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Effect of low-intensity electromagnetic fields on ECM metabolism of glomerular mesangial cell
(HBZY-1) cultured in high glucose condition

LIU Juan, SHEN Guang-hao, XIE Kang-ning, JING Da, LEI Tao, LI Fei-jiang, LUO Er-ping
Faculty of Biomedical Engineering, Fourth Military Medical University, Xi'an 710032, China

Abstract: Objective To study on the effects of low-intensity electromagnetic fields on the expression of extracellular matrix
(ECM) metabolites of diabetic nephropathy model and the main signal pathways participating in the regulation of ECM, and
to find the optimal parameters of three waveforms. Methods The glomerular mesangial cell (HBZY-1) cultured in high
glucose condition was intervened with the sine wave, square wave, and pulsed electromagnetic fields (PEMFs) of 1.6 mT
and 15 Hz, with the intervention of 8 h/d for 3 consecutive days. After the stimulation, methyl thiazolyl tetrazolium assay
was used to detect cell activity; enzyme-linked immunosorbent assay was used to detect the protein content of transforming
growth factor (TGF) beta 1, fibronectin (FN), matrix metalloproteinase-2 (MMP-2) in the supernatant; Western blot was use
to detect the expression of p38MAPK, ERK, Smad3 total protein and phosphorylated protein. Results After 1 d of
intervention, the high glucose groups showed stronger cell activity than the normal group, with significant differences.
Compared with the high glucose control groups, the square wave group and PEMFs group began to inhibit the proliferation
of HBZY-1 from the second day of intervention, and the sine wave group did not showed any significant differences. The

cell activity in PEMFs group was significantly lower than that in square wave group. The TGF beta 1 and FN protein
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expressions in high glucose groups were significantly higher than those in normal group, while the MMP-2 in high glucose
groups was lower than that in normal group. The TGF beta 1 and FN protein expressions in square wave group and PEMFs
group were significantly lower than those in high glucose control group, but the MMP-2 protein expression in square wave
group and PEMFs group was significantly higher than that in high glucose control group. No significant differences were
found in the protein expressions between sine wave group and high glucose control group. Compared with square wave
group, TGF beta 1 protein expression in PEMFs group was significantly lower, but the MMP-2 protein expression in
PEMFs group was higher. No significant differences were found in FN protein expression between PEMFs group and
square wave group. The phosphorylated Smad3 (p- Smad3) protein expression in high glucose groups was significantly
higher than that in normal group. The p- Smad3 protein expressions in square wave group and PEMFs group were
significantly lower than those in high glucose control groups, having no significant differences with sine wave group.
Compared with the square wave group, the inhibitory effect of PEMFs group was more significant. Conclusion Square
wave and PEMFs can effectively inhibit the proliferation of high glucose induced HBZY-1, decreasing ECM deposition by
inhibiting the synthesis of mesangial cell TGF beta 1 and FN, and accelerating the ECM degradation by promoting the
MMP-2 synthesis. Besides, the square wave and PEMFs can reduce the damage of mesangial cells by inhibiting the TGF
betal/Smad3 signal pathway. The effect of PEMFs on mesangial cells was significantly better than square wave.
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N PY 2 YA R 7)) , DMEM £ 3735 (GIBCO 24
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The Helmholtz coils was placed in the cell culture incubator.
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Fig.1 Picture of electromagnetic intervention
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20 I 2 PEAKF DN+REC 41 (P<0.05) . 5 CON 414
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DN+REC ,DN+PEMFs 41 5 DN 41 4 tb & & M T
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REC . DN+PEMFs 41 & 2 P4 it T CON 41 (P<0.05) ;
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AR T 2
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a: Expression of phosphorylated Smad3 (p—Smad3) in HBZY-1
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b: Relative expression of p—Smad3 protein level
Compared with CON, *P<0.05; compared with DN, #P<0.05; compared
with DN+PEMFs, AP <0.05. CON: Control normal group; DN: Diabetic
nephropathy; SIN: Rectangle; REC: Square wave; PEMFs: Pulsed

electromagnetic fields

&2 F[E4r4 HBZY-1 4hffl Smad3 #4E2 1L 2 B AFRIE S4B 1L Smad3
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Fig.2 Expression of p—Smad3 in HBZY-1 and the relative

expression of p—Smad3 protein level (n=8, Mean+SD)
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