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Abstract—Sodium orthovanadate (SOV) is a general inhibitor of tyrosine phosphatases, a large family of enzymes that cat-
alyze the removal of phosphate groups from tyrosine residues. SOV is commonly used in the laboratory to preserve the pro-
tein tyrosyl phosphorylation state of proteins under study. It has shown promising antineoplastic activity in some human
cancer cell lines; this effect has not been fully investigated in head and neck squamous cell carcinoma. In this study, the
effect of SOV on cell growth, proliferation, viability, and apoptosis was assessed in Cal27 cells, an oral squamous cell carci-
noma (OSCC) cell line. SOV exhibited dose-dependent inhibition of cell growth and decrease in cell viability and colony
formation. The ICs, values for treatment lasting 72 h and 7 days were 25 and 10 uM, respectively. The cytotoxic effect of the
drug was associated with poly(ADP-ribose)polymerase cleavage detected by immunoblot. Flow cytometry of Cal27 cells
stained with annexin V-FITC and propidium iodide showed a dose-dependent increase in apoptosis that reached approxi-
mately 40% at 25 uM SOV. These findings demonstrate that SOV has in vitro antiproliferative and proapoptotic effect on

OSCC cells.
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Cytoplasmic protein tyrosine phosphokinases and
phosphatases regulate the tyrosine phosphorylation status
of proteins crucial to multiple signal transduction path-
ways. Activation of phosphokinases or inactivation of
phosphatases leads to accumulation of phosphorylated
proteins resulting in regulation of cell cycle, growth, and
differentiation, DNA damage response, apoptosis, and
other critical cellular behaviors. The balance between
tyrosine kinases and tyrosine phosphatases establishes
whether a cell will survive or undergo apoptosis [1].

Sodium orthovanadate (SOV) is a phosphate analog
that functions as a general inhibitor for protein tyrosine
phosphatases, alkaline phosphatase, and ATPase, result-
ing in accumulation of phosphoproteins [1, 2]. It is com-
monly used in research settings to prevent tyrosine
dephosphorylation in assays dependent on protein tyrosyl
phosphorylation.

Abbreviations: OSCC, oral squamous cell carcinoma; PARP,
poly(ADP-ribose)polymerase; PI, propidium iodide; SOV,
sodium orthovanadate.

* To whom correspondence should be addressed.

SOV has been found to affect apoptosis, but it has
been shown to both suppress [3, 4] and induce [5]. This
could be due to differences in the genetic background of
the cell lines studied or in the apoptotic stimuli used [6].
Induction of apoptosis by SOV involves generation of
reactive oxygen species in the cytosol, or in mitochondria
[7] with the release of cytochrome ¢ and activation of cas-
pases [8]. Activated caspases such as caspase-3 and cas-
pase-8 provoke further mitochondrial damage and acti-
vate cellular substrates such as poly(ADP-ribose)poly-
merase (PARP), leading to apoptosis [9, 10]. In this study,
we explored the effect of SOV on the growth and prolifer-
ation of Cal27 oral squamous cell carcinoma (OSCC)
cells in vitro.

MATERIALS AND METHODS

Tissue culture and reagents. Cal27 cells were
obtained from the American Type Culture Collection and
were grown in DMEM/F12 medium supplemented with
5% FBS and 1% penicillin/streptomycin at 37°C and 5%
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CO,. SOV (NaVO;) was obtained from Sigma (USA);
alamarBlue and trypan blue were obtained from
Invitrogen (USA); anti-PARP, anti-B-actin, annexin V-
fluorescein isothiocyanate (FITC), and propidium iodide
(PI) were obtained from Millipore (USA).

Immunoblot. Treated cells in 6-cm dishes were
washed with ice-cold PBS containing 2 mM SOV, col-
lected, resuspended in lysis buffer, and processed as pre-
viously described [11]. Briefly, cell lysate was vortexed
and incubated at 4°C for 30 min, then centrifuged at
13,000 rpm for 15 min at 4°C. The supernatant was col-
lected, and sample buffer containing 0.1 M dithiothreitol
(DTT) was added. Proteins were resolved by 12% SDS-
PAGE and then transferred to a polyvinylidene fluoride
(PVDF) membrane (Millipore). Proteins were visualized
using infrared-emitting conjugated secondary antibodies —
anti-mouse 680 Alexa (Molecular Probes, USA) or anti-
rabbit IRDYE 800 (Rockland Immunochemicals, USA) —
and the Odyssey imaging system (LI-COR Biosciences,
USA).

AlamarBlue proliferation assay. Cells were plated at
5000 cells per well in 96-well plates and allowed to grow
for 24 h prior to treatment with SOV, which was dissolved
in PBS and added directly into the media. Control cells
were treated with PBS only. All experiments were per-
formed in triplicate. Plates were incubated for 72 h.
AlamarBlue was added to each well according to the
manufacturer’s protocol. Cells were incubated for 3 h at
37°C, and the fluorescence at 540 nm was recorded.

Trypan blue cell count. Cells were plated at 50,000
cells per well in a 12-well plate and allowed to grow for
24 h. The cells were treated with SOV dissolved in PBS
and added directly into the media. Control cells were
treated with PBS only. All treatments were studied in trip-
licate. The plates were incubated for 72 h. The medium
from each well was collected, and the wells were
trypsinized; anchored and floating cells were combined
and centrifuged at 3000 rpm for 3 min at 4°C. The cells
were resuspended in 1 ml PBS, and 100 pl of the suspen-
sion was stained with 100 pl of trypan blue. Living and
dead (blue) cells were counted using a TC20 Automated
Cell Counter (Bio-Rad, USA).

Colony formation assay. Cal27 cells were seeded at
250 cells per well in a 6-well plate and incubated
overnight at 37°C. The cells were treated with SOV dis-
solved in PBS and added directly into the media. Control
wells were treated with PBS alone. All treatments were
carried out in triplicate wells. The plates were incubated
for 14 days; during this period the medium was changed
twice weekly with the appropriate concentration of SOV.
The plates were washed with ice-cold PBS; the colonies
were fixed with methanol for 15 min, stained with 2%
crystal violet, and counted. Colonies consisting of >50
cells were scored.

Flow cytometry. Cal27 cells were grown in 6-cm
dishes to 70% confluence and then incubated with SOV
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or PBS for 72 h. The medium from each well was collect-
ed; the cell monolayers were trypsinized, resuspended in
the corresponding medium, centrifuged at 3000 rpm for
3 min at 4°C, washed once with cold PBS, and resus-
pended in annexin V-FITC and PI according to the man-
ufacturer’s recommendations (Millipore). Flow cytome-
try was conducted in the UVA Flow Cytometry Core
Facility. With annexin V/PI staining, cells that are viable
are annexin and PI negative, cells that are in early apop-
tosis are annexin positive and PI negative, and cells that
are in late apoptosis are annexin and PI positive. Necrotic
and dead cells are annexin V-FITC negative and PI posi-
tive [12, 13].

Statistics. All statistical analyses were performed
using Prism 3 (GraphPad Software, USA). Comparisons
to untreated controls were performed using Student’s #-
test. Findings were considered significance when p < 0.05.

RESULTS

SOV inhibits Cal27 cell proliferation. Cal27 cells were
treated with 2.5, 5, 15, 25, and 50 uM SOV, and prolifer-
ation was assessed at 72 h and 7 days using alamarBlue.
Figure la demonstrates dose-dependent inhibition of
proliferation with both short and long-term SOV treat-
ment; a greater growth inhibitory effect was observed with
the longer exposure. After 72 h of treatment with 2.5 and
5 uM SOV, growth was inhibited by 2.5 and 10%, respec-
tively; after 7 days, growth was inhibited by 17.5 and 33%,
respectively. The 1Cs, was 25 uM for 72 h treatment and
10 uM for 7 day treatment. At 50 uM, SOV inhibited pro-
liferation by 95% (72 h) and 99% (7 days).

SOV decreases Cal27 cell viability. Similar experi-
ments were performed to assess cell viability using trypan
blue. Nonviable cells were differentiated from viable cells
by their blue staining. SOV cytotoxicity in Cal27 cells was
dose-dependent (Fig. 1b) with IC,, of 28 and 15 uM after
72 h and 7 day treatment, respectively.

SOV inhibits clonogenic survival of Cal27 cells. The
effect of chronic exposure (14 days) to SOV on clono-
genic survival was evaluated using a colony formation
assay. A dose-dependent decrease in the number of
colonies was observed (Fig. 2); 50 uM SOV resulted in a
95% reduction in colony formation compared to untreat-
ed cells (p < 0.05).

SOV induces apoptosis in Cal27 cells. PARP cleavage
was assessed by immunoblot in Cal27 cells as a marker of
apoptosis after SOV treatment (Fig. 3, a and b). Cal27
cells were treated with 25 uM SOV and collected at 6, 24,
and 72 h. SOV induced a 5-fold increase in cleaved PARP
(C-PARP) within 6 h of treatment. C-PARP level was
maximal (6-fold increase) at 24 h, and this was sustained
through 72 h. SOV-induced apoptosis was further exam-
ined by flow cytometry of Cal27 cells. Annexin V labeled
with a fluorescent tag (FITC) was used in conjunction
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with a live/dead dye (PI) to identify and quantify the
apoptotic population. The characteristic pattern differen-
tiates early apoptosis (PI negative, annexin positive) from
either late apoptosis (PI positive, annexin positive) or
dead cells (PI positive, annexin negative). Cal27 cells
were incubated with 0, 2.5, 5, 15, 25, and 50 uM SOV for
either 72 h or 7 days and subsequently stained with annex-
in V-FITC and PI as described above. Figure 3¢ shows a
representative flow cytometry result for treatment with
25 uM SOV at 72 h and 7 days. The table and Fig. 3d
summarize triplicate experiments across the entire dose
range and show a dose dependent increased in apoptosis
and necrosis with SOV treatment, greater at 7 days than at
72 h. The apoptotic population increased from 3% in
untreated control cells to 51% after 72 h of treatment with
50 uM SOV (p < 0.05). The necrotic population similarly
increased from 1% in untreated control cells to 19% in
cells exposed to 50 uM SOV for 72 h (p < 0.05). After
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Fig. 1. Dose response of Cal27 cell proliferation (a) and viability
(b) after SOV treatment. Assays were performed in triplicate as
described in “Materials and Methods” using alamarBlue ((a) rel-
ative fluorescence at 590 nm) and trypan blue ((b) number of live
cells as percent of control). Results are shown as mean =+ standard
error of the mean (SEM).
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Fig. 2. Dose response of Cal27 colony formation after SOV treat-
ment. The colony formation assay was performed in triplicate as
described in “Materials and Methods”. a) Representative stained
colonies. b) Mean colonies * standard error of the mean (SEM)
at each SOV concentration. * p < 0.05 compared to control
untreated cells.

7 days of treatment, apoptotic and necrotic populations
reached a maximum of 62 and 26%, respectively (p <
0.05).

DISCUSSION

The Cal27 OSCC cell line was established in 1982
from a tumor of a 56-year-old Caucasian male with poor-
ly differentiated squamous cell carcinoma of the central
tongue. Since then, Cal27 cells have been widely used as
a model representative OSCC cell line for in vitro and in
vivo studies [14]. SOV is a nonspecific tyrosine phos-
phatase inhibitor affecting tyrosine phosphorylation sta-
tus of many signaling molecules including those that reg-
ulate cell cycle, growth, and differentiation, DNA dam-
age response, apoptosis, and other critical cellular behav-
iors [1, 15, 16]. Prior work with SOV highlights its poten-
tial usefulness as an antiproliferative agent in cancer. The
present study demonstrates that short- and long-term
treatment with SOV reduces Cal27 growth rate and cell
viability. The dose response curves using alamarBlue and
trypan blue were similar, suggesting that the antiprolifer-
ative effect of SOV was accompanied by decreased cell
viability. Prolonged exposure time of the cells to the drug
increased its toxicity with resultant reduced ICs,. Chronic
exposure of Cal27 to SOV for 2 weeks reduced colony for-
mation; this effect reached 90% at 25 pM. Similar studies
with different cell lines have shown comparable antipro-
liferative effects of SOV but with different sensitivity
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Fig. 3. Cal27 apoptosis after treatment with SOV. a) Cal27 cells were treated with 25 uM SOV, and the cells were collected at 6, 24, and 72 h.
Immunoblot was performed for intact and cleaved PARP (PARP, C-PARP) with -actin as loading control. b) Fold change in C-PARP based
on densitometry of immunoblot normalized to -actin band. c) Cal27 cells were treated with various concentrations of SOV, and cells were
collected at 72 h and 7 days. Flow cytometry was performed after staining with annexin V-FITC and PI; a representative result is shown for
25 uM SOV. d) Average relative populations of necrotic, apoptotic, and living cells at 72 h and 7 days based on triplicate flow cytometry stud-
ies for the entire concentration range. * p < 0.05 compared to control untreated cells.
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Cal27 apoptosis and necrosis after 72 h and 7 days of treatment with SOV

Incubation time SOV, uyM Live cells, % Apoptotic cells, % Necrotic cells, %

72 h 0 97 £ 0.4 3+£0.2 1£0.1
2.5 93+ 1 3+0.2 2+0.1
5 8512 *8 + 0.1 *4+0.4
15 76 £ 1 *¥15+2 *54 0.6
25 55+£2 *38+ 1 *8 1+ 0.5
50 23+2 *S1t1 *19t 1

7 days 0 96 £ 1 4+0.2 2+1
2.5 90 £ 1 *7+0.4 *St1
5 80+ 1 *16+ 1 *6 1+ 0.4
15 72 +£2 *23+1 ¥+ 1
25 3812 *53+2 *0+ 1
50 102 *62 + 1 *26+ 1

Note: Assays were performed in triplicate using flow cytometry as described in “Materials and Methods”. Results are shown as mean * standard
error of the mean (SEM); * p < 0.05 compared to control untreated cells.

depending on the cells under study. The present in vitro
results recapitulate the observations of Klein et al. who
showed that SOV at 50 uM inhibited the growth of human
epithelial cancer cell lines from lung (A549), kidney
(HTB4), and prostate (DU145) [17]. Yang et al. also
showed a similar effect at 50 uM on the growth and pro-
liferation of esophageal squamous carcinoma cell line
EC109 [18]. On the other hand, Goncalves et al. demon-
strated a dual effect of SOV on the growth of papillary
thyroid carcinoma (PTC) cells, with some stimulation of
proliferation at low concentrations but inhibitory effect
on cell growth at concentrations greater than 10 uM, with
an ICs, of about 50 pM [19]. Delwar et al. studied SOV
treatment of A549 cells and demonstrated an [Cs, 100 pM
after 72 h that was reduced to 17.5 uM after 7 days of
treatment [20].

Existing evidence links SOV cytotoxicity with activa-
tion of the apoptotic pathway. In the present study, cleav-
age (implying activation) of PARP was observed by
immunoblot analysis as early as 6 h after treatment; this
effect persisted beyond 72 h, suggesting that the long-
term growth inhibitory effect of SOV in Cal27 cells may
be largely due to apoptosis. Differential cell analysis using
flow cytometry showed that the number of apoptotic cells
(early and late apoptosis) increased significantly with
SOV treatment for 72 h or 7 days. At the 1Cs, concentra-
tion, the apoptotic population increased to about 40%
after 72 h and 55% after 7 days of treatment. The corre-
sponding levels of necrotic cells were 8 and 10%, respec-
tively, suggesting that SOV causes predominantly apopto-
sis rather than necrosis. The present study did not evalu-
ate the mechanism(s) of induction of apoptosis by SOV,
but Gunther et al. have demonstrated that SOV increases
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reactive oxygen species (ROS) in tumor cells that inhibit
proliferation and trigger apoptosis [21]. Zhang et al.
showed that SOV causes cell cycle arrest at G2/M phase
in A529 cells via a mechanism that generates hydrogen
peroxide [22]. Ray et al. and Yang et al. have shown vana-
dium in vivo and in vitro causes suppression of cell prolif-
eration, induction of apoptosis, and cell cycle arrest [18,
23]. Despite the complexity of the signaling pathways,
which include many key proteins, there is considerable
evidence that inorganic salts of vanadium activate phos-
photyrosine phosphorylases, specifically the MAPKs
[24]. MAPKSs include extracellular signal-regulated pro-
tein kinase (ERK), c-Jun N-terminal kinase/stress-acti-
vated protein kinase (JNK/SARK), and p38. MAPKs are
central regulatory proteins through which diverse extra-
cellular signals are transduced into intracellular events
mainly throughout modulation of the downstream mole-
cule NF-xB. JNK/SARK, and ERK signaling pathways
have opposite effects on apoptosis with INK/SARK and
p38 are mainly proapoptotic signals, while ERK signals
are mainly survival and antiapoptotic [25, 26]. Data in the
literature suggested that vanadium compounds could
modulate NF-«xB activation in normal and cancer cells
via MAPKSs signaling pathway, leading to cell apoptosis.
These proapoptotic effects of vanadium compounds in
relation to protein tyrosine phosphorylation and NF-xB
depend on the type of cells and the dose of vanadium
compound [27-29]. p53 protein is another critical mole-
cule in modulating the response to vanadate. In studies
with tumor cells defective in p53 or p53-knockout cells,
vanadium compounds were found to inhibit the cell cycle
and induce apoptosis [22]. Moreover, activation of NF-
kB by ROS generated by vanadium compounds enhances



154

the apoptotic effect in these p53 defective cells [30, 31].
On the other hand, in tumor cells with functional p53,
vanadium compounds were found to stimulate the cell
cycle, thus inhibiting apoptosis [22, 32].

Another important observation: studies had shown
vanadium compounds cause differential DNA damage in
tumor cells compared to nontumor cells when present at
the same dose [33]. Vanadium compounds cause exten-
sive DNA damage with subsequent apoptosis in tumor
cells, while a less intensive damage in nontumor cells,
which may stimulate DNA repair enzymes and cell cycle
arrest, thus protecting cells from apoptosis [33, 34]. It is
clear that the mechanisms underlying the antitumor
properties of vanadium are quite complex and impose sig-
nal modulation and cross talking among different signal-
ing phosphoproteins.

In conclusion, this study provides in vitro data
demonstrating that SOV is capable of inhibiting cell pro-
liferation and inducing apoptosis of human OSCC cells.
These data raise the possibility that SOV could have a role
in OSCC therapy; however, additional studies using in
vivo models are required to further investigate this possi-
bility.
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