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Abstract

CHM-1 (2-(2-fluorophenyl)-6,7-methylenedioxyquinolin-4-one) is a quinolone

derivative and which has been reported to induce apoptosis and inhibit invasion of

cancer cells. However, there is no available information to address effects of CHM-1

on leukemia cells in vivo. Therefore, the present study examined effects of CHM-1

using a mouse model of leukemia. We established leukemia in mice by injecting

WEHI-3 cells into BALB/c mice. Mice were then treated with or without CHM-1 (5

and 10 mg/kg). CHM-1 promoted the total survival rate of leukemia mice and these

effects were dose-dependently. CHM-1 increased body weight and decreased spleen

weight, but it did not affect liver weight. The levels of cell markers Mac-3 and

CD11b were reduced by CHM-1, indicating that the differentiation of the precursor

of macrophage cells was inhibited. Levels of CD3 and CD19 were induced by

CHM-1, suggesting that the differentiation of precursors of T and B cells were

promoted in PBMC. Results of the present study indicate that CHM-1 has an

inhibitory effect on leukemia induced in mice in vivo and warrants further study as

to mechanisms and effects in other types of cancer.
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Introduction

Leukemia is one of the main causes of death in humans worldwide. In the U.S.

approximately 3.7 individuals per 100,000 die each year from leukemia [1]. In

Taiwan, about 2.1 individuals per 100,000 thousand die per year of leukemia based

on reports of the Department of Health, Executive Yuan, R.O.C. (Taiwan). Currently,

strategies for treatment of leukemia include radiotherapy, chemotherapy, or a

combination of both but have proven unsatisfactory. Based on epidemiological and

animal studies [2], increased consumption of a plant-based diet reduces the risk of

cancer development [3]. Herbal based dietary supplements contain numerous

phytochemicals which can be used as cancer suppressors with Taxol being a prime

example.

Quinolone derivatives have been shown to be useful as antibacterial agents

through the inhibition of bacterial DNA gyrase [4] and they also inhibit platelet

aggregation [5, 6]. The 2-phenyl-4-quinolones induce cytotoxicity in several human

cancer cell lines. Several reports also demonstrated that synthesized

2-phenyl-4-quinolone series compounds can inhibit tubulin polymerization through

binding to tubulin at the colchicine-binding site and they can act as anti-mitotic

agents [6]. It was reported that the synthesized 2-phenylpyrroloquinolin-4-ones

inhibited hepatocellular carcinoma growth both in vitro and in vivo [7]. Wang et al.

URL: http://mc.manuscriptcentral.com/glal

Page 4 of 20



Page 5 of 20

©CoO~NOUTA,WNPE

Leukemia and Lymphoma

was first to report that 2-(2-fluorophenyl)-6,7-methylenedioxyquinolin-4-one

(CHM-1) (Figure 1) can act as an anti-invasive agent in hepatocellular carcinoma

cells [8]. It is well-documented that murine WEHI-3 leukemia cells can be used as

experimental tumor therapy [9, 10] and murine WEHI-3 leukemia cells can be used

for inducing leukemia in syngenic BALB/c mice for evaluating anti-leukemia effects

of drugs. However, there are no reports on the effects of CHM-1 on leukemia cells

in vivo. We investigated the effects of CHM-1 on WEHI-3 leukemia cells in a mouse

model. Also, CHM-1 promoted the survival rate of WEHI-3 cells leukemia in vivo.

Materials and methods

Materials and reagents

CHM-1 was generously provided by Dr. Sheng-Chu Kuo (Graduate Institute of

Pharmaceutical Chemistry, College of Pharmacy, China Medical University).

Dimethyl sulfoxide (DMSO), potassium phosphates, and Triton X-100 were

obtained from Sigma Chemical Co. (St. Louis, MO, USA). RPMI 1640, fetal bovine

serum, penicillin-streptomycin  and  L-glutamine were obtained from

Invitrogen/Gibco BRL (Grand Island, NY, USA).
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Male BALB/c mice-BALB/c mice approximately (22-28 g body weight) at 8 weeks
of age were purchased from the Laboratory Animal Center, College of Medicine,

National Taiwan University (Taipei, Taiwan).

Murine WEHI-3 leukemia cells-The WEHI-3 cell line (murine myelomonocytic
leukemia cells) was obtained from the Food Industry Research and Development
Institute (Hsinchu, Taiwan). WEHI-3 cells were cultured into 75-cm? tissue culture
flasks in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100
units/ml penicillin, 100 pg/ml streptomycin and 2 mM L-glutamine and grown at

37°C under a humidified 5% CO; [9, 10, 11].

CHM-1 treatment-The experimental design is shown in Figure 2A. Forty BALB/c
mice were divided into 4 groups: Group I was control; Group II was injected with
WEHI-3 cells only and treated with PBS (vehicle); Group III and Group IV were
injected with WEHI-3 cells and then treated with CHM-1 (5 and 10 mg/kg) in PBS.
Injections WEHI-3 cells (1)(106 in PBS) were i.v. All animals were administered

CHM-1 orally each day for up to 3 weeks before being weighed [9, 10, 11].

Blood samples and immunofluorescence staining-After the end of the CHM-1
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treatment, surviving animals of each group was counted and body weights
determined. Blood (1 ml) was collected from each animal and ammonium chloride
was added for lysing of the red blood cells, followed by centrifugation for 15 min at
1500 rpm at 4°C. The isolated white blood cells were examined for cell markers,
including Mac-3, CD11b, CD3, and CD19 based on the staining with anti-Mac-3-PE,
CD11b-FITC, CD3-FITC, and CD19-PE antibodies (BD PharMingen, San Diego,
CA, USA). Cell marker levels were determined by flow cytometry (FACS Calibur™,

Becton Dickinson, NJ, USA) as described [9, 10, 11].

Liver and spleen tissue -These samples were obtained from each animal and used
for histopathology. Tissue samples from spleen were fixed in 4% formaldehyde and
embedded in paraffin. Sections of 5 mm were stained with hematoxylin and eosin

according to standard procedures [9].

Statistics analysis-The results were expressed as mean + SD and differences
between control and experimental groups analyzed by Student’s-z test. *p<0.05 was

taken as significant.

Results

URL: http://mc.manuscriptcentral.com/glal



©CoO~NOUTA,WNPE

Leukemia and Lymphoma

CHM-1 affected the survival rate of WEHI-3 cells leukemia mice

Leukemia mice were treated with PBS only, or 5 and 10 mg/kg of CHM-1 and the

representative survival rates are shown in Figure 2B. Animals were treated with

CHM-1 for 21 days and the survival rates were 25, 40, 50 and 100% in each group

of without CHM-1 treatment, 5 and 10 mg/kg of CHM-1 treatment and normal

untreated mice, respectively.

CHM-1 affected the WEHI-3-induced leukemia mice body, spleen and liver

weights in vivo

Mice were treated with or without CHM-1 (5 and 10 mg/kg) and representative

animal body weights, spleen and liver weights are shown in Figure 3A, B and C.

Both doses of CHM-1 increased body weight significantly as compared to the

PBS-treated group (Fig. 3A). CHM-1 treatment at both concentrations also

decreased significantly the spleen weight compared to the PBS group (Fig. 3B), but

it did not affect liver weights (data not shown).

CHM-1 affected spleen histopathology

Spleen tissue was isolated from BALB/c mice of each group after injection with

WEHI-3 cells and treated with or without CHM-1 for 3 weeks. Representative
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histopathology is presented in Figure 4. CHM-1 treatment, either markedly

decreased the number of spleen neoplastic cells or the cells were not detectable in

the red pulp. Also, the number of megakaryocytes increased. These results indicated

that CHM-1 decreased the number of leukemia cells in the spleen.

CHM-1 altered surface markers of whole blood cells from WEHI-3 cell

leukemia mice

Cell marker data of white blood cells from BALB/c mice after injection with

WEHI-3 cells for 1 week then treated with or without CHM-1 (5 and 10 mg/body

weight) in PBS are presented in Figure 4A, B, C and D. CHM-1 decreased levels of

Mac-3 (Fig. 4A) and CDI11b (Fig. 4B), suggesting that the differentiation of the

precursor of macrophage cells was inhibited. However, CHM-1 increased the levels

of CD3 (Fig. 3C) and CD19 (Fig. 4D) as compared to the WEHI-3 cells only treated

groups (p<0.05) which indicates that the differentiation of the precursor of T and B

cells was enhanced.

Discussion

Several reports have shown that CHM-1 affects many types of human cancer cell

lines; however, the effects of CHM-1 in an in vivo animal system have not been
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reported. We are the first to show that CHM-1 can promote the survival rate of

WEHI-3 cell leukemia mice in vivo and it also increased the body weight, decreased

the spleen weight but did not significantly affect liver weight. CHM-1 decreased the

cell marker Mac-3 and CD11b but increased the cell markers CD3 and CD19.

Generation of a leukemia mouse model by i.v. injection with WEHI-3 cells is well

established [12]. The WEHI-3 cell line was murine monomyelocytic leukemia cells

which were originally derived from the BALB/c mouse [13]. Furthermore, it has

been demonstrated that the WEHI-3 leukemia model is an ideal system for the study

of potential therapeutic drugs such as ATRA, aclacinomycin A, IL-6, G-CSF and

vitamin D3 induced in vitro differentiation of WEHI-3 in monocytic and

granulocytic lineages [14]. Our previous studies also used this leukemia animal

model which showed that diallyl sulfides (DAS) [13], quercetin [9] and benzyl

isothiocyanate (BITC) [11] could inhibit WEHI-3 cells in vivo.

CHM-1 statistically decreased the percentage of Mac-3 and CDI11b and

promoted the percentage of CD3 and CD19 in blood. Due to the WEHI-3 cells being

murine monomyelocytic leukemia cells and originally derived from the BALB/c

mouse. Therefore, the CD marker population in blood is reasonable and it showed

that the number of monocyte and macrophage (Mac-3 and CD11b) are elevated in

examined mice. Our observations from WEHI-3 cells injected mice indicated that
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the major characteristic of leukemia animal model are the elevation of peripheral

monocytes and granulocytes with immature morphology in blood samples, an

enlargement of spleen tissues with infiltrated spleens as compared with normal

tissue and those data are in agreement with other reports [12].

In conclusion, we showed that CHM-1 in vivo decreased the percentage of

viable WEHI-3 cells in a mouse model of leukemia. CHM-1 may have potential as a

therapeutic agent for leukemia cells.
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Figure Legends
Figure 1 The structure of 2-(2-fluorophenyl)-6,7-methylenedioxyquinolin-4-one

(CHM-1).

Figure 2 CHM-1 affected the survival rate in WEHI-3 cells leukemia mice. The
experimental design of CHM-1 affect WEHI-3 cells leukemia animal model (A).
The animal will be i.v. injected with WEHI-3 cells (1x10° cells/100 pL) in PBS then
treated with or without CHM-1 by i.p. (5 and 10 mg/kg body weight) for 3 weeks,
before whole survival rate was counted as described in Materials and Methods.
“*P<0.05 is a significant difference between control (WEHI-3 cells injected only)

and experimental (WEHI-3 cells injected then were treated with CHM-1 at 5 or 10

mg/kg, i.p) groups.

Figure 3 CHM-1 affected the weights of spleen and liver tissues and body weight.
BLAB/c mice after injection with WEHI-3 cells (1x10° cells/100 pL) in PBS and
treated with or without CHM-1 (5 and 10 mg/kg body weight) for 3 weeks. Body
weight (A) and spleens (B) were weighed individually. *P<0.05 is a significant
difference between control (WEHI-3 cells injected only) and experimental (WEHI-3

cells injected then were treated with CHM-1 at 5 or 10 mg/kg, i.p) groups
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Figure 4 CHM-1 affected the histopathology of mice spleen. BALB/c mice were
injected with WEHI-3 cells (1x10° cells/100 pL) in PBS for 3 weeks then treated
with or without CHM-1 (5 and 10 mg/kg body weight) for 3 weeks. Spleens were

photographed, weighed and histopathologically examined.

Figure 5 CHM-1 affected the cell markers of white blood cells from WEHI-3
leukemia BALB/c mice. BALB/c mice were injected with WEHI-3 cells (1x10°
cells/100 ul) in PBS for 1 week then treated without or with CHM-1 (5 and 10
mg/kg body weight) for 3 weeks. Blood was collected and analyzed for cell marker
by flow cytometry as described in Materials and Methods. A: Mac-3; B: CD11b; C:
CD3; D: CDI19. Each point is mean + S.D. of three experiments. *P<0.05 is a
significant difference between control (WEHI-3 cells injected only) and

experimental (WEHI-3 cells injected then were treated with CHM-1 at 5 or 10

mg/kg, 1.p) groups.
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