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Commentary

p38 MAPK is a multifunctional signaling kinase. It is a responder to stress stimuli performing 
various pleiotropic functions ranging from maintenance of cellular homeostasis to contributing to 
cellular dysfunction, depending on the tissue environment. The p38 MAPK family consists of four 
isoforms: p38α, p38β, p38γ, and p38δ, each with distinct roles in cellular signaling. Among these, 
p38α is the most extensively studied and has been implicated in the pathogenesis of various diseases 
due to its expression in almost all cellular types [1]. p38 kinase mediates a known canonical activation 
pathway called MAPK pathway. It is activated through dual phosphorylation by an MAP2K, which 
in turn is phosphorylated by an MAP3K. MAP3K contains several members. Different MAP3Ks 
are activated by different signals, which allow the pathway to integrate a wide range of stimuli, and 
mediate versatility of biological activities to the response. Once activated, MAP3Ks phosphorylate the 
MAP2Ks MKK3 and MKK6. They are highly specific for p38 kinases. The activation of p38 kinase 
by MAPK2 depends on the cell type and the stimulus [2]. MAP2K-catalysed phosphorylation of Thr 
and Tyr residues in the activation loop (Thr180 and Tyr182 in p38α) is crucial for kinase activity. 
Given that p38 controls a plethora of functions, dysregulation of this pathway could result in different 
diseases such as inflammation, immune disorders or cancer, indicating the possibility that targeting 
p38α could be of therapeutic interest [3]. However, application of p38α inhibitors in the clinical 
setting has not been successful so far. The lack of success in applying p38α inhibition in the clinic 
setting may range from the widespread use in initial studies of SB203580 [4,5]. It has been widely 
used in research and clinical trial because it is a potent inhibitor of the kinase but with clear non-
specific effects. In the use of models that did not faithfully recapitulate the actual disease environment, 
thereby generating preclinical results that did not align with the drug application in the patient setting 
[6]. The great majority of protein kinase inhibitors that have been developed bind at or near the ATP 
binding site. Since this site is very conserved among MAPK family, the off target effects is obvious. An 
alternative strategy to generate highly selective p38 inhibitor is to block the specific interaction in the 
p38 signal pathway. Based on the hypothesis that specific binding peptides targeting on the docking 
groove would interfere the intrinsic interaction between p38 and its partners, Fu et al. have designed 
a fusion peptide containing 12aa p38 docking sequence derived from MKK3b and 11aa HIV-TAT 
transmembrane sequence to form a cell permeable peptide [7]. The peptide specifically binds to p38 
and aborts its interaction with upstream kinase as well as downstream substrates, and thus to inhibit 
p38 phosphorylation and its signaling. The peptide does not inhibit other MAPK family members 
such as JUN and ERK. Furthermore, the induction and secretion of TNFα and other inflammatory 
factors by LPS are blocked in peptide treated cells and mice. Finally, the peptide has been shown 
to significantly inhibit ear oedema in mice. Therefore, the peptide holds great potential as an anti-
inflammation agent for the treatment of inflammation and its related diseases. This work indicates 
that targeting p38 by this peptide is specific and this approach could avoid the side effect resulting 
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from the targeting ATP binding pocket, since the interaction 
between protein and protein mediated by very specific amino 
sequence. Recently, an interesting paper titled ‘Self-assembling p38 
peptide inhibitor nanoparticles ameliorate the transition from acute 
to chronic kidney disease (CKD) by suppressing ferroptosis’ has 
been published [8]. The authors construct a novel self-assembling 
peptide nanoparticle with above mentioned peptide targeting 
p38. They induced the self-assembly of the above peptides using 
tyrosinase, resulting in the formation of TAT-MKK3b nanoparticles 
(TMNPs). Transmission electron microscopy observations revealed 
that TMNPs were predominantly spherical, with an average 
diameter of 122 nm, and exhibited excellent biocompatibility. 
They suggest that this modification improves the stability of the 
original peptide, thereby optimizing the therapeutic potential. The 
authors demonstrate that TMNPs preferably accumulated in renal 
tubular epithelial cells (RTECs) and strongly improved the reduced 
renal function of ischemia-reperfusion injury (IRI)-induced acute 
kidney injury (AKI) mice and suppressed AKI-to-CKD transition. 
Mechanically, TMNPs inhibited ferroptosis via its solute carrier 
family 7member11 (SLC7A11)/glutathione peroxidase 4 (GPX4) 
axis-inducing capacity and synergistic potent antioxidant property 
in AKI. These findings indicate that the multifunctional TMNPs 
exhibit renal targeting, ROS-scavenging and ferroptosis-mitigating 
capabilities, which might serve as a promising therapeutic agent 
for the treatment of AKI and its progression to CKD. In recent 
years, integrating nanoscience and pharmaceutical sciences has 
demonstrated promising prospects and rapid development [9]. 
Although the application of nanotechnology in the treatment of 
acute kidney injury (AKI) is still in its early stages, it holds great 
potential for development [10]. Notably, nanoparticle-based drug 
delivery systems leverage the unique physiological and pathological 
conditions of renal tissues, which may selectively accumulate in 
the renal intrinsic cells, enabling the targeted treatment of kidney 
diseases [11]. Previous reports have extensively discussed various 
mechanisms by which nanoparticles locate in renal tissues, including 
nanoparticle size, shape, charge, and material composition [10-12]. 
Of note, recent studies identified protein corona as an important 
factor in determining the localization of nanomedicine in vivo, 
which has been neglected in the past [13]. Upon entering the 
circulatory system, these nanoparticles bind to surrounding serum 
proteins to form a protein corona, which may be recognized and 
cleared by immune system. Therefore, the type, quantity, and 
conformation of proteins on the nanoparticle surface are key factors 
regulating the biocompatibility and ultimately determining the 
fate of nanomaterials both in vitro and in vivo [14]. For example, 
the adsorption of immunoglobulins (IgG) and complement 
proteins on the surface accelerates the clearance of nanoparticles 
by the mononuclear phagocyte system [15]. Conversely, a protein 
corona with affinity for specific cellular receptors may provide an 
opportunity to enhance the biodistribution of nanoparticles to 
specific organs [16]. Therefore, improving the serum stability of 
nanoparticles in circulation and minimizing nonspecific protein 
adsorption are critical issues in the development of intravenously 
administered nanoparticle formulations.

The Renal Targeting Capacity of TMNPs

Based on these critical issues, the development of TMNPs 
exemplifies the novel application of these principles. TMNPs 
have demonstrated exceptional capability of stability and selective 
targeting, specifically accumulating in renal tubular epithelial cells 

(RTECs), the most vulnerable cells during AKI. One key mechanism 
of its selective targeting is the formation of a specific protein corona 
on the surface of TMNPs via absorbing albumin in the bloodstream. 
Albumin, being an endogenous protein, offers excellent stability and 
minimal immunogenicity, which helps to inhibit serum proteins 
adsorption and complement activation, thereby extending the in 
vivo circulation time of nanoparticles [15]. Additionally, the megalin 
receptor, which is highly expressed in RTECs, is a critical receptor 
for albumin reabsorption and endocytosis [17,18], facilitating the 
targeting of TMNPs to RTECs. This targeting strategy ensures that 
TMNPs are preferentially delivered to RTECs, thereby enhancing 
therapeutic efficacy while minimizing off-target effects.

TMNPs-Mediated Ferroptosis-Inhibiting Ability

Ferroptosis, a form of regulated cell death characterized by 
iron-dependent lipid peroxidation, plays a significant role in the 
pathology of AKI and its progression to CKD [19,20]. Therefore, 
inhibiting ferroptosis has been identified as a crucial therapeutic 
strategy in mitigating the transition from AKI to CKD [20,21]. 
Further, several studies have elucidated the molecular mechanisms 
governing ferroptosis, emphasizing the important role of the P38 
mitogen-activated protein kinase (MAPK) pathway in ferroptosis 
[22,23]. The P38 MAPK inhibitor SB202190 has been shown to 
alleviate N-methyl-D-aspartate-induced ferroptosis in rat retinal 
ganglion cells and improve visual function [24]. Thus, inhibiting the 
P38 MAPK pathway can serve as a strategy to protect cells from 
ferroptosis. TMNPs inhibit the activation of P38 MAPK pathway 
and enhance the SLC7A11-GPX4 axis, thereby reducing ferroptosis 
in RTECs. In addition to regulating specific molecular pathways, 
TMNPs possess intrinsic antioxidant properties. The design of these 
nanoparticles enables them to directly scavenge reactive oxygen 
species (ROS), reducing oxidative damage to cellular membranes 
and organelles. This broad-spectrum antioxidant effect is crucial for 
protecting RTECs from the oxidative stress that triggers ferroptosis, 
further enhancing the therapeutic potential of TMNPs. This targeted 
inhibition is vital for preventing the occurrence and progression of 
ferroptosis in the context of kidney injury.

Potential Clinical Advantages of TMNPs

Additionally, TMNPs offer several potential clinical advantages 
over traditional therapies, facilitating their transition from the 
laboratory to clinical settings. One major advantage is their targeted 
therapeutic effect. Traditional therapies often lack specificity, for 
example, corticosteroids are considered as the first-line treatment 
for nephrotic syndrome due to their effectiveness in controlling 
inflammation and immune responses [25]. However, these drugs are 
systemically distributed, which can lead to a range of complications 
such as osteoporosis, hyperglycemia, and immunosuppression 
[25]. TMNPs selectively accumulate in RTECs and concentrate 
at the injury site, thereby enhancing efficacy. This precise targeting 
is particularly beneficial for treating kidney diseases, since precise 
treatment may improve therapeutic outcomes.

Another advantage of TMNPs is their reduced toxicity. 
Traditional chemical inhibitors of P38 MAPK typically function 
by binding to the ATP-binding site of the kinase, which can 
inadvertently inhibit other kinases that share similar ATP-binding 
sites, leading to unintended side effects [26]. For instance, the 
diphenylurea compound BIRB796, a P38 inhibitor, also inhibits 
the kinase activities of c-Jun N-terminal kinase 2 (JNK2), ribosomal 
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protein S6 kinase A1 (RSK1), and t and Src family tyrosine kinase 
(Lck), resulting in hepatotoxicity [27,28]. These drawbacks have 
greatly hindered the development and clinical application of P38 
inhibitors as potential drugs. In contrast, TMNPs, as peptide-
based nanoparticles, are composed of amino acids, the basic unit 
of natural proteins. This composition endows them with higher 
biocompatibility and a lower likelihood of eliciting immune 
reactions compared to synthetic or non-organic materials [26]. 
TMNPs leverage this biocompatibility to reduce the risk of toxicity 
and adverse reactions, which is crucial for long-term therapeutic use, 
particularly in vulnerable organs such as the kidneys.

Finally, the multifunctionality of TMNPs further enhances their 
therapeutic efficacy. The design of TMNPs is inherently versatile, 
they can not only deliver P38 peptide inhibitors to suppress the 
activation of P38 MAPK pathway associated with ferroptosis but 
also possess intrinsic antioxidant properties. This dual functionality 
allows TMNPs to address multiple pathways involved in kidney 
injury, providing a comprehensive therapeutic approach. By 
simultaneously inhibiting the P38 pathway and scavenging ROS, 
TMNPs can effectively mitigate inflammation and oxidative stress, 
the two primary drivers of AKI [29]. Consequently, TMNPs are 
more effective than therapies targeting only one aspect of the disease 
process.

Clinical Challenges and Future Research Directions

Despite their tremendous potential, the clinical application 
of TMNPs faces several challenges. Future research should focus 
on optimizing the design, bioavailability, and targeting efficiency 
of these nanoparticles. Additionally, quantifying the degree of 
inhibition of p38 phosphorylation and Ferroptosis by TMNPs 
in cells or tissues will help to deepen the understanding of the 

mechanism. Comprehensive preclinical and clinical studies are 
essential to evaluate the safety, efficacy, and pharmacokinetics of 
TMNPs. Extensive preclinical research in large animal models 
followed by carefully designed clinical trials is necessary to ensure 
the safety and effectiveness of TMNPs in humans. These studies will 
provide critical data on the optimal dosing regimen, potential side 
effects, and long-term efficacy of TMNPs. Further, investigate the 
potential for non-invasive monitoring techniques to complement 
the therapeutic applications of TMNPs. Another important area 
for future research is exploring the synergistic effects of TMNPs 
with other therapeutic agents. Combining TMNPs with anti-
inflammatory drugs, fibrosis inhibitors, or other novel therapies may 
lead to new combination therapeutic strategies for comprehensive 
protection and restoration of kidney function. Investigating these 
synergistic interactions will help maximize the therapeutic potential 
of TMNPs and expand their clinical applications.

Conclusion

In conclusion, the development of self-assembling P38 peptide 
inhibitor nanoparticles represent a significant advancement in 
nephrology, offering a novel therapeutic approach to ameliorate 
the transition from AKI to CKD. By targeting key anti-ferroptosis 
pathways involved in AKI and leveraging the advantages of 
nanotechnology, TMNPs hold great promise for improving patient 
outcomes. Overcoming the remaining challenges and translating 
these findings into effective clinical therapies requires ongoing 
research and intensive collaboration. The potential of TMNPs to 
transform the landscape of kidney disease treatment is immense, 
and their successful development and application could significantly 
enhance the quality of life for patients with AKI and CKD (Figure 
1).

 

  
Figure 1. The flow-process diagram.
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