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The Combined Antitumor Effects of 125I
Radioactive Particle Implantation and
Cytokine-Induced Killer Cell Therapy on
Xenograft Hepatocellular Carcinoma
in a Mouse Model
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Abstract
The combination of radiotherapy and immunotherapy has shown great promise in eradicating tumors. For example, 125I
radioactive particle implantation and cytokine-induced killer cell therapies have demonstrated efficacy in treating hepatocel-
lular carcinoma. However, the mechanism of this combination therapy remains unknown. In this study, we utilized cytokine-
induced killer cells obtained from human peripheral blood mononuclear cells along with 125I radioactive particle implantation to
treat subcutaneous hepatocellular carcinoma xenograft tumors in BALB/c nude mice. The effects of combination therapy on
tumor growth, tumor cell apoptosis and proliferation, animal survival, and immune indexes were then assessed. The results
indicated that 125I radioactive particle implantation combined with cytokine-induced killer cells shows a much greater anti-
tumor therapeutic effect than either of the therapies alone when compared to control treatments. Mice treated with a
combination of radiotherapy and immunotherapy displayed significantly reduced tumor growth. 125I radioactive particle
implantation upregulated the expression of major histocompatibility complex (MHC) class I chain-related gene A in hepato-
cellular carcinoma cells and enhanced cytokine-induced killer cell–mediated apoptosis through activation of caspase-3. Fur-
thermore, cytokine-induced killer cells supplied immune substrates to induce a strong immune response after 125I radioactive
particle implantation therapy. In conclusion, 125I radioactive particle implantation combined with cytokine-induced killer cell
therapy significantly inhibits the growth of human hepatocellular carcinoma cells in vivo and improves animal survival times
through mutual promotion of antitumor immunity, presenting a promising therapy for hepatocellular carcinoma.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most com-

mon malignant cancer and is the second leading cause of cancer-

related death worldwide. China accounts for about 50% of the

total number of both HCC cases and HCC-related deaths.1 In

China, patients with HCC often have hepatitis B or cirrhosis and

are frequently diagnosed at later stages when radical surgery is

no longer an effective treatment.2 To qualify for radical surgery,

patients with HCC must have sufficient liver function, which is

preserved in only 30% to 40% of cases.2 Furthermore, frequent

recurrence of HCC also limits clinical effectiveness of surgical

treatment strategies. For patients with recurrent or advanced

stage HCC, radiotherapy and chemotherapy are the primary

treatment options.3 However, patients with HCC undergoing

radiotherapy often have serious adverse effects and experience

high tumor recurrence rates.4 Thus, radiotherapy has been pre-

viously excluded in many liver cancer treatment guidelines

based on cost–benefit analysis.5

Currently, the radiosensitivity of HCC cells is considered to

be comparable to poorly differentiated squamous cell carci-

noma. 125I radioactive particle implantation (RPI) is an effec-

tive therapy for advanced HCC due to its controllable and

continuous g and X-ray radiation range and mild adverse

effects.6,7 Additionally, studies have demonstrated that local

radiotherapy enhances the tumor-specific immune response.8,9

Patients with advanced HCC usually experience decreased

immune cell numbers and function, which hampers the effects

of local radiotherapy on antitumor immunity. Thus, one

method for enhancing the efficacy of radioactive 125I RPI to

treat advanced HCC may be through the addition of cell ther-

apy treatment with antitumor immune cells.

Cytokine-induced killer (CIK) cell therapy complements 125I

RPI therapy by addressing the lack of immune cells that are

poised to provide antitumor immunity. Cytokine-induced killer

cells are CD3 and CD56 double-positive T cells that are differ-

entiated from peripheral blood mononuclear cells (PBMCs) after

in vitro stimulation with a variety of cytokines.10 Cytokine-

induced killer cells possess powerful restricted tumoricidal

effects (RTEs), similar to T cells, and a non-RTE (NRTE),

similar to natural killer cells. Consequently, CIK cells are con-

sidered to be antitumor immunocytes with powerful antitumor

effects and a wide spectrum of antitumor activities. Cytokine-

induced killer cell therapy has the potential to radically improve

the treatment of small residual tumors and improve antitumor

immunocompetence with both its RTE and NRTE.11-16

Based on previous studies, we hypothesized that CIK cell

therapy could improve the antitumor immune response and

enhance the curative effect of 125I RPI by supplying a popula-

tion of primed antitumor immunocytes. Furthermore, 125I RPI

could expose the major histocompatibility complex (MHC)

class I polypeptide-related sequence A (MICA) of HCC cells

to CIK cells, which in turn would result in tumor cell apoptosis.

In this study, a total of 65 nude mice were treated with CIK cell

therapy, radioactive 125I particle implantation, or both. Tumor

growth and survival rates were analyzed over time, and

mechanisms of this combination therapy were explored.

Materials and Methods

Animal Model Establishment

We chose the SMMC-772117 human HCC cell line for its ease

of culture and effective tumorigenic ability. The SMMC-7721

cell line we used was acquired from Life Sciences Institute of

Chongqing Medical University with previous verification of

identity. The cells were cultured in Dulbecco’s modified eagle

medium (high glucose; Hyclone, Massachusetts, USA) with

10% fetal bovine serum (FBS; Hyclone) and 1% penicillin and

streptomycin (Boster, Wuhan, China) at 37�C with 5% CO2.

Animal experiments were approved by the ethics committee of

Chongqing Medical University. Sixty-five healthy, 4-week-old

male BALB/c nude mice were purchased from the Institute for

Laboratory Animal Research, Peking Union Medical College.

To establish an HCC animal model, 200 to 300 mL SMMC-

7721 cell suspension, containing 3 � 105 to 3 � 106 cells, was

injected subcutaneously into the right flank of BALB/c nude

mice. Apparent HCC tumors of 0.5 to 0.6 cm in diameter were

observed after 14 days. After xenografts were established (14

days), mice were randomly divided into various treatment
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groups including the 125I RPI group (n ¼ 16), the CIK cell

group (n ¼ 16), the combination therapy group (n ¼ 17), and

the untreated control group (n ¼ 16).

Isolation of PBMCs

Procedures for peripheral blood collection from human donors

and PBMC isolation were approved by the ethics committee of

Chongqing Medical University. All donors were aware of this

experiment and provided written informed consent. Thirty

milliliter of peripheral blood from each healthy donor was

collected into tubes containing heparin and mixed with isopyc-

nic phosphate-buffered saline (PBS). The aforementioned mix-

ture placed in a centrifuge tube and spread on the surface of 4

mL human peripheral blood lymphocyte separation medium

(Haoyang Company, Shanghai, China) to form a clear bound-

ary. Tubes were centrifuged at 2000 rpm for 20 minutes at

room temperature. The thin gray white layer of mononuclear

cells between the first layer of blood plasma and the second

layer of separation medium was drawn into the tubes with 4 mL

PBS and centrifuged at 1500 rpm for 10 minutes at room tem-

perature to remove platelets. Trypan blue used to ensure via-

bility was greater than 95%.

Cytokine-Induced Killer Cell Collection and Therapy

Cytokine-induced killer cells were collected as described previ-

ously by Franceschetti et al.18 Peripheral blood mononuclear

cells were washed with PBS and cultured in Roswell Park Mem-

orial Institute 1640 (Hyclone) medium with a 10% FBS and 1%
penicillin–streptomycin combination at a cell density of 1� 106/

mL. Cultures were supplemented with human interferon g (IFN-

g) at a final concentration of 1000 U/mL. After 24 hours, human

anti-CD3 antibody (50 ng/mL) and interleukin 2 (IL-2; 500 U/

mL) were added to promote maturation of CIK cells. Interleukin

2 (500 U/mL) was added every 3 days with the exchange of cell

medium, and cells were cultured for 15 days. The CIK pheno-

type was verified by flow cytometry with CD3 and CD56

double-positive staining, and the double-positive rate attained

was 20%. For treatment, 3 � 107 CIK cells were injected via

caudal veins of HCC xenograft mice 4 times a week, beginning

on the next day (which is labeled as 0th day in Figure 1A) after

the establishment of the animal model.

125I RPI Therapy
125I RPI therapy began on the next day (which is labeled as 0th

day in Figure 1A) after the establishment of the animal model.

Radioactive 125I particles (18.5 MBq [0.5 mCi], 180 days of

validity; ZhiBo Bio-Medical Technology Company, Shanghai,

China) were prepared in a #18 puncture needle. Tumors were

punctured at the points where 0.5 cm away from the center of

the tumor, where the depth of needle insertion was estimated

and marked. The needle was inserted horizontally and the nee-

dle core containing the 125I particles was inserted into the cen-

ter of the tumor. After implantation was completed, the needle

and needle core were fixed and extracted. The puncture point

on the animal model was compressed and disinfected. The

animals were observed for 10 minutes after 125I particle

implantation and then their activity and diet were observed,

noted, and evaluated the following day.

Xenograft Growth Analysis of Animal Models

The animal model was successfully established 14 days after

the initial subcutaneous injection of SMMC-7721 cell suspen-

sion. At that point, tumor volumes were measured and recorded

every 4 days and calculated as ab2/2 (a ¼ the long diameter, b

¼ the short diameter). Tumor growth curves were drawn

according to these values. Tumor inhibitory rate (TIR) was

calculated as (D � X)/D � 100% (D represents the average

tumor volume in the control group, X represents the average

tumor volume in treatment groups) after 32 days of therapy.

Immunohistochemical and Western Blot Assays

After 32 days of therapy, 5 nude mice in every group were

killed for collection of tumor samples and blood samples (used

for enzyme linked immunosorbent assay [ELISA], described

later). Samples were processed and placed on microscope

slides that were used for hematoxylin and eosin (H&E) stain-

ing, terminal deoxynucleotidyl transferase (TdT)-mediated

dUTP nick end labeling (TUNEL) assay (DeadEnd Colorime-

tirc TUNEL system, Sigma, Darmstadt, Germany), and immu-

nohistochemical (IHC) assay for Ki-67 protein (with

polyclonal antibody of Ki-67; Zhongshan Golden Bridge, Beij-

ing, China). Three slices from each nude mouse were analyzed

by Image Pro-plus 6.0 software, and 3 random visual fields

were selected to quantify the optical density (OD) value of

targeted molecules. The rest of the tumor tissue samples was

placed in liquid nitrogen and total proteins were used for West-

ern blots to detect MICA and caspase-3 expression (with poly-

clonal antibody of b-actin [Zhongshan Golden Bridge] and

polyclonal antibody of MICA and polyclonal antibody of

caspase-3 [Abcam, United Kingdom]).

Enzyme-Linked Immunosorbent Assays to Measure
Cytokine Levels

Blood samples were collected into centrifuge tubes with throm-

boplastic medicaments and then stood at room temperature

until the blood coagulated. Samples were then centrifuged at

3000 rpm for 10 minutes, and the supernatant was drawn for

testing. Enzyme-linked immunosorbent assays for serum IL-2,

IL-6, tumor necrosis factor a (TNF-a), and IFN-g were per-

formed according to manuals of the ELISA kits (Cusabio, Bal-

timore, USA).

Statistical Analysis

Kaplan-Meier method was used to generate the survival curve

of the remainder of the nude mice (125I RPI group [n¼ 11], the
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CIK cell group [n ¼ 11], the combination therapy group [n ¼
12], and the untreated control group [n ¼ 11]). The data were

analyzed with log-rank test.

The data were analyzed using the Statistical Package for the

Social Sciences 18.0 (SPSS, Inc, Chicago, Illinois), with P < .05

taken as statistically significant. Data are represented as mean

Figure 1. Therapeutic effects of 125I RPI or/and CIK cells to HCC xenografts in BALB/c nude mice. A, B, and C, Thirty-two days after the

initiation of treatment, the tumor volumes in the 125I RPI group and the CIK cell group were significantly smaller than those in control groups.

The smallest tumor sizes were observed in the combination therapy group when compared to other groups (*P < .05, **P < .01, ***P < .001).

The highest TIR was observed in the combination therapy group. D, E, and F, The images were taken randomly, not intentionally. Statistically

significant differences were observed in the mean OD values of Ki-67 and TUNEL staining between the control group and treatment groups. The

combination of 125I particle implantation and CIK cell therapy showed the highest inhibition of tumor cell proliferation and induction of

apoptosis (*P < .001, F ¼ 318.373; ***P < .001, F ¼ 24.334, respectively). The only significant differences in TUNEL OD values between

treatment groups were observed between the CIK cell therapy group and the combination therapy group (**P < .001, F ¼ 207.491). CIK

indicates cytokine-induced killer; HCC, hepatocellular carcinoma; OD, optical density; RPI, radioactive particle implantation; TIR, tumor

inhibitory rate; TUNEL, terminal deoxynucleotidyl transferase(TdT)-mediated dUTP nick end labeling.
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(standard deviation [SD]) of at least 3 independent experiments.

Repeated-measures analysis of variance (ANOVA) was used for

comparison within each group. One-way ANOVA was used for

comparison between each group. The LSD (Least-Significant

difference)-t method was applied for multiple comparisons.

Results

Collection and Identification of CIK Cells

After stimulation of human PBMCs with IFN-g, anti-CD3 anti-

body, and IL-2 for 15 days, analysis of CIK cell markers was

performed. Flow cytometry assays demonstrated that CD3 and

CD56 double-positive rates of these cells were 42.5% (11.7%)

(89.9% [21.5%] CD3þ, 61.4% [13.8%] CD3�CD56þ, 42.5%
[11.7%] CD3þCD56þ, 0.7% [0.23%] CD3þCD56�, 56.1%
[19.4%] CD8þCD4�, 7.9% [0.9%] CD4þCD8�; Figure 2).

These results verify the successful differentiation of CIK cells

from human PBMCs.

Combination of Radiotherapy and CIK Cell Therapy
Significantly Suppressed In Vivo HCC Growth

Tumor volumes in the 125I RPI group, the CIK cell group, and

the combination therapy group showed significantly slower

growth when compared with the control group. After 32 days

of treatment, significantly smaller tumors were observed in

both the 125I RPI group and the CIK cell group (TIRs were

81.33% and 43.06%, respectively). The greatest reduction in

tumor growth was observed in the combination therapy group,

in which tumors stopped growing and appeared to shrink (TIR

was 93.17%), indicating that combination of 125I RPI and CIK

cell therapy resulted in strong antitumor effects that exceeded

single therapy of either 125I RPI or CIK cell therapy (Figures

1A-C). In addition, tumor volumes in the 125I RPI group were

smaller than those in the CIK cell group, indicating that 125I

RPI could induce more powerful destruction of tumor cells by

direct g radiation.

Figure 2. Isolation and identification of CIK cells. Cytokine-induced killer cells were isolated from human PBMCs, cultured in media

supplemented with differentiation factors, and then observed under a light microscope. A, Cytokine-induced killer cells demonstrated sufficient

cell numbers (�200). Cytokine-induced killer cells were identified by flow cytometry with CD3 and CD56 double-positive staining at a rate of

42.5% (11.7%). CIK indicates cytokine-induced killer; PBMC, peripheral blood mononuclear cells.
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The Combination of Radiotherapy and CIK Cell Therapy
Significantly Inhibited HCC Cell Proliferation and
Promoted Apoptosis

Varying degrees of tumor cell necrosis and apoptosis were

observed by H&E staining in all groups that received treat-

ments. Significant necrosis was found in the 125I RPI group

and the combination therapy group (Figure 1F, indicated by

red arrows) but not in the CIK cell therapy–only group. Ki-

67 levels in tumor tissue were significantly reduced by 125I

RPI, CIK therapy, and the combination treatment (Figure 1F,

indicated by yellow arrows), indicating that all 3 treatment

groups decreased tumor cell proliferation. The TUNEL assays

indicated marked apoptosis of tumor cells upon treatment (Fig-

ure 1F, indicated by blue arrows). Compared to the control

group, the combination therapy showed significant inhibition

of tumor cell proliferation (P < .05; Figure 1D) and induction of

apoptosis (P < .001; Figure 1E). No significant differences

were observed when comparing Ki-67 protein levels between

the 125I RPI group and the combination therapy group or

between the CIK cell group and the combination therapy group,

although the levels in the combination therapy group tended to

be lower. A significant increase in the TUNEL mean OD could

be found in the combination group when compared with that in

the CIK cell group (P < .001). No statistical difference in

TUNEL mean OD values could be observed between the 125I

RPI group and the combination therapy group (P > .05).

Enzyme-Linked Immunosorbent Assays Reveal
Reciprocal Promotion of Antitumor Immune Responses
Induced by Combination of Radiotherapy and CIK
Cell Therapy

Due to the damage of tumor tissue by radiation from 125I RPI,

damage-associated products from tumors stimulated

Figure 3. The antitumor mechanism associated with combination of 125I RPI and CIK cell therapy. A, B, C, and D, Levels of various

inflammatory markers in the serum of HCC xenograft mice with or without treatment were assessed by ELISA. Compared to the control group,
125I RPI induced significant increases in only TNF-a and IL-6 plasma levels, whereas CIK cell therapy led to an increase in all inflammatory

molecules tested. Combination treatment with 125I RPI and CIK cell therapy induced the highest levels of TNF-a, IFN-g, IL-2, and IL-6 in serum

of nude mice (*P < .05). E, F, and G, The MICA expression downregulation was observed in untreated tumors. After either 125I RPI therapy, CIK

cell therapy, or combined therapy, MICA expression by tumor cells was significantly upregulated (**P < .01, compared to the control group).

Among the 3 therapy groups, the MICA protein levels in tumors increased the least in the CIK cell therapy group (*P < .05, compared to the 125I

RPI group and the combination therapy group). The highest caspase-3 protein level was observed in the combination group (*P < .05, compared

to other groups), but no statistically significance differences of caspase-3 level were seen between the other 3 groups. CIK indicates cytokine-

induced killer; ELISA, enzyme-linked immunosorbent assay; HCC, hepatocellular carcinoma; IFN-g, interferon g; IL, interleukin; MICA,

MHC, major histocompatibility complex; class I polypeptide-related sequence A; RPI, radioactive particle implantation; TNF-a, tumor necrosis

factor alpha.
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nonspecific immunity and inflammatory molecules such as

TNF-a and IL-6, which were significantly increased compared

to the control group (Figure 3A and D). However, IFN-g and

IL-2 did not increase after radiation from 125I RPI, which is

likely due to the absence of T cells in nude mice (Figure 3B and

C). All TNF-a, IFN-g, IL-2, and IL-6 levels in serum of nude

mice in the CIK cell group were higher than those in the 125I

RPI group, indicating that the CIK cells induced a strong anti-

tumor immune response. The highest levels of TNF-a, IFN-g,

IL-2, and IL-6 were observed in the 125I RPI and CIK combi-

nation group, indicating an additive enhancement of the anti-

tumor immune response by CIK cell therapy and 125I RPI.

125I RPI Upregulated MICA Expression Enhanced
Caspase-3-Induced HCC Cells Apoptosis by CIK Cells

The MICA expression was barely detectable in untreated

tumors. In contrast, 125I RPI, CIK cell treatment, and combi-

nation therapy all significantly upregulated MICA expression

xenograft HCC tumors compared to the control group (Figure

3E and F; P < .01). Although MICA was expressed in CIK cell

therapy groups, it was at much lower levels than the treatments

that included 125I RPI (Figure 3F, compared to the 125I RPI

group and the combination therapy group; P < .05). No signif-

icant difference in MICA expression was observed between the
125I RPI group and the combination therapy group (Figure 3F;

P > .05). Significantly higher caspase-3 protein levels were

observed only in the combination therapy group (Figure 3E

and G; P < .05), indicating the highest levels of apoptosis were

present in the combination therapy group.

The Combination Therapy Distinctly Improved Survival
of Model Animals

Survival curves of the remaining nude mice (11 mice in each of

the 125I RPI, CIK cells, and blank groups and 12 mice in the

combination group) were analyzed using the Kaplan-Meier

method (Figure 4). Significantly better survival was observed

in mice with combination therapy when compared to the 125I

RPI group (P ¼ .001, log-rank method), the CIK cell group (P

< .001), and the blank group (P < .001). Both the CIK cell

therapy and 125I RPI groups showed significant improvement

in survival when compared to the control group (P ¼ .007 in

the 125I RPI group and .007 in the CIK cell group). However,

there was no statistical difference in survival between the CIK

cell and 125I RPI groups (P ¼ .849). These results indicate that

the 125I radioactive particles along with CIK cell therapy could

significantly improve the prognosis of nude mice with subcu-

taneously transplanted HCC tumors.

Discussion

The clinical efficacy of 125I RPI for the treatment of HCC has

been previously demonstrated.7,19-21 The effectiveness of 125I

particle RPI treatment is due to direct cytotoxic effects of

radiation on tumor cells along with the stimulation of tumor-

specific immune response and innate immunity by radiation.8,9

Unfortunately, patients with advanced HCC are often immu-

nocompromised and display decreased immune cell abun-

dances and activity. Without an adequate immune system,

the apoptotic products released by tumor cells after 125I RPI

therapy may not induce a sufficient tumor-specific immune

response, thereby limiting the therapeutic effects of 125I parti-

cle implantation.

Cytokine-induced killer cell therapy compensates for the

deficient immune response observed with 125I RPI therapy in

advanced HCC by inducing direct tumor cytotoxicity along

with mediating innate immunity and tumor-specific immune

responses after the destruction of tumor cells by radiation.

Numerous reports have demonstrated that the use of adjuvant

CIK cell therapy may significantly improve the prognosis of

patients with malignant tumors, including HCC.9,22-24 Mechan-

isms by which CIK cells destroy tumors include the induction

of tumor cell apoptosis directly through expression of the Fas

ligand protein.25 Additionally, a large number of antitumor

cytokines are released from activated CIK cells, such as IFN-

g, IL-2, IL-6, and TNF-a, which inhibit tumor growth, enhance

antitumor immunity,26 and activate apoptotic genes such as

Bcl-2 (B-cell lymphoma-2), Bcl-xL (B-cell lymphoma-XL),

DAD1 (defender against cell death 1).27 Finally, CIK cells

express 2 surface molecules, NKG2D (natural-killer group 2,

member D) and DAP10 (DNAX-activation protein 10), which

are involved in antitumor immunity. NKG2D binds to MIC-A/B

(Major histocompatibility complex class I-related chain A/B)

Figure 4. Survival analysis of HCC xenograft BALB/c mice treated or

not with 125I RPI and CIK cell therapy alone or in combination.

Survival curves of BALB/c nude mice treated with the indicated

therapies are depicted following the Kaplan-Meier method. Nude mice

in the combination therapy group showed significantly better survival

when compared to all other groups (P < .05). Both the 125I RPI group

(P ¼ .007) and CIK cell group (P ¼ .007) showed better survival than

the control group; however, no statistically significant difference in

survival comparison could be found between the 2 individual therapies

(P ¼ .849). CIK indicates cytokine-induced killer; HCC, hepatocel-

lular carcinoma; RPI, radioactive particle implantation.
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and the UL16 (unique long 16 protein) mucoprotein family

(ULPBs 1, 2, 3) that are highly expressed on the surface of tumor

cells. After binding to these molecules on the tumor cell, per-

forin, glycoprotein, lysosomal enzyme, and granzyme are

released from CIK cells and induce lysis of tumor cells.13,28

DAP10 enhances the NKG2D pathway.29 However, reports have

demonstrated that MICA is not frequently expressed by HCC

cells.30,31 Therefore, upregulating MICA on HCC cells, which is

observed with 125I RPI treatment, may be an effective strategy to

increase the antitumor effects of CIK cells.

BALB/c nude mice with cellular immunodeficiency were

used as animal models in this study to simulate the immuno-

deficiency observed in patients with advanced HCC. Although

the use of 125I RPI or CIK cell therapy alone was able to induce

apoptosis and inhibit the proliferation of subcutaneous xeno-

grafts, as shown through IHC, dual 125I RPI and CIK cell

therapy led to a significantly greater antitumor effect. Due to

the destruction of tumor tissue by 125I RPI and the limited field

of vision allowed by light microscopes, no obvious superposi-

tion effects on proliferation and apoptosis were observed in the

combination therapy group. However, a significantly wider

range of proliferation inhibition and apoptosis induction was

observed in the combination of 125I RPI and CIK cell therapy

groups.

We also investigated whether the antitumor effects of these

therapies was independent or mutually beneficial. The expres-

sion levels of MICA and caspase-3 were assessed through

Western blots and expression of immunomodulatory factors,

such as TNF-a, IFN-g, IL-2, and IL-6, was assessed through

ELISAs. A significant increase in MICA expression was

observed in HCC cells treated with 125I RPI, which may have

been responsible for the increased MICA-NKG2D-induced

antitumor effect of CIK cells. Evidence of this enhancement

was provided by the increased caspase-3 levels observed in the

combination therapy group compared to individual treatments.

Due to thymus and T-cell deficiencies, BALB/c nude mice

could not mount a sufficient cellular immune response when

exposed to the products of apoptotic and necrotic tumor cells

induced by radiation. Consequently, all immune indexes in the
125I particle implantation group increased, except IL-2 and

IFN-g. Meanwhile, all immune indexes, including the IL-2 and

IFN-g, were increased in the CIK cell treatment group. Further-

more, CIK cell therapy enhanced the antitumor immune

response following 125I RPI therapy, which was also associated

with the highest levels of TNF-a, IFN-g, IL-2, and IL-6. There-

fore, the antitumor effects of the combination of 125-RPI and

CIK cell therapy were synergistic rather than additive, indicat-

ing a mutually beneficial reaction between the 2 therapies.

Conclusion

Radiation from 125I RPI exposed MICA expression on HCC

cells, which in turn enhanced NKG2D-MICA-induced lysis of

tumor cells by CIK cells.32,33 Meanwhile, CIK cells provided

immune cells and immune factors for patients with immuno-

deficient HCC who underwent 125I RPI therapy and supplied

immune substrates for radiotherapy-related immunoreaction.

Thus, the combination of 125I RPI and CIK cell therapy could

become a promising therapeutic strategy for patients with

advanced HCC.
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