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Objective: Arsenic trioxide (AgOs) is known to have potent antivascular activity aighificantly
suppress solid tumor growth. The present studyasaducted to investigate the vascular shutdown
effects of a novel arsenic compound, tetraarsexideq As,0Og), in comparison with A©; using
cervical cancer animal model.

Methods. Mice tumor challenge model was used C57BL/6 miaegplanted with TC-1 cells.

After the growth of tumors was reached up 250~258mmice were divided into 3 groups randomly
for control and treatment of either &% or As,0s. As,03 and AgOg were treated by IP injection.

The tumor size was caliperated in twice for weeald anti-vascular effect was assessed by Evans
blue extraction assay and Hoechst 33342 staiimntymor tissue, histopathological features were
observed by hematoxylin and eosin (H&E) staining.

Results: In mice treated with either A8; or As,O¢ (IP), both of AsO; and AgOs was significantly s
uppressed the tumor growth compared with contramlgr Moreover, effect of A®s is more
pronounced. This tumor growth inhibition is ledhe massive necrosis and vascular shutdown

in tumor tissue.

Conclusion: This study suggests that &% may have potential anticancer activity via vascalatd
own in C57BL/6 mice transplanted with TC-1 cells.
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I ntroduction

Arsenic is known to be a deadly poison of colorl¢éssteless and odorless. However, arsenic trioxide
(As,03) andArsenic trisulfide(As,S;) among arsenic compounds have long been useldor t
treatment of leukemia in Chif&ince the inhibition effects @s,0; on acute promyelocytic

leukemia (Acute promyelocytic leukemia, APL) hasmeeported, interest in arsenic compounds has
been growing and research has been actively coedititAlso, it has been reported that arsenic
compounds induce cell death and antitumor effeothier tumor cells such as esophageal cancer,
neuroblastoma, head and neck cancer, and cerginaéd As,Oq (2,4,6,8,9,10-Hexaoxa-1,3,5,7-
tetraarsa-tricyclo [3.3.1. 13,7] decane) is a temaarsenic compound and it is known to have
different physical and chemical properties fr8s30s. The antitumor effect 0is,Og has already

been reported in vitro and in viv8.As,Og inducesactivation of cell death as well &s,0; and

inhibits the expression of the carcinogenic gerart E7 in cancer, cancer caused by human
papillomavirus (HPV) 16 type, but the precise meisma is still uncleaf.’

Angiogenesis is the key process to supply oxygehnartrients for growing tumor ceflsvhich can
spread to other parts of the body through newlgnéat blood vessels. The metastatic tumor causes
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death because it is hard to control or éiffawhich is why it is very important to inhibit thermation
of new blood vessels in tumor therapy. The stuftiesndothelial cell-targeting angiogenesis
inhibitors that develop into new blood vessels hagen actively ongoing and vascular-disrupting
agents (VDAS) such as combretastatin (CA-4-P) ariddimethylxanthenone-4-acetic acid
(DMXAA) are known to shut down the vessels rapiaihd selectively that causes tumor destruction.
It has been reported thas,0s, arsenic compounds, shows the antitumor effettitldaices vascular
shutdown through oxidative damage in solid tumBrgh As,O; andAs;Os are known to induce the
antitumor effect by inhibiting angiogenesis. Esplgiin the experiment of neovascularization
induction,As,Os has been reported to significantly inhibit the twem length, formation timing and
area of the new blood vessels comparefig®s;. However the vascular shutdowand the antitumor
effect ofAs,Og in cervical cancer models have not yet been redortis present study was
conducted to investigate the vascular shutdowrcedfenovel arsenic compounds, /8, in
comparison with Ag; using TC-1 cell line expressing HPV16 E6 and ECogenes and cervical
cancer animal model C57BL/6 mouse.

Subjects and methods

1. Cdll lineand cedll culture

TC-1 cell line (obtained from Dr. TC-WU of John'gpkins University) was isolated from the lungs

of C57BL/6 mice and was transplanted with HPV 16aB6 E7 genes and c-Ha-ras gene. Cell culture
media were prepared by adding 5% fetal bovine s€RB) (Gibco BRL), 0.22% sodium

bicarbonate (Sigma-Aldrich, Spruce St. Louis, USK)Omg/L G418 (Sigma-Aldrich), and
streptomycin/penicillin (Gibco BRL) and culturedar87C, 5% CQ incubator.

2. Arsonic compounds

Arsenic compounds were purchased from Sigma-Ald#ahO;) and Chunjisan, Seoul, Korea
(As40s), dissolved in Dulbecco's phosphate-buffered eqlPBS) and injected (IP) at a
concentration of 10 mg/kg b.w.

3. Antitumor effect of arsenic compounds

Six weeks old C57BL/6 female mice (Orient, SeongNKorea) were randomly assigned to 7 mice
per each group; the control groupBgtreated group and 48 treated group. The TC-1 cell line
was collected by treating with Trypsin-EDTA (GibB&L), and then subcutaneously injected into the
abdomen at a concentration of 5 % &6lls/100uL. Arsenic compounds were administered when the
size of the tumor reached 200 to 250 InBrtimes in total once a week. The size of thedtuwas
measured using a caliper at intervals of 2 to 3dajth the long axis (A), the short axis (B) ahd t
height (C), and the tumor volume (@ (AXBXC).

4. Morphological change of tumor

Tumor-forming C57BL/6 female mice (Orient) weredamly divided into 3 mice per each group;
the control group, A®s treated group and A4S treated group and then single injection of arsenic
compounds was performed. After 24 hours and 48s)dlie tissues were removed, fixed in 10%
neutral formalin, and embedded in paraffin. The edded tissue was cut intam in thickness and



Korean Journal of Obstetrics and Gynecology
\ol. 52 No. 2 February 2009

attached to silicon and cation-treated slides(&&h positive cheged slide; DAKO, USA) and
underwent deparaffinization with xylene and hydrativith 100, 90, 80, 70% ethanol and then H&E
staining(hematoxylin and eosin) was performed. fidwrosis area(%) was calculated by dividing the
area of necrosis by the area of the entire tumdrtlaen multiplying by 100.

5. Evans blue staining

Tumor-forming C57BL/6 female mice (Orient) were damly divided into 3 mice per each group;
the control group, A®; treated group and A9 treated group and then single injection of arsenic
compounds was performed. 24 and 48 hours latendtue(Sigma-Aldrich) reagent was injected
(IP) into the caudal vein of mice at a dose of km b.w. After 45 minutes, 5L of anesthetic
mixing with ketamine (Yuhan, Seoul, Korea) and RumfBayer Korea, Korea) at a ratio of 4: 1 was
injected intramuscularly and then thoracic cavigswopened and a 10 mL syringe was injected into
the left ventricle and perfused with 50 mL of PB8fér. After perfusion, the tissues were harvested
and weighed and then immersed in formamide (Sighdaieh), 1 mL of formamide per 100 mg of
tissue, and allowed to react at®0for 48 hours. After the reaction, the supernateat taken and
absorbance was measured at 620 nm using an EL&PReréspectra max 250, Molecular Devices,
Sunnyvale, CA, USA). A standard quantitative cumas measured with 100 pg/mL of Evans blue
reagent, diluted twice, and this curve was usezhlculate the amount of Evans blue released.

6. Hoechst 33342 staining

Tumor-forming C57BL/6 female mice (Orient) were damly divided into 3 mice per each group;

the control group, A®; treated group and A9 treated group and then single injection of arsenic
compounds was performed. After 48 hours, Hoech3433olution (Sigma-Aldrich) was injected into
the caudal vein of mice at a dose of 15 mg/kg Bme minute later, tissues were rapidly removed and
frozen sections were prepared and then blue fluereg was confirmed by fluorescence microscopy
(Olympus, Tokyo, Japan, excitation filter 365 nm).

7. Satistics

Two-way ANOVA and Student's t-test were perform@gtistical significance was P <0.05,
respectively.

Results

1. Antitumor effect of ar senic compoundsin mice transplanted with TC-1 tumor cells

As compared with the control group, tumor growti\efO; was inhibited 58.2%, 68.7%, 79.3%,
84.3%, 87.8%, 92.9%, 94.4% at 3, 6, 9, 12, 14281days, respectively, and tumor growth of@gs

was inhibited 66.6%, 72.9%, 83.2%, 88.2%, 90.5%4 %5 95.8% at the same days, respectively. The
As,0; and AgOs-treated groups showed a statistically signifigahibitory effect on tumor growth
compared with the control group (Fig. 1, P<0.0d)adldition, the Ags-treated group showed the
more inhibitory effect than the AQs-treated group (Fig. 1, P <0.05).

2. Effect of arsenic compounds on induction of tumor necrosis

As a result of comparing the degree of tumor néstosfore and after treatment with 85 or A3Os
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through H & E staining, after 8 hours of adminigtm, As,Os treated group showed less cytoplasmic
staining and highly condensed and an exaggeratddusuwhich is characteristics of the cell necrosis
After 48 hours, 30% of all tumors were confirmedy(R2, 3). In contrast, the AS; treated group
showed significantly lower cell necrosis compam@é,0e treated group (Fig. 2, 3).

3. Vascular shutdown by ar senic compounds

In contrast to the control group, the permeatiothefEvans blue staining reagent into the tumor was
significantly increased at 24 and 48 hours aftefAsr As,Oq treatment (Fig. 4, P < 0.05). The 8%
treated group increased 1.2 and 2.5 times andd/t@Areated group increased 1.7 and 6.2 times at
24 and 48 hours respectively, as compared witlcdinérol group. The permeation effect of Evans
blue staining reagent in the & treated group was significantly different fromttb&the control
group at 48 hours, also the detection of Hoech34233luorescence solution in the tumor was
significantly reduced compared to the control groughe AsO; treated group at 48 hours (Fig. 5, P

<0.05).
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Fig. 1. Tumor growth curves for TC-1 of mice treated with arsenic compounds. Statical significant inhibition of tumor growth measured
by r-test. “P<0.05, **P=0.01, compared with the control. The tumor growth was significantly delayed in groups treated with As:0s or

Asy0y, compared to the control group.

Fig. 1. Tumor growth curves for TC-1 of mice treated watlsenic compounds. Statical significant
inhibition of tumor growth measured bytest. #<0.05, **P<0.01, comparedwith the control.
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The tumor growth was significantly delayed in greteated with Ag; or As,Os, compared to the
control group.

ghr

24hr

A8 hr

Fig. 2. Morphological features of TC-1 tumors in C57BL/&etreated with arsenic compounds,
As,0; and AgOs. Sequential gross morphological changes eith8is, 24 hrs and 48 hrs after
treated with arsenic compoundsBgand AsOs (10 mg/kg b.w., i.p.). Histological features of

the tumors stained with H&E. Left, x40 magnificatjoight, x400 magnification. V, nonnecrotic zone
; N, necrotic zone.
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Fig. 3. Percent area of necrotic zone of TC-1 tumors iAEBL36 mice treated with arsenic
compounds, A©; and Ag0s. Sequential gross morphological changes eith8r 4 and

48 hrs after treated with arsenic compoundsQAsnd AgOes (10 mg/kg b.w., i.p.).

# P< 0.05, compared with the control afiRk 0.05 AsOs. Vertical bar indicated standard deviation.
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Fig. 4. Extravasation of Evans Blue in TC-1 tumors in CB/mice treated with arsenic
compounds, A®; and AgOs (10 mg/kg b.w., i.p.).
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Fig. 5. Comparison fluorescence images of the perfusiatkendioechst 33342 in TC-1 tumors in
C57BL/6 mice treated with arsenic compounds@a&nd AsOs (10 mg/kg b.w., i.p.). Untreated
(upper), AsO; treated (middle) and A®s treated (bottom).

Review

This study has shown that &3 and AgOs, arsenic compounds, induce immediate vascular
shutdown to lead necrosis in tumor cells in C57BltBuse models transplantedth TC-1 cells
expressinddPV 16-E6 and E7 genes. Especially, the effectaDAwas shown to be greater than
that of AsOa. It has also been observed that cell death threagbular shutdown induces a
retardation in tumor growth. A®; and AgOswere injected (IP) 10 mg/kg b.w. of the mouse, amce
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week for 5 times in total, resulting in a signifntaetardation effect on tumor growth compared with
the control group (Fig. 1). In addition, there veastatistically significant difference between thve
arsenic compounds treated groups. Especially,rttigiaor effect was most prominent in /&%

treated group and it is consistent with Chang, ictvthe antitumor effect of AQg in the nude

mouse model using SiHa cell line was more promitiesnt that of AsO;.°Evans blue extravasation
assay and Hoechst 33342 staining were used to nectheudegree of the vascular shutdown and the
ability was observed in both methods. AccordinthsEvans blue extravasation assay, the closure
effect of arsenic compounds on blood vessels isdsigat 48 hours after the administration also
As,O was 2.5 times higher than A% (Fig. 4).

Hoechst 33342 staining, another method to meabkarddgree of the vascular shutdown at the same
time, showed that the fluorescent dyeing soluti@as wniformly detected from the blood vessels both
inside and outside of the tumor in the control grdBut, in the group treated with &% and AgOs,

the fluorescence staining solution was not deteict¢ite tumor centered area. Especially, thgOas
treated group had a wider area than thgdAsreated group (Fig. 5). This is consistent with thct

that AsOs has a better retardation effect than@son tumor growth, but more research on this
phenomenon should be conducted further. Severat atititumor agents such as Combretastatin A-
4" colchicine® flavone acetic acfd and hydralazin® are known to induce vascular shutdown in the
central area of the tumor by affecting the vascstiarcture inside of the tumor. However, flavone
acetic acid, hydralazine and colchicine, etc. aported to be toxic or ineffective in other spetiem
mice. Recent developments of combretastatin A-4renvel flavone acetic acid derivatives have been
reported as potential candidates for solving tipeeblems. However, arsenic compounds have been
applied to a human for many years and there arepurts of interspecies toxicity which have been
carried out in the laboratory using rodents in basidies® At present, vascular shutdown and
necrosis of tumor-centered area by arsenic commoareddifficult to explain easily. However, there
are many possible hypotheses to explain this phenom One of them is that arsenic compounds
selectively induce damage of vascular endothedilé cresulting in the vascular shutdown of the
tumor. This phenomenon has been reported that#used by non-competitive inhibition of binding
between GTP and tubulin by #3:.2° Combretastatin A-4, another anticancer substaffiests

normal microtubule function, and in vitro studié®®ed stronger toxicity to vascular endothelial
cells than tumor cells and selective inductionadaular shutdown in animal models using P22
mice’® Colchicine, another tubulin binding agent, has begorted to induce hemorrhagic cell
necrosis in experimental animafé\nother phenomenon is tumor necrosis factor mediasscular
shutdown. Evidence for this phenomenon is suppdoye@ports that tumor necrosis factor mRNA is
expressed after treatment with arsenic compoundsliared human keratinocyt&sinally, it is a
phenomenon of cell death and a vascular shutdowsedaby cell necrosis. It has been reported that
induction of cell death by low concentrations afearic compounds (0.5 ~uB/) in many types of

solid tumor cell lines including APL cell line€: #1t has also been reported that arsenic compounds
at concentrations as high ag or more induce acute cell necrosis in variou$lzes?® Therefore,
the vascular shutdown of arsenic compounds is preduo be a result of simultaneous massive cell
death and necrosis in the tumor. The Vascular shutdn the central area of the tumor by arsenic
compounds has been reported by Lew YS et al. fnstidy, we confirmed the effect 46,05 on
vascular shutdown in an animal model using TC-LIlice. It is believed that the two types of argeni
compoundsAs,O; andAs,Oe, induce the inhibition of the tumor growth by tescular shutdown,

but the precise mechanism of the cause is not gidalt is also necessary to study how the two
arsenic compounds induce this phenomenon throwghrtknown pathways.
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