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Clinical Trial Analysis of Different Stages of HBV 
Patients Treated with Human CIK Cells

Abstract
                         

Cellular immunotherapy has become a potential therapeutic method for different diseases. Herein, we 
reported clinical trial results of Cytokine-induced killer (CIK) cells used for patients with hepatitis 
B, cirrhosis and liver cancers from 2000 to 2015. Results showed CIK cell therapeutic effects were 
closely positively associated with CIK cell numbers, treated times and HBV genotypes. Different 
stages of HBV patients treated with > 1010 CIK cells per time for more than ten times exhibited 
remarkable decrease of HBV DNA numbers (P < 0.01), ALT and AST gradually recovered to normal 
scope, cytokine factors such as IFN-g, IL-1b, IL-2, IL-4, IL-6, IL-10, IL-22 and IL-27 exhibited 
obvious increase, lifespan of patients with cirrhosis and hepatocellular carcinoma were extended, and 
that all the patients felt better in sleep, diet and pain during the period of CIK therapy. In conclusion, 
CIK cell therapy is a good alternative therapeutic method and can be effectively used for treatment of 
different stages of HBV patients.
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Introduction

Hepatitis B virus has become the main cause of 
hepatitis, cirrhosis and hepatocellular cancer in China. 
There are almost 0.12 billion patiants with HBV in 
China; the number of patients with chronic hepatitis 
B reaches almost over 20 million. Every year, there 

are almost 0.5 million new hepatitis B patients, and 
nearly 0.33 million patients die of HBV in China. HBV 
patients were genotyped into A, B, C, and D genotypes. 
Therefore, how to enhance the therapeutic effects of 
different stages of HBV patients has become the focus 
of treatment [1]. 

It is well known that patients with hepatitis B 
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virus are very difficult to be cured completely, which 
is mainly associated with Chronic hepatitis B virus 
(HBV) persistent replication and high plasma HBV 
DNA concentrations in patients [1]. The leading 
cause of primary hepatic cellular carcinoma is HBV 
infection, and it has been a serious problem worldwide 
[2, 3]. The surrogate marker of hepatitis B virus 
DNA is hepatitis B e antigen (HBeAg). Cirrhosis and 
hepatocellular carcinoma (HCC) are mostly caused by 
HBV infection and are the third-most common cause 
of cancer death in the world according to the World 
Health Organization (2011) [3, 4]. It is estimated 
that 350-400 million people are chronic carriers of 
HBV in the world, the majority of whom are in Asia 
(75%) [3, 5, 6]. HBV infection varies geographically. 
Most of the Southeast Asia and Southern Europe 
patients acquired HBV in the perinatal period or early 
childhood. In contrast, the U. S. patients acquired it 
much later in life [7, 8]. Additionally, many factors are 
responsible for the hepatitis B virus infection, such as 
viral factors, host factors, ages at infection, etc. [5]. 

Due to the fact that HBV has stable nuclear 
covalently circular DNA (cccDNA), it cannot be 
efficiently cleared away by current antiviral agents. 
Interferon-α can eliminate HBV through specific 
cccDNA degradation but is associated with systemic 
side effects [9]. Also, RNA interference (RNAi)-
based therapeutics have been used to knock down viral 
RNAs expression so as to reduce the viral load as well 
as the viral proteins that lead to disease and influence 
the ability of the immune system to clear the virus [10]. 
Gordon et al. reported that of their study subjects, 2.5% 
patients among the untreated ones developed HCC, and 
that 2.4% patients developed HCC though they have 
received antiviral HBV treatment [11]. To suppress 
HBV load, long-term use of antiviral agents is required. 
The innate immune system stimulation could enhance 
its virus control ability and long-lasting effects. GS-
9620 is a potent and selective agonist of Toll-like 
receptor 7; it was used for chimpanzees treatment who 
has been infected with chronic HBV. After a period of 
treatment, HBV surface antigen and HBV e antigen 
of the serum decreased. The GS-9620 eliminates the 
HBV through activating Toll-like receptor 7 signaling 
pathways in immune cells of chimpanzees, which 
highly suggest that human immune system can be 
regulated for hepatitis B virus treatment [12]. 

Chronic HBV treatment-induced clearance is 
relevant to host immune responses [13]. The interplay 

between host immune response and virus replication 
results in the liver damage and viral control as well 
as clinical outcome [14]. Over the past two decades, 
more and more attempts have been made to treat 
cancer patients by immunotherapy [15, 16]. Cancer 
immunotherapy might harness the immune system 
to attack tumors [17]. Therefore, immunotherapy 
is a promising and effective treatment option 
for patients with cancers. Compared to standard 
lymphokine-activated killer (LAK) cells, Cytokine-
induced killer (CIK) cells-based therapies as adoptive 
immunotherapy possess enhanced antitumor cytotoxic 
activity because they can systemically traffic to solid 
tumors, as well as residual disease [18-20].  

Cytokine-induced killer (CIK) cells are a subset 
of natural killer T lymphocytes that share some 
phenotypical and functional similarities. The CIK cells 
can be generated in large numbers from peripheral 
blood mononuclear cells (PBMC) ex-vivo with 
the timed addition of IFN-γ, monoclonal antibody 
(mAb) against CD3 (OKT3) and recombinant human 
Interleukin (IL)-2 [21]. Mature CIK cells present 
CD3+CD56+ phenotype. CD3+CD56+ phenotype is 
the main effective cellular subtype for killing tumor 
cells. Therefore, CIK cells have an extraordinary 
cytolytic potential to recognize autologous malignant 
cells and possess higher lytic activity against target 
tumor cells [18, 22-25]. CIK-mediated cellular lysis is 
major histocompatibility antigen (MHC) unrestricted 
cytotoxicity. The exact mechanism involved in 
recognizing and killing tumor cells is not completely 
known, but the interaction between NKG2D molecules 
(receptor) expressed on the CIK cells membrane 
and MIC A/B or ULBPs molecules (MHC ligands) 
on tumor cells seem to play the main roles [26-28]. 
NKG2D participates in the TCR-independent tumor 
cell recognition and killing [29]. 

In this clinical trial, we fully used the advantages of 
human CIK cells, and treated 1,480 patients including 
1,000 hepatitis B virus patients, 400 cirrhosis patients 
and 80 liver cancer patients from clinical hospitals. 
The alanine aminotransferase (ALT), Aspartate 
transaminase (AST), HBV DNA, certain cytokines 
and lifespan were used as key markers to evaluate the 
CIK therapeutic effects. Our clinical trial results fully 
suggest that CIK cell therapy has great potential in 
treatment of different stages of patients with hepatitis 
B virus, cirrhosis and liver cancer. 
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Material and Methods
Preparation and characterization of CIK cells

Peripheral blood mononuclear cells (PBMC) were 
obtained from patients (or lineal relatives) by density 
gradient centrifugation using lymphocyte separation 
medium (TBD science, China) under GMP conditions. 
PBMC were suspended in X-vivo 15 medium (Lonza, 
USA) at a concentration of 1×106/mL and incubated 24 h 
with 5% CO2 at 37 °C. 2,000 U/mL IFN-γ (PeproTech, 
USA) was added to the medium at day; 0.500 ng/ml 
Mab-CD3 ( PeproTech, USA ), and 1,000 U/ml of 
recombinant human Interleukin (IL)-2 ( PeproTech, 
USA ) were added the next day. Fresh X-vivo 15 
medium and 1,000 U/ml IL-2 were then added every 
three days. On day 14, the phenotype of CIK cells were 
analyzed by flow cytometry with FITC-conjugated 
anti-CD3 and PE-conjugated anti-CD56 (Becton, 
Dickinson and Company, USA).

Clinical patient selection for clinical trials

Our clinical trial studies were approved the Ethical 
Committee of the 261 hospital of PLA, and Tong Ren 
hospital. The selection standards for patients with 
hepatitis B for CIK treatment were as follows: All 
patients with hepatitis B were identified with HBV 
DNA examination and treated with regular clinical 
drugs for more than 2 years; their therapeutic effects 
were bad, or appeared multi-drug resistance. These 
patients with hepatitis B treated with regular interferon 
and anti-HBV drugs were selected as control patients. 
All cirrhosis patients were from hepatitis B virus 
patients treated with regular clinical drugs for more 
than five years, and were identified with B ultrasound 
and ELISA examination. These cirrhosis patients with 
hepatitis B treated with regular interferon and anti-
HBV drugs were selected as control patients. All 
liver cancer patients were from cirrhosis patients with 
hepatitis B virus treated for more than ten years, and 
were identified with ultrasound imaging, CT imaging 
and AFP biomarker detection. These liver cancer 
patients with hepatitis B treated with regular drugs 
were selected as control patients. Finally, we selected 
1,000 hepatitis B virus patients, 400 cirrhosis patients 
and 80 liver cancer patients in this clinical trial. 
Control patients included 100 HBV patients treated 
with regular drugs, 100 cirrhosis patients treated with 
regular drugs and 20 hepatic cellular cancer patients 
treated with regular anti-cancer drugs. All patients were 
from 35 years to 65 years, male to female ratio was 2:1. 

No other serious diseases existed in the selected trial 
patients. 

HBV DNA detection, genotyping analysis and 
biochemical analysis

Serum HBV DNA was detected by real-time 
polymerase chain reaction during the study period 
(Roche Diagnostic Systems, Branchburg, NJ, USA), 
and then was further genotyping according to the 
previous report method [28, 29]. ALT, AST and 
AFP were determined by means of a kinetic UV test 
using a biochemical autoanalyser for clinic analyzers 
(Hitachi 736-15, Tokyo, Japan). Elevated ALT level 
was determined as ALT  ≥40U/L [30]. The normal AST 
value was 8~28 U/L according to the suggestion of the 
Blood Center.

Serum cytokine factor analysis

The patient sera were collected before and after CIK 
treatment and sent for commercial service company 
to detect the concentration of cytokine factors such as 
GM-CSF, IFN-g, IL-1b, IL-13,IL-2, IL-4, IL-5, IL-6, 
TNF-a,IL-10, IL-22, IL-27 and AFP. 

Statistical analysis

The paired student test was used in comparing liver 
indexes after CIK therapy. The Pearson correlation 
coefficient was calculated: 

ρ(X,Y)=cov(X,Y)/(σ_X σ_Y),

where X is the population before the CIK therapy, 
Y is the population after the CIK therapy, cov is the 
covariance, and σ is the standard deviation. 

Statistical significance of obtained results was 
determined employing t-test and analysis of variance 
(ANOVA) using SPSS 18.0 software with P<0.05 as a 
minimal level of significance.

Results and Discussion
Phenotypic features of prepared CIK cells

CIK cells were cultured according to the previous 
standard protocol [21]. The final immunophenotypes 
of CIK cells were shown in Fig. 1. The expression of 
CD3 and CD56 in CIK cells were 99.6% and 90.7%, 
respectively. The CIK cells that co-express CD 3 and 
CD 56 molecules were about 85.1%. All of these 
showed that CIK cells were successfully induced. 
Subsequently, we tested the bacteria, fungi and 
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endotoxin content of CIK cells and proved they were 
all qualified. Then we transplanted the CIK cells to 
different patients for clinical trials.

Genotyping analysis of clinical specimens

As shown in Table 1, collected specimens were 
analyzed by genotyping; genotypes A and D are fewer 
proportion in patients; genotypes B and C are main 
proportion in patients. 

The changes of the liver indexes after CIK 
therapy

The general tests for liver diseases detection is 
serum aminotransferase assays as the continuous 
enzyme concentration distribution in a population [31]. 
The marker of virus multiplication is serum hepatitis 
B virus (HBV) DNA level. In order to evaluate the 
CIK therapeutic effect in liver disease, three indexes 
were used, including ALT, AST and HBV DNA. After 
every patient was treated with 1010 CIK cells for three 
times, the HBV DNA of the patients almost had a 
significant decrease by ten times (Fig. 2). The decrease 
of serum HBV DNA level in the patients suggest 
that the CIK therapy is effective to the patients with 
liver cancer. However, it is a strong risk predictor of 

hepatocellular carcinoma if the serum HBV DNA 
level is equal to or greater than 10,000 copies/mL 
[32]. Although the HBV DNA level of the serum was 
decreased by CIK treatment, it was still higher than 
10 000 copies/mL, which suggests that the patients 
need further therapy. The ALT and AST levels were both 
decreased significantly after CIK therapy compared 
with untreated ones (P < 0.001) (Fig. 2). The results 
once again demonstrated that by CIK cell therapy, the 
symptom of the liver disease was obviously relieved. 

As shown in Fig. 3, the Pearson correlation 
coefficient of the liver indexes was calculated. The 
Pearson correlation coefficient of Log(HBV DNA), 
ALT and AST were 0.764, 0.364 and 0.340. The results 
showed that CIK therapy can decrease the value of 
HBV DNA with little difference in patients. However, 
the ALT and AST had great differences among different 
patients after CIK therapy.

The inf luence of  CIK cel ls  number on 
therapeutic consequents

As shown in Table 2, no obvious HBV DNA copy 
number decreased as the number of CIK cells was 
lower than 107 for every therapy. Notably, the HBV 
DNA copy number markedly decreased when the 

Table 1 Genotypes of HBV in clinical trial patients

Genotyping  Hepatitis patients Cirrhosis patients Liver cancer

A  150 60 20 

B  350 140 30 

C  410 152 26 

D  90 48 4 

Fig. 1 Phenotype analysis of prepared CIK cells by flow cytometry (a) The expression of CD3 in CIK cells were 99.6%; (b) The 
expression of CD56 in CIK cells were 90.7%; (c)  co-expression of CD3 and CD56 in CIK cells were 85.1%.   
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Fig. 2  The changes of the liver indexes after CIK therapy.   

Fig. 3 The correlatioin of liver indexes after CIK therapy.   
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number of CIK cells was more than 1010 for every 
therapy, which highly suggest that CIK cell number 
and quality can affect the therapeutic consequents. 

The influence of CIK treatment times on 
treatment effects

As shown in Table 3, for different stages of HBV 
patients, including hepatitis patients, cirrhosis patients 
and hepatocellular cancer patients, as the treatment 
times increased, the HBV DNA copy number exhibited
a gradual decreasing trend. After ten times of CIK cell
therapy, the HBV DNA copy numbers decreased to

several thousand copy number, which highly suggested 
that CIK treatment effects are closely associated with 
treatment times (P < 0.01). Considering the clinical 
results, we suggest that CIK treatment times should be 
more than ten times in order to produce better clinical
effects. 

The influence of HBV genotypes on CIK cell 
treatment efficacy

As shown in Table 4, HBV DNA copy number and 
ALT as well as AST recovered to normal value scope 
after CIK cells were used ten times for hepatitis 

Table 2 Effects of CIK cell numbers on HBV DNA copy numbers in sera of patients

CIK cell number for three times Hepatitis patients
(1,000, copy number×105)

Cirrhosis patients
(400, copy number× 105)

Liver cancer patients
(80, copy number×105)

 0      6.523 7.6541 9.3417

 105      5.2136 7.2396 9.2915

106      5.0147 7.2368 9.2167

107      5.0123 7.1349 9.0245

108      4.9986 7.0897 8.9573

109      3.2489 5.6431 6.4389

1010      0.2034 0.20559 0.30453

Table 3 Effects of CIK treatment times on HBV DNA copy number in sera of patients

 Treatment times Hepatitis patients
(1,000, copy number×105)

Cirrhosis patients
(400, copy number×105)

Liver cancer patients
(80, copy number×105)

   0      6.523 7.6541 9.3417

   3      3.213 4.5678 8.2117

   6      1.765 3.7891 7.7893

   9      0.445 0.6573 1.0435

   10      0.02243 0.04533 0.07893

   12      0.01234 0.03395 0.05434

   15      0.01223 0.02371 0.04342

   16      0.01137 0.01249 0.02144

Table 4 Effects of HBV genotypes on CIK therapy for hepatitis patients for ten times

Genotyping Hepatitis  patients HBV DNA
copy number (< 5,000)  ALT (normal scope)    AST (normal scope)  Efficient  ratio (%)

A  150  135  135   135  90

B  350  263 263   263  75

C  410  258 258   258  63

D  90  83 83   83  92
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therapy with those HBV patients. Patients with 
genotypes A and D exhibited better therapeutic effects 
compared to patients with genotypes B and C, which 
indirectly suggests that HBV genotype may affect 
the CIK therapy consequence. Further investigation is 
under way. 

From Table 5, we can see that for those patients with 
cirrhosis, HBV DNA copy number and ALT as well as 
AST also recovered to normal value scope after CIK 
cells were used for therapy for ten times. Patients with 
genotypes A and D exhibited better therapeutic effects 
compared to patients with genotypes B and C, which 
once again confirms that HBV genotypes may affect 
the CIK therapy consequence of cirrhosis patients. 
Further experiments are under way. 

As shown in Table 6, for those patients with 
hepatocellular cancer, after CIK cells were used for ten 
times of therapy, HBV DNA copy number and Alt as 
well as AST recovered to normal value scope. Patients 
with genotypes A and D showed better therapeutic 
effects compared to patients with genotypes B and C, 
which highly suggests that HBV genotypes may affect 
the CIK therapeutic consequence of hepatocellular 
cancer patients. Further supplementary experiments 
and functional studies are ongoing. 

Cytokine factor changes before and after 
treatment with CIK cells

As shown in Fig. 4, for different stages of hepatitis 
patients, CIK cell therapy could increase cytokine 

Fig. 4 Cytokine factor profile of different stages of hepatitis patients after CIK cell therapy for six times (CIK cell number for every 
treatment is more than 1×1010).   
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Genotyping Cirrhosis  patients HBV DNA
copy number (< 5,000)  ALT (normal scope)    AST (normal scope)  Efficient ratio (%)

A 60   50 50   50   83

B 140  106 106   106   76

C 152  97 97    97   64

D 48  43 43    43   89

Table 6 Effects of HBV genotypes on CIK therapy for hepatocellular cancer patients for ten times

Genotyping Hepatocellular 
cancer patients 

HBV DNA copy 
number (< 5,000)  ALT (normal scope)    AST (normal scope)  Lifespan (> 3years) Efficient ratio(%)

A 20   9 9  9   9   45

B 30   9 9  9   9   30

C 26  10 10  10  10   38

D 4  3 3   3  3   75
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factor levels. For example, increased IFN-g and IL-2 
concentration could enhance the efficacy of killing 
tumor cells and HBV. The cytokine factors such as IL-
4, IL-5, IL-6, IL-22 and IL-27 inhibit the proliferation 
of HBV and growth of liver cancer cells by regulating 
the immunological network. But the mechanism still 
needs further studying. 

Conclusions

In summary, our clinical trial results show that 
CIK cell therapy can be used for different stages of 
HBV patients, including hepatitis patients, cirrhosis 
patients and hepatocellular cancer patients for its 
better therapeutic efficacy. CIK cell therapy effects 
are closely associated with CIK cell number and 
quality, and treatment times. Ten times of CIK cell 
therapy should be one treatment corner. Patients 
treated by more than ten times of CIK therapy obtained 
the good curative effect. The HBV genotypes were 
also associated with CIK cell therapeutic efficacy. 
Patients with HBV genotyes A and D exhibited better 
therapeutic effects than patients with genotypes B 
and C; the concrete molecular mechanism still needs 
further investigation. We also observed that cytokine 
factors such as GM-CSF, IFN-g, IL-1b, IL-2, IL-
4, IL-6, IL-10, IL-22 and IL-27 increased obviously, 
while their concrete mechanism still needs further 
studies. During the period of CIK treatment, all the 
patients felt better in sleep, diet and pain; the concrete 
mechanism is still underway. In conclusion, CIK cell 
therapy is a good alternative therapeutic method; it can 
be effectively used for treatment of different stages of 
HBV patients. 
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