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Study on the mechanism of ultrasound microbubble blasting assisted bone marrow mesenchymal
stem cell transplantation in improving diabetic nephropathy
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Abstract Objective To explore the improvement effect of ultrasound microbubble blasting assisted bone marrow mesenchymal stem
cells (BMSC) transplantation on diabetic nephropathy (DN) in terms of inflammatory response and renal function via the Toll like receptor
4 (TLR-4) /nuclear factor-kappa B (NF-«B) signaling pathway ,as well as its specific mechanism. Methods A rat DN model was estah-
lished and randomly grouped into the following: Model group,BMSC group , BMSC+microbubble group,and BMSC+microbubble+TLR-4/
NF-kB pathway activator lipopolysaccharide (LPS) group, with 12 rats in each group. Additionally, 12 rats were selected as the control (CK)
group. Biochemical and biuret analysis, HE and Masson staining, ELISA ,and Western blotting testing were employed to detect fasting
blood glucose (FBG), total cholesterol (TC), triglyceride (TG),serum creatinine (sCr), blood urea nitrogen (BUN), 24-hour urinary total
protein (24 h-UTP), pathological changes in renal tissue, fibrosis status, and the expression of interleukin-18 (IL-18), tumor necrosis factor
a (TNF-a), TLR-4,and NF-kB proteins of rats in each group. Results The renal tissue in the CK group was structurally normal with
few collagen fibers. The Model group showed obvious renal tissue lesions and severe collagen fiber deposition; the lesions in the BMSC
group and BMSC+microvesicle group were alleviated in turn, while the lesions were aggravated after the addition of LPS compared with
the BMSC+microvesicle group. Compared with the CK group, the levels of FBG,TC,TG,sCr,BUN,24 h-UTP, as well as the expression of
IL-18, TNF-ot, TLR-4 ,and NF-«B proteins were increased in the Model group (P < 0.05). Compared with the Model group, the above-men-
tioned indices and protein expression were decreased in the BMSC group (P < 0.05). Compared with the BMSC group, the above-men-
tioned indices and protein expression were further decreased in the BMSC+microvesicle group (P < 0.05). Compared with the BMSC+mi-

crovesicle group, the above-mentioned indices and protein expression were increased in the BMSC+microvesicle+LPS group (P < 0.05).
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Conclusion The improvement effect of ultrasound microbubble blasting-assisted BMSC transplantation on DN rats may be related to the

inhibition of the TLR-4/NF-kB signaling pathway.

Keywords ulirasonic microbubble blasting; bone marrow mesenchymal stem cells; TLR-4/NF-B signaling pathway; diabetic nephro-

pathy
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AR A RS B IR R AE R o (tumor necro-
sis factor ar, TNF-o0)., [1 2l il £ %5 - 1B (interleukin-1B,
1L-1B) Fiff 3¢ Hie 92 W Bt 3K 35 (enzyme linked immuno-
sorbent assay , ELISA) il &1 B iFR N A3 8 4= )
A7 PR 7 TLR-4 \NF-«B .GAPDH IgG - Ht Iy H 3
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1.2.1  DNK FUBE AL 4 37 K 432 - F60 K B AL
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HEDNK BRI b s B e R ] MK B, 18 s L I8
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BMSCZH . BMSC+{# i3 4 . BMSC+{3{ 1+ TLR-4/NF-«B
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R H I =g (riglyceride, TG) S IBE EE (total cho-
lesterol, TC)., 75 g IfiL # (fasting blood glucose, FBG),
JRZ A (blood urea nitrogen, BUN) LA M I ALEF (serum
creatinine,sCr) 7K, F Y 52 4% 2H K fil24 hIR W, >k
FHRAE M2 00 224 hpREE 1 BV (24-hour urinary to-
tal protein, 24 h-UTP) .
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TRAF 9 IR 2 3h Bk i, SR FHELISATE A6 1fiL 75 TL-18
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2.1 A YIFBG.TC . TGHIsCr .BUN 24 h-UTPH§ #5 He
B

5 CK4H M He, Model ZHFBG . TC \TG ,sCr . BUN
24 h-UTP/KF-THE5 (P < 0.05) ; 5 Model 41 4H [, BMSC
ZHFBG . TC . TG .sCr.BUN .24 h-UTP/KF [/ (P <
0.05) ; 5BMSCZH A [t , BMSC+6 il 4HHFBG . TC TG ,
sCr.BUN .24 h-UTP7K *F- F% ik (P < 0.05) ; 5BMSC+
T 76 21 A EE, BMSC+3 9+ LPSAFBG \TC . TG ,sCr
BUN .24 h-UTPZKF-F+5 (P < 0.05) W31,
2.2 AHULBWELH LU R K AT AL Il e

*1 54FBG. TC. TG#sCr. BUN, 24 h-UTP$5#rELE:
Tab.1 Comparison of FBG, TC, TG, sCr, BUN and 24 h-UTP indices among five groups

Group FBG (mmol/L) TC (mmol/L) TG (mmol/L) sCr (umol/L) BUN (mmol/L) 24 h-UT (mg/24 h)
CK 1123+1.23 1.18£0.12 0.49 £ 0.05 27.15 £2.81 8.35+0.85 1826+ 1.92
Model 39.65 +4.01" 2.96 +0.33" 2.51+027" 4123 £4.23" 2573 +2.67" 35.02 +3.62"
BMSC 31.02 +3.25” 2.03+0.217 1.72 +£0.19” 37.82 +3.84” 19.52 £2.03” 29.67 +3.07”
BMSC+microbubble 1852+ 1.96”"  1.55+0.16”" 0.86 = 0.09”" 312732677 1133+12777  21.23£2.24”7
BMSC+microbubble+LPS  33.61 +3.51" 2.61 +0.28" 2.36 +0.24" 39.82 +4.01" 23.61 +2.43" 33.67 +3.53

1) P <0.05 vs. CK group;2) P < 0.05 vs. Model group;3) P < 0.05 vs. BMSC group;4) P < 0.05 vs. BMSC+microbubble group.

CKAL'E /N LU B /INERHES 2 55 HL 25 KA 185 18T
B SR AT 4 /D H A3 A7 FL B4 5] s Model 2 ' /)NeR H PG
TR AR JRE B /NG R ARk HLAE REHES 2L, IR
L AEGTRR ™ 8 s BMSCAH . BMSCH#I 4H A Model 21
JEZH 295 28 T 0 945 20, H BMSCHOE 2H 1%
A I s BMSCH0+ LPSZH 5 BMS 13 1 21 ' JE 44
AUAE OUAT BT, UL 2.

23 FSHRVEAMMIAE KR AR

S CKLAAA L, ModelZHIL-18  TNF-o/K F-F 5 (P <
0.05) ; 5ModelZH # [t , BMSCZHIL-18 . TNF-a7K - [
i (P < 0.05) ; 55 BMSCZ A Lt , BMSC+f{ 0 ZH1L-18 .
TNF-a/K B (P < 0.05) 5 5BMSC+is i 20 AH Lt
BMSCH#I+LPSAIL-18 . TNF-o/K - (P < 0.05)
W22,

A, CK group; B, Model group; C,BMSC group; D, BMSC+microbubble group; E, BMSC+microbubble+LPS group.
Bl HEREENEHALRELER x 400
Fig.1 Pathological results of renal tissue detected by HE staining x 400
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A, CK group; B, Model group; C,BMSC group; D, BMSC+microbubble group; E, BMSC+microbubble+LPS group.
B2 MassonF @GN SAEF AL ER x 400

Fig.2 Results of renal fibrosis detected by Masson staining x 400

2 BAHIL-1B, TNF-okFELE
Tab.2 Comparison of IL-18 and TNF-x levels among five groups

Ttem CK Model

BMSC BMSC+microbubble

BMSC+microbubble+LPS

IL-18 (ng/L) 15.69 + 1.65 91.379.23"
TNF-a (ng/L.) 50.12+5.14 286.33 +29.38"

75.26 +7.68”
165.82 + 16.81%

81.07 + 8.20"
217.63 £21.95"

46.32 £ 4917
75.39 +7.65”

1) P < 0.05 vs. CK group;2) P < 0.05 vs. Model group;3) P < 0.05 vs. BMSC group;4) P < 0.05 vs. BMSC+microbubble group.

2.4 A TLR-4/NFBI 538 B AH DG 1 gk

L CKL A, Model HTLR-4 NF«B#E 4 %15 T}
1 (P<0.05) ; 5Model A Lt , BMSCAITLR-4 \NF-«B
HHFRIRFEL (P <0.05) ; 5BMSCALAH LE , BMSC+i%
M TLR-4 NF«B#E F1ZEIAFEAE (P < 0.05) 5 5BMSC+
I ZHAR EE , BMSCH#I+LPSEHTLR-4 NF«B#E 4 3
kTHE (P <0.05) ILE3 3,

BF5E 1 R B/ NER Y DN R B ARH (7, L0
B FRBU B /IR AN 22 LR R A 3 2
JEERE R B FE TS . DN ERHLE S 35T B
IERTL RAE O A KRR I HOK A 56, Herp R

TE S B Ry E L 2 — "

1 2 3 4 5

s - -

v - -

GAPDH | . - - -

1,CK group;2,Model group;3,BMSC group;4,BMSC+microbubble
group; 5, BMSC+microbubble+LPS group.
E3 Western blotting#&ill &4HTLR-4. NF-«BEBKF
Fig.3 Western blotting was used to detect the protein levels of
TLR-4 and NF«B in each group

#*3 54TLR-4. NFxBERFKIALLE
Tab.3 Comparison of the protein expressions of TLR-4 and NF-«xB among five groups

Group CK Model BMSC BMSC-+microbubble BMSC+microbubble+LPS
TLR-4 0.68 + 0.07 1.79+0.18" 1.15+0.12% 0.73 = 0.08>" 1.56 +0.16"
NF«B 0.85 +0.09 236+0.24" 1.83 +0.19” 1.27 +0.13”% 2.11+0.22"

1)P < 0.05 vs. CK group;2) P < 0.05 vs. Model group;3) P < 0.05 vs. BMSC group;4) P < 0.05 vs. BMSC+microbubble group.
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BMSCHY EEfilh 14 Bl 75 Tl vt 48 i R 8 LA R AR
WFFE 25 R & B, 5 CKLAM E , Model 21 B /NBR HE B0 5L
JICREAR JEL B /NG R AR T ik ELAS REHES L, IR
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4T F™ B FBG \TC . TG .sCr .BUN 24 h-UTP,
IL-1B8 TNF-oK ~F-Ft i , 28 BIDNK BB JUE D) B 48 475
pa ) IS S P = N DADN R 2 (i
o7 3 5 LA KB A 47 o 45 T DNASE LK EBMSCYRY T
J&i ,FBG . TC TG sCr,BUN .24 h-UTP IL-1B . TNF-a/K
SPREAR B 2H 205 A5 1 5 3 15 2R, B BMSC+
LA B T REFE A | 5 M 40 B R PR 7K B AIG
B2 B R SV AR T L% B i, R WIBMSCRSAE
DL B 8 75 (0 A Tl B BMSCRS H 24 AT JA y 7 DN K
SR, (E 75 S MR Sl B BMS CRS AR YA 7SR B4

TLR-4/NF-« B3l i 5 48 iE 2 I8 B UIAR 6 L ik
Je T A3 2 45 B 1 EC (protein kinase C,PKC)/
TLR-4/NF-kBf; 538 i 24 3% K BUAYDN . € A A5
UFSETLR-4/NF-kBA5 3 i 2 5 205 9 LA SO PR
I A RE ) S A e F e AR L I ) R o g
9 LA 0 EE 9 4 FH o AR BIF 9% & 3R, Model 4 # CK 2
TLR-4 NF«B# ik &, £BIDNK L TLR-4/NF-kBf&
53 TG - S5 Model 4] L #, BMSCAL  BMSC+i%
L ZHTLR-4 \NF«B3R ik 3 B A%, H BMSC+{#0 20 B
IR &, SR WIBMSCLA K 8 75 iyt 2% il i B BMSCAS
FEIRYTT 7] LA I TLR-4/NF-«Bf5 53 %, {H — 35 %
HIA T RCR T4 . S BMSCHM0 20 L4, BMSC+18
#+LPSZFBG . TC . TG ,sCr . BUN .24 h-UTP .IL-18 ,
TNF-a .\ TLR-4 \NF-«B& 1 A5 B E 40 A8
155 DU ER , B 68 75 0 A il il B BMSCRE AR IR T
A BB LI TLR-4/NF-kB{F 53 1% 35 DN K FLAY
SAE NN B IIg

25 b A, R O R 0 4 B BMSCAS AE 7] LA
HEEDNK BB T RE , HAE AL T Rg S5 HI TLR-4/
NF-BA 530 B A7 ¢ o A 5%y o 75 vt e il el By
BMSCEARFENG RIAYT L0 R FHR AL T BB .
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