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Abstract
This study investigates how colorectal cancer (CRC) cells modulate CD4+ T cell function via galectin-1 and -3 in transwell 

co-cultures with patient or healthy donor immune cells. Gal-1 consistently suppresses Th1/Th17 and promotes Treg activity, while 
Gal-3 exhibits context-dependent effects. Combined Gal-1/Gal-3 action additively enhances Treg function but redundantly suppresses 
Th1/Th17 in CRC.

Immune evasion by tumor cells is critical for colorectal cancer (CRC) progression. Galectin-1 (Gal-1) and galec-
tin-3 (Gal-3), β-galactoside-binding lectins overexpressed in CRC, are potent immunomodulators that suppress anti-tu-
mor T cell responses  [1]. While their individual roles are  established in  various malignancies, the  combined impact 
of CRC-derived Gal-1 and Gal-3 on key CD4+ T-helper subsets (Th1, Th17) and regulatory T cells (Treg) — particularly 
in diseased versus healthy immune contexts — remains poorly characterized. Furthermore, galectin functions exhibit 
significant plasticity across tumor types and immune cell states, hindering translational applications and targeted thera-
py development [2]. This study aimed to dissect the individual and combined effects of CRC-derived Gal-1 and Gal-3 
on T cell function in an in vitro transwell co-culture model with peripheral blood mononuclear cells (PBMCs) from CRC 
patients or healthy donors.

The human CRC cell line COLO 201, expressing both Gal-1 and Gal-3, was co-cultured with PBMCs from treat-
ment-naïve CRC patients or age-matched healthy donors using transwell systems (0.4 µm pore membrane), enabling 
soluble factor exchange without direct cell contact. PBMCs were activated using Phytohemagglutinin-P. Four conditions 
were tested: 1) intact co-culture (control), 2) co-culture with Gal-1 inhibitor OTX 008, 3) co-culture with Gal-3 inhibitor 
GB1107, and 4) co-culture with both Gal-1 and Gal-3 inhibitors. After 72 hours, PBMC supernatant levels of lineage-de-
fining cytokines — IFNγ (Th1), IL-17A (Th17), and TGFβ1 (Treg) — were quantified by ELISA. Data was analyzed 
using non-parametric Friedman test with Dunn’s post-hoc.

Selective Gal-1 inhibition in COLO 201-PBMC co-cultures significantly increased IFNγ and IL-17A production 
while decreasing TGFβ1 secretion by PBMCs from both CRC patients and healthy donors relative to controls. In co-cul-
tures with patient-derived PBMCs, Gal-3 inhibition similarly enhanced IFNγ and IL-17A levels and reduced TGFβ1. How-
ever, in healthy donor PBMC co-cultures, Gal-3 blockade induced only a modest IFNγ increase but significantly suppressed 
IL-17A production and elevated TGFβ1. Combined Gal-1/Gal-3 blockade in patient PBMC co-cultures produced a greater 
reduction in TGFβ1 than individual inhibition (indicating additive stimulation of TGFβ1 secretion by both galectins), while 
IFNγ/IL-17A changes mirrored single-inhibitor effects (demonstrating functional redundancy in Th1/Th17 suppression). In 
healthy donor PBMC co-cultures, combined inhibition showed no synergistic effects beyond Gal-1 blockade alone.

In conclusion, CRC-derived Gal-1 acts as a consistent tolerogenic driver, suppressing IFNγ/IL-17A and promoting 
TGFβ1 secretion by PBMCs regardless of their source. In contrast, Gal-3 exhibits marked plasticity: it mimics Gal-1’s 
tolerogenic role in the CRC context (patient PBMCs) but exerts pro-inflammatory effect on naïve immunity (healthy PB-
MCs), stimulating IL-17A while downregulating TGFβ1. The results of combined galectin inhibition indicate that Gal-1/
Gal-3 additively drive TGFβ1 secretion but redundantly inhibit Th1/Th17 responses in CRC. These findings underscore 
the necessity of studying combinatorial galectin effects in disease-relevant contexts and highlight Gal-1 and -3 as com-
pelling co-targets for CRC immunotherapy.
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