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Purpose: Sodium selenite (Na2SeO3) has been known to restore the antioxidant capacity of

bone marrow mesenchymal stem cells (BMSCs), reduce the production of reactive oxygen

species (ROS) in the cells, and promote cell proliferation and inhibit cell apoptosis.

However, it is still not clear whether selenium can mediate the differentiation and inhibit

the induced hemagglutination of BMSCs. In this study, we attempted to explore the effect of

Na2SeO3 on these aspects of BMSCs.

Methods: We evaluated the fate of the MSCs isolated from the bone marrow of mice by

studying their differentiation and proliferation after treatment with Na2SeO3. We also simulta-

neously evaluated the coagulation reaction induced by Na2SeO3-treated BMSCs in vitro.

Results: While the mice-derived BMSCs expressed CD44, CD73, CD90, and CD105, they

did not express CD45. The morphology of the derived cells was homogeneously elongated.

These results showed that the isolated cells are indeed BMSCs. We found that 0.1 μM and 1

μM of Na2SeO3 promoted the proliferation and apoptosis of BMSCs, respectively. This

showed that Na2SeO3 can be toxic and exert certain side effects on the BMSCs. The results

of the osteogenic and adipogenic assay showed that 0.1 μM Na2SeO3 could significantly

promote the osteogenic and adipogenic differentiation of BMSCs by upregulating the lipid

factors (LPL and PPRAG) and osteogenic factors, RUNX2, COL1, and BGP, in a concen-

tration-dependent manner. Coagulation experiments in animals (mice and rats) revealed that

Na2SeO3 can reduce the coagulation time of BMSCs in a concentration-dependent manner,

which is related to the high expression of hematopoietic factors (SDF-1α, GM-CSF, IL-7, IL-

8, IL-11, and SCF).

Conclusion: Na2SeO3 promotes the proliferation and differentiation as well as reduces the

coagulation time of BMSCs, and this effect might enhance the therapeutic effect of BMSCs.

Keywords: sodium selenite, BMSCs, proliferation, differentiation, coagulation factors,

clotting time

Introduction
Bone marrow mesenchymal stem cells (BMSCs) are precursors of bone marrow

stromal cells (including adipocytes, fibroblasts, and endothelial cells). It is an

important component of the hematopoietic microenvironment in vivo as it plays a

crucial role in the formation of hematopoietic microenvironment and the regulation

of hematopoiesis. Postnatal “mesenchymal stem cells” are derived from bone

marrow stromal cells, which are non-hematopoietic adherent cells. Although
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different tissue-derived mesenchymal stem cells do not

have a common embryonic origin or pedigree, they all

have the characteristics of tissue-specific stem/progenitor

cells. The differentiation ability of mesenchymal stem

cells (MSCs) varies based on their tissue of origin.1

Although most adults possess tissue-specific stem cells,

they have limited ability to transform into other cell

types.2

MSCs regulate the proliferation and homing of hema-

topoietic stem cells by secreting multiple adhesion mole-

cules, cytokines, and cell interactions. Animal and clinical

trials have shown that the combined effect of MSCs in

hematopoietic stem cell transplantation could expedite the

hematopoietic stem cell implantation by rapidly recovering

the neutrophils and platelets as well as reducing the inci-

dence and severity of graft rejection and graft versus host

disease (GVHD). Therefore, MSCs have good research

value and prospective applications in the field of hemato-

poietic stem cell transplantation.3–6

While MSCs were initially identified in the bone mar-

row, they can also be isolated from various tissues, such as

umbilical cord blood, amniotic fluid, endometrium, per-

ipheral blood, and lungs.7 At present, based on the

research on bone marrow hematopoietic microenviron-

ment, it can be divided into two parts, osteoblast cells

and vascular area (located near the sinus gap).

Osteoblasts are generally considered to be important com-

ponents of bone marrow hematopoietic microenvironment

and play a major role in the regulation of numbers of

hematopoietic stem cells. BMSCs have become a thera-

peutic tool for the treatment of many diseases due to their

role in regulating immune response and promoting endo-

genous regeneration. Intravascular injection of BMSCs has

been proved to be an effective treatment for autoimmune

diseases,8,9 vascular diseases,10 and diabetes.11 However,

recent studies have found that MSCs can be incompatible

with receptor blood. In in vitro conditions, it has been seen

that MSCs can express several tissue coagulation factors

such as collagen 1A and fibronectin 1 and the coagulation

cascade can be induced when MSCs were transfused into

the blood.12,13 However, the inflammatory reaction

mediated by hepatocytes and lung cells could affect the

survival and function of the transplanted cells13 and also

seriously hamper the therapeutic effect of MSCs.

Therefore, reduction of the coagulation reaction induced

by the BMSCs is an effective way to improve its thera-

peutic effect in order to ensure the efficacy of the treat-

ment with BMSCs.

Selenium (Se) is an essential trace element found in

mammals, and it is a known antioxidant.14 There are about

25 selenium-containing proteins that are involved in the

antioxidant activity in humans. The main forms of sele-

nium are divided into organic selenium (such as CH3SeH,

seleno-L-methionine (SeMet)) and inorganic selenium

(such as sodium selenite (Na2SeO3)). Na2SeO3 is the

most common reagent that is used as a Se supplement

for clinical use. It was found that both CH3SeH and

Na2SeO3 could significantly inhibit the proliferation of

A549 cells, increase the percentage of cellular apoptosis,

induce blocking of the G0/G1 checkpoint, and inhibit the

cell cycle process by suppressing the formation of cellular

glutathione (GSH).15 Se also induces the telomerase activ-

ity of human umbilical cord mesenchymal stem cells and

mediates the expression of the tumor suppressor gene,

p53.16 Few studies have pointed out that selenoproteins

can promote the differentiation of bone marrow cells and

bone marrow mononuclear cells.17–19 In addition, sodium

selenite can restore the antioxidant capacity of BMSCs,

reduce the production of ROS in cells, promote cell pro-

liferation, and inhibit cell apoptosis.20 However, there is

no clear evidence showing whether Se mediates BMSC

differentiation and inhibit the hemagglutination induced by

BMSCs.

We hypothesized that Na2SeO3 can promote the pro-

liferation and differentiation of BMSCs as well as inhibit

the expression of coagulation factors and promote the

production of hematopoietic factors from these cells, and

thus, improve the therapeutic effect of BMSCs. In this

study, the first attempt was to isolate MSCs from the

bone marrow of mice. Then, after Na2SeO3 intervention,

we evaluated the differentiation and proliferation of

BMSCs as well as the coagulation reaction caused by

MSCs in vitro. In this study, we elucidated the inhibitory

effect of Na2SeO3 on the blood coagulation induced by

BMSCs, and this provides a novel approach for improving

the treatment using BMSCs by promoting the hematopoie-

tic function of the hematopoietic stem cells.

Materials And Methods
Isolation And Identification Of BMSCs
We purchased 8- to 10-week-old clean grade healthy

Sprague Dawley (SD) rats from Hubei Provincial Center

for Disease Control, No. 42000600019947 and 4- to 6-

week-old clean grade healthy mice from Hubei Provincial

Center for Disease Control, No. 42000600019904. After
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sacrificing the mice using cervical dislocation, the bodies

were soaked in 75% ethanol solution for 10 mins. The

bilateral femur and tibia without attached muscles were

removed on a sterilized worktable. The femur and tibia

were flushed thrice using sterile PBS (Solarbio, Beijing,

China) and the bone marrow cavity was exposed after

cutting off the epiphysis ends. A small amount of serum-

free DMEM-LG (Hyclone, LA, USA) was used to rinse the

medullary cavity, and the bone marrow was placed on the

Petri dish. Then, 7 needle was used to repeatedly blow on

the bone marrow cell suspension to make single cell sus-

pension. The suspension was centrifuged at 250 × g for 10

mins, the supernatant was discarded and a small amount of

DMEM-LG was added to the pellet. In another 15 mL

centrifuge tube, Percoll solution (density 1.073 g/mL,

Solarbio, Beijing, China) was added to equal volume of

the bone marrow cell suspension. Then, the bone marrow

cell suspension was slowly added to the surface of the

separation liquid with a pipette and then centrifuged at

600 × g for 30 mins. After centrifugation, the suspension

was divided into four layers from top to bottom. The second

layer of annular Lactobacillus White Lymphocyte layer was

carefully separated into another 15 mL centrifuge tube with

a sucker. Following that, 10 mL DMEM-LG mixed cells

were added, the mixture was centrifuged at 250 × g for 10

mins, and supernatant was discarded. Total medium con-

taining 15% fetal bovine serum and 1% DMEM-LG were

added to 4 × 106 cells/mL and were inoculated in a 25 cm2

tissue culture flask. After incubation at 37°C and 5% CO2,

the non-adherent cells were removed after 2 d. The mor-

phological changes were observed under a microscope

(TS100-F, Nikon, Tokyo, Japan). All the experiments were

conducted in accordance with the National Institute of

Health guidelines and were approved by the Second

Affiliated Hospital of Harbin Medical University (Medical

ethics committee of the Second Affiliated Hospital of

Harbin Medical University).

The cells were digested with 0.25% trypsin (Solarbio,

Beijing, China) and a single cell suspension was prepared.

The supernatant was discarded after centrifuging at 1000 × g

for 5 mins, and, then the pellet was washed twice with PBS

buffer. The cell count was measured, and the cell density was

calculated to be 1 × 106 cells/mL. Further, 100 μL of single

cell suspension was added to six separate Eppendorf tubes,

and the tubes were labeled according to the respective anti-

body. Into these six tubes, we added 2 μL each of the

following FITC conjugated antibodies: anti-CD44 (MA5-

17872, eBioscience, Thermo Fisher Scientific, MA, USA),

anti-CD73 (11-0739-42, eBioscience, Thermo Fisher

Scientific, MA, USA), anti-CD90, anti-CD105 (MA1-

19594, eBioscience, Thermo Fisher Scientific, MA, USA),

and anti-CD45 (11-9459-42, eBioscience, Thermo Fisher

Scientific, MA, USA), andthe last tube was used as blank

control. Then, 400 μL of buffer solution was added to the

tubes and they were kept at 4°C in the dark. The samples

were detected by the flow cytometry. The results were ana-

lyzed using the CXP analysis software (BECKMAN,

CA, USA).

The Proliferation Of BMSCs Was

Detected By MTT
The logarithmic phase cells were collected to 96-well

plates and 180 µL per hole (cell concentration 5×103

cell/hole); 100 µL culture liquid as blank control. Then,

the well plates were incubated at 37°C overnight.

Experimental grouping: Na2SeO3 (sigma, Beijing, China)

concentration 0 μM, 0.01 μM, 0.1 μM, and 1 μM, proces-

sing time: 1 d, 2 d, 3 d, and 5 d. The cell culture plates of

different groups were removed; 20 µL MTT (Beyotime,

Shanghai, China) solution (5 mg/mL) was added to each

hole, and then continued to incubate for 4 hrs. After the

supernatant was sucked out, 150 μL DMSO (Beyotime,

Shanghai, China) solution was added to each hole and

oscillated at low speed for 10 mins on the shaking table.

The absorbance value of each hole was measured at 490

nm by ELISA assay.

The Apoptosis Rate Of BMSCs Was

Detected By Hochest Staining And Flow

Cytometry
After 2 d treatment, the cells were fixed with 4% parafor-

maldehyde (Beyotime, Shanghai, China) for 10 mins. The

fixed solution was washed with PBS solution for 2 times. A

small amount of Hoechst 33258 dye solution (Solarbio,

Beijing, China) was added to cover the sample for 5 mins

at room temperature (25°C). After removing the dye solution,

it was washed with PBS 3 times. Then the cell sample was

placed under the fluorescence microscope for observation.

When apoptotic cells were observed, the nuclei of apoptotic

cells were densely stained or fragmental. Then Flow

Cytometry assay was used to detect the apoptosis rate of

BMSCs. After washing the adherent BMSCs with PBS solu-

tion, 0.25% trypsin digestion liquid (containing EDTA) was

added to BMSCs to digestive cells at room temperature (25°

C). Cells were collected after centrifuging at 1000 ×g for 5
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mins, and PBSwas used to gently suspend the cells . Binding

buffer was added to 1×106 cells/mL, then centrifuged at

300 ×g for 10 mins. After adding 5 µL Annexin V-FITC

into 100 µL cells suspension, the mix was kept for 10 mins at

room temperature. Then, 5 µL PI was added at room tem-

perature for 5 mins, followed by 300 µL binding buffer.

Apoptotic cells were detected by flow cytometry within 1 hr.

Detection Of Lipid (Adipogenic)-Induced

Differentiation
The fourth generation of BMSCs in the logarithmic growth

period was digested with 0.25% trypsin, and the digested

cells with 1 mL complete medium were inoculated in 12-

well plates with 0.1% gelatin in advance by the density of

1 × 105 cell/cm2 cells. The cells were cultured in incuba-

tors at 37°C and 5% CO2. When the cell fusion degree is

about 80%, the complete medium in the hole was

removed. Then, 1 mL lipid-induced complete medium A

solution was added into the 12-well plates for 2 d. The A

solution was removed with PBS solution, and then the

lipid-induced complete medium B solution was added for

maintenance. After 24 hrs, B solution was removed and

then 1 mL lipid-induced complete medium A solution was

added into the plates for 2d. It was replaced for 3–5 times.

Until there is a large oil droplet in the complete medium,

then the cells were subsequently stained. With the end of

adipogenic differentiation, the adipogenic differentiation

medium was removed from 12-well plates and washed 2

times with 1 × PBS solution. A total of 1 mL 4% neutral

formaldehyde solution was added to each hole for 30 mins.

Then, 1 mL of oil red O dye was added to each hole for 30

mins. After washing with 1 × PBS for 3 times, the culture

plate was placed under a microscope to observe the effect

of fat dyeing.

Detection Of Osteogenesis

(Chondrogenic)-Induced Differentiation
The fourth generation of BMSCs in the logarithmic

growth period was digested with 0.25% trypsin, and

the digested cells with 1 mL complete medium were

inoculated in 12-well plates with 0.1% gelatin in

advance by the density of 1 × 105 cell/cm2 cells. The

cells were cultured in incubators at 37°C and 5% CO2.

When the cell fusion degree is about 80%, the complete

medium in the hole was removed. Then, 1 mL fresh

bone-induced complete medium solution was added into

the 12-well plates every 3 times. After 2 weeks of

induction, the morphology and growth of the cells

were observed. Calcareous staining with alizarin red

method: 4% polyoxymethylene was used to fix the

cells for 15 mins, then it was washed for 5 mins using

distilled water. The cells were dyed with alizarin red

dye for 2–5 mins, washed quickly using distilled water,

dyed 20–30 s with green water solution, washed with

0.2% glacial acetic acid solution. Then it was dehy-

drated quickly with 95% alcohol and anhydrous ethanol,

sealed with neutral gum. Alkaline phosphatase (Gomori-

modified calcium cobalt method) staining: 4% polyox-

ymethylene was used to fix the paraffin sections for 15

mins, then it was dewaxed. The ALP incubated solution

was added into the wet box and the sections were

incubated in cobalt nitrate solution at 37°C for 5 mins,

the sections were put into the vulcanizing working fluid

for 2 mins and washed with distilled water for 10 mins.

Paraffin sections were dehydrated, transparent, and gum

sealed.

The Expression Of Osteogenic Factors

Were Detected By RT-qPCR
A total of 1×105 BMSCs were seeded on 6-well plates; it was

treated with 0 μM, 0.01 μM, 0.1 μM, 1 μM Na2SeO3 for 48

hrs respectively, and the cells were collected. 1 mL Trizol

was added in plates and then homogenated for 20 s, imme-

diately put on ice to incubate for 5 mins, centrifuged at

12,000 ×g for 10 mins at 4°C. The supernatant was diverted

to a clean 1.5 mL centrifuge tube, added with 200 μl chloro-

form, stood for 2 mins then centrifugated with 12,000 ×g for

10 mins at 4°C. After precipitation with isopropanol of equal

volume, 75% ethanol was rinsed and precipitated for 2 times

and dried at room temperature for 10 mins. 40 μL DEPC of

water was added to dissolve the extracted total RNA. cDNA

chain was synthesized by using a reverse transcription of

Advantage® RT-for-PCR Kit (TAKARA, Dalian, China).

Then SYBR® Premix Ex Taq™ II (Tli RNaseH Plus)

(TAKARA, Dalian, China) was used to analyze the relative

expression of mRNA. The data were analyzed by software:

qbase plus 2.0. Reaction procedure: 95°C, 3 mins; 95°C, 5 s;

56°C, 10 s; 72°C, 25 s; (39 cycles) 65°C, 5 s; 95°C, 50 s. The

involving primers were LPL (Forward primer: 5′-

TCCTGATGACGCTGAT-3′; Reversed primer: 5′-

CCTCCATTGGGATAAA-3′), PPARG (Forward primer:

5′-GAACCTGCATCTCCACC-3′; Reversed primer: 5′-
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CACAGACTCGGCACTCA-3′), RUNX2 (Forward primer:

5′-CTGGCGGTGCAACAAGA-3′; Reversed primer: 5′-

ACAGCGGAGGCATTTCG-3′), and GAPDH (Forward pri-

mer: 5′-CCTTCCGTGTTCCTAC-3′; Reversed primer: 5′-

GACAACCTGGTCCTCA-3′).

The Osteogenic Factor Proteins Were

Detected By Western Blot
A total of 1×105 BMSCs were seeded on 6-well plates, it

was treated with 0 μM, 0.01 μM, 0.1 μM, 1 μM Na2SeO3

for 48 hrs respectively, and the cells were collected. After

adding appropriate pre-cooling 1 × PBS to wash the cells

for 2 times, PBS solution was removed, then adding lysate

containing protease and phosphatase inhibitor into the

plates, cracking cells fully at 4°C, scraping cells into 1.5

mL EP tube. The plates were then heated for 10 mins at

95°C, and centrifuged at 12,000 ×g for 10 mins. Enhanced

BCA Protein Assay Kit (Beyotime, Shanghai, China) was

used for protein quantification. SDS-PAGE gel was pre-

pared by electrophoretic separation of protein and then

transferred to PVDF membrane. 5% skimmed milk pow-

der was used to close the proteins and it was incubated at

4°C for overnight. According to the instruction, the anti-

body was diluted to the desired concentration and then

incubated at 4°C for overnight. The involved antibodies

LPL (1:1000, ab21356), PPRAG (1:500, ab45036),

RUNX2 (1:1000, ab23981), and GAPDH (1:2500,

ab9485) were purchased from Abcam (Abcam,

Cambridge, MA, USA). Then, the membrane was washed

with PBST for 3 times. The horseradish peroxidase-

labeled goat anti-rabbit IgG (1:5000, ab6721) and horse-

radish peroxidase-labeled goat anti-mouse IgG (1:5000,

ab6789) were purchased from Abcam (Abcam,

Cambridge, MA, USA). The secondary antibodies were

incubated at 4°C for overnight. The membrane was placed

in the darkroom, then the mixed solution of the ECL

luminescent liquid A and B according to the introduction

was added on it and fully contact the front side of the

membrane. The membrane was detected in a fully auto-

mated chemiluminescence analyzer.

Detection Of Clotting Time
The 2 mL whole blood of mice and rats was collected

respectively using the anticoagulant tube of citric acid and

mixed well. A mixture of 10 μL cell suspension, 90 μL
anticoagulant, and 7 μL CaCl2 (0.2 M) were used as control

vectors with equal volume of PBS mixed. Then the mixed

solution was put in 37°C water bath and mix several times.

Observe fibrin filament and blood clots regularly, repeat 3

times. A total of 0, 5, 10, 20, and 40 × 104 BMSCs were

seeded on 6-well plates and treated with 0.1 M Na2SeO3 for

48 hrs. The pro-coagulant activity of BMSCs was deter-

mined by mixing 10 μL cell suspension, 90 μL anticoagu-

lant, and 7 μL CaCl2 (0.2 M), and the time of blood clot

formation was measured. The specific detection method of

coagulation time is to collect the treated blood in each hole

of the capillary glass tube. Time is calculated starting with

blood flowing into the capillary. After the blood is filled, the

capillaries are removed and placed on the table. Each 30 s,

two capillaries are broken about 0.5 cm and slowly pulled

to the left and right to observe whether there are blood

coagulation wires at the broken place. The coagulation

time lasts until the blood coagulation wires appear.

The Factors Of Clotting Time Were

Detected By ELISA
A total of 1×105 BMSCs were seeded on 6-well plates; it

was treated with 0 μM, 0.01 μM, 0.1 μM, and 1 μM
Na2SeO3 for 48 hrs, and the cells were collected. The

levels of GM-CSF (A0130), IL-8 (A0109), SCF (A0184),

and alkaline phosphatase (A059) were detected by ELISA

kits (Nanjing Jiancheng Bioengineering Institute, Nanjing,

China). The levels of IL-7 (69-99929), IL-11 (69-99848),

and SDF-1α (69-21014) were detected by ELISA kits

(MSK, Wuhan, China).

Statistical Analysis
All data were analyzed using SPSS 19.0 statistical soft-

ware (IBM, NY, USA). All values are expressed as the

mean±standard deviation. Student’s t-test was used to ana-

lyze the results, followed by Dunnett’s or Duncan’s test for

multiple comparisons. All experiments were performed in

triplicate. A P value less than 0.05 was considered signifi-

cant difference.

Results
Identification Of BMSCs In Mice
According to the International Society for Stem Cell

Research (ISSCR), MSCs are usually characterized based

on the following three criteria: 1) plastic adhesion ability

in standard culture; 2) non-expression or low expression of

CD45, CD34, CD14, CD11b, CD79a, CD19, and HLA-

DR and high expression of CD105, CD73, and CD90; and

3) ability to differentiate into osteoblasts, adipocytes, and
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chondrocytes in vitro.21 Investigation of the morphology

of the isolated cells showed that they displayed homoge-

neous elongated (Figure 1A) structures, and the BMSCs

expressed CD44, CD73, CD90, and CD105, but not CD45.

These results showed that we successfully separated the

BMSCs from the mice bone marrow (Figure 1B).

Detection Of Proliferation And

Apoptosis Of BMSCs
MTT assay was performed to detect the effect of different

concentrations of Na2SeO3 on the proliferation of BMSCs

(Figure 2A). The results showed that with increase in the

Na2SeO3 concentration, the proliferation rate of BMSCs

increased. However, on the third day of Na2SeO3 treat-

ment, only 0.1 μM Na2SeO3 could promote the prolifera-

tion of BMSCs. Further, the effect of different

concentrations of Na2SeO3 on BMSCs in inducing apop-

tosis was evaluated (Figure 2B and C). The results showed

that 1 μM Na2SeO3 could significantly promote the apop-

tosis of BMSCs, while the 0.01 μM and 0.1 μM Na2SeO3

had little effect on the apoptosis of BMSCs. In summary,

0.1 μM Na2SeO3 promoted the proliferation, while 1 μM
Na2SeO3 induced apoptosis in BMSCs. This suggests that

Na2SeO3 has toxic side effects, which is consistent with

previous studies.21 Therefore, for the subsequent trials,

only 0.1 μM Na2SeO3 was used to treat BMSCs.

Detection Of BMSCs Osteogenic And

Adipogenic Differentiation
The processes of osteogenic and adipogenic differen-

tiation of MSCs in normal bone marrow are known to

be in dynamic equilibrium. Any imbalance in the

Figure 1 Identification of BMSCs in mice. Morphological observations at different magnifications (40×, 100×, and 200×) showed that the bone marrow stem cells (BMSCs)

isolated from mice were homogeneously elongated (A). Various cell surface markers of BMSCs were detected on the cells, including CD90, CD73, CD105, CD44, and

CD45 (B). The values are from triplicate determinations. A P value less than 0.05 was considered to be statistically significant. ***Indicates a P value less than 0.001.
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Figure 2 Proliferation and apoptosis of BMSCs. The effect of Na2SeO3 at different concentrations on the proliferation of BMSCs was assessed by the MTT assay (A). The

effect of Na2SeO3 at different concentrations on BMSCs apoptosis in BMSCs was assessed after 48 hrs of treatment by Hoechst staining (B). The effect of Na2SeO3 at

different concentrations on the apoptosis rate after 48 hrs of treatment was assessed by flow cytometry (C). The values are from triplicate determinations. A P value less

than 0.05 was considered to be statistically significant. *, ** and *** indicate P values less than 0.05, 0.01, and 0.001, respectively.
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Figure 3 Detection of BMSCs osteogenesis and adipogenic differentiation. BMSCs from the fifth generation were in logarithmic growth phase and were incubated in

adipogenic induction medium (containing 10% calf serum, 0.1 μmol/L dexamethasone, 0.25 mmol/L isobutyl methylxanthine, 100 μmol/L indomethacin, 6.25 μg/mL insulin,

and 0.1 μM Na2SeO3) at 90% confluence. After 2 weeks of incubation, adipogenic differentiation was evaluated by oil red O staining (A). BMSCs from the fifth passage in

logarithmic growth phase were incubated in osteogenesis induction medium (containing 10% calf serum, 50 mmol/L p-glycerin sodium phosphate, 0.1 μmol/L dexametha-

sone, 0.2 mmol/L vitamin C, and 0.1 μM Na2SeO3) at about 60% fusion. The medium was changed once every 3 days. After 2 weeks of incubation, adipogenic differentiation

was assessed by alkaline acid enzyme staining (B) and alizarin red S staining (C). ALP activity was detected by ELISA assay (D). RT-qPCR assay was used to detect the gene

expression levels of the adipogenic factors LPL and PPRAG, and the osteogenic factors RUNX2, COL 1, and BGP (E). The protein expression levels of the adipogenic factors

LPL and PPRAG and the osteogenesis factor RUNX2 were detected by Western blotting (F). The control groups were BMSCs incubated without Na2SeO3. The values from

triplicate determinations. A P value less than 0.05 was considered to be statistically significant. *, ** and *** indicate P values less than 0.05, 0.01 and 0.001, respectively.
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osteogenic and/or adipogenic differentiation of BMSCs

can lead to hematological diseases such as aplastic

anemia,22–25 emphasizing the importance of BMSCs

both types of differentiation. After treatment with 0.1

μM Na2SeO3, the BMSCs clearly appeared to trans-

form into adipogenic (Figure 3A) and osteoblastic

(Figure 3B, C and D) differentiated cells. In addition,

after treatment with different concentrations of

Na2SeO3, the expression of lipid factors (LPL and

PPRAG) and osteogenic factors (RUNX2 and COL1)

was significantly upregulated while the expression of

BGP was markedly downregulated in a concentration-

dependent manner(Figure 3D and E) (Figure 3E,

Supplementary Material 1–4). This indicates that

Na2SeO3 can promote osteogenic and adipogenic dif-

ferentiation of BMSCs.

The Effect Of Na2SeO3 On BMSC-

Mediated Coagulation
The coagulation cascade factor antigen derived from MSC

is catalytically active and supports thrombin generation in

vitro. MSCs have been added to citrated whole blood to

enhance the platelet-mediated thrombus deposited in arter-

ial walls.26 Although the tissue factors expressed in

BMSCs are effective coagulation activators, the process

of cell differentiation affects the cell’s ability to produce

coagulation activators.27 The coagulation time of mice

blood decreased significantly in a concentration dependent

manner after treatment with different cell number of

BMSCs (Figure 4B). After the BMSCs were treated with

different concentrations of Na2SeO3, the coagulation time

of the blood of mice and rats increased significantly

(Figure 4A). The detection of the hematopoietic factors

of BMSCs showed that Na2SeO3 could significantly pro-

mote the expression of BMSCs hematopoietic factor SDF-

1α, GM-CSF, IL-7, IL-8, IL-11, and SCF in a concentra-

tion-dependent manner (Figure 4C). These data indicated

that Na2SeO3 can inhibit the pro-coagulant effect of

BMSCs and prolong the clotting time.

Discussion
There has been a major breakthrough in the application of

stem cell therapy for the treatment of a variety of diseases

due to in-depth understanding of multipotent stem cells.

This has also enhanced the understanding of clinical uses

of multi-potential stem cells, and the efficacy of stem cell

therapy for the treatment of various diseases is being

gradually recognized by the society. This also provides a

potential and applicable therapeutic approach for utilizing

stem cells to treat hematological diseases and even to

improve the effect of blood transfusions. MSCs exhibit

low expression levels of human leukocyte antigen (HLA)

I class and do not express HLA II class antigens at all,

facilitating allograft and xenotransplantation.28 MSCs

inhibit the proliferation of CD4+ and CD8+ T cells,

decrease the production of interferon-γ (IFN-γ) and cyto-

toxicity, induce the regulation of T cells, and inhibit the

response of B cells.29 Most importantly, they decrease the

chances of immune rejection. In this study, we investigated

the morphology of the isolated BMSCs and the presence

of cell surface antigens and compared them with the

BMSCs identified previously. The results showed that the

BMSCs were successfully isolated, and hence, we could

perform the subsequent trials.

Few studies have evaluated the therapeutic effect and

safety of selenium for biological uses. Using acute toxicity

test, micronucleus test, sperm aberration test, and 30-day

feeding test in mice, it was found that sodium selenite had

different types of toxic effects on mice at different doses,

including growth inhibition and cytotoxicity.30 Sodium

selenite, containing Se+4, is an inorganic salt that can

undergo redox reactions. Its biological effect varies based

on its physical and chemical properties such as the expres-

sion of protein sparsely on the surface of cancer cells,

prevention of the formation of non-enzymatic parafibrins

covering cancer cells, and circumventing the recognition

of lymphatic macrophages.31 Due to its ability to suppress

the immune reactions, sodium selenite is considered as an

inexpensive drug for the treatment and prevention of

cancer.32 However, when the concentration of sodium

selenite is increased, it has opposite effect on the body.

Therefore, care should be taken while deciding the con-

centration of sodium selenite based on the requirements of

the disease it is meant to treat.

In this study, we confirmed the optimum concentration

of Na2SeO3 required to induce proliferation and apoptosis

in the BMSCs taking into consideration its toxic effects.

We showed that while 0.1 μM of Na2SeO3 can promote the

proliferation of BMSCs, 1 μM of Na2SeO3 promotes its

apoptosis. Consequently, 0.1 μM Na2SeO3 was used as the

optimum concentration for drug treatment in the subse-

quent trials.

In a previous study conducted on the bone marrow

hematopoietic microenvironment in mutant mice, Zhang

et al33 and Calvi et al34 found that the enlargement of
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trabecular bone due to the increase in the number of

osteoblasts might also increase the number of hematopoie-

tic stem cells in the bone marrow significantly. The study

by Visnjic et al has shown that selective removal of mouse

bone marrow osteoblasts led to a reversible decrease in the

number of hematopoietic stem cells.35 Oxidative stress

may play an important role in the development of osteo-

porosis by inhibiting osteogenic differentiation of MSCs.

Pre-treatment with Na2SeO3 inhibited the activity of alka-

line phosphatase, the expression of collagen I and osteo-

calcin gene, and the negative effect on the osteogenesis of

BMSCs. In addition, Na2SeO3 preconditioning also inhib-

ited the activation of extracellular signal-regulated kinase

(ERK) induced by H2O2. These studies suggested that the

inhibition of activation of oxidative stress and ERK by

Na2SeO3 treatment promotes osteogenic differentiation of

MSCs.36 Adipocyte differentiation of human MSCs

depends on mitochondrial metabolism and reactive oxygen

species (ROS). The upregulation of peroxisome prolifera-

tor-activated receptor-gamma (PPARG) promoted the adi-

pocytic differentiation of human MSCs.37 Therefore,

Na2SeO3 can be considered as an activator of the osteo-

genic and adipogenic differentiation of the BMSCs via

regulation of the oxidative stress level. Our study results

showed that 0.1 μM of Na2SeO3 promoted osteogenic and

adipogenic differentiation of BMSCs, which is consistent

with previous studies.

MSCs are promising candidates for stem cell therapy

as they are considered safe for clinical applications.

However, minor side effects, including thromboembo-

lism and immediate blood-mediated inflammatory

response, do occur suggesting the effect of MSC infu-

sion on hemostasis.38 Adipose-derived mesenchymal

stem cells seem to possess more stable pro-coagulant

Figure 4 The effect of Na2SeO3 on the BMSCs clotting time. Blood clotting time decreased as the number of BMSCs increased (A). Incubation of BMSCs with Na2SeO3

significantly prolonged coagulation time (B), which was associated with the increases in the expression levels of SDF-1α, GM-CSF, IL-7, IL-8, IL-11, and SCF in the BMSCs and

was dependent on the concentration of Na2SeO3 (C). The values are from triplicate determinations. A P value less than 0.05 was considered to be statistically significant. *,

** and ***Indicate P values less than 0.05, 0.01 and 0.001, respectively.
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activity than bone marrow-derived MSCs, which raises

potential safety concerns for its systemic administration

into patients with clotting diseases. There are donor

variants available among different cell populations, and

the coagulation conditions can also be determined by the

culture conditions used for treatment. The cells must be

routinely monitored during the preparation process to

ensure that the required properties are retained before

administering it into the patient.27 The preconditioning

of BMSCs reduces the levels of tumor necrosis factor-α
(TNF-α), interferon-γ (IFN-γ), interleukin-1β (IL-1β),
and interleukin-6 (IL-6) in the bacterial lipopolysacchar-

ide (LPS)-induced-disseminated intravascular coagula-

tion (DIC) model and increases the level of

interleukin-10 (IL-10). It has also been seen that pre-

treatment with BMSCs can alleviate coagulation and

organ dysfunction in LPS-induced DIC rat models by

regulating the immune cells and pro-inflammatory

cytokines.39,40 Previous studies focusing on plasma coa-

gulation indicated the pro-coagulant and anti-coagulant

activity of BMSCs. This study showed that BMSCs are

dependent on their tissue of origin and inhibit platelet

activation with the help of formation of adenosine from

adenosine monophosphate due to the ecto-5ʹ-nucleoti-

dase activity of CD73.38 Hence, Na2SeO3 may inhibit

the coagulation mediated by BMSCs by affecting the

differentiation of BMSCs. Consistent with previous stu-

dies, our study showed the inhibitory effect of Na2SeO3

on the BMSC-mediated coagulation process.
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