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NI e R PR B2 4 R SR L B O B 5t R

R, RN
(" XA B A -5 RO BB, W6 $EX] 438000, *WIdLESZh-ERe e teesrBe, WL
3 442000)

T DA & A BRI N S BOE T M EGR 1 2 5 N 22—, AR LA A B 40 M 5 B R e s e 2
St AR T B RE IR . A A R AN AR (NO) MINEZER (ET) SEil M TR
MAETKS, Z5RAERNYSMERAEFSR. LK, HED TEYESHATOR CERE, NI
TP AL . . RAERY.. IS BRSE R A BT AR . ALOERGME T
N BRI ZSA DI RE . SIRESRTRI 2 T AL B HAE S IR AR AL . LA . O 0B 25 O LA P N
SEME, 2R A RIS SR T RS, X M BT TS B R S AR R AT TR, IRA BN B
2N B R AL U ML B FA) I 2R T SR P (4 el S e

R OMERR WEEN THEERE; SFHH; ATRA

515

OIMAFHER  (cardiovascular diseases, CVDs) & B NS HEERAY B R A 4L AR M8, B B0 FE B KR AR Ak
(atherosclerosis) . mylE (hypertension) . &M (coronary artery disease) . /0> /1% (heart failure) Z.
FRAEHE A H A5 7R, CVDs B4F S 3U8T 7 ARIFET-FI B R &5t o U1 i 8 )y & 40 i
(vascular endothelial cells, VECs) Tr/C L3 RS0 P A5G KBV, Wl 4eRe A @SN . 7- eI
T WATIRAE IR Ty IR TE B SRR SOV AR, R D ARSI L LR . BSR4 T AR
BERF 2R O LA B A 5 R Rr F =, H eI A a5/ s . RIE R S BRARfp 121,

A LR A I AE PN B A 0 ) A A 2 S Rb AN Bh e R PR B AL, R AR O A B AR DR, ]
BHAT A R AR TR S T HORR, BG4 G2 HF SR, X B 4 R LS 98 0 A R S
R,

—. WM Th B4 Yy 2 A
L1 RIS S5 TRk
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ILAE PN R 20 M 2 itk g, R B T I P B, MR T I/ i N2 BERE (endothelial barrier) . FEIE
FWAEPRIRSTS, NI BB EREE T (W0 VE-cadherin) ZEFF A EATE, B (k1035 680405 41 4R] BR
il A B, BAh, N AIHLRENS i A TEYE S T, W% AE A (nitric oxide, NO) FIHTSIIFZ
(prostacyclin, PGI2) , M JEY ML 5K 1 S I/ MRS 22N E  (endothelin, ET) A1IMLE £k &
(angiotensin, Ang I1) , MIMZ 5 MAEWCHR S I 0 21 PR

1.2 WEABELNEREPREESE

IS A B T s BrBE D RESL, L RENS RS2 AL ST VI F R8N /2455, ERFIERRAS. 4 NO 7l
P LA A I BT . R I MR AT A B PR SR DT TR B RAL VEGE (LA B AR KA
1) TR MAE B A AR R B SRR L N BN S LA . SR AR TR e 2 AR 5 0
MRy AR, LR AT A A BIOIRE. (UL, AR w 7 3 BUR & OIS R 50 BB AE AT BE
PR

. TR R A THLH
2.1 EALR B

TERBEAAME T, MAEREIEMESE (ROS) ERBNZ, BEMAYHE T (0) FidEE (H0.) F2FEH
NO B¢ 5 NO FUW A= A 74 i RS R BH BS 1~ (ONOO-) , AT B 55 P B A 1) I 487 47 5K 4 1 ©°1, NADPH
FALREE. SRR m T e R SRR & ROS FLE, 5 &N EAMIE T M RAER N, 58Ul ) AE R

fi.
2.2 RIEF BRI

PR B ) BB R 3 7 1B RE R TR 3k, 0 TNF- o L IL-1B . IL-6 %5, X 48[ -l #% NF- « B. MAPK
AR, BN R R R T (VCAM-1. ICAM-1) PAMH{BIH T (MCP-1) RYZEE, fRutHZip
FMAITRe, SIRRAEGIRSY 01, eAh, SRE/MA (41 NLRP3) 2 5N L 4u i 5 i, st
AN A AR HERE

2.3 RfRH

BENR QI ZRL -5 N B D RERE R DA 5C . W BEPREE n] SECE A B RAL A1) (AGEs) REM, @i 5NE
AR ZAK (RAGE) Siafilk— RPN RAEFIEALR By, U1 AR e W A% 2R & - (LDL)
Fft, FALZLLDL (oxLDL) AEWE N BZANNE, AT N BAAZ AN M R -0 A N IEIE G PR AN, fie 2 Bl ik
SR RERE AL SRS TR JL.

2.4 WEABRETSBWARE

N NI £ B A8 (apoptosis) AIERAE (necrosis) , L T4NMIAET. (pyroptosis) 25 HrALZNHIAET
Fa, XECRBEAEMAE N RAEY BOh KAEEEAEA . VN2 ZERs N RS S RE S AL 45 1) 35 ZE AL
A DA AT R 2 R A . IR ROS B, S T B, 24 JWgR AR Ry, Py R 40 S L
M52 RE Sy 55, HE—2 e A i .

= DA AP A B 20 B R LA
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3.1 Bk

BBKHRERE AL SR A LR B EE A, AR O P R (6 A B T B RRef . IR SRUTAR . SR SAE DA K BRESR
TSR, N B R R 3 TR S IR T Y AR A RS P E AN BN 2, it — 2o
AT WG i ST B IR AN AW S ST R I T LR AR (R M 1 55 M i A U R 2 44 4 80 Bk
SREREALIEDR O L R, DRI BZINRE . AR BT BE OB SRR B T Tl ik ok e RE AL AR 14

3.2 HME

o LS P L 2 B A 5 LA N B A L D BB 2R H - R YD, P R NO BIRE I N, I &7 K DI RE IS5,
T 7 R LA B BT S0 IR PR et S 2 S SEa pE kg U0 | ZIifFsr i, Sl
N B AOE ST IKDIRE . DB M A AL, R R0 A e I S A I 7K

3.3 DEE

O S aEvgEst, GO MRS ML REFIET: 68 ) W2 R, SO ERRE RN B O LB S AR ZEEL. gl 5 0L
YIS A AH A AR R IR A . (55 FACH M S e R 2 1. 24 N BB e R, O LA
AN, REY TCvE LG, 2R O E R S04 U FL, SEEN R IRER Bl TR
L )1 B R BT R

3.4 HAERR

AEO USRI/ P P45 . AN Sl KB A S RAE DG S5 2 A B AR, N R 3 T A .
flan, /R R B PR A A 2 BN Y B B3 5 | AR SRR s T S R /O P S o e e
FEFF AR LN R S kR, dHimnSEeomEmE v,

9. PN R4 A R AR TT R S 5 T RS

4.1 WEAIBIIREBE M MIG)T

PRIZ AR LA N B DI 6 2 7 O U P O S SR . — b AR (ANilFER RS 25%) REWS ELHE#b e
NO, MIM¥&sE A& 5K PrELR (ngeEz C. i EK E. N-ZBRERERR) v AW ROS BN, &
AL U8, VEGF. FGF 4K TFWHoA A B et s HAMN R BE.

4.2 EESHRIGT

bifi 7 5 PR g A T A R A, DR S G Y7 R P BB S FR A T8 i B . CRISPR/Cas9 S5 & [H T. A
RENERE WEAE I BN e e B AR R AE L R IR FE T4/l (MSC) B2 RE T4l (iPSC) 4rbiGZ|
H P AL, B — @SB MBS USRI, AT A R 28 4 AR S AT 2 s R A T 1 #)
I

4.3 FXOTE: INMESYREAR

M AR, R ANMA, TR A S B AL 355 U ML R A s i Ve ) 3. AN 38 1 .
miRNA. IncRNA Z535 201, wE N 40t ss . 288, PriiTossadfe U1, pbsh, Rk RS
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29 SR ARG HE K, W SEBUR IVE PN BCRYSE )T 100, 32 T2 A U B SRyl ) A 0k P o A 4= B il
TER.

4.4 EFEHTXEEHYTH

BT 29I FAR T, RERER LT 07 2R TR A B D RE R R R B ARAM . e 2 iz, ARG a4y
A BT I AR RS JAE SO VA I TE AP IR — R e R N B AR AP U1 L TR
SRORE R A S A, RSt R o S B Pt RE RS 5 P9 B A B D 7 A U S i

. BRFRIUR. BhiRERREE

5.1 BB BBTFERY k-5 R R

PEARSR, DIMAE A B A 2 TALRIBE SIS 7 RUR, JUHR A P EE R (401 NO i . Ang 1T @B .
RACBH) BIRARR, ARG T 2R TR, 2R, T O R G R 2 A R R T,
YRATAER Z P I

L. RS HEERE: WEBERLRG R 2 P R BT, XA — 3w T .
2. EWSRREIBT: Mo EhYK-F ERCREER T HE, MR 20 AR b ik 22

SNSRI,
3. ZAERFRERWEIFANRL: XN AR AR, TR 5 MR PO
A TFEA B

5.2 RFKBFFE I W

1. BAZESBRAMEEAR
FRAA A RNA I F7 45 $EARAT B T AT LA A B 2 M S AR ) SRR, KT SR AT P B A
MRBEREN, BT 24 8E (N, Hxd. End. (GBS e, WA
PRFERIZ,, RN A R REA L T ey

2. HELY REEBLRS
BEE DR PR S A PR RL A RO PO R, BEAR SIS BT A B 20 O ARr S s 1 2 25 I A B A, 18
an, R > TR 2K B R A R R s 2y, W R BRTHA AR, AR

3. WMEERZFShRREA
AR O I PR RS HE R AR TR 1] . 2T N B REAE AR G I 45 A R i,
A KU AR A T30, SR R, F9RYY, RS T A0 MRS

5.3 BER SRR bE M
LA A BB RIBE SR 20 7AW, TR VIR A BRI 2 DA I PR B2 A 2 2

FrHrE], S [ R RAL -5 0k R R 22 18] A Rt . XMl & AN OCH B T RIS IRE S, &
RETEI R AL rp 24 SR AL S

N &k
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O AE P ML P B A Y S BE S TR S 0 EL G SR B 0, 90 BRI . RAE. AUl RS2
WAL, EPEMAE RS SHAGENIERIBTT. TER, OHEE IR N B0 BE R 7
THLH . A HRTEAE IR R ST USRS 7 S 1 VP2 B A RN, AR, O AR GE o B AR A
HEI%, ARSI A B AN B AR 22 S5 AR i e i 22 Bk .

G, BEEPANALSE . B g S AR SORSE BT ORI T B A B, WA IR ARG 1, AR
RN BN A MR R AR (3 T A i L. B R 2 A, T A Z R T T Bt S BRI
REUHERTTG, o XRF o ML A P RE AR Bl 415 D T st A ) R ik
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Advances in endothelial cell regulatory mechanisms in cardiovascular disease

Hu Yi'", Lu Junjie?

I College of Biology and Agricultural Resources, Huanggang Normal University, Huanggang
438000, Hubei, China
2 School of Family Medicine, Hubei Medical College, Shiyan 442000, Hubei, China

Abstract: Cardiovascular disease is one of the leading causes of death and disability worldwide, in
which vascular endothelial cell dysfunction plays a crucial role in disease onset and progression.
Vascular endothelial cells regulate vascular tone by secreting reactive molecules such as nitric oxide
(NO) and endothelin (ET), and participate in processes such as inflammatory response and
neovascularization. In recent years, with the rapid development of molecular biology and histology
technology, the endothelial cell regulatory mechanism has been increasingly studied at the levels of
oxidative stress, metabolic abnormalities, inflammatory response, apoptosis and autophagy. This
review provides a systematic overview of the structure and function of endothelial cells, the
molecular mechanisms of endothelial cell dysfunction, and their key roles in cardiovascular diseases
such as atherosclerosis, hypertension, and heart failure, and explores the related therapeutic targets
and intervention strategies, and concludes with a summary of the current research challenges and the
future perspectives. A deeper understanding of endothelial cell regulatory mechanisms will provide
important ideas for novel therapeutic strategies for cardiovascular diseases.

Keywords : Cardiovascular disease; endothelial cells; dysfunction; molecular mechanisms;
therapeutic targets
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ETSaEREET PN

MBI
(MLLARRE iRl S TR AR AR Tred 250002)

WE: ELAGRANEYS TRARMB S EIE Y, R TR E BT U Pd A 8 e X
AT, ASCNETEOR RS A IR %, ot HARRHE BT R IR B3 5, 6T 24 i1
I BCAR . PG BAPRR, FHRH AR LRI T M-S @, BI5EN, BTG AUER T EBEIreR
SRR, S T BE S TR RASG Pl

R BETEA KR EYES TR BREET; ¥R

515

o 1=N=N
MR 5

2021 4E, TS BALTS. ER PARKEERS% 10 WA A ( “TIUL BErsarb g Em
R DR ALY ), 2023 4F 8 H, HESFBEHi G  (BRyr e £ s i R JRAT AR (20232025 4F) )
(FFR CATahitdl) ). MEERTFERGRKREHREN, mmErEs REhil, A0 “RET R
MEF|—sem;, REBETHRAHE T, &R AR Tr. (HE TRl Aty — Rk, KE
B TR A T\ IR AT, #MEE R R B R AR AL, B IR E B ) e A
RAKEFR. GIFE TR NEARAA . Pl T L, 38 B T o U AT 47 =25 o o & e U A7
SRATTEME ., HT U, EFKHE GRRY X Arshitl)y gal i sommisg 2ok, @aapit <o,
FRPE T25 6 BT U0 SOk X Bk i, REARRAI LR k. MEAE MRl EEPHAAEYEET
BRI YL, MREITFIRRZEL AN, BRI RRHE ., R PRI T B AMARRHE (4N
RRA . . AEIWE) BRI R, WX — H AR REE TR S TR ARMIRELS & ()
ET4A) .

Wi X

BETAGAMOEAR X, ER LR R AT B B, ATHEEE (AD SHld
)RR TR Selb i BT SR T TSR HERG R e R A Sl T R Y S A
PRI, X B2 T 45 G ek o By T Ui 1 AT TR ATTE, B 22 R 5 5L 3.
1 ETEGHEARRESS % RIE

1.1 ETEEME X

BT 45 A il i i TR A S B MM ES &, PRI P BRI T R . HAZO
FET BEATOR RS TALRIR, TR B PrSLEk.
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1.2 BETE G KRR

MABGEBE AR (B0 X SFEpL) BB, BIBANLE N FAR RS (WAI5a FARIEGN) 18X,
BETEEZN T =A KRN B
1. BRSO B DA R IR AT RO .
2. BHEM B AATRRES AZMEAAN L, SRR S Is L.
3. BARIBI B AREAR . =TSN, SEIPW TN . WAy ke AL,

2 BETESTERERTPHIN A
2.1 PRI 75 AR B 52 8¢

fe il FE IR I (Next-Generation Sequencing, NGS) A B=y7 i S B2 RS A, HE AR DNA Bl
R B, Sk, AR SO, W SR BT T SERE AT I AR RS, RIS AR, A REUT
FIMEE. BE TS A T HEFMF S8/ N S &al, RS APl FE e 78 e,
fFtn, CRISPR $ AR Z I FH AT b il e 5 AR ) SCHe

2.2 BRer B R AL

BB BOR (W MRI. CT. @) Wb @ETEAWERIIRE —. T4k, WESFIHEREY
ARG R 5T TR ISR . MREEE AR 1 AL B N IR R 22 AR AT BT B 9
AL AR RN R BRA AR, SR R BT, S RIRGURFIEIEL . 15 R B P g A I
ZEASRRAY AN H AR S, RO AR R, BT EARER, SRS RIER N, R
ANOLE. ISR AR HERE B RS, et B iR, Wb Eisdods . mnglas s, RSP
R 53 R AT DA 2 A, DL VA AR R A . IR KA . A 45, DASE LA 73 M e 2 21k
AL, TR EST AL BT A RS E A9 B T BRI R B 3h ik 5 sk,

2.3 BIREn] R

BRETER, BRET R FHOR A W 0A . MAUK-F-AREPRIRER, R HE BT St T S Hid
SCRF. X EERR R BT S Y S TR A B R . Rl S ARSI REAL B AR

2.4 FAYLG N Sm e S 7

AR BT RO IR BUCE BB F SR, LRSIk Ss iR e (A B, R ek, WM&k, &
REALRIF AU ST, R B T R R AR IS, B G n By IR o5 A, D R S i R 5t |
AU PR SS . PR AN ARG B AR T T AR 2 TR BN A S e, T Ry T A
TrREEES P REMBRNIEL . 5G TR K15 B GRS S e B H R UG ST
3 BETEGHEIGHIPEAL

3.1 AR
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MEEARJZTRE, AFAERIRIRICG PRt R R . N RE R A RO s B By e, (HIX
LERHE B WA A B g HAS A G —, AR S RS R A R 2. IR, LBy AR
PR R R E S, A AR AR, SERIRTR ALY, P AL BARIIGECR.
Boh, BAMA TR GBEREMRRZ, HAXRERTVN (ARSI iFiE—2 i, By
U I MR R A S e A ERR MR T S, U A RS W ER T

TER ISR, AP R Z BER L. R BT & S 4 N T REROR R RS, HOH
LAt AR, HtZ A IR S ST EA R X e TR, AR T AL Bl ARS . TH, 2457
N RE AR P B B2 W 5 PO TN <5 /D R4, M IR 2% B2y 7 9 st AR ML A4 va Y 7 o7
ALY A TR B B

3.2 1& ) A

B T4 A R BRI MT | & TR Bk, BIan, AL SFRMERSREI M . B R B A e BRI
T2 R A T RERS S RL R AR . 2 AL ARG BUET RN, SLAYAE S EE RALR ORI O TA T
bR aus, SEFESIARERZ. AN, BUARASEIMEAIR ESORIEY, JEC AL ST
WS E R Z A,

3.3 JAG T Kt

1 i S B A S BRI A 5 T AR R A, R A R IR BRA A R TR A I H TR
o EPA—ER IR, AT WA s, B, AN TR SRS ABOT > /5, HELI
FIRHIF A BRI SERE R SR BEAT, XM —E M. R, MIIERA, XLERAA BRI B AR
frm, L AR PG A R I R D RE AR L, IR BE AR L AR, A B il A Y
YIrTi g, REITRCR, B RE BAEBEI R B A, AR A A A U, AT R SR TR
GREI ¢

e AT A, B TR KRR EA TS . BUR . B sl B s 448, 58
RS ALY, RS E LRGN LR, B, REEEXZEML RS2 ETRE 8T <,
RN ERERBHRVRA LT AR OIS, FFRELREG TN, SRR, B T7
BCE. BEAh, 5G $ORSmAREES TR G O S TRl & i S it 1B Ae, i B By SRR A T Ak
R, BAREES T A, A BT AREME. B M

4 ETSARRRIT
4.1 BRI SRHIFE A 2R

e E2E 5 TR R IR, @ E TGN RRSUrG, BREAaMEAL . [
A LAJT L A A 3l i 2 I AN DA R DA (RHIES A L M A E—s I S 522 L) g b, SRERES
ThhE, Ar-eegt TARMEEAEZ, mEEA AR, Saadn. TemLRn=s, WEhEE
NEFR . AR, AR, EE AR S, IR AR T, WA Em e, B
AL, (CERGAYIR S E AR, WERBEARHAS. SRRSO, T, EETEL,
TRINGESE, s k51 4.

4.2 R S
IR LSO KRB B B 2ny FFRLBRR AR BCIRALIE ) | it I B 7
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FAREE e, EORE S, BRI 2K, W IG RS s L jiie, 25 B R S B AR
Wi, 1ERE TR AR R RH AR MER R, A B THEEE TR dics 2 @i, SCabnififb
B HIdb s, W

HEB BT P B ARE AL S8 i AN S e — BRI, TR B 22, R BT B A R AN A A
FENANE S HE T — RV ES P IaAH X bRiE, 40 HL7. DICOM. ICD %, HAEAFRLE FER TR .

PRI E =AU, SCEARFE BT . AR RS Z AR = 550, SR
FIRRE., S el firh, TS w B MBI 2R mALH], O E RS 24,

FR A ALEE TR R EAM TREMNA MR EANS SR FEFENDRT, KFE2EAEIE
IRG T AR BRI, DABRIRS AR A A (R BF,  F853 A FE S AR VR A

ISR ES2ERH AL ANiE 5 ISICDM XEERYHL T R A2, (EilEARE Ll AR LR S &
Y, WA T=2E AR B R R A 3T 5 TR .

4.3 R BLEMAY S8 E

A I R BT X E T A G ERRE B SVA NG, W OREOROT RS B I AT SR BLER, PRIGEREAL

EX

s AR 28I K ERR AR, #0 B TS U % 5 L e PR AL A, 73
LRI,

BOLETIHFEH . AGUTREE TR S HA R AR ST, SRAGRIHAH S MG, A 5e s IR LR
HEHIE SHE.

it R TR LA IRTG RO m,  HUERT & L DL e B, B ORI EAT T AR S A

HESHZ ARG B, BB, MRAEM DA RBURRTT, S 25168 T AR BRI ALY i E A58
H, BHAT.

R E PR TR Pr BB TR A BRI KRS, WllchH sa i s M, 45 a3 E SEbnls
DLHEATA AR

ISR EALEE v BE LA SN B AEBEA MR, AR TAR T B 588 A E

4.4 S-THORTAT Kk

IR ARSA . SRR BRI ROR,  HEBIRG HE BT e A BRI NS S AR

SRR 2000 G, WRET—IEE TSR WEERE, E N EE LA G
)& P O AR A T2 AR, 8, SRR By B g5 & SisiE K .

ek P-4 Ak 503 MWIEIEZ R AIHT . HEShRHQIR BCR . B SR =7 =
TR WT e (A2 i, AT R NRBFARZ 2R . ZI0ib R K.

INEREE TAZ AVE: B S m e BREF, WA T S éy, 8 i@ s e R R A0 5
FEER; RBEY . R TR SRR A U, IR R RIS AR R R T T | 40
AR, IR R AL A A WG RS, A 2 A A B,

N R A E DR s TRl A a0 A SR, DARY X I 2 52 2% 174) e B i BRI i Ak vk 237
SR By Pk, B BUR AR R SERE R 40 L o AR AR N R s S TR R IR R A, sl Rl
T+ SR8, ©

W AR B R TR AR S ES RS &, AR EWETF AR, Wggs
Wrike s, FARYLEE AT i (R e o 4, (B2 SR oS viE R = k. DRI, LA N TR BN R Ak
P AR SCIBERR R FIATON . NEIRIT B RHE, RS ET RS R BRI RRAEY TR
B, CRIRIT R AR B 2 A AL B iR T T

B AT B NA IR E TG PR AR &, B0 THE R e EIF G, R
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T IR K, AT TR NN Y, R Bh A, AiiAY T S5y R I R AR S F

T REALHTRE /- G BT 558 BT AR E TG LA BIHRE V-6, Fe70 M 2 Rl A ) T
JRES iRE, RPN SHMIESRIGE, RIEEEEOL Hird, @A RAA5H-F 5, 5
ROl BLCES N

5 458

B T4 A BRI BT T, MBS SRR T3 ). R&rﬁﬁ (ETRRZ TR T
FAEPRER, (LA AR RIS AR . Seate i AUBOI DA S (R AR T T, B8 T G5 Ak R 2 b e
REGHER

22 k-

(BN, UGN, B35 44 55 A2 W B2 27 TR & J Jy T FH 3 6] i iy 577 4t 28 B [0, 7 R R R 22
#,2023(04):27-32.

21k, XBHL, QI AT B TR 0 s i B T A BTk R (D) AU R 3 -5 1 3l16,2022(02):7-10+14.
(31 o2 AR BT R R Y FH 5 52 Bk U], H 3L, DO 10.19769/).2zdhy.2024.52.054

(4] S, BN % 55, (FRESSEARMERR NG ) RV h AR /MRS, 2021-01-20

(6] kiR, ‘BTG LR EU AR RE SR, 2024-7-15

Research on the Application of Medical-Engineering Integration

in Precision Medicine

Wu Tongshuyu!
ISchool of Control Science and Engineering, Shandong University, Jinan, Shandong 250002, China

Abstract:

Medical-engineering integration represents a significant trend in the convergence of modern
medicine and engineering technologies, playing a pivotal role in the rapid advancement of precision
medicine. This paper begins with an overview of the fundamental concepts and developmental
trajectory of medical-engineering integration, analyzes four major application scenarios in the field
of precision medicine, and explores current challenges related to technology, ethics, and cost. It also
proposes directions and recommendations for future development. The study shows that
medical-engineering integration not only enhances the efficiency and accuracy of healthcare services
but also promotes interdisciplinary collaboration and industrial innovation between medicine and
engineering.

Keywords: Medical-engineering integration; Precision medicine; Biomedical engineering;
Intelligent healthcare; Interdisciplinary collaboration
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AIEEEREMRIEE O ERENHRHE

ykﬁu 1,5 zliﬂ:c \1, 2, 3, 4,5
( VPR BB KR AR BEROGINAENERL, TN, 5430005 2 DR
Wb B SRR, SR PEWIPE | 88000; AT /R A RERESFL
JUVEERLIN, 5428035 4 )T PALIE AR KEEAR N REGEFUIN B ES TR, BN,  542807;
SEEARBER R A M @R NRERE DM NEL, ) PaREM, 543000 )

% 56,09 (Coronary Heart Disease, CHD) &4k 3 BLEIEA B P Z —, HABM MR e TN
FERE e, AR ONERES  (Telecardiac Rehabilitation, TCR) AE N b i 2By, Alde i
(R0 LA (B RR KO-, BRI, %48 TCR FEA AL . R B SEis WS I TS A7AE SRR . N T4 RE  (Artificial
Intelligence, Al) JHATHAEMLI . HLas2E T HAEATH, 4 TCR $RALRGHE . SRUNEB T . ALk
ALFE TCR B i, SR BRI . MR T T e AR IK, I RE AR KT,

':F'B‘C%%ﬁl %'ﬁ‘ﬁ; @%%L\EEJ%E, }\I%jﬁﬁ %ﬁ%ﬂﬁ{m /l\ﬁ'ﬂfﬂ:ﬁj m%%’?}j, :?ﬁﬂﬂzﬁ @%%
pLil

L5]F

L9 (Coronary Heart Disease, CHD) M DLKJE AN B A B AL, o ARk (8 5 ¢l
WA EEPR, HRRRK, B RRMBERRIRGS, UK S I DA R s R i K RS (1],
DEERE  (Cardiac Rehabilitation, CR) #xX{ER CHD — MBIz 0%, HERTHOMTIRE. BeE fEE A
K415 Fi s (Health-Related Quality of Life, HRQoL) FYIG FEMME T3R5 K BB IE B2 IF e S 17 [2-4]., Hb
P[] BR -5 By 7 B I I a7 25 57 S UL G U0 B (Center-Based Cardiac Rehabilitation, CBCR) JRY7 47
e E KM MESRG, FLEES TS RO I G IO A8 34 52 e R, . AR By e R i v SR i & S 15 B
HAE ARG HH AL AR DIERE S (Tele-Cardiac Rehabilitation, TCR) A%, i/ 5 & REFPELIRIUE L B2 T
SCHE[5,6]. TEBCELAN |, ATEBE (Artificial Intelligence, AT) AR N AR PG, S hzS
RG] AT 2 YL LA AR bR, A AL XU SO AL, XA R B A AL T s sh b ks e B,
I R Re S B R AR [7,8]. METIF R R T R B TR AR G A TR EE 2R S ALY
R S BEFATHEAE SR & [9-12], (HEE-V-EEdRREd . Bz bBe Bk . I A ks A 5 il 29
ETARFEAHRE, ARLERR A AL BARYE TCR FScH NV St HaR T HAR ke & 5 m .

2. W UDIERE AR

I «HEE—EEMETNES: $FE, cky163163@163.com  https://orcid.org/0009-0006-7947-2909
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2.1 iR vsARGERRAL: TrROLE

TCR TEAZ LU S P RERY IS T T, 5 CBCR YFRUMHY, HBFERES ) T RS, —TighA 2742
{5l CHD iR 11 Meta 73 M2 Hri 7 [13]: - TCR A {20, O s S M0 de T 2.99% . W {E B S 4 2.19
ml/kg/min, 6 74 BATER BIEHK 29.21 K, 3 HRQoL 4R EH i F Ak %, UE SN Lo il D g
B Koz s S 3R T BAT G RO E. A, SRR B K RIS IR AR B R R
WARERG I RF LR, WRm e TR O MU KBS 25 &4 B2 0 A AE BRI 2SR BEBLX I
AL R IAER [14]3E5€ TCR 5 CBCR T 1A & S5 200l R . e K% (Maximal Oxygen Uptake,
VO: max) $27HIEZ 278 TCR 5 CBCR BA T AAR 430, IEMIACT AL HER BT AU S L A T 5
TCR 4152183 24 JA R VTR S H 3 AR S 4506, 15 7 B9 sl B 7 SR T AR s A AE RS 1 A
CBCR 4I7ET9i 12 JE490 30 £ BRIV i B SRR BE TP, (ELRE IR TR] SRS (R o Hi s 22 e R DU RS 5. A
Rt AT s R R IR 55 AN BB AL e R A1 28.6%, FRBEZ Y S R A4, SR AL L B afe
U AR 4L R BRI 225, &5 TCR X R BT S IR RE R AL M AEpF e 25 . X b
BT 5 BB AN SRR T, 9 ] Bt AR 5 e 248 P FR 7 s OB i

2.2 AR ISR AR FEIRINTI B 5 RIS

TCR (24 BE@ X  Ge R A JR BRE A [l 1, SEAE R B0 ™ S AR i B A . e (COVID-19)
SRR, 2T BRE T RS b 5 B R B TR SR A P G iR Fp . TCR B B
AR T BB R AR S, T B AR BB E XS . 1% CHD 511 COVID-19 #57R K4
KIL15]: A T AL (R A& (Peak Oxygen Uptake, VO: peak) . Jo4[BI{H 5t 5 MU fE A 45 1%
DAEPRIEFR T, 5 CBCR HZERRIRG 241 . Bk S R e By 93 U5 B ok 7 B SR LA E S
FrRY AR %, R TS &

TCR B I RN B 2 4ERF 98 (B, BGGE B K B B BT X ) TCR fF SR &R, HEA L
O SEBANSE  THR R B, B TR AR R R0 B0k Tz i SE it R . il Sk HbIX PCI R JEAIG
1G53 BEALAT BRI E (R [16]: FREERERA 7 BAE 6 i B ATIE B . (RSP . AR AR &
O EIIAR B A D FE PR IR 3 T P H R4 BRI R S KBRS i SR B R4
M7 MMM . IR ARAGIESE 4 HE TCR J7 246 E BRI 50 T T E0EM:, 5058 DOl k22 et
FERR R A AR AL TR S . TCR WO 570 U FR SRR AR 36 I B4R T Tt s AR . — T O
IS CR BBTE[17], & 6 DA T )G, HAFH M40 (Left Ventricular Ejection Fraction, LVEF)
(HBHLIRT) 3.79%, VO: peak il 8.11%; SAQ HFIEALAYA IG i E4EEE /A5 (75.51£10.81) 43,
BEETEREE A, OHEVEE A, T4 SAS. SDS FRlESF M FE (36.94+7.22) Fl (42.15+5.98)
4y, PSQI HEHRTT 15 B0CE IR Bk 2.18 4. X AhEl &4 B I 5470 TR B P AL R AR, A Sem
Bl RSy T B R R LS, AEOUA ORI BEI A SR R T R R KRR AR R g, ek
TR A TG 2T RS e

3. BRI W BARTEE AR D REREAE I R

BRI A2 TCR LB RBML . MEALERTHBA% 00K S J7. TCR SR 2 AE Y Jlan AR I, &
K SEAR A A S TR RIS, RO M 28 A sl Bzt 2k, IRl i RE AL CAZEfR[18]. W] ZF
B A SO AR O B 3P R GE S AR A T, i TCR 5 kS 4R 25 e Bl Bha, A MEAna RichHE R
BT, AHEE 3 HE CBCR YIIZR[19], TCR K DAERE (18.7% vs. 42.0%) . JCAER/OILBRIL (22.7% vs. 65.3%)
KMz (28.0% vs. 56.7%) At UL (P=0.001) | $&78 HAE T S35 SO0 AN T 1005 1o sE LA 35
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Ak, % TCR ZHE 1% LVEF M 49.2% 25 % 51.0%, 6MWD H 287.0m #f1% 337.7m, HRQoL 34y
M 63.4+11.3 #EFF R 75.6£13.0, HAMEIREHAPER (24.7% vs.12.7%, P<0.01) . JRASEIRILH T fE2 5]
W28 B hsg ), (S RGP R ORI RS 1, RS HE RS R L AT SR, E— R A e ANA YT
R, B2 BGE T AR AR AR R RUBS: B Ak A A A B 52 S Ty T 1) 54201 TCR 4iiek 1 E 28 )
R R R RS BRI . R BB AE Iz B A Ty AR s RIS AT LA S AL X AP AR
FRE R TR AR EPATROR[21]. (BB S im 2 . BaAL s KU . AT R R A A A%
OPRE. RS A BI22], (ORISR S . B REhiT . 238 ERan S B AR S TIRE S B AL B R
Uite, HEGREME . WRESIRE ) 5 R E RS BRI G ARG . BRI ) Y R £
1 R ASAE FE T 5 ) P A8 A e A A, A R £ T SR AN AL B S I R Y 1 AL

3T BURES U ERR
3.1 MEALRE F MR SEIS

AL T2 TCR LAk 838 A AR AN R A P Y R B SR . MR TR Gidnififb 58, M1
i BB AEHE . RO SR TR oK, WA HER A SRS, FRAR IS B e sh AR . B 9T R WI[23],
B DA AN LR TR oK, R Bl e V&% B 0N . SRR BE LT X S8ty
K, DT AT 0 R ROR R E . — IR TS IAHIBEIE  (Social Cognitive Theory, SCT)
MIBEE, $1XF CHD 2 B@iR Bk AR ARG 3%, W 7 TCB J5%E[24]. %07 RATHIE TG R . ©K
INRHE RAE/RIEEEWIE L, EE 28 &P . BEIANFNAIIE | #ha SCRhon 38 R A PR A2 S DU R AR R,
itk R 10 DA H K 27 A= H, BIEEE . A S Ko U IR /2 5% i R 3 RS A AR 1) 5% S ()
. M AR RN R AR PR AR G, TR O BT ORI SR, DARRTH B R AE O
HIREHRE ). AL RE 7 ZHE CHD B35 TCR #4it T RGEAHESE, o CR B AT
BEE TSR,

3.2 MEAZIIRE S BARME T
AT A B T LA RS AR, fEmEE WSS RN . — i AR BT R B s 81t )

(Telemedicine-Assisted Exercise Program, TAEP) ¥£ CHD 1T s 4E T/ S euk[25]. 3t 12
Ji, WEIIEE S N . RGNS, 28R Borg R ARSI TS, Mok
B, e TAEP [, 95%:K5 8 T S IIGrErr L, 64%58 M T #BUN &gk, FHAE 1 oAl
S HRQoL Jj iy @& vss . Woh, BEARIZEE T 51236 7 Iin s ME SCRe, e s B RO &
T KRR, E—2 R T s s U R 22 G I gt ), R4 & % BT BA R e 4
SRR, CAROREE LA BAEE G, HEGERESOR . BRizsh THish, BOARMRKEEMA LR
SR WM k. Sk 12 ERmREEE ISR, SSlmdH (EG) fE224T178 (B=-763.3, p<0.001) .
BRGNS (B=—711, p=0.003) . =3 HILALRER (B=—1.19, p<0.001) FIREARSIE (B=1.69, p=0.012)
HHEYEZETX A (CG) . BAWHLE.ONFEREM HRQoL FIok 2R, (HamfE BRI ZhEEiE A4
el B, WS ARTESK, FEUCERR TR 26], X — &I T HORMKAEH) AL A TR B
HA T AR B I AP A EEAE . IRE UIERSE (Hybrid CR) @i i . B8 ORI ML B
&G, AAESERBEERERN IR S, PP T3 2= =4 CR H1.0Xf Activetme REMOTE {R&
CR W AP RIS OL[27]. BB AT B SraRoRIARE A TR, IR alad vl 2 A S b AR PO,
] i BE g N B DR VB R B R R, TR L B T AR T . TR AR A X CR HE) 55k 2 3
BRI . AR R ERIT R R A R BRG] X ERIAT, FEHES M EAL RS T N I, R
T RSP IRA ARG R R A BRI RIS DA R BORA B 5 GBI . M SCT i TCR J5%€, %] TAEP
R E R TR, FF] Activetme REMOTE {5 CR, X LU AL 1AL TCR M sh 3 2 e 323
R L AR
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4. PR G F RGP X
4.1 BEWI: B msn SR &H:

S ALHfEZ) T TCR Y A S8, (ELARE ST e 5 22 BORAN SEHE PR, 20778 UL M 2€ 1 . COVID-19
Bt mAet IR R AR, AR TR AESOR PRI G L 2200, U AR R =
AR B EREL T, MELATA B2 TCR[28]. X —FIIEZ 0 TCR (AR KMk, 80T BE RIS TT AP 2k
i, EE A O 2 an . SOMAEMEVEIR AR BRI, R4/ NI, SR TR R BOARE I RE
71, W2 BE LRGSR BT A, SR 20 TCR e IR E R, RMEHF AT
FRB29], BREBEMINAES . M. sl ALK B P IRl bk, 395 83152 TCR 1Y
BEEIEMX. 52, EEHER, B @7 R BE ER 58N TCR, MAZEE R
it Z 22 2 B, W AT RR NGBS M A . TCR ) B TR Rt TR 4 A A R AN R
SUHE A TEAR BB 7 AN SR, DABR R A R BRI MR M. (HAE B2, TCR YA
JURERA T IZ B A R S SCR A, BT EPRIEE . PR KB II PSR H: TCR YL
i By B A Y AT Kol BOR SR, BE SRR R IR Z ENRPW30]. Hutnl L, 7E#ES) TCR &
JRIA [ 45 5 AN ) 1l XA B2 7 9 PR D e AR BRAR A K

42 WESREHSE: BEEZESATHERE

1R E G Y A, AT BT i A S R PR B MR TCR 2 W R EEPEK. BEE ALLERE
JYOUBHIRARL ], AT R 2 et . PTEEME A G RIE O A AR R A A VU R KR . WHO 2
1 CET AT P A GEdE: gk, BuEMIPEASHESRS ) S5, AT By Seas i 42 i JA 018 B oA ik
PR PR EA T Al ST, DABR PRS2 MR RV 4]. P 58— B IE e R . IPASHEZE
LR R, T HES) AL B r s iy e A e B R B, AR, P E BE R A AT AE AT AR R
T TR B, AR E PR 2R A A A L ROR, e VAR R R, @ AR R AR
M. SULFER, BES7 AL e RGBS H 7552 2 0. BUA B PR PIAE SN LASE 4l B, AT SR 5K
MPbIR, TR REIRBYIRE . B AR AR UL R BT SRR AR T T3], BAE R AT RGEHIE
A L2 AR L, 5 e AR o0 A R AR DL i A e D0 5 g 12 ) T RE BT o T =y 7 AR 55, AT 5%
WS R, ME A BRI R R, BRIk AR T SUSR A AR REE, 2 4ESh TCR
AIRFEER SR R GE . I, SRR e AR IEACSAE W R DA R SE SR ENA I, KA B TR TR ST AL
AR

5\ BEFE R DR BB S5 P R

AL SRS R B S BCGRAAE Sy, FEP s, i iiie. B EBR A EAZROTEFEZ
EREILM)TRE B AT S, HEORMKICIRE T . HRE S R M 455507k, CARRAE . O IK I AR
o B2 R GEPIR BRI AL . AR RIS B R AR AR [1,7,9]. AL 456 BE M i o Rk
T ECG. BRFHAML Tt oA O MU SRR UK, otk CHD B iR B [0, [, ATHERUN %
B 2GR AR B 7 ORI, S s Wk L, s 2501 %, FHIRBE RSy P BE = #u X [10,11].
SR, AT Z BT I R AR EAe . BRRALRY . R B M B R R A S AR [12]. B P ORI
WATE . SR AP BB (S AT R Rk, JUHORAE R R E R, B A RIS AL S T2 FHAG AT v
WRYERHR [11]. AET I, Fefedt AT B 7 soRFOFIaERE b, L/ A LG S BRTE, PRI
B2t AR I8, i bI5esEt CHD 1297 7K-F([31,32].

5. GRS RE
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AL IEDARTFT AA B HEZ) TCR ARG HEAL . AMPEACAIE REALTT r 8 0E, iy CHD SR S M S v ko) B
SRR AL ORI A DAL TR D558, S 7RO, R o i i ™ Gz e M 0 ) S5 P P A 750
AIEEXTE. SR, BRI RN, BERZEER . CHME RS a2 S 2 s, oIt
TEZWHEARMGTIREL Z X, AT TR AT SRR M PR R fp s, J4Fok, MR T IS #
RE MG I AR SR IERE, (AERR I (A R HINSeE . 4G mAe ey r . B e P B s DA SR A BRI A,
TCR IEFIEHORGHE . B REMSI SRR T ik, Rk, ZUHEHRRAEG . AT UK GEFIIN A s
PMEDL R SE— 2 iR BRI 7 SR G RO PRI RE T . B, IRAC PRI AE . SR Bdl e e iRy, DASLER
FHEEECT R R, A BT ALLE CR SGUSU (5 BRI FESE A .

LR bRk, AUAGUE TCR WD SC AR, AR CHD B, HESh Byl RN B o
EIET. B BORABE M R FE, ALRAER TCR A AN AR CR WHEET [, N CHD &
FAREORGIE . BRI TR

(=t
WS4 RS [F) S ST SRR SR IR SR G A 5 AR 5T SCEE AT AN,
SCEER, W, BB, e,

Flaame

o

SH 30
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Abstract Coronary Heart Disease (CHD) is one of the leading causes of mortality and disability
worldwide, necessitating long-term management and rehabilitation due to its chronic nature.
Telecardiac Rehabilitation (TCR), as a crucial approach to secondary prevention, can enhance
patients' cardiovascular health. However, traditional TCR still faces limitations in personalization,
adherence, and real-time monitoring. Artificial Intelligence (AI), through intelligent monitoring,
machine learning, and personalized interventions, provides precise and efficient management
solutions for TCR. This review summarizes the progress of Al applications in TCR, with a focus on
intelligent monitoring, personalized interventions, and technological challenges, while also
discussing future development directions.
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Research progress on traditional Chinese medicine wax therapy for knee

osteoarthritis

Xue Nuo, Zhao Xin . Liang Jiachen, Li Xiaowei, Xu Changhua,Song Cheng.Li Hongjuan

Shaanxi University of Chinese Medicine, Shaanxi, Xianyang, 712000

Research progress of traditional Chinese medicine wax therapy for knee osteoarthritis
Abstract: The systematic search was conducted in the databases of CNKI, VIP, Wanfang and
PubMed. The retrieval time frame was from 2007 to 2024. The literatures related to clinical and
mechanism studies on the treatment of knee osteoarthrosis (KOA) with traditional Chinese medicine
wax therapy were retrieved. A review was conducted from the perspective of the combination of wax
therapy and traditional Chinese medical intervention measures. It was pointed out that traditional
Chinese medicine wax therapy might improve symptoms by accelerating the circulation of local
blood and lymph fluid, accelerating metabolism, promoting the dissipation and absorption of local
soft tissue edema and inflammation, reducing swelling and eliminating pain. At present, there are
relatively few basic studies, and the mechanism is still unclear. The efficacy of specific therapeutic
methods, the scientificity of clinical research and the long-term effects still need to be improved and
explored.

Keywords: knee osteoarthritis; Traditional Chinese wax therapy; Research progress
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M2 B! E R4 B 7E R R B 4 B AU B L B AN IR PR E 2

IhR R ORI I R R SRR K 2
SR RIAT

(MR EER ARSI REERE, 2Bk 233000, 242 HOK2AME A IIERE, L 200000,

SR HEERE, RN 239000, “TEIRAEFIFREERIASE BB, LR 233000)

WE: RPEHANRE R — MR TR 2 RGOS IENE, TR R R, v, UK, R
A B R A 12~15 A HERTORE T, iR A ¢ ER AN A 5 5 5 30%~50%, eI iR, =
WEANRAR ALy M1 RBE RN (s EEAN) F M2 RRE AN (BRRBEEENRA) | e
Z BA e dt MR A AR . B AN 7 A R R B, (2t M2 ZRU Bt O B i i i) ML RS
240 MR A 24 I 1 P — R SRS . A5 A B AR 4 A R B e e TR P B A 5 i % 25 e
li] M2 AR AR SRR AT AR A SRR T M2 B AT oA A I A AR 7S, e R B (R U VP 2 0 e,
18 AR AN A 2P BRI BN GE T ARTCIR IR 1907 2 R 240 i 22 DR g o A i, R st 197
ALY, WEIERGY IR BRI 2RI AR ERTT, AT K BE A7 SCELHA T M2 E R EAE
R AL, TR IR IRITTE, D4 S BRI T A R TG T 3R I 7 1.

R IS

51T MR WA R, BT R (GBM) e it B BAEZHZ] WHO & SCN TV R 5
B, HAT R, RN INAE, BUGR2E(1]. EVELNAE g RGN A PR H S T AR, R A
JEMERSE (TME) B SALERS . SR R A ¢ ERELNAE  (TAM) e B i v i A v 25 U VR
TEBAERAES, M2 BRI /A4 K 775 85 11 (TGFBI) SRAERRIBUR T410 (GSC) 1y HKEH[2].
HRZ, FREAEBESRMT, IR fT £ m sMA i MiR-25-3P/MiR-6733-5P BE[H ik, #4855 E Ik
A1 ffl G T PIP3/IGF2BP3-AKT {5518 1755 B WG4 it o] M2 RAINRAL[3, 4], 16 R IE B —5B 42

T [HEEEN]

[1] ®X&E (1968—) , B, LEME-AREREREREE,
[2] 788 (1990—) , B, LEHE-—AREREREREAER
[3] BEik (1999—) , 5, HEENAFMLIHRE
[41E—ik (2000—) , B, EBEXZ LBEEXRMIARE
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TN 55 A0 M S AR T A (18T 1)

. : . GSCs \ 1 .
/;;elf-renewal ~ N L
( 4 ¥, . 2

o

L

GSCs-Exo

M

. : Macrophages
increased aclivity .

Pl 1 AL R A A5 g 1 4 R ) L B 3 B

W aRY], SR SN S IR TR R S FE AN %A%, HIF- 1ol 0055 R 1 A 2, 5, 6],
PR A B, FEARAA R IR RS (TME) o, tph-1 f74 B E E AN MO HOi HIF-1af 55
P M2 ZE RN AR AL, M2 ERELE M o3 W56 PRk RNACICRO00317 #3436 (EVS) |, #E AR H
(31 PTBP1/PLOD3 fig BEJE ST b B ) FEBU% AL (EMT), g 20 0 i) B2 s ZMDRG PR I, AT (gt A
B [7]. EEE S BRI R A T LNCRNA Rt fe s R MR C BRI (TAM) FRsE
M2 tefl, HAR KIS RNA  (TP73-AS1) HAGMRM8]. Bofiirse K g sl & X s & — 8
E mRNA WAL IR A X BRI (TAM) P25 E 4o, 101, [FaFLEREEZHE T (SLC16A1/A3)
WA NS 5 AT S AR (1], Bal, BTRRTRIr AT R 3, TR AR s i
(TMZ) #FTHARST . B9 RAER IR T ALt E IR 2P ok My Ak, Yang 48 AR RIS 40 48 7%
PSR (GM-CSF) BEAR M (TMZ)Aby7, RO IRAAAHLE, Frdn ey il e+ (GM-CSF) REHH 2
EIARJEAEAER, ST S IML/NRRT A PRI R A /0 [12] . BEAMIFST N B3P TR T 9 2 T R o £ 440 g
(GBM) Hyilfi K i3 [13-19]. Batich 55 A % I8 HI R 541 9 (DC) Bk A ELAH ML 2, FH7H) B0 A0 B Skl (TMZ)
PASCRLZH Y £ 7% HIBIR 1~ (GM-CSF) B ARYTRE W B B AR AP, JRYT i R B B4 9 ( GBM)
B PALTCHE AR (PFS) FIRERAAA(0S) Al e K 2 25.3 AN A 41.1 A H . BFFEIESE B4 i 25
Xof FE SSRGS B BT T AL (141, A T 88 SR AARIIRIT T 58, AT ILE TR AA S T M2 B
WA AL, SR B AT G EEA A (TAM) A [ B R RS (TME) - 597 AL R A
B, RENILFINGES L EEE, PFRREYUE. MBI, 256259 PRI, ST
o Py 2 FR R T AT 2R

Z. BRESRE  (GBM) H PI3K-AKT {55385

PBBK-AKT fF 5l & 52 F/EHARE, JUHEWELKRNETE 581, BT, F%EA
B, e M A A RAE R 2 E R A HEVEA . 30 XUE WBFSE EoR 7 B REAN L o PIBK-AKT {55
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A AR k[ M2 RBARAG[3]. FEI BRI IR A E(TME) W BR A FEZFE B/NI 4 i, Ao 458 i
RVEHIERELI, Qiu #J\%Uﬂﬂ%#ﬁ*?émﬂkﬂﬂﬁﬂéﬁﬁﬂfﬁéﬁﬂﬂ’@ TRMEzglkﬂ 5 240 0, 553 o %
FER RIS R (GBM) WU e i, IF HAZEF@E YT (HMGBL) FERIER
il B, SRIRELHS TOLL BEZ1AK 4 (TLR4) MIM#ELHS PIP3-AKT i, #fZEH I {edt M1 £ R 5
W20 M3 22 [20]. HABRFST L & B — Lo KL PR i AKT Tl PR IR Sk E A M2 R 1k [21-23].

eI RIGTT TR 23 7= AL SRR B e (TMZ) (T 250, WEL %8 A\ & B W 20 G AL 30 il PRl 1 (MITF)
HARBERH, ERsmiaqy (TMZ) R EE Y, BRI T s E -+ (MIF) fEHE it (TMZ)
I RE AN BB T, TSRS T 24 W ARk iy 4 S HI e 9 9 % BRI — i R AR TIP3 "R A1 PI3K-AKT 1
WG [24]. T W 28 A % B — R i 300 o L e B A4 IR A 25 9 - Mo R 30rks  (IBIDIILST) |, A
By (TMZ) BeA1ER TR M an AT AE Y,  Seue e B0 es 4 i J 390 452 1 R T, Lﬂﬁ%%ﬁﬂsefﬁﬁ
HIG IRIGSTY XFTIF T — RSB [25]. AEMZ9MEmpEa , Ji S ANRBANE 18 (IL-18) FER I Hakft =,
FHAE 18 (IL-18) i@id PIP3-AKT i il A5 I 40 i g EL A i 241 [ 26].

H 10 T AKT 0l R ELIB g R it a2, (2R TSR ZHEREN. B X AKT 7
2 I B 44 g 1) SR R A AR N I, (EU T AKT il 50) 55 Je oy 4 o P S S35, X Al K S
ZWRAMUTIRE A, BHA s B 1B RE 2R TR YT IR TR R B I B A2

=. BB RESKRESAE (GBM) 45

LA 5% 2 AN T3] 1) 11 40 B2 A e D ) (5 200 P 2 ko e g A6 3 110 T U 77 2 T B s U 48 1) 2 i)
[26-40]. Frfr CD68 Fl CD163 3## 1 43 AIE VEM A X B4 g M1 BUF0 M2 BURRIRIY S e brali[31]. 3@
X IRAR G E R AN (TAM) e R80T, WU S8 K3 CD163 1 33538 75 Al M2 B4 E W40 il 7
SR SRBEGIA O, HYURN R RIAE 50 WA 40 % IL-6. IL-10 A 5£[29]. Annovazzi 55 A& Y
CD163 7£ E Wi 21 il v = 25 i B BT 1) AR AE 3R R [39]. AR 2, Kemmerer 56 A\ K IUAE R 0 i
JRE(HGG) & CD68 Wi s ik, M B e 45 Rl e 2 45, SR0M CD68 M # # A& 1
& M1 BLE RN AAAE[34]. AR, QHERAUUKEE CD68 Fl CD163 1k il 37 1 o s A ke F W e 1) 790 )5
NTEFEN . XS HT AR IR A IPA IR A S BRI (TAM) IARAEAR . AE = g0
JiE (HGG) ', XU 48 NAIL CD74 =B RIAAE e gl Glan Emeaui . Ao Ran M A i g .
CD74 3535 78 e 2 5968 S0 38 40 A%, TRt CD74 5% s 2 5] e S5 96 ¥4 T s 1 iy L o RN [35].
Sorensen 45 A F 9K B AN I B4 (GBM) 4B S 5% s AR Al & 3 CD204 ik i) B g i 2 5
ETMAHE, SMErRER K, W] MERBEBUSA RI— NS i) S bni[33]. Xiao 55 AR I
CDA44 f7AE T B MR TR Y M2 BUE RN, i 3 A2 dT, o b AN IR i S e 3 i 4 3%,
5 IR FE T 2 K SR PD- 1 #l PDL-1 B AT 3¢, JXFhas B4 K T IR TR ) S i 24 [36)
BT EFEER IO A Z R, Xing 2 ) F 40 RNA IR AR % Bl 3535 SPP1 28 1 A iR AH 2% [ v 41 i

(TAM-SPP1+) 53ik CD44 ZIKM T 4iMigs &, X—30y e 5 E R i M1 BUARAE N M2 B4 3¢,

BRILDASL, Peres %5 A FIHIAHZ M 26 2341 CD86 T Mg A 5 B 40 B v i1 oy 2 bt 2 IR TR A TR AN R
bri& 2z —[27].
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TIME Immune phenotype Author References

2024 CD86 peres N [27]

2024 CD47 DuR [28]

2024 CD163 Wu M [29]

2024 CD44 Xing J [30]

2024 CD274 JiH [26] |
2022 CD204 Sorensen MD [33] |
2022 CD276 Zhang H [32] ‘
2021 CD68 Kemmerer CL [34]

2021 CD74 Xu S [35]

2021 CD44 XiaoY [36]

2019 CcD47 Giholamin S [37] @
2018 CD8 Malo CS [38]

2018 CD45 CD98 Annovazzi [39]

2017 CD206 Achyut BR [40] M2 macrophage

Bl 2 J s Bl o S e 2 i e 20 5 3 R E 5 ok 1)
— RSV e B M U R B, AR I R Z MURMELAR e — 2RI, S5 A B & it
JRZ A T ARk (CAR-T) W] RECA BT B A R 2 AL

. B2 E MR 2 R R Y A K S P A

i 5 PR 0y i P A PR WL I 90 JI TR LRI AT T S8 A B a, — R 9 5k PR s o o ey 400 rrg 34
FE . HTCRIEERSSE . DR AR R N R A KB DL, AR R SE R A AL . A5 R AR A
O, A s S G B AR AR T SO A 0 — AR TS0 LR . An S5 NG b S5 R 4 P R 20 M S B e R
PRI IR L PR KR N A5 A o Bk AR A FERE AR 3 7 (siglec-7) W DA B W 4 0 ) M2 AR AK[41],
[FIAE 5 B A0 M2 B AR O BlRg 40 i = 68 L I8 HHI, CLEC7A. ST3GAL4, PVT1, DHX9 A
£5[42-45]. Xia S NIRFIT & BUM 246 26 1 1 AH DGR R i 65 T AR M2 W20 B 78 e Sy vh 3,
R T B2 [ 96 4 0 A 1 B AT I AL (A BE 7 [46]. T M2 LW A A T P JG I e AR 5 1 s o g v g 9k
0L, You S5 AR AiRa 40 MAL d T g i s, e BT R PR I IO R ST AFE ) M2 R4 e ] 5 5 s 20 A i 34
%, SR I TR IR S 5 L S B R 4 I TR R TEAE P A S S R T 1 A 2 I AR, M2 A1) e A %
YL (M2-TAMs) 7] DAV S0t i B e 4 I i) PI3K/AK T/HIFE-1A/CA9 38 % [47].

W TR R — SE R AR R EL AR M2 ARk Ak, BLSu BRI R RR R A TR N RIS AR, filan
FAM E:[Al. TP53113 B[, S5 RAYAEFFERA K[48,49],  Sajjadi 55 AF A0 RNA ¥ HoAR 4
ANTRIES LI JE IR i o i, 55 D AN 1) B B e A R 0T IR A R AR BT L, 43T 2 B D 5 5 %
AR CD4 Bz R FEAMRT B, CD8 TR, X Bl R A — AW 1 2 b [50]. Ptp4A2
s PR I R IR, FERIA A 223 2 G1 e A S AR R EEAEM, HE NIfE 54
F4n AKT F1 MAPK SZumZi 3658, M /ER Mg e s+ . Kim 4 AR5 %3 MAPK/ERK {55
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STEE RAER AR (GBM) B4 pdl A ctla-4 3577 5 1 BEIAAE TG 224 5 [51]. Chouleur 45 A&
Ptp4A2 & FIAH (R ) s F e I g h nl (R s g A K, BRAR/NERAETE R [52]. Mistry S8 N AR IIHER &
PER AN ((GBM) i, iR 5¢ EE A0 B AR I AR 5 R R 00 BR[53 .38 = 14 FB A 9 & BRI s
M A RS r IR B B o B B 1) 6 R (AR 25— 2D ARTE[54]. R TIPSR AS [ S5k IR Ly I o 20 L 1 T ) 45 2R
Zhang 5 NESLET M AR AR XL (ARG TS (5%, A BUAH XA E VR4 A e E, &
ARG 554 m B A o, I HE Wi i v i 430 5 A 38 B IR FR [55]. Pereira 48 AR5 & B ot
96 v G A I T AR B AR AR 5 TS 2 Bk 9% [56].

R T WFSE ELE A M AN [ 7R 2 () 2 R 38 B X, 9 N 03 S AR R ) I 4 g ¢ S PR A T
IS UETIS, I 25 53 328 BRI B 0 b e 05 e 190 J5 N R SR AH ¢ 3k S R m] g A R KR
ST [57-59]. [RIRERE, R T URA T R B 40 e S 5 (R 3R 0k 55 B W 241 IR ARRAIE B PR 22 [R] 7 63K, Chen 4
NE R KILT BA W S e A AR Tk -2 B (v 2 BOGBM R, % £ R EZH2 E 535 5L A |
21 . JE $ 2 S TR 1 RN AL B A o R AR — A S P 40 R Gy A i e B S b . A S R A S
W20 L (TAMS) W0 B Y EZH2 5 201 i J1 300 366 R 00 1 20 . MI2-PHL 2B K DR 2 SR 201 30 2 iR 2R AR AL 5
JEFRIE[60]. FEIRYT 1A, Miller 58 A T3 — A0 H A HE s E Wt i R /N I 4 M AR VAT 7 A B RS, A
N BRI AR S 35 43 B A5 H A8 S o v IV LR A L LG 51 5, A7 R IR R BV 4 Y B A AN &
JRE IR B, AR (W ) TR S e A R AN R -, A A A ¢ 1 B AH ¢ BRI IR YT, B A B b
FARITMLIEATAE R S el vE E v i [61]. B T BRI sh, FERMRREREE(TME)H, 41 /NEIIFE A [R]
F14) ek 2 P STV A R AT S T, RS IDH 2748 A] DAY IS T A i I 2, e/ SE SR T, Ludwig
S5 AR IDH 2828 B/ I SO A A #E00. (TEX) EAEFARBUNGUAR IR, A B AR /N BRURY g A=
FRMBET R PG M[62]. Hu 8 ANWFFE R LZE 40 AH G B ATRX 1) 2R 15 RE S | B2 i o 4 il IDH. %72, I
SRR S HI[63]. PD-L1 @& —FBRdile, a5 gii LR ESE T 2 k-1 (PD-1 3Z{k)
ey, NG, PR An IS T, AN AR A A DL e S R AR R 22 . Wang 46 A
WF A IS BT B4 e v Met 3o FE AR T RE 25 R bR A OC ELR A I (TAM) A5 Ji 4 e i g - 4 i
(GBM) 1y 4-PD-L1 {5534, I SMRMTUG AN RA X[64]. BFEiE—2 &I PD1 HWHATF LR
AT DA IR A G E R IS (TAM)  [a] ML B4R Ak [65].

F. MEMHRERRAM (TAM) SRR EERRMN

B R (GBM) HIGEZE B AT IR AR (TME) $fitABH. Kloosterman 55 AGH i3 FRZH Y 42
AR BRI W 0 e o L G e A e, A2 e ok I A S AL R B [54] . N BV (LDS) eI e
NI (GBM) HIf R AR IL[66]. Chen 45 A T [ 44 K 1 AR & BRI ) 55 Jig s £ 35 AH 5E ) ALOXS
e TUIGTER S N8 A AE LSS E V4N i M2 Hefk, i/ SEIRIR & PD1 JAYT SR R TRL67], &1 X it
K (GBM) $EANRTIRIAERAITT N, Zhong 5 N & BUHL 41 73 S BE M 512 B (Asct2) |, REA R
2% S 0 A5 e 5, B R 2 ML A P R SPFE T [68]. Ye 55 ABFF9T & BLIR MR G PRL1 Al PRL3
TEAR 2N B B A R [ It 5 R S TR 400 M G BB A 21691, MAR ISR R, MBI R A A b T 2 i 0 ok
U, MAERST RN (GBM) IR ITIRI & AR & [70].

BT by B A A i) 00 ) T8 — T B AW T BT AT, A G D A 40 i RT 8 2 5 ) 1 i
MR A= B 1, LRI ST R st RIG RFE AR B AR AU E. TR J5T e 240 R M 4 O 58 PR F A 5% (TMEE)
FEAER, PGB0 IH 38 5 A PR 5 m AT 2 52 i 0 40 P R ek 4 BB AS I 71, 720, T
AN ZAE R —FhRIER T, X MR R B A e AR BB IESEL6, 17, 26, 34, 73, 74]. Si % N & FLMR AR
(TME) 48 P 2538 1+ B 805 5 I 7 HIF-1-o8 77 IL-1 5950 WM 3 I T Jea 200 B iy 358 1T R4 i 1[6]. Zhai 45
N A FTA I 6(IL-6)- AT VM TL-6 32 1K (SL-6R)-F4 5055 1% R ARG 1) 3(STT3) 5 5 1% i J2 i o9
2 i v R e ek B R Aty E R AR AR AR P oY, 33 F /NG AR T DAORE W 4 P R AR A R A AT 4
BRI KRR 75]. FEXSERFIE D, WU TR BE S B R A 5C ELVE M (TAM) 1) 2 g A R 42 ol g e
S HIFIT R PGS ), AR VR 208 I 2 B R R AT RS, A SEAS (R AR AR DR 2 s 5 s 40 L P o) 7 3
RN — KBNS M, FHRILFEMERES, FEEE RN ERITE IR E X .
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75. ZKFETC (Ferroptosis) 5 E W4l fItRkiLEL &

BRFET (Ferroptosis) s&—FPRi BRIt rEAN AR P PESE T, A IFIT R BRI 1 AH I BRI 7R B T B4
fakd (GBM) wlRFERR, I H5 M1 BUE RGN e M2 B9 040 ot b . PpJRa4n e IDH 29748 . iR &
HARRBUGA X[76-78]. #F—HMWF5T, Li % NEIEE F6E (FTL) ZE8JET. (Ferroptosis) 55 F I
A AR PR B O VE R, MHIE DR EE (FTL) MIRERMZRIL, T RE A EvEge i M2 itk
e, I+ HAIHEGE PD-1 $E HYROR[79]. BRIETS (Ferroptosis) AH 3¢ B RITEI BT Ry e 2 FivfE il i, 40kl
FH I () HE R RT REXTE K AR AT R A B, BRI BRBE TN F i HLARE B A 5 R k2 A 7 T
R,

t. REEESETHERET

HElC AT AU SRS (TMZ) AT7 2 8 TR ia s r i ahnil,  E2 R i 38 s o kg 52
SR, R MAEAE SR AR AL EFSE N BOR F 2 RO e I SR R AT, BUS T — MY ARL12, 14,
24-26,37,71, 74, 80-84], TEWRGIAYT T H Yang 55 N KR SCmkfiz (TMZ) I5CEh 4 i 48 I i R 1 32 14
(GM-CSF) AT W] ASR i B o A 38 Ay 77k, I HLBB A S elests 55 A Al ¢ i) L NS sl A Hh P
Yiffs FRE[12]. Hou % \iE i 4H2EA 58 K IUmE A Y2 5K Btk 4 i GBM) kg, BREHIARIGIT
A DABG IR BEME R (TMZ) BT 20831, HE IR A ey 2 4wl PR SE e 8y i), SRIAH. I B 2R
PR N SZARRE S AL 1, FTDORIS 47T f5[24-26, 37, 74]. K4 5% RIF% 1 (GM-CSF)
& B BN O A5 S R AN M i i B I 0T, AR SRR I RS THRE I S iRTT, A R S R G
XA BT . X R IG R 5L 56 g 2 AR TR G B R . 5 R R I A R AR TR AR T
BAFHITTRL[12, 14, 82, 85], CSF-1R & ELMEAH AL PR I A - 1-32 4k, & —BhoE S R0 Pl S 2 E 32
25 E g r A K IG5 AR B AR . CSF-1R 5] 3= 228 ] CSF-1R 2R B/ NV T A AR 4,
AT SR B PR AT 7 W S R 7 FH [ 73, 86-92]. Watson 25 A % PR SR b1 40 42 75 H134 ) T (GM-CSF) 5
SYREHUS RAFHYITARL, (HRTEscm Ui 50%M/ NI &, i R KX — IR S LR A K, 2148
DA AR A 1 ey 240 AR T DRI R S e i, 3K 2 p ) 1 I3 2 4 - 200 B X 1 28 R S N Ak 2R K A
¥ (TGF) {550, Ml 4etb S nT e 27 %4(86]. Almahariq 45 A& B R 40 B A v i -1
ZA (CSF-1R) BRATIT W3 = T /N A A0, 2R AN O3 50 M2 B4t 9= [89] . 41
PR M AEVE IR -1 324k (CSF-1R) RYHEIAARYT, AIFST A BUAS [R] ) Aoy 2 0 7 A P sk AN ), k2
P T M o B 240 H R 1 AR S R T R ), R A P P i £ PR 35 e A G BRI (TAM) B9 B RE A K
PR 4 M SE T R - 1-32 4% (CSFE-1R) #ifil so b F Rl sk (88, 921, WFFT A IR T e R Y7 7 =X L ik,
A N TS 5 182 A% B2 2 A TR A o) S5 A O BUAS T— E ERE(73, 84, 93-101],  Christie 55 A A1 Bz 41 i
VE RGN J724R 7 W G RGN A% 128 F 48 08 T 47 25 VT B ek Rg 48 9 [98]. - Foray 45 A FI HI/R BRI 45 & PET/MRI
R AG B B U TS AT R BB B AR KR ZS[73]. Thomas %5 A ] CXCR4 S5 B GG e T
JR B R R R A (GBM) I AR, 1 07 i e e s 356 o 240 A 4 Rl -F~/C X CR4 Bl - IMLAE A6 (93]
Miao %5 NF5T & BUSCEF 4 36 10 85 o m] i 108 B e 1 28 J 7 (R &M it RE 41 ol BRI je —— 1A 5T 5434k [100] .
Giordano 55 ARFREIR AR (MR 5 RS HERAMASIAHSS &, FRAZR RPN T 5 =g 8 s
W& IR TE 2 RHE, A BT IESR AR I v pd-11 3k 5 MRI MO SRBEPR o0 FH A, X W98 A A T
JI2 I 968 R8BI ORGSR AL PR RTHIT[94]. Chen %8 AXER NI (HGG) A& th—FhIER AR
PR DATRUI by A 5% LW 20 S (TAMS) g 4 X0 5% 32, R s 56 J 35 T1 BT 1CE) SR Bk T 11 M4
LR M2 AE IR AH ¢ BN T (M2-TAM) FE 5L [97], BIRAEGE ALY T /26T I i i) 4 R fE, Lecoultre
S5 N S B O 7 %) B Sy 20 ML ) 3 9 P B R T A M T, 40 R 9 A 32 ARl T v TR
A FPRY BB HE TR RIS (GBM) [ 2.

N, BE5RE
M2 28 [ G A0 A 2 S e R AT L R A 53 86 i 25 2 AR R R AR AR I 7 . TR TR 7 T AR 4A R B
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T M2 BN AR BOR T IR IR RUBER, AL T T A R E RN (TAM) iR A AR AIAH G
B, CABSEMAAR ALY bl i B A L AN M S B TR R 2R 8 BRIE LASNRATTIA A B M2 0 [ e 2 R 24 44
RERACH Z IR AR AR . 25T IR BB bt 3 IR Tt Y i R 2 A A R — A s S A, DR R R T
L. BALTHRMNCEBUT 7 —EUt R, (B s EIE SRR MRS T IR BURLH I 4 mid 2 h —
BerGEm e . MR BIACHZ T LA R R BT, FATT 75 ZER S — e K 190 265 AR 18] 12 8] 2 LAl
AR, WERIGTT 5, B g BRI /NS FE AR RITRL 2R B AR YT R B R SO &
FHEAFRWARORIE. — RV EARA BAE I R IR B Al . AR TR BERR AR A 2E 42,
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M2 macrophage metabolism and clinical management in glioblastoma
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Abstract: Glioblastoma is a difficult neurological malignancy, and the median survival of patients
are usually only 12 to 15 months due to its high invasiveness, heterogeneity, and Metabolic rate. In
gliomas, tumor-associated macrophages account for even 30% to 50%, and previous studies have
shown that macrophages polarize into M1 phenotype macrophages (classically activated
macrophages) and M2 phenotype macrophages (alternatively activated 'Macrophages). Most of the
latter have the effect of promoting tumor growth. Changing the tumor microenvironment by adding
cytokines to promote the transformation of M2 tumor associated Macrophages into M1 macrophages
is a current strategy for treatment. Recent studies have found that tumor cells and microenvironment
participate in the process of Macrophage polarization to M2 through gene regulatory signaling
pathways. The behavior and substance metabolism of macrophages in different microenvironments
have been revealed, and many advances have also been made in clinical trials, using nanotechnology
as a drug carrier to enter free tumor cells that cannot be removed by traditional surgery, gene edited
tumor cells, using photodynamic therapy to deliver drugs, and using a combination of Methods on
the basis of targeted therapy, thereby prolonging patient survival. This article reviews the metabolic
mechanism of M2 macrophages in glioma and analyzes the relevant Clinical studies to provide
directions for basic research and clinical treatment in the future.

Keywords: polarization; proliferation; signal

39



F1 5% 18 *@E#ﬂ%ﬁ% Vol. 1 No. 1

2025% 3-4R China Journal of Medical Science Research Mar - Apr 2025

Doi: doi.org/10.70693/cjmsr.v1il.627
JLEFVFIRURBHEHRSE

IR K
(HPREERFRE IR Rk e,  HEPK401331,
SRS FIREERIR A S KA IR R,  HIK 401331)

WE: TR WA EEAIE SR, o Bt R B AN MR . A R TR E s LR RS2 T,
HLA A4 e 52 RIS AL 75 . TR IR S 2 N3 AR, 22 lani i By St . R 2 I T
RAT M4, (HHAZOEORPLNE S MR SE M. SEPHR Rl 2 ol 2 RIBH KA TR
B AHMSRNTT, REWEL AR R R A IEesE. BT, BEIM . LB LR R
JCTC I R BT 4, B PR T PR A S, DSk DA AR . 28 U RERE A Rl
MR BERAE . FOCIRSFECE I AOAE, ARV E KPP SO At & 22 B S 41 5 T B J K s
X

K LEE, T, AT, B

Ak, B L AMAF AU AW T, o E ™ i LI A e R R, PS4 4l
o, AN TR 49.8%(47.58 AZ NO)FHRE AT, FEE LKL A B, Ho ) i ELEE DR
Mg A TSN, AE22 i LB, 340 A DR (3 R 5 v 4 ) 8 AR R By 22 5, AT 32
WS IRT, X AHZE by vl GES K fE SEANINARTE 45, H 2= RESEUTER LB, Buat, =T MieE S
BEMIF IR WM, BIERE . BN, EOGIREE, AL L A B U R e AR R
MR SRR, [ RGN EE . Aha@st i, PEE 2018 4F/GREIGHE (APt
JLER M%) , ENAMAE TR T RS LS DA i s i, (RS, 455
FAHRE, SRR ARG S, A SCHME SR NI SR, MW LS DAL R s A
T EIATEAR, DAL B 5 S By,

1. JLEFEIERTATREIR

1.1 ERJLEEFDERTERIR

FREHBIR, NEMRIELET R, SRRSO A B 255, XSEREHEEN, 5
B /AR LB BT A X R BRI B 1 . HAREE AR FEARdEHIX, JUaT 64.9%4 | Kt 41.12%(7,
L 54.27%®) 117G 64.38% NS 54.82% I R 2= S, A UL P R R . AR
JeHBDCH, 1577 54.58%01. EAK 66.84% I IFIRRIT. 69.64% ST IR 2 T, MR .
AR TR SE T _EiE 32.90%014, VT3 61.60%!1S), Wiyl | il s i e 3R 48.01% . 76.50 % F11 79.15 %
(o Z# 71.33%07, 5 52.00%USFI AR 68.02%!1%),  H A i iR 5w, I ARG, A ibIX
TR 28.30%0120 WL 21.52%21 . i1 46.30%PFIVL VY 49.40% 2RI IR EEARAR, IAUATIT AL,
HEEGHIIX T, AR 47.40%24 T 56.00% 2SI R 18.40% 2R 22 RRK, IR R AL, PR

TR (1995—) , &, BMEEA, ERENAZENIRKFZRERZMIMARE,
P ¥ (1964—) , &, BERA, ERENAZEMIERZREE

40



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

HIX A, FEPE 55.02%270 PUJI] 38.10%281 9N 45.00%129) ZHg 61.34%B0 AR S FRNE K-, 1 PG R
IR 13 28%BUFIHI AR 15.00%2 M EANNHIR, 76 A 2012 4Ry —Binse, WEEE] 6 ZF1 12
%2 ) LEE T LR R4 BIR 18.3% M1 61.5%1%), 1T 5 VS AT AL 42.0%04, HE[IRT TR 60.4%0),
PAEEiE 2, FRIES AR ) LEE I O R AE AN [ X AP AR T 22 57, AR b DR 70 g X P8 70 b DX R %
ey, A b DRI e DX X T R A X AT

1.2 ESLEFER SRR

AERN X A4 LR LTI DL S B B A 5, LA A ABFSE 4 IS e 4 A
DA F RS E G ATH X AR R A, (R 3~17 754 LSRR I 13.3%06, AL,
R 0~17 75 ARV FAE 2014~2017 4E 1N 11.4%057- 763, 7 2% 19 A LRI RLER A 1.5%09),
(AR, 76 12-13 % Laed, BT LA AE (36.8%) WA FIKE LR (18.6%) B2,
FIRZMBITERY, 12~13 B4R LERDEILERR (19.9%) BEET 6~7 F2EiLE (3.3%) M0, PEPEF
5~7 % )LEE LR FRTE 2016 4F4 16.8%, F 2019 4F_FFH3 19.0%140- ISk 6~8 4 JLE AT HLEITR A
6.0%, T 11~13 % LRI R B 0w, 2 28.9%42), JbZZ /R 2% 12~13 % LEE R IT LR 2R 17.7%3),
i 5~18 4 L AT IR RS 64.6%, TN 7~9 4 A RGN 36.7%15), {7 7~15 % )L
AL 3.4%1, JEIA/R 5~15 2 JLEERYIE LA, O 1.2%97,

2. JLEFDEERRA TR kR

21 JLEFDEERNHR S

ILEF DA REAWRA, WG| THEZ228 X, ENRZBIFRRET 7~18 2 e /)
S NI Z DUVNEAE L Wi e m AR T, HAENERY B AR MAR RN R 5 ok 2-3 N EL.
PTAER,  BEAE T A AE AR AR 1S, SR 4 ¢ L iRS, A Rl JLZE B MAH A TS B W 2214950, (B
PHSRAFAEARHS ) LEE A A . BB DR ME 55 i A1, AR T b/ a2k, R A 3 L RE O R A A X e B,

22 EHROWIBHE

TESHI AT A VRA T, AR CRE M A i SGE MBS T, M. (HAEARNFEBFZEH, XFEW2 W
BB E XA B2, RPN = &5kE: (SE) <-1.00D. <-0.75D F1<-0.50D. #F—Jii Tz
W g B H A 0.25D ((EZE 5, W REXT A TSR 4510 AR A o, I S 20k KU R R IR
PRI I MRS R0, B, S PRGE IS W AR T AT A O s e M RA R S, BT,
B BRI T 206 DAFERIFSE HEAT T BI04, FFAE 2019 4E & AR IR BT 39T 19 B2 45 o 65-0.50D i N
I W BUE, AR B S 3 A FH T I R B8 A RS R 2 AT 30, e BB ) 3 I S A T 2 T A v
BB A ST P ) S ' B A AERER URRSE T DU B i, oMk 2 R (B E T7<-0.75D . <-1.00DB*33],

2.3 EREISHITE

231 JBEE

H BT R USSR T2 A, K6 I A5 S D6 58 DR S S M T AT O i5 Wl ML 17 3
TEENAMRATIR AT, JESCERR N A B 22 5. A I T B3 s I g e A . K . 20
R EoLsE. Hp, BERDUBFS R Bt A AN Sfiify . ol SEr) BRIk, (HHX TAEA B
AACFESR R . AN K BREZEEN R G, B THREERP/NMAEANIRZ | A HHE DA
THARIR, KA, AR URRBE IR YE T Ik 15 2 R XE,  BLIEAEINT 2% ) DA BOEAR A O R K352
P, H a2 22 DAARREAR USRI S50 SR BE S 2. SR, SR RAaes o 1) e ol B I e 45 2R Sl
MBI, FRARDURRSEE G 0 5200 . FREIG S5 X 148 HRAZE 6 A2 7 FEIH R e w43 AT & 0 A0 2R
e, SRR RARRERNURS T A9 B EA EUEE S R B0, A ae i, el
Fri=e Ry, SR ER IR e R PP BRI R, U 1.0% i FRER I I T HR VA T AR AL

41



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

HRIERIET. E 2019 47 ) JLHE I AP E DS FE o AR A PR BRI & SGIR, E LR AL
fiigseh, AIAEFIAIEAL (IEBERUUBS) T ilbiTi g,

231 BRAEYNERRE

IRGHEE (AL) LI (AL/CR, RPARZGHS MR b bE) ZEEis i i i 2 W2 31 ¢
. RGN BRI R A Y nEY, KSR E UM Y, ARk, AhRILEL NS
Wi (AR T HE— 2D, R LR G 2R 6 2 R R AR A RS T SR A S, BN S DT A R
. CHEWFTIES: AL/CR EARJEIEH (-0.50D %&-3.00D) FlH A (-3.00D %£-6.00D) ¥k B —
FEYELOL H a2 L I BRI E R 3.199 B, A2 Wi BEE AL RABUEE R 0.630, FERER 0.950, i
WEEIRE] 89.1%. MUAk, B LEAEA IR . AR08 AP B A SR B0 A AT i — Bk, LI EE R 2.90 2 3.10
Z )01 B LY S RGN B R A S, B SRR IRER A BRHMEE DA ¢, FHIEEARR
AR BN b T BE TR ST RE I AUE DASE B2 W R PR 63,

24 FEATELRTR IR A

bEE N TR ARE, JLES DFE IR ARTE Z AR A R A U R R, N TR e Al
ZRSERE A BB T T AT RAE, BRI, Zhou % NKITREEES RSE (DLS) i /iR R &
RG24k, SCE KU 2320, N TR REAH SO B, F A AR AR AP A DR FASAS: el 7 A K P RE

3. JLER M ARG R

3.1 BfE5ER

WA A LIE R AAEIT A KB P B AR . 7 Yu M %8 NAY—T0 Meta 2047 H 3 BAIS) ACBEIT
W2 LB S KU R 2., #5530 REh B/ — T B I, T B AT RS S 40 (RR: 1.28, 95%
CI: 1.22-1.35) , #tAh, EEPIn] e IR Al IC B2 (Axial Length, AL) FEGARZS (Spherical Equivalent, SE)
AR . BN, LE AR K (AL >24 mm) Ml SE {HE&K (SE<-0.5D) Hik
AR DIR O, HAX SRl ] fE A2 255t I Z s, HACREE WM B (s EE i) 5ILEiE
WA Fd i 2 IEAH O, RN eAL PR 25T B 3 2 22 36 R 38 s o7 3 4R 2 e

3.2 FEER

PREE N Z  L S WEAE 2 TS AR B30k, A Zhu Z 28 KRG R GERBORF S, 90 P A0 sl i)
(R R=2 /i) LR E AR AR (RR: 0.97, 95% CI: 0.95-0.98) , HARIHLHIMTGES A AL s8R
(>3000lux) feiftZ B s, IR B B RA 5. MIbe, AT TARR i (NP iseiieg <30 i
Ao FR BN > 30 34l REEHHGIILAR (RR: 1.05, 95% CI: 1.02-1.07) , iXn] GESEERNLFFZL
A FEERMET A PUEE A K. Mo, AP R SRR, RAZBHX AT ILER R 23
T RIEHIX (RR: 5.28, 95% CI: 2.06-13.48) , AIRESEHER I AL (WEEROEA L. TLESR)
ARG ZE S (B Z PANES s A]) A . SCEHIt—2 i, et fe i N TIRBERSE (4
WOLRER) FREEN TP M R A E i I R

3.3 A%

3.3.1 fIRIH®

bl & FCA AL R RS, LT DA IR S 55 DAME KON AR TR, R B i (8] 5 2 0 2 Bk
T—EESEE (OR: 1.02, 95% CI: 0.96-1.08) 67 {Hisf B Fl B -5 45 1T GBS BOOLE 27 AR h e S8 (n
PWAHE) , IR E R, ARSI (s = RIWHA R . WIS R) S5m0 &5 R T

42



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

il

Rk, JEHORESE ARG 45 738 AR A LR ARSI 1.3 f5165),

332 KESBEREER

1E Massoudi S % NfZEZE50 M4 ) H BT o 78 iE S iE ek i &9 . BB, BISENRA RS
TR S AR 35 I (B/KAL&%) OR: 1.01; T OR: 0.97; JIE/NT OR: 0.99) . #/rHFFe4en mtil ik
1] BE AT 175 5 1 P 5 R IMURE [ 32 5 M R, (HX — SR 7 0 KRR AR B I IR o5 B0E. Bbah, L
HEFR (442 D fil Omega - 3 JBIR) TR X RAAEGYL, AN ANG 3 v] Ggd i fE 44 R D
A BRI ARS:,  (HARE R FE A b SR AN B f 68

34 HEHEE

MR ROREEOR T, AT AR SR stgm. FE 2018 FERMH (LGABiiELET
AR S T 2 ) I BRI R R L HEST PANE S (g HAR N P ANE =1 /) SBEORL, B R
TE T AL SR s 0 S, AR DX &R R I 5%-8%. SRTT, AN [A)H DSEUR AT 7 R
— REBHIRXHEETFREEZ (RSB ER<S50%) AEFRRE AL (FE K450 %
<30%) , MBSO ZIR. MO, SCHT A IR (A0 7R 0 [ 5853 Fl Al a4 )  nl g R
WHAT, THELZTIIYMESCEH RS (PR 2o e P IREE T ©), EPRLmR R, 45
ABOREM (NG RE#EET I LEREN ) 51X 25 (R KEEHIRITA) 255 50 T 5 A 5
Eoyiil bl AR

4. /NEE

ILEE DE LRSI SRR E R BE, WARMEE. B AR, ST, SEiriEn 2
SRR, A MR R L MR AT A R PAT R RE 2 R H . KRR
fENTRRE SR AR, TR MBS S Ml A e . EREL, Er s KA N m s g, Bk
DR TG B2 -5 IR ) D 28 SR R R 11, 350y T 2l T AT A B i B A ARE B

BE M-
[1] Grzybowski A, Kanclerz P, Tsubota K, et al. A review on the epidemiology of myopia in school children
worldwide[J]. BMC ophthalmology, 2020, 20: 1-11.
[2] Holden B A, Fricke T R, Wilson D A, et al. Global prevalence of myopia and high myopia and temporal
trends from 2000 through 2050[J]. Ophthalmology, 2016, 123(5): 1036-1042.
(31 THk R ERERUFFTIERED]. IREL R, 2018, 38(10): 901-904.
[4] YouQ S, WulL]J,DuanlJL, etal. Prevalence of myopia in school children in greater Beijing: the Beijing
Childhood Eye Study[J]. Acta ophthalmologica, 2014, 92(5): €398-e406.
[5] Fernandez-Vigo J I, Burgos-Blasco B, Calvo-Gonzélez C, et al. Assessment of vision-related quality of
life and depression and anxiety rates in patients with neovascular age-related macular degeneration[J].
Archivos de la Sociedad Espafiola de Oftalmologia (English Edition), 2021, 96(9): 470-475.
[6] Hopf S, Korb C, Nickels S, et al. Prevalence of myopic maculopathy in the German population: results
from the Gutenberg health study[J]. British Journal of Ophthalmology, 2020, 104(9): 1254-1259.
(7] Kb, o PR, B ) B A5 R 6~18 % AR A R 28 A S H2 i PR 2% Logiistic [l Y734 [J].
PRAR A=y 22 1 77,2020,20(20):3861-3864.
[8] MK, I B fs, T I8 552020 4R T b4 JL B /DA A0 BUIR B JHE 52w PR 38 70 (0] BRAR 33 75 1=
2£,2023,50(7):1234-1239+1244.
01 EF, L& . AV D4 L& AR &2 F R 2 (0] 5 b IR F 5

43



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

44

%,2020,20(6):1054-1058.

[10] 2= [0, 5K 55 20, BRI 5. N 52ty B IR XL 3 A 4F 2019—2021 4R AL AR B [J]. v B 224 1.
:,2023,44(7):1076-1079,1083.

(117 #5785 Uk L X LB AR R i BL AL £2[D],2021.

[12] s, 35 AR i i/ 2N R DL A % 32 i (R R 5T [ D],2014.

[13] 3K 4i U, A7 8 , = KOS i K I T R b s AR A R A ok R R R A D). R A Sk T AR
#,2020,36(1):70-73.

[14] He,,Xiangui, et al. Prevalence of myopia and high myopia, and the association with education: Shanghai
Child and Adolescent Large-scale Eye Study (SCALE): a cross-sectional study[J].BMIJ
OPEN,2021,11(12):e048450.

[15] {5 S5e i, EHESF 2019 AEYLIRAE Hh/ g AR SR IR AT [T]. YL 95 T 5 Ba2%,2023,34(6):692-695.
[16] Jiang,,Danjie, et al. The trend of myopia rate in 61 350 children and adolescents: a cross-sectional
research in Ningbo, Zhejiang[J]. ACTA OPHTHALMOLOGICA,2020,98(4):E525-E526.

(7] RER A, WH, SO, . LR T/ B A AT RAT IARD]. FEER A, 2018,
39(12): 1831-1834.

[18] Y W8 12019 4F 5 2021 47 A 2 45 K T B 38 DX A 300 00 0 A 45 2R 20 A (3], 5 T 7 92 1
#,2023,38(4):84-86.

[19] Zhuang,,Maoqiang, et al. PREVALENCE AND INFLUENCE FACTORS FOR MYOPIA AND HIGH
MYOPIA IN SCHOOLCHILDREN IN SHANDONG, CHINA[J].CENTRAL EUROPEAN JOURNAL OF
PUBLIC HEALTH,2022,30(3):190-195.

[20] 14 2= ¥, 35 4, 52 0l 25 3T B 48 v /NSE AR 2019—2020 4F 3T 1 BA 41 BF 9% 45 SR (0], P [ 2R
74:,2023,44(12):1814-1818,1823.

[21] Tu,,Yuyang, et al. A machine-learning approach to discerning prevalence and causes of myopia among
elementary students in Hubei[J].INTERNATIONAL OPHTHALMOLOGY,2022,42(9):2889-2902.

[22] ) Bk, 2= s Mg, T 22 S ) B A PR A T AR A A O B 00 R A R R om0 R
£1,2016,25(4):241-246.

[23] Y0 25, WK 05, K A B 2% V0 04 4R L 3 W A0 AR 0 A0 R AT B0IR &2 e R (D). A R T
74:,2020,41(9):1413-1416.

[24] Xiang F, He M, Morgan IG. The impact of parental myopia on myopia in Chinese children:
population-based evidence[J]. OptomVis Sci, 2012, 89(10):1487-1496.

[25] XHEMS. )Y 7-12 Z2p% JLEAL A R S L £ [D],2014.

[26] AF, 3K, B T4 i B A TUA8 LU T i AR DA IERRAT AR TS ] IR 2224l (BR2ER)ay
Jiit) ,2020,41(3):493-500,F0003.

[27] Wang,,Wujiao, et al. Survey on the Progression of Myopia in Children and Adolescents in Chongqing
During COVID-19 Pandemic[J].FRONTIERS IN PUBLIC HEALTH,2021,9:646770.

[28] Wang,,Jianglan, et al. Prevalence of myopia in 3-14-year-old Chinese children: a school-based
cross-sectional study in Chengdu[J].BMC OPHTHALMOLOGY,2021,21(1):318-318.

[20] e, 1T H, £33 5. SN 24 SO AR T T LB A7 3 AR D0 B AH 5 R 28 0 A (D] AR ER DG
5 RE4,2021,23(3):205-210.

[30] HH ) 7%, 2% 90, 5K # 5% 2019 4F 52 1 b /b o2 R A5 e I &R o A (0] [ B R BE %
1%,2022,22(4):652-656.

[31] 8L, O, A 0 55 VUG A 16 DX H g Uy 3 B /vy LB i -5 R A [ 0], P AR IR DG~ 5 e
Blep44i,2024,26(7):501-506.

[32] 25 31, Wk 8, WK 4 32 45 . 79 g 38 0 EL 400 b 2 AR g AL S R Mg R R (0] B Br B2 25 AR 7



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

#2,2019,25(17):2921-2923.

[33] Lam,,Carly, et al.Prevalence of myopia among Hong Kong Chinese schoolchildren: changes over two
decades[J].OPHTHALMIC AND PHYSIOLOGICAL OPTICS,2012,32(1):17-24.

[34] Lai,,Li-Ju %% .Prevalence and associated factors of myopia among rural school students in Chia-Yi,
Taiwan[J].BMC OPHTHALMOLOGY,2020,20(1):320-320.

[35] R ST, BR 71 L AR DA 55 B T7] 2005 4F /)y 2 A= 3l A0 B B0 K 8 0 (R 3K 20 0], o [l 2 1
#:,2009,30(1):48-49.

[36] Schuster A K, Elflein H M, Pokora R, et al. Prevalence and risk factors of myopia in children and
adolescents in Germany-results of the KiGGS survey[J]. 2017.

[37] Plainis S, Moschandreas J, Nikolitsa P, et al. Myopia and visual acuity impairment: a comparative study
of Greek and Bulgarian school children[J]. Ophthalmic and Physiological Optics, 2009, 29(3): 312-320.

[38] Williams C, Miller L L, Gazzard G, et al. A comparison of measures of reading and intelligence as risk
factors for the development of myopia in a UK cohort of children[J]. British journal of ophthalmology, 2008,
92(8): 1117-1121.

[39] Rudnicka A R, Owen C G, Nightingale C M, et al. Ethnic differences in the prevalence of myopia and
ocular biometry in 10-and 11-year-old children: the Child Heart and Health Study in England (CHASE)[J].
Investigative ophthalmology & visual science, 2010, 51(12): 6270-6276.

[40] Harrington S C, Stack J, Saunders K, et al. Refractive error and visual impairment in Ireland
schoolchildren[J]. British Journal of Ophthalmology, 2019, 103(8): 1112-1118.

[41] Alvarez-Peregrina C, Sanchez-Tena M A, Martinez-Perez C, et al. The relationship between screen and
outdoor time with rates of myopia in Spanish children[J]. Frontiers in public health, 2020, 8: 560378.

[42] Yang M, Luensmann D, Fonn D, et al. Myopia prevalence in Canadian school children: a pilot study[J].
Eye, 2018, 32(6): 1042-1047.

[43] O'Donoghue L, Kapetanankis V V, McClelland J F, et al. Risk factors for childhood myopia: findings
from the NICER study[J]. Investigative ophthalmology & visual science, 2015, 56(3): 1524-1530.

[44] Kim E C, Morgan I G, Kakizaki H, et al. Prevalence and risk factors for refractive errors: Korean
National Health and Nutrition Examination Survey 2008-2011[J]. PloS one, 2013, 8(11): e80361.

[45] Saw S M, Zhang M Z, Hong R Z, et al. Near-work activity, night-lights, and myopia in the
Singapore-China study[J]. Archives of Ophthalmology, 2002, 120(5): 620-627.

[46] Fotouhi A, Hashemi H, Khabazkhoob M, et al. The prevalence of refractive errors among schoolchildren
in Dezful, Iran[J]. British journal of ophthalmology, 2007, 91(3): 287-292.

[47] Pokharel G P, Negrel A D, Munoz S R, et al. Refractive error study in children: results from Mechi Zone,
Nepal[J]. American journal of ophthalmology, 2000, 129(4): 436-444.

[48] Yin Y, Li L, Wang T, et al. Establishment of noncycloplegic methods for screening myopia and
pre-myopia in preschool children[J]. Frontiers in Medicine, 2023, 10: 1291387.

[49] XB 2t X, £ ¢ A, £ B SE L o 0 i JL B O R ol R R IBI A O B & o A (D). R T AE R T
:,2023,44(6):893-896.

[50] Yin Y, Li L, Wang T, et al. Establishment of noncycloplegic methods for screening myopia and
pre-myopia in preschool children[J]. Frontiers in Medicine, 2023, 10: 1291387.

[51] Huang L, Kawasaki H, Liu Y, et al. The prevalence of myopia and the factors associated with it among
university students in Nanjing: A cross-sectional study[J]. Medicine, 2019, 98(10): e14777.

[52] Cumberland P M, Bountziouka V, Rahi J S. Impact of varying the definition of myopia on estimates of
prevalence and associations with risk factors: time for an approach that serves research, practice and policy[J].
British Journal of Ophthalmology, 2018, 102(10): 1407-1412.

45



W 2B BFST ISSN 3079-823X  eISSN 3079-8248

46

[53] Flitcroft D I, He M, Jonas J B, et al. IMI-defining and classifying myopia: a proposed set of standards for
clinical and epidemiologic studies[J]. Investigative ophthalmology & visual science, 2019, 60(3): M20-M30.
[54] Liang Y, Kee C S. Risk factors for myopia in 2 Hong Kong school systems: a pilot study[J]. The
Asia-Pacific Journal of Ophthalmology, 2022, 11(1): 19-26.

[55] Dragomirova M, Antonova A, Stoykova S, et al. Myopia in Bulgarian school children: prevalence, risk
factors, and health care coverage[J]. BMC ophthalmology, 2022, 22(1): 248.

[56] i, Wlif. JLEISZ 7 FEME- R RS B AR LB GH EEBEFE ). P RS /N LIR B,
2018, 2.

[57] £7A, B« EATOIR AT 2 P R URROBE A B 6 1 (7], AR IR BHRAR, 2019, 55(8):
561-564.

[58] S M, A JLEEH AR Il A oA I e A EARMEAL L R (2019)[J]. FRARIRPDE: 5
MAE Rl 2, 2019, 21(1): 5-8.

[59] Chen J, Liu S, Zhu Z, et al. Axial length changes in progressive and non-progressive myopic children in
China[J]. Graefe's Archive for Clinical and Experimental Ophthalmology, 2023, 261(5): 1493-1501.

[60] Hu J, Chen Z, Zhang Y, et al. Diagnostic Value of Axial to Corneal Curvature Ratio in Children with
Low Myopia and Moderate Myopia[J]. 2020.

[61] £54, BXBH], JEARTT, 2. NRAN-5 ik AR A U 2 ML S D4 LB IR R V)], A
IR G SRR 24, 2016, 18(2): 108-110.

[62] Ojaimi E, Rose K A, Morgan I G, et al. Distribution of ocular biometric parameters and refraction in a
population-based study of Australian children[J]. Investigative ophthalmology & visual science, 2005, 46(8):
2748-2754.

[63] (HRAfh I FEAE T L BTy 2 8 B H A B e K 3 1H(2023) ) & G AL i, 1Pt IR A IS BEAE T MBI 4254
AR 3L (2023) 1] P AR SC IR IR B A4 ,2024,42(1): 1-11.

[64] FooLL,LimGY S, Lanca C, et al. Deep learning system to predict the 5-year risk of high myopia using
fundus imaging in children[J]. NPJ digital medicine, 2023, 6(1): 10.

[65] Yu M, Hu Y, Han M, et al. Global risk factor analysis of myopia onset in children: A systematic review
and meta-analysis[J]. PloS one, 2023, 18(9): €0291470.

[66] Zhu Z, Chen Y, Tan Z, et al. Interventions recommended for myopia prevention and control among
children and adolescents in China: a systematic review[J]. British Journal of Ophthalmology, 2023, 107(2):
160-166.

[67] Lanca C, Saw S M. The association between digital screen time and myopia: A systematic review|[J].
Ophthalmic and Physiological Optics, 2020, 40(2): 216-229.

[68] Massoudi S, Azizi-Soleiman F, Yazdi M, et al. The association between macronutrients intake and
myopia risk: a systematic review and meta-analysis[J]. BMC ophthalmology, 2024, 24(1): 472.

[69] #FHERAE /NI, B e /R T R T EVA (LGP LETs DAL itir 58 ) madml (Bok
Z ( 2018 ) 3 = ) [Z/OL] . (2018-08-30).
http://www.moe.gov.cn/srcsite/A17/moe_943/s3285/201808/t20180830_346672.html.



http://www.moe.gov.cn/srcsite/A17/moe_943/s3285/201808/t20180830_346672.html.
http://www.moe.gov.cn/srcsite/A17/moe_943/s3285/201808/t20180830_346672.html.

W 2B BFST ISSN 3079-823X  eISSN 3079-8248

Progress in Epidemiological Investigations of Myopia Among Children and

Adolescents: A Comprehensive Review

Xie Yi!, Zhang Ping’
(! University-Town Hospital of Chongqing Medical University, Chongqing 401331, China

’Corresponding Author: University-Town Hospital of Chongqing Medical University, Chongqing 401331,
China)

Abstract: Myopia, the most prevalent form of refractive error, is characterized by irreversible
pathological progression. In recent years, China has witnessed a continuous surge in myopia
prevalence, accompanied by a markedly younger age of onset. The pathogenesis of myopia involves
multifactorial interactions, primarily encompassing genetic susceptibility, environmental exposures,
and ocular behavioral patterns; however, its core pathogenic mechanisms remain incompletely
elucidated. Current research urgently requires large-scale, multicenter, and multiethnic
epidemiological investigations integrated with fundamental experimental studies to systematically
establish the scientific evidence chain underlying the pathogenesis of myopia. In light of this,
collaborative networks among educational institutions, specialized prevention agencies, and family
units must be established to implement evidence-based intervention strategies, thereby effectively
reducing the incidence of myopia in adolescents. Such efforts not only prevent blinding
complications like retinopathy and glaucoma but also hold strategic significance for optimizing
national healthcare resource allocation and alleviating socioeconomic burdens.
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K PERE TR S IR BP BT R Uit IR

X FEAgE, AEF
(' ERERIR2E M BRI ERE, FEK 401331
SHEIEE: ERERKRFME RFIERE, EK 401331)

WE: JHENRIIMR (Short-chain fatty acids, SCFAs) 218 (i Wyl A =4y, FEZEFS RS, Ay
GIE LY. S AM i JAE SN KA E AR . AR, WFFE R BL SCFAs W] B it 1o A - HR Al 52 g HIR S0 1)
KGRI, CELR T SCFAs FERESBOM o A A AL, B S AR AR L I JBpi A2 . 4 %)
RAFABER PRI RERE, TR0 HAR BT 7 R Ay AT fig:

R GEERIRIITR: BRI IEDL I AL AT AR

G 1-6 iR IE DR A 2 R 50 5 NS TR (short—chain fatty acids, SCFAs), ‘BT 40 K BRI &I P4,
T B AR R E G e EEIRIIR T LR . IR, TR & Rdnm, 2 A ek e
BRIV 95%. ZERZIN 60%, ERZIN 20%, T HERZ) 20% M2, VT4EH, SCFAs 1E 4 B MEpam a4 F & vk
fEn, S IR ) AR B BF TR AR, BRI R R — 2P B IR T HAE IR BB /R .
SCEEM SCFAs FUAEWIATh AR K, SRR AT RS O I BG4S . FRRSE . AR WA Sk s A v . B 4E
AR T I F Tk

1.JE4E 8. (SCFAs)

SCFAs 2 fEME N = A A VR, EAEZ R RENEEKIC G TER . 4R, F4E. B
B A, B ] R A YRR SR S AR o =R R B SCRAS: SRR . INFRER AN T BRES. TRk
e 2E I b R AN R R RO RN, AR w2 e Bk At 20 B A K T B R -, N IER Eh nT ATE A IE AL R
HIFECL, THRTh /& —FhIURK SCRA, VEALSHANNM FERERRIE, BAa L Hnsiin R aey. &
SR, WNETSCHTIR, BB =R SCRAs & TRwh . WIRIM A AR, (AT IR PR R m iy, Xt
Je 5 SCHk HRIF 5T B 22 1) — Fh S g U R
1.1 SCFAs KA 45tk

'EE (1994-) , &, EXA, EXRERNKZENIGKZRRRZMLIMTE,
? FEEX (1973-) , B, EXA, ERERAZENIRKZRBMLIARESIH, TEENT,
HEES: ERENAZWBAZHER “SRRAZSI#HITL" RfENES
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SCFAs e T i, FERNEMENT. TIRE 2 M HIE E R, P8R I FES R 3 5 225 51
TEJF AR SN EIWR . A g 17 i o 2 2 1) A ) A P 2 BB R AL 1 DA R R RS N . T R A2 45 b K 4
F) BT RORE, LRI 70%MIRE R R . ZRRAINER W IE A SN R AL s e — 2, e St
AEH. SCFAs RERSIIHISAE RN, F5Ale T RREE i LB I T « B (NF-« B) 15518 A T i
RAEAIIB R T r= A, Sk g 15 R AN (UHE B B (B R 41 ) S8 RE SR TS 25 S A, B FE VR o g% )L
IS YA R R R DA K 317 2 i <5 O T R B WA AOR . B rIFgEde i, SCFAs iR AT DA “
-Mifh W RIKTEE, AFRIASIEE . I GRS B AR AT A KU
1.2 SCFAs SHRERIE LA

SCFAs il 1% G B FEIESZIR (41 GPR43) WA e SO, F AT 1ok L0008 2 325 18 111~ MR o e 12 AR
PSR AR N R B, AR ML 32 B s VAT 0 (WINE TR0 . 0P T S ) 1) R AE
740 iste i v, ARG RS s ] NLRP3 RAE/IMAZEE S A5 S- BE10 ZEF:5: - 40 0 Ji55 5
FESE R PR, S SCIRUESE, SCFAs REIH AT izt — IR A a1 IR T o o A s U2,

2.SCFAs TEFsxE HRERBR H BB FY

2.1 W BRI TR MY [ 22

BRI PEAL M 5548 (Diabetic Retinopathy, DR) 2t bR i i I H™ B UM AAEZ —, B
AR FRE OO0 P05, Bt ) R T T RE S B0 R EE 2200, Lk 5 M ol A A BRI R S AR i 3R L
WA . MR R Wl P e A R R, A B EACEI T . BRI  E B, A 1 BB R
39 /N SRR ZEL B 40 D v 2 B T VERAE R EOm B E I A B E AR . B ORI I ST AR T S S,
3 TR R TR TR A TS A7 DR TR . — TSI s mifoe 0, AR T3 n] DA A3 i 45 il it 2
YA AR T /MR DR 0 & JRM, A SCkER 50 OB R /NRRURE L, 10 R T R R X P /N B
WA RE A RN, B UL, TR Th T i PR AR R 2T, I/ v B S 5 1 S 8 DA L R R K
(CRAMP. S100A7/A8) ik, MASmilI s mnesine, & 28 AMP 15 4b 8 B 1 [ w0
WA N T, AR ERSE DR, 59 —TRFGTIESE, 43S T BRI vT 2 5 A SDT A PR A R A1)
AR, FreA, WC R TEREE PR . BbAI G Gt bRy SRR, B DRIBTEIRYT A i
{EHY.
2.2 fA R

R (Keratitis) & ARIE A L& A RIEMRE L, B BB ZREFE SR, SRREGe. PR
i AL R s e RV S . AR R &5 AR A HA A S Rk, AT BE S Bl ke k.
H BT A BT A B 5 A3A 7 2 2R I 2 IRV, (e iFst W, SCFAs nl 3@ i) G & F RS2 1k 43
VAT A BEXT Toll BERZ AR (TLR) BCMARAY 44 SR . #E TLR B AR S0 f B 98 AN RS o T R ek e 5 400
il T ARAE S, HAX B G VE RO T GPR43 (3Kik. iX3RW] SCFAs Al REE M1y G & H I Z 14
43 WITEPE, BIEPLRAEM, MG AR A P E AR, AT HEE AR I, T R TR g A T DA
TIRFARAE R, I HAET IR /NEAEE f 581t SCFA #%i2 & SLC5A8 4524, AT DAV 4 IR o),
T, U B B A T TR A TR 2 s rh R A B R AE R, DA T DAE Ao 8 92 J 5% g s T A 2 T 10 SR ol A K
R TEEARLE, M T RE— 3 0 %) 77 2 A 58 R 97 SR
2.3 BiEBR

BN (Uveitis) , &2 SARBREE h 2 45— AT A2, WIS Dl (R BEL /N O R A
R HREEH) . BRIRIR (BRI R IR A B B 0) TG BE (RL I A2 B FR L4 5 A S s
MEZORIE) . WAERMERIREK L, TRl (AW, . BEXAAER) . 3SRk
(SR EMEEAER . BRUBXTR) | RO HARMERG R, 20T, WEAH, 8k
MR R AR . KT RA R AR RS, i R S AR RN E AR Z T,
1117 6 N 1T 5 R ISR BRI ST AT 3843 A5 WIF9T A& B, SCFAs W DAE A3 I IR 57 B, sk 2 e G 2 8 (LPS)
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PRI IR N2 . AR R B AR 0 R A, (R RG SR T 40 M A SRTE e . T IR Y TR ok e
TG SR I T 400 (Treg) FAAP I A BTN A5 P RO RN, T 40, AR A R - HAR . E
BRYENE, BT R BEmEMIRE Z TR, xR T —FE Gy s, Heedt—2
W58 SCEAs FE A A AL 0 e A3 0] £, 33X AT B Sy 100328 ) 2 I 4 AR JHG AL VS A 0 RE R s 1) I6 97 i ARt 4 3
B FRE, 53— T AN T R AR A B B 2 [ R T A A AR g . BAREE R RN R
THUZER AR RO, (5 ARIGITRIR BRI, TRV /s K ERIG R AH & 1) RAE & eny . mH., 2
2 R KO B R AR AR, X RIS R i 2 [ A R R B BT A LR, iX B SCFAs FEIH Y
IR ER SR yse N A EH AR, W RE AR 7 0 %6 JEE 98 W Y e A
2.4 SF RS R EBEARE (AMD)

EIBAH MRS 1 (Age-related Macular Degeneration, AMD) |, iXJ&—Fh 3B 0 E 4 A S99
W, RO . TAE AMD W2 R RIBF ST, s B D5 AR ik 55 mT DA I o KUR: . Bl e
WIAE AMD B9 2 AL A 2 ek Sey, Hrh R aENs IR . A SCHERFE T, SCFAs i P14 Ik 2% 8 A=
MAERE M AAEER T IRENEEIN RN N R AE K AT (VEGF) F5eg, W0 ARk i B 4%
MEEBY ., 55 —TF5E R, WA 72 SR T RN 7 2 N K JIURL P 2 1 T TR 3 7 ik 45 5 2 23 ) 3 ) 3
ERCR, WEMENEE AMD B i 08 AR, SO AR S0 U AR K R R )R PR AL 13 S s
COL A, RERAMFE SCFAs BIAYIBT (AN%5kr) PIekss AMD SB35 10 7 T8 P AFALIE,  TA)H2 52 i R0 1o AR e,
R, WFREEEIR IR X AMD RUHTIIGTT 5 A M ERY .
2.5 FOLHR

HIOLIR (glaucoma) & —Fh AT 1 ALY BB RRIE R IR BRSNS, WH SIRNET R A X, Bl
BRI E N TR R 2 —, TERStosh, SR A e g, WrtiEE miE
W RS . AUFRAES AT LB, B> SCFAs 1738 B HES IR AR 750 175 S A 40 D) Jopfs 28
WM. IR B, TRI AW (U Roseburia. Faecalibacterium) 3 BEBEARS T JCHR K
BT A e rg ™, M A AL L, SCFAs AT BB AT PE T 40/ (Treg) #MHIMLAZR) B B S Wi
B2 SRR OCIR A F . XN T E M YE T CIR G T E R, A RE 2 R —
AR I 2 M S FEI WS SEE AT E L.
2.6 BRGLHER A

JEAMEIR N % (Endophthalmitis) &)™ B IRAREGL, W A IRBRNEREE 1Y, (o455 B 3R (A R0 00 L,
BEAIR O AT ARG S B )22, B DATE B VEIR N AR 3R Y7 o R 2uamy . 30 E B TRt IR P 48
FRYT 7 R AREIRAHEIRE . PrAERTS . B PARRIT. KRR AT AR T, (BA—H
TBIT MWL PE AT SE . AE— T4 B (O R A Bk A 5 D A AR P A ey T IR o 308 8 5 R I B/ N I
M) E DI RE, W IR AR N TR AR, ESEERE, SCFAs % TLR S-S 45E R B AT X n]
VAR ARV BRI A0 M R 1200, vk BER R T 40 s e, Xt R e fe iR TE A R W e B
TRYT IRRGPEHR N AR — BB 0 7 SRR T 57 SR

3. JE AR TR A TEIR T THE

T SCFAs TEMRFENG T AE VR MER, ARG M AU I E 8 W 52 31 Y. A SCR$E
TR HMARZY (=T RRH AR FEshPa b SR R p o AR VE DY, aa AR (= T R I
PR) SRR AR YR T W N il SCFAs 7 #, 2% DR B B BB IRY, 78 SO E 9 iy 4 oK SR v]
B TR A RGEIE B IR LL, AW A ESEE 3 5% SCFAs SHt VEGF 2545k F mI Hip (a1 41 il ps 2L 1M
AR, VT R E I RER I I SCFAs #yy= A, s E Bk SCFAs, 1 BERUH —FBIRYT
W, BRI, HEITA RSN T R B, 5 SRR A KB A SN B R AT RGPS, REFE—2
I PR 356 >F 565 E e 0 22 4 e AN AR IR 97 38 .
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4 Pk R

H BTN DR IR AR R I B S N E A 2, BEH BIIIOFTERE, 3FEA T RIERYE, HEe k2R
HEPE K H AL, B2 IO PRI IE; K SCFAs FhIHFE PR MR W, X T BRRPAE HE AR I R 1Y
TERBTTEIEAS: fea, 490 KENG RIS XTI, i i I R 22 5 M S R

U EATEA LA M AT SCFAs (LR, IR, THR) ByHMscE Ry, Adt— R
SENR T RRAE 43 B B MRV AR RIDLHIR BORT B . 2E—2 01 A AT X IR SURp 5P SCRAs AR I, IREH
IR G AT AL A48 S AR T 7R

5. BE

SCFAs 1 i - MR S s o, allad 2 ie 2 SR Em i B AR B A . B HG Al 1 E4)
BB, EHLHART AN R AR RARER

B, FEEENENIR, Rl TR, a2 ML HR R R A RG] L AR R AE A Y 5
i 5 R 21 50 W A8 A UM 1% K, SCFAs FEAS R R B (A8 67 77 34 o B BT AR . WFFEdR
KU AT - IR AR FIAL | 7 G i DA B -5 HAt - TR B i) i R 9 0, A B W A2 S AL A 30K,
TR HET SCFAs FHGHE T ISR, Bl 5 AT 0T i 1 fole A= 90 A 520 2% A bk 5t % JELRT IR S ) 52 Wi 4 TR A 5
T ILET R 2K, A SN IRER B Bl i b T S e
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Research Progress of short-chain fatty acids and ocular diseases

Liu Yingying', Li Jiawen?
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Abstract: Short-chain fatty acids (SCFAs) are fermented products of intestinal microbiota and play
an important role in maintaining intestinal homeostasis and regulating immune response. In recent
years, it has been found that SCFAs may affect the occurrence and development of eye diseases
through the intestine-eye axis. This article reviews the mechanism of action of SCFAs in ocular
diseases, focusing on the research progress of SCFAS in diabetic retinopathy, uveitis and keratitis,
and discusses the possibility of SCFAS as a potential therapeutic target.

Key words: Short-chain fatty acids; Diabetic retinopathy; Uveitis; Keratitis;
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IRFEHE R R RIS RS A RE R

T
(AR50 R B SR AR R R, K 130022)

T WEPR VRl s WA AR, R R KRR R IR, X B A R T 5] KA ik
PO R ERAE AL, BEMTR RS2 REMEEE . TERZ I AAET, BRI TS B0 G T 170 22 DA = e e
AIMEIR PRI 352 S, Wl PR B I 7 R B BBkt . R U AR VA L BASR AL S5 I RAFAE . 515 A
B LA RNATY, CEE W EGR, ARG RMRBEIIAE S KA A AE . I, RS ROTIA AR
BRI LRI AR A, SO R A I Y BE A XERE . SRPEIE A T4y — o X A R A A P M pE Tk
&, RS SIMAEZ AL RN IR . ITARABTIE MR s, SRAEHE IR T AEb PR 4 A HEAR a7y i
TREMG, SCHARRRAPERN A G710, AHHE 2 REEMEN . A SCEERTTRSEE A -5 G ik
KR A RIIEIE AR e PR A A AR AL, B AR R SUR BTSN SRS B RIS, Al
PRI BT i AR Pt — 2 R SRR A

KRR B PEAI SRAEMERTS MRERS BHTitR

Phit, AR 5.37 12 20 & 79 B W BAE BRI . WA tHRSE I PURE R i R AR T
#2030 4F, EFRIGH 6.43 L NEAREIRM, 3] 2045 4R INF] 7.83 12N, TBEIRG B H A 19%~34%
A2 RSB RHERITE Y . SEMRE R I BT A A e R R R A B FU . AR Y., A8
AR, AR A X —E R0, REMBRIEANZXEEMNIHI T2 —, BEEIMEEHLEER
JEEEVER. TR ERE S, AR NI T M IR AS, 3K Ah 58 I SR S A EL T LA AE
TG B TET R4 4 B PR, S AR IR T B T SR IE A AR BEAS AL, o ) T DA BEE 1 A A R
FEIGRIHERE, S P AMECAR A R RIS, BRI, 4006 00 T 2 SR B 1140 43 DA R /D A i S 1 & A AT DA 3%
FIE IR A, SRPEMETR T A — P R I AR A BB AE T2, AEZ FhAAENE B 1) S L b %
BB . MU 2 B, EEEON, AUARENSE A A0 T K E B B 4, A
17 BR s B A AL 4 . SR, —Lepgaeatb b th T RSB I R A B g, i eriy il PR~ Bt FEL U 4t L ) 1 ) 1
Wi, PR A AR DA, ST S A B AR R, SRPERE IR AR — R
FCPER A M PE T AL B S . SRAEME TR T S A= 5 Bl TR 20 M i 240 P JB S s T 1, &t L P 2 ) B 4%
Fp g P R R A o 2 RSO R B 4 L A R v, X — i R TR S LR I 8 R 46, 5 &0
FUR ARAE N . SAE SN — 7 T AT B TR 55 S e 40 M 2 BB 0z, s X s g b e Jo; B0 — 7T,
I SRR SR Y AT SO A AT BE S B S B AT RE R, H 5 RIS PSR R, AR, T
FARF IR FENE PR T AR RIRYT Z R iy S X 4, MO (R R 45 S 50, ISR BEE 0/ 1T DA
PR AR SN, AR FFHGURNAE . ARSI AR 20 M SR AE M IR T e PR T & & P VR, BRI
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PRI R 20 SRR MR TR a1 SR, USRI PRYAT R PR M O ThT S AL 5 i S B A 2 1
LA BIRFE R TR

IFEHETHT. (Necroptosis) , XAFETFHEIRIE, &AL —Fh A RR g A [ T A58 B r 40 i
FEFFIERET, S bl bl R B — B A A BsE T 2. 1972 4F, Kerr & AP OB T X — AN ]
TR FER L P e T SR T TR, BR AN T YR H B NIERS, EREETEE T
KAEMES . Armdgifistr X, FHERERTERETERT/MERMIER. 2003 4F Chan S5 TH)F
PEAIMSRPEX — S, AFETARE TR ZE S WA M BIRIE, WESYRE, BT Birit
WA AR R . AT . SO A A . A A R St Y 1T S SO M 2R IR AT, TR
{6315 WY (B By e R AT B i e 7 s i = 7 S e X (VR RS I RSB N 2 D S S A s
TG S ESRBERIA T, B FEH INF 52 EEH&EH  (receptor interacting protein, RIP) 4%,
E Caspase fi##i, HEIFFERPHTXEREME, I H MR 5 5%, Bas BalFeneres. HAMEAE
TR B AARE, SRV TKE A0 ik . BB mT . KER 5 58 B Ak 4 i 4t
oo AHUNEERA G 5T IR R A0 2R . B 2L 4 M RSSRN 20 O R BT, ORIk Ty i e i R 453 493 4 ¢
SR (DAMP) BRI, 5 R R RAE SOV Y, HE S SE RIS i A SRR FEME IR T 90 I 22 Fivipg BRI Rl 27
A, AIEERE G SOREBERFIRRE . JUILAE A S B A 20 0 P i i A B AR 4% ol R P v i
IR EEMEM, ENMRIES 2R 8 S 0B B SRR R IVA X, A AEA TRFEZEBL 4 ™, 15,
KT AMIRIEPEA T B A T R s & R, AUMERPEPETA TN T 2 R e o B FE 4 s
2. RIS TR SRR XA T

S 5P T RAG 57 SRR L8R 1 R 2 R BAE H 28R -7 =R H 1/3 (RIPK 1/3) IR
A R EEECA (MLKL) . OS5 Sl %A INF- o A SFROSRPEERTS, HAEHALE N INF- o 5
TNF /& 1 (TNFR 1) &5i&)5, W&r INFR 1EdE LA A TR a9 1 s, IR RIPK1 Z2REZH
1k, 1Mz 24k RIPK 1 AT 4ERF Caspase-8 1 1LAY NF- k B Al MAPK 5# 1%, {H2Y4 Caspase-8 Ft 1% M 41 il
I, WEABRY RIPK 138 HA B89 RIP [FEEAHEAER R (RHIM) 5 RIPK 3 M EAEH], F#EIR RIPK3
MLKL. 5% MLKL BR fb 5 25050 B 56 B 1 1438 2k DA S LR 2 il i R - F& 40 (ROS) RORERR, e &
ﬁ}im[&lo]n
2.1 M IRFEA T (TNF)

1975 4, Carswell ML T LG H B RIEIRFER F  (tumor necrosis factor, TNF) , X #h4i i K+ n] A
FEMIEHL KW, IRFE, TNF Kk 2 MO 3& TNF- o #1 TNF- 8 . TNF- o 43 HES R 53
WAL R — MR Z R EY RO REAE T, TS SR RAER N, TINS5
TR, BAMR. PURBMGERTT S, INF- o IIFERAZAIM . EVENH . 00 e anis,
CD+4 WK . B 4. AERANNE K B AR A 4 i 55 22 Fh i vh 263408, FEIEHFRATT, TNF- o B mRNA
1 3" dEgmtS X BA FEW AU JPH, HAEW SRR HET 36 (tristetraprolin, TTP) 456, /5 mRNA 1%
fi#, AR RAERLN,, 225505 EE (MAPKs) . ZIMIANRESY 8 0 (ERK) M5 S v 5
£ TTP BiER1L, Foik5 TNF- o i mRNA 3" AE4IDIXAY AU 551414, mRNA B %S4 i TNF- o . TNF-
o fEN BB R 1 (BRI, C mrEfsh, NIR7ERII) |, C IR oMY 150 Ao R iR % R 4 A
TNF [A]JEX (TNF homology domain, THD) , #5149 F>h 10 4> g 4470 B BEic#:, THD & DA g THH 3t
W e 2 SR A B[R] YR = SR AR 181 TNF- o IR AN X8 TNF- o 55400 (TNF- « converting enzyme, TACE)
ST TNF  (secret tumor necrosis factor, sT-TNF) . TNF- o KAV T8 &80 2 MR
& TNFR1 1 TNFR2 /1519, TNFR1 A 35T ) LF-FrA WA A, TNFR2 22 3835145 Fh G e 240 ffa v o),
24 TNF- o 5 TNFR1 ZAK G5 A0, B8 PR S5 52 1a B A% 7 1 M IR BE B 1 32 AR HH KRBT 45/ 38, (TNFR
associateddeath domain , TRADD) Fl/MIgISRIEH 132 44 4H X[+ 2 (TNF receptor associated factor2, TRAF2),
SEEEY THIER, FEMEGE MAPKs 1 NF- « Bf5 5@, FHIL, TNF- o 55 TNFR1 456520 4000
HOAE TN SR AE 20 L R 11 7 A A 32 B 50718,

2.2 Caspase FKJik
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Caspases <& — 21 i JEPRSF 1Y 21 0t 208 26 I Tl 2K i, 70 4 MR 1 M D8 T A ARE S 1 ke 381 ¢ SR A D
Caspase M7 AHZE: RAEME: caspase AT 1 caspase, Jid B LAGEER) T o AN B T (R E LV R . caspase
HA TR TR IR, TN SNEE (BRFET 32 1K) Caspase—-8 K Hi5% & caspase-10, NI (Bk ZRifA ) caspase-9,
PG T 3F T caspase-3. caspase-6 Fll caspase-7"%. H:H' Caspase-8 #iAF &4l BB AL T KR R 1,
MR HE PRSI MR AL, YRR FRESE IR T . SRPEPETR TR0, BEAIA K Caspase-8 240 B A -1
RSB T, 4 Caspase-8 HIFIE ZMHil, RIPK1 202 Z b MM BER (b RIPK3, RIPK1/RIPKS &
A RIEZEHBEIR AL MLKL, % MLKL B R B FiA . 40 I kAN B S S SR Se i T 35
PAEE 2 B FH S KB, Caspase-8 MR iAfilk ASC BITERL, Caspase-1 ¥&if A1 IL-1 B IUREAL, HixM
TGS TT B Caspase-8 MM, X% # B Caspase-8 MIDIREHE H T T- ISt T, A nT AR IE SR
WIIRE, EAEFSFIRFEIEAN AL T, 55 4b, Caspase-8 EL# 4 5 i AH 5 40 o S 704 fn i 4 iy P i %% NLRP3
RMEARFEH], F H AT AE Y UIE] | 8 A E 802 Caspase-8 Sl Bl SR FEE MLKL 551 F2€
JE 8l NLRP3 W2, FERSegi e B b, i AN AT T iR 42 Caspase-8 i Akt AT DAL A 1 Bel-2
KGR Bid® >, i 179, 5K, Caspase-8 155 1% F i 2k 5 AR BT HLIAE RN A ™ BP0 A K,
FIHIHETA T caspase~-8 MIIRYT R REA Bl T4l b 8 1 A i 5k PR 5%, A0 358 - HE A AR %431, 4 NLRP 3 A1 IL-1
B, TGN caspase-8 V17 A MR T SR IR AU R T4 W] BEIG IR ATT IR Bl T A4 fo 28 I 257,

2.3 A/ MA

AN AR SRBENE A T RO = A0 1 0, RIPK1 A RIPKS VARG 7 (MLKL) . FESET:
fE9HPHE T, RIPK1. RIPK2. MLKL 2%, JEEIRSEE/MA (RIPKI/RIPK3/MLKL ZE5RMA) #521, ff
RRHIRICE /MRS E T E B G S A L, B REMEO0 TS, S . E9RAE
SRR IR, R TN SRRFE A T E Sk TP ZP BRY . ZBP1. TRIF KIRFE/MAR
FRAL 2T RFER L a1, W RIE S M IR E RIS WisR FEAH P 1) A= Ak, U H @ MR ALY MLKL #¢
AR IR FE R SR AR E Y G5B AR IEIE T2 AR SRR 3 MLKL (IR A1 R 25
i) RVABGEA TR PR A T AR 5B . ML BV, MLKL AR BRAHE T N - b 375
A U B2 e 25 TR S A S 5 e ok | B A SRR E Y 3 B . FEFETSAN Toll AESZ AR N, ZERARIIY
MLKL S {2 5/ S eI EEmiie (PIP) 454y, JERMUBESL, MLKL i m R Dlsh&Ea Ml
s B U, AR LIS AR MLKL R 8 S8 m A28 B Aair B i A L 4 i i A B A 2L
AMBIAFEPEJ T, AR, RIP RGN EE G A, TENT- AP T A RAE R Y 5 57 S5
I, ZF|)ZRK{E. RIP3 & RIP Ki%H 5 RIP1T BAHARE N sl C uinhy “Z2EMHIR” |, 2R stk i T
MFE S rEE AN T, BT RIP3 A RIPL A C sl lA — AR IREE M, PR (A5 28 mT DAAH EL A ) ) 3
WYIMIFET:. EUESE RIPK1 F1 RIPK3 I R32 b At gl G AR 2, 2 gy A A SR pe i Topd 5
A,
3HE PRI B A AL

B PRI P A 1 8 R A 2R L A KON R SRR R o B i e AR, R Rl PR A8 IR A v IRLARE 2R
Bi g EE g . h R Ak A SETh RE R, FHAS AN A/ AL, A AR A B 5T b ) 22 Fh
BT, 0N 2R R RIS ORI G, BRI TGRS A OSBRSS e R i () 4, ALK AT
RIEIRAS, PR I A A %, FERIEXARRE B, A TWEER . B rh R 20 i R abk 1 20 i i v
AR ELWR A g Ak, 55 R SR A M RD b b 2 W ) 2T R, v M A 3 7 2 S R e S A
B\ BRI RAEA M, AE QA At R b A B E S ARURAN I A . dsmAE R . R
TR S LA T P B 20 B 4t AT A% B 2 DNA . 448 FRN R Mk 40 B 300k 26 1 4R IR i 5
R——r R A /MBI (NET). NET BERSHIRIT E RS0 I A B e HE e e, JF REMIG 24 H i B
AL B AN, SARES | S E AN BRI 1L-1 g ZE A AE4n M IR 707, I Az g i i — 42 R 2,
BRI RANGLR AZAIML . CD 14+F1 CD 16-9AR AR, FH7=4: M1 BRI, MG ARE RN, F3—
J7T, CD 16+#1 CD 14-434b S S¥G5E @ AR M2 BRI, B wg i i 7e G T @ & i 3] 58
YER, (BHAEBE SRR R AERNEER . EVEA o 2 M (M1) B0 s A0S
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(M2) Zigfffn™, M1 BEREA R IERIER, ATARCRICH I RERAIER -, W IL-1p . TNF- a;
M2 B WEAN I L BB R A Z A, B IL-10 A1 TGF- B 1 W RANME I TR LR RREARKE T 1
{EdHBE. Ibah, M1 24 E WA MR 2550 Whid &5 MMP2/MMP9 FliG 4. MMP1. MMP2. MMP9 7/K-F-Ffi €]
TR AR I E T T, 1 MMP8 ZK-T-B i A Rl BN EE A . B KR RE S e 40 i A e M i i R 1 5
E MMP F1 TMP #9235 A,  oe 2638 28 P At 60 T A S A RR 0 R W /1 ECM 1 (5 A T #fE DA A A0+, MMIP &
G RE AN . AR ST A A0 BT 4T A0 B FE A KA A P 7 (246 IFN. IL. EGF Al VEGF) MI1ERF
Bet b, (RN sEAN FEOE . AR IR/ RS, MMP B SRAI ] SEIH AR, K
ARG AL b B TE O R0 M A A2 B AERE R R R, IR /K T 30E ERK/APT %, S0
MMP FKBIEM, SNBSS A BORE, W AAE Y ] A (e SEaI T i A .
A RFEHEF T SRR A E

FHEBFZE A B, BE R A T P BT R AR R BF -, 40 TNF- o . IL-18 1 IL-6 KPR, e
ST -0 TL-10 Z0EAp il 73381, FERE R BB I BRI AT,  TNF- o (5 225 2 U P9 R 4 i
SR RRANHIR T, AN BCANME . T ANH A AL EEAN BRI 1L-2, TL-8 SRR, 5 RAE Y
S FENLAS, A R 20 M A L IR R, S e, SR mAE™, M TNF- o BFVEN 4 IAFE
PR 2 MG 055, AT DABOS SRE M TR Aok A5 9RE SR, it TNF 355 Caspase-8 MR M2 1,
FVF TRIF JEMHEME TLR 7= A8 3 = K PR R RN MO R -, FELRSHAE R M B THT A A8 A5 10470, X U B E 28 9
IS4 A F50 0] DA R R b R M B T Y A S Y e AR K Ry, ki@ G EE . pFiEoR, IR
FEPE AT AT RE S N FIRE M R AE S SRS RICPT . RN L B0 M R s, AT S 50 PR
T KNG VR BRI A A S!S, Tl A, RIPK3 FEAR R /Nt B3k, #iH Caspase-8 i 441 i
AT RAERHAR N EAT G 2AE, B 1R S 2R A5 51 S i A AR AR S 2 1, Fe s e 75 i LA/ ER
(oblob)iiZi | RIPK1. RIPK3. MLKL FENRIGAH %L h gk L, (8 Nec-1 #15 (Necroptosis
B RIPK 1 46l 7)) AT kst /0N B e 5 S ARPT AN R 28 i i 32 46319, A 2f il w5 Necroptosis <8 [Fl -+
RIP3, fEM% 40 i SRR AR 28 /N B B R 40 SR ZE AN S E S by 50, 5 A A N YA IR P04 R T 5 4 IR
/N BV 8] 0 9 i M EF ALY B AR VA 56, S U LR AE V. K A A AL RE R — A R B R .
L, MHISRFErE T, s SE A TR, 2B BT AT T 55 AT e T 2 R iRy T =
AVEAEREEAL N N, R APAR TR B FLAH 58 I A B 1A B LB 1) S
5118

WP VE QT A B &A1 LA A2 A 2 5 R B T B AR Y i) E 25 A, 7 ™S 3 1
ATE R, PUL, Al 0 T A 2 H AT R IR M S . A R R B T A A LR R AR,
WK Sl A R D RERERS, MIRFEIEM T S 5 2 MR B AR AR, RS E . RIAE
PRI, TR T B Bl - FERE IR AR PR SR B B A AR . R SN S R A . il
RIGYT 2 MBS AR A BT S IR TR, W RBSE IR R ARG I . B A RIS I, BRI PR
TAIFE o IS R BTN S AL B 3 £ 4 R 2 S B b B AL 27 ( AGEs) = A FL BB, AGEs x4 a4y
WK B -, LA TNF- o B 52085 & Jaaidd, S0miE SISm0 &4, IR 48 5E
TEBE PR O T A AT S0k, ARSI TR A AR R A TR AP B B, X411, 2 BF o S TR I A
FIR GO T PR i b /K28 4k, DATE /= e TR 0 40 ISR AR PR T 52 m, (B0 T L B AR 4 Y
SRR Sl IR AR A RIE . BT, A CAEWLE TR IA B, TEieR T
DRI 1 A T A SR B R T AR O R B HAE AL, BRI IR PR AL A4S, IF e Sl PR P B 1w
T SR AT T ALY B — 2 K R
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Research Progress on Necroptosis in Diabetic Wound Healing

DING yi!

! The Department of Pulmonary and Critial Care Medicine. The Second Hospital of Jilin University, Changchun
130041, China

Abstract: Diabetes mellitus, as a common chronic metabolic disease, is characterized by long-term
hyperglycemia, a pathological condition that triggers a chain of biochemical reactions that can
involve multiple systems and organs throughout the body. Among the many complications, diabetic
wounds are of great concern because of their high prevalence and intractability. Diabetic wounds are
usually characterized by skin ulcers, recurrent infections, and tissue necrosis. Without timely and
effective treatment, severe wounds can lead to disability and even life-threatening complications
such as sepsis. Therefore, it has become an urgent medical challenge to explore effective methods to
improve the cure rate of diabetic wounds. Necrotic apoptosis, as an emerging programmed cell death
pathway, is able to participate in and regulate a variety of inflammatory responses. Recent studies
have shown that necroptosis plays a key role in the pathogenesis of diabetes, especially in the healing
of diabetic wounds. By exploring the study of necrotic apoptosis and trauma-associated proteins and
their mechanism of action in diabetic trauma healing, this article aims to provide reference and
insights for researchers in related fields, and to contribute to the further development of diabetic
trauma healing therapy.

Keywords: Diabetic trauma; Necrotic apoptosis; Related proteins; Research progress
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Acupuncture Treatment for Acute Lumbar Sprain: Mechanisms of Action,
Innovative Therapies, and Clinical Efficacy

Sun xize!, Sun ximan!, Yan yue?
(' Medical College, Baicheng 137000, Jilin Province, China
! Beijing Chuiliu Yangliu Hospital, Chaoyang District, Beijing 110105

2 Baicheng Medical College, Baicheng 137000, Jilin Province, China)

Abstract: In the field of traditional Chinese medicine clinical practice, acute lumbar sprain is a
common emergency in the musculoskeletal system. It often causes limited mobility of the patient's
waist due to sudden severe pain, which seriously affects their daily life. Acupuncture therapy, with
its advantages of simple operation and rapid onset of action, has accumulated rich experience in the
treatment of acute lumbar sprain. However, the relevant mechanisms of action have not been
comprehensively and deeply explored. This study is based on the theory of traditional Chinese
medicine meridians and modern medical theory. It deeply analyzes the mechanisms of action of
acupuncture in the treatment of acute lumbar sprain, and innovatively proposes a treatment plan that
combines "modified distal acupoint selection and moving needle technique" in the initial stage of
pain and "local holographic acupuncture and heat-sensitive moxibustion" in the pain-relieving stage.
Through a multi-center, randomized controlled study, 30 patients were included and divided into an
observation group and a control group. Multiple indicators such as the Visual Analogue Scale (VAS),
Oswestry Disability Index (ODI), and pressure pain threshold measurement were used to evaluate the
curative effect. The results showed that the observation group was significantly superior to the
control group in terms of pain relief speed and lumbar function recovery, confirming the
effectiveness and advantages of the innovative therapy in the treatment of acute lumbar sprain.
Although there are problems such as regional limitations of the sample and some unclear
mechanisms in this study, it provides new ideas and methods for the acupuncture treatment of acute
lumbar sprain. In the future, it is necessary to expand the research scale, combine cutting-edge
technologies to deeply explore the mechanisms, and explore comprehensive treatment plans to
promote the further development of acupuncture in this field.

Keywords: Acupuncture; Acute Lumbar Sprain; Mechanisms of Action; Treatment Methods;
Clinical Cases
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To explore the mechanism of action of probiotics on children's growth and

development and its application in clinical practice

Yongliang He !, Jiancong Yan 2

(! The First ClinicalMedical College of Guangxi University of Chinese Medicine, Nanning, Guangxi 530022
2*Guangxi University of Chinese Medicine, College of Zhuang Medicine, Nanning, Guangxi 530001)

Abstract ¢ Child development is a continuous growth process. In recent years, probiotics have
received widespread attention as microorganisms with potential positive impacts on pediatric health.
Probiotics play a significant role in maintaining children's health through various mechanisms. This
article reviews the complex mechanisms by which probiotics influence child growth and
development, and combines existing practices and research evidence to explore the potential of
probiotics in supporting the immune system, regulating gut microbiota homeostasis, and overall
developmental patterns. Although the results of existing studies are encouraging, further research is
needed to clarify their specific mechanisms and determine the optimal use of probiotics in practical
applications. Future research will further reveal the mechanism of probiotics promoting children's
healthy growth and further optimize their clinical application. This continuous exploration process
will continue to deepen our understanding of how probiotics contribute to children's healthy growth

and development.

Keyword: Children; probiotics; growth and development; immune function; gut microbiota
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