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Quercetin’s Dual Mode of Action to Counteract the Sp1-miR-27a Axis in
Colorectal Cancer Cells

by Emanuele Fosso, Manuela Leo, Livio Muccillo, Vittorio Maria Mandrone,
Maria Chiara Di Meo, Annamaria Molinario, Ettore Varricchio and Lina Sabatino
Antioxidants 2023, 12(8), 1547; https://doi.org/10.3390/antiox12081547 - 02 Aug
2023

Quercetin (Qc) inhibits cell proliferation and induces apoptosis in a variety of
cancer cells. The molecular mechanism of action has not been fully elucidated;
however, interplay with some miRNAs has been reported, specifically with miR-
27a, an onco-miRNA overexpressed in several malignancies. Here, we show
that Qc reduces cell viability and induces apoptosis in HCT116 and HT-29 colon
cancer cells, by upregulating negative modulators of proliferation pathways such
as Sprouty2, PTEN and SFRP1. These are targets of miR-27a whose high
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expression is reduced by Qc. Moreover, miR-23a, and miR-24-2, the two other
components of the unique gene cluster, and the pri-miRNA transcript are
reduced, evoking a transcriptional regulation of the entire cluster by Sp1.
Mechanistically, we show that Qc is rapidly internalized and localizes in the
nucleus, where it likely interacts with Sp1, inducing its proteasomal degradation.
Sp1 is further repressed by ZBTB10, an Sp1 competitor for DNA binding that is
an miR-27a target and whose levels increase following Qc. SP1 mRNA is also
reduced, supporting the regulation of its own gene transcription. Finally, Sp1
knockdown elicits the impaired transcription of the entire cluster and the
upregulation of the miR-27a targets, phenocopying the effects of Qc. Through
this dual mode of action, Qc counteracts the protumoral Sp1-miR-27a axis,
opening the way for novel therapies based on its association as neoadjuvant
with known anticancer treatments.

Molecular analysis of effects of quercetin in colorectal cancer cells
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HMGB1 & BOXA: differenti ruoli nella progressione tumorale

Abstract: HMGB1 is a chromatin-binding protein and one of the DAMPs involved
in an immunogenic death process called ICD. BoxA is a fragment of HMGB 1
and has been widely used as its inhibitor; moreover, it is non-toxic in healthy
mice. YANG H at al. 2015 described the action of BoxA in a xenograft model of
mesothelioma and observed that it significantly reduced tumour growth. Based
on these assumptions, they were carried out in the laboratory of Professor
Colantuoni, in collaboration with Professor Bianchi's laboratory at San Raffele in
Milan, in vitro experiments were carried out on Mesothelioma cells, the AB1-Luc
(Mezzapelle et al. 2016). HMGB1 release, membrane exposure of calreticulin
and ATP secretion are typical effects of ICD activation and occur after BoxA
treatment at 12 and 24 hours. In addition, BoxA was seen to activate the UPR
by stimulating the PERK (ER kinase type PKR) pathway, as evidenced by
phosphorylation of PERK and Eif2a (Eukaryotic Initiation Factor 2) and activates
GRP78 (78kDa glucose-regulated protein), as occurs during ICD induction.
Unexpectedly, it was seen that BoxA treatment also activates the p50-ATF6
(Activating Transcription Factor 6), IRE (Inositol Requiring 1) and Xbp1 (X-box
binding protein 1) pathway, the other two arms of the UPR, suggesting that
BoxA activates the complete UPR in response to Endoplasmic Reticulum stress.
To verify the similarity with ICD, apoptotic cell death was also assessed. In vitro
experiments, no activation of apoptosis was found following BoxA treatment in
stark contrast to exposure to Mitoxantrone (MTX), one of the most common
inducers of ICD. Consistently, experiments were also carried out to assess the
effects on cell growth and survival, and minimal effects were found. To test the
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activity of BoxA in immunocompetent mice, AB1-Balb/c cells, previously
characterised by Professor Bianchi's group, were injected into syngeneic mice
and reduced tumour growth, increased survival and, in a fraction of mice,
complete remission without disease recurrence was observed.

The results that were obtained in vitro led us to hypothesise that the effects
observed in vivo could be due to the influence of BoxA on the interactions
between tumour cells and their microenvironment and that BoxA could therefore
influence the host immune response. Finally, the results of re-inoculation, on all
BoxA-treated mice that survived the first inoculation and rejected the injection,
are indeed remarkable. These data suggest that BoxA may activate the adaptive
immune component by stimulating a type of “immunization”.
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