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 Background: The incidence of malignant tumor has gradually increased. How to improve the survival and quality of life of 
patients who lose the opportunity for surgery or who are unwilling to receive surgery remains an obstacle. At 
present, 125I particle interstitial implant therapy has been applied in a variety of treatments of tumors. However, 
the mechanism of computed tomography (CT)-guided 125I particle therapy in lung cancer has not been fully 
elucidated.

 Material/Methods: A total of 42 patients with advanced non-small cell lung cancer were retrospectively analyzed between January 
2013 and December 2013, including 19 patients who received CT-guided 125I particle therapy and 23 patients 
who received chemotherapy. Curative effect and adverse reactions at 6 months and 12 months were compared 
and analyzed. A rabbit lung cancer VX2 model was treated by 125I particle implantation therapy under CT guid-
ance. The change in tumor volume was detected. Tumor cell apoptosis was tested by flow cytometry. Bcl-2 and 
Bax expression were determined by real-time polymerase chain reaction (PCR) and Western blot.

 Results: 125I particle therapy obviously reduced tumor volume after 6 months and 12 months. It showed significant-
ly higher efficiency (57.9%, 57.9%) and control (78.9%, 73.7%) than the rates of efficiency and control in the 
chemotherapy group (P<0.05). 125I particle implantation therapy markedly suppressed rabbit VX2 transplanted 
tumor cell proliferation, promoted tumor regression, induced tumor cell apoptosis, reduced Bcl-2 expression, 
and upregulated Bax expression level (P<0.05).

 Conclusions: CT-guided 125I particle implantation therapy can inhibit tumor proliferation and growth by regulating the ex-
pression of apoptosis-related genes and proteins, which is a promising approach in lung cancer treatment.
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Background

The incidence of malignant tumor keeps on increasing, while 
the fatality rate stays at a high level. Tumor prevention, treat-
ment, and prognosis receive wide attention [1,2]. For some 
cancer patients who cannot tolerate surgery or whose dis-
ease is beyond surgical indications, reasonable treatment is 
of great need to improve quality of life and personal surviv-
al [3,4]. Tumor comprehensive treatment, including surgery, 
radiotherapy, chemotherapy, and other methods, is based on 
the patient’s condition and clinical staging [5,6].

Interstitial brachytherapy was not commonly used in clinic at 
first because of its inaccurate positioning and poor protec-
tion system [7,8]. However, the application of a new type of 
radioactive 125I particle, combined with computed tomography 
(CT) guidance, presents the benefits of precise positioning, a 
three-dimensional treatment plan, and a quality authentica-
tion system, and promotes the development of radioactive 
particle technique in tumor therapy [9,10]. Compared with 
conventional external radiotherapy, interstitial brachytherapy 
features fewer complications, less trauma, safety, and effica-
cy. It further improves the anti-tumor effect via killing tumor 
cells and most effectively protects normal tissue [11,12], and 
therefore has been rapidly applied in clinic. At present, the 
preferred choice of therapy in early prostate cancer therapy 
is interstitial implant with 125I particle. It also showed a ben-
eficial curative effect in the treatment of gynecologic cancers 
and was gradually applied in the treatment of liver cancer, pan-
creatic cancer, digestive tract cancer, lung cancer, and central 
nervous system tumor [13–16]. Nevertheless, the mechanism 
of CT-guided 125I particles in the treatment of lung cancer has 
not yet been fully elucidated. In this article, we retrospective-
ly observed CT-guided 125I particles in the medical treatment 
of advanced lung cancer in patients, and established a rab-
bit VX2 tumor model to analyze its specific mechanism [17].

Material and Methods

Object of study

A total of 42 patients with non-small cell lung cancer (NSCLC) in 
Zhumadian Central Hospital (Zhumadian, Henan, China) between 
January 2013 and December 2013 were selected, including 19 
patients who received CT-guided 125I particle therapy (125I particle 
group) and 23 patients who received chemotherapy (chemother-
apy group). All the enrolled subjects had clinic (cough, hemop-
tysis, pectoralgia, and dyspnea), pathology (squamous-cell car-
cinoma or adenocarcinoma), sputum cytology, and iconography 
diagnosis. All these patients were at stage III or IV according to 
American Joint Committee on Cancer (AJCC) TNM staging system 
for lung cancer (6th edition, 2002). There were 25 males and 17 

females with average age of 58.4±11.2 years (range: 35–78 years). 
Pathological histology type included 22 cases of squamous carci-
noma and 20 cases of adenocarcinoma. The two groups showed 
no statistical differences in general clinical information (Table 1).

The study protocol was approved by the Research Ethics 
Committee of Zhumadian Central Hospital, and all patients 
gave their informed consent before study commencement.

Experimental animals

New Zealand rabbits aged 3–4 months and weighing 2–3 kg 
(range: 2.5±0.32 kg) were provided by the experimental ani-
mal center in Zhengzhou University. The rabbits were fed in a 
specific pathogen-free (SPF) animal house.

Rabbits were used for all experiments, and all procedures 
were approved by the Animal Ethics Committee of Zhumadian 
Central Hospital.

Main materials and instruments

Surgical instruments were bought from the Suzhou medical in-
strument factory. The operating microscope was purchased from 
Zhenjiang Optical Instrument Co., Ltd. The VX2 rabbit tumor 
transplantation cell line was obtained from the Beijing Cancer 
Institute (Beijing, China). Trizol reagent was from Invitrogen 
(Carlsbad, California, USA). The polyvinylidene difluoride (PVDF) 
membrane was from Pall Life Sciences (Port Washington, New 
York, USA). Western blot-related chemical reagents were from 
Beyotime (Shanghai, China). The enhanced chemiluminescence 
(ECL) reagent was from Amersham Biosciences (Piscataway, 
New Jersey, USA). Bcl-2 and Bax primary antibodies, and horse-
radish peroxidase (HRP) tagged immunoglobulin G (IgG) sec-
ondary antibody were from Cell Signaling Technology (Danvers, 
Massachusetts, USA). The RNA extraction kit, reverse transcrip-
tion kit, and Annexin V-FITC apoptosis detection kit were from 
BD Biosciences (San Jose, California, USA). The microplate read-
er was obtained from BD Biosciences. The DNA amplifier was 
from PE Gene Amp PCR System 2400. FACS Calibur flow cytome-
try was from BD Biosciences. Other common reagents were pur-
chased from Sangon (Shanghai, China). The 125I particle group re-
ceived 125I with surface activity at 0.6–1.0 mCi and a half-life of 
59.21 d. It mainly emitted X-rays and g rays. The treatment plan-
ning system (TPS), implanted devices, and protection system were 
bought from Beijing Senke Technology Co., Ltd. (Beijing, China).

Methods

Therapeutic schedule for NSCLC patients

The patients in the chemotherapy group received paclitaxel 
(Harbin Pharmaceutical Co., Ltd., Harbin, China) and cisplatin 
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(Qilu Pharmaceutical Co., Ltd, Jinan, China) combination che-
motherapy with 28 days for a cycle and a total of four cycles. 
Support therapy including anti-nausea medication and liver 
protection was used during chemotherapy. 125I particle implan-
tation was done in patients in the 125I particle group by using 
CT (GE MAX640) guided percutaneous puncture. Particle dose 
in the tumor target lesion and its surrounding space was de-
termined based on the TPS and CT image. The total volume 
of each tumor was calculated according to CT image with the 
TPS before implantation. CT was used to confirm the punc-
ture location and the implant. Information from CT or magnet-
ic resonance imaging (MRI) images was reconstructed into a 
three-dimensional form, and the precise margin of the tumor 
was outlined to facilitate the calculation of tumor-matched 
peripheral dose. The TPS system was used to evaluate dose 
and puncture quality. Routine support treatment such as an-
ti-inflammation and hemostasis was adopted.

Observational index

Tumor volume changes were assessed based on imaging to 
analyze the curative effect. Efficacy evaluation was performed 
according to the World Health Organization (WHO) tumor le-
sion classification and curative effect evaluation, including 
complete remission (CR), partial response (PR), no change (NC), 
and progress (PD). Effective rate means the percentage of CR 
and PR. Control rate means the percentage of CR, PR, and NC.

Rabbit VX2 tumor modeling and 125I particle treatment

Experimental animals were used in the model after one week’s 
adaptive breeding. General anesthesia was performed using 
3% pentobarbital sodium 1 mL/kg ear intravenous injection. 
Then the rabbit received thoracotomy and CT scan to select 
and determine the surgical site. After assessing puncture depth 
and angle, the sheath of an 18 G needle was put into the tis-
sue using the sandwich method. (At the predetermined po-
sition, pull out the needle core and put 2-3 blocks of tumor 
tissue into the needle sheath using ophthalmological forceps 
clip, followed by moving the tumor tissue blocks in using the 
core of the puncture needle.) The puncture needle was pierced 

into lung tissue based on CT guidance and 1 mL of cells was 
injected. Antibiotics (0.5 g of cephalosporin muscle injection) 
were used to prevent infection. CT scan and X-ray confirmed 
that the tumor preparation was successful after 4 weeks. Then 
the rabbits were randomly divided into two groups. 125I parti-
cle with initial activity at 0.8 mCi was put into an 18 G punc-
ture needle. Then the particle was emitted to the site accord-
ing to the TPS plan and under CT guidance [18].

General state observation

General state was observed before and after treatment, in-
cluding mental status, appetite, and activity. Rabbit weight 
was recorded before 125I particle implantation, 2 weeks after 
treatment, and 4 weeks after treatment.

Sample collection

A blood sample was collected from the portal vein at 2 weeks 
and 4 weeks after treatment, and centrifuged at 3000 rpm for 
15 min. The serum was put into an Eppendorf tube and placed 
in a refrigerator at -20°C. Tumor tissue was collected from rab-
bits after they were euthanized by using ketamine/xylazine 
and ether, and preserved in liquid nitrogen.

Flow cytometry

Tumor tissue was centrifuged at 1500 revolutions per minute 
(r/min) for 5 min and filtrated to a precooled tube. Tumor cell 
suspension was placed in Dulbecco’s Modified Eagle’s Medium 
(DMEM) containing 10% fetal bovine serum (FBS) and seeded 
in a 96-well plate at 5×103 cells for 24 h. Then the cells were 
collected at 2×106 and washed with phosphate-buffered sa-
line (PBS). After centrifugation at 1000 rpm for 5 min, the cells 
were fixed in precooled 75% ethanol at 4°C overnight. After 
washing with PBS, the cells were resuspended in 800 μL of 
PBS containing 1% bovine serum albumin (BSA), 100 µL of 
propidium iodide (PI) solution (3.8% sodium citrate, pH 7.0), 
and 100 µL of RnaseA (10 mg/mL). After incubation at 37°C 
and avoidance of light for 30 min, the cells were tested us-
ing flow cytometry and analyzed by FCSExpress 3.0 software.

Index 125I particle Chemotherapy

Cases (n) 19 23

Gender (Male/Female) 11/8 14/9

Age (year) 59±10.8 57.6±12.3

Histology type (squamous/adenocarcinoma) 10/9 12/11

Stage (III/IV) 7/12 10/13

Table 1. General information comparison.
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Real-time polymerase chain reaction (PCR)

Total RNA was extracted by Trizol according to the manual and 
reverse transcripted to cDNA. Primers used were designed by 
Primer 6.0 and synthesized by Invitrogen (Table 2). Real time 
PCR was performed based on the following conditions: 55°C 
for 1 min, followed by 35 cycles of 92°C for 30 s, 5°C for 45 s, 
and 72°C for 35 s. GAPDH was selected as reference. Relative 
expression level was calculated by the 2–DDCt method.

Western blot

Lung tissue was ground in liquid nitrogen and treated with 
RIPA for 15~30 min. Then the tissue was ultrasonicated at 
5 s × 4 times and centrifuged at 4°C and 10,000×g for 15 min. 
The supernatant was stored at -20 °C. The protein was sepa-
rated by 10% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred to PVDF membrane. 
After block by 5% skim milk for 2 h, the membrane was in-
cubated in primary antibody (1:1000) at 4°C overnight. Next, 
the membrane was further incubated in secondary antibody 
(1:2000) at room temperature for 30 min after washing with 
phosphate-buffered saline/Tween (PBST). At last, the mem-
brane was mixed with chemiluminescent agent for 1 min and 
developed. Protein image processing system software and 

Quantity One software were adopted for scanning and cal-
culation. All the experiments were repeated four times (n=4).

Statistical analysis

SPSS 19.0 was used for data analysis. Measurement data are 
presented as mean ± standard deviation and were compared 
by using the t-test. Enumeration data are presented as per-
centages and were compared by using the chi-square test. 
P<0.05 was considered as statistical significance.

Results

Curative effect comparison

After 6 months and 12 months of treatment, the curative ef-
fects in the two groups were compared. It was shown that 
both chemotherapy and 125I particle implantation significantly 
reduced tumor volume, increasing both the effective rate and 
the control rate (P<0.05). Patients receiving CT-guided 125I par-
ticle implantation had more obvious reduction of tumor vol-
ume and a significant rise of the effective rate and the con-
trol rate compared with the rates in the chemotherapy group 
(P<0.05) (Tables 3, 4).

Gene Forward Reverse

GADPH ACCAGGTATCTGCTGGTTG TAACCATGATGTCAGCGTGGT

Bcl-2 TAGCAGCTTATGTCTACTGGAC TTCTCAAGTTTCTTACCGCCTA

Bax TGCATGCTTCTGATGCCATAG CTTCGCTTCGTCAACTCTTATC

Table 2. Primer sequence.

Before treatment 6 months 12 months

125I particle (n=19) 5.2±1.1 2.1±0.7*# 2.6±0.8*#

Chemotherapy (n=23) 5.1±1.3 3.1±0.9* 3.8±0.6*

Table 3. NSCLC patient tumor volume comparison (mm3).

* P<0.05, compared with before treatment; # P<0.05, compared with chemotherapy.

6 months 12 months

CR PR NC PD
Control 
rate (%)

Effective 
rate (%)

CR PR NC PD
Control 
rate (%)

Effective 
rate (%)

125I particle 3 8 4 4 78.9 57.9* 2 5 7 5 73.7 36.8*

Chemotherapy 1 5 8 9 60.8 26.1 0 4 6 13 43.5 17.4

Table 4. NSCLC patient curative effect comparison.

* P<0.05, compared with chemotherapy.
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Survival state comparison

The success rate of rabbit tumor transplantation was 100%. 
The behavior of rabbits in the two groups after modeling was 
similar, including depression, activity reduction, loss of appetite, 
hair gloss reduction, and even unhairing. Some rabbits present-
ed pleura plantation or transfer, and dyspnea was aggravated 
with the time elapsed. No rabbit died until the end of the ex-
periment. After 125I particle implantation treatment, the surviv-
al condition of the rabbits improved, with better spirit, activ-
ity, response, and appetite than the control rabbits (Table 5).

125I particle implantation impact on tumor volume

CT scan was performed at 2 weeks and 4 weeks after treat-
ment to calculate tumor volume. Tumor volume at 2 weeks af-
ter treatment in each group was similar to that before treat-
ment (P>0.05). At 4 weeks after treatment, tumor volume 
in the control group kept on increasing; by contrast, the de-
gree of increase in the treated group was markedly smaller 
(P<0.05) (Table 6).

125I particle implantation impact on tumor cell apoptosis

Tumor cell suspension was prepared from tumor tissue. Flow 
cytometry was applied to detect tumor cell apoptosis. Cell 
apoptotic rate in the rabbit VX2 tumor transplantation mod-
el with 125I particle implantation treatment for 4 weeks obvi-
ously increased (P<0.05) (Figures 1, 2).

Group 0 day 2 weeks 4 weeks

Test 2.53±0.97 2.09±0.62 1.76±0.92

Control 2.48±1.09 2.21±0.91 2.13±0.89*

Table 5. 125I particle implantation impact on rabbit VX2 tumor transplantation model weight (kg).

* P<0.05, compared with control.

Group 0 day 2 weeks 4 weeks

Control 81.26±7.17 178.37±18.23 342.68±18.92

1.0 mCi 125I 82.76±8.23 158.81±1.56 211.21±23.28*

Table 6. 125I particle implantation impact on rabbit VX2 tumor transplantation model tumor volume (mm3).

* P<0.05, compared with control.

Figure 1.  The impact of 125I particle implantation 
on tumor cell apoptosis in the rabbit 
VX2 tumor transplantation model.
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Figure 2.  Analysis of the impact of 125I particle implantation 
on tumor cell apoptosis in the rabbit VX2 tumor 
transplantation model. * P<0.05 compared with control.
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125I particle implantation impact on Bcl-2 and Bax mRNA 
expression in tumor tissue

Real-time PCR was performed to detect expression changes of 
Bcl-2 and Bax mRNA in tumor tissue. The results showed that 
Bcl-2 mRNA in the treatment group obviously declined com-
pared with that in the control group (P<0.05) (Figure 3). Contrary 
to Bcl-2 mRNA, Bax mRNA was overexpressed in the treatment 
group compared with the control group (P<0.05) (Figure 4).

125I particle implantation impact on Bcl-2 and Bax protein 
expression in tumor tissue

Western blot was used to test Bcl-2 and Bax protein expres-
sion in tumor tissue. Similar to the expressions of Bcl-2 and Bax 
mRNA, Bcl-2 protein in the treatment group was obviously re-
duced compared with that in the control group (P<0.05) (Figure 5). 
Conversely, the level of Bax protein was upregulated in the treat-
ment group compared with the control group (P<0.05) (Figure 6).

Discussion

In recent years, it has been demonstrated that the new 125I 
particle is characterized by low radioactivity, small trauma to 
normal tissue, high efficacy, precise accuracy, etc. On the ba-
sis of the development of ultrasound, CT, MRI, imaging tech-
nology, and computer 3D treatment, interstitial implantation 
combined with close-distance radiation therapy exhibited bet-
ter therapeutic value and resulted in better patient vitality. The 
CT-guided positioning system enables the new type of 125I ra-
dioactive particle to have more extensive application pros-
pects in tumor treatment [19,20]. NSCLC is a common malig-
nant tumor with an increasing incidence and mortality rate 
year by year. Advanced NSCLC is difficult to cure, leading to 
patients’ survival and quality of life declining seriously [21,22]. 
Due to its aggregation in the target area with low radiation to 

Figure 4.  The impact of 125I particle implantation on Bax mRNA 
expression in the rabbit VX2 tumor transplantation 
model. * P<0.05 compared with control.
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Figure 6.  Analysis of the impact of 125I particle implantation 
on Bax protein expression. * P<0.05, compared with 
control.
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Figure 3.  The impact of 125I particle implantation on Bcl-2 mRNA 
expression in the rabbit VX2 tumor transplantation 
model. * P<0.05. compared with control.
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Figure 5.  The impact of 125I particle implantation on protein 
levels of Bcl-2 and Bax in the rabbit VX2 tumor 
transplantation model.
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the surrounding normal tissue and the profile of quick atten-
uation of radiation, 125I radioactive particle is recognized as a 
potent tool in lung cancer treatment. CT guidance can obvi-
ously reduce operating time and radiation dose, and elevate 
puncture accuracy, resulting in small trauma, apparent cura-
tive effect, rapid recovery, and fewer adverse reactions [23,24]. 
This study retrospectively compared the effect of CT-guided 
125I radioactive particles and chemotherapy in the treatment 
of NSCLC. The results revealed that patients receiving 125I par-
ticle therapy had significantly smaller tumor volume, a better 
effective rate, and a better control rate.

We further investigated the mechanism of 125I particle in treat-
ing lung cancer by establishing and using an animal VX2 trans-
plant tumor model. The results confirmed that 125I particle treat-
ment induced tumor cell apoptosis, with decreasing Bcl-2 level 
and growing Bax expression, thus reducing tumor volume and 
improving the quality of animal survival. The occurrence and 
development of tumor are to some extent responsible for the 
imbalance of apoptosis and anti-apoptosis, among which Bcl-
2 and Bax, as the member of the Bcl-2 family, draw more at-
tention. This is because Bcl-2 mainly plays an inhibitory role 
in cell apoptosis and is often found overexpressed in various 

tumors [25]. Bax, however, shows a negative correlation with 
the Bcl-2 effect, acting as a pro-apoptotic protein released from 
mitochondria, such as cytochrome C. It further activates cas-
pase-3 protease, facilitates reactive oxygen generation, pro-
motes nucleus fragmentation, and damages cell membrane to 
induce apoptosis and maintain normal cell proliferation [26,27].

Conclusions

Our data demonstrated that 125I particle targeted therapy had 
more accurate positioning and resulted in less trauma to sur-
rounding normal tissue. CT-guided 125I particle interstitial im-
plantation suppressed tumor growth and proliferation by reg-
ulating apoptotic-related genes and protein expression. This 
study provided an important basis and experimental foun-
dation for the application of 125I particle interstitial implan-
tation in clinic.
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