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Abstract
· AIM: To evaluate the possibility of generation 4

polyamidoamine (G4PAMAM) dendrimers acting as the
delivery system of vascular endothelial growth factor (VEGF)
antisense oligodeoxynucleotides (VEGFASODN), and to
investigate the anti-tumor effect of G4PAMAM/VEGFASODN
complex on the cultured cells and the mouse tumor xenograft
model.

·METHODS: The transfection efficiency was assessed by

Flow cytometry (FCM). Thiazolyl tetrazolium (MTT) assay was
performed to determine the relative growth rate (RGR) of the
cells after transfection. Then a mouse tumor xenograft model
of human retinoblastoma was established. Different
interventions were given to the mice by intratumoral injection
and the tumor growth was monitored. The expression of
VEGF mRNA was detected by reverse transcription PCR
(RT-PCR), the expression of VEGF protein was determined by
western blot analysis, and the microvessel density (MVD) was
measured by immunohistochemistry (IHC) staining.

· RESULTS: G4PAMAM/VEGFASODN exhibited a high

transfection rate , and the transfection rates of
different doses of G4PAMAM/VEGFASODN groups increased

with higher doses. This effect was accompanied by a
dose-depended reduction in cell viability. The tumor growth in
the tumor-bearing athymic mice was significantly inhibited in
the G4PAMAM/VEGFASODN group. The expressions of VEGF
mRNA and protein were obviously inhibited in the
G4PAMAM/VEGFASODN group ( ＜0.05), and the MVD of the
G4PAMAM/VEGFASODN group was lower than that of the
other groups( ＜0.05).

· CONCLUSION: VEGFASODN can be delivered into the

cultured and transplanted retinoblastoma cells efficiently by
G4PAMAM, suppress the expressions of VEGF mRNA and
protein, and reduce the MVD of tumor tissues. The
G4PAMAM/VEGFASODN complex has antitumor properties

and .
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INTRODUCTION

R etinoblastoma is the most common primary intraocular
malignancy in childhood. Although many treatment

modalities including plaque radiotherapy, external beam
radiotherapy (EBR), laser photocoagulation, cryotherapy,
thermotherapy, chemotherapy and enucleation are currently
available [1], finding a safer and more efficient treatment
modality remains a major challenge [2,3].
Angiogenesis is the essential process of new blood vessel
formation to support the tumor growth, development and
metastasis [4--7]. In 1971, Dr. Folkman proposed the
hypothesis that preventing or destroying the blood supply of
a tumour would block its development. It is now generally
accepted that angiogenesis is a rate-limiting process in tumor
growth [8]. Without new blood vessels formation to provide
nutrients and to remove catabolic products, tumor cells
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cannot sustain proliferation and thus are likely to remain
dormant [9, 10] and tumors cannot grow beyond 2mm3-3mm3

[11]. The understanding of the vital role of angiogenesis in
cancer growth and metastasis has led to immense interest in
research regarding its regulatory mechanisms and clinical
implications in the management of cancer patients in the
past three decades. Angiogenesis is a multi-factorial and
tightly controlled biological or pathological process
regulated by many pro- and anti-angiogenic factors and
many angiogenic regulators have been identified [12]. In
homeostatic conditions, there is very limited new blood
vessel growth in the majority of tissues due to the delicate
balance between angiogenic activators and inhibitors
secreted either by tumor cells or by cells of the tumor
microenvironment. However, angiogenesis is initiated when
there is a predominance of pro-angiogenic factors [13, 14] and
the point at which angiogenesis is triggered is termed as
angiogenic switch. So anti-angiogenic therapy may be a
promising strategy for cancer treatment due to the vital role
of angiogenesis in the process of occurrence, progression,
invasion and metastasis of malignant tumors.
VEGF is a primary promoter of both physiological and
pathological angiogenesis [15,16], which binds to VEGFR and
neuropilin (Nrp) and transmits proliferative signals to
downstream molecules. VEGF can stimulate proliferation
and migration and prevent apoptosis of endothelial cells,
regulate vascular permeability [17], enhance chemotaxis and
homing of bone marrow derived vascular precursor cells
(both endothelial cells and pericytes) [18,19]. In addition to
having pro-angiogenic effects, VEGF also has direct effects
on tumor cell survival, migration and invasion, and can also
suppress immune function [20]. Therefore, anti-VEGF strategy
is an attracting avenue of anti-angiogenic therapy. In fact,
anti-VEGF therapy has already showed anti-tumor effects [21-23].
Monoclonal antibodies targeted VEGF or VEGFR, VEGF
traps (genetically engineered VEGF-binding proteins) and
VEGF receptor protein-tyrosine kinase inhibitors are three
commonly used strategies to block VEGF function, but they
have only extracellular effects. Downregulation of VEGF
through gene therapy can take anti-VEGF effects both
intracellularly and extracellularly.
Antisense oligodeoxynucleotides (ASODN) are synthetic
single-stranded oligonucleotides designed to target the
complementary sequence in the target mRNA. Once
delivered into the cell, they hybridize to the mRNA by
Watson – Crick base pairing to specifically interfere with
gene expression and inhibit protein production. Although the
naked ASODN have demonstrated clinical efficacy
particularly in combination with conventional anticancer
agents [24], improvement of tumor-directed delivery and
cellular uptake remains crucial to completely translate the
concept of antisense gene therapy into clinical application.

Vectors play critical roles in gene therapy and the loading
capacity and transfection efficiency are the most crucial
characteristics of vectors. Viral vectors and non-viral vectors
are two mainly categories of gene delivery systems in
current use. As gene transferring vectors, though retro virus
possesses the characteristic of high transfection efficiency, it
can carry limited quantity of genes because of its small size.
Liposome can carry a larger amount of genes, but the
liposome gene delivery system is unstable and has poor
tissue specificity and relative low transfection efficiency.
Polyamidoamine (PAMAM) dendrimers (one type of
nanoparticles) belong to non-viral vectors and can be divided
into G0 (generation 0), G1, G2, until G11 PAMAM
according to the number of terminal amino groups [25]. They
are highly branched spherical macromolecules,
nonimmunogenic, and can mediate the delivery of
single-stranded and double-stranded, natural or synthetic
DNA or RNA [26]. The mechanisms by which dendrimers
efficiently transfer genes have been extensively explored [27, 28].
PAMAM dendrimers protect DNA by sterically blocking the
access of nucleolytic enzymes [29], which prolong the survival
time of DNA in the body. In contrast to the complexes of
other generations of PAMAM dendrimers and DNA,
G4PAMAM/DNA complex has advantages such as small
and uniform particle size, high stability, high transfection
efficiency and low toxicity [28-31].
MATERIALS AND METHODS
Preparation of transfection complex G4PAMAM colloid
(StarburstTM; Sigma Company) was dissolved in sterile
triple-distilled water in mass concentration of 10g/L. Seventy
seven milligrams VEGFASODN (5'-TGGCTTGAAGATG
TACTCGAT-3', phosphorothioate-modified; synthesized by
Beijing Aoke Inc.) was dissolved in sterile triple-distilled
water in mass concentration of 10g/L. The above two
solutions were incubated at room temperature for 10 minutes
and then mixed together at charge ratio of 1:40
(VEGFASODN to G4PAMAM). The mixture was incubated
at room temperature for 20 minutes and stored at 4℃ .
Seventy seven micrograms VEGFASODN and 0.5mL
Lipofectamine (Invitrigen Company) were combined and
incubated for 15 minutes at room temperature and stored
at 4℃ .
Detection of transfection efficiency SO-RB50
(Shanghai Institute of Chinese Academy of Sciences) cell
suspension (3 伊107/L, 500滋L) was seeded into a 24-well
plate and incubated at 37℃ overnight till the cells went into
the exponential growth phase. Eight groups, control
group, G4PAMAM group, Lipofectamine/VEGFASODN
group and five groups received different doses of
G4PAMAM/VEGFASODN (1, 3, 10, 30 and 100滋g in
VEGFASODN, respectively), were set up, with five wells in
each group for duplication validation. Serum-free RPMI
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1640 medium was replaced with standard medium 4 hours
later. Then the cells were digested with 2.5g/L trypsin after
incubation for 24 hours. After digestion was ended, the cell
suspension was centrifuged and the supernatant was
aspirated. After transfecting with fluorescein isothiocyanate
(FITC)-labelled VEGFASODN, the cellular uptake of
VEGFASODN was determined by flow cytometry (FCM).
The transfection experiment was carried out for three times.
MTT assay SO-RB50 cell suspension (5伊107/L, 200滋L)
was added to a 96-well plate and incubated at 37℃
overnight till the cells went into the exponential growth
phase. Eight groups, control group, G4PAMAM group,
Lipofectamine/VEGFASODN group and five groups
received different doses of G4PAMAM/VEGFASODN (1,
3, 10, 30 and 100滋g in VEGFASODN, respectively), were
set up, with five wells in each group for duplication
validation. Serum-free RPMI 1640 medium was replaced
with standard medium 4 hours later and the cells were
collected for MTT assay after incubation for 24 hours,
respectively. MTT (5g/L, 20滋L; Sigma Company) was
added to each well. The plate was incubated for another 4
hours and the supernatant was aspirated. The cells were
washed twice, added with 150滋L DMSO (Sigma Company)
and vibrated. Finally the absorbance values were read at
490nm with the multi-functional microplate test system and
the RGR was calculated according to the following formula:
Relative growth rate (RGR) (%) = E/ C 伊100%, where E

is the absorbance in experimental group and C is the
absorbance in control group.
Establishment of nude mice model of transplanted
retinoblastoma The animal research protocol was approved
by Animal Care and Use Committee of Xi'an Jiaotong
University. Each Balb/cnu-nu athymic mouse (Shanghai
Silaike Laboratory Animal Co. Ltd) was injected
subcutaneously in the right flank with 0.2mL cell suspension
containing a total of about 5伊106 SO-RB50 cells. The tumor
formation rate was 83.3% (25 of 30) two weeks after
inoculation. The tumor growth status was monitored every
other day. The tumor size was monitored and recorded and
the tumor volume was calculated according to the following
formula: volume = (length of short axis)2伊(length of long
axis) 伊0.5. In the fifth week after inoculation, when
subcutaneous nodules grew up to about 100mm3, one of the
tumor-bearing mice was randomly dismissed and the
remaining tumor-bearing mice were randomly divided into 4
groups, 6 mice per group and normal saline, G4PAMAM,
VEGFASODN (10mg/kg), and G4PAMAM/VEGFASODN
(10mg/kg in VEGFASODN), 200滋L each, were given by
intratumoral injection every other day for ten injections, the
tumor size was monitored and recorded for 4 weeks after
intervention and then animals were killed. Fresh tumor tissue
were dissected, placed in formalin and stored at -70℃ .

Detection of VEGF protein by Western blot VEGF
protein was detected by Western blot analysis with standard
protocol. Tumor tissues (100mg per mouse) were shredded
and placed on ice for 40 minutes in 0.5mL of ice-cold cell
lysis buffer. Shredded tissues were homogenized and
centrifuged at 14 000g for 10 minutes at 4℃ . The total
protein concentration in tissue homogenates was determined
with the BIO-RAD protein assay kit (BIO-RAD, USA) with
bovine serum albumin used as control. Proteins were
separated by 100g/L sodium dodecylsulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene difluoride (PVDF) membranes. The
membranes were preincubated with skimmed dry milk,
probed for VEGF and 茁2-MG and finally visualized by
enhanced chemiluminescence. The VEGF expression was
normalized against 茁2-MG expression and determined by
densitometry with three experiments.
RT-PCR analysis The total RNA was extracted with the
Trizol RNA extraction kit (Invitrigen Company). cDNA was
synthesized with reverse transcription kit (MBI Company)
according to the manufacturer's guidelines. cDNA was
amplified with specific primers for VEGF (sense, 5'-AGGC
GAGGCAGCTTGAGTTA-3'; antisense, 5'-AGGAAGA GG
AGACTCTGCGC-3'), and 茁2-MG was used as internal
control. PCR was carried out under the following conditions:
denaturized at 94℃ for 30 seconds, annealed at 55℃ for 30
seconds, and extended at 72℃ for 60 seconds. The PCR
products were separated in 20g/L agarose gel stained with
ethidium bromide (0.5g/L), and photographed. The band
intensities were quantified by Quantity One Analysis
System. Results were shown by grey degree ratios of VEGF
to 茁2-MG.
Determination of MVD by IHC staining Paraffin
imbedded sections were dewaxed, hydrated, blocked,
incubated with 50滋L rat antihuman CD34 monoclonal
antibody (Beijing Zhongshan Jinqiao Co. Ltd) at 37℃ for
one hour and washed, and then incubated with 40滋L-50滋L
biotin-labeled goat anti-rat IgG (Beijing Zhongshan Jinqiao
Co. Ltd) at 37℃ for one hour and washed. DAB was added
to develop color and the response was observed by
microscope. The nuclei were counterstained mildly by
hematoxylin. Finally the sections were dehydrated by
ethanol, exposed to xylene and mounted by neutral resin.
Microvessels were counted with a light microscope. The
areas containing the greatest number of microvessels,
namely 'hot spots', were identified at low magnification
(40伊) and the microvessels in the hot spots were counted at
100 伊 magnification. A single, countable microvessel was
defined as any vessel with lumen and endothelial cells or
endothelial cell cluster brown-stained. The MVD of each
tissue was measured in three distinct fields per hot spot. The
MVD was expressed as the mean依SD for each group, under
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the observations of two readers.
Statistical Analysis All of the data was processed with
SPSS 16.0 statistical analysis software and expressed in
mean 依 standard deviation (SD) manner. Single-factor
analysis of variance was used to compare among the groups
and the test level was 琢=0.05.
RESULTS
G4PAMAM/VEGFASODN exhibited a high transfection
rate The transfection rates of each group were
detected by FCM 24 hours after transfection with
FITC-labelled VEGFASODN. It was found that the
transfection rates of different doses of G4PAMAM/
VEGFASODN groups and the Lipofectamine/VEGFASODN
group were higher than those of the other groups (47.31依
2.16%, 76.69依3.61%, 92.01依3.76%, 94.87依2.93%, 96.92依

2.32% and 75.76依3.44% 0.79依0.08% and 0.71依0.05%, <
0.05), the transfection rates of several G4PAMAM/
VEGFASODN groups (10滋g, 30滋g and 100滋g in
VEGFASODN) were higher than that of the
Lipofectamine/VEGFASODN group (92.01依3.76%, 94.87依
2.93% and 96.92依2.32% 75.76依3.44%, <0.05), and the
transfection rates of different doses of G4PAMAM/
VEGFASODN groups increased with higher doses (Figure 1).
Cell viability suppressed by G4PAMAM/VEGFASODN
The cell viability was determined by MTT assay. The results
showed that the RGR of cells in different doses of
G4PAMAM/VEGFASODN groups and the Lipofectamine/
VEGFASODN group were lower than those of the other
groups (72.40依6.94%, 42.72依4.46%, 24.39依2.07%, 21.15依
2.01% and 19.23依1.99% 98.60依1.30% and 100.00%, <

Figure 1 Transfection rates of different groups. G4PAMAM/VEGFASODN exhibited a high transfection rate , and the
transfection rates of different doses of G4PAMAM/VEGFASODN groups increased with higher doses A: Control group; B:
G4PAMAM group; C: Lipofectamine/VEGFASODN group; D: G4PAMAM/VEGFASODN group (1滋g in VEGFASODN); E:
G4PAMAM/VEGFASODN group (3滋g in VEGFASODN); F: G4PAMAM/VEGFASODN group (10滋g in VEGFASODN); G:
G4PAMAM/VEGFASODN group (30滋g in VEGFASODN); H: G4PAMAM/VEGFASODN group (100滋g in VEGFASODN). a < 0.05
control; c <0.05 Lipofectamine/VEGFASODN; e > 0.05 G4PAMAM/VEGFASODN (10滋g in VEGFASODN).
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0.05). The RGR of cells in several G4PAMAM/VEGFASODN
groups (10, 30 and 100滋g in VEGFASODN) were lower
than that of the Lipofectamine/VEGFASODN group (24.39依
2.07%, 21.15依2.01% and 19.23依1.99% 48.69依3.12%, <
0.05), and the suppression on cell viability caused by
G4PAMAM/VEGFASODN was dose-dependent (Figure 2).
Inhibition of tumor growth in nude mice model The
nude mouse model of transplanted retinoblastoma was
established and the tumor-bearing mice were photographed
immediately after sacrificed (Figure 3). The nude mice were
observed every 2 other days and the tumor growth curves of
nude mice were drawn (Figure 4). It was found that the
tumor growth in G4PAMAM/VEGFASODN group and
VEGFASODN group were markedly retarded than those in
other groups ( <0.05), and G4PAMAM/VEGFASODN had
a stronger inhibitory effect than VEGFASODN ( <0.05).
VEGF mRNA expression suppressed by G4PAMAM/
VEGFASODN The results of reverse transcriptive PCR
showed that there were specific 541bp VEGF mRNA bands
and 408bp 茁2-MG bands in each group, which verified the
quality of the template and the accuracy and specificity of
primers (Figure 5). It could be seen that the VEGF mRNA of
the G4PAMAM/VEGFASODN group and the
VEGFASODN group were lower than those of the normal
saline group and the G4PAMAM group (0.3619依0.0347 and
0.5962依0.0477 0.8310依0.0750 and 0.8298依0.0736, <
0.05). The VEGF mRNA of the G4PAMAM/VEGFASODN
group was lower than that of the VEGFASODN group
(0.3619依0.0347 0.5962依0.0477, <0.05).
VEGF protein expression down regulated by
G4PAMAM/VEGFASODN The protein expression levels
of VEGF and the endogenous control, 茁2-MG, were detected
by Western blot (Figure 6). The results showed that the
expressionofVEGFproteinof the G4PAMAM/VEGFASODN
group and the VEGFASODN group were lower than that of
the normal saline group and the G4PAMAM group (0.3671依
0.0352 and 0.5923依0.0488 0.9070依0.0756 and 0.8763依
0.0728, <0.05), and VEGF protein of the G4PAMAM/
VEGFASODN group was lower than that of the
VEGFASODN group (0.3671依0.0352 0.5923依0.0488,

<0.05).
MVD decreased by G4PAMAM/VEGFASODN The
microvessel in tumor tissue was marked with CD34 by IHC
staining and counted with a light microscope (Figure 7). The
MVD of the G4PAMAM/VEGFASODN group and the
VEGFASODN group were lower than those of the normal
saline group and the G4PAMAM group (6.5860依0.5766 and
10.5000依0.8163 15.4320依1.2039 and 14.9760依1.0668, <
0.05), and the MVD of the G4PAMAM/VEGFASODN
group was lower than that of the VEGFASODN group
(6.5860依0.5766 10.5000依0.8163, <0.05).

Figure 2 Cell viability of different groups. G4PAMAM/
VEGFASODN decreased the RGR of cells and the suppression
on cell viability was dose -dependent A: Control group; B:
G4PAMAM group; C: Lipofectamine/VEGFASODN group; D:
G4PAMAM/VEGFASODN group (1滋g in VEGFASODN); E:
G4PAMAM/VEGFASODN group (3滋g in VEGFASODN); F:
G4PAMAM/VEGFASODN group (10滋g in VEGFASODN); G:
G4PAMAM/VEGFASODN group (30滋g in VEGFASODN); H:
G4PAMAM/VEGFASODN group (100滋g in VEGFASODN). a <
0.05 control; c <0.05 Lipofectamine/VEGFASODN; e >0.05

G4PAMAM/VEGFASODN (10滋g in VEGFASODN).

Figure 3 Xenograft tumors of different groups (The pictures
were taken immediately after the mice were sacrificed) A:
Normal saline group; B, G4PAMAM group; C: VEGFASODN
group; D: G4PAMAM/VEGFASODN group.
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Figure 4 Tumor growth curves of different groups. The tumor
growth in G4PAMAM/VEGFASODN group and VEGFASODN
group were markedly retarded than those in other groups ( <
0.05), and G4PAMAM/VEGFASODN had a stronger inhibitory
effect than VEGFASODN ( <0.05) A: Normal saline group; B:
G4PAMAM group; C: VEGFASODN group; D: G4PAMAM/
VEGFASODN group.

Figure 5 Expression of VEGF mRNA. G4PAMAM/
VEGFASODN suppressed the expression of VEGF mRNA M:
Marker; A: Normal saline group; B: G4PAMAM group; C:
VEGFASODN group; D: G4PAMAM/VEGFASODN group.
a <0.05 normal saline; c <0.05 VEGFASODN.

DISCUSSION
In this study, we synthesized G4PAMAM/VEGFASODN
and evaluated its transfection efficiency . It was
found that VEGFASODN was successfully transfected into

SO-RB50 cells mediated by G4PAMAM dendrimers and the
transfection rates of different doses of G4PAMAM/
VEGFASODN groups increased with higher doses. The
enhanced transfection rate of nucleic acids through PAMAM

Figure 7 MVD of different groups. G4PAMAM/VEGFASODN
decreased the level of MVD A: Normal saline group; B:
G4PAMAM group; C: VEGFASODN group; D: G4PAMAM/
VEGFASODN group. a <0.05 normal saline; c <0.05
VEGFASODN.

Figure 6 Expression of VEGF protein. G4PAMAM/
VEGFASODN inhibited the expression of VEGF
protein A: Normal saline group; B: G4PAMAM group; C:
VEGFASODN group; D:G4PAMAM/VEGFASODN group.
a <0.05 normal saline; c <0.05 VEGFASODN.
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can be ascribed to high ability to condense nucleic acids
(due to high densities of periphery amines of the PAMAM
molecule) and multiple internalization routes [32]. And then it
was confirmed that G4PAMAM/VEGFASODN inhibited the
growth of cultured human retinoblastoma SO-RB50 cells
with MTT assay. G4PAMAM/ VEGFASODN had the best
inhibitory effect and the inhibitory effect was
dose-depended. The experiments showed that
VEGFASODN was delivered into cultured cells efficiently
by G4PAMAM and inhibited cell viability. These results are
in line with our previous study in which an inhibitory effect
on cultured breast cancer cells was observed after
G4PAMAM/ VEGFASODN was administered [33].
To further study the effects of G4PAMAM/
VEGFASODN on tumor, mouse tumor xenograft model of
human retinoblastoma cell line SO-RB50 was established,
then different interventions were administered by
intratumoral injection and the tumor growth in mice was
monitored, finally the expression of VEGF mRNA and
VEGF protein, and MVD in the tumor tissue of each group
were detected. The results demonstrated that the tumor
growth of G4PAMAM/VEGFASODN group was slower
than those of the other groups. Although the tumor growth of
VEGFASODN group was slower than those of the normal
saline group and G4PAMAM group, it was faster than that
of the G4PAMAM/VEGFASODN group. The VEGF
mRNA and protein and MVD levels of G4PAMAM/
VEGFASODN group were significantly lower than those of
VEGFASODN group, G4PAMAM group and normal saline
group. These results are in consistent with those of the
previous study that, after administration of chemically
synthesized VEGF siRNA, a decrease of VEGF expression,
MVD and tumor growth was observed [34]. These effects
could be explained that, when introduced into the tumor
cells in the body, G4PAMAM/VEGFASODN could
targetedly inhibit the expression of VEGF in the tumor cells,
thereby reduce the angiogenesis and subsequently slow the
growth of the tumor.
In summary, our study showed that G4PAMAM/
VEGFASODN suppressed the proliferation of retino-
blastoma (SO-RB50) cells, reduced VEGF mRNA and
VEGF protein expression, inhibited tumor angiogenesis, and
consequently restrained tumor growth in retinoblastoma
bearing mice. A new strategy of gene therapy targeting
VEGF has been proposed.
However, it is known that tumor development is a
multi-factor regulated and multi-step process. Though
inhibition of VEGF alone can decrease angiogenesis and
retard tumor growth, the combining inhibition of VEGF and

other pro-angiogenic or pro-proliferative molecules has been
confirmed to have much more better antitumor effect.
Further studies should be focused on the blockade of
multi-target or multi-signaling pathway to acquire enhanced
antitumor effect in the future.
Acknowledgments: We are deeply grateful to Dr. Xiao-Bing
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