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Abstract

Platinum-containing drugs such as cisplatin and carboplatin are routinely used for the treatment of
many solid tumors including squamous cell carcinoma of the head and neck (SCCHN). However,
SCCHN resistance to platinum compounds is well documented. The resistance to platinum has
been linked to the activity of divalent transporter ATP7B, which pumps platinum from the
cytoplasm into lysosomes, decreasing its concentration in the cytoplasm. Several cancer models
show increased expression of ATP7B; however, the reason for such an increase is not known.
Here we show a strong positive correlation between mRNA levels of TMEM16A and ATP7B in
human SCCHN tumors. TMEM16A overexpression and depletion in SCCHN cell lines caused
parallel changes in the ATP7B mRNA levels. The ATP7B increase in TMEM16A-overexpressing
cells was reversed by suppression of NADPH oxidase 2 (NOX2), by the antioxidant N-Acetyl-
Cysteine (NAC) and by copper chelation using cuprizone and bathocuproine sulphonate (BCS).
Pretreatment with either chelator significantly increased cisplatin’s sensitivity, particularly in the
context of TMEMZ16A overexpression. We propose that increased oxidative stress in TMEM16A-
overexpressing cells liberates the chelated copper in the cytoplasm, leading to the transcriptional
activation of ATP7B expression. This, in turn, decreases the efficacy of platinum compounds by
promoting their vesicular sequestration. We think that such a new explanation of the mechanism of
SCCHN tumors’ platinum resistance identifies novel approach to treating these tumors.
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Introduction

Methods

Reagents

Squamous cell carcinoma of the head and neck (SCCHN) is the sixth leading cause of
cancer world-wide. These cancers are strongly associated with a risk to tobacco exposure
and alcohol abuse [1]. The mainstay of treatment for SCCHN requires the use of platinum-
based drugs (such as cisplatin). However, the survival rate of SCCHN remains at 40—

50% largely due to significant resistance to cisplatin. Cisplatin resistance can be acquired
through repeated treatment cycles or as inherent characteristic of cancer [2,3]. Molecular
mechanisms underlying platinum resistance is attributed to a number of factors including
binding to genomic and mitochondrial DNA, cellular proteins and RNA and activation

of several signaling pathways that lead to ROS and apoptosis. However, cisplatin fails to
exhibit full potential because of its reduced cellular accumulation, cytosolic inactivation
by binding to glutathione, and altered DNA repair [4]. Consequently, it is important to
find more methodical approaches, like combination therapy, that do not exclusively rely on
cisplatin.

Copper is an indispensable trace element that serves a variety of physiological functions
that also regulates cellular process as proliferation, angiogenesis, and motility. Studies have
demonstrated the role of copper in tumor growth, epithelial-mesenchymal transition, in

the formation of the tumor microenvironment and pre-metastatic niche. Hence, the copper
reduction has emerged as a novel therapeutic strategy in the treatment of metastatic cancer
[5]. Copper transporters, specifically ATP7B, a P-type ATPase that uses ATP to export, have
been implicated in cellular import and export of platinating agents.

Increased ATP7B expression in poorly differentiated tumors of ovary [6], gastric [7,8],
colorectum [9], bladder [10], breast [11], lung [12] and oral cavity [13,14] has been
reported. At basal copper levels, ATP7B is located in the trans-Golgi network (TGN). As
the intracellular copper increases, ATP7B translocates to the cytoplasmic vesicles, fusing
with the plasma membrane and releasing copper ions out of the cells. ATP7B can mediate
resistance to platinum drugs in various tumor types including ovarian cancer, non-small

cell lung carcinoma (NSCLC), colorectal carcinoma, endometrial cancer, oral squamous cell
carcinoma, and esophageal cancer [9,12-16].

In the present work, we show that ATP7B expression is modulated by ROS in TMEM16A
overexpressing cells. Second, copper chelators like cuprizone and bathocuproine sulphonate
ostensibly ‘mop up’ the copper to sensitize the cells to cisplatin. We propose that this
evidence is first in kind to model the use of copper chelation as a therapy in SCCHN.

Cuprizone (Bis(cyclohexanone)oxaldihydrazone; Cuz), bathocuproinedisulfonic acid (BCS)
and N-acetyl-L-cysteine (NAC) were purchased from Sigma—Aldrich (St. Louis, MO).
Apocynin was purchased from Santa Cruz Biotechnology (Dallas, TX). Cisplatin was from
EMD Millipore (now part of Millipore Sigma, Burlington, MA). Cuprizone was solubilized
in a minimum volume of 50% ethanol and the final volume was made up in distilled water.

Biochem J. Author manuscript; available in PMC 2022 March 23.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Vyas et al.

Cell lines

Page 3

Stock cuprizone was made fresh for each experiment and a final concentration of 2.5 or

5 UM was used in experiments. Stock solution of BCS was made in distilled water, stored

at —20°C and diluted in culture media before use. ATP7B siRNA was purchased from
Sigma—Aldrich (St. Louis, MO). Primers were bought from IDT Technologies (Coralville,
IA). RNeasy kit for RNA isolation and QlAshredder were purchased from Qiagen (Valencia,
CA). iScript RT supermix for RT-gPCR and iQ™ SYBR® Green Supermix for qPCR was
from Bio-Rad Laboratories (Hercules, CA).

0OSC19, Cal33, HN30 and FaDu cells were maintained in DMEM; Tel and Te9 were
maintained in RPMI media supplemented with 10%FBS and 1% penicillin/streptomycin
mixture. All cells were used for 10 passages and then discarded. Cell lines were
authenticated using human cancer cell line STR profiles. Vector Control or TMEM16A
overexpressing cells were engineered by transducing viral pBABE-puromycin control or
TMEM16A plasmid as previously described by Duvvuri et al. [17]. FaDu cells were
engineered to express non-targeted sShRNA or 2 independent TMEM16A-targeting ShRNA
(#12 and #1018) in doxycycline-inducible manner as previously described [23]. These cells
were cultured in DMEM containing 10% tetracycline-free serum. For experimental use, cells
were cultured in 10 ng/ml doxycycline containing media for 72 h, to achieve induction of
shRNA. Each cell line was maintained at 37°C in a humidified atmosphere of 95% air and
5% CO,.

ATP7B siRNA transfection

0OSC19 and FaDu cells were plated in six-well plates and grown to 70% confluency. A total
of 10 uM siRNA was transfected with Lipofectamine 3000™ reagent (Invitrogen) for 48 h
before re-plating and analyzing for gPCR or cell proliferation.

Quantitative real-time PCR (QRT-PCR)

Human tumor samples were obtained from the University of Pittsburgh Medical Center in
accordance with established University of Pittsburgh IRB guidelines. Tumors were disrupted
and homogenized in appropriate volume of lysis buffer provided in the RNeasy kit. The
tissue lysate was loaded onto the QlAshredder homogenizer after which RNA was isolated
using the manufacturer’s protocol. Total RNA from OSC19-VC/TMEM16A or FaDu-NT/
shTMEM16A cells were isolated using RNeasy Kit. First-strand cDNA was synthesized
using iScript RT and gPCR was done using a suitable dilution of cDNA. Primer sequences
for target genes are as follows:

ATP7B Forward 5'-GTGGGCAATGACACCACTTT-3’
Reverse 5'-TGGGTGCCTTTGACATCTGA-3’

HMOX Forward 5"-GAGACGGCTTCAAGCTGGTGAT-3’
Reverse 5'-CCGTACCAGAAGGCCAGGTC-3’

NQO1 Forward 5"-CGC AGA CCT TGT GAT ATT CCA G-3’
Reverse 5"-CGT TTC TTC CAT CCT TCC AGG-3’
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RT conditions: 15 s denaturation/95°C, 30 s annealing/60°C, 30 s extension/72°C for 40
cycles. Relative quantification was performed using the 2 24C4 method [18].

Cell proliferation assay

2.5-5 x 10* OSC19 and FaDu were plated in 96-well plates and allowed to attach overnight.
After indicated treatments, 10 pl premix WST-1 cell proliferation reagent (Takara Bio Inc,
Clontech Laboratories, Inc.) was added to each well and the plate was returned to the
incubator for 2 h after which absorbance was read at 450 nm in microplate reader from
BioTek Instruments Inc.

Amplex Red assay

MitoSOX

Extracellular H,O, was determined from intact cells using 10-acetyl-3,7-
dihydroxyphenoxazine (Amplex Red reagent) using the reagents and protocols provided
in the Amplex Red Hydrogen Peroxide Assay Kit (Molecular Probes Inc., Eugene, OR).
25 000cells/well were allowed to attach in 96-well culture plates for overnight. Next day,
after cuprizone (6 h, 2.5 uM)/NAC (20 mM)/apocynin (100 pM) treatment for 3 h, cells
were washed once in PBS, then incubated for 30 min at 37°C in reaction buffer containing
0.2 U/ml horseradish per-oxidase and 100 uM amplex Red; background fluorescence was
measured in parallel in wells containing all reactants except samples. Fluorescence was
expressed as HyO» levels using a standard curve generated with known concentrations

of H,0, stabilized solution using Synergy H1 Hybrid microplate reader from BioTek at
excitation of 530 nm and emission of 590 nm. Cells were then counterstained with crystal
violet to correct the mM H,0O, values for variations in cell culture densities.

Detection of mitochondrial superoxide in live cells was done using MitoSOX™ Red
(Molecular Probes Inc., Eugene, OR). 25 000cells cultured in 96-well plate were treated
with cuprizone/NAC/apocynin as indicated in amplex red assay. Cells were washed once in
PBS, then incubated with 5 uM MitoSOX in PBS for 30 min at 37°C. Following incubation
in dark, MitoSOX was removed, cells were washed again with PBS and then plates read in
Synergy H1 Hybrid microplate reader from BioTek at excitation of 510 nm and emission of
595 nm.

Statistical analysis

Results

Statistical analysis was performed using GraphPad Prism 8. A paired #test or ANOVA
with Dunnet or Tukey’s adjustment was used to test significance as appropriate. £< 0.05
was considered statistically significant. Each experiment was repeated 3—4 times and the
combined graph of mean £ SEM is shown unless stated otherwise.

We and others have previously shown an up-regulation of TMEM16A mRNA in a
significant fraction of human SCCHN tumors [17-19]. Also, many SCCHN tumors show
resistance to platinum [20-22]. ATP7B up-regulation has been shown in many tumors and
was proposed to drive the resistance to platinum compounds [9,12-16]. To answer whether
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TMEM16A overexpression in SCCHN entails ATP7B up-regulation, we performed qPCR
analysis of human SCCHN tumors isolated from 13 patients. Interestingly, these samples
segregate into two subsets, one which plays a stronger correlation coefficient. To illuminate
the mechanistic connection between TMEM16A mRNA and ATP7B mRNA correlation,
we used the SCCHN cell lines OSC19 and FaDu. ATP7B mRNA levels increased more
than threefold following TMEMZ16A overexpression in the natively low-expressing tongue
squamous cell carcinoma cell line OSC19 (Figure 1B). TMEM16A overexpression was
accomplished by stable transfection as before [17]. The TMEM16A-rich cell line FaDu
dropped ATP7B mRNA levels after TMEM16A levels knockdown using the inducible
shRNA system described before [23] (Figure 1B). The control remained untransfected.
SiRNA assays in Figure 1C show the specificity of the observed effects on ATP7B mRNA.
These data show that TMEM16A expression impacts ATP7B mRNA levels.

ATP7B expression has been linked to increased resistance to platinum compounds,
ostensibly by facilitating platinum sequestration in the lysosomes or related vesicles and

its expulsion by exocytosis [24-26]. TMEM16A-overexpressing OSC19 cells have higher
proliferation and resistance to cisplatin than wild-type, low-TMEMZ16A cells, and native
high-TMEM16A expressing FaDu cells have higher proliferation and cisplatin resistance
than the same cells in which TMEM16A was deleted (Figure 2A). This trend was reversed
by ATP7B depletion. TMEM16A-overexpressing ATP7B-deficient cells lost proliferative
advantage over low-TMEM16A expressing cells and become significantly more sensitive to
platinum. Specifically, proliferation rate of TMEM16A-overexpressing OSC19 cells was
~150% of vector control cells (145.3 + 14.72%, n= 3). ATP7B knockdown dropped

the OSC19-TMEMU16A cells to the levels undistinguishable from control cells. ATP7B
knockdown induced nearly 30% drop in proliferation rate of TMEM-overexpressing cells
(proliferation rate decreased to 72.85 £ 7.03% (7 = 3) of control cells. Treatment with 5

UM cisplatin (CDDP) induced 20% drop (78.88 £ 10.52%, /= 3). Overall, a combination
of ATP7B knockdown and CDDP caused 50% drop in the proliferation rate of TMEM16A-
overexpressing OSC19 (52.38 £ 0.96%, n = 3), and only 25% drop in the proliferation rate
of control, natively TMEM16A-low OSC19. Cell proliferation in OSC19-VC subjected to
the combination of ATP7B knockdown and CDDP was 75.77 £ 6.57% (7= 3) of its value in
control cells.

ATP7B transcription was shown to respond to oxidative stress [27,28], in a mechanism

that was shown, by different groups, to involve the metal-sensitive transcription factor
MTF-1 [29]. Oxidative stress is known to liberate copper from cytoplasmic chelating
proteins such as metallothioneins, which is likely to accelerate oxidative damage due to

the oxidizing nature of free copper ions [30]. The runaway damage is countered by binding
of the liberated copper MTF-1, leading to the transcriptional activation of genes coding for
metallothioneins and divalent transporters including ATP7B. Such a feedback loop appears
to limit the cellular damage induced by oxidative stress. To answer whether this mechanism
is involved in ATP7B up-regulation in the TMEM16A-overexpressing cancer models, we
measured oxidative stress in these models using mMRNA levels of heme oxygenase 1
(HMOXI) and NAD(P)H Quinone Dehydrogenase 1 (VQOJ) as in our recent studies
[31,32]. The expression of these genes is regulated by the transcription factor NRF-2, which
is activated by oxidative stress [33,34]. This is a robust and highly quantitative readout
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of oxidative stress. Figure 3 shows increased oxidative stress associated with high levels

of TMEM16A expression: intrinsic (FaDu) or induced by recombinant expression (OSC19-
TMEM16A). In OSC19 cells, TMEM16A expression increased HMOXI1 and NQOI mRNA
levels 4- and 3-fold, respectively (mRNA fold change relative to VC cells averaged 4.09 +
0.96 and 3.13 £ 0.58, 7= 3). At the same time, TMEM16A knockdown in TMEM16A-rich
FaDu cells, decreased HMOXI and NQOI mRNA levels decreased by 30%, respectively
(mRNA fold change relative to NT cells: 0.77 £ 0.03 and 0.66 £ 0.03; 7= 3).

Interestingly, these oxidative stress markers were suppressed by incubation of the cells with
copper chelators cuprizone and BCS. Cuprizone caused 9- and 2.8-fold drop in HMOX1
and NQOI mRNA levels in TMEM16A-overexpressing OSC19 cells. The drops for both
genes in FaDu cells averaged 2.2-fold. The drops were TMEM16A-specific as they were
absent or not significant in OSC19 cells and in FaDu cells expressing TMEMI16A shRNA.
Therefore, free copper is likely increased in the cytoplasm, contributing to oxidative stress,
of TMEM16A-overexpressing cells.

Additional tests of oxidative stress included measuring hydrogen peroxide (H,0,) release
and MitoSOX fluorescence as a function of TMEM16A status and the presence of
antioxidants. Hydrogen peroxide release was measured using Amplex Red (10-acetyl-3,7-
dihydroxyphenoxazine). Figure 4A shows ~30% increased hydrogen peroxide release

in cells with higher TMEM16A levels: intrinsic (FaDu) or induced by recombinant
expression (OSC19-TMEM16A). In TMEM16A-overexpressing cells hydrogen peroxide
release averaged 1.3-fold (128.2 + 7.2%, n = 3) that of natively TMEM16A-poor control
OSC19 cells. This was reversed by apocynin, the inhibitor of NOX2, which is one of

the main producers of reactive oxygen species [34,35], and by the antioxidant NAC [36].
In TMEM16A-overexpressing OSC19 cells apocynin induced a 2.3-fold drop in hydrogen
peroxide release (to 44.83 + 11.2% of control values, 7= 3); NAC caused a 1.6-fold drop
(to 61.15 £ 2.40% of control values, 7= 3). The drop was not significant in control OSC19
cells. In FaDu cells, apocynin induced a 1.3-fold in hydrogen peroxide release (to 78.79

+ 9.44% of control values, 7= 3) and NAC caused a 1.2-fold drop (to 83.37 £ 7.05% of
control values, n= 3, Figure 5A). The drops were absent or not significant in FaDu cells
expressing TMEM16A shRNA (Figure 5A).

MitoSOX Red is a fluorescent mitochondrial superoxide indicator that reports mitochondrial
superoxide in live cells. MitoSOX Red studies showed increased oxidative stress in
TMEM16A-overexpressing cells, which was reversed by the antioxidants. Oxidative stress
in TMEM16A-overexpressing cells reported by hydrogen peroxide release and by MitoSOX
signal appears to be at least partially driven by copper because cell incubation with

low micromolar concentrations of cuprizone decreased it to the levels observed in cells
expressing low TMEM16A levels (Figures 4B and 5B). We conclude that increased free
copper in the cytoplasm of TMEM16A-overexpressing cells contributes to oxidative stress.
We do acknowledge the increased hydrogen peroxide release in NAC-treated group of
low-TMEMU16A expressing OSC19 and FaDu cell-lines (Figures 4A and 5A). While more
in-depth experiments are needed to elucidate the exact cause of this phenomena, we propose
that low TMEM16A cells have minimal levels of ROS. The addition of NAC might in fact
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be increasing ROS production by inducing reductive stress and inhibiting mitochondrial
function [35], partly because there is no role of NAC as antioxidant.

The increase in ATP7B mRNA in TMEM16A-overexpressing cells shown in Figures 1 and
2 is at least partially driven by oxidative stress because it was suppressed by apocynin
(NOX2 inhibitor) and by NAC (ROS inhibitor) (Figure. 6A). Figures 6B,C shows that
ATP7B mRNA increase in TMEM16A-overexpressing cells was reversed by cuprizone and
BCS as well. ATP7B mRNA levels decreased from 4.01 + 0.66-fold change over control in
OSC19-TMEM16A overexpressing cells to 1.22 + 0.43 after cuprizone treatment. In BCS
treatment the decrease was from 6.70 £ 1.86 to 1.37 £ 0.45 (7= 3). TMEM16A-rich FaDu
cells showed levels similar to those in FaDu cells expressing TMEM16A shRNA (Figures
6B,C). Nether control OSC19 nor TMEM16A-deficient FaDu cells responded to copper
chelators by decreasing ATP7B mRNA to a significant extent.

This model was directly tested using cell proliferation assays. Figure 7A shows that
TMEM16A-overexpressing OSC19 cells are significantly more resistant to 5 uyM CDDP
than control OSC19. However, in contrast with control OSC19 cells, the proliferation

of TMEM16A-overexpressing cells was suppressed by low-micromolar cuprizone.
Furthermore, a when the cells were pretreated with cuprizone, CDDP treatment was
significantly more effective, decreasing proliferation rate to ~50% of that in control or
CDDP-treated cells. The same trend persisted in FaDu cells: control FaDu cells were
significantly more sensitive to cuprizone, and the latter has additive effects with platinum in
these cells rather than in FaDu cells transfected with TMEM16A shRNA (Figure 7B).

It is important to note that the observed effects of cuprizone and BCS on both oxidative
stress and ATP7B expression are TMEM16A-specific, as they only manifested in cells with
high TMEM16A expression. These data suggest that oxidative stress and the subsequent
liberation of copper drive ATP7B overexpression in TMEM16A-overexpressing cancer
models. ATP7B was previously shown to facilitate platinum sequestration in the lysosomes,
decreasing its cytoplasmic concentration and, likely, access to genomic DNA [23-25]. We
propose that ATP7B up-regulation caused by ROS and copper liberation in TMEM16A-
overexpressing cancer models increases the resistance of these cells to platinum (model in
Figure 8). Therefore, ATP7B down-regulation by cuprizone exposes cells to pro-apoptotic
effects of CDDP. This provides a mechanistic explanation for the observed effects of
cuprizone and for the acquisition of platinum resistance by the TMEM16A-overexpressing
cells before their exposure to platinum.

Discussion

The mechanism by which cells accumulate cisplatin is poorly understood in the current
scenario and only a few kinds of transporters are known to influence the uptake and efflux
of cisplatin [15]. ATP7B has been proposed to be a significant biomarker for predicting
platinum-resistance in different types of cancer [7,36]. Our data demonstrates that ATP7B
expression correlates with TMEM16A expression in SCCHN cell lines as well as in patient-
derived xenografts.
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A link between ATP7B and CDDP resistance has been known since Komatsu et al. [37]
showed that prostate cells resistant to CDDP expressed higher levels of ATP7B, which
affects the efflux of CDDP; and that cells transfected with ATP7B are resistant to copper
and CDDP. In the current set of experiments, we show that SCCHN cells are sensitized

to as low as 5 uM CDDP after ATP7B knockdown. The dynamics of cisplatin-induced
reduced proliferation may be attributed to a number of factors like transport of cisplatin
from extracellular space to trans-Golgi network through cytosol, lysosomal sequestration
and exocytosis from the cell. However, cisplatin and its derivatives are known to be shuttled
in and out of the cells through proteins involved in the metabolism of copper, most notably
ATP7A and ATP7B. ATP7B has the ability to transport not only copper, but other metals.
Binding of multiple metal ions like Zn?*, Hg?*, Au3* and Cd2* at the copper-binding
domain of ATP7B has been confirmed [38]; however, the exact binding site for cisplatin on
ATP7B is so far unknown.

Evidence has shown that high copper levels are correlated with rapid cell proliferation,
inflammation, oxidative stress and cancer growth and metastasis [39-41] and several
copper chelators, formerly intended for other purposes are being routed towards cancer
therapy. Intracellular elevation of free copper is toxic because of their redox reactivity

and participation in ROS metabolism. Here, we show that this detrimental effect of

copper can be used to selectively eliminate high TMEMZ16A cells. First, cuprizone and
BCS, both target the depletion of HMOX1 and NQO1, both of which are models for
redox-regulated gene expression. The mechanism of action of copper agents cuprizone

and BCS may stem from their high affinity for metals and eventually stripping off the

Cu from cellular proteins. Cuprizone is a copper chelating agent, known for producing
demyelination within the central nervous system and also affecting iron metabolism [42].

It has not yet been used to intervene or target cancer therapy. Second, cuprizone and

BCS participate in redox-recycling and in elimination of hydrogen peroxide or superoxide
species. Finally, combination of cisplatin and cuprizone is selectively synergistic in cells
that have endogenous high TMEM16A levels. However, the anti-cancer activity of cuprizone
seems to be beyond than just redox-recycling and copper chelation, since cuprizone alone is
not toxic in low-TMEM16A cells.

The other metal chelator bathocuproinedisulfonic acid (BCS) seems to show a different
mechanism of action compared with cuprizone, in the sense that while it might participate
in redox recycling, it does not necessarily show synergistic or additive effect in cell
proliferation assay along with cisplatin. Hence it is safe to hypothesize that while cuprizone
has a role in regulation of Cu-ATPase ATP7B towards resistance of human cells to

cisplatin, the same cannot be concluded for BCS. Our results demonstrate a more complex
relationship between the resistance of cells to cisplatin and ATP7B than is currently thought.

Cancer cells exhibit increased levels of ROS and altered redox status, allowing to
preferentially eliminate these cells by traditional antioxidants. However, the up-regulation of
intrinsic antioxidant capacity in response to the increased ROS levels might confer resistance
to pharmacological inhibitors of ROS. Hence, modulating the redox mechanism in cancer
cells is a suggested target to eliminate these cells [43].
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In summary, the selective killing of cisplatin-resistant high-TMEM16A SCCHN cells can
be achieved using cuprizone, with the mechanism of action directed to redox cycling and
elimination of ROS.
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Figure 1. TMEM 16A up-regulates ATP7B.
ATP7B mRNA gRT-PCR in: (A) Human tumors shows linear correlation of A7P7B with

TMEM16A mRNA. The red data points represent subset showing correlation significant
at £< 0.05 with Spearman’s and £ < 0.0001 with Pearson’s adjustment. (B) OSC19 cells
(left panel) and after siATP7B treatment (right panel). (C) FaDu cells (left panel) and after
SIATP7B treatment (right panel). *** £< 0.0001, ** P< 0.001 and * £< 0.05 with £test.
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Figure 2. ATP7B knockdown increases the sensitivity of cancer cell modelsto cisplatin.
Cell proliferation measured in OSC19 (A) and FaDu (B) after treatment with A7TP7B

siRNA. These panels represent change in proliferation relative to untreated transfected
controls. Panels a and b show the change in proliferation recalculated by taking OSC19-
VC (a, left panel), OSC19-TMEM16A (a, right panel), FaDu-NT (b, left panel) and FaDu-
shTMEM16A (b, right panel) as 100%. * P< 0.05 and ** P< 0.001 with one-way ANOVA
after Tukey’s multiple comparison test.
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Figure 3. Cuprizone (Cuz) and BCSinhibit ROS production.

(A and B) HMOX1 and NQOI mRNA levels analyzed using qPCR after 6 h-long treatment
with 2.5 UM Cuz in OSC19 (left panel) and FaDu (right panel). (C and D) HMOX1 and
NQOI mRNA levels analyzed using qPCR after 6 h-long treatment with 100 uM BCS in
OSC19 (left panel) and FaDu (right panel). Data is normalized to OSC19-VC or FaDu-NT.

Significance is shown as one-way ANOVA after Tukey’s multiple comparison test.
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Figure 4. Cuprizone selectively inhibits HoOo release and mitochondrial oxidative stressin
OSC19-TMEM16A cells.
(A) Amplex Red is measured in OSC19-VC and TMEM16A cells treated with 5 uM Cuz

for 6 h. H,O, released is represented as % change of untreated VC (a, left panel) and

as % change of untreated TMEM16A (a, right panel). (B) MitoSOX is measured in OSC19-
VC and TMEM16A cells after treatment with 5 uM Cuz for 6 h. MitoSOX fluorescence

is shown as % change of untreated VVC (b, left panel) and as % change of untreated
TMEMZ16A (b, right panel). Significance is shown at * £< 0.05 using unpaired #test.
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Figure 5. Cuprizone selectively inhibits HoOo release and mitochondrial oxidative stressin FaDu

cdls.

(A) Amplex Red is measured in FaDu-NT and FaDu-shTMEMZ16A cells. H,O, released

is represented as % change of untreated NT (a, left panel) or % change of untreated
shTMEM16A (a, right panel). (B) MitoSOX is measured in FaDu-NT and FaDu-
SshTMEM16A cells. MitoSOX fluorescence is shown as % change of untreated NT (b, left
panel) and as % change of untreated ShTMEMZ16A (b, right panel). Significance is shown
at* P<0.05 and ** P< 0.001 when compared with untreated control by one-way ANOVA

with Dunnet’s adjustment.

Biochem J. Author manuscript; available in PMC 2022 March 23.



1duosnuey Joyiny wA 1duosnue Joyiny wA

1duosnue Joyiny wA

Vyas et al.

Page 18

A [] oscieve [0] FapunT

& 45 1.5 1

& 4 [l oscie-Tvem1eA - [l Feou-shTMEM16AH12

®

=

(&) -

3 ? 1.0 A

e

< 24 '

2’ = T

[ . _ T 0.5

=

&

< o - 0.0 -

Control NAC Apo Control NAC Apo Control NAC Apo Control NAC Apo

B

® O - 1.5 -

j=2

=

£ 44

o

© -

3, 1.0

3 -

14 2 -

E 0,5 - R

£

~

<

0- 0.0 -
- % - + Cuz -4 - + Cuz

C 10 1.5

(=] -

c

£ 8-

o

© -

2 1.0 .

< T -

Z

% - 0.5

Q T . '

& 27

< | M

0- 0.0 -
- ¢ - + BCS -+ - + BCS

Figure 6. Cu-chelators Cuprizone and BCS down-regulate ATP7B mRNA expression.
The results of gPCR for ATP7B mRNA in OSC19 (left panel) and FaDu (right panel) after:

(A) Three-hours long treatment with 20 mM NAC or 100 uM Apo treatment. Significance
is calculated using unpaired #test. (B) Six-hours long treatment with 2.5 uM Cuz. (C)
Six-hours long treatment with 100 uM BCS. * £< 0.05, ** £< 0.001 and *** P< 0.0001
when compared with untreated VC or NT by one-way ANOVA with Tukey’s adjustment.
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Figure 7. Combination of Cuprizone and CDDP sensitizes cell death in TMEM 16A-
overexpressing cells.
Cell proliferation was measured by WST-1 after 24-h long exposure to 10 pM CDDP with

and without 6-h long pretreatment with 1 uM Cuz. (A) OSC19-VC and TMEM16A cells.
Drug effects are shown as % change of proliferation relative to VC (A and a, left panel)
and TMEM16A (a, right panel) cells. (B) FaDu-NT and FaDu-shTMEMZ16A cells. Drug
effects are shown as % change of proliferation relative to NT (B and b, left panel) and
shTMEM16A (b, right panel) cells.
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Figure 8. A modéd of increased CDDP resistance of TM EM 16A-overexpressing cells.
TMEM16A up-regulation affects intracellular chloride and/or activates NOX2 as shown

before. NOX2 activation increases ROS leading to copper release from the cytoplasmic
copper-chelating proteins. Copper stimulates ATP7B expression, increasing platinum intake
into the lysosomes.
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