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We launched this Special Issue amidst the COVID-19 pandemic, spurred by the 
growing interest in nanotherapeutic formulations for delivering SARS-CoV-2 viral mes-
senger Ribonucleic Acid (mRNA) vaccines [1]. However, our goal extended beyond show-
casing nanomedicines solely as viral vaccines; we aimed to present the audience with the 
latest advancements in nanomedicine, which are poised to revolutionize the treatment 
landscape for various diseases, including cancer [2]. We are thrilled by the overwhelming 
response to our Issue, which saw the acceptance of four research articles and two reviews. 
The articles published in our Special Issue feature advanced and innovative methods for 
creating novel nanoformulations, addressing significant limitations in delivering nano-
medicines to specific targets while minimizing systemic toxicity. Additionally, the review 
articles in our issue highlight recent advancements in nanotechnology applied to manu-
facturing mRNA vaccines and developing transition metal-based nanoparticulate systems 
for cancer research. Overall, through the work presented in our Special Issue, researchers 
have provided critical insights into optimized nanoformulation strategies for efficient to-
brain delivery and enhanced efficiency for treating pancreatic cancer, and into modified 
nanotheranostics, which aim to provide better tumor-targeting capabilities, as detailed 
below. 

Recent advances in gene therapies have generated immense interest in utilizing gene 
manipulation strategies to treat several neurological diseases [3]. However, delivering 
these treatments via the parenteral route creates obstacles to reaching their intended tar-
gets and penetrating biological barriers like the blood–brain barrier (BBB) [4]. The BBB, 
consisting of tight junctions between brain microvascular endothelial cells, acts as a semi-
permeable membrane, regulating the entry of foreign substances into the brain. While it 
effectively blocks toxins, it also hinders the delivery of therapeutics to the brain [4]. Viral 
vectors like adeno-associated viruses (AAVs), especially AAV9 serotype-based vectors, ef-
ficiently bypass the BBB to deliver the cargo to the brain parenchyma. However, they suf-
fer from severe drawbacks, such as immunogenicity and a limited cargo packing capacity 
[5,6]. Non-viral vectors, such as nanoformulations, overcome these limitations by utilizing 
modified physiochemical and mechanical properties, stimuli responsiveness, altered size, 
and surface charge to enclose genetic material efficiently and to enhance the delivery of a 
wide range of nucleotide-based therapies to the brain [6]. These non-viral vectors include 
modified liposomal formulations, polymeric nanoparticles, and metal nanoparticles capa-
ble of carrying complex biological payloads for treating various neurological diseases [7]. 
Gold nanoparticles (AuNPs), for instance, are known to enhance BBB permeability by in-
hibiting the protein kinase c-Zeta (PKC-ζ) isoform, thereby preventing the phosphoryla-
tion of Zonula occludens-1 (ZO-1) and occludin, which stabilize the tight junctions in the 
BBB [8]. Elżbieta Okla et al. harnessed this ability of AuNPs and modified them through 
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Polyethylene Gylcol (PEG)ylation to improve the central nervous system (CNS) delivery 
of a AuNP/APOE small interfering Ribonucleic Acid (siRNA )formulation for Alzheimer’s 
disease treatment. Additionally, they showed that these AuNPs/siAPOE4 complexes 
demonstrated significantly lower cytotoxicity in human brain endothelial cells than free 
nanoparticles, demonstrating the safety and tolerability of this novel nanotherapeutic for-
mulation [9]. 

Despite several advancements in cancer chemotherapy, existing therapies often cause 
dose-related cytotoxicity in unintended organs, leading to severe adverse reactions such 
as myelosuppression and alopecia [10]. 5-fluorouracil (5-FU), a pyrimidine analogue 
widely used to treat various cancers such as pancreatic, colorectal, mammary, and skin 
cancers, faces challenges due to its narrow therapeutic window and variable therapeu-
tic/toxic response among patients, even at the same dose [11]. Despite several attempts to 
create a nanoformulation of 5-FU to enhance its targetability and selective toxicity, these 
efforts have yielded limited success in their translations to clinical use [12,13]. As a result, 
researchers have developed 5-FU analogues by combining it with tetrahydrofuran, result-
ing in the synthesis of 1,3-bistetrahydrofuran-2yl-5FU (MFU), which has demonstrated 
high anti-cancer activity in pancreatic cancer cells [14]. In the current Special Issue, N. B. 
Ndemazie et al. attempted to create lipid-based nanoparticles of MFU, called Zhubech. 
They evaluated Zhubechʹs stability, release kinetics, and in vitro and in vivo activities 
against pancreatic cancer. Zhubech showed increased cellular uptake and enhanced cyto-
toxicity in pancreatic cancer cell lines (Miapaca-2 and Panc-1) and a reduced tumor vol-
ume in Patient-Derived Xenograft (PDX)-bearing mice, compared to MFU alone [15]. 

Nanotheranostics offer an ideal combination of therapeutic drugs and diagnostic 
agents in a single system, facilitating the simultaneous identification and targeting of spe-
cific biomarkers. This integration of diagnostic and therapeutic components provides 
unique opportunities for monitoring drug release, guiding therapy through imaging, pa-
tient stratification, and monitoring treatment response [16]. In particular, the advent of 
novel imaging diagnostics for assessing tumor vascularity and vessel permeability aids in 
delivering optimal doses of cytotoxic agents to the precise location, thereby minimizing 
systemic toxicity in cancer therapy [17]. Human serum albumin (HSA) has increasingly 
been used as a drug carrier due to its biocompatibility. To enhance its magnetic resonance 
imaging (MRI) contrast capability, it is often combined with CAN-stabilized maghemite 
((CeLn)3/4+-γ-Fe2O3) to create dual-phase nano systems [18]. Julia Malinovskaya et al. uti-
lized this dual system by conjugating it with Polylactic-co-Gylcolic Acid (PLGA)-based 
doxorubicin nanoparticles. Both types of nanoparticles accumulated in the same tumor 
and peritumoral regions, exhibiting the highest co-distribution in mice bearing 4T1-
mScarlet murine mammary carcinoma [19]. Hence, this unique combination of HSA–ma-
ghemite nanoparticles and PLGA nanoparticles appears to be ideal for theranostic appli-
cations. Another challenge in theranostic nanoformulations is limited access to the tumor 
site. To enhance tumor accessibility and the retention of nanotheranostics, a double-tar-
geting strategy can be employed, interacting with both tumor endothelium and surface 
receptors on tumor tissue cells [20]. In their study, N. Yabbarov et al. used polyamide 
amine dendrimers with gadolinium, surface-functionalized with selectin ligands and al-
pha-fetoprotein receptor ligands. The resulting nanoparticles accumulate in the tumor mi-
croenvironment by interacting with P- and E-selectins and are internalized into cancer 
cells through interactions with alpha-fetoprotein ligands and their corresponding recep-
tors [21]. Thus, this dual-targeting system enhances tumor retention and increases anti-
cancer activity compared to mono-targeting systems. 

The perspectives of various authors in our Special Issue articles will guide future 
studies towards developing alternative and improved nanotherapeutics, offering unique 
and innovative solutions to address future health challenges. 
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