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125I inhibited the NSCLC both in vivo and in vitro
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Abstract: Lung cancer is the main reason of cancer-linked death all over the world. Non-small cell lung cancer 
(NSCLC) patients always have an extremely poor prognosis. It is urgent to find novel treating methods. It was previ-
ously showed that 125I brachytherapy had been applied to the lung cancer treatment. However, fundamental re-
searches are limited. In the present study, we first explored the mechanism by which 125I radiation induced arrest 
or apoptosis of the cell cycle and relevant protein expression. Furthermore, we explored its effect on the invasion. 
We found that 125I significantly induced cell apoptosis through mitochondrial pathway, triggered S phase arrest via 
regulating cyclinA2, p21 and CDK6 expressions. Meanwhile, 125I could inhibit invasion of NSCLC cells by altering the 
expression level of vimentin, N-cadherin and MMP-9. Furthermore, we confirmed the effects of 125I on NSCLC cell 
growth in vivo. The results indicated that 125I obviously inhibited the tumor growth. Thus, we determined that 125I 
brachytherapy remarkably restrained NSCLC cellular growth and intrusion by inducing apoptosis, S phase arrest and 
corresponding protein expression.
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Introduction

Lung cancer is well-known as one of the usual 
as well as aggressive malignancies worldwide. 
Histopathologically, more than 85% of lung can-
cers are categorized to be non-small cell lung 
cancer (NSCLC) [1, 2]. Being short of biomark-
ers, more than half of lung cancers can only be 
diagnosed at distant phase which contributes 
to the poor prognosis. Despite of significant 
progress made in surgery, radiotherapy as well 
as chemotherapy, the total survival rate of peo-
ple with lung cancer was merely 16% for all 
stages during five years [3, 4]. In spite of the 
fact that surgery is the sole radical treatment of 
NSCLC, tumors which may be radically resected 
are less than 20%. The cure and palliation have 
made radiotherapy to be a major treatment for 
lung cancers. Brachytherapy sources of low-
energy photons such as those emitted by 125I 
commonly have been applied to the radiothera-
py of prostate cancer. 

Radioactive seed implantation is regarded as a 
popular mode of brachytherapy which shall be 

conducted many times. It has been employed 
to remedy inoperable solitary lung cancers with 
success, while averting peripheral tissue being 
exposed to overmuch radiation [5, 6]. Radioac- 
tive 125I seed interstitial brachytherapy is anoth-
er way to treat inoperable NSCLC, with its good 
efficacy, minimum operative wound, and mini-
mum side effects.

Clinical cases of more than two hundred suffers 
receiving treatment in our institution have illus-
trated that while employing 125I brachytherapy 
with sublobar resection, local relapse was 2.0% 
in stage I NSCLC sufferers and remarkably less 
than 18.6% for only sublobar resection [7]. 

Moreover, repeated 125I seed implantations ha- 
ve been good for suffers with multiple relapses, 
resulting in much longer median as well as pro-
gression-free survival time, and much higher 
overall one-year and two-year survival rates.

The curative effect of 125I seed implantations 
may be restricted by various elements as well, 
for example, protecting by bone architecture, 
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distinctions in brachytherapy projecting mecha-
nisms, as well as personal differences. In gen-
eral, 125I seed implantation is a valid therapy to 
treat massive tumors. 

In current researches, methods have been car-
ried out in vitro and in vivo to explore the effect 
of 125I on NSCLC cells. The outcomes of the cur-
rent study may inform the development of 125I 
brachytherapy in NSCLC. 

Methods and materials

Cell culture 

A549 and H1299 cell lines were bought from 
the Shanghai Institutes for Biological Sciences. 
Cells were developed in RPMI-1640, replen-
ished with 10% fetal bovine serum (FBS), 100 
U/mL penicillins as well as 100 μg/mL strepto-
mycin at 37°C with 5% CO2. 

QPCR

Total RNA was leached by employing TRIzol 
reagent in accordance with the maker’s specifi-
cation. 1 μg of total RNA was reversely tran-
scribed employing the PrimeScript RT Reagent 
kit. Small nuclear RNA U6 was regarded as a 
normalization control. Each test was redone 
three times. Quantification of miRNA or mRNA 
was conducted by employing BestarTM QPCR 
Master Mix in accordance with the maker’s 
specification. Cyclic situations were as below: 
pre-degeneration at 95°C for 60 s, 95°C for 5 
s, 58°C for 20 s, 40 cycles. Analysis of data 
was conducted employing the 2-ΔΔCt means.

125I seed irradiation

125I radioactive seeds (BT-125-I) were bought 
from the Shanghai Xinke Ltd. Obvious radioac-
tivity was 1.00 mCi/seed and half time was 
59.4 days. Dosage fractionation was counted 
by employing a treatment planning system 
(TPS, Kelinzhong Institute of Atomic Energy, 
Beijing, China, No. YZB/1466-70-2004) On the 
basis of the American Association of Physicists 
in Medicine Task Group No. 43 (AAPM TG-43) 
formalism [8]. 

Gray’s model of 125I radiation has been carried 
out [9]. It contains a lower plaque layer which 
was a seed plaque, with 14 seeds equivalently 
spaced in recesses situated nearby a 35 mm 
circumference. The upper cell plaque layer was 
a cell culture layer. In the cell culture plaque, 
same recesses were established, around a 35 

mm circumference as well. Primary dose rate 
was 12.13 cGy/h and total doses were 2, 4, 6, 
and 8 Gy. 

MTT

Cell hyperplasia was quantified by measuring of 
absorbance of hydrosoluble triphenyltetrazoli-
um chloride at 450 nm, employing the Cell 
Counter Kit-8 as depicted before. Leptocyte 
(500 cells) were seeded into six-well plates, 
hatched with DMEM with 10% FBS lasted 15 
days. Cells were afterwards fixed with 4% form-
aldehyde lasted 20 min, stained with crystal 
violet for approximately 20 min at room tem-
perature, and photographed. The colony-form-
ing ability of every group of cells was estimated 
through calculating the colonies formed.

Flow cytometry 

As to the analysis of cell cycle, cells were col-
lected, rinsed by PBS for two times, afterwards, 
fixed with 70% ethanol (v/v) all the night at 
-20°C. Fixed cells were rinsed with PBS for two 
times, after that resuspended in PBS including 
PI (50 μg/ml)/RNase A (50 μg/ml) lasted ten 
min. 

As to analyzing cell apoptosis, cells had been 
harvested and washed like in the cell cycle 
part, and annexin V-FITC/PI dyeing solution was 
pippited into 100 μL of cell suspension, which 
was blended and hatched in the dark for 15 
min at ambient temperature. At last, not only 
cell cycle but also apoptosis were analyzed by 
employing a FACScan instrument armed with 
CellQuest software.

TUNEL

After therapy, cells were gathered and apopto-
sis was decided by employing TdT-mediated 
dUTP nick end labeling (TUNEL) assay kit (Ro- 
che, Basel, Switzerland) in accordance with the 
maker’s instructions. 

Transwell

Cells were plated onto the upper well of the 
chamber in serum free RPMI-1640 medium. 
The lower chamber was full of RPMI-1640 
medium including 10% FBS. Being cultured 48 
h later, cells which pierced the membrane were 
fixed with 4% paraformaldehyde lasted 20 min 
and dyeing by violet crystalline solution accord-
ing to the protocol.
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Colony forming assay

Cells were seeded into each well of 6-well plate 
with a density of 500 cells each well. Culture 
medium was displaced every 3 days. 2 weeks 
subsequent to seeding, colonies could be 
counted using crystal violet staining (Weijia; 
Thermo Fisher Scientific, Inc.) Colonies contain-
ing >50 cells were counted.

Western blot

All the protein was leached with RIPA lysis buf-
fer and the concentration of protein was tested 
by employing nanodrop 2000. 40 μg proteins 
was separated with 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis and 
then shifted to a PVDF membrane. Subsequent- 
ly, blots were obstructed with 8% skimmed 
milk. Membranes were hatched all the night at 
the temperature of 4°C with first antibodies. 
Four-time rinsing later, the membranes were 
hatched with a horseradish peroxidase-conju-
gated secondary antibody at the temperature 
of 37°C for 2 h. After washing three times in 
TBST, protein bands were visualized using che-
miluminescence detection.

In vivo study

Female BALB/c nude mice were bought from 
Charles River (Beijing, China). A549 cells were 
collected and hypodermically injected into the 
flanks of the rats. Six weeks subsequent to the 
injection, mice were then randomized into two 
groups: radiation group and control group (n = 

10 in each group); the mice were anesthetized 
and one 125I seed with the radio dosage of 0.9 
mCi was implanted in the tumor. Every 5 days, 
the tumor volume was counted using modified 
ellipsoid formula 1/2 (Length × Width/2). Two 
weeks subsequent to 125I seed implantation, 
the mice were sacrificed, tumors were harvest-
ed. Half of every tumor was frozen in liquid 
nitrogen and kept in storage at the temperature 
of -80°C and the other half was fixed in 4% 
paraformaldehyde. 

Statistic analysis

Student’s t-test (2-tailed), one-way ANOVA, and 
the Mann-Whitney U test had been employed to 
measure data, accompanied with SPSS 16.0 
(IBM, IL, USA). P-values of not reaching 0.05 
were regarded statistically meaningful.

Results

125I inhibited the NSCLC cell proliferation 

After different dose of 125I irradiation, cells were 
seeded into 96 well plates. MTT was utilized to 
estimate the proliferation of NSCLC cells at var-
ious phases. As Figure 1 showed, 125I at the 
dose of 2, 4, 6 Gy all significantly inhibited the 
proliferation of NSCLC cells which were dose 
dependently. 

125I induced apoptosis of NSCLC cells 

After different dosage of 125I irradiation, cells 
were collected for the Annexin V/PI staining. 

Figure 1. Cell viability of A549 and H1299 cells radiated by different dose of 125I were detected by MTT assay. A. Cell 
viability of A549 cells radiated by different dose of 125I. B. Cell viability of H1299 cells radiated by different dose of 
125I.
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Figure 2. The apoptosis rates and expression of apoptosis relative proteins of NSCLC cells induced by 125I were determined by flow cytometry and Western blotting. A, 
B, D. The apoptosis rates of A549 and H1299 cells induced by 125I were determined by flow cytometry, respectively. C. The expression of apoptosis relative proteins 
of NSCLC cells induced by 125I was determined by Western blotting. *P﹤0.05 vs 0 Gy, #P﹤0.05 vs 2 Gy, &P﹤0.05 vs 4 Gy.
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Figure 3. Cell cycle and apoptosis relative proteins of A549 and H1299 cells radiated by different dose of 125I were detected by flow cytometry and Western blotting. 
A, B, D. The apoptosis rates of A549 and H1299 cells induced by 125I were determined by flow cytometry, respectively. C. The expression of apoptosis relative proteins 
of NSCLC cells induced by 125I was determined by Western blotting. *P﹤0.05 vs 0 Gy, #P﹤0.05 vs 2 Gy, &P﹤0.05 vs 4 Gy.
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Cell apoptosis were detected employing flow 
cytometry. The results showed that 125I irradia-
tion of 2, 4, 6 Gy all significantly induced apop-
tosis of NSCLC cells dose independently (Figure 
2A, 2B, 2D). To further confirm it, we investi-
gated the expression of apoptosis relative pro-
teins. We found that 125I irradiation obviously 
elevated the level of cytoC, bax, caspase3, but 
significantly inhibited the expression of bcl-2 
(Figure 2C). 

125I attenuated the cell cycle 

After different dose of 125I irradiation, cells were 
collected for the PI staining. Cell cycle was 
detected using Flow cytometry. The results 
revealed that 125I irradiation of 2, 4, 6 Gy all sig-
nificantly induced S phase arrest of NSCLC 
cells dose independently (Figure 3A, 3B, 3D). 
Then we investigated the expression of apopto-
sis relative proteins. We found that 125I irradia-
tion obviously elevated the level of p21, but 
significantly inhibited the expression of cycli-
nA1 and CDK2 (Figure 3C). 

125I inhibited the invasion of NSCLC cells

After different dose of 125I irradiation, cells were 
seeded in 12 well plates. Transwell assay were 
employed to determine the change on intrusion 

ability of NSCLC cells. The results indicated 
that 125I irradiation inhibited the invasion ability 
significantly in NSCLC cells which was dose 
independently (Figure 4A, 4C, 4D). Meanwhile, 
125I irradiation elevated the expression level of 
N-cadherin, but reduced the level of vimentin 
and MMP-9 (Figure 4B).

125I altered the growth of NSCLC cells

We further detected the effect of 125I irradia- 
tion on the growth of NSCLC cells in vivo. In con-
sistent with what we found in vitro, 125I irradia-
tion significantly attenuated the tumor growth 
(Figure 5A-C). 

Discussion

NSCLC treatments are decided by the variety 
and stage of carcinoma, which include surgical 
operation, external beam radiation therapy 
(EBRT), chemotherapy, as well as high-dose-
rate endobronchial brachytherapy (HDR-EBBT). 
Surgical operation is normally a kind of therapy 
for localized cancers, but merely nearly 20% of 
all suffers with NSCLC can be candidates for 
possibly curative excision. 

Moreover, chemotherapeutics and EBRT have 
not played an important role in results of suf-

Figure 4. Cell invasion of A549 and H1299 cells radiated by different dose of 125I were detected. A, C, D. Cell invasion 
of A549 and H1299 cells radiated by different dose of 125I were photographed and calculated. B. The expression 
level of N-cadherin, vimentin and MMP-9 were detected by Western blotting. *P﹤0.05 vs 0 Gy, #P﹤0.05 vs 2 Gy, 
&P﹤0.05 vs 4 Gy.
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fers with unresectable illness, and the gain 
often comes with a large number of toxicity, in 
particular for those who have other complicat-
ed diseases [10]. Employing external beam 
radiotherapy (EBRT) only, it is hard to send 
abundant radiation dosage to sufferers with 
massive or terminal tumors, for fear of injury to 
surrounding normal tissues. Repeated EBRT 
has restricted curative effect for these suffers 
and is connected with gradually enhanced 
complications due to low reliability of adjacent 
non-tumor normal tissue [11, 12].

A prospective study shows that 14 suffers with 
primary NSCLC received treatments with intra-
operative 125I implantation of the lung tumor 
through lateral incision or median sternotomy. 
Staging mediastinal node dissection was per-
formed in every clinical case. Suffers were cho-
sen while wedge or partial excisions had not 
been technically viable. The lobectomy or com-
pletion pneumonectomy shall be needed or 
lung function researches were limited. The 
range of doses is from 8,000 cGy in the sur-
rounding area to 20,000 cGy centrally. Follow-
up a minimal twelve months, median survival 
period was 16.7 and 15.1 months. Decentraliz- 
ed control was acquired from 10 of 14 suffers 
(71%) with partial faults happening in stage III 
suffers of pathology. When separated in accor-

dance with the size of tumor, local control was 
obtained in 6 of 7 tumors of less than 3 cm and 
4 of 5 tumors of 3-5 cm. Both cases with mass-
es larger than 5 cm lose efficacy locally. There 
was one death and two complications after 
operation. The other suffers were discharged 
from hospital in one week of surgical operation. 
Not any radiation pneumonitis occurs. 125I lung 
brachytherapy has been a remarkable replace-
ment therapy to T1 and T2 tumors when medi-
cal conditions preclude curative resection [13]. 
As to tumors >5 cm, it is hard to deliver a large 
enough dose with EBRT for fear of destroying 
surrounding normal tissues like the medulla 
spinalis, stomach, as well as heart [14].

In contrast, 125I seed implantation is likely to 
send a higher radiation dosage to a neoplastic 
block (100-140 Gy), and this dose decreased 
dramatically just in a short range. In conse-
quence, surrounding normal tissues are in ex- 
posure to a minimum dosage of radiation, and 
the short-run venture of severe radiation-me- 
diated pneumonitis is decreasing [15].

In our study, we determined that 125I brachy-
therapy significantly inhibited NSCLC cell grow- 
th in vitro and in vivo through causing apopto- 
sis and S phase arrest. 125I brachytherapy is a 
useful and well tolerated approach to the treat-

Figure 5. The tumor volume was measured in BALB/c nude mice with 125I seed implantation. A. The picture of the 
tumor of A549 or H1299 cells from 125I and control group. B, C. The tumor volume was measured in BALB/c nude 
mice injected with A549 or H1299 cells and implanted with 125I.
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ment for low grade astrocytomas. The risk is 
low, which is especially important for children 
and elder patients [16]. However, further re- 
search is needed illustrating the deep mecha-
nism involved in the effect of 125I.
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