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Protein phosphatases are signalling molecules that
regulate a variety of fundamental cellular processes
including cell growth, metabolism and apoptosis. The
aim of this work was to correlate the cytotoxicity of
pervanadate and okadaic acid on HL60 cells and their
effect on the phosphatase obtained from these cells. The
cytotoxicity of these protein phosphatase inhibitors was
evaluated on HL60 cells using phosphatase activity,
protein quantification and MTT reduction as indices.
The major phosphatase presents in the cellular extract
showed high activity (80%) and affinity (Km = 0.08 mM)
to tyrosine phosphate in relation to p-nitrophenyl
phosphate (pNPP)—(Km = 0.51 mM). Total phosphatase
(pNPP) was inhibited in the presence of 10 mM vanadate
(98%), 200 M pervanadate (95%) and 100 pM p-chloro-
mercuribenzoate (80%) but okadaic acid caused a slight
increase in enzyme activity (25%). When the HL60 cells
were treated with the phosphatase inhibitors (pervana-
date and okadaic acid) for 24 hours, only 20% residual
activity was observed in presence of 200 uM pervana-
date, whereas in the presence of okadaic acid this
inhibitory effect was not observed. However, in respect
to mitochondrial function, cell viability decreased about
80% in the presence of 100 nM okadaic acid. The total
protein content was decreased 25% when the cells were
treated with 100nM okadaic acid in combination with
200 pM pervanadate. Our results suggest that both
phosphatase inhibitors presented different mechanisms
of action on HL60 cells. However, their effect on the cell
redox status have to be considered.
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INTRODUCTION

A variety of cellular functions including gene
transcription, cell differentiation, contractility,

neurotransmission, and memory regulation involve
phosphorylation of proteins which is dependent
upon the relative activity of protein kinases and
phosphatases.! Given the importance of protein
phosphorylation in the context of cell function,
abnormal protein phosphatase activity has been
implicated in diseases such as cancer, diabetes and
inflammation.”*

Protein phosphatases are classified according to
their substrate specificity, dependence upon metal
ions for activity, and sensitivity to inhibitory or
activating agents. This defines two families of protein
phosphatases: serine/threonine phosphatases (PP1,
PP2A, PP2B, PP2C, PP4, PP5 and PP6) and tyrosine
phosphatases. Protein tyrosine phosphatases (PTPs)
are a structurally diverse family, comprised of
receptors (with the ability to transmit signals directly
across the membrane) and cytoplasmic enzymes
(which act positively and negatively in the control of
cell function). Protein tyrosine phosphatases can be
divided into 3 groups: tyrosine specific phosphatases,
dual and low molecular weight phosphatases.'” The
marine toxin (okadaic acid) is a polyether fatty acid
that has been reported to cause tumour promotion
and reversibly inhibit serine-threonine phosphatase 1
and 2A.° This toxin is the most potent inhibitor of
PP1 and PP2A and is now regarded as a standard
reagent for biological studies on protein phospha-
tases.” Pervanadate is a typical inhibitor of protein
tyrosine phosphatase, presumably because of its
ability to oxidize thiol groups irreversibly.®

Human myeloid leukemia cell line (HL60) has
been used as tool for studying the cytotoxic effect of
different drugs, differentiation and cell death
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(apoptosis). Recently, some authors have reported
that protein phosphatases may also be involved in
this process.

Cytotoxicity may be defined as the measure of the
potencial toxicity caused by a compound that,
depending on the concentration and exposure time,
disrupts cell homeostasis. The deleterious effects
(cellular damage) usually compromise cell viability
altering morphological and/or metabolic integrity."

The aim of the present work was to investigate the
relationship between the phosphatase inhibitory
activity and cytotoxicity of pervanadate and okadaic
acid, two inhibitors of protein phosphatases, on
HL60 cells. Total phosphatase of HL60 cells was
characterized by the affinity of substrate and
potential inhibitors. These studies were important,
since there are no reports of the kinetic properties of
these enzyme, which are essential for studing the
effects of potential inhibitors. Cell viability was
assessed by three parameters: reduction of 3-(4,
5-dimethylthiazole-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) that assesses mitochondrial function
through the activity of succinate dehydrogenase;"
protein content that provides an index of the total
cell number based on a determination of the cellular
macromolecule content'>'? and phosphatase activity,
evaluating cell metabolism in relation to depho-
sphorylation reactions.'*

MATERIALS AND METHODS

Materials

HL60 cells were generously supplied by Drs Rui Curi
and Valdemir Vieira Colleone from the University of
Sao Paulo (Sdo Paulo, Brazil). The phosphatases
inhibitors (vanadate and okadaic acid) and other
chemicals were purchased from Sigma Chemical Co.
(St Louis, MO, U.S.A).

Methods
Enzyme Preparation

The cells (1 X 10° cells/mL) were washed twice with
saline solution and lysed with 0.001 M acetate buffer
(pH 5.5). After resting for 10 min, the phosphatase
activity'® was determined.

Phosphatase Activity Assay

Enzyme activity was determined by two methods,
depending on the substrate utilized:

PNP QUANTIFICATION

The reaction medium (final volume of 1.0mL)
contained 100mM acetate buffer pH 5.5, 5mM
p-nitrophenyl phosphate (pNPP) and the enzyme

(0.508 pmol/min/mg). After incubation for 30 min at
37°C, the reaction was stopped by addition of 1M
NaOH 1.0 mL. The p-nitrophenol (pNP) released was
measured at 405nm."?

PHOSPHATE QUANTIFICATION

When other substrates were used (flavine mono-
nucleotide, tyrosine phosphate, threonine phosphate
and serine phosphate), the enzyme activity was
determined by measuring phosphate release accord-
ing to Lowry and Lopez’s method.'

Preparation of Pervanadate Solution

Pervanadate was prepared by mixing equal volumes
of 1mM hydrogen peroxide and 1mM sodium
metavanadate and incubating the solution at room
temperature for 20min."® The solution was then
diluted in RPMI (Roswell Park Memorial Institute)
medium to the required concentration and used
within 30 min.

Cell Culture

HL60 cells were routinely grown in suspension in
RPMI medium containing glutamine 0.200g/L,
antibiotics (100IU penicillin/mL, 100 pg strepto-
mycin/mL) and supplemented with 10% heat-
inactivated fetal bovine serum, in a 5% CO,
humidified atmosphere at 37°C. For the MTT, protein
quantification and phosphatase activity assays, 24-
well tissue culture plates were inoculated with 3 X
10° cells/ml and incubated at 37°C.° After 72h the
cells were treated with pervanadate and okadaic
acid, in concentrations up to 200 pM and 100nM,
respectively.

MTT Assay

The medium containing pervanadate and okadaic
acid was removed and 1 mL of MTT solution (0.5mg
MTT/mL of culture medium) was added to each
well. After incubation for 4h at 37°C, the medium
was removed and the formazan solubilized in 1mL
of ethanol. The plate was shaken for 5min on a plate
shaker and the absorbance then measured at
570 nm."

Protein Phosphatase Assay

The enzyme was obtained after lyse of the cells with
0.1 mM acetate buffer pH 5.5. The reaction mixture
(final volume, 0.5mL) contained 100mM acetate
buffer at pH 5.5, 5mM pNPP and cell extract
enzyme. After a 30min incubation at 37°C, the
reaction was stopped by adding 0.5mL of 1M
NaOH. The amount of pNP released was determined
by measuring the absorbance at 405nm."’
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Protein Quantification

Protein concentration was determinated according to
a modified Lowry’s method."”

Statistical Evaluation

All experiments were performed in 24-well tissue
culture plates, in triplicate and the results shown in
the Table I and Figure 2 represent the mean and
standard deviation. Statistical significance/variance
were determined by Dunnett’s test with the level of
significance set at p < 0.05.

RESULTS

In this work we describe the relationship between
the phosphatase activity and cytotoxic effect of the
two protein phosphatases inhibitors (Figure 1) on
HL60 cells. Pervanadate, a general term for the
variety of complexes formed between vanadate and
hydrogen peroxide, and when both are present in 1:1
proportion the major structure is as shown in
Figure 1.'® Pervanadate inhibits PTPs through
oxidation the SH group present in their active site.
Okadaic acid inhibits protein Ser/Thr phosphatase
by hydrophobic interactions between the C-4 to C-16
region of this toxin (Figure 1) and specific domains of
these enzymes.'® The major phosphatase presents in
the cellular extract showed high activity (80%)—
(Table 1) and affinity (Km = 0.08 mM) of tyrosine
phosphate in relation to pNPP (Km = 0.51 mM)—
(data not shown). The effect of potential inhibitors,
using pNPP as substrate, was analyzed (Table 1).
The total phosphatase was inhibited in the
presence of 10 mM vanadate (98%), 200 uM pervana-
date (95%) and 100 uM p-chloromercuribenzoate
(80%)-(p < .0001). Okadaic acid caused a slight
increase in enzyme activity (25%).

When the HL60 cells were treated with the
phosphatase inhibitors for 24h, only 20% residual
activity was observed in presence of 200puM

pervanadate, whereas in the presence of okadaic
acid this inhibitory effect was not observed
(Figure 2A). However, in relation to the mitochon-
drial function, the cell viability decreased about 80%
in the presence of 100nM okadaic acid (Figure 2B).
As shown in Figure 2C, the total protein content was
decreased 25% when the cells were treated with
okadaic acid (100 nM) in combination with pervana-
date (200 pM).

DISCUSSION

Enzymatic studies that demonstrated high specificity
of TyrP, and inhibition by oxidising agents reinforced
that the major phosphatase present in the HL60 cell
extract could be considered as a protein tyrosine
phosphatase (Table 1). Similar results in relation to
kinetic properties of PTPs have been commonly
reported in the literature."”*® All PTPs have SH
residues in the active site and, thus, alkylating and
oxidising agents of these sulphydryl groups are
irreversible inhibitors of this protein phosphatase
family.*! The inhibition presented by pCMB (80%),
shows that this phosphatase depends on an essential
thiol group for catalysis.'” The phosphatase of these
cells was inhibited completely by m-vanadate and
pervanadate, reinforcing the predominance of PTP.*

Mitochondrial function was significantly affected
by okadaic acid, which inhibited 80% the MTT
reduction at a concentration of 100nM (Figure 2B).
Some authors reported that this toxin causes the
destabilization of this organelle membrane by
lipoperoxidation thus, altering energy pro-
duction.?>?* Thus, the cytotoxic effect of this toxin
on the HL60 cells could be due to its action on the
mitochondrial membrane potential.

In relation to the action of pervanadate on MTT
reduction, (Figure 2B), no significant effect was
observed. However, when this result is compared
with the cell number, there was a strong stimulation
of MTT reduction, because at a concentration of

TABLE I Studies of phosphatase HL60 cells. When the pNPP was utilized as substrate and in absence of compounds the activity was
considered as 100%. All experiments were performed in triplicate and the data presented represents the mean * standard deviation

Assays Compounds Concentration Relative activity (%)

Substrates pNPP 5mM 100 (£ 6)
TyrP (tyrosine phosphate) 5mM 80 (£ 1)
FMN(flavine mononucleotide) 5mM 35 (% 5)
ThrP (threonine phosphate) 5mM 42 (+ 2)
SerP (serine phosphate) 5mM 37 (£ 2)

Inhibitors Okadaic acid 100nM 125 (= 1)
PCMB 0.1mM 20 (= 1)
Sodium m-vanadate 10mM 2(x1)
Pervanadate 0.2mM 5(% 2)
NaF 10mM 60 (= 1)
SodiumTartrate 10mM 83 (= 2)
Phosphate 10mM 88 (= 2)
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FIGURE 1 Chemical structures of protein phosphatase inhibitors.

Perv 200uM + OKA 100nM - Pery 200uM + OKA 100nM

Perv 100uM + OKA 100nM b Perv 100uM + OKA 100nM
Perv 10pM + OKA 50nM - Perv 10uM + OKA 50nM
QKA 100nM g QKA 100nM
Perv 200pM - Perv 200uM
Perv 100pM E Perv 100uM
Pery 10LM E Perv 10uM

Cantral E Centrol

a 20 40 60 80 100 4] 20 40 60 80 100
PHOSPHATASE ACTIVITY (%) MTT REDUCTION (%)

Pery 200uM + OKA 100nM

Perv 100pM + OKA 100nM

Perv 10pM + OKA 50nM

QKA 100nM

Pery 200uM

Perv 100uM

Perv 10pM

Contral

0 20 40 60 80 100
PROTEIN CONTENT (%)

FIGURE 2 Cytotoxicity effect of pervanadate (Perv) and okadaic acid (OKA) on HL60 cells. The histograms show the effects of
pervanadate and okadaic acid on the protein phosphatase activity (A), MTT reduction (B) and total protein content (C) in the HL60 cells.
In the absence of compounds, all parameters were considered as 100%. All experiments were performed on a plate of 24 wells, and the
points shown represent the mean * standard deviation of at least three experiments run in triplicate (p < 0.05).
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100 uM the cell number decreased about 30% in
relation to non-treated cells. Mosmann (1983)
demonstrated that MTT reduction is directly pro-
portional to cell number (non-treated),' however in
cytotoxic assays sometimes its not observed. This is
because a drug can have different cellular targets.
However, in the presence of the inhibitor, the redox
state of the mitochondria can increase the succinate
dehydrogenase expression so leading to an error in
the analytical result (mitochondrial function).”

On the basis of these results we suggest that the
cytotoxicity of pervanadate and okadaic acid may be
due an effect on cell signal pathways in which
protein tyrosine phosphatases are involved.*

Protein phosphorylation—dephosphorylation is
probably the most crucial chemical reaction taking
place in living organisms and is the basis for the
control of diverse biological events, such as
metabolism regulation, gene expression, cell division
and differentiation.” Reversible protein phosphoryl-
ation is catalyzed by the opposing and dynamic
action of protein kinases and phosphatases. Given
the importance of protein phosphorylation in the
context of cell function, abnormal protein phospha-
tase activity has been implicated in several diseases
e.g. cancer.' The role of tyrosine phosphorylation in
mitogenic signaling is well documented, and one
would predict that vanadate and pervanadate may
act as growth stimulators. Kawakami and col-
leagues® reported that vanadate in the presence of
hydrogen peroxide promoted enhancement of
tyrosine phosphorylation of various endogenous
cellular proteins and/or activation of signaling
molecules such as phosphatidylinositol-3-kinase
and mitogen-activated protein kinase. At the same
time, however, a number of reports indicate that
vanadate may inhibit cell proliferation (inhibiting for
example, c¢dc25), and vanadium compounds have
been proposed as potential chemotherapeutic agents
to inhibit tumor cell growth.?*~2

In conclusion, inhibition and cytotoxicity studies of
protein inhibitors on HL60 cells demonstrated that
phosphatase can be used as an additional parameter
for cell viability evaluation as recently demonstrated
by our research group.'” In this specific case, an overall
analysis of the results indicated that the protein
tyrosine phosphatase was the major phosphatase
affected by pervanadate. Okadaic acid did not affect
the phosphatase activity of HL60 cells treated with this
compound, or modify the effect of pervanadate.
However, among the parameters analyzed, MTT
reduction was significantly affect by this toxin.
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