Continuous exposure of pancreatic cancer cells to dietary bioactive agents

does not induce drug resistance unlike chemotherapy
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The repeated treatment of cancer cells with chemo- or radiotherapy induces therapy resistance, but it was previously unknown whether the same effect occurs upon continuous exposure of cancer cells to diet-derived chemopreventive agents. We elucidated this interesting question in pancreatic ductal
adenocarcinoma, which is a highly aggressive cancer entity with a marked resistance toward gemcitabine and other cytotoxic drugs. The isothiocyanate sulforaphane (SF), present in cruciferous vegetables, and the polyphenol quercetin (Q), present in many fruits and vegetables induced apoptosis and
reduced viability in gemcitabine (GEM)-sensitive BXxPC-3 cells but not in non-malignant ductal pancreas cells and mesenchymal stromal cells. In turn, BXxPC-3 cells were incubated treated with increasing concentrations of GEM, SF or Q for more than one year and the surviving subclones Bx-GEM, Bx-
SF and Bx-Q were selected, respectively. Whereas Bx-GEM cells acquired a total resistance, Bx-SF or Bx-Q cells largely kept their sensitivity as proved by MTT assay, Annexin V staining and FACS-analysis. The evaluation of the self-renewal-, differentiation- and migration potential by colony
formation, differentiation, or migration assays demonstrated that cancer stem cell features were enriched in GEM-resistant cells, but decreased in SF- and Q-long time-treated cells. These results were confirmed by orthotopic xenotransplantation of cancer cells to the mouse pancreas, where Bx-GEM
formed large, Bx-Q small and Bx-SF cells almost undetectable tumors. An mRNA expression profiling array and subsequent gene set enrichment analysis and gRT-PCR confirmed that tumor progression markers were enriched in Bx-GEM, but reduced in Bx-SF and Bx-Q cells.
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Quercetin and sulforaphane selectively reduce the viability

in malignant cells
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(A) The human PDA cell line BxPC-3 was left untreated (CO) or was treated with quercetin (Q, 50 pM) or
sulforaphane (SF, 10 uM), followed by microscopy and photography 48 hours later. Representative pictures at 200x
magnification are shown. (B) Cell viability was determined by MTT assay in untreated BxPC-3 cells (CO) or 72 h after
treatment with vehicle alone diluted 1:1,000 (DMSO) or with increasing concentrations of quercetin (Q) from 5 to 100
MM and sulforaphane (SF) from 5 to 30 yM, diluted in DMSO whose final concentration in medium was 1:1,000 or
higher. (C) The non-malignant primary human cell lines CRL-4023 (immortalized ductal pancreas cells) or (D) MSC
(bone marrow-derived) were treated with different concentrations of quercetin (Q) or sulforaphane (SF) as indicated,
while DMSO (1:1,000) was set as a control. The cell viability was measured as described above. Three independent
experiments were performed at least in triplicates and the data are presented as means +SD.
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(A) BxPC-3 cells were treated with
gemcitabine (GEM, 10 nM), quercetin
(Q, 10 uM) or sulforaphane (SF, 5 uM)
at a confluence of 40-60%. After two
weeks, when the cells recovered, they
were treated again with higher
concentrations of each agent as
indicated, followed by a recovery phase
and a new round of treatment with
higher concentrations. After more than
one year of repeated treatment with
gradually higher concentrations, the
highest concentrations of 200 nM GEM,
200 uM Q and 30 uM SF were reached
and the resulting final subclones were
named Bx-GEM, Bx-Q and Bx-SF,
respectively. These final subclones
were used for all following experiments.
(B) The cells were treated with different
concentrations of gemcitabine,
quercetin or sulforaphane as indicated.
Seventy-two hours later, the viability
was measured by MTT assay. (C)
Likewise, the percentage of apoptotic
cells was measured by staining with
Annexin V-FITC and Pl followed by
FACS-analysis. (D) Bx-GEM cells were
treated with quercetin or sulforaphane
at concentrations indicated and 72 h
later the viability was measured by MTT
assay. Three independent experiments
were performed for Fig. 2B-D (MTT
assay n=8, apoptosis assay n=3) and
the data are presented as means £SD.
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Continuous quercetin and sulforaphane but not Continuous exposure to quercetin or Continuous quercetin and sulforaphane exposure reduces gene set enrichment-analyzed \
gemcitabine exposure reduces tumorigenicity in vitro sulforaphane but not gemcitabine reduces multidrug resistance and stemness genes but not in gemcitabine continuous exposure
tumorigenicity in vivo
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