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Abstract: Peptide-drug conjugates (PDCs) have emerged as a next-generation therapeutic platform, 

combining the target specificity of peptides with the pharmacological potency of small-molecule 

drugs. As an evolution beyond antibody-drug conjugates (ADCs), PDCs offer distinct advantages, 

including enhanced cellular permeability, improved drug selectivity, and versatile design flexibility. 

This review provides a comprehensive analysis of the fundamental components of PDCs, including 

homing peptide selection, linker engineering, and payload optimization, alongside strategies to 

address their inherent challenges, such as stability, bioactivity, and clinical translation barriers. 

Therapeutic applications of PDCs span oncology, infectious diseases, metabolic disorders, and 

emerging areas like COVID-19, with several conjugates advancing in clinical trials and achieving 

regulatory milestones. Innovations, including bicyclic peptides, supramolecular architectures, and 

novel linker technologies, are explored as promising avenues to enhance PDC design. Additionally, 

this review examines the clinical trajectory of PDCs, emphasizing their therapeutic potential and 

highlighting ongoing trials that exemplify their efficacy. By addressing limitations and leveraging 

emerging advancements, PDCs hold immense promise as targeted therapeutics capable of 

addressing complex disease states and driving progress in precision medicine. 

Keywords: peptide-drug conjugates; peptide therapeutics; targeted therapeutics; stability; oncology; 

theragnostic peptide 

 

1. Introduction 

Peptide-drug conjugates (PDCs) have garnered significant attention in recent years as a 

promising strategy for targeted therapy. By combining the high specificity of peptides with the 

therapeutic potency of small drug molecules, PDCs offer a novel approach to enhancing drug efficacy 
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while minimizing systemic toxicity [1]. The successful development of antibody-drug conjugates 

(ADCs) has demonstrated the potential of conjugate-based therapeutics for delivering drugs directly 

to sites of action. However, unlike antibodies, peptides are smaller, more versatile, and can penetrate 

tissues more effectively, making them attractive carriers for targeted drug delivery [2,3]. The growing 

interest in PDCs stems from their unique ability to address several limitations of conventional 

therapies. Traditional small drug molecules often lack specificity, leading to off-target effects and a 

limited therapeutic index. Similarly, peptide-based therapies are particular, often facing challenges 

such as poor stability and rapid degradation in the bloodstream [4,5]. PDCs bridge this gap by 

leveraging the best of both modalities-utilizing peptides for their specific targeting capabilities and 

small molecules for their potent therapeutic activity.  

The design and development of PDCs involve several vital considerations, including selecting 

appropriate peptides and small molecules, choosing linker chemistry, and optimising the drug-to-

peptide ratio. Researchers can design PDCs that offer greater efficacy, enhanced selectivity, and 

improved safety profiles through precise engineering of their components [6]. A critical aspect of 

PDC design involves the selection of appropriate homing peptides that can specifically bind to target 

receptors overexpressed on diseased or affected cells. These peptides are conjugated to small drug 

molecules through linker chemistry that are either cleavable or non-cleavable [7]. The choice of linker 

chemistry is crucial, as it dictates the stability of the conjugate in circulation and its ability to release 

the drug upon reaching at the target site [8]. Additionally, the choice of payload, such as cytotoxic 

agents, anti-inflammatory drugs, and imaging agents, allows the conjugate to be tailored for specific 

applications across various therapeutic areas [7]. The therapeutic scope of PDCs is broad, with 

applications extending beyond oncology to include the treatment of infectious diseases, neurological 

disorders, and inflammatory conditions. The ability of PDCs to address complex disease states, 

particularly those with established resistance mechanisms, has positioned them as a versatile tool in 

modern drug development [9]. By conjugating small molecule drugs to peptides, it is possible to 

improve their pharmacokinetic properties. This can lead to increased drug exposure at the target site 

and prolonged therapeutic effects. As the field continues to evolve, several PDCs have progressed 

into clinical trials, showcasing promising results that highlight their potential to redefine targeted 

therapies [10–12]. 

This review will explore the core principles of PDC design, focusing on selecting peptide 

carriers, linker chemistry, and drug payloads. It will also examine strategies to optimize PDC efficacy, 

including enhancing cellular uptake, improving stability, and achieving tissue-specific targeting. 

Furthermore, the review will discuss the diverse applications of PDCs in treating cancer, infectious 

diseases, neurodegenerative disorders, and autoimmune conditions. Lastly, it will address the 

challenges and limitations of PDCs, such as safety, toxicity, and delivery barriers. 

2. Fundamentals of Peptide-Based Drug Conjugates 

2.1. Homing Peptides 

Homing peptides are short, naturally occurring peptide sequences identified through 

biopanning techniques. These peptides can bind to specific receptors on the surface of cancer cells, 

angiogenic or remodelling blood vessels, or other cell types of interest, whether healthy or 

diseased[13,14]. Upon binding to these receptors, homing peptides, or nanoparticles decorated with 

them, can be internalized into cells through two primary methods: energy-dependent translocation 

and endocytic cellular uptake. Endocytosis mechanisms are common internalisation pathways, 

including macropinocytosis, clathrin-dependent endocytosis, and caveolae-mediated endocytosis 

[15,16]. Additionally, a newly described internalization pathway, the C-end Rule (CendR) pathway, 

has been identified for tumour homing peptides like CGKRK and CRGDKGPDC (iRGD)[16,17]. 

Homing peptides offer several advantages over antibodies as affinity-targeting ligands. Their small 

size facilitates better tissue and cell penetration and reduces immunogenicity. Furthermore, peptides 

typically interact with conserved and biologically significant binding pockets on target molecules, 

often resulting in functional activity [18,19]. To enhance stability, target binding, and introduce 
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functional groups for site-specific conjugation, homing peptides can be engineered with non-natural 

modifications [3,20]. In some instances, proteolytic processing is essential for triggering peptide 

interactions with their targets. For example, the CendR peptides, which facilitate tumour cell 

penetration, require cleavage by a tumour-derived protease to expose their C-terminal arginine 

residue. Moreover, to extend their in vivo half-life, peptides can be conjugated to albumin-binding 

elements or polyethylene glycol or modified through amino acid substitutions and cyclic structures. 

In preclinical studies, peptide-based targeting has significantly improved payloads' biodistribution 

and therapeutic efficacy. However, translating these results into clinical success remains a challenge, 

with FDA-approved peptide-targeted therapies still limited [21–23]. Some homing peptides also 

function as cell-penetrating peptides (CPPs), which possess hydrophobicity, amphipathicity, and a 

net positive charge, facilitating their transport across cell membranes. When attached to cargo, such 

as therapeutic peptides or small molecules, these peptides guide the cargo to the desired tissue and 

enable its internalization. However, cationic CPPs can lack specificity, leading to non-selective 

uptake. To enhance tumour specificity, anionic CPPs are often incorporated in PDCs, and their 

targeting ability can be further improved with stimuli-responsive linkers [24–26]. Over the years, 

numerous peptides derived from the RGD motif, along with integrin-specific ligands, have been 

meticulously engineered to enable the precise delivery of therapeutic agents and imaging probes. 

These peptides, including cRGDfV, cRGDfK, and RGD4C, target integrins such as αvβ3 and αvβ5, 

which play pivotal roles in angiogenesis. Preclinical studies have tested RGD-containing peptides in 

various cancer models, demonstrating their potential in designing drug delivery systems [26–30]. The 

Asn-Gly-Arg (NGR) homing motif, identified through peptide phage biopanning against α5β1 

integrins, binds specifically to aminopeptidase N (CD13), which is overexpressed in tumour blood 

vessels and other pathological conditions. The NGR peptide has been utilized to deliver anticancer 

drugs and imaging agents to tumours, with significant therapeutic outcomes observed in mouse 

models of neuroblastoma, prostate, lung, and ovarian cancers [31–34]. Another homing peptide, Lyp-

1 (CGNKRTRGC), binds to p32, a mitochondrial chaperone displayed on tumor endothelial cells and 

macrophages. Lyp-1 has been evaluated in preclinical studies for targeted delivery of paclitaxel-

albumin nanoparticles and doxorubicin (DOX)-loaded liposomes, demonstrating its potential for 

lymphatic tumor targeting [35–37]. The CREKA peptide, identified through phage display screening, 

binds to clotted plasma proteins in the tumor stroma and malignant blood vessels. It has shown 

enhanced antitumor and antimetastatic efficacy in models of metastatic breast cancer when used to 

target DOX-loaded liposomes [38,39]. Ultimately, the epidermal growth factor receptor (EGFR) 

family, comprising HER1, HER2, HER3, and HER4, is evidently overexpressed across a wide 

spectrum of solid malignancies. The EBP peptide, designed based on the structure of EGF, has shown 

improved anticancer efficacy and reduced systemic toxicity when conjugated with DOX in breast 

cancer xenograft models [40–42]. Several databases are available that compile information on PDCs. 

Among them, ConjuPepBD is a freely accessible and manually curated database that provides 

detailed annotations, including CAS numbers, biomedical applications, chemical conjugation types, 

and structural and physicochemical properties of PDCs [43].  In addition, the ‘PDCdb’ knowledge 

base was developed, systematically compiling extensive information on PDCs, including biological 

activity data.[44] 
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Figure 1. Schematic representation of a peptide–drug conjugate (PDC), comprising three key components: a 

homing peptide for targeted delivery, a cleavable or stable linker, and a therapeutic payload. PDCs offer several 

advantages over antibody–drug conjugates (ADCs), including smaller size for deeper tissue penetration, faster 

clearance reducing off-target toxicity, simpler and more cost-effective synthesis, and improved stability and 

versatility in targeting diverse receptors. (Created with BioRender.com). 

2.2. Linkers in PDC 

Linkers serve as the crucial connection between drugs and peptides in PDCs, significantly 

influencing their circulation time and stability in vivo. An ideal linker should be stable during 

circulation to prevent premature drug release yet capable of releasing the drug rapidly and efficiently 

upon reaching the target tissue. Furthermore, the linker should not interfere with the peptide's 

affinity for its receptor or the drug's activity. The synthesis of linkers with peptides and drugs should 

be straightforward, maintaining stability throughout the process. Notably, the linker should not be 

overly hydrophobic, as this could lead to PDC aggregation, resulting in poor stability, reduced 

efficacy in vivo, and increased systemic toxicity and immune side effects. Linkers are generally 

classified based on their drug release mechanism and cleavage behaviour into non-cleavable and 
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cleavable linkers. Cleavable linkers, which include pH-sensitive, redox-sensitive, and enzyme-

sensitive linkers, are specifically designed to break down under particular conditions within the 

tumour environment or target tissue, facilitating controlled drug release. Non-cleavable linkers, on 

the other hand, remain stable during circulation, providing advantages in plasma stability and 

reduced off-target toxicity [2,45,46].  

2.2.1. Non-Cleavable Linkers 

Non-cleavable linkers, as their name suggests, are known for their stability and remain intact 

during circulation in the bloodstream. Their advantages over cleavable linkers include plasma 

stability, reduced off-target toxicity, a wider therapeutic window, and enhanced drug resistance. 

Non-cleavable linkers typically do not respond to external stimuli but release drugs through peptide 

metabolism, allowing them to maintain stability in the bloodstream until they reach their target site 

[47,48]. Commonly used non-cleavable linkers for constructing PDCs include oxime bonds and 

thioethers [49].  To demonstrate the stability of thioether bonds under physiological conditions, 

Liang et al. engineered three distinct PDCs: RSSDOX, RSDOX, and RVCDOX. Each construct 

incorporated doxorubicin (DOX) as the cytotoxic payload and cyclic RGD (cRGD) as the targeting 

moiety, while employing different linker strategies, a redox-responsive cleavable disulfide bond (SS), 

a non-cleavable thioether linkage (S), and a valine-citrulline (VC) dipeptide linker cleavable by 

cathepsin B, respectively. From the drug release profiles, it is evident that the RSDOX conjugate, 

linked by a non-cleavable thioether bond, exhibited sustained and slow-release behaviour. Notably, 

the drug release curve of RSDOX remained unchanged even after adding a small molecule reducing 

agent (DTT), underscoring the stability of the thioether bond. Consequently, PDCs using such non-

cleavable linkers maintain the integrity of the linker until reaching the target tissue, thereby 

preserving the drug's cytotoxic efficacy. The selection between non-cleavable and cleavable linkers is 

dictated by the specific design objectives and strategic design of the therapeutic construct [45,50,51]. 

2.2.2. Cleavable Linkers 

Cleavable linkers are widely utilized in the construction of PDCs because they can be 

enzymatically or physiologically cleaved to release drugs at the targeted site. This key feature 

distinguishes them from non-cleavable linkers, offering the primary advantage of selective 

breakdown in the target tissues, which leads to controlled and rapid drug release. By ensuring that 

the drug is released specifically at the tumour site, cleavable linkers enable the achievement of 

therapeutic drug concentrations at the intended site of action while minimizing exposure to non-

target tissues. This selective release mechanism exemplifies the concept of a "smart" drug delivery 

system designed to enhance therapeutic efficacy while reducing the toxic side effects associated with 

traditional treatments [2,50]. 

2.2.3. pH-Sensitive Linkers 

pH-sensitive linkers are designed to exploit the acidic conditions of the tumour 

microenvironment (pH 6.5-6.9) compared to normal blood pH (7.2-7.4), enabling controlled drug 

release specifically at the tumour site. These linkers remain stable in circulation but degrade rapidly 

in acidic conditions, ensuring that drugs are released predominantly within the tumour. Among the 

various pH-sensitive linkers, hydrazone bonds are the most extensively studied due to their 

sensitivity to acidity and effectiveness in achieving targeted drug delivery [2,52]. For instance, 

Saghaeidehkordi et al. developed an 18-4 peptide targeting breast cancer cells' keratin 1 (K1) receptor. 

This peptide was conjugated to DOX via a pH-sensitive hydrazone bridge, creating a PDC. In their 

study on triple-negative breast cancer, mice treated with the PDC showed 1.4-fold higher DOX 

accumulation in tumours and 1.3-2.2-fold lower DOX levels in other organs. This resulted in 

significantly enhanced antitumor efficacy and reduced off-target toxicity compared to free DOX or 

saline treatments [45,50]. Despite the hydrazone bond's popularity, its instability in blood circulation 

can lead to premature drug release, potentially diminishing therapeutic efficacy and causing 
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unintended damage to non-target tissues [45]. An alternative pH-sensitive linker, acetal, has shown 

promising results due to its higher sensitivity to lower pH levels. Studies have demonstrated that the 

bond breakage rate of acetal increases tenfold for every unit with a decrease in pH. Gillies et al. 

developed four conjugates using various acetal structures to link model drug molecules to PEO, 

assessing their hydrolysis kinetics through HPLC. The results indicated varied half-lives at pH 5.0, 

ranging from less than a minute to several days, with all conjugates showing slower hydrolysis at pH 

7.4. This suggests that acetal bonds have significant potential in constructing pH-sensitive PDCs for 

more controlled and targeted drug release [53,54]. 

2.2.4. Redox-Sensitive Linkers 

Glutathione (GSH), a potent intracellular reducing agent, is pivotal in redox-sensitive drug 

delivery systems. With intracellular concentrations approximately 1000 times higher than 

extracellular levels, GSH is particularly abundant in tumour cells due to their hypoxic and abnormal 

microenvironment, which enhances reductase activity and elevates GSH levels. This unique 

characteristic of tumour cells makes GSH a critical trigger for cleaving specific chemical bonds used 

in drug conjugates. Notably, GSH's antioxidant properties enable it to cleave bonds such as disulfide, 

thioesters, diselenides, and metal-thiol junctions, facilitating targeted drug release [45,55]. Among 

these linkers, disulfide bonds are widely employed in PDC construction due to their stability in 

systemic circulation and efficient cleavage in the reductive intracellular environment of tumours. Wu 

et al. leveraged this property to develop two PDCs, RGD-VC-CA and RGD-SS-CA, which 

incorporated a tumor-targeting peptide. While RGD-VC-CA used an enzyme-responsive dipeptide 

linker, RGD-SS-CA utilized a redox-sensitive cleavable disulfide linker. In vitro studies revealed that 

RGD-SS-CA outperformed RGD-VC-CA in drug release and cytotoxicity, demonstrating the superior 

efficacy of redox-sensitive linkers for tumor-specific drug delivery. Furthermore, in vivo experiments 

on tumour-bearing mice showed significant tumour growth inhibition with RGD-SS-CA 

administered intravenously, highlighting its potential as an effective and targeted therapeutic 

strategy[56]. 

2.2.5. Enzyme-Sensitive Linkers 

Enzyme-sensitive linkers play a crucial role in PDCs by enabling targeted drug release in 

response to specific enzymatic activity. These linkers often rely on chemical bonds or peptide 

sequences that degrade selectively under enzymatic action. Chemical bonds such as ester, amide, and 

carbamate are widely employed in PDC designs due to the abundance of esterases and amidases in 

tumour cell endosomes and lysosomes, which facilitate drug release. Among these, ester and amide 

bonds are particularly popular for constructing tumour-targeted PDCs[8,57]. Bohme et al. 

demonstrated this approach by linking neuropeptide Y (NPY) analogues to methotrexate using 

amide bonds, where the antitumor activity was proportional to the quantity of methotrexate 

conjugated through these bonds[58]. 

Similarly, carbamate linkers are valued for their stability and ability to undergo trace-free 

hydrolysis, producing carbon dioxide, amines, and alcohols during drug release, ensuring efficient 

delivery without residual fragments. In addition to chemical linkers, enzyme-sensitive peptide 

linkers provide another strategy for selective drug release. These linkers degrade specifically under 

the action of tumour-associated enzymes, such as proteases, to release the active drug. For example, 

tumour cells enriched with enzymes like cathepsin B in their endosomes and lysosomes effectively 

hydrolyze peptide bonds. Unlike enzyme-responsive peptides, which modify PDC structure upon 

enzyme interaction, enzyme-sensitive peptide linkers break down completely to liberate the drug, 

ensuring precise and efficient delivery at the tumor site[59]. 

2.3. Payloads of PDC 

The payloads of PCDs typically consist of cytotoxic or therapeutic agents designed to exert 

targeted effects. Despite their potential, these drugs often face challenges, such as low water 
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solubility, poor selectivity, short half-life, and instability, which limit their clinical applicability. For 

successful delivery through PDCs, the drugs must have appropriate attachment sites and remain 

inactive in their conjugated form, activating only upon release at the target site. This ensures a well-

defined mechanism of action and potent pharmacological activity. Conjugation with peptides 

addresses these limitations by improving solubility, enhancing selectivity, extending circulation time, 

optimizing bioavailability, and reducing off-target side effects and toxicity. Cytotoxic payloads in 

PDCs are characterized by low IC50 values, typically in the nanomolar range, and include examples 

like paclitaxel, 5-fluorouracil, DOX, and Daunorubicin. [36,60]. Additionally, radionuclides serve as 

payloads, as demonstrated by the FDA-approved Lu-dotatate, which combines therapeutic efficacy 

with imaging capabilities. In therapy, PDCs also function as imaging agents. A notable example is 

the FDA-approved radionuclide-containing PDC, In-DTPA-Octreotide (Octreoscan), used for 

diagnosing neuroendocrine tumours. However, Octreoscan's therapeutic potential is limited, as it 

primarily aids in diagnosis rather than tumour regression. In contrast, Lu-dotatate has demonstrated 

significant therapeutic promise, offering prolonged progression-free survival and highlighting its 

dual diagnostic and therapeutic potential [61–63]. 

3. Targeting, Binding, Internalization, and Drug Release at Target Sites 

Targeting, binding, and internalization of a PDC into target cells, followed by the release of the 

drug payload at the target site, are processes influenced by multiple factors, including the type of 

linker and homing peptide used. The mechanism of action varies depending on these elements. 

Cleavable linkers play a crucial role, as they can be activated by specific stimuli such as pH changes 

or the presence of enzymes, dictating the site and method of drug release. In one scenario, reminiscent 

of antibody-drug conjugates (ADCs), the PDC undergoes internalization, followed by intracellular 

cleavage to release the drug payload. Alternatively, cleavage can occur extracellularly, subsequently 

enabling the free drug to enter target cells [35,54]. Homing peptides are another critical determinant 

of the PDC's mechanism of action. These peptides can be categorized into cell-penetrating and non-

cell-penetrating types. Non-cell-penetrating homing peptides typically bind to overexpressed 

receptors on tumour cells, initiating receptor-mediated endocytosis. Once internalized, the PDC 

dissociates from the receptor in the early sorting endosome. It is then transported to the late 

endosome and eventually to the lysosome, where the acidic environment or specific lysosomal 

enzymes cleave the PDC, releasing the cytotoxic drug [13,14]. Other mechanisms have also been 

reported. For instance, You et al. described a PDC designed for targeting metastatic breast cancer, 

where matrix metalloproteinase-2 (MMP-2) cleaves the PDC in the tumour microenvironment before 

internalization. Following cleavage, the released drug- DOX-diffuses across the tumour cell 

membrane to exert its therapeutic effect[64]. Therefore, selecting the linker, homing peptide, and 

target tissue, along with considering the stimuli present in the microenvironment, is critical in 

designing a PDC to ensure the desired mechanism of action is achieved.  

4. Applications of Peptide-Drug Conjugate (PDCs) 

4.1. Cancer Therapy 

Current chemotherapy using anti-cancer agents suffers from significant drawbacks such as 

undesired side effects, lack of selectivity, and non-adherence to dosing regimens. ACPs offer a 

promising alternative to overcome these limitations, providing an effective therapeutic approach 

against tumours. These low-molecular-weight bioactive peptides, typically composed of 10–50 amino 

acids, can be derived from natural sources or synthesized chemically, targeting various anti-tumor 

mechanisms[65–67]. These mechanisms include damaging genetic material[68], disrupting 

membrane integrity[69], inducing programmed cell death [70], and arresting angiogenesis[71].  

4.1.1. Cell Targeting Peptide-Drug Conjugates 

To effectively target specific biochemical features of cancer cells and differentiate them from 

healthy normal cells, a thorough understanding of the pathology and physiological changes 
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surrounding cancer cells is essential. Cancer cells exhibit distinct characteristics that can be exploited 

for therapeutic interventions. These include the dysregulation of translational machinery [72], 

alterations in epigenetic regulatory mechanisms [73], and the overproduction of enzymes crucial for 

their survival and evasion of the body's natural defence mechanisms against uncontrolled 

proliferation [74].  Additionally, cancer cells often overexpress specific receptors unique to 

particular types of cancers, aiding in assimilating essential nutrients and chemicals. Another hallmark 

is the shift in pH surrounding cancer cells toward a more acidic environment. This acidic 

microenvironment plays a role in attenuating the release of cytokines, further contributing to immune 

evasion. These distinct features present valuable opportunities for designing PDCs that selectively 

target cancer cells while sparing healthy tissues. A significant area of research focuses on 

overexpressed receptors, which serve as promising targets. These receptors are commonly exploited 

through cell-targeting peptides (CTPs), which enhance specificity in cancer therapy. The interaction 

between the attached peptide and its target receptor relies heavily on the precise amino acid sequence 

of the peptide, which ensures recognition and binding to the receptor. By integrating knowledge of 

these biochemical and physiological alterations, PDCs can be optimized to selectively target cancer 

cells, minimize off-target effects, and improve therapeutic outcomes. Jiang et al. designed a novel 

PDC (DTX-P7) was developed by conjugating docetaxel (DTX) with a heptapeptide (P7), which 

selectively binds to cell surface Hsp90. The anti-tumor efficacy of DTX-P7 was evaluated in NSCLC, 

demonstrating enhanced tumor suppression compared to free DTX, along with preferential tumor 

accumulation and extended circulation time. Mechanistically, DTX-P7 was found to induce unfolded 

protein response (UPR), ultimately triggering apoptosis. Notably, it also stimulated the cell cycle 

reentry of slow-proliferating CSLCs, leading to their subsequent elimination, following a "proliferate-

to-kill" strategy (Figure 2).[75] 
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Figure 2. DTX-P7 suppresses tumor growth and triggers apoptosis in tumor cells by selectively accumulating in 

tumor tissues, promoting Hsp90 degradation, and activating the unfolded protein response. Image reproduced 

with permission from Jiang et al. [75]. 

4.1.2. Integrins 

Integrins are a family of transmembrane receptors that play a critical role in cellular adhesion, 

signalling, and cancer progression. Their overexpression in various cancers makes them attractive 

PDCs targets. A significant advancement in targeting integrins was made by Chen and coworkers, 

who first synthesized RGD-Paclitaxel (PTX) conjugates [76]. These conjugates utilized cyclic dimeric 

RGD linked via an ester bond hydrolyzed intracellularly by lysosomal enzymes to release paclitaxel. 

While the RGD-PTX conjugates demonstrated enhanced in vitro cell penetration and retention 

compared to PTX alone, their high lipophilicity caused low solubility, leading to poor in vivo 

bioavailability and no significant tumour volume reduction. To further evaluate the biodistribution 

of these conjugates in MDA-MB-435 breast cancer cells, iodine was attached as a radiolabeled ligand. 

Rapid blood clearance was observed for RGD and RGD-PTX conjugates, with higher accumulation 

in tumour cells. This highlighted the potential for targeting but also underscored the need to optimize 

drug delivery systems. Building on this, researchers synthesized DOX-RGD PDCs by attaching a 

prodrug of DOX to the RGD peptide [77]. These conjugates showed improved affinity for the αvβ3 

integrin receptor in vitro. Their anti-tumour potency in MDA-MB-435 cells proved superior to DOX 

alone, further emphasizing the role of RGD peptides in enhancing receptor-specific drug delivery. 

Beyond RGD peptides, Cox and coworkers introduced another peptide carrier molecule, 

knottins, which displayed selective binding to integrins, particularly αvβ3, αvβ5, and 
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αvβ1Conjugatingg knottins with gemcitabine. The synthesized Knottin-Val-Ala-PAB-Gemcitabine 

conjugate exhibited superior tumour growth inhibition across various cell lines, showcasing the 

versatility of integrin-targeting peptides in cancer therapy.[78] Further advancements included the 

development of a PDC targeting the αvβ6 integrin receptor, overexpressed in many cancers, to 

enhance tumor-specific drug delivery and minimize systemic toxicity. This PDC employed 

monomethyl auristatin E (MMAE) as the cytotoxic payload linked to an αvβ6-binding peptide. The 

conjugate exhibited high stability, selective tumor cell internalization, and effective cytotoxicity. 

Tumor-specific accumulation was visualized using PET imaging, enabling simultaneous therapeutic 

and diagnostic capabilities. In vivo studies demonstrated prolonged survival in mice bearing αvβ6-

positive tumours, highlighting the potential of this dual-function PDC for targeted cancer therapy 

and real-time treatment monitoring.[79] 

4.1.3. Somatostatin Receptors 

Somatostatin receptors (SSTRs), particularly SSTR2, are overexpressed in various cancers, 

making them valuable targets for PDCs. Redko and co-workers developed a novel somatostatin (SST) 

peptide analogue, 3207-86, with high selectivity for SSTR2 [80]. This analogue was conjugated with 

five chemotherapeutic agents, each acting through distinct anti-tumour mechanisms. The conjugates, 

linked via a disulfide-bridged cyclic conformation of 3207-86, demonstrated exceptional biological 

stability and enhanced anti-tumour efficacy in SSTR2-overexpressing HCT116, H1299 and TRAMP 

C2 cell lines. Expanding on this, Whalen and co-workers synthesized PEN-221, a PDC that combines 

the somatostatin analogue Tyr-octreotate with the cytotoxic agent DM1, using a disulfide linker at 

the peptide's C-terminus  [81]. PEN-221 exhibited significant efficacy even at a low dose (one-sixth 

of the Maximum Tolerated Dose) and displayed dose-dependent activity. Both in vitro and in vivo 

studies demonstrated the internalization of PEN-221 in SSTR2-positive small cell lung cancer (SCLC) 

cell lines, affirming its potential as a targeted therapy [82]. Another notable SST analogue, Octreotide, 

was synthesized by Bauer and colleagues. This analogue, comprising the sequence D-Phe-Cys-Phe-

D-Trp-Lys-Thr-Cys-Thr(ol), demonstrated the highest affinity for the SSTR2 receptor[83]. When 

conjugated with 111Indium, Octreotide became the first USFDA-approved PDC diagnostic agent, 

marketed as Octreoscan, for tumour imaging [100]. Building on Octreotide's potential, Lelle and co-

workers prepared an Octreotide-DOX conjugate. This conjugate showed specific binding to SSTR2 

and greater efficacy in reducing tumour growth in MCF-7 breast cancer cell lines. Moreover, it 

effectively suppressed the secretion of ACTH in vitro from AtT-20 pituitary tumour cell lines, 

showcasing its dual therapeutic potential[84]. In another study, Camptothecin, a potent 

chemotherapeutic agent, was conjugated with the SST analogue JF-07-069. This PDC exhibited 

remarkable selectivity and anti-tumor efficacy in SSTR2-overexpressing cell lines, including IMR32, 

CFPAC-1, MOLT-4, and PC-3  [85]. Notably, the PDC achieved more than an 80% tumour volume 

reduction across all tested cell lines, highlighting its therapeutic promise.  

4.1.4. Epidermal Growth Factor Receptor (EGFR) 

The epidermal growth factor receptor (EGFR) is a transmembrane protein that is abundantly 

overexpressed in a variety of malignancies, making it an essential target for therapeutic intervention. 

Panosa and co-workers developed a modified epidermal growth factor termed EGFt, which binds 

selectively to EGFR and internalizes, reaching the nucleus [86]. EGFt facilitates drug delivery and 

inhibits the binding of native ligands to EGFR on cancer cells, thereby impeding cell proliferation and 

differentiation. To improve targeting specificity, Li et al. synthesized a novel EGFR analogue known 

as the GE11 peptide (YHWYGYTPQNVI) [87]. E11 exhibited high selectivity and effective 

internalization in EGFR-overexpressing cancer cell lines. The study explored gene delivery using a 

GE11-conjugated polyethylenimine vector, which demonstrated successful uptake in EGFR-positive 

cells and tumour xenografts, highlighting its potential in targeted gene therapy. Ahsan et al. further 

advanced EGFR-targeted therapy by synthesising Disruptin, a peptide comprising the SPDNPHVC 

segment of EGFR. Disruptin displayed selective internalization into cancer cells while sparing normal 
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cells, addressing a critical limitation of earlier therapies. When administered intraperitoneally (IP) in 

nude mice bearing human EGFR tumour xenografts, Disruptin promoted EGFR degradation without 

causing damage to host cells. Unlike traditional EGFR inhibitors such as geldanamycin or cisplatin, 

Disruptin was shown to lack the associated toxicity, further reinforcing its therapeutic potential. 

These advancements in EGFR-targeting peptides highlight their capability to inhibit tumour 

progression while minimizing off-target effects, paving the way for safer and more effective [88].  

4.1.5. Bombesin Receptor Family 

The bombesin receptor family, consisting of neuromedin B receptor (NMB/BB1), gastrin-

releasing peptide receptor (GRPR/BB2), and BB3 receptor, plays an essential role in mammalian 

peripheral and central nervous tissues. GRPR is notably overexpressed in several cancers, including 

small cell lung cancer (SCLC), breast cancer, exocrine tumours, and some glioblastomas, with 

expression levels exceeding 70% in SCLC. GRPR activation leads to the transactivation of EGFR, 

promoting cell proliferation and differentiation  [89]. To explore the therapeutic potential of 

bombesin receptor targeting, Cescato and co-workers investigated two bombesin analogues, 

Demobesin 1 and Demobesin 4, for their affinity and functional activity towards GRPR. While 

Demobesin 1 acted as a potent antagonist, reversing the stimulatory effects of gastrin-releasing 

peptide (GRP) substrates, Demobesin 4 demonstrated higher internalization in HEK293 and PC3 cell 

lines, showcasing its potential as a tumour-targeting agent [90].  In another study, Jacopo et al. 

synthesized various bombesin analogues, including the novel peptide, [D-Phe6, β-Ala11, Sta13, Nle14] 

BBN(6-14), and evaluated their drug delivery potential using daunorubicin as a model drug. These 

conjugates exhibited enhanced receptor binding and efficient cell internalization, demonstrating their 

safety and efficacy in MDA-MB-231, PC3, and MDA-MB-453 cell lines. Further advancing bombesin 

receptor-targeted therapies, Terry et al. developed bombesin peptide analogs conjugated with marine 

toxins such as Hemiasterlin and Dolastatin. Using the peptide DPhe-Gln-Trp-Ala-Val-βAla-His-Phe-

Nle-NH2 (BA1) as the carrier, these conjugates were tested in NCI-H1299 lung cancer cell lines. Both 

conjugates were effectively internalized; however, only Hemiasterlin conjugates inhibited cancer cell 

proliferation, establishing their cytotoxic potential against GRPR/BB2-expressing lung cancer cells 

[91]. 

4.1.6. PDCs Acting on Immune Regulation (Immune Checkpoint Blockade) 

The human body is equipped with a sophisticated immune system that employs T-cells and 

natural killer (NK) cells to combat foreign invaders and internal abnormalities such as cancer cells 

[92]. However, tumours evolve mechanisms to evade immune detection and suppression. These 

include reducing tumour-associated antigens, recruiting regulatory T-cells (Tregs), and promoting 

tumour-associated macrophages (TAMs), all of which dampen the immune response [93]. Activating 

immune cells within the tumour microenvironment represents a promising strategy to destroy cancer 

cells and prevent relapse. Tumor cells exploit immune checkpoints to suppress T-cell activity, notably 

through receptors such as programmed cell death protein 1 (PD-1) and cytotoxic T lymphocyte 

antigen-4 (CTLA-4)[94,95]. Overcoming this suppression using PDCs designed to target these 

pathways has emerged as a novel approach. Wang et al. synthesized a PD-L1-targeting peptide 

(PPA1) conjugated with DOX for colon cancer treatment [96]. This PDC utilized a pH-sensitive linker 

to release DOX selectively in the acidic tumour microenvironment, sparing normal cells. In a CT26 

colon cancer xenograft mouse model, PPA1-DOX demonstrated superior safety, showing no 

significant reduction in body weight compared to DOX alone. Fluorescent labelling of the PDC 

confirmed high tumour specificity and accumulation. Immunohistochemical analysis revealed 

increased infiltration of CD4+ and CD8+ T-cells in the tumour microenvironment, leading to 

significant tumour size reduction. Pang et al. developed a poly(lactic-co-glycolic acid) (PLGA) 

nanoparticle formulation of M2pep peptide conjugated with PLX3397, a CSF-1 inhibitor, to target 

TAMs [97]. Moon et al. took an innovative approach by creating a PD-L1-targeting peptide 

(CVRARTR) conjugated with immunogenic cell death (ICD) inducer, DOX, using a cathepsin B-
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specific cleavable FRRG peptide linker [98]. This conjugate formed nanoparticles (Nano-IDCs) 

through interactions such as π-π stacking and hydrogen bonding. These Nano-IDCs exhibited high 

tumour accumulation via the enhanced permeability and retention (EPR) effect and PD-L1-mediated 

active targeting. Once internalized by receptor-mediated endocytosis, DOX was released in response 

to cathepsin B overexpression, inducing significant ICD and enhancing the expression of damage-

associated molecular patterns (DAMPs). This increased tumor-infiltrating lymphocytes (TILs) in the 

tumor tissue. The Nano-IDCs also disrupted the PD-1/PD-L1 axis, amplifying pre-existing anti-tumor 

immunity while sparing normal and immune cells with low cathepsin B expression. These studies 

highlight the immense potential of PDCs in immune checkpoint blockade. By selectively targeting 

tumour microenvironments and activating immune responses, these strategies offer safe and effective 

combinational immunotherapy approaches to combat cancer. 

4.1.7. Other Advantages of PDC in Delivering Chemotherapeutic Agents 

Most current anti-cancer agents belong to the biopharmaceutics Classification System (BCS) 

Class II or IV, characterized by poor solubility and low permeability [99]. These physicochemical 

limitations present significant challenges for effective drug delivery, mainly through the oral route, 

which is the most common and patient-friendly method of drug administration. To be absorbed 

efficiently from the gastrointestinal (GI) tract, therapeutic agents must exhibit sufficient solubility and 

an optimal log P value to traverse lipid bilayers easily [100]. Therefore, understanding key 

physicochemical properties, such as solubility, log P, pKa, polymorphic forms, and stability in 

physiological conditions, is critical for drug development. An emerging strategy to overcome these 

limitations involves the use of peptide linkers. These linkers improve the solubility and stability of 

chemotherapeutic agents and enhance their selectivity and anti-tumour efficacy by facilitating 

targeted delivery [101]. One notable example is Camptothecin (CPT), which suffers from poor 

solubility and lacks specificity for neoplastic cells [102]. Cui and colleagues addressed this by 

conjugating CPT with the tau-derived peptide linker VIQVIC. This conjugate self-assembles in 

aqueous environments to form nanotubes, enabling sustained in-situ drug release [103]. 

Additionally, they developed an amphiphilic prodrug (DiCPT-iRGD) by incorporating the RGD 

peptide. The hydrophobic DiCPT resides on the inner surface of nanostructures, significantly 

enhancing solubility. The cytotoxicity assays showed that DiCPT-iRGD reduced the IC50 values of 

CPT by half in GL-261 brain cancer cell lines. This improvement is attributed to targeted 

internalization via neuropilin-1 binding, which enhances penetration into tumor cells. Similarly, Xu 

et al. utilized a peptide-based strategy to enhance the properties of paclitaxel. They conjugated 

paclitaxel covalently with Nap-FFKYP (1-P) through a succinate linker, forming hydrogels for anti-

cancer therapy. The hydrogel nanostructures extend the drug's circulation time in the body, 

improving anti-tumor activity. The enzyme CES, overexpressed in HepG2 cells, cleaves the succinate 

bond, releasing paclitaxel within the cells. Consequently, 1-Paclitaxel-P demonstrates better anti-

tumor efficacy compared to paclitaxel alone [104]. Further advancements include conjugating DOX 

with the hexapeptide KGFRWR. This conjugate self-assembles into nanofibers, facilitating sustained 

drug release and increasing circulation time. The DOX-KGFRWR nanofibers show enhanced anti-

tumour efficacy compared to free DOX highlighting the potential of peptide-based delivery systems 

for improving cancer treatment outcomes. These studies underscore the transformative potential of 

peptide conjugation in addressing the limitations of existing anti-cancer agents. By improving 

solubility, stability, and targeted delivery, peptide-based strategies pave the way for more effective 

and patient-friendly cancer therapies [105]. 

4.2. Antimicrobial Peptide-Drug Conjugate 

PDCs have emerged as a powerful strategy for combating antimicrobial resistance by combining 

the targeting capabilities of peptides with the potency of antimicrobial agents. These conjugates 

enhance drug selectivity, stability, and efficacy while reducing systemic toxicity. Several PDCs have 

been developed to target drug-resistant bacterial infections, demonstrating significant therapeutic 
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potential. Rodriguez et al. developed a PDC by conjugating levofloxacin with Pep-4 at the N-terminus 

and lysine side chains. The resulting conjugates exhibited enhanced antibacterial activity compared 

to the unconjugated antimicrobial peptide (AMP). Additionally, the conjugates retained higher 

antibacterial efficacy in high-salt environments, a condition under which natural AMPs typically lose 

their activity.[106] Desgranges et al. designed β-lactamase-cleavable conjugates by linking 

cephalosporin with Bac8c to specifically target drug-resistant bacteria. Since β-lactamase, an enzyme 

produced by drug-resistant bacteria, degrades the β-lactam ring of antibiotics, cephalosporin was 

utilized as a masking agent for AMP activity. Upon cleavage of the β-lactam ring, the conjugate 

exhibited potent antibacterial effects.[107] In a study by Li et al., precursors of cephalosporins (7-

aminocephalosporanic acid and 7-aminodesacetoxycephalosporanic acid) were conjugated to MSI-

78, CA(1–7)M(2–9), and des-Chex1-Arg20 using a glycolic acid linker. This conjugation strategy 

enhanced antibacterial potency while reducing cytotoxicity in mammalian cells, demonstrating the 

potential of β-lactam antibiotic precursors in improving AMP effectiveness.[108] 

The choice of linkers plays a crucial role in reducing steric hindrance and enhancing molecular 

interactions. Ghaffar et al. investigated the effect of glycine and glycolic acid linkers on Indolicidin-

TAT-Levofloxacin conjugates, reporting that Levofloxacin-Indolicidin conjugates with glycolic acid 

linkers exhibited superior antibacterial activity compared to those with glycine linkers.[109] 

Similarly, Umstatter et al. employed various PEGylated and long-chain linkers such as SMCC 

(SM(PEG)12), KMUS, and AMAS to conjugate polycationic peptides with vancomycin. The study 

found that Van3 conjugates with PEG linkers demonstrated enhanced antibacterial efficacy compared 

to other linkers, highlighting the importance of linker selection in optimizing antimicrobial activity. 

[110] Brezden et al. developed a cleavable AMP-antibiotic conjugate, linking kanamycin with P14LRR 

(Fl-PRPRPL-4) using a disulfide bond-dependent linker. Once internalized into the bacterial cell, the 

disulfide bond was cleaved, releasing two separate active components. The conjugate exhibited 

significantly enhanced antibacterial activity, showing a 128-fold reduction in the minimum inhibitory 

concentration (MIC) against kanamycin-resistant strains.[111,112] Similarly, HLopt2 was conjugated 

with fluconazole, levofloxacin, and ciprofloxacin using a disulfide-containing linker, resulting in a 4-

fold improvement in MIC compared to the peptide alone.[113] These studies highlight the potential 

of cleavable linkers in AMP-antibiotic conjugates, enabling controlled drug release and enhanced 

antibacterial activity, particularly against drug-resistant bacterial strains. These next-generation 

PDCs hold immense potential for addressing antibiotic resistance, particularly in hospital-acquired 

infections, biofilm-associated infections, and multidrug-resistant bacterial strains.  
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Figure 3. Schematic of antimicrobial peptide (AMP)–antibiotic and AMP–photosensitizer conjugates using 

cleavable linkers. Cleavage after uptake enhances synergistic killing. AMP–photosensitizer conjugates enable 

targeted pathogen destruction via ROS generation in photodynamic antimicrobial chemotherapy (PACT). 

(Created with Biorender.com). 

Yamauchi et al. designed a membrane-disrupting magainin analogue, 9P2-2 

(GIKKWLHSPKKFPKKFVKKIMNS-NH2), conjugated to ampicillin via a disulfide bond. By 

optimizing the antimicrobial peptide type, conjugation position, and linker chemistry, the researchers 

demonstrated that Amp-SS-9P2-2 exhibited significantly enhanced antimicrobial activity against 

ampicillin-resistant Acinetobacter baumannii while maintaining low cytotoxicity toward HEK293 

cells. The study highlights that selecting non-toxic, membrane-disruptive peptides in combination 

with a cleavable linker represents a generalizable strategy for developing potent antibiotic agents 

against emerging infectious diseases. Additionally, the cost-effectiveness of conjugation makes this 

approach more practical compared to full peptide synthesis. Since the disulfide bond remains stable 

in the extracellular environment, using enantiomeric peptides could further prevent degradation by 

proteases. This innovative conjugation method holds potential for reviving abandoned antibiotic 

candidates that were previously dismissed due to poor outer membrane permeability.[113] 

Conjugating antibiotics with antimicrobial peptides (AMPs) is a promising strategy to enhance 

AMP effectiveness, often resulting in synergistic rather than merely additive effects. For instance, 

Yamauchi et al. linked 9P2-2 and oncocin to ampicillin via a disulfide bond, demonstrating 

significantly improved antibacterial activity against Gram-negative bacteria — reducing the MIC 

from 10 μM (for the combination) to 2.5 μM with the conjugate. Additionally, antibiotic–AMP 

conjugates show potential in targeting resilient biofilms [114]. Etayash et al. reported that conjugating 

the host defense peptide IDR1018 with vancomycin led to more efficient biofilm eradication 

compared to combination therapy alone. Moreover, these conjugates also promoted 

immunomodulatory responses, inducing cytokine and chemokine release to bolster host defenses 

[115]. In recent years, photodynamic therapy (PDT) has been adapted to combat microbial infections 

through photodynamic antimicrobial chemotherapy (PACT) or photodynamic inactivation (PDI) 

[116]. Because photosensitizers lack inherent specificity toward particular biological targets, they can 

be conjugated with AMPs or CPPs that selectively target bacterial or fungal cells. Unlike conventional 
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antibiotics, photosensitizers are unlikely to induce resistance due to the broad-spectrum action and 

extremely short lifespan (approximately 3 μs) of reactive oxygen species (ROS) they generate (Figure 

3) [117]. Additionally, the effectiveness of photosensitizers under light exposure is influenced by their 

charge; cationic photosensitizers typically perform better than neutral or negatively charged ones. 

This property is particularly beneficial when combined with AMPs, as the positive charge of the 

photosensitizer enhances the conjugate’s affinity for negatively charged bacterial membranes, 

leading to greater antimicrobial efficacy [118]. 

4.3. Antiviral Peptides-Drug Conjugates 

Antiviral PDCs remain underrepresented in drug development pipelines, much like antiviral 

peptides (AVPs). In most existing cases, the strategy involves chemically linking a known small-

molecule antiviral drug to a CPP to facilitate targeted intracellular delivery. PDCs have gained 

attention as promising antiviral agents due to their ability to enhance drug bioavailability, improve 

delivery efficiency, and bypass viral resistance mechanisms. These conjugates integrate AVPs with 

antiviral small molecules, utilizing cleavable or stable linkers to ensure precise and controlled drug 

release at intracellular targets [119]. Liang et al. engineered indole-conjugated CPPs using click 

chemistry, significantly enhancing HIV-1 fusion inhibition compared to currently available clinical 

inhibitors. Their approach involved conjugating small-molecule gp41 inhibitors to the N-terminus of 

truncated C-peptides, forming a novel conjugated structure. Among these, the 26-residue peptide 

Indole-T26 demonstrated potent HIV-1 Env-mediated cell–cell fusion inhibition and viral replication 

suppression at low nanomolar concentrations, matching the potency of T20 (enfuvirtide), the only 

FDA-approved HIV fusion inhibitor. This study introduces a short peptide-based strategy for HIV-1 

fusion inhibition, which may be applicable to developing therapeutics targeting other class I viral 

fusion proteins [120]. Similarly, Wang et al. designed HIV-1 fusion inhibitors by conjugating small-

molecule inhibitors to CPPs, achieving enhanced cellular uptake and antiviral potency. They 

engineered exceptionally potent small molecule–peptide conjugates demonstrating robust anti-HIV 

fusion activity in the low nanomolar range. All four conjugates displayed pronounced inhibitory 

efficacy against HIV-1-induced cell–cell fusion, viral replication, and the formation of the six-helix 

bundle (6HB) structure. The small-molecule moiety effectively substituted the pocket-binding 

domain (PBD) of the C34 peptide, maintaining strong anti-HIV-1 fusion activity. In contrast to T20, 

these hybrid constructs demonstrated greater resistance to proteinase K degradation and maintained 

potent activity against both T20-sensitive and T20-resistant strains of HIV-1. This strategic integration 

of small-molecule and peptide-based fusion inhibitors offers valuable insights for the development 

of next-generation HIV-1 fusion inhibitors targeting the gp41 protein [121]. 

Liu et al. targeted SARS-CoV-2 papain-like cysteine protease (PLpro) due to its role in viral 

maturation and immune evasion. They designed a PDC by linking GRL0617 to a sulfonium-tethered 

peptide derived from the PLpro substrate LRGG. The EM-C and EC-M PDCs exhibited potent in vitro 

inhibition (IC₅₀: 7.40 ± 0.37 μM and 8.63 ± 0.55 μM, respectively), with EC-M covalently binding the 

PLpro active site (C111) and displaying anti-ISGylation activity. This study introduces PDCs as a 

novel antiviral strategy, combining peptide specificity with small-molecule potency for effective 

PLpro inhibition (Figure 4) [122]. Liotard et al. synthesized ester and phosphoramidate peptide 

conjugates of zidovudine (AZT) and AZT-monophosphate (AZT-MP) for targeted anti-HIV delivery. 

Ester-based conjugates showed antiviral activity in TK+ cells, correlating with hydrolysis rates, but 

were not substrates for HIV-protease (PR), acting as prodrugs of AZT. Phosphoramidate conjugates 

rapidly degraded in buffers, releasing AZT, but exhibited low intracellular drug release and antiviral 

activity. HPLC confirmed no HIV-PR-mediated cleavage, highlighting the need for improved linker 

strategies to enhance intracellular AZT-MP delivery [123]. 
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Figure 4. Schematic illustration of PDCs designed to covalently target SARS-CoV-2 PLpro, featuring the inhibitor 

GRL0617 conjugated to sulfonium-linked peptides based on the PLpro-specific substrate sequence LRGG. Image 

reproduced with permission from Liu et al.[122]. 

4.4. Neurological Disorders 

Developing a novel drug delivery system to allow the molecule to enter the central nervous 

system (CNS) via the blood-brain barrier (BBB) is challenging to cross the giant molecules like 

peptides, monoclonal antibodies, and gene therapies. Nowadays, constructing the BBB penetrating 

peptides and shuttle-drug constructs offers promising non-invasive strategies to cross the molecules 

in the CNS [124]. Chapeau D. et al. recently developed the targeted small-molecule drug conjugate 

(SMDC), eSOMA-DM1, for treating neuroendocrine tumours. This conjugate consists of an octreotide 

peptide, which explicitly targets somatostatin receptor subtype-2, linked to the cytotoxic drug DM1 

through a chelate linker. The chelate, N3-Py-DOTAGA, minimizes steric hindrance, ensuring efficient 

receptor binding, and allows for radiolabeling with gallium-68 for diagnostic bioimaging, though 

radiolabeling with indium-111 showed higher yield and stability. While eSOMA-DM1 demonstrated 

comparable cytotoxicity to free DM1 at higher doses, its efficacy decreased at lower doses. 

Additionally, the conjugate showed poor serum stability and altered pharmacokinetics and raised 

concerns about rapid disulfide bond cleavage, leading to increased systemic toxicity, which needs 

further attention [125]. In another study, Mendonca et al. synthesis the peptide-porphyrin conjugates 

(PPC) for enhanced HIV treatment and brain delivery. PPC improves the aqueous solubility of 

porphyrins, reduces aggregation, and increases cellular uptake. The solid-phase synthesis method 

using resins was optimized for conjugation, and the DIC/Oxyma activation method yielded higher 

purity and yields. PPC demonstrated significant blood-brain barrier (BBB) translocation without 

disrupting monolayer integrity. The optimized PPCs had IC50 values ranging from 16-34 μM, linked 

to membrane affinity and internalization. 9 out of 14 PPCs showed no hemolytic activity [126]. Liang 

Y. et al. developed a VPALR (Val-Pro-Ala-Leu-Arg)-sulpiride conjugate that enhances the drug's 

delivery across the BBB and increases its concentration in the brain. Pharmacokinetic studies showed 

a threefold increase in bioavailability and prolonged half-life of the drug. The conjugate also 

exhibited sustained drug release through ester bond cleavage under physiological conditions. It 
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reduced proinflammatory cytokines IL-1β and TNF-α, decreased caspase-3 activity, and mitigated 

neural apoptosis and inflammation. In depressive mice, the conjugate improved behavioural 

outcomes compared to sulpiride alone and selectively targeted dopamine D2 receptors in the CNS 

without peripheral antagonism [127]. Saleh S. et al. demonstrated the therapeutic potential of 

Berberine-loaded poly(lactic-co-glycolic acid)/Tet-1 (BBR-PLGA/Tet-1) peptide nanoparticles (NPs) 

for treating Alzheimer's disease (AD). Functionalization with Tet-1 peptide enhanced BBB 

penetration, and the NPs provided controlled drug release under physiological conditions. The 

formulation showed stability and low cytotoxicity on mesenchymal stem cells. In vivo, studies in a 

streptozotocin-induced AD rat model revealed neuroprotective effects by reducing amyloid β42 

levels and Tau phosphorylation. BBR-PLGA/Tet-1 NPs improved insulin signaling and glucose 

metabolism, decreased oxidative stress, and enhanced neuroplasticity. Cognitive improvements 

were observed, with restoration of cholinergic and monoaminergic functions. Both free drug and 

formulation reduced proinflammatory markers (IL-1β, IL-6, TNF-α) and provided neuroprotection 

[128]. Brain metastases occur in half of chronic cancer cases. To address this concern, Zheng M. et al. 

reported a study validating a peptide conjugated with paclitaxel as a potential treatment strategy for 

crossing the blood-brain barrier BBB and blood-tumor barrier (BB-TB). Both in vitro and in vivo 

models demonstrated that the PDC has a superior ability to cross the BBB compared to the free drug, 

utilizing LRP1 receptors to facilitate peptide transcytosis. In a mouse xenograft model of lung cancer 

brain metastases, PDC administration significantly reduced brain tumour proliferation, as evidenced 

by bioimaging. Histological assessment showed no observable damage to major organs, highlighting 

the safety of the conjugate for systemic administration [129]. 

4.5. Inflammatory Diseases 

PDCs represent a promising class of therapeutics for managing inflammatory diseases, as 

bioactive peptides can be combined with potent molecules to target inflammation and modulate 

immune responses with high biocompatibility precisely. Bi J. et al. explored the anti-inflammatory 

potential of S-allyl-L-cysteine and its garlic acid conjugates, focusing on their mechanism of action 

and structure-activity relationship. Among 40 synthesized compounds, SMU-8c emerged as the most 

effective anti-inflammatory agent, potentially inhibiting macrophage nitric oxide production. It 

explicitly targets TLR2 signalling without affecting TLR3/4 pathways. Enhancing hydrophobicity, 

extending the carbon chain length, and introducing methoxy groups improved anti-inflammatory 

activity. Substituents like 1-pentenyl increased activity, while less flexible structures reduced efficacy. 

Trimethoxy substitution at the 3rd, 4th, and 5th positions was crucial for enhanced activity [130]. 

Shokri et al. explored the potential of PDCs for targeted anticancer therapy using nonsteroidal anti-

inflammatory drugs (NSAIDs) conjugated with linear Arg-Gly-Asx (RGD) and Asn-Gly-Arg (NGR)  

peptides. RGD targets αv-integrin, while NGR targets aminopeptidase N (APN/CD13). Naproxen-

spacer-NGR conjugates bind to APN/CD13 through interactions like hydrogen bonding and pi-pi 

stacking, with reduced steric clashes. NGR conjugates with spacers exhibited improved activity, 

specifically against SKOV-3 (CD13+) and HT-1080 cancer cells, highlighting the importance of 

reducing steric hindrance for effective receptor binding. Although RGD conjugates showed limited 

efficacy, further investigation into immunogenicity and serum stability is needed to optimize 

targeting [131]. Rakesh et al. studied quinazolinone-conjugated peptides for their dual potential as 

antioxidants and anti-inflammatory agents. They modified the peptide template by substituting the 

second amino acid with residues of varying hydrophobicity, charge, and polarity. The results showed 

that hydrophobic residues, particularly tryptophan, exhibited high antioxidant potential, while 

charged (e.g., aspartic acid) and polar (e.g., threonine) residues enhanced anti-inflammatory activity. 

Anti-inflammatory activity was further increased by longer alkyl chains in the quinazolinone nucleus 

and blocked C-terminal groups. The study also suggested that antioxidant activity is favored by a 

polar -COOH group at the peptide's end, while anti-inflammatory activity prefers a non-polar 

terminus [132]. 
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4.6. Theragnostic Peptide Drug Conjugate (TPDC) 

TPDCs integrate both therapeutic and diagnostic functions into a single molecule, where a 

peptide is linked to a drug and a diagnostic agent, enabling targeted drug delivery and real-time 

monitoring of treatment effects [133,134]. Mitra et al. demonstrated the theranostic potential of 

ubiquitin conjugated with 2-acetyl-phenyl-boronic acid for combating antibiotic-resistant strains of 

Staphylococcus aureus. The conjugation endowed ubiquitin with bactericidal properties, effectively 

eradicating both planktonic and small colony variants of the bacteria. The minimum inhibitory and 

minimum bactericidal concentrations of ubiquitin were reduced 16-fold upon conjugation. The 

conjugate was radiolabelled with Gallium-68 to enhance diagnostic capabilities using a NODAGA 

linker. The radiolabelled conjugate showed high radiochemical purity, stability, and increased 

uptake compared to its unconjugated form [135]. Pham et al. developed a novel class of theranostic 

radiopharmaceuticals targeting prostate-specific membrane antigen (PSMA), utilizing the 

radionuclides 99mTc and 188Re for imaging and radiotherapy applications. These radiotracers 

demonstrated specific uptake in PSMA-expressing prostate cancer cells with negligible nonspecific 

binding. The study reported enhanced tumour uptake of the peptide conjugates, accompanied by 

rapid renal clearance. The diphosphine-dipeptide conjugates (DP1-PSMAt and DP2-PSMAt) offer a 

significant advantage due to their cost-effectiveness, requiring only bench-top generators and 

essential kit-based preparation. While DP1 and DP2 exhibited comparable uptake, DP2 accumulated 

at the renal site. The authors propose that DP1 radiotracers represent superior clinical candidates 

owing to their reduced off-target effects [136]. Qin Y. et al. developed a ruthenium(II) complex, Ru1-

LHRH, conjugated with an LHRH peptide for targeted theranostic applications. This conjugate 

selectively binds to LHRH-overexpressing A2780 ovarian cancer cells, demonstrating an eight-fold 

increase in cytotoxicity compared to the parent compound sparing non-target cells. The complex 

induces apoptosis, facilitates tumour imaging, and is believed to localize in the mitochondria of 

A2780 cells, where it generates reactive oxygen species and activates Caspase 3/7, key apoptotic 

markers [137]. Khan et al. developed an injectable theranostic formulation for breast cancer using 

polyethyleneimine-coated upconversion nanoparticles (UCNP) conjugated with the anticancer drug 

DOX and electrospun with an EGFR-targeting peptide. The UCNP, sized at 26.75 ± 1.54 nm, 

demonstrated a photothermal conversion efficiency of 68.8%, generating significant heat (~62.7°C in 

5 minutes) under 980 nm irradiation. The system exhibited high drug loading (54.56%) and 

encapsulation efficiency (98.74%) with pH-responsive drug release under acidic conditions. It 

showed excellent biocompatibility and anticancer solid effects in breast cancer cell lines and is 

believed to generate reactive oxygen species to promote apoptosis. Combining photothermal 

therapy, this targeted formulation offers enhanced cancer treatment with minimized toxicity [138]. 

5. PDC-Based Formulations 

The PDC system, composed of a peptide, linker, and drug, functions as a self-delivery 

mechanism with high drug-loading efficiency, enhancing drug bioactivity while eliminating the need 

for additional carrier materials. Through self-assembly, PDCs can generate various one-dimensional 

nanostructures, including micelles, nanofibers, nanotubes, and nanowires. However, systemic 

administration poses challenges such as inadequate drug accumulation, drug inactivation, and off-

target effects, which significantly hinder treatment efficacy and may lead to adverse side effects. In 

contrast, localized delivery systems offer a promising solution by concentrating the drug at the 

intended site while minimizing exposure to healthy tissues, thereby improving therapeutic outcomes 

[139]. 

Self-assembling peptides play a critical role in PDC-based formulations by facilitating hydrogel 

formation through hydrogen bonding, electrostatic interactions, hydrophobic forces, and π–π 

stacking. These interactions enable PDCs to form nanofibers, nanotubes, and supramolecular 

hydrogel networks, creating an effective drug delivery system. A camptothecin (CPT)-based self-

assembling PDC hydrogel system was developed using a GV2Q2HKD peptide. This system, upon 

contact with an aqueous solution, formed nanofilaments that entangled into a hydrogel. The hydrogel 
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provided a prolonged drug release effect, suppressing tumor recurrence in glioblastoma multiforme 

(GBM) models.[140] Another example is a dexamethasone (Dex) amphiphilic prodrug hydrogel 

formulated by conjugating Dex with a peptide amphiphile (PA-Dex). This hydrogel exhibited 

enhanced anti-inflammatory activity with prolonged drug release, reducing systemic 

immunosuppressive effects.[141] 

 

Figure 5. Self-assembling peptide-drug conjugate hydrogels are designed for localized brain tumor treatment. 

Monomeric prodrugs form supramolecular filaments that transition into a hydrogel with counterions. In a GBM 

mouse model, the hydrogel helps prevent tumor recurrence after surgical resection. Image reproduced with 

permission from Schiapparelli et al.[140]. 

Targeting peptides improve the precision of drug delivery by binding to specific cellular 

receptors, enhancing drug accumulation at the diseased site. A supramolecular hydrogel bearing the 

iRGD peptide was designed for tumor penetration. The hydrogel system contained paclitaxel (PTX)-

bearing peptide conjugates that self-assembled into a hydrogel upon exposure to phosphate-buffered 

saline (PBS). This strategy significantly increased drug retention and cytotoxicity in U87 cancer cells 

[142]. Another example is a hydrogel system incorporating CPT and doxorubicin (DOX) for 

combination chemotherapy. The hydrogel scaffold sustained drug release, enhancing tumor 

penetration and retention, leading to effective tumor suppression [143]. Bioactive peptides, which 

possess intrinsic therapeutic effects, have been integrated into PDC-based hydrogels to enhance 

therapeutic outcomes. A self-adjuvanted peptide vaccine hydrogel (KKEF-TRP2) was formulated to 

modulate adaptive immune responses against melanoma. The vaccine hydrogel activated dendritic 

cells and elicited a robust CD8+ T-cell response, effectively inhibiting tumor growth[144]. Another 

hydrogel system containing YSAYPDSVPMMS peptides targeted the EphA2 receptor on cancer cells, 

inducing receptor aggregation and activating anti-tumor signaling pathways [145]. The incorporation 

of bioactive peptides into PDC-based hydrogels follows different strategies, including covalent 

conjugation, self-assembly, and stimuli-responsive release. Covalent conjugation involves the direct 

attachment of bioactive peptides to drug molecules through cleavable linkers for controlled release. 

Self-assembly enables hydrogel formation through non-covalent interactions, improving drug 

stability and bioactivity. Stimuli-responsive release hydrogels respond to enzymatic, pH, or ionic 

triggers, allowing for site-specific drug release [139]. 

6. Challenges in Development of PDCs 

Several challenges hinder the widespread clinical application and therapeutic efficacy of PDCs. 

One primary concern is their safety, particularly their biocompatibility. Peptides, derived from amino 

acids and typically biodegradable in water-soluble form, generally do not exhibit adverse effects. 
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However, when conjugated with drug molecules, there are concerns about whether the 

biocompatibility and biodegradability of the peptides are retained. Therefore, developing innovative 

strategies to ensure the biocompatibility and biodegradability of peptides in PDCs is essential. 

Another challenge is the stability of PDCs, particularly the short half-life of peptides, which limits 

the distribution and circulation time of PDCs in vivo, offering only a narrow window for drug 

molecules to enter cells before the peptides undergo enzymatic degradation. Several techniques, such 

as cyclization (head-to-tail), substitution of unnatural amino acids, disulfide-linked cyclization, 

mimetic peptides, stapled peptides, and bicycle approaches, have been developed to enhance the 

half-life of peptides. However, these molecules are small and are often cleared quickly by the kidneys. 

To address this, combining a prodrug approach with wall materials for novel delivery systems can 

improve stability and maintain an appropriate size for adequate circulation [146]. Moreover, the 

efficacy of PDCs must be carefully considered. The linkers in PDCs require specific environmental 

conditions such as temperature, pH, or enzymes to cleave and release the drug molecule from the 

conjugate. In some cases, the drug molecule may not be released effectively. Additionally, the rate 

and efficiency of drug release in target cells are difficult to determine, highlighting the need for 

appropriate methods to assess the efficacy of PDCs. Currently, protein-based therapies, PDC drugs 

cannot be administered orally due to degradation by gastrointestinal proteases. They are limited to 

invasive injection methods, which restricts their clinical applicability. To overcome this limitation, 

designing delivery systems for oral macromolecules that incorporate suitable carriers or structural 

modifications is essential to protect PDC drugs from gastrointestinal enzyme degradation and 

facilitate their absorption into the bloodstream [147]. Ultimately, developing efficient PDCs depends 

on the design of multifunctional peptides. With advancements in peptide screening and synthesis 

technologies, intelligent nanomedicine delivery strategies based on PDCs are expected to be widely 

applied in clinical settings in the future. 

7. Clinical Status of Peptide-Drug Conjugate 

PDCs hold significant potential but are still underdeveloped, with only two approved globally. 

Lutathera ([177Lu] Lu-DOTA-TATE), approved in 2018, targets somatostatin receptor-positive 

tumours using Peptide Receptor Radionuclide Therapy (PRRT), delivering radiation to damaged 

tumour cells. The second, Pepaxto (Melflufen), was approved in 2020 for multiple myeloma but was 

withdrawn in 2021 due to unfavourable results in phase III trials. Similarly, Zoptralin failed to 

demonstrate an improved safety and efficacy profile compared to DOX alone in phase III trials 

(NCT01767155). Despite these setbacks, ongoing clinical trials are addressing the shortcomings of 

PDCs through improved design strategies. For instance, ANG1005 uses Angiopep-2 to cross the 

blood-brain barrier and release paclitaxel for treating breast cancer brain metastases, showing 

improved survival outcomes in patients.[50] Two PDCs currently in clinical development target 

Sortilin1 (SORT1) receptors: TH1902 and TH1904. The SORT1 receptor is highly expressed in several 

cancers, including breast and ovarian cancer. TH1902, which carries docetaxel as its cytotoxic 

payload, has received fast-track designation from the FDA for treating SORT1-positive patients with 

advanced solid tumors that are resistant to standard therapies. This PDC is currently being evaluated 

in phase I clinical trials. Meanwhile, TH1904, which delivers doxorubicin, is still in the preclinical 

research phase. Additionally, other PDCs under clinical investigation include synthetic analogs of 

natural peptide ligands conjugated to chemotherapeutic agents such as doxorubicin and paclitaxel. 

However, the clinical outcomes of these PDCs have been inconsistent, indicating that challenges 

remain in translating their promising pharmacodynamic properties into significant therapeutic 

benefits for patients. [35] As better re-engineering approaches emerge, many PDC candidates 

continue to advance in clinical development, as listed in Table 1. 

Table 1. List of various peptide–drug conjugates currently in clinical trials and those approved for therapeutic 

use. 
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Clinical trials 

gov. ID 

Peptide-drug 

conjugate 
Application Phase 

Drug 

component 
Sponsors 

NCT02048059 

 
ANG1005 

Targets breast cancer cells with relapsing 

brain metastases 
II 

Paclitaxel Angiochem Inc 

NCT03613181 
For newly diagnosed Leptomeningeal 

Carcinomatosis with prior brain metastases 
III 

NCT04706962 TH1902 
Therapy for solid tumours or cancers 

expressing the SORT1 receptor 
I Docetaxel Theratechnologies 

NCT05465590 MB1707 
Targets the SDF-1/CXCR4 pathway to inhibit 

tumour growth and metastasis 
I Paclitaxel Mainline Biosciences, Inc. 

NCT05725070 212Pb-NG001 

Theragnostic salvage therapy for metastatic 

castration-resistant prostate cancer using 

PSMA-targeted 212Pb-NG001 

 

 

0/I 

212Pb-NG001 ARTBIO Inc. 

NCT01480583 

GRN1005 

Potential monotherapy or combination with 

trastuzumab for breast cancer brain 

metastases 

II 

Paclitaxel 
 

Angiochem Inc 

NCT01497665 
Patients with non-small cell lung cancer and 

brain metastases. 
II 

NCT05518071 FLUOPANC 
Fluorescent marker for bile duct and 

pancreatic tumor surgery 
I 

Fluorophore 

ZW800-1 

Leiden University Medical 

Center 

NCT01698281 
AEZS-108 

(Zoptarelin 

DOX) 

Chemotherapy for triple-negative breast 

cancer 
II 

DOX 
 

AEterna Zentaris 
NCT01767155 Second-line treatment for endometrial cancer III 

NCT03486730 BT1718 Treatment of advanced solid tumors I/IIa DM1 Cancer Research UK 

NCT00710125 

GPX-150 

Curing solid tumours I Modified 

analogue of 

DOX 

Gem Pharmaceuticals 
NCT02267083 Therapy of soft tissue sarcoma II 

NCT06326190 

177Lu-

DOTATATE 

Recurrent Meningioma II 

177Lu 

European Organisation for 

Research and Treatment of 

Cancer - EORTC 

NCT04529044 Treating recurrent or stage 4 breast cancer II 
OHSU Knight Cancer 

Institute 

NCT02489604 
Curing advanced gastroenteropancreatic 

neuroendocrine tumors 
II 

Istituto Scientifico 

Romagnolo per lo Studio e la 

cura dei Tumori 

NCT04385992 
Post-surgical treatment for resectable 

pancreatic neuroendocrine tumors 
II IRCCS San Raffaele 

NCT06460467 
Dosimetric calculation for treating 

neuroendocrine tumors or meningiomas 
I 

Central Hospital, Nancy, 

France 

NCT02736500 
Treating aggressive gastroenteropancreatic 

neuroendocrine tumors 
I-II 

Istituto Scientifico 

Romagnolo per lo Studio e la 

cura dei Tumori 

NCT04544098 

Gastroenteropancreatic, bronchial, or 

unknown primary neuroendocrine tumors 

metastasized to the liver 

I 
Memorial Sloan Kettering 

Cancer Center 

NCT04180371 BT5528 
Treating advanced solid tumours exhibiting 

EphA2 expression 
I/II 

Monomethyl 

auristatin E 
BicycleTx Limited 

NCT04552847 
[18F]AlF-NOTA-

octreotide 
PET imaging of neuroendocrine tumours II/III 18F 

Universitaire Ziekenhuizen 

KU Leuven 

NCT00918281 
[18F]Fluciclatide 

Solid tumour PET imaging II 
18F 

GE Healthcare 

NCT01633255 Imaging kidney cancer I/II National Cancer Institute  

NCT01633255 [18F]RGD-K5 PET imaging II 18F Siemens Molecular Imaging 

NCT02381236 
G-202 

(mipsagargin) 

non-invasive multiparametric prostate 

magnetic resonance imaging (mpMRI) 
II Thapsigargin GenSpera, Inc. 

NCT03445884 

68Ga-

NODAGA-

E[cyclo(RGDyK

)] 

PET imaging II 68Ga Rigshospitalet, Denmark 
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NCT02749019 
68Ga-NOTA-

BBN-RGD 
PET imaging I 68Ga 

Peking Union Medical 

College Hospital 

NCT02936323 PEN-221 

For somatostatin receptor 2 expressing higher 

stages of cancers, including neuroendocrine 

and small cell lung cancers 

I/IIa DM-1 Tarveda Therapeutics 

NCT03273712 90Y-DOTATOC 
Radionuclide therapy for patients with 

somatostatin receptor-positive tumours 
II 90Y University of Iowa 

NCT04740398 CBP-1008 Later stages of solid tumours I MMAE 
Coherent Biopharma 

(Suzhou) Co., Ltd 

NCT04928612 CBP-1018 Later stages of solid tumours I MMAE 
Coherent Biopharma 

(Suzhou) Co., Ltd 

NCT03784677 SOR-C13 Later stages of malignant solid neoplasm I MMAE 
M.D. Anderson Cancer 

Center 

NCT05079698 177Lu-PSMA-617 Prostate cancer I DOTA 
Memorial Sloan Kettering 

Cancer Center 

NCT02742168 99mTc-3PRGD2 Breast cancer I 99mTc 
First Affiliated Hospital of 

Fujian Medical University 

8. Future Perspectives 

The trajectory of PDCs research heralds a transformative era, underpinned by advancements in 

molecular design, nanotechnology, and computational biology. A significant focus lies in the 

incorporation of humanized antibodies into PDC frameworks, circumventing the immunogenic 

pitfalls of murine analogues while amplifying therapeutic precision and safety profiles. This 

humanization not only mitigates immunological concerns but also prolongs systemic circulation, 

thereby enhancing drug bioavailability. Emerging peptide scaffolds such as Affibodies and ADAPTs 

offer high-affinity tumor targeting, precise drug loading, and ease of production, making them 

promising for next-generation PDCs [148]. Parallelly, strategies to augment biological stability, 

integrating robust linkers and protective nanodrug delivery systems, address the inherent 

vulnerability of PDCs to enzymatic degradation. These multifunctional nanosystems, designed for 

targeted and controlled release, have the potential to synergize PDCs’ specificity with enhanced 

pharmacokinetic attributes, revolutionizing therapeutic outcomes in oncology and beyond. The 

integration of computational methodologies, particularly artificial intelligence (AI), marks a pivotal 

frontier in PDC innovation. AI-driven platforms facilitate the rational design of novel peptides, 

payloads, and linkers, optimizing interactions between ligands and receptors while predicting 

pharmacodynamic behaviors with unparalleled precision. Concurrently, the evolution of bispecific 

and dual-drug-loaded PDCs underscores the field’s shift toward combating therapeutic resistance. 

By engaging multiple receptors or employing diverse cytotoxic payloads, these constructs amplify 

cellular internalization and dismantle cancer resistance mechanisms. Moreover, the advent of 

multifunctional linkers, capable of drug tracking or catalyzing specific biological reactions, embodies 

the push for theranostic capabilities within PDCs. Collectively, these advancements foreshadow a 

paradigm wherein PDCs are not only potent therapeutic agents but also diagnostic tools, embodying 

the confluence of targeted precision, systemic stability, and therapeutic adaptability. 

9. Conclusions 

PDCs epitomize an modern therapeutic paradigm, seamlessly integrating the molecular 

precision of peptides with the pharmacodynamic potency of small molecules to address pathologies 

of formidable complexity, including oncological and neurodegenerative disorders. Their small size 

and unparalleled modularity confer an adaptive advantage, enabling the surmounting of limitations 

intrinsic to singular therapeutic modalities. Notwithstanding their transformative potential, PDCs 

remain encumbered by challenges such as immunogenicity, off-target toxicity, and bioavailability 

constraints. Resolving these impediments necessitates sophisticated advancements in peptide 

scaffolding, linker stability, payload specificity, and formulation strategies. Moreover, the strategic 
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combination of PDCs with immunomodulatory and genomic interventions augurs unprecedented 

therapeutic synergies, heralding a paradigm shift in the treatment of recalcitrant diseases. 

Author Contributions: Krishna Jadhav: Conceptualization, Original draft preparation, Visualization, Writing-

review & editing; Ashwin Abhang: Original draft preparation; Eknath Kole: Original draft preparation; Dipak 

Gadade: Original draft preparation; Apurva Dusane: Original draft preparation; Aditya Iyer: Original draft 

preparation; Ankur Sharma: Original draft preparation; Saroj Kumar Rout: Original draft preparation; Amol D 

Gholap: Writing-review & editing; Jitendra Naik: Writing-review & editing; Rahul K Verma: Writing-review 

& editing. Satish Rojekar: Conceptualization, Writing-review & editing. All authors have read and agreed to 

the published version of the manuscript. 

Data Availability Statement: Not applicable. 

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

Acknowledgments: KJ acknowledge Institute of Nano Science and Technology (INST), India, for funding his 

fellowship. 

References 

1. Wu, M.; Huang, W.; Yang, N.; Liu, Y. Learn from Antibody–Drug Conjugates: Consideration in the Future 

Construction of Peptide-Drug Conjugates for Cancer Therapy. Exp. Hematol. Oncol. 2022, 11, 93, 

doi:10.1186/s40164-022-00347-1. 

2. Cooper, B.M.; Iegre, J.; O’ Donovan, D.H.; Ölwegård Halvarsson, M.; Spring, D.R. Peptides as a Platform 

for Targeted Therapeutics for Cancer: Peptide–Drug Conjugates (PDCs). Chem. Soc. Rev. 2021, 50, 1480–

1494, doi:10.1039/D0CS00556H. 

3. Zhang, B.; Wang, M.; Sun, L.; Liu, J.; Yin, L.; Xia, M.; Zhang, L.; Liu, X.; Cheng, Y. Recent Advances in 

Targeted Cancer Therapy: Are PDCs the Next Generation of ADCs? J. Med. Chem. 2024, 67, 11469–11487, 

doi:10.1021/acs.jmedchem.4c00106. 

4. Rossino, G.; Marchese, E.; Galli, G.; Verde, F.; Finizio, M.; Serra, M.; Linciano, P.; Collina, S. Peptides as 

Therapeutic Agents: Challenges and Opportunities in the Green Transition Era. Molecules 2023, 28, 7165, 

doi:10.3390/molecules28207165. 

5. Simić, S.; Zukić, E.; Schmermund, L.; Faber, K.; Winkler, C.K.; Kroutil, W. Shortening Synthetic Routes to 

Small Molecule Active Pharmaceutical Ingredients Employing Biocatalytic Methods. Chem. Rev. 2022, 122, 

1052–1126, doi:10.1021/acs.chemrev.1c00574. 

6. Rizvi, S.F.A.; Zhang, L.; Zhang, H.; Fang, Q. Peptide-Drug Conjugates: Design, Chemistry, and Drug 

Delivery System as a Novel Cancer Theranostic. ACS Pharmacol. Transl. Sci. 2024, 7, 309–334, 

doi:10.1021/acsptsci.3c00269. 

7. Vrettos, E.I.; Mező, G.; Tzakos, A.G. On the Design Principles of Peptide–Drug Conjugates for Targeted 

Drug Delivery to the Malignant Tumor Site. Beilstein J. Org. Chem. 2018, 14, 930–954, doi:10.3762/bjoc.14.80. 

8. Alas, M.; Saghaeidehkordi, A.; Kaur, K. Peptide–Drug Conjugates with Different Linkers for Cancer 

Therapy. J. Med. Chem. 2021, 64, 216–232, doi:10.1021/acs.jmedchem.0c01530. 

9. Dean, T.T.; Jelú-Reyes, J.; Allen, A.C.; Moore, T.W. Peptide–Drug Conjugates: An Emerging Direction for 

the Next Generation of Peptide Therapeutics. J. Med. Chem. 2024, 67, 1641–1661, 

doi:10.1021/acs.jmedchem.3c01835. 

10. Wang, M.; Liu, J.; Xia, M.; Yin, L.; Zhang, L.; Liu, X.; Cheng, Y. Peptide-Drug Conjugates: A New Paradigm 

for Targeted Cancer Therapy. Eur. J. Med. Chem. 2024, 265, 116119, doi:10.1016/j.ejmech.2023.116119. 

11. Lamb, H.O.; Benfield, A.H.; Henriques, S.T. Peptides as Innovative Strategies to Combat Drug Resistance 

in Cancer Therapy. Drug Discov. Today 2024, 29, 104206, doi:10.1016/j.drudis.2024.104206. 

12. He, R.; Finan, B.; Mayer, J.P.; DiMarchi, R.D. Peptide Conjugates with Small Molecules Designed to 

Enhance Efficacy and Safety. Molecules 2019, 24, 1855, doi:10.3390/molecules24101855. 

13. Alobaid, A.A.; Skoda, M.W.A.; Harris, L.K.; Campbell, R.A. Translational Use of Homing Peptides: Tumor 

and Placental Targeting. J. Colloid Interface Sci. 2024, 662, 1033–1043, doi:10.1016/j.jcis.2024.02.103. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 24 of 31 

 

14. Milewska, S.; Sadowska, A.; Stefaniuk, N.; Misztalewska-Turkowicz, I.; Wilczewska, A.Z.; Car, H.; 

Niemirowicz-Laskowska, K. Tumor-Homing Peptides as Crucial Component of Magnetic-Based Delivery 

Systems: Recent Developments and Pharmacoeconomical Perspective. Int. J. Mol. Sci. 2024, 25, 6219, 

doi:10.3390/ijms25116219. 

15. Ghorai, S.M.; Deep, A.; Magoo, D.; Gupta, C.; Gupta, N. Cell-Penetrating and Targeted Peptides Delivery 

Systems as Potential Pharmaceutical Carriers for Enhanced Delivery across the Blood–Brain Barrier (BBB). 

Pharmaceutics 2023, 15, 1999, doi:10.3390/pharmaceutics15071999. 

16. Teesalu, T.; Sugahara, K.N.; Ruoslahti, E. Tumor-Penetrating Peptides. Front. Oncol. 2013, 3, 

doi:10.3389/fonc.2013.00216. 

17. Ruoslahti, E. Tumor Penetrating Peptides for Improved Drug Delivery. Adv. Drug Deliv. Rev. 2017, 110–

111, 3–12, doi:10.1016/j.addr.2016.03.008. 

18. David, A. Peptide Ligand-Modified Nanomedicines for Targeting Cells at the Tumor Microenvironment. 

Adv. Drug Deliv. Rev. 2017, 119, 120–142, doi:10.1016/j.addr.2017.05.006. 

19. Jiang, Z.; Guan, J.; Qian, J.; Zhan, C. Peptide Ligand-Mediated Targeted Drug Delivery of Nanomedicines. 

Biomater. Sci. 2019, 7, 461–471, doi:10.1039/C8BM01340C. 

20. Vadevoo, S.M.P.; Gurung, S.; Lee, H.-S.; Gunassekaran, G.R.; Lee, S.-M.; Yoon, J.-W.; Lee, Y.-K.; Lee, B. 

Peptides as Multifunctional Players in Cancer Therapy. Exp. Mol. Med. 2023, 55, 1099–1109, 

doi:10.1038/s12276-023-01016-x. 

21. Wang, L.; Wang, N.; Zhang, W.; Cheng, X.; Yan, Z.; Shao, G.; Wang, X.; Wang, R.; Fu, C. Therapeutic 

Peptides: Current Applications and Future Directions. Signal Transduct. Target. Ther. 2022, 7, 48, 

doi:10.1038/s41392-022-00904-4. 

22. Szabó, I.; Yousef, M.; Soltész, D.; Bató, C.; Mező, G.; Bánóczi, Z. Redesigning of Cell-Penetrating Peptides 

to Improve Their Efficacy as a Drug Delivery System. Pharmaceutics 2022, 14, 907, 

doi:10.3390/pharmaceutics14050907. 

23. Lamers, C. Overcoming the Shortcomings of Peptide-Based Therapeutics. Futur. Drug Discov. 2022, 4, 

doi:10.4155/fdd-2022-0005. 

24. Bottens, R.A.; Yamada, T. Cell-Penetrating Peptides (CPPs) as Therapeutic and Diagnostic Agents for 

Cancer. Cancers (Basel). 2022, 14, 5546, doi:10.3390/cancers14225546. 

25. Gori, A.; Lodigiani, G.; Colombarolli, S.G.; Bergamaschi, G.; Vitali, A. Cell Penetrating Peptides: 

Classification, Mechanisms, Methods of Study, and Applications. ChemMedChem 2023, 18, 

doi:10.1002/cmdc.202300236. 

26. Xie, J.; Bi, Y.; Zhang, H.; Dong, S.; Teng, L.; Lee, R.J.; Yang, Z. Cell-Penetrating Peptides in Diagnosis and 

Treatment of Human Diseases: From Preclinical Research to Clinical Application. Front. Pharmacol. 2020, 

11, doi:10.3389/fphar.2020.00697. 

27. Ludwig, B.S.; Kessler, H.; Kossatz, S.; Reuning, U. RGD-Binding Integrins Revisited: How Recently 

Discovered Functions and Novel Synthetic Ligands (Re-)Shape an Ever-Evolving Field. Cancers (Basel). 

2021, 13, 1711, doi:10.3390/cancers13071711. 

28. Javid, H.; Oryani, M.A.; Rezagholinejad, N.; Esparham, A.; Tajaldini, M.; Karimi-Shahri, M. RGD Peptide 

in Cancer Targeting: Benefits, Challenges, Solutions, and Possible Integrin–RGD Interactions. Cancer Med. 

2024, 13, doi:10.1002/cam4.6800. 

29. Yamada, Y.; Onda, T.; Wada, Y.; Hamada, K.; Kikkawa, Y.; Nomizu, M. Structure–Activity Relationships 

of RGD-Containing Peptides in Integrin Αvβ5-Mediated Cell Adhesion. ACS Omega 2023, 8, 4687–4693, 

doi:10.1021/acsomega.2c06540. 

30. Wang, F.; Li, Y.; Shen, Y.; Wang, A.; Wang, S.; Xie, T. The Functions and Applications of RGD in Tumor 

Therapy and Tissue Engineering. Int. J. Mol. Sci. 2013, 14, 13447–13462, doi:10.3390/ijms140713447. 

31. Anderluzzi, G.; Ghitti, M.; Gasparri, A.M.; Taiè, G.; Sacchi, A.; Gori, A.; Andolfo, A.; Pozzi, F.; Musco, G.; 

Curnis, F.; et al. A Novel Aminopeptidase N/CD13 Inhibitor Selectively Targets an Endothelial Form of 

CD13 after Coupling to Proteins. Cell. Mol. Life Sci. 2024, 81, 68, doi:10.1007/s00018-023-05102-1. 

32. Lu, C.; Amin, M.A.; Fox, D.A. CD13/Aminopeptidase N Is a Potential Therapeutic Target for Inflammatory 

Disorders. J. Immunol. 2020, 204, 3–11, doi:10.4049/jimmunol.1900868. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 25 of 31 

 

33. Arap, W.; Pasqualini, R.; Ruoslahti, E. Cancer Treatment by Targeted Drug Delivery to Tumor Vasculature 

in a Mouse Model. Science (80-. ). 1998, 279, 377–380, doi:10.1126/science.279.5349.377. 

34. Garde, S. V.; Forté, A.J.; Ge, M.; Lepekhin, E.A.; Panchal, C.J.; Rabbani, S.A.; Wu, J.J. Binding and 

Internalization of NGR-Peptide-Targeted Liposomal Doxorubicin (TVT-DOX) in CD13-Expressing Cells 

and Its Antitumor Effects. Anticancer. Drugs 2007, 18, 1189–1200, doi:10.1097/CAD.0b013e3282a213ce. 

35. Lingasamy, P.; Teesalu, T. Homing Peptides for Cancer Therapy. In; 2021; pp. 29–48. 

36. Abhang, A.; Katari, O.; Ghadi, R.; Chaudhari, D.; Jain, S. Exploring the Synergistic Behavior of Paclitaxel 

and Vorinostat upon Co-Loading in Albumin Nanoparticles for Breast Cancer Management. Drug Deliv. 

Transl. Res. 2024, 14, 510–523, doi:10.1007/s13346-023-01415-7. 

37. Ayo, A.; Laakkonen, P. Peptide-Based Strategies for Targeted Tumor Treatment and Imaging. Pharmaceutics 

2021, 13, 481, doi:10.3390/pharmaceutics13040481. 

38. Roy, S.; Ghosh, P.; Sekhar Roy, N.; Mazumder, A.; Roy, K.; Kumar Manna, A.; Mallick, S.; Ahmed, I. Peptide 

Based Molecules as Protein-Protein Interaction Inhibitors: Tools for Chemical Genetics and Therapy. Curr. 

Chem. Biol. 2012, 6, 145–163, doi:10.2174/187231312801254732. 

39. Jiang, K.; Song, X.; Yang, L.; Li, L.; Wan, Z.; Sun, X.; Gong, T.; Lin, Q.; Zhang, Z. Enhanced Antitumor and 

Anti-Metastasis Efficacy against Aggressive Breast Cancer with a Fibronectin-Targeting Liposomal 

Doxorubicin. J. Control. Release 2018, 271, 21–30, doi:10.1016/j.jconrel.2017.12.026. 

40. Kole, E.; Jadhav, K.; Singh, R.; Mandpe, S.; Abhang, A.; Verma, R.K.; Naik, J. Recent Developments in 

Tyrosine Kinase Inhibitor-Based Nanotherapeutics for EGFR-Resistant Non-Small Cell Lung Cancer. Curr. 

Drug Deliv. 2024, 21, doi:10.2174/0115672018278617231207051907. 

41. Maennling, A.E.; Tur, M.K.; Niebert, M.; Klockenbring, T.; Zeppernick, F.; Gattenlöhner, S.; Meinhold-

Heerlein, I.; Hussain, A.F. Molecular Targeting Therapy against EGFR Family in Breast Cancer: Progress 

and Future Potentials. Cancers (Basel). 2019, 11, 1826, doi:10.3390/cancers11121826. 

42. Fang, Y.; Yang, W.; Cheng, L.; Meng, F.; Zhang, J.; Zhong, Z. EGFR-Targeted Multifunctional Polymersomal 

Doxorubicin Induces Selective and Potent Suppression of Orthotopic Human Liver Cancer in Vivo. Acta 

Biomater. 2017, 64, 323–333, doi:10.1016/j.actbio.2017.10.013. 

43. Balogh, B.; Ivánczi, M.; Nizami, B.; Beke-Somfai, T.; Mándity, I.M. ConjuPepDB: A Database of Peptide–

Drug Conjugates. Nucleic Acids Res. 2021, 49, D1102–D1112, doi:10.1093/nar/gkaa950. 

44. Sun, X.; Li, H.; Chen, Z.; Zhang, Y.; Wei, Z.; Xu, H.; Liao, Y.; Jiang, W.; Ge, Y.; Zheng, L.; et al. PDCdb: The 

Biological Activity and Pharmaceutical Information of Peptide–Drug Conjugate (PDC). Nucleic Acids Res. 

2025, 53, D1476–D1485, doi:10.1093/nar/gkae859. 

45. Alas, M.; Saghaeidehkordi, A.; Kaur, K. Peptide–Drug Conjugates with Different Linkers for Cancer 

Therapy. J. Med. Chem. 2021, 64, 216–232, doi:10.1021/acs.jmedchem.0c01530. 

46. Fu, C.; Yu, L.; Miao, Y.; Liu, X.; Yu, Z.; Wei, M. Peptide–Drug Conjugates (PDCs): A Novel Trend of 

Research and Development on Targeted Therapy, Hype or Hope? Acta Pharm. Sin. B 2023, 13, 498–516, 

doi:10.1016/j.apsb.2022.07.020. 

47. Tsuchikama, K.; An, Z. Antibody-Drug Conjugates: Recent Advances in Conjugation and Linker 

Chemistries. Protein Cell 2018, 9, 33–46, doi:10.1007/s13238-016-0323-0. 

48. Jafari, B.; Pourseif, M.M.; Barar, J.; Rafi, M.A.; Omidi, Y. Peptide-Mediated Drug Delivery across the Blood-

Brain Barrier for Targeting Brain Tumors. Expert Opin. Drug Deliv. 2019, 16, 583–605, 

doi:10.1080/17425247.2019.1614911. 

49. Mező, G.; Gomena, J.; Ranđelović, I.; Dókus, E.; Kiss, K.; Pethő, L.; Schuster, S.; Vári, B.; Vári-Mező, D.; 

Lajkó, E.; et al. Oxime-Linked Peptide–Daunomycin Conjugates as Good Tools for Selection of Suitable 

Homing Devices in Targeted Tumor Therapy: An Overview. Int. J. Mol. Sci. 2024, 25, 1864, 

doi:10.3390/ijms25031864. 

50. Gong, L.; Zhao, H.; Liu, Y.; Wu, H.; Liu, C.; Chang, S.; Chen, L.; Jin, M.; Wang, Q.; Gao, Z.; et al. Research 

Advances in Peptide‒drug Conjugates. Acta Pharm. Sin. B 2023, 13, 3659–3677, 

doi:10.1016/j.apsb.2023.02.013. 

51. Liang, Y.; Li, S.; Wang, X.; Zhang, Y.; Sun, Y.; Wang, Y.; Wang, X.; He, B.; Dai, W.; Zhang, H.; et al. A 

Comparative Study of the Antitumor Efficacy of Peptide-Doxorubicin Conjugates with Different Linkers. 

J. Control. Release 2018, 275, 129–141, doi:10.1016/j.jconrel.2018.01.033. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 26 of 31 

 

52. Heh, E.; Allen, J.; Ramirez, F.; Lovasz, D.; Fernandez, L.; Hogg, T.; Riva, H.; Holland, N.; Chacon, J. Peptide 

Drug Conjugates and Their Role in Cancer Therapy. Int. J. Mol. Sci. 2023, 24, 829, doi:10.3390/ijms24010829. 

53. Ahrens, V.M.; Bellmann-Sickert, K.; Beck-Sickinger, A.G. Peptides And Peptide Conjugates: Therapeutics 

On The Upward Path. Future Med. Chem. 2012, 4, 1567–1586, doi:10.4155/fmc.12.76. 

54. Gillies, E.R.; Goodwin, A.P.; Fréchet, J.M.J. Acetals as PH-Sensitive Linkages for Drug Delivery. Bioconjug. 

Chem. 2004, 15, 1254–1263, doi:10.1021/bc049853x. 

55. Xu, L.; Xu, S.; Xiang, T.; Liu, H.; Chen, L.; Jiang, B.; Yao, J.; Zhu, H.; Hu, R.; Chen, Z. Multifunctional 

Building Elements for the Construction of Peptide Drug Conjugates. Eng. Regen. 2022, 3, 92–109, 

doi:10.1016/j.engreg.2022.02.004. 

56. Wu, C.; Cheng, Z.; Lu, D.; Liu, K.; Cheng, Y.; Wang, P.; Zhou, Y.; Li, M.; Shao, X.; Li, H.; et al. Novel N -

Methylated Cyclodepsipeptide Prodrugs for Targeted Cancer Therapy. J. Med. Chem. 2021, 64, 991–1000, 

doi:10.1021/acs.jmedchem.0c01387. 

57. Wang, Y.; Cheetham, A.G.; Angacian, G.; Su, H.; Xie, L.; Cui, H. Peptide–Drug Conjugates as Effective 

Prodrug Strategies for Targeted Delivery. Adv. Drug Deliv. Rev. 2017, 110–111, 112–126, 

doi:10.1016/j.addr.2016.06.015. 

58. Böhme, D.; Krieghoff, J.; Beck-Sickinger, A.G. Double Methotrexate-Modified Neuropeptide Y Analogues 

Express Increased Toxicity and Overcome Drug Resistance in Breast Cancer Cells. J. Med. Chem. 2016, 59, 

3409–3417, doi:10.1021/acs.jmedchem.6b00043. 

59. Ghosh, A.K.; Brindisi, M. Organic Carbamates in Drug Design and Medicinal Chemistry. J. Med. Chem. 

2015, 58, 2895–2940, doi:10.1021/jm501371s. 

60. Janardhanam, L.S.L.; Indukuri, V.V.; Verma, P.; Dusane, A.C.; Venuganti, V.V.K. Functionalized Layer-by-

Layer Assembled Film with Directional 5-Fluorouracil Release to Target Colon Cancer. Mater. Sci. Eng. C 

2020, 115, 111118, doi:10.1016/j.msec.2020.111118. 

61. Ma, L.; Wang, C.; He, Z.; Cheng, B.; Zheng, L.; Huang, K. Peptide-Drug Conjugate: A Novel Drug Design 

Approach. Curr. Med. Chem. 2017, 24, doi:10.2174/0929867324666170404142840. 

62. Chavda, V.P.; Solanki, H.K.; Davidson, M.; Apostolopoulos, V.; Bojarska, J. Peptide-Drug Conjugates: A 

New Hope for Cancer Management. Molecules 2022, 27, 7232, doi:10.3390/molecules27217232. 

63. Ma, J.; Hu, X.; Li, L.; Rao, Z.; Zhang, C. Efficacy and Safety of 177Lu-DOTATATE Targeted Therapy in 

Advanced/Metastatic Pulmonary Neuroendocrine Tumors: A Systematic Review and Meta-Analysis. 

Front. Oncol. 2022, 12, doi:10.3389/fonc.2022.993182. 

64. You, X.; Guo, W.; Wang, L.; Hou, Y.; Zhang, H.; Pan, Y.; Han, R.; Huang, M.; Liao, L.; Chen, Y. Subcellular 

Distribution of RAD23B Controls XPC Degradation and DNA Damage Repair in Response to 

Chemotherapy Drugs. Cell. Signal. 2017, 36, 108–116, doi:10.1016/j.cellsig.2017.04.023. 

65. López-garcía, G.; Dublan-garcía, O.; Arizmendi-cotero, D.; Oliván, L.M.G. Antioxidant and Antimicrobial 

Peptides Derived from Food Proteins. Molecules 2022, 27, 1–32, doi:10.3390/molecules27041343. 

66. Deslouches, B.; Peter Di, Y. Antimicrobial Peptides with Selective Antitumor Mechanisms: Prospect for 

Anticancer Applications. Oncotarget 2017, 8, 46635–46651, doi:10.18632/oncotarget.16743. 

67. Rizzo, M.G.; Palermo, N.; D’amora, U.; Oddo, S.; Guglielmino, S.P.P.; Conoci, S.; Szychlinska, M.A.; 

Calabrese, G. Multipotential Role of Growth Factor Mimetic Peptides for Osteochondral Tissue 

Engineering. Int. J. Mol. Sci. 2022, 23, doi:10.3390/ijms23137388. 

68. Dai, M.Y.; Shi, Y.Y.; Wang, A.J.; Liu, X.L.; Liu, M.; Cai, H.B. High-Potency PD-1/PD-L1 Degradation 

Induced by Peptide-PROTAC in Human Cancer Cells. Cell Death Dis. 2022, 13, 1–4, doi:10.1038/s41419-022-

05375-7. 

69. Hao, X.; Yan, Q.; Zhao, J.; Wang, W.; Huang, Y.; Chen, Y. TAT Modification of Alpha-Helical Anticancer 

Peptides to Improve Specificity and Efficacy. PLoS One 2015, 10, 1–13, doi:10.1371/journal.pone.0138911. 

70. Najm, A.A.K.; Azfaralariff, A.; Dyari, H.R.E.; Othman, B.A.; Shahid, M.; Khalili, N.; Law, D.; Syed Alwi, 

S.S.; Fazry, S. Anti-Breast Cancer Synthetic Peptides Derived from the Anabas Testudineus Skin Mucus 

Fractions. Sci. Rep. 2021, 11, 1–20, doi:10.1038/s41598-021-02007-6. 

71. Yamada, K.H.; Kang, H.; Malik, A.B. Antiangiogenic Therapeutic Potential of Peptides Derived from the 

Molecular Motor KIF13B That Transports VEGFR2 to Plasmalemma in Endothelial Cells. Am. J. Pathol. 2017, 

187, 214–224, doi:10.1016/j.ajpath.2016.09.010. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 27 of 31 

 

72. Bhat, M.; Robichaud, N.; Hulea, L.; Sonenberg, N.; Pelletier, J.; Topisirovic, I. Targeting the Translation 

Machinery in Cancer. Nat. Rev. Drug Discov. 2015, 14, 261–278, doi:10.1038/nrd4505. 

73. Pfister, S.X.; Ashworth, A. Marked for Death: Targeting Epigenetic Changes in Cancer. Nat. Rev. Drug 

Discov. 2017, 16, 241–263, doi:10.1038/nrd.2016.256. 

74. De Berardinis, R.J.; Chandel, N.S. Fundamentals of Cancer Metabolism. Sci. Adv. 2016, 2, 

doi:10.1126/sciadv.1600200. 

75. Jiang, Y.; Huang, W.; Sun, X.; Yang, X.; Wu, Y.; Shi, J.; Zheng, J.; Fan, S.; Liu, J.; Wang, J.; et al. DTX-P7, a 

Peptide–Drug Conjugate, Is Highly Effective for Non-Small Cell Lung Cancer. J. Hematol. Oncol. 2022, 15, 

73, doi:10.1186/s13045-022-01274-8. 

76. Chen, X.; Plasencia, C.; Hou, Y.; Neamati, N. Synthesis and Biological Evaluation of Dimeric RGD Peptide 

- Paclitaxel Conjugate as a Model for Integrin-Targeted Drug Delivery. 2005, 1098–1106. 

77. Burkhart, D.J.; Kalet, B.T.; Coleman, M.P.; Post, G.C.; Koch, T.H. Doxorubicin-Formaldehyde Conjugates 

Targeting A v B 3 Integrin. 2004. 

78. Xu, L.; Xu, S.; Xiang, T.; Liu, H.; Chen, L.; Jiang, B.; Yao, J.; Zhu, H.; Hu, R.; Chen, Z. Multifunctional 

Building Elements for the Construction of Peptide Drug Conjugates. Eng. Regen. 2022, 3, 92–109, 

doi:10.1016/j.engreg.2022.02.004. 

79. Davis, R.A.; Ganguly, T.; Harris, R.; Hausner, S.H.; Kovacs, L.; Sutcliffe, J.L. Synthesis and Evaluation of a 

Monomethyl Auristatin E─Integrin α v β 6 Binding Peptide–Drug Conjugate for Tumor Targeted Drug 

Delivery. J. Med. Chem. 2023, 66, 9842–9852, doi:10.1021/acs.jmedchem.3c00631. 

80. Redko, B.; Ragozin, E.; Andreii, B.; Helena, T.; Amnon, A.; Talia, S.Z.; Mor, O.; Genady, K.; Gary, G. As a 

Targeting Moiety. 2015, 104, 743–752, doi:10.1002/bip.22694. 

81. Whalen, K.A.; White, B.H.; Quinn, J.M.; Kriksciukaite, K.; Alargova, R.; Yeung, T.P.A.; Bazinet, P.; 

Brockman, A.; Dupont, M.M.; Oller, H.; et al. Targeting the Somatostatin Receptor 2 with the Miniaturized 

Drug Conjugate , PEN-221 : A Potent and Novel Therapeutic for the Treatment of Small Cell Lung Cancer. 

2019, 1–12, doi:10.1158/1535-7163.MCT-19-0022. 

82. Bauer, W.; Briner, U.; Doepfner, W.; Halier, R.; Huguenin, R.; Marbach, P.; Petcher, T.J.; Pless, J. A Very 

Potent and Selective Octapeptide Analogue. Life Sci. 1982, 31, 1133–1140. 

83. Forssell-Aronsson, E.; Bernhardt, P.; Nilsson, O.; Tisell, L.E.; Wängberg, B.; Ahlman, H. Biodistribution 

Data from 100 Patients i.v. Injected with 111In-DTPA-D-Phe1-Octreotide. Acta Oncol. (Madr). 2004, 43, 436–

442, doi:10.1080/02841860410030670. 

84. Lelle, M.; Kaloyanova, S.; Freidel, C.; Theodoropoulou, M.; Musheev, M.; Niehrs, C.; Stalla, G.; Peneva, K. 

Octreotide-Mediated Tumor-Targeted Drug Delivery via a Cleavable Doxorubicin-Peptide Conjugate. 

2015, doi:10.1021/acs.molpharmaceut.5b00487. 

85. Sun, L.C.; Mackey, L.V.; Luo, J.; Fuselier, J.A.; Coy, D.H. Targeted Chemotherapy Using a Cytotoxic 

Somatostatin Conjugate to Inhibit Tumor Growth and Metastasis in Nude Mice. Clin. Med. Oncol. 2008, 2, 

491–499, doi:10.4137/cmo.s970. 

86. Panosa, C.; Tebar, F.; Ferrer-Batallé, M.; Fonge, H.; Seno, M.; Reilly, R.M.; Massaguer, A.; de Llorens, R. 

Development of an Epidermal Growth Factor Derivative with EGFR Blocking Activity. PLoS One 2013, 8, 

doi:10.1371/journal.pone.0069325. 

87. Li, Z.; Zhao, R.; Wu, X.; Sun, Y.; Yao, M.; Li, J.; Xu, Y.; Gu, J. Identification and Characterization of a Novel 

Peptide Ligand of Epidermal Growth Factor Receptor for Targeted Delivery of Therapeutics. FASEB J. 2005, 

19, 1978–1985, doi:10.1096/fj.05-4058com. 

88. Ahsa, A.; Ramanand, S.G.; Bergin, I.L.; Zha, L.; Whitehead, C.E.; Rehemtulla, A.; Ray, D.; Pratt, W.B.; 

Lawrence, T.S.; Nyati, M.K. Efficacy of an EGFR-Specific Peptide against EGFR-Dependent Cancer Cell 

Lines and Tumor Xenografts. Neoplasia (United States) 2014, 16, 105–114, doi:10.1593/neo.14182. 

89. Ramos-Álvarez, I.; Moreno, P.; Mantey, S.A.; Nakamura, T.; Nuche-Berenguer, B.; Moody, T.W.; Coy, D.H.; 

Jensen, R.T. Insights into Bombesin Receptors and Ligands: Highlighting Recent Advances. Peptides 2015, 

72, 128–144, doi:10.1016/j.peptides.2015.04.026. 

90. Cescato, R.; Maina, T.; Nock, B.; Nikolopoulou, A.; Charalambidis, D.; Piccand, V.; Reubi, J.C. Bombesin 

Receptor Antagonists May Be Preferable to Agonists for Tumor Targeting. J. Nucl. Med. 2008, 49, 318–326, 

doi:10.2967/jnumed.107.045054. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 28 of 31 

 

91. Moody, T.W.; Pradhan, T.; Mantey, S.A.; Jensen, R.T.; Dyba, M.; Moody, D.; Tarasova, N.I.; Michejda, C.J. 

Bombesin Marine Toxin Conjugates Inhibit the Growth of Lung Cancer Cells. Life Sci. 2008, 82, 855–861, 

doi:10.1016/j.lfs.2008.01.019. 

92. Ahmed, H.; Mahmud, A.R.; Siddiquee, M.F.R.; Shahriar, A.; Biswas, P.; Shimul, M.E.K.; Ahmed, S.Z.; Ema, 

T.I.; Rahman, N.; Khan, M.A.; et al. Role of T Cells in Cancer Immunotherapy: Opportunities and 

Challenges. Cancer Pathog. Ther. 2023, 1, 116–126, doi:10.1016/j.cpt.2022.12.002. 

93. Choi, J.; Jang, H.; Choi, J.; Choi, Y.; Yang, Y.; Shim, M.K.; Kim, S.H. Immune Checkpoint-Targeted Drug 

Conjugates: A Promising Tool for Remodeling Tumor Immune Microenvironment. J. Control. Release 2023, 

359, 85–96, doi:10.1016/j.jconrel.2023.05.031. 

94. Kubli, S.P.; Berger, T.; Araujo, D. V.; Siu, L.L.; Mak, T.W. Beyond Immune Checkpoint Blockade: Emerging 

Immunological Strategies. Nat. Rev. Drug Discov. 2021, 20, 899–919, doi:10.1038/s41573-021-00155-y. 

95. Wei, S.C.; Duffy, C.R.; Allison, J.P. Fundamental Mechanisms of Immune Checkpoint Blockade Therapy. 

Cancer Discov. 2018, 8, 1069–1086, doi:10.1158/2159-8290.CD-18-0367. 

96. Wang, M.; Shu, X.S.; Li, M.; Zhang, Y.; Yao, Y.; Huang, X.; Li, J.; Wei, P.; He, Z.; Lu, J.; et al. A Novel Strategy 

Conjugating PD-L1 Polypeptide With Doxorubicin Alleviates Chemotherapeutic Resistance and Enhances 

Immune Response in Colon Cancer. Front. Oncol. 2021, 11, 1–10, doi:10.3389/fonc.2021.737323. 

97. Pang, L.; Pei, Y.; Uzunalli, G.; Hyun, H.; Lyle, L.T.; Yeo, Y. Surface Modification of Polymeric Nanoparticles 

with M2pep Peptide for Drug Delivery to Tumor-Associated Macrophages. Pharm. Res. 2019, 36, 

doi:10.1007/s11095-019-2596-5. 

98. Moon, Y.; Shim, M.K.; Choi, J.; Yang, S.; Kim, J.; Yun, W.S.; Cho, H.; Park, J.Y.; Kim, Y.; Seong, J.K.; et al. 

Anti-PD-L1 Peptide-Conjugated Prodrug Nanoparticles for Targeted Cancer Immunotherapy Combining 

PD-L1 Blockade with Immunogenic Cell Death. Theranostics 2022, 12, 1919–2014, doi:10.7150/thno.69119. 

99. Food and Drug Administration (FDA) M9 Biopharmaceutics Classification SystemBased Biowaivers: 

Guidance for Industry. Publ. by ICH 2021, 20. 

100. Amidon, G.L.; Lennernäs, H.; Shah, V.P.; Crison, J.R. A Theoretical Basis for a Biopharmaceutic Drug 

Classification: The Correlation of in Vitro Drug Product Dissolution and in Vivo Bioavailability. Pharm. Res. 

An Off. J. Am. Assoc. Pharm. Sci. 1995, 12, 413–420. 

101. Fang, Y.; Wang, H. Molecular Engineering of Peptide–Drug Conjugates for Therapeutics. Pharmaceutics 

2022, 14, doi:10.3390/pharmaceutics14010212. 

102. Soepenberg, O.; Sparreboom, A.; Verweij, J. Clinical Studies of Camptothecin and Derivatives. Alkaloids 

Chem. Biol. 2003, 60, 1–50, doi:10.1016/S0099-9598(03)60001-5. 

103. Cheetham, A.G.; Ou, Y.C.; Zhang, P.; Cui, H. Linker-Determined Drug Release Mechanism of Free 

Camptothecin from Self-Assembling Drug Amphiphiles. Chem. Commun. 2014, 50, 6039–6042, 

doi:10.1039/c3cc49453e. 

104. Gao, Y.; Kuang, Y.; Guo, Z.F.; Guo, Z.; Krauss, I.J.; Xu, B. Enzyme-Instructed Molecular Self-Assembly 

Confers Nanofibers and a Supramolecular Hydrogel of Taxol Derivative. J. Am. Chem. Soc. 2009, 131, 13576–

13577, doi:10.1021/ja904411z. 

105. Ji, Y.; Xiao, Y.; Xu, L.; He, J.; Qian, C.; Li, W.; Wu, L.; Chen, R.; Wang, J.; Hu, R.; et al. Drug-Bearing 

Supramolecular MMP Inhibitor Nanofibers for Inhibition of Metastasis and Growth of Liver Cancer. Adv. 

Sci. 2018, 5, doi:10.1002/advs.201700867. 

106. Rodriguez, C.A.; Papanastasiou, E.A.; Juba, M.; Bishop, B. Covalent Modification of a Ten-Residue Cationic 

Antimicrobial Peptide with Levofloxacin. Front. Chem. 2014, 2, doi:10.3389/fchem.2014.00071. 

107. Desgranges, S.; Ruddle, C.C.; Burke, L.P.; McFadden, T.M.; O’Brien, J.E.; Fitzgerald-Hughes, D.; 

Humphreys, H.; Smyth, T.P.; Devocelle, M. β-Lactam-Host Defence Peptide Conjugates as Antibiotic 

Prodrug Candidates Targeting Resistant Bacteria. RSC Adv. 2012, 2, 2480, doi:10.1039/c2ra01351g. 

108. Li, W.; O’Brien-Simpson, N.M.; Holden, J.A.; Otvos, L.; Reynolds, E.C.; Separovic, F.; Hossain, M.A.; Wade, 

J.D. Covalent Conjugation of Cationic Antimicrobial Peptides with a Β-lactam Antibiotic Core. Pept. Sci. 

2018, 110, doi:10.1002/pep2.24059. 

109. Ghaffar, K.; Hussein, W.; Khalil, Z.; Capon, R.; Skwarczynski, M.; Toth, I. Levofloxacin and Indolicidin for 

Combination Antimicrobial Therapy. Curr. Drug Deliv. 2015, 12, 108–114, 

doi:10.2174/1567201811666140910094050. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 29 of 31 

 

110. Umstätter, F.; Werner, J.; Zerlin, L.; Mühlberg, E.; Kleist, C.; Klika, K.D.; Hertlein, T.; Beijer, B.; Domhan, 

C.; Zimmermann, S.; et al. Impact of Linker Modification and PEGylation of Vancomycin Conjugates on 

Structure-Activity Relationships and Pharmacokinetics. Pharmaceuticals 2022, 15, 159, 

doi:10.3390/ph15020159. 

111. Brezden, A.; Mohamed, M.F.; Nepal, M.; Harwood, J.S.; Kuriakose, J.; Seleem, M.N.; Chmielewski, J. Dual 

Targeting of Intracellular Pathogenic Bacteria with a Cleavable Conjugate of Kanamycin and an 

Antibacterial Cell-Penetrating Peptide. J. Am. Chem. Soc. 2016, 138, 10945–10949, doi:10.1021/jacs.6b04831. 

112. Mohamed, M.F.; Brezden, A.; Mohammad, H.; Chmielewski, J.; Seleem, M.N. Targeting Biofilms and 

Persisters of ESKAPE Pathogens with P14KanS, a Kanamycin Peptide Conjugate. Biochim. Biophys. Acta - 

Gen. Subj. 2017, 1861, 848–859, doi:10.1016/j.bbagen.2017.01.029. 

113. Ptaszyńska, N.; Gucwa, K.; Olkiewicz, K.; Łȩgowska, A.; Okońska, J.; Ruczyński, J.; Gitlin-Domagalska, A.; 

Dȩbowski, D.; Milewski, S.; Rolka, K. Antibiotic-Based Conjugates Containing Antimicrobial HLopt2 

Peptide: Design, Synthesis, Antimicrobial and Cytotoxic Activities. ACS Chem. Biol. 2019, 

acschembio.9b00538, doi:10.1021/acschembio.9b00538. 

114. Yamauchi, R.; Kawano, K.; Yamaoka, Y.; Taniguchi, A.; Yano, Y.; Takasu, K.; Matsuzaki, K. Development 

of Antimicrobial Peptide–Antibiotic Conjugates to Improve the Outer Membrane Permeability of 

Antibiotics Against Gram-Negative Bacteria. ACS Infect. Dis. 2022, 8, 2339–2347, 

doi:10.1021/acsinfecdis.2c00406. 

115. Etayash, H.; Alford, M.; Akhoundsadegh, N.; Drayton, M.; Straus, S.K.; Hancock, R.E.W. Multifunctional 

Antibiotic–Host Defense Peptide Conjugate Kills Bacteria, Eradicates Biofilms, and Modulates the Innate 

Immune Response. J. Med. Chem. 2021, 64, 16854–16863, doi:10.1021/acs.jmedchem.1c01712. 

116. Yang, K.; Gitter, B.; Rüger, R.; Wieland, G.D.; Chen, M.; Liu, X.; Albrecht, V.; Fahr, A. Antimicrobial 

Peptide-Modified Liposomes for Bacteria Targeted Delivery of Temoporfin in Photodynamic Antimicrobial 

Chemotherapy. Photochem. Photobiol. Sci. 2011, 10, 1593–1601, doi:10.1039/c1pp05100h. 

117. Judzewitsch, P.R.; Corrigan, N.; Wong, E.H.H.; Boyer, C. Photo-Enhanced Antimicrobial Activity of 

Polymers Containing an Embedded Photosensitiser. Angew. Chemie Int. Ed. 2021, 60, 24248–24256, 

doi:10.1002/anie.202110672. 

118. Dosselli, R.; Millioni, R.; Puricelli, L.; Tessari, P.; Arrigoni, G.; Franchin, C.; Segalla, A.; Teardo, E.; Reddi, 

E. Molecular Targets of Antimicrobial Photodynamic Therapy Identified by a Proteomic Approach. J. 

Proteomics 2012, 77, 329–343, doi:10.1016/j.jprot.2012.09.007. 

119. Todorovski, T.; Kalafatovic, D.; Andreu, D. Antiviral Peptide-Based Conjugates: State of the Art and Future 

Perspectives. Pharmaceutics 2023, 15, 357, doi:10.3390/pharmaceutics15020357. 

120. Liang, G.; Wang, H.; Chong, H.; Cheng, S.; Jiang, X.; He, Y.; Wang, C.; Liu, K. An Effective Conjugation 

Strategy for Designing Short Peptide-Based HIV-1 Fusion Inhibitors. Org. Biomol. Chem. 2016, 14, 7875–

7882, doi:10.1039/C6OB01334A. 

121. Wang, C.; Lu, L.; Na, H.; Li, X.; Wang, Q.; Jiang, X.; Xu, X.; Yu, F.; Zhang, T.; Li, J.; et al. Conjugation of a 

Nonspecific Antiviral Sapogenin with a Specific HIV Fusion Inhibitor: A Promising Strategy for 

Discovering New Antiviral Therapeutics. J. Med. Chem. 2014, 57, 7342–7354, doi:10.1021/jm500763m. 

122. Liu, N.; Zhang, Y.; Lei, Y.; Wang, R.; Zhan, M.; Liu, J.; An, Y.; Zhou, Y.; Zhan, J.; Yin, F.; et al. Design and 

Evaluation of a Novel Peptide–Drug Conjugate Covalently Targeting SARS-CoV-2 Papain-like Protease. J. 

Med. Chem. 2022, 65, 876–884, doi:10.1021/acs.jmedchem.1c02022. 

123. Liotard, J.-F.; Mehiri, M.; Di Giorgio, A.; Boggetto, N.; Reboud-Ravaux, M.; Aubertin, A.-M.; Condom, R.; 

Patino, N. AZT and AZT-Monophosphate Prodrugs Incorporating HIV-Protease Substrate Fragment: 

Synthesis and Evaluation as Specific Drug Delivery Systems. Antivir. Chem. Chemother. 2006, 17, 193–213, 

doi:10.1177/095632020601700404. 

124. Zhou, X.; Smith, Q.R.; Liu, X. Brain Penetrating Peptides and Peptide–Drug Conjugates to Overcome the 

Blood–Brain Barrier and Target CNS Diseases. WIREs Nanomedicine and Nanobiotechnology 2021, 13, 

doi:10.1002/wnan.1695. 

125. Chapeau, D.; Beekman, S.; Piet, A.; Li, L.; de Ridder, C.; Stuurman, D.; Seimbille, Y. ESOMA-DM1, a 

Maytansinoid-Based Theranostic Small-Molecule Drug Conjugate for Neuroendocrine Tumors. Bioconjug. 

Chem. 2024, 35, 1823–1834, doi:10.1021/acs.bioconjchem.4c00413. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 30 of 31 

 

126. Mendonça, D.A.; Bakker, M.; Cruz-Oliveira, C.; Neves, V.; Jiménez, M.A.; Defaus, S.; Cavaco, M.; Veiga, 

A.S.; Cadima-Couto, I.; Castanho, M.A.R.B.; et al. Penetrating the Blood-Brain Barrier with New Peptide–

Porphyrin Conjugates Having Anti-HIV Activity. Bioconjug. Chem. 2021, 32, 1067–1077, 

doi:10.1021/acs.bioconjchem.1c00123. 

127. Liang, Y.; Yang, Y.; Huang, R.; Ning, J.; Bao, X.; Yan, Z.; Chen, H.; Ding, L.; Shu, C. Conjugation of Sulpiride 

with a Cell Penetrating Peptide to Augment the Antidepressant Efficacy and Reduce Serum Prolactin 

Levels. Biomed. Pharmacother. 2024, 174, 116610, doi:10.1016/j.biopha.2024.116610. 

128. Saleh, S.R.; Abd-Elmegied, A.; Aly Madhy, S.; Khattab, S.N.; Sheta, E.; Elnozahy, F.Y.; Mehanna, R.A.; 

Ghareeb, D.A.; Abd-Elmonem, N.M. Brain-Targeted Tet-1 Peptide-PLGA Nanoparticles for Berberine 

Delivery against STZ-Induced Alzheimer’s Disease in a Rat Model: Alleviation of Hippocampal Synaptic 

Dysfunction, Tau Pathology, and Amyloidogenesis. Int. J. Pharm. 2024, 658, 124218, 

doi:10.1016/j.ijpharm.2024.124218. 

129. Zheng, M.-Z.; Yang, Z.-Q.; Cai, S.-L.; Zheng, L.-T.; Xue, Y.; Chen, L.; Lin, J. Blood-Brain Barrier and Blood-

Brain Tumor Barrier Penetrating Peptide-Drug Conjugate as Targeted Therapy for the Treatment of Lung 

Cancer Brain Metastasis. Lung Cancer 2024, 196, 107957, doi:10.1016/j.lungcan.2024.107957. 

130. Bi, J.; Wang, W.; Du, J.; Chen, K.; Cheng, K. Structure-Activity Relationship Study and Biological Evaluation 

of SAC-Garlic Acid Conjugates as Novel Anti-Inflammatory Agents. Eur. J. Med. Chem. 2019, 179, 233–245, 

doi:10.1016/j.ejmech.2019.06.059. 

131. Shokri, B.; Zarghi, A.; Shahhoseini, S.; Mohammadi, R.; Kobarfard, F. Design, Synthesis and Biological 

Evaluation of Peptide-NSAID Conjugates for Targeted Cancer Therapy. Arch. Pharm. (Weinheim). 2019, 352, 

doi:10.1002/ardp.201800379. 

132. Rakesh, K.P.; Suhas, R.; Gowda, D.C. Anti-Inflammatory and Antioxidant Peptide-Conjugates: Modulation 

of Activity by Charged and Hydrophobic Residues. Int. J. Pept. Res. Ther. 2019, 25, 227–234, 

doi:10.1007/s10989-017-9668-3. 

133. Pratihar, S.; Bhagavath, K.K.; Govindaraju, T. Small Molecules and Conjugates as Theranostic Agents. RSC 

Chem. Biol. 2023, 4, 826–849, doi:10.1039/D3CB00073G. 

134. Kim, S.; No, Y.H.; Sluyter, R.; Konstantinov, K.; Kim, Y.H.; Kim, J.H. Peptide-Nanoparticle Conjugates as a 

Theranostic Platform. Coord. Chem. Rev. 2024, 500, 215530, doi:10.1016/j.ccr.2023.215530. 

135. Bhatt Mitra, J.; Chatterjee, S.; Kumar, A.; Khatoon, E.; Chandak, A.; Rakshit, S.; Bandyopadhyay, A.; 

Mukherjee, A. Expanding a Peptide-Covalent Probe Hybrid for PET Imaging of S. Aureus Driven Focal 

Infections. EJNMMI Radiopharm. Chem. 2024, 9, 25, doi:10.1186/s41181-024-00252-4. 

136. Pham, T.T.; Hungnes, I.N.; Rivas, C.; Cleaver, J.; Firth, G.; Blower, P.J.; Sosabowski, J.; Cook, G.J.R.; 

Livieratos, L.; Young, J.D.; et al. Receptor-Targeted Peptide Conjugates Based on Diphosphines Enable 

Preparation of 99m Tc and 188 Re Theranostic Agents for Prostate Cancer. J. Nucl. Med. 2024, 65, 1087–1094, 

doi:10.2967/jnumed.124.267450. 

137. Qin, Y.; Tang, X.; Chen, J.; Huang, J.; Wang, D.; Zhang, X.; Zhang, Y.; Wu, F.; Wang, J. An LHRH Peptide-

Conjugated Ruthenium(II) Complex as Tumor-Targeted Theranostic Anticancer Agent. Inorg. Chem. 

Commun. 2022, 136, 109166, doi:10.1016/j.inoche.2021.109166. 

138. Khan, A.; Tripathi, A.; Gandhi, M.; Bellare, J.; Srivastava, R. Development of Injectable Upconversion 

Nanoparticle-conjugated Doxorubicin Theranostics Electrospun Nanostructure for Targeted 

Photochemotherapy in Breast Cancer. J. Biomed. Mater. Res. Part A 2024, 112, 1612–1626, 

doi:10.1002/jbm.a.37713. 

139. Shang, Q.; Su, Y.; Leslie, F.; Sun, M.; Wang, F. Advances in Peptide-Drug Conjugate-Based Supramolecular 

Hydrogel Systems for Local Drug Delivery. Med. Drug Discov. 2022, 14, 100125, 

doi:10.1016/j.medidd.2022.100125. 

140. Schiapparelli, P.; Zhang, P.; Lara-Velazquez, M.; Guerrero-Cazares, H.; Lin, R.; Su, H.; Chakroun, R.W.; 

Tusa, M.; Quiñones-Hinojosa, A.; Cui, H. Self-Assembling and Self-Formulating Prodrug Hydrogelator 

Extends Survival in a Glioblastoma Resection and Recurrence Model. J. Control. Release 2020, 319, 311–321, 

doi:10.1016/j.jconrel.2020.01.003. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1


 31 of 31 

 

141. Webber, M.J.; Matson, J.B.; Tamboli, V.K.; Stupp, S.I. Controlled Release of Dexamethasone from Peptide 

Nanofiber Gels to Modulate Inflammatory Response. Biomaterials 2012, 33, 6823–6832, 

doi:10.1016/j.biomaterials.2012.06.003. 

142. Chakroun, R.W.; Wang, F.; Lin, R.; Wang, Y.; Su, H.; Pompa, D.; Cui, H. Fine-Tuning the Linear Release 

Rate of Paclitaxel-Bearing Supramolecular Filament Hydrogels through Molecular Engineering. ACS Nano 

2019, 13, 7780–7790, doi:10.1021/acsnano.9b01689. 

143. Wang, F.; Su, H.; Lin, R.; Chakroun, R.W.; Monroe, M.K.; Wang, Z.; Porter, M.; Cui, H. Supramolecular 

Tubustecan Hydrogel as Chemotherapeutic Carrier to Improve Tumor Penetration and Local Treatment 

Efficacy. ACS Nano 2020, 14, 10083–10094, doi:10.1021/acsnano.0c03286. 

144. Yang, P.; Song, H.; Feng, Z.; Wang, C.; Huang, P.; Zhang, C.; Kong, D.; Wang, W. Synthetic, 

Supramolecular, and Self-Adjuvanting CD8 + T-Cell Epitope Vaccine Increases the Therapeutic Antitumor 

Immunity. Adv. Ther. 2019, 2, doi:10.1002/adtp.201900010. 

145. Li, J.; Fang, Y.; Zhang, Y.; Wang, H.; Yang, Z.; Ding, D. Supramolecular Self-Assembly-Facilitated 

Aggregation of Tumor-Specific Transmembrane Receptors for Signaling Activation and Converting 

Immunologically Cold to Hot Tumors. Adv. Mater. 2021, 33, doi:10.1002/adma.202008518. 

146. Fu, C.; Yu, L.; Miao, Y.; Liu, X.; Yu, Z.; Wei, M. Peptide–Drug Conjugates (PDCs): A Novel Trend of 

Research and Development on Targeted Therapy, Hype or Hope? Acta Pharm. Sin. B 2023, 13, 498–516, 

doi:10.1016/j.apsb.2022.07.020. 

147. Sagar, B.; Gupta, S.; Verma, S.K.; Reddy, Y.V.M.; Shukla, S. Navigating Cancer Therapy: Harnessing the 

Power of Peptide-Drug Conjugates as Precision Delivery Vehicles. Eur. J. Med. Chem. 2025, 283, 117131, 

doi:10.1016/j.ejmech.2024.117131. 

148. Fetse, J.; Zhao, Z.; Liu, H.; Mamani, U.F.; Mustafa, B.; Adhikary, P.; Ibrahim, M.; Liu, Y.; Patel, P.; Nakhjiri, 

M.; et al. Discovery of Cyclic Peptide Inhibitors Targeting PD-L1 for Cancer Immunotherapy. J. Med. Chem. 

2022, 65, 12002–12013, doi:10.1021/acs.jmedchem.2c00539. 

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. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 March 2025 doi:10.20944/preprints202503.1521.v1

https://doi.org/10.20944/preprints202503.1521.v1

