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Inhibition of tumors cell growth in osteosarcoma-
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conventional and metronomic scheduling of
neoadjuvant chemotherapy
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Aim: To investigate whether a combination of conventional and metronomic scheduling of chemotherapy could enhance and extend
the effectiveness of chemotherapy against osteosarcoma.

Methods: A total of 110 osteosarcoma-bearing SD rats were randomly divided into four groups, three of which were given conventional,
metronomic or combination scheduling of chemotherapy, and the remaining one served as a control. Tumor volumes were measured
every week during the treatment period of 8 weeks. At the end of treatment, tumors were removed from the rats and weighed. Expres-
sion of VEGFA in tumors was determined using Western blot assays.

Results: As indicated by the tumor volume, conventional and metronomic schedules showed similar trends in tumor growth curves, and
both of them lost their inhibitory effect in the sixth week, whereas the combination schedule maintained effectiveness until the end of
treatment. Statistical significance with tumor volumes and weights was found among the groups (P<0.001), with combination schedul-

ing being the most effective (P<0.001). Western blot indicated that all the therapy groups had significantly decreased expression of
VEGFA (P<0.01), and the combination scheduling group had the lowest VEGFA expression.

Conclusion: Combination of conventional and metronomic scheduling of chemotherapy could be a promising treatment for osteosar-
coma. Antiangiogenesis contributed to the effect of combination scheduling.
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Introduction

Osteosarcoma, the most common malignant bone tumor in
childhood and adolescence, is found predominantly found in
males (male: female=1.6:1)"" . Despite its relatively low inci-
dence rate among overall cancers, osteosarcoma is the second
only less than leukemia causing cancer-related deaths in teen-
agers and children younger than ten years old”. Additionally,
osteosarcoma progresses aggressively and usually develops
a lung metastasis even after surgery. In spite of the continu-
ous development of adjuvant therapies and increasing 5-year
disease-free survival rate*, amputation is the primary treat-
ment in most cases. Osteosarcoma results in lifelong physi-
cal disability and psychological trauma for patients and their
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families.

Until the late 1970s, limb amputation was the conventional
treatment for osteosarcoma, associated with an extremely low
5-year disease-free survival rate of 10%-20%". Subsequently,
with the aim of eliminating primary tumor cells and micro-
metastases, neoadjuvant chemotherapy was introduced!”.
Doxorubicin (DOX), methotrexate (MTX), cisplatin (CDP) and
ifosfamide (IFO) given in succession were proven effective for
the treatment of osteosarcoma®”, which made it possible to
develop a systemic multi-agent chemotherapy. It was later
proven to dramatically increase the overall or 5-year disease-
free survival rate to 70% in the patients without metastasis'® "\
However, it still troubled researchers that standard neoadju-
vant chemotherapy affected few patients with metastasis or
who had had no response to prior chemotherapy. Despite the
application of high-dose ifosfamide, novel problems arose as a
result of the toxicity of the chemotherapy agents, such as bone
marrow suppression, heart failure and serious liver and kid-



ney damage!®.

Studies in the past decade have indicated that several tradi-
tional chemotherapy agents have remarkable antiangiogenesis
and inhibitory effects on tumor cell growth when adminis-
tered with a higher frequency and at a lower dose!"*. This
strategy was named the antiangiogenic schedule, also known

as the metronomic schedule! .

As a nutrient transport
channel, microvasculature provides a material basis for tumor
growth and metastasis. However, in osteosarcoma, a hyper-
vascular tumor, metronomic therapy is rarely used, despite
evidence that it delays tumor recurrence in dogs with soft tis-

sue sarcoma'’®

and has been proven effective in other cancers.

In the current study, we hypothesized that the combination
of conventional and metronomic scheduling of neoadjuvant
chemotherapy would enhance inhibition of osteosarcoma
cell growth. For this investigation, osteosarcoma-bearing SD
rats were separated into four groups and received different
schedules of chemotherapy treatment, including conventional,
metronomic and combination chemotherapy, together with a
null control group. The volume and weight of tumors were
Western blot

assay was used to measure the expression level of VEGFA in

measured after the termination of treatment.

tumor tissues, which is a signal that promotes the growth of
new blood vessels.

Materials and methods

Cell culture and reagents

The osteosarcoma cell line UMR 106 was purchased from the
Fourth Military Medical University in Xi’an, China and cul-
tured in RPMI-1640 medium (Gibco, Grandland, NY) supple-
mented with 10% fetal bovine serum (FBS, Gibco). Lentiviral
vectors with GFP-gene were transferred into UMR106 cells
to establish a stable fluorescent cell line, UMR 106-GFP. The
293FT cell line (Invitrogen, Carlsbad, CA) was cultured in
Dulbecco’s modified Eagle medium (DMEM, Gibco) supple-
mented with 10% FBS. All the cell cultures were maintained
in an incubator with 5% CO, at 37°C. Methotrexate (MTX),
adriamycin (ADM), and Cilatinum (CDP) were commercially
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obtained.

Osteosarcoma-bearing SD rat modeling
Both 4- to 6-week-old Balb/c nude mice and 5-week-old SD
rats were obtained from the Animal Center of Shanghai Public
Health Center. Before UMR 106-GFP was injected into SD rats,
it was cultured in Balb/c nude mice for several generations to
enhance its tumorigenicity. Initially, 5x10° cells were inocu-
lated under the right forelimb axillary of three Balb/c nude
mice. Once at a volume of 0.8 cm®, the tumors were peeled
off, their capsules and external blood vessels were cleaned,
and they were shredded into 0.2 mm® tumor tissue grains.
Twenty to thirty pieces of the grains were inoculated again in
the subcutaneous tissue of three more nude mice to culture the
next generation. Seven in vivo periods were carried out before
the last generation of tumor grains was inoculated subcutane-
ously to the forelimb axillary of SD rats. In each period, one of
the three nude mice was kept alive until 21 d after incubation
to observe the tumorigenicity by measuring the volume of the
tumor.

Forty to sixty pieces of 0.2 mm® tumor grains were used for
each SD rat.

Chemotherapy of the osteosarcoma-bearing SD rats
A total of 110 osteosarcoma-bearing SD rats were divided into
four groups.

The 10 rats in the control group received no chemotherapy.
However, the volumes of control rat tumors were measured
every three days and then calculated using the formula
(widthxlength?) /2.

Thirty rats received conventional neoadjuvant chemother-
apy; the medication process is described in Table 1. Intrave-
nous drip MTX was used with a high dosage of 1.35 g/kg for 6
h, followed by detoxification with folinic acid (CF).

Another thirty rats received tail vein injections of MTX on a
metronomic schedule of twice a week with a lower dosage of
1.2 mg/kg.

Forty rats received combination chemotherapy with conven-

Table 1. Neoadjuvant chemotherapy used in 3 groups of osteosarcoma-bearing SD rats.

Conventional scheduling

Metronomic scheduling

Combination scheduling

Medicine  Concentration  Frequency/ Medicine  Concentration Frequency/ Medicine  Concentration Frequency/
(mg/kg) week (mg/kg) week (mg/kg) week
Week O MTX 1350 1 MTX 1.2 2 MTX 1350 1
Week 1 MTX 1350 1 MTX 1.2 2 MTX 1350 1
Week 2 ADM 10 1 MTX 1.2 2 ADM 10 1
CDP 20 1 CDP 20 1
Week 3 - MTX 1.2 2 MTX 1.2 2
Week 4 - MTX 1.2 2 MTX 1.2 2
Week 5 MTX 1350 1 MTX 1.2 2 MTX 1350 1
Week 6 MTX 1350 1 MTX 1.2 2 MTX 1350 1
Week 7 ADM 10 1 MTX 1.2 2 ADM 10 1
CDP 20 1 CDP 20 1
Week 8 - MTX 1.2 2 MTX 1.2 2
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tional and metronomic scheduling of chemotherapy. For these
animals, MTX was used twice a week in the third, fourth,
eighth weeks of conventional scheduling with a lower dosage
of 1.2 mg/kg (Table 1).

At the termination of the treatment, all the SD rats were
killed and the tumors were removed to be measured and
weighed.

Western blot assay

Tumor tissues were frozen and sliced into 10-um sections and
lysed in PBS at 4 °C for 30 min, with 1% NP-40 and protease
inhibitor cocktail tablets (Roche, Mannheim, Germany). BCA
assay (Pierce, Rockford, IL) was used to determine the concen-
tration of protein. After being separated by electrophoresis,
proteins were transferred from the gel to a polyvinylidene
difluoride (PVDF) membrane and then stained with ponceau
S for 2 min. After being washed with TBST three times, the
membrane was incubated with rabbit polyclonal antibody
against rat VEGF-A (Abcam, Cambridge, UK) at 4 °C for 4 h,
followed by another three washes of TBST. Next, membrane
was incubated with peroxidase-conjugated goat anti-rabbit
immunoglobulin G (Pierce) for 1 h at room temperature. After
another wash with TBST, the membrane was visualized with
enhanced DAB (Biyuntian, Shanghai, China) staining. p-actin
in the same individual samples was analyzed with rat anti-p-
actin mAb (Zhongshan Goldenbridge Biotechnology Co Ltd,
Beijing, China) to calibrate the volume of the samples. West-
ern blot lanes were analyzed by Gel-Pro analyzer.

Statistical analysis

Statistical evaluation of differences in the tumor volume and
weight among groups was determined by Dunnett’s T3 test
after the homogeneity of variance was assessed by Levene’s
test. Ratios between each treated group and control group
were calculated to evaluate the efficacy of each treatment. All
of the data analysis was performed using SPSS 13.0

Results

Tumor growth in Bal b/c nude mice

In the first period of UMR 106-GFP culture in each nude
mouse, a vacuole caused by the cell suspension could be seen
at the inoculation site on the day of inoculation. One day

later, the suspension disappeared, and the skin recovered its
smoothness. A lump could be observed at the inoculation
site a week after inoculation. Fourteen days after inoculation,
there was a grain-sized tumor at the site that kept growing
until four weeks after inoculation. Afterward, each mouse lost
weight, and the growth rate of the tumors slowed. As the in
vivo culture periods continued, the growth of the tumors accel-
erated.

Enhancement of tumorigenicity after several culture generations
in nude mice

UMR 106-GFP cells were generated in Bal b/c nude mice for
several cycles. At the end of each generation, one nude mouse
was kept alive until 21 d after inoculation. Afterward, tumor
tissues were removed from the dead mice to measure the vol-
ume and weight. After comparison of the seven mice from
the seven different generations, we found that along with the
process of generation, UMR 106-GFP accelerated proliferation
and tumorigenicity was enhanced (Figure 1).

Inhibitory effect of the chemotherapy on tumor growth of SD rats
In all the treatment groups as well as the control group, the
tumor volume increased continuously throughout the experi-
ment (Figure 2). Statistical analysis indicated that growth rate
of tumor in all four groups was significantly different. Further
multiple comparisons were performed.

Measurement of tumor volume started during the second
week of the experiment. In the second week, the mean tumor
volumes of each group were 0.26+0.03 cm® in the control
group, 0.21+0.03 cm”’ in the conventional group, 0.23+0.03 cm’
in the metronomic group and 0.22+0.03 cm® in the combination
group. Dunnett’s T3 test showed that there was no statisti-
cal significance among pairwise comparisons except for the
conventional group vs the control group and the combination
group vs the control group. It seemed that both conventional
and combination chemotherapy schedules were effective
from the very beginning of treatment, whereas metronomic
scheduling was not. The result for the initial time of treatment
made sense because the medicine dosage was much higher in
conventional and combination chemotherapy than in metro-
nomic therapy, indicating a much greater cytotoxic effect on
tumor cells.

Figure 1. Tumorigenicity enhancement by repeated in vivo generation in Balb/c nude mice. (A) Twenty-one days after UMR 106 cells incubation, the
volume of tumor was about 0.5 cm® after 2 in vivo culture periods; (B) The volume of tumor was about 2 cm? after 4 in vivo periods; (C) The volume of

tumor was about 4.5 cm?® after 7 in vivo periods.
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Figure 2. Mean tumor volumes and tumor inhibition rate. (A) The volumes
were calculated by: Volume (mm®=0.5*a*b? (a and b are the longest and
shortest diameters of the tumor, respectively). Pairwised tumor volumes
were significantly different (P<0.001) since the third week, although it
hadn’t been significant before the third week as the treatments to all the
test groups were similar. (B) Tumor inhibition rate in each group changed
as the treatments carried on.

In the third week of chemotherapy, not only a significant
difference was observed between the control and treated
groups, but also the effects of the three treated groups were
distinct from each other. All three treated groups showed a
significant inhibitory effect on tumor growth (P<0.001) (Figure
2A). However, as indicated by the trends of the growth curve,
the trends with the conventional therapy and the metronomic
therapy were similar to each other and differed from that
with the combination therapy. Moreover, the tumor inhabita-
tion rates were calculated in order to investigate the inhibi-
tory effects on tumor growth (Figure 2B). All three therapies
showed continuously increasing tumor inhibition until the
sixth week. In the sixth week, knee points appeared on the
curves of both the conventional and the metronomic therapy
groups, followed by a continuous decrease in tumor inhabita-
tion rate, indicating a failure of inhibition of tumor growth. In
other words, after several weeks of treatment, both the con-
ventional and the metronomic scheduling of chemotherapy
lost their inhibitory effect on the tumor. In contrast, combina-
tion therapy produced a sustained positive treatment response
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to tumors.

After the 8th week of chemotherapy, all the rats were killed,
and the tumors were removed from the bodies. The vol-
ume and weight of the tumors were determined. The mean
weights of the tumors were 4.14+0.28 g, 3.64+0.28 g, 3.15+0.22
g and 0.86+0.10 g in the control, conventional, metronomic
and combination groups, respectively. The mean volumes
of the tumors were 4.15+0.30 cm?®, 3.45+0.19 cm®, 2.89+0.27
cm®, 0.81+0.10 cm®in the control, conventional, metronomic
and combination groups, respectively. The overall difference
among the groups and pairwise difference between each treat-
ment group and the control group were statistically confirmed
by Dunnett’s test (P<0.001). Additionally, combination ther-
apy was distinct from the other two therapies (P<0.001, Figure
3). All three schedules of chemotherapy showed effective
tumor inhibition, with the combination scheduling showing
the strongest effect.
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Figure 3. Effect of therapy to osteosarcoma tumor 8 weeks after inocu-
lation. (A) Tumor weights after the 8th week of chemotherapy. (B) Tumor
volume after the 8th week of chemotherapy. There was a significant di-
fference among the groups. °P<0.01 vs control, P<0.01 vs coventional or
metronomic.

VEGFA expression was affected by different chemotherapy
scheduling

Western blot assays revealed that, compared to the control
group, expression of VEGFA in all three treatment groups
decreased. Statistical significance was observed in all three
groups (P<0.01). The expression of VEGFA in the metronomic
schedule group and in the combination group was much
lower than in the conventional schedule group (Figure 4).
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Figure 4. Relative expression of VEGFA in four groups. (A) Relative
expression of VEGFA in four groups, B-actin was used as an internal
control to normalize the loading capacity while expression of VEGFA in
control group was used as an external control. (B) Western blot analysis
for the expression of VEGFA in four therapy groups. °P<0.01 compared to
the mean ratio of VEGFA/B-actin in control.

Discussion

Despite being one of the most popular chemotherapy options
for osteosarcoma at present and having a significant tumor
cell necrosis effect, neoadjuvant chemotherapy has little sig-
nificant effect on prognosis!” ™®l. The growth and metastasis
of osteosarcoma, a highly malignant tumor rich in blood ves-
sels, are related to its angiogenesis!'”. Some agents used in
conventional chemotherapies show a strong antiangiogenic
and inhibitory effect on tumors at low doses of almost 1/3 to
1/20 of the maximum tolerated dose when administered at
a higher frequency. The administration of low-dose, high-
frequency chemotherapy was named metronomic scheduling
in 2000%"*'1. 1t has been proven to be a more efficient method
than the combination of different schedules of chemotherapy
2-241 - However,
for the treatment of osteosarcoma, there is little evidence to
elucidate the effect of combination scheduling. The shortcom-
ings of current conventional chemotherapy and the misery

in previous studies on many other tumors

associated with the possibility of amputation made it urgent
to investigate the effectiveness of combination chemotherapy
scheduling in the treatment of osteosarcoma. Our study is to
prove the effectiveness of combination chemotherapy schedul-
ing in osteosarcoma tumor suppression.

The goal of combination scheduling is to integrate the supe-
riority of the two kinds of chemotherapy scheduling: the maxi-
mum tolerated dose of conventional scheduling to kill tumor
cells and the higher frequency of metronomic scheduling to
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inhibit angiogenesis.

The UMR 106 cell line is a transplantable rat osteosarcoma
model with stable growth and high lung metastatic poten-
tial™], which makes it an appropriate cell line for our animal
modeling. Osteosarcoma is the most common malignant bone
tumor in childhood and adolescence, and the thymus gland
plays an important role in producing T cells to bolster the
immune system during this period of development. Given
their deteriorated or absent thymus, nude mice are a less effec-
tive model for osteosarcoma than SD rats. Additionally, in our
experiment, to amplify the tumorigenicity of UMR 106 in SD
rats, which have a stronger immunity than nude mice, the cells
were generated in nude mice for several cycles. The repeated
generations resulted in enhanced tumorigenicity of the cell
line.

According to some clinical data, the tumors of a consider-
able number of patients stop activating, neither growing nor
shrinking after conventional chemotherapy™!. On the other
hand, in some recent research, it was reported that a single
cycle of continuous low-dose antiangiogenic chemotherapy
could accelerate metastasis after short-term treatment”). This
result may be due to the tolerance of tumor cells to medi-
cines—in other words, a loss of sensitivity to chemotherapy.
However, the antiangiogenic effect of chemotherapy keeps
tumor from growing. In our in vivo experiments, all three che-
motherapies showed antiangiogenic effects. As shown by the
tumor growth curves and the tumor inhibition rates (Figure 2),
conventional and metronomic scheduling shared similar curve
trends even though conventional scheduling showed an effect
much earlier, which could be explained by the much higher
dose used in conventional scheduling. After the sixth week
of observation, knee points appeared on the growth curves of
both the conventional and the metronomic scheduled treat-
ments. Metronomic chemotherapy had a better effect over
the last few weeks. The negative change in tumor growth
indicated that both of the schedules inhibited tumor cells.
Further studies will be carried out to identifythe mechanism
and whether tolerance developed, the tumor progressed or
the immune system collapsed. However, our results confirm
the previous finding that tolerance to medicines could arise
not only in conventional scheduling but also in metronomic
scheduling.

In the first few weeks of the study, the tumor growth curve
of the combination schedule had almost the same trend as the
other two schedules. However, after the sixth week of obser-
vation, unlike the other two therapies, the combination sched-
ule’s inhibitory effect on tumor cells persisted.

The antiangiogenic and apoptotic activity of metronomic
scheduling of chemotherapeutic agents has been demonstrated
for 4-hydroperoxycyclophosphamide, taxanes, epothilones
and vinblastine in several studies™ *). VEGFA is a member
of the VEGF family and encodes a protein that has an impor-
tant effect on angiogenesis. VEGFA was proven to increase in
expression level and contribute to angiogenesis in cancer®™ .
In our study, the results of western blot assays indicated statis-
tically decreased expression of VEGFA in all therapy groups.



www.chinaphar.com
Zhu XZ et al

®

975

Additionally, the metronomic and the combination schedule
groups showed a much lower VEGFA expression than the
conventional group, which indicated that therapy on the met-
ronomic and combination schedules may have a superior anti-
angiogenic effect.

In conclusion, in osteosarcoma-bearing SD rats models, we
have found that the combination of conventional and metro-
nomic scheduling of chemotherapy was a better strategy than
either schedule alone. By combining the administration of
conventional and metronomic scheduling, with the intermit-
tent high dose of conventional therapy and the continuous low
dose of metronomic chemotherapy, the combination schedul-
ing might not only promote tumor necrosis but also inhibit
angiogenesis of tumor.

To obtain more evidence of the clinical value of combination
chemotherapy scheduling, further in vitro studies on tumor
lung metastasis, real-time PCR of related genes, immunohis-
tochemistry and northern blot assays should be carried out.
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