M echanism of cytotoxicity and resistance of arsenic trioxidein cancer cells
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Abstract

Arsenic trioxide is a novel anticancer
agent, which has been found to induce
remission in acute promyelocytic leukemic
patients following daily intravenous
administration. The therapeutic value of
arsenic trioxide in other cancers is il
largely unknown. Our previous study showed
that bladder cancer, acute promyelocytic
leukemic and gastrointestinal cancer cells
were the most sensitive to arsenic trioxide.
Cdlular glutathione system plays an
important role in arsenic detoxification in
mammalian cells. Cancer cells that were
intrinsicaly sensitive to arsenic trioxide
contained lower levels of glutathione
whereas resistant cancer cells contained
higher levels of glutathione. On the other
hand, there was no association of
glutathione-s-transferase-pi  or  multidrug
resistance-associated protein 1 levels with
arsenic sengitivity in these cancer cells. In the
present study we have shown that multidrug
resistant cancer cells that were cross-resistant
to arsenic contained higher levels of
glutathione or multidrug-resistance



associated protein 1 than their drug-sensitive
parental cells. Cancer cells become more
sensitive to arsenic after depletion of cellular
glutathione with L-buthionine sulfoximine.
We concluded that cellular glutathione level
is the most important determinant of arsenic
sengitivity in cancer cells. Cdlular
glutathione level and its modulation by
buthionine sulfoximine should be considered
in designing clinical trials using arsenic in
solid tumors.

Arsenic trioxide (As,03) is a nove
anticancer agent. Daily intravenous infusion
of 10mg As,O3; induced complete remission
in acute promyelocytic leukemia patients
who were refractory to conventional
chemotherapy and/or all-trans retinoic acid™?.
The role of arsenic in the treatment of this
unique form of leukemia is still under
investigation. Arsenic compounds have been
tested in other hematological malignanciesin
vitro®. It is not known at present whether
these compounds will prove useful in the
treatment of solid tumors. We have screened
apanel of cancer cell lineswith As,Os. In the
previous study we have shown that bladder
cancer cells NTU-B1 and BFTC905 were
most susceptible to As,Os. Apoptosis can be
induced in NTU-B1 cdlls a 1nM As0; .
ICsos oOf the bladder cancer cell lines was
substantially lower than reported As,O3 peak
plasma levels (4-6mM) in patients’. Thus, it
is conceivable that As,03 may be effectivein
the treatment of bladder cancer and other
solid tumors that show similar sensitivity to
arsenic. It will be important to further study
the acquired arsenic resistance mechanisms
in cancer cells.

Multiple mechanisms of arsenic
resistance in either bacteria or mammalian
cells have been described in the literature.
One of the most important arsenic
detoxification mechanisms is the glutathione
(GSH) system. Trivaent arsenic was shown
to bind to GSH in a cel free system®
Overexpression of glutathione-s-transferase-
pi (GST-pi)®, GSH® or multidrug resistance-

associated protein (MRP1)’ has been shown
to confer arsenic resistance. To investigate
the correlation of the GSH detoxification
system with arsenic resistance, we examined
GSH content, MRP1 and GST-pi expression
in a panel of cancer cells and in multidrug
resistant cancer cells that were cross-resistant
to arsenic. L-buthionine sulfoximine (BSO)
was used to modulate cellular GSH content
and to enhance arsenic sensitivity of cancer
cells.
Specificaim
1. To study whether GSH, GST-pi and
MRP1 is involved in As,O3 resistance in
cancer cells.
2. To study if BSO is useful to reverse
resistance in As,O3 resistant cancer cells.
I mportance of theresult achieved:
The results will be important to determine
which biologic marker should be tested in
As,0O3 clinica triads. It is aso important to
know whether BSO can be useful to reverse
arsenic resistance.

Cytotoxicity of As,03 and GSH content in
drug sensitive and resistant cancer cells.
Concentrations of As,O3 that inhibit 50% of
cell growth (ICsps) of cancer cells and their
GSH contents are shown in Table 1.

GST-pi protein expression in cancer cells.
Overexpression of GST-pi may facilitate
conjugation of trivalent arsenic to GSH.
GST-p protein expression in the cancer cells
was measured by western blot as shown in
Figure 1. Arsenic sensitive NB4 cdls
contained very low level of GST-pi protein.
However, several arsenic sensitive cells such
as BFTC905 and SW620 cells expressed
high level of GST-pi protein whereas arsenic
resistant H460, Hep3B and BFTC909 cells
expressed low level of GST-pi protein.
There was no correlation of GST-pi levelsto
As,03 ICss in cancer cells. Multidrug
resistant NTU-B1/P14 cells overexpressed
GST-pi compared to their drug sensitive
parental NTU-B1 cells.

MRP1 expression in cancer cells.

MRP1 may facilitate export of conjugated



GSH out of the cells® and thus, may affect
arsenic resistance in cancer cells. MRP1
expression in the membrane protein of
cancer cells was measured by western blot as
shown in Figure 1. H460, BFTC909 and one
multidrug resistant MCF7/VP cells contained
measurable levels of MRP1 whereas MRP1
expression was very low in other cancer cells.
MRP1 seemed to confer resistance to arsenic,
however, not al arsenic resistant cancer cells
expressed high level of MRP1.

Figure 1. Western blot of MRP (upper lane)
and GST-pi (lower lane) in cancer cells.
MRP (190K D) was expressed in measurable
amount only in MCF7/VP, BFTC909 and
H460 cells. GST-pi (26KD) was expressed in
amost al cancer cells except for Hep3B
cells.

Crossresistance of arsenic in multidrug
resistant cancer cells.

IC50s of two multidrug resistant cancer cells
are listed in Table 1. Cisplatin resistant
NTU-BL/P14 was 55-fold resistant to
arsenic. Etoposide resistant MCF7/VP cells
was 4.8-fold resistant to arsenic. Glutathione
content of NTU-B1/P14 was 6.7-fold higher
than that of NTU-B1 cells. On the other hand,
there was no difference of glutathione
content between MCF7/WT and MCF7/VP
cells. MCF7/VP expressed high level of
MRP1 that may account for its arsenic
resistance whereas NTU-B1/P14 expressed
no measurable level of MRP1 (Figure 1).
Modulation of GSH content in cancer cells
by BSO.

BSO is known to deplete cellular GSH via
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inhibition  of  gamma-glutamylcysteine
synthetase which is required for GSH
biosynthesis.  NTU-B1, NTU-BL/P14,

MCF7//WT and MCF7/VP cdls were
incubated with various concentrations of

As,03 and 10 nM of BSO for 4 days. Ten
mM of BSO was not toxic to these cancer
cells (ICps of BSO in NTU-B1l, NTU-
B1P14, MCF7/WT and MCF7/VP cells
were 37mM, >50nM, 27nM and 24niM
respectively). The representative cytotoxicity
curves of NTU-B1 and NTU-B1/P14 céllsin
As,03 with or without co-incubation with
10nM of BSO are shown in Figure 2. 1Cs0S
of As,03 and GSH contents in BSO-treated
GSH depleted cells (drug-sensitive and —
resistant NTU-B1 and MCF7/WT cells) are
shown in Table 1. All 4 cancer cells became
very sensitive to arsenic (ICss 0.1nM to
0.4nM) when glutathione was depleted by
BSO.

Figure 2. Representative cytotoxicity curves
of As;03 in NTU-B1 cells (A) and NTU-
B1/P14 cells (B). Cells were incubated in the
presence (- A-) or absence (- ~ - ) of 10 mvI
BSO.

>
=

o

FRACTION OF SURVIVAL
=}
FRACTION OF SURVIVAL

0.01 0.01

— o
—

—_ o v T
5 S — - =]
o phest (&) —_—

100-i

As203 (uM) As203 (uM)

Table 1. Fifty percent growth inhibitory
concentrations (ICss) of arsenic trioxide on
drug sensitive and resistant human cancer
cells after 96-hour of treatment. Shown in the
table are the means and standard errors of at
least 3 independent experiments. * nM, # ny

GSH/mg protein.

Cdll lines As03* GSH content#
NTU-B1 0.47'0.08 |7.59!1.16
NTU-B1/P14 |2.59!0.41 |50.9'10.9
MCF-7 2.08!0.40 |28.6!12.3
MCF7/VP 9.89!11.74 |20.1!10.8
Coincubation

10uM BSO

NTU-B1  [0.1910.04 [2.2810.64




NTU-B1/P14 |0.14!0.01 |14.20!1.59
MCF-7 0.40!10.12 [3.65!0.23
MCF7/VP 0.20!10.02 |2.10!0.12

Cisplatin resistant NTU-B1/P14 cdlls
were cross-resistant to arsenic, the GSH
content of these cells was higher than in
steady state parental cells. When GSH was
depleted by BSO, resistant cells became
sensitive to arsenic treatment. BSO may also
enhance arsenic toxicity in wild type MCF7
cells and multidrug resistant and MCF7/VP
cells. When cellular GSH were depleted, all
drug sensitive and multidrug resistant cancer
cells became very sensitive to arsenic.

We demonstrated complete reversal of
arsenic resistance in MRP1-overexpressing
MCF7/VP cells when glutathione was
depleted by BSO. The result suggests that
MRP1 overexpression may not protect
cancer cells from arsenic toxicity when
glutathione was depleted. Overexpression of
MRP1 may contribute to arsenic resistance,
butt MRP1 expression is not the main
determinant of arsenic sensitivity in cancer
cells.

Use of As203 in the solid tumor
clinical trials is clearly warranted. Our study
suggests that GSH content in tumor cells
may be the man determinant of arsenic
sengitivity. Attempts should be made to
measure tumor GSH content and correlate to
arsenic response in clinical trials. Therefore,
adding BSO to arsenic treatment may
potentially be useful to reverse acquired
arsenic resistance in acute promyelocytic
leukemic patients or to treat tumors that are
intrinsically resistant to arsenic.

In conclusion, GSH content correlates
well with arsenic resistance in cancer cells.
Depletion of cellular GSH by BSO enhanced
arsenic toxicity in both arsenic sensitive and
resistant cancer cells. Further animal studies
and human trials evaluating arsenic as an
anticancer drug are warranted. Our study
suggests that As,O3 should be tested in solid
cancers, especially patients with bladder and
gastrointestinal cancer. This study suggests

that measurement and modulation of cdllular
GSH content in cancer cdls should be
deployed in designing future clinical trials.
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