to function in vivo. Importantly, while 

it has clearly been demonstrated that PROTACs have the ability to target aberrant proteins 

that lead to CNS diseases, in vitro studies often times do not translate to in vivo outcomes. 

Above we discussed evidence demonstrating that PROTACs have been developed that can 

successfully target tau, α-syn, mHtt, and SOD1. Additionally, a PROTAC-like molecule was 

developed which was able to target HDAC6, indicating that a wide-range of different 

molecules, some of which are considered to be undruggable, could be successfully degraded 

using PROTAC technology. Despite these exciting findings, it is important to note that, to 

date, only tau has been targeted in vivo, and this has not been independently validated by 

other labs. Considering that each PROTAC is designed differently, it is possible that some 

may not be successful at targeting proteins in the brain, leaving a significant question about 

whether such technology has the generalizability needed to treat a wide range of CNS 

disorders for which no effective therapies currently exist.
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As discussed above, there are numerous limitations that must be overcome before PROTACs 

can truly be deemed a game changer for CNS drug discovery. To target the brain, PROTACs 

must be able to permeate through the blood-brain barrier, which could be potentially 

challenging because some PROTACs may be able to permeate, while others may not. Once 

in the brain, it may lack the ability to penetrate brain cells, which are notoriously difficult to 

transfect. Another significant barrier to drug discovery, in general, is localization of the drug 

to specific brain regions, which may be necessary in some cases. To date, there is no 

evidence indicating that PROTACs would be brain region specific. Further studies will need 

to examine PROTAC localization, as well as different administration strategies and the 

frequency required to control symptoms to determine if PROTACs would be suitable for 

treatment of CNS diseases, especially diseases with a genetic basis where mutant protein 

would consistently be synthesized. Another major concern, as stated above, is proteasome 

downregulation that is often seen in many CNS diseases, particularly those that are age-

associated, which presents a significant hurdle since PROTACs work through the 

endogenous UPS system to degrade target proteins. Studies should evaluate the efficiency of 

PROTACs in a cellular environment that has abnormally low proteasome activity to 

determine if efficient targeted-degradation of a substrate can still occur. Perhaps in these 

cases of proteasome downregulation PROTACs may be used in conjunction with different 

technology that may enhance proteasome activity, although none currently exist. These 

limitations may be addressed as more in vivo studies are conducted, but to date, there is not 

enough evidence suggesting that PROTACs will work correctly if administered to the intact 

CNS.

Considering the ubiquitin proteasome system is only one pathway involved in regulating 

protein degradation, there are alternative options to PROTACs that utilize different pathways 

for small molecule-dependent POI degradation. ATTECs are one example mentioned above, 

which have been used to target mHtt as a potential therapeutic for Huntington’s disease. 

Another potential alternative, known as mallostery, utilizes allosteric regulation to cause 

misfolding of a protein. This misfolding activates the endoplasmic reticulum-associated 

degradation (ERAD) pathway to degrade the misfolded protein. It has been discovered that 

mallostery is utilized in yeast to control the HMG-CoA reductase, Hmg2, through the 

geranylgeranyl pyrophosphate molecule, which increased Hgm2 degradation by the ERAD 

pathway60. The Hampton lab, who coined the term mallostery, propose this pathway as 

another potential method for targeting undruggable proteins. These alternative methods for 

targeted protein degradation are beneficial for expanding the availability of therapeutics for 

CNS disorders and offer a complementary approach to PROTAC-mediated targeting.

Clearly, PROTACs have a high potential for clearing toxic proteins that result in many of the 

phenotypes associated with various CNS disorders. However, a major limitation to 

PROTACs is that they are transient and would require continuous administration to a patient 

with a genetic mutation. This is where PROTACs would be better suited by being combined 

with other therapeutically-relevant technologies, such as CRISPR/Cas9, to treat complex 

CNS disorders. In this complementary approach, CRISPR/Cas9 could be used to edit the 

mutated gene, removing or correcting the portion that codes for the toxic protein, and 

PROTACs could be used to clear the toxic protein that had already been translated within the 

cell. For example, Huntington’s disease, which was discussed in detail above, is one disease 
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that could be treatable by this combined method. In this case, the Htt gene is mutated by a 

trinucleotide repeat expansion, which leads to the production of an abnormally large protein 

that causes cellular toxicity. CRISPR/Cas9 could be employed to cause a targeted deletion of 

the expanded region of the gene, which would essentially correct the mutation. Alone, the 

CRISPR/Cas9 system would not be able to solve the problem of toxic protein accumulation 

though because said toxic protein would have already been translated. However, through the 

addition of PROTACs technology, the toxic proteins can be targeted for degradation, and no 

new toxic proteins will be translated due to the CRISPR/Cas9-mediated gene correction. 

Thus, the greatest therapeutic potential of PROTACs for CNS disorders could actually be 

achieved by combining this technology with other novel approaches, such as CRISPR/Cas9.

Given all of the evidence, it is clear that PROTACs can effectively target a protein for 

degradation via the UPS system. Whether this can occur in patients with CNS diseases 

remains unknown, but the prospect is exciting. Considering the low success with current 

treatment options and the grave prognosis for certain CNS disorders, PROTACs may very 

well be a game changer in the upcoming years. For now, though, Alzheimer’s disease, 

Parkinson’s disease, Amyotrophic lateral sclerosis, Huntington’s disease, and glioblastoma, 

among others, remain devastating CNS disorders with no successful treatment. As we look 

towards the future, PROTACs are a front-runner for promising research that may lead to an 

effective treatment for these, and various other, complex CNS disorders.
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Article highlights

• PROTACs act as a linker for an E3 ligase, which allows for the precise 

targeting of proteins of interest for degradation via the proteasome.

• PROTACs have significant potential as a therapeutic tool to treat Central 

Nervous System (CNS) disorders in which few, if any, treatment options are 

currently available.

• The ability of PROTACs to destroy toxic, undruggable proteins associated 

with a variety of CNS disorders has been evaluated in vitro.

• The ability of PROTACs to destroy toxic, undruggable proteins in the intact 

brain is fleeting.

• While promising, PROTACs have a number of limitations that must be 

overcome before they can be used as the next major drug discovery tool to 

treat CNS disorders.
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Figure 1. Mechanistic approach for PROTACs to hijack the ubiquitin proteasome system for 
targeted protein degradation.
First, a free ubiquitin pool exists in the cell. Once a free ubiquitin molecule binds the 

ubiquitin activating enzyme (E1), the ubiquitin becomes activated. The activated ubiquitin is 

then transferred to the ubiquitin conjugating enzymes (E2), which subsequently conjugates 

to the ubiquitin ligase (E3). The E3 ligase can then recognize the target protein and transfer 

the ubiquitin. This process continues to polyubiquitinate the protein, which leads to 

degradation by the proteasome. The PROTAC contains a recognition domain for the E3 

ligase and the protein of interest which allows it to act as a linker. In this way, the PROTAC 

can recruit the E3 ligase to the protein of interest for directed degradation. After 

polyubiquitination occurs, the target protein is degraded by the proteasome and the ubiquitin 

returns to the free ubiquitin pool.
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Figure 2. Theoretical schematic demonstrating PROTACs as a therapeutic for Huntington’s 
disease.
The patient is heterozygous for Huntington’s disease, meaning they carry one mutated allele 

(allele with red mark). This genotype causes the patient to develop Huntington's disease (red 

body) and leads to the synthesis of both wild-type Huntingtin protein (wild-type Htt; blue) 

and mutant Huntingtin protein (mHtt; red). To treat the patient, PROTACs are administered 

by injection. Once injected into the patient, the PROTACs pass through the blood-brain 

barrier and target mHtt for degradation. The PROTAC does not alter wild-type Htt or the 

heterozygous genotype. The patient is now healthy (blue body), but consistent treatment is 

required due to the genetic nature of the disease, which is not corrected by the PROTAC.

Farrell and Jarome Page 15

Expert Opin Drug Discov. Author manuscript; available in PMC 2022 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Disorders of the CNS: Could PROTACS be the answer for neurodegenerative disorders?
	Alzheimer’s disease
	Parkinson’s disease
	Huntington’s disease
	Amyotrophic Lateral Sclerosis (ALS)

	Disorders of the CNS: Could PROTACS be the answer for glioblastomas?
	Advantages of using PROTACs to treat CNS disorders
	Limitations of using PROTACs to treat CNS disorders
	Conclusion
	Expert opinion
	References
	Figure 1.
	Figure 2.

