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Abstract

The global burden of respiratory viral infections is notable, which is attributed to their
higher transmissibility compared to other viral diseases. Respiratory viruses are seen
to have evolved resistance to available treatment options. Although vaccines and an-
tiviral drugs control some respiratory viruses, this control is limited due to unexpected
events, such as mutations and the development of antiviral resistance. The technology of
proteolysis-targeting chimeras (PROTACs) has been emerging as a novel technology in viral
therapeutics. These are small molecules that can selectively degrade target proteins via the
ubiquitin—proteasome pathway. PROTACs as a therapy were initially developed against
cancer, but they have recently shown promising results in their antiviral mechanisms by
targeting viral and/or host proteins involved in the pathogenesis of viral infections. In
this review, we elaborate on the antiviral potential of PROTACS as therapeutic agents
and their potential as vaccine components against important respiratory viral pathogens,
including influenza viruses, coronaviruses (SARS-CoV-2), and respiratory syncytial virus.
Advanced applications of PROTAC antiviral strategies, such as hemagglutinin and neu-
raminidase degraders for influenza and spike proteins of SARS-CoV-2, are detailed in this
review. Additionally, the role of PROTACs in targeting cellular mechanisms within the
host, thereby preventing viral pathogenesis and eliciting an antiviral effect, is discussed.
The potential of PROTACs as vaccines, utilizing proteasome-based virus attenuation to
achieve a robust protective immune response, while ensuring safety and enhancing efficient
production, is also presented. With the promises exhibited by PROTACS, this technology
faces significant challenges, including the emergence of novel viral strains, tissue-specific
expression of E3 ligases, and pharmacokinetic constraints. With advanced computational
design in molecular platforms, PROTAC-based antiviral development offers an alternative,
transformative path in tackling respiratory viruses.
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1. Introduction

Globally, respiratory viruses, including the influenza A and B viruses, respiratory
syncytial virus (RSV), rhinovirus, adenovirus, parainfluenza virus, metapneumoviruses,
bocavirus, and coronaviruses, are the most typical causes of respiratory infection in im-
munocompetent patients. In contrast, cytomegalovirus (CMV), herpes simplex virus (HSV),
or varicella-zoster virus (VZV) can cause disease in immunocompromised patients [1].
Over the last few decades, there has been an increase in the incidence of respiratory virus
outbreaks/epidemics/pandemics worldwide, such as the Nipah virus (1998), severe acute
respiratory coronavirus 1 (SARS-CoV-1) (2003), Middle East respiratory syndrome coron-
avirus (MERS-CoV) (2012), severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
(2019), bird flu, etc. [2-5]. The high mortality and morbidity associated with these respira-
tory virus infections highlight the critical need for effective therapeutic interventions.

Traditionally, the prevention and control of respiratory viral infections rely on vaccines
and antivirals. Effective vaccines or antiviral drugs are available for only a few respiratory
viruses. High mutation rates of viruses such as the influenza virus and SARS-CoV-2
hinder the efficacy of available vaccines. However, the effectiveness of antiviral drugs, like
neuraminidase (NA) inhibitors (oseltamivir) and M2 ion channel blockers (amantadine),
is limited by the emergence of drug-resistant viral strains and adverse side effects [6].
The dynamics of respiratory virus evolution emphasize the critical need for advanced
novel technologies to develop effective vaccines and antiviral drugs. Over the past few
years, targeted protein degradation (TPD) has emerged as a promising technology in the
development of medical countermeasures (MCMs), such as proteolysis-targeting chimeras
(PROTACSs). Thus, we evaluate the advancement and application of PROTAC technology
in the field of virology. This review summarizes the advancements in PROTAC-based
antivirals and PROTAC vaccines, the challenges, and future prospects.

2. PROTAC

PROTAC is an emerging technology in targeted protein degradation (TPD) that aims to
develop therapeutic agents. PROTAC molecules are composed of two linked domains: one
domain binds to the protein of interest (POI), and the other binds to the E3 ubiquitin ligase.
The formation of POI-PROTAC-E3 ternary complexes facilitates the ubiquitylation of the
PQJ, leading to its subsequent degradation by the proteasome (Figure 1). Since PROTACs
remain intact during this process, a single PROTAC molecule can instigate the ubiquitina-
tion and degradation of multiple POI equivalents [7]. Although PROTAC technology is
emerging as a viable therapeutic strategy in cancer research and treatment, its application in
antimicrobial treatment remains largely unexplored. PROTACs offer numerous advantages
over traditional protein inhibitors (drugs), including effectiveness at low concentrations,
rapid action, prolonged biological effects, specificity, lack of toxicity, robust immunogenic
response, capacity to degrade undruggable targets, and effectiveness against resistant
strains. Because of these advantages, many pharmaceutical companies are investing in
PROTAC therapy for the treatment of both infectious and non-infectious diseases [8,9].
PROTAC is a progressing technology with a vast scope in protein degradation-based
therapies for a wide range of pathological conditions.
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Figure 1. PROTAC’s mechanism of action: PROTAC is a small molecule composed of two active
domains and a linker. One of the domains binds to the target protein. In contrast, the other binds to
the E3 ligase enzyme, bringing the two proteins into proximity, which causes the ubiquitination of
the target protein, followed by its degradation through the proteasomal pathway. This can enable us
to eliminate target proteins selectively (Ub: ubiquitin).

2.1. PROTAC Design and Synthesis

Each PROTAC is composed of three main parts: a warhead (a ligand that attaches
to the POI), an anchor (a ligand that attaches to an E3 ubiquitin ligase), and a linker
that connects the two. This setup enables the PROTACs to degrade both druggable and
undruggable targets, paving the way for novel antimicrobial developments.

2.1.1. Warhead

The first step in PROTAC design involves identification of the POI and the POI ligands.
The PROTAC event-driven catalytic mechanism of action does not require strong binding
with the POI, unlike conventional drugs. The PROTAC’s efficacy depends on the POI-
PROTAC-ES3 ligase ternary complex formation.

The PROTAC has ability to target approximately 80% human proteins, which includes
transcription factors (c-Myc, STAT3), RNA-binding proteins, epigenetic targets, kinases
(Bruton Tyrosinase Kinase), receptors (AR, ER, RAR, PR, EPGF), scaffold proteins (beta-
catenin, KSR1/2, p62/SQSTM1, NEMO/IKKY, Axinl/2), and mutant proteins, eliminating
the limitations of traditional drugs [10]. The strategy used for targeting POIs includes
inhibitor-based warheads (indomethacin-based PROTACSs and cyclin-dependent kinase-
based PROTACSs) and antimicrobial-based warheads (oseltamivir-based PROTACs and
telaprevir-based PROTACs) [11-13].

2.1.2. Linker

Linkers are the connecting link between the anchor (E3 ligase-binding domain) and
a “warhead” (POI-binding domain). PROTAC selectivity, solubility, stability, flexibility,
and degradation efficacy depend on the linker length, type, and composition [14]. Thus, in
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order to design PROTACs with desired characteristics, the linker properties are modified.
The most commonly used PROTAC linkers include polyethylene glycol, triazole, alkyl
chains, piperazine, and amide bonds (Figure 2).
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Figure 2. Structure of some common PROTAC linkers.

e Linker length: Linker length determines the PROTAC target protein degradation
efficacy; long linkers may hinder POI ubiquitination, whereas short linkers minimize
the chances of ternary complex (TC) formation and result in a hook effect, i.e., binary
complex formation (PROTAC-E3 ligase complex) [15].

e  Flexibility: Flexible linkers, such as alkyl chains and PEG, increase PROTAC flexibility,
whereas linkers like alkynes, piperazine, and triazole increase PROTAC rigidity. Alkyl,
PEG, and extended PEG are the most commonly used linkers because of their easily
controlled flexibility [15].

e Chemical composition: PROTACs with a high molecular weight result in poor
pharmacokinetic-pharmacodynamic (PK/PD) properties. Multiple warhead-linker—
anchor combinations can be screened to select a PROTAC with the desired PK/PD
properties. The hydrophilic linkers (PEG) increase the bioavailability and solubility
of PROTAC molecules. On the contrary, hydrophobic linkers improve the PROTAC’s
cellular permeability [14,15].

2.1.3. Anchor

Despite the existence of over 600 E3 ligases, only a few E3 ligases are explored in
PROTAC technology, which includes Von Hippel-Lindau (VHL) E3 ligases, mouse double
minute 2 homologue (MDM?2) E3 ligases, cerebelon (CRBN) E3 ligases, inhibitor of apopto-
sis protein (IAP) E3 ligases, aryl hydrocarbon receptor (AhR), DDB1- and CUL4-Associated
Factor 15 (DCAF15), RING finger 14 (RNF14), DCAF16, and Kelch-like ECH-associated
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protein 1 (KEAP1) (Figure 3) [14]. CRBN and VHL are extensively used in PROTAC tech-
nology because of their ligand availability, proven efficacy, low toxicity, linker compatibility,
warhead compatibility, structure availability, and widespread tissue expression [14].
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Figure 3. E3 ligases commonly used in PROTAC technology (VHL: Von Hippel-Lindau; MDM2:
mouse double minute 2 homologue; IAP: inhibitor of apoptosis protein).

2.1.4. PROTAC Synthesis

PROTAC synthesis is a time-consuming, complex process. Various approaches have
been used for PROTAC synthesis, including the coupling of one ligand bearing the linker
with another ligand using activated esters, alkylation reactions, Staudinger ligation chem-
istry, multicomponent synthesis, solid-phase synthesis, click chemistry, the rapid synthesis
of PROTACs (Rapid-TAC) platform, and the modular synthetic platform [16-19]. The
in-silico tools available for designing PROTACs include DeLinker, SyntaLinker, PRossettaC,
and commercial tools such as ICM modelling (ICM-Pro v.3.9) and molecular operating
environment (MOE 2024.06) [20-22].

3. PROTAC-Based Antivirals

PROTAC is a TPD technology that requires the identification of the protein of interest
(POI) to develop effective antiviral therapeutics. Viruses are infectious agents composed
of proteins and nucleic acids (DNA or RNA), often surrounded by a lipid membrane in
certain species, known as an envelope. The virus envelope is acquired from the host cell
membrane and contains both virus-derived and host-derived proteins, which play a critical
role in virus attachment and entry [23]. All viruses complete their life cycle in living cells,
which involves six crucial steps: attachment, penetration, uncoating, replication, assembly,
and release [24]. During these stages, the virus utilizes multiple proteins (both viral
and host proteins) for viral entry (spike, hemagglutinin, F protein, ACE2), viral genome
replication (RNA-dependent RNA polymerase), virus particle assembly, and virus particle
release (neuraminidase), which can differ among various viruses [24-26]. PROTACSs can
target both viral and host proteins to inhibit viral replication. Therefore, a comprehensive
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understanding of the viral life cycle, facilitated by advanced technology, is crucial for the
identification and selection of target proteins for PROTAC-based antiviral therapies.

The era of TPD began with the introduction of PROTACs in 2001, marking the initial
demonstration that the ubiquitin—proteasome system (UPS) could be intentionally exploited
for the degradation of target proteins [27]. Since then, the field has significantly expanded,
evolving from protein-based PROTACs to click-release PROTACS, folate-targeting PRO-
TACs, photo-switchable PROTACS, radiation-responsive Protac, antibody-ProtAC con-
jugates, aptamer—ProtAC conjugates, and nano-ProtAC polymers [28]. The foundational
era of TPD reached its peak with the entry of the first PROTAC AR degraders in a clinical
trial (Figure 4) [29]. The PROTAC era is under the the translational phase, with numerous
molecules designed for TPD progressing toward clinical use, aiming to significantly benefit
patients. Table 1 listed the PROTACs-based antivirals.
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Figure 4. Timeline for PROTAC discoveries.
Table 1. PROTAC-based antivirals.
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HCV: hepatitis C virus; IAV: influenza A virus; HCMV: human cytomegalovirus; SARS-CoV-2: severe acute
respiratory syndrome coronavirus; HIV-1: human immunodeficiency virus.

The common viral families that cause respiratory diseases are Orthomyxoviridae
(influenza virus), Paramyxoviridae (parainfluenza viruses 1-4), Pneumoviridae (RSV and
metapneumovirus), Picornaviridae (rthinovirus), Coronaviridae (MERS-CoV, SARS-CoV-1,
and SARS-CoV-2), and Adenoviridae (adenovirus) [30]. In these viruses, antiviral drugs
may target either viral proteins, such as structural proteins (capsid proteins, envelope
proteins, and matrix proteins), or non-structural proteins (polymerases, proteases, viral
ribonucleoproteins, and accessory proteins) (Figure 5). PROTACs targeting viral proteins
are safe for hosts because they focus on viral-specific proteins with no human homologs.
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Figure 5. Respiratory viruses: proteins targeted for PROTAC-based therapy.

3.1. Protac-Based Antivirals for Influenza Virus
3.1.1. PROTAC-Based Antivirals Targeting Hemagglutinin

Hemagglutinin (HA) and neuraminidase (NA) are the surface glycoproteins of the
influenza virus that play crucial roles in infection. HA is the most abundant glycoprotein
on the surface of the influenza virus. It facilitates viral attachment and fusion by interacting
with sialic acid on the host cell surface and initiates virus entry via endocytosis. The
immune response to influenza infection, antivirals, or vaccination primarily focuses on the
HA protein. The PROTACSs targeting hemagglutinin include oleanolic acid-based PROTAC:s.
Li et al. (2022) [31] developed these degraders for influenza HA using protein degradation
technology. These novel pentacyclic triterpenoid-based PROTACs enhance the degradation
of the HA target in a ubiquitin—proteasome-dependent manner and exhibit broad-spectrum
activity against the influenza A virus ( Figure 6). Furthermore, in vivo studies using animal
models also demonstrated strong antiviral activity, suggesting that oleanolic acid-based
PROTACSs could serve as potential antiviral agents for treating influenza [31,32].

from oleanolic :amd \

\,N \{,\ j\v i f\ VHL E3 ligase ligand
S~ /

A\ J A\ ! /N 0 }Ni \\/ 7
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Figure 6. [llustrating the pentacyclic triterpenoid-based PROTACs against the influenza A virus targeting
hemagglutinin. (a) Oleanolic acid-linker-Von Hippel-Lindau. (b) Oleanolic acid—polyethylene glycol-VHL.



Microorganisms 2025, 13, 1557

9of 17

3.1.2. PROTAC-Based Antiviral Targeting Neuraminidase

NA, a surface glycoprotein similar to HA, plays a critical role in the interaction of
viruses with sialic acid on the host cell surface. Without NA activity, the progeny influenza
virus remains aggregated and cannot be released to initiate a new round of infection. As
a result, the virus is not amplified, and the infection does not progress further [33]. NA-
specific antibodies are protective and effective in reducing virus shedding and the severity
of infection. NA has been recognized as a primary drug target for the prophylaxis and
treatment of influenza infections. Neuraminidase inhibitors (NAIs) such as oseltamivir
(Tamiflu), zanamivir, and peramivir are the most commonly prescribed and utilized drugs
for the prophylaxis and treatment of human influenza [34]. These drugs inhibit the synthesis
of virus particles by blocking NA activity. Despite the significant success in developing
influenza neuraminidase inhibitors (NAIs), an ongoing need remains to synthesize new
antivirals due to the emergence of drug-resistant strains. Frequent use of oseltamivir has
resulted in drug-resistant mutants [6].

Recently, Xu et al. (2022) [12] developed PROTAC degraders that target the influenza
NA protein, using an oseltamivir scaffold to tackle the issue of drug resistance. The
oseltamivir-based PROTACs incorporate the E3 ligase ligands VHL or CRBN along with var-
ious linkers: N-substituted oseltamivir PROTAC (series-I) and N-carboxylated oseltamivir
PROTAC (series-1II) (Figure 7). These compounds demonstrate high potency against HIN1
proliferation in vitro. Additionally, the degraders show strong antiviral activity against
both wild-type (HIN1) and oseltamivir-resistant strain of influenza virus (H274Y) [12].
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Figure 7. Illustrating the oseltamivir-based PROTACs: (a) N-substituted oseltamivir PROTACs
(6 types): series-I, multiple PROTACs designed using different combinations of linkers and E3
ligase ligands; (b) oseltamivir carboxylate-derived PROTACsS (2 types): series-II, multiple PROTACs
designed using different combinations of linkers and E3 ligase ligands.
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3.1.3. Others

Asperphenalenone E (APL-16-5) is a natural compound isolated from Aspergillus sp.
CPCC 40073512 (Figure 8). This compound exhibits potent anti-influenza A virus activity
in both in vitro and in vivo models. Like PROTAC, APL-16-5 binds to both the E3 ligase
TRIM25 and the influenza A virus PA subunit, leading to the proteasomal degradation of
the PA subunit and inhibition of viral replication (Figure 8).

asperphenalenone E

\fw OH
oA YY W‘J T

Figure 8. Structure of asperphenalenone E (APL-16-5).

3.2. Protac-Based Antiviral for SARS-CoV-2

The SARS-CoV-2 genome contains multiple (13 to 15) open reading frames (ORFs) that
encode 27 viral proteins (structural and non-structural). ORFlab (ORFa/b) by frameshift
mutation encodes 16 non-structural proteins (NSPs) by the protease activity of two cysteine
proteases: PLpro (nsp3) and Mpro (nsp5). The significant SARS-CoV-2 antiviral target
proteins are spike, envelope, membrane, RNA-dependent RNA polymerase (RARP), and
nucleocapsid proteins [35]. Among these proteins, the antiviral agents such as remdesivir
target RARP and Nirmatrelvir/ritonavir to the SARS-CoV-2 protease [36].

SARS-CoV-2 Computational Platform for PROTAC-Based Antiviral

Chatterjee et al. (2020) [37] developed a computational platform for designing ACE2-
derived peptides that target the receptor-binding domain (RBD) of the SARS-CoV-2 spike
protein and recruit E3 ubiquitin ligase for subsequent proteasomal degradation. The
engineered peptide fusions (PROTACs) demonstrate significant anti-SARS-CoV-2 activity
in a cell line model, prompting further research into therapeutic development [37]. This
computational PROTAC design pipeline can also be applied to other viruses. Similarly,
Shaheer et al. (2021) [38] established a computational platform for PROTAC design, utilizing
protein-protein docking to identify complementary binding sites between cereblon E3 ligase
and Mpro of SARS-CoV-2, as well as to estimate potential linker lengths. Furthermore,
molecular dynamics simulations of PROTAC reveal strong interactions and the potential
for proteasomal degradation of the target protein [38].

4. PROTAC Targeting Host Proteins

Antiviral agents that target viral proteins encounter several limitations, including
narrow-spectrum activity and the emergence of antiviral resistance [39]. Consequently,
the effectiveness of current antivirals diminishes or vanishes as new viruses emerge and
pathogens evolve. Antivirals that target human proteins may help address this challenge by
enabling the development of pan-antiviral agents that are less likely to encounter microbial
resistance [40]. Therefore, host-targeted antivirals (HTAs) are a promising approach for
emerging, re-emerging, and novel viral infections.

4.1. Human Prostaglandin E Synthase Type 2 (PGES-2)-Based PROTAC

Targeting host proteins to prevent viral replication, Desantis et al. [11] developed
Indomethacin (INM)-based PROTACs that exhibit anti-SARS-CoV-2 activity (Figure 9).
These PROTACs were created by linking INM with the Von Hippel-Lindau (VHL) E3
ligase ligand using aliphatic and polyethylene glycol (PEG) linkers. Biological evaluations
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of the INM-based PROTACs demonstrated broad-spectrum inhibitory activity against
both pandemic and epidemic coronaviruses of the Coronaviridae family [11]. Molecular
modeling studies also suggest that PGES-2 could serve as a potential target for INM-
based antiviral PROTACsS, thereby paving the way for developing host-directed anti-CoV
strategies [11].
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4.2. Cyclin Dependent Kinase (CDK)-Based PROTAC

CDKs are crucial in regulating the host cell cycle and transcription processes [41].
Viruses (RNA and DNA) alter CDK expression to influence cellular functions as viral
replication depends on the host cell machinery. For example, the influenza virus and
SARS-CoV-2 disrupt the cell cycle at the G0/G1 and S/G2 phases, respectively, to establish
a favorable environment for viral replication [42,43]. Pharmacological CDK inhibitors
(PCDK:is), which were developed and approved for cancer therapy, can be repurposed for
antiviral treatment. These PCDKis-based PROTACs represent promising candidates for
broad-spectrum antiviral agents [44]. THAL-SNS032, a CDK9-directed PROTAC, exhibits
broad-spectrum antiviral activity in an in vitro model, inhibiting the replication of human
cytomegalovirus (HCMV), SARS-CoV-2, and murine cytomegalovirus (Figure 10).
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4.3. PROTAC-Based Antiviral for Virus-Induced Cytokine Storm

Respiratory viruses trigger cytokine storms in patients, leading to uncontrolled inflam-
mation resulting in acute respiratory distress syndrome (ARDS) and multi-organ failure [45].
Currently, the therapy for controlling cytokine storms includes steroids, cytokine inhibitors,
and immunoglobulin. A study by Heqiao Li et al. (2023) reported the high efficacy of a
cyclophilin A (CypA)-targeting PROTAC in controlling cytokine storms (Figure 11). In
brief, the author designed the PROTAC for CypA using molecular docking. The PROTAC-
mediated depletion of Cyp A reduced the secretion of inflammatory cytokines and cellular
injury in both the cell line and the mouse model [46].
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5. Protac Vaccine

Vaccination remains one of the most effective and straightforward tools for preventing
and controlling viral infections, including respiratory viruses. Vaccination strategies and
platforms encompass vaccines derived from attenuated pathogens, inactivated pathogens,
and subunits (such as protein subunits, virus-like particles, nucleic acid, and mRNA) [47].
Within these strategies, live-attenuated vaccines (LAVs) are the most effective interventions
against viral infections as they induce humoral, cellular, and herd immunity. Currently, sev-
eral approaches for producing LAVs are being proposed, including codon-deoptimization
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vaccines, cold-adapted live-attenuated influenza vaccines (CAIVs), premature termina-
tion codon (PTC)-harboring viruses, viral-protein-altered viruses, and hyper-interferon-
sensitive viruses [48-51]. However, current attenuation strategies encounter unpredictable
attenuation, compromised vaccine safety, suboptimal immunogenicity, decreased vaccine
efficacy, and complicated production processes [52]. Moreover, virus evolution poses
an additional challenge to vaccine efficacy. Therefore, there is an urgent need for novel
technologies such as PROTACs to develop safer and more effective live vaccines. Unlike
traditional vaccine production methodologies, PROTACs utilize the ubiquitin-proteasome
pathway to induce an efficient immune response. PROTAC technology surpasses other at-
tenuation methodologies in terms of enhanced safety, efficacy, robust immune response, and
reduced production costs [53]. Thus, PROTAC technology presents a promising approach
for generating more effective and safer viral vaccines.

Recently, Si et al. described a novel PROTAC-based vaccine technology. They utilized
PROTAC technology to attenuate the influenza virus by leveraging the host proteasomal
degradation pathway. The attenuated strain of the influenza virus (PROTAC virus) was
created by attaching a proteasome-targeting domain (PTD) to viral structural or non-
structural proteins. The PROTAC viruses were generated by linking the PTD to target
proteins. To regulate the replication of the PROTAC virus in cell lines, the PTD peptide was
connected to the target protein through a tobacco etch virus (TEV) protease-sensitive site
(ENLYFQG). The TEV protease-expressing cell lines prevent the proteolysis of the PTD-
tagged target proteins. Consequently, the PROTAC virus replicates in cell lines that stably
express TEV protease, producing the PROTAC virus strains for vaccine production [54].

The effectiveness of the PROTAC vaccine depends on the host ubiquitin-proteasome
system. Si et al. evaluated the PROTAC vaccine efficacy for the influenza A virus using
conventional Madin-Darby canine kidney 2 (MDCK2) and TEV-expressing MDCK2 (MDCK-
TEVp) cell lines. The PTD tagging led to the efficient degradation of viral proteins in
MDCK2 cells. Among the eight proteins, M1-PTD displayed the highest antiviral activity in
cell lines and animal models [53,54]. Furthermore, the PROTAC vaccine produced a strong
humoral and cellular immune response compared to the inactivated influenza vaccine (IIV)
and the CAIV [54,55].

Proteolysis-targeting chimera (PROTAC) 2.0, the next generation of the PROTAC
vaccine approach, includes the insertion of PTD in multiple sites within target proteins,
including the N-terminus, internal region, and C-terminus (Figure 12). The PROTAR
2.0 viruses were efficiently replicated in E3 ubiquitin ligase-deficient cell lines. Still, no
replication was observed in conventional cell lines. In animal models, PROTAR 2.0 vaccines
induced a broad humoral and cellular immune response [56].
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6. Challenges

PROTAC technology employs the host protein degradation system. The target proteins
(POIs) for PROTACs can include druggable enzymes and proteases, as well as challenging
targets such as DNA-binding proteins, signal transduction proteins, and transcriptional
enhancers [8]. As a result, antiviral PROTACs show promise in targeting complex proteins
involved in virus replication and suppressing the host immune response. Furthermore,
PROTAC:S can also target virus mutants, offering a promising approach to tackling antivi-
ral resistance.

The PROTAC-based therapeutics for respiratory viruses may encounter several chal-
lenges, including virus evolution (the emergence of novel viruses, the evolution of known
viruses such as IAV, SARS-CoV-2 etc), limited understanding of viral pathogenesis, tissue-
specific expression of E3 ligase, a small number of antiviral agents with specific targets,
PROTAC:Ss poor pharmacokinetic (PK) and pharmacodynamic (PD) properties, an underde-
veloped clinical evaluation system for PROTACs, and a complex, time-consuming process
of PROTAC synthesis and screening [14,16-19,24].

7. Conclusions and Perspectives

Antiviral drug discovery is a challenging, time-intensive, and expensive process with
a very low success rate. Additionally, existing antiviral agents are becoming less effective
due to the emergence of drug resistance. Although PROTAC-based antiviral strategies are
still in their early phases, their broad-spectrum activity against both wild-type and mutant
strains presents advantages over traditional inhibitors. However, their success depends
on expanding the repertoire of POI, E3 ligases, virus tissue tropism, viral pathogenesis,
and virus evolution. Therefore, the rational design of an antiviral PROTAC molecule
must consider the cellular proteasomal degradation system and viral pathogenesis. The
PROTAC design process is complex; previously published computational methods or
pipelines (in silico tools) can be utilized to expedite the development of PROTAC-based
antiviral agents for other viruses. Furthermore, advanced technologies such as artifi-
cial intelligence and established PROTAC-related databases (including PROTAC-DB 3.0,
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DiffPROTAcs, PROTACpedia, and the DeepPROTACs predictor) can aid in the rational
design of PROTAC-based antiviral agents [57,58]. Advance PROTAC technology such as
Click-formed PROTAC (CLIPTAC), nano-PROTAC, and antibody—PROTAC conjugates
(Ab-PROTAC) will improve the PROTAC delivery and stability [59-62]. Furthermore, other
biomolecule degradation technologies, including ribonuclease-targeting chimera (RIBO-
TAC), autophagy-targeting chimera (AUTAC), lysosome-targeting chimeras (LYTACs), and
Autophagy-Tethering Compounds (ATTECs), are expected to play a significant role in the
future development of antiviral agents [63—66].

Author Contributions: Writing—original draft preparation, PH. and A.A.; writing—review and
editing P.S,, J.J., S.N. (Sheetal Naik), S.S., K.Z., M.D., S.N. (Shubham Nagar), and T.G.; visualiza-
tion/diagrams, D.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Weston, S.; Frieman, M.B. Respiratory Viruses. In Reference Module in Biomedical Sciences; Elsevier: Amsterdam, The Netherlands,
2018; p. B9780128012383661615. ISBN 978-0-12-801238-3.

2. Cherry, ].D.; Krogstad, P. SARS: The First Pandemic of the 21st Century. Pediatr. Res. 2004, 56, 1-5. [CrossRef]

3. Azhar, EI; Hui, D.S.C,; Memish, Z.A_; Drosten, C.; Zumla, A. The Middle East Respiratory Syndrome (MERS). Infect. Dis. Clin.
North. Am. 2019, 33, 891-905. [CrossRef] [PubMed]

4. Acuti Martellucci, C.; Flacco, M.E.; Cappadona, R.; Bravi, F.; Mantovani, L.; Manzoli, L. SARS-CoV-2 pandemic: An overview.
Adv. Biol. Regul. 2020, 77,100736. [CrossRef] [PubMed]

5. Charostad, J.; Rezaei Zadeh Rukerd, M.; Mahmoudvand, S.; Bashash, D.; Hashemi, S.M.A.; Nakhaie, M.; Zandi, K. A comprehen-
sive review of highly pathogenic avian influenza (HPAI) H5N1: An imminent threat at doorstep. Travel. Med. Infect. Dis. 2023, 55,
102638. [CrossRef] [PubMed]

6. Lampejo, T. Influenza and antiviral resistance: An overview. Eur. J. Clin. Microbiol. Infect. Dis. 2020, 39, 1201-1208. [CrossRef]

7. Gao, H; Sun, X; Rao, Y. PROTAC Technology: Opportunities and Challenges. ACS Med. Chem. Lett. 2020, 11, 237-240. [CrossRef]

8. Sun, X.; Gao, H.; Yang, Y.; He, M.; Wu, Y.; Song, Y.; Tong, Y.; Rao, Y. PROTACsS: Great opportunities for academia and industry.
Sig Transduct. Target. Ther. 2019, 4, 64. [CrossRef]

9.  Garber, K. The PROTAC gold rush. Nat. Biotechnol. 2022, 40, 12-16. [CrossRef]

10. Samarasinghe, K.T.G.; Crews, C.M. Targeted Protein Degradation: A Promise for Undruggable Proteins. Cell Chem. Biol. 2021, 28,
934-951. [CrossRef]

11. Desantis, J.; Mercorelli, B.; Celegato, M.; Croci, F.; Bazzacco, A.; Baroni, M.; Siragusa, L.; Cruciani, G.; Loregian, A.; Goracci, L.
Indomethacin-based PROTACS as pan-coronavirus antiviral agents. Eur. J. Med. Chem. 2021, 226, 113814. [CrossRef]

12. Xu, Z,; Liu, X;; Ma, X.; Zou, W,; Chen, Q.; Chen, F,; Deng, X.; Liang, J.; Dong, C.; Lan, K; et al. Discovery of oseltamivir-based
novel PROTACs as degraders targeting neuraminidase to combat HIN1 influenza virus. Cell Insight 2022, 1, 100030. [CrossRef]

13. de Wispelaere, M.; Du, G.; Donovan, K.A.; Zhang, T.; Eleuteri, N.A.; Yuan, ].C.; Kalabathula, J.; Nowak, R.P.; Fischer, E.S.; Gray,
N.S,; et al. Small molecule degraders of the hepatitis C virus protease reduce susceptibility to resistance mutations. Nat. Commun.
2019, 10, 3468. [CrossRef] [PubMed]

14. Pravin, N,; J6zwiak, K. PROTAC unleashed: Unveiling the synthetic approaches and potential therapeutic applications. Eur. J.
Med. Chem. 2024, 279, 116837. [CrossRef] [PubMed]

15. Troup, R.I; Fallan, C.; Baud, M.G.]. Current strategies for the design of PROTAC linkers: A critical review. Explor. Target.
Antitumor Ther. 2020, 1, 273-312. [CrossRef] [PubMed]

16.  Wurz, R.P; Dellamaggiore, K.; Dou, H.; Javier, N.; Lo, M.-C.; McCarter, ].D.; Mohl, D,; Sastri, C.; Lipford, ].R.; Cee, V.J. A “Click
Chemistry Platform” for the Rapid Synthesis of Bispecific Molecules for Inducing Protein Degradation. J. Med. Chem. 2018, 61,
453-461. [CrossRef]

17.  Xu, H.; Kurohara, T,; Takano, R.; Yokoo, H.; Shibata, N.; Ohoka, N.; Inoue, T.; Naito, M.; Demizu, Y. Development of Rapid and
Facile Solid-Phase Synthesis of PROTACs via a Variety of Binding Styles. ChemistryOpen 2022, 11, e202200131. [CrossRef]

18. Rapid PROTAC Discovery Platform: Nanomole-Scale Array Synthesis and Direct Screening of Reaction Mixtures | ACS Medicinal

Chemistry Letters. Available online: https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00314 (accessed on 20 June 2025).


https://doi.org/10.1203/01.PDR.0000129184.87042.FC
https://doi.org/10.1016/j.idc.2019.08.001
https://www.ncbi.nlm.nih.gov/pubmed/31668197
https://doi.org/10.1016/j.jbior.2020.100736
https://www.ncbi.nlm.nih.gov/pubmed/32773099
https://doi.org/10.1016/j.tmaid.2023.102638
https://www.ncbi.nlm.nih.gov/pubmed/37652253
https://doi.org/10.1007/s10096-020-03840-9
https://doi.org/10.1021/acsmedchemlett.9b00597
https://doi.org/10.1038/s41392-019-0101-6
https://doi.org/10.1038/s41587-021-01173-2
https://doi.org/10.1016/j.chembiol.2021.04.011
https://doi.org/10.1016/j.ejmech.2021.113814
https://doi.org/10.1016/j.cellin.2022.100030
https://doi.org/10.1038/s41467-019-11429-w
https://www.ncbi.nlm.nih.gov/pubmed/31371704
https://doi.org/10.1016/j.ejmech.2024.116837
https://www.ncbi.nlm.nih.gov/pubmed/39305635
https://doi.org/10.37349/etat.2020.00018
https://www.ncbi.nlm.nih.gov/pubmed/36046485
https://doi.org/10.1021/acs.jmedchem.6b01781
https://doi.org/10.1002/open.202200131
https://pubs.acs.org/doi/10.1021/acsmedchemlett.3c00314

Microorganisms 2025, 13, 1557 16 of 17

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Bemis, T.A.; Clair, J.J.L.; Burkart, M.D. Traceless Staudinger ligation enabled parallel synthesis of proteolysis targeting chimera
linker variants. Chem. Commun. 2021, 57, 1026-1029. [CrossRef]

Imrie, F; Bradley, A.R.; van der Schaar, M.; Deane, C.M. Protein Family-Specific Models Using Deep Neural Networks and
Transfer Learning Improve Virtual Screening and Highlight the Need for More Data. J. Chem. Inf. Model. 2018, 58, 2319-2330.
[CrossRef]

Yang, Y.; Zheng, S.; Su, S.; Zhao, C.; Xu, J.; Chen, H. SyntaLinker: Automatic fragment linking with deep conditional transformer
neural networks. Chem. Sci. 2020, 11, 8312-8322. [CrossRef]

Rovers, E.; Schapira, M. Chapter Ten—Methods for computer-assisted PROTAC design. In Methods in Enzymology; Lloyd, M., Ed.;
Modern Methods of Drug Design and Development; Academic Press: Cambridge, MA, USA, 2023; Volume 690, pp. 311-340.
Fermin, G. Virion Structure, Genome Organization, and Taxonomy of Viruses. In Viruses; Academic Press: Cambridge, MA, USA,
2018; pp. 17-54.

Louten, J. Virus Replication. Essent. Human. Virol. 2016, 49-70.

Millet, ].K.; Jaimes, J.A.; Whittaker, G.R. Molecular diversity of coronavirus host cell entry receptors. FEMS Microbiol. Rev. 2020,
45, fuaa057. [CrossRef]

Byrd-Leotis, L.; Cummings, R.D.; Steinhauer, D.A. The Interplay between the Host Receptor and Influenza Virus Hemagglutinin
and Neuraminidase. Int. J. Mol. Sci. 2017, 18, 1541. [CrossRef] [PubMed]

Sakamoto, K.M.; Kim, K.B.; Kumagai, A.; Mercurio, E; Crews, C.M.; Deshaies, R.J. Protacs: Chimeric molecules that target
proteins to the Skp1-Cullin—-F box complex for ubiquitination and degradation. Proc. Natl. Acad. Sci. USA 2001, 98, 8554-8559.
[CrossRef]

Wang, C.; Zhang, Y.; Chen, W.; Wu, Y; Xing, D. New-generation advanced PROTACs as potential therapeutic agents in cancer
therapy. Mol. Cancer 2024, 23, 110. [CrossRef] [PubMed]

Petrylak, D.P,; Gao, X.; Vogelzang, N.J.; Garfield, M.H.; Taylor, I.; Moore, M.D.; Peck, R.A.; Burris, H.A. First-in-Human Phase I
Study of ARV-110, an Androgen Receptor (AR) PROTAC Degrader in Patients (pts) with Metastatic Castrate-Resistant Prostate
Cancer (nCRPC) Following Enzalutamide (ENZ) and/or Abiraterone (ABI). J. Clin. Oncol. 2020, 38, 3500. [CrossRef]

Nelson, P.P; Papadopoulos, N.G.; Skevaki, C. Respiratory Viral Pathogens. In Encyclopedia of Respiratory Medicine; Elsevier:
Amsterdam, The Netherlands, 2022; pp. 129-137. ISBN 978-0-08-102724-0.

Li, H.; Wang, S.; Ma, W.; Cheng, B.; Yi, Y,; Ma, X; Xiao, S.; Zhang, L.; Zhou, D. Discovery of Pentacyclic Triterpenoid PROTACs as
a Class of Effective Hemagglutinin Protein Degraders. ]. Med. Chem. 2022, 65, 7154-7169. [CrossRef]

Zhao, J.; Wang, J.; Pang, X,; Liu, Z.; Li, Q.; Yi, D.; Zhang, Y,; Fang, X.; Zhang, T.; Zhou, R.; et al. An anti-influenza A virus microbial
metabolite acts by degrading viral endonuclease PA. Nat. Commun. 2022, 13, 2079. [CrossRef] [PubMed]

McAuley, J.L.; Gilbertson, B.P; Trifkovic, S.; Brown, L.E.; McKimm-Breschkin, J.L. Influenza Virus Neuraminidase Structure and
Functions. Front. Microbiol. 2019, 10, 39. [CrossRef]

Farrukee, R.; Hurt, A.C. Antiviral Drugs for the Treatment and Prevention of Influenza. Curr. Treat. Options Infect. Dis. 2017, 9,
318-332. [CrossRef]

Naqvi, A.A.T.; Fatima, K.; Mohammad, T.; Fatima, U.; Singh, L.K,; Singh, A.; Atif, S.M.; Hariprasad, G.; Hasan, G.M.; Hassan, M.L
Insights into SARS-CoV-2 genome, structure, evolution, pathogenesis and therapies: Structural genomics approach. Biochim.
Biophys. Acta Mol. Basis Dis. 2020, 1866, 165878. [CrossRef]

Tao, K.; Tzou, P.L.; Nouhin, J.; Bonilla, H.; Jagannathan, P.; Shafer, R W. SARS-CoV-2 Antiviral Therapy. Clin. Microbiol. Rev. 2021,
34, e00109-21. [CrossRef] [PubMed]

Chatterjee, P.; Ponnapati, M.; Kramme, C.; Plesa, A.M.; Church, G.M.; Jacobson, J.M. Targeted intracellular degradation of
SARS-CoV-2 via computationally optimized peptide fusions. Commun. Biol. 2020, 3, 715. [CrossRef] [PubMed]

Shaheer, M.; Singh, R.; Sobhia, M.E. Protein degradation: A novel computational approach to design protein degrader probes for
main protease of SARS-CoV-2. J. Biomol. Struct. Dyn. 2022, 40, 10905-10917. [CrossRef]

De Jestis-Gonzélez, L.A.; Ledn-Juarez, M.; Lira-Hernandez, F.I; Rivas-Santiago, B.; Veldzquez-Cervantes, M.A.; Méndez-Delgado,
IM.; Macias-Guerrero, D.I.; Herndndez-Castillo, J.; Hernandez-Rodriguez, X.; Calderéon-Sandate, D.N.; et al. Advances and
Challenges in Antiviral Development for Respiratory Viruses. Pathogens 2025, 14, 20. [CrossRef]

Hajjo, R.; Sabbah, D.A.; Abusara, O.H.; Kharmah, R.; Bardaweel, S. Targeting Human Proteins for Antiviral Drug Discovery and
Repurposing Efforts: A Focus on Protein Kinases. Viruses 2023, 15, 568. [CrossRef]

Lukasik, P.; Zatuski, M.; Gutowska, I. Cyclin-Dependent Kinases (CDK) and Their Role in Diseases Development-Review. Int. ].
Mol. Sci. 2021, 22, 2935. [CrossRef] [PubMed]

Jiang, W.; Wang, Q.; Chen, S.; Gao, S.; Song, L.; Liu, P.; Huang, W. Influenza A virus NS1 induces G0/G1 cell cycle arrest by
inhibiting the expression and activity of RhoA protein. J. Virol. 2013, 87, 3039-3052. [CrossRef]

Sui, L.; Li, L.; Zhao, Y.; Zhao, Y.; Hao, P; Guo, X.; Wang, W.; Wang, G.; Li, C.; Liu, Q. Host cell cycle checkpoint as antiviral target
for SARS-CoV-2 revealed by integrative transcriptome and proteome analyses. Sig Transduct. Target. Ther. 2023, 8, 21. [CrossRef]


https://doi.org/10.1039/D0CC05395C
https://doi.org/10.1021/acs.jcim.8b00350
https://doi.org/10.1039/D0SC03126G
https://doi.org/10.1093/femsre/fuaa057
https://doi.org/10.3390/ijms18071541
https://www.ncbi.nlm.nih.gov/pubmed/28714909
https://doi.org/10.1073/pnas.141230798
https://doi.org/10.1186/s12943-024-02024-9
https://www.ncbi.nlm.nih.gov/pubmed/38773495
https://doi.org/10.1200/JCO.2020.38.15_suppl.3500
https://doi.org/10.1021/acs.jmedchem.1c02013
https://doi.org/10.1038/s41467-022-29690-x
https://www.ncbi.nlm.nih.gov/pubmed/35440123
https://doi.org/10.3389/fmicb.2019.00039
https://doi.org/10.1007/s40506-017-0129-5
https://doi.org/10.1016/j.bbadis.2020.165878
https://doi.org/10.1128/CMR.00109-21
https://www.ncbi.nlm.nih.gov/pubmed/34319150
https://doi.org/10.1038/s42003-020-01470-7
https://www.ncbi.nlm.nih.gov/pubmed/33230174
https://doi.org/10.1080/07391102.2021.1953601
https://doi.org/10.3390/pathogens14010020
https://doi.org/10.3390/v15020568
https://doi.org/10.3390/ijms22062935
https://www.ncbi.nlm.nih.gov/pubmed/33805800
https://doi.org/10.1128/JVI.03176-12
https://doi.org/10.1038/s41392-022-01296-1

Microorganisms 2025, 13, 1557 17 of 17

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Gutierrez-Chamorro, L.; Felip, E.; Ezeonwumelu, 1.].; Margeli, M.; Ballana, E. Cyclin-dependent Kinases as Emerging Targets for
Developing Novel Antiviral Therapeutics. Trends Microbiol. 2021, 29, 836-848. [CrossRef]

Riyaz Tramboo, S.; Elkhalifa, A.M.E.; Quibtiya, S.; Ali, S.I.; Nazir Shah, N.; Taifa, S.; Rakhshan, R.; Hussain Shah, I.; Ahmad Mir,
M.; Malik, M.; et al. The critical impacts of cytokine storms in respiratory disorders. Heliyon 2024, 10, €29769. [CrossRef]

Li, H,; Yang, W,; Li, H,; Bai, X.; Zhang, H.; Fan, W.; Liu, W.; Sun, L. PROTAC targeting cyclophilin A controls virus-induced
cytokine storm. iScience 2023, 26, 107535. [CrossRef]

Ghattas, M.; Dwivedi, G.; Lavertu, M.; Alameh, M.-G. Vaccine Technologies and Platforms for Infectious Diseases: Current
Progress, Challenges, and Opportunities. Vaccines 2021, 9, 1490. [CrossRef] [PubMed]

Groenke, N.; Trimpert, J.; Merz, S.; Conradie, A.M.; Wyler, E.; Zhang, H.; Hazapis, O.-G.; Rausch, S.; Landthaler, M.; Osterrieder,
N.; et al. Mechanism of Virus Attenuation by Codon Pair Deoptimization. Cell Rep. 2020, 31, 107586. [CrossRef] [PubMed]
Wang, T.Y.; Meng, FD.; Sang, G.J.; Zhang, H.L.; Tian, Z.].; Zheng, H.; Cai, X.H.; Tang, Y.D. A novel viral vaccine platform based
on engineered transfer RNA. Emerg. Microbes Infect. 2023, 12, 2157339. [CrossRef]

Du, Y,; Salehi-Rad, R.; Zhang, T.-H.; Crosson, W.P.; Abascal, ].; Chen, D.; Shi, Y,; Jiang, H.; Tseng, Y.-W.; Ma, X,; et al. Hyper-
Interferon Sensitive Influenza Induces Adaptive Inmune Responses and Overcomes Resistance to Anti-PD-1 in Murine Non-Small
Cell Lung Cancer. Cancer Immunol. Res. 2024, 12, 1765-1779. [CrossRef] [PubMed]

Subbarao, K. Live Attenuated Cold-Adapted Influenza Vaccines. Cold Spring Harb. Perspect. Med. 2021, 11, a038653. [CrossRef]
Antia, R.; Ahmed, H.; Bull, ].]. Directed attenuation to enhance vaccine immunity. PLoS Comput. Biol. 2021, 17, €1008602.
[CrossRef]

Li, Z; Bai, H.; Xi, X,; Tian, W.; Zhang, ].Z.H.; Zhou, D.; Si, L. PROTAC vaccine: A new way to live attenuated vaccines. Clin.
Transl. Med. 2022, 12, €1081. [CrossRef]

Si, L.; Shen, Q.; Li, J.; Chen, L.; Shen, J.; Xiao, X,; Bai, H.; Feng, T.; Ye, A.Y.; Li, L.; et al. Generation of a live attenuated influenza A
vaccine by proteolysis targeting. Nat. Biotechnol. 2022, 40, 1370-1377. [CrossRef]

Shen, J.; Li, J.; Shen, Q.; Hou, J.; Zhang, C.; Bai, H.; Ai, X,; Su, Y.; Wang, Z.; Zhang, Y.; et al. Proteolysis-targeting influenza vaccine
strains induce broad-spectrum immunity and in vivo protection. Nat. Microbiol. 2025, 10, 431-447. [CrossRef]

PROTAR Vaccine 2.0 Generates Influenza Vaccines by Degrading Multiple Viral Proteins | Nature Chemical Biology. Available
online: https://www.nature.com/articles/s41589-024-01813-z (accessed on 4 April 2025).

Ge, J.; Li, S.; Weng, G.; Wang, H.; Fang, M.; Sun, H.; Deng, Y.; Hsieh, C.-Y;; Li, D.; Hou, T. PROTAC-DB 3.0: An updated database
of PROTACs with extended pharmacokinetic parameters. Nucleic Acids Res. 2024, 53, D1510-D1515. [CrossRef] [PubMed]

Li, E; Hu, Q.; Zhou, Y.; Yang, H.; Bai, F. DiffPROTACsS is a deep learning-based generator for proteolysis targeting chimeras. Brief.
Bioinform. 2024, 25, bbae358. [CrossRef]

Li, F; Hu, Q.; Zhang, X,; Sun, R;; Liu, Z.; Wu, S.; Tian, S.; Ma, X,; Dai, Z.; Yang, X.; et al. DeepPROTACS is a deep learning-based
targeted degradation predictor for PROTACs. Nat. Commun. 2022, 13, 7133. [CrossRef]

Lebraud, H.; Wright, D.J.; Johnson, C.N.; Heightman, T.D. Protein Degradation by In-Cell Self-Assembly of Proteolysis Targeting
Chimeras. ACS Cent. Sci. 2016, 2, 927-934. [CrossRef]

Zhong, J.; Zhao, R.; Wang, Y.; Su, Y.; Lan, X. Nano-PROTACS: State of the art and perspectives. Nanoscale 2024, 16, 4378-4391.
[CrossRef] [PubMed]

Developing Antibody-Based PROTACs. Available online: https://www.nature.com/articles/d41573-022-00159-2 (accessed on
15 October 2024).

Dey, S.K; Jaffrey, S.R. RIBOTACs: Small Molecules Target RNA for Degradation. Cell Chem. Biol. 2019, 26, 1047-1049. [CrossRef]
[PubMed]

Takahashi, D.; Moriyama, J.; Nakamura, T.; Miki, E.; Takahashi, E.; Sato, A.; Akaike, T.; Itto-Nakama, K.; Arimoto, H. AUTACs:
Cargo-Specific Degraders Using Selective Autophagy. Mol. Cell 2019, 76, 797-810.e10. [CrossRef]

Ramadas, B.; Pain, PK.; Manna, D. LYTACs: An Emerging Tool for the Degradation of Non-Cytosolic Proteins. ChemMedChem
2021, 16, 2951-2953. [CrossRef]

De Vita, E.; Lucy, D.; Tate, E.W. Beyond targeted protein degradation: LD-ATTECs clear cellular lipid droplets. Cell Res. 2021, 31,
945-946. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.tim.2021.01.014
https://doi.org/10.1016/j.heliyon.2024.e29769
https://doi.org/10.1016/j.isci.2023.107535
https://doi.org/10.3390/vaccines9121490
https://www.ncbi.nlm.nih.gov/pubmed/34960236
https://doi.org/10.1016/j.celrep.2020.107586
https://www.ncbi.nlm.nih.gov/pubmed/32348767
https://doi.org/10.1080/22221751.2022.2157339
https://doi.org/10.1158/2326-6066.CIR-23-1075
https://www.ncbi.nlm.nih.gov/pubmed/39325056
https://doi.org/10.1101/cshperspect.a038653
https://doi.org/10.1371/journal.pcbi.1008602
https://doi.org/10.1002/ctm2.1081
https://doi.org/10.1038/s41587-022-01381-4
https://doi.org/10.1038/s41564-024-01908-2
https://www.nature.com/articles/s41589-024-01813-z
https://doi.org/10.1093/nar/gkae768
https://www.ncbi.nlm.nih.gov/pubmed/39225044
https://doi.org/10.1093/bib/bbae358
https://doi.org/10.1038/s41467-022-34807-3
https://doi.org/10.1021/acscentsci.6b00280
https://doi.org/10.1039/D3NR06059D
https://www.ncbi.nlm.nih.gov/pubmed/38305466
https://www.nature.com/articles/d41573-022-00159-2
https://doi.org/10.1016/j.chembiol.2019.07.015
https://www.ncbi.nlm.nih.gov/pubmed/31419417
https://doi.org/10.1016/j.molcel.2019.09.009
https://doi.org/10.1002/cmdc.202100393
https://doi.org/10.1038/s41422-021-00546-1

	Introduction 
	PROTAC 
	PROTAC Design and Synthesis 
	Warhead 
	Linker 
	Anchor 
	PROTAC Synthesis 


	PROTAC-Based Antivirals 
	Protac-Based Antivirals for Influenza Virus 
	PROTAC-Based Antivirals Targeting Hemagglutinin 
	PROTAC-Based Antiviral Targeting Neuraminidase 
	Others 

	Protac-Based Antiviral for SARS-CoV-2 

	PROTAC Targeting Host Proteins 
	Human Prostaglandin E Synthase Type 2 (PGES-2)-Based PROTAC 
	Cyclin Dependent Kinase (CDK)-Based PROTAC 
	PROTAC-Based Antiviral for Virus-Induced Cytokine Storm 

	Protac Vaccine 
	Challenges 
	Conclusions and Perspectives 
	References

