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Abstract: Objective To investigate the mechanism of DNA damage response( DDR) pathway regulating calcifica-
tion in human aortic smooth muscle cells( HASMCs). Methods The HASMCs were divided into the control group,
model group, ATM treatment group, and PARP treatment group, and they were cultured for 12 days. Cell calcifica-
tion was measured by Alizarin red staining and o-Cresolphthalein; phosphorylation levels of histone YH2AX,
protein levels of pl6 and p21, and phosphorylation levels of ATM on Ser1981 were tested by Western blot, prema-
ture cell senescence by B-galactosidase staining; and p16 and p21 mRNA by qPCR. The level of oxidative stress was
measured by 8-hydroxy-2'-deoxyguanosine (8-OHDG) , and the level of IL-6 and IL-8 was measured by ELISA kit.
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Results The calcification was evident in the model group as compared with that in control group. There were sig-
nificant changes in 8-OHDG, histone YH2AX phosphorylation, B -galactosidase staining, mRNA and protein of
pl6, p21 mRNA, release of IL 6 and IL. 8 and ATM phosphorylation ( P<0. 05) .The changes in the model group
alleviated by ATM and PARP treatment. Conclusions High calcium and phosphorus environment stimulates
HASMCs to produce sustained DNA damage, triggers ATM phosphorylation, activates pl6 protein expression,
and induces premature cell senescence causing cell death and resulted in calcification.
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Table 1 qPCR primer sequences

primer sequence(5'-3")

gene

GAPDH F:CGACCACTTTGTCAAGCTC; R:CAAGGGGTCTACATGGCAAC

p21 F:CAGAGGAGGCGCCAAGACAG;R: CCTGACGGCGGAAAACGC

pl6 F:CAACGCACCGAATAGTTACG; R:CAGCTCCTCAGCCAGGTC
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A. corresponding four time-point images of HASMCs captured under light microscope to show calcification status,

indicated by brown patches (white arrows) ; Alizarin red staining was also carried out at day 12 of calcification induction ;

B. the o-cresolphthalein assay was used to measure the amount of calcification at corresponding four time-point (n=9) ;

"P<0. 01 compared with control.
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Fig 1 Culture of HASMCs in high Ca®*/P medium induced cell calcification
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A, B. Western blot for changes in YH2AX protein levels in HASMCs grown with or without high Ca** /P harvested at day

12; "P<0. 01 compared with control.
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Fig 2 Histone H2AX phosphorylation was observed in calcification(n=3)

] model

50 pm

50 pm

A

50 pm

50 pm

100 M Cul

M model

M iATM #
[ iPARP

80

SA B-gal staining/%

day 3 day 6 day 12
B

A. representative images of cells harvested on day 12 for SA B-Gal staining at pH 6.0, n=3; B. significant differences

with respect to the corresponding day of the cells in model group are shown; "P<0.05 compared with control, *P<0. 01

compared with model.
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Fig 3 Senescence in calcification was detected by SA p-Gal Staining
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High Ca® /P in culture medium was used to induce calcification of HASMCs; these cells were also cultured in the ab-
sence or presence of DDR inhibitors (iATM. 10 wm KU55933; iPARP. 10 pwm PJ34) ; at day 12, calcification was only
observed in model group that were grown without DDR inhibitors; gene expression (mRNA) of senescence markers (pl6
and p21) was quantified with real-time PCR and was normalized to GAPDH; n=3 or 4; "P<0. 05 compared with control
*P<0. 01 compared with model.
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Fig 4 The effects of ATM and PARP inhibition on the mRNA expression of cyclin-dependent kinase inhibitors

in HASMCs
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High Ca®/P in culture medium was used to induce calcification. HASMCs were also cultured in the absence and presence
of DDR inhibitors (iATM. 10 wm KU55933; iPARP. 10 wm PJ34) ; at day 12, calcification was only observed in model
group without inhibitors; A. representitve images of p21, p16 and B-actin protein levels detected by Western blot on day 3
and day 12; B. quantification of p16/B-actin and p21/B-actin protein level ration; significant differences with respect to
the corresponding day of the cells in model group are shown; P<0. 05 compared with control.
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Fig 5 Pathway regulating cell growth arrest in response to high Ca™/P(n=3)
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High Ca® /P in culture medium was used to induce calcification; HASMCs were also cultured in the absence and pres-
ence of DDR inhibitors (iATM. 10 wm KU55933; iPARP. 10 wm PJ34) ; at day 12, calcification was only observed in
Model group without inhibitors; gene expression (mRNA) of SASP markers (IL-6, IL-8) was quantified with real-time
PCR and was normalized to GAPDH; "P<0. 05 compared with control, P<0. 01, ®P<0. 001 compared with model.
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Fig 6 The effects of ATM and PARP inhibition on the SASP factors(rn=3)
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High Ca™ /P in culture medium was used to induce calcification; HASMCs were also cultured in the absence and pres-
ence of DDR inhibitors (iATM. 10 wm KU55933; iPARP. 10 wm PJ34) ; at day 12, calcification was only observed in
model group without inhibitors; A. representitve images of p-ATM and ATM protein levels detected by Western blot on
day 3, 6 and 12; B. quantification of p-ATM/ATM protein level ration; significant differences with respect to the corre-
sponding day of the cells in model group were shown; "P<0.01 compared with control, *P<0. 001 compared with model.
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Fig 7 Persistent DNA damage signaling regulates senescence(rn=3)
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