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Low-dose metronomic chemotherapy with cisplatin: can it
suppress angiogenesis in H22 hepatocarcinoma cells?
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Recent studies found that various cytotoxic chemotherapeutic

agents could inhibit the angiogenesis of vessels, as the sensitiv-

ity of vascular endothelial cells to chemotherapeutic drugs

was 10–10,000 times that of tumour cells (Assaraf 2006;

Spaner & Masellis 2007). At the same time, studies showed

that at usual chemotherapeutic dosages, endothelial cells

INTERNATIONAL

JOURNAL OF

EXPERIMENTAL

PATHOLOGY

Received for publication:

17 February 2009

Accepted for publication:

18 August 2009

Correspondence:

Fang-Zhen Shen

Department of Oncology

Affiliated Medical College Hospital

Qingdao University

No.16 Jiangsu Road

Qindao City

Qingdao 266003

China

Tel.: 86-532-82913036

Fax: 86-532-82911999

E-mail: fangzhenshen@126.com

Summary

Low-dose chemotherapy drugs can suppress tumours by restraining tumour vessel

growth and preventing the repair of damaged vascular endothelial cells. Cisplatin is a

broad-spectrum, cell cycle-non-specific drug, but has serious side effects if used at high

doses. There have been few reports on the anti-angiogenic effects of low-dose cisplatin

and hence the effect of low-dose metronomic (LDM) chemotherapy on the prolifera-

tion and neovascularization of H22 hepatocarcinoma cells is discussed in this

research. The influence of LDM chemotherapy with cisplatin on human umbilical vas-

cular endothelial cells (HUVECs) and proliferation of the HepG2 human hepatocarci-

noma cell line were measured using MTT assays. The LDM group was treated with

cisplatin 0.6 mg ⁄ kg ⁄ day; the control group with saline 0.2 ml; the maximum tolerated

dose (MTD) group with cisplatin 9 mg ⁄ kg ⁄ day. Vascular endothelial growth factor

(VEGF) and matrix metallopeptidase 2 (MMP-2) were detected using immunohisto-

chemical staining. A chicken chorio-allantoic membrane (CAM) model was used to

check the inhibitory effect of LDM chemotherapy with cisplatin on neovascularization

in vivo. Low-dose cisplatin inhibited HUVEC proliferation in a dose- and time-depen-

dent manner, but was ineffective in inhibiting HepG2 cell proliferation. Tumour

growth was delayed in mice receiving LDM cisplatin, without apparent body weight

loss, compared with mice that received MTD cisplatin. Microvessel density and

expression of VEGF and MMP-2 were much lower in mice receiving LDM cisplatin

than in the control and MTD groups. Continuous low-dose cisplatin suppressed CAM

angiogenesis in vivo. LDM chemotherapy with cisplatin can inhibit the growth of

blood vessel endothelial cells in vitro and shows anti-angiogenic ability in vivo.
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underwent apoptosis initially, followed by tumour cells, but

impaired vascular endothelial cells would be repaired between

chemotherapy treatments. Further research also indicated that

chemotherapy drugs could inhibit angiogenesis and have per-

sistent therapeutic roles if given at a much lower dose than the

effective anti-tumour dose – i.e. at non-cytotoxic concentra-

tions – more frequently and over a longer time.

This new mode of administration redefines chemotherapy

drugs’ treatment targets to be vascular endothelial cells

(Shaked et al. 2006; Wu et al. 2007). Mathematical models

of this method found that inhibiting the growth of new ves-

sels extended the survival time of patients longer than con-

ventional maximum tolerated dose (MTD) chemotherapy

(Tamura et al. 2002; Lam et al. 2007); this anti-angiogenic

approach may therefore have a significant clinical potential

(Lu 2007). Folkman indicated that metastasis and growth of

tumour cells depend on neovascularization, indicating a new

approach to tumour growth inhibition using anti-neovascu-

larization strategies (Folkman 2003). Some studies in recent

years have suggested that many anti-tumour drugs could

cause inhibition of tumour neovascularity (Veale & Fearon

2006; Moreira et al. 2007). Low-dose chemotherapy drugs,

usually one-tenth to one-third of the MTD, administered

continuously and frequently, could selectively suppress vessel

growth in tumour tissues and prevent the repair of damaged

vascular endothelial cells (VECs). This process, called ‘low-

dose metronomic (LDM) chemotherapy,’ might lead to

tumour suppression by devascularization.

Cisplatin is a cell cycle-non-specific drug with strong,

broad-spectrum effects, but it has serious side effects if used

in high doses and over multiple courses of treatment

(Schweitzer 1993; Ozdogan et al. 2008). Until now, there

have been few reports on the anti-angiogenic effect of low-

dose cisplatin; we studied the effect of LDM chemotherapy

on the proliferation and neovascularization of H22 hepato-

carcinoma cells in this research.

Materials and methods

Materials

Human umbilical vascular endothelial cells (HUVECs) were

purchased from Sciencecell Co. (Seattle, WA, USA) and cul-

tured with extracellular matrix. Hepatocarcinoma cell line

HepG2, foetal bovine serum and cisplatin for injection were

from Gibco Inc. (Billings, MT, USA). Mouse anti-human

vascular endothelial growth factor (VEGF), matrix metallo-

proteinase-2 (MMP-2), tris-ethylene diamine tetra-acetic acid

and chicken embryos came from KeyGen Biotechnology Co.

(NanJing, JiangSu, China).

Animals and subculture

Thirty-six Kunming mice (specific pathogen-free grade; male;

aged 5–6 weeks; 20–22 g) were used. H22 hepatocarcinoma

cells from KeyGen Biotechnology Co. (NanJing, JiangSu,

China) were cultured in ascites fluid; after 7 days, the second

generation was used in experiments.

MTT assay

Human umbilical vascular endothelial cells and HepG2 cells

were collected in the logarithmic growth phase. They were

plated in 96-well plates (0.5 · 104 ⁄ ml cells ⁄ well in 200 ll

of medium) and maintained in a humidified incubator with

5% CO2 at 37 �C. After 24 h, the culture medium was

replaced by fresh medium containing cisplatin (7.5 ng ⁄ ml,

75 ng ⁄ ml, 750 ng ⁄ ml, or 7.5 lg ⁄ ml); the medium was

changed without cisplatin in the control group. Each drug

concentration was represented by at least three wells

and replicated three times. After 24, 48 and 72 h of incu-

bation, 20 ll of MTT (5 g ⁄ l) was added to each well and

incubated for 4 h. Cells were then collected by centrifuga-

tion at 1000 g for 5 min at room temperature. The reac-

tion was stopped by adding 150 ll of dimethyl sulfoxide.

Absorbance was measured at 570 nm and the cell prolifera-

tion inhibition rate was calculated.

Establishment of animal model

Twenty-four hours after being inoculated, mice were ran-

domly divided into three groups of 12. The LDM group

was given cisplatin (0.6 mg ⁄ kg ⁄ day, five times in one

week) and the control group was given 0.9% saline (0.2

ml ⁄ day, five times in 1 week), through intraperitoneal

injection in both groups. The MTD mice each received

one intraperitoneal injection of cisplatin (9 mg ⁄ kg). Differ-

ent regimens of cisplatin dosing were given to different

groups, starting on day 3 after tumour vaccination, 1 day

at a time, for a two-week period for all groups. Ingestion,

status and activity were recorded every day for this

period.

Volume, weight and inhibition rate of tumours

Five days after inoculation, maximum diameters (a) and

minimum diameters (b) of tumours were measured every

3 days. Tumour volume was measured using the following

formula (Ruggeri et al. 2003):

V(mmÞ3 ¼ 0:5236ðabÞ2
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Mice were killed and tumours weighed. Mean tumour

weight was calculated. Tumour inhibition rate was calcu-

lated using the following formula:

Tumour inhibition rate ¼ ð½mean tumour weight of control

group�mean tumour weight of LDM group�=
mean tumour weight of control groupÞ � 100%

Expression of microvessel density (MVD), VEGF and

MMP-2

After formalin fixation and paraffin embedding, stripped

tumour tissue was made into sections for immunohistoc-

hemical analysis (PowerVision� two-step). Phosphate-buf-

fered solution was the negative control instead of the first

antibody; a known positive section was the positive control.

Endothelial cells were identified by marking with CD34

monoclonal antibodies. All brown endothelial cells, or endo-

thelial cell clusters with dyed cytoplasm that were separated

from adjacent tumour cells, microvessels or connective

tissues, were counted as independent microvessels; Vessels

with thick muscle layers or with lumen diameters larger than

the width of eight red blood cells were excluded. The ‘hot

spot’ method was used for MVD. Tissue sections were

scanned with a low-power lens and five vision fields were

found in each section in which endothelial cells were clarity

under an unambiguous background; the most intense micro-

vessels were chosen at the tumour site and counted for a

mean value using an optical microscope (magnifica-

tion,·400). Positive expression of VEGF and MMP-2 was

indicated by brownish-yellow or chocolate-brown granular

tumour cells clearly located in the cytoplasm. MMP-2 was

also expressed in some interstitial cells. Tissue sections were

initially scanned using an optical microscope (magnification,

·100) and three fields of vision in each section with high

positive rates were chosen; 500 tumour cells were then

counted successively under an optical microscope (magnifica-

tion, ·400) to calculate the percentage of positive cells.

Chorioallantoic membrane vascular growth experiment

in vivo

Fertilized chicken eggs were incubated at 37 �C and relative

humidity of 60%. Vascular growth peaked on the seventh

day; the chorioallantoic membranes (CAMs) were then

exposed. Thin methylcellulose sections were located in the

CAM newborn tubule areas. Twenty microlitres of cisplatin

solution at different concentrations was dropped into the sec-

tions with a micropipetter in the experimental groups; equiva-

lent amounts of saline were dropped into sections in the

control group. Sections were incubated after being sealed with

sterilized film. The same dose of cisplatin was added every

day. The film was uncovered after 72 h and sections were

fixed for 15 min at room temperature with a mixture of equal

parts (v ⁄ v) of methanol and acetone. When the blood solidi-

fied, holes with diameters of 3 mm were cut in the CAMs.

Capillary growth surrounding the sections was observed

under light microscopy. The inhibition rate of a group was the

percentage of chicken embryos with inhibited capillaries:

Inhibition rateð%Þ ¼ ðTotal number of vessels in control

group� Total number of vessels in drug groupÞ=
ðTotal vessel number in control groupÞ � 100%

Statistical analysis

The test results were expressed in the form of �X� s:

Comparisons between different groups were performed using

the Kruskal–Wallis H-test or the Mann–Whitney U-test.

P < 0.05 was considered statistically significant.

Results

Proliferation inhibition of metronomic chemotherapy

with low-dose cisplatin on HUVECs and HepG2 cells

Low-dose cisplatin was cultured with HUVECs for 24, 48

or 72 h. Cisplatin was seen to inhibit the proliferation of

Table 1 Proliferation inhibition with

different concentrations of cisplatin

(DDP) on human umbilical vascular

endothelial cellsGroup [DDP]( ⁄ ml)

Absorbance (�X� s) Inhibition (%)

24 h 48 h 72 h 24 h 48 h 72 h

Control – 1.53 ± 0.02 1.45 ± 0.09 1.41 ± 0.03 – – –

DDP 7.5 ng 1.35 ± 0.02 1.25 ± 0.02 1.19 ± 0.03 11.70 13.10 15.00

DDP 75 ng 1.15 ± 0.02 1.08 ± 0.05 0.96 ± 0.04 25.32 26.22 31.71

DDP 750 ng 0.78 ± 0.04 0.72 ± 0.05 0.65 ± 0.03 49.10 51.03 53.80

DDP 7.5 lg 0.75 ± 0.03 0.71 ± 0.02 0.63 ± 0.02 50.90 51.93 55.41

[DDP] = cisplatin.

Compared with the control group, P < 0.01; compared with DDP 7.5 ng ⁄ ml group, P < 0.01;

compared with 24 h group P < 0.01, there were significant differences.
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HUVECs dose- and time-dependently. Proliferation inhibi-

tion for endothelial cells was maximal at cisplatin concentra-

tion up to 750 ng ⁄ ml. That is, additional cisplatin could

make the viable cell count in each well decline slowly. There

was no significant difference between the 7.5 lg ⁄ ml group

and the 750 ng ⁄ ml group; absorbance and inhibition are

shown in Table 1. There were significant differences

(P < 0.01) between the two groups and the control group;

under identical conditions, low-dose cisplatin did not inhibit

the human hepatocellular carcinoma cell line HepG2; absor-

bance and inhibition are shown in Table 2. There was no

significant difference compared with the control group

(P > 0.05).

Effect of metronomic chemotherapy with LDM on

hepatocarcinoma 22-bearing mice

Comparison of tumour volume and mass among groups dur-

ing administration. Tumours in the control group continued

to grow, whereas those in the LDM group grew slowly.

Tumours in the MTD group did not grow for a short period,

but picked up rapidly after 10 days. Tumour mass in the

LDM group was significantly lower than that in the MTD

group and control group with significant differences

(P < 0.01); its inhibition was as high as 67.78% (Figure 1).
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Figure 1 The growth curve of tumour volume (V ⁄ mm3) in each

group.

Table 3 Comparison of the results of

immunohistochemistry (median,

interquartile distance)

Control MTD LDM H P P (groups compared)

VEGF 38.98 (10.03) 29.15 (6.07) 18.92 (6.16) 30.39 0.00 MTD to Control, P = 0.000

LMD to Control, P = 0.000

LDM to MTD, P = 0.000

MMP-2 19.81 (6.66) 13.72 (3.98) 9.34 (4.78) 23.31 0.00 MTD to Control, P = 0.000

LDM to Control, P = 0.000

LDM to MTD, P = 0.01

MVD 29.50 (4.5) 22.5 (7.75) 9.5 (3) 29.10 0.00 MTD to Control, P = 0.000

LDM to Control, P = 0.000

LDM to MTD, P = 0.000

MTD, maximum tolerable dose group; LDM, low-dose metronomic group; H, Statistical

analysis: 1. Non-parametric statistics method of Kruskal–Wallis H-test. 2. Non-parametric

statistics method of Mann–Whitney U-test for two-group comparison.

Table 2 Proliferation inhibition with

different concentrations of cisplatin

(DDP) on HepG2 cells
Group [DDP] ( ⁄ ml)

Absorbance (�x� s) Inhibition (%)

24 h 48 h 72 h 24 h 48 h 72 h

Control – 1.65 ± 0.03 1.67 ± 0.04 1.66 ± 0.04 – – –

DDP 7.5 ng 1.64 ± 0.04 1.65 ± 0.07 1.64 ± 0.06 1.20 1.19 1.10

DDP 75 ng 1.64 ± 0.02 1.64 ± 0.03 1.63 ± 0.07 1.20 1.19 1.21

DDP 750 ng 1.63 ± 0.03 1.64 ± 0.02 1.63 ± 0.04 1.81 1.80 1.79

DDP 7.5 lg 1.63 ± 0.04 1.64 ± 0.03 1.63 ± 0.07 1.85 1.81 1.82

[DDP] = concentration of cisplatin.

Compared with the control group, P > 0.05; compared with DDP 7.5 ng ⁄ ml group, P > 0.05;

compared with 24 h group, P > 0.05, there were no significant differences.
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Comparison of expression levels of MVD, VEGF and MMP-

2 in tumour tissues. The MVD count and VEGF

and MMP-2 levels in the metronomic chemotherapy group

were significantly lower than those of the control and

MTD groups (Table 3; Figure 2). The difference

between the MTD group and the control group was also

significant.

CAM angiogenesis experiments

Metronomic chemotherapy with low-dose cisplatin was seen

to inhibit CAM angiogenesis. New vessels were normal in

the saline control group with abundant capillaries that were

uniformly dendritic, while the generation of new blood ves-

sels was clearly decreased in the low-dose cisplatin group.

Abnormal vessels increased around the methylcellulose area

and the density decreased; vascular morphology had chan-

ged. Vessels exhibited an uneven diameter and continuity

was interrupted. The inhibition of CAM angiogenesis

increased with increasing concentration of cisplatin in the

experimental groups, reaching a peak at 750 ng ⁄ ml. There

were significant differences between the control group and

experimental groups (P < 0.05) (Table 4).

Discussion

Cisplatin is a cell cycle non-specific anti-tumour drug that

has been used for treatment of various solid tumours; it has

been one of the most effective chemotherapy drugs (Sbovata

et al. 2007).

Low-dose cisplatin was shown here to inhibit the prolifer-

ation of endothelial cells in vitro, and the angiogenesis of

chicken CAM in vivo. These actions proceeded in a dose-

dependent manner, reaching a peak at the concentrations of

750 ng ⁄ ml.

However, low-dose cisplatin failed to inhibit the prolifera-

tion of tumour cells in vitro. Our results show that tumour

(a)

(b)

(c)

Figure 2 Immunohistochemistry

staining in H22 hepatocarcinoma cells.

(a) CD34 staining in H22 hepatocarcinoma

cells. Groups include cells receiving

maximum tolerable doses (MTD) and

low-dose metronomic (LDM) amounts

of cisplatin and control group (·400).

(b) VEGF staining in H22

hepatocarcinoma cells (·400).

(c) MMP-2 staining in H22 hepatocarci-

noma cells (·400). The microvessel

density and VEGF and MMP-2 levels in

the LDM group were significantly lower

than those in the control and MTD

groups.

Table 4 Influence of different concentrations of cisplatin (DDP)

on CAM vascular growth

Group

[DDP]

(ng ⁄ ml)

Embryos

(n)

Vascular

number

(�x� s)

Inhibition

(%)

Control 0 10 76.39 ± 4.13 –

DDP 7.5 10 54.50 ± 6.16 28.14

DDP 75 10 41.85 ± 3.10 47.26

DDP 750 10 22.48 ± 5.17 72.85

DDP 7500 10 23.16 ± 3.24 70.19

[DDP] = concentration of cisplatin.

P < 0.05, compared with control group.
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growth was delayed in the cisplatin LDM chemotherapy

group. The ultimate tumour mass in the LDM group was

significantly lower than that in the control group and the

MTD group, whereas its cumulative dose was less than that

in the MTD group. The anti-tumour effect in the MTD

group was obvious only during early period, but the MTD

mice gradually lost weight and moved slowly; some mice

had bloody diarrhoea. At the same time, tumour volume

increased significantly during treatment intermissions.

It can be inferred that LDM chemotherapy with cisplatin

had a lasting inhibition on tumour growth and had no sig-

nificant rebounding period and few side effects during

long-term application. The growth and metastasis of

tumours are vascular-dependent; MVD reflects the extent

of tumour angiogenesis and was therefore quantified in our

samples, using immunohistochemical techniques. We found

that while MVD count declined in both the LDM group

and MTD group, it decreased more significantly in LDM

group. There was also significant difference between the

MTD group and the control group. It could be inferred

that although LDM chemotherapy had a little direct effect

on tumour cells, it achieved significant anti-tumour effects

by inhibiting angiogenesis, destroying tumour vessels and

causing ischaemic necrosis of tumour cells. On the other

hand, MTD chemotherapy with the same drug achieves its

anti-tumour effect by inhibiting tumour cell growth or

inducing apoptosis.

Tumour angiogenesis is a complex multistep process com-

prising various angiogenic factors, matrix proteolytic

enzymes and adhesion molecules. In particular, VEGF causes

endothelial cells to induce angiogenesis through various pro-

liferative, chemotaxic and metastatic pathways.

Matrix metallopeptidases have a key role in degradation

of the basement membrane, cell movement and tube forma-

tion. Among MMPs, gelatinase A (MMP-2) has a direct role in

promoting angiogenesis by mediating tumour’s angiogenesis

‘switch’. Overexpression of MMP-2 is often present in

hepatocellular carcinoma (Guo et al. 2006; Zhang et al.

2006). Some authors found that LDM chemotherapy could

indirectly inhibit tumour angiogenesis by inhibiting VEGF

secretion in tumour cells. We showed that the expression of

VEGF and MMP-2 in the metronomic chemotherapy group

was significantly lower than that in the control and MTD

groups and that the distribution phases of MVD were

similar (Zhang et al. 2006; Albertsson et al. 2006; Buckstein

et al. 2006; Li et al. 2006). We speculated that the inhibi-

tion of LDM chemotherapy with cisplatin on tumour growth

and tumour angiogenesis may be related to its inhibition of

the proliferation of vascular endothelial cells and the

decreased expression of VEGF and MMP-2.

The anti-angiogenic effect of LDM chemotherapy is a new

strategy with few toxic side effects and little drug resistance.

The endpoint of therapeutic evaluation is improvement in

quality of life and delay in time to progression. The prominent

role of metronomic chemotherapy is not the rapid elimination

of tumours, but growth inhibition by inhibiting angiogenesis

(Franchi et al. 2007; Klement et al. 2007). LDM chemo-

therapy could become a new palliative treatment for advanced

tumours. Incurable tumours could conceivably become con-

trollable, allowing patients with tumours to survive for a long

time without lowering their quality of life.
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