Advanced Screening Strategy for Targeted Galectin Inhibition
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INTRODUCTION

Galectins are (3-galactoside-binding proteins capable of deciphering the glycocode-encoded information, thus triggering specific cellular pathways, including cell proliferation, apoptosis,
and transcriptional regulation. Upon secretion, they can be engaged in protein-glycan interactions at the cell surface and within the extracellular matrix, playing a key role in cell adhesion,
migration and invasion (1). Dysregulation of their signaling has been associated with a wide range of pathological conditions such as cancer, autoimmune inflammation, infection, fibrosis
and metabolic disorders (2). In this context, targeting galectins for therapeutic purposes and developing strategies to discover novel selective inhibitors has emerged as a major challenge
(3). With this in mind, a screening platform has been designed to establish an innovative, fast and high-throughput methodology for identifying new candidates as promising drugs,

potentially with low toxicity and therapeutic activity. RESULTS AND DISCUSSION

Crystals with high structural resolution were successfully obtained for Gal-1, Gal-3“RP, Gal-3“RP R144S and Gal-7 (Figure 1A-D). Soaking experiments performed on Gal-3 crystals with MDV1 (Figure
2A) and MDV2 (Figure 2B), two potential glycosidic inhibitors produced in house, revealed the localization and orientation of the ligands in the protein's active pocket, within the canonical
carbohydrate recognition domain (CRD). Same experiments were also conducted on crystals of Gal-1, Gal-3“RP R144S and Gal-7; however, despite the high-resolution data, low electron density
attributable to the compounds was detected at the CRD (data not shown), suggesting either weaker or no detectable binding. This evidence strongly suggests that targeting R144 of Gal-3“RPis crucial for
the selective recognition of inhibitors, since Gal-1 and Gal-7, along with the specifically designed Gal-3“RP mutant, share a serine residue at position 144.

Figure 1. Images of protein crystals. (A) Galectin-1 crystals. (B) Galectin-3°RP crystals. (C) Galectin-3°RP R144S crystals. (D) Figure 2. Soaking experiments. (A) Crystal structure of Galectin-3°*" soaked for 5 hours with MDV1; R = 1.1 B.. (B)
Galectin-7 crystals. Crystal structure of Galectin-3°RP soaked for 5 hours with MDV2; R = 2.0 A.
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Figure 4. Isothermal titration calorimetry analysis. Titration of MDV1 with Gal-3°RP (A), Gal-1 (B), Gal-7 (C) and Gal-3°RP R144S (D). Titration of MDV2 with Gal-3°RP (E), Gal-1 (F) Gal-7 (G) and Gal-3“RP R144S (H). The top and bottom panels report raw and
integrated data, respectively.

Preliminary wound healing assays showed that treatment with Gal-3°RP increased the closure of the wound over the time, supporting the pro-migratory activity of this protein in melanoma (4).

o
PRE LI M I NARY DATA Treatment with MDV1 resulted in only a modest inhibition of wound closure, which became appreciable mainly at 50 pM. In contrast, MDV2 displayed a clear and dose-dependent inhibition of migration,

with significant effects already evident at 5 pM. These results indicated that MDV2 is, potentially, a more efficient inhibitor of WM266 cell migration than MDV1.

Given the well-documented role of Gal-3 in tumor progression and metastasis (4), biological assays were conducted
on metastatic melanoma cell line (WMZ266) to explore the activity of the compounds. Preliminary MTT assay data
s.howed that MDV1 exhik.>ited a low cyt.otoxic gffgcts cor.nparable betwe.en WM266 and the healthy human dermic A Gal3cro —— MDV1 — c Gal3CcRD ﬁ MDV2 —
fibroblast (HDF), suggesting a safer profile but limited efficacy and selectively towards tumor cells. In contrast, MDV?2 Ctrl 50 uM 5uM 50 uM Ctrl 50 pM 50 uM
displayed increased cytotoxicity against melanoma cells, particularly at 500 pM, where the effect was more 5 - - - : s el I

pronounced on WM266 compared to HDF, suggesting a potential tumor selectivity.
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Figure 5. Cell viability analysis assessed by MTT assay. A) HDF and (B) WM266 were treated with MDV1 and MDV2 at the i 1" uM, respectively. Each scratch area on the monolayer was photographed at 0, 24, and 48 h. The distance between the
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multiple unpaired t tests. *, p < 0.05, using GraphPad Prism. SR S S 4 CAR A S for MDV1 (B) and MDV?2 (D).
L | |
MO MOVZ

CONCLUSIONS References Contacts

1. Oravecz, 0., etal. (2025) Seminars in immunopathology, 47:1-35. @ Emilia.pedone@cnr.it
2. Troncoso, M. F, et al. (2023) The Journal of biological chemistry, 299(12):105400.
Taken together, our findings validated the effectiveness of the high-performance screening 3. Pirone, L. etal. (2024) Internatlonal journal of molecular sciences, 25(5): 2895.
4. Mohammed, N. B. B. et al. (2025) International journal of molecular sciences, 26(10): 4882.
platform for the identification of novel galectin inhibitors. Notably, the compounds MDV1
and MDV2 showed high selectivity for Gal-3°RP and no detectable binding with Gal-1, Gal-7, Acknowledgments:
or the R144S mutant. In addition, MDV?2 dlsplayed indications of CYtOtOXiC and anti- This work was funded by the project “Potentiating the Italian Capacity for Structural Biology Services in Instruct %LITACA‘SB
. L . . . . Eric”, acronym “ITACA.SB” (Project No. IRO000009, CUP B53C22001790006), funded by the European Union’s Next
metastatic activity, further supporting its potential relevance in cancer research. These Generation EU under the MUR call 3264/2021 PNRR M4/C2/L3.1.1.

compounds can be therefore potentially proposed as drug candidate for the modulation of
Gal-3-associated pathologies in therapeutic contexts. :
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