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The prevalence of hepatitis B virus (HBV) is high in 
our country; it has a positive rate of 8.57% among 15–59 
year olds and 8.98% among tumor patients [1], and there 
is no statistical difference in its prevalence between these 
groups. HBV infection is not only an important factor 
causing liver cancer, but also has a close relationship 
with other tumors. In recent years, immunotherapy has 
emerged as a treatment modality with encouraging effi-
cacy and slight adverse effects in cancer therapy. Among 
various kinds of immunotherapy, cytokine-induced killer 
(CIK) cell therapy has moved from the “bench to bedside” 
and is a promising method. Compared with traditional 
immune cells, such as lymphokine-activated killer cells 
and tumor-infiltrating lymphocyte cells, CIK cells can 
proliferate rapidly in vitro and have enhanced antitumor 
activity and a broader spectrum of targeted tumors. CIK 

cells are a subset of T lymphocytes with a natural kill-
er T cell phenotype expressing both the CD3 and CD56 
markers. They exhibit potent non-major histocompat-
ibility complex-restricted cytotoxicity against a variety of 
tumor target cells, similar to NK cells. There are reports 
that CIK cells can inhibit HBV replication with non-toxic 
side effects [2]. However, there are no reports regarding 
the influence of hepatitis B surface antigen (HBsAg) in 
the peripheral blood of cancer patients on cultured CIK 
cell proliferation and cell surface molecule expression. 
Accordingly, the primary objective of this study was to 
investigate the effect of HBsAg on CIK properties.
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Abstract  Objective  The aim of the study was to explore the difference between immune cell subsets during the 
incubation  of  cytokine-induced  kill  cells  (CIKs)  from  patients  with  and  without  hepatitis  B  virus  (HBV). 
Methods  Peripheral blood samples were extracted from 50 tumor patients, and were divided  into two 
groups according to the presence or absence of HBV. The proliferation rate and activity of CIK cells were 
examined based on counts on days 1, 5, 7, 9, 11, 13, and 15 of culture. Additionally, the CD3+, CD4+, CD8+, 
CD3+CD8+, CD3+CD4+, and CD3+CD56+ T cell populations were analyzed by flow cytometry on days 5, 7, 
10, 13, and 15 of culture. 
Results  Proliferation over a 15-day period was higher  in  the HBV-positive group  than  in  the negative 
group (280-fold vs. 180-fold increase, respectively), but there was no significant difference between the two 
groups at each time point. The frequencies of CD3+, CD8+ T, CD3+CD8+, and CD3+CD56+T cells increased 
over time, while those of CD4+ and CD3+CD4+ T cells decreased over time, and these changes were greater 
in  the positive group than  in  the negative group. The differences  in CD8+ T cells and CD3+CD4+ T cells 
between the two groups were significant (P < 0.05). 
Conclusion  The proliferative capacity of CIK cells was higher for patients in the HBV-positive group than 
those in the HBV-negative group, and immune cell subsets were more favorable in the HBV-positive group 
than the negative group.
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Materials and methods

Patients
Fifty advanced-stage cancer patients were recruited 

from PLA Navy General Hospital between October 2012 
and June 2013, including 15 cases of lung cancer, 10 cases 
of liver cancer, 7 cases of nasopharyngeal carcinoma, 6 
cases of breast carcinoma, 3 cases of gastric cancer, 2 cases 
of renal carcinoma, 2 cases of cervical cancer, and 5 cases 
of other malignant tumors. Written informed consent was 
obtained from all patients, and the study was approved by 
the Ethics Committee of Navy General Hospital. 

The patients enrolled in this study were aged 53.42 ± 
13.32 years, including 28 males and 22 females, and had 
malignant tumors confirmed by radiography and patho-
logic examinations. HBsAg, anti-HCV and -HIV antibod-
ies, and syphilis antibodies were examined in all patients, 
and all were negative except for HBsAg. 

The 50 patients with malignant tumors were divided 
into two groups according to HBsAg status: a positive 
group (14 cases) and a negative group (36 cases).

Instruments and reagents
Instruments 
The following instruments were used: a CO2 incubator 

(3111 Series, ThermoFisher, USA), a low-speed centrifuge 
(4000 Type; Kubota, Japan), BCM Biological Clean Bench 
(Suzhou Antai Air Technology Co. Ltd, China), an Ep-
ics XL MCL Flow Cytometer (Beckman Coulter, USA), an 
XE-2100 Automatic Blood Cell Analyzer (Sysmex, Japan), 
and an LX-20 Automatic Biochemical Analyzer (Beck-
man Coulter, USA).

Reagents
The following reagents were used in the study: fresh 

serum-free GT-T551 (Takara, Japan), human lymphocyte 
separation liquid (Tianjin Virtue, ASM Pacific Technol-
ogy, Ltd., Honk Kong), buffer D-PBD (Takara, Japan), 
rhIL-2 (Beijing Double Dew Pharmaceutical Companies, 
China), IFN-gamma (Shanghai Kaimao Bio Pharmacy, 
China), CD3 monoclonal antibody (Center for Molecular 
Immunology, Cuba), CD3, CD4 CD56, and CD8 fluores-
cence-labeled antibodies (Beckman Coulter, USA), blood 
cell analysis reagent (Sysmex, USA), and biochemical de-
tection reagent (North Kowloon Strong Biological Tech-
nology Co. Ltd., USA).

Methods
Comparison of lymphocytes and biochemical  

properties before treatment
Blood samples from all patients were obtained for lym-

phocyte and biochemical detection at the same time that 
CIK cultures were initiated. 

Ex vivo generation of CIK cells
Informed consent was obtained from all the patients. 

Heparinized peripheral blood (54 mL) was obtained from 
each patient. Peripheral blood mononuclear cells were 
separated by Ficoll-Hypaque density centrifugation and 
resuspended at 1 × 106 cells/mL in fresh serum-free GT-
T551 medium containing 800 U/mL recombinant human 
IFN-γ. Autologous plasma (10%) was added to a flask that 
was pre-coated with CD3 (5 g/mL) monoclonal antibody, 
and samples were incubated at 37 ℃ in a humidified at-
mosphere containing 5% CO2 for 24 h. Then, 1000 U/mL 
recombinant human IL-2 was added to the media. Cells 
were cultured for up to five days according to cell growth 
and proliferation with adjustments for cell density, and 
transferred to the GT-T610 (A) Permeability Culture Bag 
for expansion. Fresh IL-2 and fresh medium were added 
every 2–3 days, and the cell density was maintained at 
2 × 106 cells/mL. At days 7, 10, 13, and 15, a fraction of 
cells was obtained for phenotype analysis and cell viabil-
ity staining with trypan blue. CIK cells were harvested 
on day 15. A fraction of harvested CIK cells was collected 
for phenotype analysis, and most fresh CIK cells were in-
fused to patients immediately after harvesting.

CIK cell phenotype analysis
For each patient, the phenotypes of autologous CIK 

cells after culturing for 5, 7, 10, 13, and 15 days were char-
acterized by flow cytometry (Beckman Coulter Epics XL 
MCL, USA) using four-color fluorescence. The following 
monoclonal antibodies were used: anti-CD3-PC5, anti-
CD4-FITC, anti-CD8-PE, and anti-CD56-PE (all obtained 
from Beckman Coulter, USA). The cultured cells and an-
tibodies were mixed gently and incubated in the dark at 
room temperature for 20 min. Phosphate-buffered saline 
was added followed by centrifugation at 1500 × g/min for 
8 min. The supernatant was discarded, cells were resus-
pended in 500 µL of phosphate-buffered saline, and the 
proportion of cells in each subgroup (CD3+, CD3+CD4+, 
CD3+CD8+, and CD3+CD56+) was calculated based on cell 
density. 

Statistical analysis
All statistic analyses were performed using SPSS16.0 

Statistical Software. Statistical comparisons between 
groups were performed using Student’s t-tests, one-way 
ANOVA (analysis of variance), or multiple comparison 
tests. A P-value of less than 0.05 was considered statisti-
cally significant.

Results 

General data
All enrolled tumor patients were divided into two 

groups according to the HBsAg results: a positive group 
(n = 14 cases) and a negative group (n = 36 cases), and the 
properties of each group were summarized in Table 1.
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Comparison of the proliferation of CIK cells
Cell viability and cell density were estimated on days 

1, 5, 9, 11, 13, and 15. Cell viability was more than 98% 
(Table 2), and the cell growth curve was shown in Fig. 1. 
There was no significant difference in the rate of CIK cell 
proliferation between the two groups. CIK cells entered 
a period of rapid growth at approximately days 7–15 in 
the two groups. These cells were still in the logarithmic 
growth phase at day 15, but approximately 280 × ampli-
fication was observed in the positive group, while it was 
only approximately 180 × in the negative group, and this 
difference between groups was significant.

Phenotypic characteristics of ex  
vivo-generated CIK cells

The phenotypic characteristics of ex vivo-generated 
CIK cells were analyzed at 5, 7, 10, 13, and 15 days. The 
proportion of CD3+, CD8+, CD3+CD8+, and CD3+CD56+ T 
cells in the positive group increased more than that in the 
negative group. The CD4+ and CD3+CD4+ T cells decreased 
more in the positive group than in the negative group. 
Based on the ANOVA, there were statistically significant 

differences in the proportion of CD8+ and CD3+CD4+ T 
cells between the two groups (P < 0.05). These results 
were presented in Table 3 and Fig. 2.

Discussion

Immune therapy is helpful for HBsAg seroconversion, 
and to restore or improve the antiviral ability of defec-
tive T cells. CIK cell infusion can inhibit HBV DNA rep-
lication, decrease HBV levels in chronic HBV patients, 

Table 2  Comparison the proliferation of CIK cells  (× 107/L)
Day Negative Positive F P
1 6.00 ± 2.53 4.32 ± 1.75 2.223 0.142
5 12.49 ± 4.23 11.75 ± 3.90 0.399 0.53
7 42.88 ± 18.20 38.51 ± 10.75 4.020 0.051
9 148.53 ± 100.66 129.65 ± 53.01 1.741 0.193
11 357.81 ± 206.73 314.07 ± 175.11 0.511 0.478
13 636.47 ± 361.34 676.29 ± 484.37 0.989 0.325
15 1074.6 ± 711.72 1198.6 ± 926.06 1.332 0.254

Table 1  Comparison of the HBsAg-positive and -negative groups
Negative Positive F P

Age (years) 51.36 ± 13.56 47.71 ± 9.54 3.521 0.243
lymphocyte (× 109/L) 1.28 ± 0.74 0.81 ± 0.44 4.415 0.041*
Album (g/L) 38.89 ± 4.33 42.62 ± 5.07 6.378 0.015*
Alanine Transaminase (g/L) 68.87 ± 7.14 70.63 ± 5.30 0.653 0.423
Alanine Transaminase (U/L) 17.86 ± 8.94 28.92 ± 15.87 9.300 0.004*
Total bilirubin (umol/L) 10.09 ± 3.46 13.61 ± 5.82 6.623 0.013*
Conjugated bilirubin (umol/L) 5.26 ± 1.65 6.99 ± 3.48 5.502 0.023*
* Compared with the negative group (P < 0.05)

Subgroup Negative Positive
D5 D7 D10 D13 D15 D5 D7 D10 D13 D15

CD3+ 58.9 ± 13.7 69.3 ± 16.9 80.6 ± 11.9 90.3 ± 5.3 91.6 ± 3.6 60.52 ± 6.7 72.6 ± 11.4 82.8 ± 7.0 90.1 ± 3.1 93.1 ± 3.4
CD4+ 35.9 ± 12.7 30.0 ± 14.0 24.6 ± 12.5 19.3 ± 14.0 18.3 ± 12.7 31.5 ± 11.1 26.0 ± 9.1 18.5 ± 7.5 15.1 ± 7.8 12.9 ± 8.1
CD8+ 51.6 ± 13.1 61.5 ± 14.8 68.3 ± 11.3 70.8 ± 11.3 72.2 ± 14.6 51.6 ± 8.2 64.4 ± 8.4 73.6 ± 6.9 79.4 ± 5.8 81.8 ± 4.3*
CD3+4+ 23.4 ± 10.1 17.1 ± 8.9 14.8 ± 8.4 14.4 ± 12.5 13.6 ± 11.1 18.8 ± 5.9 14.7 ± 8.6 10.9 ±6.8 8.9 ± 5.9 7.8 ± 5.9*
CD3+8+ 40.3 ± 13.1 46.0 ± 15.0 54.9 ± 12.3 61.3 ± 13.1 63.6 ± 17.1 39.6 ± 11.7 50.8 ± 7.5 60.7 ± 6.8 68.4 ± 5.8 72.9 ± 6.6
CD3+56+ 1.23 ± 0.56 2.07 ± 0.92 3.47 ± 1.57 5.17 ± 1.76 7.72 ± 4.16 1.9 ± 1.3 2.7 ± 1.6 4.3 ± 2.4 5.7 ± 2.9 7.7 ± 4.9

Table 3 Sub-cellular groups of T cells in the peripheral blood samples of patients with or without HBsAg (%)

* Compared with the negative group (P < 0.05)

Fig 2  Trend in subtype frequencies over time in the two groups

Fig. 1  CIK cell growth curves for the two groups
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and decrease viral loading in patients with a higher pro-
portion of CD3+CD56+ T cells. The number of immune 
cells and immune function recovery are closely related 
to antiviral ability [3]. Many factors affect tumor develop-
ment and prognosis during tumor progression [4–5]; how-
ever, the relationship between HBsAg levels and CIK cell 
proliferation in patients with different tumor types is un-
known. In this study, the use of CIK cells in the treatment 
of different malignant tumors was examined, and patients 
who were HBsAg-positive exhibited better cell properties 
than those who were HBsAg-negative. In order to study 
the effect of HBsAg levels on the proliferation of CIK 
cells, we analyzed the effect of CIK cell treatment for a 
sample of 50 patients in our hospital.

With respect to the initial lymphocyte count of patients, 
that of patients in the HBsAg-positive group was signifi-
cantly lower than that of patients in the negative group. 
Average levels of albumin, serum transaminase, total bili-
rubin, and direct bilirubin were significantly higher in 
the positive group than the the negative group, showing 
that HBsAg-positive expression is a negative indicator of 
the general condition of patients, consistent with an ef-
fect of HBsAg on human health [6–7]. CIK cell proliferation 
was similar in the HBsAg-positive and –negative groups. 
At about the seventh day, CIK cells entered a period of 
rapid growth, at that point, the number of cells in the 
two groups was not significantly different, but on the 
fifteenth day, the positive group exhibited much higher 
proliferation than that of the negative group (280-fold 
vs. 180-fold increase, respectively). This may reflect the 
contact between lymphocytes and tumor cells, influenc-
ing HBsAg activation, as well as with HBV, resulting in 
double stimulation and activation. This suggests that CIK 
cells from HBsAg-positive tumor patients have stronger 
recognition capability and tumor- and virus-killing ac-
tivity [8]. CIK cells with double recognition and activa-
tion are more likely to grow and proliferate in vitro, so 
the multiplication observed after 15 days in the positive 
group was significantly higher than that observed in the 
negative group.

In an analysis of the phenotypic characteristics of CIK 
cells, CD3+, CD8+, CD3+CD8+, and CD3+CD56+ T cells 
increased as the culture time increased. These increases 
were more extensive in the positive group than the nega-
tive group; CD4+ T cells and CD3+CD4+ T cells decreased 
over time, and this reduction was greater in the positive 
group than the negative group. There was a significant 
difference in the frequency of CD8+ and CD3+CD4+ T cells 
between the two groups (P < 0.05), while the other dif-
ferences were not statistically significant. In the hetero-
geneous CIK cell populations, the main effector cells are 
CD3+CD8+ T cells and CD3+CD56+ T cells in the positive 
group, while CD3+CD4+T cells have an inhibitory effect 
on CIK-mediated cell killing [9]. During the culture pro-

cess, the CD3+CD4+ population decreased to a minimum, 
and this is an important factor in improving the effect of 
CIK cell-killing activity. We discovered that the percent-
age of CD3+CD4+ T cells in the positive group was reduced 
more significantly than that in the negative group. This 
provides a theoretical basis for improved CIK cell trans-
fusion effects in HBsAg-positive patients. With respect 
to CIK cell culture techniques, the addition of IL-6 can 
reduce the proportion of cells associated with inhibition 
and increase effector cells and toxicity, resulting in in-
creased efficacy [10]. 

Immune therapy is a promising therapeutic strategy for 
malignant tumors and HBV [11–14]. An important issue in 
this field is the development of therapies with improved 
antitumor and antiviral effects. Accordingly, additional, 
detailed studies are needed to expand on our results.
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