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Purpose. We aimed to examine the effects of 125I seeds on the gene expression of Bcl-2, Bax, and PI3K/Akt pathway components in
cholangiocarcinoma cells. Methods. In vitro, human cholangiocarcinoma RBE cells were treated with 125I seeds (0.39mCi or
0.85mCi) for 72 h, 120 h, and 168 h. Cell proliferation and apoptosis were assessed. The expression of Bcl-2 and Bax was
detected by RT-PCR, and Western blotting was carried out to explore changes in Akt activity. Result. 125I seeds inhibited the
proliferation of RBE cells. The apoptosis rate of the RBE cells in the low-activity group was significantly higher than that in the
high-activity group at 120 h and 168 h, while no difference was found between the two groups at 72 h. After 120 h of culture,
the gene expression of Bcl-2 and Bax decreased in both groups, the ratio of Bcl − 2/Bax in the low-activity group decreased,
and the PI3K/Akt signaling pathway was inhibited in both groups. Conclusion. 125I seeds affect the proliferation and apoptosis
of cholangiocarcinoma cells in a dose-dependent manner. The therapeutic effect of low-activity 125I seeds on cancer cells may
be better. 125I seed brachytherapy may promote the apoptosis of cholangiocarcinoma cells by inhibiting the PI3K/Akt signaling
pathway and regulating the Bcl − 2/Bax ratio.

1. Introduction

Cholangiocarcinoma (CCA) is the second most common
malignant liver carcinoma, accounting for 3% of gastrointes-
tinal cancer cases and 15% of all primary hepatic tumor
cases [1, 2]. The incidence and mortality of CCA have been
steadily increasing in recent decades, especially in Asian
countries [3, 4]. CCA is a highly aggressive tumor that is
associated with a high mortality rate due to late diagnosis
and infective treatment [5]. Early-stage CCA can be treated
by surgical resection alone or in combination with liver
transplantation. However, at the time of diagnosis, the
majority of patients (>65%-80%) are in an advanced stage
of disease, with unresectable or distant metastasis, and no
effective chemotherapies or molecular targeted therapies
are available for these patients [6]. Therefore, there is an
urgent need to develop new therapeutic strategies for CCA.

125I seed brachytherapy is an established approach for
the treatment of a variety of tumors, such as hepatocellular
carcinoma, prostate cancer, lung cancer, and pulmonary
cancer, and has resulted in excellent outcomes. 125I seed
brachytherapy has been demonstrated to be an effective
modality with advantages of maximal antitumor effects,
minimal toxicity and morbidity, slow and continuous irradi-
ation release, convenience, short hospital stay, and long-
term efficacy [7, 8]. To date, 125I seed implantation alone
or in combination with biliary stents has been used in
CCA patients to evaluate the benefits.

Apoptosis, DNA damage, G2/M phase cell cycle arrest,
autophagy, and paraptosis are possible mechanisms underly-
ing the effect of 125I seed radiation on various types of cancer
[9–11]. Apoptotic programmed cell death plays a key role in
a number of human physiological and pathological processes
via the extrinsic (death receptor) and intrinsic (mitochon-
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drial) pathways [12–14]. Mitochondrial apoptosis is tightly
controlled by BCL-2 family proteins, including apoptosis-
inhibiting molecules (such as Bcl-2) and apoptosis-
promoting molecules (such as Bax) [15].

The phosphatidylinositol 3′-kinase (PI3K)/Akt pathway
is a key regulator of cellular functions, including prolifera-
tion, migration, invasion, and survival, and appears to be
crucial in cancer [16]. Akt regulates a variety of biological
processes, including the inhibition of apoptosis, which is
mediated by the direct phosphorylation of apoptotic signal-
ing molecules or the indirect modulation of transcription
factor activity [17]. Moreover, through inactivating the orig-
inal prosurvival Bcl-2 family members, Akt negatively regu-
lates the expression or function of Bcl-2 homology domain
3-only proteins [18]. Therefore, in the present study, we
investigated whether 125I seeds can be exploited as a novel
effective strategy for treating CCA via the regulation of
BCL-2 family proteins by PI3K signaling.

2. Methods and Materials

2.1. Cell Culture. Human cholangiocarcinoma RBE cells
were provided by the Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China).
RBE cells were cultured in RPMI 1640 culture medium
(Gibco, Carlsbad, CA) supplemented with 10% fetal bovine
serum and 1% penicillin-streptomycin in a humidified incu-
bator containing 5% CO2 at 37

°C. The media were replaced
every other day. When the cells formed a 70%-80% conflu-
ent monolayer, they were detached with 0.25% trypsin-
EDTA and dissociated into a single-cell suspension for fur-
ther cell culture and assays.

2.2. Radiation Source. The 125I seeds used during the study
period were kindly provided by Jaco Pharmaceuticals Com-
pany Limited (Ningbo, China). The 125I seeds had a half-life
of 59.4 days, were 4.5mm in length and 0.8mm in diameter,
and were sterilized by high-temperature sterilization. Cells
were cultured at a density of 2000 cells/well in 96-well plates.

After overnight culture, one sterilized 125I seed was placed in
the center of each of 6 wells, and these wells were divided
into the low-activity (0.39mCi/seed), high-activity
(0.85mCi/seed), and control treatment groups.

2.3. Cell Apoptosis Assay. After 125I seed treatment, Hoechst/
PI double staining was performed, and cell apoptosis was
assessed through high-content screening. Cells were cultured
at a density of 2000 cells/well in 96-well plates and treated
with low-activity 125I seeds, high-activity 125I seeds, or no
125I seeds in the center of each of 6 wells. Each sample was
analyzed at 72 h, 120 h, and 168 h. The apoptosis rate was
expressed as the percentage of the highest target total
intensity.

2.4. Real-Time PCR Analysis. RBE cells were collected 120 h
after irradiation, and ribonucleic acid (RNA) was isolated
from the cultured cells. Total RNA was extracted by Biozol
(BioFlux, Japan), and reverse transcription was performed
with a PrimeScript RT Kit (Takara Bio Inc., Japan) accord-
ing to the manufacturer’s protocol. The synthesized cDNA
was quantified with a LightCycler 96 Real-Time PCR system
(Roche, UK) and SYBR Premix Ex Taq (Tli RNaseH Plus)
(Takara Bio Inc., Japan). The specificity of the primers was
verified by analyzing the melting curve. The expression level
was standardized by the internal reference gene GAPDH,
and the relative expression was determined by the 2-ΔΔCt

method. Quantitative real-time PCR was used to assess the
relative Bcl-2 and Bax gene expression levels.

2.5. Western Blotting Analysis. Cell lysates were obtained
after treatment with high- or low-activity seeds for 120 h,
subjected to SDS-polyacrylamide gel electrophoresis, and
immunoblotted with primary antibodies (rabbit monoclonal
anti-phospho-Akt; Ser473: Cell Signaling Technology, USA),
followed by horseradish peroxidase-conjugated secondary
antibodies. The bands were visualized by enhanced chemilu-
minescence (ECL, Thermo Scientific Pierce, USA) using a
lumino image analyzer. The images were processed and ana-
lyzed by the ImageJ software.

2.6. Statistical Analysis. All the data are expressed as the
mean ± standard deviation (x ± s). A t test was used to com-
pare the mean values of two groups. The statistical signifi-
cance of mean differences between studied groups was
evaluated by two-way ANOVA and Dunnett’s test. Statistical
significance was defined as a P value < 0.05. Statistical calcu-
lations were performed with the SPSS 13.0 software.

3. Results

3.1. Proliferation Analysis. RBE cells were treated with 125I
seeds of different activities, and the proliferation of the
RBE cells was detected by a high-content screening instru-
ment at 72 h, 120 h, and 168h. There was no significant dif-
ference in cell proliferation between the high-activity group
and the low-activity group after 72 hours of incubation,
but significant differences were detected at 120 hours and
168 hours. With the increase in treatment time, the number
of proliferating cells decreased significantly, and there was a
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Figure 1: Proliferation analysis of the RBE cells treated with low-
activity (0.39mCi), high-activity (0.85mCi), and control groups at
72 h, 120 h, and 168 h. Significant difference was detected between
the low-activity and control groups (∗∗P < 0:001), as well as the
high-activity and control groups (##P < 0:00).
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significant difference within each group except for the con-
trol group, while there was no significant difference between
the high-activity group and the low-activity group. The rate
of cell proliferation inhibition increased with time
(Figure 1).

3.2. Apoptosis Analysis. The apoptosis rates of the RBE cells
treated with low-activity and high-activity 125I seeds were
significantly higher than that of the RBE cells treated with
control after 72 h, 120 h, and 168 h of treatment. At 72 h,
the apoptosis rate of RBE cells in the low-activity group
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Figure 2: Apoptosis analysis of the RBE cells treated with low-activity (0.39mCi), high-activity (0.85mCi), and control groups at 72 h,
120 h, and 168 h. (a) Hoechst/PI double staining and (b) cell apoptosis rate was performed through high-content screening (∗P < 0:05).
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Figure 3: Bcl-2 and Bax gene expression levels in the control group, low-activity group, and high-activity group by RT-PCR. (a) RNA levels
of Bcl-2. (b) RNA levels of Bax. (c) The ratio of Bcl − 2/Bax (∗P < 0:05, ∗∗P < 0:001).
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(0.39mCi) was not significantly different from that in the
high-activity group (0.85mCi), but at 120 h and 168h, the
difference was statistically significant (P < 0:05) (Figure 2).

3.3. Bcl-2 and Bax Gene Expression Levels. After the cells
were treated with high- and low-activity 125I seeds for 120
hours, the levels of Bcl-2 and Bax RNA expression were
detected in the control group, low-activity group, and
high-activity group. The expression of Bcl-2 and Bax was
decreased in both the low- and high-activity groups. The
expression of Bcl-2 in the low-activity group was lower than
that in the high-activity group, while the expression of Bax
in the low-activity group was higher than that in the high-
activity group. The ratio of Bcl − 2/Bax was 1.20 in the
low-activity group and 1.56 in the high-activity group
(Figure 3).

3.4. PI3K/Akt Signaling Pathway. Western blotting was used
to detect the expression of p-Akt in the cells treated with
high- and low-activity 125I seeds for 120 h. The level of p-
Akt in the low- and high-activity groups was significantly
lower than that in the control group. However, there was
no significant difference in the level of phosphorylated Akt
between the low-activity and high-activity groups (Figure 4).

4. Discussion

CCA is a rare cancer that constitutes a diverse group of
malignancies emerging from the biliary tree [19, 20]. How-
ever, CCA has been a global health problem, and its global
incidence and mortality have increased in recent decades.
CCA is often asymptomatic at an early stage and diagnosed
at an advanced stage, resulting in a poor prognosis. Thus,
novel therapeutic strategies need to be developed. 125I seed
implantation alone or in combination with biliary stents
has been used in CCA patients, indicating that 125I seed
treatment is an effective adjuvant therapy [21–23].

Previous studies have reported that irradiation-induced
apoptosis became more obvious when the radiation dose
increased [24], which is similar to the results of the present
study. In our study, we found that cell proliferation was
not significantly affected in either the low-activity group or
the high-activity group after 72 hours of treatment. At 120

hours and 168 hours, the proliferation of cells in the low-
activity group and high-activity group was significantly
inhibited, and it increased with time. It is suggested that
the inhibitory effects of 125I seeds on tumor cells are dose-
dependent. Moreover, there was no significant difference in
the apoptosis rate at 72 hours. However, at 120 hours and
168 hours, the apoptosis rate of the low-activity group was
higher than that of the high-activity group, which was con-
sistent with other studies [25]. Therefore, a lower dose was
also more effective in inducing apoptosis in cancer cells. It
is worth noting that the effect of promoting tumor cell apo-
ptosis in the low-activity group was better than that in the
high-activity group, which may be related to the reactive
protection of cells after injury.

The Bcl-2 family plays a pivotal role in apoptosis pro-
gression and can activate cell death by activating the mito-
chondrial pathway. The Bcl-2 family can be divided into
three groups: prosurvival BCL-2-like proteins, multi-BH
domain proapoptotic BAX/BAK proteins, and proapoptotic
BH3-only proteins [26]. Bcl-2 family genes are also involved
in the imbalance of cell growth and death in some cancers,
which may be related to BH3 domain mutations in proapop-
totic and antiapoptotic proteins. Overexpression of members
of the BCL-2 protein family that block apoptosis contributes
to malignant transformation [27]. There is potential evi-
dence that inhibition of Bcl-2-like protein expression can
be a therapeutic strategy for cancer. Several studies revealed
that 125I seed radiation could significantly upregulate the
expression of Bax protein and downregulate the expression
of Bcl-2 protein in lung cancer cells [25, 28]. Consistent with
the above reports, current results supported that 125I seed
brachytherapy upregulates Bax RNA expression and down-
regulates Bcl-2 RNA expression, especially in the low-
activity group. Furthermore, the ratio of Bcl − 2/Bax in the
low-activity group was lower than that in the high-activity
group, which indicated that the treatment effect in the low-
activity group is better than that in the high-activity group.

Moreover, the PI3K/Akt signaling pathway plays a vital
role in cellular processes, including cell proliferation, differ-
entiation, and migration, apoptosis, and autophagy, as well
as in maintaining many basic physiological functions, such
as nutrient absorption, ribosome synthesis, and intracellular
metabolism. Akt mainly includes three isoforms, AKT1,
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Figure 4: Expression of p-Akt in the cells treated with high- and low-activity 125I seeds for 120 h. (a) Western blotting analysis of expression
of p-Akt. (b) Histograms relative to the quantification of the marker bands in (a) (∗∗P < 0:001).
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AKT2, and AKT3, that share a common structure and a sim-
ilar activation mechanism [29]. All three subtypes have
highly conserved domains at the N-terminus. After activa-
tion by phosphorylation of Thr308 or Ser473, Akt is trans-
ferred into the cytoplasm or nucleus, phosphorylates a
variety of downstream protein substrates, and regulates var-
ious cell processes, including metabolism, proliferation, sur-
vival, transcription, and angiogenesis. Akt also affects Bcl-2
family proteins, which play a regulatory role in metabolism,
survival, and proliferation. Akt activates the antiapoptotic
role of Bcl-2 and Bcl-xL by facilitating the interaction
between phosphorylated BAD and 14-3-3 protein and inhi-
biting the activity of caspase-9. Furthermore, activated
AKT translocates to various intracellular locations and phos-
phorylates and modulates the function of numerous sub-
strates that are involved in cancer initiation and
progression [29]. Several studies have suggested that the
AKT signaling pathway plays an essential role in 125I
seeds-based radiotherapy of cancer cells [9, 10, 30–32]. In
our study, the level of phosphorylation of PI3K/Akt pathway
components was detected to assess the activation of the
PI3K/Akt pathway. The phosphorylation of Akt in the low-
activity group and high-activity group was lower than that
in the control group, but there was no significant difference
in the level of pathway activation between these two groups.
Radiation from 125I seeds downregulated the expression of
p-Akt, and 125I seed radiation-induced apoptosis in CCA
may be caused by the inhibition of activation of Akt
signaling.

There are some limitations in this study. First, the 125I
seed irradiation scheme designed in this experiment has
the disadvantage of uneven irradiation. Then, the cumulative
dose received using only one 125I seed could not be calcu-
lated from the corresponding activity of the treatment in this
study. Further in vivo studies need to be performed to verify
the results of this in vitro experiment.

5. Conclusion
125I seeds affect the proliferation and apoptosis of cholangio-
carcinoma cell lines. The therapeutic effect of low-activity
125I seeds on cancer cells may be better than that of high-
dose 125I seeds. 125I seed therapy may affect the balance of
Bcl − 2/Bax by regulating the activity of the PI3K/Akt signal-
ing pathway.
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