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HIGHLIGHTS

e PON2 defends cells from the damages
induced by Reactive Oxygen Species
(ROS)

e In OTSCC, PON2 is involved in a resis-
tance mechanism against Cisplatin
(CDDP)

e Chemoresistance is linked to aggres-
siveness resulting in poor outcome.

e PON2 knockdown could represent a
possible approach to escape the
chemoresistance.

e FTIRM is a reliable tool to evaluate the
efficacy of the improved sensitivity.
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ABSTRACT

Cisplatin is a platinum-based chemotherapy drug with antimicrobial and antitumoral activity, largely used for a
long time in the treatment of several cancers, including the Oral Squamous Cell Carcinoma (OSCC), which is one
of the most frequent neoplasms of the oral cavity. Due to its aggressiveness and metastatic invasion, OSCC is
characterized by poor outcome, often related also to chemoresistance mechanisms. The intracellular enzyme
paraoxonase-2 (PON2) normally acts defending cells from the damages induced by Reactive Oxygen Species.
Hence, in cancer cells, this enzyme can shield the potential of cisplatin, triggering a resistance mechanism. Based
on this evidence, PON2 knockdown seems to be a valuable way to enhance the effects of chemotherapy, escaping
this resistance. In this study, HOC621 and HSC-3 OSCC cell lines submitted to PON2 silencing were analyzed by
Fourier Transform Infrared Microspectroscopy to evaluate the time-dependent changes occurring in these cells
after cisplatin treatment. Spectral data were statistically analyzed by multivariate and univariate analyses and
compared with MTT results. Positive feedback on cisplatin efficacy was found in both cell lines submitted to

Abbreviations: CDDP, Cisplatin; FTIRM, Fourier Transform InfraRed Microspectroscopy; OSCC, Oral Squamous Cell Carcinoma; OTSCC, Oral Tongue Squamous
Cell Carcinoma; PCA, Principal Component Analysis; PFA, Paraformaldehyde; PON2, Paraoxonase 2; ROS, Reactive Oxygen Species.
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PON2 knockdown, even if with a different response. In particular, a less growth was found in PON2 silenced HOC
621 cells, respect to HSC-3 ones. Moreover, specific spectral markers (A1172/Atot, A1053/AT0T, Age7/A1080, and
Agga/Arot band area ratios) were identified and statistically analyzed (p < 0.05): cellular alterations mainly in
nucleic acids and carbohydrates were found in both cell lines, although more evident in HOC 621 ones, which
therefore appeared to be more affected by chemotherapy treatment.

1. Introduction

Oral Squamous Cell Carcinoma (OSCC), known as the most common
carcinoma of the entire oral cavity, represents a malignancy affecting
both men and women of different ages, especially in specific world
countries such as India [1]. With the highest percentage in elder men
accounting for 70 % and a slightly lower percentage of 50-65 % under
45 years of age, the incidence of this carcinoma seems to have increased
in young people and generally in women in the last decades.

The main causes of incidence of the OSCC can be ascribed to tobacco
and cigarettes smoking, alcohol consumption, and betel chewing, with a
synergistic effect. In this light, the increasing awareness towards a sus-
tainable lifestyle and a reduced use of alcohol and smoking through
screening programs has produced some positive effects over time [2-5].
However, it is noteworthy that, in recent years, the diagnoses of OSCC
are increasing also among people usually unexposed to these common
risk factors, suggesting the implication of other factors, such as bacterial
and viral infections, the diet and the genetic predisposition [6].

OSCC is usually due to the occurrence of inflammatory processes
which induce alterations in cell proliferation and hence lead to chronic
epithelial inflammation. Moreover, the activation of proinflammatory
genes triggers the production of Reactive Oxygen Species (ROS), which
contribute to alter cellular homeostasis resulting in cell damage, and
promoting tumorigenesis [7]. The pro-apoptotic behavior of ROS is well
known, and cells are provided with several enzymes to counteract the
damages and to contrast their harmful effects. For many years, the
human enzyme paraoxonase-2 (PON2), belonging to the PON family
lactone hydrolyzing enzymes, attracted the attention of scientists
because of its role in ROS detoxification [8-10]. The ability of PON2
enzyme to contrast ROS effects, and the enhanced efficacy of the
chemotherapy treatment thanks to its knockdown has been already
demonstrated in human malignant melanoma cell lines [10]. PON2
enzyme is variably expressed also in OSCC, both in vivo and in vitro, and
its knockdown has been shown to significantly increase the apoptosis
rate [11]. In fact, as PON2 protects healthy cells from the damage
induced by free radicals, in malignant ones the effects of chemotherapy
would be shielded by the action of this enzyme, defending cancer itself
by the therapeutic treatment [12].

Nowadays, chemotherapy based on platinum derivatives, alone or
mixed with other drugs, together with radio and immunotherapy rep-
resents one of the main treatments used for OSCC management [13,14].
Even if the choice of the treatment mostly depends on the stage of the
disease, the toxicity of the drugs, and the expected outcomes, for
unresectable and advanced OSCC, chemotherapy remains the golden
standard, also coupled with radiotherapy in case of early stages [13].
Cisplatin (CDDP) is the best known platinum-based chemotherapy drug,
with antimicrobial and antitumoral activity, used for a long time in the
treatment of several types of cancer, including the OSCC [15,16]. The
main CDDP mechanism of action consists of binding the N7 of purine
bases leading to apoptosis through the cell cycle arrest, but, as secondary
cytotoxic effects, this chemotherapy drug is also able to increase ROS
production resulting in the activation of the apoptotic pathways [17].

Based on these findings, some of the Authors of this study deepened
the effectiveness of CDDP in OSCC, by silencing the PON2 enzyme
expression through a shRNA-mediated knockdown in HOC-621 and
HSC-3 cell lines [18]. All this was made possible through a preliminary
molecular investigation demonstrating firstly the high expression of the
enzyme in this carcinoma, then the effective reduction of PON2, both at

mRNA and at protein level (Real-time and Western blot assays) after the
shRNA-mediated knockdown through the pLKO.1-647 plasmid trans-
fection [18,19]. The success of this process was validated by the
decrease in viability observed in HOC621 and HSC-3 cell lines with
different time-response (respectively 48 h and 96 h). At the same time,
to further enhance this promising strategy, and to ascertain the rela-
tionship between PON2 expression and CDDP resistance, chemoresistant
HOC621 cell clones were generated by treating cells with increasing
CDDP concentrations. In these clones, PON2 expression was demon-
strated to be upregulated respect to control cells, corroborating the ev-
idence that PON2 expression could be involved in CDDP resistance.
These findings were also supported by the molecular investigation
exploited by Fourier Transform InfraRed Microspectroscopy (FTIRM)
which highlighted the increased oxidative damage to proteins and lipids
as a result of the counteracting action of the PON2 silencing [18]. FTIRM
is a high-resolution analytical technique, suitable and well-assessed in
the study of cell lines, which let highlight modifications in the compo-
sition of the most relevant macromolecules (lipids, proteins, nucleic
acids and carbohydrates) and detect biological spectral markers asso-
ciated with specific biological mechanisms [20-22].

Based on this evidence, in the present study, FTIRM was exploited to
deeply elucidate at molecular level the outcomes deriving from CDDP
administration at three different time points (24, 48 and 72 h) in
HOC621 and HSC-3 OSCC cell lines with PON2 silencing. IR data were
analyzed by combining unsupervised multivariate and univariate sta-
tistical approaches in a full spectroscopic manner and compared with
MTT results. PON2 knockdown exerted a positive effect on cisplatin
efficacy in both cell lines, even if with a different response. In particular,
PON?2 silenced HOC 621 cells showed a less growth, respect to HSC-3
ones, at the three time points. Moreover, the statistical analysis of spe-
cific spectral markers highlighted cellular alterations mainly in nucleic
acids and carbohydrates, more evident in HOC 621 ones, which there-
fore appeared to be more affected by chemotherapy treatment.

2. Materials and Methods
2.1. OSCC cell lines: Cultures and in-vitro treatment

The procedures involved in this work are the same as previously
reported [18]. Briefly, the HOC621 and the HSC-3 human Oral Tongue
Squamous Cell Carcinoma cell lines (kindly provided by Prof. Lorenzo
Lo Muzio, Department of Clinical and Experimental Medicine, Univer-
sity of Foggia, Foggia, Italy), were transfected with pLKO.1-puro used as
control and with pLKO.1-647 plasmid to perform a shRNA-mediated
knockdown. The transfection process of both cell lines utilized
FuGENE HD Transfection Reagent (Promega, Madison, WI, USA), ac-
cording to the manufacturer’s Instructions. Cells were cultured at 37 °C
with 5 % CO, in 6-well plates (1x10° cells/well) by using a DMEM/F-12
culture medium (Dulbecco’s Modified Eagle’s Medium/Nutrient Ham’s
Mixture F-12), by the addition of 10 % FBS (Fetal Bovine Serum) and 50
pg/ml of gentamicin, up to reach enough cells to collect and to perform
all experimental group in triplicate. Once the medium was replaced,
HOC621 and HSC-3 cells were respectively treated with CDDP (0.25-1
pg/ml) for 24, 48, and 72 h, according to the ICsg values. At each time, to
be harvested, cells were submitted to trypsinization and centrifuged at
500xg for 3 min at + 4°C, washed with isotonic saline solution (0.9 %
NaCl), and centrifuged again. Then, cells were resuspended and fixed
incubating with 500 pl of PFA (paraformaldehyde 4 %). Samples were
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washed three times with 500 pl 0.9 % NaCl and resuspended in this
solution (500 pl) and stored at + 4°C until FTIRM measurements. For a
clear and simplified understanding, Table 1 well resumes all experi-
mental groups investigated in this work.

2.2. MTT assay

The colorimetric assay with 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) has been performed to evaluate
OSCC cell viability after PON2 silencing, before and after CDDP
administration [18]. To do so, cells were seeded on 96-well plates
(3x10° cells/well) and then at each time point investigated, from 24 h to
72 h, 10 pl of MTT reagent (5 mg/ml in phosphate buffered saline) was
dissolved in 110 pl of complete medium and added to cells (100 pl/well),
incubating for 3 h at 37 °C. To lyse and to dissolve formazan crystals
remained insoluble 200 pl of 2-propanol was replaced in the medium,
while the amount formed during the incubation was measured in
absorbance at 570 nm through an ELISA plate reader. Experiments were
performed in triplicate and results of each experimental group at each
time point expressed in percentage and presented as mean values +
standard deviation.

2.3. Fourier Transform InfraRed Microspectroscopy measurements

Fixed cells were washed twice with isotonic saline solution (0.9 %
NaCl), resuspended in 500 pl MilliQ water and centrifuged at 800xg for
10 min each. Hence, from each sample, 15 pl of cell pellet were
collected, dropped onto a CaF, optical window (13 mm-diameter and 1
mm-thick) and let air-dried before the acquisition in order to avoid
water contributions in the IR spectra.

FTIRM analyses were performed by using a Bruker INVENIO R
interferometer, coupled with a Hyperion 3000 Vis-IR microscope
equipped with a HgCdTe (MCT) detector liquid nitrogen cooled (Bruker
Optics, Ettlingen, Germany) with 15x objective. IR spectra were
collected in transmission mode in the MIR range (4000-900 em™ D)
averaging 512 scans (spectral resolution 4 em ™}, zero-filling factor 2,
scanner velocity 40 kHz). On each sample, ~60 microareas (30 x 30
pm? dimension), containing groups of 3-4 densely packed cells were
selected. Before each sample measurement, a clean portion of the CaF;
window was used to acquire the background spectrum by using the same
parameters.

Raw spectra collected were pre-processed through the Atmospheric
Compensation and Vector-Normalization routines, respectively to
remove carbon dioxide and water vapor atmospheric contribution and
to normalize the full spectral range to avoid thickness variations (OPUS
7.5, Ettlingen, Germany). Pre-processed IR spectra were transformed in
second derivative mode, cut in the 1310-900 cm™' spectral range
(representative of carbohydrates and nucleic acids) and submitted to

Table 1
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Principal Component Analysis (PCA) (OriginPro 2023 software, Ori-
ginLab Corporation, Northampton, Massachusetts).

Finally, for each experimental group, the average absorbance spec-
trum, and the corresponding + standard deviation (S.D.) spectra were
calculated, for curve fitting analysis in the 1310-900 cm™' spectral
range. The underlying peaks were selected based on second derivative
analysis and fixed before running the iterative process to obtain the best
reconstructed curve (residual close to zero; bandwidth 10 to 40 cm !
range) (GRAMS/AI 9.1, Galactic Industries, Inc., Salem, NH, USA). For
each underlying peak, the position (in terms of wavenumbers, cm 1)
and the integrated area were defined, attributing the corresponding
vibrational modes and biological meaning according to literature. The
integrated areas of specific underlying peaks were used to calculate the
following band area ratios: Ajy172/Ator (ratio between the area of the
peak at ~ 1172 cm™ ! and the sum of the areas of all bands in the
1310-900 cm ! spectral range, indicative of the presence of C-OP
groups, as tumorigenic index) [23,24]; Ajos3/Ator (ratio between the
area of the peak at ~ 1053 cm ™! and the sum of the areas of all bands in
the 1310-900 cm™! spectral range; C-OH groups attributed to carbo-
hydrates and glycosylated compounds) [21,25,26]; Agg7/A1080 ratio
(ratio between the areas of the peaks at ~ 967 cm~ ! and ~ 1080 cm’l;
double stranded DNA backbone respect to nucleic acids phosphates)
[26-28], and Agga/AToT (ratio between the area of the peak at ~ 992
em™! and the sum of the areas of all bands in the 1310-900 cm™!
spectral range; C-O ribose moieties attributable to RNA) [20,26,27].

2.4. Statistical analysis

Data are reported as mean + S.D (Standard Deviation). The statisti-
cal analysis was performed by using GraphPad Prism software version
8.00 for Windows (GraphPad Software, San Diego, CA, USA). One-way
analysis of variance (ANOVA) and Student t-test were adopted respec-
tively to evaluate statistically significant differences for both cell lines
between (i) cells transfected with the p. puro and p. 647 plasmids among
all time points considered (at 24, 48, and 72 h), and (ii) for the com-
parison between p. puro an p. 647 transfected cell lines, at each time
point recorded. Statistical significance was set at p < 0.05. Different
letters over the histograms mean statistically significant differences of
One-way ANOVA submitted groups, while asterisks over there reported
the statistical significance among groups submitted to Student’s t-test.

3. Results
3.1. Cell viability assay
Previous Real-time PCR analyses demonstrated a significant decrease

of PON2 mRNA levels in HSC-3 cells transfected with pLKO.1-647
(0.3435 + 0.0013; p = 0.0010) compared with pLKO.1-puro (1.0000 +

Experimental groups. The CDDP doses administered to HOC621 and HSC-3 cell lines were respectively 1 pg/ml and 0.25 pg/ml.

Cell line Time points pLKO.1-puro Relative PON2 mRNA pLKO.1-647 Relative PON2 mRNA
(hours) No CDDP CDDP expression No CDDP CDDP expression
HOC621 24 HOC p. puro HOC p. puro CDDP HOC p. 647 24  HOC p. 647 CDDP
24 h 24 h h 24 h
48 HOC p. puro HOC p. puro CDDP 1.0000 + 0.1631 HOC p. 647 48 HOC p. 647 CDDP 0.5864 + 0.0660
48 h 48 h h 48 h
72 HOC p. puro HOC p. puro CDDP HOC p. 647 72  HOC p. 647 CDDP
72h 724 h h 72h
HSC-3 24 HSC3 p. puro HSC3 p. puro CDDP HSC3 p. 647 HSC3 p. 647 CDDP
24h 24h 24h 24h
48 HSC3 p. puro HSC3 p. puro CDDP 1.0000 + 0.1220 HSC3 p. 647 HSC3 p. 647 CDDP 0.3435 + 0.0013
48 h 48 h 48 h 48 h
72 HSC3 p. puro HSC3 p. puro CDDP HSC3 p. 647 HSC3 p. 647 CDDP
72h 72h 72h 72h
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0.1220); analogously, in HOC621 cell line, treatment with pLKO.1-647
(0.5864 + 0.0660; p = 0.0352) led to a significant reduction of enzyme
expression compared with pLKO.1-puro (1.0000 + 0.1631) [18].

The MTT assay was performed to evaluate cell viability, after the
following treatments: transfection with the p. puro and p. 647 plasmids
(HOC621, Fig. 1A; HSC-3, Fig. 1D); transfection with the p. puro plasmid
and before and after the CDDP administration (HOC621, Fig. 1B; HSC-3,
Fig. 1E); transfection with the p.647 plasmid and before and after the
CDDP administration (HOC621, Fig. 1C; HSC-3, Fig. 1F). In general, a
different response, both in terms of percentage of viable cells and timing
was observed: in fact, HSC-3 cells seem to be less affected by CDDP
treatment than HOC621 ones, showing a slower growth. What emerged
highlights a more rapid increase in p. puro HOC compared to p. puro
HSC-3, which resulted in both cases reduced by the transfection with
p-647: this was more evident and in a more timely fashion in HOC621
than in HSC-3 (Fig. 1A,D). The efficacy of Cisplatin is demonstrated by
the decreasing in cell viability, more evident in both p.647 cell lines
(Fig. 1C,F) than in p. puro ones (Fig. 1B,E), where more marked results
were showed only after 72 h especially in HOC621 cells. This time-
response was reduced in p.647, as a consequence of the PON2
silencing, and the effects exerted by the drug were evidenced earlier
(Fig. 1C,F).

3.2. FTIRM analyses

A representative absorbance spectrum of a cellular sample is re-
ported in Fig. 2 both in absorbance and second derivative mode. The
investigated spectral range is 1310-900 cm ™!, meaningful for nucleic
acids and carbohydrates. The most significant peaks are listed in Table 2,
together with the associated vibrational modes and the biological
meaning.

The spectra of HOC621 and HSC-3 cell lines were first submitted to
the unsupervised Principal Component Analysis (PCA), to first highlight
the effects due to both the transfection processes and the CDDP
treatment.

The PCA scores plots of HOC621 cell populations transfected with
the two plasmids (p. puro, Fig. 3A-G; p. 647, Fig. 3H-N) before and after
CDDP treatment are analyzed below.

As regard not silenced HOC621cells (HOC p. puro), the PCA scores
plot calculated on all the spectral populations (Fig. 3A) evidenced a
separation between CDDP treated and not treated cells at all time points
along PC2 axis (explained variance 25.4 %); moreover, an almost
complete superimposition was found in not treated cells at all time

A) HOC before CDDP treatment B)
800- 800

-®- HOC p. puro

HOC p. puro before and after CODP C)
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points (HOC p. puro 24 h; HOC p. puro 48 h, and HOC p. puro 72 h),
while as regards CDDP treated ones, a superimposition was found only at
24 h and 48 h of treatment (HOC p. puro CDDP 24 h, and HOC p. puro
CDDP 48 h), respect to 72 h (HOC p. puro CDDP 72 h), which resulted
slightly separated along PC1 axis (explained variance 33.1 %). The
pairwise comparisons between CDDP treated and not treated cells evi-
denced a complete segregation along PC1 axis at each time point (HOC
p- puro 24 h vs HOC p. puro CDDP 24 h, Fig. 3B; HOC p. puro 48 h vs
HOC p. puro CDDP 48 h, Fig. 3C, and HOC p. puro 72 h vs HOC p. puro
CDDP 72 h, Fig. 3D), with explained variances higher than 40 %. The
analysis of the relative loadings let identify the main spectral differences
explaining the segregation (Fig. 3E-G).

A similar trend was shown by PON2 silenced HOC621 cells (HOC p.
647); some overlapping was found at all time points within not treated
cells (HOC p. 647 24 h; HOC p. 647 48 h, and HOC p. 647 72 h) and
within CDDP treated ones (HOC p. 647 CDDP 24 h; HOC p. 647 CDDP
48 h, and HOC p. 647 CDDP 72 h); the two groups are however sepa-
rated one from the other along PC2 axis (explained variance 29.6 %)
(Fig. 3H). Also in this case, a well evident segregation between CDDP
treated and not treated silenced cells was highlighted at each time point
by the pairwise comparisons (HOC p. 647 24 h vs HOC p. 647 CDDP 24 h,
Fig. 3I; HOC p. 647 48 h vs HOC p. 647 CDDP 48 h, Fig. 3J, and HOC p.
647 72 h vs HOC p. 647 CDDP 72 h, Fig. 3K), with explained variances
higher than 44 %. The analysis of the relative loadings let identify the
main spectral differences explaining the segregation (Fig. 3L-N).

As for the HOC621 cell line, the same multivariate approach was
exploited for HSC-3 one (p. puro, Fig. 4A-G; p. 647, Fig. 4H-N). Here,
the situation is quite different respect to the one observed in HOC621
cells: in fact, HSC-3 cells, due to their different behavior already shown
by the vitality test, seem to show the consequences induced by CDDP
later on, demonstrating to be more resistant respect to the HOC621 line.

As reported in Fig. 4A, not silenced HSC-3 cells are quite well divided
along PC1 axis between not treated and CDDP treated ones (explained
variance 28.3 %), and along the PC2 axis (explained variance 10.5 %)
between the first time point (HSC-3p. puro 24 h and HSC-3p. puro CDDP
24 h) and the other two (HSC-3p. puro 48 h, HSC-3p. puro 72, HSC-3p.
puro CDDP 48 h, and HSC-3p. puro CDDP 72). A complete superimpo-
sition between 48 h and 72 h CDDP treated cells (HSC-3p. puro CDDP 48
h and HSC-3p. puro CDDP 72 h) and 48 h e 72 h not treated ones (HSC-
3p. puro 48 h and HSC-3p. puro 72 h) was observed. After the PON2
silencing, the segregation along the PC1 axis (explained variance 36.6
%) is more noticeable between CDDP-treated (HSC-3p. 647 CDDP 24 h,
HSC-3p. 647 CDDP 48 h, and HSC-3p. 647 CDDP 48 h) and not treated

HOC p. 647 before and after CDODP
600

~® HOC p. puro ~® HOC p. 647

2600 " HOCp. 647 2 600 = HOC p. puro CDDP z HOC p. 647 CDDP
5 3 3 400
8 s s
> 400 2 400 z
8 8 8 200
=200 = 200 =
0 T T T T o T T T T o T T T T
Oh 24h 48h 72h Oh 24h 48h 72h Oh 24h 48h 72h
Time (hours) Time (hours) Time (hours)
D) HSC-3 before CDDP treatment E)  HSC-3 p. puro before and after CDDP F)  HSC-3 p. 647 before and after CDDP
500 500 400
~®- HSC-3 p. puro -~ HSC-3 p. puro ~® HSC-3 p. 647
400 ~* HSC-3 p. 647 2400 HSC-3 p. puro CDDP £ 300 > od HSC-3 p. 647 CDDP
E 300 ano 2 /'
> > > 200
g 200 3200 3 A
= = =
& 100 = 100 100 ./
0 T T T T 0 T T T T 0 T T T T
Oh 24n 48h 72h Oh 24h 48h 72h Oh 24h 48h 72h
Time (hours) Time (hours) Time (hours)
Fig. 1. MTT assays performed on HOC621 cell line (A,B,C) and HSC-3 (D,E,F); comparison between % of cell viability between: A,D) p. puro and p. 647 transfected

cells; B,E) p. puro and p. puro — CDDP; and C,F) p. 647 and p. 647 — CDDP.
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Fig. 2. A representative IR spectrum of a cellular sample showed in the 1310-900 cm™" spectral range both in absorbance (A) and second derivative (B) modes.

Table 2
Meaningful IR absorptions of a cellular sample: position (wavenumbers), asso-
ciated vibrational mode and cellular component.

Position (wavenumbers,
cm’l)

Vibrational modes and cellular components

~1237, and ~ 1080 Asymmetric and symmetric stretching vibration of PO, ~

groups (Vasym PO2 ~ and vgym PO2 7) in nucleic acids

~1172 Tumorigenic index
~1053 Stretching of C-O-C and C-OH moieties in carbohydrates
~992 Stretching of C-C and C-O in RNA ribose ring breathing
~967 Backbone vibration of nucleic acids in double strand DNA
~935 Vibration in Z DNA

cells (HSC-3p. 647 24 h, HSC-3p. 647 48 h, and HSC-3p. 647 48 h)
(Fig. 4H). The pairwise PCA comparisons highlighted a defined segre-
gation at each time point, between CDDP treated and not treated cells
both in HSC-3p. puro (explained variance higher than 26 %; Fig. 4B-D)
and p.647 (explained variance higher than 36 %; Fig. 4I-K) cells, with
loadings explaining the main spectral differences responsible of these
separations (p. puro, Fig. 4E-G, and p.647, Fig. 4L-N).

MTT analysis clearly demonstrated that cells transfected with p.647
plasmid, and hence PON2 silenced, better respond to CDDP treatment
respect to not silenced ones, and that, in most cases, not CDDP treated
cells did not show significant results, especially in HOC621 cell line. In
this light, the univariate analysis described below only was performed
only on cells after CDDP administration, in order to focus the attention
on the variability expressed by both cell lines in relation with the
chemotherapy treatment. In this light, to better highlight the biological
modifications induced by the transfection as well as by the CDDP
treatment, specific band area ratios were investigated. In Fig. 5, the
statistical analysis of these spectral parameters calculated on both
HOC621 and HSC-3 cell lines is reported. The Aj172/AtoT represents a
tumorigenic index and is a malignant spectral marker related to phos-
phorylated C-O groups [29]; the values of this marker were higher in
HSC-3 cells than HOC62lones. In HOC621 cells, a time related
decreasing trend was observed, with lower levels in PON2 silenced cells
than in not silenced ones; in HSC-3, the decrease was only observed in
p-647 cells over time with statistically significant values, while in p.
puro levels are not significantly unchanged. This slowdown evidenced
once again the more aggressive behavior of HSC-3 and the faster
response of HOC621 cells. The metabolic pattern was evaluated through
the investigation of the A;¢s3/Arort ratio, representative of performance
exerted by carbohydrates. The efficacy of CDDP and the slowdown due

to the cell cycle arrest was more evident by the decrease occurred in
p-647 respect to p. puro in HOC621 cells, while in HSC-3 especially after
72 h, even with no statistically significant differences at each time point
analyzed between not PON2 silenced and silenced cells. Moving to ratios
representative of nucleic acids, the Agg7/A1080 ratio, explaining the total
amount of DNA, evidenced that HOC621 p. puro cells seem to have a
significant increase over time differently from p. 647 cells which showed
a decreasing trend after 48 and 72 h, contraposing to the increasing one
observed in p. puro, suggesting different effects induced by the
chemotherapy administration. Conversely, in HSC-3 the decrease pro-
gresses as slowly with no statistical significance, both in p. puro and in
p-647. Finally, and according to the just mentioned DNA, the RNA level
measured with the Aggs/Ator ratio, confirmed the trend of a more
evident transcription arrest in PON2 silenced cells especially after 48 h
in HOC621 and to a greater extent in HSC-3.

4. Discussion

Cancer continues to be among the most frequent cause of death
worldwide, and the OSCC is one of the most recurrent and invasive
cancers involving the head and neck district. Despite all the innovative
therapies alongside the traditional cures, such as the chemotherapy,
drug-resistance mechanisms contribute to treatment failure and then to
worse prognosis [30]. This drawback could be ascribed to several fac-
tors, from the unsuccessful entry of the drug inside the cell or its inac-
tivation, to the role exerted by the Tumor Microenvironment and by the
Epithelial Mesenchymal Transition, including the DNA Damage
Response (DDR) just to name a few [31]. It has been demonstrated that
the processes involved in the redox homeostasis could be altered in
cancer cells, and the redox-mediated mechanisms of chemoresistance
can lead to improving cancer fitness through the progression of cell-
cycle and the enhancement of metastatic behavior [32]. In this light,
the Paraoxonase-2 (PON2) enzyme takes on a role in defending cells by
the actions of Reactive Oxygen Species (ROS). This intracellular enzyme,
belonging to the PON enzyme family is localized on several intracellular
membranes, is highly expressed in various human tissues, and is
involved in some neoplasms, ensuring the correct function of the elec-
tron transport chain, reducing oxygen species, and maintaining cellular
homeostasis [8]. The ability of this enzyme to act against ROS faces off
with the CDDP mechanism of action. In fact, despite the first step of the
drug in binding the purine bases N7 once internalized in cells, the
increased oxidative damage provoked by the activation of the resulting
apoptotic pathways met the role of those enzymes involved in reducing
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Fig. 3. PCA analysis performed in the 1310-900 cm™! spectral

CDDP treatment.
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-

Fig. 4. PCA analysis performed in the 1310-900 cm™! spectral range on HSC-3 cells transfected with p. puro (A-G) and p. 647 (H-N) with

CDDP treatment.
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Fig. 5. Band/area ratios calculated for HOC621 and HSC-3 cell lines comparing p. puro and p.647 transfected cells after CDDP treatment. Statistical significance was
set at p < 0.05. Different letters over the histograms mean statistically significant differences of one-way ANOVA submitted groups, while asterisks over there re-
ported the statistical significance among groups submitted to t-test (p > 0.05n.s; p < 0.05 *; p < 0.01 **; p < 0.001 ***; p < 0.0001 ****),

the oxidative stress and was responsible of cellular homeostasis, like the
PON2. In this way, the natural role of PON2 affects the efficacy of the
chemotherapy, making cells resistant.

The chemoresistance promoted by the presence of the PON2 con-
stitutes the pillar around which revolves the purpose of this work. As
previously reported by the same authors [18] the efficacy of CDDP
treatment has been improved by the silencing of PON2 expression
through the transfection of HOC621 and HSC-3 cell lines with
pLKO.1-647 plasmid containing the shRNA able to knockdown the
enzyme expression. In this way, avoiding its expression and hence its
functionality, the damage resulting from CDDP treatment has not been
shielded by its action. Upon entering the cell, a hydrolytic displacement
of chloride atoms in CDDP molecule occurs, generating a strong elec-
trophilic species which promptly reacts with nitrogen atoms and protein
sulfhydryl groups of nucleic acid bases. In detail, CDDP can bind the N7
of purine bases resulting in DNA structural damage, which triggers cell
cycle arrest and further apoptotic pathway initiation. However, CDDP
can exert its cytotoxic activity also boosting ROS release. Indeed, upon
entering cancer cell, CDDP is responsible for a massive ROS production
which contributes damaging DNA resulting in the apoptotic pathway
activation [17].

In this first work, the Fourier Transform InfraRed Microspectroscopy
(FTIRM) assumed a secondary role affirming the success of CDDP
treatment after the PON2 silencing in HOC621 and HSC-3 cells. The
comparison between CDDP-treated PON2 silenced cells (transfected
with pLKO.1-647 plasmid) and not silenced cells (transfected with
pLKO.1 puro plasmid) suggested an increased level of spectral bio-
markers related to the oxidative stress damage exerted on lipids and
proteins, in both cell lines, with marked evidence in down-regulated
PON2 cells (pLKO.1 647) respect to the not silenced controls (pLKO.1
puro) [18].

Starting from these findings the aim of the current study was to
further investigate the role exerted by CDDP after the PON2 knockdown
by using exclusively a FTIRM approach. In this case, in fact, HOC621 and
HSC-3 cells were further investigated individually, at three distinct time
points (24, 48, 72 h after CDDP treatment) by employing the unsuper-
vised Principal Component Analysis (PCA) to first detect differences

occurring after the transfection with both plasmids, and hence after
CDDP administration maintaining the same doses respectively used in
the previous work. What emerges evidenced a different response be-
tween HOC621 and HSC-3, as initially reported by the MTT assay. In
fact, HOC621 cell line showed the highest percentage of cell viability
respect to HSC-3 ones; therefore, especially in HOC cell line, cells
transfected with p. 647 demonstrated to grow less respect to those not
PON2 silenced (pLKO.1 puro) in both cell lines, suggesting a first
weakening action. The effects exerted by the CDDP administration
affected more HOC621 than HSC-3 since the earlier time points,
implying an increased sensitivity to chemotherapy drugs. The diver-
gence arising between HOC621 and HSC-3 consisted also in the different
time-response. While HOC621 cell line showed the effects after the first
time point considered (after 24 h), HSC-3 resulted in a slower efficacy
(after 48 h) as well evidenced by MTT assays and then by PCA. These
outcomes explained the variability played by these oral squamous cell
carcinoma cells to act otherwise as a consequence of the same stimulus.

Thus, based on these results, the band area ratios were analyzed
mainly considering representative carbohydrates, DNA and RNA ratio,
including the tumorigenic index one. The results of this semi-
quantitative evaluation were consistent with the previously observed
ones highlighting both the stronger efficacy of CDDP in p.647 trans-
fected cells, and hence PON2 silenced, respect to those transfected with
the empty plasmid p. puro, and, in addition, the highest sensibility
expressed by the HOC621 cell line than that showed by the HSC-3.

At this point, the investigative approach used in this work, as in the
previous one, contributed to shedding new light on the chemoresistance
mechanism in which PON2 enzyme expression seems to be involved,
also showing different time responses and variability displayed by two
different cell lines descending from Oral Tongue Squamous Cell
Carcinoma.

5. Conclusion
The in vitro knockdown of PON2 expression mediated by the shRNA

in OTSCC cell lines showed to be an excellent strategy to repress the
CDDP chemoresistance. Despite the previous results obtained, the



A. Belloni et al.

improved efficacy of the chemotherapy after the PON2 silencing has
been demonstrated again through a full FTIRM vibrational spectroscopic
approach, which, coupling the multivariate and the univariate statistical
tools, lead to meaningful responses from two different cell lines inves-
tigated. The different results obtained by both cells evidenced the
possible variability existing in this oral carcinoma, suggesting potential
implications occurring even in an enhanced chemotherapy strategy.
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