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[Abstract] Objective To investigate the effect of early injection of umbilical cord mesenchymal stem cells (UC-MSCs)
on the progression of diabetic nephropathy (DN) in type 2 diabetes mellitus (T2DM) mice and its mechanism. Methods
Twenty S-week-old male db/db mice were used to establish T2DM model and randomly divided into stem cell treatment group
(MSCs group, n=10) and T2DM group (DM group, n=10); In addition, age-matched db/m mice were set as normal control group
(NC group, n=10). Human UC-MSCs (1x10°/0.2 ml saline) were infused into the tail vein of mice in MSCs group for 6 weeks,
while the same volume of saline was infused into the tail vein of mice in NC and T2DM groups once a week for 6 consecutive
times. Blood glucose and body weight of mice in each group were monitored weekly. At the end of the sixth treatment, the mice in
each group were killed by heart perfusion, and the blood and kidney tissues were collected for biochemical and histopathological
examination. Western blotting was used to detect the expression of silent information regulator 2 homolog 1 (SIRT1) and Claudin-1,
and immunohistochemistry was used to detect the expression of SIRT1, Claudin-1, type 1 collagen (Col 1) and Col IV. The
morphology of glomeruli was observed by electron microscope. HK-2 cells in logarithmic growth phase were divided into control
group, high glucose induced model group (HG group), high glucose induced siRNA group (HG+siRNA group), MSC groups
(HG+MSC group) and SIRT-1 siRNA group (HG+MSC+siRNA group). The expression levels of apoptosis-related proteins were
detected by Western blotting. Results After the sixth treatment, compared with NC group [(7.66 + 0.37) mmol/L], the levels
of blood glucose increased significantly (P<0.01) in T2DM group and MSCS group [(32.54 + 0.36) mmol/L, (29.74 + 1.04)
respectively]; Compared with T2DM group, the level of blood glucose in MSCs group decreased significantly (P<0.05).
Pathological results showed that compared with NC group, glomerular sclerosis, diffuse thickening of basement membrane and
renal interstitial fibrosis were significantly increased in T2DM group; compared with T2DM group, glomerular sclerosis, deposition
of mesangial extracellular matrix and renal interstitial fibrosis were alleviated in MSCs group. The results of Western blotting and
immunohistochemistry showed that compared with T2DM group, the expression level of SIRT1 protein in MSCs group increased
significantly (P<0.01), the expression of Claudin-1 protein decreased significantly (P<0.01), and of a-smooth muscle actin (a-SMA)
protein decreased significantly in MSCs group (P<0.05). In addition, the immunohistochemical results showed that the percentage
of Col I and Col IV positive area in MSCs group was significantly lower than that in T2DM group (P<0.01). Compared with NC
group, T2DM group showed marked destruction of glomerular filtration barrier, diffuse thickening of basement membrane, and
extensive fusion and disappearance of foot processes. Compared with T2DM group, the structure of glomerular foot process in
MSCs group was regular and complete. Western blotting results showed that SIRT-1 protein content was significantly lower in HG
group than that in control group (P<0.01), while apoptosis-related Cytochrome-C protein contents were significantly higher in
HG group than that in control group (P<0.01). Compared with HG group, the protein content of SIRT-1 in HG+MSC group was
significantly higher (P<0.01), and the content of apoptosis-related Bax and Cytochrome-C protein decreased significantly (P<0.01).
Compared with HG+MSC group, the protein content of SIRT-1 in HG+MSC+siRNA group was significantly decreased (P<0.01),
while the protein content of apoptosis-related Bax and Cytochrome-C increased significantly (P<0.01). Conclusion UC-MSCs
treatment may play a protective role for kidney of T2DM mice and delay the development of DN by up-regulating the expression of
SIRT1 and down-regulating the expression of Claudin-1.
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Fig.1 Phenotype identification and induction of UC-MSCs
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Fig.2 Effects of UC-MSCs on the body weight and blood glucose of type 2 diabetic mice (n=8)
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Fig.3 Effects of UC-MSCs on the BUN and CREAT of type 2 diabetic mice (n=8)
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%, T2DMZCol 1 . Col IV PHM: AL 43 HL 40 i
T (P<0.05), S5T2DMA L%, MSCs4Col 1 .

Col IV BHM: R E 43 b B & R B (P<0.01) (EISB) o

2.6 UC-MSCsHii X T2DM/) EUE 4 4ISIRT-1 .
Claudin- 18 FH #RIE KA M Western blotting#i
MR E/R, SNCA L, T2DMASIRT1H [
F3R K- B4R (P<0.01), Claudin-175 135K
S T (P<0.01) s 5 T2DMAL H A, MSCs4l
SIRT 14K 1 2 1A /K A & 7t (P<0.01), Claudin-1
T F kK B BRI (P<0.01) (Fl6A) . 2 Ak
RGN, SNCAIHE, T2DMAISIRT 18 H i FH
PR TR AR T 43 HE B B R AE (P<0.01), Claudin-175 [ £
FH M 1 AR A LB R 3 5 (P<0.01) 5 5 T2DMAL L
A5, MSCsZHSIRT 1A A9 FH: TR A 43 L H f 3 =
(P<0.01), Claudin-14 [/ BH P 18 R E 23 L BH o [
% (P<0.01) (KI6B).

2.7 UC-MSCsXf T2DM/) R B /INER 35147 14 5 g

BSR4 B R, NCZH A HLI (% B /N Bk L i
JES LI 20 %€ 5 T2DMZH /)N LB /INER J i 5 5 B
WERIEB G, IR RN A AR 5
T2DMZ L, MSCsZH /N R /NI 3 T AR 1 JEE A7 1o
W1 e, RREHENHN . 528 (E7).

2.8 UC-MSCsHHl M X] = b5 5 10 B /NS L R 4l
A M Western blotting s Ul 5 R B/, 5%
TR s, HGHA'E/NVE L R 40 Me ) SIRT- 185 [
T U WAL (P<0.01), HIATIA G 4 M AR
CEH &RV BT (P<0.01); HG+siRNAZ'H /)N
& R 40 MY SIRT- 18R 141 1 W] B Ik (P<0.01)
ST A Bax M4 (LR CHE A & I B &
(P<0.01); HG+MSCZHSIRT-175 [ i B W 14 =
(P<0.01); HG+MSC+siRNAZHSIRT-1%5 [ & fF 1
W FEM(P<0.01), M RCHEN SV B
(P<0.05). SHGH 4, HG+MSCAISIRT-14E 15
] W4 5 (P<0.01), BaxFIAHM (A2 CHE & & W]
A% (P<0.01); HG+siRNAZISIRT-12K 1175 it B {2
FEAIK(P<0.01), Bax® M & BB & (P<0.01). 5
HG+MSCH4 H 4, HG+MSC+siRNAZSIRT-14E [ 7
i U] P (P<0.01), Bax A4 (4,2 CHE & & W]
B (P<0.01)(818).

3 it it

HHl, DN/ZESRDWH ZIN, HDN5|&EM
ESRDJEM PRI B E LT M) FE R H 2 —, Hfg%
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HAT, DNRY LR R WO A5 &M,
MSCsTE A LRI BR T B Bk /R
YEA Kk, B2 B BEMSCsIAYT 19100022 1 5 % TG
ATART A RS2 o J e T B rry s 42 7 30 A Sl KA i
JEUESE, MSCsZ Uit A #4 L IEDNIEE , 23R
JYDNJT I EAT BRI (Bl A5 7E T2DM
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Fig.4 Histopathological features of renal tissues of type 2 diabetic mice in each group (x400, n=8)
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Fig.5 Effects of UC-MSCs on renal fibrosis of type 2 diabetic mice (n=8)
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Fig.6 Effects of UC-MSCs on the expression of SIRT-1 and Claudin-1 in kidney tissues of type 2 diabetic mice (n=8)
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Fig.7 Effects of UC-MSCs on glomeruli of type 2 diabetic mice (n=5)
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Fig.8 Effects of UC-MSCs on SIRT-1, Bax and Cytochrome-C protein expression in HK-2 cells (Western blotting, n=3)
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