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99mTc-3PRGD2 SPECT Predicts the
Outcome of Endostar and Cisplatin
Therapy in Xenograft Animals
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Wei Wu2, and Tiefeng Ji6

Abstract

Aims: Our study was designed to investigate the usefulness of 99mTc-3PRGD2 single-photon emission computed tomography
(SPECT) for noninvasively monitoring the response of integrin avb3 expression to antiangiogenic treatment with endostar and
cisplatin in xenograft animals.

Methods: 99mTc-3PRGD2 SPECT imaging was performed at days 0, 7, 14, and 21. Tumors were harvested at all imaging time
points for Western blotting and histopathological analysis.

Result: In 99mTc-3PRGD2 SPECT imaging, the radioactivity accumulation of NaCl group rised gradually in the first half and
dispersed on day 21 due to the necrosis of the tumor. While the radioactivity accumulation of treated groups gradually decreased
throughout the course. The downtrend of tumor to nontumor ratio in endostar-treated group was more remarkable than
cisplatin-treated group. The expression of intergrin avb3 of treated groups was lower than NaCl group from day 14. The
expression of intergrin avb3 of endostar-treated group was significantly lower than cisplatin-treated group from baseline onward.

Conclusion: It’s demonstrated that the 99mTc-3PRGD2 could noninvasively visualize and semiquantify tumor angiogenesis in the
xenograft model and monitor the response to the antiangiogenic therapy of endostar and cisplatin effectively. It also can predict
the outcome of endostar and cisplatin therapy in xenograft animals.
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Introduction

In recent 50 years, for a variety of reasons, lung cancer is the

leading cause of cancer deaths worldwide,1 which threats many

lives. Traditional chemotherapy plays an important role in the

lung cancer treatment, but its overall effect is still not perfect.

Angiogenesis was associated with the growth and metastasis

of lung cancer. Antiangiogenesis strategy became focus and

development direction for the lung cancer treatment in recent

years. Previous researches showed that inhibition of angiogen-

esis is a promising strategy for lung cancer and antiangiogen-

esis-targeted therapy plays an important role in strengthening

chemotherapy efficacy and prolonging patient survival.2,3

However, these drugs are expensive and the outcomes came

out slowly during the treatment due to the stability of the new

vascular endothelial cells.

Imaging tools have been used to help diagnosing and mon-

itoring cancer therapy for years.4-6 But traditional tools such as
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X-ray and computed tomography (CT) are not desirable for

antiangiogenic drugs due to relying on tumor volume change

to evaluate the treatment effect.4-5 Therefore, it is hard to use

traditional solid tumor evaluation methods to determine their

efficacy. It is urgent to find a feasible method in evaluating the

outcome of antiangiogenesis-targeted therapy for lung cancer.

Molecular receptor imaging, basing on targeted combination

between ligand and receptor, can help clinicians design indivi-

dualized treatment to improve the outcome of lung cancer for

its high sensitivity and specificity.7-9

Integrin avb3 is one type of integrins family, which is het-

erodimeric transmembrane receptor that mediates adhesion to

the extracellular matrix. It has been found that integrin avb3,

widely distributed in new blood vessels, has been documented

as being associated with tumor angiogenesis and metastasis.5

Arg-Gly-Asp (RGD) peptides and analogs, novel avb3-specific

tracers, can specifically target the integrin avb3 receptor.6,10

Therefore, RGD radiolabeled by different nuclides has been

intensively investigated for noninvasive functional imaging

of tumors in preclinical and clinical studies. Such as,

technetium-99 m radiolabeled RGD dimer (99mTc-HYNIC-

3PEG4-E[c(RGDfK)2, 99mTc-3PRGD2] single-photon emis-

sion computed tomography (SPECT) imaging can provide

more accurate and timelier information than structural imaging

alone.11 Cisplatin is a broad-spectrum antitumor drug. It works

by destroying the function of DNA and inhibiting mitosis in

tumor cells and always used to treat a variety of cancers,

including lung cancer.12 And Endor is a targeted drug against

tumor neovascularization. It inhibits tumor proliferation or

metastasis by preventing the new blood vessels formation and

blocking tumor nutrition supply.13

Therefore, we conducted this prospective study to determine

the correlation between different tumor angiogenesis changes

with the end-of-treatment response to determine whether
99mTc-3PRGD2 SPECT can predict short-term outcomes of

chemoradiotherapy plus bevacizumab in xenograft animals.

Materials and Methods

Antibodies and Regents

Goat serum (Abcam, Cambridge, Massachusetts), rat anti-

integrin b3 antibody (cat. no. 181720; BD Biosciences, Frank-

lin Lakes, New Jersey), rat anti-CD31 antibody (1:100; cat. no.

551262; BD Biosciences), Cy3-conjugated goat anti-rat (1:100;

cat. no. 115-165-003; Jackson ImmunoResearch Europe Ltd,

Newmarket, the United Kingdom), goat anti-rat secondary anti-

bodies (1:100; cat. no. 115-095-003; Jackson ImmunoResearch

Europe Ltd), and glyceraldehyde phosphate dehydrogenase

(GAPDH) were used as loading controls. The total protein level

was normalized to the GAPDH protein level.

Treatment Protocol

All animal experiments were performed in accordance with the

protocol approved by the Institutional Animal Care and Use

Committee at Jilin University (Changchun, China). Forty

BALB/c xenograft mice (4-5 weeks, male and female half) with

lung adenocarcinoma were chosen and divided into 3 groups:

NaCl group (n ¼ 12), cisplatin group (n ¼ 14), and endostar

group (n ¼ 14). All the groups were size-matched, with an

average tumor volume of 160 + 60 mm3 1 day before baseline

SPECT imaging. Then, the mice in each group were injected on

alternate days with saline solution (0.1 mL per mouse), cisplatin

(5 mg/kg per mouse), and endostar (20 mg/kg per mouse).

Imaging Protocol

Six mice in each group were selected randomly for being admi-

nistered with�300 mCi of 99mTc radiotracer in 0.1 mL saline via

tail vein injection. And then 99mTc-3PRGD2 SPECT imaging

and tumor measurement at baseline and days 7, 14, and 21 after

treatment were performed. For semiquantitative analysis of tra-

cer uptake in tumors following 99mTc-3PRGD2 SPECT imaging,

region of interests were drawn around the entire tumor and to the

contralateral normal tissue with the same size of the tumor, and

tumor to nontumor (T/N) ratios of 99mTc-3PRGD2 SPECT were

determined. And for tumor measurement, the tumor volume

(mm3) ¼ p/6 � length (mm) � width (mm) � height (mm).

Western Blotting

Western blotting was performed in accordance with standard

protocol. Briefly, the samples were lysed and denatured in 5�
sample buffer. Same amounts of proteins were separated on a

10% sodium dodecyl sulfate-polyacrylamide gel and trans-

ferred to a nitrocellulose membrane. The nitrocellulose mem-

brane was then incubated with 5% nonfat milk in Tris-buffered

saline (150 mM NaCl, 20 mM Tris–HCl, pH7.4) with primary

antibody at 4�C overnight. After washing, the membrane was

further incubated with secondary antibody for 45 minutes and

proteins were detected with an Electro-Chemi-Luminescence

(Thermo Pierce, Rockford, USA) detection system. Image J

software was used to measure the band intensity.

After the final acquisition of the scan, the animals were

sacrificed, and the tumors were excised and fixed. Then, tumor

inhibition rate were calculated.

Tumor Immunostaining

Immunofluorescence staining was performed to determine the

location and expression of integrin avb3. Tumors were sec-

tioned into 2 pieces for immunostaining and hematoxylin and

eosin (H&E) staining. Once tumors were harvested, the tumor

sections for immunostaining were immediately snap-frozen in

optical cutting temperature solution (99% purity, Sigma-Aldrich,

Saint Louis, USA; Merck KGaA, Darmstadt, Germany). Tumors

were then cut into 5-mm sections. Following a thorough drying

at room temperature, slides were fixed with ice-cold acetone for

10 minutes and then air dried for 20 minutes at room tempera-

ture. The sections were then blocked with 10% goat serum

(Abcam) for 30 minutes at room temperature and then incubated
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with rat anti-integrin b3 antibody (1:100; cat. no. 181720; BD

Biosciences) and rat anti-CD31 antibody (1:100; cat. no.

551262; BD Biosciences) for 1 hour at room temperature. The

b3 antibody was chosen to represent avb3 as the only other

integrin with a ab3 subunit besides avb3 is expressed on plate-

lets. The majority of b3 in the tumor sections is likely to be in the

vasculature and tumor cells. After incubating with Cy3-

conjugated goat anti-rat (1:100; cat. no. 115-165-003; Jackson

ImmunoResearch Europe Ltd) and fluorescein isothiocyanate-

conjugated goat anti-rat secondary antibodies (1:100; cat. no.

115-095-003; Jackson ImmunoResearch Europe Ltd) at room

temperature (25�C) for 4 hours, the sections were washed with

phosphate-buffered saline. Fluorescence was visualized with a

Nikon fluorescence microscope at �200 magnification (Nikon

Eclipse E600; Nikon Corporation, Tokyo, Japan).

H&E Staining

Histopathological analysis was performed by H&E staining of

tumors. Briefly, all the tissues were fixed in 10% neutral-

buffered formalin at room temperature (25�C) for 4 hours.

Tissues were embedded in paraffin and 4-mm sections were

deparaffinized and rehydrated using a graded alcohol series.

Sections were stained with H&E at room temperature (25�C)

for 20 minutes to evaluate the morphology and then examined

under a light microscope. Aperio’s Image Scope v10.1.3.2028

Viewer (Leica Mircosystems, GmbH, Wetzlar, Germany) was

used to visualize the whole-slide digital scans and capture

images in 30 fields of view for analysis.

Date Analysis

All data were expressed as the mean (standard deviation). Statis-

tical analyses were performed using software Graph Pad Prism

5.0. P < .05 was considered to indicate statistical significance.

Results

Effect of Tumor Uptake After Treatment

The representative SPECT imaging of tumor-bearing mice

1 hour after injection of 99mTc-3PRGD2 was shown in Figure 1.

Figure 1. Single-photon emission computed tomography images demonstrating uptake of 99mTc-3PRGD2. Representative SPECT images
demonstrating uptake of 99mTc-3PRGD2 in tumors of NaCl-treated, Cisplatin-treated and Endostar-treated animals for duration of study.
99mTc-3PRGD2 retention in NaCl group tumor increased up to day 14 before decreasing slightly by day 21. Retention of 99mTc-3PRGD2 in
tumor (circled) of Cisplatin-treated animal decreased continuously and slowly. In comparison, Endostar-treated animal decreased significantly
from day 3. Skeletal muscle, taken as reference tissue, showed no significant difference in 99mTc-3PRGD2 retention among groups on each day.
Excretion of 99mTc-3PRGD2 was predominantly urinary.
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High radioactivity accumulation stood for high tumor uptake. The

tumor could be clearly visualized with excellent contrast to con-

tralateral background. As showed in Figure 1, the radioactivity

accumulation of NaCl-treated group became more and more

higher from baseline to day 14 and disperse on day 21 due to the

necrosis of the tumor. On the contrary, the radioactivity accumu-

lation of cisplatin- and endostar-treated groups both became

lower. Moreover, the radioactivity accumulation of cisplatin

treated was hardly detected on day 21, and the radioactivity accu-

mulation of endostar treated was hardly detected on day 14.

Effect of Treatment on Tumor Retention

During the experiment, the sizes of the tumors were measured

and the volumes of tumors were calculated. In day 28, the

tumor volumes reached 210 and 230 mm3 for the treated

group versus 320 mm3 for the NaCl group (P < .05). Besides,

the average tumor inhibition rate was estimated by T/N ratios.

As shown in Figure 2A, there is slightly significant difference

of tumor volumes between NaCl group and cisplatin-treated

group (P < .05), but there is highly significant difference

between NaCl-treated group and endostar group (P < .05).

In addition, visually, the T/N ratio change trend (Figure 2B)

of the endostar-treated group declined sharply from baseline

to day 7 and then decreased slowly to day 21; in comparison,

the T/N ratio change trend of cisplatin-treated group declined

equably from baseline to day 21 and those change trend in

treated groups were significantly different from NaCl group

(P < .05). The significant difference was not observed in the

baseline imaging among groups (P > .05). It was worth men-

tioning that no early resistance was found in our study and no

observable body weight loss or any other side effects were

observed during the treatment period, indicating that the

dosage was safe.

For specificity analysis, skeletal muscle was chosen as a

reference tissue, and no significant difference was demon-

strated in muscle uptake before or after therapy. This result

indicates that the decrease in tumor uptake observed with cis-

platin and endostar therapy was specific.

Integrin avb3 Expression Validation

For the purpose of validation of integrin avb3 expression, we

used the tumor tissue harvested at baseline and days 7, 14, and

21 to perform Western blotting, as shown in Figure 3. It was

clearly showed that the expression of intergrin avb3 of cispla-

tin- and endostar-treated groups were lower than NaCl group

from day 14. Especially, the expression of intergrin avb3 of

endostar-treated group was significantly decreased from day

7 to 21. And the decrease level was more significant than the

cisplatin-treated group.

Effect of Treatment on Survival Time

To investigate the effect of cisplatin and endostar in tumor-

bearing mice, we made survival rate in Figure 4. In virtue of

log-rank test, it showed that the difference between the NaCl

group and the treated groups and between cisplatin- and endo-

star treated groups could prolong the survival rate significantly

than the NaCl group (Figure 4A-C, P < .05). Moreover, the

survival rate of endostar-treated group was much longer than

cisplatin-treated group (P < .05).

Discussion

Angiogenesis plays important roles in various normal physio-

logical processes and deregulation of angiogenesis has been

Figure 2. The effect of treatment on tumor retention. A, The change
of tumor volumes of the control group and the treated groups.
B, The change of T/N ratio of the control group and the treated
groups (n ¼ 3).

Figure 3. The avb3 protein expression detection by Western blot.
The expression level of integrin avb3 under different groups of
NaCl-treated, Cisplatin-treated and endostar-treated at each imaging
point. The expression of intergrin avb3 of Cisplatin-treated and
Endostar-treated groups were lower than NaCl group from day 14.
Especially, the expression of intergrin avb3 of Endostar-treated group
was significantly decreased from day 7 to 21. (n ¼ 3).
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found in several pathological conditions and many human dis-

eases.14,15 Moreover, angiogenesis is essential for tumor

growth and metastasis, and antiangiogenesis is emerging as

an effective strategy to treat human cancers.16,17

Cisplatin is one of the cytotoxic drugs and is the most

commonly used in the clinical context for tumor treatment

for their broad-spectrum and curative effect. Cisplatin has

been demonstrated to elicit antiangiogenic effects in solid

tumors and has recently been shown to be effective against

xenografts of lung cancer cells.18-20 However, it also has

serious side effects.

Endostar, an inhibitor of angiogenesis, is a modified recom-

binant human endostatin that is derived from rat vascular

endothelial tumor cells and can inhibit endothelial cell prolif-

eration and migration as well as apoptosis21-24; therefore, endo-

star is thought to be an ideal anticancer weapon and is quickly

pushed into clinical trials as well as used with concomitant

chemoradiotherapy because of its favorable efficacy and toler-

ability profile. However, the response to this therapeutic regi-

men is variable.25,26 Previous studies have shown that the better

response always bring a better prognosis than those with poor

response.26,27 Long-term ineffective treatment not only brings

great pain to patients but also increases their economic burden.

Therefore, there is an urgent need to evaluate the effect of

therapy in a timely manner.

Unfortunately, the quantity of residual viable tumor over the

course of treatment is difficult to accurately assess because of

limitations of conventional tools (X-ray, CT).26

Molecular imaging can provide information about the

changes of the tumor on the molecular level and quantify the

amount of viable residual disease over the course of treatment.
99mTc-3PRGD2 is a molecular imaging probe that has a positive

correlation with the expression integrin avb3, because it utilizes

a refined dimeric RGD peptide that has an enhanced binding

affinity and improved tumor uptake as shown in preclinical

experiments.28-31 It is generally accepted that the T/N ratio of

RGD-related imaging can reflect angiogenesis in tumors. There-

fore, 99mTc-3PRGD2 imaging can be used to predict treatment

response indirectly by evaluating the angiogenesis status.

In this prospective study, the change of tumor volume

between the treated group and NaCl group was significant

(P < .05), and the change of endostar-treated group was much

early than cisplatin-treated group. Additionally, significantly

drop of the 99mTc-3PRGD2 uptake in treated groups was

showed. Moreover, between 2 treated groups, although the

same final results have been achieved, the change of 99mTc-

3PRGD2 uptake in endostar-treated group was more evident

than cisplatin-treated group from baseline after inoculation

onward, suggesting that the inhibition effect of endostar was

stronger than cisplatin. After consulting with oncologist, we

think this result may be due to different pharmacological

actions of endostar and cisplatin. Endostar can inhibit the for-

mation of tumor newborn vascular and cause cytostatic effects,

which mean a delay or stop of tumor progression during anti-

angiogenic treatment. It led to the decrease in integrin expres-

sion levels and corresponding targeted imaging probe uptake.

Figure 4. Survival status was analyzed by log-rank test. A, The difference between the NaCl group and the treated groups was significant (P <
.05). B, The difference between the NaCl group and the Cisplatin-treated group was significant (P < .05). (C) The difference between the NaCl
group and the Endostar-treated group was significant (P < .05). D, The difference between the Cisplatin-treated group and the Endostar-treated
group was significant (P < .05; n ¼ 12).
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While cisplatin is a cytotoxic drug that leads to tumor cells

disintegration based on the principle of tumor DNA damage.

The eventual decrease in tumor angiogenesis is a result of

volumetric change of tumor.

Our Western blotting and the imaging of 99mTc-3PRGD2

uptake got the same trend. The integrin avb3 expression level

of NaCl group was increasing from day 0 to 21, and the protein

expression of day 21 answered the imaging result of day 21. On

the contrary, the integrin avb3 expression level of the treated

groups was more and more low from baseline to day 21, and it

is proved by the protein bands of treated group; we could

understand the change of T/N ratio shown as Figure 2B.

From analysis of the survival curve, we could learn that the

tumor growth inhibition effect of treated groups was better than

NaCl group. Furthermore, the tumor growth inhibition effect of

endostar-treated group was better than cisplatin-treated group.

The survival rate of endostar-treated group was much longer

than cisplatin-treated group (P < .05). The results at individual

level were in response to the results of tissue and protein level

as mentioned above.

In summary, we demonstrated the 99mTc-3PRGD2 enables

the visualization and semiquantification of tumor angiogenesis

in the xenograft model. Although it lacks histopathological

information at early time points, by visualizing and measuring

integrin avb3 expression on lung cancer cells and the vascula-

ture, it can be concluded that 99mTc-3PRGD2 could effectively

monitor the response to the antiangiogenic therapy of endostar

and cisplatin and predict the outcome of endostar and cisplatin

therapy in xenograft animals.
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