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[#Z] Hy M H PNPase FIAMLR K microRNA (MitomiRs ) 235 1 540 LKA ZORI 1A DNA [ {4718 1 .
Jitk VN4 SK-Hepl HepG2 FI & PRI AU U,08 SHAIF7E % 4, F iy 4% (456 Y6 8 11 1Y) ( green fluorescent protein,
GFP)PNPase shRNA 1555 5 55 Y 4l ffd, R H Western blot Jy 3% K PNPase 363k, 43 5 4l B 28 k7 {4, 45 HUZR B7 /& RNA |
microRNAGE KR T 7 PNPase 57 2B microRNA (MitomiRs ) F S A9 25 1k Q-PCR Kol mDNA 4% | ELISA Jy ik
KoL R 8-F5 ML 17 (8-OHAG) . S6HE WO 3T MO WL i 7%, SK-Hepl  HepG2 il U208 4 e s R 1
#ii#i . PNPase shRNA A REFE LR 12 ~24 h AT R ISR (500, 9 MOL(FeRALRT) =20 i, 3 F 240 i B ot e e
ROk 80% L) -, VELEWLEE 2 8, Y sl B AT 4 H5 45 T0% ~ 80% , Western blot K i 45 52 i3 7 PNPase shRNA 2 i
PNPase 2 145234 16 T 15 2 6 AL TGP BRAL. microRNA 5 13 77 : PNPase shRNA 5 H (941 MitomiRs % ik % A 1]
75 £k, miR-30c-2-3p, miR-494  miR-1273g-3p, miR-4443 L3k |9, 1ii miR-324-3p, miR-574-5p, miR-371b-5p miR-6068 ,
miR-21-5p Fik i, Q-PCR Krill 7% PNPase shRNA 41411 mDNA H1{5/5U45 . ELISA £5 i85 PNPase shRNA 41
LRI KS-OHAG & T W, 853 00 MR 41 M 28K PNPase 6 ik T 5 MitomiRs ik itk % 4 A5, [ A, 380 01
mtDNA 53>, 7% MitomiRs 7T AES: 15 T mDNA 5 i 03614

[ ] PNPase ;21K ;MitomiRs ;& kit
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Regulation of mitochondrial microRNAs by PNPase inhibition prevents mitochondri-

al DNA from damage in vitro
Li Lili, You Yang, Zhou Yuan, Ling Xianlong ( Department of Gastroenterology, Xingiao Hospital, Third Military Medical University,
Chongqing 400037, China)

[ Abstract | Objective To investigate the regulation of mitochondrial microRNAs ( MitomiRs) by
polynucleotide phosphorylase ( PNPase) inhibition, and the possible protection effects on mitochondrial DNA
(mitDNA). Methods Human hepatocellular cell lines SK-Hepl and Hep G2 and human bone sarcoma cell
line U20S were transfected by PNPase shRNA lentivirus with green fluorescent protein ( GFP). PNPase expres-
sion was detected by Western blotting. Then the mitochondria were separated, and MitomiRs were extracted.
MitomiRs were analyzed by microRNA chips before and after PNPase shRNA treatment. MtDNA damage
frequency was assessed by Q-PCR, and mitochondrial 8-hydroxydeoxyguanosine (8-OHdG) was detected by
ELISA. Results Visible green fluorescence was found in SK-Hepl, HepG2 and U20S cells transfected with
PNPase shRNA lentivirus in 12 to 24 h later. When the MOI ( transfection plural) was 20, the transfection effi-
ciencies of 3 kinds of cells were more than 80% . In the next 2 consecutive weeks, the transfection efficiencies
maintained at 70% to 80% . PNPase expression in the cells transfected with PNPase shRNA lentivirus was lower
than that in the normal control and negative control cells. MicroRNA chip analysis results showed the obvious
changes of MitomiRs profiles in the PNPase shRNA-treated cells. MiR-30c-2-3p, miR-494, miR-1273-g-3p,
and miR-4443 were upregulated, while miR-324-3p, miR-574-5p, miR-371-b-5p, miR-6068, and miR-21-5p
were downregulated. MtDNA damage frequency was reduced in the cells transfected with PNPase shRNA | and
the content of 8-OHdG in the mitochondria of those cells was lowered. Conclusion  Inhibition of PNPase
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expression in tumor cell mitochondria results in changes of MitomiRs expression. At the same time, mtDNA

damage is reduced, implying that MitomiRs may participate in the regulation of mtDNA replication.
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( mitochondrial DNA ,mtDNA) , 4#fith 22 tRNAs .2 rRNAs
13 ZAREER . miDNA fi2k 59825 LA K ROS 74z i
£5 5UEAL” ) OB R B P 33k T R L R 2ok
PREGEHIEIR 5 AR K & S AT e s Lokt vl 7 1%
HEMIBRIES S TR RS

WL A0 R ) 22 A% 1 R W52 1L ( polynucleotide
phosphorylase, PNPASE) J&—F 3'- > 5B R 4]
fifi o 22 B MRAT PR IR A I, 157 TS0 AR 1] Bt I 98 42 G
fi/N RNA , 4l RNase P.5S rRNA, 1 MRP RNAs i A £
BRI ) H PNPase 7F 28 % 4K P microRNA ( Mito-
MiRs ) A A f Pl /A o

bR microRNA (MitoMiRs) W B82S 5 T 2ok A
DNA & i A S BRI o A B9 38 4ok 4100 S e 44
it PNPase (132351845 MitoMiRs, WL ZZ £k ki /& DNA #
Pkl A8 1k o

1 S

1.1 ##

TP 20 SK-Hep 1. HepG2 L4 KB AR 21 ifg U20S #4114
[ rf ERE B AN . RPMI1640 ( Hyclone, USA) \DMEM 5 4%
$5: 3L (Hyclone , USA) ; FBS(Gibco, USA) ; PBS({ -4 T
], P EEBL) 5 BEREA W (TBD, USA ) 5 -PCR 38 5% 532 5
&R FOtE  PCR A7 & (TaKaRa, USA) ; 2 ki (R 2 (1 #l #2 14
M & (DAY A R, E R ) s BCA 8 s i il ) & (A
LAY R A R, A U s Gokn i g3 8 iR & (3 3 Jk
HHE AR, P EALE) s ELISA i85 & (EH A A\, T E
) ; PNPase HATE LI (epitomics, USA ) ; 2R /A microRNA b
F (Agilent, USA) ; DMSO 43 #1357 ( Amersco, USA)
1.2 fmpesdicb s i

HepG2 .SK-Hepl \U,08 =F4iiffi#E & 10% FBS.100 U/mL
TR Z M 100 U/mL £ % 1) RPMI1640 B 3L i %, e 4H
IR E N 37 C,5% CO,, 0.25% IREHH LR B0

PNPase ShRNA 18 J55 £ Fl1 25 2445 5 1 Invitrogen 7\ &) 4
#t, PNPase T4 A B 7 5 4 : 5 -GCTTTGAAGCATCCGACTG-
TA-3"; BT IR B2 % 2 - 5/ -TTCTCCGAACGTGTCACGT-3",
U 4 CHAERREE & B OHLE O 20 s (R 8 78 4

BT BB ), 8 i SOk A 3, A SE 5k I MOT 8 (4
JH e 52 K MOT = 1855 25 175 B2 > 1800 75 1 ] 5/ A0 iR % ) Ay
20 RIS AL I 18 s A T &, ARYE MOL B, K ot 3153
S B T AR B B B FR e vh R T RECRIIE I AR AR 10 & 18 e 7
HIREFEIE I SIRBUN B /MR, LLRAS B A R IR s 8) o FF
T B B AN RSB, HLWBE S 80% I, TR W AR T
BT A HERR AR FR B W TR RO A& I B R 5L IS R T
CO, 5546 (37°C 5% CO,) E LW, 24 h J5 ¥ A8
B IR W S A A H B IR S B 48 ~ 96 h e, OB IER
£E W BT S DR
1.3 mieg ik gz

Wie#E SK-Hepl , HepG2 F1 U20S 40 ity | %% Yo 25 4% {4 55 75 A0
PNPase ShRNA 1855 27 11 4 Il , 4% R 2k (A 2 1 48 U &5 1
WA T, I ER A BCA 2 & # N &l E o

PNPase T HLC R M A2 : ML ii] 8% SDS-PAGE ¥ )%t , 5540 2
FIERER N 80 e, FILK, B, 5% IS Wby 25 i B P 1 h )5, 23
AN ABT PNPase —47(1: 1 000) FI4¢ B-actin —47¢ (1:500) &
4 C IWEER . PEBE A ZHT(1:2 000) FiRFFFE 1 h, PEK
JEIMA ECL &G B T 8 I AR & 4t (Bio-Rad ) H1 1 5.,
GAPDH fEy NS LT T LB H i 3Rk &7
1.4 microRNA % 5 #%-m MitomiRs

It ££ SK-HEPI1 , HepG2., U20S 48 fif1 A Jz SK-Hepl-ShPNPase .
HepG2-ShPNPase J U20S-ShPNPase 4 i , 44 B8 28 o 7443 55 15
B A A5 40 2 40 i 2R 44 5 R ] mirVana™ miRNA lsolation Kit
(Agilent) $2 41 J5 7%, JRICLL KL 1A RNA, T 13 4 KL {& RNA £
Agilent Bioanalyzer 2100 ( Agilent technologies, Santa Clara, CA,
US) KBRS 4% J5 , 5 Agilent miRNA T8 R 47008 4438 5 5%
Ji Agilent Feature Extraction (FE) software version 9. 5.3 {3}
T BRI GeneSpring GX B F73#7 L4 MitomiRs 224k,
1.5 g-PCR # @ £ % 4k DNA ( mitochondrial DNA

mtDNA ) 45 4

SCHR[8 J4GE , 76 94 °C .2 min (51T, 58 % 1 miDNA R
REfet: , A0 miDNA W4 fif 555 JF 47385 5 7€ 94 °C (6 min [y
FAFR A ) meDNA (245 58 8 (1 R 03 1) ) 240 g il O 4 184
R, AT 38 A A 0 miDNA 47 3% 450 352 1] 422 S Bt miDNA 35 455

£ I8 Passos 21 1 Santos 25" HL3H i 77 ¥, SE AR U 37
YL DNA, TR0 o-PCR G0 & 3 W 58 ikl it A% . 3T
P38 mtDNA D-loop HV1 JF5 00518 . F #7514 .5 -GATTT-
GGGTACCACCCAAGTATTG -3'( 16042 ~ 16064 ) ; FiE5 |4 :5'-
AATATTCATGGTGGCTGGCATGTA-3"(16 125 ~16 102) ; N &3]
¥ :h actin £ 5'-TGACGTGGACATCCGCAAAG-3';h actin r 5'-CT-
GGAAGGTGGACAGCGAGG-3', ¢-PCR Jz [ &k & 58 1 Ik
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PCR 1,94 °Cf#4# 2 min J5, 94 °C 30 s—60 °C 45 s—72 C Ferkm B TR 3)
45 s, 4L 32 AMEIR 13 F)5E 1A CefH(Ctl) ;55 2 Ik PCR &1,
PR R shPNPase

94 Cf#%% 6 min J5,94 °C 30 s—60 C 45 s—72 C 45 s, 3L
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HUE7RB e

1.6 ELISA M & 29 e 2 #24k 8-OHdG (8-hydroxy-
2-deoxyguanosine ) A&

SCHRL 11-12 J 438 , 8- 2 SE 4 17 (8-OHdG) J2& DNA %fk
PO RE S 7 W), R Ak A S DNA SR AR S 5 | 5 IR e 7
C-8 LAy RIEAL T IR L & 1 7 4 8-OHdG, P 1t , 8-OHdG J&
N UEPEFNSMIEIE A 200 DNA A 007 A= i AR 2 bn s o R
FHE R 43 B0 & 43 B Al M Ze ki A, ELISA Jy ik o i o
LRtk 8-OHdG . J3 e s AL A fL I AL S AL . 25 AL
TEE SRR B 100 WL, A3 AL SRR E i B AE i 100w,
R SLIRAT,37 “C LN 120 min, JE 5 25 B L m el
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AL I B TAF# 100 wL, bt in b AN 37 Cll &
60 min J& , T L AL . MK RALINRYI 90 wL.,
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PNPase 3580 R 9, 17 5% Yo 25 01405 55 (9 40 i b7 f& PNPase
XL BER(E2),
2.3 microRNA ;% } #n] PNPase % ik #7 /& %0 fit, Mito-

miRs # & 1L

GeneSpring GX %4443 #1 microRNA 7 i 45 3 i 7, PNPase
RNA F3iJ5 B 40 MitomiRs 7235 % A4 B 8 25 4k, miR-30¢-2-
3p.miR-494 miR-1273g-3p .miR-4443 #ik |4, i miR-324-3p.
miR-574-5p .miR-371b-5p . miR-6068 .miR-21-5p 5 F MitomiRs

SK-Hepl

HepG2

U208

E1 BHARESRSEEMEERENUR

( x100)
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q-PCR 5 il 25 S, SK-Hep 1 25 [ X JRZH . B4 X7 R 4
ShPNPase 2 .HepG2 %= |4 % iR 4H | B M Xt i 2H  ShPNPase 4H %5
I %F BB 26 | 9] P X FE 2H . ShPNPase 2 8-OHAG 7 & 43 5 K.
0. 104.0.090.0.017.0. 093 .0. 089 0. 023 .0. 070 0. 082.0. 020,
LR PNPase 3K J5 , miDNA $H 754502 B K& AI%
2.5 B #ymIeL Ak PNPase & A 698, 1 4k 51K 49 e

9 ARG

ELISA J5 k460 41 i £ br 44 8-OHAG (1) 45 5 i 7R : SK-Hep
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21 8-OHAG & 143 B4 225.41 .218.93 .78. 34 .262. 99 253. 32,
85. 39, 266. 85, 238. 52.90. 71 SK-Hepl-ShPNPase. HepG2-
ShPNPase [ Kz U20S-ShPNPase 4fi Jits £& ki 44 Py 8-OHAG & 5 B
SIS A 2 R A G B X R 2 A 2 R
(P <0.01) , #&/RZehifhk DNA &AL 0302l

1 2 3 4 5 6 7 8 9

1.2.3: % 314 k& SK-Hep 1 = & 3 B 40 PA M %5 18 20 ShPNPase 28 ;4 5.6 : 5 #14X, & Hep G2 = & % 48 | FA 1 %+ 18 20 ShPNPase £2;7.8.9 : 5~ A1 4%,

4 U208 = & 2t 4L B 1 % B840 ShPNPase 40

B 2 Western blot #ill| 2 i {& PNPase & 8 &KX
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I I iR -324-3p
[ hsa-miR-574-5p
I N N ::-iR-371b-5p
T hsa-miR-30c-2-3p
N D iR -6068
N N N -miR-21-5p
N N ooiR-494
I N B hsa-miR-1273g-3p
[ N N o-miR-4443

Tvs9 1vs3 4vs6
7vs9: U208 = & B8 28 vsU20S-ShPNPase #8;1vs3:SK-Hep 1 = &
s 48 vsSK-Hep 1-ShPNPase £8;4vs6: HepG2 = & s} B 41 vsHep
G2-ShPNPase 28
E 3 microRNA 5 il MitomiRs FiEZT{

3 itig

PNPase 77F T 20 M2 (4 B (1] Bt , 8 97 it 2 44
i/ RNAmiRNAS) HE AR R, 515 R I 22
ISIREE L ABIFOR A sIRNA AR SK-Hep 1,
HepG2 F1 U20S i ifd 1Y) PNPase %2 3iA, microRNA & H
For i 2 30 4 b A microRNA (1) 3k 3% 77 A4 T A8 4k,
H. i miR-30c-2-3p, miR-494 miR-1273¢-3p, miR-4443
ik [V, i miR-324-3p. miR-574-5p . miR-371b-5p..
miR-6068 .miR-21-5p FiA &, S5l mRNAs 25,
R RNA (mtRNA) A poly (A) &K poly(A)
CEATEM, DR 43R A F A5 o N Lok A
poly (A) 54 n] 45 i, mtRNA poly (A) R, i siR-
NA HARFER poly (A) 2 G HlHE H 235 [ 2 ki fA& mR-
NA poly (A) K B> B HARE R o M, 5 4MH
PNPase iAW 2 T2 mtRNA poly (A) K J& B g 1%
T, (B R 23 5% 0 53X 26 mRNA g Fa s v soik
[16 ]4z1& , A] fEJ& —Fl' Varl 3-PNPase & G940 i ¥
A B 4 52 1) RNAs SR 75 PNPase 45 (19 4R 14
AE s RNA Rfi

miRNAs J&— KE/NrFAE S A% RNA, i 40 i 4%
FER G, K2 22 nt; AT455 T mRNAs 9 3'-UTR X
BAM T mRNA 5 S AR mRNA A, HoR e 2
TERE IR ACE . RS R , miRNAs o B #0L 1 4
FIE A mRNA 4 5'-UTR [X 38 &% ¥ % [#] 4 (open
reading frames, ORF)""' JA$/EH B 93 A

M 264 1 microRNAs ( MitomiRs) Al 2 5 T
mtDNA %553 A2 il i R 45 , GOk PNPase [ 3k /b
BI4:5 14 MitomiRs k38 g . ARBFTe 4 %
B, J0 ) 98 241 L PNPase 323K )5, mtDNA $5 47 41 % B
WD 75 AT HE 5 MitomiRs 535 8 A ¢, H A

K2 518 miDNA % 5% K &2 il () MitomiRs (525 J
ML it — 29T . e miRNAs 7E 4k {A
ek F a7, MitomiRs 7E 40 ML P A KA RS
A G, N UAE 40 e b A4 P A7 78 () miRNAs
£ :miR-103 . miR-23a K miR-423-3p %5 ;1 HeLa 4 jif
2 A h miR-513a-5p . miR-328-5p &% miR-1908 2l
KRKEFIA, —H MitomiRs ) 335 7= 4 J 8 5 vl 5
SRR R

mtDNA 2 21 3 48 A0 45 405 (9 U AR . miDNA
O3 F R AUEE ] A PR R DNA 43§, 28K {& DNA (mtD-
NA) 732 WUEE A IR G548, gt 37 AL, Horp
A 13 2 ETC (137547, 2 A ifih rRNAs, 22 >
35 ma'™ . mDNA 75 5 32 B 485 52t S B0 ¢
A% (DNA $5i 445, ROS i1 JE 4 i DNA & & HL il #9 5%
w2, mtDNA VB 4365 ETC 35 3 1 4 43, miD-
NA 275 H 3 2 oxphos [ HLFE LA & ROS 34 jin A=
700 PR A R 2R A TR 15 . miDNA & 5 il
T I X AN [R) A T 438 1 3 486 i 174 37 1 B B 1 AR Ak
VO SR T O T R B EAE YT S IR A
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8-OHdAG J&ffif i DNA PN Y 48 £k 361 493 R0z 1) 5%
SEVERREY T . WHTEA(ROS) 28 5 Uil DNA [ 15 1
MR KL , B i 8-hydroxydeoxyguanosine (8-OHdG) , & 7]
456 B Mt AL s g, 8-OHdG ) 38 H I e — 578
RN AN B A bR &Y . BFE R, AR
P 8-OHAG 1] LLAH R b 3 /> ROS = A | i 55 41 fg 2%
factor-k B BY{5 518 1% , UL S BMCE e RIEAN LAY 3k,
FI 24 W RES T4 P JORE 1 B WA iB B , 45 B
% JHR PRI FEE LA I 98 B g

AWFFE BN, 7 SK-Hepl \ HepG2 J¢ U20S 4 fifg
o, 4l PNPase 25 13235 J5 , ELISA i & 7~ 40 it P4
A7) 8-OHAG Yl /b 5 AH W ML, [R)AE Ak ) 44 i
P, Q-PCR %55 /R miDNA AHXT ik = FEAIL, M
HAO R TR, 5 8-OHAG Al 25 S — 2, i T~ M
PNPase [ 35 J2& 2 9 /D 20 Jifd 1) 480 £k 68 43 2 B 140 5 i
PNPase (JVEH] H BTN H & 1Y /2, # 1 /5 microR-
NA JE A 27 AR O 52 ) 2 67 44 1) S Ak B 5. A ik
PNPase 1 GEi# £ 45 FE4L55 ¢ MitomiRs BY3RIK, Gnit
i3 microRNA P8 1 26 H 19 2 38 7 8 9 miR-324-
3p. miR-574-5p, miR-371b-5p. miR-6068 ., miR-21-5p
8 X EORL AR D RE e A0 AR A R, X Y
MitomiRs Ffr /£ FH 9 8 25 DA R G388 4% A it A HAE
ML A T~ —22 5%
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