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Abstract. The combination of nanocarriers and chemo-
therapy drugs can release the chemotherapy drugs to the 
tumor tissue, which can enhance the antitumor effect and 
reduce the adverse reactions at the same time. In this study, 
a co-delivery system based on hollow mesoporous silica 
nanoparticles (HMSN) was developed and characterized. 
We also investigated the in vitro effect of this system on 
CD117+CD44+A2780 cell line. HMSN was selected as the 
nanocarrier, with -COOH modified on the surface and doxo-
rubicin (DOX), NVP-AEW 541 (NVP) loaded inside. IGF‑1R 
was chosen as the drug target, apoptosis rate and expression 
of cyclin B1, Bax, Bcl-xl, p-Akt were used to evaluate the 
antitumor effect of HMSN‑COOH@DOX fluorescence NVP. 
The HMSN co-delivery system was successfully synthesized 
with encapsulation efficiency of 37% (DOX) and 44% (NVP), 
and high PH-sensitive property was observed. The apoptosis 
rate of CD117+CD44+A2780 ovarian cancer stem-like cells 
treated by HMSN co-delivery system were almost 3 times 
higher than those of the free drugs group. The expression 
of Bax was significantly increased while Bcl-xl, and p-Akt 
reduced (P≤0.05). These data indicate that the co-delivery 
system demonstrated a high efficiency in promoting apoptosis 
in ovarian cancer stem-like cells by targeting IGF‑1R, but 
further study is still needed.

Introduction

Ovarian cancer represents the leading cause of deaths by 
women's malignancy in Western countries, without specific 

symptoms and reliable diagnosis in its early stage, ovarian 
cancer mortality reaches a high level of 70% in 5 years of diag-
nosis (1). The lack of effective treatment for recurrent cases 
contributes to the problem. One big challenge is the develop-
ment of resistance in as many as 60% patients treated with 
conventional chemotherapy drugs. In recent years, the molec-
ular targeting therapy applying gefitinib and bevacizumab 
has shown potential, although the heterogeneous response 
by different patients continues to be a major obstacle for its 
clinical application (2). The development of new targeting 
modalities is essential for the improvement on the manage-
ment of recurrent/drug-resistant ovarian cancer patients.

Since 2001, novel nanomaterials have attracted attention of 
biomedical investigators. The coupling of chemotherapy drugs 
with nanocarriers opened a new avenue in cancer therapy (3). 
Based on the physiological characteristics of tumor tissue, 
nanocarriers can be designed to reduce the toxicity and drug 
resistance (4). The ideal nanocarriers can protect the activities 
of drugs, prolong the plasma half-life, and selective releasing 
of drug in the tumor tissue. The suitable particle size capable 
of achieving the enhanced permeability and retention (EPR) 
is the foundation of the targeting therapy by nanocarriers (5). 
Drug release is controlled by a switch, which is usually an envi-
ronment condition such as temperature, pH and magnetic (6). 
Specific chemical groups, such as folate receptor, monoclonal 
antibodies, nucleic acid and polypeptide, was used as targeting 
ligands to modify the nanocarriers to promote their cellular 
uptake. The high abundance of receptors on cancer cell 
membrane may specifically enhance the accumulation of the 
drug in cancer cells.

In this study the hollow mesoporous silica nanopar-
ticles (HMSN) were chosen as the nanocarriers due to their 
larger aperture, good histocompatibility, stable chemical 
property and suitable diameter (50 nm)  (4). pH value was 
chosen as the switch. The pH of the blood circulation system 
is between 7.35 and 7.45, whereas the pH will decrease to 
6.0-6.5 in the tumor tissues and further reduce to 4.0-6.0 
in tumor cells (7). This can change the interaction between 
HMSN and drugs from electrostatic attraction to electrostatic 
repulsion. NVP-AEW541 (NVP) is a small molecule inhibitor 
of insulin‑like growth factor receptor (IGF‑1R). NVP was the 
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targeting ligands that are modified on HMSN. Insulin-like 
growth factor (IGF) pathway is involved in the regulation 
of cancer stem cells and associated with the progression of 
ovarian cancer (8-10). Thus, HMSN modified with NVP tend 
to internalized into cancer cells via the specific recognition. 
Doxorubicin (DOX) is one of the most widely used anticancer 
drugs for various treatment of tumor. Due to the red fluores-
cence of emission DOX, the localization of nanocarriers can 
be clearly observed in tumor cells.

In this study, the enhancement on the uptake of 
HMSN‑COOH@DOX fluorescence NVP particle by ovarian 
cancer stem cells was determined. Moreover, we examined 
whether the co-delivery of NVP and DOX could achieve a 
synergism in the killing of cancer cells. These studies on the 
new targeting methods have a clear basic science and clinical 
significance.

Materials and methods

CD117+CD44+A2780 cell culture. The CD117+CD44+A2780 
cell line, were all obtained from KeyGen Co., Ltd. (Nanjing, 
Jiangsu, China). This cell line displayed the characters of 
cancer stem cells (11,12). Cells were cultured in serum-free 
medium at 37˚C in a 5% CO2 atmosphere.

Main reagents and drugs. Insulin like growth factor I (IGF‑1), 
mouse monoclonal antibody against IGF‑1, IGF‑2 and 
IGF‑1R, and fluorescent NVP, DOX were obtained from 
KeyGen Co., Ltd. The HMSN and N-[(3-trimethoxysily)prop]
ethylenediamine triacetic acid trisodium salt were kindly 
donated by the Department of Clinical Laboratory, School of 
Medicine, Southeast University, Nanjing.

Immunohistochemical analysis. The CD117+CD44+A2780 
cells were cultured in complete medium overnight. The 
medium was replaced with serum-free medium and culture 
continued for 48 h. Immunohistochemistry was performed 
as previously published (13,14). Briefly, cells were fixed with 
methanol and cultured with primary antibody (diluted at 
1:200) overnight at 4˚C and followed by secondary antibody 
for 2 h at room temperature. Color development was carried 
out with diaminobenzidine and cells were counterstained with 
hematoxylin. The expression of IGF‑1, IGF‑2 and IGF‑1R in 
cells was examined under an optical microscope.

Determination of the optimal concentration of IGF‑1. Cells 
were cultured in complete medium overnight, the medium 
was replaced by serum-free medium. After 12 h, 200 µl of 
IGF‑1 solutions with different concentrations (10, 25, 40 and 
55 ng/ml) was added, respectively. The number of cells was 
counted after 24  h, and the optimal IGF‑1 concentration 
inducing the strongest proliferation was used for subsequent 
experiments.

Determining the role of IGF‑1R and NVP in cell cycle 
regulation and apoptosis. The experiments were performed 
with three groups, the IGF‑1 stimulation group, the NVP 
(10 µM)-inhibition group and control group. Cells were seeded 
in 6-well plates (5x105), serum-starved for 24 h, and exposed to 
IGF‑1 or NVP for 24 h. Following treatment, cells were stained 

with 50 µg/ml propidium iodide and 30 µg/ml RNase A in 
1X PBS. The percentage of cells in specific cell cycle phases 
was determined with a flow cytometer equipped with a 
488-nm argon laser (BD Biosciences, San Jose, CA, USA). 
Annexin V-FITC apoptosis detection kit (BD Biosciences) 
was used to detect cell apoptosis according to the manufac-
turer's instructions. To detect the expression of cyclin B1, the 
rabbit polyclonal antibodies raised against cyclin B1 (Boster, 
Wuhan, Hubei, China) was applied for 12 h. Following exten-
sive washing, samples were incubated with HRP labeled goat 
anti-rabbit IgG for 1 h, before color development with chemi-
luminescence kit (Boster).

Synthesis of HMSN‑COOH@DOX f luorescence NVP 
co-delivery system. N-[(3-trimethoxysily)propy]ethylenedi-
amine triacetic acid trisodium (100 µl), which was chosen as 
the donator of carboxyl, was dissolved in 10 ml anhydrous 
ethanol, and HMSN (10 mg) were added and the mixture 
was incubated at 80˚C for 24 h. Finally, the modified HMSN 
(HMSN‑COOH) were collected by centrifugation and rinsed 
with ethanol and deionized water. DOX (2 mg) was dissolved 
in 10 ml PBS (pH 7.4), and 10 mg HMSN‑COOH was added 
and the mixture was stirred for 24 h at room temperature. 
HMSN‑COOH@DOX and supernatant were, respectively 
collected by centrifugation. Fluorescence NVP (0.5 mg) was 
suspended in 10 ml PBS (pH 8.0) and subsequently mixed with 
10 mg of HMSN‑COOH@DOX. Following continued stirring  
for 24 h, the HMSN‑COOH@DOX fluorescence NVP was 
collected by centrifugation, and resuspended in 10 ml PBS and 
stored in 4˚C.

Determining the entrapment efficiency and loading effi‑
ciency of DOX and fluorescence NVP.10 mg of DOX was 
dissolved in 10 ml PBS (pH 7.4) to obtain the stock solution 
(1 mg/ml). Serial dilution was performed with PBS to obtain 
solutions with concentrations of 500, 400, 300, 200, 100, 50 
and 25 µg/ml. Infrared absorption of DOX was measured by 
UV spectrophotometer at 480 nm, and the calibration curve 
of absorbance (Y) and concentration (X) was constructed by 
linear regression. The following formula was used to calcu-
late the entrapment efficiency and loading efficiency: loading 
efficiency (%) = final loaded DOX/total quality (drug and 
nanocarrier) x 100; entrapment efficiency (%) = final loaded 
DOX/initial feed DOX x 100.

Stock solution of fluorescence NVP (0.5 mg/ml) was prepared 
and diluted to 100, 80, 60, 40, 20 and 10 µg/ml with DMSO. 
The absorbance of fluorescence NVP was measured with 
UV spectrophotometer at 260 nm. The absorbance (Y) and 
the fluorescence NVP (X) were used to obtain the calibration 
curve. HMSN‑COOH@DOX fluorescence NVP (1 mg) was 
dispersed in 5 ml DMSO. Then the loading rate and encapsu-
lation rate were calculated by the following formula: loading 
efficiency (%) = final loaded fluorescence NVP/total quality 
(drug and nanocarrier) x 100; entrapment efficiency (%) = final 
loaded fluorescence NVP/initial feed NVP x 100.

The release rate of DOX and fluorescence NVP at different 
pH. HMSN‑COOH@DOX f luorescence NVP (1  mg) 
was resuspended in 10 ml PBS at pH 7.4, 6.5, 5.5 and 4.5 
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respectively. The OD values of each group were measured 
every 20 h for 120 h. The experiment was repeated three times 
to calculate the mean DOX-release rate. HMSN‑COOH@
DOX fluorescence NVP (1 mg) was resuspended in PBS at 
pH 7.4, 6.5 and 5.5, and OD values were measured every 10 h 
for 80 h. The experiment was repeated three times to calculate 
the mean fluorescence NVP-release rate.

Detection of the ζ-potential of nanocarriers at different pH. 
The carboxylic group modified on the surface of HMSN was 
detected by infrared spectrometer (Shimadzu, Japan). The 
form and size of HMSN drug delivery system ware observed 
by transmission electron microscopy (TEM) and scanning 
electron microscopy (SEM) (Hitachi, Japan). The ζ-potential 
of HMSN and HMSN‑COOH in different pH environment 
was detected by dynamic light scattering (MAL1043118, 
Malvern Instruments Ltd.).

In vitro effect of HMSN‑COOH@DOX fluorescence NVP 
co-delivery system. Intracellular accumulation, apoptosis 
ratio, inhibition rate and protein level of Bax, Bcl-xl and p-Akt 
were used as the indexes to determine the in vitro effects of 
this system. Cells were plated in petri dish at a density of 
5x105  per  well. HMSN‑COOH@DOX fluorescence NVP 
(1 mg) or HMSN‑COOH@DOX was resuspended in 1 ml PBS, 
and 200 µl was applied to each well. Equivalent amount of free 
DOX and fluorescence NVP were added to control groups. 
Medium was removed at one, two and three hours, the intra-
cellular accumulation of HMSN‑COOH@DOX fluorescence 
NVP was observed by using laser confocal microscopy. Cells 
were collected to detect the apoptosis ratio with the methods 
described above.

Three groups, HMSN‑COOH@DOX fluorescence NVP, 
HMSN‑COOH@DOX and free DOX NVP group, were used 
to examine the inhibition rate. Cells were inoculated to 96-well 
culture plates at a density of 5,000 cells per well, cultured for 
24 h with complete medium, before drugs were added to each 
group as described above. After 8 h, 10 µl of MTT (5 mg/ml) 
was added to each well and incubation was continued for 4 h 
at 37˚C. DMSO (100 µl) was added to each well to dissolve 
the crystalline formazan after removing MTT solution. The 
absorbance of each well was detected on microplate reader 
(Enspire Instruments, Perkin-Elmer, USA) at a wavelength of 
490 nm.

The expression of Bax, Bcl-xl and p-Akt in experimental 
and control groups were detected by western blotting. Rabbit 
polyclonal antibodies raised against p-Akt, Bax and Bcl-xl 
(Boster) were used as the primary antibodies cultured with 
cells for 12 h. Following extensive washing, samples were 
incubated with HRP labeled goat anti-rabbit IgG for 1 h, before 
color development with chemiluminescence kit (Boster).

Results

Immunohistochemical analysis. The expression of IGF‑1, 
IGF‑2 and IGF‑1R in CD117+CD44+A2780 cells was exam-
ined with the use of immunohistochemistry. The expression 
of these proteins, as indicated by the brown staining, was 
detected in cell membrane and cytoplasm (Fig. 1). The result 
demonstrated that this cell line expresses high levels of ligands 
and receptors of the IGF pathway. Therefore, these cells can be 
used in this experiment.

The optimal concentration of IGF‑1. Our results showed 
that even at a relatively low concentration IGF‑1 can effec-
tively stimulate cell proliferation, and the effect is time- and 
concentration-dependent. As shown in Fig. 2, the proliferation 

Figure 1. The IGF‑1 (A), IGF‑2 (B), IGF‑1R (C) are highly expressed on the cell membrane and in the cytoplasm of CD117+CD44+A2780 cell line (negative 
control is shown in the lower left corner of each graph).

Figure 2. The proliferation of CD117+CD44+A2780 cells was increased by 
IGF‑1 concentration-dependently. Cell count was used as the proliferation 
index. The optimal concentration chosen and applied in later experiments 
was 40 ng/ml. Significant differences, *P≤0.05.
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was enhanced with the increasing concentration of IGF‑1. At 
concentrations >40 ng/ml no further increase in cell prolif-
eration was observed. The optimal concentration chosen and 
applied in later experiments was 40 ng/ml.

IGF‑1 and NVP affect cell cycle regulation and apoptosis. To 
examine the effects of IGF‑1 and IGF‑1R inhibitor on cell cycle 
and cell apoptosis, cancer cells were divided into IGF‑1 stimu-
lating group, NVP inhibiting group and control group. When 
compared with the control group, the cells in S phase were 
significantly increased (P≤0.05), whereas relatively percent-
ages of G1 and G2 phases were significantly decreased in the 
IGF‑1 stimulating group (P≤0.05). The NVP inhibiting group 
displayed an accumulation of cells in G2 phase and reduction 
of percentages in G1 phase and S phases (P≤0.05) (Table I).

The expression of cyclin B1 was consistent with the cell 
cycle distribution. Cyclin B1 was significantly higher in 
IGF‑1 stimulating group (P≤0.05), while in NVP inhibiting 
group it was lower than that in other groups (P≤0.05) (Fig. 3). 
Therefore, IGF‑1 can promote ovarian cancer stem cell 
proliferation by activating IGF‑1R, and NVP can block this 
effect.

As expected, the apoptosis rate in the NVP inhibiting group 
(32.79±0.34%) was significantly increased when compared to 
the IGF‑1 stimulating (6.53±0.36%) and control (8.38±0.25%) 
groups (P≤0.05) (Fig. 3). Thus, IGF‑1R is a potential target 

for cancer stem-like cells, and inhibition of IGF‑1R led to cell 
apoptosis.

Characterization of HMSN‑COOH@DOX fluorescence NVP 
co-delivery system. The HMSN and -COOH were character-
ized by IR: a spectral peak at 400-1,400 cm-1 was mainly silicon 
oxygen tetrahedron frame; the wide and strong absorption peak 
at 1,104 cm-1 was Si-O-Si asymmetric stretching vibration 
peak; the amino vibration absorption peak was at 3,430 cm-1. 
Besides the characteristics of HMSN, the special absorption 
peak of carboxylic can be clearly demonstrated in the spec-
trum: the asymmetric and symmetric stretching vibration 

Table I. The cell cycle distribution of CD117+CD44+A2780.

	 Cell count (%)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 G1 phase	 S phase	 G2 phase

IGF‑1	 36.1±1.30a	 56.5±1.45a	 7.30±0.55a

NVP	 49.0±0.70a	 40.6±0.65a	 10.3±0.37a

Control	 52.4±0.37	 37.8±0.56	 9.67±0.63

aP≤0.05, compared with the blank control group.

Figure 3. Effect of IGF‑1 on cell apoptosis. Cyclin B1 was highly expressed in IGF‑1 stimulating group (A). The apoptosis rate in the NVP inhibiting group 
(32.79±0.34%) assayed by FCM was significantly higher than that of IGF‑1 stimulating group (6.53±0.36%) and control (8.38±0.25%) groups [(B) a, control; 
b, IGF‑1 40 ng/ml; c, NVP 10 µM/ml].
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peak at 1,596 cm-1 and 1,412 cm-1 (15) confirm the carboxylic 
acid was modified on the surface of HMSN (Fig. 4).

The result of SEM and TEM imaging showed that the 
size and form of HMSN were not changed after drug loading. 
However, the negative charge was increased after modifica-
tion of carboxyl group on the surface of HMSN, which could 
be beneficial to drug loading by electrostatic attraction. The 
carboxyl group was protonated and the electrostatic attraction 
of DOX was weakened along with the gradually reduced pH. 

As a result, the release rate of drugs was increased (Fig. 4). 
Thus, the modification on the surface of HMSN provided a 
platform for the control of drug loading and release through 
changes of the electrostatic charge.

The loading quantity, encapsulation efficiency and release 
rate of drugs. There is a linear relationship between OD 
value and the concentration of DOX. The calibration curve is 
Y =0.032 x X + 0.071 (R2=0.998), where Y represents the OD 

Figure 4. Characterization of the HMSN‑COOH@DOX fluorescence NVP. (A) The IR analysis of HMSN and HMSN‑COOH. (B) ζ-potential of HMSN‑COOH 
in PBS, the negative charge of HMSN was increased after -COOH loaded and changed into positive charge with the decrease of pH value; TEM images 
[(C) x20,000 times] and SEM images [(D) x20,000 times] of co-delivery system indicated the size and form of HMSN were not changed after drug loaded.

Figure 5. The release rates of DOX (A) and NVP (B) both accelerated in pace with the decline of pH value.
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value and X represents concentration. According to the formula 
described above, the DOX-encapsulation efficiency was 37%, 
and loading quantity was 6.17%. In alkaline environment 
DOX almost did not release, when the pH decreases to <7.4, 
the release significantly accelerated (P≤0.05). Similarly, the 
calibration curve of fluorescence NVP was Y=0.0681 x X 
(R2=0.991), where Y represents the OD value and X repre-
sents concentration. The encapsulation efficiency was 44%, 
and the loading quantity was 2.10%. When pH was at 6.5 or 
5.5, the release rates of fluorescence NVP were significantly 
higher than that at pH 7.4 (P≤0.05) (Fig. 5). Therefore, we 
successfully synthesized a NVP-modified and pH-sensitive 
co-delivery system.

Efficiency of the HMSN‑COOH@DOX fluorescence NVP 
co-delivery system. HMSN@DOX f luorescence NVP 
co-delivery system can be gradually gathered in the intra-
cellular, and penetrated into the nucleus with extension of 
time (Fig. 6). Cell apoptosis was significantly increased in the 
HMSN‑COOH@DOX fluorescence NVP group than that of 
HMSN‑COOH@DOX group (P≤0.05). NVP combined with 
DOX can achieve more efficient cell killing. Compared with 
the control group, DOX and NVP loaded in the HMSN had 

stronger apoptotic effect (P≤0.05) (Fig. 7). Similarly, the cell 
growth inhibition rate of HMSN‑COOH@DOX fluorescence 
NVP group was higher than that of the other two groups 
(P≤0.05) (Fig. 7). These results showed that HMSN@DOX 
fluorescence NVP co-delivery system could be potentially 
applied for cancer therapy.

The expression of Bax was significantly increased in 
HMSN‑COOH@DOX fluorescence NVP group (P≤0.05), 
while the expression of Bcl-xl and p-Akt were significantly 
decreased (P≤0.05)  (Fig.  7). The results showed that the 
proliferation and apoptosis of CD117+CD44+A2780 cells were 
regulated by PI3K/AKT pathway, which can be suppressed by 
NVP.

Discussion

Tumor recurrence represents a serious challenge for cancer 
therapy. For primary ovarian cancer patients who have 
received cytoreductive surgery and platinum-based combina-
tion chemotherapy, a long period of complete remission is 
expected. However, almost 70% of patients will experience 
recurrence (1). According to previous studies, the proliferation 
of cancer stem cells directly contribute to tumor recurrence. 

Figure 6. Microscopic imaging of CD117+CD44+A2780 cells after incubated with HMSN@DOX fluorescence NVP for 1 h (A), 2 h (B) and 3 h (C) at 37˚C 
(a, Hoechst 33342 fluorescence; b, DOX fluorescence; c, NVP green fluorescence; d, overlapping). The co-delivery system gradually gathered intracellularly 
and penetrated into nucleus over time.
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IGF‑1 is a multifunctional regulatory factor extensively 
involved in various cell functions. Activation of IGF‑1 pathway 
induces DNA synthesis and mitosis through promotion of 
G2/M transition. Numerous studies showed that the IGF signal 
axis is involved in malignant transformation and exerts an anti-
apoptotic effect (16). In this study, we chose the IGF‑1 as the 
therapy target of HMSN@DOX fluorescence NVP co-delivery 
system to build and investigate the in vitro effect of this system 
in a tumor stem-like cell line.

Targeting accumulation of nanocarriers is the basis of the 
co-delivery system. With nanocarriers the size of ~100 nm is 
easier to achieve EPR effect, and the smaller the nanocarriers 
are, the less likely they are to be recognized and deprived by 
macrophages, the longer their retention time in the blood-
stream  (17-20). The HMSN synthesized in our laboratory 
with a size of 50 nm can not only achieve EPR effect, but also 
reduce the probability of phagocytosis and achieve the enrich-
ment in tumor tissue.

However, depending on the classification and differen-
tiation of tumor tissue, EPR effect may vary significantly and 
actively targeting methods are still required. NVP was used 
as the active targeting group because of the specific binding 
with IGF‑1R. In this system, the low pH value in tumor tissues 
caused by anaerobic glycolysis was used as pH-sensitive switch 
to achieve the targeted drug release (21). The HMSN system 
enters into the tumor cells via a non-specific endocytosis, then 
the carboxyl group on the surface will be protonated, leading 
to a change from electrostatic attraction between the loaded 
drugs and HMSN into a repulsion mode, which results in drug 
release. According to this mechanism, drug loaded in the 
HMSN is minimally released in the circulatory system, which 
effectively reduces the systemic side effects of chemotherapy 
drugs. In addition, in contrast to the conventional chemo-
therapy regimens, HMSN drug delivery system can avoid the 
recognition of ABC superfamily, which can pump out the free 
drug and lead to multidrug resistance (22,23).

Figure 7. In vitro effect of the co-delivery system. In the HMSN‑COOH@ fluorescence NVPDOX group, cell apoptosis rate (A) and inhibition rate (B) were 
both increased significantly; the expression of protein Bax was significantly increased [(C) 1, HMSN@DOX fluorescence NVP group; 2, HMSN@DOX group; 
3, free control], while the expression of Bcl-xl and p-Akt were decreased.
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Tumor stem cells can exists in body for a long time in 
the stationary state, which may be associated with immune 
escape (11). The significantly higher apoptosis rate in NVP 
inhibiting group showed that blockade of IGF‑1 can inhibit 
the proliferation and promote apoptosis of ovarian cancer 
stem-like cells. From this point of view, IGF‑1R can be used 
as a target for the prevention of tumor recurrence. The phos-
phorylation of IGF‑1R activates multiple pathways including 
the PI3K‑AKT signaling cascade, which upregulates the 
expression of cyclin B1 (24). Cyclin B1 promotes the G2/M 
transition, and associated with tumor invasion and tumor 
malignant degree (25,26).

The in  vitro experiment was carried out to compare 
the efficiency of the co-delivery system and free drugs. 
Significantly higher cell apoptosis and more inhibition of 
cell proliferation were observed in the co-delivery system. 
The level of phosphorylated aspartic acid specificity cysteine 
protease AKT, apoptosis-promoting protein Bax and apop-
tosis-inhibiting protein Bcl-xl were mostly affected following 
cell treatment with the co-delivery system. Thus, compared 
with HMSN‑COOH@DOX, the enhanced cell apoptosis 
by HMSN‑COOH@DOX fluorescence NVP is associated 
with the active targeting as well as blocking effect on IGF‑1 
by NVP. These results indicated the HMSN‑COOH@DOX 
fluorescence NVP co-delivery system can achieve more potent 
antitumor effect on ovarian cancer stem cells than conven-
tional regimens (27,28).

In conlusion, we constructed a HMSN‑COOH@DOX fluo-
rescence NVP co-delivery module and preliminarily verified 
the potential efficacy of the system in a stem-like ovarian cancer 
cell line. Through accumulation effect, intracellular release and 
delayed efflux, stronger antitumor effect could be achieved by 
this system. In addition, as doxorubicin mainly release inside 
tumor tissue and reduces the drug amount in the circulation  
theoretically, the effective dose of doxorubicin packaged in the 
HMSN co-delivery system may be far below the current clinical 
dosage, thus relieving the accumulated toxicity of doxorubicin. 
However, the above needs to be verified in vivo experiments, 
which are under investigation in our laboratory.

However, there are still some deficiencies. More research 
should be carried out in the future to test and verify the anti-
tumor effect of the co-delivery system in other ovarian cancer 
cell lines, such as SKOV-3 and HO8910, which also have 
highly expressed IGF‑1 and IGF‑1R (29-31). Adverse effects 
and safety concerns should also be addressed before clinical 
application of the system.
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