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The in vitro effects of Voghera
sweet pepper on thyroid cancer
cells: modulation of oxidative
stress and pro-tumorigenic genes
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and Metabolism, Laboratory for Endocrine Disruptors, Istituti Clinici Scientifici Maugeri IRCCS, Pavia,
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Background: Voghera pepper (VP) extracts were demonstrated to have anti-
oxidant ability in several cell types.

Purpose: This study aimed to assess whether VP-extracts could lower oxidative
stress and modulate thyroid cancer (TC) cells behavior in vitro.

Methods: Extracts were analyzed using the LC-DAD-MS system. Thyroid cell
lines, both normal (NHT) and cancerous (TPC-1 and 8505C) were treated with
increasing concentrations of Yellow (YVP) and Green (GVP) VP-extracts over time.
Viability and proliferation were assessed in all cell types. Changes in Reactive-
oxygen-species (ROS) production by TPC-1 and 8505C were assessed by flow-
cytometry. The mRNA expression of anti-oxidant mediators (NFE2L2, HMOX1,
SOD2 and CAT), epithelial-to-mesenchymal transition markers (POU5F1, SNAIL,
TWIST1, SNAI2 and VIM) and thyroid-differentiation-related genes (NKX2-1 and
PAX8) were evaluated by RT-PCR.

Results: Treatment with GVP or YVP reduced the viability of TPC-1 and 8505C
but not those of NHT, without effects on cells proliferation. GVP and YVP
reduced basal and H,O,-induced ROS production in TC cells. GVP and YVP
up-regulated mRNA levels of several anti-oxidant genes. GVP and YVP reduced
MRNA of POU5F1 in TPC-1 and 8505C. Finally, the mRNA of PAX-8 was reduced
by GVP and YVP extracts in TPC-1 and 8505C, while NKX2-1 was reduced by
both GVP and YVP in TPC-1 and only by GVP exposure in 8505C.

Conclusion: This is the first demonstration of the potential beneficial effects of
VP extracts in TC in terms of reduction of oxidative stress, increase of antioxidant
markers, and modulation of markers of metastasis and de-differentiation in TC
cells.

KEYWORDS

Voghera pepper, thyroid cancer, oxidative stress, phytochemical, ROS, anti-oxidant
genes

1 Introduction

Phytochemicals are bioactive plant compounds. They are derived from various sources,
and to date more than a thousand have been discovered. Significant phytochemicals include
carotenoids, polyphenols, isoprenoids, phytosterols, saponins, dietary fibers, and certain
polysaccharides. These phytochemicals possess antioxidant activities and exhibit antimicrobial,
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antidiarrheal, anthelmintic, antiallergic, antispasmodic, and antiviral
properties (1, 2).

Bioactive phytochemicals have been extensively studied in the last
two decades using in vitro and in vivo models providing important
insights into structure-function effects potentially responsible for
disease risk reduction (3). Recently, these compounds have become a
focal point in cancer therapy due to their wide range of beneficial
properties, including anti-inflammatory, antioxidant, and anticancer
effects (4-8). Natural product-derived compounds like paclitaxel,
doxorubicin, and vincristine are commonly used in cancer treatment
due to their potent anti-tumor properties (5). Oxidative stress may
be a contributing factor to various human diseases, as oxidation
reactions produce free radicals that cause cell damage, alter DNA, and
lead to the accumulation of mutations. These evidences encouraged
the exploration of compounds with antioxidant properties in
pharmacology. The generation of cellular Reactive Oxygen Species
(ROS) is triggered by both internal (endogenous) and external
(exogenous) stimuli. ROS are naturally produced as byproducts of
normal oxygen metabolism and play crucial roles in homeostasis and
cell signaling. In several cell types, they are also implicated in
damaging cell structures and affecting mitochondrial function (9).

The thyroid is naturally exposed to high levels of ROS, and there
is increasing evidence supporting the significant role of oxidative
stress in the initiation, promotion, and progression of thyroid cancer
(TC) (10-12). TC, the most common endocrine neoplasm, represents
~1% of malignant cancers (13). In the last decades, global TC
incidence has continuously increased. Among TC, poorly-
differentiated/undifferentiated tumors, pose a significant challenge
due to their limited response to standard therapies.

Oxidative stress is an important risk factor for thyroid tumorigenesis.
It involves a complex network of interconnected components that can
lead to more severe tumor presentation and progression, particularly
when associated with specific genetic mutations. Additionally, TC is
characterized by an unbalanced antioxidant system, which can promote
disease progression. Given the dual role of oxidative stress in both
promoting tumor initiation and mediating therapeutic cytotoxicity (14)
the antioxidant potential of widely consumed dietary compounds in
thyroid cells may provide insights relevant to both prevention and early
tumor modulation. Such efforts could help improve clinical outcomes
in patients with TC. The potential anticancer effects of phytochemicals
on TC are currently the focus of various scientific studies (15).

Recent in vitro studies demonstrated anti-oxidant properties of
the Voghera pepper (edible part of Capsicum annuum L. var. Peperone
di Voghera (VP)), a native Lombardy variety of vegetable cultured in
Italy. Green and yellow sweet Voghera peppers are frequently
consumed and differ in their phytochemical composition. Ripening
stages affect the levels of various bioactive compounds, some of which
may contribute to antioxidant and anticancer effects (16). This variety
of pepper is rich in both vitamin C and carotenoids, has a high
nutritional value, and its role in protecting against oxidative damage

Abbreviations: BSA, Bovine serum albumin; DMSO, Dimethyl sulfoxide; EDTA,
Ethylenediaminetetraacetic acid; EMT, Epithelial-to-Mesenchimal-Transition; GVP,
Green Voghera pepper; H2DCFDA, 2’,7’-dichlorodihydrofluorescein diacetate;
NHT, Normal human thyroid; ROS, Reactive-oxygen-species; SDS, Sodium dodecyl
sulfate; TC, Thyroid Cancer; TSH, Thyroid-Stimulating Hormone; YVP, Yellow
Voghera pepper; WST-1, Water-soluble tetrazolium salt; VP, Voghera pepper.
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has been previously reported in different types of cells (17, 18). Based
on previous data regarding the antioxidant properties of VP and the
well-documented pro-tumorigenic effect of excessive oxidative stress
in the development of TC, we aimed to investigate whether VP
extracts could reduce oxidative stress and, in turn, modulate TC cells
behavior in vitro. In addition, the effect of Voghera pepper on genes
involved in TC development and progression was also evaluated.

2 Materials and methods

2.1 Extraction procedure and
characterization

Green and yellow sweet peppers were selected as models of early
and mid-stage ripening (provided by the Istituto Tecnico Agrario
“C. Gallini of Voghera” (PV) and the PepeVo association). The
extraction procedure was performed as previously reported (17, 19,
20). Briefly, 15 g of pepper were left in 100 g mixture 1,2-propanediol/
water (55 and 45%, respectively) for 2h at 40 °C. Subsequently,
samples were homogenized for 15 min and left to macerate at 40 °C
for 2 h. The sample was left to rest for 24 h to allow the solid part to
settle, and the supernatant, containing the full range of phenolic acid
derivatives and flavonoids extracted from the grams of pepper used,
was collected. Subsequently, the extracts were filtered using 0.22 pm
filters to ensure an adequate level of sterility for the subsequent
analyses, obtaining an extract with a concentration of Voghera pepper
or pepper waste equivalent to 0.15 g/mL in a 1,2-propanediol/water
mixture. For the characterization of phenolic acid derivatives and
flavonoids, extract samples were diluted 1:1 in Dimethyl Sulphoxide
(DMSO) and placed in a vial for chromatographic analysis, each
measurement was performed in triplicate to ensure the reliability of
the results. The solutions were then analyzed using the LC-DAD-MS
system composed by an Agilent 1,260 chromatograph equipped with
autosampler, diode array series 1,260. At the end of the
chromatographic column a “t” junction was used to split the flow
equally to Diode Array and Mass spectrometric detector. A Varian MS
500 Ion Trap mass spectrometer was used operating with an
Electrospray Ion source collecting data in negative and positive ion
mode. The nebulizer gas was Air in negative ion mode and Nitrogen
in positive ion mode; the drying gas was nitrogen. Pressure of drying
gas was set at 25 psi and nebulizer at 30 psi. Needle was set to 4,500 V,
and capillary was set to 80 V. Rf loading was 85% and the data were
obtained using the turbo data depending on scan of the instrument
that allows the generation of fragmentation tree of ionic species that
reach a threshold current value. For the chromatographic separation,
an Eclipse XDB C-18 4.6x250 mm 5 pm column was used as the
stationary phase. Using a mobile phase composed of a mixture of
water with 1% formic acid (A), acetonitrile (B), and methanol (C), the
following elution gradient was employed: 0-0.5 min 95:5:0 (A:B:C);
5 min 85:15:0 (A:B:C); 15 min 60:30:10 (A:B:C); 20 min 20:70:10
(A:B:C); 25 min 0:90:10 (A:B:C); 43 min 0:90:10 (A:B:C); 44 min
95:5:0 (A:B:C) flow rate was 400 pL/min. The identification of the
detected compounds was carried out based on literature data and
fragmentation patterns. UV spectra were acquired at wavelengths of
330, 350, and 254 nm. Rutin and chlorogenic acid were used as
reference standards for the general quantification of flavonoids and
phenolic acids, respectively. Solutions of reference compounds were
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prepared in four concentrations (100 pg/mL, 50 pg/mL, 20 pg/mL,
2 pg/mL) and calibration curves were obtained at 350 nm for rutin
and 330 nm for chlorogenic acid. Peaks were assigned to flavonoid or
chlorogenic acid derivatives on the basis of the UV spectrum and MS
data. The data were expressed in pg/mL and reported in the table as
mean + SD of the three replicates.

2.2 Primary cultures of normal human
thyroid cells and TC cell lines

Primary cultures were established from surgical specimens of
human thyroids obtained from five patients who underwent
thyroidectomy. The study received approval from the Institutional
Board of ICS-Maugeri in Pavia, Italy. Informed consent was signed by
all patients. All experiments were conducted in accordance with
relevant guidelines and regulations, adhering to the principles of the
Declaration of Helsinki. The surgical specimens were chopped into
small pieces and incubated with 5mg/mL of collagenase type
I (Sigma-Aldrich; C0130) in Coon’s F12 medium for 4 h at 37 °C. After
incubation, the cells were filtered with a cell strainer (70 pm Nylon;
Falcon), centrifuged at 1000 rpm for 10 min, washed with 10 mL of
Coon’s F12 medium (Sigma-Aldrich), re-centrifuged and then
re-suspended in Coon’s 6H medium. Coon’s 6H medium is composed
of Coon’s F12 medium (Sigma-Aldrich) with 5% newborn calf serum
and six hormones: insulin (5 pg/mL), hydrocortisone (50 pg/mL),
transferrin (5 pg/mL), somatostatin (10 ng/mL), gly-his-lysine (10 ng/
mL), and bovine TSH (1 mU/mL). The human TC cell lines used in
this study are 8505C (from de-differentiated anaplastic thyroid cells)
harboring a BRAF (V600E) mutation and TPC-1 (from differentiated
papillary thyroid carcinoma) harboring RET/PTC rearrangement.
Dulbecco’s Modified Eagle Medium (DMEM) (Sigma, Saint Louis,
MO, United States) was supplemented with 10% fetal bovine serum
(FBS) (Sigma, Saint Louis, MO, United States), 2 mM L-glutamine and
100 U/mL  penicillin/streptomycin  (Sigma, Saint Louis, MO,
United States) and used for TPC-1, and Roswell Park Memorial
Institute (RPMI) 1,640 (Sigma-Aldrich; R0883) supplemented with
10% FBS, 2 mM L-glutamine and 100 U/mL penicillin/streptomycin
was used for 8505C.

2.3 Viability assay

NHT, TPC-1 and 8505C cells were seeded at 2 x 10* cell/well
density in flat 96-well plates (Thermo-Fisher). After adherence (5 h),
cells were treated with increasing concentrations of YVP and GVP
extracts (0; 0.5; 1; 1.5; 2 mg/mL) for 24, 48 and 72 h, respectively.
These concentration ranges were selected based on previous studies
conducted on other cell types (17). At the end of each time point, cells
were incubated with water-soluble tetrazolium salt (WST-1, Roche).
After 30 min the absorbance was measured with a microplate reader
(450 nm, Victor NIVO Multimode Plate Reader, PerkinElmer).
We measured the absorbance of control (untreated) and treated
samples. After measuring optical density (OD), values of treated
samples were normalized to the mean OD of the untreated controls
(0 mg/mL), which was set at 100%. Results were expressed as
percentage of viability relative to control. This normalization resulted
in control values without SD, as they were fixed post-calculation.
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Statistical analysis was performed on these normalized values using
one-way ANOVA with Post Hoc Bonferroni correction. This
normalization approach setting control values at 100% and expressing
treated samples as percentages is widely used in cell-based assays,
particularly for viability and functional studies, as supported by
several methodological references (21, 22). All measurements were
performed in at least three independent experiments, each in
technical triplicate.

2.4 Cell proliferation assay

NHT, TPC-1 and 8505C cells were seeded in a 96-well plate at a
density of 3,000 cells per well and incubated with increasing
concentrations of YVP and GVP extracts (0; 0.5; 1; 1.5; 2 mg/mL) for
24, 48, 72 h. 200 pL of cold methanol 20% was added to each well to
fix cells. Plates were incubated for 20 min at room temperature, then
the cells were stained with 0.5% crystal violet dye (C0775; Sigma-
Aldrich) for 5 min at room temperature. Cells were then observed
under an inverted microscope Olympus BX51 (Olympus, Deutschland
GmbH, Hamburg, Germany). 200 pL of 1% sodium dodecyl sulphate
(SDS) (436143; Sigma-Aldrich), an anionic detergent, was added to
each well to induce the release of crystal violet dye and quantify its
optical density (OD). The OD was measured at 570 nm by a microplate
reader (450 nm, Victor NIVO Multimode Plate Reader, PerkinElmer).
After measuring optical density (OD), values of treated samples were
normalized to the mean OD of the untreated controls (0 mg/mL),
which was set at 100% using the same approach of viability assay. All
measurements were performed in at least three independent
experiments, each in technical triplicate.

2.5 Evaluation of the production of reactive
oxygen species in TPC-1 and 8505C cells

The experimental conditions were designed to evaluate two
distinct scenarios: (i) a non-stressed condition, in which cells were
exposed to the extracts alone to assess their effect on basal reactive
oxygen species (ROS) levels; and (ii) a stressed condition, in which
cells were co-treated with H,O, and the extracts to evaluate their
potential protective role under induced oxidative stress.

i. Non-stressed scenario: thyroid cells were treated with GVP and
YVP extracts at 1.5 mg/mL for 24 h, the highest non-toxic
concentration for all cell types. Separately, as positive control,
for evaluating changes in ROS production, cells were treated
with 300 pM H,O, alone. The oxidative stress assays were
carried out under standardized and controlled conditions,
including brief time intervals between mixing and application
to cells. To investigate the production of ROS by TPC-1 and
8505C, the cell-permeant 2’,7’-dichlorodihydrofluorescein
diacetate (H,DCFDA) (Sigma Aldrich) was used. Therefore,
H,DCFDA (1.25 pM) was added for 15 min, and incubated
under conditions of CO, 5% and 37 °C. Cells were detached
with the only Ethylenediaminetetraacetic acid (EDTA) 0.05%,
centrifuged and resuspended with 300 pL in PBS with 0.5%
Bovine serum albumin (BSA) (acquisition buffer). BSA was
added to the acquisition buffer as it enhances the quality and
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reliability of fluorescence measurements by preventing
nonspecific binding and improving the specificity of
fluorescence detection. It also stabilizes cells and contributes to
their viability. Additionally, its ability to reduce cell clumping
ensures cell-based analysis is accurate and precise (23).
We measured fluorescence intensity throughout Fluorescence-
activated cell sorting (FACS). The ROS production was
calculated as a percentage of the mean Fluorescence Intensity
(MFI). The quantification of ROS levels was achieved through
the measurement of the MFI of the ROS-sensitive probe,
H,DCFDA. MFI values were normalized to those of untreated
control cells (0 mg/mL), which were set at 100%. ROS levels in
extract-treated cells were then expressed as a percentage
relative to this baseline, allowing assessment of the extracts’
effects under non-stressed conditions. We assume the untreated
control cells as 100% to better represent and visualize the
variations in MFL

ii. Stressed scenario: in order to evaluate the effect of extracts on
H,0,-induced ROS production (stressed condition), cells were
treated for 24 h with GVP or YVP and after this time were
treated with H,O, in combination with 1.5 mg/mL YVP and
GVP for 10 min. The combined pre- and co-treatment protocol
was designed to mimic continuous dietary exposure and
evaluate antioxidant effects under early tumor-promoting
conditions. To investigate ROS changes, FACS analysis using
H,DCFDA was performed under the same conditions reported
previously. ROS production was calculated as a percentage of
the mean Fluorescence Intensity (MFI). MFI values were
normalized to those of cells treated with H,0, only (H,0,),
which were set at 100%. ROS levels in extract-treated cells were
then expressed as a percentage relative to this baseline, allowing
assessment of the extracts’ effects under stressed conditions.
We assume control (H,0,) as 100% to better represent and
visualize the variations in MFI. All measurements were
performed in at least three independent experiments, each in
technical triplicate.

2.6 Real-time polymerase-chain-reaction
of the mRNA levels of anti-oxidant,
epithelial-to-mesenchimal-transition and
thyroid-related genes

RNA was obtained from TPC-1 and 8505C incubated to YVP and
GVP 1.5 mg/mL for 24 h, the highest non-toxic concentration for all
cell types. Total RNA purification kit (Norgen Biotek, Canada) was
used to obtain RNA from thyroid cells; cDNA was then reverse
transcribed by a SensiFast cDNA synthesis kit (Bioline, London,
United Kingdom). Real-time PCR was performed using Sensi-Fast
SYBR Green Hi-ROX kit (Bioline, London, United Kingdom) on
StepOne Plus Applied Biosystems real-time PCR system. Primers were
GMBH
We measured the expression of mRNA levels of anti-oxidant genes
(NFE2L2, HMOX1, SOD2 and CAT) in NHT, TPC-1 and 8505C after
treatment with GVP or YVP. We measured the expression of mRNA
levels in epithelial-to-mesenchimal-transition (EMT)-related genes
(POUS5FI, SNAIL, TWISTI1, SNAI2, and VIM). mRNA levels were

obtained from Biomers.net (Soflinger, Germany).
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evaluated in TPC-1 and 8505C after treatment with GVP or YVP
(1.5 mg/mL). We measured the expression of mRNA levels of thyroid-
related gene (NKX 2-1 and PAX8) that were evaluated in TPC-1 and
8505C. GAPDH was selected as the reference gene. Gene expression
levels were quantified using the comparative Ct (AACt) method. Ct
values of target genes were first normalized to the housekeeping gene
GAPDH (ACt), and then compared to the ACt of control samples to
obtain relative expression levels (AACt). Final results were expressed
as fold change (2744%") relative to untreated control cells set as 1, as
they serve as the reference condition for comparison. All
measurements were performed in at least three independent
experiments, each in technical triplicate.

2.7 Statistical analysis

SPSS software was employed (SPSS, Inc., Evanston, IL). Values
are reported as mean + SD unless otherwise noted. One-way
ANOVA for normally distributed variables was used for comparing
mean group values. Post-hoc analysis for multiple comparisons
were performed by Bonferroni’s correction. Between-group
comparisons were performed by means of Wilcoxon test and
Student t-test. The statistical significance was considered for p
values < 0.05.

3 Results
3.1 Chemical characterization

Chemical profiles of both GVP and YVP extracts were determined
by the measurement of phenolic acid and flavonoid derivatives
(Table 1).

In both extracts, phenolic acids and flavonoids were detected. The
concentration of total phenolic acid derivatives was higher in the GVP
(approximately 119%) extract compared to YVP, whereas total
flavonoid derivatives were more abundant in the YVP (approximately
138%) extract than in GVP.

3.2 Effect of Voghera pepper extracts on
thyroid cells viability

Normal Human thyroid cells (NHT), and TC cell lines TPC-1
and 8505C, were treated with increasing concentrations (0; 0.5; 1;
1.5; 2 mg/mL) of GVP or YVP in a time course of 24, 48 and 72 h.
The treatment of NHT with either GVP (Figure 1A) or YVP
(Figure 1B) did not modify cell viability at any time point at all
concentrations tested (GVP ANOVAs: 24 h F = 0.304 p = 0.873 NS;
48h F=2.468 p=0.67 NS; 72h F=2.042 p=0.115 NS); (YVP
ANOVAs: 24 h F=1.407 p =0.255 NS; 48 h F=1.223 p=0.332
NS; 72 h F=0.579 p = 0.701 NS). Moving to TC cell lines results
showed some differences from what observed in NHT. Starting
from TPC-1, treatment with GVP at the highest concentration of
2 mg/mL reduced cell viability after 24, 48 and 72 h (Figure 1C:
GVP ANOVAs: 24 h F = 7.479 p < 0.05, post hoc p < 0.05 2 mg/mL
vs. 0 mg/mL; 48 h F = 3.426 p < 0.05 post hoc p < 0.05 2 mg/mL vs.
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TABLE 1 Polyphenols detected (ng/mL) in both GVP and YVP extracts.

Compounds A (nm) MS/MS fragments Green Voghera Yellow Voghera
pepper (pg/mL) pepper (pg/mL)
Caffeoyl hexoside 210, 240, 295, 325 179,135 46.99 £ 2.66 16.77 £ 0.45
Quinic acid 220, 295, 325 127,173, 85 81.64 +2.33 21.44 £ 1.04
Feruloyl hexoside 225,295, 325 193 8.54+0.25 71.21 +£1.48
4-hydroxycinnamic acid/p-Coumaric acid 210, 295 145 4.44 +0.28 9.20 £ 0.37
Total phenolic acid derivatives (pg/mL) 141.60 + 3.56 118.62 + 1.90
Luteolin di-C-hexoside 265, 356 528, 489 1.30 £ 0.04 2.10 £0.05
Quercetin O-rhamnoside (7) O-glucoside (3) 258, 380 301 1.06 + 0.03 21.30 +0.00
Vicenin-2 220, 330 503, 413, 473, 353 1.77 £0.02 2.19 £0.06
Apigenin C-pentosyl C-hexoside 220, 330 357, 164, 133, 96 3.95+0.06 4.89 +0.07
Luteolin pentosyl di-hexoside 265, 356 285,151,133 18.69 + 0.07 2276 £0.11
Luteolin-apiosyl hexoside (rut) 265, 356 447,285 21.11 £ 0.02 18.36 £ 0.01
Luteolin/Apiosyl acetyl-D-hexoside 265, 356 579, 489, 459 3.05 +0.02 1.66 + 0.02
Quercetin 3-O-rhamnoside 258, 380 301, 151 37.57 £ 0.68 47.87 £0.22
Total flavonoid derivatives (ug/mL) 88.49 + 0.69 122.17 £ 0.27

Rut, rutoside.

0mg/mL; 72h F=3.9 p <0,05, post hoc p <0.05 2 mg/mL vs.
0 mg/mL). Similarly, the treatment with 2 mg/mL YVP reduced
TPC-1 cell viability after 24, 48 and 72h (Figure 1D: YVP
ANOVAs: 24 h F = 4.368 p < 0.05, post hoc p < 0.05 2 mg/mL vs.
0 mg/mL; 48 h F = 4.686 p < 0.05 post hoc p < 0.05 2 mg/mL vs.
0 mg/mL; 72 h F =9.920 p < 0.05, post hoc p < 0.05 2 mg/mL vs.
0 mg/mL). The treatment of 8505C with Voghera pepper extracts,
again only at the highest concentration of 2 mg/mL, produced a
reduction of cell viability similar to that observed in TPC-1, by
reducing 8505C viability with GVP after 24, 48 and 72 h (Figure 1E:
GVP ANOVAs: 24 h F = 7.958 p < 0.05, post hoc p < 0.05 2 mg/mL
vs. 0 mg/mL; 48 h F = 17.631 p < 0.05 post hoc p < 0.05 mg/mL vs.
0 mg/mL; 72 h F = 7.646 p < 0.05, post hoc p < 0.05 2 mg/mL vs.
0 mg/mL) as well as with YVP after 24, 48 and 72 h (Figure 1F:
YVP ANOVAs: 24 h F = 5.324 p < 0.05, post hoc p < 0.05 2 mg/mL
vs. 0 mg/mL; 48 h F = 7.326 p < 0.05 post hoc p < 0.05 2 mg/mL vs.
0 mg/mL; 72 h F = 4.420 p < 0.05, post hoc p < 0.05 2 mg/mL vs.
0 mg/mL).

3.3 Effect of Voghera pepper extracts on
thyroid cells proliferation

No significant changes in cell proliferation were observed in
NHT after treatment with GVP (Figure 2A) (GVP ANOVAs:
24h F=1.129 p=0.359 NS, 48h F=1.693 p=0.174 NS,
72h F=0.369 p=0.829 NS) or YVP (Figure 2B) at any time or
concentration tested (YVP ANOVAs: 24 h F = 1.067 p = 0.387 NS,
48 hF=1.693 p=0.061 NS,72h F=0.623 p = 0.649 NS). Similarly,
no changes in the proliferation of TC cell lines were found after
treatment with VP extracts. Indeed, no changes were observed in the
proliferation of TPC-1 cells after treatment with GVP (Figure 2C)
(GVP ANOVAs: 24h F=1.749 p=0.154 NS, 48h F=1.469
p=0226NS,72h F=0.611 p = 0.656 NS) or with YVP (Figure 2D)
(YVP ANOVAs: 24 h F=1.606 p = 0.187 NS,48 h F=0.701 p = 0.595
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NS, 72h F=2.420 p = 0.061 NS). No changes were found also in
8505C cells after treatment with GVP (GVP ANOVAs: 24 h F=1.735
p=0.157NS,48 h F=0.994 p=0.426 NS, 72 h: F = 1.692 p = 0.167
NS) (Figure 2E) or YVP (YVP ANOVAs: 24 h F=0.396 p = 0.810
NS, 48h F=0.948 p=0.444 NS, 72h F=1.623 p=0.183 NS)
(Figure 2F).

3.4 Effect of Voghera pepper extracts on
oxidative stress production

The modulation of oxidative stress in TC cells was evaluated by
flow cytometry. Two experimental conditions were tested: (i) exposure
of cells to extracts alone to assess ROS modulation in non-stressed
cells, and (ii) co-treatment with H,O, and extracts to evaluate
antioxidant effects under induced oxidative stress. The concentration
of GVP and YVP extracts of 1.5 mg/mL was chosen since it was the
highest non-toxic concentration for all cell types.

i. Non-stressed scenario: changes in total ROS production were
assessed after treatment with Voghera pepper extracts for 24 h.
As shown in Figures 3A,B, the analysis of % MFI showed a
reduction of ROS production in TPC-1 and 8505C cells treated
with (green bar) compared to untreated group (white bar). On
the other hand, the treatment with YVP produced a significant
reduction of ROS only in TPC-1 (Figure 3A, yellow bar)
compared to untreated group (white bar).

ii. Stressed scenario: in order to evaluate the effect of Voghera
pepper extracts on stimulated ROS production (stressed
condition), TPC-1 and 8505C cells were pre-exposed for 24 h
with 1.5 mg/mL GVP or YVP extracts and then co-exposed
with 300 pM H,0, in combination with 1.5 mg/mL YVP and
GVP for 10 min. This combined pre- and co-exposure protocol
was used to reflect in vitro a real-life physiological scenario in
which, bioactive compounds may be present systemically both
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FIGURE 1

Effect of Voghera pepper extracts on thyroid cell viability. Results of WST-1 employed to assess changes in viability on NHT, TPC-1 and 8505C cells. Bar
graphs: y-axis indicates the % of cell viability; x axis indicate the concentrations of Voghera peppers'extracts (mg/mL). Bars show the effect of Green
Voghera pepper (GVP) or Yellow Voghera pepper (YVP) after 24 (white bars), 48 (gray bars) and 72 h (black bars). Panels (A,B) show the % of cell viability
after treating NHT cells with increasing concentration of GVP (A) or YVP (B). Panels (C,D) show the % of cell viability after treating TPC-1 cells with
increasing concentration of GVP (C) or YVP (D). Panels (E,F) show the % of cell viability after treating 8505C cells with increasing concentration of GVP
(E) or YVP (F). Bars represent the mean + SD of normalized values. Control (O mg/mL) values were set to 100% after normalization; as a result, SD is not
shown for control bars. Results were expressed as % of cell viability relative to control. Significant changes between treated samples vs. controls were
indicated by *.

prior to and during oxidative insult. As shown in of GVP or YVP extracts with H,O, significantly reduced the
Figures 4A,B), the treatment with H,0O, increased the basal H,0,-induced ROS production in TPC-1 and 8505C cells
levels of ROS in both cell types. Interestingly, the co-exposure (Figures 4C,D).
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Effect of Voghera pepper extracts on thyroid cells proliferation. Results of crystal violet assay employed to assess changes in the proliferation of thyroid
cells. Bar graphs: y-axis indicates the % of cell proliferation; x-axis indicate the concentrations of Voghera peppers (mg/mL). Bars show the effects of
Green Voghera pepper (GVP) or Yellow Voghera pepper (YVP) after 24 (white bars), 48 (gray bars) and 72 h (black bars) on cell proliferation. Panels (A,B)
show the % of cell proliferation after treating NHT cells with increasing concentrations of GVP (A) or YVP (B). Panels (C,D) show the % of cell
proliferation after treating TPC-1 cells with increasing concentration of GVP (C) or YVP (D). Panels (E,F) show the % of cell proliferation after treating
8505C cells with increasing concentration of GVP (E) or YVP (F). Bars represent the mean + SD of normalized values. Control (0 mg/mL) values were
set to 100% after normalization; as a result, SD is not shown for control bars. Results were expressed as percentage of cell proliferation relative to
control. Significant changes between treated samples vs. controls were indicated by *.
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3.5 Effect of Voghera pepper extracts on
the mRNA levels of anti-oxidant genes

In order to assess the effects of Voghera pepper extracts in terms

of anti-oxidant genes expression, the mRNA levels of NFE2L2,
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HMOX1, SOD2 and CAT genes were evaluated after treatment with
GVPor YVP.

In NHT, GVP increased the mRNA levels of NFE2L2, HMOX1
and CAT (Figure 5A, green bars) while YVP increased, also those of
SOD2 (Figure 5A, yellow bars) as compared with untreated samples
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FIGURE 3

Effect of Voghera pepper extracts on ROS production in non-stressed conditions. Results derived through Fluorescence-activated cell sorting (FACS).
Bar graphs: y-axis indicates the % of the mean of fluorescence intensity (MFI) total ROS; x-axis indicates treatment with Voghera peppers (0 or 1.5 mg/
mL, for 24 h). Bars show the effect of Green Voghera pepper (GVP) (green bars) and the effect of Yellow Voghera pepper (YVP) (yellow bars) on total
ROS production. Panel (A) shows the effect of Voghera peppers on total ROS production (in terms of changes of % of control) in TPC-1 after 24 h of
treatment with GVP or YVP. Striped bar indicates the treatment with H,O, that served as positive control for ROS production by TPC-1. Panel (B) shows
the effect of Voghera peppers on total ROS production (in terms of changes of % of control) in 8505C after 24 h of treatment with GVP or YVP. Striped
bar indicates the treatment with H,O, that served as positive control for ROS production by 8505C. Bars shows MFI values that were normalized to
those of untreated control cells, set as 100%, and expressed as percentage of ROS relative to control (0). Bars represent the mean + SD of normalized
values. Control values were set to 100% after normalization; as a result, SD is not shown for control bars. Significant changes between treated samples
vs. controls were indicated by *.

8505C
A) TPC-1 B) -
250 -
o g‘ . *
) * 1
g 200 - E.'.
.-. 0 150 4
2 150 :%
T 2 ]
E 100 4 s =
5 X
2 ] 50
S 0
Rasal H,0, Basal
C) D) 120 -
120 -
100 A
& 100 38 %
e * = g0 *
3 o 3 o L
2 * = s04
-— ™
[ 60 s
E -
= 5 40
R 7 [ ®
20
20
0
B v v
%9 15 15 - 15 i
Voghera Peppers mg/ml Voghera Peppers mg/ml
+H,0, +H,0,
FIGURE 4

Effect of Voghera pepper extracts on ROS production in stressed conditions (combination with H,O,). Results derived through Fluorescence-activated
cell sorting (FACS). Bar graphs: y-axis indicates the % of the mean of fluorescence intensity (MFI); (A,B) X-axis indicates basal ROS production in thyroid
cancer cells (white bar) and a ROS increase after exposure to H,O, Results are expressed as percentage % calculated on the MFI of untreated samples.
(C,D) X-axis indicates treatment with GVP (green bar) or YVP (yellow bar) in combination with H,O,. White bar indicate treatment with H,O, alone. Bars
shows the percentage of mean of Fluorescence Intensity (MFI). Bars shows MFI values that were normalized to those of H,0O, treated control cells, set
as 100%, and expressed as percentage of ROS relative to H,O, treated control. Bars represent the mean + SD of normalized values. Control values
were set to 100% after normalization; as a result, SD is not shown for control bars. Significant changes between treated samples vs. controls were
indicated by *.

(white bars). In 8505C cells, treatment with GVP (green bars) or YVP  (Figure 5B) as compared with untreated samples (white bars). In
(yellow bars) induced a significant increase in the mRNA expression ~ TPC-1 cells, treatment with GVP (green bars) induced a significant
levels of HMOX1, SOD2 and CAT with no effects on NFE2L2 mRNA  increase in the mRNA expression levels of NFE2L2, HMOX1 and CAT
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FIGURE 5
Effect of Voghera pepper extracts on mRNA levels of oxidative stress related genes in thyroid cells. Results of RT-PCR experiments in NHT (A), 850C
(B) and TPC-1 (C) cells treated with Voghera peppers at O (white bars) or 1.5 mg/mL for 24 h. Bar graphs: y-axis indicates the fold changes in the mRNA
levels of NFE2L2, HMOX1, SOD2 and CAT normalized for GAPDH and analyzed using the AACt method (further normalized for untreated samples, see
Material and methods); x-axis indicate treatments, where Green bars represent treatment with Green Voghera pepper (GVP) and Yellow bars represent
treatment with Yellow Green pepper (YVP). Significant changes between treated samples vs. controls were indicated by *.

with no effects on SOD2 mRNA as compared with untreated samples
(white bars), while treatment with YVP increased the mRNA
expression levels of HMOX1 and CAT without significant effect on
NFE2L2 and SOD2 (Figure 5C) as compared with untreated samples
(white bars).

3.6 Effect of Voghera pepper extracts on
the expression of genes involved in
epithelial-to-mesenchimal-transition

The potential changes of EMT-related genes mRNA levels were
evaluated in TPC-1 and 8505C after treatment with GVP (green bars)
or YVP (yellow bars) (Figures 6A,B). The results showed that
treatment with GVP or YVP significantly reduced mRNA of POU5FI
in both cell types, while the mRNA of other EMT-related genes was
not modified (Figures 6A,B) as compared with untreated samples
(white bars).

3.7 Effect of Voghera pepper extracts on
the mRNA levels of genes associated with
thyroid carcinogenesis

In order to assess if the treatment with Voghera pepper extract
could modify the expression of some genes involved in thyroid
carcinogenesis, the potential changes in NKX2-1 and PAX8 mRNA
levels were evaluated in TPC-1 and 8505C after treatment with GVP
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(green bars) or YVP (yellow bars) (Figures 7A,B). The results showed
that treatment with GVP or YVP, reduced the mRNA of both NKX2-1
and PAX8 in TPC-1 as compared with untreated samples (white bars)
(Figure 7A). On the other hand, in 8505C, a reduction of the mRNA
of both genes was obtained only after treatment with GVP (green
bars), while the treatment with YVP (yellow bars) reduced only
NKX2-1 gene mRNA levels as compared with untreated samples
(white bars) (Figure 7B).

4 Discussion

This is the first study investigating the potential effects of Voghera
pepper extracts on thyroid cells in vitro. The design of the present
study allowed us to evaluate the effects of these substances on crucial
aspects of TC development and progression. Indeed, the study focused
on the effects of Voghera pepper extracts on cells viability,
proliferation, oxidative stress, as well as on changes in the mRNA
levels of genes involved in both thyroid tumorigenesis and metastasis.

The results of the viability experiments showed that both GVP and
YVP induced a reduction of TC cell lines viability at the highest
concentration (Figures 1 C-F) while no changes were found in normal
thyroid cells (Figures 1A,B). The proliferation of normal and cancer
thyroid cells was not modified after treatment with GVP or YVP
(Figure 2). These results would suggest a certain cytotoxicity of
Voghera pepper extracts on TC cells (even if only at the highest
concentration) without adverse effects on normal thyroid cells. The
observed reduction in cell viability, despite unchanged proliferation
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rates, suggests that the extracts may trigger non-proliferative cell stress
responses or early apoptotic events, not immediately affecting
cell division.

When oxidative stress was evaluated, treatment with GVP or YVP
reduced total ROS levels in thyroid cancer cell lines under non-stressed
conditions (Figures 3A,B). Additionally, a co-treatment with H,0O, was
used to mimic a physiologically relevant oxidative challenge and to
assess the extracts’ potential protective effects. The observed ROS
reduction suggests that the extracts may support cellular antioxidant
responses (Figures 4C,D). This experimental approach was not
designed to distinguish between pre-exposure-driven activation of
defense pathways and direct ROS scavenging, but rather to simulate
continuous dietary exposure to antioxidant compounds. The primary
aim was to evaluate redox modulation during early stages of
tumorigenesis, rather than therapeutic efficacy in advanced cancer.
However, this approach does not allow us to discriminate whether the
observed effects are due to direct H,O, scavenging or to the activation
of intracellular antioxidant pathways. Future studies using separate
pre-exposure and co-exposure models will be required to clarify the
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relative contribution of redox signaling modulation vs. chemical
scavenging mechanisms. The reduction in oxidative stress may seem
paradoxical in the context of the reduced viability observed in the
present study. However, several natural compounds exhibit both
antioxidant and cytotoxic effects, often through redox-independent
pathways, such as modulation of signaling cascades (e.g., MAPK,
NEF-kB) or direct interference with cell survival regulators (24-26).
Although a direct comparison of ROS levels between normal and
tumor thyroid cells would provide additional insight, this analysis was
not included due to the limited yield and replicative capacity of
primary human thyroid cells, which hindered reliable quantification
under our assay conditions. To mitigate this, we focused on assessing
mRNA levels of key antioxidant enzymes (NFE2L2, HMOX1, SOD2,
CAT) in both thyroid normal and cancer cells to gain insight into their
oxidative stress response ability (Figure 5). These data offer an
indication of redox-modulatory activity in a physiological context.
These enzymes are associated with the degradation of products
derived from oxidative stress, protecting cells from DNA damage and
apoptosis. Nuclear factor erythroid 2-related factor 2 is responsible for
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regulation of several antioxidant enzymes. The protein heme
oxygenase 1 is a well-established cytoprotective protein that provides
its protective effects through the anti-apoptotic and antioxidant
properties of heme degradation catabolites (27). Superoxide dismutase
2 performs dismutase activity in the mitochondrial matrix by
scavenging O, and effectively eliminates ROS within sites of their
generation (28, 29). Catalase is an important antioxidant enzyme that
significantly reduces oxidative stress by breaking down hydrogen
peroxide into water and oxygen (30, 31). The observed upregulation
of NFE2L2, HMOX1, SOD2 and CAT following extract treatment
suggests an engagement of antioxidant defense pathways (Figure 5).
In addition, the increase in mRNA levels of these genes in NHT would
indicate a further potential benefit of Voghera pepper extract in
protecting thyrocytes from oxidative stress (Figure 5A). However, the
role of these genes in TC remains debated due to the dual role of
oxidative stress in cancer development. Indeed, oxidative stress could
activate a variety of signaling pathways, which in turn can favor the
development of cancer (19). Antioxidants could potentially mitigate
early tumorigenic events or limit oxidative stress-driven mutagenesis,
which would be beneficial particularly in the context of
chemoprevention or in non-tumoral cells. In addition, several studies
highlighted that increasing the expression of genes normally involved
in anti-oxidant pathways could be beneficial also in TC cells. Just to
give a few examples, antioxidant catalase expression was found to
be significantly reduced in human thyroid tumors (32) indicating an
imbalance of oxidant/antioxidant system in TC (33, 34). Moreover, a
low expression of SOD2 was correlated with a reduction in the survival
of patients with aggressive TC. In addition, in mice with aggressive
TC, overexpression of SOD2 reduced tumor proliferation and
mortality rates, whereas its deficiency enhanced tumor growth (35).

On the other hand, other studies reported that the overexpression
of these genes could be related to a more aggressive behavior of
TC. For example, the increased levels of HMOX1 have been associated
to tumor aggressiveness and presence of serine/threonine-protein
kinase B-Raf (BRAF)Y*™E mutation (36, 37). Moreover, in cancers,
particularly during treatment with agents that rely on pro-oxidant
mechanisms to induce cell death, antioxidants may blunt therapeutic
efficacy or even promote tumor cell survival.

Although VP extracts increased the expression of antioxidant
enzymes in TC cells, this did not translate into enhanced cell viability
or proliferation. On the contrary, cell viability was reduced at higher
concentrations. These findings suggest that the antioxidant effects may
not confer protection but rather reflect a redox shift potentially
unfavorable to tumor cell survival. Moreover, the observed antioxidant
effects in TC cells should not be interpreted within a chemotherapeutic
framework. Rather, they reflect the potential of sweet pepper extracts
to mitigate oxidative imbalance under basal or pro-oxidant conditions,
which may be relevant in early disease stages or in preventing tumor-
promoting inflammation.

Given the dual role of oxidative stress in cancer, such modulation
could influence cell signaling, phenotype, or treatment sensitivity. In
this context, mild antioxidant activation may shift tumor cells toward
less aggressive behavior. Further studies are needed to clarify these
effects, particularly in combination with chemotherapeutic agents.

Lastly, we investigated if Voghera pepper extract could exert some
effects on some markers of tumor aggressiveness. At first instance,
we analyzed the effect of GVP and YVP on several markers of
epithelial-to-mesenchymal transition finding no changes in the
mRNA levels on most of the selected genes, excluding POU5FI which

Frontiers in Nutrition

11

10.3389/fnut.2025.1574180

was reduced by the treatment with both extracts in both TPC-1 and
8505C cells (Figure 6).

POUS5FI plays a crucial role in the self-renewal and pluripotency
of embryonic and germline stem cells, as well as embryonic cancer
cells. Additionally, POU5FI promotes tumor proliferation, migration,
invasion, and tumorigenicity (38). The reduction of the mRNA levels
of POU5FI in TC cells could be considered a further potential
beneficial effect of Voghera pepper extract (Figures 6A,B).

The potential effect of Voghera pepper extracts on TC was
evaluated also in terms of thyroid carcinogenesis by assessing changes
in the mRNA levels of PAX8 and NKX2-1 (Figure 7), two pivotal genes
involved in thyroid organogenesis (39). The thyroid primordium
organ develops from the embryonic foregut and, at early stage of
differentiation, it expresses the transcription factor NKX2-1. The
expression of this gene signifies the differentiation of primordial
endodermal cells toward their final thyroid fate (40). During the
organization of cells into characteristic thyroid follicles, which are
essential for the biosynthesis and regulation of thyroid hormone
secretion, the transcription factor PAX8 plays a crucial role in these
processes. The involvement of PAX8 in early thyroid development has
been well-documented (41, 42). The expression of these genes is
crucial for the proper differentiation of primordial thyroid cells into
thyrocytes, and their overexpression is associated with the
aggressiveness of TC. The treatment of TC cells with GVP led to a
small but significant reduction of NKX2-1 and PAX8 expression in
both TC cell lines. On the other hand, treatment with YVP reduced
NKX2-1 in TPC-1 but not 8505C and PAX8 in both TC cell types
(Figures 7A,B). The different responses of TPC-1 and 8505C cells to
Voghera pepper extracts likely reflect their distinct levels of
differentiation and genetic backgrounds. These factors influence redox
regulation and gene expression, explaining the variable modulation of
antioxidant, EMT, and thyroid-specific genes observed between the
two models. Our findings are in line with previous reports
demonstrating anti-tumoral properties of Capsicum annuum extracts
(another variety of pepper) in various cancer cell lines, including
prostate, breast, and colon cancers (43, 44). However, to our
knowledge, this is the first study investigating green and yellow sweet
pepper extracts in TC models. While some studies have focused on
red pepper varieties or isolated compounds such as capsaicin or
carotenoids, our work contributes novel insights into the potential
modulatory effects of less-studied ripening stages.

Of note, some differences were found when cells were treated with
GVP or YVP in our experiments. We selected green and yellow sweet
peppers as models of early and mid-stage ripening, respectively, which
are frequently consumed and differ in their phytochemical
composition. It is well-established that ripening stages affect the levels
of various bioactive compounds (including flavonoids, carotenoids,
and phenolic acids), some of which may contribute to antioxidant and
anticancer effects (16). The differences in the composition of the two
extracts is the probable cause of their different effects. This hypothesis
is substantiated by the distinct profiles of polyphenolic compounds,
i.e., phenolic acid and flavonoid derivatives, quantified in the two
analyzed extracts of Voghera pepper. In fact, as supported by recent
literature, the high levels of quinic acid measured in GVP may
contribute to its anti-inflammatory and antioxidant effects (45), while
the elevated levels of quercetin detected in YVP could support the
beneficial effects observed for this pepper variety (46).

It should be emphasized that while the extract concentrations
used were appropriate for our cellular studies, in vivo bioavailability

frontiersin.org


https://doi.org/10.3389/fnut.2025.1574180
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Coperchini et al.

should indeed be evaluated in future research. Such investigations
would provide crucial insights into the pharmacokinetics and
pharmacodynamics of these extracts, including how they are
absorbed, distributed, metabolized, and excreted in the body. Key
parameters to assess would include not only bioavailability but also
volume of distribution, clearance, and half-life.

The potential benefits derived from the treatment with Voghera
pepper extract was demonstrated also in other cells types in terms of
anti-oxidative stress properties and also anti-aging effects (17, 19). The
present study confirmed the anti-oxidative stress effect of Voghera
pepper also on thyroid cells.

5 Conclusion

In conclusion, the results of the present in vitro study first
demonstrated the potential beneficial effects of Voghera pepper
extracts for thyroid cells in terms of: (i) induction of cytotoxicity in
TC cells without affecting normal thyroid cells, (ii) reduction of
oxidative stress with a parallel increase of antioxidant markers, (iii)
modulation of markers of metastasis and de-differentiation in TC
cells. The induction of antioxidant response genes in thyroid tumor
cells by Voghera pepper extracts may reflect a modulation of redox
homeostasis rather than a protective effect per se. Given the dual role
of oxidative stress in cancer, such modulation could influence cell
signaling, phenotype, or treatment sensitivity. In this context, mild
antioxidant activation may shift tumor cells toward less aggressive
behavior. Further studies are needed to clarify these effects,
particularly in combination with chemotherapeutic agents. The lack
of studies regarding the potential effects of sweet pepper extract on
thyroid cells highlights the novelty of our results as well as the
relevance of exploring dietary, widely consumed vegetables in thyroid
cancer research. In view of the numerous data regarding the potential
anti-cancer effect of diverse phytochemicals also in TC, we would
encourage further studies to investigate the effects of Voghera pepper
extracts in this field.
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