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Abstract

BACKGROUND: Umbilical cord mesenchymal stem cells (UC-MSCs) can differentiate into islet beta cells for type 1 diabetes mellitus therapy;
however, it is necessary to further improve the therapeutic effect and study its immunomodelatory mechanism.

OBJECTIVE: To investigate the therapeutic effect and immunomodulatory mechanism of 3D cultured UC-MSCs in type 1 diabetes mellitus mice.
METHODS: UC-MSCs were separated by tissue-attached method and cultured in 3D system. Cell morphology was detected by scanning
electron microscope and surface markers were assayed by flow cytometry. A mouse model of type 1 diabetes mellitus was made via injection
of streptozotocin. Mice in stem cell transplantation group were given injection of UC-MSCs on the 7" day after modeling, and those in model
group and control group were injected the same volume of normal saline. Fasting blood glucose level in each group was detected once a
week, for continuous 4 weeks. Mouse spleen mononuclear cells suspension was prepared at the 30" day after injection, T cell subset changes
were detected by flow cytometry, and expression levels of serum cytokines, interleukin (IL)-4, IL-10, IL-2 and interferon-y were measured by
ELISA kits.

RESULTS AND CONCLUSION: (1) UC-MSCs cultured in the 3D system grew well and highly expressed surface markers CD44, CD73,
CD90, CD105. (2) The blood glucose level was reduced significantly at 2-4 weeks after stem cell injection, and there was a significant
difference compared with the model group (P < 0.05). The blood glucose level in the 3D cultured stem cell transplantation group was lower
than that in the 2D cultured stem cell transplantation group, and there was significant difference at the 4™ week (P < 0.05). (3) Compared with
the model group, Th1 cell percentage declined, Th2 cell and Treg percentages increased significantly in the stem cell transplantation group
(P < 0.01); compared with the 2D cultured stem cell transplantation group, Th1 cell percentage declined, Th2 cell and Treg percentages
increased significantly in the 3D cultured stem cell transplantation group (P < 0.05). (4) Compared with the model group, the levels of IL-2 and
interferon-y in the stem cell transplantation group decreased, while the levels of IL-4 and IL-10 increased significantly; compared with the 2D
system stem cell transplantation group, the IL-2 level in 3D system stem cell transplantation group decreased, while the levels of IL-4 and
IL-10 increased significantly (P < 0.05). These results indicate that 3D cultured stem cell transplantation in the treatment of type 1 diabetes
mice has better curative effects than 2D cultured stem cell transplantation, and the possible mechanism may be related to upregulate Treg
cells and maintain Th1/Th2 balance in the body.

Subject headings: Umbilical Cord; Mesenchymal Stem Cell Transplantation; Diabetes Mellitus, Type 1; Blood Glucose; Immunomodulation;
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®2 FrrERRTHABEBERSENRMEKRFENE

(xts, n=9, mmol/L)

Table 2 Changes of blood glucose levels after transplantation of umbilical cord mesenchymal stem cells in mice

4151 EZiEHil) BHi)e 1 8 ka2 8 hijE 3 HhiE 4 8
bagickl 7.18+1.85 7.23+1.57 6.88+1.29 7.74+1.63 6.56+1.04
FRAIA 22.89+4.15° 22.47+3.85° 24.65+4.30° 23.62+2.96° 24.08+3.47°
2D T4 M EE At 4 23.09+3.68 20.38+3.04 17.57+3.76™ 16.14+3.02" 16.03+2.95™
3D F4 R 4l 23.99+4.21 20.63+3.55 16.48+3.57™ 14.46+2.78" 12.64+2.30°%°

RIE: HX UM, *P<0.05; HEAILIAALL,

F1 2D 3D BFMETERRTHERAERSYRIE

(xxs, n=5, %)
Table 1  Surface markers of umbilical cord mesenchymal stem
cells in 2D and 3D systems

Fr&4) 2D KiFE T4 3D HEFET4 M
CD34 0.68+0.35 2.01+0.74%
CD44 80.36+3.07 83.47+3.55
CD45 2.56+0.73 5.64+1.20%
CD73 94.72+4.28 95.08+3.84
CD90 95.64+3.44 94.92+4.05
CcD105 75.28+7.65 70.37+6.02

Kik: 152D B TANU4IAHLEL, °P < 0.05,

#3 BFrrERRTHEBEESENR T HETEHTH

(xxs, n=9, %)
Table 3 Changes of T lymphocyte subsets after transplantation of
umbilical cord mesenchymal stem cells in mice

415 The AR Th2 IR Treg 4
SoHEAL 0.18+0.04 16.55+3.84 23.49+6.47
AL 4.35£1.02° 3.760.91° 3.71+0.85°
2D T4l kil 2.96+0.77° 7.033.28° 12.34%2.70°
3D T4 s hish 1.48+0.55% 10.53+3.79% 16.08+4.93%

Ry HREAMALL, 2P < 0.01; LERMLL, °P < 0.05, °P < 0.01; 5

2D TR RIZLAHLL, P <0.05.

*4 BrERERRTHEBERSE N RMERMEEFXKE

(xts, n=9, ng/L)
Table 4 Serum levels of cytokines after transplantation of umbilical
cord mesenchymal stem cells in mice

205 AgiEnNEz2 v-THhE AN 2 4 A4 2 10
papiceil 58.56+17.33  20.44+7.89  42.08+16.05  32.35+8.94
BiILH 142.39+34.65* 95.38+20.15° 63.58+20.47°  106.44+21.23°
2D T4 91.84+2367° 64.31+16.93° 107.67+26.98° 154.81+23.95"
oA

3D T4y 70.32+18.50° 55.44+13.29° 135.38+30.75° 196.37+40.50%
At

Rk SXIBAAL, °P < 0.05; SHIM4IAL, °P < 0.05, P <0.01; 5

2D Fa R 4L, °P < 0.05.

Th24j1 ffa W 4 (CD4'IL-4") FiI Treg 4l Jfi(CD4*CD25") F 45 L.
B BETR(P < 0.01). 2DAI3D T4 I fE At 21 5 A 5 21 A
bb, ThA40 S #E 7123 E B BRI (P < 0.05), Th24i
FEFI Treg i AL V1 43 L34 22 A= (P < 0.01), BRI 78
40 T BA L R PR /N B Treg 4l R 2255 . 3DH41 U
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°P<0.05; 52D TAMuAsHIZLAILL, °P<0.05;

HREBRTHE, ‘P <0.05, °P<0.01.
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Table 2 Percentage of T lymphocyte subsets after transplantation
of umbilical cord mesenchymal stem cells in mice
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3 i1 Discussion
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