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INTRODUCTION
Galectins are β-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.

Crystals with high structural resolution were successfully obtained for Gal-1, Gal-3CRD, Gal-3CRD 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-3CRD 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-3CRD is crucial for 
the selective recognition of inhibitors, since Gal-1 and Gal-7, along with the specifically designed Gal-3CRD mutant, share a serine residue at position 144.

Figure 1. Images of protein crystals. (A) Galectin-1 crystals. (B) Galectin-3CRD crystals. (C) Galectin-3CRD R144S crystals. (D) 
Galectin-7 crystals. 

Figure 2. Soaking experiments. (A) Crystal structure of Galectin-3CRD soaked for 5 hours with MDV1; R = 1.1 Å. (B) 
Crystal structure of Galectin-3CRD soaked for 5 hours with MDV2; R = 2.0 Å.
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Figure 3. Fluorescence emission 
analysis. Emission spectra of Gal-
3CRD (10 μM) alone and in presence 
of increasing concentrations of 
MDV1 (1.6 μM to 125 μM) (A) and 
MDV2 (12.5 μM to 200 μM) (B). 
Binding curve obtained by plotting 
the maximum emission value at 337 
nm from all measurements against 
the increasing concentration of 
MDV1 (C) and MDV2 (D). Analytical 
and statistical data are elaborated 
using GraphPad Prism.

Fluorescence-based screening assays were carried out to evaluate any changes in intrinsic 
tryptophan emission of Gal-3CRD, upon increasing concentrations of MDV1 and MDV2. The data 
revealed a decrease in fluorescence intensity, which can be attributed to the quenching of 
tryptophan following binding (Figure 3A–B), leading to the derivation of binding curves (Figure 
3C–D), with KD values of 30 μM and 180 μM for MDV1 and MDV2, respectively. 

Isothermal titration calorimetry experiments confirmed the high selectivity of the compounds for 
Gal-3CRD, providing affinity constants of 50 μM and 100 μM for MDV1 (Figure 4A) and MDV2 
(Figure 4E), respectively, with no binding observed for Gal-1 (Figure 4B, 4F), Gal-7 (Figure 4C, 
4G) and Gal-3CRD R144S mutant (Figure 4D, 4H), which is useful to verify whether the arginine 
residue is important for the interaction.

PRELIMINARY DATA
Given the well-documented role of Gal-3 in tumor progression and metastasis (4), biological assays were conducted 
on metastatic melanoma cell line (WM266) to explore the activity of the compounds. Preliminary MTT assay data 
showed that MDV1 exhibited a low cytotoxic effects comparable between WM266 and the healthy human dermic 
fibroblast (HDF), suggesting a safer profile but limited efficacy and selectively towards tumor cells. In contrast, MDV2 
displayed increased cytotoxicity against melanoma cells, particularly at 500 μM, where the effect was more 
pronounced on WM266 compared to HDF, suggesting a potential tumor selectivity. 
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Figure 4. Isothermal titration calorimetry analysis. Titration of MDV1 with Gal-3CRD (A), Gal-1 (B), Gal-7 (C) and Gal-3CRD R144S (D). Titration of MDV2 with Gal-3CRD (E), Gal-1 (F) Gal-7 (G) and Gal-3CRD R144S (H). The top and bottom panels report raw and 
integrated data, respectively. 

Preliminary wound healing assays showed that treatment with Gal-3CRD increased the closure of the wound over the time, supporting the pro-migratory activity of this protein in melanoma (4). 
Treatment with MDV1 resulted in only a modest inhibition of wound closure, which became appreciable mainly at 50 μM. In contrast, MDV2 displayed a clear and dose-dependent inhibition of migration, 
with significant effects already evident at 5 μM. These results indicated that MDV2 is, potentially, a more efficient inhibitor of WM266 cell migration than MDV1. 
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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 
indicated concentrations for 48h. Cells treated with DMSO (< 0.05 %) were used as controls and analyzed in parallel. Data 
shown are representative of 3 separate experiments and values are given as mean ± SD. Statistical analysis was  performed by 
multiple unpaired t tests. *, p < 0.05, using GraphPad Prism.

Figure 6. Cell wound healing assay. Effect of MDV1 and MDV2 on wound healing activity. WM266 cells were 
scratched and treated with DMSO (< 0.05 %) (as control), Gal-3CRD at 50 μM and MDV1 (A) and MDV2 (C) at 5 and 50 
μM, respectively. Each scratch area on the monolayer was photographed at 0, 24, and 48 h. The distance between the 
limits of the scratch was quantified and the size of wound closure was determined as follows: % wound closure = 1 − 
(wound width tx/wound width t0) × 100. The percentages of wound closure were reported in the graph, respectively 
for MDV1 (B) and MDV2 (D).

Taken together, our findings validated the effectiveness of the high-performance screening 
platform for the identification of novel galectin inhibitors. Notably, the compounds MDV1 
and MDV2 showed high selectivity for Gal-3CRD  and no detectable binding with Gal-1, Gal-7, 
or the R144S mutant. In addition, MDV2 displayed indications of cytotoxic and anti-
metastatic activity, further supporting its potential relevance in cancer research. These 
compounds can be therefore potentially proposed as drug candidate for the modulation of 
Gal-3-associated pathologies in therapeutic contexts. 
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