Ml KZEZFR (EZF KR ) 2021, 52(2) :188-193
J Sichuan Univ ( Med Sci)

T
s B R E bR 2 e sh Bk g LA b iEEE 543 T
HFZEAPICHIP2IHIERIE

#Om A R RBTS amt kB¢
LA FIAEBE 2B B2 B S 0 (£l T+ 8320005
2. AT TR 2 2 e o — B E ZE B IREE CArT - 832000) 5 3. A7 T[T KA a2 e 65— PR 5 . B MERE (Al 1 832000);
4. AT FREEBEAEBE A T2 (17 832000)

[HZE] BHH #idD-FFLIE(D-galactose, D-gal) 11 il £ 1K BRUE- WA SR BE B Bk (SMA ) ~F-1F WLAR MU 32 2 A8, 43-#r i
PR F43(Cxd3) 5 EANRE HPLI6AIP2 LR B MM, HITCxa3 A 2R RE AR EM .. 73k HIGBEAR: 3
JR ERSMAT- 8 LA ML, o7 JH G B GH A I -5 LA BAR 109 . S50 3 4 BRZH . D-gal 21 FID - gal + 4 B % 4281 5l 77
AAP10T-1i2H (AAP10ZH ) . CCK-87H il £ 28 - 18 L4t M 3% 74 , 5 %€ D-gal T 9K BE S ] 6] ; QRT-PCRAG M £ 2H Cx43
mRNAFKIK; Western blotfail| -4 Cx43 . PI6FIP21AYHE R IA fit; Sl sOCHARKMA2HP16, P2ARB ML, SR &
Y2 Sl e I 245 R ks A I L3 25 1 (a-SM-actin) BAPERIA 2 7K90% LA I CCK-8Hu il 45 5 i 7R D-galime {4 1~ Hil e By
30 mg/mL, T-THHT[H] 2448 h; qQRT-PCRAG % ID-galZH F-1 LA - Cx43 mRNAZKPHBI B FEAIR(P<0.01); AAP10ZHER
D-gal41 4l Jifl Cx43 mRNAJKF [ (P<0.01); Western bloth5ill & B D-galZH V- ¥ LA AL I Cx43 8 FI7KF-H06] BE2H FRAI
(P<0.01); P16F1P213K [ FA 50 FR 2 175 (P<0.01) ; AAP10£H %5 D-gal 4 40/ Cx43 % 11 2535 _EiR(P<0.01), P16, P212E A
BT (P<0.01); BIEVOLER IRP16AIP21 EESIA TAINIAZ b, P16FIP214E 1 7ED-gal 4 E0 B A M HOL3R T &,
AAP10H#D-gal A ECHEEE FFE(P<0.01) . Z5iE  LiRICx4389FA 0] LI D-gal -2 (USMA L 5 240 X P 167
P2IYRIA T o $RRCx43T]ES GANMIRE AT 12, Dy it 22 2 s S AR (IS AR 40 A PT R A T TR L

[X@im] diows HHggEsilk  Ccx43  D-FalbE

Down-regulation of the Expression of Senescence Proteins P16 and P21 by Activating Connexin 43 in the Smooth
Muscle of Spiral Modiolar Artery of Guinea Pigs HU Na', SI Chao’, ZHANG Zhi-ping’, MA Ke-tao*, ZHANG Liang*".
1. Medical Teaching Experimental Center, Medicine School of Shihezi University, Shihezi 832000, China; 2. Ophthalmology
Department, the First Affiliated Hospital, Medicine School of Shihezi University, Shihezi 832000, China; 3. Otolatyngology
Department, the First Affiliated Hospital, Medicine School of Shihezi University, Shihezi 832000, China; 4. Department of
Physiology , Medicine School of Shihezi University, Shihezi 832000, China
A Corresponding author, E-mail: 1441599869@qq.com

[ Abstract] Objective To analyze the correlation between connexin 43 (Cx43) and the expression of P16 and
P21, aging-related proteins, and to investigate the possible role of Cx43 in the development of cell senescence with an
aging model prepared by D-galactose (D-gal) intervention in the vascular smooth muscle cells (VSMCs) of guinea pig
spiral modiolar artery (SMA). Methods The VSMCs of guinea pig SMA were cultured with the adhesion method, and
the markers of VSMCs were detected with immunofluorescence technique. The experiment has a control group, a D-gal
group, and a group that received D-gal and gap junction agonist AAP10 intervention, hereafter referred to as the AAP10
group. Cell Counting Kit-8 (CCK-8) was used to check VSMC activity and to determine the concentration and duration of
D-gal intervention. The mRNA expression of Cx43 in each group was checked with qRT-PCR. The expression of Cx43,
P16 and P21 proteins in each group was examined with the Western blot. The expression and distribution of P16 and P21
proteins were examined with immunofluorescence assay. Results Immunofluorescence results showed that the positive
expression rate of cell actin (a-SM-actin) was over 90%. CCK-8 results showed that the optimal concentration of D-gal
intervention was 30 mg/mL and the intervention duration was 48 h. qRT-PCR test showed that the mRNA expression of
Cx43 in VSMCs in the D-gal group was significantly lower than that in the control group (P<0.01), while it is higher in the
AAP10 group than that of the D-gal group (P<0.01); Western blot assay showed that the Cx43 expression level in VSMCs
in the D-gal group was significantly lower than that in the control group (P<0.01) and the expression of P16 and P21 was
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significantly higher than that in the control group (P<0.01), the expression of Cx43 protein in AAP10 group was

significantly up-regulated compared with that in the D-gal group (P<0.01), while the expression of P16 and P21 was

down-regulated significantly (P<0.01); The results of immunofluorescence showed that P16 and P21 were mainly

expressed in the cell nucleus. Semi-quantitative analysis of fluorescence intensity showed that the level of P16 and P21

protein in the D-gal group was significantly higher than that in the control group, and the fluorescence intensity of AAP10

group was significantly lower than that in the D-gal group (P<0.01). Conclusion Up-regulation of Cx43 expression can

reverse the D-gal-induced abnormal expression of P16 and P21, two aging-related proteins, in SMA. It is suggested that

Cx43 on SMA may be involved in D-gal-induced cell senescence, which provides a theoretical basis and possible

intervention target for the delay of cell senescence.
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Fig 1 Identification of primary VSMCs by immunofluorescence staining. x200

Expression of a-SMA-actin in VSMCs (green fluorescence); DAPI labeled nuclei (blue fluorescence).
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Fig 2 Effect of D-gal on VSMCs cell activity (n=6)
*P<0.05, **P<0.01, vs. 0 mg/mL group.
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Fig 3 Effect of D-gal on Cx43 protein expression in VSMCs (n=6)
**P<0.01, vs. control group and AAP10 group.
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Fig 4 Effect of D-gal on P16 and P21 protein expression in VSMCs (n=6)
*%*P<0.01, vs. that of the control group and AAP10 group.
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Fig 5 Effect of D-gal on P16 protein expression and distribution in VSMCs

A: Fluorescence staining diagram (x200), expression of P16 in VSMCs (green fluorescence); DAPI staining labeled nuclei (showing blue fluorescence);

B: Quantitative histogram (n=6), **P<0.01, vs. control group and AAP10 group.
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Fig 6 Effect of D-gal on P21 protein expression and distribution in VSMCs

A: Fluorescence staining diagram (x200), expression of P21 in VSMCs (green fluorescence); DAPI staining labeled nuclei (showing blue fluorescence);

B: Quantitative histogram (n=6), **P<0.01, vs. control group and AAP10 group.
AJ \A
3 g

TEPUARE S R, PR ) AT T R A
R T S48 G (AHL) J2 48 F1 e A 15 3 1, 0T
[ (L2 S 14 A (R R 7, SMUA AL IS HE RIS B R 45 1)
ME—Zh kY, B 5 H e g hk—FE H VSMCsHIA K 2 i 4
JI%, FE 4R 1048 1 AR BRI RE T T HA EE A
ZH R RE AT VSMCs PN B 20 A L2 T 33€ 79 ol 200 it ) 34077
e 25 K e 1 48 B 422, & 0T DAAR IE DL S 3 R Il 4 R
TG BN HEA T, AERe i AE TE A BT e SR AR e
SEHUER, PN Bz 4 RLH AR A0 A5 B i A B AR A
VSMCs, #ETM 5B RSk A &7 ik ™, Cxo4g
Wt 32 2308 3 308 3 (1) FE AN S R B A SCRRARGE !
TE I8 RE | 2 BERA R R A Cx405F 2 4RI 1R
M, HrirCx43R ik w i s, HERRESK L Cx37.
Cx40F1Cx43 [ 3R Ik £ Bl 5 A1 15 0 385 32 i IR o1
Cx26., Cx3 15 B0 Py oL 457 T8 i 25 DI A G, P9 B4 4L
Cx2650 i ik e 22, FR Sk ml ok H 0 1 J S B 4 R 450
Cx265: [, Al & s 34517, B HETA LCSMA I
Cx433%35 5 40 3 22 W5 i JCHGE

D-gal/2—F i B ZIA SR, BRiil & sh
BEAYGR, S 1 ] T75 AR A A I e A, f b
HFE AT R P16, P2IRA S S R G
F, ZE MG,/ Sk i P 2, 78 sh i 2 Al
Mo g A b A AR EZER, AT R0
T IS e A I B ik V SMCs Cxd 3 i 5 5 1 A8 AL 1
P, A S 6 X6k B W2 0 ik vV SM Cs il A7 BRAR B 3%, K
VSMCs HD-galifs T fill 25 21 il 0 A7, A5 I 45 2 4 i
Cx43., P16 P21k 4k, iff — L W] Cx43 5 &M ¢

o RRELE ML REY, D-gal il i VSMCs %,
P16, P21 HEKIAW W ETh; R4 T AAPLOFALBE, 42235
LT D-gal AT TR, & BAT LATE A B Cxd3 56 1K 1 ]
BN P16 K P21 2K [0 3R 3K, 16 B Cx437E H- Ui 42 iE 2 ik
VSMCs ) & &4 EZAE M, H _FHCx438 (11 %3k
A RESIE AN 1 &

25 TR, D-galifs FHUSMA R ZERESMA | Cx43%
K R, A bR Cx 43 10 23K AT DL i 5 A SC B 1
P16FIP21[ KA T H o HE/RCx43THES 5 T D-galifs &
1) B3 SR E B K VSM Cs 32, Al IR T SE 92 240 i o o 4
BT AT SRR B AR LA K T RE A 2591 T

& % x o

[1] TUNC, FRIEDMAN R A. Age-related hearing loss: unraveling the
pieces. Laryngoscope Investig Otolaryngol, 2018, 3(2): 68-72.

[2] LAIRD D W, NAUS C C, LAMPE P D. SnapShot: Connexins and
disease. Cell, 2017, 170(6): 1260-1260.

[3] FFIGUEROA X F, ISAKSON B E, DULING B R. Connexins: gaps in our
knowledge of vascular function. Physiology, 2004, 19(5): 277-284.

[4] HAGEN A, DIETZE A, DHEIN S. Human cardiac gap-junction
coupling: effects of antiarrhythmic peptide AAP10. Cardiovasc Res, 2009,
83(2): 405-409.

[5] MEIL, CHENJ, ZONGL, et al. A deafness mechanism of digenic Cx26
(GJB2) and Cx30 (GJB6) mutations: reduction of endocochlear potential
by impairment of heterogeneous gap junctional function in the cochlear
lateral wall. Neurobiol Dis, 2017, 108: 195-198.

[6] XIAOJJ, YANGR, QIN X Q, et al. A role of AMPK and connexin 43 in
the suppression of CoCl-induced apoptosis of spiral modiolar artery
smooth muscle cells by adiponectin. Life Sci, 2019, 238: 116876[2021-01-
23]. https://doi.org/10.1016/j.1fs.2019.116876.

[7]  YUANJ, ZHAOXY, HU Y], et al. Autophagy regulates the degeneration

of the auditory cortex through the AMPK-mTOR-ULKI1 signaling


http://dx.doi.org/10.1002/lio2.134
http://dx.doi.org/10.1016/j.cell.2017.08.034
http://dx.doi.org/10.1152/physiol.00008.2004
http://dx.doi.org/10.1093/cvr/cvp028
http://dx.doi.org/10.1016/j.nbd.2017.08.002
http://dx.doi.org/10.1016/j.lfs.2019.116876
http://dx.doi.org/10.1002/lio2.134
http://dx.doi.org/10.1016/j.cell.2017.08.034
http://dx.doi.org/10.1152/physiol.00008.2004
http://dx.doi.org/10.1093/cvr/cvp028
http://dx.doi.org/10.1016/j.nbd.2017.08.002
http://dx.doi.org/10.1016/j.lfs.2019.116876

2 W B OISR PO A R R EE B KT LA S B R (143 T I B B I P16FIP21 1R IA 193

pathway. Int ] Mol Med, 2018, 41(4): 2086-2098. muscle cells via calcium-activated potassium channel in spiral modiolar
[8] GAOF, WANGGB, MAW, et al. Decreased auditory GABA+ concentrations artery of guinea pigs. Acta Pharmacol Sin, 2008, 29: 789-799.

in presbycusis demonstrated by edited magnetic resonance spectroscopy. [15] ABRAMS C K, SCHERER S S. Gap junctions in inherited human

Neuroimage, 2015, 106: 311-316. disorders of the central nervous system. Biochim Biophys Acta, 2012,
[9] REIMANN K, KRISHNAMOORTHY G, WIER W G, ef al. Gender 1818(8): 2030-2047.

differences in myogenic regulation along the vascular tree of the gerbil [16] LAUTERMANN J, TEN CATE W J, ALTENHOEF P, et al. Expression

cochlea. PLoS One, 2011, 6(9): €25659[2021-1-23]. https://doi.org/ of the gap-junction Connexins 26 and 30 in the rat cochlea. Cell Tissue

10.1371/journal.pone.0025659. Res, 1998, 294(3): 415-420.
[10] REIMANN K, KRISHNAMOORTHY G, WANGEMANN P. NOS [17] SUNJ, AHMADS, CHENS, et al. Cochlear gap junctions coassembled

inhibition enhances myogenic tone by increasing rho-kinase mediated from Cx26 and 30 show faster intercellular Ca®" signaling than

Ca™* sensitivity in the male but not the female gerbil spiral modiolar homomeric counterparts. Am J Physiol Cell Physiol, 2005, 288(3):

artery. PLoS One, 2013, 8: €53655[2019-12-03]. https://doi.org/ C613-C635.

10.1371/journal.pone.0053655. (18] ® 8, KAV, TEAET, . FURIBBES K [ 3% etk 43 S B F I H
[11] MILKAU M, KOHLER R, DE WIT C. Crucial importance of the TR MTT. P E SRR, 2019, 22(27): 3339-3346.

endothelial K channel SK3 and Connexin40 in arteriolar dilations during [19] AAHANGARPOUR A, NAJIMI S A, FARBOOD Y. Effects of Vitex

skeletal muscle contraction. FASEB J, 2010, 24(9): 3572-3579. agnus-castus fruit on sex hormones and antioxidant indices in a D-
[12] MATCHKOV V V. Mechanisms of cellular synchronization in the galactose-induced aging female mouse model. ] Chin Med Assoc, 2016,

vascular wall. Mechanisms of vasomotion. Dan Med Bull, 2010, 57(10): 79(11): 589-596.

B4191[2019-12-03]. https://pubmed.ncbi.nlm.nih.gov/21040688/. [20] 2= #%, X4, ZERE, %5 BB 0 SO T IRIE R
[13] B, FAFME. AEptid e f s . 48 1 HE 2% 75, 2008, 16(5): 9T, ARl A4AE, 2014(3): 475-480.

397-399. (2019 - 12 - 110, 2021 - 02 - 01f& 1)
[14] LIL, MAKT, ZHAO L, et al. Niflumic acid hyperpolarizes smooth %

X W E R B F

U R A2z (B2 i) YO CRRPE BE R 22 ) R L E FR A L DU K2 R IR G R 252522 R 1), LA
1B B2 G AR R U . F B 5 o N2 24 TUAE TARRYRMIE A Bt S s S5 BE 2 Be A i A o 202148
B, ARIA BRER . THFIHR GRS . BEEEE 8% RIS SO AR 482 H

BITILIA, A TG 2R AR A AT IR I BOR AR EFT o naE L FH R IRl — 482 | B 5 PR 245 | [ 50

T E R E LU T FE T E SRR S EHH T E E R T AT o R g R B LT
BT, T E SR A EREIN T et ERHGESCS 5 SR ZE(CSTPCD) | E AR5 | SO (CSCD) | b
R AR (SO I T H NG ) A AR TR 42 SCEiE PR (CNKT) | 26 E(BE 2R 51 )(IM/Medline) . J2[E(
AW SCHR Y(BA) | 56 E (623K ) (CA) | far 22 Ui 551 SCEAIEZE )(Scopus) . H ASBL A ARIR MU RS ZE (JST) 55
KR RGMOR

JUE T EZRK B AP RGN AR A G LA RIS 4 ¢ B R R sl B A BRI . SE HITHE S5 R A, G s

Rafhie k. VR kR !

ATILEL AT ML http://ykxb.scu.edu.cn/

Hiuhk: DU R T N B R % — Ba1 75 (U1 224 (B2 W) )i

R A5 : 610041

15 2 HLTE: (028)85501320

E-mail: scuxbyxb@scu.edu.cn

(PR AF2A AR (B ) ) v


http://dx.doi.org/10.3892/ijmm.2018.3393
http://dx.doi.org/10.1016/j.neuroimage.2014.11.023
http://dx.doi.org/10.1371/journal.pone.0025659
http://dx.doi.org/10.1371/journal.pone.0053655
http://dx.doi.org/10.1096/fj.10-158956
http://dx.doi.org/10.1111/j.1745-7254.2008.00803.x
http://dx.doi.org/10.1016/j.bbamem.2011.08.015
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1152/ajpcell.00341.2004
http://dx.doi.org/10.12114/j.issn.1007-9572.2019.00.311
http://dx.doi.org/10.1016/j.jcma.2016.05.006
http://dx.doi.org/10.3969/j.issn.1672-2922.2014.03.032
http://dx.doi.org/10.3892/ijmm.2018.3393
http://dx.doi.org/10.1016/j.neuroimage.2014.11.023
http://dx.doi.org/10.1371/journal.pone.0025659
http://dx.doi.org/10.1371/journal.pone.0053655
http://dx.doi.org/10.1096/fj.10-158956
http://dx.doi.org/10.1111/j.1745-7254.2008.00803.x
http://dx.doi.org/10.1016/j.bbamem.2011.08.015
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1152/ajpcell.00341.2004
http://dx.doi.org/10.12114/j.issn.1007-9572.2019.00.311
http://dx.doi.org/10.1016/j.jcma.2016.05.006
http://dx.doi.org/10.3969/j.issn.1672-2922.2014.03.032
http://dx.doi.org/10.3892/ijmm.2018.3393
http://dx.doi.org/10.1016/j.neuroimage.2014.11.023
http://dx.doi.org/10.1371/journal.pone.0025659
http://dx.doi.org/10.1371/journal.pone.0053655
http://dx.doi.org/10.1096/fj.10-158956
http://dx.doi.org/10.3892/ijmm.2018.3393
http://dx.doi.org/10.1016/j.neuroimage.2014.11.023
http://dx.doi.org/10.1371/journal.pone.0025659
http://dx.doi.org/10.1371/journal.pone.0053655
http://dx.doi.org/10.1096/fj.10-158956
http://dx.doi.org/10.1111/j.1745-7254.2008.00803.x
http://dx.doi.org/10.1016/j.bbamem.2011.08.015
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1152/ajpcell.00341.2004
http://dx.doi.org/10.12114/j.issn.1007-9572.2019.00.311
http://dx.doi.org/10.1016/j.jcma.2016.05.006
http://dx.doi.org/10.3969/j.issn.1672-2922.2014.03.032
http://dx.doi.org/10.1111/j.1745-7254.2008.00803.x
http://dx.doi.org/10.1016/j.bbamem.2011.08.015
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1007/s004410051192
http://dx.doi.org/10.1152/ajpcell.00341.2004
http://dx.doi.org/10.12114/j.issn.1007-9572.2019.00.311
http://dx.doi.org/10.1016/j.jcma.2016.05.006
http://dx.doi.org/10.3969/j.issn.1672-2922.2014.03.032
http://ykxb.scu.edu.cn/

	1 材料和方法
	1.1 主要试剂和仪器
	1.2 原代耳蜗螺旋动脉VSMCs培养
	1.3 CCK-8法检测各组细胞活性
	1.4 免疫荧光技术观察P16和P21的表达和分布情况
	1.5 制备细胞衰老模型及分组
	1.6 qRT-PCR检测各组VSMCs细胞Cx43 mRNA表达
	1.7 Western blot检测各组细胞Cx43蛋白的表达
	1.8 统计学方法

	2 结果
	2.1 原代耳蜗螺旋动脉VSMCs的鉴定
	2.2 CCK-8法检测各组VSMCs细胞活性
	2.3 各组VSMCs细胞Cx43 mRNA的表达
	2.4 各组VSMCs细胞上Cx43蛋白表达
	2.5 各组VSMCs细胞上P16、P21蛋白的表达及分布情况

	3 讨论

