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Purpose. Truncated tissue factor (tTF) fusion protein targeting tumor vasculature can induce tumor vascular thrombosis and
necrosis. Here, we generated (RGD)

3
-tTF in which three arginine-glycine-aspartic (RGD) targeting integrin 𝛼V𝛽3 and tTF induce

blood coagulation in tumor vessels. Methods. The bioactivities of (RGD)
3
-tTF including coagulation activity, FX activation, and

binding with integrin 𝛼V𝛽3 were performed. The fluorescent labeled (RGD)
3
-tTF was intravenously injected into tumor-bearing

mice and traced in vivo. The tumor growth, volume, blood vessel thrombosis, tumor necrosis, and survival time of mice treated
with (RGD)

3
-tTF were evaluated. Results. The clotting time and FX activation of (RGD)

3
-tTF were similar to that of TF (𝑃 > 0.05)

but different with that of RGD (𝑃 < 0.05). (RGD)
3
-tTF presented a higher binding with 𝛼V𝛽3 than that of RGD and TF at the

concentration of 0.2𝜇mol/L (𝑃 < 0.05). (RGD)
3
-tTF could specifically assemble in tumor and be effective in reducing tumor

growth by selectively inducing tumor blood vessels thrombosis and tumor necrosis which were absent in mice treated with RGD or
TF.The survival time ofmice treated with (RGD)

3
-tTF was higher than that of mice treated with TF or RGD (𝑃 < 0.05).Conclusion.

(RGD)
3
-tTF may be a promising strategy for the treatment of colorectal cancer.

1. Introduction

Traditionally, treatment approaches for cancer therapy have
directly focused on destroying cancer cells and tissue.
Recently, another treatment approach has achieved great
attention. Rather than directly targeting the neoplastic cells,
this strategy tried to block the tumor’s blood support system
by targeting the tumor vasculature [1, 2].

It is known that most tumors remain being quiet and fail
to grow over a few millimeters in size without angiogenesis
[3]. Blood supply is a key factor in cancer tissue surviving,
progressing, and spreading. The therapeutic potential of
targeting the tumor vasculature is quite clear and promising
[2]. Drugs which are capable of specifically targeting tumor
blood vessels have been being developed and explored. Many
of these drugs have been for clinical evaluation.The strategies
directly targeting the blood vessel can not only be used alone

but also be used in combinationwith conventional anticancer
treatments [4, 5].

Tissue factor (TF) is a transmembrane glycoprotein and
is the originating factor of blood coagulation cascade [6].
The truncated tissue factor (tTF) is the extracellular domain
of tissue factor and is less 100000-fold than tissue factor
in activating blood coagulation [7]. The complex of tTF
and blood coagulation factor VII (F VII) cannot effectively
activate coagulation factor X to trigger the blood coagu-
lation because its incomplete structure is unable to bind
with cell membrane [8, 9]. The fusion protein consists of
the extracellular domain of tissue factor (truncated tissue
factor (tTF)) and the antibody which can selectively bind to
tumor vasculature [9]. The molecules which can specifically
bind with the markers on endothelium of tumor blood
vessels could be used as the carriers of tTF for improving
their binding with endothelium cells and enhancing their
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coagulation capacity [10].The function of tTF in vector tTF to
activate coagulation FXwill restore and is capable of inducing
tumor vascular thrombosis and leading to tumor necrosis
[11, 12]. Studies indicated that there were some disadvantages
of using antibodies of tumor vascular markers as the specific
vector of tTf [8]. The disadvantages are mainly reflected in
the following two aspects. Firstly, as the antibody molecule
is relatively large, it easily exerts steric hindrance which
will affect the binding capacity of tTF with factor VII and
factor X, and thus the efficiency of inducing tumor vascular
thrombosis is reduced [13]. Secondly, antibody-tTF fusion
protein can theoretically be taken in by the liver, spleen, and
other reticuloendothelial systems, so there is potential risk of
causing thrombosis in these organs [8].

Endothelium of blood vessels in colorectal cancer tissues
presents an important target for colorectal cancer therapy
[14]. Vascular targeting requires the identification of target
molecules that are present on vascular endothelium at suffi-
cient density in solid tumors but are absent from endothelial
cells in normal tissues [15]. Such molecules could be used
to target the vascular endothelium of the tumor rather than
the tumor cells themselves. Promising candidate molecules
include anti-vascular endothelial cell adhesion molecule 1
(VCAM-1) antibody and anti-vascular endothelial growth
factor (VEGF) antibody [16, 17]. As integrin 𝛼V𝛽3 is highly
expressed by vascular endothelial cells in colorectal cancer
tissues, it could be served as a tumor vascular target for
molecular therapy of colorectal cancer [18, 19].

Studies indicated that repeated RGD sequences had a
higher affinity on integrin𝛼V𝛽3 receptors than the single RGD
sequence had [20].Thus, in this study, we produced the fusion
protein (RGD)

3
-tTF which was consisted of tTF and triple

peptides of RGD as the carrier of tTF for targeting tumor
vasculature in the treatment of mice colorectal carcinoma.

2. Materials and Methods

2.1. Primers Preparation. All primers were synthesized by
Sangon Biotech (Shanghai) Co. Ltd. Primers for tTF cDNA
were 5-TCTGGCACTACAAATACTGTGGC-3 (P

1
, up-

stream primer) and 5-TTCTCTGAATTCCCCTTTCTCC-
3 (P
2
, downstream primer). P

3
was designed according

to the literature [8]. P
3
was overlapping oligonucleotides

which was 5-CATACCATGGGC(TGCGATTGTCGCGGA
GATTGCTTCTGCGGTGGAGGCGGGTCT)

3
TCTGGC-

ACTACAAATAC-3 (the straight line was RGD-4C
sequence, and bold was 5 end sequence of tTFgene).
Primers containing endonuclease sites of Nco I and Xho
I were 5-CATACCATGGGCTGCGATTGTC-3 (P

4

upstream primer) and 5-CTACCTCGAGTTCTCTGA-
ATTCCCCTTTCTCC-3 (P

5
downstream primer).

2.2. Construction of Fusion Gene of (RGD)
3
-tTF. The gene of

(RGD)
3
-tTF was amplified by PCR. Briefly, tTF-pSK(+) was

used as the template, P
1
and P

2
were used as primers, and

the tTF gene was amplified by using routine PCR. Then, the
amplified tTF gene andP

3
were added to PCR reaction system

and annealed to achieve the fusion gene template of (RGD)
3
-

tTF. P
4
and P

5
were then added to the PCR reaction system to

produce the fusion gene of (RGD)
3
-tTF containing Nco I and

Xho I endonuclease sites in the 5 and 3 ends, respectively.

2.3. Preparation of Vector Containing (RGD)
3
-tTF Gene. By

using the DNALigation Kit (NEB), the cDNA of (RGD)
3
-tTF

was cloned into the expression vector pET22b(+) (Novagen)
containing Nco I and Xho I endonuclease sites. Briefly, the
fusion genes of (RGD)

3
-tTF and pET22b(+) were digested

with the Nco I and Xho I restriction enzyme. The (RGD)
3
-

tTF gene was then cloned into pET22b(+) to produce an
expression vector encoding a fusion protein. The (RGD)

3
-

tTF-pET22b(+) vector was then transferred into E. coli (E.
coli) BL21 (DE

3
) and cultured in ampicillin plate for selective

screening. The positive clones were used for (RGD)
3
-tTF

sequencing analysis.

2.4. The Expression and Purification of Fusion Protein. To
amplify theE. coli colonies containing the reconstructed vetor
of (RGD)

3
-tTF-pET22b(+), the (RGD)

3
-tTF fusion protein

was expressed in Escherichia coli strain and purified by nickel
affinity chromatography column purification according to
themanufacturer’s protocol (AmershamPharmacia Biotech).
The purified (RGD)

3
-tTF was analyzed by SDS-PAGE. The

presence of tTF moiety in fusion protein was further con-
firmed by Western blotting analysis. Briefly, the proteins in
the SDS-PAGE gel were transferred to a nitrocellulose mem-
brane (Micron Separations, Inc.) and incubated sequentially
with anti-human TF antibody (Sigma-Aldrich) and RGD
antibody (Abcam), biotinylated secondary antibody, HRP-
conjugated streptavidin, and 4-chloro-1-naphthol to identify
those bands containing the tTF moiety.

2.5. Labeling Fusion Protein with RBITC. According to the
manufacture’s protocol, the purified (RGD)

3
-tTF, tripep-

tide Arg-Gly-Asp (RGD) (Sigma-Aldrich, Saint Louis, MO,
USA), and tissue factor (Prospect, East Brunswick, NJ,
USA) were dialyzed against 0.5M carbonate buffer (pH 9.0)
and incubated with rhodamine isothiocyanate B (RBITC,
Biochemika) at a molar ratio of 1 : 24 for 90min at room
temperature with end-to-end mixing. After incubation, the
free RBITCwas removed from the labeled (RGD)

3
-tTF, RGD,

and TF by extensive dialysis against PBS pH 7.4. All the above
treatments were performed under light-protected conditions.

2.6. Clotting Test. Referring to coagulation experiments of
Haubitz and Brunkhorst [21], fresh mouse blood was treated
with 3.8% sodium citrate. Then, the blood sample was
centrifuged at 4000 r/min, and the plasma was collected and
used for further test. Plasma sample was added to wells of 96-
well microplate (30 𝜇L/well). (RGD)

3
-tTF, TF, or RGD in a

series of concentrations of 0, 0.75, 1.5, 3, and 6𝜇mol/L was
added to the wells (50 𝜇L/well). Calcium chloride (CaCl

2
) in

concentration of 12.5mmol/L was then added to the wells
(20𝜇L/well). The time from the moment of adding CaCl

2
to

the plasma to the moment of plasma clotting was recorded at
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room temperature. The samples without CaCl
2
were used as

controls.

2.7. Factor X (FX) Activation. The complex of TF and F VII
can activate FX to decompose S2222 (a complex of peptide
nitroaniline) into peptide and p-nitroaniline. p-Nitroaniline
has an absorption peak at 405 nm. So, detecting the OD value
of p-nitroaniline at 405 nm can indirectly indicate the activity
of TF activating FX. Briefly, (RGD)

3
-tTF, TF, or RGD in three

aminomethane (Tris) buffer solutions in a series concentra-
tion of 0.01, 0.1, 1, and 10 𝜇mol/L containing 100 nmol/L F VII
were added to 96-well microplate (50 𝜇L/well), respectively,
and kept at 37∘C for 10min. (RGD)

3
-tTF, RGD, or TFwithout

F VII in concentration of 0.01, 0.1, 1, and 10𝜇mol/L was used
as controls. Then, 10 𝜇L factor X (Sigma-Aldrich) was add to
wells at a concentration of 5 nmol/L. The 96-well microplate
was kept at room temperature for 10min. Thereafter, 10 𝜇L
100mmol/L ethylenediaminetetraacetic acid (EDTA) was
added to wells to terminate the reaction, and 10 𝜇L 2 nmol/L
chromogenic substrate (S2222) (sigma) was then added.
Absorbance at 405 nm was measured within three minutes
using a microplate reader (Bio-Rad, Hercules, CA, USA).

2.8. Analysis of Specific Binding of (RGD)
3
-tTF and 𝛼V𝛽3.

According to the method referring to Kessler et al. [8],
the ability of (RGD)

3
-tTF fusion protein specifically bind-

ing with 𝛼V𝛽3 was analyzed by indirect enzyme-linked
immunosorbent assay (ELISA). 96-well microplate which
was coated with 𝛼V𝛽3 (5 𝜇g/L, 50𝜇L/well) was kept at 4

∘C
overnight and then blocked with 1% bovine serum albumin
(BSA, 200𝜇L/well). 50 𝜇L (RGD)

3
-tTF fusion protein in a

series concentration of 0.012, 0.025, 0.05, 0.10, 0.20, and
0.40 𝜇mol/L was then added to the wells. The microplate was
kept at 4∘C for 12 hours. RGD or TF in concentration of 0.012,
0.025, 0.05, 0.10, 0.20, and 0.40 𝜇mol/L was also added to the
𝛼V𝛽3-coated wells as controls. Then, biotinylated secondary
antibody and HRP-conjugated streptavidin was added to
wells. After 10min coloration, reaction was terminated with
tetramethylbenzidine (TMB). Absorbance at 405 nm was
measured with a microplate reader (Bio-Rad, Hercules, CA,
USA).

2.9. Animal Experiments

2.9.1. Colorectal Cancer Mice Model. All mice used in this
researchwere cared and treated in agreement with the regula-
tions of ethical committee of Xiamen University. BALB/C 4-
week-old male nude mice, 25 ± 4 g, were purchased from the
Experimental Animal Center of Xiamen University. Murine
colorectal cancer cell line CT26 was cultured with RPMI1640
supplemented with 10% fetal calf serum. CT26 cells in
logarithmic growth phase were trypsinized, centrifuged, and
suspended in PBS. 2 × 106 CT26 cells in 0.2mL PBS were
then subcutaneously transplanted in random flank of mice to
measure the size of skin tumors in 2 perpendicular directions
and to calculate tumor volume according to the formula
(tumor volume = length × width2 × 0.52). As the tumor

reaches 125mm3, the tumor-bearing mice were used for
further experiments.

2.9.2. Observation of Drug Distribution in Tumor Animal
Models In Vivo. Tumor-bearing mice were divided into
(RGD)

3
-tTF, RGD, TF, and saline groups (𝑛 = 5). The

mice in each group were injected with 200𝜇L, 50𝜇g RBITC-
labeled (RGD)

3
-tTF, RGD, TF, or 200𝜇L saline through tail

veins. The mice without tumor as sham group were injected
with 50 𝜇g RBITC-labeled (RGD)

3
-tTF through tail vein.

One hour after drugs administration, the RBITC-labeled
drugs were traced in the living mice using fluorescent imager
(KODAK Image Station 2000MM). Twenty-four hours after
being treated with (RGD)

3
-tTF, RGD, TF, or saline, the mice

were sacrificed. Samples of liver, lung, kidney, brain, and
tumor tissuewere collected, frozen in liquid nitrogen, cut into
5 𝜇msections, stainedwithHoechst 33258, and then observed
using a laser confocal microscope (FV1000, OLYMPUS) to
trace the fluorescent drugs.

2.9.3. Tumor-Bearing Mice Model Treated with (RGD)
3
-tTF.

Mice with skin tumor were divided into four experimental
groups: (RGD)

3
-tTF, RGD, TF, and saline (𝑛 = 5). 50𝜇g

in 200𝜇L saline (RGD)
3
-tTF, RGD, TF, or 200𝜇L saline

was injected into the tumor-bearing mice through the tail
veins. The mice were routinely checked, the tumor’s length
and width were determined, and the tumor’s volumes were
then calculated. Ten days after drugs administration, the
mice were sacrificed, and the samples of tumor tissue, heart,
liver, spleen, lung, kidney, and brain tissues were collected,
fixed in 10% neutral formalin, and embedded in paraffin.The
samples were cut into 4𝜇m sections for hematoxylin-eosin
(HE) staining analysis to detect the tumor tissue necrosis and
thrombosis in vessels with light microscope (Nikon Eclipse
50i).

2.9.4. Survival Time of (RGD)
3
-tTF-Treated Tumor-Bearing

Mice. Mice with skin tumor were divided into four experi-
mental groups: (RGD)

3
-tTF, RGD, TF, and saline (𝑛 = 15).

50𝜇g in 200𝜇L saline (RGD)
3
-tTF, RGD, TF, or saline was

injected through the tail veins of skin tumor-bearing mice.
The survival time of mice in four groups was recorded.

2.10. Statistical Analysis. All data are expressed as mean
values ± SEM, and n represents the number of animals
per experimental group. Statistical comparisons between the
groups were performed by rank sum test. Differences were
considered significant at 𝑃 < 0.05.

3. Results

3.1. Identification of Target Fusion Gene of (RGD)
3
-tTF. The

tTF gene in size of 657 bp was amplified and annealed with
primers P

3
containing (RGD)

3
-4C to obtain the template

of fusion gene of (RGD)
3
-tTF by PCR. Then, the template

of fusion gene of (RGD)
3
-tTF was added with Nco I and

Xho I endonuclease sites. The expression vector pET22b(+)
containing (RGD)

3
-tTF gene was reconstructed and then
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Figure 1: Characterization of fused gene and fusion protein of (RGD)
3
-TF. (a) PCR products of (RGD)

3
-tTF-pET22b(+); 1: PCR products of

(RGD)
3
-tTF-pET22b(+) digested by restriction enzyme; 2: PCR products of gene of (RGD)

3
-tTF; 3: DNAmarker. (b) Purification of (RGD)

3
-

tTF. 1 and 2: SDS-PAGE; 3 and 4: Western blot; 1 and 3: (RGD)
3
-tTF; 2 and 4: prestained molecular weight standards. (c) Identification of

purified (RGD)
3
-tTf. 1: molecular weight markers; 2: (RGD)

3
-tTF detected using the anti-TF antibody; 3: purified (RGD)

3
-tTF detected using

the anti-RGD antibody.

digested with the Nco I and Xho I restriction enzyme for
further identification.The digested products of reconstructed
vector were used for 1% agarose gel electrophoresis analysis.
There was a single 780 bp band which was consistent with
the theoretical calculated value of the gene of (RGD)

3
-tTF

(784 bp) (Figure 1(a)).The clone gene sequencewas identified
of being consistent with target gene nucleotide sequence with
ampicillin resistance selection and PCR.

3.2. Expression, Purification, and Identification of (RGD)
3
-

tTF. The fusion protein of (RGD)
3
-tTF was expressed by

E. coli BL21 (DE
3
). After being purified by nickel column

and SDS-PAGE electrophoresis, a single band at the size of
approximately 38 kDa was found.The protein was confirmed
of containing tTF and RGDmotif withWestern blot (Figures
1(b) and 1(c)).

3.3. Clotting Test. Plasma with sodium citrate, solely sup-
plemented with CaCl

2
, (RGD)

3
-tTF, RGD, or TF, did not

coagulate within 30min. With the addition of CaCl
2
, the

fusion protein of (RGD)
3
-tTF could effectively enhance

plasma coagulation. With the concentration of (RGD)
3
-

tTF increasing, the clotting time reduced accordingly. The
clotting time of TF was similar to that of (RGD)

3
-tTF (𝑃 >

0.05) but significantly less than that of RGD (𝑃 < 0.05)
(Figure 2(a)).

3.4. FXActivation. Aseries of concentrations of (RGD)
3
-tTF,

TF, and RGD were used for activation analysis. Absorbance
at 405 nm was measured after activating FX. (RGD)

3
-tTF at

1 𝜇mol/L or higher concentration could activate FX. The FX
activation ability of (RGD)

3
-tTF was comparable with that

of TF (𝑃 > 0.05), while the activation ability of RGD in

corresponding concentration was much less than that of TF
and (RGD)

3
-tTF (𝑃 < 0.05) (Figure 2(b)).

3.5. Specific Binding with 𝛼V𝛽3. The specific binding of
(RGD)

3
-tTF and 𝛼V𝛽3 was detected by ELISA. Both (RGD)3-

tTF and RGD could specifically bind with 𝛼V𝛽3. The binding
was dose-dependent and presented saturated phenomenon
with drugs dose increasing. At the samemolar concentration,
the bindingwith 𝛼V𝛽3 of (RGD)3-tTFwas significantly higher
than that of RGD and TF (𝑃 < 0.01), and the binding with
𝛼V𝛽3 of RGD was significantly stronger than that of TF (𝑃 <
0.01). At 0.2𝜇mol/L concentration, (RGD)

3
-tTF presented

the highest binding activity with 𝛼V𝛽3, which was comparable
to that of (RGD)

3
-tTF in the concentration of 0.4 𝜇mol/L

(𝑃 > 0.05) (Figure 2(c)).

3.6. Tracing of (RGD)
3
-tTF In Vivo. One hour after intra-

venously injecting (RGD)
3
-tTF or RGD, an obviously fluo-

rescence enrichment was observed in the location of skin
tumor in tumor-bearing mice (Figures 3(a) and 3(b)), while
the fluorescence enrichment was not found in the other parts
of the mice. No fluorescence enrichment was found in the
mice injected with TF or saline (Figures 3(c) and 3(d)).
No fluorescence enrichment was observed in normal mice
injected with (RGD)

3
-tTF (Figure 3(e)).

3.7. Tracing of (RGD)
3
-tTF in Other Tissues or Organs.

Twenty four, hours after injecting (RGD)
3
-tTF, TF, or RGD

through tail vein, the samples such as tumor, liver, lung,
brain, and kidney were made into sections and observed with
confocal microscope. RBITC labeled (RGD)

3
-tTF or RGD

was found within tumor blood vessels or in the surrounding
tissue of tumor blood vessels (Figures 4(a)–4(f)). Sample
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Figure 2: Bioactivity of (RGD)
3
-tTF. (a) Clotting time. The clotting time of (RGD)

3
-tTF was similar to that of TF but significantly higher

than that of RGD; there was no significant difference between (RGD)
3
-tTF and TF (∗𝑃 < 0.05, ∗∗𝑃 < 0.01). (b) Factor X (FX) activation.

At 1𝜇mol/L or higher concentration, the activation FX by (RGD)
3
-tTF is comparable to that of free TF but significantly higher than that of

RGD (∗𝑃 < 0.05, ∗∗𝑃 < 0.01). (c) Specific binding to 𝛼V𝛽3. (RGD)3-tTF binding with 𝛼V𝛽3 was significantly higher than that of RGD and TF
(𝑃 < 0.01), and RGD binding with 𝛼V𝛽3 was significantly stronger than that of TF (∗𝑃 < 0.05, ∗∗𝑃 < 0.01).

(a) (b) (c) (d) (e)

Figure 3: Tracing of fluorescently labeled drugs in vivo. (a) (RGD)
3
-tTF; (b) RGD; (c) TF; (d) normal mice injected with (RGD)

3
-tTF; (e)

saline.



6 The Scientific World Journal

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 4: Fluorescence drugs accumulation in tumor tissue. In (RGD)
3
-tTF mice, (a) Hoechst 33258-stained nucleus (blue); (b) (RGD)

3
-tTF

accumulated (red); merger of (a) and (b). In RGD mice, (d) Hoechst 33258-stained nucleus (blue); (e) RGD accumulated; (f) merger of (d)
and (e). In TF mice, (g) Hoechst 33258-stained nucleus (blue); (h) no TF accumulation; (i) merger of (g) and (h) In saline mice, (j) Hoechst
33258-stained nucleus (blue); (k) no fluorescence; (l) merger of (j) and (k) (bar = 20 𝜇m).

sections of mice treated with free TF were not detected of the
fluorescence (Figures 4(g)–4(l)). No fluorescence was found
in tissues such as liver, lung, brain, and kidney of tumor-
bearing mice (Figure 5).

3.8. Histological Analysis. Thrombosis was found within the
tumor blood vessels of tumor-bearing mice which were
injected with (RGD)

3
-tTF (Figure 6(a)). The tumor necro-

sis occurrences were observed within tumor tissues. No
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

Figure 5: (RGD)
3
-tTF tracing in other tissues. Hoechst 33258-stained nucleus of samples of brain (a), liver (d), kidney (g), and lung (j). No

fluorescence was found in samples of brain (b), liver (e), kidney (h), and lung (k). Mergers of (a) and (b) (c), (d) and (e) (f), (g) and (h) (i),
and (j) and (k) (l) (bar = 20 𝜇m).

thrombosis and necrosis were found in tumor tissue of mice
which were injected with RGD or TF (Figures 6(b) and 6(c)).

3.9. Therapeutic Efficacy of (RGD)
3
-tTF. After administra-

tion of drugs, the tumor of mice treated with (RGD)
3
-tTF

occurred necrosis at 4 days (Figures 6(e)–6(i)). The tumor
growth in mice treated with (RGD)

3
-tTF was significantly

slower than that in mice treated with TF, RGD, or saline
(𝑃 < 0.05). The tumor volume in (RGD)

3
-tTF group was

significantly smaller than that of TF, RGD, or saline group
(𝑃 < 0.05). After the absence of targeting function, TF could
not inhibit tumor growth. The growth and volume of tumors
in mice treated with TF were similar to that of RGD mice
(𝑃 > 0.05) (Figure 6(j)).
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Figure 6: Antitumor effect in vivo.Upper panel: histological analysis of tumor tissues inmice treated with drugs. (a) Necrosis and thrombosis
were found in tissues ofmice treatedwith (RGD)

3
-tTF; (b) no necrosis and thrombosis inmice treatedwith TF; (c) no necrosis and thrombosis

in mice treated with RGD; (d) no necrosis and thrombosis in mice treated with saline (bar = 50 𝜇m). Middle panel: tumor necrosis after
treatment. (e) Necrosis was found at 4 days after injection of (RGD)

3
-tTF; (f) necrosis was found at 6 days after injection of (RGD)

3
-tTF; (g)

necrosis was found at 8 days after injection of (RGD)
3
-tTF; (h) no necrosis in mice treated with TF; (i) no necrosis in mice treated with RGD.

Lower panel: (j) tumor volume of mice treated with drugs.The tumor volume in mice treated with (RGD)
3
-tTF was significantly smaller than

that in mice treated with TF, RGD, or saline; there was no significant difference between tTF and RGD (∗𝑃 < 0.05,∗∗𝑃 < 0.01). (k) Surviving
time of tumor-bearing mice. Surviving time of tumor-bearing mice treated with (RGD)

3
-tTF was significantly longer than that in TF or RGD

groups; there was no significant difference between tTF and RGD (∗𝑃 < 0.05,∗∗𝑃 < 0.01).

3.10. Survival Time of Tumor Mice Models. The survival time
of tumor-bearing mice treated with (RGD)

3
-tTF was 25.5 ±

2.5days and significantly longer than that ofmice treatedwith

TF (18.6 ± 1.9 days) or RGD (17.3 ± 1.9 days) (𝑃 < 0.05).
There was no significant difference of surviving time between
TF and RGD groups (Figure 6(k)).
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4. Discussion

In this study, we generated a fusion gene of (RGD)
3
-tTF

which was composed of two components. Firstly, the (RGD)
3

was for targeting integrin 𝛼V𝛽3 receptor of tumor blood
vessels; secondly, the tTF was for thrombogenic activation.
(RGD)

3
-tTF fusion protein was expressed in Escherichia

coli strain and purified through nickel column and SDS-
PAGE electrophoresis. The fusion protein of (RGD)

3
-tTF

was proved of being effective in inducing blood coagulation,
activating FX, and specifically binding with 𝛼V𝛽3 receptor in
vitro analysis. (RGD)

3
-tTF also presented an effective role

of antitumor therapy by inducing thrombosis within tumor
blood vessels, blocking tumor blood supply, and causing
tumor necrosis to reduce the size and volume of colorectal
cancer and improve the survival time of tumor-bearing mice.

Normal coagulation activation proceeds through the
tissue factor- (TF-) dependent pathway, whereby TF forms
a 1 : 1 stoichiometric complex with native factor (F) VII (F
VII–TF) [22]. F VII binds to the lipid portion of TF in the
presence of calcium, which acts as a bridge between TF and
F VII. The TF–F VII complex activates FX and FIX to cause
blood coagulation [22]. In 1997, Huang et al. [11] explored Ab-
tTF complex, a new strategy of molecular targeting therapy
aiming of tumor vascular network [11]. The complex of Ab-
tTF, in which tTF acted as the effect factors for inducing
tumor blood vessel thrombosis and MHCII antibody (Ab)
acted as the tTF carrier, was prepared for targeting tumor vas-
culature, inducing tumor vascular thrombosis, and leading to
tumor necrosis [11, 12]. Although Ab-tTF fusion protein can
induce tumor vascular thrombosis and inhibit tumor growth
to various degrees, the relatively large antibody molecules
of Ab-tTF likely cause steric hindrance, affect the binding
with markers on endothelium, and reduce the efficiency of
inducing thrombosis of tumor blood vessels [23].

RGD-4C is a kind of small molecular polypeptide and
has affinity to 𝛼V𝛽3 receptor [24]. The size of RGD-4C is
smaller than that of antibody. RGD-4C could overcome the
steric hindrance caused by large antibody molecules. RGD
polypeptide could specifically recognize and bind to 𝛼V𝛽3
receptor [25]. Integrin 𝛼V𝛽3 receptor is rare in the blood
vessels of normal tissues, and its state increases on the
membrane of tumor vascular endothelial cells [26]. RGD
polypeptide was used as the drug carrier by targeting the
integrin 𝛼V𝛽3 receptor for therapy of tumor [8, 27, 28];
however, a previous study in which RGD-4C with a single
ligand was used as the specific carrier of effect factor tTF
showed that RGD-4C only induced thrombosis in small
vessels [29] and suggested that the antitumor effect of
RGD-4C was not ideal. The reason may be due to the
fact that the affinity between the single RGD ligand and
𝛼V𝛽3 receptor was lower than that between antigen and
antibody.

Studies have shown that multiple RGD-4C peptide
sequences have thier unique advantages and the multiple
RGD-4C with double loop and two disulfide bonds have
20% to 40% higher affinity on 𝛼V𝛽3 receptor than the
single disulfide RGD does and have 200% higher affinity
on 𝛼V𝛽3receptor than the linear RGD does [30]. However,

it was found that the binding between the fusion protein of
(RGD)

2
-tTF (double RGD peptide) and 𝛼V𝛽3 receptor for

targeting the tumor vasculature was not significantly stronger
than the binding of RGD-tTF and 𝛼V𝛽3 receptors [31].
Computer-assisted analysis revealed that when the number
of RGD peptides was more than three, the conformation of
functional domains will block each other and interfere with
RGD binding with 𝛼V𝛽3 receptor [32, 33]. Therefore, in this
research, we introduced the gene of three RGD-4C sequences
by the 5 end of tTF gene to produce (RGD)

3
-tTF fusion gene

and (RGD)
3
-tTF fusion protein. (RGD)

3
-tTF fusion protein

with two disulfide bonds and three RGD ligands enhanced
the affinity on the 𝛼V𝛽3 receptor without causing excessive
steric hindrance and selectively increased the efficiency of
inducing tumor blood vessels thrombosis [27, 34]. In in vitro
coagulation experiments, the blood coagulation capacity of
(RGD)

3
-tTF fusion protein was similar to that of TF. The

blood clotting time shortened with a corresponding increase
of the concentration of (RGD)

3
-tTF. The results suggested

that three RGD did not affect the blood coagulation of
TF. There was no significant difference between (RGD)

3
-

tTF and TF on blood clotting function. (RGD)
3
-tTF was

capable of automatically assembling in the tumor blood
vessels, while TF without RGD-4C carrier could not target
tumor tissue. These results indicated that (RGD)

3
-tTF fusion

protein could specifically gather in colorectal tumor blood
vessels through the specific binding of RGD peptides and
𝛼V𝛽3 receptors of tumor vessels, while the free TF without
RGD peptides guiding delivery could not assemble at the
tumor sites.

Histological analysis showed that the tumor vascular
thrombosis and part of the tumor necrosis had occurred
within the tumor of mice treated with (RGD)

3
-tTF fusion

protein.There were no thrombosis and necrosis in the tumor
of mice treated with RGD and TF. The size and volume
of tumor of mice treated with (RGD)

3
-tTF fusion protein

were significantly smaller than that in mice treated with
TF and RGD at all time points. Both (RGD)

3
-tTF and

RGD could gather in tumor tissues; however, only (RGD)
3
-

tTF induced the tumor vascular thrombosis and tumor
necrosis. The occurrence of tumor vascular thrombosis and
tumor necrosis was not found in normal tissue. There
was scarce thrombosis that occurred in the tumor of mice
treated with TF. By specific binding with 𝛼V𝛽3 receptor,
the fusion protein of (RGD)

3
-tTF targetingly delivered TF

to the tumor vasculature of colorectal cancer, selectively
induced thrombosis of tumor blood vessels, caused necrosis
of tumor tissue, and inhibited tumor growth without caus-
ing blood coagulation and necrosis in normal tissues and
organs.

In conclusion, we have shown that (RGD)
3
-tTF, which

targets integrin 𝛼V𝛽3 receptor of vasculature endothelium
in colorectal tumor, could induce extensive thrombosis in
tumor blood vessels and lead to effective antitumor therapy in
colorectal cancer-bearingmicemodels. Although the strategy
that (RGD)

3
peptide-mediated tTF induces tumor vascula-

ture thrombosis and tumor necrosis by blocking blood vessel
is still at the experimental stage, it is a promising treatment
for future colorectal cancertherapy.



10 The Scientific World Journal

Authors’ Contribution

Zheng-jie Huang,Yilin Zhao, Wei-yuan Luo, Jun You, Shui-
wen Li, Wen-cheng Yi, and Sheng-yu Wang performed the
experiments and analyzed the data, and Qi Luo and Jiang-
hua Yan designed the research andwrote the paper. Zheng-jie
Huang and Yilin Zhao contributed equally to this research.

Acknowledgments

This work was funded by the Key Projects of Fujian Province
Technology (Grant no. 2010D026), Medical Innovations
Topic in Fujian Province (Grant no. 2012-CXB-29) and also
supported by Projects of Xiamen Scientific and Techno-
logical Plan (Grant no. 3502Z20124018). This research was
performed in Xiamen University, China.

References

[1] L. V. Klotz, M. E. Eichhorn, B. Schwarz et al., “Targeting the
vasculature of visceral tumors: novel insights and treatment
perspectives,” Langenbeck’s Archives of Surgery, vol. 397, no. 4,
pp. 569–578, 2012.

[2] F. Danhier, A. L. Breton, and V. Preat, “RGD-based strategies
to target Alpha(v) Beta(3) integrin in cancer therapy and
diagnosis,” Molecular Pharmaceutics, vol. 9, no. 11, pp. 2961–
2973, 2012.

[3] E. Lorenzon, R. Colladel, E. Andreuzzi et al., “MULTIMERIN2
impairs tumor angiogenesis and growth by interfering with
VEGF-A/VEGFR2 pathway,” Oncogene, vol. 31, pp. 3136–3147,
2012.

[4] D. W. Siemann, D. J. Chaplin, and M. R. Horsman, “Vascular-
targeting therapies for treatment of malignant disease,” Cancer,
vol. 100, no. 12, pp. 2491–2499, 2004.

[5] B. C. Baguley, “Antivascular therapy of cancer: DMXAA,” The
Lancet Oncology, vol. 4, no. 3, pp. 141–148, 2003.

[6] V. Daubie, R. Pochet, S. Houard, and P. Philippart, “Tissue
factor: a mini-review,” Journal of Tissue Engineering and Regen-
erative Medicine, vol. 1, no. 3, pp. 161–169, 2007.

[7] X. Chen, H. Lv, M. Ye et al., “Novel superparamagnetic iron
oxide nanoparticles for tumor embolization application: prepa-
ration, characterization and double targeting,” International
Journal of Pharmaceutics, vol. 426, no. 1-2, pp. 248–255, 2012.
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vessels by NGR-peptide-directed targeting of tissue factor:
experimental results and first-in-man experience,” Blood, vol.
113, no. 20, pp. 5019–5027, 2009.

[11] X. Huang, G. Molema, S. King, L.Watkins, T. S. Edgington, and
P. E. Thorpe, “Tumor infarction in mice by antibody-directed
targeting of tissue factor to tumor vasculature,” Science, vol. 275,
no. 5299, pp. 547–550, 1997.

[12] X. Huang, W.-Q. Ding, J. L. Vaught et al., “Asoluble tissue
factor-annexin V chimeric protein has both procoagulant and

anticoagulant properties,” Blood, vol. 107, no. 3, pp. 980–986,
2006.

[13] S. Ghose, B. Hubbard, and S. M. Cramer, “Binding capacity
differences for antibodies and Fc-fusion proteins on protein A
chromatographic materials,” Biotechnology and Bioengineering,
vol. 96, no. 4, pp. 768–779, 2007.

[14] M. Zitt, G. Untergasser, A. Amberger et al., “Dickkopf-3 as a
new potential marker for neoangiogenesis in colorectal cancer:
expression in cancer tissue and adjacent non-cancerous tissue,”
Disease Markers, vol. 24, no. 2, pp. 101–109, 2008.

[15] S. Goel, D. G. Duda, L. Xu et al., “Normalization of the vascu-
lature for treatment of cancer and other diseases,” Physiological
Reviews, vol. 91, no. 3, pp. 1071–1121, 2011.

[16] H. M. C. Shantha Kumara, S. T. Tohme, S. A. C. Herath et
al., “Plasma soluble vascular adhesion molecule-1 levels are
persistently elevated during the first month after colorectal
cancer resection,” Surgical Endoscopy, vol. 26, no. 6, pp. 1759–
1764, 2012.

[17] R. S. Saad, Y. L. Liu, G.Nathan, J. Celebrezze,D.Medich, and J. F.
Silverman, “Endoglin (CD105) and vascular endothelial growth
factor as prognostic markers in colorectal cancer,” Modern
Pathology, vol. 17, no. 2, pp. 197–203, 2004.

[18] Z.-F. Su, G. Liu, S. Gupta, Z. Zhu, M. Rusckowski, and D. J.
Hnatowich, “In vitro and in vivo evaluation of a technetium-
99m-labeled cyclic RGD peptide as a specific marker of 𝛼v𝛽3
integrin for tumor imaging,”Bioconjugate Chemistry, vol. 13, no.
3, pp. 561–570, 2002.

[19] S. A. Mousa, S. Mohamed, E. J. Wexler, and J. S. Kerr,
“Antiangiogenesis and anticancer efficacy of TA138, a novel
𝛼v𝛽3 antagonist,” Anticancer Research, vol. 25, no. 1, pp. 197–
206, 2005.

[20] H. Cai, Z. Li, C.-W. Huang, R. Park, and P. S. Conti, “64Cu
labeled ambasar-RGD2 for micro-PET imaging of integrin
𝛼v𝛽3expression,” Current Radiopharmaceuticals, vol. 4, no. 1,
pp. 68–74, 2011.

[21] M. Haubitz and R. Brunkhorst, “Influence of a novel rapamycin
analogon SDZ RAD on endothelial tissue factor and adhesion
molecule expression,” Transplantation Proceedings, vol. 34, no.
4, pp. 1124–1126, 2002.

[22] B. A. Lwaleed and P. S. Bass, “Tissue factor pathway inhibitor:
structure, biology and involvement in disease,” Journal of
Pathology, vol. 208, no. 3, pp. 327–339, 2006.

[23] M. J. Fonseca,H. J.Haisma, S. Klaassen,M.H.Vingerhoeds, and
G. Storm, “Design of immuno-enzymosomes with maximum
enzyme targeting capability: effect of the enzyme density on
the enzyme targeting capability and cell binding properties,”
Biochimica et Biophysica Acta, vol. 1419, no. 2, pp. 272–282, 1999.

[24] K. Chen and X. Chen, “Integrin targeted delivery of chemother-
apeutics,”Theranostics, vol. 1, pp. 189–200, 2011.

[25] J.-P. Xiong, T. Stehle, R. Zhang et al., “Crystal structure of the
extracellular segment of integrin 𝛼V𝛽3 in complex with anArg-
Gly-Asp ligand,” Science, vol. 296, no. 5565, pp. 151–155, 2002.

[26] N. Papo, A. P. Silverman, J. L. Lahti, and J. R. Cochran,
“Antagonistic VEGF variants engineered to simultaneously
bind to and inhibit VEGFR2 and 𝛼v𝛽3 integrin,” Proceedings of
the National Academy of Sciences of the United States of America,
vol. 108, no. 34, pp. 14067–14072, 2011.

[27] R. J. Kok,A. J. Schraa, E. J. Bos et al., “Preparation and functional
evaluation of RGD-modified proteins as 𝛼v𝛽3 integrin directed
therapeutics,” Bioconjugate Chemistry, vol. 13, no. 1, pp. 128–135,
2002.



The Scientific World Journal 11
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