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Combination of nadroparin with radiotherapy results
in powerful synergistic antitumor effects in
lung adenocarcinoma A549 cells
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Abstract. Low-molecular-weight heparins (LM WHs), which
are commonly used in venous thromboprophylaxis and
treatment, have recently been reported to have effects on
cancer metastasis in pre-clinical research studies. This study
was planned to define the synergistic antitumor effects of
nadroparin (a kind of LMWH) combined with radiotherapy in
A549 cells. Six experimental groups were set up in our study
according to the different treatment: control group; irradiation
(IR) group; low dose of nadroparin group (LMWHs,, Ls);
high dose of nadroparin group (LMWH,, L,,0); LMWHg,+IR
group; LMWH,,+IR group. The viability of A549 cells was
assessed by Cell Counting Kit-8 (CCK-8) assay. The apoptosis
of tumor cells was analyzed by flow cytometry (FCM)
after treatment. The concentration of transforming growth
factor-p1 (TGF-f1) in the culture supernatants was measured
by enzyme-linked immunosorbent assay (ELISA). The
migration and invasion of the A549 cells were tested by the
Transwell chamber assay. The expression of survivin, CD147
and matrix metalloproteinase-2 (MMP-2) was analyzed by
western blotting. CCK-8 assay showed that irradiation or
nadroparin alone slightly inhibited the cell viability while the
combined treatments significantly inhibited the cell viability
in a dose- and time-dependent manner. The apoptosis rate
showed greater improvement dose- and time-dependently
in the groups receiving combination therapy of nadroparin
and irradiation than the control group or the group receiving
nadroparin or irradiation alone by FCM. ELISA assay showed
that the decreased TGF-f1 secretion was found after combined
treatments with nadroparin and irradiation compared to either
treatment alone. The Transwell chamber assay showed that
nadroparin not only significantly suppressed the migration and
invasion of A549 cells but also inhibited the enhanced ability of
migration and invasion induced by X-ray irradiation. Western
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blotting showed that nadroparin inhibited the upregulated
effects of survivin and MMP-2 expression induced by radiation
in the combined treatment groups in a dose- and time-
dependent manner. Moreover, the expression level of CD147
was the lowest in the combined treatment groups. This study
identified that combination of nadroparin and irradiation had a
strong synergistic antitumor effect in a dose- and time-related
manner in vitro, which was reflected in the inhibition of cell
viability, invasion and metastasis, promotion of apoptosis,
inhibited secretion level of TGF-p1 and downregulation of
CD147, MMP-2 and survivin expression.

Introduction

Lung cancer has one of the highest morbidity and mortality
rates worldwide. The majority of lung cancers are diagnosed
at late stages, with locally advanced disease and distant metas-
tases, and its long-term survival remains desperately poor.
Radiotherapy is one of the most important therapies in these
patients while recurrence and metastasis, signs of malignancy
and the main cause of death in cancer patients (1), and the
risk of tumor radio-resistance limit the effect of radiotherapy.
Many studies have also found that radiotherapy plays a role in
stimulating tumor cell growth and promoting invasiveness of
tumor cells in addition to a number of common adverse reac-
tions. Thus, looking for the effective combination therapy to
enhance the antitumor effect is still urgent.
Low-molecular-weight heparins (LM WHs), obtained by
the methods of enzymatic hydrolysis or chemical degradation
from unfractionated heparin (UFH), relative molecular weight
3-9 kDa, was approved by the FDA in 1998 for anticoagulant
therapy and has been administrated as effective anticoagulants
in the prevention and treatment of thrombosis safely for many
years (2), along with having potential anticancer effects and
improving survival in cancer patients (3,4). Furthermore,
recent studies have showed that LMWHs can directly induce
the inhibition of the invasion and metastasis of the cancer cells,
change the cell cycle, increase the sensitivity of chemotherapy
and reduce the extent of radiation-induced liver injury (5-8).
Whether it has synergistic antitumor effects to radiotherapy
has rarely been reported. On the basis of present studies, we
used two doses of nadroparin, a kind of LMWH, combined
with X-ray irradiation to treat A549 cells in order to assess the
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relevant interactions between nadroparin and radiotherapy in
this study.

Materials and methods

Main instruments and reagents. A549 cell line used in this
study was kindly supplied by the Shanghai Institute of Life
Science, Chinese Academy of Sciences (Shanghai, China)
and cultured in RPMI-1640 medium (Biowest, Nuaillé,
France) supplemented with 10% fetal bovine serum (FBS).
Cultures were maintained at 37°C in a humidified atmo-
sphere containing 5% CO,. Nadroparin (Fraxiparina®;
GlaxoSmithKline, London, UK) was obtained as standard
drug formulations. The Cell Counting Kit-8 (CCK-8; Dojindo
Laboratories, Kumamoto, Japan) was used to detect cell
proliferation and activity. Levels of transforming growth
factor-p1 (TGF-B1) in the culture supernatants was measured
using a standard Quantikine enzyme-linked immunosorbent
assay (ELISA) kit from R&D Systems, Inc. (Minneapolis,
MN, USA). Annexin V-fluorescein isothiocyanate (FITC)
detection kit was purchased from Becton-Dickinson
(San Jose, CA, USA) to detect cell apoptosis. Matrigel and
Transwell chambers were purchased from Becton-Dickinson
as well. Rabbit monoclonal antibodies against survivin,
goat anti-rabbit horseradish peroxidase labelled secondary
antibody, anti-GAPDH mouse monoclonal antibodies were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). The linear accelerator was Precise 5839 (Elekta,
Stockholm, Sweden).

Experimental method and grouping. This study contained
six groups with different kinds of treatments: control group;
irradiation group (X-ray, treated with 10 Gy X-ray irradiation);
LMWHj, group (Ls,, treated with 50 IU/ml of nadroparin);
LMWH,, group (L, treated with 100 IU/ml of nadroparin);
LMWH,,+X-ray irradiation group and LMWH,,,+X-ray
irradiation group (X+Ls,, X+L,,, treated with two doses of
nadroparin and 10 Gy X-ray irradiation). Cells were seeded
and incubated for 24 h, then changed to 10% FBS-1640 with or
without nadroparin overnight. Twenty-four hours later, X-ray
irradiation was administered according to the experimental
design. A variety of detection was performed in the next
24 and 48 h after radiation.

Cell viability assay. Cells (5x10* cells/well) were incubated in
the 96-well plates and treatments were conducted as mentioned
above. The CCK-8 solution (10 ul/well) was added at the
indicated time, then incubated for further 1 h at 37°C. The
absorbance of cells in each well was measured at 450 nm. The
cell viability was expressed as percentage of the absorbance
present in the treated group compared to the control group:
(OD1¢4t60/OD coiror) X 100%.

Assessment of cell apoptosis. In brief, 2x10° cells/well were
applied to six-well plates and treated exactly as described
above. The cells were harvested and centrifuged at 24 and
48 h after radiation and then washed twice with PBS. The
cells were resuspended in 500 pl of binding buffer containing
5 pl FITC conjugated Annexin V and 5 pl propidium
iodide (PI), and incubated in the dark at room temperature
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for 15 min. Cells were then analysed in a FACSCalibur flow
cytometer (Becton-Dickinson) to differentiate apoptotic cells
(Annexin V-positive and PI-negative, lower right quadrant)
from necrotic cells (Annexin V/PI-positive, upper right
quadrant). Fifteen thousand events were recorded for each
treatment group.

Measurement of TGF-f1 release. The cell culture superna-
tants were collected at 24 and 48 h after radiation. The culture
supernatants were separated by centrifugation and stored at
-80°C. The concentration of TGF-f31 was measured simultane-
ously using an ELISA kit (R&D Systems, Inc.).

Determination of migration and invasion. About
2x10° cells/well were seeded to six-well plates and treated
exactly as described above. The cells were harvested and
centrifuged at 24 h after radiation and maintained in
serum-free RPMI-1640 for 12 h. Cell invasion and migration
were determined with or without Matrigel-coated Transwell
chambers. Cells (1x10*) were removed for migration and
2x10* cells for invasion of these treated cells were placed
into the upper compartment with 100 ul serum-free RPMI-
1640, and the lower compartment was filled with RPMI-1640
containing 15% FBS. The chamber was then cultivated in 5%
CO, at 37°C for 24 h to detect the cell migration and invasion.
The Matrigel and cells in the upper chamber were removed,
and the attached cells in the lower section were stained with
0.1% crystal violet. These cells were counted in five high-
power microscope fields of vision and photographed.

Protein extraction and western blotting. Cells (2x10°) were
seeded in six-well plates and treated as described above. At
the end of the treatment period (24 and 48 h after radiation),
cells were washed three times in ice-cold PBS and lysed for
at least 30 min on ice in the cold lysis buffer with 1 mM
phenylmethanesulfonyl fluoride (PMSF). Protein concentra-
tions were measured using the Coomassie Blue Fast staining
solution (Beyotime, Shanghai, China). Proteins (50 pg) in
each group was separated on 10-12% SDS-PAGE and trans-
ferred to a PVDF membrane (Millipore Corp., Billerica,
MA, USA) at 80 V for 90 min. Membranes were blocked
by TBS/T containing 5% skim milk for 3 h, and incubated
with the CDI147, matrix metalloproteinase-2 (MMP-2) and
survivin antibody (1:500-1:1,000 dilution) overnight at 4°C,
while the GAPDH and f-actin antibody (1:10,000 dilution)
was used as an endogenous reference for quantification. Then
the membranes were incubated with the secondary antibodies
(1:4,000 dilution) at room temperature for 1 h after three washes
in TBS/T. After several washes with TBS/T, the blots were
detected using Immobilon™ Western Chemiluminescent HRP
substrate (Millipore Corp.) and quantified using Tanon-4500
Gel Imaging System with GIS ID Analysis Software v4.1.5
(Tanon Science & Technology Co., Ltd., Shanghai, China).

Statistical analysis. Statistical analysis was performed
using the SPSS software version 20.0. Data were expressed
as means = standard error (SE). Student's t-test was used to
test the differences between groups. Differences resulting in
p<0.05 were considered to be statistically significant. All data
are reported from three independent experiments.
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Figure 1. Effect of nadroparin and X-ray irradiation on A549 cell viability.
Cell Counting Kit-8 was used to detect the cell viability of A549 cells after
different treatments at different time-points, respectively. Significant differ-
ences were observed in the treated groups compared to the control group
(*p<0.05, t=9.492, 12.889, 6.753, 8.153 and 14.704 at 24 h, t=20.413, 7.990,
17770, 44.692 and 29.615 at 48 h). A difference from X-ray irradiation group
("p<0.05, t=2.883 and 7.256 at 24 h, t=3.639 and 6.214 at 48 h); a difference
from Ls, (°p<0.05, t=3.483, 5.083 and 10.643 at 24 h, t=11.152, 19.150 and
18.200 at 48 h, p<0.05); a difference from Ly, (*p<0.05, t=4.486 and 9.473
at 24 h, t=3.264, 8.095 and 9.826 at 48 h); a difference from X+Ls, (*p<0.05,
t=2.886 at 24 h, t=4.050 at 48 h).

Results

Effects on cell viability. This study examined the cell viability
of A549 cells treated with two doses of nadroparin and X-ray
radiation at different time-points (24 and 48 h) using the
CCK-8 assay. As shown in Fig. 1, the cell viability was inhib-
ited to different extent compared to the control group after
treatments. With the prolongation of treatment time, no signifi-
cant change was observed in the inhibition of cell viability
treated with low dose of nadroparin alone (L5, group), while
the cell viability was inhibited in a dose- and time-dependent
manner after the other treatments (irradiation alone, high
dose of nadroparin alone (L,,, group) and different dose of
nadroparin combined with X-ray irradiation). Furthermore,
the cell viability was significantly inhibited in the high dose of
nadroparin combined with X-ray irradiation group compared
to the other groups (p<0.05).

Cell apoptosis. LWMHs induced apoptosis of tumor cells
in vitro and in vivo (9,10). Our study examined whether
nadroparin had synergetic contribution to tumor cell apop-
tosis when combined with X-ray irradiation. As shown in
Figs. 2 and 3, each treatment remarkably induced A549 cell
apoptosis dose- and time-dependently compared to the control
group (p<0.05). The promotion of apoptosis induced by X-ray
irradiation alone was more significant than by different dose
of nadroparin alone (p<0.05). Furthermore, the apoptosis rate
reached 17.41+£0.63% in X+L,,, group 48 h after treatment,
and was the highest among the experimental groups (p<0.05),
which revealed that the higher the dose of nadroparin combined
with X-ray irradiation, the more effective the result was.

Release of TGF-f1. The concentrations of TGF-p1 in the cell
supernatants at the time-points (24 and 48 h) after irradiation
were compared among each group in Fig. 4. We found that the
TGF-p1 levels were increased with the prolonging of time in
the control group, X-ray irradiation group and the Ly, group,
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Figure 2. Apoptosis in A549 cells treated with nadroparin plus X-rays. The
A549 cells were stained by Annexin V/propidium iodide (PI) and measured
by flow cytometry after treatments. Bottom right quadrant, cells stained
mainly by Annexin V, refers to the early apoptotic cells; top right quadrant,
cells stained by both PI and Annexin V, refers to late apopototic cells; top left
quadrant, cells stained mainly by PI, refers to the necrotic cells; bottom left
quadrant, cells negative for both Annexin V and PI, refers to the viable cells.
The high dose of nadroparin combined with X-ray irradiation induced the
highest cell apoptosis (3.28% at 24 h and 17.16% at 48 h).
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Figure 3. Apoptotic fraction of A549 cells in different experimental groups.
Significant differences of A549 cell apoptosis in the treated groups were
observed compared to the control group (*p<0.05, t=17.307, 3.635, 4.964,
18.636 and 15.353 at 24 h, t=11.251, 4.517, 6.443, 18.380 and 35.032 at 48 h).
The promotion of apoptosis induced by X-ray irradiation alone was more
significant than by different dose of nadroparin alone but less effect was
observed when combined (*p<0.05, t=9.683, 15.043, 7.899 and 8.523 at 24 h,
t=6.606, 3.432, 3.096 and 14.371 at 48 h). A difference from L, (*p<0.05,
t=13.338 and 12.525 at 24 h, t=11.279 and 24.579 at 48 h, p<0.05); a differ-
ence from Ly, (*p<0.05, t=16.415 and 13.501 at 24 h, t=6.842 and 17.866 at
48 h); a difference from X+L, (*p<0.05, t=3.846 at 24 h, t=13.020 at 48 h).

and the increase of the control group was the most obvious.
On the contrary, with the prolonging of time, the TGF-f31
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Figure 4. Concentration of transforming growth factor-f1 (TGF-f1) in cell
culture supernatants. Enzyme-linked immunosorbent assay kit was used
to measure TGF-f1 levels in cell culture supernatants. The levels were of
statistically significant differences among the groups. A difference from the
control group (*p<0.05, t=13.294, 14.419, 16.238 and 17.173 at 24 h, t=3.817,
22.470, 28.463, 29.598 and 31.885 at 48 h); a difference from X-ray irradia-
tion group (*p<0.05, t=11.173, 12.253, 13.802 and 14.759 at 24 h, t=20.145,
27.037, 28.312 and 31.065 at 48 h); a difference from L, (°p<0.05, t=3.384
and 5.356 at 24 h, t=6.987,9.147 and 12.513 at 48 h); a difference from L,
(*p<0.05,t=3.392 at 24 h, t=3.370 and 8.318 at 48 h); a difference from X+L,
(*p<0.05, t=3.014 at 24 h, t=3.703 at 48 h).

levels were significantly decreased in the L,,, group and two
combined treatment groups. The concentrations of TGF-f1 in
X+L,y, group were 71.88+5.87 and 37.35+2.92 pg/ml, respec-
tively, at 24 and 48 h after treatment, which was the lowest
among the experimental groups (p<0.05).

Cell migration and invasion. Cell migration and invasion
are critical for the spreading of cancer and the formation
of metastasis in vivo. As shown in Fig. 5, X-ray irradiation
alone resulted in a significant increase in A549 cell migra-
tion while less migration was observed in the nadroparin
alone groups in a dose-dependent manner. Furthermore,
nadroparin inhibited the increase in A549 cell migration
induced by X-ray irradiation in the combined treatment
groups. Additionally, as shown in Fig. 6, similar results were
seen in A549 cell invasion. Our result showed that X-ray
irradiation promoted the ability of invasion and migration
in A549 cells while nadroparin inhibited this side effect
dose-dependently.

Expression levels of CDI47, MMP-2 and survivin. We exam-
ined the protein expression levels of survivin, CD147 and
MMP-2 using western blotting in our study to investigate
the related molecular mechanism of the antitumor effect
associated with nadroparin combined with X-ray radiation
on A549 cells. As shown in Fig. 7, the expression levels of
CD147 in A549 cells were inhibited by nadroparin in a dose-
and time-dependent manner while no significant change of
CD147 expression was observed in the X-ray irradiation group.
Furthermore, the expression levels of CD147 were the lowest
in the combined treatment groups and L,,, group at the time
of 48 h after treatment (p<0.05). As shown in Fig. 8, at the
time of 24 h after treatment, the expression levels of MMP-2
were upregulated in the X-ray irradiation group while down-
regulated in the groups treated with nadroparin alone (p<0.05).
Interestingly, we observed that the upregulated effects induced
by radiation were inhibited by nadroparin in the combined
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Figure 5. Detection of cell migration. (A) Control group, (B) X-ray irra-
diation group, (C) Ly, group, (D) Ly, group, (E) X+Ls, group, (F) X+L,,
group. Original amplification, x200; scale bar, 100 gm. (G) The migrated
cell number per field in each experimental group. Twenty-four hours after
treatment, the ability of cell migration was increased in the X-ray irradiation
group while nadroparin alone or the combined treatments decreased the cell
migration compared to the control group (*p<0.05, t=4.899, 6.773, 11.867,
4.819 and 9.211). Nadroparin inhibited the promotion of A549 cell migration
induced by X-ray irradiation in a dose-dependent manner. A difference from
X-ray irradiation group (*p<0.05, t=7.803 and 10.959); a difference from L,
(*p<0.05, t=5.944 and 3.163); a difference from L, (*p<0.05,t=3.052); a dif-
ference from X+Ls, (*p<0.05, t=6.083).

treatment groups (p<0.05). Similar tendency of survivin
expressions was observed at the time of 24 h after treatment,
which is shown in Fig. 9. On the other hand, at the time of
48 h after treatment, the expression levels of MMP-2 were
inhibited in the treated groups compared to the control group
and the expression levels of survivin were downregulated in
the treated groups compared to the control group while the
down regulation effect induced by X-ray irradiation alone or
the combined treatment was more significant than nadroparin
alone (p<0.05).

Discussion

Radiotherapy plays an important role in the treatment of
advanced lung cancer. However, the therapeutic efficacy is
compromised due to the resistance to X-rays, tumor recur-
rence and metastasis. In addition, radiation has been shown
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Figure 6. Detection of cell invasion. As in the assay of cell migration, the
same phenomenon was observed in the detection of cell invasion. A dif-
ference from the control group (*p<0.05, t=6.372, 5.392, 10.126, 3.242 and
6.983); a difference from X-ray irradiation group (*p<0.05, t=9.717 and
12.468); a difference from Ly, (°p<0.05, t=5.223 and 3.019); a difference from
Lo (*p<0.05, t=3.305); a difference from X+Ls, (*p<0.05, t=5.031).

to stimulate the tumor cell growth and promote invasiveness
of different types of tumor cells in vitro by the upregulation
of secreted proteases, such as MMPs and plasminogen acti-
vators (11-14). Other researchers have made similar findings
in vivo. For instance, Camphausen et al (15) have reported that
radiation therapy to a primary tumor accelerates metastatic
growth in the Lewis lung cancer mouse model. So it is particu-
larly important to find the effective combination therapy in
order to get the best therapeutic efficacy in tumor treatment.
LMWH has been reported effective for the treatment of
metastasis to some extent, the mechanisms are proposed as
anti-coagulation, inhibition of heparanase, selectins, adhesion,
angiogenesis mediated by the tumor cells, and the effects on
cell cycle and apoptosis (6,16,17). Furthermore, clinical studies
have suggested that LMWHs improve life expectancy of lung
cancer patients (18-20). So, based on the above, we undertook
this experiment to find out the therapeutic effect of nadroparin
combined with radiation, and if so, whether there was a dose
and time-response relationship for nadroparin also could
be analyzed.

Results of our study showed that nadroparin and X-ray irra-
diation have synergistic antitumor effect in vitro. Nadroparin or
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Figure 7. Expression of CDI147. Western blotting demonstrated that
CD147 protein expression was significantly different among each group at
24 and 48 h after treatment in the lower part of the picture while the upper
part shows the relative expression in each treatment group compared to
the control group. A difference from the control group (*p<0.05, t=11.303,
24.867, 15.121 and 17.772 at 24 h, t=15.858, 114.959, 80.418 and 81.934 at
48 h); a difference from X-ray irradiation group ("p<0.05, t=8.918, 17.447,
10.419 and 13.493 at 24 h, t=98.968, 39.360, 28.454 and 28.151 at 48 h); a
difference from L, (°p<0.05, t=7.088 and 4.083 at 24 h, t=21.811, 20.886 and
20.507 at 48 h); a difference from Ly, (*p<0.05,t=7.902 and 2.811 at 24 h); a
difference from X+Ls, (p<0.05, t=4.374 at 24 h).
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Figure 8. Expression of matrix metalloproteinase-2 (MMP-2). MMP-2 pro-
tein expression was significantly different among each group at 24 and 48 h
after treatment by western blotting assay in the lower part of the picture. The
upper part shows the relative expression in each treatment group compared
to the control group. A difference from the control group (*p<0.05, t=17.347,
7.186,26.075, 21.443 and 30.536 at 24 h, t=5.932,20.911, 47.308, 25.276 and
45.072 at 48 h); a difference from X-ray irradiation group (*p<0.05, t=17.277,
31.163,26.693 and 32.715 at 24 h, t=9.128, 21.711, 13.307 and 18.514 at 48 h);
a difference from Ly, (°p<0.05, t=15.407, 6.763 and 13.405 at 24 h, t=12.979,
5.006 and 9.173 at 48 h); a difference from L, (*p<0.05, t=11.207 and 4.796
at 24 h, t=6.553 and 4.956 at 48 h); a difference from X+Ls, (*p<0.05, t=8.160
at 24 h, t=2.801 at 48 h).

X-ray irradiation alone could slightly inhibit the cell viability
and enhance the cell apoptosis of A549 cells. The therapeutic
effect of X-ray irradiation alone was more significant than that
of nadroparin alone. Furthermore, the antitumor effect was
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Figure 9. Expression of survivin. Similar to CD147 and matrix metallo-
proteinase-2 (MMP-2), survivin protein expression was also significantly
different among each group at 24 and 48 h after treatment by western blot-
ting. A difference from the control group (*p<0.05, t=14.589, 4.740, 17.331
and 6.550 at 24 h, t=39.077, 10.495, 10.076, 35.048 and 31.658 at 48 h); a
difference from X-ray irradiation group (*p<0.05, t=12.797, 21.690, 10.421
and 15.791 at 24 h, t=11.130 and 9.924 at 48 h); a difference from L, (°p<0.05,
t=3.789 and 3.448 at 24 h, t=10.006 and 10.131 at 48 h); a difference from L,
(*p<0.05, t=8.997 and 7.581 at 24 h, t=8.903 and 9.084 at 48 h); a difference
from X+Ls, (*p<0.05, t=3.231 at 24 h).

greatly improved in a dose- and time-dependent manner when
these two treatments were combined.

TGF-f, a kind of multifunctional polypeptide, is closely
related to the development of tumors. Three subunits defined as
TGF-p1, TGF-p2 and TGF-B3 have been cloned in mammals
and the study of TGF-f1 is the most profound and active.
Many studies have shown that TGF-f can enhance growth in
a progressive tumor and the possible mechanisms for these
growth enhancing effects were quite complex, including the
enhanced angiogenesis (21,22), increased peritumoral stroma
formation and induced immunosuppression. In our study, with
the prolonging of time, TGF-f1 levels in the cell supernatants
were increased in the control group while X-ray irradiation
or low dose of nadroparin alone could slightly inhibit the
increase of TGF-B1 level. Moreover, TGF-B1 levels were
decreased when A549 cells were treated with high dose of
nadroparin and the extent of this decrease was enhanced when
combined with X-ray irradiation. This result suggested that the
antitumor effect of nadroparin combined with X-ray irradia-
tion may partially relate to the inhibition of TGF-f}1 secreted
by A549 cells.

CD147, a member of the immunoglobulin superfamily,
is overexpressed in a number of epithelial cell-derived
carcinomas and is associated with tumor development
and metastasis by activating the fibroblasts producing
MMPs (23,24). Wu et al (25) found that CD147 induced
resistance to ionizing radiation in hepatocellular carcinoma
cells in vitro and in vivo. In our study, we found that nadroparin
alone could inhibit the expression of CD147 and MMP-2 in a
dose- and time-dependent manner. The expression levels of
CD147 and MMP-2 were significantly lower in the combined
treatment groups than the control group or X-ray irradiation
group at the time of 24 and 48 h after treatment. Survivin,
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the smallest member of the inhibitor of apoptosis protein
(IAP) family, encoded by a single gene located on the human
17925 chromosome with a molecular mass of 16.5 kDa, was
first isolated by Ambrosini et al (26) at Yale University.
The biological functions of survivin are also quite complex,
including inhibiting tumor cell apoptosis (27,28), promoting
cell proliferation, participating in the regulation of cell
cycle (29-31) and promoting blood vessel formation (32), which
plays an important role in the development of cancer. Recently,
increasing number of reports have shown that survivin is an
independent prognostic factor for tumor therapy (33,34). It has
also showed that survivin overexpression has been correlated
with elevated resistance to radiotherapy and chemotherapy in
recent studies (35,36). Investigations have reported that ionizing
radiation at doses of 1 to 8 Gy is known to significantly elevate
survivin levels in malignant cells (37-39). Therefore, blocking
tumor cell survivin function or inhibiting its expression
may inhibit cell apoptosis and proliferation and enhance its
sensitivity to radiotherapy and chemotherapy. In our study, we
found that nadroparin alone could inhibit the expression of
survivin, which was dose-dependent, but not time-dependent.
The expression of survivin was significantly upregulated
by X-ray irradiation at the time of 24 h after treatment and
this effect was inhibited by nadroparin in a dose-dependent
manner. Based on the results above, we can conclude that the
expression of CD147, MMP-2 and survivin was effectively
and enduringly inhibited by nadroparin combined with X-ray
irradiation in the whole process of the treatment. This result
suggested that the antitumor effect of nadroparin combined
with X-ray irradiation may partially relate to the inhibited
expressions of CD147, MMP-2 and survivin in A549 cells.
Taken together, addition of nadroparin to combination
radiotherapy resulted in a powerful synergistic antitumor effect
in lung adenocarcinoma A549 cells. The mechanism may be
associated with the induction of cell apoptosis, reduction of
TGF-f1 level, inhibition of cell invasion and migration and
downregulated expression of CD147, MMP-2 and survivin.
Importantly, these results revealed that nadroparin could
inhibit the promotion of cell migration and invasion induced by
radiotherapy in a dose-dependent manner. In brief, nadroparin
combined with radiotherapy exerted a synergistic antitumor
function, which may provide a novel strategy for cancer treat-
ment. However, further investigations are required due to the
complexity of structure and function of different LMWHs.
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