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Objective: The aimof this studywas to find a new radiation

protector, platelet factor 4 (PF4) and to identify its effect

on haemopoietic microenvironment in vitro and in vivo.

Methods: Radiation damage on bone marrow mesenchy-

mal stem cells ex and in vitro was set up as models.

Growth curve analysis, clonogenic survival assay, FACS-

Calibur™ (BD Immunocytometry Systems, San Jose, CA),

5-ethynyl-29-deoxyuridine immunofluorescence staining

and quantitative reverse transcription–polymerase chain

reaction were employed to assess the characterization of

bone marrow mesenchymal stem cells (BMSCs), pro-

liferation, apoptosis, cell cycle and gene expression.

Results: A dose- and time-dependent enhancement of

cell viability and survival was observed for PF4 treatment

along with 500cGy g-radiation in vitro. The same phe-

nomena were noted in vivo, including enhancement of

adherence and proliferation ability while inhibition of cell

apoptosis, which were associated with a short-term de-

crease in the G0/G1 ratio owing to S phase arrest. These

were accompanied with enhanced Bcl-2 expression and

p53/p21 loss.

Conclusion: These results uncover that PF4 might be

a novel therapeutic approach, which could reduce DNA

damage and increase survival of BMSCs, in part, by inhib-

iting p53/p21 axis and facilitating DNA damage repair.

Advances in knowledge: This study explores the feasi-

bility of a new radioprotector and hence may be clinically

important.

Radio- and chemotherapy have been extensively used in
malignancy. These treatments inevitably lead to damage of
normal tissues and cells especially haematopoietic stem/
progenitor cells (HSPCs), which provide all of the down-
stream components of the blood. The recovery of haema-
topoiesis from ionizing irradiation (IR) is critically dependent
on the repopulation of resident HSPCs and their micro-
environment.1 Bone marrow mesenchymal stem cells
(BMSCs), consist a heterogeneous population of cells and
form a unique bone marrow niche,2 not only provide the
structural and functional support for HSPCs but also protect
them from both direct and indirect cell death in physio-
logical and pathological conditions.3 Since HSPCs are more
sensitive to radiation, mesenchymal stem cells (MSCs) luckily
have an intrinsic radiation-resistant phenotype.4,5

Although effective radiation countermeasure approaches
were initiated six decades ago, very few have unanimous
endorsement by health professionals. Radiation protectors

[such as WR-2721, Toll-like receptor ligands, flavonoids,
Ex-RAD® (Onconova Therapeutics Inc., Newton, PA) and
vitamin E] are prophylactic agents that are administered
before exposure to prevent radiation-induced cellular and
molecular damage. Radiation mitigators (such as cytokines,
growth factors, 5-androstenediol and CLT-008) are drugs
administered shortly after irradiation that accelerate re-
covery or repair of radiation injury.6,7 WR-2721 was found
to be the most effective radioprotective agent for the hae-
matopoietic syndrome, but its toxic side effects have stood in
its way.7,8 The search for agents that protect against the acute
and late effects of ionizing radiation injury in a safe, effective
and non-toxic manner will undoubtedly continue into the
future and affect other areas of radiation research.

Platelet factor 4 (PF4), a founding member of the che-
mokine C-X-C family, plays multiple roles in haemato-
poiesis. It has been reported that PF4 inhibits the growth of
HSPCs; promotes the adhesion of HSPCs to endothelial

http://dx.doi.org/10.1259/bjr.20140184
mailto:liangym@fmmu.edu.cn


cells; reduces the chemo sensitivity of bone marrow cells to
several cytotoxic agents; and significantly accelerates the re-
covery of mice haematopoiesis from a total body irradiation
(TBI).9–14 However, there have been no previous reports in-
vestigating whether PF4 affects the haemopoietic microenviron-
ment, particularly BMSCs, an essential HSPC niche component.

In this study, we utilized IR injury models to investigate the
effects of PF4 on primary human BMSCs (hBMSCs) in vitro and
on mouse BMSCs (mBMSCs) in vivo. The phenomenological
and mechanistic data provided evidence that there is a dose-
dependent radioprotective effect of PF4 on BMSCs, which was
associated with modulating the expression of four genes related
to short-term cell cycle arrest and long-term cellular apoptosis
decrease. These findings significantly contribute to the search
for ideal radioprotective agents for use in a variety of radiation
scenarios, which will undoubtedly continue into the future
and influence other areas of radiation research.

METHODS AND MATERIALS
Animals
7- to 8-week-old C57BL/6 male mice were maintained under
specific pathogen-free conditions. The animal husbandry,
experiments and welfare were conducted in accordance with the
detailed rules for the administration of animal experiments for
medical research purposes issued by the Ministry of Health of
China and were approved by the Animal Experiment Adminis-
tration Committee of the Fourth Military Medical University,
Xi’an, China.

Cell culture of bone marrow mesenchymal stem cells
hBMSCs were obtained after informed consent from unaffected
bone sites of patients who underwent surgery for osteoarthritis
approved by the Fourth Military Medical University in China.
Single-cell suspension was obtained by passing through an 18-
gauge needle and filtered with a nylon membrane, followed by
erythrolysis in buffered 0.14-M NH4Cl. Cells were cultured in
L-glutamine Dulbecco’s minimum essential medium (LDMEM;
Gibco®, Life Technologies Ltd, Grand Island, NY) containing
15% foetal bovine serum (FBS; Gibco) in a humidified atmo-
sphere of 5% CO2 at 37 °C. Cells at passages 3–5 were used.

mBMSC expansion was performed as described previously.15

Briefly, the mononuclear cells (MNC) from tibias and femurs
were collected and quantified, and suspended in DF12 me-
dium (Hyclone™, Logan, UT) supplemented with 15% FBS. For
cell adhesion experiment, MNC were seeded in 24-well plates
at a density of 53 105ml21 in complete LDMEM and were
trypsinized to calculate the ratio of adherent cells at a 4-h time
interval until 24 h.

Bone marrow mesenchymal stem cell
differentiation assay
To induce MSC differentiation, MSCs were grown in
mineralization-inducing media containing 100mM ascorbic acid,
10mM b-glycerophosphate and 100 nM dexamethasone. Alizarin
red staining was performed as described previously.16 To induce
adipogenic differentiation, MSCs were grown in adipogenic-
inducing media containing 0.5mM isobutylmethylxanthine, 1mM

dexamethasone, 200mM indomethacin and 10mM recombinant
human insulin (Sigma, St Louis, MO). Media were changed every
3 days. After 2 weeks of culture in vitro; Oil-Red-O staining was
performed to detect the lipid droplets using an Oil-Red-O stain kit
according to the manufacturer’s instruction (DBS, Pleasanton, CA).

Ionizing radiation
Mice or cells were exposed to various doses of g-radiation at
a dose rate of 285.136 5.00 cGymin21 and an irradiation
distance of 806 3 cm using an experimental 60Co-g irradiator
(Fourth Military Medical University).

Platelet factor 4 treatment
hBMSCs were grown to a confluence of 80% and incubated with
various concentrations of PF4 (Sigma) or equivalent heated PF4
(negative control) for 12h or 10mMWR-2721 (positive control) for
30min before or after irradiation. The WR-2721 was kindly pro-
vided by Tsutomu V. Kagiya from Kyoto University, Kyoto, Japan.

According to our previous studies,11 two intraperitoneal (i.p.)
injections of PF4 (40mg kg21) or equivalent heated PF4 were
administered at 6-h intervals, and 20 h after the second in-
jection, the mice received 500-cGy g-radiation TBI. As a positive
control, mice were subjected to an i.p. injection of WR-2721
(1mMkg21) 30min prior to irradiation. Mice were sacrificed by
cervical dislocation 3 days after TBI.

Growth curve analysis
Cells were seeded in 24-well plates (Nunc, Roskilde, Denmark)
at a concentration of 10,000 cells per well. Individual cultures
were harvested daily for 10 days, and cell counts were performed
in duplicate in a haemocytometer using trypan blue exclusion.

Clonogenic survival assay
BMSCs were seeded at a density of 100 cells per well in 6-well
plates (Nunc). Cells were cultured for 14 days until colonies
were clearly visible. The number, size and frequency of colony-
forming unit fibroblasts (CFU-F) were assessed using a micro-
scope. A CFU-F was defined as .50 cells. Colonies were washed
with phosphate-buffered saline (PBS), fixed in 4% parafor-
maldehyde for 30min and stained with Wright–Giemsa dye so-
lution for 10min as previously described.17 All colony images are
representative of one of three independent experiments.

Carboxyfluorescein diacetate succinimidyl ester
To assay cell proliferation, hBMSCs were incubated with
carboxyfluorescein diacetate succinimidyl ester (CFSE; Sigma)
at 37 °C for 15min, followed by incubation in 3-ml ice-cold
LDMEM for 5min on ice. Cells were then washed with cold
LDMEM and seeded in a 6-well plate (13 106 cells per well) in
complete medium. 10 days after IR, cells were collected and
analysed by flow cytometry.

Flow cytometry
Single-cell suspensions (3–53105) were incubated with appro-
priate antibodies on ice for 30min and then analysed by using a
FACSCalibur™ (BD Immunocytometry Systems, San Jose, CA)
after washing. Dead cells were excluded by propidium iodide
staining. Biotinylated antihuman and antimouse monoclonal
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antibodies for CD29, CD44, CD34 and CD45 were from BD
PharMingen (San Jose, CA). Data were analysed with the
CellQuest™software (BD Biosciences, San Jose, CA).

Immunofluorescence
For 5-ethynyl-29-deoxyuridine (EdU) incorporation experiments,
cells were seeded in 24-well plates. EdU (RiboBio, Guangzhou,
China) was added at a 50-mM final concentration 24h before
harvesting the cells. Immunofluorescence staining was performed
according to protocol.

Quantitative reverse transcription–polymerase
chain reaction
Total RNA was extracted by using the TRIzol® reagent (Invi-
trogen™). cDNA was prepared by using a reverse transcription
(RT) system (Takara, Dalian, China). Quantitative real time
polymerase chain reaction (PCR) was performed in triplicates
by using a kit (SYBR® Premix EX Taq™; Takara) and the ABI
Prism® 7500 Real-Time PCR System, with b-actin as an internal
control. Primers are listed in Supplementary Table A.

Statistical analysis
The statistical analysis was performed with the SPSS® v. 12.0
(SPSS Inc., Chicago, IL) program. The experiments were per-
formed in triplicate, and the results were expressed as mean6
standard deviation. Mouse survival was analysed by using the
Kaplan–Meier analysis. The comparisons between groups were
undertaken using the unpaired Student’s t-test. Differences with
p, 0.05 were considered significant.

RESULTS
Characterization of bone marrow mesenchymal
stem cell
FACSCalibur was employed to identify BMSC by their expres-
sion of various molecules, including CD29 and CD44, and by
the absence of markers such as CD34 and CD45 (Figure 1a). The
identity of the cells was further confirmed based on their dif-
ferentiation potential. The BMSCs were differentiated at pas-
sages 3 into adipocytes and osteoblasts for 14 days, which
were determined based on Oil Red and von Kossa staining,
respectively (Figure 1b).

To characterize MSCs in more detail, the radiation survival curve
of the cells was first carried out. Result, shown in Figure 1c,
demonstrated significant radioresistance of primary hBMSCs
in vitro (D05 9.16 0.56Gy). This observation was further sup-
ported by CFU-F assay (Figure 1d and Supplementary Figure A).

Platelet factor 4–protected bone marrow
mesenchymal stem cells from irradiation
To assess the therapeutic efficacy of PF4 on irradiated hBMSCs,
we evaluated the administration using trypan blue staining and
confirmed a significant increase of cell survival over the dose
range of 0.01–10mgml21 PF4 (Figure 1e). However, cumula-
tive administration had no synergistic effect on exposed cells
(Figure 1f). Collectively, the observation of radiation survival
curves showed that pre-incubation of PF4 dose dependently
repressed cell death and pre-incubating 1mgml21 PF4 for 12 h
prior to 500 cGy irradiation was an optimal system.

To further evaluate the effect of PF4 on cell viability and mor-
phology, microscopy was employed to observe hBMSCs dy-
namically for a month after exposure. The exponential growth
phases appeared on the 10th day in PF4 pre-treated cells, while
on the 18th day in radiated cells. Furthermore, the former dem-
onstrated a classical elongated spindle shape and whirlpool growth
with larger size, exhibited more integral boundaries and a larger
nucleus with fewer secretary granules and fragmented cells.

Platelet factor 4 promoted the proliferation of bone
marrow mesenchymal stem cells
To examine the role of PF4 in the proliferation of hBMSCs, cells
were incubated with PBS, heated PF4, PF4 or WR-2721 before
or after irradiation. The clonogenic survival assay showed that
pre-incubation with PF4 and WR-2721 but not post-incubation
could promote the proliferation of hBMSCs after IR (Figure 2a
and Supplementary Figure B). This was confirmed by the ob-
servation that pre-incubation with PF4 and WR-2721 displayed
significant staining of MSCs with EdU under a fluorescence
microscope (Figure 2b,c). Moreover, we found by FACSCalibur
that lower expression of CFSE was detected in PF4 and WR-2721
pre-treated cells (Figure 2d). These results demonstrated that
PF4 as well as WR-2721 could efficiently improve the proliferation
of MSCs after IR.

Platelet factor 4 repressed the apoptosis of human
bone marrow mesenchymal stem cells
To further evaluate the role of PF4 in hBMSCs, we employed
FACSCalibur to analyse cell apoptosis at various time points
after IR. Since we had confirmed that administration of PF4 or
WR-2721 post IR appeared not to affect the proliferation of
MSCs, pre-incubation with heated PF4 as negative control and
WR-2721 as positive control were retained in the next experi-
ments. As shown in Figure 3a,b, early apoptosis of irradiated
hBMSCs was two-fold higher than that of PF4 pre-treated ex-
posed cells 2 days after exposure, and this disparity increased
notably at the fourth day (Figure 3c,d). Moreover, the results
showed that PF4 significantly reduced the percentage of late
apoptotic and dead cells while increased the percentage of living
cells from the fourth day up to the sixth day (Figure 3e,f).
Collectively, these data suggested that PF4 repressed the apo-
ptosis induced by irradiation in vitro.

Platelet factor 4–induced short-term S phase arrest
in human bone marrow mesenchymal stem cells
We had previously observed that PF4 could block bone marrow
cells in the S phase in vivo (Gao Ying, China, 2010, personal
communication), so cell cycle assays were performed by FACS-
Calibur at 20 h and 4 days after exposure. Consistently, the level
of S phase increased remarkably in PF4-treated hBMSCs,
whichever cells were irradiated or not (Figure 3g,h). Moreover, it
is interesting that this effect maintained only in the early stage
after exposure, and we could not observe the S phase arrest on the
fourth day (data not shown). In addition, an accumulation of G0/
G1 phase was detected in irradiated cells, which demonstrated that
IR induced a G1 phase arrest in hBMSCs. These in vitro data
demonstrated that PF4 inhibited apoptosis and accelerated pro-
liferation of irradiated MSCs, most likely by suppressing the cell
cycle process in a short term.
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Figure 1. Characterization of bone marrow mesenchymal stem cells (BMSCs). (a) Histogram of cell surface markers determined by

flow cytometry, showing that BMSCs were negative for CD45 and CD34 and positive for CD44 and CD29. (b) BMSCs differentiated

into adipocytes and osteoblasts for 14 days and subsequently stained with Oil Red and von Kossa staining, respectively. (c) In vitro

irradiation survival curves of human BMSCs (hBMSCs). Cells were grown in vitro and irradiated from 0 to 15Gy alone. (d) The colony-

forming unit fibroblasts (CFU-F) in (c) were counted on the 14th day after ionizing irradiation and presented as CFU-F per 100

cultured cells. (e) Effect of platelet factor (PF4) in irradiation killing of hBMSCs in vitro. Cells were irradiated after 12 h incubation in

different doses of PF4. (f) Cumulative administration of PF4. Cells were irradiated after different cumulative administrations of PF4

in vitro. Bars, means6 standard deviation. *p,0.05; **p,0.01; #p,0.001; n55.
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Platelet factor 4–protected bone marrow
mesenchymal stem cells in vivo
To confirm whether there was a similar haematopoietic pro-
tection of PF4 in vivo, we performed several experiments on
sublethally irradiated C57BL/6J mice. On the 60th day post ir-
radiation, the survivals of the PF4-pre-treated mice were 90.9%
compared with 72.7% of survivals in the heated PF4-pre-treated
mice (Figure 4a). Until the mice sacrificed on the third day after
TBI, the total MNC showed a significant decrease by 90%, but
there is no significant discrepancy between PF4 treated or not
treated mice (Figure 4b). According to Drouet et al18 and Lee
et al19 MNC do not recover in the early phase (,5 days) after
TBI whatever treatment was performed.

We next examined the adhesion, proliferation and apoptosis of
mBMSCs. The adherent MNC expanded in a time-dependent
manner in the presence of PF4 (Figure 4c). The colony-forming
assay showed that pre-treated with PF4 but not inactive heated-
PF4 could facilitate the proliferation of mBMSCs after TBI
(Figure 4d and Supplementary Figure C). A similar situation was
observed in the EdU immunofluorescent staining (Figure 4e,f).

We subsequently assessed the apoptosis of mBMSCs by FACS-
Calibur on the fifth culture day, and the result showed that there
were decreased late apoptotic and dead cells in PF4-treated mice
(Figure 4g,h). These data indicated that PF4 could effectively
promote mBMSC recovery from TBI in vivo, probably through
facilitating the proliferation and repressing the apoptosis of cells.

To determine whether this radioprotective effect was also owing
to a regulation of the cell cycle in vivo, we determined their per-
centages when cells were totally adherent. A significant accumu-
lation of S phase and decrease of G0/G1 phase were observed in
PF4 pre-administrated mice compared with the control groups
(Figure 4i,j). Collectively, these in vivo data suggested that PF4, as
a radiation protector, could have similar effects on BMSCs as well
as in vitro.

Platelet factor 4–modulated cell cycle and
apoptosis-related gene expression in human bone
marrow mesenchymal stem cells
To define the cellular and molecular basis for these phenomena,
we employed quantitative RT-PCR (qRT-PCR) to examine the

Figure 2. Platelet factor 4 (PF4)-promoted human bone marrow mesenchymal stem cells (hBMSCs) proliferation in vitro.

(a) Clonogenic survival assay. Cells were incubated with equivalent phosphate-buffered saline, heated PF4, PF4 (1mgml21) or WR-

2721 (10mM) before or after 500cGy ionizing irradiation and were counted on the 14th day after ionizing irradiation (IR). (b)

Representative images of 500-cGy irradiated hBMSCs stained with 5-ethynyl-29-deoxyuridine (EdU). (c) Quantification of EdU1

cells in (b). (d) Carboxyfluorescein diacetate succinimidyl ester (CFSE) proliferation assay. CFSE-labelled hBMSCs were stimulated

with PF4 (1mgml21) or WR-2721 (10mM) before or after 500cGy IR. Bars, means6 standard deviation. *p,0.050; **p,0.010;

#p,0.001; n55. CFU, colony-forming unit.
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Figure 3. Platelet factor 4 (PF4)–repressed human bone marrow mesenchymal stem cell (hBMSC) apoptosis and induced S phase

arrest in vitro. (a–f) hBMSCs were pre-incubated with 1mgml21 of PF4 for 12h or 10mM WR-2721 for 30min before 500- and 0-cGy

ionizing irradiation. Cell apoptosis was analysed by FACSCalibur™ (BD Immunocytometry Systems, San Jose, CA) on the second

day (a, b); on the fourth day (c, d); and on the sixth day (e, f). (g) Short-term S phase arrest regulation by PF4. Cell cycle was

analysed by FACSCalibur at 20h. (h) Qualitative measurement of (g). Bars, means6 standard deviation. *p,0.05; **p,0.01;

#p,0.001; n55. IR, ionizing irradiation; PI, propidium iodide.
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Figure 4. Platelet factor 4 (PF4)–protected bone marrow mesenchymal stem cells (BMSCs) in vivo. Two intraperitoneal injections of

PF4 (40mgkg21) or equivalent heated PF4 were administered at 6-h intervals, and 20h after the second injection, the mice received

500-cGy g-radiation total body irradiation (TBI). WR-2721 (150mgkg21) was administered 30min before TBI for a positive control.

The mice were sacrificed by cervical dislocation 3 days after exposure. (a) The survival of the mice was plotted for 60 days. (b) The

number of mononuclear cells (MNCs) in different treated mice on the third day after exposure. (c) The percentages of adherent

MNC in different culture time. (d) Colony-forming unit fibroblasts (CFU-F) were counted at the 14th day after culture. 5-ethynyl-

29-deoxyuridine (EdU) immunofluorescent staining was performed on the tenth culture day. (e) Representative images of mouse

BMSCs stained with EdU. (f) Quantification of EdU1 cells in (e). (g, h) Cell apoptosis was analysed by FACSCalibur™ (BD

Immunocytometry Systems, San Jose, CA) on the fifth culture day. (i, j) Cell cycle was performed when isolated bone marrow cells

were totally adherent. Bars, means6 standard deviation. *p,0.05; **p,0.01; #p,0.001; n58. PI, propidium iodide.
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expression of seven genes that were critical to S phase arrest and
cell apoptosis. Compared with the heated PF4-pre-incubated cells,
three genes [Cyclin D1, cyclin-dependent kinase 4 (CDK4) and
retinoblastoma (Rb)] were essentially unchanged or slightly
changed but showed no statistical significance, the genes related to
DNA damage [tumour protein p53 (p53) and cyclin-dependent
kinase inhibitor 1 (p21WAF1/CIP1)] were downregulated, while
proliferating cell nuclear antigen (PCNA) known as a DNA
repair gene was upregulated in the PF4 pre-incubated cells
(Figure 5a). These data indicated that PF4 may regulate the
expression of some important proteins of cell cycle to reduce
DNA damage.

DISCUSSION
The search for ideal protective agents for use in a variety of radiation
scenarios has continued for more than six decades, a number of
compounds are now available for use in a variety of radiation
contexts.7 However, the transition of agents from animal testing
to use in clinics has been slow. These limitations emphasized a
need to identify efficacious novel agents that are somaticly oc-
curring with low toxicity and those that provide a long window
of protection on the survivability of normal tissue.

We have previously demonstrated that a somatic cytokine, PF4,
accelerated the recovery of haematopoiesis from TBI mice.11,20

However, its effect on haematopoietic microenvironment remains
to be established. In this study, we developed the BMSC irra-
diative injury models to uncover the therapeutic efficacy of PF4
on bone marrow (BM) niches and to further identify the po-
tential mechanism ex and in vivo. The phenomenological evi-
dence for the radioprotective effect of PF4 on BMSCs is firstly
supported by the dose-dependent enhancement of cell viability
and cell survival from irradiation, while withdrawing PF4 after
IR could retain its antiradiative ability. We also observed a pla-
teau phase, indicating that PF4 might specifically bind to some
receptor on BMSCs and be easy to saturate. By monitoring the
dynamic changes of proliferation, apoptosis and cell cycle, we
further found that PF4 could promote the proliferation of

BMSCs while inhibit their apoptosis, which may be associated
with blocking cells in the S phase, which is much more radio-
resistant.21 Accordingly, pre-administration of PF4 in vivo pro-
tected BMSCs from radiation injury and maintained cell
proliferation most likely through a short-term S phase arrest.

We have tried to unveil the potential molecular mechanisms
underlying the PF4-mediated antiradiation of MSCs. A series of
evidence had shown that the cyclin-dependent kinase inhibitor
p21WAF1/CIP1 downstream of PF4, is either up- or downregulated
in different cells.22,23 Our results from qRT-PCR using in vitro
cultured hBMSCs showed that the expression of p21WAF1/CIP1 is
upregulated in irradiated cells and downregulated in a PF4-
dependent manner, and its upstream gene p53 and downstream
gene PCNAwere changed accordingly. These observations provided
that PF4, a chemokine, could interfere with the cell cycle by
inhibiting p53/p21 axis24 and facilitate the S phase DNA replication
and DNA damage repair by late activating PCNA25 (Figure 5b).

Moreover, the PF4-mediated downregulation of p21WAF1/CIP1

might not depend on Cyclin D1/CDK4 pathways (data not shown).
Gentilini et al23 reported that PF4-dependent downregulation of
cyclin E/CDK2 activity was associated with increased binding of
p21WAF1/CIP1 on human umbilical vein endothelial cells, which
may be a breach and needs further study. On the other hand, we
observed an additive effect of PF4 that Bcl-2, an important anti-
apoptotic gene, was upregulated, which matched the results of
our previous study that showed PF4 could downregulate the
expression of Bax protein in vivo.20 These data provided proof-
of-principle of a mechanistic lead for the potential anti-
apoptotic effects of PF4 via the caspase signalling pathway.
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Figure 5. Platelet factor 4 (PF4)–modulated cell cycle and apoptosis-related gene expression. (a) Human bone marrow

mesenchymal stem cells were pre-incubated with PF4 or equivalent heated PF4 for 12h before 500cGy ionizing irradiation, and

gene expression was analysed by quantitative reverse transcription–polymerase chain reaction at 20h and 4 days after ionizing

irradiation (IR). The unradiated cells were used as a control. (b) Schematic diagram of potential signaling triggered by PF4. Bars,

means6 standard deviation. *p,0.05; **p,0.01, #p,0.001; n58. PCNA, proliferating cell nuclear antigen.
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