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Abstract

Ma et al recently reported in the World Journal of Diabetes that ferroptosis occurs in
osteoblasts under high glucose conditions, reflecting diabetes pathology. This
condition could be protected by the upregulation of the gene encoding poly-
cytosine RNA-binding protein 1 (PCBP1). Additionally, Ma et al used a lentivirus
infection system to express PCBP1. As the authors” method of administration can
be improved in terms of stability and cost, we propose delivering PCBP1 to treat
type 2 diabetic osteoporosis by encapsulating it in protein nanoparticles. First,
PCBP1 is small and druggable. Second, intravenous injection can help deliver
PCBP1 across the mucosa while avoiding acid and enzyme-catalyzed degradation.
Furthermore, incorporating PCBP1 into nanoparticles prevents its interaction with
water or oxygen and protects PCBP1’s structure and activity. Notably, the safety
of the protein materials and the industrialization techniques for large-scale pro-
duction of protein nanoparticles must be comprehensively investigated before cli-
nical application.

Key Words: Polycytosine RNA-binding protein 1; Protein nanoparticle; Osteoblast; Ferrop-
tosis; Diabetes
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Core Tip: We propose using polycytosine RNA-binding protein 1 (PCBP1)-loaded protein nanoparticles to treat type 2
diabetic osteoporosis. While PCBP1 is an active pharmaceutical ingredient due to its druggability and small size, current
delivery strategies ineffectively preserve its activity. Intravenous injections may be more suitable because they infuse PCBP1
into circulation without mucosal penetration. Moreover, coating PCBP1 with protein can prevent hydrolysis and oxidation;
protein nanoparticles are appropriate vesicles as they are also hydrophilic. Additionally, protein materials react with water
and oxygen, thereby protecting PCBP1 function. Furthermore, injection-grade PCBP1 and the large-scale production of
protein nanoparticles must be investigated to meet pharmaceutical standards.

Citation: Zhao ZY, Luo PL, Guo X, Huang ZW. Protein nanoparticles as potent delivery vehicles for polycytosine RNA-binding
protein one. World J Diabetes 2025; 16(1): 100675

URL: https://www.wjgnet.com/1948-9358/full/v16/i1/100675.htm
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TO THE EDITOR

A recent article entitled ‘Polycytosine RNA-binding protein 1 regulates osteoblast function via a ferroptosis pathway in
type 2 diabetic osteoporosis’ in the World Journal of Diabetes reports that osteoblast viability is reduced under high glucose
conditions, reflecting diabetes pathology and likely ascribed to the occurrence of ferroptosis[1]. Interestingly, the
expression of polycytosine RNA-binding protein 1 (PCBP1) was upregulated under such conditions. Meanwhile, the
expression of ferroptosis-associated factors, such as ferritin and glutathione peroxidase 4, were found to be upregulated
upon PCBP1 upregulation, demonstrating the inhibition of ferroptosis. These data suggest that PCBP1 protects
osteoblasts from ferroptosis, providing a basis for a PCBP1-based treatment of type 2 diabetic osteoporosis (T2DOP).

Notably, in the aforementioned paper, the administration of PCBP1 was achieved by upregulating its expression using
a lentivirus infection assay. The lentivirus infection assay is robust and widely used in biomedicine and pharmacology|[2-
4]; therefore, the methodology is also acceptable for basic research. In addition, there are lentivirus vectors for cell therapy
that exhibit clinical translation potential (NCT02650414, NCT02906371 and NCT04684563)[5]. Nonetheless, the stability of
these vectors is usually inadequate, with an in vitro half-life of < 40 hours[6]. Consequently, the cost of cold-chain
production and transportation of PCBP1-loaded lentiviruses will be overwhelmingly high, imposing a considerable
economic burden on society. The unaffordability of such therapy will substantially limit their application. Thus, it is
essential to seek alternative approaches to deliver PCBP1-based therapeutics.

Based on our expertise in protein drug discovery and design, we propose that the direct delivery of PCBP1 via protein
nanoparticles may be a viable alternative.

According to the Protein Data Bank (PDB, https:/ /www.rcsb.org/) and UniProt (https:/ /www.uniprot.org/), PCBP1
(PDB accession code: 1ZTG; UniProt accession code: Q15365) has a sequence length of 356 amino acid and a molecular
weight of 37.02 kDa and consists of four chains. Compared with major antibody drugs (also denoted as protein drugs)
that are used in clinical settings, which typically have molecular weights over 100 kDa, such as adalimumab (148 kDa)[7],
dostarlimab (144 kDa)[8], pembrolizumab (149 kDa)[9], nivolumab (146 kDa) and infliximab (160 kDa)[10,11], PCBP1 is
much smaller. Thus, its druggability is predicted to be high, and we propose utilizing PCBP1 as an active pharmaceutical
ingredient.

A tailored delivery system for PCBP1 should be developed. As protein drugs are intrinsically vulnerable to
degradation by gastric acids or digestive enzymes, they cannot penetrate the mucosa easily, making oral delivery
unsuitable[12]. PCBP1 exhibits low bioavailability via oral administration. In addition, technologies underlying other non-
invasive delivery routes, including topical, pulmonary and nasal, are not yet mature for protein drugs. These delivery
routes still face challenges in mucosal penetration[13]. In contrast, intravenous injections are the most suitable delivery
system for PCBP1, as PCBP1 can be directly infused into circulation without the need for mucosal penetration[14].

However, most protein drugs are susceptible to hydrolysis and oxidation when administered intravenously[15]. When
protein drugs interact freely with water or oxygen, hydrolysis, oxidation and other side reactions may occur[16]. PCBP1
likely faces a similar scenario. Therefore, producing an aqueous solution with PCBP1 is inadvisable. Instead,
incorporating PCBP1 into a particulate vehicle can prevent its interaction with water or oxygen.

Considering the principle of ‘like dissolves like’[17], protein nanoparticles may be appropriate vesicles to load PCBP1
and protect it from hydrolysis and oxidation. Protein nanoparticles refer to particulate systems composed of protein
materials and are at least one-nanosized in dimension[18]. These protein materials mainly involve serum albumin[19],
silk fibroin[20], gelatin[21], elastin[22], zein and soybean proteins[23,24]; through coacervation, emulsification,
electrospray or other methods[25], they can be assembled into nanoparticles. The preparation methods can vary for
different protein materials. For example, serum albumin-based protein nanoparticles (e.g., Abraxane®) have been commer-
cialized in recent years[26]. PCBP1 can be added to and incubated with a protein material, whose amount should far
exceed that of PCBP1 to guarantee the formation of the vehicle structure[27]. This way, PCBP1 is embedded as the
payload of the prepared protein nanoparticles, and the architecture of the nanoparticles serves as a barrier for PCBP1 and
prevents its interaction with water and oxygen. Moreover, the protein within the nanoparticles can act as the decoy for
PCBP1; they will react with water and oxygen themselves, consuming them and increasing the protection of PCBP1. It
should be noted that injection grade of protein materials and aseptic operation are recommended during the production
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Figure 1 Scheme for the polycytosine RNA-binding protein 1-loaded protein nanoparticle design. PCBP1: Polycytosine RNA-binding protein 1;
T2DOP: Type 2 diabetic osteoporosis.

processes to satisfy the strict pharmaceutical standards for intravenous injections. Thus far, we have proposed the use of
PCBP1-loaded protein nanoparticles to treat T2DOP (Figure 1).

Of note, the feasibility of our proposed strategy should be validated, and two major issues must be considered. First,
the protein nanoparticle may induce side effects and risks, including gastrointestinal reactions, immune response and
liver dysfunction. Thus, the safety of the active pharmaceutical ingredient, PCBP1 and the protein materials must be
comprehensively investigated. Second, the industrialized production of protein nanoparticles is limited by some factors,
such as introduced organic solvents and the uncontrolled release of ingredients. Thus, the industrialized, large-scale
production techniques of protein nanoparticles still require more studies. During the research and development stages,
more effort should be paid to settle the above and other unpredicted dilemmas.

CONCLUSION

We envision that this letter can be a valuable supplement to the original research and help expand its meaning to deepen
the research on Peptide drug delivery and diabetic osteoporosis. We also look forward to reading future studies on
PCBP1-loaded protein nanoparticles in the World Journal of Diabetes and its sister journals.
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