
Abstract. Human tumors are dependent on angiogenesis for
growth, and the vascular endothelial growth factor (VEGF) is
a major regulator of this process. Bevacizumab (Avastin®), a
monoclonal antibody directed against VEGF, has shown
promise in treating a variety of cancers. In this study, we first
examined the anti-tumor effects of bevacizumab on head and
neck squamous cell carcinoma (HNSCC). Then we examined
the effects of bevacizumab combined with paclitaxel, a
chemotherapeutic agent, in HNSCC. This is the first demon-
stration of the anti-tumor effects of bevacizumab on HNSCC.
In vitro, bevacizumab did not show any antiproliferative
effects against the HNSCC cell lines. However, in vivo,
bevacizumab showed dramatic anti-tumor effects against
HNSCC tumor xenografts in mice. In addition, treatment
with a bevacizumab-paclitaxel combination resulted in a
remarkable inhibition of the HNSCC tumor xenografts,
compared to the effects of each agent separately. A decreased
blood vessel density and an increased apoptotic index were
seen in the shrunken tumors. These results suggest that
bevacizumab in combination with paclitaxel could have
useful clinical application in HNSCC.

Introduction

Angiogenesis, a development of the vascular system from the
endothelial cells, is essential during embryogenesis and occurs
directly after the process of vasculogenesis. Angiogenesis
also plays a pivotal role in several pathological disorders,
particularly in tumorigenesis and metastases (1). One of the
most potent positive regulators of angiogenesis is the vascular
endothelial growth factor (VEGF) (2). VEGF has been
identified as a crucial regulator of normal and pathological

angiogenesis, with an increased expression being observed in
many human tumor types (3). Head and neck cancer cells
have been shown to express VEGF (4,5).

Bevacizumab (Avastin) is an anti-VEGF recombinant
humanized monoclonal antibody (rhuMAb VEGF). It contains
the human immunoglobulin G1 framework (93%) and murine
VEGF-binding complementary-determining regions (7%)
which block the binding of all VEGF-A isoforms to the
receptors, inhibiting the biological activity of VEGF (6-8).
Bevacizumab has shown promising preclinical and clinical
activity against metastatic colorectal cancer (9,10), non-small
cell lung cancer (NSCLC) (11), and breast cancer (12). How-
ever, bevacizumab alone has only a modest anti-tumor effect.
Randomized trials in metastatic colorectal cancer and NSCLC
patients have shown that bevacizumab combined with chemo-
therapy improves the response rate, progression-free survival
(PFS), and the overall survival relative to chemotherapy
alone (13). Bevacizumab is licensed for use in combination
with fluorouracil-based chemotherapy for the first-line
treatment of patients with metastatic colorectal cancer in the
United States and Europe (9). Recently, the clinical use of
bevacizumab combined with paclitaxel in the treatment of
advanced NSCLC has shown exciting results (13,14).

This study is the first report on the anti-tumor effects of
bevacizumab on head and neck squamous cell carcinoma
(HNSCC). In an effort to develop more effective treatment
modalities for HNSCC, we examined the effects of beva-
cizumab plus paclitaxel on HNSCC xenografts in mice.
Paclitaxel, a diterpene originally extracted from the bark of
the Western yew tree, preferentially binds to the ß subunit of
tubulin, preventing depolymerization and arresting the cell
cycle (15,16). In certain systems, paclitaxel alone has been
postulated to have antiangiogenic effects in addition to a
direct effect on tumor cells (15,17-19). Paclitaxel has been
used alone or in combination with radiation or other chemo-
therapeutic agents in clinical trials and has demonstrated high
response rates in patients with HNSCC (20-22).

In the present study, we investigated the anti-tumor
activity of bevacizumab in combination with paclitaxel and
their anti-tumor mechanisms.

Materials and methods

Drugs. Bevacizumab (Avastin, Genentech, South San
Francisco, CA) was purchased. For the antiproliferative assay,
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a stock solution was made with 100% dimethyl sulfoxide
(DMSO) and diluted with culture media. For a study of the
anti-tumor activity, bevacizumab was dissolved in saline, and
paclitaxel was dissolved in absolute ethanol, cremophor
ELP according to a previously reported procedure (23,24).
Dosing preparations of both agents were prepared on the day
of use.

Cell lines and culture conditions. Human HNSCC cell lines
were examined in this study. The origins of these cell lines
were the hypopharynx (YCU-H891), mesopharynx (YCU-
M862, KCC-M871, YCU-M911), larynx (KCC-L871, YCU-
L891), tongue (KCC-T871, KCC-T873), and the maxillary
sinus (KCC-MS871, YCU-MS861). These cell lines were
maintained in RPMI-1640 medium (Life Technologies Inc.,
Tokyo, Japan) supplemented with 10% fetal bovine serum,
2 mmol/l L-glutamine, 100 units/ml penicillin, and 100 μg/
ml streptomycin. The cells were incubated at 37˚C in an
atmosphere containing 5% CO2.

In vitro proliferation assays. MTT assay was performed
using ten human HNSCC cell lines. These cells were plated
in 96-well U-bottomed plates (Falcon; Becton-Dickinson
Labware, Lincoln Park, NJ, USA) at a concentration of 5x103

cells/well. The plates were allowed to incubate for 24 h prior
to the drug treatment. After 48-h exposure to the drugs, the
MTT assay was carried out with Tetra Color One (Seigaku
Co., Ltd. Tokyo, Japan). The proliferation experiments were
performed with and without stimulation by the addition of
bevacizumab and paclitaxel.

In vivo anti-tumor activity studies. Female BALB/c nu/nu
nude mice, 6 weeks old, were obtained from Oriental Yeast,
Tokyo, Japan. The mice were maintained in a laminar flow
room with a constant temperature and humidity. Suspensions
of YCU-H891 cells (100 μl) (final concentration, 1x107

cells/ml) were injected s.c. into the right flank of the mice.
Tumor-bearing mice were randomized (n=7) when the mean
tumor volume was 50-100 mm3. Each group was closely
matched before treatment, which began one week after cell
transplantation. The mice were treated i.p. with bevacizumab
(2 mg/kg/day or 4 mg/kg/day on days 1 and 4 of each week
for 4 weeks). Paclitaxel was administered i.p. (10 mg/kg/day
on days 8 and 15). In combination studies, groups of tumor-
bearing mice were treated with both bevacizumab (2 mg/kg/
day or 4 mg/kg/day, i.p.) and paclitaxel (10 mg/kg/day, i.p.).
The control mice were administered the solvent solution.
Tumor diameters in the control and treated groups were
measured weekly with a Vernier caliper. Tumor volume
(V) was determined by the equation: V=ab2/2 (a=length;
b=width).

Evaluation of vessel density. In order to estimate the vessel
density, the vessels in the tumor tissues were stained with an
anti-von Willebrand Factor (vWF) antibody (1:200; DAKO,
Denmark). The tumors were excised and blocked with 2%
goat serum and 1% bovine serum albumin in PBS and
stained with the antibody. Slides were developed using 3, 3'-
diaminobenzidine substrate biotinylated peroxidase reagent
(Vector Laboratories, Inc., Burlingame, CA, USA). Vessel

density was determined by counting the stained vessels in the
fields at x200 magnification. Five fields per histological
section were included in the analysis.

Evaluation of apoptosis. Terminal deoxynucleotidyl trans-
ferase-mediated cUDP nick end-labeling (TUNEL) was done
for the evaluation of apoptosis. This was evaluated using an
Apoptosis In Situ Detection Kit (Wako Chemical, Osaka,
Japan). The apoptotic index was calculated as the percentage
of positive cell nuclei stained with peroxidase relative to the
total number of cells from a minimum of five microscopic
fields from each section.

Statistical analysis. For the statistical analyses of the vessel
density, apoptotic index, and the in vivo anti-tumor activity,
we used the Student's paired t-test. A value of P<0.05 was
considered significant.

Results

Antiproliferative effects of bevacizumab and paclitaxel on
HNSCC cells. We first determined the antiproliferative
effects of different concentrations of bevacizumab alone
and/or in combination with the indicated concentration of
paclitaxel on the HNSCC cell lines. Bevacizumab alone had
no activity as a single agent in the proliferation assay (data
not shown). Next, a series of experiments were done in order
to evaluate the antiproliferative effects of treatment with a
bevacizumab-paclitaxel combination on the HNSCC cell line.
As illustrated in Fig. 1, no significant synergistic growth
inhibitory effect was observed at any of the doses.

In vivo study of the anti-tumor effects of bevacizumab in
combination with paclitaxel on HNSCC xenografts. We
investigated the in vivo anti-tumor activity of bevacizumab
and/or paclitaxel in nude mice bearing HNSCC xenografts.
HNSCC tumor growth was inhibited by bevacizumab in vivo.
The bevacizumab treatment (2-4 mg/kg/day) of nude mice
bearing established HNSCC tumor xenografts produced a
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Figure 1. Growth inhibitory effect of treatment with paclitaxel in combination
with bevacizumab on the YCU-H891 head and neck squamous cell carcinoma
(HNSCC) cell lines. No significant antiproliferative effect of paclitaxel with
bevacizumab was observed in the HNSCC cells. The error bars indicate SE.
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dose-dependent inhibition of tumor growth (Fig. 2A). As
shown in Fig. 2B, the paclitaxel (10 mg/kg/day) treatment
alone did not cause a complete regression of the tumors, but
the combined treatment with bevacizumab plus paclitaxel in
the present model resulted in a marked reduction in tumor
volume compared to the control group (P<0.05; Fig. 2B).
The degree of inhibition observed in the combination treat-
ment was greater than that observed with either agent alone
at the end of the treatment period (mean tumor volumes,
6100 mm3 with paclitaxel, 2137 mm3 with bevacizumab at
2 mg/kg/day, 1002 mm3 with bevacizumab at 4 mg/kg/day,
1800 mm3 with paclitaxel plus bevacizumab at 2 mg/kg/
day, 620 mm3 with paclitaxel and bevacizumab at 4 mg/kg
day; P<0.05 vs controls).

Effects of combination treatment on microvascular content in
an established HNSCC xenograft. The vessel density of the

xenograft tumors was examined in order to clarify the anti-
tumor mechanisms. Fig. 3 shows the results of the micro-
vessel density, using a monoclonal antibody against vWF.
The number of microvessels positive for anti-vWF in the
group treated with bevacizumab alone (at 4 mg/kg) and
bevacizumab plus paclitaxel was significantly lower than that
of the control group.

Effects of combination treatment on apoptosis in an
established HNSCC xenograft. A histopathological analysis
of the xenograft samples was done in order to examine the
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Figure 2. Effects of bevacizumab and paclitaxel on the growth of the head and
neck squamous cell carcinoma xenograft model. �, Tumor treated with the
vehicle (1% polysorbate in deionized water). (A) Bevacizumab (�, 2 mg/kg
i.p.; �, 4 mg/kg i.p.) administered twice weekly demonstrated significant
growth inhibition (P<0.05). (B) Paclitaxel (�, 10 mg/kg i.p. on days 8 and 15)
and bevacizumab (�, 2 mg/kg i.p.; �, 4 mg/kg i.p.) were administered for the
duration of the study. Paclitaxel with bevacizumab (�, paclitaxel i.p. + beva-
cizumab 2 mg/kg i.p.; Δ, paclitaxel i.p + bevacizumab 4 mg/kg i.p) resulted
in greater growth inhibition (P<0.05). Points, mean tumor volume (mm3);
bar, SE (n=7 mice per group); error bars indicate SE; *P<0.05 vs control.

A

B

Figure 3. Vessel density in YCU-H891 tumor xenografts. (A) Vascular
staining. The changes in vessel density of the tumor cells stained with an
anti-von Willebrand Factor antibody (x400). (B) Effects of bevacizumab and
paclitaxel on the vessel density. Data represent mean values (±SD). Signifi-
cant difference by Student's t-test. (*p<0.05 vs control).

A

B
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apoptotic events. Fig. 4 shows the results of the TUNEL
staining. There was a significant difference between the
control group and the bevacizumab plus paclitaxel group.
The combination treatment resulted in an increased number
of apoptotic cells (TUNEL-positive cells). Due to the
insufficient TUNEL staining, it was not possible to obtain a
meaningful statistical analysis of TUNEL staining of the
tumors treated with bevacizumab alone at 4 mg/kg.

Discussion

In the present study, the treatment with bevacizumab alone,
or with bevacizumab plus paclitaxel did not inhibit the

growth of HNSCC cells in vitro. However, bevacizumab in
combination with paclitaxel produced greater inhibition than
either agent alone. We also examined the mechanisms of the
combination therapy with the histopathological method.

Bevacizumab had no inhibitory effect on HNSCC in vitro.
It has generally been found that bevacizumab does not inhibit
tumor cell growth (13,25). The inhibition of capillary formation
may be required in order to obtain antiproliferative effects.
Kim et al (7) have shown that the treatment of tumor cell
lines with bevacizumab has no effect on their proliferation rate.
These reports support our results. The inhibition of vascular
endothelial cell proliferation or morphogenesis results in a
characteristic decrease in tumor capillary density (26).

In this study, bevacizumab alone significantly inhibited
tumor growth. However, Fox et al (15) have shown that the
bevacizumab-mediated growth inhibition no longer occurs
after the treatment is discontinued, and the treated tumor begins
to grow again. Hu et al (27) have shown that bevacizumab
alone does not significantly inhibit tumor growth.

Treatment with bevacizumab plus paclitaxel significantly
decreased tumor growth. Therefore, bevacizumab is licensed
for use in combination with fluorouracil-based chemotherapy
for the first-line treatment of patients with metastatic colorectal
cancer in the United States and Europe (9,28). Clinical trials
are currently under way with bevacizumab in combination with
various chemotherapeutic agents (11). Therefore, we suggest
that combination studies should be conducted on HNSCC.

In the present study, the histopathological analysis of the
xenograft samples showed that treatment with bevacizumab
plus paclitaxel decreased the vessel density and increased
apoptosis compared to the single-agent administration. The
detailed mechanism of this combination therapy is not clear.
However, the anti-tumor activity was confirmed by the histo-
pathological findings. Our results also support the hypothesis
that bevacizumab in combination with paclitaxel inhibits new
vessel formation and induces apoptosis in our HNSCC tumor
model. Paclitaxel binds to tubulin, retards microtubule depo-
lymerization, impairs mitosis, blocks cell cycle progression,
and facilitates apoptosis (19). In addition, paclitaxel has
antiangiogenic activity (15,17,18). Thus, tumor growth could
be affected not only by direct cytotoxicity but also by the
inhibition of new vessel formation. Another study demon-
strated that the blocking of VEGF signaling can significantly
enhance the efficacy of chemotherapeutic agents (29).

There are certain hypotheses regarding the feasibility of
combining bevacizumab with chemotherapy. Jain (30)
proposed that if tumor vasculature could be ‘normalized’ with
bevacizumab therapy, it would facilitate a better delivery of
therapeutic agents to the tumor. In addition to its direct
antiangiogenic effects, bevacizumab can also improve the
delivery of chemotherapeutic agents by altering tumor vascu-
lature and decreasing the elevated interstitial pressure in
tumors (9,30,31). Another hypothesis is based on the fact that
cell stress response up-regulates VEGF production. The admin-
istration of bevacizumab can block the cell stress response
induced by paclitaxel, thus resulting in an increased inhibition
of tumor growth by the combination of these two agents (32).

Griffon-Etienne et al (33) have shown that paclitaxel has
antiangiogenic effects that are increased when lower doses of
paclitaxel are given more frequently. Klement et al (34)
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Figure 4. Apoptotic events in YCU-H891 tumor xenografts. (A) Terminal
deoxynucleotidyl transferase-mediated cUDP nick end-labeling (TUNEL)
staining. Histopathological analysis of apoptosis by TUNEL (x400). (B)
Effects of bevacizumab and paclitaxel on the apoptotic index (TUNEL).
Data represent mean values (±SD). Significant difference by the Student's t-
test. (*p<0.01 vs control).

A

B
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suggested that low-dose chemotherapy has proapoptotic
effects against endothelial cells. Therefore, simultaneously
targeting VEGF could amplify the anti-tumor effects of
chemotherapy. Paclitaxel has been very beneficial in clinical
trials of HNSCC; e.g., it has improved the response rate of
the primary tumor and the elongation of median survival time
(20,21). However, in many patients, adverse effects have
been observed (20,35). In addition, using antiangiogenic agents
acting through VEGF inhibition is an attractive therapeutic
strategy as this could be less toxic than conventional cyto-
toxic therapy. The addition of bevacizumab could reduce the
doses of paclitaxel, thereby reducing toxicity.

In conclusion, our results demonstrate that bevacizumab
in combination with paclitaxel show greater inhibition than
either agent alone on the HNSCC xenografts in a mouse
model. Our data also demonstrate the anti-tumor mechanisms
of the inhibition of angiogenesis and the induction of apop-
tosis. This study provides an experimental basis for the
clinical development of therapy based on the combination of
bevacizumab with paclitaxel in HNSCC patients.
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