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Abstract: Due to their broad-spectrum effects and high antitumor efficacies, anthracycline-based chemotherapies 
are commonly prescribed in various solid and hematological malignancies. Doxorubicin (DOX) is one of the most 
highly used anthracyclines but has been shown to cause lethal cardiomyopathy in clinical practice. Studies have 
demonstrated that bone marrow-derived mesenchymal stem cells (BMSCs) have the ability to rescue DOX-induced 
cardiomyopathy (DIC). However, novel molecular imaging techniques are required to explore the biological behav-
iors, safety, eventual viability, and environmental interactions of transplanted stem cells during therapy. To inves-
tigate the biological behaviors of transplanted BMSCs, we applied bioluminescence imaging (BLI) and magnetic 
resonance imaging (MRI) techniques to trace firefly luciferase (Fluc) and ultrasmall superparamagnetic iron oxide 
(USPIO) double-labeled mouse BMSCs after injection into the heart apex in a chronic DIC mouse model. Then, we 
determined the optimal BMSC number for transplantation into the heart and optimized MRI parameters to evaluate 
transplanted BMSCs in vitro and in vivo. Our results showed that the BLI trace signal could last 7 days in the DIC 
mouse model, whereas the MRI signal lasted up to 3 days. However, MRI provided more detailed pathophysiological 
information on DIC than BLI, such as inflammation and fibrosis signs. The optimal in vivo cell number for BLI and 
MRI was determined to be 1×106. In conclusion, BLI combined with multimodality MRI could be used to monitor the 
biological behavior of BMSCs transplanted into a chronic DIC mouse model in a visual and dynamic manner.

Keywords: Bone marrow-derived mesenchymal stem cells, bioluminescence imaging, magnetic resonance imag-
ing, doxorubicin-induced cardiomyopathy, multimodality imaging

Introduction

Doxorubicin (DOX) as one of the Anthracyclin- 
es, is widely used to treat solid tumors and 
hematological malignancies based on their 
broad spectrum and high antitumor efficacy [1, 
2]. However, dose-dependent cardiotoxicities, 
such as lethal cardiac insufficiency and cardiac 
failure, limit the use of DOX [1-6]. Thirty percent 
of DOX-treated childhood cancer patients have 
been found to suffer from heart failure upon 
the long-term follow-up of adult survivors [7]. 
DOX can cause acute and chronic myocardial 
toxicity. Acute DOX-induced cardiotoxicity (DIC) 

is easily detected, and the prognosis is good 
upon DOX withdrawal. However, more attention 
should be given to chronic DIC, which is irre-
versible, and no efficient therapies are currently 
available to reverse cardiac fibrosis or cardiac 
cavity enlargement and lower the heart ejection 
fraction changes related to lethal chronic heart 
failure. DOX-induced heart failure is commonly 
progressive and irreversible, with a predicted 
2-year survival rate of 40% [8].

The primary purpose of stem cell therapy is to 
repair tissues with functional cells differentiat-
ed from stem cells and for stem cells to improve 
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the lost organ function together with residual 
functional native cells [9, 10]. Stem cells have 
the abilities of self-renewal, proliferation, and 
multidirectional differentiation, which have be- 
en confirmed to be lacked in the adult. Whether 
other source-derived stem cells can slow car-
diomyocyte necrosis and apoptosis, reduce fi- 
brosis and increase the heart ejection fraction 
remains to be clarified [11]. Recently, different 
types of stem cells have been used to treat car-
diovascular diseases, such as myocardial in- 
farction and ischemia-reperfusion injury [12-
15]. The mechanisms of stem cell repair in 
myocardial injury mainly include stem cell dif-
ferentiation into cardiomyocytes or promotion 
of new blood vessel formation and irreversible 
secretion of cardioprotective factors through 
paracrine pathways to regulate cell differentia-
tion and local inflammation [16-23]. However, 
whether stem cells can be successfully trans-
planted remains to be determined. Moreover, 
the eventual survival, biological behaviors, sa- 
fety, differentiation ability, interactions with the 
environment and mechanisms of transplanted 
stem cells in vivo are unclear, which limits the 
clinical application of stem cell therapy. There- 
fore, novel molecular imaging techniques for in 
vivo tracing and visualization of the biological 
behaviors of stem cells after transplantation 
are urgently needed [24-27].

Due to their low immunogenicity, ability to dif-
ferentiate into various cells, tissues and or- 
gans, and ability to serve as rich sources, we 
herein investigated the efficacy of bone mar-
row-derived mesenchymal stem cells (BMSCs) 
to improve chronic DIC, dilated cardiomyopathy 
and heart insufficiency as well as their biologi-
cal behaviors after transplantation into the 
heart. With aim to investigate the constantly 
ongoing biological behavior and process of 
transplanted BMSCs in vivo in chronic DIC or 
heart failure mouse model, safe, noninvasive 
and real-time monitoring imaging modality 
should be developed and employed. However, 
each imaging method has its own unique ad- 
vantages and disadvantages based on their 
imaging mechanism. Our study chose to adopt 
BLI combined with MRI multimodality imaging 
to fulfill the purpose. Bioluminescence imaging 
(BLI) is based on the detection of light generat-
ed by the enzyme luciferase catalyzed oxida-
tion reaction of a substrate luciferin. In vivo BLI 
is a noninvasive way to measure light output 

from luciferase-expressing cells after luciferin 
administration in living organisms. Compared 
with fluorescence imaging (FI), BLI has relative-
ly higher sensitivity and specificity, with much 
higher signal-to-noise ratio, which could detect 
at least 102 luciferase expressing cells at a 
deeper location in the organism. Several re- 
cent reports have transplanted the transfected 
luciferase expressing cells into the targeted 
location to detect the biological behavior of 
organism. Both FI and BLI has relatively low tis-
sue permeability, otherwise, D-luciferin has a 
heterogeneous biodistribution in the body [28, 
29]. Meanwhile, MRI techniques have high spa-
tial resolution and soft tissue resolution so that 
it could offer detailed message involving the 
anatomy and function of heart. However, MRI 
has low sensitivity, and are limited by motion 
effects associated with the cardiac cycle and 
diaphragmatic movements when utilized for 
cardiac imaging. Therefore, multiple imaging 
modality including BLI and MRI were combined 
in our study to clarify the mechanisms of tr- 
ansplanted BMSCs treatment in chronic DIC. 
Furthermore, the ability of BMSCs from Balb/c 
mice to prevent immune rejection was tested 
by transplanting BMSCs into the hearts of 
Balb/c mice with chronic DIC. BLI combined 
with multimodality MRI was found to monitor 
the biological behavior of BMSCs transplanted 
into a chronic DIC mouse model in a visual and 
dynamic manner.

Materials and methods

Reagents

DMEM, trypsin-EDTA and fetal bovine serum 
(FBS) were obtained from Gibco (Grand Island, 
USA). Cell counting kit-8 reagents were pur-
chased from Beyotime.

Institute of Biotechnology (Shanghai, China). 
DOX was obtained from Innochem (Peiking, 
China). Vivotrax was obtained from Magnetic 
Insight Inc. (Alameda, USA). D-luciferin and 
potassium salt were obtained from Gold 
Biotechnology (Gold Biotechnology, St. Louis, 
Missouri).

Isolation, purification and identification of 
BMSCs from Balb/c mice

All animal studies were performed according  
to the protocol approved by the Peking Union 
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Medical College Hospital (Beijing, China) Animal 
Care and Use Committee. After being sacrific- 
ed by CO2 administration followed by cervical 
dislocation, newborn mice (Balb/c, 1-2 days 
old) were soaked in 75% alcohol for 5 minutes, 
and then, the bilateral hind legs were dislocat-
ed from the body. The femurs and tibias were 
transferred into low-glucose DMEM with 1% PS 
after careful removal of the muscles attached 
to the bones. The bone marrow was flushed 
into a 50 ml centrifuge tube on ice as follows: 
both ends of the tibias and femurs were cut  
off, a 26-gauge needle attached to a 5 ml 
syringe with precooled complete medium was 
inserted into the bone marrow cavity, and wash-
ing was repeated until the bones turned white. 
After centrifugation at 1500 rpm for 5 minut- 
es, the supernatant was discarded; the cell pel-
lets were resuspended in complete low-glucose 
DMEM medium, seeded in a petri dish (a 60 
mm petri dish for one mouse) and routinely 
incubated overnight in a 37°C cell incubator 
with 5% CO2.

The supernatant was discarded, and the cells 
were washed twice with sterile PBS to remove 
the nonadherent cells. The attached cells were 
cultured with fresh culture medium supple-
mented every two days, and the cell morpholo-
gy was observed.

Stable expression of the Fluc reporter gene 
(Fluc-BMSCs) in BMSCs from Balb/c mice and 
bioluminescence imaging in vitro

The Fluc reporter gene was expressed in 
BMSCs (Fluc-BMSCs) by lentiviral transfection. 
Undifferentiated Fluc-BMSCs that had been 
passaged 4-6 times were used. Biolumines- 
cence imaging (BLI) of the Fluc-BMSCs was 
performed according to the manufacturer’s 
instructions. Briefly, 200 μl of Fluc-BMSCs  
were seeded in each well of a 96-well flat-bot-
tom plate at different concentrations (1×106, 
5×105, 2.5×105, 1×105, 5×104, and 2.5×104). 
After 150 μg/ml D-luciferin was added to each 
well, a series of bioluminescence images were 
acquired successively with 60-second expo-
sure times until the BLI signal was attenuated.

Cell culture and cytotoxicity studies

Mouse BMSCs were maintained in DMEM sup-
plemented with 10% FBS in an incubator con-
taining 5% CO2 under 95% humidity. BMSCs 

plated in 96-well plates at a density of 1×104/
well were cultured for 12 h before being chal-
lenged with Vivotrax dissolved in serum-free 
DMEM at various final concentrations (0-100 
μg/ml) for different times (4, 12, 24 or 48 h), 
and then 10 μl of CCK-8 solution was added to 
each well. The absorbance at 450 nm was 
measured using a POLARstar OPTIMA multide-
tection microplate reader after a 2-h incubation 
at 37°C.

A series of working dilutions of DOX in serum-
free DMEM were prepared. H9C2 cells plated  
in 96-well plates at a density of 5×103 per well 
were cultured for 24 h before being challenged 
with various concentrations of DOX (0-10 μM) 
in DMEM for 12 h, and then, 10 μl of CCK-8 
solution was added to each well. After in- 
cubation at 37°C for 2 h, the absorbance at 
450 nm was measured using a POLARstar 
OPTIMA multidetection microplate reader.

Labeling of Fluc-BMSCs with USPIO particles 
(Fluc/USPIO-BMSCs) and magnetic resonance 
imaging (MRI) in vitro

Fluc-BMSCs were seeded in cell culture flasks 
with labeling media containing USPIO (Vivotrax 
80 μg/ml) and incubated at 37°C in 5% CO2. 
Prussian blue staining was used to investigate 
the distribution of iron particles in the cells.

Chronic doxorubicin-induced cardiomyopathy 
mouse model establishment and BMSC trans-
plantation

BALB/c mice aged 6-8 weeks were purchased 
from Beijing HFK Bioscience Co., Ltd. and 
received intraperitoneal injection of 2 mg/kg 
DOX 6 times weekly to induce cardiac fibrosis 
formation after 3 months. Fluc/USPIO-BMSCs 
were then suspended in PBS at a concentra- 
tion of 1×106/ml. Fluc/USPIO-BMSCs (50 μl) 
were injected into the left ventricular apical 
area of Balb/c mice after the mice had been 
anesthetized with intraperitoneal injection of 
10% chloral hydrate (0.03 mg/kg).

BLI of Balb/c model mice in vivo

The in vivo BLI was acquired on day 1 after 
Fluc/USPIO-BMSC injection using the Night- 
OWL LB 983 in vivo imaging system (IVIS). 
Briefly, D-luciferin dissolved in saline was 
injected intraperitoneally into the mice anes-
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thetized by isoflurane inhalation at a dose of 
150 mg/kg body weight. Five minutes after the 
injection, a series of bioluminescence images 
were acquired at 5-min acquisition intervals for 
approximately 30 min until the luciferin was 
washed out. The image with the peak BLI inten-
sity was quantified in units of photon counts.

BLI and MRI of Fluc/USPIO-BMSCs in Balb/c 
mice

Balb/c mice were randomly divided into an 
experimental group (n=20) and a control group 
(n=10). All mice were subjected to the same 
experimental procedures, except for mice in 
the experimental group that received treatment 
with Fluc/USPIO-BMSCs.

BLI of both groups was performed on day 1, day 
3, day 5 and day 7 after injection, according to 
the imaging schedule previously mentioned.

Since the MRI signal lasts for up to 3 days  
and the characteristic MRI signal becomes 
visually undetectable at day 4, MRI of both 
groups was performed on day 1 and day 3  
with T2, T2*, and gradient recalled echo (GRE) 
cine sequence on an Inova 7.0-T magnetic  
resonance scanner (Varian) [24]. The electro-
cardiography, respiration, and core tempera-
ture of mice were monitored using an MRI-
compatible system (SA Instruments) after the 
mice were anesthetized with 1.5% isoflurane  
in 1 L/min oxygen. Ten cardiac phases were 
acquired for each cine series, which were trig-
gered by the electrocardiogram.

Images from successive slices along the short 
cardiac axis were then acquired with a slice 
thickness of 1 mm. Five slices were typically 
required to cover the left ventricle from the 
apex to the base. Hypointense areas in the 
myocardium were evaluated to trace the 
implanted cells. Other MRI parameters includ-
ed the following: FOV, 30×30 mm; matrix, 
200×200; FA, 30; TR, 100 ms; NEX, 5.0; and 
TE, 6.0 ms.

Histological analysis

Mice in the BMSC-treated group were eutha-
nized after the BLI signal disappeared. The 
heart tissues were fixed in 4% paraformalde-
hyde and embedded in paraffin, and the 
5-μm-thick sections were stained with hema-

toxylin-eosin (H&E)s. Images of the stained  
sections were obtained using a light micro-
scope (Nikon Eclipse TE2000-U, Japan) at 
200× magnification.

Statistical analysis

Data for continuous variables that conformed 
to a normal distribution are presented as the 
mean ± standard deviation. Statistical analysis 
was performed with GraphPad Prism 5.0 soft-
ware. Comparisons between the two indepen-
dent groups were performed using Student’s 
t-test. Two-sided tests were used throughout 
the experiments. P<0.05 was considered sta-
tistically significant. Multiple group compari-
sons were performed by one-way analysis of 
variance (ANOVA) followed by the least signifi-
cant difference (LSD) t-test for post hoc 
analysis.

Results

The Fluc reporter gene was stably expressed 
by lentiviral infection in BMSCs derived from 
Balb/c mice

BMSCs from Balb/c mice were primarily round 
mononuclear cells. After 4 to 12 h, BMSCs  
with a spindle shape were attached to the bot-
tom of culture flasks. BMSCs were purified by 
passing the cells to passage 4. Then, the 4th 
passage cells were cultured in Balb/c mouse 
MSC osteogenic differentiation medium (Cya- 
gen Biosciences) for 2 weeks, and the formed 
calcium nodules were then stained using aliza-
rin red (Figure 1A). The results indicated that 
BMSCs with differentiation ability were suc-
cessfully purified from Balb/c mice.

As shown in Figure 1B, the Fluc reporter gene 
was stably expressed by infection with lentivi-
rus carrying the luciferase reporter gene in 
BMSCs derived from Balb/c mice.

Cytotoxic evaluation of Vivotrax

As displayed in Figure 1C, the viability of Balb/c 
BMSCs incubated with 100 μg/ml Vivotrax for  
4 h was significantly different compared with 
that of BMSCs in the control group. The viability 
was significantly different between the 80-100 
μg/ml group and the control group after incuba-
tion with Vivotrax for 12 h. As the Vivotrax incu-
bation time increased, the toxicity of Vivotrax 
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increased. As such, we decided to incubate the 
cells for 4 h at a concentration of 80 μg/ml.

The chronic DOX-induced cardiomyopathy 
mouse model was successfully established

H&E staining, PSR staining, and echocardio-
gram analysis were performed three months 
after the Balb/c mice received weekly intraperi-
toneal injections of 2 mg/kg DOX 6 times,  
and the analyses showed collagen formation 
(Figure 2A). Picric acid-Sirius scarlet staining 
(Figure 2B) and Masson staining (Figure 2C) 
both confirmed the successful generation of a 
chronic cardiotoxicity Balb/c mouse model, 
which showed connective tissue formed around 
the myocardial tissues and blood vessels and 
increased and thickened collagen fibers in the 
myocardial interstitium. Cardiac ultrasound 
(Figure 2D and 2E) showed an enlarged left 
ventricular cavity and decreased ejection frac-
tion. Taken together, these results indicated 
the successful establishment of cardiac fibro-
sis in Balb/c mice.

The viability of the BMSCs was slightly affected 
by USPIO and FLUC labeling

Distinctive blue cytoplasmic inclusions were 
clustered in the Fluc-USPIO BMSCs as deter-
mined by Prussian blue staining, which demon-
strated the successful entrance of USPIO into 
the cells. The average labeling efficiency was 
95-98%. Upon microscopic examination, the 

and proliferation ability of BMSCs were slightly 
affected by USPIO and FLUC labeling. H9C2 
cells pretreated with DOX were incubated with 
normal medium and BMSC medium, and as dis-
played in Figure 3B, the cells incubated with 
BMSC medium showed significantly higher via-
bility, indicating that BMSCs may have the  
ability to improve the damaged myocardium 
through paracrine signals.

Correlations between cell number and BLI in-
tensity and T2 and T2* relaxome values

As is shown in Figure 3C, the photo counts 
measured by Ivis were linearly correlated with 
the cell number as follows: y=1766.4x+20492 
(R2=0.9422). A negative correlation between 
the number of cells and the T2 relaxome value 
was observed (R2=0.4680) (Figure 3D). The 
T2* relaxome value measured by MRI was also 
linearly correlated with the cell number: y=-
18.27x+239.5 (R2=0.9342) (Figure 3E). Fluo- 
rescence signal and magnetic resonance sig-
nal decrease with the decrease of cell number, 
indicating that double-labeled stem cells can 
be tracked quantitatively.

BLI signal intensity was gradually decreased 
to an undetectable level after dual-labeled cell 
transplantation in vivo

Eighteen mice in the BMSC-treated group and 
10 mice in the control group survived DOX 
administration and intramyocardial injection of 

Figure 1. A. Alizarin red staining indicating osteogenesis of Balb/c mouse-
derived BMSCs. B. Balb/c BMSCs labeled with GFP-LUC. C. CCK-8 and Vivot-
rax assessment.

Fluc-USPIO BMSCs appeared 
as spindle-shaped cells with a 
single nucleus.

The viability of the BMSCs, 
BMSC-LUC, BMSC-USPIO, and 
BMSC/LUC-USPIO was deter-
mined by CCK-8 assay kits 
based on the OD values. As 
shown in Figure 3A, there  
was no significant differenc- 
es among the BMSCs, BMSC-
LUC, BMSC-USPIO, and BM- 
SC/LUC-USPIO at 24 h, sug-
gesting the safety of USPIO 
and FLUC labeling. Moreover, 
the viability of the Flu/USPIO-
BMSCs was time-dependently 
decreased in comparison with 
that of the BMSCs after in- 
cubation with USPIO or FLUC, 
indicating that the cell viability 
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BMSC/LUC-USPIO. A BLI signal intensity of 
1,040,000±1,107,488 counts on day 1 after 
surgery was detected in the heart region in  
the BMSC-treated group but decreased to 
221,000±159,578.4 on day 3 and 67,700± 
106,890.5 on day 5. The signal was beyond  
the threshold of detection on day 7 in all mice 
of the experimental group, as shown in Figure 
4.

The outcome of MRI stem cell tracing was con-
sistent with that of BLI

Corresponding with the injection sites, the sig-
nal of the anterior wall (white arrow) of the left 
ventricle was decreased significantly (Figure 
5A and 5B). These hypointense regions were 
not found in the control group on day 1. Vi- 
sualization of BMSC/LUC-USPIO stem cells by 

MRI confirmed their successful intramyocardial 
delivery and survival, which was in agreement 
with the results of BLI stem cell tracing.

Histological results

As displayed in Figure 5C, Prussian blue stain-
ing revealed positive cells with blue USPIO par-
ticles, which also proved the successful intra-
myocardial injection of BMSCs/LUC-USPIO.

Discussion

In the current study, we labeled Fluc-expressing 
mouse BMSCs with USPIO particles and appli- 
ed two molecular imaging techniques (BLI and 
MRI) to monitor the biological behaviors of the 
transplanted BMSCs in vivo in a chronic DIC 
mouse model.

Figure 2. Chronic DOX-induced cardiomyopathy mouse model. A. H&E staining showed connective tissue formation 
around myocardial tissues and blood vessels and collagen fibers in the myocardial interstitium. B. PSR staining 
showed increased and thickened collagen fibers (red). C. Masson staining showed collagen fibers (blue). D and E. 
Cardiac ultrasound showed an enlarged left ventricular cavity and decreased ejection fraction. F. The EF value be-
tween CTRL group (healthy mouse) and DOX group (chronic DIC mouse) showed a significant difference.
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Mesenchymal stem cells have the abilities of 
self-renewal, proliferation, and differentiation 
into multiple cell types, and tissues formed 
from their own stem cells do not suffer immune 
rejection. Therefore, stem cells have started to 
be used in the treatment of many disorders, 

such as myocardial infarction, kidney damage, 
liver damage, intestinal disease, skin diseases, 
and neurological diseases [9, 10]. Brusko et al. 
[30] highlighted stem cell transplantation in the 
treatment of diabetes. Because the loss of 
myocardial fibers or cells and FF the accompa-

Figure 3. Correlations between cell number and BLI intensity. A. Viability of BMSCs, BMSC-LUC, BMSC-USPIO, and 
BMSC/LUC-USPIO. B. Viability of H9C2 cells incubated with normal medium and BMSC medium. C. BLI signal in 
vitro. D. T2 value in vitro. E. T2* relaxome value in vitro.

Figure 4. BLI signal intensity in vivo. (A) Images of BLI signal intensity. (B) Quantification of the BLI signal intensity 
in (A).
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nying fibrosis of chronic DIC is irreversible, mul-
tiple studies have demonstrated that mesen-
chymal stem cells can improve the outcomes  
of these patients. However, few studies have 
investigated the specific optimal number of 
MSCs for intramyocardial injection into lesions.

Since Balb/c mice are an inbred strain, we 
transplanted BMSCs derived from Balb/c mice 
into the myocardium of the same strain to  
avoid immune rejection. Therefore, this study 
reflects the real biological behaviors of BMSCs 
transplanted into the damaged hearts of a 
chronic DIC mouse model. The results showed 
that the signal of dual-labeled BMSCs derived 
from Balb/c mice and transplanted into DIC 
model mice (the same mouse strain) lasted 
less than 1 week, which is identical to the find-
ings of our previous study [24].

As the study showed, even without immune 
rejection, the signals of transplanted BMSCs 
did not survive over 1 week, indicating that 
patches loaded with BMSCs or other beneficial 
biomaterials may be superior in improving the 
outcome of cardiovascular diseases character-
ized by the loss of myocardial fibers and car- 
diac fibrosis [31-33].

The significant differences between H9C2  
cells treated with DOX and cultured in BMSC 
medium or normal DMEM imply that paracrine 
factors may be involved in improving the viabil-
ity of BMSCs without inducing differentiation 
into myocytes. This finding indicates that ex- 
tracellular vesicles derived from BMSCs could 
improve the outcomes of patients with chro- 
nic DIC, dilated cardiomyopathy and heart 
insufficiency.

We also found that the BLI trace signal lasted 
much longer than the MRI signal in chronic DIC 
mice, whereas MRI offered detailed pathophys-
iology data of chronic DIC. The MRI signal is 
visually undetectable at day 4 for all mouse 
intramyocardial injection of BMSC/LUC-USPIO. 
The T2* relaxome value measured by MRI was 
linearly correlated with the cell number, and a 
negative correlation between the number of 
cells and the T2 relaxome value was observ- 
ed, which means we can infer the viable trans-
planted cell numbers by the T2* value not the 
T2 value. The optimal MRI parameters needed 
to obtain the best resolution of images were 
also identified in our current study.

Figure 5. Cardiac MRI of Balb/c mice in the BMCS-
treated group (A and B). Short-axis images with the 
GRE cine sequence on day 1 after myocardial injec-
tion of BMSC/LUC-USPIO. The signal of the anterior 
wall (white arrows) of the left ventricle was signifi-
cantly decreased. Uneven delayed enhancement of 
the left ventricular septum can be observed on the 
right image. USPIO particle distribution (blue) in BM-
SCs in the myocardium of the chronic DIC mouse 
model (C).
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In conclusion, BLI and MRI are ideal molecu- 
lar imaging techniques to trace the biological 
behaviors of transplanted BMSCs in chronic 
DIC mice, and BLI is more sensitive. MRI could 
offer detailed message such as the location of 
transplanted BMSC/LUC-USPIO, and the lesion 
of chronic DIC.
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