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Abstract
AIM: To evaluate the safety and clinical efficacy of a 
new immunotherapy using both α-Gal epitope-pulsed 
dendritic cells (DCs) and cytokine-induced killer cells.

METHODS: Freshly collected hepatocellular carcinoma 
(HCC) tumor tissues were incubated with a mixture of 

neuraminidase and recombinant α1,3-galactosyltrans-
ferase (α1,3GT) to synthesize α-Gal epitopes on car-
bohydrate chains of the glycoproteins of tumor mem-
branes. The subsequent incubation of the processed 
membranes in the presence of human natural anti-Gal 
IgG resulted in the effective phagocytosis to the tumor 
membrane by DCs. Eighteen patients aged 38-78 years 
with stage Ⅲ primary HCC were randomLy chosen for 
the study; 9 patients served as controls, and 9 patients 
were enrolled in the study group.

RESULTS: The evaluation demonstrated that the pro-
cedure was safe; no serious side effects or autoimmune 
diseases were observed. The therapy significantly pro-
longed the survival of treated patients as compared 
with the controls (17.1 ± 2.01 mo vs  10.1 ± 4.5 mo,  
P  = 0.00121). After treatment, all patients in the study  
group had positive delayed hypersensitivity and robust 
systemic cytotoxicity in response to tumor lysate as 
measured by interferon-γ-expression in peripheral blood 
mononuclear cells using enzyme-linked immunosorbent 
spot assay. They also displayed increased numbers of 
CD8-, CD45RO- and CD56-positive cells in the periph-
eral blood and decreased α-fetoprotein level in the se-
rum.

CONCLUSION: This new tumor-specific immunotherapy 
is safe, effective and has a great potential for the treat-
ment of tumors.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Primary hepatocellular carcinoma (HCC), the most com-
mon neoplasm of  the liver, is generally resistant to conven-
tional treatment. The prognosis of  the patients is poor, 
especially at the late stage, with a mean survival of  less 
than ten months[1-3]. This poor prognosis has led to the 
interest in various alternative therapies. Immunotherapy is 
particularly appealing because of  its specificity against tu-
mor cells, absence of  serious side effects and its potential 
to eradicate residual tumors after conventional treatment. 

One area of  active research is immunotherapy with 
cytokine-induced killer cell (CIK)[1-3]; unfortunately, its 
efficiency is limited because of  low specificity to tumor 
cells. Another approach is tumor-associated antigen 
(TAA)-pulsed dendritic cell (DC) therapy, but the out-
come is still not satisfactory because of  the low immuno-
genicity of  TAA[4-6].

DCs are the most effective antigen-presenting cells 
(APCs) responsible for initiating an immune response[7]. 
Upon exposure to tumor cells, isolated tumor antigen, 
and even to tumor mRNA, DCs are capable of  present-
ing endogenous and exogenous antigens to naïve T cells 
in a human leukocyte antigen (HLA)-restricted manner 
and expressing several adhesive and costimulatory sur-
face molecules. However, the poor immunogenicity of  
TAA may be the reason why tumor cells fail to adequately 
stimulate DCs for effective presentation to immune 
cells[8]. A possible method for increasing the uptake of  
TAAs by DCs is to complex them with an IgG antibody. 
These immune complexes would bind to Fcγ receptors 
(Fcγ-Rs) on DCs and induce phagocytosis of  TAAs. The 
augmentation of  antigen processing, presentation by im-
mune complex and subsequent activation of  immune 
responders has been demonstrated in several studies. 
For example, targeting tetanus toxoid (TT) to APC Fcγ-
Rs by complexing it with anti-TT IgG results in a 10- 
to 1000-fold increase in Th-cell activation[9,10]. Similarly, 
the targeting of  autologous tumor cell vaccines by DC 
Fcγ-Rs uptake would also lead to an effective immune 
response against the tumor cells[11]. Such targeting was 
achieved by complexing the tumor cell membranes in situ 
with naturally existing antibodies against the α-Galactosyl 
epitope (Gal-α1, 3Gal-β1, 4-GlcNAc-R, α-Gal)[12]. These 
anti-Gal antibodies have been shown to be detrimental 
in xenotransplantation[13] and to destroy retroviral vectors 

used for gene therapy[14]. In humans, the α-Gal epitope 
on the cell membrane is absent, but the natural anti-
Gal antibody is abundant in serum[15]. Expression of  
the α-Gal epitope on tumor cells could result in in situ 
binding of  the patient’s natural anti-Gal IgG. The bind-
ing complex can then opsonize DC phagocytosis and en-
hance TAA presentation to naïve T or CIK cells, which 
are then activated and attack the remaining tumor cells 
in vivo. However, patients with malignancies usually have 
very low immunity, especially in cellular immune respons-
es. The cause of  the low immunity is not quite clear. One 
possible explanation is that the patient’s T cells have been 
anergized by tumor antigens in the absence of  APCs and 
cannot be activated again with the same antigen in vivo.

To maximize APC phagocytosis and the activation of  
tumor-specific T/CIK cells, we used newly differentiated 
T/CIKs from bone marrow stem cells instead of  circu-
lating T cells. Here, we present a new therapy for HCC 
using α-Gal epitope-expressing tumor cell-pulsed DCs to 
activate tumor-specific T/CIKs in vitro. The activated im-
mune responders were then expanded in the presence of  
a high concentration of  cytokines ex vivo.

MATERIALS AND METHODS
Patients
Written informed consent was obtained from all the pa-
tients who participated in the study before treatment 
according to the guidelines of  the Ethics Committee of  
the Armed Police General Hospital, which approved this 
study. Inclusion criteria were a Karnofsky score of  ≥ 
60[16], the lowest possible maintenance dose of  glucocor-
ticoid therapy (prednisone < 5mg/d) and normal baseline 
hematological parameters before treatment. These pa-
rameters included: hemoglobin ≥ 10.0 g/dL; total granu-
locyte count ≥ 4000/µL; platelet count ≥ 100 000/µL; 
blood urea nitrogen ≤ 30 mg/dL; creatinine ≤ 2 mg/
dL; alkaline phosphatase and aspartate aminotransferase 
levels less than 2 times the normal upper limit; prothrom-
bin and activated partial thromboplastin not more than 
1.4 times higher than the control; and total bilirubin < 
35 µmol/L. Exclusion criteria included cachexia, severe 
jaundice, a large amount of  ascites, human immunodefi-
ciency virus positive status, drug addiction, pregnancies, 
severe pulmonary and cardiac diseases, treatment with a 
large dose of  steroids and a history of  an autoimmune 
disorder or prior history of  other malignancies.

Nine patients with clinical stage Ⅲ, histologically-
proven primary HCC were enrolled in the study group. 
There were 2 women and 7 men ranging in age from 38 
to 78 years (56.8 ± 13.9 years, Table 1). After surgical re-
moval of  the tumor masses, the patients received radio-, 
chemo- or interventional therapies. They were monitored 
after the treatment by computed tomography (CT). None 
of  the patients was receiving steroids at the time of  treat-
ment.

There were 9 patients with clinical stage Ⅲ, histologi-
cally-proven HCC in the control group. This group con-



Patient 
no.

Sex Age (yr) Pre-treatment KPS No. of injection DTH positive 
≥ 5 mm

Adverse events Tumor 
markers AFP

Imaging 
response

Survival months 
till now

1 F 38 70 4 60 mm Fever, rash Decrease PD 14.4D

2 M 46               100 5 70 mm Fever, rash, erythema Decrease PD 19.6A

3 M 55 75 6 45 mm Fever, multiple erythema Decrease PR 18.8A

4 M 65 90 2 60 mm Fever Decrease NC 16.8D

5 M 72 70 5 25 mm Fever, rash Decrease NC 15.2D

6 M 78 90 6 65 mm Fatigue, fever Decrease PR 16.0D

7 M 40 80 4 60 mm Fever, rash Decrease NC 15.6D

8 M 54 70 6   5 mm Fever Increase PD 17.6D

9 F 63 95 7 50 mm Rash Decrease PR 20.0A

AFP: α-fetoprotein; PR: Partial response; PD: Progress disease, NC: No change; A: Still alive; D: Dead; KPS: Karnofsky performance status; DTH: Delayed-
type hypersensitivity.
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sisted of  one woman and 8 men, aged 45-66 years. They 
all underwent similar conventional treatment as those of  
the study group.

Preparation of primary hepatocellular carcinoma cell 
suspension
The surgically removed tumor samples were immediately 
placed in ice-cold phosphate buffered saline (PBS) con-
taining 3 mmol ethylenediaminetetraacetic acid (EDTA). 
A fine scalpel was used to remove as much adjacent non-
tumor tissues as possible. The tumor tissue was then dis-
persed using a curved needle to create a cell suspension, 
which was filtered using a 70 µm cell strainer (BD Bio-
sciences, United Kingdom). The cells were resuspended 
(2 × 108 cells/mL) in ice-cold PBS containing 3 mmol 
EDTA. The cells were irradiated five times at a total dose 
of  100 Gy, with a 5-min break during which the cells 
were placed on ice. They were then washed twice with 
ice-cold PBS. 

Synthesis of α-Gal epitopes on intact tumor cells
Tumor cells prepared as described above were first resus-
pended at a concentration of  2 × 108 cells/mL in saline 
containing 0.1 mol Tris-HCl pH 7.0, 15 mmol MnCl2, and 
1 mmol UDP-Gal (Sigma-Aldrich, United Kingdom) and 
then incubated with 1 mU/mL neuraminidase (Sigma-
Aldrich, United Kingdom) and 50 µg/mL recombinant 
bovine α1,3-galactosyltransferase (α1,3GT, produced in 
our lab) at 37 ℃ for 1 h with constant rotation. The cells 
were washed with RPMI-1640 medium, resuspended in 
RPMI-1640 medium (Gibco, Beijing) supplemented with 
10% AB serum and incubated on ice for 1 h to promote 
maximum binding of  the natural anti-Gal antibody to 
newly synthesized α-Gal epitope on the tumor cell sur-
face. The cells (2 × 108 cells/mL) were washed and soni-
cated in ice water using a Sonicator-3000 (Misonix, Inc., 
United States) to destroy all tumor cells and centrifuged 
briefly to remove the viscous DNA. Finally, the tumor 
cell lysate was aliquoted and stored at -80 ℃ for future 
use.

Synthesis of  the α-Gal epitope on tumor cells was 
analyzed by flow cytometry with 10 µg/mL purified hu-
man natural anti-Gal antibody[17], followed by staining 
with fluorescein isothiocyanate (FITC)-conjugated mouse 

anti-human immunoglobulin antibody (Dako, Denmark). 
Intact tumor cells incubated with neuraminidase only 
were used as a negative control because they lack the 
α-Gal epitope.

Generation of dendritic cells from peripheral blood 
mononuclear cells
A concentrated 50-mL leukocyte fraction was generated 
through restricted peripheral blood leukapheresis. The 
peripheral blood mononuclear cells (PBMCs) were then 
purified using Ficoll-Hypaque (Sigma-Aldrich, United 
Kingdom) density gradient centrifugation. The cells were 
resuspended in RPMI-1640 medium supplemented with 
10% human AB group serum, plated at a concentration of  
5 × 106 cells/mL and allowed to adhere to tissue culture 
plates for DC preparation. The adherent cells were further 
cultured at 37 ℃ for 5 d in PRMI-1640 in the presence of  
1000 U/mL recombinant human granulocyte-macrophage 
colony-stimulating factor (GM-CSF) (Amoytop Biotech, 
Xiamen, China), 500 U/mL recombinant human IL-4 
(Amoytop Biotech, China), and 1% penicillin/streptomy-
cin (Sino-American, Beijing). They were next grown for 
an additional 2 d in the presence of  1000 U/mL tumor 
necrosis factor-α (TNF-α) (R&D Systems, Inc., Shang-
hai). The semi-adherent and non-adherent cells were har-
vested by pipetting and used as DCs for pulsing with the 
tumor cell lysate prepared as described above[18].

The DCs were incubated with mouse anti-human CD3, 
CD4, CD8, CD14, CD16, CD19, CD40, CD86, CD80, 
CD83, CD56, CD45RO, MHC Ⅰ and HLA-DR monoclo-
nal antibodies (BD Biosciences, Shanghai) for 30 min at 
4 ℃. Species- and isotype-matched monoclonal antibod-
ies were used as negative controls. Subsequently, the cells 
were washed and incubated with FITC-conjugated rabbit 
anti-mouse antibody (Dako, Denmark) and analyzed using 
FACSCalibur (Becton Dickinson, United States).

Pulsation of autologous dendritic cells by α-Gal 
expressing tumor cell lysate
The abovementioned DCs (1 × 107 - 4 × 107/mL) were 
co-cultured with the α-Gal-expressing HCC cell lysate 
(equal to 2 × 108 cells) in PRMI-1640 medium supple-
mented with 10% human AB group serum and incubated 
in 5% CO2 at 37 ℃ overnight. The co-incubated DCs 

Table 1  Outcomes of immunotherapy in the study group

Qiu Y et al . Hepatocellular carcinoma therapy with DC-CIK



5263 December 28, 2011|Volume 17|Issue 48|WJG|www.wjgnet.com

were washed twice and resuspended in PRMI-1640 medi-
um at a concentration of  1 × 107 cells/mL in preparation 
for the activation of  tumor-specific T/CIKs.

Generation of tumor-specific T/cytokine-induced killer 
cells
The non-adherent mononuclear cells obtained from pa-
tient bone marrow were resuspended in PRMI-1640 sup-
plemented with 10% human AB group serum at a con-
centration of  1 × 107 cells/mL. IFN-γ (Amoytop Biotech, 
Xiamen, China; 1000 U/mL) was added on day 1; Muro-
monab CD-3（OKT3） monoclonal antibody (Sunbio, 
China; 50 ng/mL), IL2 (Canerotc, China; 500 U/mL) and 
rIL-1α (Amoytop Biotech, Xiamen, China; 100 U/mL) 
were added on day 2. Fresh complete medium contain-
ing IL2 was added every two or three days to expand the 
CIKs.

The CIKs were collected on day 12 and co-cultured 
with the tumor cell lysate-pulsed DCs in PRMI-1640 
(a ratio of  DC:CIK, 1:30) supplemented with 10% AB 
serum for an additional 72 h in the presence of  IFN-γ, 
OKT3, and IL2. The co-cultured cells were harvested in 
2% human albumin saline for injection. 

Clinical study design
The patients of  the study group received the first injec-
tion on the third day after completing the radio- or che-
motherapy, and the subsequent doses were administered 
every week. The first single dose was initiated with 2 × 
109 T/CIK cells and increased to 20 × 109 cells per injec-
tion.

Patients were monitored for immediate and delayed 
toxicities. The survival in months was calculated from 
the time of  hospitalization to the time of  death or to 
the present time. Treatment responses were evaluated 
by clinical observations, laboratory tests and radiological 
findings. CT scan was performed every 3 mo to evaluate 
the lesions after the injections. Tumor size was estimated 
by direct measurement of  the volume of  the abnormal 
enhancement region on the CT. The responses were clas-
sified into the following categories: (1) disappearance of  
the entire tumor, classified as complete response; (2) a re-
duction in tumor size by 25% or more, as partial response 
(PR); (3) either a decrease in tumor size by less than 25% 
or an increase in tumor size by less than 25%, classified 
as no change (NC); and (4) an increase in tumor size by 
25% or more, classified as progressive disease (PD). 

Delayed-type hypersensitivity reaction
To test the delayed-type cytotoxicity response, 1 µg of  
autologous tumor cell lysate with no α-Gal epitopes was 
administered intradermally into the forearm before and 
after the injections. A positive DTH reaction was record-
ed as ≥ 5 mm in diameter of  rash or any size of  blister 
at the injection site after 48 h.

Interferon-γ enzyme-linked immunospot assay
Human interferon-γ secretion by effectors was assessed 
by enzyme-linked immunosorbent spot assay (ELISPOT). 

Multiplescreen 96-well assay plates (Dakewe, Shenzhen, 
China) were precoated overnight at 4 ℃ with anti-IFN-γ 
antibody according to the manufacturer’s instructions. 
After washed with PBS and 0.05% Tween-20, the plates 
were blocked for 1 h at 37 ℃ with 100 µL of  RPMI-1640 
supplemented with 1% bovine serum albumin (Sigma-Al-
drich, Beijing). Mononuclear cells from the patients were 
plated in triplicate wells at a density of  1 × 104 cells/100 
µL of  PRMI-1640 medium supplemented with 10% AB 
serum, cultured overnight, washed and incubated with 
anti-IFN-γ mAb-biotin (Dakewe, Shenzhen, China). Af-
ter washing, goat anti-biotin antibodies (Dakewe, Shen-
zhen, China) were added and incubated for 1 h at 37 ℃, 
and then 30 µL of  activator solution (Dakewe, Shen-
zhen, China) was used to develop the spots. The number 
of  spots in each well was counted using the Bioreader 
4000-PRO-X (Bio-Sys, Germany). The cutoff  criterion 
for positive spots was defined as a spot size more than 
3 times the SD greater than the mean value of  the spot 
diameter obtained in the absence of  the DCs.

RESULTS
Dendritic cells phenotype
Peripheral mononuclear cells (1.5 × 108 - 6.6 × 108) were 
induced to differentiate into DCs in the presence of  GM-
CSF, IL-4 and TNF-α. The final yield of  DCs was 1 × 107 

- 4 × 107 cells after 7 days of  incubation. The phenotype 
of  the purified DCs was 100% HLA class I positive, > 
90% CD1a, CD80, and HLA-DR positive, > 70% CD83 
and CD86 positive, and CD3, CD4, CD8, CD14, CD19 
and CD56 negative. 

Synthesis of α-Gal epitopes on intact HCC cells
Intact tumor cells from the 9 patients were isolated for 
the synthesis of  α-Gal epitopes (Figure 1). The tumor 
cells expressed abundant α-Gal epitopes on their surface 
after incubation with both neuraminidase and recom-
binant bovine α1, 3GT as indicated by the extensive 
binding of  human purified natural anti-Gal antibody. 
However, the cells incubated with recombinant α1,3GT 
in the absence of  neuraminidase weakly expressed the 
α-Gal epitope at a level that was 10-50 folds lower than 
the cells incubated with both neuraminidase and recom-
binant α1,3GT. The reason for this result is that most of  
the N-acetyllactosamine units on HCC cells were capped 
by sialic acid and could be exposed by neuraminidase. 

Safety of α-Gal-pulsed dendritic cells and tumor-specif-
ic cytokine-induced killer cells
The DCs pulsed with tumor cell membrane expressing 
synthesized epitopes were co-cultured with autologous 
CIKs to induce tumor-specific CIKs. The cell mixture was 
administered to the patients for 2-7 times with a mean  
of  5.

The patients did not develop any grade Ⅲ or Ⅳ ad-
verse effects associated with the treatment. These effects 
are defined by the National Cancer Institute Common 
Toxicity Criteria. No other serious side effects were ob-

Qiu Y et al . Hepatocellular carcinoma therapy with DC-CIK
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served other than death from tumor progression. There 
were no substantial changes in blood tests, such as anti-
dsDNA, anti-ANA antibodies, etc. All patients developed 
a mild fever, which lasted 1-3 d after the second and third 
injections. Five patients showed mild to median rash or 
multiple erythema, suggesting the presence of  delayed-
type DTH. All symptoms vanished within 1-2 wk (Table 1).

Delayed-type hypersensitivity reaction
To test the cell-mediated immune responses, tumor lysate 
with no α-Gal epitopes was administered intradermally 
into the forearm before and after treatment. A positive 
DTH skin test reaction was defined as ≥ 5 mm in diam-
eter after 48 h arbitrarily. As a result, the reaction was less 
than 5 mm in diameter in all studied patients before im-
munotherapy. However, after treatment, only one patient 
demonstrated a negative response and all other patients 
showed a positive reaction; patients 1, 2, 4, 6, 7 and 9 dis-
played a reaction of  more than 50 mm in diameter (Table 1). 

Clinical responses
There were no statistically significant differences between 
the study and control groups in age (56.8 ± 13.9 years 
vs 49.7 ± 19.7 years; P = 0.39). The overall survival in 

months was determined from the date of  hospitalization 
to the date of  death or present time. The response to 
the treatment was evaluated by clinical observations and 
laboratory findings.

The quality of  life in the study group improved sig-
nificantly, e.g., the Karnofsky performance status score 
increased to 90 in 8 patients after treatment. The median 
survival time for the study and control groups was 17.1 
mo and 10.1 mo, respectively. The Kaplan Meier test 
showed that the survival curves were significantly dif-
ferent between the two groups (P = 0.00121) (Figure 2). 
Three patients in the study group were still alive and in 
stable condition at the time the paper was written, and 
they have survived for more than 2 years (Table 1); and 
three patients showed a partial response in the size of  
the tumor as shown on CT. The lab test indicated that 
the AFP in the serum decreased in 8 patients after three 
injections (Table 1). 

Increase of tumor-specific T cells in patients’ peripheral 
blood
The phenotype (CD3, CD4, CD8, CD16, CD19, CD45RO 
and CD56) of  the patients’ peripheral blood lymphocytes 
was analyzed using flow cytometry before and after treat-
ment. A moderate increase in the number of  CD3- and 
CD4-positive cells was observed after immunotherapy; 
the increase in number of  CD45RO+, CD8+ and CD56 
cells was significant (Table 2). 

The tumor-specific cytotoxicity of  PBMCs was as-
sessed by IFN-γ ELISPOT assay. PBMCs were isolated 
and stimulated with α-Gal-expressing tumor cell lysate. 
Untreated PBMCs were used as a negative control. The 
tumor antigens were found to generate strong tumor-spe-
cific T cell responses by virtue of  their ability to induce 
increased frequencies of  IFN-γ-producing T cells after 
immunotherapy (Table 2).

DISCUSSION
Previous immunotherapy treatment for primary HCC 
used passive[19], adoptive[20], and non-specific strategies 
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that yielded limited benefits[21]. There are several possible 
reasons for the weak and inefficient immune responses 
against tumor cells. The first and perhaps the most im-
portant reason is that the antigenicity of  TAA is not 
strong enough to stimulate the host immune system and 
cannot be recognized as “foreign”[22]; thus, TAA cannot 
generate strong tumor-specific immune responses. An-
other explanation for the inability of  TAAs to induce an 
efficient tumor-specific immune response is the lack of  
costimulatory molecules on tumor cells[23,24]. The activa-
tion of  naïve T cells requires recognition by the T-cell 
receptors (TCRs) of  TAA peptides in association with 
the major histocompatibility complex (MHC) (Signal 1), 
as well as a costimulatory signal (Signal 2) that is not an-
tigen-specific. The interaction of  TCRs on naive T cells 
with TAAs on tumors without the delivery of  signal 2 is 
thought to result in T cell anergy; this anergy leads to the 
tolerance of  TAAs[23,24], which is similar to the tolerance 
of  normal self-antigens during development. In contrast, 
if  the antigenicity of  TAA has been artificially amplified, 
the uptake of  tumor cell membranes by APCs would 
result in proteolytic degradation of  the TAAs, followed 
by presentation of  the TAA peptides in association with 
MHC class Ⅰ and class Ⅱ molecules. These molecules 
together with costimulatory molecules on APCs would 
activate naive T helper (Th) cells[25].

The second reason is that T cell function is impaired 
in most patients with malignant tumors[26]. The immunity 
in tumor patients is generally quite low, and it may be dif-
ficult for the circulating T cells to be activated due to an-
ergy to tumor antigens. To overcome these problems, an 
ideal method is to enhance the TAA, pulse patient DCs 
with TAA-enriched tumor cells and use the newly differ-
entiated naïve T/CIK cells from bone marrow stem cells. 
The DCs then activate the patients’ naïve T/CIK cells to 
produce tumor-specific immune responders ex vivo.

This new approach consists of  four steps to fulfill the 
ideal requirements for immunotherapy described above. 
The first step was to increase the antigenicity of  TAA 
based on the bio-synthesis of  α-Gal epitopes on the 
tumor membrane. In the second step, the adhesive cells 
from PBMCs were induced to differentiate into DCs. At 
the same time, the isolated non-adhesive mononuclear 
cells from bone marrow were induced to naïve T/CIKs. 

In the third step, α-Gal epitope TAAs pulsed DCs. In the 
final step, the TAA-pulsed DCs and the T/CIKs were 
co-cultured for a short time to promote TAA delivery to 
naïve T/CIKs. 

In this study, the naïve T/CIKs activated by TAA-
pulsed DCs elicited significant cytotoxic responses again-
st tumor cells in 8 of  the 9 patients as determined by 
ELISPOT in the restimulated PBMCs. IFN-γ increased 
over 10 folds after three injections in patients 1, 2, 3, 4 
and 9. While determining whether the injection of  DCs 
and CIKs could increase the T cell reaction against a tu-
mor antigen, we found that the numbers of  CD3-, CD4-, 
CD8-, CD4RO- and CD56-positive cells increased after 
treatment. Another important finding is that patients 
treated with the tumor-specific immune cells had a pro-
longed survival than the control patients. These findings 
indicate the therapeutic relevance of  the observed en-
hancement of  tumor-specific cytotoxicity to HCC. 

However, the immunotherapy increased the tumor 
marker AFP in the serum after the first treatment. We 
hypothesize that the injection of  the immune respond-
ers destroyed tumor cells and gradually released the AFP. 
The specific binding of  α-Gal epitope and its natural 
anti-Gal antibody promotes DC delivery of  TAA to T 
lymphocytes and CIKs in vitro. The ex vivo-activated, tu-
mor-specific immunoresponse cells may account for the 
robust increase in the survival of  late-stage HCC patients 
in this study as compared with the control group. This 
study used α-Gal epitopes added to the tumor cell sur-
face to increase tumor antigenicity, TAA-pulsed DCs and 
ex vivo-activated CIKs rather than TAA-pulsed DCs alone 
or CIKs alone, which represented a divergence from pre-
viously reported immunotherapeutic trials.

In summary, this new therapeutic technique can sig-
nificantly increase the tumor-specific immune responders 
in circulation and the survival of  advanced HCC patients 
with no serious side effects. At the same time, clinical 
studies in other tumors, such as pancreatic carcinoma, 
lung cancer and lymphoma, are being conducted to reas-
sess the role that the therapy may play in prolonging the 
survival of  the patients. 
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COMMENTS
Background
Hepatocellular carcinoma (HCC), the most common primary neoplasm of the 
liver, is generally resistant to conventional treatment. This led to the interest 
in studies of alternative approaches. Immunotherapy is particularly appealing 
because of the potential specificity of the immune response in eradicating re-
sidual tumor cells after conventional treatment. However, the biggest obstacles 
of tumor immunotherapy are the low antigenicity of tumor cells and the weak 
immunity of the patients.
Research frontiers
Previous reports have suggested that synthesis of the immunostimulatory xeno-
antigen α-Gal on malignant cells could be used as a means to enhance tumor-
associated antigen (TAA) immunogenicity and that treatment with cytokine-

Table 2  Ratios of post- and pre-immunotherapy in cell popu-
lations and interferon-γ expression levels

Patient 
no.

CD8+ 
post vs  pre

CD45RO+ 
post vs  pre

CD56+ 
post vs  pre

IFN-γ fold increase 
post vs  pre

1 5.09 6.78 4.81 15.32
2 5.22 4.97 5.66 12.25
3 6.33 3.78 4.77 12.45
4 4.81 1.42 1.39 11.11
5 2.15 2.43 2.17   3.88
6 3.67 3.66 5.86   7.94
7 3.78 3.94 2.81   8.31
8 0.55 2.02 0.65   1.03
9 5.23 6.67 3.55  12.73

IFN: Interferon; CD: Cluster of differentiation..
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induced killer cells (CIKs) may benefit patients with various types of tumors. 
Although the α-Gal epitope can increase the antigenicity of tumor cells and 
CIKs can kill tumor cells, the combination of α-Gal epitope-capped TAAs pulsed 
dendritic cells (DCs) with the newly differentiated naive T/CIKs to treat tumors 
has never been reported. In this study, the authors demonstrate that the novel 
technique has a great potential for tumor treatment. 
Innovations and breakthroughs
The authors described a novel immunotherapy for advanced HCC. DCs were 
pulsed by co-culturing with patient’s α-Gal epitope expressing tumor cells to 
promote phagocytosis in vitro . The pulsed DCs were employed to activate 
newly differentiated T cells from bone marrow stem cells which had not been 
anergized by the tumor antigen. The highly active, tumor-specific immunore-
sponders were expanded ex vivo .
Applications
The combination of the α-Gal epitope-expressing tumor cell-pulsed DCs and 
the newly differentiated naive T/CIKs could increase specific anti-tumor im-
mune responses and prolong the survival of HCC patients with no serious side 
effects. This study represents a new strategy for therapeutic intervention in the 
treatment of patients with HCC.
Terminology
α-Gal epitope-pulsed dendritic cells (DCs): DCs are potent antigen presenting 
cells (APCs) that possess the ability to stimulate naïve T cells. The α-Gal epit-
ope expressing tumor cells are co-cultured with DCs in the presence of natural 
anti-Gal antibody to promote phagocytosis and presentation of tumor antigens 
to T lymphocytes. Cytokine-induced killer cells (CIKs): CIKs are a heteroge-
neous subset of ex-vivo  expanded T lymphocytes which present a mixed T 
phenotype. They have been described as highly efficient cytotoxic effector cells 
capable of recognizing and lysing tumor cell targets in a non-major histocom-
patibility complex restricted fashion. CIKs could also be activated and attack 
tumor cells specifically after contact with tumor specific DCs. 
Peer review
This is a study looking for the role of ex vivo  activated tumor specific CIK ther-
apy on HCC. This is definitely a well planned and performed and well written 
study. The authors describe a novel immunotherapy for advanced HCC, and 
the data is compelling.
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