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Abstract. Liver cancer, of which the most common form is 
hepatocellular carcinoma (HCC), is one of the most lethal 
cancers worldwide. Immunotherapy based on the direct attack 
of tumor cells and the stimulation of an antitumor immune 
response may represent a novel strategy to control HCC recur-
rence and metastasis. The present study reports the case of a 
patient with HCC, and describes the safety and feasibility of 
successful administration with a mass of autologous activated 
T cells on numerous occasions subsequent to liver transplanta-
tion (LT), in order to kill the residual tumor cells and stimulate 
the immune system. A large number of infused activated 
T cells may pose a potential risk to the allograft. However, 
no acute or delayed adverse effects of cytokine‑induced killer 
cell (CIK) therapy, or other symptoms of secondary acute 
host‑versus‑graft disease (HVGD), were observed. These 
observations demonstrate the relatively low toxicity of CIK 
infusion to a patient that has undergone LT, and more impor-
tantly, they demonstrate the feasibility of this immunotherapy 
for the patient, following successful LT.

Introduction

Primary hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors that result in a high mortality rate. 
Liver transplantation (LT) is the treatment of choice for a select 
group of patients with early-stage unresectable HCC (1). Studies 
of tumoral behavior in the setting of transplantation have also 
identified additional potential predictors of outcome, including 
tumor differentiation, lobar distribution, serum α‑fetoprotein 
(AFP) level, serum alkaline phosphatase, tumor volume, 
etiology of liver disease and molecular markers, such as loss 
of heterozygosity and gene expression (2,3). However, there is 
a high frequency of tumor recurrence following LT. In these 
patients, tumor recurrence usually occurs within a year of LT, 
and the survival time is several months (median, 12.2 months) 
at the time of relapse (4). Currently, several factors have been 
indicated to contribute to HCC recurrence. Tumor cells are 
occasionally not completely removed by total hepatectomy, so 
recurrence may originate from residual tumors. In addition, 
tumor cells may persist in a dormant state for a long time prior 
to the induction of clinical metastases, hematogenous spread, 
extrahepatic metastases and other sources of tumor recur-
rence, since small metastatic lesions may easily be missed 
by computed tomography (CT) scans, magnetic resonance 
imaging and various radiographic examinations (4,5). There-
fore, an effective anti‑cancer therapy following the surgical 
removal of hepatic malignancy is required.

Increasing evidence indicates that adoptive immunotherapy 
may decrease the recurrence and metastasis rates of solid 
malignant tumors (6‑9). Autologous activated immune cells, 
including cytokine‑induced killer (CIK) cells, are a unique 
population of cytotoxic T lymphocytes that express natural 
killer and T‑cell markers, and may be generated from periph-
eral blood mononuclear cells treated with interferon (IFN)‑γ, 
anti‑cluster of differentiation (CD)3 monoclonal antibody, 
and interleukin (IL)‑2. These CIK cells have demonstrated 
increased proliferative and cytotoxic activities against autolo-
gous and allogeneic malignant cells (10,11). Previous studies 
also report that adoptive immunotherapy using autologous 
CIK cells may decrease tumor recurrence and metastasis in 
postsurgical and advanced liver cancer patients (12,13). There-
fore, autologous CIK cells may be an effective therapeutic 
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method for patients that are diagnosed with HCC subsequent 
to LT.

The immune system of patients with LT may develop 
elaborate and effective mechanisms to combat foreign agents. 
These mechanisms are involved in the rejection of transplanted 
organs, which are recognized as foreign substances by the 
recipient's immune system. Liver allograft rejection is medi-
ated by a primary response of T lymphocytes, followed by the 
infiltration of the graft and mixed inflammatory reactions. The 
proliferation of mononuclear leukocytes inside the allograft is 
a prominent feature of acute and chronic rejection (13). There-
fore, a large number of infused activated T cells may pose a 
potential risk to the allograft.

The present study reports the treatment of a patient that 
was diagnosed with primary HCC following LT, using a CIK 
cell therapy that was generated in the current study. To the best 
of our knowledge, the present study is the first case report to 
demonstrate the feasibility and relatively low toxicity of the 
program. Written informed consent was obtained from the 
patient's family.

Case report

A 46‑year‑old male patient with a history of hepatitis B for 
>10 years was diagnosed with HCC based on typical imaging 
findings and elevated serum AFP levels (645 µg/l; normal 
range, <25 µg/l) in July 2010. A routine CT scan revealed a 
8.5x7.3 cm mass in the right lobe of the liver. The patient was 
admitted to the transplant ward of the First Central Hospital 
(Tianjin, China). The patient underwent LT in August 2010. 
Following surgery, the patient received oral immunosuppres-
sive and liver protection treatment. The immunosuppressive 
treatment consisted of tacrolimus (FK506; 4 mg twice a day), 
methylprednisolone (15 mg daily) and mycophenolate mofetil 
(0.75 g twice a day). The post‑operative blood levels of FK506 
ranged between 3.0 and 10.9 ng/ml. The examinations revealed 
that no acute adverse event had occurred. The liver enzymes 
and total bilirubin levels of the patient did not change signifi-
cantly following the immunossuppressive treatment compared 
with the levels prior to surgery, which indicates that the trans-
planted liver demonstrated normal function. Furthermore, no 
evidence of abnormality was indicated by the liver ultrasound 
examination.

One month after surgery, in September 2010, the patient 
was admitted in Tianjin Cancer Hospital (Tianjin, China). 
Here, the patient received 4 cycles of treatment with CIK cells 
at an interval of 1 month subsequent to LT (Fig. 1). For each 
treatment, the patient was treated with 2 intravenous infusions 
of >5x109 CIK cells at 1‑day intervals. During and subsequent 
to the CIK cell transfusion, no infusion‑associated toxicity or 
secondary acute host‑versus‑graft disease (HVGD) occurred. 
The most common adverse events reported following the 
infusions were chill, fever, headache, nausea and vomiting. 
The patient experienced a slight fever subsequent to 3 out of 
the 4 infusions. The fever was treated with Brufen (5 mg/kg, 
every 4-6 h until the patient’s temperature returned to normal 
levels). No serious side effects were indicated according to the 
National Cancer Institute‑Common Terminology Criteria for 
Adverse Events (http://evs.nci.nih.gov/ftp1/CTCAE/About.
html). The clinical examinations for liver failure, such as 

blood tests, liver ultrasounds and CT examinations, were 
performed to examine for HVGD. The functional indicators 
of the transplanted liver were the liver volume, bile secretion, 
liver enzymes and total bilirubin. It was found that the blood 
levels of liver enzymes, including aspartate aminotransferase, 
alanine aminotransferase, γ‑glutamyl transferase, total bili-
rubin and direct bilirubin, did not change significantly (Fig. 1; 
Table I). No increased liver volume was indicated upon quan-
tification with ultrasound or CT examination. Furthermore, 
no clinical responses, such as tiredness, fever and hepatic or 
gastrointestinal symptoms, were observed.

The CIK cells were prepared as described in previous 
studies (5,14,15). Briefly, peripheral blood mononuclear cells 
were collected from the patient using a Cobe Spectra Apheresis 
System (CaridianBCT, Lakewood, CO, USA) and cultured in 
Invitrogen AIM‑V medium (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), containing 50 ng/ml anti‑CD3 anti-
body (mouse anti-human, clone OKT3; cat. no. 16-0037-85; 
eBioscience, Inc., San Diego, CA, USA) to stimulate CIK 
cell growth, 100 U/ml recombinant human IL‑1α (eBiosci-
ence) and 1,000 U/ml recombinant human IFN‑γ (Peprotech, 
Rocky Hill, NJ, USA) at 37˚C with 5% CO2 for 24 h. Then, 
300 U/ml recombinant human IL‑2 (Beijing SL Pharmaceu-
tical Co.,Ltd., Beijing, China) was added to the media. Fresh 
medium containing IL‑2 (300 U/ml) and IFN‑γ (1,000 U/ml) 
was added to the culture media every 5 days. The CIK cells 
were harvested and analyzed for phenotype and cytotoxicity 
subsequent to 14 days of culture.

The phenotypic analysis of the prepared cells prior to 
culture and subsequent to 14 days of culture demonstrated 
the expansion of CD3+/CD56+ cells. The mean percentages 
of the CD3+, CD3+/CD4+, CD3+/CD8+ and CD3+/CD56+ 
cell subsets were 48.41±6.19, 28.07±4.76, 19.00±5.54 and 
3.65±1.41%, respectively, prior to culture and 97.35±2.19, 
20.40±7.50, 72.85±7.00 and 35.00±9.90%, respectively, 
subsequent to culture. All P‑values were <0.05 (Fig. 2). The 
in vitro cytotoxicity of the CIK preparations was analyzed 
at the end of the culture period. The CIK cells were mixed 
with K562 cells at effector‑to‑target ratios of 40:1, 20:1 and 
10:1. The mean values of cytotoxicity of these CIK cell 
ratios against the K562 cells were 35.00±9.90, 22.10±9.76 

Figure 1. Clinical course of disease and the liver function tests. The x‑axis 
shows the days from transplantation. TBIL, total bilirubin; DBIL, direct 
bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
CIK, cytokine‑induced killer.
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and 14.50±9.76%, respectively. All products were free of 
bacterial and fungal contamination, free of Mycoplasma and 
contained <5 EU/ml endotoxin. The patient succumbed to 
the disesase in November 2013.

Discussion

To the best of our knowledge, the present study is the first to 
report adoptive cell transfer in a post‑LT patient with HCC. In 
the current study, large numbers of CIK cells were produced 
in a 2‑week time period and safely administered to a patient 
that underwent LT. In the case of infusion‑associated toxicity 
or secondary acute HVGD, no additional CIK infusions would 
be administered. In all patients, after a minimum of 28 days, 
additional CIK infusions may be performed at the same 
time interval and up to the best clinical response, emergence 
of toxicity or occurrence of HVGD. The present study has 
demonstrated the feasibility and relatively low toxicity of the 
program.

CIK cells are ex  vivo‑expanded T lymphocytes that 
express natural killer and T‑cell markers. Expanded cells 

induce the non‑major histocompatibility complex‑restricted 
lysis of tumor cells or allografts (6‑9). The adverse effects of 
intravenous infusion of autologous CIK cells and the status 
of the donor's liver following the infusion of large numbers 
of lymphocytes are the major concerns of CIK therapy 
subsequent to LT in the present study. Whether CIK cells 
trigger the rejection of the donated liver has been a growing 
concern. However, no serious CIK‑associated adverse effects 
were observed in the present patient. Certain slight adverse 
effects may occur following symptomatic treatment, but the 
clinical indicators of rejective responses were normal in the 
current patient.

Immunosuppressive medical treatments that are directed 
against T cells, including FK506 and cyclosporin A (CsA), 
inhibit T‑cell responses (16). The present patient was treated 
with FK506 during CIK cell therapy to investigate how immu-
nosuppressive drugs may affect CIK cell therapy. Certain 
previous studies have reported that CIK cells contain cytolytic 
granules that exhibit perforin and granzyme activity that are 
released into the extracellular space upon binding with suscep-
tible target cells or following the cross‑linking of CD3 with an 
anti‑CD3 monoclonal antibody adhered to plastic (17‑20). The 
use of immunosuppressive drugs, such as CsA and FK506, 
prevented the degranulation of CIK cells that is induced by 
CD3‑TCR stimulation; however, the drugs were unable to 
block the cytotoxicity that was triggered by the interaction 
with tumor targets. In addition, the degranulation induced 
by target cells was unaffected by CsA and FK506 (6‑16,21). 
Therefore, the use of immunosuppressive drugs may not affect 
the efficacy of CIK. The prepared CIK cells in the present 
study remained effective against liver cancer cells. Therefore, 
the present study demonstrates that additional patients are 
required to assess the relatively low toxicity and feasibility of 
CIK infusion in LT patients.
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Table I. Liver function examination.

Indicator	 Before	 After	 After	 After	 After	 After
(normal range)	 transplant	 transplant	 CIK‑1	 CIK‑2	 CIK‑3	 CIK‑4

ALT, U/l (5‑40)	   48	   89	   40	   29	   33	   35
AST, U/l (8‑40)	   62	   44	   25	   23	   27	   25
ALP, U/l (40‑150)	 177	 218	   68	   48	   59	   51
GGT, U/l (11‑50)	 232	 312	   73	   56	   63	   59
TBIL, µmol/l (3.4‑20.5)	 15.8	 16.0	 14.0	   9.6	 18.0	 15.2
DBIL, µmol/l (0‑6.8)	   6.0	   9.1	   4.2	   2.8	   4.0	   3.5
LDH, U/l (109‑245)	 170	 155	‑	‑	‑	‑   
ALB, g/l (35‑55)	   35	   38	 48.8	 46.2	 48.2	 46.1
TBA, g/l (60‑83)	 70.0	 67.0	 76.6	 70.0	 73.8	 71.7

CIK, cytokine‑induced killer cell; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, γ‑glutamyl 
transferase; TBIL, total bilirubin; DBIL, direct bilirubin; LDH, lactate dehydrogenase; ALB, albumin; TBA, total bile acid.

Figure 2. Phenotype analysis of CIK cell cultures. The percentage distribu-
tion of CD3+, CD3+/CD4+, CD3+/CD8+ and CD3+/CD56+ cells obtained at the 
start and the end of the CIK cell cultures is shown. CIK, cytokine‑induced 
killer; CD, cluster of differentiation.
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