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Multicellular tumor spheroids are used as models in drug development due to their characteristics simulating in vivo tumors.
Likewise, antiproliferative properties of extracts derived from fruits have been widely described. Peels and seeds can be used as a
matrix to obtain di�erent compounds. Recently, a study demonstrated the antiproliferative activity from a P. mollissima extract
(PME) on human colon cancer cells; however, its e�ect on oral spheroids is unknown. Objective. To evaluate the antiproliferative
potential of an extract obtained from P. mollissima seeds on the spheroid-type-3D culture model of CAL 27. Methods. CAL 27-
spheroids were treated with three concentrations of PME (10, 50, and 100 μg/ml). After 72 hr incubation, morphology and cellular
changes, cytotoxic and proapoptotic e�ect, gene expression, and metastasis were determined. Additionally, changes in the cell
cycle phases responded to the PME concentrations. Comparisons between groups were made through a U Mann-Whitney test.
Results. It was shown that 100 μg/ml PE a�ects CAL 27 cells proliferation grown in spheroids through cell cycle arrest and gene
regulation of p53, HIF 1α, and CDH1. However, none of the treatments employed induced MMP9 gene expression. Conclusion.
Our study shows that PME inhibits the growth and proliferation of oral tumor cells cultured in spheroids through the positive
regulation of cell death and metastasis genes.

1. Introduction

Oral squamous cell carcinoma (OSCC) is a malignancy that
may develop at any anatomical site of the mouth. However,
it is more prevalent in the tongue. It is development-related o
behavioral risk factors like tobacco, alcohol drink, human
papillomavirus infection, or genetics.�e global incidence of
oral cancer was 377,713 new cases in 2020 [1]. Treatment of
OSCC is based on surgical resection with or without ad-
juvant treatment (e.g., radiotherapy or chemoradiotherapy).

Despite the advances in diagnostics and new therapeutic
approaches, the overall survival rate in most countries
ranges between 45% and 50%, and it has not improved
signi¢cantly over the past few decades [2]. Current treat-
ment has been evaluated initially through monolayer cell
culture, but it does not represent the microenvironment
tumor [3]. �e cell interactions and extracellular matrix
components are fundamental in the antitumor therapy re-
sponse, and these features can be mimicked on a 3D culture
model like spheroids.
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Passiflora mollissima (Kunth), L. H. Bailey, is an exotic
fruit native to South America, commonly known as “curuba
de Castilla” or “banana passion fruit.” It grows in the Andes
region at 1800–3600meters above sea level in climates with
average temperatures ranging from 13 to16°C [4]./e leaves,
peel, pericarp, and seeds represent a significant and potential
source of bioactive principles, with antihyperglycemic [5],
antibacterial [6], antifungal [7], antioxidant [8–10], and
chemopreventive properties [11]. Recently, we demon-
strated the antiproliferative activity of an enriched seed
extract in phenolic-type compounds. In this study, the ex-
tract affected HT-29 colon cancer cells (IC50�

39.29± 1.82 μg/ml at 48 h), with minor effects on the via-
bility of normal human colon fibroblast cells growing in
monolayer [12].

/e present study evaluated the antiproliferative po-
tential of an extract from banana passion fruit seeds on a
spheroid-type 3D culture model of CAL 27. /e first study
revealed an extract enriched in phenolic compounds ob-
tained from Passiflora mollissima (Kunth L. H. Bailey) seeds
that can reduce cell proliferation and induce changes in the
morphology of an oral spheroid./e present study evaluated
the antiproliferative potential of extract obtained from ba-
nana passion fruit seeds on a spheroid-type 3D culture
model of CAL 27.

2. Experimental Methods

2.1. Chemicals. Ethanol (96%) analytical grade, cyclohexane
(suitable for HPLC), and gallic acid were obtained from
Sigma-Aldrich Chemical Co. (St. Louis-MO, USA). Folin-
Ciocalteu phenol reagent was acquired from Merck
(Darmstadt, Germany).

2.2. Passiflora mollissima Seeds Extract (PME). Samples of
P. mollissima fruit were purchased in a local market (http://
www.corabastos.com.co) in Bogota D. C., Colombia. /e
seeds and arils of the fruits were separated from the peels
after blanching and pulping processes. /e seeds were dried
and ground using a knife mill. /e PME was obtained by the
pressurized-liquid extraction (PLE) method. /e process
was made in two sequential steps using a commercial ASE
200 device as described in the previous work [10], where the
extraction conditions (solvent composition and tempera-
ture) were optimized to maximize extraction yield, total
phenolic content (TPC), total flavonoid content (TFC), and
antioxidant activity. In brief, dried and powdered samples of
PME seeds (∼1 g) were mixed with sea sand (∼2 g), and the
mixture was loaded into a stainless-steel extraction vessel
(11ml of volume). In the PLE-first step, the sample was
defatted using cyclohexane as solvent at 100°C for 20min.
Subsequently, for the PLE-second step, ethanol was used as a
solvent at 150°C for 20min to obtain a polar extract. After
the extraction, ethanol was evaporated under a stream of
nitrogen at 25°C (TurboVap LV Biotage, Uppsala, Sweden).
/e extractions were performed in duplicate. /e extraction
yield and TPC tested the similarity between the extract
obtained in the PLE-second step at the present work and the

extract obtained in the previous work. /e extraction yield
was obtained by the mean value from the duplicate ex-
periments considering the ratio between the mass of extract
and mass of raw material. /e TPC of the extracts was
measured by the Folin-Ciocalteu method following the same
procedure described in the previous work [10]. A calibration
curve was plotted with gallic acid (0–100 g gallic acid/ml
EtOH), and the sample TPCs (mean of three replicates) were
expressed as gallic acid equivalents (mg GAE/g) on a dry
extract weight basis (DB). /e similarity was analyzed with a
Student’s t-test for comparisons between two groups, and
the differences were considered significant when the p value
was <0.05.

2.3. Cell Lines andCultureConditions. /e cell lines, CAL 27
(ATCC® CRL-2095™) oral squamous cell carcinoma, were
cultured in DMEM (Eagle modified by Dulbecco) supple-
mented with 10% fetal bovine serum (FBS-Gibco) and 1%
antibiotics penicillin/streptomycin/amphotericin b (Lonza).
/e cells were incubated in a humidified atmosphere and 5%
CO2 at 37°C. /e cells were given fresh culture media three
times per week and were subcultured at confluence after
detaching with 0.25% trypsin-EDTA solution.

2.4. Cytotoxicity Screening of PME on Monolayer Cultures.
/e effect of PME on the viability of the tumor’s monolayer
culture and normal cells was determined by the Alamar blue
assay (BioSource, Camarillo, CA, USA). Cells were seeded in
96-well plates at a density of 5×104 and 10×104 cells/well,
respectively, allowing the attachment for 24 h. A stock so-
lution of extract was prepared in DMSO (100mg/ml (Sigma-
Aldrich-Q3251), and five extract dilutions were prepared in
medium (6.25, 12.5, 25, 50, and 100 μg/ml) and were added
for 48 h and 72 h. At the end of the treatment period, the
culture mediumwas replaced by 100 μL of resazurin solution
(44 μM), the plates were incubated for 4 h, and the fluo-
rescence of resorufin was measured in a microtiter plate
reader (530–590 nm, Tecan, Infinite® 200 PRO, Switzer-
land). Chemotherapeutic drug cisplatin (Alpharma) 10 µM
was used as a positive control. /e cell viability was
expressed as the percentage of live cells relative to untreated
control. Dose-response curves of the percentage of cell vi-
ability plotted against concentrations of the extracts were
constructed. Each experiment was performed as three in-
dependent tests, with a coefficient of variation of less than
20%.

2.5. Preparation and Generation of Spheroid Cultures.
Microplates coated with Ultra-Low Attachment (ULA)
surface for 3D cell culture (Corning® Costar®) were used fororal spheroid generation. CAL 27 oral tumor cells were
seeded at a density of 2.000 cells/well in ULA 96-well plates
in DMEM (Eagle modified by Dulbecco) supplemented with
10% fetal bovine serum (FBS-Gibco) and 1% penicillin/
streptomycin/amphotericin b (Lonza). /e spheroids were
obtained by centrifugation at 1300 rpm (500 g) and culture
in a humidified atmosphere with 5% CO2 and 37°C. /e
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spheroid formation was evaluated under an inverted mi-
croscope on the fourth day after seeding.

2.6.Morphological Characterization of CAL 27 Spheroids with
Image Analysis. Morphological analysis of the CAL 27
spheroids was carried out with photographs at 20X objective
using an inverted Zeiss microscope (Zeiss Imager M2BX)
equipped with a monochromatic AxioCam HRm CCD
camera. /e open-source AnaSP2 [13] and ReViSP30 [14]
software tools were used to achieve morphological 2D
(diameter, perimeter, and area) and 3D (volume, sphericity,
solidity, and convexity) parameters to assess the morpho-
logical homogeneity of CAL 27 spheroids. Changes in
morphology parameters were measured before and after
spheroid PME treatment.

2.7. Effect of PME on the Viability of CAL 27 Spheroids.
CAL 27 spheroids were treated with three concentrations of
PME (10, 50, and 100 μg/ml). Cell viability was evaluated
posttreatment (72 h) through Alamar blue assay. Cells
without extract with DMSO were considered the survival
control. Cisplatin (Alpharma) 10 μM was used as a positive
control. After the treatment period, 100 μl medium was
replaced with 100 μl resazurin solution at 80 μM and in-
cubated overnight in a humidified atmosphere and 5% CO2
at 37°C. Fluorescence was measured with a microtiter plate
reader (530–590 nm, Tecan, Infinite® 200 PRO, Switzer-
land). Each experiment was performed as three independent
tests with 119 biological replicates.

2.8. Characterization of Spheroid Morphology with Hema-
toxylin-Eosin (H&E) Stain. A total of eight CAL 27 spher-
oids per treatment group were embedded using
thromboplastin-plasma cell block technique and fixed in 4%
paraformaldehyde (PFA) in phosphate-buffered saline (PBS)
0.1M pH 7.2 solution. /e samples were processed for
paraffin blocks, cut into sections of 4–5 μm, and stained with
hematoxylin-eosin (H&E) stain. Histological images were
captured at magnification 20x with an optical Zeiss mi-
croscope (Zeiss Axio Imager A2 GmbH).

2.9. Double Staining Apoptosis Assay. Evaluate CAL 27
spheroid cell death; Hoechst 33342/PI double staining
(eBiosciences) was used for fluorescence microscopy anal-
ysis. /is method detects fundamental morphological
changes in apoptotic cells related to the compacted state of
chromatin and alterations in the plasma membrane per-
meability. /e spheroids treated by 72 h with 10, 50 y,
100 μg/ml of PE, cisplatin, and DMSO were stained with
10 μl Hoechst 33342 and incubated for 15minutes at room
temperature. /en, 5 μl of propidium iodide (PI) was added
for 5minutes. /e spheroid staining was kept at room
temperature for 10minutes. /e fluorescence intensity was
measured using ImageJ software.

2.10. Clonogenic Assay. /e clonogenic assay was used to
determine the ability of single cells to replicate and form
colonies following exposure to PME extract and cisplatin
20 μM. Cell suspensions derived from disaggregated
spheroids were diluted in 500 μl of culture media, and cells
were plated in 6-well plates. Spheroids were disaggregated by
incubation in trypsin-EDTA for 15min, followed by gentle
manual agitation with a micropipette. Disaggregated
spheroids were rinsed in PBS and suspended in factor 1 :1 in
new media following trypsinization and seeded on 6-well
plates. /e CAL 27 cells were incubated for 11 days before
fixation with methanol and staining with 1% crystal violet
solution. Colonies were counted. /e number of colonies
formed was determined by count using ImageJ analysis
software. /e assay was made by triplicate.

2.11. Real-Time PCRAnalysis. /e transcriptional activity of
HIF-1-alpha, TP53, CDH-1, MMP9, and GAPDH (house-
keeping) genes was evaluated by a quantitative qPCR 2-
ΔΔCTmethod using Pfaffl formula [15]. A total RNA from
12 spheroids per group with the Quick-RNA™Miniprep Kit
(Zymo Research) was extracted. Following the manufac-
turer’s recommendations, reverse transcription and qPCR
were made with Luna® Universal One-Step RT-qPCR Kit
(New England Biolabs NEB). Primers are listed in Table 1.

2.12. Cell Cycle Distribution in CAL 27 Spheroid Culture.
DNA content and CAL 27 distribution during the cell cycle’s
G0/G1, S y G2/M phases were estimated through flow
cytometry. /e CAL 27 spheroids (n� 8) were treated (10,
50, 100 μg/ml) for 72 hours with PME, washed with PBS
solution, and stained with 5 μL Propidium Iodide for
30minutes. /e relative cellular DNA content was deter-
mined with BD Accuri C6 in the FLA-3 channel. Data were
analyzed using ModFit LT™ software.

2.13. Statistical Analyses. All experiments were done in
triplicate and repeated three times. /e median and
interquartile range of all three experiments are shown.
GraphPad Prism software was used to do the graphs. Sha-
piro-Wilk and Kruskal-Wallis determined the data distri-
bution and statistical significance through SPSS software.
Finally, multiple comparisons were done between the
treatments and cell type cultures (2D and 3D) for U Mann-
Whitney test.

3. Results and Discussion

3.1. Evaluation of PLE-Second Step Extract. /e extraction
yield and TPC of the PLE-second step extract were
7.11± 0.17% and 29.44± 0.81mg GAE/g, respectively.
According to previous work [10], the extraction yield and
TPC of extract were 6.58± 0.14% and 29.99± 0.58mg GAE/
g, respectively. Student’s t-tests showed no significant dif-
ferences (p> 0.005) between the extracts. Recent studies
have revealed that the agrifood waste fruits extracts con-
stitute a source of bioactive compounds exploitation with
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anti-cancer potential [16, 17]. Peels, pulp bagasse, and seeds
can be used as a matrix to obtain compounds of interest. /e
antiproliferative activity of residues from industrial pro-
cessing (pulping) of the “curuba” fruit, particularly the seeds,
has been investigated in colon cancer cells (HT-29) [12] and,
as far as we know, for the first time in oral cancer cells (CAL
27) in this study. Interestingly, the pressurized-liquid extract
obtained from PME showed a significant cytotoxic effect on
oral cancer cells (CAL 27) growing in monolayer at 48 h. It
was similarly observed for HT-29 cells, suggesting that it
might be a good candidate for the spheroid 3D model
evaluation.

3.2. PME Extract Decrease Monolayer CAL 27 Viability.
/e high incidence of oral squamous cell carcinoma re-
currence and metastasis due to the failure of conventional
therapies makes the search of new treatment strategies
necessary to enhance the efficacy or reduce the side effects of
standard chemotherapy [18]. Despite significant results in
cancer research and drug discovery, cancer cells’ complex
nature and behavior are not reflected in monolayer cultures.
In this study, the effect of PME (100, 50, 25, 12.5, and 6.25 μg/
ml) and chemotherapeutic drug cisplatin (10 μM) was ex-
plored by comparing the viability of CAL 27 cells (Figure 1),

and healthy gingival fibroblasts (Supplementary data). It was
observed that extract produces cytotoxic effects on the cells
in a dose-dependent manner; interestingly, the most effec-
tive doses were 50 and 100 μg/ml at 48 and 72 h post-
treatment compared to the untreated control cells (Figure 1).

Besides, our results showed that the extract does not
produce a cytotoxic effect on gingival fibroblasts, suggesting
that it is selective on oral tumor cells. On the other hand, the
chemotherapeutic drug cisplatin has a cytotoxic effect on
human gingival fibroblast that increases with the treatment
time (Supplementary Figure 1). /ese results confirm the
safety of the PME against normal cells and the selectivity
against cancer cells compared to the control. Based on this,
we chose cytotoxic concentrations 10, 50, and 100 μg/ml in
spheroids assays. /us, cell response to PME and cytotoxic
drug cisplatin treatment in 2D cell culture conditions
showed a typical dose-dependent response followed by
decreased cell viability due to increased extract concentra-
tion at 48 h of exposition. Moreover, CAL 27 monolayers
growing following extract doses ≥12,5 μg/ml at 72 h showed
a partial recuperation of cells from the effect exerted by
extract and did not affect the growth of healthy cells. /e
cytotoxic activity of extract observed on CAL 27 monolayers
cells could be due to their phenolic compounds and anti-
oxidant capacity [12].

Table 1: Real-time PCR primers.

Gene Forward Reverse
GAPDH GAA GGT GAA GGT CGG GTC GAAGATGGTGATGGGATTTC
HIF-1α TTAGACTTGGAGATGTTAGC TTAGCAGTAGGTTCTTGTATT
CDH1 ATC CTG TCT GAT GTG ATG GTG TTA GTT CTG CTG TGA
MMP9 GTG ACC TAT GAC ATC CTG CCT CCA GAA CAG AAT ACC
P53 CAG CAT CTT ATC CGA GTG CAG TGT GAT GAT GGT GAG
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Figure 1: Dose-response effects curve on cell viability of CAL 27 cells treated with PME. /e cells were treated with five concentrations of
the extract (6.25, 12.5, 25, 50, 100 μg/ml) and 10 μM cisplatin. Results were compared with control (-) (∗∗p< 0.005). Each bar represents the
median and interquartile range of 7 independent experiments (n� 21) for 48 h and 72 h times.
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3.3. Characterization of Oral Cell 3D Spheroids. Recently,
spheroids have been used to evaluate and predict tumor
response to chemotherapy/radiotherapy. /e screening of
active principles with antiproliferative activity is because of
their physiological similarities to in vivo solid tumors, and it
responds differently to the treatments than the 2D mono-
layer culture model [19]. To characterize the morphology
and size of CAL 27 derived spheroids, we evaluated the
influence of cell number (2000-5000-10000 cells) and FBS
percentage (2, 5, and 10%) after 72 h of culture (Supple-
mentary Figure 2). Figure 2 showed that the spheroids with
2000 cells and 10% FBS grow to 219.5∼248.4 μm in diameter
and are composed of very densely packed cells with greater
sphericity (SI 0.7–1.0), indicating near-perfect circles. We
selected this cell density and FBS concentration for a
spheroid generation because it produces homogeneous
volume and shape to guarantee the homogeneity of our 3D
population and treatment with the extract. No differences
were observed between the treatment groups with the
morphological parameters evaluated (Supplementary Fig-
ure 3). Notably, three-dimensional reconstruction showed
variations in spheroid shape accompanied by changes in the
size and cell distribution (Figure 2). Accordingly, we hy-
pothesized that the 3D size and shape changes reflect the CAL
27 spheroids (Figure 2). We performed Spearman correlation
analysis with the morphological measurements obtained for
each condition to investigate better these observations. We did
not observe strong correlations between morphological pa-
rameters and viability results (Data not shown).

3.4. PME Induced Morphological Changes on CAL 27
Spheroids. To evaluate the antiproliferative activity of PME
on CAL 27 spheroids, we analyzed morphological param-
eters on cultures treated with 50 and 100 μg/ml of extract
and 20 μM of cisplatin 72 h. With brightfield microscopy,
quality spheroids appear as translucent balls with a well-
defined exterior boundary and a slightly darker core. /e
data obtained from the Alamar Blue assay showed a sig-
nificant decrease in cell viability (p< 0.005) in spheroids
treated with PME and high cytotoxicity with cisplatin
(Figure 3(a)).

Cell viability inhibition inmonolayer cultures exposed to
various concentrations of extract and cisplatin was higher
than that in spheroids (p< 0.001) (Figure 3(b)), indicating
that the CAL 27 spheroids became resistant to treatments.
Besides, evident disruption of the spheroid population’s
architectural structure and a dose-dependent decrease in
volume were observed, with PME concentrations (50 and
100 μg/ml) achieving spheroid homogeneous-shaped mor-
phology disintegration. /ey decreased the clonogenic ca-
pacity and growth of the spheroid cells over a 21-day
observation period, suggesting that cells response is influ-
enced by the cellular microenvironment or cell-cell contact
[20–22]. In agreement with other cancer cell lines, untreated
CAL 27 spheroids maintained a compact and spherical
structure in the evaluation time [23]. PME and cisplatin
treatment-induced changes in spheroids morphology
compared to untreated cells related to apparent cell death at

50 μg/ml PME induce the increase in spheroid diameter and
volume due to less compact cell packaging and increased cell
volume suggesting necrotic cell death; at 100 μg/ml, there are
an increase in solidity, decrease in volume, and produced
cellular shrinkage, suggesting apoptotic cell death. However,
an increased cytotoxicity resistance was observed in 3D
cultured cells compared to monolayer cultures indicating
that cells in an aggregate structure are much more resistant
than cells growing as a monolayer. /e treatment resistance
in 3D culture can be attributed to limited diffusion through
the spheroid and hypoxia, which has been shown to activate
genes involved in cell survival [24]./ese observations could
also be explained by the differences in the expression of heat
shock proteins in monolayer and spheroid cultures [25].

3.5. Morphological and Cell Changes in Spheroids-CAL 27
Exposed to PME. /e histological stain with hematoxylin
and eosin (H&E) showed that the untreated spheroids have a
very densely packed cellular network (dark pink) with ex-
tracellular matrix deposits (pink). Microscopic evaluation
showed morphology integrity at 10 μg/ml of PME with dark
pink and violet colorations indicating cells in higher pro-
liferation. On the other hand, spheroids treated with 50 and
100 μg/ml of the extract revealed an evident alteration in
spheroid morphology and changes in the H&E coloration.
At 50 μg/ml, loss of tissue integrity with increased cell
volume and loss of plasma membrane integrity were shown,
as well as leakage of cellular content, while at 100 μg/ml,
cisplatin was observed, as well as cell shrinkage and matrix
compaction. However, both concentrations showed light
pink H&E stain, suggesting nonviable cells (Figure 4).

Many cellular morphological characteristics can be re-
lated to cell death types. For example, necrosis induces tissue
inflammation and is preceded by cell swelling. /is increase
in cell volume has been mainly due to defective outward
pumping of Na + caused by metabolic depletion and in-
creased Na + influx via membrane transporters or nonse-
lective cation channels activated by stress, increasing
necrotic cell volume [26]. An apoptotic volume decrease is
generally an early event in apoptosis, leading to cell
shrinkage due to the outflow of K+ and Cl-from cells [27].
/is observation agrees with previous studies that reported a
loosening of the spheroid structure and reduction in
spheroid volume [28]. However, apoptotic and necrotic cells
within PME-treated spheroid remain metabolically active,
reducing Resazurin. /is phenomenon has been attributed
to increased cell volume and mitochondrial mass relative to
cell number. Other studies have also demonstrated increased
mitochondrial activity during cytotoxic drug etoposide
treatment and have linked this with apoptosis [29] and
autophagy [30]. /us, while some cells in the CAL27 PME-
treated spheroids could increase in volume, others may
shrink due to apoptosis, and yet another group would detach
from the spheroid.

3.6. PME Induced Cell Death on CAL 27-Spheroids. /e
mechanism of cell death induced by exposure to the PME
was studied by staining with dual fluorescence with Hoechst
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Figure 2: Continued.
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and Propidium iodide (PI). Hoechst can readily enter living
cells and bind to nuclei, whereas PI is membrane imper-
meant and excluded viable cells. As seen in Figure 5, a
significant enhancement in PI fluorescence was observed
in spheroids treated with 100 μg/ml of extract and 20 μM
of cisplatin, indicating membrane damage in cells. In
addition, chromatin compaction, apoptotic bodies, and
pyknotic nuclei were observed, which are correlated with
a decrease in spheroid size. Apoptotic cells showed typical
cell contraction, nuclear condensation, and chromatin
cleavage. Conversely, viable cells showed homogeneous
chromatin distribution in the nucleus. /e spheroids
treated with 10 μg/ml showed similarity with the un-
treated control except for the evidence of few cells in
apoptosis (Figure 5).

To further strengthen the data obtained with fluores-
cence microscopy, we quantify the fluorescence intensity of
Hoechst/PI with ImageJ software. /e increase in PI fluo-
rescence intensity was directly proportional to the mor-
phological changes and loss of membrane integrity in
cisplatin and extract concentrations. Compared to the un-
treated control, nuclear chromatin condensation was cor-
related with Hoechst fluorescence intensity. In contrast, the

spheroids treated with 50 μg/ml of PME showed a reduction
in PI/Hoechst fluorescence intensity, probably due to loss of
spheroid cellularity (Figure 6).

/e PI staining intensity increase is observed with cis-
platin, and 100 μg/ml of PME is correlated with biological
and morphological spheroids changes [31, 32]. /e changes
are related to membrane permeation, and the increase of
fluorescence intensity suggests late apoptosis changes [32].
Additionally, at this time point (72 h), cell viability is re-
duced as a function of PME dose, and cells are arrested in the
G1 cell cycle phase. Otherwise, reduction in PI and Hoechst
fluorescence intensity at 50 μg/ml could be due to loss of
spheroid cells and suggest that PME-induced cell death
(apoptosis or necrosis) may depend on concentration.
Furthermore, the antiproliferative activity of PME observed
on CAL 27 spheroid cells could be explained by the high
content of flavonoids, genuine flavanols, and proantho-
cyanidin [10] which affects cell metabolic activity and cell
cycle progression [12]. Studies showed that the antioxidant
capacity of flavonoids (Fisetin) decreases cell viability of the
head neck cancer cell lines, including CAL 27, producing
changes in cell morphology [33], inducing apoptosis and
inhibition of the cell cycle [34].
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Figure 2: Spheroids of CAL 27 treated and untreated and their three-dimensional reconstruction. Box and Whiskers graphics show the
most representative images of the spheroids’ morphological changes on parameters measurement before and after the PME treatment (10,
50, and 100 μg/ml) and 20 μM cisplatin 72 h. (a) Sphericity. (b) Solidity. (c) Diameter. (d) Volume. (e) Inverted microscopy images of
spheroids and its tridimensional reconstruction with AnaSP software show density color schematically with voxel localization within the
three-dimensional image. Scale bar: 200 μm.
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3.7. PME Inhibits Proliferation of CAL 27 Derived Cells
Spheroids. We investigate the capacity of spheroid-derived
CAL 27 cells to proliferate after treatment with PME
(50–100 μg/ml) and 20 μM cisplatin by in vitro clonogenic
assay. In Figure 7, untreated spheroids retained their ability
to form colonies, while those treated with cisplatin and the

highest extract concentrations inhibited colony formation
after 21 days of treatment.

3.8. PME Induced Modification of Gene Expression and Cell
Cycle Arrest. Considering that P. mollissima exhibited
antiproliferative potential and induced changes in the CAL

Control (-)

10 50
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100
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20 μm

20 μm
20 μm
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20 μm

Figure 4: Histological changes of spheroid with H&E staining. It was shown the effect of PME (10, 50, and 100 μg/ml) and 20 μMof cisplatin
drug at 72 hours on spheroid morphology. Viable cells with high proliferation and high DNA concentration are dark pink, and necrotic cells
show light pink. Scale bar: 20 μm.
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Figure 3: Dose-response curve of effects on cell viability of CAL 27 spheroid treated with PME./e spheroids were treated with three extract
concentrations (10, 50, and 100 μg/ml) and 20 μM cisplatin. (a) Viability percent of spheroids treated. Each bar represents the median and
interquartile range of 7 independent experiments for 72 h evaluation times. (b) Comparison between viability percentages monolayer and
three-dimensional cultures are shown (∗∗∗p< 0.005).

8 Advances in Pharmacological and Pharmaceutical Sciences



Control (-)

1
Hoechst

2
PI

3
Hoechst + PI

Cisplatin 20 μM

10 μg/ml

50 μg/ml

100 μg/ml

(a)

1×1011

8×1010

Fl
uo

re
sc

en
ce

 in
te

ns
ity

6×1010

4×1010

2×1010

0
Control

(-)
Cisplatin

20 μM
10

Hoescht

50 100

P. mollissima extract
μg/ml

***

***

***

***

(b)

Figure 5: Continued.
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27 spheroid morphology and viability, we investigated the
expression of genes related to spheroid “wellness.” Our
results showed that P. mollissima reduced the mRNA ex-
pression of p53 at 50 μg/ml and upregulated at 100 μg/ml. In
addition, there was a significant increase in mRNA of HIF1-
alpha and CDH1 genes with both PME concentrations (50
and 100 μg/ml) (Figure 8).

As indicated in Figure 8, the MMP9 gene is overex-
pressed at 50 μg/ml and downexpressed at 100 μg/ml
compared with the untreated control. Cisplatin drugs
showed similar behavior in the expression of p53 and alpha

genes and MMP9 genes. In the same way, to understand the
mechanism responsible for growth regulation and cytotoxic
activity mediated by PME in oral tumor cell spheroids, we
analyzed the cell cycle distribution by flow cytometry. PME
at 100 μg/ml and cisplatin 20 μM exhibited an increase in
G0/G1 population (81.75% and 61.3%, respectively) with a
simultaneous decrease in G2/M and S phases, suggesting
alterations in cell viability. In contrast, 10 and 50 μg/ml of
PME accumulated cells in the S phase. Our finding of HIF-
1alpha overexpression on CAL- 27 cells PME-treated reflects
the cell-fate decision under these conditions, and at 50 and
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Figure 5: Assessment of 3D spheroid viability changes under PME treatment. Representative images of the proapoptotic effect of PME (10,
50, and 100 μg/ml) and 20 μMcisplatin at 72 h. Spheroids stained with Hoechst and propidium iodide (PI). (A1)Merged image (red and blue
dyes). Spheroids control does not show double marking. White arrows (⟶) represent apoptotic cells. [2, 3] Fluorescence intensities of
Hoechst and propidium iodide in CAL 27 spheroid treated with different concentrations of PME and 20 μM cisplatin at 72 hours using the
ImageJ analysis software. Data are shown as median and interquartile range of 3 independent experiments. ∗∗∗p< 0.05 vs. control.
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Figure 6: Hoechst and PI double staining for CAL27 spheroids (ROI). A close-up of the most representative images of the proapoptotic
effect of 100 μg/ml of PME and 20 μM cisplatin at 72 hours is shown. Some apoptotic bodies (arrows⟶white) are observed in the treated
spheroid proliferative zone.
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100 μg/ml, the expression of HIF-1α could induce cell cycle
arrest in G1 and G2/M phase, respectively, a classical re-
sponse of tumor cells to hypoxia [35]. Previous studies have
described that PME arrested HT-29 cells in the S and G2/M
phases of the cell cycle, which might be mediated by the
inactivation of the ubiquitin-like modifier FAT10 sig-
naling pathway involved in cancer survival, proliferation,
invasion, and metastasis [12]. Several lines of evidence
have indicated that, in transformed cells, hypoxia can
provoke apoptosis via the p53 pathway through the in-
activation of enzymes responsible for nucleotide syn-
thesis, ultimately inhibiting DNA replication [36, 37].
In this sense, the overexpression of both HIF-1 alpha and
p53 at PME 100 μg/ml is consistent with observations
suggesting that p53 expression attenuates HIF-1α activity,

whereas high p53 expression could eliminate HIF-1α
activity [38].

Interestingly, the overexpression of the E-cadherin gene
with PME extract (100 μg/ml) correlates with the findings of
p53 expression because E-cadherin is regarded as a tumor
suppressor gene that regulates apoptosis signaling via the
death receptors DR4 and DR5 [39]. Loss of E-cadherin gene
expression has been associated with metastasis in several
epithelial cancers [40], and it has been described that
E-cadherin acts as a metastasis suppressor by inhibiting the
initial dissociation of cells from the primary tumor, reducing
the initial steps of tumor cell invasion [41]. Several pro-
teinases have been implicated in E-cadherin cleavage, in-
cluding MMP-9 [42], and it has been described that MMP-9
expression causes E-cadherin and adherent junction loss in
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Figure 7: /e inhibitory effects of PME and Cisplatin on cell colony formation in CAL 27 spheroids. (a) Representative dishes by colony-
forming assay (b) Inhibitory effect of PME (10, 50, and 100 μg/ml) and cisplatin 20 μM on cell proliferation in CAL-27 spheroids and the
influence of oral cancer cells on the number of colony-forming cells at 72 hours. /e results shown are representative of three independent
experiments. ∗∗p< 0.05, control versus PME-treated cells.
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Figure 8: Continued.
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several tumor types [43]. /us, downexpression of MMP9
with PME extract suggests that extract could favor inter-
cellular junctions in oral cancer cells. In summary, all results
confirm the antiproliferative and possible proapoptotic ef-
fect of PME at 100 μg/ml on CAL 27 spheroids.

/e alterations at the molecular level induced by PME
could be explained by its phenolic (29.99mg gallic acids
equivalents/g dry extract weight basis) and flavonoid
(0.94mg quercetin equivalents/g dry extract weight basis)
content as well as for its antioxidant activity (6.94mM
Trolox/g of extract and EC50 of 2.66 μg/ml of extract) [10].
Among the previously identified compounds in the extract
phenolic acids (i.e., gallic acid, protocatechuic acid, sinapic
acid, and syringic acid), phenolic acid derivatives (i.e.,
vanillic acid glucoside and ecumenic acid), flavonoids (i.e.,
epigallocatechin, catechin, (epi)fisetinidol, diosmetin, api-
genin, and quercetin), and proanthocyanidins (i.e., (epi)
gallocatechin-(epi)catechin and (epi)catechin- (epi)cate-
chin) were themost abundant. Recently, several study results
have demonstrated those compounds’ antiproliferative and
proapoptotic properties, particularly flavonoids, in head and

neck cancer [44]. And it is well known that natural products
are chemical metabolites reservoirs that have a promising
future in cancer therapies research. P. mollissima seed ex-
tract has been evaluated for safety, low cost, and lower
toxicity compared to conventional treatment methods. It is
added to their high selectivity. A high antitumor capacity of
phenols and flavonoids has been described, thanks to their
antioxidant and anti-inflammatory capacity [8, 10, 45].
Previous studies using P. mollissima in other cells models in
monolayer showed that PME promoted a balanced redox
from increasing the glutathione levels of the oxidized form,
and not in the reduced glutathione form [12].

/us, our findings provide a basis for further exploration
of PME agrifood seed extract as a possible therapeutic
strategy for head and neck tumors.

4. Conclusions

/e present study is the first to demonstrate that
P. mollissima seed extract can inhibit the growth and pro-
liferation of oral tumor cells cultured in spheroids through
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Figure 8: PME induces cell cycle arrest and regulates the expression of genes in CAL-27 spheroids. (a) P53 and HIF1-alpha mRNA
expression in CAL 27 spheroids PME-treated (10, 50, and 100 μg/ml) compared to the untreated control and 20 μM cisplatin (b) MMP9 and
CDH1 mRNA expression in CAL 27 spheroids. (c) /e percentage of cells in G0/G1, G2/M, and S cell cycle phases analysis of CAL 27-
spheroids following treatment for 72 h by flow cytometry. (d) Representative histogram of flow cytometry cell cycle. /e results shown are
representative of three independent experiments. ∗∗p< 0.05 and ∗∗∗p< 0.005, control versus PME-treated cells.
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cell cycle arrest, positive regulation of p53, HIF 1α, and
CDH1. /erefore, these wastes constitute a source of bio-
active compounds for oral cancer treatment [46].
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