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HAFDNAREE S MEFRIER

RBA, ZERT, kmm'
(L EALK S AT WRKE R A2 FE, B3 048006;
IO EA K ETRKERESFARA, Tk 048006)

WE: RANSGEARE LGS hERA, &HRENIS%, £eHLEMNNERERLY%. &
R R AT K, SR B KRR, RSHCAEARNERRARAAGRE L. HhE
RE AL, REREFRLARMNFZ—, BTG aEmE AR S AHmMBEDNA, L5k, Ak
A% R B R, A ARDNA(mitochondrial DNA, mtDNA)E % & &b E69 K £ K& T IiE % E 24
A, HEFLERENERSEY, SEAhE 0L AHRLE AN 0T mBNRT. bTFs
M k2 & QAR RS A ALH], mIDNARAIE S 2B XL g #H A FORG R A ERE, &Eu
mtDNA S % T $ 2 &k hoh hb B A3, i R AL B BR AL 5L T8, 3RV M "2 "5 4% 3F = # 84 (adenosine-
triphosphate, ATP)#9& Ak, 38740 A (reactive oxygen species, ROS)&) =4, FlRANLE K. KER
R, M Ao IE R0, AR EORERRTREETRMERN. ALABTmDNARE £
Bt B GO R, B A B R 0B i AR A 0

*HEA: SR HFREME; mDNARE; ZEMARRNA; AR H; hEEH

Roles of mitochondrial DNA mutations in hypertension
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Abstract: Essential hypertension is the most common cardiovascular disease, accounting for 95% of
hypertension, with a global prevalence of nearly 27%. The occurrence of hypertension increases the risk of
brain, heart and kidney diseases and is an important cause and risk factor of various cardiovascular diseases.
The causes of hypertension are complex, and heredity is one of its pathogenesis. Most of the currently known
hypertension-related genes are nuclear genes. In recent years, more and more studies have shown that
mitochondrial DNA (mtDNA) mutations play an important role in the occurrence and development of
hypertension. As an important player in maintaining vascular homeostasis, mitochondria regulate vascular
cells mainly through oxidative phosphorylation. Due to the lack of histones and efficient repair mechanisms in
its structure, mtDNA 1is particularly susceptible to mutations induced by certain stress-induced damages.
mtDNA mutations can lead to mitochondrial dysfunction, cause oxidative phosphorylation defects, reduce the

synthesis of adenosine-triphosphate (ATP), increase the production of reactive oxygen species (ROS), cause
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oxidative stress, inflammation, etc., and have negative effects on vascular structure and function, and play an

important role in the occurrence and development of hypertension. This review introduces the research

progress of mtDNA mutations in hypertension, aiming to provide new targets for the prevention and treatment

of hypertension.

Key Words: hypertension; maternal inheritance; mtDNA mutations; mitochondrial tRNA; oxidative stress;

vascular remodeling
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Brbe 2. LAk, FRENHE & i R0 2R
gk, HurfE ik EE CBg2.712, 65
P 7o L 7 SR ) B B 4 0F S B2 104446 . [ W
e ML (%) R L) 2 i B 96 e I v AR A R )
S A A R A o e i R AL
2ok, BERNERELPEE S EEREMRY. T
FERFZWHREI, LF{ADNA(mitochondrial
DNA, mtDNA)ZRA L & i & &K A4 K & A % U1k
F o mtDNAZIDVF 2 28 R0 AR R I 53 5 14 1) DG B B
F, IR v] S SR R A S Ak Tl R AL T R B
fif. ROSHERA. ATPE kb, M e it s ifi % 1)
KA R EEY, B 5 mtDNA %38 76 i 1% R 0% T
1 5 L a3 oK ok w1 R RS vE B VR R R
o ASCEEXTmtDNA R AR LE & 0K T 78 3t
AT LR

1 mtDNALgE 5444

AN ZFEmtDNALL16 569 bp i Al £ HOMR 45 44 177
e, BE K EFEMIGRE, =P LIER
(guanine, G)HEZ, MHXHTRERK, MiEH
W IESF AR S o mtDNAF] 437 MR, k224
tRNA(transfer RNA, tRNA). 13/ mRNA
(messenger RNA, mRNA)LL 2/ MRNA(ribosomal
RNA, rRNA)EERH . 540 DNAAE, mtDNA
R Z PR e, TAE T8 AR X E
D-loop(displacement loop) X 1 #5% J5 2/ ¥ (light-
strand promoter, LSP)5 & 5% 5 /) 1-(heavy-strand
promoter, HSP), 73l #5525 5 B HE LN (1) % 5%
H5e, eSS RERMDA R IR, HEE T ER
A 124 S AL B R AL B T I mRNAZE K], 2/MrRNAZE
PIATTAMRNAZE s 8RS0 5 HL AR I8 MRNART
MNMABERILE A mRNAKEH . th4b, 7ED-loop

XA @ RALX: FH—1E2 1 X (hypervariable
region [, HVI)MN16 024 ntF]16 383 nt, % A
{71422 [X (hypervariable region I, HV I[)M57 ntZ
33 nt*,

AW fi EL B D) e i A B R AL 1A
AR & MR T F e 2, H P mtDNAZEX
—I R PEE B CEE MO, AL g
13RI IR B B 1, A5 41 R 6 2K AL B 1 34N
B, At ERD. ATPEEI2AN VA LR 0 ok frc Ji e
W AL R OB 7N 2, . X R R T LR R
RPN R R R RIER , BEES SRt
ik f2. dhah, Zrifkic s 5 2R ®SE, 17F
Yepgn M N AR AS . RS E T W A AN
WO PRETT R AE AR EER . 5 EE
AR A ot B A5 i 2 T L Dy RE ) A . AE
Z A R BT, ek DL 5 & oy
.G B WREERIG N B > 2ok R B
PP RRARRA, X — 3 P R 0 40 i () i
I P R e g A e EE U, mtDNA R % £k i T g
REMAZ DR, mtDNAZAR A S8 2 ki ik hhE
FEts, HEW 5K — RN ERLAR R o

2 mtDNAZT

541 f%DNAM L, mtDNAHAT 5 & i) 5848
. mDNARZRRMAG . mRAZ ., HARE, 6
KRR PINHAZ R LEERN FHRE. X
BeRAR 2 RAEAERMASIX . mDNARALR KA
EACRLICE VI OG,  ZoRi iR AL B R Ak i A2 o
"EROS, T ELLAL A A AR XL R AIROS A8
YRR F A, mtDNAGEZ HEAR-Y,
BT RREIRAE, B 52 FIROSHBGE M KR
mtDNA H 5 E1%(G) %2 FIROS Ty Jim AE 8- F 4t il
A1 (8-0x0-2"-deoxyguanosine, 8-oxo-dG), HT
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BhZ A RAIBEE RS, 8-oxo-dGEHRE, I
5 REmS (adenine, A)FSAL, FEMDNA SR,
AL, s ) 1B 2 B A 2 mtDN A TRAR (1) H 2
Kls, BRI IA R 2 B R R, S
HmtDNARAL, UIHIEENE (cytosine, C) M JIRIERS
ABERIS, FHCT. ASGRED, mDNA
#£ U1 % (mitochondrial DNA copy number, mtDNA-
CN)AZ 57 & — PRF AR FUmtDNA R A 28 . mtDNA
BAEHER b PR R S, R 2
PR G 3. e, AMMSEEEN K
4, mtDNA-CNA] UG e ib, b TshA 384
T, IF BAE S B A mtDNA-CN A — 2.
2 iy H [] A AR BT AR RN R AR R mtDNA 71 [ B)
FYFRRNFNE. BAMDNARA R 5, (HIFA
S FEUH B SRR KA, R 44N
mtDNA 3 5 Jit ik B — & BB, 7] i35
Le R Th e H T 51 R SR 2R A
SRS, mtDNAF Z P RS, IF H A
fZDNATE 5 %45, A mtDNA-CNE& K, A
AHLMIBE B R e, IXH T 2ok 4 5 2 2%
() S o 1

3 mDNARTEFME

i SRR . RMIBE AR SR 3R A
ER S R . AR CERIR 2 5k R
AR BRI H R R
mtDNA 548 5 /& 11 1 & A K e 35 DA 962,
Viering&5 70 R BN, Lotk 2R R 2 2 3 ik
AR — NS =, AT R R R, W
5B 2R A e BB R I S R ML, £tk
YRR 23 A 2o, AN [R) ZeoRi A e 93 2 (8] (19 1L & 22
SR, H5m.3243A>GEFH LML,
m.8344A>GHIm.8363G>A. mtDNAMHR K R ¥
FR) I e R RS A 2 £ . Chong-Nguyen
AU TR I, SRR R A R L RO R A
EHEANFE. Hd, #Hifm.3243A>GA
m.8344A>GRAL W B AL HAR R AR KM B H A T
o P R LR RO R . IR BB R R, mtDNA AR
SRR AR A W AR S, IF H L G
R R, VR IT 2R AR
I R R M RS L. BhAh, mtDNARAE R[S

WG Rk R, HEMmDNAZEAR 1] G @ i
SR K Bh bk 45 M A Th g S S0 K TR

58 3 IR 4030 1 A R 0 AR LR AN
mtDNA ¥ 5848 H 8t BESE AL 45 748, FrLAZR ki
EmEE BRI MRS, EEKN, @i
X BE 28 38 A% v IS % O mtDNAREAT 2007, R B
T2 58 ME & AR B KM mDNARA, 4
Fim.4401A>GA | mtDNA3777-4679 X 18, 5%
A8t RNAM 5587 T>CHIIRNA™" 12280A>G %5
AT mtDNA7908-8816 X 4z Asl!18],
tRNA15910C>THRAE (RNAS 7471delCHAZ,
IRNA™ 7561T>C. tRNA™ 12153C>TH12172A>G
AR m 15024G>A AR P 3k U I R AT 9K
[FImtDNAZRAE £ A2 KL AR RN A GG [X 1) 55 545
HSL [F R AR 2 18 I 5 1 28 R AR tRN A B IR R &
ISR IhRE, SEERAFR A, ATPKT BE
TR ROSF= AR, 54N i) fERrs . B
u, WEMEPIR R B, m.15024G>ARAE 5
MR EBM % =REMSE, SRR, H
I 52 AR 1 2R O ATP A B AR, 28 b A 6 P 37 457
Y5, ROSHIFZA1 N0, (HHBRERN . FE. 40
P DR S A R R B, X e mtDNA AR I A B
WEMNMNFRERR, PREEHME. Rty
Ah, TEREEmDNA T AR ot 0 52 B A R . 7
i m. 15992 A>G I A8 (K1 1 Zst A% o Il K 5 M R
P, I M RE RIS IR SR B A
I A 2 #E(88.89%), R IK AT it A& #F H 5K R A7 1
50 J1 RS A e m. 15077G>A %A, WA 948 Al R
A T R RN, 5 B LS R R T . R
AW FERI, SAERERE AL, BER 5 e
REL IR R PR R MG i, T PR R A Ry I 1
o7 R, ZhuS7E X mtDNA7908-8816
XIS MR e BRI, 5 %A #5 i mtDNA R AR
ffRF R A% v I K R B, T mDNA SR AR (1)
BE 2 30 A 15 I A8 0 IR & 9 I TR B 4R
BT, R mDNA S48 1) AN B 75 5 76 30 855 A
ERHE R R B . Bai R R, 2k
ARNA 15910C>THRAZ W] Rl it i MER R AH 2
A& o(estrogen-related receptor alpha, ERRa)f)31AFl
N iR B % (adiponectin, APN) M i & AL B 4 14
B W) WO S2 AR -y LS B F 1a(peroxisome
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proliferator-activated receptor-gamma coactivator 1
alpha, PGClo)H&R& gk kT m. BL ERY,
mtDNA R A 7E & ML 1 & AR & Hh k5 = 24
M, HEZESBEZRAR AL B (L DI BERERT, ATP
ERGED, ROSIHE 4. Hhoh, ANFEPHRAZRAY
GRS 7 1N @ AR S o = N v 2 N o R N T
mtDNA R A 7] A P [F] RN, (5 H AT A ST T 4L
b, BLER.

SRR, mtDNARAE S & i s 5 545 A
Ko ZhuEPIHEFR L, TomtDNATAE [ & 1 e i
J& K B (spontaneously hypertensive rat, SHR)ZLF1#%
14N RNA RUR AR H A & Lk K R (SHR
+mutation, SHR+Mu)d 2 [8] i) I & 3% A &% =
5, HZSHR+MuHMIRE A MALEF. FRIR/KF
BEmTSHRA, JRAUEHMETSHRAL. fhf1et—1F
BT, SHR+MuZH A 4 5 (4 A 2K
FOBENER KB NE SR BRI . AL AT
A EmtDNA A4S S B2 R A T2 41 5% & A Bax(Bcl-
2 associated X)HMIZE A4 48 18 & VDAC-1
(voltage-dependent anion-selective channel-1)f{]31A
SEERm, TR T T, Bl 44
fi. BEAh, mtDNA-CNAE 7t 55 8 L HAH ¢ B 477
K. KRES AR & A LA 2L T A Sk
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MR A 2, HAEASF A B0 B2
ZRETN . EBEBFLREERPNES,
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PREEIN, A R 2 4 RF 40 I AR ) e 2 R e IR
B, T mtDNA-CNH AT LSS Wi 40 B 1) 8515 5
VT, AT 5 B0 M o A5 AR A BB, SRt — b
TR FE P AP H 5. Zhang&PmE R R BL, K
B BRI v I SR A M4 mtDNA-CN#R &
& F JR# & I & (hypertension combined with
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RCS/H T &7~ , mtDNA-CNEHCA KA H ZURK
#, BEEmMIDNA-CNFIE I, HCAJLHRFEL, =
mtDNA-CNI{ A 5, HCAJLEIFUE R ET 0 .
X T mtDNASK S A S ISR A 858 & i 18 B3R 43
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PS5 [FIRE, BordoniZEPHF T K BN, fE ML
JEZEO A B, mtDNA-CN5 B /NERE T R B

B, B mtDNA-CN5 5 47 (1) 5 /N ek g i g
JIHIE. LA EWFFERI, mtDNAZEARLE & i &
IR G SRR D REAR T, LB ATE R, FIRE
55 R A MR T ARG, R L I At i A
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m LR E A OG, H G E, B n] L —
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m.4435A>GRA 4 TRNAF IEFEFLHFS(tRNA
methyltransferase 5, TRMTS)f#E{LFJIRNAMet[H]
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BRI R TEAH G, IF H R A 5 2 1 R o 1
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mtDNA R 0] 248 H 5 B 2 0 168 A% 12k ey i & %
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1 F WL AR A w5 I 1) T 77 R0 96 7 B R B8 56 38
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4 mtDNARTHFMELERZRHPRIER
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P A 5T A A BTl RO 75 FOEH I S A
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JUL & 6 58 B R L /N AR 6 PR PR A2 AR B . NOR 5 ik
F 2 —H WA A M (endothelial nitric oxide
synthase, eNOS)WHTT. WA K, &2 1A
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FMTAERERTIEEN, RITBEARAN
5 X e ok FL AT 2 R 0 (P9 5 P 2R, S B8O Joi I
WU T W RO, RN R T BUE A SRR SRR
WHE, Sl ST BRIk, Kok
FVEE oAk o 3K 6 I AR = v I e v ofL A SR R 4
YRR, Sun®EPIRF SR I, TESHRA ML P18
LaBAE . AR AT B R R A e e, g —
BT KDL, BRI E AR A A O 7 7 B B
s AR SRR E A BE R AL D RS, SHRUIALE 5

IR . ROSIE AT LUE I o @t il . &
Joi <z i E Bl o — AL HORCT B R N KB, S STy
AR YT SRt R = DT R R g =l A
IR IR, MfsittE s, SEubE el
FESEIN, R R, SR ETER . GuoE®
WA 0T 7 4% m. 15992A>G. m.15077G>ARAL
() BE 5 8 A% M e L R 208, R 3 BE &R R 01 U 4
JE. Pk &F R E T AR R R R, d i
D22 2 25 2 Jok A8 A58 52 i HORBK g 2 DL K 22 1
EELE, KISIERERK A, BER KA
F B MRS T B, TR I RE FR R A = TR B R
e s o B R BB G 0, R W R R Al A7 AE
Bk e FEHEM . TPRIEH (total peripheral
resistance index, TRPI)/&HR¥EF-2JTPRXJ A4 [ X
HEAT MBS IE BN TPR, 38 AR 3R A 5 I BH
710 Pauls®EP SR I, HAG LR ADNAR A iy
(polymerase gamma, POLG): KRR 351K
RN S e A s, A g o s B TPRILE 2%
Thim, XYHEPOLGEE AL THIMEER. 1k
WAEOLT, ML ULERF — 5 185 4 A1 5E B
B, N B % 4 Rr 8 1R BRI G . Zhao %5 TAR
FOUERA, LR AH G I m. 440 L A>SGRAE =4 T i
FEIROS, RAMLIGR I, HonT k55 4 M )5 1
BE R MERAERE, JIRMEREB., %L,
mtDNA 5| & ()58 B 32 d i 5| ki N K2 T
R P 15 K% I A B R 1 v LR I kAR R JE R R AR
1EH .
4.2 mtDNARTIER 5B FIaSKE

1 B R S R ML O A A B ) Al
Ca**Z 5L, Ca® &5 & 7540 M _E AT PR
D NSl v =Tl I 1 = o - BV
i, [N, MR ACaT 5ESAEALSE A, Sl
BT URZED . YR RS 2 Ca® (S S A s
ARA, kiR AR R eSS, LR BT
BRARHE REEE TSR ATIRE. Ca @i N
J5u A o0 R A 2 (] ) 5 kDA P B X e s B 2k
VAR NI o= I U o 3 7y 2 A A NI Bl G I PR
(mitochondria-associated membranes, MAM), .7
YERFAN M Y Ca® Fa Sy T AL 5 R BB o 2R hL ik
Ca™ RN 3= B2 2R (A A L 11 v R ARt 14 B 5
JEIHE (voltage-dependent anion channel, VDAC)F14k
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Fifh N Bk kifhCa? M IR AR &Y
(mitochondrial calcium uniporter, MCU)}7, £k
PRCa HE H E B I 2R R AR A BN /Ca® /Lisg #r
#&(Na'/Ca®>/Li" exchanger, NCLX)HMICa®"/H" 3 3%
. MCUZRMAMME ZH A7 AR S|
NS, S EPY J5R R Ca K B B o
ARG P, R, Ca? [H53E 7 BATPSZ £,
mtDNA AL 3 B RE 5 AT i RN 45 28 e e o A
1, Bh b R B 2 T B R AR 40 5 9 Ca i
o AUMLBR N Ca® AR T BOT- T8 ILAN M &7 7k Th e
15, ekt . doh, Ca® @ dhfiimis i
#fL(mitochondrial permeability transition pore,
mPTP) G, £RRi1A N Ca* BB JH SimPTPHF
JECRIBE J5 (FIVDACSE SR AL, fil X mPTP-VDAC#iH
TR, AR Sk Ak 0 I8 3 R, B A4 i K A
2, DT S5 1(apoptosis-inducing factor 1,
ATFD)MAMERKCHEMFTES T+ RKEHAN
MR R, R AIIE T Y, Lins I B
IR 2 5 A RN AMet - 4467C>ASAF i EL40 i 5
SHTRIL, SXIRAARLE, RAZGH AR T VDAC,
BaxfIAIF1 &L N; #b4h, VDACHIBaxdtsiE
RE3G N, X R B LA M o T2 K3 . T4 e
W R EP R EER R, DL AR,
mtDNARA 0] VRS B 7S, S8 E i
LD e &7 5K B i DL S 48 B 00, g adk v I & i
R E.
43 mDNARTH L K5
RS RIEH VK, &M RAEERE
Yy, BFEERENCKRMNMEHA(C-reactive
protein, CRP). &Pl 1 R AME - M1E BH
m RN A . BEAEF ORI, A ER-17
(interleukin-17, IL-17). 14 %-6(interleukin-6,
IL-6). F/r%-1p(interleukin-1p, IL-1B). HA%&-
10(interleukin-10, I1L-10). MJEIATER T -a(tumor
necrosis factor-a, TNF-a). TF-#tZ-y(interferon-y,
IFN-y). A4 KA F--B(transforming growth factor-
B, TGF-p)fEm ik KR REENEM, BT
XTI N DhRe i i, 9l R I HE, (i
e IR R AR, mtDNART LUl S 2 fig 1215 &
U RAE, SEUEN Z T RAIER KT & .
45 40 R 4% 50 43 F (damage-associated molecular

patterns, DAMP)YE AL B 4440 H i 1451 80 IR 46
Je R TEUE) 240 i 1) i 5 AL VB0 A o B — 2R e, T
1ERfERIE S, I TollbFE 524k, 4EH RS T 5L -
I (retinoic acid-inducible gene 1, RIG- I )FE52fk
BAZ YR 55 B8 45 & 45 #3832 448 (nucleotide-binding
oligomerization domain (NOD)-like receptors,

NLRs) & QU0 244, R R g8, (R
R BIBKHAEREAL . AR COREARRE L MRS AR
KERREMK RS BED KERERZEM.

mtDNA B A S R, RHF MK CpGEE
P MR 1 45 4 R AAE RSt AR Ak 35455 1) B TR
mtDNA BN AL A 2 IDAMP, ] filt 2
NI R A R G B0 51R Je i ) R4+

mtDNARAZ W] - S UMIF T2, I T LRk S i
FIBAX/BAKH = 5 BRI — A KAL, BEJa
28R AA Y A 22 2 mtDN A 7] b 52 # mtDN A FE
i, mtDNASFBEIR &4 - I 1 0L & Bl (cyclic
GMP-AMP synthase, cGAS)Z:E&IFHEHH S
TR P B ke N O =S e B 113 ST AR R WD
1P 25 HIBE ] (stimulator of interferon genes,

STING)E ; Bfif5, STINGAS 5 i@ M i & ik &
B, AT BT EA ™A, MG RAE KX
B. MAEAER AL, mtDNARAE FHROSH
B4, ROSH#HIFEmMIDNATE KA LM mtDNA
(oxidized-mtDNA, ox-mtDNA), if % ffjox-mtDNA
T I P S A 7 ) 8 - ik I W I T A 1 ) g 8L i ok
500~650 bpff) B, #IdmPTP-VDACH I & I 2k
ik, WOE RS & RS e 2R E A3
(NOD-like receptor family pyrin domain containing
3, NLRP3)#JE/MA. NLRP3 4 M/ MA2 —Fh BAT
K 4§ (cysteine-aspartic  proteases, caspase)il
M SERESE M P AR . ANLRP3I R R/
PRSI, NLRP3 A T2 X B i fE s
(apoptosis-associated speck-like protein containing a
CARD, ASC)5 A5t P A% Ja) 8] B 1) 20 1 1 45
&, MM S MR LE-1(cysteine-aspartic
proteases-1, caspase-1)IJZfEFEIE . caspase-14#
BoE e, AR FIL-1. IL-18% RIAKFEEH
=% ox-mtDNAIE I LUE JE NLRP3 % RE/IMATE AL
J5 T i F1GSDMD(gasderminD) &5 [ %% jek 41 g i,

HE AR LAY A TE 40 iimtDNA(circulating - cell-free



- 410 - CEMMAEY 2024444531 Zrik

mitochondrial DNA, ccf-mtDNA)IERIEAE . cef-
mtDNA W /& —Ff R AESM i, cef-mtDNASY G ) ¢
i AE e L Y 32 SEAE S B ORI, B AR O I
AN RN o R mtDNAVES 2 1 H CS7TBL/6/) U
5N E S BN A ROE B AR LS T e B
Ab, mtDNAIE AT L3 i O A AR 1 = i
TLRY(Toll-like receptor 9)ifF #JE. TLRYfE 5 Al
DA 2o i W B R 20 4 9T 2% S 8L R 88 (myeloid
differentiation primary response protein 88,
MYD88)/ 22 ¢ J5 i A 2 I8 (mitogen-activated
protein kinases, MAPKSs)/#%[X-F-xB(nuclear factor-
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