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The BRAFY*® inhibitor PLX4032 (Vemurafenib) is an FDA-approved new drug for metastatic
melanoma, which specifically inhibits the RAS/MEK/ERK signaling pathway to control cell proliferation

and adhesion. However, no study has been carried out to investigate the role of intracellular oxidative

balance in PLX4032-induced tumor growth inhibition. Herein, for the first time, superoxide (O,”) and

nitric oxide (NO) generated from PLX4032-challenged melanoma cells were monitored with

electrochemical sensors and conventional fluorescent staining techniques. Impacts of superoxide

dismutase (SOD) and NG-monomethyl-L-arginine monoacetate (L-NMMA), a nitric oxide synthase

inhibitor, were also examined to demonstrate the specificity of ROS/NO generation and its biological

consequences. PLX4032 specifically triggers production of O, and NO from BRA

FY9°E mutation A375

cells. SOD and L-NMMA could abolish PLX4032-induced increases in intracellular O,”and NO
production, thereby rescuing cell growth in BRAF mutant A375 cell (A375%%4FV6%%E ) 1 addition,
PLX4032 treatment could decrease the mitochondrial membrane potential in A375%%4FV5%E cells. The

results suggest that PLX4032 can selectively cause ROS production and depolarization of mitochondrial
membrane, potentially initiating apoptosis and growth inhibition of PLX4032-sensitive cells. This work
not only proposes a new mechanism for PLX4032-induced melanoma cell inhibition, but also highlights

potential applications of electrochemical biosensors in cell biology and drug screening.

Introduction

BRAF' gene encodes a serine—threonine-specific protein kinase,
which plays a critical role in regulating the RAS/MEK/ERK
signaling pathway.'? It has been identified that mutations of
BRAF gene are associated with human cancers, in particular
human cutaneous melanoma.* BRAFV*F a mutation leading to
the change of valine (V) to glutamate (E) at codon 600, occurs in
80% of the BRAF melanoma mutations. PLX4032 (Vemurafenib)
is an inhibitor selectively targeting V600E mutation-positive
BRAF kinase, demonstrating remarkable clinical activity in
patients with unresectable or metastatic melanoma with

s BRAFV*"" mutations.> ® It can effectively inhibit proliferation of

melanoma and colon cancer cells harboring BRAFY***® mutation

through specifically blocking the RAS/ERK signaling pathway. ’
Production of reactive oxygen species (ROS) is of great
importance to both pathological and physiological (non-
pathological) situations in human body. Overproduction of
reactive free radicals may cause the formation of oxidative stress
in cells, which results in severe damage to biomolecules,
including lipid, protein, and DNA.*° In addition it may disrupt
intracellular redox homeostasis and reduce mitochondrial
membrane potential, further leading to cell death and apoptosis.'™
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" Since ROS are involved in many intracellular signaling
pathways including the MAP kinase/ERKs pathway,'> '® they
may possibly play roles in the PLX4032-induced cell inhibiting
process.  Corazao-Rozas examined mitochondrial
metabolism in melanoma cell line that exhibits acquired
resistance to PLX4032. Their study argued a therapeutic strategy
by utilizing of pro-oxidants compounds because of an addiction
to mitochondrial oxidative metabolism is observed in acquired
inhibitor-resistant melanomas.'” Dr. Meenhard Herlyn reported
that PLX4032-treatment could lead a shift of tumor metabolism
from glycolysis to oxidative phosphorylation.'® However, the
outcome of intracellular redox balance change was poorly
understood.

Superoxide (O,7) is the major free radical that contributes to the
pathogenesis of many diseases such as Alzheimer disease,
myocardial infarction and atherosclerosis.'® ' Nitric oxide (NO)
acts as an important signaling molecule in many physiological
and pathological processes.”” ?' Excessive NO may induce
nitrosylation reactions to alter the structures of proteins and their
normal functions.® Most importantly, O,” and NO could react
with each other to produce significant amounts of peroxynitrite
(ONOO-), which is a potent oxidizing agent with high oxidative
activity. ®?*?* Due to their biological significance, efforts have
been dedicated to investigate the impact of O, and NO in
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pathogenesis ~ with different techniques such as fluorephone
labeling'"** %, chemiluminescence®” and electron spin resonance
(ESR)*. However, those methods suffer from tedious procedures
and the use of expensive instruments. Recently, electrochemical
biosensor has attracted tremendous attentions due to its easy-
fabrication, high sensitivity and good specificity.”>* Guo et al
fabricated layered graphene-artificial peroxidase-protein
nanostructured bio-interface for in situ quantitative detection of
ROS from cells.*? In our previous work, DNA-Mn;(PO,),-carbon
nanotube (CNT) nanocomposite sheets were synthesized to
prepare electrochemical sensor for real-time, sensitive and
specific detection of O, from tumor cells.’® Those studies
demonstrate that electrochemical biosensor is a very promising
technique that can be utilized to real-time monitor local ROS
concentration in solution without disturbing metabolism and the
regulatory pathways of cells.

To explore the role of ROS in PLX4032-induced melanoma cell
damage, for the first time, we analyzed O,” and NO generation
from PLX4032-treated human melanoma cell lines with
electrochemical sensors. The sensing results were used together
with the conventional fluorescence assays to evaluate the
oxidative balance in melanoma cells harboring BRAFY6F
mutation under the PLX4032 stimulation. Impacts of superoxide
dismutase (SOD), antioxidative and NG-
monomethyl-L-arginine monoacetate, a NO synthase inhibitor, on
PLX4032-challenged melanoma cells were examined to further
confirm the involvement of ROS and NO in PLX4032-caused
biological consequences. The mitochondrial membrane potential
was also measured to investigate the effect of PLX4032-induced
oxidative stress on mitochondria.

a

an enzyme,

Materials and methods
Materials

BRAF"*"! muytate melanoma cell line A375 (A375%R4FV60%Ey and
BRAFY*"F wild type melanoma cell line MV3 (MVBRAFV600EWT)
were obtained from American Type Culture Collection (ATCC).
They were cultured in RPMI 1640 medium (Gibco) supplemented
with 10% fetal calf serum (FCS, Gibco), 100 U ml" penicillin
and 100 U ml” streptomycin at 37°C in a humidified 5% CO,
incubator.

PLX4032, a potent inhibitor selectively targeting protein kinases
with BRAFY**® mutation, was purchased from ChemieTek. 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra- zoliumbromide

(MTT), 2-(4-Amidino-phenyl)-6-indolecarb-amidinedihydro-
chloride (DAPI), 3-amino,4-aminomethyl-2’,7’-difluorescein
diacetate (DAF-FM), dichlorodihydrofluorescin-diacetate

(DCFH-DA), 5,5°,6,’-tetrachloro-1,1",3,3’-tetracthylimidacarbo-
cyanineiodide (JC-1), lactate dehydrogenase (LDH) cytotoxicity
assay kit and NG-monomethyl-L-arginine monoacetate (L-
NMMA) were purchased from Beyotime Biotechnology (Beijing,
China).

All other chemicals were bought from Sigma-Aldrich and used
without further purification unless otherwise indicated. All
solution was prepared with deionized water produced by
PURELAB flex system, ELGA Corporation.

MTT and LDH release assay

MTT cell growth assay was performed to evaluate the viability of
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cells under the inhibitor treatment. Briefly, A3755RAFVO0E apd

MV3BRAFVEEWT ool)s were seeded at a density of 1x10%well in
96-well plates. The cells were incubated with different
concentrations of PLX4032 for 72 h. After adding 10 pL MTT
solution (5 mg mL") into each well the microplates were
incubated at 37°C for approximately 3—4 h. The purple-colored
formazan products converted by viable cells were dissolved and

measured using a spectrophotometric microplate reader

s (ELx800™, Gene Company) at 570 nm. Growth inhibition was

calculated as percentage ratio between absorbance of PLX4032-
treated cells and untreated cells. All experiments were performed
three independent times in triplicates.

For LDH release assay, A3755RFV600E apq My 3BRAFVE0OEWT oo
(1x10*well in 96-well plates) were stimulated with PLX4032 (5
uM) for 24, 48 and 72 h. Extracellular LDH levels were measured
with the LDH cytotoxicity assay kit (Beyotime Biotechnology,
China). Absorbance values were recorded at 490 nm using a
microplate reader. Data were expressed as percentage of LDH

s enhancement in comparison with the untreated cells.

Extracellular O,” and NO
electrochemical sensors

levels measured with

Preparation of an O, "electrochemical sensor

DNA-Mn;(PO4),-CNT nanocomposite was synthesized according
to our previous work.** In brief, 2.1 mg single strand DNA was
added into 1 mL of 0.1 M MnSOy under constant stirring at 60°C.
9 mL 0.1 M K;PO4was dropped into the mixture under stirring
until the mixture becomes transparent. The pellet of DNA-
Mn;(POy), composites was collected by centrifugation at 9000

stpm for 10 min. Finally, CNT (0.5 mg mL"') and DNA-

Mn;(POy), (0.2 M) were drop-casted on a polished electrode.
Preparation of a NO electrochemical sensor

Reduced graphene oxide-ceria (rGO-CeQO,) nanocomposites were
synthesized using a hydrothermal method. Briefly, poly-
vinylpyrrolidone (0.9 g), Ce(NO;);-6H,0O (0.4 g) and 500 pL
graphene oxide solution (15 mg mL™") were dissolved in 30 mL
deionized (DI) water, stirring for 30 min at room temperature.
The mixture was transferred into a Teflon-lined autoclave and
heated at 180 °C for 24 h. The obtained precipitate was collected

s by centrifuge at 10000 rpm for 10 minutes and then washed with

ethanol and DI water. The rGO-CeO, nanocomposites were
obtained by drying the precipitate in an oven at 70 °C for 3 h.
Then rGO-CeO, nanocomposites were dissolved in DI water (10
mg mL'l). Prior for electrode modification, the rGO-CeO,
solution was ultrasonic treated for 1 minute. Finally, 5 pL rGO-
CeO, nanocomposites was casted on a polished glassy carbon
electrode for NO detection.

Calibration of O, and NO electrochemical sensors

A three-electrode system consisting of a nanomaterial-
functionalized  glassy carbon  working electrode,
Hg/HgCl,/KCl reference electrode and a platinum wire counter
electrode was employed to electrochemically detect O,” and NO
on an electrochemical station (CHI 760D, Chen Hua Instruments
Co. Ltd.). The electrochemical sensors were calibrated with
different concentrations of O, and NO in a fluidic chamber.
Electrochemical detection of O,” and NO released from cells
A375BRAFVE0OE 5y g MV 3BRAFVEOOEWT 5510/ well in a cell culture
dish) cells were incubated with PLX4032 (5§ pM) for different
durations. Cyclic voltammetry (CV) was conducted to monitor

an
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cellular O,” and NO generation. SOD and NO synthase inhibitor
were applied, respectively, to verify the O,” and NO-caused
current changes. Percentages of peak current enhancement in
comparison with the control cells were used to evaluate the
release of the analysts.

Fluorescent analysis of intracellular oxidative stress and
mitochondrial membrane potential

A375BRAFVE0E and MV3BRAFVEOOE WT ol were seeded at a

density of 5x10°/well in 6-well plates. PLX4032-challenged
melanoma cells with/without SOD and NO synthase inhibitor
treatments were stained with DCFH-DA and DAF-FM-DA,
respectively. The cells were imaged under a fluorescence
microscope (IX-71, Olympus Corp., Tokyo, Japan). NIH Image J
software was used to analyze the fluorescence intensity.
Mitochondrial membrane potentials were measured with the JC-1
staining assay. PLX4032-treated cells were incubated with JC-1
(1:1000 dilution) for 20 min at 37°C. After washing with MOPS,
the cells were observed under a fluorescence microscope with the
red fluorescence (550 nm excitation/600 nm emission) and green
fluorescence channels (485 nm excitation/535 nm emission).
NIH Image J software was used to analyze the data and evaluate
the change of fluorescence intensity.

Statistical analysis

Results were analyzed with the Student’s #-test using an Origin
Statistic software (OriginLab Corporation, USA). p-value < 0.05
was considered to be statistically significant. All experiments
were performed three times in triplicates independently.

Results and discussion
Growth inhibition induced by PLX4032

Since PLX 4032 specifically targets melanoma cells containing
BRAFY*™E  mutation, its influences on the growth of
A375BRAFVE0E g MV3BRAFVEOOE WT ools were examined to
explore the optimal dosage. It is observed that PLX4032 inhibits
the growth of BRAFY*® mutant melanoma cell line A375 in a
dose-dependent manner (Fig. 1A). As the concentration of
PLX4032 increases from 0 to 20 puM, the inhibition percentage
enhances from 0% to around 60%. However, PLX4032 has no
significant influence on the BRAFWT cell line MV3 even at the
concentration as high as 20 pM. The results demonstrate the
excellent specificity and efficiency of PLX4032 to BRAF'%"F
mutants. Because 5 pM PLX4032 can cause a 40% growth
inhibition of A3755RAVEOE cells it was selected as the optimal
dosage for following experiments.

Extracellular lactate dehydrogenase (LDH) activity is widely
applied to evaluate cell membrane integrity and cytotoxicity. The
extent of cellular injury was estimated by the leakage of LDH
from PLX4032-treated cells in this study (Fig.1B). In comparison
with the control cells, LDH released from A3755RAFVEOE (ellg
increases 30%, 57% and 48% after 24, 48 and 72 h of PLX4032
treatment, respectively. However, under the same conditions, the
changes in LDH leakage are negligible for MV3BRAFVSOEWT ¢opfg.
The significant leakage of LDH from A375 cells may indicate
that PLX4032 could damage plasma membrane, thus leading to
the death of the cells.
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Fig.1 (A) PLX4032 induced growth inhibition in melanoma cell
A375PRAFVEOE n § MV 3BRAFVEOEWT (VTT assay); (B) Lactate
dehydrogenase (LDH) leakage from PLX4032-treated cells (LDH assay).

0

0, and NO production from PLX-4032-treated A375%RAV60E
cell quantified by electrochemical sensors

Electrochemical sensors were employed in this study to monitor
the O,” and NO release from the untreated and PL4032-treated
cells. O, is in situ generated for sensor characterization and
calibration by adding KO, into PBS.*® CV was performed in 0.1
M phosphate buffer solution (PBS, pH 7.4) to verify the
performance of the as-prepared O, and NO sensors. Addition of
100 nM KO, induces a great enhancement of the oxidative peak
current at around 0.7 V (blue line of Fig. 2A). After an
introduction of SOD the increased peak current returns back to
the baseline level (red line of Fig. 2A) due to the dismutation of
0O,". For NO detection, an oxidative peak at 0.85 V appears in a
testing system containing 0.25 mM NO (blue line of Fig. 2C).
Hemoglobin (1.5 mM), which can disarm NO bioactivity™,
sharply decreases the characteristic NO peak (red line of Fig. 2C).
The findings show that the nanomaterial-functionalized
electrodes can be used to specifically sense O, and NO. To
further demonstrate the detection sensitivity of the sensors,
amperometric responses were measured by assaying serial
concentration values of O,” and NO. The O, electrochemical
sensor possesses a fast response of 5 s to O,” with a dynamic
range from 10 to 200 nM. The corresponding calibration curve
shows a detection limit of 2.5 nM and a sensitivity of 3.95 nA/nM
(Fig. 2B, insert). A response time of 4 s against NO was achieved
for the NO sensor (Fig.2D), which has a detection range from 0.2
to 4 pM, a detection limit of 28.17 nM and the sensitivity of
0.069 pA/uM.

O," generation from A375BRAFVE0E 5ng MV3BRAFVEOOE WT ooy

incubated with/without PLX4032 were measured using the as-

s prepared O, sensor. CV curves were collected to detect O, from

PLX4032-treated A375°RATVO%E and MV3PRAFVOOE WT g,
Changes of peak current intensity compared to control cells
(without PLX4032 treatment) were plotted against drug treatment
duration to reflect the O, secretion. As being shown in Fig. 3, 2,
4 and 8 h of PLX4032 incubations induce an increase of 24+1.2%,
2240.9% and 21+0.7% in O, generation from A375°RAFVE00E
cells, respectively (red dash line). While for BRAFY*"" wide
type MV3 cells, an about 10% increase of O, generation is
discovered after a 2-hour incubation with PLX4032 and the O,~

s level remains constant from 4 to 24 h (black dash line).

Interestingly, the O, release greatly decreases after 10 h and
reaches the normal level after 24 h in A3755RAFV6E celis. This
phenomenon may be possibly caused by the growth inhibition
and cytotoxicity of PL4032. To prove the elevated current
changes are indeed caused by PLX4032-triggered O, production,
SOD (7.5 U/mL), a superoxide scavenger, was added in the cell

This journal is © The Royal Society of Chemistry [year]
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B A375BRAFV600E

testing systems together with PLX4032. Results show that there
is no significant change on the current intensity in both
PLX4032-treated A375°F*FVO%E and Mv3 BRAFVOOE W cepig

5

(solid lines in Fig.3). Therefore, the PLX4032 inhibitor can
trigger the generation of O, from cells with BRAFY*F mutation
in an acute phase.
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Fig. 2 (A)DNA-Mn;(PO,),~CNT modified glass carbon electrode for O, detection. Cyclic voltammetry curves measured in PBS (black line), PBS + 100
nM KO, (blue line) and PBS + 100 nM KO, + superoxide dismutase (red line); (B) Amperometric response (i-¢ curve) and calibration curve for a serial
10 concentration of KO,; (C) rGO-CeO, modified glass carbon electrode for NO detection. Cyclic voltammetry curves measured in PBS (black line), PBS +
250 uM NO (blue line) and PBS + 250 uM NO + haemoglobin (red line); (D) Amperometric response (i-¢ curve) and calibration curve for a serial
concentration of NO.
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Fig.3 Effects of PLX4032 treatment on O, generation from A375PAFV60F
and MV3PBRAFVOEWT ¢elfs * denotes p<0.05; red dash line: PLX4032-
treated A3755%4FV6F cells, black dash line: PLX4032-treated
MV3BRAFVEOENT o115 red solid line: PLX4032-treated A3755RATVE00E
cells incubated with superoxide dismutase, black solid line: PLX4032-
treated MV3PRATVSOEWT cells incubated with superoxide dismutase.

Effects of PLX4032 on NO production from A3755RAFV600E apq
MV 3BRAFVEOEWT o115 were investigated with the calibrated NO
sensor. Alterations of CV peak current intensity at 0.85 V, which
is a characteristic peak of NO, were recorded to analyze changes
of the NO level. During the first 4 h PLX4032 treatment triggers
a sharp release of NO from A375%RAFVE0E cells. As the
incubation time extends the extracellular NO level reduces and
finally maintains at a relative constant level. Differently, changes
of extracellular NO level of PLX4032-challenged MV 3BRAFV600E
WT cells are confined in a narrow range, which is significantly
lower than those in A3755RAFVE0OE  (eplg (Fig.4). NG-
monomethyl-L-arginine, monoacetate salt (L-NMMA, 0.1 mM),
a nitric oxide synthase inhibitor, inhibits the PLX4032-induced
NO production from A375 BRAFVE0OE oe]ls. The results indicate
that PLX4032 could specifically induce the production of NO in
cells.
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Fig.4 Effects of PLX4032 treatment on NO production of A375P%AFV60F
and MV3PBRAFVEOEWT cells * denotes p<0.05, red dash line: PLX4032-
treated A3755%4FV6F cells, black dash line: PLX4032-treated
MV3BRAFVEOENT o5 red solid line: PLX4032-treated A3755RATVE00E
cells incubated with NO synthase inhibitor, black solid line: PLX4032-
treated MV3PRAFVSOEWT cellg incubated with NO synthase inhibitor.

Increased intracellular ROS and NO in PLX4032-treated
A375BRAFVE0OE (o1s measured by fluorescent labeling

To confirm the participation of ROS in PLX4032-induced cell
damage, DCFH-DA and DAF-FM-DA'' were used to measure
intracellular ROS and NO levels in melanoma cells. PLX4032
elevates the intracellular ROS level in A375%R4FV60E cells as
being evidenced by the strong fluorescent signal (Fig.5A).
However, the treated MV3ERAFVEE WT oolls demonstrate a
negligible change of green fluorescence. The use of SOD fades
the fluorescence caused by PLX4032 in A375PRAFVE0E ¢,
Quantitative analysis of the fluorescent images (Fig.5B) shows
that the fluorescent intensity of PLX4032-challenged
A375BRAFVEE el is significantly higher than that of other
groups, indicating that PLX4032 specifically elevates the
intracellular ROS level. Impacts of PLX4032 on intracellular NO
generation from A375BRAFVE0OE apd My3BRAFVEOEWT colls were

4|Journal Name, [year], [vol], oo—oo0
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also investigated with a fluorescent staining assay (Fig.6). damage, SOD and L-NMMA were used to treat the PLX4032-
PLX4032-incubated A375°R%4FV6E cells exhibit a very strong challenged cells in the MTT assay. As being shown in Fig. 7A,
fluorescence, which can be removed by the application of L- 15 both SOD (7.5 U/mL) and L-NMMA (0.1 mM) can mitigate
NMMA (Fig.6A), suggesting the NO induction capability of PLX4032-induced cell growth inhibition and cytotoxicity in
s PLX4032 in A3755RATVE0E cells. In agreement with the findings A375BRAFVE0E cells. ROS are well recognized molecules that are
in electrochemical measurements, the intracellular fluorescent involved in a variety of biochemical and pathological processes.
assays reveal that PLX4032 could selectively induce the O," can react with NO to form ONOO-, which may cause
generation of ROS and NO in BRAFY® mutation positive 20 changes in the catalytic activity of enzymes and impair cell signal
melanoma cells. transduction.”* Based on the data, it can be speculated that
PLX4032 may stimulate the generation of O,”and NO to break

o Increased O, and NO production is associated with PLX the intracellular oxidative balance, finally leading to cell damage.

4032-induced cell damage
To investigate the role of O,"and NO in PLX 4032-induced cell

MV3BRAFV600E WwWIT A37SBRAFVEOOE 5
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25
Fig. 5(A) DCFH-DA fluorescein staining of intracellular reactive oxygen species (ROS) generation from melanoma cells after an 8-h
PLX4032 incubation (scale bar: 50 pm); (B) histogram of increased green florescent intensity compared with cells without PLX4032
treatment ( n=3, ** denotes p<0.01). SOD: superoxide dismutase

MV3BRAFV600E w/T A3 7SBRAW600E B 60
30
A LMS DAF-FM DA LMS DAF-FM DA %%
o0 I MV3
Control £ ) m A375
S 9 40
2 1 3
) PLX4032- = o ,° : g S
* ) 9900 % )
¢ BN Z 20-
L-NMMA 5 = X
2 b
(® 7 " 04 T
40 PLX4032-L-NMMA ~ 70 “§© 9 N ww
IR 6 PLX4032 + - +
A L-NMMA - + +

Fig.6 (A) DAF-FM-DA fluorescein staining of intracellular NO generation from melanoma cells after an 8-h PLX4032 incubation (scale
bar: 50 pm); (B) histogram of increased green florescent intensity compared with cells without PLX4032 treatment (n=3, ** denotes
45 p<0.01). L-NMMA: NG-monomethyl-L-arginine monoacetate

A - “ * EMV3 B T M3
S 104 é U7 A375 - 7 % V7 A371s
£ g
z <
50 E‘) 20 § 30
: 2
3*3 104 E 159
2 7 f/’ = =
=r %
55 o % 77 % é ’
PLX4032 + - - + + PLX4032 + +
sop - + - + - SOD - + -
L-NMMA - - + - + L-NMMA - - +

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], oo—oo0 |5



Integrative Biology

Fig.7(A) Effects of superoxide dismutase (SOD) and nitric oxide synthase inhibitor L-NMMA on PLX4032-induced growth inhibition of A375°RAFV60E
and MV3PRAFVEOEWT melanoma cells; (B) Lactate dehydrogenase (LDH) leakage from PLX4032 treated cells (n=3, * p<0.05).

Since it has been verified that PLX4032 specifically triggers O,~
and NO production from BRAF inhibitor-sensitive A3755RAFV600E
s cells, they might further cause depolarization of mitochondrial
membrane potential and subsequent impairment of oxidative
phosphorylation. Fig. 8A shows the uptake of JC-1, a specific
mitochondrial membrane potential fluorescent marker, by
A375BRAFVE0E 5 g MV 3BRAFVEOEWT oolls. An increase of green
10 fluorescence signal can be discovered in PLX4032-treated
A375BRAVOOE cells, but not MV3PRAFVOOEWT celis PLX4032-
treated A375 BRAFVOOE colls have a significantly increased
green/red fluorescence ratio, which can be reduced to the
background level after SOD or L-NMMA incubation (Fig.8B).
15 Since the shift of JC-1 fluorescence from red to green indicates
the depolarization of mitochondria, PLX4032 can interrupt

A

MV 3BRAFV600E W/T
FTIC Channel TRITC Channel

A 37 5BRAFV600E

FTIC Channel TRITC Channel

Control

PLX4032

PLX4032-SOD|

PLX4032-L-NMMA|

mitochondria membrane potential, eventually resulting in
dysfunction of mitochondria, which is one of hallmark of
programmed cell death.

20 According to ROS-induced ROS theory, damaged mitochondria
produce more ROS, especially O,”, to initiate mitochondria-
driven ROS propagation through an inter-mitochondria signaling
network.® Therefore, PLX4032 treatment induces a marked
elevation of ROS production and a significant reduction of

s mitochondrial membrane potential, eventually leading to leakage
of LDH and cell death. Selective induction of oxidative stress
from melanoma cells with BRAFY*"® mutation could possibly be
one of the mechanisms for PLX4032—caused cell proliferation
inhibition, although further research works must be carried out to

s fully understand the biological processes.
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Fig. 8 (A) JC-1fluorescene staining of mitochondrial membrane potential from melanoma cells after an 8-h PLX4032 incubation (scale bar:50um); (B)
JC-1 green/red fluorescence ratio (n=3, * p<0.05). SOD: superoxide dismutase, L-NMMA: NG-monomethyl-L-arginine monoacetate.

Conclusions

s The BRAFY*F inhibitor PLX4032 is an FDA-approved new
drug for metastatic melanoma. It specifically inhibits the
RAS/MEK/ERK signaling pathway that controls cell proliferation
and adhesion. In the present study, electrochemical biosensors
were fabricated to monitor O,” and NO generation from
PLX4032-treated melanoma cells. Results show that PLX4032
can specifically trigger the release of O,” and NO from a
BRAFY*E mutation A375 cell line, but not a BRAFY%E wild
type MV3 cell line. Fluorescent analysis further shows that

4

3

PLX4032 can selectively induce an increased intracellular ROS
sand NO levels in A375PRAFVEE colls. More importantly,
incubation of A375PRAFVEE cel] with SOD and NO synthase
inhibitor can abolish PLX4032-initiated cell growth inhibition,
proving the functions of O,” and NO in PLX4032-caused
cytotoxicity. Mitochondrial membrane potential has also been

5

3

studied to verify the involvement of O,’and NO in the clinical
activity of PLX4032. In summary, our study depicts that
PLX4032 may elevate free radical production and secretion,
leading to depolarization of mitochondrial membranes -
potentially affecting proliferation of inhibitor-sensitive cells. It is
proposed that selective induction of intracellular oxidative stress
could possibly be one of the mechanisms for PLX4032—caused

5

by

FYS%E mutation.

This work not only proposes a new mechanism for PLX4032-

inhibition of melanoma cells harbouring BRA

induced melanoma cell inhibition, but also highlights potential
applications of electrochemical biosensors in cell biology and

N
3

drug screening.
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Graphic Abstract
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Electrochemical biosensors together with fluorescence staining were employed to monitor generation
of superoxide and nitric oxide from PLX4032-treated cells.
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Insight statement:

The BRAF"*F inhibitor PLX4032 (Vemurafinib) is an FDA-approved new drug for metastatic
melanoma. In this study, an electrochemical biosensor together with conventional fluorescence
staining techniques was employed to monitor extracellular and intracellular superoxide and nitric
oxide of PLX4032-treated cells. Our findings suggest that PLX4032 may elevate free radical
production and secretion, leading to depolarization of mitochondria membranes — potentially
affecting proliferation of inhibitor-sensitive cells. Our findings further suggest that an
interdisciplinary-modular approach to monitoring of cell free radical levels may be useful for cell
biology and drug screening.



