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Abstract 

Antibiotic-resistant infections remain a major challenge in cystic fibrosis (CF), where chronic 
Pseudomonas aeruginosa colonization drives lung infection. The overexpression of adhesion-related 
proteins and extracellular matrix components, including fibronectin (Fn), facilitates bacterial 
colonization. Recent evidence identifies the RNA-binding protein Human Antigen R (HuR) as a key 
regulator of this process, as it stabilizes Vav3 mRNA, promoting Fn deposition and the formation of 
bacterial docking platforms. Here, we report the synthesis, optimization, and functional evaluation 
of the HuR-targeted small-molecule (2S,3S)-BOPC1. Functional assays in CF human airway epithelial 
cells demonstrated that (2S,3S)-BOPC1 significantly reduced P. aeruginosa adhesion in a dose-
dependent manner without detectable cytotoxic effects. These findings provide the first evidence that 
targeting HuR can disrupt the HuR–Vav3–Fn axis, reducing bacterial attachment. This host-directed 
approach represents a promising strategy to prevent chronic infections in CF without promoting 
antibiotic resistance. 
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1. Introduction 

Infections caused by antibiotic-resistant bacteria have emerged as one of the most pressing 
global health challenges, with an estimated 1.27 million deaths annually [1]. This number is expected 
to rise dramatically, with projections indicating up to 10 million deaths per year by 2050, surpassing 
cancer-related mortality[2]. Among the most vulnerable populations are individuals with chronic 
diseases or immunocompromised conditions, including patients with cystic fibrosis (CF), who are 
particularly susceptible to recurrent bacterial colonization and chronic infections. 

Cystic fibrosis is a life-shortening autosomal recessive disorder caused by mutations in the CFTR 
(cystic fibrosis transmembrane conductance regulator) gene, which encodes a cAMP-regulated 
chloride and bicarbonate channel located on the apical surface of epithelial cells[3]. Defective CFTR 
function leads to dysregulated ion transport and abnormal hydration of the airway surface liquid, 
resulting in thick, viscous mucus and impaired mucociliary clearance[4]. Such dehydrated mucus 
hampers efficient pathogen removal, promoting an environment that favors bacterial growth and 
biofilm formation[5,6]. In addition, CF airways exhibit chronic inflammation that begins early in life 
and progressively damages lung tissue. Elevated levels of cytokines such as IL-8, IL-6, and TNF-α 
sustain neutrophil activation, leading to protease release, oxidative stress, and epithelial barrier 
disruption[7]. This inflammatory milieu establishes a self-perpetuating cycle of infection and 
inflammation. 
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Despite significant advances in CF management, including the advent of CFTR modulators (e.g., 
ivacaftor, lumacaftor, tezacaftor, and elexacaftor), chronic lung infections remain a major clinical 
challenge[8]. Many patients continue to suffer from recurrent infections dominated by multidrug-
resistant pathogens, primarily Pseudomonas aeruginosa[9]. 

Indeed, P. aeruginosa represents the major opportunistic pathogen in CF lungs. Up to 80–90% of 
adults with CF in some European regions are chronically infected with P. aeruginosa, which drives 
progressive pulmonary decline through biofilm formation and the secretion of virulence factors[10]. 
Current treatments rely on antibiotics such as ceftazidime, ciprofloxacin, tobramycin, and 
colistin[11,12]. However, the emergence of multidrug-resistant (MDR) strains has drastically reduced 
therapeutic efficacy[13]. 

The growing prevalence of antibiotic resistance and the limited pipeline of new antimicrobial 
agents underscore the urgent need for alternative strategies. One promising approach is to interfere 
with the host–pathogen interaction, specifically by targeting bacterial adhesion and colonization 
mechanisms. In CF airways, the overexpression of adhesion-related proteins promotes the deposition 
of fibronectin (Fn), a key extracellular matrix component that facilitates the attachment of pathogens 
such as P. aeruginosa to epithelial surfaces[14]. This process is further enhanced by the upregulation 
of Vav3, a guanine nucleotide exchange factor that modulates cytoskeletal dynamics, cell adhesion, 
and migration[15]. 

Vav3 expression is post-transcriptionally regulated by Human Antigen R (HuR), an RNA-
binding protein (RBP) belonging to the ELAV family, making it a key upstream regulator of this 
adhesion pathway[16]. HuR is ubiquitously expressed and plays a crucial role in the stabilization and 
translation of mRNAs containing AU-rich elements (AREs) in their 3′-untranslated regions[17,18]. 
Through this mechanism, HuR regulates proteins involved in cell proliferation, stress response, 
inflammation, and immune regulation (Figure 1) [19,20]. 

 

Figure 1. Schematic representation of fibronectin overexpression in CF airway epithelial cells. 

In CF context, HuR has emerged as a pivotal regulator of epithelial homeostasis and 
inflammatory signaling. Several studies have demonstrated that HuR expression and cytoplasmic 
translocation are increased under inflammatory and oxidative stress conditions, such as the 
environment of CF airways. Moreover, by stabilizing Vav3 mRNA, HuR contributes to the formation 
of Fn-enriched adhesion sites that facilitate bacterial colonization [16]. 

Targeting HuR offers an innovative therapeutic opportunity to mitigate bacterial adhesion and 
infections without directly exerting selective pressure on pathogens. This host-directed approach 
may circumvent the development of antibiotic resistance while addressing a critical step in the 
infection process. Based on this rationale, we investigated whether targeting HuR could modulate 
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bacterial adhesion and infection in CF airway epithelial cells. Here, we report the optimization of the 
hit compound BOPC1 and demonstrate its efficacy against P. aeruginosa infection in CF models. 

2. Results 

Vav3 overexpression promotes the formation of Fn-rich adhesion sites that facilitate the 
attachment of pathogens such as P. aeruginosa to the CF airway epithelium[21]. This overexpression 
results from increased mRNA stability mediated by HuR, which binds to and stabilizes Vav3 
transcripts, thus enhancing their translation in CF cells[16]. Given the central role of HuR in 
controlling Vav3 expression and, consequently, bacterial adhesion, targeting the HuR–mRNA 
interaction represents a promising strategy to limit pathogen colonization in CF airways. 

To explore this hypothesis, we developed small-molecule modulators of HuR–mRNA 
interaction. Among the compounds identified in our previous screening campaign[22], BOPC1 
emerged as a promising HuR binder. Building on structure-activity relationship (SAR) studies and 
STD-NMR data indicating preferential binding of the (S)-configured enantiomer, we optimized its 
synthesis to obtain the enantiomerically pure (+)-(2S,3S)-BOPC1, aiming to evaluate its biological 
activity and efficacy in CF infection models. 

2.1. Preparation of Enantiomerically Pure (+)-(2S,3S)-BOPC1 

Previous STD-NMR studies demonstrated that the (S)-enantiomer of BOPC1 displays stronger 
binding affinity toward HuR than the (R)- enantiomer[22]. The interaction is primarily mediated by 
the 3,4-dimethoxybenzoyl moiety, which was designed to mimic nucleosides U8 and U9 within the 
RNA recognition motif, the region known to establish the most extensive HuR-RNA interactions. To 
obtain a suitable amount of (2S,3S)-BOPC1 required for this study, we initially directed our efforts 
toward its preparation, as outlined in Scheme 1. 

 

Scheme 1. Synthesis of (+)-(2S,3S)-BOPC1. (i) (-)-(2S,3S)-1 (1 quiv.), benzyl ethylenediamine (1 equiv.), B(OCH₃)₃ 
(2 equiv), MeCN, MW, 3 × 5 min, 250 Watt. 250 PSI, 110°C. 

Starting from enantiopure (-)-(2S,3S)-1, previously prepared and fully characterized in our 
laboratory[22], a microwave (mw) assisted coupling reaction was performed using B(OCH3)3 as 
coupling reagent in acetonitrile (MeCN). After 3 cycles of 5 minutes, the crude product was treated 
with Amberlite resin IRA734 to scavenge residual boron reagent. The mixture was washed with a 
saturated NaHCO3 solution to remove the excess of acid 1, and the final product was isolated by 
silica gel filtration. 

The stereochemical integrity was confirmed by HPLC using a Chiralpak IC column (mobile 
phase: n-hexane/IPA/DEA 75:25:0.1; flow rate: 1 mL/min), following the analytical method previously 
established by our group[22]. The reaction of (–)-(2S,3S)-1 [𝛼]஽20 == -49.4°, c = 1% in CHCl3, e.e. = 
99.9%) with benzyl ethylenediamine afforded a single enantiomer with an enantiomeric excess of 
99.9% [𝛼]஽20 = (+74,0 c= 0,05 % in MeOH), corresponding to (+)-(2S,3S)-BOPC1. 

Overall, the new synthetic strategy enabled improvements in terms of efficiency and 
sustainability. Performing the resolution step upstream minimizes the loss of unwanted enantiomeric 
material, thereby reducing the environmental impact factor (E-factor)[23]. Moreover, the quick and 
energy-effective MW-assisted condensation of enantiopure (-)-(2S,3S)-1 with benzyl ethylenediamine 
was performed in ACN as a less hazardous and problematic alternative to DMF. The downstream 
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purification was also improved thanks to the use of recyclable Amberlite resin and a rapid filtration 
on silica gel. 

2.2. Inhibition of P. aeruginosa Adhesion to CF Airway Epithelial Cells 

To evaluate whether (+)-(2S,3S)-BOPC1 could modulate bacterial adhesion, we employed 
differentiated human airway epithelial cells (HAECs) derived from CF donors homozygous for the 
F508del-CFTR mutation. Differentiated HAECs cells were cultured at air-liquid interface (ALI) and 
pre-treated with (+)-(2S,3S)-BOPC1 at 50 µM and 100 µM for 24 hours prior to apical infection with 
P. aeruginosa strain PAO1 (1 × 10⁷ CFU). Following 1 hour of infection at 37°C and 5% CO₂, adherent 
bacteria were quantified by lysing cells and enumerating colonies. 

Treatment with (+)-(2S,3S)-BOPC1 significantly reduced P. aeruginosa adhesion in a dose-
dependent manner (Figure 2). At 50 µM, bacterial adhesion was reduced by approximately 50% 
compared to vehicle-treated controls, while 100 µM treatment resulted in a 65% reduction. 
Importantly, treatment at both concentrations did not elicit any detectable cytotoxic effects, as 
evidenced by the maintenance of typical epithelial cell morphology, uniform confluence, and overall 
structural integrity of the epithelium, as assessed through visual examination under phase-contrast 
light microscopy. 

 

Figure 2. VALIDATION OF BOPC1 ANTI-ADHESIVE PROPERTIES IN CF CELLS. Following overnight 
incubation with (+)-(2S,3S)-BOPC1, HAEC cells from FC patients were infected apically with P. aeruginosa cells. 
One hour after infection, adherent bacteria were enumerated by plating serial dilutions of the infected cells, 
detached from the transwell with Triton X-100 and repeated pipetting. The percentage of bacterial adhesion was 
calculated relative to the initial inoculum and was normalized to the adhesion of the control (vehicle-treated) 
strain, set at 100%. Data reported represent the mean of two independent experiments, each performed in 
duplicate. Statistically significant differences are indicated. * p < 0.05, n = 2, 49.50 ± 7,17; ** p< 0.01, n=2, 35.72 
±12,55 (One-way ANOVA). 

3. Discussion 

Taken together, these findings provide the first direct evidence that pharmacological modulation 
of HuR can effectively impair P. aeruginosa adhesion to CF airway epithelial cells. The observed dose-
dependent reduction in bacterial colonization supports the hypothesis that (+)-(2S,3S)-BOPC1 
disrupts HuR-mediated stabilization of Vav3 mRNA, thereby reducing Fn-deposition and the 
formation of adhesion sites favorable for bacterial attachment. 

Several aspects of these results deserve attention. First, the magnitude of adhesion inhibition 
(approximately 65% at 100 µM) suggests that HuR represents an important regulatory node in this 
pathway, and the additional mechanisms may contribute to bacterial adhesion in CF airways. Future 
studies should investigate whether a multitarget approach, i.e. simultaneously targeting HuR and 
other adhesion-related factors, could achieve more complete inhibition. 
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Second, the lack of cytotoxicity at therapeutic concentrations is encouraging and distinguishes 
this approach from conventional antibiotics that often cause collateral damage to host tissues. 
However, more comprehensive toxicity assessments, including long-term ALI culture studies and 
evaluation of epithelial barrier function markers (e.g., tight junction proteins), are necessary to fully 
characterize the safety profile. 

Lastly, while our data demonstrates a clear functional activity in primary CF cells, the 
mechanism by which (+)-(2S,3S)-BOPC1 disrupts HuR function remains to be clarified. Direct 
binding studies (e.g., surface plasmon resonance, isothermal titration calorimetry), together with the 
assessment of HuR subcellular localization and the quantification of Vav3 and Fn levels, would 
strengthen the mechanistic rationale and confirm target engagement. 

 

Figure 3. Schematic representation showing how HuR inhibition and consequent molecular mechanisms would 
attenuate fibronectin overexpression in CF airway epithelial cells, limiting the formation of luminal fibronectin 
docking platforms and reducing Pseudomonas aeruginosa adhesion. 

Nonetheless, these results establish, for the first time, the therapeutic potential of HuR-targeted 
small molecules as host-directed agents against P. aeruginosa infection, and support the development 
of (2S,3S)-BOPC derivatives for preventing or reducing bacterial colonization in CF lungs. In this 
perspective, in-depth biochemical and structural studies aimed at elucidating the inhibition 
mechanism are ongoing, and a small library of enantiopure analogues will be developed to assess 
their affinity toward the target, their ability to inhibit Fn formation, and consequently bacterial 
adhesion. 

4. Materials and Methods 
4.1. General 

All reagents and solvents employed for the synthesis were obtained from commercial suppliers 
(Sigma-Aldrich, Italy; VWR) and used without further purification unless otherwise stated. Reaction 
progress was monitored by thin-layer chromatography (TLC) on silica gel 60 F254 aluminum-backed 
plates (Merck, Fluka Kieselgel). Spots were visualized under ultraviolet (UV) light and by ninhydrin 
staining when appropriate. Microwave-assisted reactions were carried out using a Discover® SP 
single-mode microwave reactor (CEM Corporation, Matthews, NC, USA). Nuclear Magnetic 
Resonance (NMR) spectra were recorded on two different Bruker spectrometers: an Avance 400 (¹H 
at 400.134 MHz, ¹³C at 100.62 MHz) and an Avance Neo 700 (¹³C at 176 MHz). Specific optical rotations 
were measured using a JASCO DIP-100 polarimeter fitted with sodium (λ = 589 nm) and mercury (λ 
= 405 nm) lamps. Analytical HPLC analyses were carried out on a JASCO chromatographic system 
equipped with a PU-1580 pump, DG-2080-53 degasser, LG-1580-02 mixer, and an MD-1510 
photodiode array detector. Sample injections were performed using a Rheodyne 7125 valve fitted 
with a 10 µL loop. Semi-preparative HPLC experiments were performed on the same system, using 
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a 1 mL injection loop. All chromatographic-grade solvents (n-hexane and isopropanol) were obtained 
from VWR. 

4.2. Synthetic Procedure 

N-(2-(Benzylamino)ethyl)-2-(3,5-dimethoxyphenyl)-1-isobutyl-6-oxopiperidine-3-carboxamide 
To a solution of acid-1 (98 mg, 0.30 mmol) dissolved in MeCN (3 mL), B(OCH₃)₃ (62,4 mg, 0.6 

mmol), N-benzylethylendiamine (0.045 mL, 0.30 mmol) were sequentially added. The reaction 
mixture was conducted with MW through 3 cycles of five minutes, using a ramp time of 3 minutes, 
250 Watt, 250 PSI, high stirring at 110°C. The reaction mixture was concentrated in vacuo, dissolved 
in MeOH (4 ml), and IRA734 was added to remove the coupling reagent using mechanical stirring. 
The mixture was filtered and concentrated, the crude was dissolved in AcOEt (15 ml) as organic phase 
and washed with a saturated solution of NaHCO3 (20 mL). The organic layers were dried over 
Na2SO4, filtered and the solvent evaporated in vacuo. The crude was purified by silica filtration with 
DCM/MeOH/NH3 in MeOH (9:1:0.2, v/v/v), giving BOPC1 as yellow oil (33 mg, 35%). The 
characterization of the compound corresponds to the already published spectra[22]. 

4.3. Evaluation of (+)-(2S,3S)-BOPC1efficacy in CF Models 

Primary human airway epithelial cells (HAECs) derived from cystic fibrosis (CF) donors 
homozygous for the F508del-CFTR mutation were obtained from the FFC Primary Culture Facility. 
Cells were expanded and differentiated at the air-liquid interface (ALI) using PneumaCult™-ALI 
medium (STEMCELL Technologies) according to the manufacturer’s protocol. Once fully 
differentiated, HAECs were apically exposed to the HuR inhibitor (+)-(2S,3S)-BOPC1 at final 
concentrations of 50 µM or 100 µM in PneumaCult™-ALI medium for 24 hours. (+)-(2S,3S)-BOPC1 
was solubilized in DMSO and diluted in antibiotic-free ALI medium; control cells received vehicle 
(DMSO) only. Pseudomonas aeruginosa PAO1 was cultured overnight in Luria-Bertani (LB) broth at 
37°C with shaking. The bacterial suspension was adjusted to an optical density corresponding to ~1 
× 10⁷ colony-forming units (CFU) per well, in phosphate buffered saline (PBS) solution. Prior to 
infection, the apical surface of HAECs was gently rinsed with pre-warmed PBS. Cells were then 
apically infected with the PAO1 inoculum and incubated for 1 hour at 37°C in 5% CO₂. Following 
incubation, non-adherent bacteria were removed by washing the apical surface three times with PBS. 
To recover adherent bacteria, cells were lysed by adding 200 µL of 0.1% Triton X-100 to the apical 
compartment, followed by vigorous pipetting. Lysates were serially diluted in PBS and plated on LB 
agar for CFU enumeration after overnight incubation at 37°C. The percent of bacterial adhesion was 
calculated relative to the initial inoculum and was normalized to the adhesion of the control (vehicle-
treated) strain, set at 100%. Cell viability and morphology were monitored by phase-contrast 
microscopy throughout the experiment. No signs of cytotoxicity or epithelial detachment were 
observed at either concentration of (+)-(2S,3S)-BOPC1. Bacterial adhesion data were analysed using 
Ordinary ONE-way ANOVA test. A p-value < 0.05 was considered statistically significant. The 
experiment was performed in triplicate. 

Acknowledgments: This study was supported by the Italian Ministry of University and Research through the 
project “ONE HEALTH BASIC AND TRANSLATIONAL RESEARCH ACTIONS (INF-ACT)” (grant no. 
PE13_INFACT_PNRR-U.A. 14.01) awarded to S.C. and G.P. The authors also acknowledge INF-ACT for 
providing fellowships to R.L. and A.P. The authors would like to thank the Centro Grandi Strumenti, University 
of Pavia, for access to the Bruker Avance 400 MHz NMR spectrometer and for the technical assistance provided 
during this work. The authors would like to thank FFC foundation for providing the CF primary cells culture. 

References 

1. Antimicrobial Resistance Collaborators Global Burden of Bacterial Antimicrobial Resistance in 2019: A 
Systematic Analysis. Lancet 2022, 399, 629–655, doi:10.1016/S0140-6736(21)02724-0. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 November 2025 doi:10.20944/preprints202511.1508.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1508.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 8 

 

2. de Kraker, M.E.A.; Stewardson, A.J.; Harbarth, S. Will 10 Million People Die a Year Due to Antimicrobial 
Resistance by 2050? PLoS Med 2016, 13, e1002184, doi:10.1371/journal.pmed.1002184. 

3. Farinha, C.M.; Callebaut, I. Molecular Mechanisms of Cystic Fibrosis – How Mutations Lead to Misfunction 
and Guide Therapy. Biosci Rep 2022, 42, BSR20212006, doi:10.1042/BSR20212006. 

4. Levring, J.; Terry, D.S.; Kilic, Z.; Fitzgerald, G.; Blanchard, S.C.; Chen, J. CFTR Function, Pathology and 
Pharmacology at Single-Molecule Resolution. Nature 2023, 616, 606–614, doi:10.1038/s41586-023-05854-7. 

5. Martin, I.; Waters, V.; Grasemann, H. Approaches to Targeting Bacterial Biofilms in Cystic Fibrosis Airways. 
Int J Mol Sci 2021, 22, 2155, doi:10.3390/ijms22042155. 

6. Høiby, N.; Ciofu, O.; Bjarnsholt, T. Pseudomonas Aeruginosa Biofilms in Cystic Fibrosis. Future Microbiol 
2010, 5, 1663–1674, doi:10.2217/fmb.10.125. 

7. Ghorban Movahed, M.; Abdi Ali, A.; Ghazanfari, T.; Modaresi, M. Cytokine Patterns in Cystic Fibrosis 
Patients with Different Microbial Infections in Oropharyngeal Samples. Cytokine 2022, 160, 156038, 
doi:10.1016/j.cyto.2022.156038. 

8. Regard, L.; Martin, C.; Da Silva, J.; Burgel, P.-R. CFTR Modulators: Current Status and Evolving Knowledge. 
Semin Respir Crit Care Med 2023, 44, 186–195, doi:10.1055/s-0042-1758851. 

9. Reyne, N.; McCarron, A.; Cmielewski, P.; Parsons, D.; Donnelley, M. To Bead or Not to Bead: A Review of 
Pseudomonas Aeruginosa Lung Infection Models for Cystic Fibrosis. Front. Physiol. 2023, 14, 
doi:10.3389/fphys.2023.1104856. 

10. Qin, S.; Xiao, W.; Zhou, C.; Pu, Q.; Deng, X.; Lan, L.; Liang, H.; Song, X.; Wu, M. Pseudomonas Aeruginosa: 
Pathogenesis, Virulence Factors, Antibiotic Resistance, Interaction with Host, Technology Advances and 
Emerging Therapeutics. Signal Transduct Target Ther 2022, 7, 199, doi:10.1038/s41392-022-01056-1. 

11. Taccetti, G.; Francalanci, M.; Pizzamiglio, G.; Messore, B.; Carnovale, V.; Cimino, G.; Cipolli, M. Cystic 
Fibrosis: Recent Insights into Inhaled Antibiotic Treatment and Future Perspectives. Antibiotics (Basel) 2021, 
10, 338, doi:10.3390/antibiotics10030338. 

12. Lu, S.; Kolls, J.K. Early Antibiotics in Cystic Fibrosis: Lessons from the Cystic Fibrosis Pig Model. Am J 
Respir Crit Care Med 204, 626–627, doi:10.1164/rccm.202106-1383ED. 

13. Vitiello, A.; Blasi, F.; Sabbatucci, M.; Zovi, A.; Miele, F.; Ponzo, A.; Langella, R.; Boccellino, M. The Impact 
of Antimicrobial Resistance in Cystic Fibrosis. J Clin Med 2024, 13, 1711, doi:10.3390/jcm13061711. 

14. Vaca, D.J.; Thibau, A.; Schütz, M.; Kraiczy, P.; Happonen, L.; Malmström, J.; Kempf, V.A.J. Interaction with 
the Host: The Role of Fibronectin and Extracellular Matrix Proteins in the Adhesion of Gram-Negative 
Bacteria. Med Microbiol Immunol 2020, 209, 277–299, doi:10.1007/s00430-019-00644-3. 

15. Badaoui, M.; Zoso, A.; Idris, T.; Bacchetta, M.; Simonin, J.; Lemeille, S.; Wehrle-Haller, B.; Chanson, M. Vav3 
Mediates Pseudomonas Aeruginosa Adhesion to the Cystic Fibrosis Airway Epithelium. Cell Rep 2020, 32, 
107842, doi:10.1016/j.celrep.2020.107842. 

16. Badaoui, M.; Sobolewski, C.; Luscher, A.; Bacchetta, M.; Köhler, T.; van Delden, C.; Foti, M.; Chanson, M. 
Targeting HuR-Vav3 mRNA Interaction Prevents Pseudomonas Aeruginosa Adhesion to the Cystic 
Fibrosis Airway Epithelium. JCI Insight 2023, 8, e161961, doi:10.1172/jci.insight.161961. 

17. Della Volpe, S.; Linciano, P.; Listro, R.; Tumminelli, E.; Amadio, M.; Bonomo, I.; Elgaher, W.A.M.; Adam, 
S.; Hirsch, A.K.H.; Boeckler, F.M.; et al. Identification of N,N-Arylalkyl-Picolinamide Derivatives Targeting 
the RNA-Binding Protein HuR, by Combining Biophysical Fragment-Screening and Molecular 
Hybridization. Bioorganic Chemistry 2021, 116, 105305, doi:10.1016/j.bioorg.2021.105305. 

18. Garbagnoli, M.; Linciano, P.; Listro, R.; Rossino, G.; Vasile, F.; Collina, S. Biophysical Assays for 
Investigating Modulators of Macromolecular Complexes: An Overview. ACS Omega 2024, 9, 17691–17705, 
doi:10.1021/acsomega.4c01309. 

19. Brennan, C.M.; Steitz, J.A. HuR and mRNA Stability. Cell Mol Life Sci 2001, 58, 266–277, 
doi:10.1007/PL00000854. 

20. Abdelmohsen, K.; Gorospe, M. Posttranscriptional Regulation of Cancer Traits by HuR. WIREs RNA 2010, 
1, 214–229, doi:10.1002/wrna.4. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 November 2025 doi:10.20944/preprints202511.1508.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1508.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 8 

 

21. Rosenfeld, M.; Faino, A.V.; Qu, P.; Onchiri, F.M.; Blue, E.E.; Collaco, J.M.; Gordon, W.W.; Szczesniak, R.; 
Zhou, Y.-H.; Bamshad, M.J.; et al. Association of Pseudomonas Aeruginosa Infection Stage with Lung 
Function Trajectory in Children with Cystic Fibrosis. Journal of Cystic Fibrosis 2023, 22, 857–863, 
doi:10.1016/j.jcf.2023.05.004. 

22. Volpe, S.D.; Listro, R.; Parafioriti, M.; Di Giacomo, M.; Rossi, D.; Ambrosio, F.A.; Costa, G.; Alcaro, S.; 
Ortuso, F.; Hirsch, A.K.H.; et al. BOPC1 Enantiomers Preparation and HuR Interaction Study. From 
Molecular Modeling to a Curious DEEP-STD NMR Application. ACS Med. Chem. Lett. 2020, 11, 883–888, 
doi:10.1021/acsmedchemlett.9b00659. 

23. Sheldon, R.A. The E Factor at 30: A Passion for Pollution Prevention. Green Chem. 2023, 25, 1704–1728, 
doi:10.1039/D2GC04747K. 

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 November 2025 doi:10.20944/preprints202511.1508.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.1508.v1
http://creativecommons.org/licenses/by/4.0/

