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A B S T R A C T

Aims: To investigate the antitumor effect of 7-O-geranylquercetin (GQ) combining with survivin siRNA (siSuvi)
or IL-10 siRNA (siIL-10) to breast cancer.
Main methods: Xenograft tumor model was established by subcutaneously inoculating human breast cancer
MCF-7 cells in BALB/c nude mice. Transfection efficiency of siRNA mediated by cationic liposome CDO14 in
MCF-7 cells and tumor bearing mice was measured by flow cytometer and living imaging sysytem, respectively.
Cell viability was detected using CCK-8 assay. Cell apoptosis was determined by Hoechst33342 staining and AV-
PI staining. Tumors bearing mice were administered with GQ by gavage, and/or with liposome CDO14 mediated
siRNAs via tail intravenous injection. Expression levels of proteins and cytokines were detected by western blot
and ELISA, respectively.
Key findings: Liposome CDO14 could deliver siRNA to tumor effectively. Combination of GQ and siSuvi pro-
moted the antiproliferation and pro-apoptosis effects of GQ or siSuvi to MCF-7 cells, and reduced the level of
survivin and raised the level of caspase-7 in cells. GQ combining with siSuvi inhibited the growth of tumor,
down-regulated the expression of survivin and up-regulated the expression of caspase-7 in tumor tissue.
Similarly, GQ combining with siIL-10 inhibited the growth of tumor, decreased the level of IL-10 and increased
the level of TNF-α. These results revealed that GQ enhanced the pro-apoptosis effect of siSuvi on tumor cells and
the modulating effect of siIL-10 on tumor microenvironment.
Significances: Synergistic anti-tumor effect of GQ and siRNAs against breast cancer proved that chemical drugs
combining with siRNAs is a promising antitumor strategy.

1. Introduction

Breast cancer is one of the most life threatening malignancies to
women. Among the various therapeutic strategies for breast cancer,
chemotherapy is still the major one owning to its high efficiency and
great benefits in breast conserving [1]. However, the efficacy of tradi-
tional chemotherapy is limited by multidrug resistance [2]. Further-
more, the high toxicity and multiple side effects of traditional che-
motherapeutic drugs seriously affect the life quality of patients [3]. So
it is necessary to develop safe and effective drugs or therapeutic
methods for the treatment of breast cancer.

7-O-geranylquercetin (GQ) designed and synthesized by our group

is a novel alkylated derivative of quercetin with higher lipid solubility
[4]. Our previous studies have demonstrated that the anti-proliferation
and pro-apoptosis effects of GQ were stronger than those of quercetin
against human breast cancer cell line MCF-7 [4], human lung cancer
cell lines A549 and NCI-H1975 [5], and human gastric cancer cell lines
SGC-7901 and MGC-803 [6]. However, GQ has to be administrated at
high dosages to achieve anti-tumor efficiency due to the limitation of
solubility and bioavailability.

Gene therapy has been paid more attention in recent years [7]. RNA
interference (RNAi) is a universal silencing mechanism, which refers to
highly efficient and specific degradation of homologous mRNA induced
by double-stranded RNA. As the executor of RNAi [8], small interfering
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RNA (siRNA) can disrupt cellular pathways by knocking down genes
[9]. Although RNAi has a good prospect in the treatment of cancer and
other diseases [10,11], its clinical application is still facing great
challenges because of the poor stability and low transfection efficiency
of siRNA [12]. So, the utilization of efficient transfection vectors is
crucial for executing RNAi [13]. CDO14 is a peptide cationic liposome
developed by our laboratory. In our previous studies, CDO14 showed
higher transfection efficiency and lower toxicity as the carrier of DNA
and siRNA compared with the existing cationic liposomes [14].

Survivin, as a member of the inhibitor of apoptosis proteins family
[15], is over expressed in tumor tissues [16,17] and related to apoptosis
and cell cycle [18]. Interleukin-10 (IL-10) is expressed abnormally in
various tumors and plays an important role in immunomodulation of
tumor microenvironment [19,20]. Therefore, survivin and IL-10 might
be used as the targets of RNAi for tumor therapy.

Due to the different antitumor mechanisms of chemotherapy and
gene therapy, their combination may achieve more significant activity
and reduce the dosage of chemical drugs, thereby lowering their side
effects [21]. In this study, we investigated the synergistic antitumor
effects of GQ combining with siSuvi or siIL-10 on human breast cancer
in vitro and in vivo, and peptide cationic liposome CDO14 was used as
the carrier of siRNA. The research will provide a reference for the
combination of chemotherapy drugs and siRNA in cancer therapy.

2. Materials and methods

2.1. Cell line and cell culture

Human breast cancer cell line MCF-7 was purchased from Shanghai
Cell Biology Institute of Chinese Academy of Sciences (Shanghai,
China). MCF-7 cells were cultured in DMEM medium containing 10%
FBS at 37 °C under a humidified atmosphere of 5% CO2.

2.2. Animals

Female BALB/c-nude mice of age 4–6weeks were purchased from
SPF animal center of Dalian Medical University, China [animal certifi-
cate SCXK (Liaoning) 2010–0002]. Mice were fed under specific pa-
thogen free (SPF) condition and all the experiments were performed
according to the Experimental Animal Management Law of China and
approved by the Animal Ethics Committee of Dalian Medical
University.

2.3. Reagents

Survivin siRNA (siSuvi), IL-10 siRNA (siIL-10) and negative control
siRNA (siN·C.) were designed and synthesized by GenePharma (China).
SiSuvi, sense: 5′-GAAUUAACCCUUGGUGAAUTT-3′, antisense: 5′-AUU
CACCAAGGGUUAAUUCTT-3′; siIL-10, sense: 5′-GGUGAAGACUUUCU
UUCAATT-3′, antisense: 5′-UUGAAAGAAAGUCUUCACCTT-3′; siN.C.,
sense: 5′-UUCUCCGAACGUGUCACGUTT-3′, antisense: 5′-ACGUGACA
CGUUCGGAGAATT-3′; Cy5-siRNA and FAM-siRNA represent siN.C.
labeled by cyanine5 (Cy5) and carboxyfluorescein (FAM) respectively.
GQ [22] and CDO14 [14] were synthesized in our lab according the
reported method. CCK-8 was purchased from Biotool (China). Hoechst
33342 was purchased from Solarbio (China). ECL chemiluminescence
self-development kit was purchased from Biyun Institute of Bio-
technology (China). Enzyme linked immunosorbent assay (ELISA) Kits
for mouse tumor Necrosis Factor-α (TNF-α) and interleukin-10 (IL-10)
were purchased from Langton Biology (China). DMEM medium, fetal
bovine serum and trypsin were purchased from Gibco (USA). Matrigel
Basement Membrane matrix was purchased from BD Bicscience (USA)
Rabbit antibodies to human survivin and GAPDH, horseradish perox-
idase-conjugated goat anti-rabbit antibody were purchased from Pro-
teintech (USA). All other chemicals were of the highest purity available.

2.4. Liposome and lipoplexes preparation

Liposome CDO14 and lipoplexes of CDO14 with siRNAs were pre-
pared according to our previous report method [14]. Briefly, cationic
lipid CDO14 and neutral lipid DOPE (molar ratio1:1) were dissolved in
chloroform in a glass vial and dried under a stream of nitrogen, then
placed in a vacuum overnight. The dry lipid was resuspended in dis-
tilled water at 55 °C and sonicated to form liposome. To prepare lipo-
plexes, cationic liposome CDO14 was mixed with siRNAs in RPMI1640
at needed weight ratios and incubated for 20min at room temperature.

2.5. Transfection of siRNA in vitro

The transfection efficiency of FAM-siRNA in MCF-7 cells mediated
by liposome CDO14 at different conditions was detected by flow cyto-
metry. MCF-7 cells (5× 104 cells per well) were seeded in 24-well
plates and incubated at 37 °C for 16–24 h until approximately 50% cell
density was attained. FAM-siRNA (1.5 μg, 500 μL) was transfected by
liposome CDO14 at various liposome/siRNA (N/P) weight ratios (2,1,
3:1 and 4:1) for 6 h. Similarly, FAM-siRNA was transfected into MCF-7
cells by liposome CDO14 at a N/P ratio of 3:1 for 6, 8 and 10 h. After
transfection, the cells were washed with PBS, then trypsinized and re-
suspended in PBS. Cell suspension was determined by a FACS-Calibur
flow cytometer (BD Biosciences, Franklin, NJ, USA).

2.6. Transfection of siRNA in vivo

The transfection efficiency of Cy5-siRNA and FAM-siRNA in tumor-
bearing mice was detected by living imagine. MCF-7 cells
(1× 107 cells/mL) were mixed with matrigel at a N/P ratio of 3:1 and
then subcutaneously inoculated near the 4th mammary gland of female
BALB/c nude mice to form xenograft. For about 20 days, until the vo-
lumes (V= ab2/2, a: the maximum length of the transplanted tumor, b:
the maximum transverse diameter of the transplanted tumor) reached
to approximately 150mm3, the 3:1 complex of CDO14 and Cy5-siRNA
or FAM-siRNA (0.5mg/kg) was administered by tail intravenous in-
jection. The dynamic distribution of siRNA in the mice was monitored
by an in-vivo imaging system (Maestro, Woburn, MA, USA) at various
time.

2.7. Cell viability assay

To evaluate the proliferation inhibition effect of GQ combining with
siSuvi on MCF-7 cells, the cell viability was measured by CCK-8 assay as
described in previous report [23,24]. MCF-7 cells (5× 103 cells per
well) were seeded in 96-well plates and incubated at 37 °C for 18 h.
SiN.C. and siSuvi were complexed with liposome CDO14 at a N/P ratio
of 3:1 for 20min. GQ was dissolved in dimethyl sulfoxide (DMSO) and
diluted with the medium to desired concentration. And the concentra-
tion of DMSO was kept below 0.1% in treatment groups. DMSO at the
same concentration with that in GQ group was used as vehicle control.
Then, the cells were treated with siN.C. (0.3 μg, 100 μL), siSuvi (0.3 μg,
100 μL), GQ (20 μM) and GQ (20 μM) combining with siSuvi (0.3 μg,
100 μL) for 24, 48, 72 and 96 h. After the incubation, CCK-8 (10 μL per
well) was added and incubated for 1 h at 37 °C. The absorbance at
450 nm was monitored by a microplate reader (Thermo Fisher Scien-
tific, Waltham, MA, USA).

2.8. Hoechst33342 staining assay

GQ and complexes of liposome and siRNAs were prepared as de-
scribed in 2.7. MCF-7 cells (2× 105 cells per well) were seeded in 24-
well plates for 18 h and treated with siN.C. (1.5 μg, 500 μL), GQ
(20 μM), siSuvi (1.5 μg, 500 μL), GQ (20 μM) combining with siSuvi
(1.5 μg, 500 μL) for 48 h. The cells were stained with Hoechst33342
solution (250 μL) at 37 °C for 30min, and then photographed using an
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Fig. 1. Transfection efficiency of siRNA mediated by
liposome CDO14 in cells and mice. (A, B) FAM-
siRNA was transfected into MCF-7 cells by liposome
CDO14 at various N/P ratios for 6 h. (C, D) FAM-
siRNA was transfected into MCF-7 cells by liposome
CDO14 at a N/P ratio of 3:1 for 6, 8 and 10 h. (E)
Cy5-siRNA was transfected into the mice using li-
posome CDO14 as delivery via tail vein injection,
and the dynamic distribution of siRNA in the mice
was monitored using the in-vivo imaging system at
different time. The fluorescence in liver and tumor
was indicated by green arrow and blue arrow re-
spectively. (F) FAM-siRNA was transfected into the
mice using liposome CDO14 as delivery via tail vein
injection, and the dynamic distribution of siRNA in
the mice was monitored using the in-vivo imaging
system at different time. The bar indicated the bare
density of fluorescence. All data represent the
means ± SD of three independent experiments.
**p < 0.01, comparing with the bare FAM-siRNA
transfecting group. (For interpretation of the refer-
ences to color in this figure legend, the reader is
referred to the web version of this article.)
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inverted fluorescence microscope (100×) (Olympus, Hataya, Japan).

2.9. Annexin V-PI staining assay

MCF-7 cells (2× 105 cells per well) were seeded in 6-well plates
overnight and treated with siN.C. (1.5 μg, 500 μL), GQ (20 μM), siSuvi
(1.5 μg, 500 μL), GQ (20 μM) combining with siSuvi (1.5 μg, 500 μL) for
48 h. The cells were collected and stained with Annexin V-PI as de-
scribed by the manufacturer. The labeled cells were then analyzed using
a FACS-Calibur flow cytometer (BD, Franklin, NJ, USA).

2.10. Tumor inhibition in mice

The xenograft tumor model was established as described in 2.6.
Fifteen tumor-bearing mice (18–22 g) were averagely divided into 5
groups which were treated with PBS, siN.C., GQ, siSuvi and GQ com-
bining with siSuvi, respectively. Another 18 tumor-bearing mice were
averagely divided into 6 groups and treated with PBS, siN.C., GQ, siIL-
10, GQ combining with siIL-10, and GQ combining with siSuvi and siIL-
10, respectively. The 3:1 complex of CDO liposome and siRNAs
(0.5 mg/kg) were administered by tail intravenous injection, and GQ
(18mg/kg) was administered by gavage. The mice were treated for 7
times at an interval of 2 days, and the tumor volumes were measured
with vernier calipers and calculated. The mice were sacrificed at 15th
day. The tumors were removed from the bodies and photographed and
kept at −20 °C for western blot and ELISA assay.

2.11. Western blot assay

The expression levels of survivin and caspase-7 in MCF-7 cells and
tumor tissue were measured by western blot. MCF-7 cells were seeded
in 6-well plates (2×105 cells per well) for 24 h and treated with the
above reagents for 48 h. The cells were harvested and directly lysed
with ice-cold lysis buffer containing 1% PMSF. Lysates were centrifuged
at 12,000 g for 10min at 4 °C and supernatants containing total cellular
proteins were collected and stored at 80 °C until use. Tumor tissue
obtained from tumor inhibition test were homogenized and lysed with
ice-cold lysis buffer containing 10% PMSF. The lysates were centrifuged
and kept as above.

The protein samples (30 μg per lane) were subjected to SDS-PAGE

and then transferred to polyvinylidene fluoride (PVDF) membranes.
The membranes were blocked with TBST (20mM Tris-HCl pH 7.5,
150mM NaCl, 1 mL/L Tween-20) containing 5% (w/v) nonfat milk
powder and then incubated with appropriate primary antibodies
overnight at 4 °C. Finally, the membranes were exposed to horseradish
peroxidase-conjugated secondary antibody at room temperature for 2 h.
Protein bands were visualized by BeyoECL Plus reagents and imaged
using a BioSpectrum Gel Imaging System (UVP, USA). Densitometry of
the signal bands was analyzed using LabWorks software (UVP, USA).
Human GAPDH was used as an internal control.

2.12. ELISA test

The expression levels of IL-10 and TNF-α in tumor were detected by
ELISA. Tumor tissue was homogenized in PBS (pH 7.4) and centrifuged
at 3500g and 4 °C for 15min. The supernatants were collected and then
subjected to ELISA according the introduction of the producer.

2.13. Statistical analysis

The data were presented as means ± SD. Data were analyzed using
SPSS 21.0 (SPSS, Chicago, USA) by ANOVA test and Tukey's multiple
comparison test. p < 0.05 was considered statistically significant.

3. Results

3.1. Liposome CDO 14 mediated siRNA transfection in MCF-7 cells and
tumor-bearing mice

In order to optimize the transfection condition of siRNA mediated
by liposome CDO14 in MCF-7 cells, the transfection efficency at dif-
ferent time and N/P ratios were detected by flow cytometer. After 6 h of
transfection, the uptake rates of FAM-siN.C. were 76%, 89.6% and
83.2% at the N/P ratios of 2:1, 3:1 and 4:1, respectively (Fig. 1A and B).
To further explore the optimal transfection time, FAM-siRNA were
transfected into MCF-7 cells by CDO14 at 3:1 N/P ratio for various time.
The uptake rate of siRNA was about 86.4% at 6 h of transfection, and
increased to 99.7% at 8 h. After transfection for 10 h, the uptake rate
was 99.9%, which means that siRNA was almost completely ingested
(Fig. 1C and D). The results indicated that liposome CDO14 could
transfect FAM-siRNA into MCF-7 cells efficiently.

Cy5-siRNA was transfected into tumor-bearing mice by liposome
CDO14 via tail vein injection, and the dynamic distribution of siRNA in
the mice was monitored by in-vivo imaging system (Fig. 1E). The re-
sults showed that red fluorescence could be found in mice after 1min of
administration and distributed throughout the body at 15min. After
30min of injection, the fluorescence in the body weakened, but obvious
fluorescence was found in enterocoelia and tumor. The fluorescence in
enterocoelia reached to maximum at 60min, and then the fluorescence
accumulated at liver (green arrow) from 120min to 360min. The
fluorescence in tumor (blue arrow) gradually increased from 60min to
240min and kept strong at 360min. The distribution of FAM-siRNA in
the organs of the mice was also tested. The image showed that siRNA
accumulated at liver, kidney, bladder and tumor at 4–6 h of injection
(Fig. 1F). These results suggested that liposome CDO14 could deliver
siRNA to tumor site.

3.2. Combination of GQ and siSuvi inhibited the proliferation of MCF-7
cells

CCK-8 assay showed that siN.C. had no effect on the proliferation of
MCF-7 cells, but siSuvi markedly inhibited the proliferation of MCF-7
cells after transfection for 72 h and 96 h. After MCF-7 cells were treated
with 20 μM of GQ for 24 h, the cell viability was about 85.5% and then
reduced to 48.9%, 42.4% and 38.9% at 48 h, 72 h and 96 h, respec-
tively. When the cells were treated with 20 μM of GQ and 0.15 μg of

Fig. 2. Combination of GQ and siSuvi inhibited the proliferation of MCF-7 cells.
MCF-7 cells (5× 103) were treated with siN.C.(0.3 μg), GQ (20 μM), siSuvi
(0.3 μg) and GQ (20 μM) combining with siSuvi (0.3 μg) for 24, 48, 72 and 96 h.
The cell viabilities were measured using CCK-8 assay. All data represent the
means± SD of three independent experiments. *p < 0.05, ** p < 0.01,
comparing with control group; #p < 0.05, ##p < 0.01, comparing with
combination group.
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siSuvi together for 24 h, the cell viability was about 85.4% and then
reduced to 45.0%, 29.2% and 27.8% at 48 h, 72 h and 96 h, respectively
(Fig. 2). These results indicated that combination of GQ and siSuvi
promoted the antiproliferation effect of GQ or siSuvi to MCF-7 cells.

3.3. Combination of GQ and siSuvi promoted the apoptosis of MCF-7 cells

Hoechst33342 stain showed that the morphology of siN.C-treated
cells did not change obviously compared with that of control cells. The
cells treated with GQ or siSuvi showed strong bright blue fluorescence
and decreased cell density. When the cells were treated with GQ and
siSuvi simultaneously, nuclear shrinkage and nucleolysis appeared and
cell density reduced greatly (Fig. 3A). The result demonstrated that
both GQ and siSuvi could induce cell apoptosis, and the combination of
GQ and siSuvi has stronger effect than the single treatment. Similar
result was obtained in AV-PI staining assay. The apoptosis rate of the
combination group of siSuvi and GQ (84.1%) was significantly higher
than those of the groups treated with GQ (57.3%) or siSuvi (29%) alone

(Fig. 3B and C). To further estimate the effect of GQ combining with
siSuvi on apoptosis, we detected the expression of apoptosis-related
protein, survivin and caspase-7, in MCF-7 cells by western blot. It was
found that the level of survivin decreased, while the level of caspase-7
increased significantly after treated with siSuvi. In the MCF-7 cells
treated with GQ alone, the level of caspase-7 increased obviously, but
the level of survivin didn't decrease compared with the control group.
When cells were treated with GQ and siSuvi together, down-regulation
of survivin and up-regulation of caspase-7 were more remarkable
(Fig. 3D and E). These results proved that combination of GQ and siSuvi
enhanced the pro-apoptosis effects of GQ or siSuvi in MCF-7 cells.

3.4. Combination of GQ and siRNA inhibited tumor growth in mice

After proving the anti-tumor effect of GQ combining with siSuvi in
vitro, we then investigated the synergetic anti-tumor effect of GQ and
siRNA on xenograft in mice. It was found that the tumor volumes of the
mice treated with GQ, siSuvi or GQ combining with siSuvi were

Fig. 3. Combination of GQ and siSuvi promoted apoptosis of MCF-7 cells. (A) MCF-7 cells (2× 105) were treated with siN.C. (1.5 μg), GQ (20 μM), siSuvi (1.5 μg), GQ
(20 μM) combining with siSuvi (1.5 μg) for 48 h, and then stained with Hoechst33342. The morphology of the cells was observed using fluorescence microscope
(100×). (B, C) MCF-7 cells were treated as above for 24 h. The treated cells were stained with AV and PI, and analyzed by flow cytometry. (D, E) MCF-7 cells were
treated as above for 48 h. Total cell lysates were subjected to western blot to detect the expression levels of survivin, caspase-7 and GADPH. All data represent the
means ± SD of three independent experiments. *p < 0.05, ** p < 0.01, comparing with control group; #p < 0.05, ##p < 0.01, comparing with combination
group.
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significantly lower than those in siN.C. group and the control group,
and GQ combining with siSuvi showed strongest inhibit effect to the
tumor (Fig. 4A and B). Similarly, GQ combining with siIL-10 could
markedly inhibit the growth of tumor (Fig. 4C and D). These results
indicated that combination of GQ and siRNA enhanced the antitumor
effect of GQ or siRNA in vivo.

3.5. Combination of GQ and siRNA affected the expression of apoptosis-
related proteins and cytokines in tumor tissue

Expression levels of two apoptosis-related proteins, survivin and
caspase-7, in tumor tissue were detected by western blot. The results
showed that the level of survivin decreased and the level of caspase-7
increased significantly in siSuvi transfection group compared with
control group and siN.C. transfection group. But the expression level of
survivin didn't decrease while that of caspase-7 increased in GQ treat-
ment group. When mice were treated with GQ and siSuvi together, the
down-regulation of survivin and up-regulation of caspase-7 were more
remarkable (Fig. 5A and B).

To evaluate the effect of GQ combining with siIL-10 on tumor mi-
croenvironment, the expression levels of IL-10 and TNF-α in tumor
tissues were detected by ELISA. The results showed that GQ or siIL-10
alone decreased the level of immunosuppressive factor IL-10 (Fig. 5C)
and increased the level of TNF-α (Fig. 5D). However, siSuvi did not
affect the expression of IL-10 and TNF-α. GQ combining with siIL-10
showed much stronger regulating effect on cytokines in tumor than GQ

or siIL-10 alone.
The above results revealed that siSuvi played an antitumor effect by

promoting apoptosis while siIL-10 played an antitumor role by reg-
ulating immune factors in tumor microenvironment. GQ has dual
functions of promoting apoptosis and immunomodulation. GQ and
siRNA could inhibit the growth of tumor or regulate the tumor micro-
environment synergistically.

4. Discussion

Our previous study had shown that GQ could inhibit the prolifera-
tion and promote the apoptosis of MCF-7 cells while it had no effect on
the proliferation of normal breast epithelial MCF-10 cells [4]. The
present study proved that GQ had inhibition effect on the xenograft of
MCF-7 cells in mice and indicated that GQ combining with siRNA had
stronger effects to MCF-7 cells both in vitro and in vivo compared with
GQ or siRNA individually. In addition, we evaluated the antiprolifera-
tion effect of GQ combining with siSuvi to triple negative breast cancer
MDA231 cells and found that both siSuvi and GQ inhibited the pro-
liferation of MDA231 cells, their combination promoted the inhibition
effect of either of them (S-Fig. 1).

Survivin, as an apoptosis inhibitor, is over expressed in almost all
human tumors [15,17]. It not only inhibits the activation of apoptosis
executers caspase-3 and casepase-7 [18,25,26], but also contributes to
tumor resistance against chemotherapeutic drugs [16,27]. Preclinical
studies showed that disrupting survivin by using a survivin-specific

Fig. 4. Inhibition effect of GQ combining with siRNA on xenograft of MCF-7 cells in mice. Tumor-bearing mice were transfected with siN.C., siSuvi or siIL-10
(0.5 mg/kg) by liposome CDO14 (1.5 mg/kg) via tail vein injection or treated with GQ (18mg/kg) by gavage for 7 times at an interval of 2 days. (A, C) Volumes of
tumor in mice during the treatment. (B, D) Tumors removed from the mice after treatment. All data represent the means ± SD of three independent experiments.
*p < 0.05, comparing with control group; #p < 0.05, ##p < 0.01, comparing with combination group.
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shRNA cocktail can significantly inhibit tumor cells both in vitro and in
vivo [28,29]. RNAi has been utilized for depressing survivin in tumor
cells [13,30]. Li reported that both mRNA and protein levels of survivin
in MCF-7 cells were down regulated by siSuvi RNA transfection [31].
Similarly, we found that siSuvi could inhibit the proliferation of MCF-7
cells and the growth of xenograft in mice, indicating that RNAi against
survivin is an effective method for breast cancer treatment. This study
also demonstrated that silencing survivin gene decreased the expression
of survivin and increased the expression of caspase-7 in MCF-7 cells and
tumor tissues. Our previous study had documented that GQ induced
apoptosis of MCF-7 cells via a caspase-independent Endo G-mediated
mitochondria pathway [22]. These suggested that GQ and siSuvi in-
duced apoptosis of MCF-7 cells via different pathways, which may led
to their synergetic antitumor effect.

High levels of immune suppressive cytokines, such as TGF-β and IL-
10, play an important role in the formation of tumor microenvironment
[19,20,32]. The effect of IL-10 on promoting cancer growth and me-
tastasis had been reported [33]. Pradhan's study indicated that silen-
cing IL-10 gene could inhibit B cell lymphoma and affect cytokine
balance in dendritic cells [34]. IL-10 has a strong inhibitory effect on
the activity of antigen-presenting cells (APCs) which can secrete many
kinds of cytokine [35]. Among them, TNF-α is considered as an en-
dogenous tumor killer and takes a crucial part in the process of anti-
tumor [36]. Previous studies have demonstrated that IL-10 suppressed
the production of TNF-α in human cells [37,38]. In this study, we found
that siIL-10 inhibited the growth of tumor in mice, decreased the level
of IL-10 and increased the level of TNF-α, which indicated that siIL-10
could inhibit breast cancer by regulating tumor microenvironment.
Furthermore, TNF-α has been reported to increase the production of
reactive oxygen species (ROS) in human leukemia U937 cells which
may be important mediators triggering cell life or death [39,40]. Our
previous study had found that GQ could promote ROS generation in
gastric cancer cells [6] and lung cancer cells [5] and then induce
apoptosis. So, we speculated that combination of GQ and siIL-10 aug-
mented ROS generation in tunmor cells and in microenvironment,
which may led to their synergetic antitumor effect.

A growing number of studies have confirmed that administrating
drugs and siRNA simultaneously would be more effective than treating
the cancer cells with either siRNA or drugs alone [30]. Sisuvi can sig-
nificantly enhance the sensitivity of MCF-7 cells to epirubicin or pa-
clitaxel and promote cell apoptosis in vitro [41]. Although the combi-
nation of immunotherapy and chemotherapy has been implemented in
the treatment of many types of cancer [19,42], the combining use of
siIL-10 and chemical drugs has not been reported. In this study, siIL-10
and GQ showed synergetic effects on inhibiting the growth of tumor in
mice and the expression of TNF-α in tumor microenvironment.

Although both in vitro and in vivo experiments showed that GQ
combining with siSuvi and siIL-10 had better anti-tumor effect than
either of them, the difference in administration ways of GQ and siRNA
brought enormous inconvenience to treatment. Our study indicated
that siRNA could be efficiently delivered by cationic liposome CDO14
to tumor via tail intravenous injection. But GQ with low water solubi-
lity has to be given by gavage. Liposomes with lipid bilayer structure
can be used as good carriers of lipid-soluble drugs [30,43]. Some drug
carrying liposomes have been used to tumor therapy in clinic, such as
doxorubicin liposome and paclitaxel liposome [44]. Therefore, we had
tried to load GQ and siRNA with cationic liposome CDO14 at the same
time, so as to achieve co-delivery and make collaborative therapy easier
to implement. However, the drug loading capacity of cationic liposome
is relatively lower compared with neutral liposomes, which will be the
next step for us to solve.

5. Conclusion

The present study demonstrated that GQ combining with siSuvi or
siIL-10 had synergistic effect to breast cancer. GQ enhanced the pro-
apoptosis effect of siSuvi to cancer cells and the regulation effect of siIL-
10 to tumor microenvironment. Our findings highlight that GQ com-
bined with siRNA is a promising strategy for the treatment of breast
cancer.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.lfs.2019.04.047.

Fig. 5. Effects of GQ combining with siRNA on the
expression of proteins and cytokines in tumor tissue.
(A, B) The expression levels of survivin and caspase-
7 in tumor tissue were detected by western blot. (C,
D) The expression levels of IL-10 and TNF-α in tumor
tissue were detected by ELISA. All data represent the
means ± SD of three independent experiments.
*p < 0.05, **p < 0.01, comparing with control
group; #p < 0.05, ##p < 0.01, comparing with
combination group.
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