JUAF2h 5 22 & 2023 5% 29 £ % 2 3 Journal of Pediatric Pharmacy 2023, Vol. 29, No. 2

- 57 -

BEEGAEZ P0G RWEE[J]. A LR E, 2000, 38
(6): 344-347.
[25] Wk, BRAk, SO, 55, TR & P4 BT & A s A 18
TR AR AR AR T LTSI & & R RIT RN [ 1],
E 24 LRHeRE, 2017, 19(2) . 137-141.
[26] KOTHET B, SADIQ F H, BURLEYSON N, et al. Surfactant
and budesonide for respiratory distress syndrome: an
observational study [J]. Pediatr Res, 2020, 87(5) : 940-945.
LAUGHON M, BOSE C, MOYA F, et al. A pilot randomized,

controlled trial of later treatment with a peptide-containing,

—
\9)
3

[

synthetic surfactant for the prevention of bronchopulmonary
dysplasia [J]. Pediatrics, 2009, 123(1) : 89-96.

[28] DOYLE L W, CHEONG J L, EHRENKRANZ R A, et al. Early
(<8 days) systemic postnatal corticosteroids for prevention of
bronchopulmonary dysplasia in preterm infants [ J]. Cochrane
Database Syst Rev, 2017, 10(10) ; CD001146.

[29] DOYLE L W, CHEONG J L, EHRENKRANZ R A, et al. Late
(>7 days) systemic postnatal corticosteroids for prevention of
bronchopulmonary dysplasia in preterm infants [ J]. Cochrane
Database Syst Rev, 2017, 10(10) ;. CD0O01145.

[30] SHINWELL E S, PORTNOV I, MEERPOHL J J, et al. Inhaled

corticosteroids for bronchopulmonary dysplasia: a meta-analysis

doi; 10. 13407/j. enki. jpp. 1672-108X. 2023. 02. 015

[J]. Pediatrics, 2016, 138(6) : e20162511.

[31] Xy, 3Lk, Do, % FARAG R PIET B ILE
EMR T A R AT B T]. LB ok R, 2019, 25
(9): 24-27.

[32] wibih, FES, 2500, 5. A EEDG R ILCUE
iR EARAIIGRAFZE L], b B R 25 3122 2%k, 2020,
36(4) : 390-392.

[33] DUIJTS L, VAN MEEL E R, MOSCHINO L, et al. European
Respiratory Society guideline on long-term management of
children with bronchopulmonary dysplasia [ J]. Eur Respir J,
2020, 55(1): 1900788.

[34] KUMAR P. Use of inhaled nitric oxide in preterm infants [ J].
Pediatrics, 2014, 133(1) . 164-170.

[35] KUMAR V H S, LIPSHULTZ S E. Caffeine and clinical outcomes
in premature neonates [ J]. Children, 2019, 6(11): 118.

[36] TAHA D, KIRKBY S, NAWAB U, et al. Early caffeine therapy
for prevention of bronchopulmonary dysplasia in preterm infants
[J]. Journal of maternal-fetal and neonatal medicine, 2014, 27
(16) : 1698-1702.

(Gt X e
(Wi fi H 9.2020-06-17 &[0 H 1 .2020-07-24)

BSU AT B 3L (EPBERICA IR L B B, L3 A BB BIF 50 208 0 T S 3, [ 58 L fek B 5 06 I R 5 2
FEHl L R B ERYR E R EPRRHE G LR AR E A 0= K 400014)
[HES2ES]R748

[ STHkARIAEG] A [ 3242 ]1672-108X (2023) 02-0057-05

Progress on Biomarkers for Mitochondrial Disease

Li Yi, He Chuangfeng, Guo Yi (Children’ s Hospital of Chongqing Medical University, Ministry of Education Key Laboratory of
Child Development and Disorders, National Clinical Research Center for Child Health and Disorders, China International Science and
Technology Cooperation Base of Child Development and Critical Disorders, Chongqing Key Laboratory of Pediatrics, Chongqing 400014,
China)

LA ST 240 B PN 3 A ) A B 32 e A
WERR AL N A= i 1 S 4R RE 1L, AL R IR L 2 5 1 (F
AL S AN AR R Y 2T R S 2k [ A LA S A i
TN 2RISR (mitochondrial disease, MD) 42 Hi
TR A TR DR Bl A 5 DR B BB ) e 4 B 45
ey S8 51 R ) — LB , B R 29 1/5 000, 2 e H UL Y
e R AR FE , oG PRI S st 1% o XA S B =
P e R Bk M Y LT TR AR E
Aokt Re i 2R AR IR RRILE 2 2 FE A LA

HEE£WE . FEARF2EES 45 81701277,

B A B BE DO BE B SR, 2 B R 2 RO RE
TR E IR, Qi LA SZ BIU A sk ok
PR I RER BB Z R e IR AT RR 2R GG IR
B AL TR e e g R, e U K AT &R
GEAEHR, PIE— AR RN PE R S kR |
LML) 22 bR R, 02 5 SRR A I e 5 A DG 1Y
AR T, A LR | P AR UL | JULIRR 3 7 | o 2 Bk
PR/ T 25 TR B | PR A HIL TR LA B 30 4>k T 3901 I 38 B £F
28 0 it A= K K7 21 (fibroblast growth factor 21 ,FGF21) Fo|

TEE A B (199%4. 11-) , & B, TENFILBHIE K TAE, E-mail : 2013210260@ stu. cqmu. edu. cn,
EIEE . ¥825(1980.07-) , %, i+ Bl EALE N, FENFILEM L RGBT, E-mail: yiguo_cq@ hotmail. com,



- 58 - JUAL 2 5 2 & 2023 £ 55 29 £ % 2 i Journal of Pediatric Pharmacy 2023, Vol. 29, No. 2

1M A Ko+ 15( growth differentiation factor 15,
GDF15) , W2k (A5 14 7 B U510 Je 43 0 B A — 7 48R
VERS, HASIN J5 {8, 2855 5y 47, SO R 1A 112 W v B
TR IE PR AL A SO H AT 4ok i £ 24 Yrbn
HWHITLRR

1 ZLER AERER

TEALSE FE 2 H AR BE IE 5 RS T MUK 2
RLAR N = R TG B AN A AL B R AL B, FE ok SUIR TS
T BT S TG 4 TR A A AR SR e R ORI, 7 A D
TR AR T (ATP ) B[R] i 2B LR , {4 i LR 7K -
o FLIR AT 3 LR I A A I N R | IS A
LRI, 25 PR R 1 Sl A e A 2B TR O R A 5 EA
THRERIEIA A UL, 2Rk = R FR G 2 i
B Al 5 IR 2L R | PN IR R 1 A3 5 o, FLIRR K T L FL
12/ TR R R A A8 A i A — e AR B 1 ] S e 2 b 4 3y fiE B
3, RN AR )2 AR A Y 2E R

HAT, — A M 1M FLER K - >2. 0 nmol/L. iz 3l 5 >
4.0 nmol/L, iz Sl i ML FL AL/ PR R B2 > 20 , iz 30 5 1fiL 7L AR/
B BTN B> 17 %2R 12 W BA 327 2 5, ik
WCFLRR KV T o WX A rh AR 28 R 8 52 3R 1 SR (40
AR L 32 3h 3 FLR AN A R /N iz 2 ik
% ( minimum exercise test of lactic acid and pyruvic acid,
METLP ) 55 % LR 12 i 56 W75 , iz 3 i LR 7K
RIEFAH S A5 MK 10 min JFREFAH 3 f50A 1% B
PRLRR GG R REATAZ ZhiR 56 nl 47 8 AR
56 (2 mg/ke) ,90 min J&5 ML FLER K TH 8 2 £5 04 [ #2
INERLAG AT FE' ) Leigh £ G MF W LA 2L LFLRR IR
T 1 A LR A X —RRAE A R A LY T
R KR 2 BRL AR o 8 2 TR AR e R BRI SRS
, ELER A A R K T IR H ., BRERLR SR ANV 2 3L
Al 56 TR A A o R P A | 2H LR I S e
A B FL R K TR TP G AR R A A
P e P 5 L T R A VR L R KT B TR, B R
ML AR Lk M G L R /N DR R S AR A AN 2
FRIVAEE 38 06 A 8 T e 55 A B P i A S e, DRt 23 45 5 Wl
IREEAAEHIBE

B F AR (MRS) & —Fh R R AME R E =1
N 355 A A 20 A e A 0 T B, A ke A 0 3 Ak v
(SR R AR I K . RARBI S e SRR B
AT DA SRR BT N-Z R R 4 282 (NAA ) I8 70
FURRKF T, ERA SRR DR ML, Wk
WLEE SR A B 2B 3 1 o 4 LR K7 T
1, MRS LR U4 FR G I AT A SRy b A4 Hh X o 22 R 52
R E LR, A ERP] MRS FLERIE T = 7R 12 W 4L
ARG B L 2R 85. 7% , ML FLER K F- (71. 4%) i,
HYCTF LIS K (100. 0% ) A1 R 6 765 55 2L 58 ) 3k 56
(91.7%) "™, {H MRS BRI LR 15 41, 1
AT DAL F AR B SOPE 12 W 5 45 45 I R %
IR AU B A 2555 I

2 ANER.AILERER

UL - JUL T - o 2 L P A 25 A 240 M A A i
HAEEAEM, WURAUE S IRY %S 5 AR R N
REELACIAS 0 v 40 il o S A 0™ A, A Ty PE BT S AL
PR OR A7 S 1A, LR A D 200 M P i ik 5% 12
PR R ATP I BE X (LR AR SRS 7 i X)) 12 16 2 75 fE
D PR i e LR UL R 184 6 K T R AE — s R
S AR A R AR B, AR R, AR UL
T3 M — i PRER BB ek A S8 35 v, 29 172 SR E L
PRI IE H , LIV i WURR R /K 7 AN 2 1E b R AH
(4 3 A, T ELAT [ S5 B2 LG 7 4 2 A s PR S50 L A
IR PN 5 T . PR, AT LA A L 2 B A AR
A WURRA M IE s T g T A o Aok A A LA
A AR R R

— IR T G Al B IR I B SR B R AL S
LR AR A MR IEAT HEB AT, R B A I I 5 ke
B R LR AP W2 T i, L o it 3 R T LR RN
IR (P<0.05) . WA BTN, M2 UL B A 8w Y
Fi R (83%) , (R R AL I 1K (60% ) , AN LA A 1
R A W bR R, EL SR LR 1) 0 5 20025 R O (B A
% 1 K T AR AL LA R AN TR0 by 3 %I A )7
A FTLPR P Tl R i, 7L P 7 - ) B P g B8 88 705 D 5 2
BZHE

3 R|EBROT

FAERR MR R ] Z2 R0 07 1k 04T | ERER I I (MS/
MS) 2 il R A ) — Fh = B IR 20 M ik o L ( If
I ) PRI A AT 24T R IR A, (HIR
SrATIEE DU B TR BN 2 BRI
FIRIT, 35 38 DAy 15 R 9 P T = R 3 T g, R
e MRS H B N RR IMLAE , T 32718 2R AR ) E B
Tk, a5 e R IR IR (IR TN AR S A TR 1)
FUfE <3 : 1) RN IR -5 4 N AR+ AR HefE <4 < 1)
FOAE, AT WY N R K AR T s, (ELZRRL A Y T8 R
T R AU S R s iB AT ], I N & K
FIEH FIRE A HEBR AR A, AT, P 2 T i ] DL
T PN P R O SRS PRI P 2 i e A4 A B, H
b S LKL AT BEREATAR O ) IR AR I 2R | H = IR A
TbaRR A" SRk R SR AN 4 2R 8 IR A 53 5 R
AT AESEBEARL PN , U0 P TR R 58 Ul 3 I & Bk B A v T
w2 TIVE R AEA [) b 288 1 LA 93 v vl i 26 B P
BT TSR I 1% A 5 JU T S B I 7R A
BT SkITAE R, 3 LR
IR b Y S KT T, A8 2R L S A K T
1%, W R/ A 2R LR K, 5 B AMRIE ™ — 5 2%
S PR SR A 4 FCHE AT REAFTE AR 2252,

4 ImBEEE PR IE
PR K N I T DA B 5 s % 8] 24 K AR P T o



JUAF2h 5 22 & 2023 5% 29 £ % 2 3 Journal of Pediatric Pharmacy 2023, Vol. 29, No. 2 + 59 .

B, LART (IR PR BURAE AL N, YA S IR 105 7R 125 i
LR AR RBEI 2 LR Itk A B A Wiz 1 . B BE AR
PR AE LR AR S L 14 e 7% Tl (I IR T A - PA) B 17 PR
Ferpmg) BME TR AL SR A B B ) 1A Bl 2E 1SR Tt
FEPABR IR THE S PR 01 ML AR PN P UG S 2 i Tl A T
N NRBERERNG A UE—2 B E A, IR PR BRI A
BRI | LR I PRl 3 B T R0 i I 7 A e o A
— L8 UL 2 FER MUAE FIA HLIR AT , - REAE — € T2
R IR TR L 2 1/3 (SRR I R T
P B, B Ui o AL AR o, SRR R T
T A 6 552 S LT PA 132 Tt PAY e 5 A e T A i 7 ~F-
ThiEr . CPENBUKFTH O T S A 2R, 54
R RE A S A 5% A 0 Tt 2 1A K P T e, 32
ZRR IR ER A S, T BE 5 SOk AR I BE D RE S
JEWITR B-A LS PR S B IR iR e i AR SA
K TR MR e AT A B Z 1 B
BB S R4S

5 KRANRIE

A LIRS B oK Ak & 9 FIIE I 43 i A3t 7 /i
PR, SR NE BR A IR TR E HLER H P R
KRS, —TRBFIE A3 M 67 WL R % 5 21 i
A HLIR IMAE B P REA & B, SE SRR FAE 5 R TH = 5
LR AP 1 AH Sk d5 g, S AT R IE ER 1l = FL
B2 P RH SRR I 7 R Ji MR A v | T DL 2
3B 3L TR (3MG) THE, T L TR R IR | 2-
AC TRRIR 2-F IO R A RN R &
SRIRA HLER T AG I 2] 3MG T, {H il % AR 7 3MG
() e S P o B T AR R R AE 3MG KR B B T
MG SLT 2 BHRTBR T 0T B— PR HLER L 43, 36 mT ]
FHAY M AL 25 Hp 6 3% R 5 33 H R 3 ORI 2E 47 32 43
BT, BV o 28 A 4 TR 1 22 1 8 A 2 B B B R il
ST BOLA T 7843 SRS BRFE R

6 FGF21 %1 GDF15

FGF21 FZAE R B8 UL RS B 4t A Fn g 1D 41
Uik, 2 59 Z R0 IR IS . 2011 4F I i
FGF21 K15 B RIE , 76 LB B L2 8o EE R B
£RoRr A BB B 2 T, Suomalainen A 2K
FGF21 RIAE SRR 95 A= Wy br W , 76 i B WLz R 1)
SR T R RSB A0 IR 92, 3% F1 91. 7%, IEH
NBE FGF21 /K ¥-<76 pg/mL, £ A5 BE A I 7 FGF21
KB T E s 10 50, HILE S TR, BRAZ£
FEHRIETESE T iZ4518, FGF21 TELR R 12 Wb it R 4l
FEH 67.3% ~72.7% , F¢ 5 FE R 89.3% ~95.45% , H &
FGF21 7K -5 555 7 F AR 2 AH O, 38 AT A Ay W A (A
821 TR oy 155 R SN (SP 0 f o 5 =i A N i i
LRARTE DN 3243A>G 5785 [ Ay LR AR fisi LS £ 2 FL R
IMAE A1 25 oh 4 & AE (' mitochondrial encephalopathy lactic
acidosis stroke-like episodes, MELAS) ,FGF21 Ft &l £ K

VS IBTARE , HIXF 0 20 e R T 3 s G By

GDF15 W FR E g2 fa 4 i ;X 25 Ak AE K I B
B R 52—, B SRR IS AR Y B AR i e % BH
mRNA F5THE 0L PR St g 4r i GDF1S™ | 1fiL
5 GDF15 540 R Th fig 451 T B 7™ F AR 3 A1 Y
AW 2 W] GDF15 TEL BRI 2 W TP FGF21 A
B A R R (67.8% ~ 97.7% ) IR 57 (86. 4% ~
92.86%) . (HILAF KA F# 48 thixX P 301 2L W) i i W 7
Yk R LRI 2 W T SRR RE S BN A0 AT I i A
w7, 2019 4F HAS: 45 H FGR21 il GDF1S 78 iFHE A2
S AR LR A AL R T R I R IS A TR 2R A
PR W R RE & FE S WibE ¢ Y . &k B #T FGF21 Al
GDF15 LR RPN 2 Wi th (A TRt — 22T,

7 NF AFREN

SRR T e [ A5 AT SO ok R ) 4 A% 115 5 AR
R YRS RS0 0 wNE A N o1 B 1 e . <5 0 s L
LARRENE 1 50T HL B A2 W 2L A & 80 AT RE Y
T A T EE AR L, MicroRNA (miRNA ) /&
— 2% Hy PRI DR G A 1) o B DR ST Y AR G S S RNA 43
TSI S S5 R RN R R, AR B
7N, TEHE AT m.3243A > G & AE Y M A A 40 i
MicroRNA-9/9 = {7 mt-tRNA {&4fifif GTPBP3 MTO1 #i
TRMU F%% %5 (4 R -4 LR JLRP A PRS0 it
MicroRNA-9/9 # XX LEf (52005 MELAS A4 ¢,

P A AR A S 2 s N S A 2
“EH AR N TR SR A P R, TN A2 5 e A g
AT 20T T IR R H LR ALE] . Suomalainen A
TR — TG R R PELREAALs / ) B 1l 37 2 11 5 AR
UL 2 FIR AR S 22 5 (LA A5 v, IR (Lo 114 4
WUR 8l T — ke i BAUER” K2 R, 33 s R 5 1L 7 2
SR N FURARI R oK (AR f A 56 H8 7R T AR AL By
YIRS A A7k, LA AL /)N BRI T 0z 5 Bl 1 % L
S PR RICAE T | HLAE B IR VR YT I3 2 BRI 1 A 4
R 7K 1E 5 A TR B A AR 8 o 45 4 S 0 /0 S T
M35 A P05 S 5B B LA AR L AR T AR G, R4 2
I A GRS BRI — A R

F—F RN T < AhbRie” A ks B, BKs
SNEARET A A DR DK E AR N MR IR B R SRR
R, AR PN B A S A 8 43— 18 D i = A T d Ak
B, LA TR e A g D REDRA L (0 H AT A
PR L A DA AT R 0 R0 P8 400 0 5 1S 1) SRS 1 ok
PRI REREAG 2 BT i il = H AR K Pk 2 s 05 v 1 T
5% AR LR RS Re S M 5 WA

8 INE

LU A 2 — bR FL SR o P A et A% PR O , 7E I TR
SEB R, X P A2 W T I R R B K L AR
A B B TR TR, TR R SR B A )
PRAEYIXHZISBIR IS W , B 2 U5 W B A oy B



- 60 -

JUAF 2 3 2 £ 2023 54 29 A% 2 2 Journal of Pediatric Pharmacy 2023, Vol. 29, No. 2

B3 X, HRT, A B & L E SIS 8 LR K OE T
11, MRS H 3L R 0 2 40 A 5 95 118 5 DL & 8L, (L HE L
TR AT R IR R Sk . FLIR 55 PO R R | 9k Ik 1R el T 1=
SR PRAT AILTR 14 5 S 0208 3 5 S 2R A4 1Y) 1T i R
B YIS S R BRI A W kR S A0 FGR21
H1 GDF15, X 8 b A 52 955 12 W 9 A {1 2 328 7 g A iR, {0
AT H2A 53T miRNA R/ N T4 45 7 i )
RESE A FE (7 1) (BTG 2 — 25004k . B IRE Sk
151 T E R 225 A W 75 1 8 M 1% SRS AT 9T ) 4
S RRFEINRHESE SR

SE k.

[1] GLANCY B, KANE D A, KAVAZIS A N, et al. Mitochondrial
lactate metabolism: history and implications for exercise and
disease [J]. Journal of physiology, 2020. doi; 10. 1113/JP278930.

[2] GORMAN G S, SCHAEFER A M, NG Y, et al. Prevalence of
nuclear and mitochondrial DNA mutations related to adult
mitochondrial disease [ J]. Ann Neurol, 2015, 77(5) : 753-759.

[3] GORMAN G S, CHINNERY P F, DIMAURO S, et al. Mitochon-
drial diseases [ J]. Nature reviews disease primers, 2016, 2(1) .
1-9.

(4] PARIKH S, GOLDSTEIN A, KARAA A, et al. Patient care

standards for primary mitochondrial disease: a consensus

Ir I

statement from the Mitochondrial Medicine Society [ J]. Genetics
in medicine, 2017, 19(12) . 1380.

[5] FUHRMANN D C, BRUNE B. Mitochondrial composition and
function under the control of hypoxia [ J]. Redox biology, 2017,
12 208-215. doi: 10. 1016/]. redox. 2017. 02. 012.

[6] NYHAN W L, KOLKER S, HOFFMANN G F. Workup of the
patient with lactic acidemia; mitochondrial disease [ M]. 2017
95-99. doi; 10. 1007/978-3-662-49410-3_14.

[7] #bZstE, T3, fPagil, & 5 FLIRiE S WA LR A IR
e A MEL CT. AR DR 2 06 2 8 v AR I 2 O 1 2200 2 43
25\ 4 [ PP g AR 2 24 R 2 BGRSCIE S, 2015.

[8] ADEVA-ANDANY M, LOPEZ-OJEN M, FUNCASTA-CALDERON
R, et al. Comprehensive review on lactate metabolism in human
health [ J]. Mitochondrion, 2014, 17; 76-100. doi: org/10. 1016/
j. mito. 2014. 05. 00.

[9] BOENZI S, DIODATO D. Biomarkers for mitochondrial energy
metabolism diseases [ J]. Essays in biochemistry, 2018, 62(3) :
443-454.

[10] PARIKH S, GOLDSTEIN A, KOENIG M K, et al. Diagnosis
and management of mitochondrial disease: a consensus statement
from the Mitochondrial Medicine Society [ J]. Genetics in
medicine, 2015, 17(9): 689-701.

[11] JHGEHE, BEIEHE, AL, 55 HKCEWR TH-MRS XF 2ok (K I i
MW ERTTE[J]. BESERAR , 2018, 9(9) : 641-647.

[12] LUNSING R J, STRATING K, DE KONING T J, et al.
Diagnostic value of MRS-quantified brain tissue lactate level in
identifying children with mitochondrial disorders [ J]. European
radiology, 2017, 27(3) : 976-984.

[13] CHI C, LEE H, TSAI C, et al. Lactate peak on brain MRS in
children with syndromic mitochondrial diseases [ J]. Journal of
the Chinese medical association, 2011, 74(7) . 305-309.

[14] BOELEN C, JAN S. Mitochondrial energy metabolism [ M ].

Mitochondria in oncogenesis, 2006 13-17.

[15] JACKSON M J, SCHAEFER J A, JOHNSON M A, et al.
Presentation and  clinical investigation of mitochondrial
respiratory chain disease [ J]. Brain, 1995, 118 339-357.

[16] SHAHAM O, SLATE N G, GOLDBERGER O, et al. A plasma
signature of human mitochondrial disease revealed through
metabolic profiling of spent media from cultured muscle cells
[J]. Proceedings of the national academy of sciences, 2010,
107(4) ; 1571-1575.

[17] PAJARES S, ARIAS A, GARCIA-VILLORIA J, et al. Role of
creatine as biomarker of mitochondrial diseases [ J]. Molecular
genetics and metabolism, 2013, 108(2); 119-124.

[18] GARONE, C, TAYLOR R W, NASCIMENTO A, et al.
Retrospective natural history of thymidine kinase 2 deficiency [J]. J
Med Genet, 2018. doi: org/10. 1136/ jmedgenet-2017-105012.

[19] HAAS R H, PARIKH S, FALK M J, et al. The in-depth
evaluation of suspected mitochondrial disease [ J]. Molecular
genetics and metabolism, 2008, 94(1); 16-37.

[20] CARROZZO R, TORRACO A, FIERMONTE G, et al.
Riboflavin responsive mitochondrial myopathy is a new phenotype
of dihydrolipoamide dehydrogenase deficiency. The chaperon-
like effect of vitamin B,[J]. Mitochondrion, 2014, 18. 49-57.
doi: 10. 1016/j. mito. 2014. 09. 006.

[21] ak#7, W3, BhAE, 5. ZORAS I 20 56 R Tk R Btk 1A
BRI AR R R [0 o [ 2 S B A R 2 25 A
2016, 23(2) . 117-122.

[227] VISSING C R, DUNO M, WIBRAND F, et al. Hydroxylated
long-chain acylcarnitines are biomarkers of mitochondrial
myopathy [J]. Journal of clinical endocrinology & metabolism,
2019, 104(12) : 5968-5976.

[23] ALBAN C, FATALE E, JOULANI A, et al. The relationship
between mitochondrial respiratory chain activities in muscle and
metabolites in plasma and urine; a retrospective study [ J].
Journal of clinical medicine, 2017, 6(3) . 1-9.

[24] BARSHOP B A. Metabolomic approaches to mitochondrial
disease: correlation of urine organic acids [ J]. Mitochondrion,
2004, 4(56) . 521-527.

[25] SAKAMOTO O, OHURA T, MURAYAMA K, et al. Neonatal
lactic acidosis with methylmalonic aciduria due to novel
mutations in the SUCLGI gene [ J]. Pediatrics international
official journal of the Japan Pediatric Society, 2011, 53(6) .
921-925.

[26] SU B, RYAN R 0. Metabolic biology of 3-methylglutaconic
acid-uria; a new perspective [ J]. Journal of inherited metabolic
disease, 2014, 37(3) . 359-368.

[27] DhRss, satl], REEFE, 5. 2 g B IRCA ML
AR BRI RE B[], FER R 2 SRR, 2017, 37
(12) ; 1733-1737.

[28] FISHER F M, MARATOS-FLIER E. Understanding the physio-
logy of FGF21 [J]. Annual review of physiology, 2016, 78(1) :
223-241.

[29] SUOMALAINEN A, ELO J M, PIETILAINEN K H, et al.
FGF21 as a biomarker for muscle-manifesting mitochondrial
respiratory chain defi ciencies: a diagnostic study [ J]. Lancet
Neurol, 2011, 7(10) . 806-818.

[30] 7538, BEEL, Jbah, 45 FGF21 78 LA LR M ik 5 58 42 fir



JUAF2h 5 22 & 2023 5% 29 £ % 2 3 Journal of Pediatric Pharmacy 2023, Vol. 29, No. 2 - 61 -

BRI R AW E [ J]. TR E%, 2018, 39(13)
1971-1975.

[31] LEHTONEN J M, FORSSTROM S, BOTTANI E, et al. FGF21 is
a biomarker for mitochondrial translation and mtDNA maintenance
disorders [J]. Neurology, 2016, 87(22) ; 2290-2299.

[32] KOENE S, DE LAAT P, VAN TIENOVEN D H, et al. Serum
FGF21 levels in adult m. 3243A>G carriers: clinical implications
[J]. Neurology, 2014, 83(2) . 125-133.

[33] EMMERSON P J, WANG F, DU Y, et al. The metabolic
effects of GDF15 are mediated by the orphan receptor GFRAL
[J]. Nature medicine, 2017, 23(10) : 1215-1219.

[34] KOENE S. Serum GDF15 levels correlate to mitochondrial
disease severity and myocardial strain, but not to disease
progression in adult m. 3243A>G carriers [ J]. JIMD reports,
2015, 6(43): 69-81.

[35] DAVISR L, LIANG C, SUE C M. A comparison of current
serum biomarkers as diagnostic indicators of mitochondrial
diseases [ J]. Neurology, 2016, 86(21): 2010-2015.

[36] JI X, ZHAO L, JIK, et al. Growth differentiation factor 15 is a
novel diagnostic biomarker of mitochondrial diseases [ J ].
Molecular neurobiology, 2017, 54(10) . 8110-8116.

[37] KIRMSEB B, CABRERRA-LUQUEA J, AYYUBA O, et al.

Plasma fibroblast growth factor-21 levels in patients with inborn

doi: 10. 13407/j. cnki. jpp. 1672-108X. 2023. 02. 016

errors of metabolism [ J]. Molecular genetics and metabolism
reports, 2017, 13, 52-54. doi; 10. 1016/j. ymgmr. 2017. 04. 001.
TSYGANKOVA P G, ITKIS Y S, KRYLOVA T D, et al
Plasma FGF-21 and GDF-15 are elevated in different inherited
metabolic diseases and are not diagnostic for mitochondrial
disorders [ J]. Journal of inherited metabolic disease, 2019, 42
(5): 918-933.

[39] MESEGUER S, MARTINEZ-ZAMORA A, GARCIA-ARUMI E,

et al. The ROS-sensitive microRNA-9/9 * controls the expression

[38

[}

of mitochondrial tRNA-modifying enzymes and is involved in the

molecular mechanism of MELAS syndrome [ J]. Human molecular

genetics, 2015, 24(1) . 167-184.

SUOMALAINEN A. Biomarkers for mitochondrial respiratory

chain disorders [ J].

2011, 34(2). 277-282.

[41] STEELE H E, HORVATH R, LYON J J, et al. Monitoring
clinical progression with mitochondrial disease biomarkers [ J].
Brain, 2017, 140(10) : 2530-2540.

[42] CHOUCHANI E T, PELL V R, GAUDE E, et al. Ischaemic
accumulation of succinate controls reperfusion injury through
mitochondrial ROS [J]. Nature, 2014, 515(7527) : 431-435.

(i XB3E )
(ks H 191:2020-07-27 &l H 191:2020-09-11)

[40

[t

Journal of inherited metabolic disease,

Hh PR 20 Y ) REZS AL -5 )1 ik 2 o B

L 5% R ETHE
I REE 2R gE b, LR &

[FES%S]R725. 4 [ XEFRIZEE A

TAL (EPRERCE MR LB E B, L8 & B 5 B 50 M S0 g0 4, 5L 5 0
PG [ 5 [ PR A 2, JL B R G BT B A S0 3, FE IR 400014)

[ XE4HS11672-108X (2023) 02-0061-04

Neutrophil Dysfunction and the Pathogenesis of Kawasaki Disease

Shi Duomei, Tang Xuemei ( Children’ s Hospital of Chongqing Medical University, Ministry of Education Key Laboratory of Child

Development and Disorders, National Clinical Research Center for Child Health and Disorders, China International Science and Technology

Cooperation Base of Child Development and Critical Disorders, Chongqing Key Laboratory of Child Infection and Immunity, Chongqing

400014, China)

HRePE L 20 L ( polymorphonuclear leukocytes , PMN) 4
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