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Abstract

Arsenic is a ubiquitous element in
environment. Chronic exposure of arsenic
compound may cause various diseases and is
also associated with increased risk of skin
cancer, lung cancer, bladder cancer. Despite
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these chronic toxicity, arsenic is an ancient
medication and was used widely in both
western and Chinese medicine. It has been
used to treat asthma, arthritis and severa
types of cancer, including leukemias.

Arsenic trioxide has revived after the
revelation that it is very effective in the
treatment of acute promyelocytic leukemia
patients who were refractory to both
chemotherapy and all-trans retinoic acid.

Our preliminary cytotoxicity results
indicated that at concentrations attainable in
patient plasma, As,0O3; may inhibit the growth
of some solid tumor cell lines.

The objective of this project is to test
feasibility of using As,0O3in the treatment of
solid tumors. The secondary aim is to find
out mechanisms of toxicity and resistance of
tumor cells to arsenic compounds.

In this study, we found that As,Osis very
cytotoxic to bladder cancer and APL cells. It
iS moderately active in ovarian and
gastrointestinal cancer cells. Other types of
cancer areresistant to As;03. As,03 seemsto
kil tumor cells through induction of
apoptosis. Our results indicate that it is
warranted to use As,O3 in clinica trials to
treat solid cancer patients, especialy for
bladder cancer. High GSH content was
associated with intrinsic arsenic resistance in
cancer cells. BSO may be considered to
enhance cytotoxicity of arsenic treatment.

Arsenicin environment
Arsenic is widely distributed in water,



mineral, soils, air, plants and animals.
Human exposed to arsenic from inhaed air,
drinking water and seafood. Artesian wellsin
Tainan county contain up to 1.8mg/L of
arsenic in contrast to less than 0.01mg/L in
most of water supply®.

Arsenicin traditional medicine

Arsenic compounds have been used for a
long time in both western and Chinese
medicine. Fowler's Solution contains As,O3
and was administered for the treatment of
leukemia, psoriasis and asthma. Pearson’s
solution (0.5% arsenate) can be used up to
20mg (4.8mg of As) per day. Salvarsan and
neoarphenamine are arsenic compounds used
for the treatment of syphilis® As,0; is
present in contains As;S;. Daily
intake of arsenic may approach 10mg in
some formulas.

Arsenicin thetreatment of cancer

Local application of arsenic was used in
the past in the treatment of cancer of skin,
oral cavity, cervix etc. Doctors have been
using arsenic in the treatment of chronic
myelogenous leukemia, lymphoma, stomach
cancer and esophageal cancer in Mainland
China. However, there were no reports on its
usefulness and efficacy in the treatment of
cancer in the era of contemporary medicine.
As03 in the treatment of acute
promyelocytic leukemia (APL)

As,03 has revived recently with the
revelation that arsenic may be the most
effective treatment APL.

Chemotherapy and all-trans retinoic acid
are two effective treatments for APL patients.
However, more than 40% patients still died
of their disease because of the high
recurrence rate. In 1971, a group at Harbin
began to treat leukemic patients with a
preparation caled “Ailing-1" ( ). In
a recent follow-up study, several APL
patients are still alive without disease”. The
longest surviving patient lived more than 23
years. They found that As,O3 is the active
component in Ailing-1. Ten mg of As03
were given intravenously daily for 28 days.
Patients then may rest for 7-14 days. Two to
3 cycles were given. Up to 52% to 100%

complete remission were observed in APL
patients.>

Toxicity of As0; treatment include
infection 11.97%, nausea 22.41%, vomiting
8%, diarrhea 4.27%, numbness 9.4%,
increase liver enzyme 4.27%, edema 1.71%.
Chronic toxicities are few.
Mechanism of action of As0;3; in the
treatment of APL

As,0; at concentrations achievable in
patients' plasma (1-2nmM) were found to kill
NB4 cells, an APL céll line. There were no
cytotoxic effect a the same As03
concentrations in other non-APL cell lines
(HL60, U937). As,0O3 induce apoptosis in
NB4 cells. Inhibition of oncoprotein PML-
RARa was suggested. In addition, partia
induction of differentiation was noted in
NB4 cell treated with 0.25nM of As,0O3; with
long period of incubation®.
Other mechanism of cytotoxicity of As03

Other mechanisms have been proposed to
contribute to arsenic toxicity. Arsenic was
known to induce DNA strand breaks
associated with DNA-protein cross-links’,
induce sister-chromatid exchanges®. Arsenic
was aso shown to inhibit DNA repair.” It
may interfere protein phosphorylation and
inhibit the function of proteins carrying
sulfhydryl group (-SH).
As,03 plasma levelsin human

Pharmacokinetics study was donein APL
patients treated with daily infusion of 10mg
As,0;. Pesk levels were 4.2 to 6.7nM and
were reached at 3-4 hours after infusion.
Drug concentrations in the blood were
between 0.5 and 3mM most of the time..
As,03 cytotoxic test in cancer cell

The first step of exploring effectiveness
of chemicals in the treatment of cancer is
cytotoxicity test.
Arsenic detoxification system in cells

Cells contain several detoxification
systems in response to environmental
hazardous toxins. These include phase | and
phase Il enzymes that metabolize toxins, heat
shock proteins, ATP-cassette binding
proteins (mdr-1) and a variety of other stress-
responsive proteins.’ Glutathione and/or



glutathione-s-transferase pi (GST-p) over-

expression were linked to arsenic resistance™.

A mdr-1 homologue multidrug resistant-

associated protein (MRP) transfectants of

HelLa cells were shown to be resistant to

arsenict. A combination of overexpression

of GST-p and MRP, therefore, may

theoretically confer high resistance to arsenic

in cancer cells'™.

Specific aim

1. To study the feasibility of using As,O3 as
anticancer drug in solid tumors by
cytotoxicity test.

2. To study the intrinsic resistance
mechanism of As,Ozin cancer cells.

3. To study the mechanism of As,Os toxicity
to cancer cells.

Importance of theresult achieved:

As,03 may be effective in the treatment of

solid tumor.

1. cytotoxicity of As,03in cancer cells.
Cancer cells were added to each well in
96-well plates for 24 hours. As,0; was
diluted in water and added to each wells
resulted in final concentrations from 30nM to
100mM. Cells were grown for 96 hours.
MTT or SRB assays were performed to
viable cells in each well after drug treatment.
Cytotoxicity curves were shown below:

2. 1Cspsof As,03in these cdlls:

Origin |C50s#
BFTCCO05 |Bladder 0.34!0.03*
NTU-B1 Bladder 0.49!0.16*
NB4 APL 0.64!0.11*
T24 Bladder 0.93!0.20*
A2780 Ovary 1.12!0.33*
SW620 Colon 1.16'0.15*
AGS Stomach 1.16'0.20*
TSCH8302 |Cervix 2.50!0.69*
MCF7 Breast 2.67!0.66*
BFTCCO09 |Bladder 2.84!0.79*
H460 Lung 3.27!0.49*
Al72 Glioblastoma (3.40!0.40*
CL-1 Lung 4.17!0.50*
Hep3B Liver 5.17!1.02*
HepG2 Liver 7.17'1.20*

# in MM *average and standard error of at

least 3 independent experiments

Threegroups of cancer can beidentified.
Groupl: bladder cancer, APL are very

sensitiveto As,Os;.

Group2:

gastrointestinal

cancer

moder ately sensitive to As,Os.

Group3: lung cancer, liver cancer, cervical
cancer, breast cancer and glioblastoma.
Relatively resistant to As,0:s.

2. As;,03 induce apoptosisin NTU-B1 célls.
Cells were treated with 0, 0.3, 1 and 3M of
As0; for 48 and 72 hours. DNA were
isolated and subjected to gel electrophoresis.
DNA ladder signifying apoptosis of the cells
were observed in cells treated with 3mM for 2
days or 1nM for 3 days.



3. Glutathione content in cancer cells.
Glutathione content was measured by
colorimetric assay.

GSH content#
NTUB1 7.5911.17*
H460 21.812.9*
NB4 6.12!0.96*
SW620 4,9110.17*
AGS 7.30!0.84*
BFTC905 6.03!1.35*
BFTC909 17.112.9*
Hep3B 17.411.7*

#(mg/mg protein) *average and standard error
of at least 3 independent experiments

There is good correlation between GSH
content and cytotoxicity of As203 in cancer
cells. Lower GSH content is associated with
higher toxicity.

4. BSO deplete glutathionein cancer cells

GSH content#
NTUB1 7.5911.17*
NTUB1+10nM BSO |2.28!0.64*
NTUB1+50nM BSO |1.00!0.44*
H460 21.8!12.9*
H460+10nmM BSO 4.9510.17*
H460+50nmM BSO 3.1710.27*

#(mg/mg protein)  *average and standard
error of at least 3 independent experiments
5. BSO sensitize cancer cells to arsenic
trioxide. 1IC50 of As,0O3 in NTU-B1 cdlls
was 0.6 niM. IC50 was 0.2 "M when cells are
co-incubated with 50 mM of BSO.

Our study suggest that As,O; may be
useful in the treatment of bladder cancer,
ovarian cancer and gastrointestinal cancer.
Together with the demonstration that arsenic
probably kill tumor cells through induction
of apoptosis, it is warranted to use As,03in
solid cancer clinical trials. Since the toxicity
of As;0Os is not well described in trials from
China. A phase | protocol to find out the
optimal dose and toxicity is preferred.

We dso found that GSH content
correlate well with arsenic toxicity. On the

other hand, there were no correlation
between glutathione transferase or MRP
content and cytotoxicity. This finding lead to
the strategy to use BSO to enhance arsenic
toxicity to cancer cells or to reverse arsenic
resistance.
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