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Abstract

Background. Stem cell homing to damaged tissues is among the main barriers to stem
cell therapy. The current study was conducted to investigate whether preconditioning
umbilical cord mesenchymal stem cells (UCMSCs) with stromal cells-derived factor la
(SDF-1a) could enhance their homing to the pancreas in type 1 diabetes or not.

Methods. A total of 12 male Wistar rats were used in this study. Type 1 diabetes was
induced by intraperitoneal injection of 50 mg/kg of streptozotocin (STZ). The UCMSCs
were extracted by mechanical method and their identification was performed by flow
cytometry for CD73+, CD90+, CD34-, and CD45- factors. UCMSCs were pretreated
with SDF-1, and cell viability was checked with MTT test. UCMSCs and UCMSCs +
SDF1la at a dose of 1x10° cells were injected intravenously 10 days after STZ injection.
The samples were taken from their pancreas, liver, lung, and spleen tissue 48 hours after
transplantation. Finally, the homing of UCMSCs was tested by flow cytometry and
fluorescence microscope.

Results. Spindle morphology and high expression of CD73 and CD90 were observed
while CD34 and CD45 expression did not happen. SDF-1 cell pretreatment increased the
survival of UCMSCs (P<0.01). UCMSCs+SDF-1a had a higher ability of homing into
the pancreas when compared to the UCMSCs group (P<0.001). Moreover, homing in
non-target tissues decreased by SDF-1a preconditioning.

Conclusion. The findings of the present study showed that SDF-1a preconditioning
caused a significant increase in the survival and homing of UCMSCs into the pancreas.
Practical Implications. The survival, migration, and homing induced by SDF-1a factor
indicate positive and practical effects of cell therapy, which can be used in clinical
studies by designing more extensive studies using SDF-1a.
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Extended Abstract

Background

The prevalence of diabetes is increasing

million in 2000 to 370 million by 2030. Stem cell
transplantation or stem cell therapy is one of the

globally, which has raised concerns in all countries.
World Health Organization (WHO) predicts that the
number of diabetic patients will increase from 177

research and therapeutic approaches with high
efficiency in combating different diseases, including
diabetes. In stem cell therapy, there are a series of
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barriers, such as insufficient migration of
transplanted stem cells to the target organ, as well
as cell apoptosis. An approach to solve stem cell
therapy problems is the use of the preconditioning
method, which is defined as exposing cells to
physical, chemical, medicinal, and even genetic
manipulations that result in the preparation of cells
in a way that they overcome the limitations after
transplantation including homing deficiency and
high rate of apoptosis.

Methods

The present study was conducted in the Stem
Cell Research Center of Tabriz University of
Medical Sciences (TUOMS). The animals were
taken from the central animal house of the
university. They were kept in the animal house of
the Department of Anatomical Sciences, Faculty of
Medicine. They were kept in plastic cages in
standard conditions (24°C, 12/12-hour light/dark
cycle, and 40-50% humidity). Twelve male Wistar
rats with an approximate weight of 200-250 g were
studied in two cell injection groups: (1) umbilical
cord mesenchymal stem cells (UCMSCs) and (2)
SDF-1 + UCMSCs. Type 1 diabetes was induced by
intraperitoneal injection of a single dose (50 mg/kg)
of streptozotocin (STZ). After three days, the rats
with fasting blood sugar > 250 mg/dl were included
in the study. Briefly, UCMSCs were extracted from
the umbilical cord (Wharton's Jelly) by sterilization
and through physical (dissection) method and
cultured in T25 flasks with DMEM culture medium.
Through examining the morphology and flow
cytometry, the surface markers CD73, CD90,
CD45, and CD34 were characterized. UCMSCs
were pretreated with 10 ng/pL of SDF1-a for 24
hours before injection, and then MTT was utilized
to check cell proliferation and viability. On the 10th
day post STZ injection, 1.10° cells labeled with
CM-Dil were injected through the tail vein. The rats
were sacrificed 48 hours after cell injection, and
tissue samples including pancreas (target tissue),
liver, lung, and spleen (bloody and non-target
tissues) were taken. The homing of UCMSCs was
evaluated through cell extraction from tissues for
flow cytometry and fluorescent staining to be

observed by fluorescent microscope. Statistical
analyses were performed using Graph Pad Prism
software version 9. The values were reported as
mean + standard deviation. Finally, the data were
analyzed using unpaired t-test. The significance
level was P < 0.05.

Results

Characterization of umbilical cord mesenchymal
stem cells showed that 24 hours after UCMSCs
were cultured in the T25 flasks, the cells adhered to
the walls of the T25 flasks and their morphology
changed and became spindle-shaped. Flow
cytometry analysis showed that CD73 expression
was about 98.3%, CD90 expression was nearly
100%, CD45 expression was about 1.14%, and
CD34 expression was approximately 3.59%. For
survival and proliferation analysis of umbilical cord
mesenchymal stem cells, the MTT method was
used. MTT test indicated that SDF-la
preconditioning increased the survival of UCMSCs
(P<0.01). The homing of UCMSCs was
investigated with and without pretreatment with
SDF-1a and it was found that UCMSCs with or
without SDF-1a preconditioning had the ability to
home in pancreas tissue; however, this ability was
significantly  increased (P<0.001) in the
UCMSCs+SDF-1a group. By pretreating UCMSCs
with SDF-1a, the rate of homing decreased in other
tissues that were not damaged but were full of blood
(lung, liver, and spleen). The fluorescent staining
method and then the examination with a fluorescent
microscope revealed that the homing in the
UCMSCs+ SDF-1a group was significantly higher
(P<0.001) than the homing of umbilical cord
mesenchymal  stem cells without SDF-la
pretreatment in the pancreas tissue. Additionally,
the significant decrease of homing in the
UCMSCs+SDF-1a.  group compared to the
UCMSCs group was noted in all other investigated
tissues (lung, liver, and spleen), which were non-
target tissues.

Conclusion
Pretreatment of umbilical cord mesenchymal
stem cells with SDF-1a increased their survival and
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proliferation. It also increased the rate of useful
homing (homing of cells in the target tissue) and
decreased the non-useful homing (homing in non-
target tissues). The results of the present study were
in line with other similar studies (in treating other
diseases and with other cell sources) in which SDF-
la was used as a pretreatment factor. These results
indicate that by using SDF-1a as preconditioning
factor in future comprehensive studies on diabetes,
it is possible to achieve promising results. It is
suggested that studies with bigger sample sizes

should be conducted to evaluate the effect of the
pretreatment of UCMSCs with SDF-1a on type 1
diabetes so that the possible therapeutic effect of
these pretreated cells would be investigated on
blood sugar levels, weight, blood factors, and
pancreas tissue.
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