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Abstract: Purpose: To study the changes of biological behavior in PVTT cells after irradiation. Methods: PVTT-
originated cells CSQT-2 were compared with the HL-7702 human liver cell line, Hep3B and Huh7 human HCC cell
lines on irradiation biology parameters and irradiation-related biological behavior, including apoptosis, proliferation
and metastasis and other related mechanisms in vitro. We further assessed the radiosensitivity of xenograft in vivo.
Results: Irradiation biology parameters of CSQT-2 cell were less than that of HCC cells; irradiated CSQT-2 cells had a
higher prevalence of apoptosis and death, a higher rate of proliferation inhibition, and a weakened migration capac-
ity compared with HCC cell lines. In addition, CSQT-2 cells had a higher rate of activated apoptotic proteins which
arrested cell cycles in the G2/M phase, including PARP and caspase3, and a decreased rate of PCNA expression.
Importantly, irradiation induced more severe shrinkage in the xenograft tumor derived from CSQT-2 cells compared
with derived from Huh7 cells. Conclusions: Our results demonstrated that PVTT-originated cells were more radio-
sensitive than HCC cells both in vitro and in vivo, which supported the application of radiotherapy for HCC patients

with PVTT in clinical settings.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common malignancy and the third leading
cause of cancer-related death worldwide [1, 2].
Portal vein tumor thrombus (PVTT) is a major
complication of HCC and is associated with
poor prognosis [3]. Previous studies have
reported that the median survival of patients
with portal venous invasion was 2.7-4 months if
they received no treatment [4, 5]. Moreover,
approximately 40.5-90% of advanced HCC has
been found to accompany by PVTT [6, 7]. Thus,
developing effective therapeutic strategies for
PVTT is crucial for improvement of HCC
prognosis.

In the past decade, several treatments includ-
ing surgical resection, transarterial chemoem-
bolization (TACE), radiotherapy (RT), percutane-
ous local ablative therapy and molecular target-
drugs have been used to cure HCC with PVTT.

However, due to limitations from many factors,
these treatments are not applicable to all HCC
with PVTT patients, and the therapeutic out-
come remains discouraging [8, 9]. In recent
years, irradiation therapy has become an alter-
native treatment, and its role has been gradu-
ally expanded from a palliative intent to a cura-
tive intent [10]. According to the related
research on radiotherapy of HCC with PVTT [11-
13], the objective response rate was 35.6%-
75%, and the median survival was 7.5-16.5
months. For example, Zeng et al. [11] reported
on 44 patients who received external beam
irradiation therapy, 15 (34.1%) showed com-
plete disappearance of tumor thrombi, 5
(11.4%) were in partial remission, and the medi-
an survival was 8 months versus 4 months for
the non-EBRT group.

Despite its clinical importance, the modulation
of the biological behavior of PVTT cells induced
by RT is still largely obscure. In this study, we
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compared the different biological behaviors
among normal liver cells, HCC cells and PVTT-
originated cells, treated or untreated with RT.

Materials and methods
Samples

Human tumor tissues and computed tomogra-
phy (CT) scan images of 6 HCCs with PVTT were
obtained from the Eastern Hepatobiliary Sur-
gery Hospital during 2012-2013 after obtaining
informed consent. All 6 patients underwent a
hepatectomy after 3D-CRT. The presence of
PVTT was histopathologically confirmed in the
resected specimens.

Cell lines and reagents

The human liver cell line HL-7702 and the
human HCC cell lines, Hep3B and Huh7, were
obtained from the Cell Bank of the Shanghai
Institutes for Biological Sciences (Chinese
Academy of Sciences, Shanghai, China). The
PVTT-originated cell line CSQT-2 was estab-
lished and preserved by our laboratory [14].
They were grown in DMEM (Gibco Invitrogen,
Grand Island, NY, USA) supplemented with 10%
fetal bovine serum (Gibco Invitrogen) and main-
tained in a humidified 37°C incubator with 5%
CO,. Antibodies for immunoblotting such as
cleaved caspase-3 and procaspase-3 were pur-
chased from Cell Signal Technology (Beverly,
MA, USA). Other antibodies such as Bcl-2,
cleaved PARP, PCNA, and B-actin were pur-
chased from EPITOMICS (Burlingame, CA, USA).

Colony formation assay

Variable numbers of cells from 300 to 10,000
were plated into 6-well plates. After 24 h cul-
ture, the cell dishes were sealed with sealing
membrane and the cells irradiated with O, 2, 4,
6, 8 and 10 Gy X-ray radiation (6 MV, the dose
rate was 400 cGy/min) by a Linear Accelerator
System (ELEKTA, Shanghai, China) at room
temperature. After irradiation, the cells were
incubated for 7 days. Colonies were fixed with
37% formaldehyde solution and stained with
crystal violet, and colonies of more than 50
cells were counted. Furthermore, the survival
fraction was determined by measuring the colo-
nies after irradiation exposure and dividing by
the plating efficiency. The average data were fit-
ted into a single hit multi-target formula: SF=1-
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(1-e¥P)N. IBM SPSS 20 software was used to
fit the cell survival curve as well as the irradia-
tion biological parameters, including the aver-
age lethal dose (D,), the quasi-threshold dose
(Dq), and extrapolation number (N).

Flow cytometric analysis of apoptosis and cell
cycle

Apoptotic and dead cells were quantified using
an Annexin V-FITC/PI detection kit according to
the manufacturer’s instructions (eBioscience,
San Diego, CA, USA). Analyses were performed
by a flow cytometer (MACS). FITC-positive and
Pl-negative cells were regarded as apoptotic
cells, FITC-negative and Pl-positive cells were
regarded as dead cells. Cell cycle distribution
detection: cells were harvested and fixed over-
night with 70% ethanol at 4°C. After fixation,
the cells were incubated with 250 pL PI (20 ug/
ml) solution containing RNase A (1 mg/ml) in
the dark. Cellular DNA content was determined
on a flow cytometer.

Cell viability/toxicity assay

After irradiation, cells were reseeded and cul-
tured on a 96-well plate. Cell viability/toxicity
was measured using Cell Counting Kit-8
(Dojindo Molecular Technologies, Gaithersburg,
MD) according to the manufacturer’s instruc-
tions. The optical density (OD) at a wavelength
of 450 nm was measured by a microplate read-
er. Each experiment containing three replicates
was repeated three times.

Western blotting

Cells were rinsed with PBS and lysed in RIPA
buffer (Thermo, Waltham, MA. USA) containing
1 mmol/L phenylmethylsulfonyl fluoride for 30
min on ice. Protein concentration was deter-
mined by BCA protein assay kit (Thermo). Equal
amounts of protein were loaded on 10% SDS-
PAGE gels, transferred onto polyvinylidene
difluoride membranes (Millipore, Bedford, MA),
and blocked with 5% skim milk for 1 h at room
temperature. The membrane was incubated
with primary antibody overnight at 4°C. After
washing, the membrane was incubated with
the appropriate secondary antibody (Promega,
Madison, WI, USA) for 1.5 h. The blots were
visualized by using ECL Western blot detection
reagent (Thermo) and scanned by a chemilumi-
nescence imaging analyzer (image Quant LAS
4000, GE Company, Fairfield, CT, USA).
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Figure 1. Representative images of clinical CT scans before and after radio-
therapy for HCC with PVTT patients and HE staining of the indicated groups.

free culture medium and sub-
cutaneously injected into the
backs of mice at 2x10° cells/
mouse. Tumor size was mea-
sured using calipers, and
tumor volume was calculated
as (lengthxwidth?)/2. The ani-
mals were immobilized in cus-
tom-designed jigs with only
the right back exposed to an
X-ray beam. A total dose of 18
Gy was delivered in 6 fractions
performed 2 weeks after inje-
ction of cells, and tumor size
was measured every 3 days
thereafter. The shrinkage ra-
tio of the xenograft tumors
was calculated as (%)=[V(BR)-
V(RT)]/V (BR), in which V(BR,
RT) indicates the tumor vol-
ume of the before radiothera-
py group (BR) and irradiation
group (RT), respectively. Each
group had 6 mice.

H&E staining and immunohis-
tochemical staining for tissue
specimens

A: Representative clinical CT scan images before and after radiotherapy in

HCC with PVTT patients. BR: CT scan images before radiotherapy; AR: CT
scan images one month after radiotherapy. B: Representative photomicro-
graph of HE staining of the indicated groups. Magnification 100x. Control:
non-radiotherapy group (directly to surgical resection); RT: radiotherapy
group (surgical resection after radiotherapy); P#, specimen number.

Establishment of the tumor xenograft model
and irradiation

Five-week-old male BALB/c nude mice were
purchased from Animal Research Center,
Second Military Medical University (Shanghai,
China). Mice were maintained under standard
conditions and treated according to the institu-
tional guidelines for animal care. The establish-
ment of the PVTT xenograft model was per-
formed as described by Feng YX [15]. We
obtained fresh PVTT specimens from clinical
hepatectomies and orthotopically implanted
them into the livers of the nude mice. Then, we
succeeded in establishing the xenograft mod-
els, which were used as successive transplant-
able tumor lines. One of the xenograft lines,
named PVTT-#A, was able to grow in cultures,
and the cells were used to establish a subcuta-
neous xenograft tumor model. PVTT-#A and
Huh7 cells were resuspended in 100 ul of FBS-
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The fresh human tumor tis-
sues from HCC with PVTT
patients treated with surgery
resection after 3D-CRT and
surgery resection directly we-
re fixed with formalin and
embedded with paraffin. Then, the tissues were
cut into slices and mounted on slides for H&E
staining and immunohistochemical staining.
Following deparaffinization, the sections were
permeabilized with a 0.1% Triton X-100 solution
in PBS for 30 min. Sections were then blocked
for 1 h at room temperature with 2% goat serum
and 1% BSA in PBS and incubated with primary
antibody overnight at 4°C. Sections were then
rinsed in PBS and incubated with appropriate
secondary for 1 h at room temperature.
Negative control slides omitting the primary
antibodies were included in all assays. The sig-
nals were developed with avidin-biotin-peroxi-
dase complexes with a DAB substrate solution.
Images were taken by microscope.

Wound healing assay and transwell migration
assay

Cells were seeded onto 6-well plates and cul-
tured to confluence. Scratch wounds were cre-
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Figure 2. Dose survival curves of HL-7702, Hep3B,
Huh7 and CSQT-2 cells. The average survival fraction
data were obtained from a clone formation assay fit-
ted into the following single-hit multi-target formula:
S=1-(1-e¥P°)N, and SPSS 20 software was used to
fit the cell survival curves. Points, the mean survival
fraction from three replicates; Bars, SD.

Table 1. The irradiation biological parameters of
the cells

Irradiation biology parameters

Cell
D N D

[¢) q

HL-7702 2.16+0.14 1.29+0.14 0.53+0.25
Hep3B 3.15+0.15* 1.75+0.12* 1.74+0.20*

Huh7 3.42+0.16** 1.91+0.24** 2.19+0.31**

CSQT-2 2.81+0.09 1.45+0.07 1.05+0.16

D,: the average lethal dose, Dq: the quasi-threshold dose, N:
extrapolation number. *P<0.05, **P<0.01 versus CSQT-2.
Data are presented as the mean + SD of three independent
experiments.

ated with a 10 pl pipette tip. The wounds were
photographed with a phase-contrast micro-
scope at O h and 24 h. Cell migration was quan-
titated by measuring the width of the wounds.
Migration was calculated as (%)=[W(OW)-W(con
or RT)]/W(OW), in which W(OW, con, RT) indi-
cates the original wound width, the wound
width of non-radiation group, the wound width
of radiation (6 Gy) group after 24 h or 72 h,
respectively. A total of 5 areas were randomly
selected in each well. The experiments were
performed with at least 3 replicates. Boyden
chambers (8 um pore size polycarbonate mem-
brane) were obtained from Corning Corporation
(Toledo, OH, USA). Cells (1x10%) in 0.2 mL of
serum-free medium were placed in the upper
chamber, and the lower chamber was loaded
with 0.8 mL of medium containing 10% fetal
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bovine serum. After 24 h of incubation at 37°C
with 5% CO,, cells that migrated through the fil-
ter membrane of the Boyden chamber were
fixed with paraformaldehyde, stained with
4’-6-diamidino-2-phenylindole (DAPI), and pho-
tographed by fluorescence microscope; five
fields of each well were counted. The experi-
ments were repeated thrice.

Statistical analysis

All data are presented as the mean % SD.
Student’s t test was used for the comparison of
measurable variants of two groups in IBM SPSS
20 statistics software unless otherwise indi-
cated (Mann-Whitney U test). P<0.05 was
defined as statistically significant.

Results

Radiotherapy strongly reduces the size of PVTT
in HCC patients

To investigate the effect of radiotherapy on
patients with PVTT, we collected CT scan imag-
es of six HCC patients with PVTT treated with
irradiation. The CT scan images before and
after irradiation showed that the size of PVTT
declined more than the primary tumor (Figure
1A). We also employed the pathological HE dye-
ing test in 6 cases of fresh specimens of PVTT.
We still found that a focal area of necrosis
emerged in these cases (Figure 1B). These
results confirmed the exact efficacy of radio-
therapy on PVTT.

CSQT-2 cells are more sensitive to irradiation

Irradiation biology parameters are an impor-
tant index of radiosensitivity. We examined sur-
vival curves (Figure 2) and irradiation biology
parameters (Table 1) in PVTT-originated cells
(CSQT-2), HCC cells (Hep3B and Huh7) and nor-
mal hepatocytes (HL-7702) through colony for-
mation assay. The survival fraction of CSQT-2 in
multiple doses was lower than that of Hep3B or
Huh7 (P<0.05). Irradiation biology parameters
of CSQT-2, including extrapolation number (N),
which represents the width of the dose survival
curve shoulder, mean lethal dose (D), and qua-
si-threshold dose (Dq), were less than those of
Hep3B and Huh7 (P<0.05). The results sug-
gested that CSQT-2 cells have superior sensitiv-
ity relative to Hep3B and Huh7.

Int J Clin Exp Med 2017;10(3):4486-4496
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Figure 3. Irradiation causes a high proportion of apoptosis and death in
CSQT-2 cells. A: The apoptotic and dead cells were detected by flow cytom-
etry 72 h after irradiation with a single dose of 6 Gy and total dose of 18
Gy. The results were expressed as the mean + SD of three independent
experiments. **P<0.01, ***P<0.001 versus the control group. B: The re-
spective bar graphs show the ratio of apoptosis and dead cells between the
irradiation group and the control group. *P<0.05 versus CSQT-2. C: Western
blot analysis of caspase3, cleaved PARP, and Bcl-2 protein expression in
all types of cells before and after irradiation. B-Actin was used as a loading
control. D: Representative photomicrographs of the immunohistochemical
assay measuring cleaved PARP in the non-radiotherapy group (control) and

the radiotherapy group (RT).

Higher percentage of apoptosis is observed in
CSQT-2 cells treated with irradiation

To clear whether apoptosis and death of CSQT-
2 cells after irradiation could reflect their rela-
tive sensitivity, cells were treated with two
types of irradiation, a single 6 Gy dose of irra-
diation and a fractionated irradiation with a
total dose of 18 Gy in 6 fractions. As Figure 3A
shows, the irradiation caused a certain ratio of
apoptosis and death in all cell lines. The apop-
tosis and death rate in CSQT-2 cells after irra-
diation at 6 Gy and 18 Gy were 8.39%+0.50
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suggested that caspase3 par-
ticipates in the process of cell
apoptosis after irradiation by
cracking PARP. Meanwhile, we
found that the level of the anti-
apoptosis protein Bcl-2 was
lower in CSQT-2 cells than in
Hep3B and Huh7 cells, which
indicates that the anti-apop-
totic ability of CSQT-2 itself is
weaker than that of Hep3B
and Huh7 cells. In addition, we
found that cleaved PARP
expression in PVTT specimens
is higher after radiotherapy
than in the non-radiotherapy

group by an immunohisto-
chemical assay (P<0.001)
(Figure 3D).

Irradiation suppresses PVTT cell proliferation
to a larger degree by arresting the cell cycle
in G2/M phase and down-regulating PCNA
expression

To identify whether proliferation was inhibited
by irradiation and to reflect the relative sensi-
tivity of CSQT-2 cells, we further investigated
the proliferation capacity of cells after irradia-
tion. Figure 4A shows the OD value of all cells
that underwent 6 Gy of irradiation, and no sig-
nificant difference was found between the con-
trol group in HCC cells and CSQT-2 cells.

Int J Clin Exp Med 2017;10(3):4486-4496
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Figure 4. Irradiation inhibits proliferation of CSQT-2 cells. A: After the cells
were irradiated with 6 Gy and 18 Gy, 96-well plates were incubated at 5000
cells per well and CCK-8 solution was added to each well after 72 h. OD val-
ues were measured by a microplate reader at a wavelength of 450 nm. Each
bar chart represents the OD value of various cells. Each bar represents the
mean with SD of three separate assays. *P<0.05, **P<0.01, ***P<0.001
irradiation group versus the control group. B: The OD value ratio between
the irradiation group and control group. **P<0.01 versus CSQT-2. C: The
ratio of the G2/M phase in four types of cells through flow cytometer detec-
tion. *P<0.05, **P<0.01 RT group versus the control group. D: Histogram
showing the ratio of G2/M phase between the irradiation group (18 Gy) and
the control group. *P<0.05. E: Western blotting analysis of PCNA protein
expression in cells that did or did not undergo irradiation with 18 Gy. B-Actin
was used as a loading control. F: Representative photomicrographs of the
immunohistochemical assay measuring PCNA in the control group and RT
group. P#, specimen number.

However, the OD values of all cells that under-
went 18 Gy of irradiation were less than that of
control group (P<0.001). To compare the toxici-
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ty, we calculated the ratio of
the OD value between the
irradiation group (18 Gy) and
the control group (Figure 4B).
The rate of the CSQT-2 cells
was 39.50%+1.99, less than
58.30+2.01 in Hep3B and
57.96%+3.03 in Huh7 cells
(P<0.01), which showed that
the toxicity of irradiation was
stronger on CSQT-2 cells than
on Hep3B and Huh7 cells. In
addition, we explored how irra-
diation inhibited proliferation.
Flow cytometer detection (Fig-
ure 4C) showed that the ratio
of G2/M phase was higher in
CSQT-2 cells after irradiation
than in the control group
(P<0.01). This finding showed
that arresting the cells in the
G2/M phase by irradiation
reduced proliferation inhibi-
tion. To compare the differ-
ence, we calculated the ratio
of cells in the G2/M phase
between the irradiation group
(18 Gy) and the control group
(Figure 4D). The ratio in CSQT-
2 cells was 2.13+0.05, higher
than 1.94+0.07 in Hep3B and
1.96+0.06 in Huh7 cells (P<
0.05). Moreover, we found
that PCNA expression in CSQT-
2 cells was down-regulated by
measuring PCNA expression
using a Western blot (Figure
4E). Meanwhile, PCNA expres-
sion in the PVTT specimens
was lower after radiotherapy
than in the non-radiotherapy
group by immunohistochemi-
cal assay (Figure 4F). This find-
ing indicated that PCNA par-
ticipates in irradiation-induced
inhibition of proliferation.

PVTT is more sensitive to irra-
diation in nude mice than the
HCC primary tumor

To further validate the sensitivity of PVTT to
radiotherapy in vivo, we established a subcuta-
neous xenograft tumor model derived from

Int J Clin Exp Med 2017;10(3):4486-4496
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Figure 5. PVTTs are more sensitive to irradiation in nude mice. Left panel: representative images of mice before
radiotherapy (BR), non-radiotherapy (control), and radiation (RT) after 3 weeks from left to right with 6 mice in each
group; Right panel: histogram showing the shrinkage ratio of xenograft tumors derived from Huh7 and PVTT-#A
cells compared with before radiotherapy. The shrinkage ratio of the xenograft tumors was calculated as (%)=[V(BR)-
V(RT)]/V(BR). Data are presented as the mean * SD. *P<0.05.

Huh7 and PVTT-#A cells and performed 3D-CRT
on the subcutaneous tumors with fractionated
irradiation at 18 Gy in 6 fractions. We com-
pared tumor sizes before and after 3D-CRT for
3 weeks (Figure 5). The tumors derived from
PVTT-#A cells shrunk after radiotherapy by
44.0%+4.17, more than the 23.5%%3.42 in
tumors derived from Huh7 cells (P<0.05). The
results suggested that PVTT is more sensitive
to radiation in vivo.

Irradiation inhibits the aggressive behavior of
CSQT-2

In addition to promoting apoptosis and inhibit-
ing the proliferation of cells, we explored the
influence of irradiation on the migration of
CSQT-2 cells in a wound healing experiment
(Figure 6A) and a transwell migration assay
(Figure 6B). We treated cells with a single dose
of 6 Gy to decrease the experimental error,
which induced fewer apoptotic and dead cells.
From Figure 6A, the wound healing ability of
CSQT-2 cells exposed to 6 Gy of irradiation did
not significantly change compared with the con-
trol group at 24 h, but it decreased at 72 h
(P<0.01). Meanwhile, Hep3B and Huh7 cells

4492

exposed to 6 Gy of irradiation showed enhanced
wound healing ability compared with the con-
trol group at 24 h (P<0.01), but it was not sig-
nificantly different at 72 h. Transwell migration
assay results showed that the number of CSQT-
2 cells migrating through the chamber mem-
brane was not significantly different between
the control and irradiation at 24 h groups; how-
ever, the number of cells was lower in the irra-
diation for the 72 h group than the control
group (P<0.01). The number of Hep3B and
Huh7 cells exposed to 6 Gy of irradiation at 24
h that migrated through the chamber mem-
brane was more than that of the control group
(P<0.01) but less at 72 h (P<0.05). Both find-
ings showed that irradiation can inhibit the
migration of CSQT-2 cells, but the migration
capacity of HCC cells that were exposed to a
single 6 Gy dose of irradiation revealed a time-
dependent effect.

Discussion
Radiotherapy is one of the most commonly
used therapeutic modalities in cancer treat-

ment, but HCC has long been considered to be
a radioresistant tumor [16]. Evidences accumu-

Int J Clin Exp Med 2017;10(3):4486-4496
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Figure 6. Irradiation inhibits the migration of CSQT-2 cells. A: Left panel: representative photomicrographs of the
indicated treatments in cells by wound healing assay, images represent the original wound width (OW), the wound
width of the non-radiation group (control), the wound width of the radiation group (RT) after 24 h or 72 h from left to
right. Magnification 40x. Right panel: results of wound healing assay of each cell type for both the irradiation group
and control group. Migration was calculated as (%)=W(OW)-W(control or RT)/W(OW). Data are presented as the
mean + SD of 3 independent experiments. **P<0.01 versus the control. B: Left panel: Representative photomicro-
graphs of the indicated cells, magnification 200x. Right panel: Quantification of average number of cells/field. Data
are presented as mean + SD of 3 independent experiments. *P<0.05, **P<0.01 versus the control.

lating in recent years have shown that radio-
therapy for PVTT shows a relatively good cura-
tive effect [11-13]. Nevertheless, there is no
experimental study focused on the radiosensi-
tivity of PVTT and the modulation of biological
behaviors by RT. In this study, we investigated
the differential radiosensitivity among normal
liver cells (HL-7702), HCC cells (Hep3B and
Huh7) and PVTT cells (CSQT-2). Our results
showed that PVTT is more radiosensitive than
HCC both in vitro and in vivo. Moreover, we
uncovered the critical effects of irradiation on
PVTT cells, including a higher rate of apoptosis
induced by irradiation and effects on suppress-
ing the potential ability of proliferation and inva-
sion in PVTT cells.

The lack of experimental cells originating from
PVTT tissues may be responsible for the poor
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understanding of the pathogenesis of PVTT
induced by irradiation. Our group established a
new cell line derived from PVTT (CSQT-2), which
was used in this study. Our results show that
the survival fraction was lower in CSQT-2 cells
than HCC cells; this finding is consistent with
the results of clinical studies [17, 18]. More
importantly, our results uncovered that irradia-
tion induced a higher rate of apoptosis and sig-
nificantly more potential proliferative ability
suppression in CSQT-2 cells than in Hep3B and
Huh7 HCC cells. Although a previous study
demonstrated that irradiation enhances the
invasiveness of tumor cells [19], which this
study also identified under low dose exposure
of 6 Gy irradiation, our results showed that RT
significantly inhibited the invasiveness of CSQT-
2 cells. All of these results may explain why

Int J Clin Exp Med 2017;10(3):4486-4496
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HCC is a radioresistant tumor, but RT is a favor-
able treatment for PVTT.

Historical reports have shown that irradiation
can activate caspase3 to split PARP (a type of
DNA damage repair protein) into two fragments
and participate in the apoptosis of HCC cells
[20-22]. Irradiation can cause HCC cells to
arrest in the G2/M phase [23], which is consis-
tent with our results. However, our study is the
first time that irradiation was shown to cause
uniform effects on PVTT-originated cells.
Furthermore, irradiation activates more cas-
pase3 and splits more PARP in CSQT-2 cells,
which explains why irradiation induces more
apoptosis and death in CSQT-2 cells. In addi-
tion, we found that anti-apoptosis protein Bcl-2
levels were similar before and after irradiation,
but the level of Bcl-2 was lower in CSQT-2 cells
than Hep3B and Huh7 cells, indicating that the
anti-apoptotic capacity of CSQT-2 cells is weak-
er than that of HCC cells. This finding further
explains why CSQT-2 cells are more easily sub-
jected to apoptosis. PCNA is an important mol-
ecule for cell proliferation [24, 25]; Piao LS et
al. have reported that irradiation can down-reg-
ulate the level of PCNA in CD133 HCC cells, but
not in CD133* HCC cells [26]. In our study, we
found that the level of PCNA was down-regulat-
ed by irradiation in CSQT-2 cells, which contrib-
uted to inhibit their proliferation.

Irradiation-induced liver disease is one of the
most common toxic effects of radiotherapy,
and it is caused by irradiation affecting normal
liver tissue around the tumor [27, 28]. In this
study, we found that irradiation caused a higher
rate of apoptosis and more strongly inhibited
proliferation in normal HL-7702 liver cells than
in Hep3B and Huh7 HCC cells, indicating that
radiotherapy indeed induced an obvious toxic
effect on normal cells. These results further
suggested that RT used for primary HCC tumors
or PVTT must be accurate in order to avoid
damage to the surrounding liver tissue.

In conclusion, we first demonstrated that PVTT
cells are more radiosensitive than HCC cells. RT
induced a higher rate of apoptosis and strongly
inhibited proliferation and invasion of PVTT
cells. These results provides a further basis for
clinical application of RT. Additionally, it is
important to further explore the molecular
mechanism of the differential response to RT
between HCC and PVTT.
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