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Treatment with Tie2-siRNA in combination with
carboplatin suppresses the growth of Ishikawa human
endometrial carcinoma cell xenografts in vivo
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Abstract. It is well-known that tumor angiogenesis is important
in cancer development, and studies on blocking angiogenesis to
treat tumors have become one of the most promising and active
fields in anticancer research. The present study investigated the
effect of siRNA targeting the tyrosine kinase receptor 2 (Tie2)
gene in combination with carboplatin in a mouse model of endo-
metrial carcinoma in an attempt to elucidate the role of Tie2 in
the carcinogenesis and progression of endometrial carcinoma
via angiogenesis, in order to establish a basis for the development
of complementary molecule targeting and chemotherapeutic
actions. Ishikawa cells were used to establish a human endo-
metrial carcinoma nude mouse tumor xenograft model.
Tie2-siRNA (20 ug/mouse) and/or carboplatin (25.0 mg-kg™)
were administered as the treatment strategy. Real-time PCR and
western blotting were used to evaluate the expression levels of
Tie2 mRNA and protein and immunohistochemistry was used
to assess the vessel density of the tumor tissues. The present data
demonstrated that Tie2-siRNA and/or carboplatin were able
to suppress the growth of endometrial xenografts in vivo and
attenuate the expression of Tie2 mRNA and protein, as assessed
by real-time PCR and western blotting. Furthermore, immuno-
histochemical assessment showed that the vessel density of the
tumors decreased with treatment. The present results suggest
that treatment with Tie2-siRNA or carboplatin alone was able
to inhibit the growth of human endometrial carcinoma nude
mouse xenografts markedly and decrease the expression of Tie2.
The combination of Tie2-siRNA and carboplatin increased
the therapeutic effect of carboplatin which may eliminate the
tumor microenvironment, increase the apoptosis of tumor
cells, normalize the abnormal tumor vessels and increase the
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efficiency of chemotherapy for endometrial carcinoma with
carboplatin. The synergy of Tie2-siRNA in combination with
carboplatin may involve the regulation of other angiogenesis
and metastasis pathways.

Introduction

Endometrial carcinoma affects older females, with ~75% of the
cases occurring after the onset of the menopause, and is the third
most common gynecological malignant tumor. Its incidence has
increased markedly and it is estimated that ~43,470 new cases
of endometrial carcinoma were diagnosed and 7,950 mortalities
occurred in the USA in 2010 (1,2). Surgery, chemotherapy and
radiation approaches (3,4) have been established for the treat-
ment of endometrial carcinoma. However, the recurrent cases
that have acquired radio- or chemoresistance pose a major chal-
lenge for healthcare professionals. It is therefore necessary to
identify new, effective and comprehensive treatments.

Angiogenesis is a physiological process that normally
occurs in fetal development, wound healing and in the female
reproductive tract. It has been reported that the growth of new
blood vessels has pathological and beneficial roles in human
diseases and the growth of tumors also relies on adequate blood
supplies. Angiogenesis is considered to be crucial for tumor
malignant biological characteristics, such as invasion, recur-
rence and metastasis (2,5) and its importance in solid tumor
growth and metastasis has been widely recognized by multiple
studies. Studies concerning blocking angiogenesis to treat
tumors have drawn much attention and become one of the most
promising and active fields in anticancer research (6-9). The
present study investigated the effect of siRNA targeted against
the tyrosine kinase receptor 2 (Tie2) gene in combination with
carboplatin in a mouse model of endometrial carcinoma in
an attempt to elucidate the role of Tie2 in the carcinogenesis
and progression of endometrial carcinoma via angiogenesis, in
order to establish a basis for the development of complementary
molecule targeting and chemotherapeutic actions.

Materials and methods

Cell culture. Ishikawa cells, a human endometrial carcinoma
cell line, were generously provided as a gift by Professor
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L.H. Wei (Peking University People's Hospital, Beijing, China)
and cultured in a-Modified Eagle's medium (a-MEM; Gibco,
Carlsbad, CA, USA) supplemented with 10% heat-inactived
fetal bovine serum (FBS, Gibco), penicillin (100 TU/ml) and
streptomycin (100 xg/ml). All cultures were incubated in a
5% CO, humidified incubator at 37°C and experiments were
performed using subconfluent cells in the exponential growth
phase.

Nude mouse tumor xenograft model. The animal care
procedures conformed with the institutional guidelines in
compliance with the national and international laws and poli-
cies. Female 3-4-week-old athymic nude mice (BALB/c-nu/nu;
n=25), obtained from Shanghai Animal Center (Shanghai,
China), were used for all experiments. The mice were housed
and maintained in laminar flow cabinets under specific
pathogen-free conditions.

Following the construction of the nude mouse tumor xeno-
graft model with Ishikawa cells, all the injected nude mice with
tumors were randomly divided into five groups, with five mice
in each group as follows, when the volume of the xenografts
reached 50 mm® (~2 weeks): i) blank (5% glucose; G) group;
ii) PRNAT-CMV3.2-Neo carrying negative siRNA (N) group;
iii) carboplatin (C) group; iv) pPRNAT-CMV3.2-Neo carrying
Tie2-siRNA (T) group; v) Tie2-siRNA in combination
with carboplatin (A) group. The five groups received intra-
tumor injections of 5% glucose (0.2 ml'mouse™), N-siRNA
(20 pgrmouse™), carboplatin (25.0 mgkg™', 5% glucose
dilution), Tie2-siRNA (20 pg-mouse”) and Tie2-siRNA
(20 ug'mouse™) in combination with carboplatin (25.0 mgkg™,
5% glucose dilution), respectively, every three days for five
cycles. The grafts were measured with a sliding caliper and
the tumor sizes were caculated using the equation: tumor size
=[length (mm) x width (mm)?] / 2. The inhibitory rates of the
primary tumors were calculated as: (Tumor size,, . - tumor
S1Z€ eqtmend) / tUMOT SiZe ..o X100. All mice were sacrificed
following the last administration.

Real-time PCR assay. The total RNA was isolated from the
tumor tissue samples using TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) and the amount and purity of the extracted RNA was
quantitated by absorbance analysis at 260 nm using an Eppendorf
biophotometer (Hamburg, Germany). The total RNA was reverse
transcribed using murine leukemia virus reverse transcriptase
(Takara, Otsu, Japan). GAPDH primer was used as an internal
standard. PCR reactions were performed using the SYBR
PrimeScript RT-PCR kit (Takara) and the following primers:
for Tie2: forward, 5-GTTCTGTCTCCCTGACCCCTAT-3'
and reverse, 5S"TAAGCTTACAATCTGGCCCGTA-3"; and for
GAPDH, forward, 5-ATTCCATGGCACCGTCAAGGCTG-3'
and reverse, 5'-GTGGTGAAGACGCCAGTGGACT-3". To
ensure the specificity of the Tie2 primer set, the amplicons
generated from the PCR reactions were evaluated in terms of
specific melting point temperatures using the first derivative
primer melting curve software (Applied Biosystems, Foster
City, CA, USA). The expression level of Tie2 mRNA was
normalized to the expression of the control gene GAPDH and
the relative quantification of Tie2 mRNA was performed using
the comparative cycle threshold method (2-4°T) (10). All PCR
experiments were repeated three times.
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Western blot analysis. The tumor tissue samples were homog-
enized in RIPA buffer with a protease and phosphatase cocktail
(Roche, Mannheim, Germany). The proteins underwent 10%
SDS-PAGE and were then transferred onto nitrocellulose
membranes (Millipore, Billerica, MA, USA). After incubation
with the primary antibody (1:1,000; CST) at 4°C overnight, the
membranes were washed with Tris-buffered saline Tween-20
(TBST), then incubated with a goat anti-mouse-HRP
secondary antibody (1:5,000 dilution, Abcam, Cambridge,
MA, USA) and visualized using ECL chemoluminescence
(Millipore). GAPDH (Abcam) was used as an internal stan-
dard. The relative intensity of the target blots was analyzed
using Quantity One software (Bio-Rad, Hercules, CA, USA).

Immunohistochemical assessment of vessel density. The tumor
tissues were paraffin-embedded and sectioned (4-ym thickness)
after being fixed in formalin for 24 h. The slides were deparaf-
fined and microwaved at 98°C for 10 min in citrate buffer, then
rehydrated through descending grades of ethanol. Endogenous
peroxidase activity was quenched by immersion in 3% H,0, for
10 min. The sections were then blocked with 10% FBS (Gibco)
and incubated with appropriately diluted (1:150) rabbit CD34
monoclonal antibody (one type of blood vessel marker; Abcam)
at 4°C overnight. The primary antibody was removed and
washed with TBS and FITC-conjugated goat-anti-rabbit IgG
antibody (Zhongshan Bio-tech Co., Ltd., Zhongshan, China)
was then added, incubated at 37°C for 30 min. The sections
were then visualized using DAB coloration fluid (Zhongshan
Bio-tech Co., Ltd.). Finally, the sections were stained with
hematoxylin and washed with distilled water. Quantification
of blood vessels was performed as described previously (11).
A negative control was included for each tissue section by
substituting the primary antibody for a matching concentration
of goat or rabbit IgG.

The brown-stained single endothelial cell or cell clusters
distinct from adjacent microvessels, tumor cells or other
stromal cells were considered as single countable microves-
sels. The areas with the highest microvessel density (MVD)
were identified in a low-power field (magnification, x100) and
vessels were counted in five high-power fields (magnification,
x200). The average numbers of microvessels were presented
as the mean + SEM. To minimize subjectivity, the process was
performed by blinded pathologists.

Statistical analysis. All values were presented as the
mean + SEM and analyzed for significance by one-way anal-
ysis of variance (ANOVA). The SPSS 16 statistical software
(SPSS, Chicago, IL, USA) was used for the analyses. P<0.05
was considered to indicate statistically significant differences.

Results

Difference in tumor growth following treatment with
Tie2-siRNA and/or carboplatin. The effect of Tie2 gene
silencing with or without carboplatin was investigated in the
Ishikawa cell tumor xenograft model in vivo. The control and
experimental mice developed tumors at the site of injection.
Typically, 10-14 days were required after cell transplanta-
tion for the volume of the xenograft to reach 100 mm?®. The
representative images of mice (outline with arrow, Fig. 1A)
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Figure 1. Tie2-siRNA and/or carboplatin affects tumor growth in vivo. (A) Macroscopic appearance of tumors in nude mice 30 days after the transplantation of
human endometrial carcinoma Ishikawa cells. Arrows outline the representative tumors in the right scapular region of the mice. (B) Images of representative
excised tumors from each group. (C) Tumor volumes were averaged for each treatment group and time point over the course of the study. (D) Final tumor
volumes of the isolated tumors were averaged for each group (mean + SEM). The tumor volumes of mice treated with of carboplatin, Tie2-siRNA and the
combined administration were significantly different, compared with the G or N group, beginning at the third treatment and continuing to be significant
throughout the study (P<0.05 respectively). *Compared with G group, there was a statistically significant difference; "Compared with N group, there was a
statistically significant difference; “Compared with C group, there was a statistically significant difference; ‘Compared with T group, there was a statistically
significant difference. Tie2, tyrosine kinase receptor 2; G, glucose treatment; N, pRNAT-CMV3.2-Neo carrying negative siRNA treatment; C, carboplatin
treatment; T, pPRNAT-CMV3.2-Neo carrying Tie2-siRNA treatment; A, Tie2-siRNA in combination with carboplatin treatment.

and excised tumors (Fig. 1B) from each group are shown in
Fig. 1A and B. The mice which received intratumor treatment
with carboplatin, Tie2-siRNA and combined therapy exhib-
ited reductions in tumor size in comparison with the G or N
group mice. The treatment had significant effects on tumor
growth beginning on the second treatment and continued
to be significant throughout the study (Fig. 1C). During the
treatment period, the tumor growth curves were essentially
the same in the G and N group mice (Fig. 1C). However,
while carboplatin and Tie2-siRNA significantly slowed
tumor growth (Fig. 1C), the combination of carboplatin and
Tie2-siRNA resulted in a greater retardation of tumor growth
than single administrations (Fig. 1C). The final average tumor
volumes were smaller in the carboplatin (332.99+73.91 mm?®),
Tie2-siRNA (392.78+81.74 mm?®) and combined admin-
istration (70.11£22.09 mm?®) groups than those in the G

(909.05+73.42 mm?) or N (937.65+103.09 mm?®) groups, and
the differences were statistically significant (Fig. 1D). The
combined administration was significantly different compared
with the carboplatin and Tie2-siRNA groups (Fig. 1D). The
mean tumor inhibition rates in the carboplatin, Tie2-siRNA
and combined administration groups were 62.91+4.50,
75.18+8.39 and 85.93+5.35%, respectively compared with
those of the G and N (0.8+5.86%) groups, and the differences
were statistically significant.

Difference in Tie2 mRNA expression following treatment
with Tie2-siRNA and/or carboplatin. The antitumor treatment
had significant effects on tumor growth in the present study
and subsequently Tie2 gene expression was investigated by
real-time PCR. The amount of Tie2 mRNA was normalized to
the expression of the control gene GAPDH and relative quanti-
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Figure 2. Tie2-siRNA and/or carboplatin decreases Tie2 expression in the tumor tissues of the groups. (A) Total RNA was isolated from tumor tissues and
relative Tie2 mRNA expression was analyzed with real-time PCR. (B) Western blot analysis of Tie2 protein expression in five groups and (C) quantification
of relative Tie2 protein expression tumor tissues of every group (P<0.05). ‘Compared with G group, there was a statistically significant difference; "Compared
with N group, there was a statistically significant difference; ‘Compared with C group, there was a statistically significant difference; ‘Compared with T group,
there was a statistically significant difference. Tie2, tyrosine kinase receptor 2; G, glucose treatment; N, pPRNAT-CMV3.2-Neo carrying negative siRNA

treatment; C, carboplatin treatment; T, pPRNAT-CMV3.2-Neo carrying Tie2-siRNA treatment; A, Tie2-siRNA in combination with carboplatin treatment.
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Figure 3. Inhibition of tumor angiogenesis following treatment. (A) Immunohistochemical staining of tumor xenografts probed with anti-CD34 antibody
after adminastration to visualize endothelial cells and tumor vascular formation. The images of the microvessel density and vessel characteristics of the
treatment groups are shown (magnification, x200). (B) Results of immunohistochemical staining. The densitiy of tumor vessels were lower in the carboplatin,
Tie2-siRNA and the combined administration groups than those in the G and N groups (P<0.05). The combined administration group showed the greatest
reduction in the number of tumor vessels and the reduction was significantly different compared with the other groups (P<0.05). *Compared with G group,
there was a statistically significant difference; "Compared with N group, there was a statistically significant difference; ‘Compared with C group, there was
a statistically significant difference; ‘Compared with T group, there was a statistically significant difference. Tie2, tyrosine kinase receptor 2; G, glucose
treatment; N, pPRNAT-CMV3.2-Neo carrying negative siRNA treatment; C, carboplatin treatment; T, pPRNAT-CMV3.2-Neo carrying Tie2-siRNA treatment;
A, Tie2-siRNA in combination with carboplatin treatment.

fication was performed using the 2"**“T method. The expression
of Tie2 mRNA was significantly reduced following treatment

levels in the present treatment groups was investigated next.
Xenograft homogenates were analyzed by western blotting

with carboplatin (0.36+0.23), Tie2-siRNA (0.22+0.14) and the
combined administration of the two (0.13+0.05) compared
with the G (1.00+0.00) or N (1.01+0.67) groups. Compared
with the administration of carboplatin or Tie2-siRNA alone,
the reduction of Tie2 mRNA expression level in the the

combined administration group was statistically significant
(P<0.05; Fig. 2A).

Difference in expression level of Tie2 protein following
treatment with Tie2-siRNA and/or carboplatin. Since
the expression of Tie2 mRNA was significantly reduced
following treatment with Tie2-siRNA and/or carboplatin,
the effects of this treatment on Tie2 protein expression

and probed with anti-Tie2 antibody and GAPDH was used
as a loading control. The results of the blotting revealed that
the Tie2 protein levels were significantly reduced in the C
(0.805+0.085), T (0.670+0.109) and A (0.590+0.135) groups
compared with the G (1.059+0.085) or N (1.018+0.069) groups
(Fig. 2B and C). The protein level in the A group exhibited
the most marked reduction and was significantly different
compared with treatment using carboplatin or Tie2-siRNA
alone (P<0.05). Taken together with the real-time PCR data,
it may be suggested that silencing the Tie2 gene enhances the
the antitumor activity of carboplatin. This may be through
the normalization of tumor vessels during the chemotherapy
period.
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Differences in tumor vascularity following treatment with
Tie2-siRNA and/or carboplatin. The growth of new blood
vessels has an important role in tumor progression. To deter-
mine whether Tie2 siRNA-mediated downregulation of Tie2
was involved in the inhibition of angiogenesis, the density
of tumor vessels was investigated by immunohistochemical
assessment and probed with anti-CD34 antibody. The expres-
sion of CD34 in the tumor tissues of T (27.60+4.56) group, C
(35.80+2.17) and A (15.40+2.07) group was poor, but was high
in the G (49.80+4.44) and N groups (48.80+5.81). Microvessel
counting showed that the MVD was higher in the G and N
groups compared with the T group (Fig. 3A).

Discussion

Angiogenesis is a key element for the development of tumors
as it provides new blood supplies and subsequently allows
malignant progression. This suggests a new strategy for the
treatment of carcinoma. The critical role of angiogenesis in
ovarian and endometrial function has been demonstrated previ-
ously (12). During tumor angiogenesis, vascular quiescence
and stabilization are regulated by different signal molecules.
It is generally accepted that tumor angiogenesis is the result of
unbalanced expression of angiogenic factors.

Angiogenesis also involves an extremely complicated
network and is modulated by numerous growth factors. Vascular
endothelial growth factor (VEGF), expressed predominantly on
vascular endothelial cells, is one of the most important regulators
of vascularization and an attractive target for anti-angiogenic
therapy. VEGF is the most importaint angiogenic regulator
that increases vascular permeability and promotes endothelial
proliferation (12). Agents such as endostatin and anti-VEGF
antibodies that inhibit the VEGF receptor have been developed
and may result in effective inhibition of solid tumor growth
in vivo (13-16). However, VEGF-targeted therapy is restricted
by its transient responses in the clinic due to drug resistance
and it has been reported that the agents were not effective for
all tumor types, indicating that blocking VEGF activation alone
may not be sufficient to completely halt tumor angiogenesis,
since angiopoietin and other factors are also involved.

Tie and angiopoietin (Ang) are involved in another signaling
system which is not only crucial for angiogenesis and vascular
homeostasis, but is also vital in the progression of numerous
types of cancer (17-19). Angl is produced by pericytes and other
cells, whereas Ang2 and Tie2 are expressed mainly on endothe-
lial cells. Tie2 was originally identified as the second member
of an orphan RTK subfamily and is an Ang-specific receptor
with a critical role in the modulation of vascular generation and
remodeling (20-22). It has been reported that Tie2 is critical
in tumor-induced angiogenesis (23). The suppression of Tie2
signaling caused by the use of specific blocking agents may be
able to suppress the growth of tumors and several studies have
shown that interfering with the Tie2 receptor pathway resulted
in the inhibition of tumor angiogenesis and growth (24-27). The
expression of Tie2 in tumor vessels may also indicate a role for
Tie2 in tumor angiogenesis and the pathological angiogenesis
contributing to the progression of diseases. Thus this strategy
may be used for anti-angiogenesis treatment in anticancer
therapy. The Tie/Ang system is important for endometrial vessel
development during the postovulatory phase and has a critical
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association with the initiation of endometrial diseases. Thus the
potential for inhibiting angiogenesis is likely to have implica-
tions for the treatment of endometrial cancer.

Chemotherapy is an important and complementary treatment
for advanced and recurrent patients with endometrial cancer and
platinum-based chemotherapy has been an important treatment
for these patients. Carboplatin is cis-diammine (1,1-cyclobu-
tanedicarboxylate) platinum which has an effective activity
against human tumors. It has little renal toxicity, ototoxicity or
neurotoxicity compared with cisplatin in clinical studies. Early
studies have shown that carboplatin acts through the inhibition
of DNA replication and transcription and by shielding the repair
of damaged DNA. However, the mechanisms of carboplatin
action may be more complicated, and research concerning the
anticancer mechanism of carboplatin is scarce.

The present study aimed to elucidate the role of Tie2 in
the carcinogenesis and progression of endometrial carcinoma
via angiogenesis, with a focus on establishing a basis for the
development of complementary molecule targeting action. The
experiments showed that the treatment of endometrial caci-
noma in nude mice with carboplatin and Tie2-siRNA, alone
or in combination, resulted in delays in tumor growth and
reductions in tumor size and vascularity (Figs. 1 and 3). Tie2
expression was significantly silenced in the tumor tissues of
the combined therapy, Tie2-siRNA and carboplatin treatment
groups, which was consistent with previous studies (28). This
may indicate that Tie2 is important in the carcinogenesis and
progression of cancer via angiogenesis.

Itis well known that tumor vessels are structurally and func-
tionally abnormal. Tumor vessels may be tortuous and leaky,
lacking the hierarchical arrangement of arterioles, capillaries
and venules and existing in a constantly dynamic state, which
becomes increasingly resistent to conventional chemotherapy
due to the slow proliferation of cells (29). The vessel number
and normalized tumor vessels are enough to maintain tumor
growth (20). Current anticancer therapies use normalized
tumor vessels to deliver chemotherapeutics or other cancer
cell-targeting drugs more efficiently (30). In the present study,
during the combined administration, the expression of Tie2
was silenced first in order to normalize the tumor vascularity,
followed by the administration of the chemotherapeutic drug
carboplatin, so carboplatin was able to affect all areas of the
tumors. The combined administration exhibited more notice-
able effects in delaying tumor growth and reducing tumor size
and vascularity compared with carboplatin or Tie2-siRNA
administration alone, and the difference was significant. This
was in accordance with previous studies (31) and also showed
arole for Tie2 in tumor angiogenesis.

The growth and maintenance of tumor blood vessels
depend on multiple growth factors. Making use of the effect of
the interplay among the growth factors is required in order to
advance growth factor-targeted cancer therapies. Thus, agents
that block multiple angiogenesis targets are being developed
for the treatment of tumors. In the present study, a nude mouse
endometrial carcinoma model was successfully constructed
and the critical role of the Tie2 gene in tumor angiogenesis and
endometrial carcinoma was demonstrated. It is the first time
that the inhibition of the Tie2 gene has been used in combina-
tion with carboplatin to suppress tumor growth in endometrial
carcinoma by interrupting tumor angiogenesis in xenograft
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models. The present findings revealed that local administra-
tion of Tie2-siRNA is able to mediate effective knockdown of
the target protein and suppress tumor growth in vivo. Together
with the other results of the present study, this may suggest that
intratumor injections of pPRNAT-CMV3.2-Tie2 may silence the
expression of Tie2, subsequently eliminate the tumor angio-
genesis and metastasis pathway regulated by Tie2 and increase
the efficiency of chemotherapy for endometrial carcinoma
using carboplatin. However, siRNAs are not an optimal treat-
ment due to their short half lives and transient effects (32,33).
Other anti-Tie2 treatment modalities more suitable for therapy,
such as modified RNAIi or an antibody, should be developed
in the future. At present, little is known with regard to the
abnormal stucture and function and the hierarchical arrange-
ment of arterioles, capillaries and venules of tumor vessels.
Microangiography may be useful for structural and functional
studies of tumor vessels in future. In summary, the findings
of the present study reveal a new direction for the rational
design and scheduling of siRNA-based molecular targeting
therapeutic strategies in combination with anti-angiogenic
drugs and/or other therapies.
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