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ABSTRACT
Background: Umbilical cord mesenchymal stem cell transplantation can treat metabolic syndrome, but the tracing of cells in the
body after transplantation has always been a problem. Tree shrew umbilical cord mesenchymal stem cells were labeled with the dark
red fluorescent dye DIR and a metabolic syndrome model in tree shrew was generated. The migration, distribution, colonization and
survival of the cells were observed.
Methods: Tree shrew umbilical cord mesenchymal stem cells were labeled with the dark red fluorescent dye DIR. Three days after
the tree shrew model was generated, the pancreas, kidney and liver were placed in a small animal live imager to observe the
distribution of the labeled cells.
Result: The labeled cells showed deep red fluorescence in the live imager. After treatment with the transplanted cells, dark red
fluorescent signals were observed in the liver, kidney and pancreas of the tree shrews but not in the untreated group and no dark red
fluorescent signal was observed in the cell distribution.
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INTRODUCTION
DiR iodide is a family of lipophilic fluorescent dyes that can
be used to stain cell membranes and other fat-soluble
biological structures. The fluorescence color distinction is
obvious: DiI shows orange fluorescence, DiO shows green
fluorescence, DiD shows red fluorescence and DiR shows dark
red fluorescence, which allows them to be used for multicolor
imaging and flow analysis of living cells. The infrared
fluorescence of DiR can penetrate cells and tissues and be
used for tracking in in vivo imaging (Berninger et al. 2017).

DIR is a lipophilic fluorescent dye that can be used to
stain cell membranes and other fat-soluble biological
structures. The emission wavelength of DIR is invisible to
the naked eye. After cell staining, DIR emits deep red
fluorescence under excitation at a wavelength of 748 nm;
this dye can diffuse across the cell membrane, penetrate
cells and tissues and be used for tracking in vivo imaging
(Berninger et al. 2017).

Tree shrew umbilical cord mesenchymal stem cell
(UC-MSC) transplantation can be used to treat the tree
shrew model of metabolic syndrome, but after cell
transplantation, the migration, distribution, colonization and
survival of the tree shrew cells need to be assessed by a
good tracking method (Qiao et al. 2017). We used the dark
red fluorescent dye DIR to label tree shrew UC-MSCs so
that after cell transplantation, the distribution and
colonization of labeled cells could be observed with a small
animal in vivo imaging instrument (Cui et al. 2017), which
provides a simple reference for the treatment of animal
models with UC-MSCs (Dhanju et al. 2009).

MATERIALS AND METHODS
DiR marking and identification
The work was carried out in the Basic Medical Laboratory
of the 920th Hospital of the Joint Logistics Support Force of
PLA in 2019.

A 3 mM DiR storage solution was prepared at a
concentration of 10 mg DiR plus 3.3 ml of DMSO for use.
We used fourth-generation tree shrew umbilical cord
mesenchymal stem cells, digested and dispersed the cells
with 0.25% trypsin, terminated the reaction with 20% FBS-
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containing complete medium, pipetted the medium evenly,
sucked the sample into a 10 ml centrifuge tube and counted
the cells and adjusted the cell concentration to 1106 cells/
ml. According to the concentration 1106 cells/ml, a 1 ml
cell suspension was added to 5 µl of 3 mM DiR storage
solution, incubated at 37C for 10 min and then washed 3
times with prewarmed serum-free medium and centrifuged
at 1500r/min for 5 min.

Identification
One hundred microliters of cell suspension (containing 1105

cells) was placed into the plate and placed in the in vivo
imaging device to observe deep red fluorescence.

DIR-labeled UC-MSC distribution imaging in tree shrews
Three days after cell transplantation, 2 tree shrews in the
treatment group and 1 tree shrew in the model control group
were sacrificed via the spinal cord method. The abdominal
cavity was opened and the pancreas, kidneys and livers
were quickly removed and fixed with 4% formaldehyde
solution. The samples were placed in a small animal live
imaging instrument under excitation at 748 nm wavelength
and the distribution of the deep red fluorescence signal
was observed.

RESULTS AND DISCUSSION
DiR marking of UC-MSCs
In the in vivo imager, cells emitting deep red fluorescent
signals were detected (Fig 1A), while unlabeled cells had
no deep red fluorescent signals (Fig 1B).

DIR-labeled UC-MSC in vivo distribution imaging
After 3 days of DIR-labeled UC-MSC transplantation, the
liver, pancreas and kidneys of the tree shrews in the model
group and the treatment group were placed in a small animal
in vivo imaging instrument. Deep red fluorescence was
visible in the liver, kidney and pancreatic tissues of the tree
shrews in the treatment group. The signals were observed
(Fig 2A and B). Among them, UC-MSCs transplanted via

the tail vein had the largest area of deep red fluorescent
signal in the liver, suggesting that most of the umbilical cord
MSCs transplanted via the tail vein may show chemotaxis
and colonize the liver; however, no cells emitted deep red
fluorescent signals in the organs of the tree shrews of the
transplanted model group (Fig 2C).

Umbilical cord mesenchymal stem cells (UC-MSCs)
have a high differentiation potential and can differentiate
into multiple lineages (Fahmy et al. 2017). These cells have
broad clinical application prospects in tissue engineering,
such as bone, cartilage, muscle, tendon, ligament, nerve,
liver, endothelium and myocardium (Wang et al. 2017).
MSCs have been isolated from the human umbilical cord
and their cell content and proliferative ability are better than
those of bone marrow mesenchymal stem cells (BMSCs)
(Bansal et al. 2014; Rahman et al. 2015). They have lower
immunogenicity than bone marrow MSCs and have the
advantages of convenient materials and no ethical
controversy. Therefore, these cells have attracted more
attention from researchers (Wu et al. 2017). UC-MSCs have
been increasingly used to replace BMSCs due to their low
immunogenicity and wide range of sources. Therefore, in
this experiment, the adherent method was used to isolate
and culture UC-MSCs from tree shrews and to identify and
label them in vitro.

The nonprimate tree shrew, which is closer to humans
in biological evolutionary history, was used in medical
experiments as early as the 1970s and 1980s (Chen et al.
2017). In recent years, research on this species as an animal
model for human diseases has also received increasing
attention (Jiang et al. 2017) because the biological
characteristics of tree shrews, such as physiology,
biochemistry and anatomy, are similar to those of humans.
Researchers have used tree shrews to establish animal
models of various human viral diseases and bacterial
infectious diseases, respiratory system diseases, endocrine
diseases, nervous system diseases and tumors. Extensive
research and applications have been published (Feng et al.
2017; Tong et al. 2017; Xiao et al. 2017). In this experiment,

Fig 1: DiR labeling of UC-MSCs.
Note: A: Unlabeled fourth-generation UC-MSCs; B: DiR-labeled fourth-generation UC-MSCs.
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a high-sugar, high-cholesterol, high-salt diet and sugar water
were used to simulate the unhealthy diet of the contemporary
population and combined with streptozotocin (STZ) to induce
a tree shrew metabolic syndrome model.

In this experiment, we first established a tree shrew
metabolic syndrome model and then treated the model with
umbilical cord mesenchymal stem cells labeled with the deep
red fluorescent dye DIR.

Three days after transplantation of DIR-labeled UC-
MSCs, tree shrews transplanted with UC-MSCs (DIR-labeled)
via the tail vein showed cell colonization with deep red
fluorescent signals in the liver, kidney and pancreas;
however, in the liver, the dark red fluorescent signal area
was larger and the signal was stronger, indicating that most
of the UC-MSCs transplanted through the tail vein may
first reach and colonize the liver after passing through the
blood circulation.

CONCLUSION
We used DIR-labeled cells for transplantation through the
tail vein for 3 days and found that the liver showed the
greatest colonization. This finding indicates that stem cells
first reach and colonize the liver after entering the body
through the blood circulation and then use other
mechanisms to play their role in the tree shrew animal model.
This issue requires more animal experiments to verify the
therapeutic effects.
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Fig 2: DIR staining of UC-MSCs in tree shrews of each group.
Note: A, B: Liver, kidney and pancreas in the treatment group; C: Liver, kidney and pancreas in the model group.
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