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Abstract. Failure in early diagnosis and ineffective treatment 
are the major causes of ovarian cancer mortality. Hyaluronan 
and its receptor, cluster of differentiation (CD)44, have been 
considered to be valid targets for treating cancer. The anti‑CD44 
monoclonal antibody IM7 is effective in treating ovarian 
cancer; however, its toxicity should not be ignored. The present 
study has developed a new drug carrier system composed of 
chitosan nano‑particles coated with polylactic acid (PLA) to 
improve the treatment efficacy and reduce toxicity. An ionic 
crosslinking method and 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride/N-hydroxysuccinimide were used 
to prepare the IM7 antibody, which was loaded with chitosan 
nano‑particles. The surfaces of the nano‑particles were coated 
with PLA to generate PLA‑chitosan‑IM7. Subsequently, 
transmission electron microscopy (TEM) was used to observe 
the size and zeta potential of the nano‑particles. In addition, a 
spectrophotometer was used to calculate the loading rate and 
release rate of the nano‑particles in acidic and neutral environ-
ments. MTT assay was used to evaluate the anti‑proliferative 
effect of PLA‑chitosan‑IM7 on the human ovarian cancer cell 
line HO‑8910PM. In addition, an in vivo imaging system was 
used to further investigate the effect of PLA‑chitosan‑IM7 
on the treatment of mice with ovarian cancer. A total of 
35  days subsequent to PLA‑chitosan‑IM7 treatment, all 
animals were sacrificed by CO2, and the tumors were removed 
and weighted. The PLA‑chitosan‑IM7 nano‑particles were 
successfully prepared, since TEM revealed that their size was 
300‑400 nm and their zeta potential was +25 mV. According 

to the spectrophotometry results, the loading rate was 52%, 
and PLA‑chitosan‑IM7 exhibited good resistance to acids. 
MTT assay demonstrated that PLA‑chitosan‑IM7 could 
suppress the proliferation of HO‑8910PM cells in vitro. The 
in vivo imaging system revealed that PLA‑chitosan‑IM7 was 
effective in controlling the development of human ovarian 
cancer cells and the tumor weight. These results suggest that 
PLA‑chitosan‑IM7 could be effective in treating cancers 
in vitro and in vivo, which may provide a novel approach 
to enhance the effectiveness of anti-CD44 treatment while 
reducing its toxicity.

Introduction

Ovarian cancer is the most lethal gynecological cancer, and the 
5‑year survival rate of patients is only 30‑50% (1). Failure in 
early diagnosis and ineffective treatment are the major causes 
of mortality. Therefore, recent research has been focused on 
the identification of new methods of early diagnosis and novel 
strategies for therapy (1).

Hyaluronan (HA) is a macromolecular glycosamino-
glycan, which is the major component of the extracellular 
matrix and intercellular substance. HA serves essential roles 
due to its viscoelasticity, hydrability and interaction with its 
receptors. The presence and absence of HA binding proteins 
and whether HA is connected with its cell surface receptors 
decide its function. Increased HA was able to strengthen the 
capability of invasion, metastasis and proliferation in ovarian 
tumor models  (2,3). Cluster of differentiation (CD)44 is a 
cell surface transmembrane glycoprotein, which exhibits two 
forms: i) Standard CD44 (CD44S, also named CD44H), which 
is mainly expressed on the surface of stromal and hematopoi-
etic cells; and ii) variant CD44 (CD44V), which is mainly 
expressed on the surface of epithelial cells and tumors (4). 
Ovarian cancers express both CD44S and CD44V. CD44 is 
expressed in a large number of cell types, including adhe-
sion of cells and stromal components, lymphocyte homing, 
activation of T  lymphocyte cells and signal transduction. 
Both CD44V and CD44S have been reported to be important 
in the development and metastasis of ovarian cancer and 
other gynecological tumors (4). The binding of HA to CD44 
can initiate several different signaling pathways, including 
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human epidermal growth factor receptor 2, c‑Src kinase and 
extracellular signal‑regulated kinase (5‑12). The activation of 
these pathways may lead to increased motility, adhesion and 
invasion as well as tumor growth in ovarian cancer (3,11,12). 
In summary, HA and its receptor CD44 are considered to be 
valid targets for the treatment of various types of cancer.

Several studies on the treatment efficacy and cytotoxic 
effect of chemotherapeutic drugs have been conducted, 
including paclitaxel, cisplatin and polyethylenimine (PEI) 
DNA particles, which suggested that HA‑conjugation could 
be utilized as tumor‑targeted therapy (13‑15). Besides chemo-
therapy, numerous scholars have paid attention to biotherapy, 
including hyaluronidase enzymes, PH20 and pegylated recom-
binant human hyaluronidase PH20 (16,17). Methods used to 
block the action of CD44 include neutralizing antibodies, 
small interfering RNA, antisense RNA, complementary DNA 
vaccination as well as the CD44 inhibitor silibinin. These 
methods have shown therapeutic effect, although their toxicity 
could not be ignored  (17). Non‑toxic alternative therapies 
remain to be further investigated.

Nano‑particles are solid colloidal particles with a diam-
eter of 10‑500 nm, which is much smaller than that of a cell 
(10‑1,000 nm). Due to this great advantage, these particles are 
easily absorbed by tissues and cells. As a new form of drug 
delivery and release, nano‑particles appear to be promising, and 
have been widely studied in recent years (18). Chitosan, as a new 
type of nano‑particle, has been reported to be relatively good in 
bioadhesivity and promotion of absorption as well as inhibition 
of enzymes (18). The IM7 antibody is one of the most important 
anti‑CD44 monoclonal antibodies in mediating cell‑cell and 
cell‑matrix interactions through its affinity for HA. IM7 has 
been used to treat cancers; however, its major disadvantages are 
its toxicity and unsustainable stimulating effect (4).

In the present study, a new carrier system composed of 
chitosan nano‑particles coated with polylactic acid (PLA) 
(termed PLA‑chitosan‑IM7) has been developed to carry IM7. 
The advantages and disadvantages of treating CD44‑positive 
cancers in vitro and in vivo with PLA‑chitosan‑IM7 were eval-
uated, and the results obtained may provide a new approach 
for cancer treatment.

Materials and methods

Preparation of IM7 loaded with chitosan nano‑particles. An 
ionic crosslinking method was used to prepare nano‑particles 
according the method of Bodmeier (16). First, 200 µl IM7 
(Cat#ab171211; Abcam, Cambridge, UK) were added to 
4 ml thiamine pyrophosphate (TPP) solution (Cat#C8754; 
Sigma‑Aldrich; Merck Millipore, Darmstadt, Germany) at 
1 mg/ml (pH 7‑9), and then the mixture was added to 10 ml 
chitosan solution (Cat#740,500; Sigma-Aldrich; Merck Milli-
pore) (pH 4‑6) at a constant rotating speed, and incubated for 
10 min at 57˚C. Due to molecular linkage between TPP and 
chitosan, the nano‑particles were prepared when the color of 
the solution became homogeneously light blue. The size and 
zeta potential of the nano‑particles was determined with a 
transmission electron microscope (TEM).

Surface coverage of chitosan nano‑particles with 
PLA. 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide 

hydrochloride (EDC)/N-hydroxysuccinimide (NHS) was used 
to coat the chitosan nano‑particles with PLA (Sigma-Aldrich; 
Merck Millipore). First, 0.4 mg EDC (final concentration, 
2 mM) (Cat#22,890; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and 0.6 mg NHS (final concentration, 5 mM) 
(Cat#24,500; Thermo Fisher Scientific, Inc.) were added to 
1 ml PLA, and then the mixture was added to the nano‑parti-
cles solution. The reaction components were mixed thoroughly 
and allowed to react for 15 min at room temperature.

Investigation of drug loading rate and stability. An spectro-
photometer was used to detect the optical density (OD) of 
IM7 prior and subsequent to being loaded with nano‑particles, 
and the loading rate was calculated as follows: Drug loading 
rate = amount of doxorubicin (Dox; Sigma-Aldrich; Merck 
Millipore) encapsulated / total weight of nano-particles. In 
addition, the release rate of PLA‑chitosan‑IM7 was observed 
for 0, 1, 2, 5, 6  and 7 days at neutral (pH 7.4) and acidic 
(pH 5.0) environments, and was calculated as follows: Release 
rate = amount of Dox encapsulated / Total Dox added.

Anti‑proliferative effect of PLA‑chitosan‑IM7 on an ovarian 
cancer line. The human ovarian cancer cell line HO‑8910PM 
was purchased from Peking Union Medical College (Beijing, 
China) and cultured with RPMI 1640 medium with 10% fetal 
bovine serum (Thermo Fisher Scientific, Inc.) and 1% peni-
cillin/streptomycin. Then, MTT assay was used to observe 
the suppressing effect of PLA‑chitosan‑IM7 on HO‑8910M 
cells. Briefly, HO‑8910PM cells were cultured for 24 h and 
then divided into three groups: i) Control group without any 
treatment; ii) IM7 group treated with IM7 (final concentration, 
20 ng/ml); and iii) PLA group treated with PLA‑chitosan‑IM7 
(final concentration of IM7, 20 ng/ml). The stimulation time was 
0, 12, 24, 36, 48 and 72 h. Lastly, MTT assay (Cat#30‑1010K; 
American Type Culture Collection, Manassas, VA, USA) 
was employed to observe the viability and proliferation of 
HO‑8910PM as follows: Each group was adjusted to a density 
of 2x105 cells/ml and plated into 96‑well culture plates. The 
plates were incubated for 6 h, and 10 µl MTT reagent was 
added until a purple precipitate was visible. Next, 10 µl deter-
gent reagent (dimethyl sulfoxide) was added and incubated at 
room temperature in the dark for 2 h. The optical density was 
measured at 570 nm using a spectrophotometer.

Animal studies. In total, 15  female BALB/c nude mice 
(6-8 weeks old; body weight, 20-22 g) were obtained from 
Vital River (Beijing, China) and housed under pathogen-free 
conditions with a 12 h light-dark cycle. Food and water were 
provided ad  libitum throughout the study. The mice were 
subcutaneously injected with 2x106 HO‑8910PM cells for 
72 h to successfully establish an ovarian mouse model. The 
30 mice with ovarian cancer were divided into three groups: 
i) PLA group, which was treated with PLA‑chitosan‑IM7 at 
100 ng/g; ii) IM7 group, which was treated with IM7 antibody 
at 100 ng/g; and iii) positive control group, which was treated 
with Dox at 50 ng/g. Animal models of in vivo fluorescence 
were established according to the protocol of D‑luciferin 
(Cat#LUCNA; Gold BioTechnology, Inc., St. Louis, MO, 
USA). Each group received 15 mg/ml D‑luciferin, and an 
in vivo imaging system (Xenogen IVIS spectrum; Caliper 



ONCOLOGY LETTERS  13:  99-104,  2017 101

Life Sciences, Hopkinton, MA, USA) was used to evaluate 
the targeting specificity and treatment efficacy of IM7 loaded 
with PLA‑chitosan nano‑particles. In addition, when the mean 
volumes of tumors were between 150 and 200 mm3, mice were 
randomly divided in three groups (10 mice/group) prior to 
treatment. The tumor volume and body weight in each group 
were matched, at 180 ± 10 mm3 and 20 ± 2 g, respectively.

A total of 35 days subsequent to PLA‑chitosan‑IM7 treat-
ment, all mice were sacrificed by CO2, and the tumors were 
removed and weighted. All the animals experiments conducted 
in the present study were approved by the Animal Ethics 
Committee of General Hospital of PLA (Beijing, China).

Statistical analysis. All data were analyzed with SPSS 12.0 
software (SPSS Inc., Chicago, IL, USA). Statistical analysis 
was performed using Student's t‑test  and P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Preparation of PLA‑chitosan‑IM7 nano‑particles. The prepa-
ration process is shown in Fig. 1. Upon preparation, TEM was 
used to observe the size and zeta potential of the nano‑particles, 
and it was noticed t§hat the diameter was 100‑500 nm (mean 
value, 350 nm) (Fig. 2A) and the zeta potential varied between 
‑75 and +45 mV (Fig. 2B).

Determination of the loading rate and stability of 
PLA‑chitosan‑IM7. Spectrophotometry was used to determine 
the OD of IM7 prior and subsequent to being loaded, and the 
loading rate was calculated, which was 52%. In addition, the 
stability of PLA‑chitosan‑IM7 was observed for 0, 1, 2, 5, 6 and 
7 days at neutral (pH 7.4) and acidic (pH 5.0) environments. 
The results indicated that the release of PLA‑chitosan‑IM7 
in acidic environments was slightly faster than that in neutral 
environments. PLA‑chitosan‑IM7 was stable at 3 days in any 
type of environment (Fig. 3).

Suppressing effect of PLA‑chitosan‑IM7 on an ovarian cancer 
cell line. MTT assay was used to analyze the influence of 
PLA‑chitosan‑IM7 nano‑particles on the human ovarian cell 
line HO‑8910PM. The results indicated that PLA‑chitosan‑IM7 
and IM7 could suppress the proliferation of cancer cells 
(P=0.0156 vs.  the control group). In addition, the survival 
time of the IM7 group was markedly lower than that of the 
other two groups, suggesting that application of IM7 alone had 
increased toxicity compared with PLA‑chitosan‑IM7 (Fig. 4).

Animal studies. An in vivo imaging system and a subcuta-
neous tumor model were employed to investigate the effect 
of PLA‑chitosan‑IM7 nano‑particles on mice with ovarian 
cancer. Fluorescence animal models in vivo were success-
fully established (Fig.  5A), and the results indicated that 
PLA‑chitosan‑IM7 nano‑particles could target the tumor cells 
and suppress their proliferation (Fig. 5B). A total of 35 days 
subsequent to PLA‑chitosan‑IM7 treatment, all animals were 
sacrificed, and the tumor tissues were removed and weighted. 
PLA‑chitosan‑IM7 could inhibit tumor growth effectively 
(Fig.  5C). Regarding the animals' behavior, the hair and 
mental state of the mice in the PLA‑chitosan‑IM7 group were 

relatively better than those of mice in the other groups. As for 
the subcutaneous tumor model, similar results were obtained 
(Fig. 5D).

Discussion

HA and its receptor CD44 appear to be valid targets in numerous 
studies that had been designed to treat human ovarian cancers. 
However, their toxicity is their major issue, which limits the 
widespread use of these approaches (8). Therefore, it is impor-
tant and meaningful to identify a new approach for cancer 
treatment. Nano‑particles are easily absorbed by tissues and 
cells, and have been widely studied as a drug carrier in recent 
years. In addition, nano‑particles have provided a good plat-
form for cancer gene therapy based on their unique properties, 
including diverse surface chemistry, appropriate size scale and 
organ-specific pharmacokinetics (19). Chitosan has been long 
studied as a special drug delivery system, and one of the most 
important characteristics is to be developed to ionic gelatiniza-
tion with polyanion (20,21). Cai et al developed a gold‑PEI 
nano‑carrier with good transfection efficiency to deliver 
anti‑Epstein‑Barr virus (RBV) microRNA (miR)‑BART7‑3p 
and elicit its potential therapeutic effect. In vitro and in vivo 
data revealed that cell proliferation and tumor growth were 
effectively suppressed by anti‑EBV‑miR‑BART7‑3p trans-
ported by nano‑particles, and the expression of relevant genes 
was modulated accordingly, indicating the feasibility of 
utilizing nano‑particles to deliver anti‑miR and silence endog-
enous EBV‑miR‑BART7‑3p (22).

Figure 1. Process of preparation of PLA‑chitosan‑IM7 nano‑particles. First, 
the anti‑cluster of differentiation 44 antibody IM7 (200 µl) was added to a 
thiamine pyrophosphate solution (1 mg/ml, pH 7‑9) and mixed well. Secondly, 
the mixture was added to a chitosan solution (pH 4‑6), and by molecular reac-
tion, chitosan‑IM7 was formed. Thirdly, 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride/N-hydroxysuccinimide was added to a PLA 
solution to activate the carboxyl moiety, and then the mixture was added 
to the chitosan‑IM7 nano‑particles. The reaction components were mixed 
thoroughly and were allowed to react for 15 min at room temperature. PLA, 
polylactic acid; mRNA, messenger RNA.
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In the present study, chitosan coated with PLA was used 
as the delivery system for IM7 in order to avoid its toxicity. 
Firstly, IM7 was added into a TPP solution (pH 7‑9), and the 
mixture was then added into a chitosan solution (pH 4‑6). 
The nano‑particles that carried the anti‑CD44 antibody were 
prepared by reaction between TPP and chitosan. Upon prepa-
ration, TEM was used to detect the diameter and zeta potential 
of the particles, and it was observed that the former was 
100‑500 nm (mean value, 350 nm) (Fig. 2A) and the latter was 
between ‑75 and +45 mV, which requires further research. In 
addition, the stability of the anti‑CD44 antibody IM7 carried 
with nano‑particles was evaluated in acidic and neutral envi-
ronments. The release rate was noticed to be slow and steady 
(Fig. 3). Secondly, the anti‑tumor effect of PLA‑chitosan‑IM7 
was assessed in vitro and in vivo. The human ovarian cell line 
HO‑8910PM was used as the target cell, and it was observed 

that PLA‑chitosan‑IM7 could suppress the proliferation of 
cancer cells (Fig. 4). Then, an in vivo imaging system was 
used to investigate the anti‑tumor effect of PLA‑chitosan‑IM7, 
and it was observed that PLA‑chitosan‑IM7 have rela-
tive organ-specific and improved anti-tumor growth effect 
(Fig. 5B and C). Additionally, the hair and mental state of 
the mice in the group treated with PLA‑chitosan‑IM7 were 
relatively better than those of the mice in the other groups.

Large efforts have been undertaken to improve the 
therapeutic efficacy of bioactive molecules, including cancer 
therapeutics. Nano‑preparations and targeting the drug‑loaded 
nano‑carriers to the disease site to generate so‑called ‘magic 
bullets’ are examples of the remarkable efforts that have been 
undertaken to design and develop strategies to improve the 
cellular uptake of therapeutic molecules and their delivery to 
an organelle of interest (23). The present study demonstrated 

Figure 3. Release rate of PLA‑chitosan‑IM7 at neutral (pH 7.4) and acidic (pH 5.0) environments. The PLA‑chiosan‑IM7 release is slightly faster in an acid 
environment than in a neutral environment. A total of 3 days subsequent to PLA‑chitosan‑IM7 treatment, PLA‑chitosan‑IM7 was stable regardless the type of 
environment. PLA, polylactic acid.

Figure 2. Transmission electron microscopy was used to observe (A) the diameter (nm) and (B) zeta potential (mV) of nano‑particles. The diameter of the 
nano‑particles was determined to be 100‑500 nm (average value, 350 nm) and the zeta potential was determined to vary between ‑75 and +45 mV.

  A   B
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Figure 5. Effect of PLA‑chitosan‑IM7 nano‑particles on mice with ovarian cancer. (A) Process of establishment of fluorescent animal models in vivo. 
(B) Animals subjected to live imaging. (C) Weight of tumors from animals subjected to different treatments. (D) Tumor volume was determined using calipers 
on the indicated times. Data are presented as the mean ± SD, n=10. PLA, polylactic acid; SD, standard deviation.

  A   B

  C   D

Figure 4. MTT assay was employed to analyze the proliferation of HO‑8910PM cells. The PLA group was treated with PLA‑chitosan‑IM7 at 100 ng/ml; the 
IM7 group was treated with IM7 antibody at 100 ng/ml; and the control group was treated with the same volume of saline. IM7 and PLA‑chitosan‑IM7 could 
both suppress the proliferation of tumor cells. In addition, the survival rate of the IM7 group was lower than that of the PLA‑chitosan‑IM7 group, suggesting 
that application of IM7 alone has higher toxicity. PLA, polylactic acid.
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that PLA‑chitosan‑IM7 displays a good prospect in clinical 
application. However, future studies are required on its speci-
ficity, degradation and immune tolerance. The current study 
provided a new aspect of enhancing the effectiveness of cancer 
treatment while reducing its toxicity, which is of great use in 
tumor therapy, particularly in tumor biotherapy.
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