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Abstract. The present study aimed to establish a novel method 
for efficiently inducing cytotoxic T lymphocytes (CTLs) 
in vitro, in order to develop an immune-based therapy for 
suppressing and killing ovarian cancer cells with a high safety 
and efficacy. Peripheral blood mononuclear cells (PBMCs) 
were stimulated with CpG oligodeoxynucleotide (CpGODN) 
and ginsenoside Rg1, which were united as an immune 
adjuvant, and human epidermal growth factor receptor 2 
(HER2/neu) antigen peptide, in order to establish a specific 
CTL culture system in vitro. Chromosome karyotype analysis, 
growth curve construction and flow cytometric analysis of 
immune phenotypes, including cluster of differentiation (CD)3, 
CD4 and CD8, were performed to characterize the stimulated 
PBMCs in vitro. Subsequently, SKOV3 ovarian cancer cells 
were treated with the specific CTL culture system in vitro, and 
MTT assays were performed to test the inhibitory and lethal 
effects of the CTLs on SKOV3 cells. The number of CTLs 
was significantly increased from day 7 of stimulation with the 
specific mixture (CpGODN, ginsenoside Rg1 and HER2/neu) 
(P<0.01), and plateaued on day 19. Following activation, the 
number of CD3+, CD3+CD4+ and CD3+CD8+ cells was signifi-
cantly increased (P<0.01). The lymphocyte karyotype did not 
change following exposure to antigen. After treatment with 
the specific CTL system, the number of SKOV3 cells in the 
experimental group was significantly reduced compared with 
that in the control group (P<0.01). The results of the present 
study suggested that two novel immune adjuvants, CpGODN 
and ginsenoside Rg1, could be combined with the HER2/neu 

antigen peptide to establish a specific CTL culture system 
in vitro. This system demonstrated a high antigen specificity, 
safety and proliferative ability, and exerted significant lethal 
and inhibitory effects on SKOV3 cells in vitro.

Introduction

Ovarian cancer is one of the most common gynecological 
malignant tumors with a high mortality rate; it remains the 
most common cause of gynecological cancer-associated 
mortality (1). Epithelial ovarian cancer (EOC) constitutes 
>90% of ovarian malignancies (2), and is often found in the 
advanced stage of ovarian cancer (3). Although traditional 
tumor cytoreduction and platinum-based chemotherapy can 
relieve the disease, ~70% of patients with advanced ovarian 
cancer relapse, and the majority succumb to severe side effects 
and chemotherapy resistance (4). The 5‑year survival rate for 
ovarian cancer has not improved significantly over time, and it 
remains a serious threat to the lives and health of women (5).

In the last two decades, immunotherapy for EOC has 
emerged as an attractive auxiliary treatment method. It is 
commonly accepted that ovarian tumors are immunogenic (6). 
Previous studies have associated antitumor immune responses 
with a significant improvement in overall survival (7,8), which 
may be due to their ability to increase antitumor immuno-
logical activity, thereby inhibiting and killing tumor cells. 
Among the various types of immunotherapy, adoptive cellular 
immunotherapy involving the infusion of immunocompetent 
cells with antitumor activity into patients in order to directly 
kill tumor cells or stimulate the body's immune response is 
one of the hotspots in cancer treatment (9,10). An important 
issue of immunotherapy is the selection of appropriate tumor 
killing cells: Cytotoxic T lymphocytes (CTLs) are the first 
to respond to tumor antigens and the most effective of the 
effector cells in the killing of tumor cells (11). CTLs are able 
to eliminate minimal residual nidi and may even entirely 
attenuate advanced cancer; thus, they have an important role 
in antitumor immunotherapy (11,12).

CTL activation requires a double‑signal stimulus. 
Tumor antigen peptides are processed as polypeptides by 
antigen‑presenting cells (APCs), combined with major histo-
compatibility complex (MHC) molecules and transported to 
the APC surface to generate a T‑cell receptor (TCR) activation 
signal (13). The combination of antigen and relevant receptors 
on the surface of T lymphocytes generates the co-stimulatory 
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signal, which is the second signal (14). Only upon stimulation 
with both the TCR activation signal and the co-stimulatory 
signal can T lymphocytes be activated (13). Adjuvants are able 
to non‑specifically alter or enhance the body's specific immune 
response to antigens, enhance the immunogenicity of the corre-
sponding antigen or change the type of immune response (15).

Human epidermal growth factor receptor 2 (HER2/neu) 
is an attractive immunological target, since HER2/neu acti-
vates signaling pathways involved in cellular differentiation, 
proliferation, migration and apoptosis (16). It has previously 
been demonstrated that HER2/neu is recurrently overex-
pressed in ovarian cancer, which may lead to enhanced cell 
proliferation and malignant phenotype transformation (17,18). 
In addition, previous studies have reported that HER2/neu is 
an important surface biomarker of ovarian cancer cells and 
is associated with a poor prognosis and chemotherapy resis-
tance (19‑21). Oligodeoxynucleotides with CpG motifs (CpG 
oligodeoxynucleotide; CpGODN) have shown strong immune 
activation effects (22), adjuvant effects and a low toxicity; they 
are suitable for artificial synthesis and are one of the stron-
gest novel adjuvants to date (23). Ginsenoside has previously 
shown a strong activity in the prevention and inhibition of the 
growth and metastasis of tumors (24). The ginsenoside Rg1 
monomer is an effective immune adjuvant that can stimulate 
the proliferation of T and B lymphocytes and differentiation of 
antigen‑specific lymphocytes (25,26).

The present study aimed to establish a novel method for 
inducing large numbers of CTLs via the double-signal activa-
tion pathway, in order to develop an immune-based therapy 
for the inhibition and killing of ovarian cancer cells with a 
high safety and efficacy. CpGODN and ginsenoside Rg1 
were united as an immune adjuvant and, combined with the 
HER2/neu antigen peptide, were used to establish a specific 
CTL culture system in vitro. Subseuqently, the inhibitory and 
lethal effects of the CTL culture system on SKOV3 ovarian 
cancer cells were assessed. The results of the present study 
may provide the experimental foundation for further research 
on the function and mechanism of CTLs in tumor immu-
notherapy, and provide a theoretical basis for their clinical 
promotion and application.

Materials and methods

Ethics statement. This study was performed in accordance 
with institutional and national guidelines and regulations, 
and with approval from the Ethics Committee of The Second 
Hospital of Jilin University (Changchun, China). Written 
informed consent was obtained from all patients.

Isolation of peripheral blood mononuclear cells (PBMCs) 
and cell culture. Peripheral blood (20 ml) was obtained from 
healthy donors by venipuncture at The Second Hospital of 
Jilin University between June 2013 and December 2014, and 
PBMCs were isolated by density gradient centrifugation (27) 
using lymphocyte separation medium (Beijing Dingguo 
Biological Technology, Co., Ltd., Beijing, China). Cell counts 
of living cells were determined by trypan blue staining exclu-
sion assays. The SKOV3 human ovarian cancer cell line was 
purchased from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). PBMCs and SKOV3 

cells were cultured in RPMI-1640 medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS; Hyclone; GE Healthcare Life 
Sciences, Logan, UT, USA) at 37˚C in a humidified 5% CO2 
incubator. SKOV3 cells in the logarithmic growth phase were 
used in the study.

Specific antigen epitopes. CTL antigen epitopes were 
predicted using GenBank (ht tps://www.ncbi.n lm.
nih.gov/genbank/), CLC Protein Workbench 3 (CLC 
bio, Waltham, MA, USA) and the SignalP 3.0 server 
(http://www.cbs.dtu.dk/services/SignalP‑3.0/). A 9‑amino acid 
human leukocyte antigen‑A2‑restricted CTL epitope corre-
sponding to a cleavage site of the HER2/neu tumor antigen was 
also predicted by the above mentioned software. Finally, the 
P369-377 peptide epitope, which has previously been shown 
to be immunocompetent (28-31), was elected as the antigen 
peptide from the antigen epitope prediction results. The amino 
acid sequence of the P369‑377 peptide epitope was as follows: 
Lysine-isoleucine-phenylalanine (Phe)-glycine-serine-leucine 
(Leu)‑alanine‑Phe‑Leu. The peptide was synthesized by 
Sangon Biotech, Co., Ltd. (Shanghai, China).

Viability of SKOV3 cells treated with PBMCs activated by 
various concentrations of stimulators. The concentration of 
PBMCs was adjusted to 1x106/ml and the cells were inoculated 
into 96-well plates (100 µl/well). HER2/neu antigen peptide 
(Sangon Biotech, Co., Ltd.) was added into five groups of 
CpGODN (Sangon Biotech Co., Ltd.) or ginsenoside Rg1 
(purity >99%; Jilin University) at different concentrations 
(3.75, 7.5, 15, 30 or 60 µg/ml), making the final concentration 
of HER2/neu 10 µg/ml. Subsequently, the mixtures containing 
various concentrations of CpGODN or ginsenoside Rg1 
were added to the PBMCs and incubated for 7 days; each 
group consisted of three parallel wells. SKOV3 cells in the 
logarithmic growth phase were digested with 0.25% trypsin 
and diluted in RPMI‑1640 medium containing 10% FBS. 
The single cell suspension (5x104/ml; 100 µl) was inoculated 
into 96‑well plates, and the cells were cultured at 37˚C in 
5% CO2 overnight. After the cells had adhered to the well, 
the supernatant was discarded and the PBMCs stimulated with 
the mixtures were added to SKOV3 cells. After 48 h of incuba-
tion, 20 µl MTT (5 mg/ml; Sigma‑Aldrich; EMD Millipore, 
Darmstadt, Germany) was added to each well and incubated 
at 37˚C in a 5% CO2 incubator for an additional 4 h. The 
supernatant was then removed and 150 µl dimethyl sulfoxide 
(Sigma‑Aldrich; EMD Millipore) was added to each well 
and the cells were gently shaken for 10 min until the crystals 
had dissolved. Absorbance values were determined using an 
ELISA reader at 490 nm.

Establishment of CTL cultures in vitro and cell growth curves. 
A mixture of CpGODN (30 µg/ml), ginsenoside Rg1 (30 µg/ml) 
and HER2/neu antigen peptide (10 µg/ml), termed the specific 
mixture, was added to PBMCs (1x104/ml) in 24-well plates and 
cultured for 34 days at 37˚C. The medium was replaced and 
the cells were adjusted to 1x106/ml every 3 days. On day 34, 
the cells were collected and named HER2/neu‑specific CTLs. 
Growth curves were drawn according to cell counts on days 1, 
4, 7, 10, 13, 16, 19, 22, 25, 28, 31 and 34.
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Karyotype analysis. Karyotypes were analyzed by conven-
tional Giemsa staining. Conventional cytogenetic analysis of 
PBMCs was performed prior to and following stimulation with 
the specific mixture. PBMCs (1x105 cells/well) were treated 
with 0.05 ml colcemid (25 µg/ml; Sigma‑Aldrich; EMD 
Millipore) for 4 h at 37˚C, after which the cells were harvested 
and resuspended in 8 ml 37˚C hypotonic solution, and then 
cultured at 37˚C in a humidified 5% CO2 incubator for 30 min. 
Following incubation, cells were harvested and fixed in freshly 
prepared fixative (volume ratio of methanol:acetic acid, 3:1), 
and slides were prepared by hot‑plate drying for 15 min. Meta-
phase chromosomes were banded using trypsin-Giemsa and 
karyotyped according to the International System for Human 
Cytogenetic Nomenclature (ISCN 2005) (32).

Flow cytometry. PBMCs were harvested following incubation 
with specific mixture for 10, 20 or 30 days. The expression 
of cluster of differentiation (CD)3, CD4 and CD8 on the 
surface of PBMCs was measured using flow cytometry. 
Briefly, the cells were washed in fluorescence‑activated cell 
sorting (FACS) medium [phosphate‑buffered saline (PBS) 
containing 1% bovine serum albumin (Sigma‑Aldrich; EMD 
Millipore)] and stained at 4˚C for 20 min with the following 
antibodies: Anti‑CD3‑phycoerythrin (PE)‑cyanine 5 (1:20; 
cat. no. ab157300; Abcam, Cambridge, UK), CD4‑fluorescein 
isothiocyanate (1:20; cat. no. ab59474; Abcam) and CD8‑PE 
(1:20; cat. no. ab210327; Abcam). Thereafter, cells were washed 
three times with PBS and analyzed by FACS (FCM‑500; 
Beckman Coulter, Inc., Brea, CA, USA).

Inhibition of SKOV3 cells treated with HER2/neu-specific 
CTLs. PBMCs were divided into three groups, as follows: 
i) The effect cell control group; ii) the HER2/neu group 
(positive control group); and iii) the specific mixture group 
(experimental group). PBMCs (1x106/ml) were seeded into 
96-well plates in triplicate; each well had a volume of 100 µl. 
Subsequently, the cells were treated with 10 µg/ml HER2/neu 
or the specific mixture (30 µg/ml CpGODN, 30 µg/ml ginsen-
oside Rg1 and 10 µg/ml HER2/neu) and cultured at 37˚C in 
a 5% CO2 incubator. Cells collected on day 19 were used 
as the effect cells. SKOV3 cells in the logarithmic growth 
phase were digested with 0.25% trypsin and the single cell 
suspension was inoculated into 96‑well plates at 5x104/ml. 
The cells were cultured at 37˚C in 5% CO2 overnight, after 
which the supernatant was discarded, such that the adherent 
cells became the target cells. SKOV3 cells were added to the 
three groups of effect cells at effect cell-to-target cell ratios of 
5:1, 10:1, 20:1 and 40:1. The group with no effect cells was the 
target cell control group. Cells were cultured at 37˚C in a 5% 
CO2 incubator for 48 h. MTT assays were performed at 6, 12, 
18, 24, 30, 36, 42 and 48 h, and absorbance values were deter-
mined using an ELISA reader at 490 nm. The CTL inhibition 
rate on SKOV3 cells was calculated as follows: CTL inhibi-
tory rate (%) = [target cell control group A490 - (experimental 
group A490 ‑ effect cell control group A490)] / target cell control 
group A490 x 100. The inhibitory effect of HER2/neu‑specific 
CTLs on SKOV3 cells at different time points was tested in the 
following two groups: i) The experimental group treated with 
specific mixture at the effect‑to‑target ratio of 20:1; and ii) the 
control group added into equal medium with no effect cells. 

Statistical analysis. Data are presented as the mean ± standard 
deviation. Comparisons among the groups were performed 
using one way analysis of variance and Tukey's test. Between 
group comparisons were performed using Student's t-tests. 
Statistical analyses were conducted using SPSS 19.0 statis-
tical software (IBM SPSS, Armonk, NY, USA). P<0.05 was 
considered to indicate a statistically significant difference.

Results

Stimulation of PBMCs with various concentrations of 
immunological adjuvant and HER/neu antigen peptide. To 
observe the common effects of CpGODN and HER2/neu 
antigen peptide and ginsenoside Rg1 and HER2/neu antigen 
peptide stimulation on PBMC activation, MTT assays were 
performed to assess the viability of SKOV3 cells treated with 
stimulated PBMCs. As shown in Fig. 1, the number of viable 
SKOV3 cells was significantly decreased as the concentration 
of CpGODN or ginsenoside Rg1 was increased. These results 
suggested that increasing the number of stimulated PBMCs 
significantly reduced the viability of SKOV3 cells (P=0.047, 
<0.001, <0.001, <0.001 and <0.001 for the 3.75, 7.5, 15, 30 and 
60 µg/ml CpGODN‑HER2/neu groups vs. the group without 
CpGODN, respectively; and P=0.040, <0.001, <0.001, <0.001 
and <0.001 for the 3.75, 7.5, 15, 30 and 60 µg/ml vs. the group 
without Rg1, respectively). However, the viability of SKOV3 
cells stimulated with 60 µg/ml CpGODN or ginsenoside Rg1 
was not significantly different compared with those stimulated 
with 30 µg/ml CpGODN or ginsenoside Rg1 (P=0.688 for the 
CpGODN‑HER2/neu group and P=0.953 for the Rg1‑HER2/
neu group). Therefore, 30 µg/ml CpGODN and ginsenoside 
Rg1 were used for subsequent experiments. 

Karyotype analysis of HER2/neu-specific CTLs. To assess the 
safety of the specific CTL culture system in vitro, the PBMC 
karyotype was analyzed in order to detect whether PBMCs 
were stable following stimulation with the specific mixture. As 

Figure 1. Effect of stimulated peripheral blood mononuclear cells (PBMCs) 
on SKOV3 cell viability, as assessed using MTT assays. PBMCs were stimu-
lated for 7 days with various concentrations (3.75, 7.5, 15, 30 or 60 µg/ml) of 
CpGODN or ginsenoside Rg1 and HER2/neu antigen peptide. SKOV3 cells 
were treated with the activated PBMCs for 48 h, after which their viability 
was assessed using MTT assays. Data are presented as the mean ± standard 
deviation of six independent experiments. *P<0.05 vs. the group without 
CpGODN or ginsenoside Rg1. #P>0.05 vs. the group stimulated with 
30 µg/ml CpGODN or ginsenoside Rg1. CpGODN, CpG oligodeoxynucleo-
tide; HER2/neu, human epidermal growth factor receptor 2. 
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shown in Fig. 2A, there was no change in the PBMC karyotype 
following stimulation with the specific mixture.

Proliferation of specific mixture-treated PBMCs. The number 
of PBMCs was counted on days 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 
31 and 34, in order to detect the effect of the specific mixture on 
the growth of PBMCs. As shown in Fig. 2B, the number of cells 
increased as the culture time was extended. Cell proliferation 
was not detected prior to day 4 (P=1.000 for 4th day group vs. 
1st day group). However, the number of PBMCs was signifi-
cantly increased after day 7 (P<0.01 for groups on days 7, 10, 13, 
16, 19, 22, 25, 28, 31 and 34 vs. 1st day group), although there 
was no significant difference in the cell number after day 19 
(P=0.986, 0.230, 0.094, 0.195 and 1.000 for groups on days 22, 
25, 28, 31 and 34 vs. 19th day group). Therefore, the stimulated 
cells collected on day 19 were used as the effector cells in the 
subsequent experiments.

Immunophenotype of PBMCs. T-cells are characterized by 
the CD3+ molecular phenotype. CTLs are CD8+ T-cells, while 
CD4+ T-cells constitutes another molecular phenotype (33,34). 
To identify whether the stimulated PBMCs were CTLs, flow 

cytometry was performed to examine the immunophenotype. 
As shown in Fig. 2C and D, the immunophenotypes of PBMCs 
were changed following stimulation with the specific mixture. 
The proportion of cells that expressed CD3 increased from 
28.17±5.14 to 79.30±3.17% following stimulation (P<0.01 for 
30th day group vs. group on day 0). Furthermore, the cells 
expressing both CD3 and CD4 increased from 16.40±5.16 
to 54.53±1.85% after 30 days of stimulation (P=0.002 for 
30th day group vs. group on day 0), and the number of cells 
expressing CD3 and CD8 were significantly increased (P<0.01 
for 30th day group vs. group on day 0). These results suggested 
that specific CTL cells had been successfully induced by the 
specific mixture.

Lethal and inhibitory effects of HER2/neu-specific CTLs on 
SKOV3 cells. Following the establishment and identification 
of the specific CTL system, the lethal and inhibitory effects 
of the HER2/neu‑specific CTLs on SKOV3 ovarian cancer 
cells was assessed using MTT assays. As shown in Fig. 3A, 
as compared with the positive control group, the experimental 
group appeared to have a stronger lethal effect on SKOV3 cells, 
which increased as the ratio of effect cells-to-target cells was 

Figure 2. Characterization of the specific cytotoxic T lymphocyte (CTL) culture system in vitro. (A) Karyotype analysis of peripheral blood mononuclear cells 
(PBMCs) was performed using conventional Giemsa staining. (a) The karyotype of PBMCs following stimulation with specific mixture (the experimental 
group). (b) The karyotype of PBMCs without stimulation (the control group). (B) Cell proliferation was determined by counting total cell numbers at 1, 4, 7, 
10, 13, 16, 19, 22, 25, 28, 31 and 34 days of culture. Values are the mean ± standard deviation (SD) of three independent experiments. *P<0.01, ∆P>0.05 vs. the 
cell number on day 1. #P>0.05 vs. the cell number on day 19. (C and D) The percentages of CD3+, CD3+CD4+ and CD3+CD8+ PBMCs were assayed by flow 
cytometry prior to stimulation and on days 10, 20 and 30 following stimulation with the specific mixture. Values are the mean ± SD of three independent 
experiments. *P<0.05, **P<0.01 vs. day 0. CD, cluster of differentiation; PE‑Cy5, phycoerythrin‑cyanine 5; FITC, fluorescein isothiocyanate. 

  A   B

  C

  D
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increased (P=0.049, 0.034, 0.023 and 0.022 for experimental 
groups with effect‑target ratio of 5:1, 10:1, 20:1 and 40:1 vs. 
positive control groups, respectively). These results suggested 
that the HER2/neu‑specific CTLs exerted lethal effects on 
ovarian cancer cells, which were positively related to the 
number of activated PBMCs. Therefore, the effect‑to‑target 
ratio of 20:1 was used in the subsequent experiments.

 The inhibitory effect of the effect-to-target ratio of 20:1 
on SKOV3 cells is shown in Fig. 3B. The growth curve of 
SKOV3 cells treated with the control group PBMCs (without 
HER2/neu, CpGODN and ginsenoside Rg1) showed an 
increasing trend during the first 48 h. Conversely, the growth 
curve of the experimental group treated with HER2/neu-
specific CTLs showed a decreasing trend during the first 48 h. 
The number of SKOV3 cells in the experimental group was 
significantly decreased compared with the control group at the 
same time point (P<0.01 for experimental groups at 12, 18, 24, 
30, 36, 42 and 48 h vs. the corresponding control groups).

Discussion

Ovarian cancer is the most lethal gynecological malignancy. 
Primary treatment involves surgical debulking of the visible 
disease, followed by adjuvant chemotherapy (7). However, 
even though >70% of patients initially respond to cisplatin, 
the prognosis is still poor, due to chemoresistance or high 

proportion of advance-stage cases (4). Currently, tumor 
biological therapies are receiving increasing attention as an 
alternative effective therapeutic strategy to operation, radio-
therapy and chemotherapy.

As a novel adjuvant treatment method, immunotherapy 
has been shown to improve the antitumor immune response 
in the body, so as to eliminate residual metastatic lesions and 
delay the development of cancer following the standard cyto-
reductive surgery and platinum‑based chemotherapy (35). In 
addition, immunotherapy was reported to effectively improve 
patients' autonomic anticancer immunity, strengthen their 
physique, reduce chemotherapy resistance, enhance the effect 
of chemotherapy on ovarian cancer and extend the valid period 
of survival (10). Antigen‑specific active immunotherapy aims 
to induce tumor‑antigen‑specific antitumor immune responses, 
and has emerged as an alternative treatment for ovarian 
cancer (36). In the process of an immune response, tumor 
antigens are processed by APCs and presented to CTLs (14). 
Adjuvants are able to non‑specifically alter or enhance the 
body's immune response to specific antigens, and enhance the 
immunogenicity of the corresponding antigen or change the 
type of immune response (37).

In the present study, HER2/neu was used as the tumor 
antigen adjuvant to enhance the immunogenicity of 
HER2/neu and the specificity of the immune response. The 
HER2/neu antigen peptide was combined with CpGODN 
and ginsenoside Rg1, and the mixture was used to stimulate 
T lymphocytes in peripheral blood via the double-signal 
pathway. Subsequently, CTLs were efficiently proliferated 
in vitro. By controlling a single variable, the optimum ratio of 
CpGODN, ginsenoside Rg1 and HER2/neu antigen peptide was 
found. MTT assays demonstrated that, when the concentration 
of CpGODN and ginsenoside Rg1 was 30 µg/ml, and that of 
HER2/neu was 10 µg/ml, the lethal effect of specific CTL on 
SKOV3 cells was the most potent. Therefore, a specific CTL 
in vitro culture system was established. Following treatment 
with the specific mixture, PBMCs underwent a 4‑day adap-
tive phase, followed by proliferation; the logarithmic growth 
phase was reached on day 7. From day 19, the growth of cells 
began to plateau, although PBMCs were shown to remain 
viable up until day 34. As a result of active metabolism in 
the logarithmic phase, the cell condition was fine. Therefore, 
the cells harvested on day 19 were used as effector cells in 
the subsequent experiments to ensure both a good condition 
and quantity of cells. Flow cytometry was used to asses the 
immunophenotypes of the PBMCs. The results indicated that, 
following treatment with the specific mixture, the percentages 
of CD3+, CD3+CD4+ and CD3+CD8+ PBMCs were signifi-
cantly increased compared with the control group, which 
demonstrated that a large quantity of CTL cells were induced 
successfully. Through chromosome karyotype analyses, it was 
shown that the lymphocyte karyotype did not change following 
stimulation with the specific mixture. These results suggested 
that HER2/neu‑specific CTLs may be safely reinfused into 
the human body. The high survival rate and strong prolifera-
tive capacity of the HER2/neu‑specific CTLs were the basis 
for their strong cytotoxic activity, thereby solving the lack of 
effector cells obtained by amplification in vitro (38).

The rapid proliferation of cells is one of the most important 
characteristics of malignant tumors. Therefore, effectively 

Figure 3. Inhibitory effect of HER2/neu‑specific CTLs on SKOV3 cells. 
(A) SKOV3 cells were treated with HER2/neu‑specific CTLs at different 
effect‑to‑target cell ratios (5:1, 10:1, 20:1 or 40:1), and the inhibitory effect was 
analyzed using MTT assays. Inhibition rates were calculated according to the 
formula: Inhibitory rate (%) = [target cell control group A490 - (experimental 
group A490 ‑ effect cell control group A490)] / target cell control group x 100. 
Values are the mean ± standard deviation (SD) of six independent experi-
ments. *P<0.05 vs. the positive control group (HER2/neu). (B) SKOV3 cells 
were treated with HER2/neu‑specific CTLs at the effect-to-target cell ratio 
of 20:1, and analyzed using MTT assays after 6, 12, 18, 24, 30, 36, 42 and 
48 h of treatment. Values are the mean ± SD of six independent experiments. 
*P<0.01 vs. the control group. CTL, cytotoxic T lymphocytes; HER2/neu, 
human epidermal growth factor receptor 2.

  A

  B
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inhibiting the growth and proliferation of tumor cells is one 
of the main purposes of antitumor therapies. In the present 
study, the MTT method (39) was adopted to investigate the 
inhibitory effect of HER2/neu‑specific CTLs on SKOV3 cells 
at different effect cell‑to‑target cell ratios. HER2/neu‑specific 
CTLs were diluted into various concentrations according to 
the different effect‑to‑target cell ratios and added to SKOV3 
cells. The results showed that, compared with the control 
group, the inhibitory effect on SKOV3 cells was significantly 
increased for all experimental groups. The inhibition rate 
was 76.75% when the effect‑to‑target cell ratio was 40:1. The 
influence of HER2/neu‑specific CTLs on SKOV3 cell viability 
was assessed using the MTT method, and growth curves for 
SKOV3 cells in the control group and experimental groups 
were constructed. The result indicated that, compared with the 
control group, the growth of SKOV3 cells treated with HER2/
neu‑specific CTLs was significantly inhibited. These results 
suggested that HER2/neu‑specific CTLs were effective across 
the entire growth processes of SKOV3 cells.

In conclusion, the present study united CpGODN and 
ginsenoside Rg1 as an immune adjuvant, which, combined 
with the HER2/neu antigen peptide, was used to rapidly 
induce a large number of PBMCs to form CTL cells, thereby 
establishing a large‑scale specific CTL culture system in vitro. 
This system was shown to satisfy the safety of clinical reinfu-
sion. The high rate of proliferation of the HER2/neu‑specific 
CTLs solved the problem of obtaining sufficient effector 
cells by amplification in vitro. In addition, the present study 
demonstrated the high antigen specificity of the specific CTL 
in vitro, which had significant inhibitory and lethal effects on 
ovarian cancer cells. The results of the present study may serve 
as an experimental foundation for the systematic analysis of 
the function and mechanisms of HER2/neu‑specific CTLs in 
tumor immunotherapy.
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