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[Abstract]

Objective To investigate the role and mechanism of myotubularin-related protein 7 (Mtmr7) in proliferation

and migration of mouse vascular smooth muscle cells (VSMCs). Methods The mouse aortic smooth muscle cell line (MOVAS)
was cultured. 30 ng/ml of platelet-derived growth factor-BB (PDGF-BB) was used to induce proliferation and migration of VSMCs
in vitro. The changes of mRNA and protein expression levels after PDGF-BB intervention in Mtmr7 was assessed by qRT-PCR and
Western blotting. To explore the role of Mtmr7 in proliferation and migration of mouse VSMCs, the adenovirus carrying Mtmr7
(Ad-Mtmr7) was used to infect VSMCs for overexpression of Mtmr7. MOVAS was divided into control group, Ad-Mtmr7 group,
PDGF-BB group and Ad-Mtmr7+PDGE-BB group. The proliferation capacity of VSMCs was analyzed by Ki-67 immunofluorescence
staining and cell counting kit-8 (CCK-8) assay. The migration capacity was assessed by scratch assay. The downstream target protein
levels of mammalian rapamycin target protein complex 1 (mTORC1) were determined by Western blotting. Insulin (S mg/L)
was used to restore the activity of mTORCI1. MOVAS were divided into PDGF-BB group, Ad-Mtmr7+PDGF-BB group and
Ad-Mtmr7+PDGF-BB+insulin group. The proliferation, migration and protein levels were measured by methods as the same
mentioned above. A model of carotid endothelial injury was established. At 28 days after operation, the protein level of Mtmr7 was
determined by Western blotting. The mice were randomly divided into 4 groups (10 each): sham group, sham+Ad-Mtmr7 group,
carotid endothelial injury group and carotid injury+Ad-Mtmr7 group. To overexpress Mtmr7, Ad-Mtmr7 (5 x 10'° pfu/ml) was
injected into the carotid artery immediately after operation and then partly incubated for 30 min. At 7th, 14th and 21st day after
operation, the mice were injected the adenovirus via tail vein. Twenty-eight days after modeling, the morphology of carotid artery
and the degree of intimal hyperplasia were analyzed by HE staining. Results Compared with control group, the mRNA and protein
levels of Mtmr7 were obviously reduced (P<0.001 and P<0.05), the rate of Ki-67 positive cells and the relative number of VSMCs
increased (P<0.01 and P<0.001), the rate of wound healing and the protein expression levels of p-$6°***** and p-4EBP1"™7/*
increased (P<0.001 and P<0.05) in PDGF-BB group. Compared with the PDGF-BB group, the rate of Ki-67 positive cells, the
relative number of VSMCs (P<0.01 or P<0.001), the rate of wound healing (P<0.001) and the protein levels of p-SéS“m/236 and
p-4EBP1"""/* (P<0.05) were decreased in Ad-Mtmr7+PDGE-BB group. Compared with the Ad-Mtmr7+PDGE-BB group, the
protein levels of p-S6°>*** and p-4EBP1™"/* (P<0.01), the rate of Ki-67 positive cells, the relative number of VSMCs (P<0.01 or
P<0.001) and the rate of wound healing (P<0.01) were increased in Ad-Mtmr7+PDGF-BB+insulin group. Compared with the sham
group, the protein expression level of Mtmr7 decreased significantly (P<0.01) and the ratio of intima/media area increased (P<0.001)
in carotid endothelial injury group. Compared with the carotid endothelial injury group, after overexpression of Mtmr7, the ratio of
intima/media area decreased significantly (P<0.01) in carotid endothelial injury+Ad-Mtmr7 group. Conclusion Overexpression
of Mtmr7 may inhibit the proliferation and migration of VSMCs induced by PDGF-BB in mice, alleviating intimal hyperplasia after
vascular injury, which is closely related to the mTORCI activity reduced by Mtmr7.
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Fig.6 Effect of overexpression of Mtmr7 on intimal hyperplasia after vascular endothelial injury in mice(HE x 200) (n=10)
(1)P<0.01, (2)P<0.001

HbR, HBERR LK T ] S emTORC LAY TR HER . 1%
FERFFE B, mTORCL I AT VSMCsH 5 1 M
SRR, T TORC 14 37 WU AT 40 o 7 P e 24 o

Bezg i % 4" . mTORC1/EPDGE-BBi% F [ VSMCs
HaE . TR R HEEAER], PDGE-BBA] i R
mTORC1IE M AR FEVSMCs 1 14 5 Fl i fg 11220



AN, HBFERIR, Memr7 %45 1 95 20 it B 24 5 4
HIRY HmTORCL A IG B UMK . ik, BT
HE—25 T Mtmr7 5 35 VSM Cs 4 58 AT 7 1 L
AT eI T Meme7 % mTORC 13 74 1Y 52 i
KAt F Ik Memr7 0] FBEARS6 FI4EBP 1Y 85 iR 1k 7K
o, HE/RmTORCIIGPESZ BN I . A SCHRIRIAE ,
ik 1% 2% ] 8 3 PI3K/AK TR A2 B mTORC 1P,
ARBEGEW LB, NS EFp-S6 PO/
p-4EBP1™™ I R I B 5, FRES R
PR T mTORCLIIE I, MmTORCIHEHWKE 5,
F 223K Mtmr7 %0 /)N VS M C s 1 5 F1 T 4 410 I/
P, X5 DIAEAFSE o B B 28 2 B mTORC1
A 3 200 0 4 R RS R 25 0 — B, TR IS,
i P IK Mtmr7 ] 38 3 FEARmTORC 13 P SR 41 i /N BR
VSMCsH 3 5E FIiTE .

RSN GE 45 S Rl B, o T — 2 5
Mtmr7 7E 1L P9 R s ) R RS A= i A E AR 0T
S8R FAUBRE 4540 100 A8 PN e vk 57 1 /N R 80 ik Y
AR, SEIRAE IR R, RIS bk N K e
Mtmr7 8 1R BAKCFFEAL, #2785 Mtme7 7] BEFE 4
M RYEA R IEEE R . A, ABFS R AT
IR Memr7 B9 25 200 0 Jok Jea 30 9% 7 R 0 B S A
DTS BR N Kk Mimr7, S5R BN, M4 R
1k IR Memr7 ] Yol A58 1A PR A5 J %) A8 B A R N T
WA, BRASR N 3 2k Memr 7 0] JI04 20N LI A 361405
J B PR A

25 PR, ik FikMtmr7 W] 11 PDGE-BBif
A /N ERVSMCs 34 58 FIE S, DA 98 48 Il A5 1 4 s
B PN A L] S Mtmre7 AR mTORC 175 11 %
YIMSE, X0l RESE B (kP As & A R R ) — FiE e
ML, A B R IR IS PR 2 (TR . (HER T
ARG FEAE TP FARIMNLES, RN LR BN R
PR, It JH R Mt 7ok 5 10045 100400 i A s o0 24 T P B
B4 A 1 ELARMLH R S 5 RSN 98 25 53— B 75 dE—
BT

[ &%k )

[1] Chi YQ LiY, Guo CH, ef al. Influence of balloon dilatation
pressure of percutaneous transluminal angioplasty (PTA) on
the patency rate of arteriovenous fistula after PTA and the risk
factors analysis[J]. Med J Chin PLA, 2021, 46(11): 1085-1091.
[RMETT, Z515), SR, &5, PTABRSEY 3K 1 ) %l 3k 1 8
A PTAA S5 0 1% 2R 1 52 Wi S HAG B B 240 Mr [ 7] F# 4
Bear 24k, 2021, 46(11): 1085-1091.]

[2]  Torrado J, Buckley L, Durdn A, et al. Restenosis, stent thrombosis,
and bleeding complications: navigating between scylla and
charybdis[J]. ] Am Coll Cardiol, 2018, 71(15): 1676-1695.

[3] Wang XH, Wang PH, Pan YQ, et al. Effect and mechanism

of phenotypic transformation of vascular smooth muscle

cells regulated by TGF-B, on the venous thrombus wall

[10]

(11]

[12]

[14]

(18]

[16]

Med ] Chin PLA, Vol. 47, No. 6, June 28, 2022

remodeling[J]. Med J Chin PLA, 2020, 45(8): 791-797. [ £/l
WE, EMGHE, W 27T, 45, TGE-B, 4 i 118 LAT i e A e
AT T K LA 5 1 T 8 v ) 40 T B HCATLAR (7). e % I 2
73, 2020, 45(8): 791-797.]

Smith SA, Newby AC, Bond M. Ending restenosis: inhibition
of vascular smooth muscle cell proliferation by cAMP[]J]. Cells,
2019, 8(11): 1447.

Canfield J, Totary-Jain H. 40 years of percutaneous coronary
intervention: history and future directions[J]. J Pers Med, 2018,
8(4): 33.

Hnia K, Vaccari I, Bolino A, et al. Myotubularin phosphoinositide
phosphatases: cellular functions and disease pathophysiology[J].
Trends Mol Med, 2012, 18(6): 317-327.

Mochizuki Y, Majerus PW. Characterization of myotubularin-
related protein 7 and its binding partner, myotubularin-related
protein 9[J]. Proc Natl Acad Sci U S A, 2003, 100(17): 9768-
9773.

Weidner P, S6hn M, Gutting T, et al. Myotubularin-related
protein 7 inhibits insulin signaling in colorectal cancer[]J].
Oncotarget, 2016, 7(31): 50490-50506.

Yuan Z, Chen Y, Zhang X, et al. Silencing myotubularin related
protein 7 enhances proliferation and early differentiation of
C2C12 myoblast[J]. Biochem Biophys Res Commun, 2017,
484(3): 592-597.

Zhao D, Shen C, Gao T, et al. Myotubularin related protein 7 is
essential for the spermatogonial stem cell homeostasis via PI3K/
AKT signaling[ J]. Cell Cycle, 2019, 18(20): 2800-2813.

Lu QB, Wan MY, Wang PY, et al. Chicoric acid prevents
PDGEF-BB-induced VSMC dedifferentiation, proliferation and
migration by suppressing ROS/NFkB/mTOR/P70S6K signaling
cascade[J]. Redox Biol, 2018, 14: 656-668.

Sun X, Li S, Gan X, et al. Wild-type pS3-induced phosphatase
1 promotes vascular smooth muscle cell proliferation and
neointima hyperplasia after vascular injury via p-adenosine
S'-monophosphate-activated protein kinase/mammalian target
of rapamycin complex 1 pathway[ J]. J Hypertens, 2019, 37(11):
2256-2268.

Warren EC, Dooves S, Lugara E, et al. Decanoic acid inhibits
mTORCI1 activity independent of glucose and insulin
signaling[ J]. Proc Natl Acad Sci U S A, 2020, 117(38): 23617-
23628.

Yang Y, Tian Y, Shen Y, et al. Protection of MICU1 against
myocardial hypertrophy induced by angiotensin [ [J]. Med J
Chin PLA, 2017, 42(12): 1051-105S. [#14, M3, WA, 4. 4
LR B TR 7R L BRI R TS/ RO UL R
g BAR AL AR AP E R ], 4L B 2 225K, 2017, 42(12):
1051-1055.]

Gu M, Feng FF, Gan XQ, et al. Role of phosphatidylinositol
3-phosphate S-kinase type Ill in proliferation and migration of
mouse vascular smooth muscle cells[J]. Chin J Pathophysiol,
2021, 37(3): 433-442. [AH48,IBAETE, TS50, 45, ARG
P WL 3- AT S - TR /1 Bl o 6 - T UL 240 [ 084 i G A o
AR FIBLEIATTEL)]. o [ LA B2 A, 2021, 37(3): 433-
442.]

Shlofmitz E, Iantorno M, Waksman R. Restenosis of drug-eluting
stents: a new classification system based on disease mechanism
to guide treatment and state-of-the-art[J]. Circ Cardiovasc

Interv, 2019, 12(8): e007023.



20224FE6 28 H 474 el

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

Omeh DJ, Shlofmitz E. Restenosis[M/OL]. In: StatPearls.
Treasure Island (FL): StatPearls Publishing, 2021.

Peng YY, Ma JR. Research progress of in—stent restenosis after
percuteneous coronary intervention[]J]. J Shenyang Med Coll,
2021, 23(4): 391-396. [ 1A, Dhhnafi. 28 JAR S kA A
TEIT I AR Bl UKk S AR A R AR IS SR (], R B 2 B
23], 2021, 23(4): 391-396.]

Osherov AB, Gotha L, Cheema AN, et al. Proteins mediating
collagen biosynthesis and accumulation in arterial repair: novel
targets for anti-restenosis therapy[J]. Cardiovasc Res, 2011,
91(1): 16-26.

Feng S, Gao L, Zhang D, et al. MiR-93 regulates vascular smooth
muscle cell proliferation, and neointimal formation through
targeting Mfn2[J]. Int J Biol Sci, 2019, 15(12): 2615-2626.
Goossens EAC, de Vries MR, Jukema JW, et al. Myostatin
inhibits vascular smooth muscle cell proliferation and local
14932 microRNA expression, but not systemic inflammation or
restenosis[ J]. Int ] Mol Sci, 2020, 21(10): 3508.

Wang DD, Uhrin P, Mocan A, et al. Vascular smooth muscle cell
proliferation as a therapeutic target. Part 1: molecular targets and
pathways[ J]. Biotechnol Adv, 2018, 36(6): 1586-1607.

Zhang JL, Zhang DH, Li YP, et al. Myotubularin-related protein
14 suppresses cardiac hypertrophy by inhibiting Akt[J]. Cell
Death Dis, 2020, 11(2): 140.

Gao Y, Zhu P, Xu SF, et al. Ginsenoside Re inhibits PDGF-

(28]

[29]

[30]

(31]

BB-induced VSMC proliferation via the eNOS/NO/cGMP
pathway[J]. Biomed Pharmacother, 2019, 115: 108934.

Kim LC, Cook RS, Chen J. mTORC1 and mTORC?2 in cancer
and the tumor microenvironment[J]. Oncogene, 2017, 36(16):
2191-2201.

Saxton RA, Sabatini DM. mTOR signaling in growth,
metabolism, and disease[J]. Cell, 2017, 169(2): 361-371.

Ha JM, Yun SJ, Kim YW, et al. Platelet-derived growth factor
regulates vascular smooth muscle phenotype via mammalian
target of rapamycin complex 1[J]. Biochem Biophys Res
Commun, 2015, 464(1): 57-62.

Ding M, Xie Y, Wagner R], et al. Adiponectin induces vascular
smooth muscle cell differentiation via repression of mammalian
target of rapamycin complex 1 and FoxO4[]]. Arterioscler
Thromb Vasc Biol, 2011, 31(6): 1403-1410.

Pan S, Lin H, Luo H, et al. Folic acid inhibits dedifferentiation of
PDGF-BB-induced vascular smooth muscle cells by suppressing
mTOR/P70S6K signaling[J]. Am J Transl Res, 2017, 9(3):
1307-1316.

Yoon MS. The role of mammalian target of rapamycin (mTOR)
in insulin signaling[ J]. Nutrients, 2017, 9(11): 1176.
Frismantiene A, Pfaff D, Frachet A, et al. Regulation of
contractile signaling and matrix remodeling by T-cadherin in
vascular smooth muscle cells: constitutive and insulin-dependent
effects[J]. Cell Signal, 2014, 26(9): 1897-1908.

(THAESE . TK/DAH)





