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1 Introduction

Abstract. Photodynamic therapy (PDT) is an alternative cancer treat-
ment modality that offers localized treatment using a photosensitizer
and light. However, tumor angiogenesis is a major concern following
PDT-induced hypoxia as it promotes recurrence. Bevacizumab is a
monoclonal antibody that targets vascular endothelial growth factor
(VEGF), thus preventing angiogenesis. The combination of PDT with
antiangiogenic agents such as bevacizumab has shown promise in
preclinical studies. We use confocal endomicroscopy to study the an-
tiangiogenic effects of PDT in combination with bevacizumab. This
technique offers in vivo surface and subsurface fluorescence imaging
of tissue. Mice bearing xenograft bladder carcinoma tumors were
treated with PDT, bevacizumab, or PDT and bevacizumab combina-
tion therapy. In tumor regression experiments, combination therapy
treated tumors show the most regression. Confocal fluorescence en-
domicroscopy enables visualization of tumor blood vessels following
treatment. Combination therapy treated tumors show the most post-
treatment damage with reduced cross-sectional area of vessels. Immu-
nohistochemistry and immunofluorescence studies show that VEGF
expression is significantly downregulated in the tumors treated by
combination therapy. Overall, combining PDT and bevacizumab is a
promising cancer treatment approach. We also demonstrate that con-
focal endomicroscopy is useful for visualization of vasculature and
evaluation of angiogenic response following  therapeutic

intervention. © 2010 Society of Photo-Optical  Instrumentation  Engineers.
[DOI: 10.1117/1.3281671]
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incomplete treatment causes oxidative stress, leading to hy-
poxia within the tumor tissue and triggers the release of an-

Photodynamic therapy (PDT) is a cancer treatment modality
that involves the retention of photosensitizers in neoplastic
tissue and subsequent activation by light of appropriate wave-
length, resulting in highly selective photodynamic destruction
of tumor tissue. The evident advantages of PDT over chemo-
therapy and radiotherapy are its selective targeting, reduced
toxicity that allows for repeated treatments,"” and nonimmu-
nosuppressive nature.’ Though therapeutic responses are en-
couraging, nonhomogeneous light distribution during PDT,
incomplete photosensitizer dosage, and tissue dynamics are
some of the factors that affect* the efficacy of PDT. Therefore,
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giogenic molecules, resulting in angiogenesis (Fig. 1). This is
one of the causes of tumor recurrence that has sometimes
been noticed following PDT.

Angiogenesis, the process whereby new capillaries are
formed from existing vessels, is necessary for tumor growth,
progression, and metastasis.’ The process of tumor angiogen-
esis is mainly triggered by the release of proangiogenic fac-
tors such as VEGF that promote endothelial cell proliferation,
migration, and tube formation.® Elevated levels of VEGF ex-
pression have been found in most human malignancies, in-
cluding bladder carcinomas.”® Studies have demonstrated that
high expression of VEGF observed in solid tumors is corre-
lated with poor clinical outcome.” Several groups including
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Fig. 1 Schematic diagram illustrating the events involved in PDT-
activated angiogenesis. Treatment induced oxidative stress causes hy-
poxia within the tumor tissue, triggering the release of angiogenic
growth factors that include vascular endothelial growth factor (VEGF),
cyclooxygenase-2 (COX-2), matrix metalloproteinases (MMPs), and
cytokines. These proangiogenic factors facilitate endothelial cell pro-
liferation and migration, thus initiating angiogenesis and tumor
growth.

ours'*"* have reported the upregulation of VEGF following

PDT. As VEGEF and its receptors represent the central molecu-
lar targets for antiangiogenic intervention, this study proposes
to test the efficacy of bevacizumab, an antiangiogenic agent,
along with PDT. Bevacizumab is a recombinant, partially hu-
manized, monoclonal antibody that binds to and inhibits the
biologic activity of human VEGEF, thus preventing interaction
with its receptors. Bevacizumab when used along with con-
ventional chemotherapy has shown antitumor activity in sev-
eral cancer types with acceptable toxicity.”’15 It has been ap-
proved for the treatment of colorectal cancer, non-small-cell
lung cancer (NSCLC), breast cancer, prostate cancer, and re-
nal cell carcinoma in many countries.'® The relationship be-
tween PDT and angiogenesis was first established by Ferrario
et al..'” They demonstrated that the effectiveness of PDT
treatment could be enhanced by combining it with angiogenic
inhibitors. This study proposes to use bevacizumab along with
PDT to improve the overall tumor responsiveness.

The evaluation of angiogenic responses in tumors to treat-
ment regimes is highly important in the development of novel
antiangiogenesis therapeutics. Structural and functional imag-
ing of tumor vasculature has been studied using various im-
aging modalities including positron emission tomography
(PET), magnetic resonance imaging (MRI), computed tomog-
raphy (CT), ultrasound, and intravital microscopy.lg’19 In this
study, we carried out in vivo fluorescence imaging of tumor
blood vessels using laser confocal endomicroscopy to evalu-
ate tumor vasculature status following treatment. Laser con-
focal endomicroscopy is an optical imaging technique that is
capable of in vivo fluorescence imaging of surface and sub-
surface structures at the microscopic level.*?! Results were
correlated to those from immunohistochemical (IHC) staining
and immunofluorescence (IF) imaging for VEGF levels and
overall tumor response from tumor regression study.
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2 Materials and Methods
2.1 Cell Culture and Xenograft Tumor Model

Male Balb/c nude mice, 6 to 8 weeks of age, weighing an
average of 24 to 25 g were obtained from the Animal Re-
source Centre (ARC), Western Australia. The epithelial hu-
man bladder carcinoma cell line (MGH-U1) was used to es-
tablish the xenograft model. The cells were cultured as a
monolayer in RPMI-1640 medium supplemented with 10%
fetal bovine serum (HyClone, Logan, Utah), 1% nonessential
amino acids (Gibco, United States), 1% sodium pyruvate
(Gibco, United States), and 100 units/ml penicillin/
streptomycin (Gibco, United States) and incubated at 37 °C,
95% humidity, and 5% CO,. Before inoculation, the cell layer
was washed with phosphate-buffered saline (PBS),
trypsinized, and counted using a hemocytometer. Approxi-
mately 3.0X 10° MGH-Ul human bladder carcinoma cells
suspended in 150 wul of Hanks’ balanced salt solution (Gibco,
United States) was injected subcutaneously into the lower
flanks of the mice. The tumors were allowed to grow to sizes
of 6 to 7 mm in diameter before PDT treatment was carried
out, and the tumors were measured three times a week to
assess tumor regression. Tumor volume was estimated by us-
ing the formula, volume=(7/6 X d1 X d2 X d3), where dl,
d2, and d3 are tumor dimensions in three orthogonal direc-
tions. All procedures were approved by the Institutional Ani-
mal Care and Use Committee (IACUC), Singapore Health
Services, Singapore, in accordance with international stan-
dards.

2.2 Photosensitizer

Hypericin was purchased from Molecular Probes, Oregon. A
stock solution of 5 mg/ml hypericin was prepared by adding
200 ul of dimethyl sulfoxide (DMSO, Sigma Aldrich Inc, St
Louis, Missouri) to 1 mg of hypericin. The stock solution was
further diluted in DMSO and PBS (1:3 v/v) and injected in-
travenously into the tail vein based on the weight of the ani-
mal at a dosage of 5 mg/kg.

2.3 Treatment Protocol

Animals were randomly assigned to four different groups (n
=10) for treatment: (1) control (mice with untreated tumors),
(2) PDT only, (3) bevacizumab only (without PDT), and (4)
PDT in combination with bevacizumab. PDT involved the
intravenous injection of hypericin, followed by illumination
with a light source consisting of filtered halogen light (Zeiss
KL1500) fitted with a customized 560 to 640-nm bandpass
filter. Light irradiation was performed 6 h post hypericin ad-
ministration. A light fluence of 120 J/cm? and irradiance rate
of 100 mW/cm? was used to perform PDT. Bevacizumab
was administered by multiple intraperitoneal injections
(10 mg/kg) at time 0 (immediately after PDT), 24 h, 48 h,
and then every other day up to 90 days post PDT (as previ-
ously described in Ferrario et al.''). Treated and control tu-
mors were monitored three times per week to chart the growth
rate.

2.4 Dosage of Bevacizumab (Avastin)

A stock solution of concentration 25 mg/ml bevacizumab
. ™ . . .
(Avastin ; Genentech, Inc., South San Francisco, California)
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Fig. 2 Schematic diagram of the confocal endomicroscopy system
with a handheld rigid probe used for in vivo fluorescence imaging of
tumor vasculature in animal models.

was diluted with saline to prepare a working solution. It was
administered intraperitonially at a dosage of 10 mg/kg.

2.5 Preparation of Mice for In Vivo Fluorescence
Imaging

Fluorescein isothiocyanate (FITC)-labeled dextran [molecular
weight (MW) 150 kDa, Sigma Aldrich, United States] solu-
tion was prepared at a concentration of 25 mg/ml. Then
10 wl FITC dextran per gram weight of the animal was in-
jected intravenously. The nude mice were then anesthetized
with a cocktail of Hypnorm (0.315 mg/ml fentanyl citrate
and 10 mg/ml flanuisone, Janssen) and Dormicum (5 mg/ml
midazolam HCI, David Bull Laboratories). The skin overlay-
ing the tumor was carefully removed to expose the tumor.

2.6 Laser Confocal Endomicroscopy

In vivo fluorescence microscopic imaging of tumor blood ves-
sels was carried out using a laser confocal endomicroscope
approximately 30 min after intravenous administration of
FITC dextran. Experiments were performed on the animals
from day 25 to day 90, based on the maximum tumor volume
limit or the completion of the treatment. We previously de-
scribed the design of a prototype of the laser confocal en-
domicroscope in detail.”® The new Optiscan FIVE 1 system
(Optiscan Pty Ltd., Victoria, Australia) features the same basic
design with improved specifications. A schematic diagram of
the system is shown in Fig. 2. A 488-nm laser provides exci-
tation for in vivo fluorescence microscopy of tissue with a
lateral resolution of 0.7 wm and an axial resolution of 7 um
within a field of view of 475X 475 um. The excitation light
is coupled into a single optical fiber that acts as both a point
source and a point detection pinhole for confocal imaging. A
handheld rigid probe (model RBK6315A) with a probe shaft
of length 150 mm and diameter 6.3 mm houses the miniatur-
ized components of the x-y scanning and z axis actuator. A
footswitch enables the imaging depth to be controlled along
the z axis range from the surface to 250 wm subsurface in
4-um steps, as well as to facilitate image capture. Serial
1024 X 1024-pixels images can be acquired at a frame rate of
0.7 frames/s. For optimum image contrast, the laser power
can be adjusted between Oto 1000 uW at the
5.0-mm-diameter distal tip of the probe in contact with the
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tissue.  Fluorescence signals are collected via a

505 to 750-nm emission filter.

2.7 Endomicroscope Image Processing and Analysis

Blood vessel analysis was carried out using the Cell D imag-
ing software (Olympus, Soft Imaging Solutions GmbH, Ger-
many). The measurement function was used to measure the
cross-sectional areas of the blood vessels visible within the
field of view of the endomicroscope images by drawing user-
defined regions of interest along the vessels. The mean vessel
area for each animal group was calculated from images cap-
tured from three locations with high vessel density and that
are between 20 and 40 um below the surface of the tumor.

2.8 Immunohistochemistry

Processing of the samples was done using a tissue processor
(Leica TP 1020, Germany). Briefly the tissue samples were
fixed in 10% formalin for 24 h, and then processed in an
ascending series of ethanol and subsequently cleared with xy-
lene and embedded in paraffin. The paraffin-embedded
samples of bladder tumors were cut at a thickness of 4 um
using a microtome (Leica RM 2135, Germany). The sections
were mounted on superfrost/plus slides (Fischer Scientific,
United States) and air-dried. On the day of staining, the slides
were placed in 60 °C oven for 1 h and immersed in zylene
for 10 min before rehydration in ethanol series. Sections were
incubated in hydrogen peroxide for 10 min to block endog-
enous peroxidase activity. After which, the sections were in-
cubated with VEGF (BD Biosciences Pharmingen, United
States) primary antibody (1:100) for 1 h. To confirm the
specificity of binding, normal mouse serum immunoglobulin
G (IgG;) (1:500) was used instead of primary antibody to
serve as the negative control. Following extensive washing,
sections were incubated for 30 min in the secondary biotiny-
lated antibody followed by DAB Chromogen (Dako REAL
EnVision Detection System, United States) for 10 min. Sec-
tions were then counterstained with Harris’s hematoxylin and
dehydrated in ascending grades of ethanol before being
cleared in xylene and mounted under a cover slip. Images
from the slides were captured using an image processing soft-
ware (AxioVision v.4.6.3.0, Carl Zeiss Imaging Solutions,
GmbH). The National Institutes of Health (NIH) Image J
v1.62 software was used to analyze the images and quantify
the expression of VEGF. Briefly, the percentage of positively
stained cells was calculated by obtaining the area of the im-
munostained regions divided by the total area of the image.
IHC scoring was performed based on the prevalence of CD31
staining within the tumor (no staining=0, <10% staining
=1, 10t025%=2, 26t050% =3, 51to75%=4, and
76 to 100% =5).

2.9 Immunofluorescence

Fresh frozen tissue sections were fixed in 2% paraformalde-
hyde for 2 min. The specimens were blocked for 1 h with
normal goat serum in Triton X-100 (BDH, United Kingdom).
After blocking, sections were incubated overnight with VEGF
mouse monoclonal antibody (Abcam, United Kingdom) at
4 °C. Nonimmune IgG was used as a control. After rinsing in
PBS, the specimens were stained with FITC-conjugated sec-
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Fig. 3 Tumor volume charted against number of days posttreatment,
to assess the tumor response in various treatment groups. The combi-
nation therapy group of PDT and bevacizumab (Bmab) exhibited the
greatest tumor response in comparison with all other groups. Each
group represents the mean response [bars, standard error (SE)] of 10
animals.

ondary antibody for 2 h at room temperature in the dark. The
slides were then rinsed with PBS and stained with DAPI for
30 min. Finally, the slides were rinsed and mounted with
Vectashield® Mounting Medium (Vector Laboratories Inc.,
United States). IF images were captured using a laser confocal
fluorescence microscope (Meta LSM 510, Carl Zeiss, Ger-
many) and image analysis was performed using the Imagel
software (1.410, W. Rasband, NIH, United States).

2.10 Statistical Analyses

Statistical analysis was performed using GraphPad Prism, ver-
sion 4.0 (GraphPad Software, Inc., San Diego, California). A
one-way analysis of variance (ANOVA) was used to analyze
the variance. Dunnett’s multiple comparison test was used to
analyze the difference in mean vessel area between control
and the other groups. Bonferroni’s multiple comparison test
was used to compare the significance between all the groups
for tumor regression experiments. A p value of <0.05 was
considered to be significant.

3 Results
3.1 Tumor Regression

To investigate the long-term effectiveness of PDT in combi-
nation with bevacizumab, we induced MGH-U1 xenograft tu-
mors in athymic nude mice models. Tumors were allowed to
grow to sizes of 6 to 7 mm in diameter before PDT treatment
was carried out and were measured three times a week and
charted for 90 days (Fig. 3). A control I1gG group was also
evaluated. However, since the results were similar to the con-
trol tumors, they are not described in this paper. The mean
tumor volume for each group of 8 to 10 animals is shown
against the number of days post PDT. Tumor inhibition was
calculated on day 29, when the control tumors reached a
maximum volume of 2 cm?. Tumor inhibition of 85.8 + 1.5%
(p<<0.001) was observed in tumors treated with the combi-
nation therapy of PDT and bevacizumab in comparison to
control tumors. A week after treatment, accelerated tumor
growth was noticed in the combination therapy group, but
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Fig. 4 Tumor blood vessels visualized approximately 30 min after in-
travenous administration of FITC-dextran in (a) control, (b) PDT only,
(c) bevacizumab only, and (d) PDT and bevacizumab treated groups.
Imaging was performed on the animals from day 25 to day 90, based
on the maximum tumor volume limit or the completion of the antian-
giogenesis treatment. Control blood vessels were well developed,
dense, and intact while those in treated groups showed varying de-
grees of vessel damage following treatment. The PDT and bevaci-
zumab combination treatment group showed the most posttreatment
damage, with shrunken vessels and leaky vessel walls resulting in a
diffuse fluorescence background.

there was a decrease thereafter in tumor size, resulting in a
permanent and complete tumor regression. The tumors treated
with PDT only and bevacizumab only, exhibited 57.8 = 1.2%
(p<<0.001) and 76.5*1.8% (p<<0.001) inhibition, respec-
tively, compared to the control group. Compared to the con-
trol, the overall tumor response was greater in the mono-
therapy groups of PDT only and bevacizumab only. The
treatment modalities in our study did not induce any signs of
toxicity such as excessive weight loss, diarrhea, or vomiting
in the animals. No treatment-related death occurred.

To further confirm the results from the tumor regression
experiments, investigations were conducted at the vascular
and molecular levels to determine the mechanism of the an-
giogenesis process following treatment.

3.2 Visualization of Tumor Vessel Using Laser
Confocal Endomicroscopy

Tumor blood vessels were visualized using confocal endomi-
croscopy approximately 30 min after intravenous administra-
tion of FITC-dextran. Control [Fig. 4(a)] blood vessels were
well developed, dense, and intact while those in treated
groups [Figs. 4(b)—4(d)] showed varying degrees of vessel
damage following treatment. Tumors treated with bevaci-
zumab only exhibited lower vessel density; however, normal-
ized morphology was noticed in the remaining blood vessels
that could possibly allow blood flow to tumors. The PDT and
bevacizumab combination treatment group showed the most
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Fig. 5 Graph depicting the mean vessel area in the different treatment
groups. A 1.3-fold decrease of vessel area was observed in bevaci-
zumab only group, while the PDT and bevacizumab (Bmab) combi-
nation therapy group exhibited threefold reduction in mean vessel
area compared to the control group.

posttreatment damage, with shrunken vessels and leaky vessel
walls resulting in a diffuse fluorescence background.

3.3 Analysis of Mean Vessel Area

Mean vessel areas were calculated from the endomicroscope
images of the tumors. Compared to the control group, a 1.3-
fold decrease in mean vessel area (p <0.05) was observed in
the bevacizumab-only group and a three-fold reduction of
vessel area (p<<0.01) was noticed in the PDT and bevaci-
zumab combination therapy group (Fig. 5).

3.4 Detection of VEGF in Tumor Tissue Using
Immunohistochemistry and IF

VEGF expression was assessed in the xenograft bladder tu-
mor model using immunohistochemistry and IF techniques.
All of the tumors exhibited cytoplasmic staining for VEGF.
Maximum VEGF staining of 27 to 31% (IHC score 3) was
noticed in PDT only and control tumor tissue. Around 16 to
20% (THC score 2) scattered staining in certain regions of the
cytoplasm was observed in the bevacizumab-only treated
group and light staining of 6 to 8% (IHC score 1) was found
in the combination therapy group (Figs. 6 and 7).

4 Discussion

PDT is a promising alternative cancer treatment modality that
has the advantage of being nonimmunosupressive, unlike
other conventional therapies. However, one of its potential
drawbacks is post-PDT angiogenesis. Angiogenesis, the for-
mation of blood vessels, is a multistep process that is essential
for tumor growth and progression. It is one of the known
causes of tumor regrowth in PDT-treated tumors.' 2, Since,
VEGF is one of the most important proangiogenic growth
factors that plays a pivotal role in the regulation of angiogen-
esis post PDT,™ targeting tumor blood vessels in combination
with PDT is a promising approach for cancer treatment. We
demonstrated the use of angiogenesis inhibitor bevacizumab
in combination with PDT to block the VEGF signaling path-
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Fig. 6 VEGF expression assessed in tumor sections using immunohis-
tochemistry. The brown-colored regions in the images indicate VEGF
staining in (a) control, (b) PDT only, (c) bevacizumab only, and (d)
PDT and bevacizumab treated tumors. Maximum VEGF staining of 28
to 30% (IHC score 3) was noticed in the cytoplasm of PDT and con-
trol tumors. Around 16% (IHC score 2) concentrated staining was
observed in the bevacizumab only group, and light staining of 6%
(IHC score 1) was found in the combination therapy group.

way and to eventually achieve long-term tumor control. We
previously compared high- and low-dose PDT in combination
with bevacizumab.”” In this experiment, an acute PDT regime
with a light dose of 120J/cm? and a fluence rate of
100 mW/cm? was administered. A high fluence rate depletes
tumor oxygen to a great extent during treatment, thereby re-
ducing the primary cytotoxic processes of PDT and affecting
tumor control.**% High-fluence-rate PDT was used in this

Fig. 7 IF was performed to confirm the immunohistochemistry results.
In the confocal images, the green FITC fluorescence staining indicates
the expression of VEGF. Intense staining of 27 to 31% was observed in
(a) control and (b) PDT only groups; and 8% staining were recorded
in the (c) bevacizumab only and (d) PDT and bevacizumab groups,
respectively. The results obtained from IHC and IF staining techniques
were comparable for all the groups.
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study to test our hypothesis that combining PDT and bevaci-
zumab can improve tumor control and also to evaluate the
effectiveness of bevacizumab to inhibit VEGF. However, note
that variations in PDT protocol such as low-dose PDT, frac-
tionated PDT, vascular-mediated PDT, and PDT using long
drug-light intervals have shown to be effective in controlling
tumor recurrence.”>?*®* We also utilized laser confocal en-
domicroscopy to visualize blood vessels and evaluate tumor
response.

Our tumor regression data demonstrated that combining
PDT and bevacizumab can impede the angiogenic process and
improve the response of treated tumors. The tumor volume of
the PDT-treated group was significantly greater than the
bevacizumab-treated and combination-therapy-treated groups
as the high fluence rate used during treatment can deplete
tumor oxygen to a large extent, releasing stress-induced sur-
vival molecules that reduce the effectiveness of PDT and af-
fect tumor control.”’ Although tumor regression was also ob-
served in bevacizumab-only treated groups, complete cure
was not observed. Thus, targeting VEGF alone might not be
sufficient to cause regression of most bulky tumors. One of
the possible explanations for this observation may be related
to pericytes that respond to angiogenic stimuli, promote en-
dothelial stability through matrix deposition, and have
macrophage-like function.™ Complete cure was observed in
tumors treated with PDT and continued bevacizumab therapy.
Thus, our data supports the hypothesis that bevacizumab is
capable of binding and neutralizing secreted VEGF, causing
regression of tumor vessels, normalizing surviving mature
vasculature, and preventing tumor recurrence. "’

Further investigations at the vascular and molecular levels
provided insight on the status of vasculature and VEGF in
treated tumors. Laser confocal endomicroscopy offers in vivo
surface and subsurface fluorescence imaging of tissue.’ This
technique has been used to examine different types of tissue
and diseases, facilitating early diagnosis.zo’32’33 It has also
been successfully used for in vivo visualization of blood ves-
sels and blood flow.** The goal of this study was to visualize
changes in the morphology and functionality of tumor vascu-
lature to evaluate the efficacy of the antiangiogenic therapy.
Blood vessels in control tumors were observed to be intact
and dense, and the supply of nutrients delivered by such ef-
fective networks of blood vessels could have enhanced the
proliferation of control tumors. Angiogenesis was noticed in
the PDT-only treated group. This could be due to the release
of proangiogenic factors by hypoxic tumor cells in response
to PDT-induced stress. The results from this experiment re-
vealed that the fluence rate of 100 mW/cm? was high enough
to induce oxidative stress, leading to hypoxia, thus promoting
angiogenesis.

Decreased tumor vessel area and intact vasculature were
observed in tumors treated with bevacizumab only. This ob-
servation may be similar to the “normalization” of vessels
reported by Fukumura and Jain in preclinical and clinical
models.” Numerous studies by this group%"38 reported that
administration of angiogenic inhibitors regulates the proan-
giogenic and antiangiogenic balance and restores the function
and structure of the remaining vessels, thus allowing blood
flow to the tumor. Therefore, when angiogenic inhibitors are
combined with chemotherapy, improved blood flow would fa-
cilitate enhanced delivery of chemotherapy drugs. Optimal
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results were obtained in the combination therapy group of
PDT and bevacizumab, in which the vessels were leaky and
functional alterations were also observed. Moreover, the mean
vessel area was the lowest compared to the other groups.
Therefore, we hypothesize that PDT-induced tumor damage
was sustained by the regular administration of bevacizumab
and by inhibiting the production of angiogenic growth factors,
most importantly VEGF. This is in agreement with our earlier
study, in which we reported that bevacizumab not only down-
regulated VEGF but also suppressed other growth factors
such as angiogenin, basic fibroblast growth factor (bFGF),
epidermal growth factor (EGF), and interleukins (IL-6 and
IL-8) (Ref. 22).

Immunohistochemistry was performed to detect VEGF and
IF was carried out to confirm the results. These are reliable
methods that have been employed to validate VEGF
expression.””** As VEGF is a secreted protein, it was ob-
served mainly in the cytoplasm and the extracellular matrix.
As a response to increased hypoxia, greater amount of VEGF
expression could have been observed in control and PDT-
only-treated tumors.'” Our data also suggests a reduction in
VEGF concentrations in the combination therapy group, and
this result is consistent with a study reported by Gomer et al.
that demonstrated downregulation of VEGF in Kaposi’s sar-
coma by combining PDT and bevacizumab.”

5 Conclusion

In summary, our results show that combining PDT and beva-
cizumab is a promising approach for cancer therapy, in agree-
ment with previous preclinical studies involving angiogenesis
inhibitor combination therapies. When researching tumor an-
giogenesis, a crucial role is played by the use of imaging tools
and the use of laboratory animals to simulate tumor growth
and metastasis, both of which facilitate the evaluation of
therapeutic targets. We demonstrated that by using laser con-
focal endomicroscopy, responses to antiangiogenic therapies
can be evaluated successfully by in vivo imaging of tumor
vasculature. Our preclinical results can pave the way to a
successful translation to future clinical application of PDT
and antiangiogenesis combination therapy.
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