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Abstract 

Stem cell therapy holds promise for treatment of intractable diseases and injured organs. For 
clinical translation, it is pivotal to understand the homing, engraftment, and differentiation 
processes of stem cells in a living body. Here we report near-infrared (NIR) fluorescent 
semiconductor polymer dots (Pdots) for bright labeling and tracking of human mesenchymal stem 
cells (MSCs). The Pdots exhibit narrow-band emission at 775 nm with a quantum yield of 22%, 
among the highest value for various NIR probes. The Pdots together with a cell penetrating 
peptide are able to track stem cells over two weeks without disturbing their multipotent 
properties, as confirmed by the analyses on cell proliferation, differentiation, stem-cell markers, 
and immunophenotyping. The in vivo cell tracking was demonstrated in a liver-resection mouse 
model, which indicated that the Pdot-labeled MSCs after tail-vein transplantation were initially 
trapped in lung, gradually migrated to the injured liver, and then proliferated into cell clusters. 
Liver-function analysis and histological examination revealed that the inflammation induced by liver 
resection was apparently decreased after stem cell transplantation. With the bright labeling, 
superior biocompatibility, and long-term tracking performance, the Pdot probes are promising for 
stem cell research and regenerative medicine. 
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Introduction 
Stem cell therapy has recently attracted 

tremendous interests in regenerative medicine 
because of the inherent properties of multipotency 
and self-renewal of stem cells. The stem cells are able 
to treat many diseases that are intractable by 
conventional therapeutic methods [1, 2]. 
Mesenchymal stem cells (MSCs) are a class of adult 
stem cells that derive from various tissues, such as 
bone narrow, umbilical cord and adipose tissue [3]. 
Under specific in vitro and in vivo conditions, MSCs 
can differentiate into diverse tissue-specific cells, 
including chondrocyte, osteoblast, adipocyte, 
cardiomyocyte, hepatocyte, islet cell and endothelial 

cell [4]. The multipotent differentiation ability and 
low immunogenicity of MSCs are promising for 
repairing damaged tissue and regulation of immune 
responses [5, 6]. In pre-clinical studies, MSCs have 
showed excellent therapeutic effect for many 
intractable diseases, including cardiovascular and 
cardiac diseases [7], joint disease [8], bone fracture [9], 
lung injury [10], and liver diseases [11]. For precise 
evaluation of the therapeutic performance, systematic 
investigations of MSC behaviors such as migration, 
proliferation and differentiation in the local 
microenvironment after in vivo transplantation are 
highly important. Development of an accurate, 
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sensitive and safe method to label and track stem cells 
is thus indispensable. 

Current cell tracking techniques mainly include 
positron emission tomography (PET) [12], magnetic 
resonance imaging (MRI) [13, 14], and fluorescence 
imaging [15, 16]. Among those, fluorescence methods 
have been extensively used for cell tracking owing to 
the high imaging resolution at single-cell or 
subcellular level [17, 18]. Green fluorescence proteins 
(GFP) expressed in stem cells by gene transfection can 
achieve long-term cell tracking capability [19, 20]. 
However, most methods for GFP expression require 
selection and clonal expansion that demand 
prolonged culture and are not suited for cells with 
limited proliferative potential [21]. The prolonged 
culture can influence the homing ability of MSCs as 
they have been shown to lose certain surface markers 
after a few passages [22]. Moreover, due to safety 
concerns regarding gene transfection, GFP labeling is 
unlikely to be adopted for human MSCs used in 
clinical trials in the near future [23]. In addition, the in 
vivo tracking by fluorescent proteins suffers from 
limited penetration depth and strong interference 
from tissue scattering and auto-fluorescence. These 
challenges can be tackled by using imaging agents 
that emit in the near-infrared (NIR) wavelength 
region. Fluorescent probes such as lipophilic 
membrane intercalating dyes (e.g., DiR) have been 
used for stem cell tracking [24]. However, the limited 
brightness, poor photostability, and small Stocks shift 
pose difficulties on their applications in high 
sensitivity imaging and long-term cell tracking 
studies [25]. 

Fluorescent nanoparticles are emerging as new 
fluorescent labels in biology. For example, inorganic 
quantum dots and lanthanide upconversion 
nanoparticles have been demonstrated for stem cell 
labeling and tracking [26-28]. The quantum dots for 
stem cell tracking are controversial due to the inherent 
cytotoxicity from heavy metal ions. Low 
luminescence efficiency of upconversion 
nanoparticles is a severe limitation for stem cell 
tracking although NIR excitation possesses deep 
tissue-penetration depth. Fluorescent semiconductor 
polymer dots (Pdots) exhibit good biocompatibility 
and high brightness that are advantageous for 
biological imaging in living systems [29-32]. Various 
Pdots have been developed for biological applications 
such as microbial pathogens detection [33], specific 
cellular labeling [34], targeted tumor imaging [35], 
photodynamic cancer therapy [36], 
chemiluminescence imaging [37], in vivo glucose 
monitoring [38], and detection of reactive oxygen 
species [39-41]. A red-emitting Pdot species has 
recently been used as long-term trackers to 

understand the contribution of stem cells in skin 
regeneration [42]. Despite these progresses, the 
capability for using Pdots in stem-cell therapy and 
regenerative medicine is largely unexplored. 
Particularly, it is important yet challenging to track 
the stem cell engraftment and migration in the large 
internal organs such as liver. Liver is a vital organ of 
vertebrates with various complex functions. For 
malignant liver diseases, hepatectomy is a common 
treatment method. However, liver regeneration is 
limited after a liver resection surgery, which may 
result in a lethal liver failure. MSCs have the ability to 
differentiate into hepatocyte [43], thus MSCs 
transplantation can potentially promote liver 
regeneration and alleviate various complications after 
hepatectomy. 

In this paper, we designed NIR fluorescent Pdots 
with a high quantum yield for bright labeling and in 
vivo tracking of MSCs in a liver-resection mouse 
model. We demonstrated that the Pdots coated with a 
cell penetrating peptide showed efficient cellular 
uptake by the MSCs. The impact of the Pdots on the 
behaviors of MSCs after long-term in vitro tracking 
was assessed. The results indicate that the 
proliferation and differentiation ability of MSCs were 
not affected by the Pdots. The biodistribution of MSCs 
after transplantation was analyzed by biophotonic 
imaging, which indicated that the MSCs were 
predominantly trapped in the lung, gradually 
migrated to injured liver, and then finally proliferated 
into cell clusters. This study provides a promising 
approach for stem cell labeling and tracking in 
regenerative medicine.  

Results  
Preparation and Characterizations of NIR 
Fluorescent Pdots 

Semiconductor polymers show multicolor 
emissions from visible to near infrared region by 
varying the structures of the polymer backbone [44]. 
However, the semiconductor polymers with 
band-gap emission in the NIR region are very rare 
and their fluorescence quantum yields are typically 
low [45]. A promising approach is to dope 
hydrophobic NIR dye into Pdots to amplify the NIR 
fluorescence by Förster resonance energy transfer 
(FRET). Among various semiconductor polymers, 
CN-PPV exhibits a large absorption cross-section and 
high quantum yield (~ 0.6) [46, 47]. In this study, we 
choose CN-PPV polymer and NIR775 dye to prepare 
the NIR fluorescent Pdots by a reprecipitation method 
(Scheme 1). Due to the rapid change of solvent 
quality, the polymer chains were folded and 
collapsed, resulting in the encapsulation of the 
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NIR775 dye into the Pdot matrix. The Pdots were 
functionalized with poly (styrene maleic anhydride) 
(PSMA), yielding abundant surface carboxyl group 
for subsequent modification. The dye-doped Pdots 
show a hydrodynamic diameter of about 25 nm and a 

zeta potential of -42 mV as determined by dynamic 
light scattering (DLS) (Figure 1A). The morphology of 
Pdots is approximately spherical as observed by 
transmission electron microscopy (Figure 1A inset).  

 
Scheme 1. Schematic illustration for preparing NIR fluorescent Pdots and in vivo tracking of MSCs in a liver-resection mouse model. The NIR775 doped CN-PPV 
Pdots were prepared by using a reprecipitation method. The polymer matrix absorbs and transfers the excitation energy to the NIR dyes that emit strong NIR 
fluorescence. A cationic cell penetrating peptide R8 was used to modify the Pdot surfaces, yielding rapid and highly bright labeling of MSCs via cellular uptake. The 
Pdot-labeled MSCs were transplanted into the liver-resected model mice. 

 

 
Figure 1. Characterizations of NIR775-doped CN-PPV Pdots. A) Hydrodynamic diameter of the Pdots. The inset shows a representative TEM image. B) Spectral 
overlap between the emission of CN-PPV and the absorption of NIR775. C) Absorption spectra of NIR Pdots at different NIR775 doping concentrations. D) 
Fluorescence spectra of NIR Pdots at different NIR775 doping concentrations. E) Room-light and fluorescence images of CN-PPV Pdots and the NIR Pdots under the 
same excitation but different emission channels using 593 nm and 775 nm band-pass filters, respectively. (F) Fluorescence stability of the NIR Pdots in DMEM medium 
supplemented with 10% FBS during 45 days storage. 
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Fluorescence spectroscopy indicates the 
occurrence of efficient energy transfer inside the Pdots 
that results in amplified NIR fluorescence. As shown 
in Figure 1B, CN-PPV polymer possesses broad 
emission band ranging from 550 to 700 nm, displaying 
a reasonable spectral overlap with the absorption 
spectra of NIR775 dye. Because of the large absorption 
cross-section and high quantum yield, CN-PPV 
polymer serves as a light absorber that transfers the 
excitation energy to NIR775 dye. The weight fraction 
of NIR775 in the Pdots was varied from 0.1~8% to 
obtain Pdots with high fluorescence quantum yield. 
As shown by the optical spectroscopy in Figure 1C 
and Figure 1D, the fluorescence of CN-PPV was 
quenched as the doping concentration is increased. 
The emission of NIR775 increased initially, reached a 
maximum, and then decreased when the doping 
concentration was higher than 1%. The quantum yield 
of NIR775-doped Pdots (~1 wt%) was measured to be 
22%, which is higher than most organic NIR 
fluorescent dyes [25]. It is worth noting that the 
quantum yield of NIR775-doped CN-PPV Pdots is 
also higher than those of the same dye doped in other 
conjugated polymers, which are 9% for MEH-PPV 
and 11% for PFBT, respectively [48, 49]. We further 
compared the brightness of the NIR Pdots with Qdot 
800 by single particle imaging and statistics. As 
shown in Figure S1, single particle fluorescence 
images of the NIR Pdots exhibit high signal-to-noise 
ratio than that of the Qdot 800. The intensity 
distribution statistics indicated that the NIR Pdots 
were 2 times brighter than Qdot 800.  

The NIR Pdots exhibit a narrow-band emission 
as compared to the majority of pure Pdot species that 
usually present broad-band fluorescence. The full 
width at half maxima (FWHM) of the NIR Pdots was 
determined to be ~20 nm, which is beneficial for 
fluorescence detection as band-pass filters are 
typically used in many imaging systems. Figure 1E 
showed the fluorescent images of aqueous solutions 
of pure CN-PPV and NIR775-doped Pdots collected 
by a small animal imaging system. The two samples at 
the same concentration were irradiated by the same 
excitation source, their emissions were collected by 
using 593/46 nm and 775/46 nm band-pass filters, 
respectively. Although the pure CN-PPV Pdots 
showed a high fluorescence quantum yield (~0.6), the 
fluorescence signal from the NIR channel is higher 
than the orange channel due to the narrow-band 
emission of the doped Pdots. The long-term 
fluorescence stability of the NIR775-doped Pdots in 
biological environment was investigated by 
monitoring the fluorescent intensity in cell culture 
medium (DMEM, 10% FBS) at 37 °C. We found the 
Pdots retained more than 90% of its initial 

fluorescence intensity after 45-day storage, and there 
was no distinct difference with Pdots dispersed in 
water (Figure 1F). These observations indicate that the 
NIR775 dye does not leach out from the Pdots, which 
present stable fluorescence in biological environment. 
Taken together, the NIR775-doped Pdots with stable 
and bright NIR fluorescence are suitable for stem cell 
labeling and long-term tracking. 

In Vitro Labeling and Tracking of MSCs with 
Pdots 

We choose human umbilical cord MSCs for cell 
labeling because their low immunogenicity and 
pluripotent differentiation ability are promising for 
stem cell therapy [50]. Stem cells always balance 
between self-renewal and differentiation, the 
biocompatibility of exogenous probes is thus a critical 
factor for stem cell labeling. The cellular toxicity of the 
Pdots was evaluated by MTT assays. After 24-hour 
incubation with Pdots at different concentrations 
(5-50 μg/mL), cell viabilities were determined to be 
more than 95% as compared to the control without 
Pdots incubation, confirming the low cytotoxicity of 
the Pdots (Figure S2A). We then use the carboxyl 
Pdots at this concentration range for labeling MSCs. 
For the same incubation time (24 h), MSCs incubated 
with the Pdots at 30 μg/mL exhibited high labeling 
brightness as determined by flow cytometry (Figure 
S2B). At the same Pdots concentration (~30 μg/mL), 
flow cytometry showed that the cell labeling 
brightness apparently increased with extending the 
incubation time from 1 to 24 h (Figure 2A). 
Fluorescence imaging indicated the time-dependent 
cellular uptake of the Pdots was consistent with the 
flow cytometry results (Figure S2C). The carboxyl 
Pdots are most likely internalized by the MSCs via an 
endocytosis pathway, as reported for the Pdot uptake 
in many other cell lines [51, 52]. 

We developed a rapid yet bright labeling 
approach by using a cell-penetrating peptide. 
Cell-penetrating peptides are a class of short peptides 
that facilitate cellular uptake of various cargos from 
small molecules to nanoparticles [53-55]. The carboxyl 
Pdots were modified by octa-arginine (R8) through 
electrostatic interactions. The carboxyl Pdots are 
negatively charged, and the R8 modification converts 
the Pdot surface to positive charge. The colloidal 
stability of the R8-modified Pdots (R8-Pdots) at 
different R8/Pdot molar ratio was examined by 
measuring the hydrodynamic diameters and zeta 
potentials. When the ratio of R8 to Pdot is higher than 
500, the R8-Pdots are stable without sign of 
aggregation for two-week storage (Figure S3). By 
using the low Pdot concentration (10 μg/mL) but 
varying the R8 to Pdot ratio, the labeled MSCs were 
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analyzed by flow cytometry and fluorescence 
imaging, which showed that the brightest labeling 
was obtained for the R8 to Pdot ratio of ~1000 (Figure 
2B and Figure S4). When the molar ratio is higher than 
1000, excess R8 molecules in the solution can block the 
membrane interaction sites and limit the cellular 
uptake of R8-Pdots. It is worth noting that the 
R8-Pdots yielded a much brighter labeling in a short 
time as compared to the carboxyl Pdots. Nearly all the 
MSCs (~99.9%) were labeled by the R8-Pdots after 
5-minute incubation, while the labeling brightness is 
clearly enhanced as the incubation time is increased 
(Figure 2C and Figure S5). Flow cytometry showed 
that the mean fluorescence intensity of MSCs labeled 
by R8-Pdots after 1-hour incubation was 100 times 
higher than those labeled with carboxyl Pdots under 
the same conditions, and even 3 times higher than that 
labeled with carboxyl Pdots for 24-hour incubation 
(Figure 2D). The enhanced labeling brightness by 
R8-Pdots is clearly observed by fluorescence imaging 
(Figure 2E), which further confirmed that the R8 
peptide significantly increased the labeling efficiency 
of MSCs even at low Pdot concentration and short 
incubation time. Stem cells are generally sensitive and 
fragile to external stimuli, thus an ideal fluorescent 
probe should have minimal perturbation (i.e. labeling 
time) to the stem cells while generating sufficient 
fluorescence signal for subsequent fluorescence 
tracking. Therefore, the high labeling brightness by 
R8-Pdots is valuable for further stem cells tracking 
studies. 

The in vitro cell tracking performance of 
R8-Pdots was evaluated by flow cytometry. After the 
MSCs were incubated with R8-Pdots (10 μg/mL, 4 
hours), the fluorescence intensity of MSCs were 
quantified at designated time point. As shown in 
Figure 3A, the mean fluorescence intensity of the 
freshly labeled MSCs was 2000-fold higher than that 
of unlabeled cells. The fluorescence intensity was 
decreased gradually as the cells were cultured and 
passaged. However, the labeled MSCs were 
apparently identified by flow cytometry 14 days after 
the initial labeling. The time-dependent fluorescence 
decrease is most likely due to the cell division. A 
transwell culture system was used to examine the 
exocytosis of Pdots from the labeled MSCs [56]. As 
shown in Figure 3B, the Pdot-labeled MSCs were 
cultured in upper chamber, while the unlabeled MSCs 
were cultured in the lower chamber. A membrane 
with pore diameter of 0.4 μm between the upper and 
lower chambers allows free diffusion of Pdots across 
the membrane. The fluorescence intensity of MSCs 
from the upper compartment decreased gradually as 
cells were divided. However, the cells from lower 
compartment did not show fluorescence signal during 

the entire process (Figure 3C). The transwell culture 
assay indicated the majority of Pdots are retained 
inside the MSCs and their daughter cells during cell 
division. The negligible exocytosis allows for the 
MSCs tracking over a relatively long period without 
rapid fluorescence loss and false positive signal. The 
subcellular distribution of the R8-Pdots was 
investigated by confocal fluorescence imaging. 
Lysosome staining was performed after MSCs were 
labeled with R8-Pdots. Fluorescence colocalization 
indicates that the majority of R8-Pdots were not 
trapped into lysosome (Figure 3D), which is 
consistent with previous results that the mechanism 
of inorganic Qdots delivered by arginine-rich 
peptides was through a direct membrane 
transduction and the Qdots stayed in cytosol without 
significant lysosomal trapping [57]. 

Biological Effect of Pdots on Pluripotent 
Functions of MSCs 

After the MSCs were brightly labeled with 
R8-Pdots, we set out to investigate the functions and 
behaviors of the MSCs, including their proliferation, 
differentiation, tumorigenicity, pluripotent genes, and 
immunophenotyping. First, the in vitro proliferation 
ability of Pdot-labeled MSCs was assessed by MTT 
assays [42]. After incubation with R8-Pdots (10 
μg/mL, 24 h), the cell viability was more than 95% as 
compared to the control cells without the 
Pdot-labeling. The labeled MSCs were cultured in 
fresh medium for 24 h, 48 h and 72 h, respectively, 
and then examined by MTT assays. The cell 
proliferation of Pdot-labeled MSCs showed no 
significant difference as compared to the unlabeled 
MSCs (Figure 4A). In addition, the viability of MSCs 
retained more than 95% after incubated with R8-Pdots 
for 24 h, 48 h, and 72 h, respectively (Figure S6). The 
above results indicated that the R8-Pdots do not 
influence the proliferation ability of MSCs.  

Phenotypic expression and multipotential 
differentiation ability are two critical factors to 
characterize stem cells [4]. Immunofluorescence 
staining was performed to analyze the phenotypes of 
the MSCs that were labeled with Pdots and further 
cultured for 15 days. As indicated by flow cytometry 
(Figure S7), the labeled MSCs retained high 
expressions of CD29, CD44, CD73, CD105 and CD90, 
but no expression of CD34, CD45, HLA-DR, and 
CD79a. These results are consistent with the MSCs 
without Pdot labeling, indicating little effect of the 
Pdots on the phenotypic expression of MSCs. 
Chondrogenic differentiation was performed to 
investigate whether the Pdots affect cell 
differentiation ability. Figure 4B showed that both the 
Pdot-labeled and unlabeled MSCs grew into bunches 
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of large cells mass after the induced differentiation for 
30 days. Safranine O was used to stain chondroitin 
sulfate, which is an indicator of chondrogenic 
differentiation [58]. After safranine O staining, both 
the R8-Pdot labeled and unlabeled cells presented red 
color, indicating that the R8-Pdot labeled MSCs 

maintained the differentiation ability of MSCs into 
chondrocyte. In addition, strong fluorescence signal 
was clearly observed from Pdot-labeled MSCs, which 
further confirmed the superior biocompatibility of 
Pdots and their stability in biological environment.  

 
Figure 2. Labeling brightness of MSCs by NIR775-doped Pdots analyzed by flow cytometry and fluorescent imaging. A) Flow cytometry of MSCs incubated with 
carboxyl Pdots at 30 μg/mL for different incubation time. B) Flow cytometry of MSCs incubated with R8-Pdots at different R8/Pdot molar ratio for 4 hours. C) Flow 
cytometry of MSCs incubated with R8-Pdots at R8/Pdot molar ratio of 1000 for different time. D) Brightness comparisons of MSCs labeled with carboxyl Pdots and 
R8-Pdots. E) Fluorescence imaging of MSCs labeled with carboxyl Pdots and R8-Pdots, respectively. Scale bar represents 100 μm. 

 

 
Figure 3. A) Long-term in vitro tracking performance of MSCs labeled by R8-Pdots at 10 μg/mL for 4-hour incubation. The fluorescence intensity was analyzed by 
flow cytometry as the labeled MSCs were cultured for designated time intervals. The unlabeled MSCs were used as the control. B) Schematic illustration of the 
transwell migration system for examining the cell exocytosis of Pdots. The Pdot-labeled and unlabeled MSCs were separately cultured in upper and lower chamber, 
isolated by porous membrane (pore size 0.4 μm). C) Confocal fluorescence images of the Pdot-labeled MSCs in the upper chamber and the unlabeled MSCs in the 
lower chamber in 2, 5, 8 and 11 days post labeling. D) Confocal fluorescence images of lysosome staining of the Pdot-labeled MSCs. 
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Figure 4. Characterizations of the biological functions of the Pdot-labeled MSCs. A) Proliferation profiles of the MSCs incubated with R8-Pdots for 24 hours and 
further cultured for 24 h, 48 h and 72 h in fresh medium. The unlabeled MSCs were used as control. B) Chondrogenic differentiation of unlabeled MSCs and the 
Pdot-labeled MSCs characterized by Safranin O staining. Fluorescence imaging and Safranin O staining were performed 30 days after the induced differentiation. Scale 
bar represents 50 μm. C) Western blot analysis of tumorigenicity of the Pdot-labeled MSCs, by using HeLa cells as a control. D) Stem-cell marker expressions of the 
Pdot-labeled MSCs. Confocal fluorescence imaging showed that the Pdot-labeled MSCs retained robust expression of the stem cell markers such as OCT-4, NANOG 
and SSEA-4 three days after the Pdot-labeling. The microtubule labeling was also shown as a positive control for the labeling methods. The green channel showed the 
marker expression. The red and blue channels represented the fluorescent of Pdots and Hoechst 33258, respectively. Scale bar represents 50 μm. 

 
Western blot analysis of c-Myc, p53 and p21 

proteins was performed to examine the 
tumorigenicity, which is a key issue to be addressed 
for using stem cells in regenerative therapy. C-Myc 
has a pivotal function in growth control, cell apoptosis 
and metabolism. High expression of c-Myc oncogene 
has been observed in many cancer cells [59]. 
Moreover, it is an important gene that maintains stem 
cell pluripotency and self-renewal capacity [60]. The 
p53 is an important tumor suppressor gene in 
preventing genome mutation [61]. The p21 acts as a 
potent cyclin-dependent kinase inhibitor that 
regulates cell cycle [62]. We analyzed the expressions 
of c-Myc, p53 and p21 proteins by Western blot, in 
which HeLa cells were used as a control. Our results 
indicated that HeLa cells showed high expression of 
c-Myc, low expression of p21 and no expression of 
p53 proteins (Figure 4C). For the Pdot-labeled MSCs, 
high expressions of c-Myc and p21, but low 
expression of p53, were observed. The Western blot 
analysis revealed that the Pdot-labeled MSCs did not 
exhibit a tumorigenic phenotype.  

RT-PCR assays were further performed to 
analyze the genes that control the self-renewal 

capacity and pluripotency of the MSCs. OCT-4, 
NANOG, SOX-2 are three critical transcription factors 
in maintaining self-renewal capacity and pluripotency 
of stem cells, and SSEA-4 is an important marker for 
identifying undifferentiated stem cells [63, 64]. The 
expressions of the above four markers were controlled 
by OCT-4, NANOG, SOX-2 and SSEA-4 genes, 
respectively. The four genes were clearly detected in 
the Pdot-labeled MSCs by RT-PCR assays (Figure S8). 
As further shown by fluorescence staining (Figure 
4D), the Pdot-labeled MSCs after 3-day culture 
showed high expressions of the OCT-4, NANOG, and 
SSEA-4 markers. The staining results and gene 
analysis indicated that the Pdot-labeled MSCs 
retained robust self-renewal capacity and 
multi-lineage differentiation potential. Taken 
together, the above characterizations demonstrated 
that the biological functions of the MSCs, including 
cell proliferation, differentiation potential, phenotypic 
expressions, and pluripotent genes, were not affected 
by the Pdot labeling. These results indicate the good 
biocompatibility and potential of the bright Pdot 
probe for stem cell labeling and tracking.  
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In Vivo Tracking of MSCs in a Liver-resection 
Mouse Model 

Liver is the largest internal organ that plays 
various complex roles in human. For malignant liver 
diseases, partial hepatectomy is a common treatment 
method. A fascinating property of liver is the high 
regeneration ability. However, liver regeneration is 
limited after extensive liver resection, which may lead 
to liver failure. Stem cell transplantation is a 
promising approach to promote liver regeneration. 
Previous studies have shown that the transplanted 
MSCs can differentiate into hepatocyte-like cells, thus 
stem cell therapy has been used to treat liver diseases, 
such as liver fibrosis, acute liver failure, and hepatitis 
[65, 66]. To explore the in vivo tracking of the 
Pdot-labeled MSCs, we used a liver-resection mouse 
model (Figure S9), where approximately 70 wt% of 
the liver was resected to mimic the surgical 
hepatectomy after serious liver diseases [67]. The 
R8-Pdot labeled MSCs were transplanted into the 
mouse to investigate the functions of MSCs in liver 
regeneration. To enhance the homing efficiency of the 
MSCs, liver injury was increased by combining 
ischemia-reperfusion injury with the partial 
hepatectomy, for which liver was resected while the 
portal vein was clamped. By this clamping procedure, 
bleeding was obviously inhibited during 
parenchymal dissection [68, 69]. The fate of the 
transplanted MSCs was investigated by tracking the 
fluorescence signal of the NIR775-doped Pdots.  

We explored the engraftment and migration of 
MSCs in the liver-injured mice after the MSCs were 
administered via tail vein injection. Twenty-seven ICR 
mice were randomly divided to three groups, 
including hepatectomy group (hepatectomy without 
cell transplantation), cell therapy group (hepatectomy 
with cell transplantation) and sham group (sham 
operation with cell transplantation). The Pdot-labeled 
MSCs (~3.0×105 cells) were transplanted into each 
mouse in the cell therapy group and sham group 24 
hours after the surgery. In the hepatectomy group 
without MSC transplantation, equal volume of saline 
was injected via tail vein. At designated times, the 
mice were sacrificed and the organs including liver, 
lung, kidney, spleen and heart were excised for 
biophotonic imaging. As shown by the biophotonic 
imaging in Figure 5A and Figure 5B, there was strong 
fluorescence from the lung, weak signal from liver, 
and nearly no signal from other organs, indicating 
that most of the injected MSCs were trapped in the 
lung initially. For both cell-injection groups, the 
fluorescence signals from the lungs in day 4 and day 7 
were apparently decreased as compared to the values 
in day 1 post injection. However, the fluorescence of 
the lungs showed distinct decreases for the mice in the 

sham and the cell therapy group. For the sham group, 
the fluorescence intensity of the lungs in day 4 was 
decreased to 60% of the initial value (day 1) after cell 
transplantation (Figure 5C), while the fluorescence 
intensity of the liver increased gradually. For the cell 
therapy group, the fluorescence intensity of the lungs 
in day 4 was decrease to 40 % of the initial value (day 
1) after cell transplantation (Figure 5D). The rapid 
fluorescence decrease of the lungs in the cell therapy 
group indicated the MSCs migrated out of the lungs 
more rapidly as compared to the sham group. In 
contrast with the sham group where the liver weight 
remained relatively constant, the fluorescence 
intensity of the livers in the cell therapy group 
decreased gradually because the cells were divided 
and the livers were regenerated at a relatively high 
rate. 

We monitored the body weight and change of 
the liver to body weight ratio to evaluate liver 
regeneration by the MSC infusion. The body weight 
was measured every day and the liver weight was 
recorded from the sacrificed mice in 1, 4, 7 days post 
MSCs transplantation. We observed that the body 
weight of the mice decreased significantly after 
hepatectomy, and increased gradually in the next 7 
days (Figure 5E). In the sham group, the livers of mice 
were slightly injured, so the liver to body weight ratio 
also decreased initially. The liver to body weight ratio 
of both the hepatectomy group and the cell therapy 
group increased in 4 days post hepatectomy, then 
increased slowly between 4 to 7 days (Figure 5F). 
However, the liver to body weight ratio of the mice in 
the cell therapy group increased more quickly as 
compared to the hepatectomy group, indicating that 
the MSC transplantation accelerated the liver 
regeneration. 

Liver functions analysis were performed by 
measuring alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), albumin (ALB) and total 
bilirubin (TBIL) levels in serum. Serum ALT and AST 
levels were significantly increased after hepatectomy, 
and then the values were decreased sharply during 
the four days post hepatectomy (Figure 6A). The ALT 
and AST values in the hepatectomy group and cell 
therapy group were decreased to normal levels in 7 
days post hepatectomy as compared to those in the 
sham group. Serum TBIL levels of the mice in each 
group increased in 4 days post hepatectomy, and then 
decreased substantially in 7 days post hepatectomy. 
Compared with sham group, the serum ALB levels of 
the mice in the other two groups were reduced after 
the hepatectomy. However, the values increased 
gradually in day 4 and day 7. The serum ALB levels of 
the mice in the cell therapy group showed larger 
increases than those in the hepatectomy group in day 
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7 post hepatectomy. Taken together, liver was 
severely injured severely by the hepatectomy, and 
could be repaired to a certain degree due to liver 
regeneration. However, the ALT, AST, TBIL levels of 
the mice in the cell therapy group were lower and 
ALB level were higher than those in the hepatectomy 
group without stem cell transplantation during the 
days after hepatectomy, indicating the MSCs 
facilitated the recovery of liver functions.  

Fluorescence staining was performed to analyze 
the behaviors of MSCs during liver regeneration. 
Frozen sections of the organs in different groups were 
stained by Hoechst 33258, and then characterized by 
confocal laser scanning microscopy (Figure 6B and 
Figure S10). After transplantation via tail vein, MSCs 
were initially trapped in lung, then migrated 
gradually to liver and scattered through the entire 

liver, as shown by tracking the fluorescence signal of 
the Pdots. For the cell therapy group, the MSCs 
appeared in cluster form in the liver, while similar 
clustered MSCs were rarely observed in the liver 
sections of the sham group. To further examine 
whether the fluorescence signal was not a false signal 
resulted from the uptake of the Pdots by resident 
macrophages (Kupffer cells), liver tissue sections were 
stained with the macrophage-specific antibody F4/80. 
As shown by the typical observations from 
immunofluorescence staining (Figure 6C), 
overlapping of the fluorescence images showed no 
sign of colocalization of the Pdot-labeled MSCs (Red) 
with the F4/80-stained macrophages (Green), 
suggesting that the observed Pdot-labeled MSCs were 
not phagocytosed after migration into the injured 
liver. 

 
 

 
Figure 5. In vivo tracking of MSCs in a liver-resection mouse model. The Pdot-labeled MSCs were intravenously transplanted into the mice with liver-resection 
surgery. The organs were collected from the mice at designated times, and imaged by a biophotonic imaging system. The images in A and B showed fluorescence 
signals from the organs under the same excitation and collection conditions. A) Distribution of MSCs in liver, spleen, kidney and heart. B) Distribution of MSCs in lung. 
C) Quantitative fluorescence analysis of the Pdot-labeled MSCs in liver, lung, spleen, kidney and heart in day 1, day 4, day 7 post cell transplantation into mice from 
sham group. D) Quantitative fluorescence analysis of the Pdot-labeled MSCs in liver, lung, spleen, kidney and heart in day 1, day 4, day 7 post cell transplantation into 
mice from cell therapy group. E) Change of the body weight of the mice post hepatectomy. F) Change of the liver to body weight ratio (%) of the mice in day 1, day 
4, day 7 post cell transplantation.  
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Figure 6. A) Liver function analysis of the mice in day 1, 4, 7 post cell transplantation via tail vein injection. B) Representative fluorescence images of liver sections 
from the mice with cell transplantation. C) Immunofluorescent staining of Kupffer cells by using fluorescent antibody against F4/80 (Green channel). Red channel 
represents fluorescence signal of the Pdots. Blue channel represents the nuclear stained by Hoechst 33258. The arrow represents Pdot-labeled MSCs. D) H&E 
staining of liver sections from different groups in day 1, 4, 7 post cell transplantation. The arrow represnts inflammatory cells infiltration. 

 
Finally, histological examination of livers was 

performed to analyze liver pathological process at 
designated time points. By analyzing the H&E 
staining results of liver tissues, liver damages such as 
hepatocyte swelling, ballooning degeneration, 
sinusoid congestion, hepatic cords disordered, and 
extensive area of hepatocyte necrosis, were found in 
day 1 post hepatectomy (Figure 6D). In addition, 
some hepatocytes showed fatty change on account of 
hypoxia. For the hepatectomy group, certain levels of 
inflammatory cell infiltration existed from day 1 to 
day 7 post hepatecomy. In day 4 post hepatectomy, 
extensive areas of hepatocyte necrosis disappeared in 
cell therapy group, while certain cell swelling cases 
still existed. However, hepatocyte necrosis in 
hepatectomy group without MSC transplantation was 

still clearly observed in day 7 post cell transplantation. 
In addition, there were a large number of 
inflammatory cells around central vein, portal tract 
and in blood sinus, which can cause additional 
inflammatory response. This comparison further 
confirmed the repairing ability of the MSCs in the 
liver-resection mouse. Because a large number of 
Pdot-labeled MSCs were trapped in the lung after tail 
vein injection, the pathological analysis of lung tissues 
were performed by H&E staining. By comparing H&E 
images with and without cell transplantation (Figure 
7), we found that the lung structure, including all 
levels of bronchus and pulmonary alveolus are intact, 
which demonstrated that the initial trapping of MSCs 
in lung did not lead to any damage to the lung.  
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Figure 7. H&E staining of lung sections in day 1, 4, 7 post cell transplantation, with lung sections of healthy mice as controls. Scale bar represents 50 μm. 

 

Conclusions 
We have developed NIR fluorescent Pdots for 

bright labeling and long-term tracking of stem cells in 
a liver-resection mouse model. The NIR775-doped 
Pdots exhibited narrow-band fluorescence at 775 nm 
with a quantum yield of 22%. The Pdots coated with a 
cell penetrating peptide R8 showed an extraordinary 
endocytic uptake efficiency that was markedly 
enhanced by two orders of magnitude as compared to 
the carboxyl Pdots. Fluorescent signal from the 
Pdot-labeled MSCs can be tracked over two weeks for 
in vitro cell tracking studies. The impact of the Pdots 
on the biological functions of MSCs after long-term 
tracking was assessed by flow cytometry and 
fluorescence imaging, which indicate that the Pdots 
do not disturb the features of MSCs in terms of 
proliferation, migration, and differentiation functions. 
The in vivo tracking of the Pdot-labeled MSCs was 
demonstrated in the liver-resection mouse model. The 
biodistributions of MSCs after transplantation were 
analyzed by biophotonic imaging, which indicated 
that the MSCs were initially trapped in the lung, 
gradually migrated to the injured liver, and finally 
proliferated into cell clusters. Both liver function tests 
and histological examinations showed that the MSCs 
via tail-vein transplantation could promote the liver 
regeneration. The high labeling brightness and 
long-term tracking performance of the Pdots are 
promising for their applications in stem cell research 
and regenerative medicine. 

Materials and Methods 
Materials 

The semiconducting polymer poly [2-methoxy-5- 
(2-ethylhexyloxy)-1,4-(1-cyanovinylene-1,4-phenylene
)] (CN-PPV, average molecular weight: 235,000, 

polydispersity: 8.0) was purchased from American 
Dye Source, Inc. (Quebec, Canada). The functional 
polymer poly (styrene-co-maleic anhydride) (PSMA, 
cumene terminated, average MW ≈ 1700, styrene 
content 68%), near-infrared organic dye silicon 2, 
3-naphthalocyanine bis (trihexylsilyloxide) (NIR775, 
dye content 95%), tetrahydrofuran (THF, anhydrous, 
≥ 99.9%) and HEPES (titration ≥ 99.5%) were 
purchased from Sigma-Aldrich. Octa-arginine (R8, 
purity 98.87%) was purchased from Life Tein LLC. 
Bovine Serum Albumin Fraction (BSA, 98%) was 
purchased from J&K Chemical Ltd. (Beijing, China). 

Preparation and characterizations of Polymer 
Dots 

The NIR775-doped CN-PPV Pdots were 
prepared by using the re-precipitation method as 
described previously [70]. Firstly, CN-PPV, 
amphiphilic polymer PSMA and NIR775 dye were 
dissolved in THF to prepare stock solutions at a 
concentration of 1 mg/mL, 1 mg/mL and 0.1 mg/mL, 
respectively. The solutions containing 50 μg/mL 
CN-PPV, 10 μg/mL PSMA and a variable fraction of 
NIR775 (0.1 wt% to 8 wt%) were prepared. The 
solution mixtures were quickly injected into 10 mL of 
water under sonication. The solvent THF was 
removed by nitrogen stripping on an 80 °C hot plate, 
then the concentrated Pdot solutions were passed 
through a 0.22 μm cellulose membrane filter to 
remove large particles.  

The particle size and morphology of Pdots were 
characterized by transmission electron microscopy 
(H-600, Hitachi, Japan). The average particle size, size 
distribution and zeta potential of Pdots were 
measured by Malvern Zetasizer Nano ZS. Optical 
absorption spectra was recorded by using Shimadzu 
UV-2550 spectrometer. Fluorescence spectra were 
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obtained by a Hitachi F-4600 fluorescence 
spectrometer. Fluorescence quantum yields were 
measured by a spectrometer (QE-2100, Qtsuka, 
Japan). Fluorescent stability of Pdots in biological 
environment was monitored for 45 days when the 
Pdots were incubated at 37 °C in DMEM/F-12 
medium supplemented with 10% FBS. The Eppendorf 
tubes were tightly covered by seal membrane to 
prevent water evaporation. At designated time points, 
the emission spectra were measured by a quantum 
efficiency measurement system (QE-2100, Otsuka, 
Japan). 

Single-particle fluorescence imaging was 
performed by using a custom built Total Internal 
Reflection Fluorescence (TIRF) microscope. A 488 nm 
laser beam was directed into an inverted microscope 
(Olympus IX71, Japan) using steering optical lenses. 
The luminescence was collected by a 1.49 NA UAPON 
100×TIRF objective (Olympus, Japan). Fluorescence 
signal passed through a 593 nm long pass filter and 
directed onto an Andor iXon3 frame transfer EMCCD 
(Andor Technology, UK). The samples were prepared 
by diluting NIR Pdots and Qdot 800 in Milli-Q water, 
then were deposited on a glass cover slide, followed 
by drying under nitrogen.  

In Vitro MSCs Tracking by Pdots 
Human umbilical cord mesenchymal stem cells 

(MSCs) were obtained from SCLNOW 
(Beijing) Biological Engineering Co., Ltd. MSCs were 
cultured in DMEM/F-12 medium (Gibco), 
supplemented with 10% (v/v) fetal bovine serum 
(FBS, Gibco), 10 ng/mL human fibroblast growth 
factor-basic (Human FGF-basic, Peprotech), 1% (v/v) 
MEM Non-essential amino acids (MEM NEAA, 
Gibco), 1% (v/v) penicillin/streptomycin (10,000 
U/mL Penicillin, 10,000 μg/mL Streptomycin, Gibco) 
and 1‰ (v/v) 2-mercaptoethanol (55 mM in DBPs, 
Sigma-Aldrich) in a humidified 5% CO2 atmosphere 
at 37 °C. The culture medium was changed every 
other day. Cells were detached with 0.25% 
trypsin-EDTA (Gibco) when cell reached 80% 
confluence.  

MSCs were seeded into 6-well plates (1×105 
cells/well) cultured for 12 h. Then the Pdots at a 
certain concentration in culture medium were added 
to the wells. At designated time points, the cells were 
washed with PBS for 3 times to remove free Pdots. 
Cells were detached by trypsin and resuspended in 
PBS for flow cytometry analysis or fixed by 4% 
paraformaldehyde (PFA) for fluorescent imaging. For 
MSCs labeling with the R8-functionalized Pdots, the 
Pdots were firstly mixed with R8 peptide for 20 mins, 
then 2× DMEM/F-12 medium containing 2% FBS, 20 
ng/mL Human FGF-basic, 2% (v/v) MEM NEAA, 2% 

(v/v) penicillin-streptomycin and 2‰ (v/v) 
2-mercaptoethanol were added to produce a labeling 
medium. Cells were incubated with the labeling 
medium for 4 hours, after which the cells were 
washed thoroughly with PBS to remove free Pdots for 
flow cytometry analysis and fluorescent imaging. 
Fluorescence images of MSCs were acquired on an 
inverted fluorescence microscope (Olympus IX71, 
Japan) with a 0.45 NA LUCPLFLN 10×objective. The 
excitation was generated from a mercury lamp. 
Fluorescence signal passed through a 593 nm long 
pass filter and imaged on a CCD. 

Cell Viability and Proliferation Assay of MSCs 
The cell viability of MSCs labeled by Pdots was 

evaluated by MTT assays to study the cytotoxicity of 
Pdots. The MSCs were seeded into 96-well plates with 
the number of 5,000 cells/well and cultured for 12 h 
prior to add culture medium containing Pdots (0, 5, 
10, 20, 30, 40, 50 μg/mL). Following 24-hour 
incubation with Pdots, 20 μL MTT (5 mg/mL in PBS) 
was added into plates. The plate without adding MTT 
were used as control to substract the absorbance of 
Pdots. After 4-hour incubation, the culture medium 
was removed carefully, followed by adding 150 μL 
DMSO into each well. The plates were rocked gently 
for 10 mins to fully dissolve formazan, then 
absorbance of formazan at 570 nm was recorded by 
using a microplate reader (Cytation3, BioTek). Cell 
viability was calculated by the ratio of absorbance of 
the cells incubated with medium containing different 
concentration of Pdots to that of the cells incubated 
with culture medium only.  

The proliferation ability of Pdot-labeled MSCs 
was measured by MTT assays. The MSCs were seeded 
into 96-well plates with number of 2,000 cells/well. 
The next day, the cells incubated with the labeling 
medium containing R8-Pdots (molar ratio of R8 to 
Pdot is 1000) for 24 h, then the cells were further 
cultured for 24 h, 48 h and 72 h, respectively. At each 
time point, MTT assays were performed as above to 
analyze the cell viability, while the unlabeled MSCs 
were used as controls.  

The cell viability of MSCs incubated with 
R8-Pdots for different time were measured by MTT 
assay. The MSCs were seeded into 96-well plates with 
number of 2,000 cells/well. The next day, labeling 
medium containing R8-Pdots (molar ratio of R8 to 
Pdot is 1000) were added to the plates. 24 hours later, 
the old medium were replaced with fresh labeling 
medium. At each time point, MTT assays were 
performed as above to analyze the cell viability, while 
the MSCs incubated with medium without R8-Pdots 
were used as controls.  
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Chondrogenic Differentiation 
Chondrogenic differentiation of Pdot-labeled 

MSCs was performed according to the instruction of 
StemPro® Chondrogenesis Differentiation Kit 
(A10071-01, Gibco). The induction medium was 
changed every 2 days. After one month induced 
differentiation, cells were fixed with 4% PFA for 30 
mins, then were stained by 0.1% Safranin O for 2 
minutes. Images were obtained by a fluorescent 
microscopy (Olympus, IX71) and a camera (MshOt, 
China). 

Phenotypic Expressions 
For phenotype analysis, the MSCs (Passage 6) 

labeled by R8-Pdots were cultured for 15 days 
(fluorescence signal was almost lost). Then the cells 
were harvested and incubated with FITC or 
PE-conjugated antibodies for 30 mins at 4 °C in the 
dark. Cells incubated with isotype-specific IgGs work 
as negative control. After that the cells were washed 
in PBS and 10,000 events were collected and analyzed 
by a flow cytometer. All antibodies were as follows: 
Mouse Anti-Human CD34-PE (550761), CD45-FITC 
(555482), HLA-DR-PE (555561), CD79a (563777), 
CD29-PE (555443), CD44-PE (550989), CD73-PE 
(550257), CD105-PE (560839), CD90-FITC (555595), 
Rat Anti-Mouse IgG1-PE (550083) and Anti-Mouse 
IgG1-FITC (553443). All of the antibodies were 
purchased from BD Biosciences. 

Western Blot Analysis of Oncogenicity 
The MSCs (Passage 6) labeled by R8-Pdots were 

cultured for 15 days (the fluorescence signal was 
almost lost). The Pdot-labeled MSCs were lysed with 
0.5% NP-40 lysis buffer followed by centrifugation 
(10000×g, 20 mins), and HeLa cells were chosen as 
control. Total protein concentrations in cell lysates 
were determined by using BCA Protein Assay kit 
(P0012S, Beyotime), with BSA as a standard. The 
expression levels of p53, p21 and c-Myc proteins of 
specimen were measured by Western blotting 
analysis according to standard procedures. Equal 
amount of proteins were loaded on each lines and 
separated on a 10% SDS-PAGE gel, then protein were 
transferred to PVDF membrane (Millipore). The 
membrane was firstly incubated with the following 
antibodies: anti-p21 (1:200), anti-p53 (1:1000), 
anti-c-Myc (1:1000), anti-β actin (1:400) overnight at 4 
°C, then incubated with horse radish peroxidase 
(HRP) conjugated Goat anti-mouse IgG. Proteins of 
interest were detected using the DAB HRP Color 
Development Kit (P0203, Beyotime).  

RT-PCR analysis of Pluripotent Genes 
The expressions of pluripotent genes OCT-4, 

NANOG, SOX-2 and SSEA-4 were analyzed by 
reverse transcription-polymerase chain reaction 
(RT-PCR), with β-actin as reference housekeeping 
gene. Total RNA of 1.5×106 Pdot-labeled MSCs were 
extracted by using a Total RNA Kit (R6834-01, 
OMRGA). RT-PCR was performed according to the 
instructions of the Prime Script™ RT-PCR Kit 
(RR014A, TAKARA). Briefly, reverse transcription 
reactions were performed at 42 °C for 30 mins 
hybridization and 70℃ for 15 min reverse 
transcription to get complementary DNA. The PCR 
reactions consisted of 30 cycles of denaturation step 
(95 °C for 30 s), annealing step (55 °C for 30 s) and 
primer extension step (72 °C for 30 s), and an extra 
cycle of elongation was performed at 72 °C for 10 
mins. Amplified products were separated on 2% 
agarose gels containing GoodView dye, then 
photographs were collected under UV light. The size 
of the analyzed genes was estimated by the DL500 
DNA marker (3590A, TAKARA).  

Immunofluorescence Staining 
Immunofluorescence staining of the 

Pdot-labeled MSCs was performed in accordance of 
manufacturers' instructions. In brief, cells were fixed 
with 4% PFA for 20 mins at room temperature, 
permeabilized by using 0.5% TtitonX-100 for 20 mins 
at room temperature. After blocking with 5% BSA for 
1 h at 37 °C, cells were incubated with primary 
antibodies including OCT-4 (ab19857, Abcam), 
NANOG (ab109250, Abcam), and SSEA-4 (ab16287, 
Abcam) at 4 °C overnight, followed by incubation 
with Alexa Fluor® 488-labeled secondary antibodies 
for 2 hours at room temperature in dark. Tubulin 
structure was stained by biotin anti-α-tubulin 
antibody (627904, Biolegend) and Alexa 
488-streptavidin (S11223, Invitrogen). 

In Vivo MSC Tracking in a Liver-resection 
Mouse Model 

All animal experiments were performed comply 
with the Guidelines for the Care and Use of Research 
Animals established by the Jilin University 
Institutional Animal Care and Use Committee. 
Eight-week old ICR male mice were choose to create a 
70% hepatectomy model according to the method 
described by Mitchell and Willenbring [67]. Briefly, 
the mouse was anaesthetized with isoflurane, then 
immobilized in a supine position. The abdomen was 
sterilized by iodophor thoroughly, then a 2 cm 
incision was cut along medioventral line. The portal 
vein was clamped for 15 min with a vascular clamp. 
During the ischemic time, the pedicle of the left lateral 
and median lobes of the liver were ligated and both 
lobes were resected successively. After 15 mins, the 



 Theranostics 2017, Vol. 7, Issue 7 
 

 
http://www.thno.org 

1833 

vascular clip was removed, then the abdomen was 
sutured. The survival rate of the mice was nearly 
100% after the hepatectomy. 24 hours later, the 
Pdot-labeled MSCs were suspended in PBS with cells 
density of 3×106 cells/mL, then 100 μL cells 
suspension were injected into mice of sham group and 
cell therapy group via tail vein. In the haptatectomy 
group, equal volume PBS was injected into mice. In 1, 
4 or 7 days post cell transplantation, venous blood 
from each mouse in the three groups was collected. 
After 30 minutes’ standing, the blood were 
centrifuged at 3000 r/min for 10 mins, then blood 
serum samples were obtained for further 
liver-function analysis by standard methods. Then the 
organs such as liver, lung, spleen, kidney and heart 
were excised and imaged by a custom-built 
small-animal imaging system equipped with an 
Andor iKon-M frame transfer CCD (Andor iKon-M 
934, UK) and xenon light source (Asahi Spectra 
MAX-303, Japan).  

Histological Analysis 
Liver, lung, spleen, kidney and heart from the 

mice in the three groups at designated time points 
were excised and embedded into paraffin or tissue 
freezing medium (OCT), then cut into 6 µm thick 
sections. After staining by Hoechst 33258, the frozen 
sections were imaged by confocal laser scanning 
microscope (Fluoview FV1000, Olympus) 
immediately. Frozen sections of liver were stained 
with Rat anti-F4/80 antibody (ab6640, Abcam) and 
Alexa Fluor® 488 labeled Goat anti-Rat IgG (ab150157, 
Abcam). Firstly, liver tissue sections were fixed by 
cold acetone for 10 mins, then blocked with goat 
serum for 30 mins at room temperature. Then the 
tissue sections incubated with Rat anti-F4/80 
antibody at 4 °C overnight, followed by incubation 
with Alexa Fluor® 488-labeled Goat anti-Rat IgG for 30 
mins at 37 °C in dark. After nuclear staining with 
Hoechst 33258 for 20 mins, the sections were observed 
immediately by confocal laser scanning microscope 
(Fluoview FV1000, Olympus). Paraffin sections were 
stained with hematoxylin and eosin (H&E) for 
pathological analysis. 

Statistical Analysis 
All statistical analyses were conducted using 

IBM SPSS statistics. Experimental data were 
presented as means ± standard deviation. Statistical 
significance was evaluated by one-way ANOVA 
statistics. Results were considered statistically 
significant if *P value <0.05. 

Supplementary Material  
Supplementary figures.  
http://www.thno.org/v07p1820s1.pdf   
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