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pH A5 1E 85 & 1 W B2 1 & R B3 I /)N Al o 00t 22 4
e EIHARTE H il A A R er i /g e I Ry T4 (H

HmiE, &R, X ES A |kt

HEWH . 2022 4 HFK G RE S SR H ;6T E B B O AR 5« 5 1 1R H (QML20210405)
FEZ AL 100035 JE3T, B AR R K4 Bt Jb Rt UKL B2 e 2 s R
WAEVEH . FIEDS, E-mail : tjtzx@ 126.com

[# E] HH 0 pH BOEES B FIREEIK A AR B/ MR 7380 (IPF) %2247 20b: FIE AL IE 1 m ( AUGIB) &
Ak R RO MAS BRI (DIC) RITRIME . F53%  YEH 2022 4F 1 A—2025 4F 1 A B #ERI KB b 5T Bk
E 22 RIS A4 AUGIB B 126 HiIVE WA 4 B2 & & DIC 434 DIC 4 40 FiF1HE DIC 41 86 #i., R
F 4 A ShAE A MG L7 pH M A6 3 IR EE 4 H sl o T SO TPT S H At 56 il AR SE 7845 5 Pearson A&7
5307 pH BLIEAS B TR B IPF 5 APACHE 1194 AHOCH: ; Z2 1 E Logistic [BI4387#4F AUGIB 35 £ & DIC (3%
Wi R 2 5 RE R 0 B2 40 WS [ 7K 7 pH 16 TF 45 85 Yk I IPF X 2 4F AUGIB B35 1 & DIC (954 ; 52 i % TAEFR1F
(ROC) MZ43HT pH AL IEES B TV ¥ IPF X447 AUGIB & 1K DIC IMTINME ., 4% DIC 4 pH BI85 5 Tk
JE{%T-3E DIC 40, IPF 7K F-7& Tk DIC 41 (1/P=8.963/<0.001,12.365/<0.001) ; Pearson #8543 #7 B 7%, Z4FE AUGIB
B pH KIESS B TS5 APACHE 11 $E43 2 fiAi54 (r/P=-0.723/<0.001) ,IPF 5 APACHE Il $E4> 2 IEARSE (r/P=
0.756/<0.001) ; APACHE I #4355 . D-D 5 | IPF &2 #4F AUGIB L&k DIC Bk 2GR R 2 [ OR(95%CI) = 1.752
(1.198~2.568) .2.785( 1.463 ~5.298) .3.486 ( 1.675~7.200) ], pH £ IF 4% B T ¥ BE 75 . PLT g & M ST AR 0 X % [ OR
(95%CI)=0.312(0.158~0.612) 0.311(0.196~0.621) ] s FAXF & B 4 M7 7%, pH A2 1E 45 88 7 M AR K S g R &
DIC (4 XU 2 25 7K T B 35 1Y 2.286 1% (x2/P=10.895/<0.001) , IPF 7K V-5 31 & DIC 9 XU S ARk - B 35 19 2.573
i (X2/P=12.658/<0.001) ; pH ¥ IE46 & T B | IPF & —HBCA T4 AUGIB 414 DIC M2 T FL( AUC)
324 0.828 .0.845 .0.915, “F WA WA AUC & T HA& [ B il ( Z/P=2.985/0.003.3.216/<0.001) , &t pH
A6 2 Ik FEAIC TPF R 247 AUGIB HE 114 DIC Mz fa s R 2R, 28 15 A0 I mT 2 1y 1000 5 B, S s PR7 440
PUR T KU FR 2 it S

[Z#iA)] Stk LIHAE S RSO LR NI 5 pH A4S TE 495 25 1R BE 5 A B I/ R 4530 TIOARAE 5 S 4E N

[FEIHZEE] R573.2;R554".8 [ ZEkERiIRFE] A

The predictive value of pH-corrected calcium concentration combined with immature platelet fraction for
disseminated intravascular coagulation in elderly patients with acute upper gastrointestinal bleeding Peng Liying,
Guan Lan, Liu Zhiwei, Fu Yangyang, Tian Zhaoxing. Emergency Department, Beijing Jishuitan Hospital, Capital Medical
University, Betjing 100035, China
Funding program: National Key Clinical Specialty Construction Project 2022; Beijing Hospital Management Center Youth
Talents Training “Qingmiao” Project ((QML120210405)
Corresponding author: Tian Zhaoxing, E-mail. tjtizx@ 126.com

[ Abstract] Objective To investigate the predictive value of pH-corrected calcium concentration combined with im-
mature platelet fraction (IPF) for disseminated intravascular coagulation (DIC) in elderly patients with acute upper gastrointes-
tinal bleeding (AUGIB). Methods A total of 126 elderly patients with AUGIB who visited the Emergency Department of
Beijing Jishuitan Hospital, Capital Medical University from January 2022 to January 2025 were enrolled as study subjects.
They were divided into a DIC group (40 cases) and a non-DIC group (86 cases) based on the presence or absence of DIC. Se-
rum pH-corrected calcium concentration was measured using an automatic biochemical analyzer, and IPF and other coagula-

tion-related indicators were detected using an automatic hematology analyzer. Multivariate logistic regression analysis was used
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to identify independent risk factors for DIC in elderly AUGIB patients. Relative risk analysis was conducted to evaluate the
impact of different levels of pH-corrected calcium concentration and IPF on DIC. The predictive value of the two indicators
alone and in combination was assessed using receiver operating characteristic (ROC) curves. Results The pH-corrected calci-
um concentration was significantly lower, while the IPF level was significantly higher, in the DIC group compared to the non-
DIC group (t=8.963, 12.365, both P<0.001). Pearson correlation analysis showed that in elderly AUGIB patients, pH-corrected
calcium concentration was significantly negatively correlated with the APACHE Il score (r=-0.723, P<0.001), whereas IPF
was significantly positively correlated with the APACHE Il score (r=0.756, P<0.001). Elevated IPF, elevated APACHE II
score, and elevated D-dimer were independent risk factors for DIC in elderly AUGIB patients [ OR(95% CI) = 3.486 (1.675—
7.200), 1.752 (1.198-2.568), 2.785 (1.463—-5.298) ], while elevated pH-corrected calcium concentration and high platelet count
(PLT) were protective factors [ OR(95% CI)=0.312 (0.158-0.612), 0.311 (0.196—0.621)]. The areas under the ROC curve
(AUC) for pH-corrected calcium concentration, IPF, and their combination in predicting DIC in elderly AUGIB patients were
0.828, 0.845, and 0.915, respectively. The AUC of the combined prediction was significantly higher than that of either indicator
alone (Z£=2.985, 3.216; P=0.003, <0.001). Conclusion Decreased pH-corrected calcium concentration and increased IPF are

independent risk factors for DIC in elderly AUGIB patients. Combined detection of these two factors can improve predictive

efficiency and provide a reference for early identification of high-risk patients.

[ Key words]

concentration; Immature platelet fraction; Predictive value; Elderly

EAE 2N [ IEAkIE H I (acute upper gastrointestinal
bleeding, AUGIB) S i b N BF 5 UL ZUAE , BE& & i 1k hin
IR RARAAE LT AR A 25 il
DHREA B TR, HZ2 G I REREm ™ 5 15 5 5
R HRECPE M4 N BEINL ( disseminated intravascular coagu-
lation, DIC) "', DIC ] B G R 35 5 L % B #i4,
RN FE A ORI e e A R B
fEEBEMAGHR AN PT \ D-D 576 h e 3 4 1 25 e | ik
ZHEME . pH RIS B 7k B H 1S 5 5 i A
T 5 /N R A AT LT RO o S A
ML /N 538X (immature platelet fraction, IPF)
SRR 7 /N B AR AR 2, A B i RS 48 R0 aT g
w o HET T HERA B AR AUGIB (B3 & DIC
IR D AW SE B AERR SN, Ay i R 1
THERMESE RiEw T,

1 BZREFE

L1 IRBEORE BEHR 2022 4F 1 H—2025 4F 1 H E 46
BRI 27 B J b g BRUK T S B 22 B2 1 8 4R
AUGIB i3 126 Bl WX 5, i3I8 2 75 1 A& DIC
43>k DIC 41 40 Bl F19E DIC 41 86 fl, DIC 41 #%4F
I G IR0 L I B L APACHE 11 9F-43  SOFA
o3 S PTLAPTT [ D-D 7KF-¥ & T4F DIC 41, PLT fi%
FHE DIC 41(P<0.05 5% P<0.01) , L& 1, AW LB
Befe BIZE by 2 it il i (BURRHH 35 202201-19 -
01 ), /B A/ E SR N R) T 45 35 01 )
2

1.2 JRGIEREARME (1) ZBRiE. DIC 212 A

Acute upper gastrointestinal bleeding; Disseminated intravascular coagulation; pH-corrected calcium

PR ke 5 1k 1 2% 2 (ISTH) 2019 4F i & i 12 W b
HET A TE TR A B0 B2 (L i) | TR
1M/ (PLT) <100x10°/L 8L 474 B PT 4
K>3 s APTT ZEK>5 s D-D JHir (Mt S % EIR 3
%) ,F5 A Lk 3 W UL FERARED RIS, (2) bR
e DI =60 % ; @QFF & 200k LI AE 1 12 Wikn
WET 2 5 BT ol B 5 2 G A S Y i R AT 5 DI PR %
BLTERE 0] SE A S FR FR A I R B 1T . (3) HEBRBRUE .
OABEHT T 2 W DIC 377 FE5E 1M D) Re B i 58 s @4
JERGPEINIE | A B e e ™ I T g i ; B
TS FH PR 245 T I/ N B 24 ) B ) AR 14
B2 s @RI TR S A i R T B0 h 1fi s ©FEE
JrERRGY R EL(RAIE) .

1.3 MR FRS5 ik

1.3.1  pH BIEAS &1 IPF A6 . >R 42 28 8 A B
24 h 7S R 5 ml, Hod 2 ml A EDTA Bl
R (585 KJ-EDTA-01, VL758 JFE fa B 97 FH A BR 2
m) ), B 3 R A A B o AT [ B S AR
Sysmex XN-9000, 7iv #k 3¢ 3¢ = HI 1 ¥ ( i) AR 2
A] ]RGN PLT (IPF ; 55 BGF K I 1 ml, 3 A 558 458 3k
(585 . GD-1001, #r VT HEt 7R B= 97 2% ik e A0 A PR 2
A]), & T #E 30 min, L 3 000 r/min, .02
10 em 0> 10 min, 738 M7 , >R FH 4 A 8 A 46 73 H1 X
[ 745, 57 7600, H 7 @B EA (i) ARART,
I B e MR KT pH R IE A5 B TR, 24X
8 A Bh5E R pH (EALIEG , T B AL S PR B 1o B
A T 5] R (S0 e 2305 [ pHL A I 46 8 G
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F 1 dEDIC 415 DIC 41 E4F AUGIB (B H IR VR
Tab.1 Comparison of clinical data of elderly patients with AUGIB between non-DIC group and DIC group

moH 3k DIC 41 (n=86) DIC #H (n=40) /X2 {8 P1A
(%) ] L 52(60.47) 24(60.00) 0.098 0.754
b8 34(39.53) 16(40.00)
EWS (25, %) 69.89+5.76 72.35+6.12 2.215 0.029
BMI( x+s,kg/m?) 22.78+3.15 23.05+3.32 0.452 0.652
WA S [ 5 (%) ] 28(32.56) 14(35.00) 0.125 0.723
I (%) ] 23(26.74) 12(30.00) 0.258 0.611
Hm JEE (%) ] ER 26(30.23) 12(30.00) 1.896 0.595
Rt =) /78 30(34.88) 14(35.00)
B BRIk T 24 16(18.60) 9(22.50)
PN A= TR 14(16.28) 5(12.50)
G IR [ (%) ] fR I 38(44.19) 18(45.00) 0.012 0.913
BE RIS 24(27.91) 11(27.50) 0.004 0.951
O 22(25.58) 15(37.50) 3.125 0.047
I ZE A2 ] (s, h) 8.42+3.15 8.96+3.42 0.985 0.326
il (z+s,ml) 450.00+150.23 750.00+200.35 8.432 <0.001
APACHE [1iF4>(xs,43) 16.32+4.25 21.85+5.02 6.985 <0.001
SOFA PE43 (x+s,73) 5.68+2.05 8.12+2.53 5.896 <0.001
PLT(&+s,x10°/L) 182.35+44.86 92.58+31.65 11.892 <0.001
PT(xzs,s) 12.45+0.85 16.52+1.20 19.315 <0.001
APTT(z#s,s) 35.15+1.85 47.25+2.50 27.328 <0.001
D-D(z+s, mg/L) 1.35£0.35 5.65+0.85 30.803 <0.001

K&, 595 7600-Ca-01, H 37 & B H A (i) A R
I3 ) TP R IR &5, 5% %5 - XN-TPF-02, 7 £ L FRE B
(i) AR R T A B4R 7™ A i BRA A K
A G UL AT,

1.3.2 BEMFEFRAGI . B AR FR KL 2 ml, A )
TR ANAHE R (1304 (BUBER 5 IR AR TR L Ry 109, 9%
7 :KJ-Citrate-02, VL. 75 R fi =97 H s A BR A 7)), DA
3 500 r/min , B.02E4 10 em B0 15 min, 20 B 0037
K4 H BB I 2 B A (B4 P 1] F CA7000, PE 1]
T EIT RGEABRAF) Kl PT APTT D-D /K-, B H
WA B o A A B & L R (58 5. CA7000-PT-01
CA7000-APTT-01 ,CA7000-DD-01 ) , #5 1F 1o 4 7™ #% 2
PEIRTR & SALAF R AR A AR

1.3.3 i e 1% 7™ B R R BRA - M o R I R
CRAVHNE, A A B A K Y (AR R
I CRAPREEIG 1 g SBAELXTN 1 ml i) | [F]
B 2% B AR AE (i & 03 A8 A6 e A BE it 5 A
Bt 24 h 1218 FIKF- 2237256 FIWr, 6 DR PEAG 45
SRUERA ™ E R SR AT A e S g P BRIk
B T (APACHE 1) 34l 4METE A 0~ 71 43,15
SR S R R AR ) RE A R R
PP B8 B B PRAl (SOFA) P PF-Al B 38 Fl N
0~24 43 R S5 PP PR H B B M2 RS 6

MEE RS, S BESIOR S EUIREA SRR A
PEA 5 1 3 1 [ B B0 P 2 2% 23 (SCCM) il 22 1
PSR EAR

1.3.4  FHUIE O . & NS0 A B A 748 e 1)
] FRBETT , SR FH <« RS )12+ IR IEAG £y + 5256 %8 5 A
A G T BRI, B 3517 1 WIRZHBE T, id
B ImARRER AR B 1~2 REA 1 IREEINL
Tfg L H ALK pH BI85 B I B TPF S50 564645
BASWIR AL, BEVTIC RN %S DIC & Az ita] (7
KA R T TR it B R B TR YT ROR CRE R 2%
fiff/ N ) | LA K 05 A O (A4 2 75 - o e A B 3
[EFET AT IR R 45 ) LA 3 e B A g 40 8] A6 7=
SRR

1.4 SGiil2¢J0rik R SPSS 27.0 Goil 4k Fab # %L
Pt THECRR T B A R H (%) o, 4 TR] HE R
x> Ko 55 IEAS A BT R L axs w2 4
B8] L35 R FH A ST FE AR ¢ A 56 ; Pearson AH G 3 B pH
WAEESES T3 B IPF 5 APACHE I ¥F- 43 il #H 5 1
Z &K Logistic M43 #7#4F AUGIB 2 # £ % DIC Y
S DR 25 A G G B8 B 40 B S W] 7K SF pHL AR IE 45 B8 1
el IPF % % 4F AUGIB 1 & DIC B2 ; 323K,
FTAEFRHIE(ROC) MZ 34 pH A IEAS 2 VK EE | IPF
XFTEAE AUGIB BE 4 DIC N {E, P<0.05 K
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ERAFIFERE L,

2 &% B

2.1 22 pH BIEFG B P EE IPF KF LB DIC 4
pH A TE 45 & ¥ B2 Ik T-9E DIC 4, IPF /KF& Tk
DIC 41 (P<0.01) , WL 2,

£ 2 dEDIC 45 DIC 4124 AUGIB &3 pH £ 15455 T
BE IPF K LLER (s)

Tab.2 Comparison of pH-adjusted calcium ion concentration and

immature platelet fraction (IPF) levels between the non-

DIC group and the DIC group

45 BIEL pH B IEHS B TR (mmol/L) IPF(%)
4k DIC 41 86 1.24+0.14 6.18+1.25
DIC 44 40 0.990.1 10.56+2.08
¢ fH 8.963 12.365
P1{E <0.001 <0.001

2.2 pH fZIEHS B FWE IPF 5 APACHE I ¥F-4+ 4
FEE T B4E AUGIB H3 pH B IEAS 8 17k ¥
5 APACHE 1 ¥ 4r 2 i AH ¢ (/P = - 0.723/<
0.001),IPF 5 APACHE I ¥V & IE#H K (r/P =
0.756/<0.001) .

2.3 Z K& Logistic [I45#7 &4F AUGIB & &k
DIC 2[R LLZ4E AUGIB & DIC MR AR
(WRAE . JE 17 807, LA RS R P<0.05 T
HOEZ R, FEAA) AL, # 72HR
Logistic [FIJH40#7, 45 3 7R : APACHE 11 943/ .D-D
i IPF B4 AUGIB JE 11 & DIC [y lsy i i [
R,pH KIEFS & F W EE & PLT S slosr A IR &
(P<0.05) , L5 3,

2.4 RIE K pH £ 1E 85 8 7 i & IPF Xf % 4
AUGIB &t % DIC Wy A% fa B B2 43 b DL B4R
AUGIB f& 5 Il ¥ pH # IE 45 & + W B ¥
(1.12 mmol/L) IPF $J{H (8.92%) Jy 5t ¥ % 70 Hy
I/ B7K2 AR G BE 434 S, pH I 45 B8 1
WA K - 5 £k & DIC i XU 2 3 K R

2.286f% (x2/P=10.895/<0.001) ,IPF & /K- & E &
DIC Ay AU S AR KPR 7Y 2.573 4% (x2/P=12.658/<
0.001), 3 4,

2.5 pH KCIESS B FURIE IPF X £ 4F AUGIB M4 1
& DIC WITRIIMNA 23 pH BLIEES 8 F-W B IPF Tl
MZZ4E AUGIB 3% £ % DIC 19 ROC 4k, Ifit8ih
LA FEB(AUC) SR R pH BLIE#5 B F e IPF
K —HBA TS AUGIB & 1% DIC i) AUC 43
14 0.828 .0.845 .0.915, —FBEAFIMAY AUC &5 T-H
£ A BTN ( Z/P=2.985/0.003,3.216/<0.001) , WL
ESRNCRE

F3 ZMHE Logistic A4 AUGIB &% DIC 1Y%
UGIESEN
Tab.3 Multivariate Logistic regression analysis of the influencing

factors of DIC in elderly patients with AUGIB

f& B SEfH Waldfi P1fi OR{i  95%CI
AR R 0.012 0.008 2.25 0.134 1.012 0.996~1.028
IR ] 0.325 0218 2236 0.135 1.384 0.895~2.142
Hh i 5 2 0.001 0.001 1.892 0.169 1.001 0.999~1.003
SOFA T4 0.125 0.086 2.128 0.145 1.133 0.960~1.337
APACHE IB¥5rE  0.554 0.228  6.025 0.014 1.752 1.198~2.568
PT % 0.086 0.052 2.789 0.095 1.090 0.984~1.207
APTT & 0.042 0.028 2.256 0.133 1.043 0.988~1.101
PLT & -1.168 0.345 11.452 <0.001 0.311 0.196~0.621

D-D & 1.025 0.398 6.689 0.010 2.785 1.463~5.298
pH RIS FHIES -1.168  0.345 11.452 <0.001 0.312 0.158~0.612
IPF = 1.245 0.372 11.286 <0.001 3.486 1.675~7.200

®5 pH IR TWKE IPF 4HE4F AUGIB 1% DIC [t
A 1

Tab.5 Comparison of the value of pH correction of calcium ion

concentration, IPF, and their combined prediction in pre-

dicting DIC associated with elderly AUGIB

. . . 2%
b WU AUC SSwCI  HURIE HESE L0
pH&JtE%%
iy 1.08 /L 0.828 0.756~0.885 0.775 0.802 0.577
%?‘Y’/&E mmeo.

IPF 9.15% 0.845 0.778~0.898 0.800 0.826 0.626
ZHEBA 0.915 0.862~0.953 0.850 0.872 0.722

F 4 AFEIKE pH K IEFSE FIRIE (IPF X 4E AUGIB S TR A& DIC MAHXT fE R E 4

Tab.4 The relative risk of DIC in different levels of pH adjusted calcium concentration and IPF was analyzed

1§ FF 4k DIC 4H(n=86) DIC 4 (n=40) AEXT e B 95%CI X2 {H P1i

pH AT A4S B8 vk B 2.286 1.485~3.512 10.895 <0.001
7K (<1.12 mmol/L) 27(31.40) 31(77.50)
/K (=1.12 mmol/L) 59(68.60) 9(22.50)

IPF 2.573 1.658~4.005 12.658 <0.001
KT (=8.92%) 24(27.91) 33(82.50)
K- ( <8.92% ) 62(72.09) 7(17.50)
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Fig.1 ROC curve of pH-corrected calcium concentration combined

with IPF for predicting DIC in elderly AUGIB patients
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A AUGIB fE M R WL 206E , HAg5 & 1% DIC J2&
SHURFRENE GAL R IR TE S O IT R, B
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pH ¢ 1E 865 5 e i 2 IS e ML AR A6 85 - S o A
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P2 5HEMLH 0 300 | /MR B 4 4 R (e
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ZAFE AUGIB JR 3 & A8 ™ 5 i s, R il e 5 R 25 1L
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5 S AR R SR 1A S e HL S o A BT R 3 G o 4l
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TR AR AL ™ 5 & S B PRI EL S
BEIML 2R G I0H A B R R 45 38 505 B8 1 25 2k S5 PR A it
I A5, 1 DIC A& A 2o 2 R 8 1l PR - 1) K S T R
it — A RS B T RN, B UG AEIEER | X 2
pH A% 145 25 7 ¥R B FRAIC R DIC ST FE I PR R 1 %
ML,

TPF 2 52 W ifiL /KR A B % 146 AR BR 285 110 3 AL Uk $
b, He5 DIC Y JCHE = U5 T O e 1 28 48 57 40 3%
AT TPF AR R AR /B o 1/l
(E o EE, BRI /MR & 2 RNA BRIl AR G2 (1, A
BT AL/ N EL A B R 1) B8 4 AN B RE S, Al bk

S5 N L B4R AUGIB B3 & A= 2k i
B, AL BEE I 28 et DR ST, ol /AR R B T A,
S 1A L AW = 3 R =911 N T N 2 11 A Y i
AN L, T8 IPF KT8 X — AR AL LT AE Ge e i
EFRAY S, AR DIC T30 % A i U5 517
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R A B8 TS it DK i i 3 M ML A8 MLV miR-26b
miR-145 .miR-122 &k M H 5/ H I 5 26 R

BERAE T AR R U B, B S

FEWH ., 7V ARFEI ST H (2023)JA140558)
TEF BN 541199 ) VAR, FEAREE R R 208 — bR B2 Be T Ak R
WAEVEE . JESEIK, E-mail : 349039619@ qq.com

[# E] B8 I (LC) 88 Bkl Tk 240 m (EGVB) M3 % i/ RNA-26b( miR-26b) [ fi&
/N RNA-145(miR-145) /N RNA-122( miR-122) ik L H S5 BB MM TR, Ak #IIR 2022 4F 10 H—2024 4% 10 H
FEMREE R R 2255 b} e B2 B Ak RHAYT B9 LC-EGVB &34 173 i EGVB 41, ARUERE T 12 4 H (415 H i 175 5 4
53 R T ZH 58 ) 5 AR TR IME AL 115 6], 55 B BURIYIA YT 19 LC JC EGVB 23 168 24 Con 41, ¢RT-PCR 35
ML miR-26b .miR-145 miR-122 FAIKF-; Z A K Logistic [01IF43 7 LC-EGVB 3 & 2L F- 1 ML A 20 A & ROC i
LR HT LTS miR-26b .miR-145 .miR-122 FiA7K X LC-EGVB £ 5 H 1L 5 T 0 85 BE | 359047 P9 50 86 31E 5 A0 X 5 B BE
SRR miR-26b \miR-145 \miR-122 Fk/KFEX LC-EGVB B EFHHIMATE N, £8R 5 Con HHE ,EGVB 4
1fL7E miR-26b .miR-145 /K EREAK , M3 miR-122 /KT (1/P=14.617/<0.001 .9.481/<0.001 ,11.604/<0.001) ; F-H 1fil
L Tk A B bk il ol o L RS miR-122 /K F AR MF 4L, 17 miR-26b . miR-145 KK T4
P M 2H (x2/t/P=3.031/0.003 ,13.499/<0.001 .6.830/<0.001,7.597/<0.001 ,7.298/<0.001) ; T B (&5 Ik 1 5k 1]
KA I L miR-122 24 LC-EGVB S35 7 LI 2 57 f& B PR [ OR (95% C1) = 2.856 (1.155 ~7.064) ,2.106
(1.067~4.157) 2.163(1.120~4.179) ] ,miR-26b & .miR-145 & A7 A4 R Z [ OR(95%CI) = 0.623(0.457 ~0.849) |
0.372(0.174~0.794) 1 ; 1L miR-26b .miR-145 miR-122 F&IKAKF- Bk & = F A T LC-EGVB A Ltk T
HFAL(AUC) 435125 0.809.,0.794,0.812,0.932, = H I & F 45 B 50k HUN AL BE ( Z/P =3.966/<0.001 ,4.618/<0.001 ,
2.950/0.003) ; IfiL 7§ miR-26b .miR-145 KRB LC-EGVB 3 & A F il A9 KUK 73 5128 miR-26b . miR-145 55K ik
HHY 4.316.5.503 4%, ML3E miR-122 3k B & A P LAY XU A miR-122 {38 B 1) 5.539 £i5 (x2/P=38.652/<
0.001,38.225/<0.001 ,62.225/<0.001 ) ; ¥ FUMA R AT N FR IR AT WoR A 2 5 AR i 2 i 326 i, U
LEE H-L KB 45 5 M x2=9.510,P=0.393, £5if LC-EGVB HH M7 miR-26b ,miR-145 F 1AL, 17 miR-122
FRKF LT, ZH KA RNRT LC-EGVB MB35 F-H 1A 5 w5 A A4 A8 , HLA — 8 R AR S F

[EER] APk B4 B R H K TR B 2L 1l ; 70/ RNA-26b; S8/ RNA-145; 571y RNA-122; - 1l

[FESES] R575.2 [ #EtERIREE] A

Expression of serum miR-26b, miR-145 and miR-122 in patients with liver cirrhosis-esophageal and gastric varices
bleeding and their relationship with rebleeding Tang Xiaohui, Yang Wenjun, Chen Yuanliang, Long Xian’e. Department
of Gastroenterology, Second Affiliated Hospital of Guilin Medical University, Guangxi,Guilin 541199, China
Funding program; Guangxi Natural Science Foundation Project (2023]JA140558)
Corresponding author; Long Xian’e, E-mail;349039619@ qq.com

[ Abstract] Objective To explore the expression of serum microRNA-26b (miR-26b), microRNA-145 (miR-145),
and microRNA-122 (miR-122) in patients with liver cirrhosis (LC)-esophageal and gastric varices bleeding (EGVB) and their
relationship with rebleeding. Methods A total of 173 patients with LC-EGVB who were treated in the Department of Gastro-
enterology of the Second Affiliated Hospital of Guilin Medical University from October 2022 to October 2024 were selected
as the EGVB group. They were divided into a rebleeding group and a non-rebleeding group based on the rebleeding status
during the 12-month follow-up. Another 168 patients with LC without EGVB who received concurrent treatment were desig-
nated as the control group. The qRT-PCR method was used to determine the expression levels of serum miR-26b, miR-145,

and miR-122. Factors influencing rebleeding in patients with LC-EGVB and the diagnostic efficiency were explored and inter-
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nally validated. Moreover, relative risk analysis was conducted to evaluate the effects of different serum miR-26b, miR-145,
and miR-122 levels on rebleeding in patients with LC-EGVB. Results Compared with the control group, serum levels of
miR-26b and miR-145 were significantly lower, while serum miR-122 level was significantly higher in the EGVB group (t=
14.617, 9.481, 11.604, all P<0.001). According to the follow-up results, 58 cases of rebleeding occurred and 115 cases did not.
The proportion of patients with severe esophageal varices, portal vein diameter, and serum miR-122 level in the rebleeding
subgroup were significantly higher than those in the non-rebleeding subgroup, while serum miR-26b and miR-145 levels were
significantly lower (Xz/t=13.499, 3.031, 6.830, 7.597, 7.298; P<0.001, 0.003, <0.001, <0.001, <0.001). Severe esophageal vari-
ces, large portal vein diameter, and high serum miR-122 level were independent risk factors for rebleeding in LC-EGVB pa-
tients, while high miR-26b and high miR-145 levels were independent protective factors [ OR(95% CI)=2.856 (1.155-7.064),
2.106 (1.067-4.157), 0.623 (0.457-0.849), 0.372 (0.174-0.794), 2.163 (1.120-4.179)]. The AUC values for predicting re-
bleeding in LC-EGVB patients using serum miR-26b, miR-145, miR-122, and their combination were 0.809, 0.794, 0.812, and
0.932, respectively. The combined use of these three markers significantly outperformed individual predictions (Z combination-
miR-26b = 3.966, P<0.001; Z combination-miR-145 = 4.618, P<0.001; Z combination-miR-122 = 2.950, P=0.003). Relative
risk analysis showed that patients with low expression of serum miR-26b and miR-145 had a risk of rebleeding approximately
4.3 and 5.5 times higher than those with high expression, respectively. Meanwhile, patients with high expression of serum
miR-122 had a risk of rebleeding approximately 5.5 times higher than those with low expression. Internal validation analysis
of the predictive efficacy showed that the calibration curve closely aligned with the ideal curve, and the Hosmer-Lemeshow
goodness-of-fit test result was x>=9.510, P=0.393. Conclusion Serum miR-26b and miR-145 levels are decreased, while

serum miR-122 level is increased in patients with LC-EGVB. Combined detection of these three markers shows higher diag-

nostic efficiency for rebleeding in LC-EGVB patients and may have certain clinical practicability.

[ Key words)
122; Rebleeding

B8 E SR bl ok Bl 24 Il ( esophagogastric
variceal bleeding, EGVB ) f&— & M A iy 1) SUAE , AT X
SR = AR A AR BRI H AR
AL T I R 12 97 A =K , FF# 4k (liver cirrhosis, LC)
EGVB MiRIr FEH B E &, WA E B N &L 41205
B S S 2 SR R I T TR A3 R 2 | ik b Ty 28 95
il 2o a7 R U, AHR A R IR T R A 2 TR AL
BRI R R T G 6 i ) B> R, #8 5- LC-EGVB
BEIRIT S PR A UK B AR, XA IR RI29T
ALK L XU B el 56 i 3 T s EL A E 8 IR AN AL
miRNA 1R FE R F IR R, © % LC T A #i
JE VAR AR, 168/ RNA-26b (microRNA-26b,
miR-26b ) /& miRNA ZJ% B 51, 76 ki vh i & #2
BRI 8N RNA-145 ( microRNA-145, miR-145) H.
AR, 2 5 AR5 ok B 4 A Al S
Yyt B 70 E K B W 1 0 vk HE SR AR AR
AT 3/ RNA-122 ( microRNA-122, miR-122) ]
R RENE &9 M 1 R 2 R A0 O R ) A B8 AR W A AR
7 HET, M3 miR-26b . miR-145  miR-122 Bt &
W LC-EGVB & 1 I (R RE 5 AN 18 28, A Ikt
AHFSE B4 T I3 miR-26b miR-145 & miR-122 [
TR, BE R BRIV XT LC-EGVB B H BT R
T I TR RE , 4 I DR AT Ak P S I BT ¥ R I |

Liver cirrhosis; Esophageal and gastric varices bleeding; MicroRNA-26b; MicroRNA-145; MicroRNA-

52 e A M i 55 £8 3 1 4 A J B 5 2 AR i,
SIER/(I

1 #EREFHE

1.1 ImIR%ERE BEH 2022 4F 10 H—2024 4F 10 Ak
MREERI R 55 — B B2 e 3 4k N BHA IT 1 LC-EGVB
BE 173 1 EGVB 41, 55 97 i, 4 76 ], A% 45 ~
70(57.98+10.03) % ; (K45 %0 ( BMI) 18 ~25(22.40+
2.51) kg/m*, FEHCFEHAIAYT 9 LC JC EGVB &
168 1411 Con 41,55 89 ], Zc 79 ], 444 45 ~70(57.85+
9.56) %/ ; BMI 18 ~25(22.41+2.38) kg/m”, 2 ZH: 51,
AR BMI AL, 22 R L4 it L (P>0.05) , A H]
Pk o A9 3R A5 B2 e A 38 22 D1 24tk o ( KL-2022-
0102) , /B F/ B 5 @ g W 0T 48 AE R = 45
1.2 JREIERbRAE (1) N ASRUE . DL BRI AS 5
W2k LC; QEGVB 44 B 5K & 12 0 1 K EGVB
(B BN WA B R ER MKt sk 1A 5 Zh PR i sk i
JEIl ) ; B Con 44 H Bk A B4 B K # Ik il 5k
(2) HEBRAR . DI R G55 & @4F LC 5119 H
MM 5 QHAL B Wi P 5 5 @B PE g 2 OFE 5+
B MARBLE R

1.3 W bR 5 0k

1.3.1 IR BORHSCEE I B J % BML, AR I (ALb) |
M8 (PLT) | BRARE AL FL A (INR ) 58 1L il
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BFE (PT) Tk N AR B ER KRR (RN A
LK AWOE M, B2 <3 mm; TR NIRRT
B 3~6 mm; 5N SR RRECRBRORBE R, B
2>6 mm'® ) SR

1.3.2  IfiL3% miR-26b . miR-145 . miR-122 ik /K F 45
W TR 97 F R 42 28 25 I8 i Bk i 5 mil, KR D
3 000 r/min &0 10 min J5 AR BUME , 702 %% 5 T
-80°C I BENFBTE . I FH Trizol 1 ( L iEERE LW R}
FA RNl 585 15596018CN ) 43 55 42 B il 7 A
RNA , Z: B3 a6 ( B r iR Sl AT BRA Al 62
5 HZ264) W 4558 4% 55 B ¢DNA, L eDNA AR
HEAT RO, AR ZR SRR E 20 pl, SEge bR A
Y 3 MEORE AL, Bl E 5 3 IR DR g R mT
FEPE B3 W - Y BUE T R 2 A, TR I
miR-26b .miR-145 miR-122 /K-, Nk U6, 224
BT BAARXS R IRACE WP W2 1,

Fz 1 1L miR-26b .miR-145 .miR-122 ) qRT-PCR 5|47

Tab.l qRT PCR primer sequence for serum miR-26b, miR-145,
miR-122
BE LTI TES I
miR-26b 5’ -CCCAGTTCAAGTAAT- 5’ -TTTGGCACTAGCACA-

TCAGG-3’ TT-3’

miR-145 5’ -GTCCAGTTTTTCCAG- 5’ -TTCTCCGAACGTGTG-
GAATCCCT-3’ TCACGT-3’

miR-122 5’ -CCCGTGATGCTTCTTT- 5’ -ATGTGAGAGGCAGGG-
TCTC-3" TTCAG-3’

U6 57 -ATTGGAACGATACAG- 5’ -GGAACGCTTCACGAA-
AGAAGATT-3’ TTTG-3’

1.3.3 WMt . it LC-EGVB B #F Wit N 8

BT, B BEDT 12 S H (4 1A A iR BEDT 1k, 5
3AMHATIZE A 1 WR), M2 V45 ) (2025 4F 10
) ARV B 4 B Gk A & L E B ISRk
iR A 2L 1 A 3% Bl S il (AR s SR i 9B 0l ) |, )
PERE AR L, A AP 4 (n=58) , R &4
WL R AR PR 4 (n=115)

1.4 Siitefdrk R SPSS 25.0 B ab ¥R . it
ORISR I L (% ) e | 2R IR USSR X2 6
5 AR A IEA TR ORI DL xxs 3RIR 2 W] LA
KA ML AR ¢ K8, £ K Logistic 71 13 43 7
LC-EGVBRFH KA F-HH i A 52 i R &  ROC #h 4k 2 #r
IML3%5 miR-26b .miR-145 .miR-122 FiAKFEXFLC-EGVB
SR I U CRE IR A T PN AR SRR 5 AE X A BE
AN A LTS miR-26b . miR-145 .miR-122 357K F-%f
LC-EGVB # # F-H i A 520 ; ] Bootstrap 75 JT JRAE 1
NFREIE , FF 38 1< 22 3 2R — 3 4 14 ( Hosmer-Lemeshow ,

H-L) kS PP B M LA ROCR . P<0.05 A ERA S
-9

2 & B

2.1 2 AL miR-26b .miR-145 miR-122 F kKK
5 Con 4L, EGVB 4 IfiL 7% miR-26b  miR-145
KRR, IME miR-122 AKFFHE (P<0.01) , Wk 2,

&2 Con 4l EGVB 4L ML miR-26b, miR-145 miR-122
FIBKF L (xs9)
Tab.2  Comparison of serum miR-26b, miR-145, and miR-122
levels in Con group and EGVB group patients

A5 [ELkA miR-26b miR-145 miR-122
Con #H 168 1.03+0.18 1.02+0.15 0.98+0.17
EGVB 4 173 0.72+0.21 0.82+0.23 1.36£0.39
1 14.617 9.481 11.604
Pl <0.001 <0.001 <0.001

2.2 2 W4 IR OB 2l 7 miR-26b |, miR-145
miR-122FR 8K EbAs R M4 ) # bk P A2  E
BB KR K 5 H R 0T miR-122 7K T AR F 0
WA, IfiL 7 miR-26b . miR-145 7KK T A B H I 41
(P<0.05 5§, P<0.01) ;2 .20 HAth s AR ERE H g, 25 57
TG 22 X (P>0.05) , W3 3,

2.3 ZHEK Logistic FIH4MT LC-EGVB 35 & 4 7
HIMLA RN ZE LI LC-EGVB H3% & 2k 1 iy [
(A 217 B R“0”), KL LR gE R P<
0.05M1 H (2 a, JREAUA) A &, #1722 K
% Logistic [F1HAHT, 455 Won . HE BRIk 1]
Bk AR R M miR-122 &5 LC-EGVB M H il
B 57 fE B R 2, miR-26b 15y miR-145 & 8 #5723
K2 (P<0.05) , W 4,

F 4 ZHZE Logistic BT LC-EGVB % & 4= F 1 L 1Y 5%
LISES
Tab.4 Multivariate Logistic regression analysis of influencing fac-
tors for recurrent bleeding in LC-EGVB patients
EES Bfi SEfH Wald{f P OR{H  95%CI

WA 1.049 0462 5.160 0.023 2.856 1.155~7.064
WEINAEEDN 0.745 0.347 4.607 0.032 2.106 1.067~4.157

miR-26b & -0.473 0.158 8.970 0.003 0.623 0.457~0.849
miR-145 & -0.989 0.387 6.529 0.011 0.372 0.174~0.794
miR-122 & 0.771 0.336 5.272 0.022 2.163 1.120~4.179

2.4 Ifil7 miR-26b .miR-145 miR-122 ik 7K F-%F LC-
EGVB B3 - I ) TN AL AR 22 1 1LV miR-26b
miR-145 miR-122 FKik7KF- il LC-EGVB & & #i i
Iy ROC gk, It & T AL (AUC) , 455 Bk .
IM7% miR-26b .miR-145 miR-122 Fik K Boph 2 =%
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F3ORFHMAL T TR G R PR IME miR-26b . miR-145 \miR-122 Fik /K- ik
Tab.3  Comparison of clinical data and serum levels of miR-26b, miR-145, and miR-122 in non bleeding subgroup and bleeding
subgroup patients
moH KMV A (n=115) T AL 2H (n=58) X2/t 8 P1a
PEM (%) ] i 62(53.91) 35(60.34) 0.648 0.421
b8 53(46.09) 23(39.66)
SRS (xxs, %) 58.06+9.48 57.82+9.54 0.157 0.876
FEAlE [ (%) ] R I 35(30.43) 18(31.03) 0.007 0.936
AT 26(22.61) 14(24.14) 0.051 0.822
TR 12(10.43) 7(12.07) 0.105 0.746
BIRELB (%) ] JE K 32(27.83) 17(29.31) 0.042 0.838
JHPE B 10(8.70) 6(10.34) 0.125 0.724
EW-eilfedid 6(5.22) 4(6.90) 0.010 0.919
W AR [ (%) ] 40(34.78) 21(36.21) 0.034 0.853
PRI (%) ] 42(36.52) 23(39.66) 0.161 0.688
FHERAL L[ B(%) ] JHFRE Ak 6(5.22) 5(8.62) 0.287 0.592
EGVB %Kik H 3(2.61) 1(1.72) 0.029 0.865
R G 4(3.48) 3(5.17) 0.016 0.900
BMI( s ,kg/m?) 22.35+2.38 22.49+2.43 0.363 0.717
Child-Pugh 434%[ %1 ( %) ] B % 64(55.65) 25(43.10) 2.431 0.119
C% 51(44.35) 33(56.90)
I IE K4S (x5, cm) 1.35+0.14 1.42+0.15 3.031 0.003
BT B(%)]  EE 5(4.35) 13(22.41) 13.499 <0.001
B R 110(95.65) 45(77.59)
W[ (%) ] 12 1 2RI R 58(50.43) 27(46.55) 4.850 0.183
18 P TN T 23(20.00) 8(13.79)
TR 1 BB 1 22(19.13) 10(17.24)
RGP 12(10.43) 13(22.41)
MR AG AT (xs) Alb(g/L) 31.89+4.92 30.47+4.75 1.813 0.072
PLT(x10°/L) 113.46+27.84 118.25+26.41 1.087 0.279
PT(s) 15.4923.20 15.43£3.12 0.117 0.907
INR 1.36+0.33 1.38+0.28 0.395 0.693
miR-26b 0.76+0.13 0.63+0.09 6.830 <0.001
miR-145 0.87+0.14 0.71£0.11 7.597 <0.001
miR-122 1.28+0.19 1.52+0.23 7.298 <0.001
A LC-EGVB (& f-HH LY AUC 4351124 0.809 i 6
0.794,0.812,0.932, = #Ik 4 {f T4 F1 2400 B f
(Z/P=3.966/<0.001 ,4.618/<0.001.,2.950/0.003) , i, esi
EENCED o ol
£S5 ME miR-26b miR-145 miR-122 F &KX LC-EGVB ® 0.4F o
AL L B o
Tab.5 Comparison of predictive efficacy of serum miR-26b, miR- 0.2 miR-122
145, and miR-122 levels for rebleeding in LC-EGVB pa- — e
tients ’ 00z 04 06 08 10
3 ., = =
oG RN AUC 9ol HUBIE HRRIE Lp e
Rk 070 0.809 07490864 0776 0722 0498 B 1 Ifif miR-26b miR-145 miR-122 Fik/KF-Hiil LC-EGVB
miR-145 0.83 0794 0.726~0.852 0.862 0.635 0.497 SEA LA ROC il 2k
miR-122 1.37 0812 0.746~0.868 0.741 0.861 0.602 Fig.1 ROC curve of the efficacy of serum miR-26b, miR-145,
= HEBE 0.932 0.883~0.964 0.966 0.835 0.800 and miR-122 levels in predicting rebleeding in LC-

EGVB patients
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2.5 AHXfE S BE 43 B N [R] IV miR-26b |, miR-145
miR-122 FIA/K 4 LC-EGVB H 2 1 H 1l i 52 1
HE ML miR-26b . miR-145 .miR-122 F k7KL ROC
2B B {8 A AR o3 Ry e AR AR 25 R R IS
miR-26b .miR-145 it ik 1 LC-EGVB & & & £ 1 H
ML X 43 51 8 miR-26b . miR-145 15 2635 B & 1Y
4.316.5.503 1%, Il 7% miR-122 &L B FH & H
[ IRURS: Sk miR-122 KR8 B E 1Y 5.539 £ (P<0.01) ,
ke,

R 6 AANIEILEE /T A LTS miR-26b miR-145 miR-122 &
IRIKFXS LC-EGVB (35 FE 4 i A 211
Tab.6 The expression levels of serum miR-26b, miR-145, and
miR-122 in LC-EGVB patients relative risk analysis of re-
bleeding

B AR
(n=58) JEISQTE 95%CI X2 {E
miR-26b 4316 2.516~7.401 38.652 <0.001
EFIK(n=96) 13(22.41)
Rk (n=77) 45(77.59)
miR-145

F#k(n=81) 8(13.79)
ik (n=92) 50(86.21)
miR-122

MK (n=59) 43(74.14)
flkFik (n=114) 15(25.86)

EiF R 7 P1E

5.503 2.777~10.905 38.225 <0.001

5.539 3.371~9.101 62.225 <0.001

2.6 IfiL{E miR-26b .miR-145 miR-122 FiA/KF*F LC-
EGVB & & A= 1 I 50 20 e i N P 5 &8
Bootstrap HL & filiFF 100 Y I Ji& N &R 5 k53 A1 /s, 4L
e S EAh & W 225 B, B ILEE H-L £
g RN BhE =8, x2=9.510,P=0.393, WK 2,

1. QI RO T T T T T T T T 1%
0. 8f
3 0.61
=
&
0. 4f
AR i 2
0.2t — Rtk
o FRATZR

(I) 0‘. 2 0.‘4 0.I6 Oj 8 1. ‘0
TR
2 17 miR-26b, miR-145, miR-122 3 35 7K 5 Bk 4 i i)
LC-EGVBE P H M XU AR 7 4 A e i £
Fig.2 Calibration curve of the model for predicting the risk of re-

bleeding in LC-EGVB patients using a combination of
serum miR-26b, miR-145, and miR-122

3 3 i

EGVB J&: - £k ] e Jik e F 19 7™ 5 9 e, BT
R o T v ol I i e e 2 T B, 5 RO R
RFFICH L FH Y WBIRYT & LC-EGVB &
B HE WIRTT Tk, BENE A icds i vk I, (HAR S AT
AIRER AT I B PR SR R AE , b R 2 T
il B TG BRI RCR s e br Y HIL, RS
LC-EGVB FR35 P 1 XU 25 B AH O 14 1L T 22 pm 5
X FARACA AR 16 S w B AR P 1l & A R B
BRI R M (B, A 5% B 45 1L 7 miR-26b  miR-145
miR-122 [ & ik BRAE, &5 R B R = & R IR K FE 4
LC-EGVBE# & A4 1 3% 2 7% (miR-26b , miR-145 [
I, miR-122 Fhmy) , HLA5 P i RURS 2 DD A O, B A
U T 255 R T A

miR-26b J& miRNA ZZJ% 1Y F 2L 5%, 1 3 1o 1 1)
PRI e G Rk T2 2 5 A o1k
JAT T2 B i A R A S5 A B BT R U AR I
PRI (AN LC R ) O LA 95 9 B e e A e vh
PESCHE VR . ABF5H  LC-EGVB B3 IfiL i
miR-26b /K- R, BL7E R B i — 2 F
W S A A S AR R 2R %S SRS Chen 251
TEFREAR Ik 2 F R RS AR 2% 3 ) miR-26b
K80, AL Hr £ B, miR-26b {I% 2 1k ] i 1
o DU i@ AR AR #E AR 0. — J7 T, miR-26b T ¥4 AT figt B
HXF RhoA/ROCK-1 15 53 1% ) 30 il o el JiF 22 4R 4
JRL TG P T SR TR, W i B AP i A AN T bk o O
J3—J7 1, miR-26b ZK-F-BEAK AT fE bR B 4 Jm A
it 9 F2ik IR I A5 RESS F S B | (i 2 28 i 55 il ol 17
e RORE T S W 4O AR A A XU AR 4 B
miR-26b Ik 1k £ & 1 1 XU 2 75 6 ik H 1Y 4.316
¥, F AUC 1% 0.809, 55 5K #2457 2 1 1) miR-26b
PEAS B B 1L 1] & Bk = R BUR A R B9 RLBE (AUC =
0.838) AHIIT , (A 5% ¢ YR HL R FH ¥ Rl L 4 58] 1 1y
3% — B A 28 A o, R PR XURS: S, o LIl PR AT
ERrEM:,

miR-145 JE 845 5 R 25 5 40 2141 4 Ak 14 a4
T, S5 M8 WA 30 S i A8 YR 7 4 vT
e 51Tk A SE B A MY AR5 s,
LC-EGVB (#1175 miR-145 7KV i 2 A%, b i 3
TR R B, X — & 5 A 4 4L gl ) A R
miR-145 1% % 35 9 4 8 — 2, B AR BF 58 1 K1
LC-EGVBEE BE R rh U 52 7 H 5 1 i iy e e, I
PP AT A TR ZE AL R - miR-145 IR 1k T T 80H
Xt TGF-B/Smad 15518 [ &0 il 11 F o 55 , 42 20k 4% 1k
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PR~ TR0, 150 L VA B2 00 6, 0 O A e s e 1™
[, miR-145 7K IC T AT RE 52 M 155 1 e L4 A 1
IEH ML RA SO A A 58 R, iR i 5k ik
R ERIE D 31820 ABFSY 45 R B R, miR-145 R
TR RECE T i XU 2 R R AR 1Y 5,503 Ay, Y i T
miR-145 KA T 0.83 Hif, 535 F- il XU 8 2244 o
RIS MR R AR A Y miR-145 38 i 1) Smad3
G L7 A 08 3 —F B BIE 58 A B ERIE , {H AR 55 MK
Ife A IS5 2 ) AL 1 90U ) Ty LA [ 1, B L 52
HHE.

miR-122 2 A i ik i & 1Y miRNA,, = 5 4
FLAETE KETE AR | 98 P B B B0 55 A BRI
PRI FR  IFAE CARYF SR BRIl AR I S5 A ] 95
W KR kR R R AR P AR AR KR,
LC-EGVBH ML miR-122 /K 5 25 Th v, F i
HHOE R s fE N E, xRS
Gumilas 25" 338 09 FRE AL £ 1075 miR-122 /K F &
FE TEREEE L — 5, 5 Chen 25 15 Wi
I FPOUR R 31 1) miR-122 T g 412 a2F 5 1 Jié 1 445 SR A
£ 5 FRBFSE EE AT miR-122 7670 0 ak ik
RN AT REH S EGVB J5 1 1M 1y 3¢
B, b T I SO XU L AT RE LG . 1
e e S i A G 2 S S0 40 e e o, 7 93
P FEE i D REZAL , PR A PY ) miR-122 K #
SO L, i FL AR A A3 005 O BB o A Al
UEAN, T ) miR-122 A B3 A 1 ) 400 1] 470 00 12 5 R
(40 Bel-2) SIS LT A0S 2t B E % , 1 — 25 TR
UIREEAL 51 Ik &, AN EGVB & A= K A il A
B2 AR G miR-122 T P Y i 0 e S
Ik 0.861, 8 35 1 I JRURS: J2: % 2 15 & Y 5.539
i R HAE A i S T e AR A N

SRM, Fi— miRNA $8 5 52 2 Fiojs 38128 31 PR 255
i), TN AL A — R BR . ABFR E— 2 Bk & ROC
MR 45 1 WS, 1% miR-26b , miR-145 , miR-122
G LC-EGVB B3 B th i) AUC 24 0.932, 1 2
AR — 2T bR, HAHE i 2 5 BAR I LG R 47
(H-L K56 P=0.393) , 1245 SR, BEA R 4351 )i
IR SFETFEAL ] K s e 72 (miR-26b) (I RS 5
I (miR-145) S48 L4545 ( miR-122) 3X 3 AN A%
PRI FhR ), RERS T 1 b P4l LC-EGVB
P A2 KU, A i PR a s AR Wl 5

7 U TS
4 # it

ARWFIEUESE, LC-EGVB £ & IL7 miR-26b  miR-

145 KV BEEAR, miR-122 KB ETmE, = &85
SRR 12 A SRR I KU B DA G, 2
FOPHT I R A A A T T N AR R
miR-122 &% 2 3K 2 4 H I 59 2 S7 fE I & T miR-
26b miR-145 & &k MR R, ROC 25 &
B, =3 565 R D TP 1 LAY AUC B35 00 T 4% B0
TobR, ELRCHER 2R 4005 RAF | HAT 0 B TN R RE A i
P M. % L BF A, UL miR-26b, miR-145 .
miR- 122065 K 7] 2 LC-EGVB 7 7 Hi 1 KUK Y
WO SRR IR BB AY I 2 TR, (AR
HEPOBOT A EA R, SRERITRZ L ORR
BT — A B AESS B R T SR
FER ST T VR A WO £ ok
& k=

B wedf ROy 28, SEMT AT AR 18 SR A SR
SHEMFTE R, GORHE AR 1R SCIB  T R IR 18
SRS HEATGEIEAA AR BT 5 A S B F S LB A A il 5L
i B SCH L
&2k
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(# ZE] BH FETHEHUR 72-4(CAT72-4) WGE I (AFP) LG JRIR (SUA ) 7K, b 05 R 32 40 1 18 R
(CAG) G IF U THRFT 1 (HP ) JEk e £ 35 97 IXURS: TR B I B iE L oM Ak . ik mIlSMEgA 2022 45 1 A—
2025 4% 1 A EYiT A REFHEARHOE Y CAG &9 HP By B 122 R 4R 2 & & A28 4y ARl 61 il 5k
ARl 61 ], SRAZHEE Logistic MIA5HT CAG £ HP B8 # & Az 948 1 52 R R AR 5% ey 5] 2244 22 9] 4k 1R
PR RS2 AR TAESFAE (ROC) IhZR ATz BIXT CAG A IF HP JEge B 35 & AR 9 78 A9 W S A , I (5 P e o il 2%
FASHE MR X 5 2 RITRA AL AT IO UE . &6 R IR AR T4 538 0 8 HP 4380 T B LA &% CAT72-4 ,CA19-9,
AFP SUA BEAME T (PGT) JEMHUFE (CEA) \RIA&RR AT (AST) K& TARm 24, PG T AL TR
A4 (x2/P=4.946/0.026 .4.127/0.042 ,1/P=5.032/<0.001 .4.112/<0.001 ,5.592/<0.001 ,4.017/<0.001 ,2.070/0.041 .
3.078/0.003.2.412/0.018.3.479/<0.001) ; Z[F & Logistic M5 #T 7%, CA72-4 .CA19-9 AFP SUA CEA 4 CAG &
I HP YL i R AR A8 ST fG 8 I [ OR(95%C1) = 1.606(1.182~2.183) .1.088(1.028 ~1.152) . 1.171(1.070~
1.283) ,1.018(1.006~1.031) . 1.524( 1.043~2.225) ] ,PG I @ AL P P2 [ OR(95%CT) = 0.946(0.906~0.988) ] ;
ROC Mk 7~ CA72-4 ,CA19-9 AFP SUA PG I \CEA FI4 EIHIARLE) AUC 43028 0.724,0.692,0.780,0.682,0.678
0.665.,0.926 A E T2 /R T i 48 5 BB LA T G R I 2R /RPN L EIBRIAE 0~0.92 A € T ¥ REHE AL IE
Rl ss , S8 BT CA72-4 AFP SUA 48Rt SN LK BERIXT CAG G 7 HP Bt i 5 R A i A8 B 35 Y
TRIMANME, 7T A PRS2 e Hh L 0T TR0 95 2% = AUBS: i CAG A3 HP JER FRE e AL T TR B AR IR 2 Ak
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To construct a predictive nomogram model for cancer risk in patients with HP infection in chronic atrophic gastritis
based on CA72-4, AFP and SUA levels and its efficacy analysis Liu Ming, Han Xu, Zhang Shengkai, Su Weixian,
Chen Na, He Tao.” Department of Gastroenterology, Langfang People’s Hospital, Hebei,Langfang 065000, China
Funding program: Medical Science Research Project of Hebei Province (20221596)
Corresponding author: He Tao, E-mail. 18600580093@ 163.com

[ Abstract] Objective To construct a cancer risk prediction model for patients with chronic atrophic gastritis (CAG)
complicated with Helicobacter pylori (HP) infection based on the levels of carbohydrate antigen 72-4 (CA72-4), alpha-fetopro-
tein (AFP), and serum uric acid (SUA), and to verify its predictive efficacy. Methods A total of 122 patients with CAG
combined with HP infection from January 2022 to January 2025 were prospectively enrolled, including 61 cases in the cancer-
ation group (CAG combined with gastric cancer) and 61 cases in the non-canceration group. All patients underwent testing for
serum indicators including CA72-4, AFP, and SUA. Clinical data of the two groups were analyzed. Multivariate logistic regres-
sion analysis was used to identify factors influencing canceration in patients with CAG combined with HP infection. A nomo-
gram model for predicting canceration was constructed based on the influencing factors. Receiver operating characteristic
(ROC) curve analysis was used to evaluate the predictive efficacy of the model. The nomogram prediction model was validated
using decision curve analysis and calibration curves. Results Compared with the non-canceration group, the canceration
group had a higher proportion of Kimura-Takeshimoto type O (X’ =4.946) and HP type I (X°=4.127), as well as higher lev-
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els of CA72-4 (t=5.032), carbohydrate antigen 19-9 (CA19-9) (t=4.112), AFP (t=5.592), SUA (t=4.017), pepsinogen [ (PG
1) (¢=3.479), pepsinogen II (PG II) (#=2.070), carcinoembryonic antigen (CEA) (#=3.078), and aspartate aminotransferase
(AST) (t=2.412), with statistically significant differences (all P<0.05). Multivariate logistic regression analysis showed that
CA72-4 (OR=1.606, 95% CI:1.182-2.183), CA19-9 (OR=1.088, 95% CI. 1.028-1.152), AFP (OR=1.171, 95% CI:1.070-
1.283), SUA (OR=1.018, 95% CI: 1.006-1.031), and CEA (OR=1.524, 95% CI:1.043-2.225) were independent risk factors
for canceration in patients with CAG combined with HP infection (all P<0.05), while a high level of PG I (OR=0.946, 95%
CI: 0.906-0.988) was an independent protective factor (P<0.05). ROC curve analysis showed that the nomogram model had
an AUC of 0.926 (95% CT: 0.881-0.972) for predicting canceration. Calibration curve analysis showed that the predicted curve
was highly consistent with the ideal line. Decision curve analysis demonstrated that the nomogram model provided a positive
net benefit within a threshold range of 0-0.92. Conclusion The nomogram model constructed based on serum indicators in-
cluding CA72-4, AFP, and SUA has high predictive value for canceration in patients with CAG combined with HP infection,
and can provide a scientific basis for early identification of high-risk CAG patients with HP infection and for formulating indi-
vidualized intervention strategies in clinical practice.

[ Key words] Chronic atrophic gastritis; Helicobacter pylori infection; Gastric cancer; Carbohydrate antigen 72-4; Al-
pha-fetoprotein; Serum uric acid; Nomogram model

M2 ZE 404 B R (chronic atrophic gastritis, CAG) W,

T—Fh UL E 2 0 [ G BRI 25 48 MR E ) TE AL R G R 1 #EREAE
WL BN B O B B T AR T AR L1 IRERYORE RTBEYEAN A 2022 4F 1 H—2025 4E 1

- 783 -

(helicobacter pylori, HP ) i i 1755 B I & M J bz | 4R
TR i K 3 R 28 75 A ML i e b e A8 R RV N
Bk A 45 5 BUE A 2 AT 2 W CAG 72 F 2 T
B HIAFAEAR AN A 7 B i 2 4RO 22 55 J) BR
Pk, RFT R —Fh T AR AR A PR 2 4 i XU T T
8= NN 1R = 22 7k 7/l G B2 B LR N B N R 0 2 v
eI L0 i A v B Tz N IR S, WP 72-4
( carbohydrate antigen 72-4, CA72-4) J&—Fl 5 7>+ &
B PR, CPEESKF- TR 5 B | 0 S 55 2
AR AR SR BB 1 (alpha fetoprotein, AFP)
VE R 2 S ) gg A i ), 2 T I R e I A
R ARBI ST J LA E B 988 B0 3 TP R A7 A S ekt
il 75 JR R ( serum uric acid, SUA) J& LI AR 5] i) 2% 7=
Yy, e PRI 7KV AT R A VBTG 28 P S 3 % At 2 o 4
A RAENLER S 5 g kA A CAT2-4 AFP
SUA 7E B9 th B S/ FH & A ol (B BG5S i TR
CAG &7 HP JR £ 5 i A2 IXURS: F500 v (%) 90 v oK B
By, HNA IR —Fh T 2248 £ 1] 5 23 A i) mT AL
PO T T3 RS 22 KU PR R S A AR AR
O, 2L vz R T R RS A e XU S = 4
G, SR, B CAG A8 RS PR B 22 2 F A\ 1
FRAEBCER — ML 2 FE b, B 2 % 25 S W65
IR E . RFTIARTIEEA A CAG &I HP B i
KM CA72-4  AFP  SUA 7K F-, 454 i PR 95 B
FEAE A8 I 0TI — ol A8 7 XU T 00 471 £ PRI A A
IR CAG 855 I ARG I YT SR AL RL 2 AR 4 18

ARG N R B B i AL BRI CAG & 3F HP By
R 122 1 AR TS A g AR o R AR 2 61 iS5 R
FEAR 61 B, 2 ALIGIRFORLAS, 2 F G #E L
(P>0.05) , A Hetk:, W3k 1, AR L EBR 2
I (2020-018) |, A 5/ MG &R AN R T4 5
HER E A

F1 EETHSESH CAG & IF HP BYL 0k IR % B
L
Tab.1 Comparison of clinical data between non-cancerous group
and cancerous group

W H 1('?’?‘?32{1% fiﬁﬂ) X/tfE P
BIHI(%)] 28(45.90) 35(57.38) 1.608 0.205
WS (x5, %) 59.99+9.00 62.13+£7.18  1.450 0.150
BMI(z+s,kg/m?) 23.22+2.60 23.47+2.84  0.481 0.630
WA S [ ) (%) ] 24(39.34) 29(47.54)  0.834 0.361
RIS (%) ] 38(62.30) 44(72.13) 1.339  0.247
BEIRIE [ (%) ] 10(16.39) 13(21.31)  0.482 0.487
L (%) ] 13(21.31) 16(26.23) 0.407 0.523
BREFGEL[H(%) ] 3(4.92) 7(11.48) 1.743  0.187

1.2 A HEBRFRUE (1) G AARIE . D2 B B2 L R
2N CAG, HA I HP B (P C-IRFE AR K sk
FiBIE R BHYE) Q4R =18 % ;@R 42T HP Mk
BIT B UIBRAR ST ; @B F IR R e 8, (2)
BRArR i DA I HAl A b ; @)™ 5T 15 Th e e
@I 3 A~ H P FH 5% ) R R A3 9 245 ) 5 (O 4T iR 5%
W FLIA 2ot RS MBSO RS
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1.3 WSS bR 51k

1.3.1 I PRBORHICER < 3840905 Ty 32 Gl B8 F8 35 lim DR %
B ALFE T AEWS g sl 45 5 38 5 S0 = A A i
F I8 IR T 5 ( carcinoembryonic antigen, CEA) | H &
R 1 (pepsinogen 1 ,PG 1) PG Il BEZEHT)R 19-9
( carbohydrate antigen 19-9, CA19-9) | N & iR & It 7% #%
fiff ( alanine aminotransferase, ALT) . K[ J& R MR A T4
F4lif (aspartate aminotransferase , AST ) 2 [l 1 24 F6 xR
1.3.2 Il CA72-4 AFP SUA 7K ARG R4 H 3 2
BEEHIKIM 5 ml, £5 3 000 r/min 5.0 10 min J5 4355 I
T, (S E P 2 WA B Cobas 601 4= H sl Hi b
22 R ICHIEST ALK CAT2-4 AFP 7KK R H £
U153 8 22 /R 52 B) AUS800 4 H sl A4k 23 B A%, 1
PRI i — 1k S A B B I A SUA ZKF-

1.3.3 KK A0 BUH HP 43 KA 5E bR i . 2 BEOK
T = Ao RO bR o) S i 2 T B 25 4 3 1Rl B A7 D
i, 538 C B (G, 2246 /IR T B 5234) #1 0 B (JF
JHORY  ZE 4 Y SR R R B A ) 5 R e B L A
W) HP SR AR CHUAR AR DTSR RS 1 Y (B
A AN LAY (AERE 1Y)

1.4 Hiitsgdrik R SPSS 22.0 GE 4147 kL
P o THECTOR LASE B B L (%) Feow , 4l a] Ee AR
F x> K A7 A IES A T OB, w2 R 2 41
(] Fe AR TP STAEAS ¢ K s R FHZ I R Logistic 114
S3HT CAG 591 HP JRGL f8 3 2 AR 96 78 1 52 e R 3, A
it 52 e D] 2R A A A 2 (R RS A 5 R FH 323 T AR R AR
(ROC) MLzt AIXT CAG 471 HP Ry &k
7 A TR , I FH DSR2 A o il Box) 91 2k 5]
FOMAFRIFATIAE . P<0.05 M2 RA G5 X,

2 &% B

2.1 2HSRINTIERRAR L AR AR - A
37 O AL HP 4y A T B EE A DL . CA72-4, CA19-9,
AFP SUA PGII .CEA AST /K FARMEAE 4, PG 1
TR AS4H (P<0.01 8¢ P<0.05) , L3 2,

2.2 ZHE Logistic [HIAHT CAG &I HP By B ¥
RSN R LA CAG &9 HP JR YL B 2
T & AR A AR B (1 =94 0 =4 ) , DL B3k
iR P<0.05 Wi H K {722 & [ KRR - 4538 (1=C
A 2=0 ) HP /&l (1=1#,2=T1T8) Pl &
CA72-4 CA19-9 AFP SUA . PG 1 PG Il ,CEA AST
(EZ i, JFEEA) ], T Z R Logistic [B11H4)
Mr, 4% 5 578 . CA72-4 . CA19-9  AFP SUA . CEA &N
CAG & IF HP YL B E B A a1 fa b &,
PG 1 &AM /AP R & (P<0.05) , W3 3,

®2 APEARASEAY CAG HIF HP JEYL R 38 S0
EEi:L TN

Tab.2  Comparison of classification and laboratory indicators be-

tween non-cancerous group and cancerous group

m H jfﬁf‘f)ﬁ fiﬁﬂ) X:/tfd P14
AKE ARG C Y 43(70.49) 31(50.82) 4.946  0.026
[#1(%) ] 0% 18(29.51) 30(49.18)

HP 434 [#  31(50.82) 42(68.85) 4.127  0.042
[B1(%)] A 30(49.18) 19(31.15)

CA72-4(z+s,U/ml) 8.26+1.26 10.60+3.41  5.032 <0.001
CA19-9(x+s,U/ml)  40.58+9.34 50.17+15.63  4.112  <0.001
AFP (x5, ng/L) 23.20+5.09 30.89£9.44  5.592  <0.001
SUA(x#s,wmol/L)  329.80+29.72  369.16+70.51  4.017 <0.001
PG I (x=s,pg/L) 64.85+18.43  55.44x10.29 3.479 <0.001
PG I (x=s,png/L) 21.75+4.27 23.74x6.15  2.070  0.041
CEA (%#s,pg/L) 6.80+1.11 7.71£2.00  3.078  0.003
ALT(x+s,U/L) 23.62+4.69 24.48+5.77  0.907  0.366
AST(z+s,U/L) 19.19+3.75 21.14£5.09 2412  0.018

Rz 3 ZIHE Logistic FIH4MT CAG &I HP J&yL 38 kA

EOEAISES
Tab. 3 Multivariate Logistic analysis of factors affecting

canceration in CAG patients with HP infection

i H BIE SE{H Waldf P{E OR{HE  95%CI
Z';;j RGeS -0.756 0.666 1.286 0.257 0.470 0.127~1.734
HP 4378 11 %Y -0.084 0.627 0.018 0.893 0.919 0.269~3.141
CA72-4 /% 0.474 0.157 9.154 0.002 1.606 1.182~2.183
CA19-9 & 0.085 0.029 8.539 0.003 1.088 1.028~1.152
AFP & 0.158 0.046 11.657 <0.001 1.171 1.070~1.283
SUA 0.018 0.006 7.927 0.005 1.018 1.006~1.031
PG T4 -0.055 0.022 6.233 0.013 0.946 0.906~0.988
PG T 0.116 0.060 3.753  0.053 1.123 0.999~1.263
CEA & 0.421 0.193 4.748 0.029 1.524 1.043~2.225
AST i 0.319 0.204 2.457 0.117 1.376 0.923~2.051

2.3 CAG &I HP B Yy i35 R A g A8 1Y) 5 26 RIS A
WG R 3 2R H LI %2 L HE &R
(CA72-4 .CA19-9 AFP SUA PG [ .CEA) ¥ % CAG
A IF HP B B R AR AR I 5 2 IR LA 1,
2.4 PR KIS CAG A1 HP J&RYL &
BRI TG 22552 PR 2 51 2R A
RITUN CAG & Jf HP By /835 & A= 9@ A2 1) ROC i
2 IR & T m A (AUC) , 45 R B8 CAT2-4,
CA19-9 AFP SUA PG 1 CEA FIZKIMAIK) AUC 43
124 0.724 .0.692 .0.780.0.682 .0.678 .0.665 ,0.926,
DL gE R RIS R R X CAG & 9F HP YL B
RS —E TN (B, 51 2 PRI R R 5 A 55 v 114 T
M, W 4 B 2, s Zesrtr o fionth 2 5
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AR A F G 2091 4 PRI RS AY T e g A4y, L 1A
3, RN Pr e B BRI AR 0~0.92 [
HIE B R AL IE % vl 5 , HHI R S AR T
“ AU RN R IR R St S, LA 4
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Fig.1 Nomogram model for carcinogenesis in CAG patients with

HP infection

x4 PP R LI L BRI CAG A1 HP JBY B H &4
JEAZ I TR A (B

Tab.4  Predictive value of influencing factors and nomogram
model for canceration in CAG patients with HP infection

- e 2%

& cu-off i AUC — 95%CI  HUBYE Hr5pE o

H

CA72-4 9.95 U/ml  0.724 0.629~0.818 0.625 0.834 0.459
CA19-9 4585 U/ml  0.692 0.597~0.787 0.743 0.602 0.345
AFP 28.42 pg/L 0.780 0.697~0.864 0.656 0.869 0.525
SUA 353.38 wmol/L 0.682 0.581~0.782 0.607 0.803 0.410
PG 1 56.62 ng/L  0.678 0.579~0.776 0.630 0.780 0.410
CEA 7.32 ng/L 0.665 0.566~0.764 0.608 0.736 0.344
Bk KB 0.926 0.881~0.972 0.918 0.820 0.738
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Fig.2 Predictive efficacy of various indicators and the Nomogram

model for canceration in CAG patients with HP infection
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Fig.3 Calibration curve of the Nomogram model
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Fig.4 Decision curve of Nomogram model
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ARHEFE R CAT2-4 KFTFHiE A i CAG A IF
HP B B H R AR a2 . CAT2-4 & —Fhs
Oy TR CIRENE R 1, 2 e A0 s S g
B b R 40 A3 b, R O S A AL & 2 N-BE AL 7
AT T R T M S A PR A0 R ol A A
16 B L A P, CAT2-4 BT B 363 3 5540 kBl [ 4
W7 ORI e A ML B, R AP S0 R A CAT72-
4 T RB LA R AR XA B 1 98 40 Bk MKN-45
f S WIHER | CAT72-4 IV A BEUEA MR AR 3R
A5 o A At 2 T (R S QRN 32 AR 25 4, 5 3 E I 4
J 1) M2 T e A G g i B AT CAT2-4 B
BRI 5~7 d, K T HALZVER A E A, X R
R Al FLRB AL S i e 11 ey 1 Bl A8 AR Ak, HA ISR
T B R E RS CAT2-4 JKF 2 IE A 26, it
— Y HE CAT2-4 FE B LR LR R AHE
TR CA19-9 7KF-FH i R CAG &3 HP JRYL &
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PUI, HAZ 0 4548 P W Y R AL Lewis 1L YT J e 7
AL, TRl S A i ASE 2 5 o e g v 2
YAV CA19-9 AR b 4 i 3% T RE 2R 1, H NGB
i A i e VAL T 6 T 98 i 8 200 G F 1T 35 PN B 440 e
ZRIRHRE 7, AT 53R 4 8 S H -9 TEIE &Y,
T A R 0 M 7 I A A I S I, R O T 9 40 R A
B

AT RN, AFP KT8 52 CAG & Jf HP
YR E R R G N R, B AFP %
RS 3l 1 X 38k 25 364k 5 3005 S35 300, TR B W/
B-cateninfF 5 % 58 1AL 0T 55 T 20 i P -/ bk 2L 34
SRR TR SR F 454, B BV AFP JEH £
AW 5T 2R B, 1 e AR S v R R A AR Y I v
CEA (AFP ,CA19-9 /K- = T 1 ¥ 9 A8 M A AR 1
B AFP 5 B4 iR AR S Y CEA | CA19-9
FEAEDMRIVE T, =39 B RS b 2 0 I 4% 38 1 380 o i
PSR 3-35c it/ 25 1l B/ W FLah W R ina R E A
{55 6, (2 0 7S 96 0 M B9 - B — TR R AT AR
WF5E o, SUA ZKFETHE 32 CAG &9 HP By /i
H RSS2 SUA 1B I MEHT EAL 5]
A= HR BE R AT VE BR AR AR 3, (R A BIVR BE 1Y) SUA ]
AT T A Jer R T e S A R R ST T
55 B B e A A o B AR, 3 DNA Ak
B0, SUA 115 Toll BEZAA 4 254, ¥ i H T
kB {553 i, (2 Uk 20 IR A0 2 0 A -6, R IR
FEH F-o0 SRR 9 R, T B SR AR N7 38 — 2 M R — i
AR AR IR

ARG, CEA FKF- T 52 CAG 45 Jf HP
YL B KA B RS N 2, 590 R BF g A —
B, CEA HA NEMBGPURRR: , £E7E T IR JZ 41 it
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[# E] BE FiTiMiE {55 2% 6B(SEMAGB) (F26 AL SR T 2(ETS2) 5 Z T4 9% 7 (HBV ) A 18
T2 08 (ACLF) 5 RV N X TG A . ik #EH2023 45 1 H—2025 4F 8 H iR H B= 24 K245 — [t
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1B IL-6 JHIRI SR FE I F-a( TNF-a) ] 7K ; Pearson/Spearman #4341 HBV-ACLF 3% 3% SEMA6B  ETS2 /K -5 4
PEFEBR TR A0 (0 AH X1k ; 2 1 % Logistic M348 HF HBV-ACLF B3 5 A B A & H £ 2R % T/EERF
(ROC) il £ ¥F- 1 IfiL 7 SEMAG6B ,ETS2 /K X} HBV-ACLF & BG A R AT AL RE, 5%  HBV-ACLF 41 1fl
SEMAG6B IL-1B . IL-6 \ TNF-ou /K247 T HE X R, ETS2 7K P T-{d BE X I 4H (1/P = 10.021/<0.001 ,18.332/<0.001 .
24.142/<0.001,32.238/<0.001 ,13.053/<0.001) ; I 20 HHHAE 20 | B A2 HBV-ACLF H45 17 SEMAG6B IL-18
IL-6 \TNF-o 7K SR T+, ETS2 KSR IR FEAR ( F/P = 196.132/<0.001 . 132.220/<0.001 ,273.083/<0.001 ,232.329/<
0.001,299.660/<0.001 ) ; £ 7= W £ 1fil 7 SEMA6B = T 7715 W40 , ETS2 Ik T 77 1% W41 (+/P = 7.286/<0.001,5.987/<
0.001) ;HBV-ACLF B L7 SEMA6B /K -5 IL-18  IL-6 . TNF-o AT 3 /3 I B IEAHE [ r(r,) /P =0.769/<0.001 ,
0.736/<0.001 ,0.800/<0.001 , 0.802/<0.001 ], ETS2 /K5 TL-18 ,1L-6, TNF-o, JF =B A0 W R M & [ r (1) /P =
-0.734/<0.001 ,~0.796/<0.001 ,.~0.761/<0.001 . ~0.883/<0.001 ] ; ACLF 4>31 P i 38 . b 54k 38 M i . [ B i AL Lo 1
(INR) 7 R MR8 (MELD ) 3143 85 IL-6 5 SEMAGB 52 HBV-ACLF S0 19 <7 Gk R & [ OR(95%CI) =
2.328(1.077~5.031) 3.717( 1.026~ 13.470) 4.991( 1.663 ~ 14.982) .1.239( 1.093 ~ 1.404) .1.155(1.024~1.303) .2.166
(1.421~3.302) ],ETS2 & R 7 R4 B [ OR(95%CI) = 0.284(0.149~0.540) ] ; IfiL 3§ SEMAGB \ETS2 7K - 21 Kz —
HEA T HBV-ACLF BTG A R 5 AUC 43514 0.805.0.796.0.898, —FBEATUM A AUC K T & 545 Sl T
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HBV-ACLF S35 T JET- 0 & A 25 UIAE DG , 35 BA R AT $2 = %5 HBV-ACLF T 9 500 444
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Association of serum SEMAG6B and ETS2 with inflammatory response and prognosis in patients with HBV-related
acute-on-chronic liver failure Zhang Xiang, Peng Li, Li Wenli, Ding Lin, Hu Tian. Department of Hepatology, The First
Hospital of Hunan University of Chinese Medicine, Hunan, Changsha 410000, China
Funding program: Hunan Provincial Natural Science Foundation Project (2021J]]30526)
Corresponding author : Hu Tian ,E-mail :1027368421@ qq.com

[ Abstract] Objective To investigate the correlation between serum semaphorin 6B (SEMA6B), E26 transformation-
specific factor 2 (ETS2) and inflammatory response and prognosis in patients with hepatitis B virus (HBV)-related acute-on-
chronic liver failure (ACLF). Methods A total of 139 patients with HBV-ACLF who were admitted to the Department of
Hepatology, the First Hospital of Hunan University of Chinese Medicine from January 2023 to August 2025 were selected as
the case group. According to the stage of liver failure, HBV-ACLF patients were divided into early subgroup (58 cases), mid-

dle subgroup (44 cases), and late subgroup (37 cases). In addition, 139 healthy individuals who underwent physical examina-
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tion in the hospital during the same period were selected as the healthy control group at a 1:1 ratio. Serum levels of SEMAG6B,
ETS2, and inflammatory factors [ interleukin (IL)-1f, IL-6, tumor necrosis factor-e (TNF-et)] were detected and compared
between groups. The correlation between serum SEMAG6B and ETS2 levels and inflammatory indexes and liver failure stage in
patients with HBV-ACLF was analyzed. Based on 90-day outcomes, HBV-ACLF patients were divided into a death subgroup
and a survival subgroup. Factors influencing poor prognosis and the predictive efficacy of serum SEMA6B and ETS2 levels
for poor prognosis were analyzed. Results Compared with the healthy control group, serum levels of SEMA6B, IL-1f, IL-6,
and TNF-a were significantly increased, while ETS2 level was significantly decreased in the case group (¢=10.021, 18.332,
24.142, 32.238, 13.053, all P<0.001). Serum levels of SEMAG6B, IL-1f3, IL-6, and TNF-a progressively increased across the
early, middle, and late subgroups, while ETS2 level progressively decreased (F=196.132, 132.220, 273.083, 232.329, 299.660,
all P<0.001). Serum SEMAG6B level was positively correlated with IL-1f3, IL-6, TNF-e, and liver failure stage in HBV-ACLF
patients (r/r,= 0.769, 0.736, 0.800, 0.802, all P<0.001). ETS2 level was negatively correlated with IL-1f, IL-6, TNF-a, and
liver failure stage (r/7,=-0.734, —=0.796, —0.761, —0.883, all P<0.001). The 90-day mortality rate of the 139 patients with
HBV-ACLF was 43.88% (61/139). Advanced ACLF stage, upper gastrointestinal bleeding, increased INR, increased MELD
score, increased IL-6, and increased SEMA6B were independent risk factors for death in HBV-ACLF patients, while elevated
ETS2 was a protective factor [ OR(95% CI) = 2.328 (1.077-5.031), 3.717 (1.026-13.470), 4.991 (1.663-14.982), 1.239
(1.093-1.404), 1.155 (1.024-1.303), 2.166 (1.421-3.302), 0.284 (0.149-0.540)]. The areas under the ROC curve for serum
SEMAG6B, ETS2, and their combination in predicting poor prognosis were 0.805, 0.796, and 0.898, respectively. The combined
prediction demonstrated superior predictive efficacy (Z=3.358, 3.295, both P<0.001). Conclusion Increased serum SEMA6B
and decreased ETS2 levels are associated with aggravated inflammatory response and advanced liver failure stage, and are in-

dependent influencing factors for mortality. The combination of serum SEMA6B and ETS2 levels provides high predictive ef-
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ficacy for prognosis.

[ Key words] Hepatitis B virus-related acute-on-chronic liver failure; Semaphorin 6B; E26 transformation-specific fac-

tor 2; Inflammatory response; Prognosis; Correlation
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H:ACLF 430 (R g3 A <17 B <0™) M i
(AR R“0")  LIEfE I (A 1”8 R
“0”) . INR,MELD #£43 IL-18,1L-6 , TNF-a , SEMAGB |
ETS2 (&S  JEHAA) h AL, T ZHER

=1 fREEXTIEZE S HBV-ACLF ZH 1075 SEMAG6B ETS2 M RBYEFEFRAK T LU (xss)
Tab.1 Comparison of serum SEMA6B, ETS2, and inflammatory indicator levels between the case group and the healthy control group
49 kS SEMA6B( ng/L) ETS2( wg/L) IL-18(ng/L) IL-6( ng/L) TNF-a( ng/L)
fa R HE 21 139 3.12£1.36 6.06+1.84 1.66+0.60 3.77+1.36 6.71£2.43
HBV-ACLF #H 139 5.001.74 3.58+1.27 4.10+1.45 13.22+4.41 112.22+38.51
18 10.021 13.053 18.332 24.142 32.238
PH <0.001 <0.001 <0.001 <0.001 <0.001
R2 ARFEFZEEHS Y HBV-ACLF B M5 SEMAGB ETS2 & RIEFEARK T IR (xss)
Tab.2 Comparison of serum SEMAG6B, ETS2, and inflammatory indicator levels in HBV-ACLF patients at different stages of liver failure
A5 % SEMAG6B (pg/L) ETS2( wg/L) IL-1B(ng/L) IL-6( ng/L) TNF-a(ng/L)
S | 58 3.58+1.17 4.70+0.87 3.37£1.23 6.81+2.36 59.00+20.86
rh 21 44 5.30+0.97 3.35£0.60 4.29+1.67 13.41+4.50 123.00+42.41
6 30130 201 37 6.87x1.19 2.12£0.50 5.01x1.75 23.06+7.86 182.82+62.54
FAH 196.132 299.660 132.220 273.083 232.329
Pl <0.001 <0.001 <0.001 <0.001 <0.001
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R3 AGETAGIET- WAL HBV-ACLF B3 I R 5Ok K 1M 1
SEMA6B ETS2 /K F- L 4%

Tab.3 Comparison of clinical data and serum SEMA6B and ETS2

levels between the survival subgroup and the death

subgroup of HBV-ACLF patients

AR EZH FETIEAH

o H (n=78) (n=61) X2/tfH PAE
BHl(%)] 43(55.13) 37(60.66) 0.428 0.513
AEIE (225, ) 47.45+7.92 49.97+9.39  1.714  0.089
BMI(x+s,kg/m?) 22.38+2.40 22.83x2.32  1.099 0.274
Bembh [ (%) ]

BEIR I 14(17.95) 14(22.95) 0.532  0.466

R ML 8(10.26) 10(16.39) 1.144  0.285
HBV YA (%) ]

18 1 2 BRI 12(15.38) 10(16.39) 0.026  0.872

SR FREAL 66(84.62) 51(83.61)
HBV J&Yura) (s, 4F) - 8.64£2.99 9.52+3.17 1.677  0.096
ACLF 43 %l (%) ]

LN 48(61.54) 10(16.39) 5.732  <0.001

i 21(26.92) 23(37.70)

0 9(11.54) 28(45.90)
?ﬁg :)k]c BRI 31(39.74) 23(37.70) 0.060  0.807
?fi\: ,ll)olj;lA(, ?inml) 4.01x1.49 4.03+1.40 0.066  0.947
FEZEAAE (%) ] 8(10.26) 9(14.75) 0.645  0.422
FFEFHEEME (%) ] 10(12.82) 13(21.31) 1.787  0.181
S R [ 46 (%) ] 8(10.26) 17(27.87) 7.198  0.007
B[ H1(%) ] 27(34.62) 28(50.82) 1.823  0.177
AR AL BI(%) ] 34(43.59) 31(50.82) 0.719  0.397
JHIE AR (%) ] 33(42.31) 35(57.38) 3.111  0.078
Ik ] B %) ] 3(3.85) 10(16.39) 6.357 0.012
WBC (x+s,x10°/L) 8.26+2.80 8.83+2.95 1.163  0.247
PLT(x+s,x10°/L) 93.43+34.08  83.64+28.85  1.796 0.075

AST(x+s,U/L)
ALT(z#s,U/L)
TBil (x+s, umol/L)
LDH (#s,U/L)

354.64+128.83 338.37+117.39 0.768 0.444
325.37+109.72 329.04+118.76 0.189 0.851
309.36+101.92 345.92+116.56 1.970 0.051
252.70+87.22 271.76+97.48 1214  0.227
Fib(xzs,g/L) 1.24£0.43 1.10£0.47 1.829  0.070
INR(#+s) 2.04+0.77 2.37+0.83 2423 0.017
MELD PE4» (s, 4Y) 21.10£7.05  27.43:9.28  4.571 <0.001

IL-1B(x+s,ng/L) 3.70+1.32 4.61+1.67 3.589 <0.001
IL-6(x+s,ng/L) 9.88+3.35 17.49+5.91 9.579 <0.001
TNF-a(x+s,ng/L) 85.73+30.03  146.08+51.02 8.701 <0.001
SEMAG6B(x+s,wg/L)  4.19x1.52 6.04+1.43 7.286 <0.001
ETS2(x+s,pg/L) 4.32+0.74 2.63+0.53 5.987 <0.001

Logistic [/1IH 307, 25 R 7R : ACLF 43 g 3 | 178
fB3B 1 1ML INR &5  MELD #4315 | 1L-6 = . SEMA6B 5
i HBV-ACLF B E FE T (4l 37 fa i [N 25, ETS2 /& ok
MR 2 (P<0.05) , WK 5,

2.6 Ifili% SEMA6B  ETS2 7K F %} HBV-ACLF M # i
Ja AN RTNRE 2l iE SEMA6B (ETS2 /K-1i
Il HBV-ACLF & 3 #il J5 A~ R /) ROC i £k, IF it 5

AUC, 455 875 . Il SEMA6B \ETS2 /K F-8ph & — %
ECA T HBV-ACLF 3% W5 A R AUC 4351 K
0.805.0.796.,0.898, — FH LA WK AUC 8K (Z/
P=3.358/<0.001 .3.295/<0.001) , WL 6 & 1,

F 4 IMIE SEMA6B ETS2 /K5 R M85 52 08 73 101 09 41
KT
Tab.4 Correlation of serum SEMA6B and ETS2 levels with in-

flammatory indicators and stages of liver failure

B SEMAG6B ETS2
r, 8 PY r, & P Y
IL-1B 0.769 <0.001 -0.734 <0.001
1L-6 0.736 <0.001 -0.796 <0.001
TNF-« 0.800 <0.001 -0.761 <0.001
T8 70 0.802 <0.001 -0.883 <0.001

x5 ZPFHE Logistic M358 HBV-ACLF & W5 A B 1%
UEIESEN
Tab.5 Multivariate Logistic regression analysis of factors influen-

cing poor prognosis in HBV-ACLF patients

SRSy B SEfH Wald{i P15 OR{H 95%CI
Wi -8.748 2.402 13.267 <0.001 <0.001 -
ACLF Z30iFFiGst]  0.845 0.393  4.619  0.032  2.328 1.077~5.031
S i 0.737 0.728 1.026  0.311 2.090 0.502~8.699
kI 1.313 0.657 3.994 0.046 3.717 1.026~13.470
INR & 1.608 0.561 8.217 0.004 4.991 1.663~14.982
MELD 343 0.215 0.064 11.286 <0.001 1.239 1.093~1.404
IL-1B &5 0.987 0.511 3.725 0.054 2.683 0.985~7.308
1L-6 &5 0.144 0.061 5.512 0.019 1.155 1.024~1.303
TNF-« 1 0.001 0.007 0.038 0.845 1.001 0.988~1.015
SEMAGB 0.773 0.215 12.911 <0.001 2.166 1.421~3.302
ETS2 & -1.259 0.328 14.755 <0.001 0.284 0.149~0.540

&R 6 MLIE SEMA6B ETS2 /K-F-Xt HBV-ACLF & filJa AN KLY
TR RE
Tab.6 ROC curve comparison of serum SEMA6B and ETS2 for
predicting poor prognosis in patients with HBV-ACLF

- WA ) EARZ
5 br 9 T AR .,
B S (pe/L) AUC 95%CI UK Fe5E e
SEMA6B 5.32 0.805 0.729~0.867 0.656 0.795 0.451
ETS2 3.24 0.796 0.720~0.860  0.952 0.563 0.515
THBA 0.898 0.835~0.943 0.885 0.808 0.693
3 % i

UG R AE SR AH R 9T T RO — ek, H
HBV-ACLF BERIEFA R mm AT AR5
HBV-ACLF £ 35 90 d 3L % 43.88%, iX 5 ¥
ZELPVHGE ) 44.78% FIIT , 78 HBV-ACLF %
BIPUE AHEA . Y ETIG R _ X HBV-ACLF #if5 B9 1
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Fig.1 ROC curve of serum SEMA6B and ETS2 levels for
predicting poor prognosis in patients with HBV-ACLF

Al = EARA MELD 43 | W K 9% 2% 25 -ACLF 343,
Child-Turcotte-Pugh #5346 , (H H 58 5 F2 A X &2 4%,
85332 N R 2 M S L i

HBV JR YL AT RESL 0 S SN, 15 5 Ko e PR 4
PR, 5343 JF A O 5 S5O 4 O SR AE AN 0 7, A i
i HBV-ACLF 4 % 4 & E"), SEMA6B J& 3 % fh
¥/ B W A0 M A5 S e A I 22 R 1 — Fh 5 540, gl ot
SHAZIRN B S5 T A8 7E R 1 40 S5 4 A0
TR SR8 B 2R Gu btk Rk ™ . Zhou 257 IR
3 A ] I B AN M SR 2 kB, A1 T i BRL A A i
SEMA6B % ik % HBV-ACLF H A — & i& Wi i i
Papic 25 R IE 18 Pk Y I 48 B85 1ML SEMAGB 7K
TR, 5 LR R A IR N AE 3G, Wang 45 3 3
AN RNA I3t % B, SEMA6B J& HBV-ACLF 455+
P G 2 I 2505 A PP T 1) B AR M S e s . (HEE
FERFR K Z 5 IR T4 B A 5%, 196 S W ff 103 SEMAGB
JKEXF HBV-ACLF B IG IR (A, AT 45 5% B
7 ,HBV-ACLF 3 Il 7 SEMA6B /K FTh i, X444
kRS, HE—2 1 & BE, HBV-ACLF M 3 I3
SEMA6B 7K - T 55 5 R 4 s M T 20 4 S e A
K, FEAET- WM A7 fG B I 2 . SEMAG6B 7 HBV-ACLF
Ho R R AR TP B A, Rk LR RESE &
Z RS RS S % e IL-1B | IL-6  TNF-a Z54iE
SN PR TR, JBOR SR S R ek e Ve I L, JinJe)
JIE R oA 28 B 0 2340 % | 80 HBV-ACLF S8 AT 5838
SNE KBS AR R R, SEMA6B 451 R
P S5 07 A R 2o 410 1) 40 PR3 5E RN GO/ G 4t A 5] 5 RE
WA ST AN IR T, i — 2 B AR 4 A B0 Fn T g, BT

41 5 14 s 1 A A0 e 9 T B[R] VR B i3 HBV-ACLF
B T BE AL, fe 28T BOUM 528 Jin 5 R B0 T KU
Bt

ETS2 J&: FH 22 Tl 20 g 3 35 19 — 2 4 56 R e S 2R
M, B8t 5 DNA EReE Ve ok as & Wi T
Vi Ze B 3 R 2 08 AT 2 55 22 o B A B0 f 0T
ETS2 fEA R IREE R AR [FAERL, 0 ETS2 #E £
Folt 1 B G2 R AR PR 5 v v BV Ak, B IR 7 412 4% 4
FEIR LUK S Pk S0, il ETS2 R g v s g >
AR 3 0 /)y BB R b ) i R BTS2 AT 3 3 1L-18
IL-6  TNF-o 2502 A 40 IR 3¢ 1 | DA 84 56 i 4% 1
JE Y IR AR AR AR R | R ETS2 1) S 8L
Ar AL R GK FE fE E/N BUF 05 5 I 25 4 4k
B2 XS YR ETS2 MHFIE A MR, 18
REAT 9% 2356 T sl A 7Y k= 2R 58 A9t PR I 7 7K S
Y9k & 5 HBV-ACLF il J5 SCEK 0 At A B9 s,
HBV-ACLF HE I3 ETS2 /K FREMK, X 75 A Lk ik
WPRY BT R I, HBV-ACLF 3% 1174 ETS2
KT 5 5 R MR BN IR ST 5 o oy W AR A G,
ETS2 i BAET- Ry s sr AR B &, R R T e
ETS2 MHt R A2 A0/ A DG, ETS2 i fig
] P = AL R 1 B Rk M A% I F-xB (55
T U TL-18 IL-6, TNF-o 2542 48 40 i A 1~ 2% 35,
VAR P A J 8 B 22 Gk 4 e IS 7, DTG o A1 JHF s i
I ERUE Y R, ETS2 Th i G ok BR R 1
BN TR 4G A B I i SR AR R 2/ AR
Tit A 338 51 0 T 2 A T I, A R T PR 0 e
FARVANE R L7 4 AL UERR | (R4 L 2L S50 R T
HE— 25X HBV-ACLF B30T R 22

ARTFFE I & B, B MELD $E4341, 13 4k 38 i
1 INR FhiR 4 HBV-ACLF f& A6 T (R 7 fE R R 2%
XS REAE R — 2 BRI ] S 8 A
AL 378 80 3 25 AR, IR I Ag 2 A A
PEEHGT, AT 52 0 HBV-ACLF 8 3% i J5 ; INR 75
S WL EE 1T 7 B B A, BN T T R v R i Y
BEIML RGO, by FEO I & GE AR PR AR
T A A5 475 08 SR T S i FUs >, ARHF 9T ROC i
2R WoR, LT SEMAGB  ETS2 7K F K — 2 Bk 4 Fi il
HBV-ACLF % ¥ J5 19 AUC 43 %]~ 0.805.0.796 ,
0.898, “F KA WA AUC BEH I, 7wk T 1k
FERFSEHGE ) MELD $F-43 (0.702) | H [ 5 E JF % P
YEZH-ACLF ¥ 43 (0.682) | [& 5 iE JIF & P 1 4H-
ACLF I 3 43 (0.775) | [A] % Bl 5 0 0 A5 784 3F 43
(0.642) ATBil-F i3 8 F1PE43(0.796) T > 5
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25 LR I SEMA6B 7K - FH & Fil ETS2 7K
FEAR-S HBV-ACLF 5 5 1 S b 38 5i | T3 50301
TR RA G, ZH A B BUS 88 RE R
{BABGE Sy FrbuC / NEEASBIESR | P REAFAE LR i fe7 5
ARSI 7R I SEMAGB ETS2 /K-, K AEsh A&
WL It 175 728 1 1) A 58 e LA 4 T Sz e L 7 5 i
Jerb iy AR RT; e Ah, Rk — 285G 0 7 90 gk
SEMAG6B \ETS2 7£ HBV-ACLF % 5 14 )52 I 45 v /)
BARPLG . AR 2 o0 REEADESE, 455 3)
A M0 R il S 56 n LA IE , L R L SEMAGB |
ETS2 K-l AR R A
P2k i 52 i A VR PR T i i
EE Ik

Rt BT 5 58, SR ST AR 18 SO 5 % A0« St
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B 21 NATI0 YTHDF1 3%35 5 [ T8R4 18
S G A AH S Bl R TS 0 (B0 By

FRE FRW,GE VNER, B P& AT

FETH . EH AR RS E (15 & 2022-2-6107) E ‘
PEF AL, 100048 U5, L R ICZE B B I 465 DU I 2 rpocs g IR (2R 7R 2 28RS L i NI H) | it s iR (R R4
WAEMEE : A1, E-mail ; backhillboy@ 163.com

(# E] BHH WIRBRALT N-CBEEHEE 10(NAT10) \N6-FILAR T RNA 45580 1 (YTHDFL) #ik,
SYHTE ST TIRFT P (Hp ) RGO AH SCHE SR BUS B, A3k BEEX 2020 4F 4 A—2022 4% 4 J i E A RME
Ao P o 55 I 5 7 v O R N RHA YT 00 B i R 132 491 AR R AT Hp S84 Hp BAPEZE 92 50 Hp FME4H 40
B, RHBREA LA NAT10, YTHDF1 25 235 ;4347 Hp FAE B 4141 NAT10 , YTHDF1 2 1 335 0 B 9 i
F R ERAFIE Y X R ; Spearman S AR IC 44T NAT10 5 YTHDF1 5 1 3235 9 AH G ; R ] Kaplan-Meier ffiZ& 1 Cox
[EE 5347 B R PR A R R 2, &R NATIO YTHDF1 & (1 PSR I E, Hp FAPE 414> Hp BRI 41 4>
e o541 (x2/P=85.881/<0.001,90.338/<0.001 ) ; Hp FAPESRE 41414 NAT10 5 YTHDF1 2 H F ik 2 IEMH L (r/P=
0.678/<0.001) ; TNM 4330 I 311 B 5 F6 % NAT10 YTHDF PHYESRE T TNM 2030 T ~ 103090 B i 5 (x2/P = 8.986/
0.003.,8.772/0.003) ; Hp BHELL NAT10 YTHDF 25 4 BH P 3R 34 &8 2 & F Hp BATE4H (x2/P = 39.602/<0.001, 33.608/<
0.001) ;NAT10+YTHDF1 H:BHPE B9 B E 3 4 B A7 R B IR TFAE I M B 9 % (Log-Rank x? =22.470,P<0.001) ;
TNM 4330 T35 \NAT10 BHE  YTHDFL FEE 2 B 9 2R 3 U AN RIS GRS R E [ HR(95%CT) = 1.568(1.235~1.992) |
1.254(1.014~1.549) .1.244(1.012~1.529) ], £t Hp FAMEBIEL L0 NAT10,.YTHDF1 235 LiE, 5 TNM 4%
PIAAE , S 2Rl Hp FEYE B TR G E .,

[R8iR] B8 TIBRFF IR N-C BRI A5 105 N6- T B RNA 45620 L G R PEARAE ; TS

[hESES] R735.2 [ x#RFRIREG] A

The expression of NAT10 , YTHDF1 in gastric cancer and correlation with Helicobacter pylori infection and their clin-
ical prognostic value Li Donghui” , Li Chenxi, Gao Jie, Liu Jiahong, Zhou Zhonghua, Fu Yan. * Department of Medical
Oncology, The Fourth Medical Center of Chinese PLA General Hospital, Beijing 100048, China
Funding program: Beijing Municipal Health Development Research Special Project (2022-2-6107)
Corresponding author: Fu Yan, E-mail: backhillboy@ 163.com

[ Abstract] Objective To study the expression of N-acetyltransferase 10 (NAT10) and YTH N6-methyladenosine
RNA binding protein 1 (YTHDF1) in gastric cancer, and to analyze their correlation with Helicobacter pylori (Hp) infection
and clinical prognostic value. Methods Clinical data of 132 gastric cancer patients treated in the Department of Oncology of
the Fourth Medical Center of the Chinese People' s Liberation Army General Hospital from April 2020 to April 2022 were
collected. Based on the presence of Hp infection, they were divided into an Hp-positive group (92 cases) and an Hp-negative
group (40 cases). Immunohistochemistry was used to detect the expression of NAT10 and YTHDEF1 proteins. The relationship
between NAT10 and YTHDF1 protein expression and clinicopathological characteristics in Hp-positive gastric cancer tissues
was analyzed. Kaplan-Meier survival analysis and Cox regression analysis were used to investigate the factors influencing poor
prognosis in gastric cancer patients. Results The positive rates of NAT10 and YTHDF1 proteins in Hp-positive cancer
tissues were 69.57% (64/92) and 67.39% (62/92), respectively, which were significantly higher than those in Hp-negative
cancer tissues [ 12.50% (5/40) and 15.00% (6/40)] and adjacent normal tissues [ 8.70% (8/92) and 6.52% (6/92)] (X’/P=
36.389/<0.001, 30.637/<0.001, 71.556/<0.001, 73.152/<0.001). There was a positive correlation between NAT10 and YTHDF1
protein expression in Hp-positive cancer tissues (r,/P=0.678/<0.001). The positive rates of NAT10 and YTHDF1 in TNM
stage Il Hp-positive gastric cancer tissues were significantly higher than those in TNM stage 1 - II (X°/P=8.986/0.003,
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8.772/0.003). Among Hp-positive gastric cancer patients, the 3-year overall survival rate of the NAT10-positive group was
62.50% (40/64), while that of the NAT10-negative group was 78.57% (22/28), with no statistically significant difference be-
tween the two groups (Log-rank X°/P=1.140/0.286). The 3-year overall survival rate of the YTHDFI-positive group was
61.29% (38/62), while that of the YTHDF1-negative group was 80.00% (24/30), with no statistically significant difference
(Log-rank X°/P=1.035/0.309). The 3-year overall survival rate of the NAT10+YTHDF1 co-positive group was 42.86% (18/
42), which was significantly lower than the 88.00% (44/50) of the non-co-positive group, and the difference was statistically
significant (Log-rank X°/P=22.470/<0.001). NAT10 positivity, YTHDF1 positivity, and TNM stage Il were independent risk
factors for poor prognosis in Hp-positive gastric cancer patients (all P<0.05). Conclusion The expression of NAT10 and

YTHDF1 is upregulated in Hp-positive gastric cancer tissues, which is associated with TNM stage, and they are risk factors

<795 -

for evaluating the prognosis of Hp-positive gastric cancer.
[ Key words]
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Al %% NATI0 M BAYE  YTHDF1 2 (A B

U4 92 8(8.70) 6(6.52)

Hp FITHs 22 40 5(12.50)* 6(15.00)°

Hp PHHEI AL 92 64(69.57)® 62(67.39)®

X2 {4 85.881 90.338

P1A <0.001 <0.001

. SIS LI, 2 P<0.05 ;5 Hp AR AL LR, P P<0.05,

2.2 NATI10,YTHDF1 & F3RiA7E Hp FHM: B 8
ANl R/ AR Hh 9 22 S LB TNML 43300 1A A
B NATI10 YTHDF1 BHPERE T TNM 203 1 ~
IR 18 9 B 35 (P<0.01 ) 5 FL A Ife PR/ BEAFAIE 2
FEHRBLE, ZREHEITEE L (P>0.05), W
#2,

2.3 NATI0,YTHDFI £ [F13RiA%F Hp BHM: 5 i
TG R #UE Y545 A, Hp BHME B 92 i
HET 30 f1],3 4 B AE % 68.31% (62/92) ; Hp %
40 BB FE AT 7 B, 3 A BAEAER R 82.50% (33/
40), Hp BHM: B NATI0 PHMELH 3 4 A7
2N 62.50% (40/64) ,NATI10 BHYEZH N 78.57% (22/

1 Hp BATE Hp BITEBEAIURESF 41414 NATI0 YTHDF1 2 3815 (5difl, x200)

Fig.1 Expression of NAT10 and YTHDF1 proteins in Hp positive, Hp negative gastric cancer tissues and adjacent tissues
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Tab.3 Multivariate Cox regression analysis of factors influencing

poor prognosis in gastric cancer patients

H A, 98 I R U5 PEAS 32 B2 T TNM 431
LI R EAR GER P2 S8, BRI, 3X 045 3 75 Tl
ARG ST N | 5 R RV B A 301 A A7 45 Jmy T A
FEJRIBR A | HE L4 T 52 B e ) e B S5 I 1 L A
A 2EAT R R, P T R AR Y o T bR A
YILLSE G TG AR R R /RIS AEIRYT R 2 2T
TR ST T B 7 0], Hp B A a5 18 k&
PERN 1 5 DNA #5475 895 1 = 40 i 3R 00 a5t A% 15 A
G PR, (2 0F B B b R W R Ak B e
JET SR, Hp SRR A 5 o 20 P ) LA SR 4
B4, 5 5] 2 5 NAT10 , YTHDF1 #3509 &, H AT AT

NAT10 j& —Fl RNA Bt B, 254 L& &
AL L LS P 1k, RE 9% 1k mRNA JE W N4 LA
M, 58 mRNA (952 M IF A2 1 LB 35, 4% I R
Faks Y R R, FLBME R NAT10 33608, it 5
S AT SR 8 R 1 SR 1 A5 AT R A DG S R Y
mRNA , 3R 3h i 93 20 A 0 ok 3 e o L AR ST R

EES BAH SEfH Waldf P{i HRMH  95%CI P B g e g e L o
TNM P WITI 0.450 0.122 13.605 <0.001 1.568 1.235~1.992 NATIO E HF{ b r&k"a{:qq'ﬁj%l}—"ﬁm NAEZIO 'E’%%]‘A
NATIO FHFE 0226 0.108 4.379 <0.001 1.254 1.014~1.549 5 Hp YR A G, NAT10 7E Hp PHE B i rh ik
YTHDFI it 0218 0.105 4311 <0.001 1.244 1.012~1.529 B AR S A B, TT R e Rt S R




-+ 798 - FEMER A& 2026 4F 7 A5 25 455 7] Chin J Diffic and Compl Cas, July 2026, Vol.25,No.7

JARA K, WFFTFM], Hp Bl A i HoC ks 1
T CagA BUIE FUFIA% N T-xB KA 5 55 S Rk 5 34
T 3 A, 7F 5% K 1 NATI0 B9 k™,
A G K B NATIO K ik 5 TNM 40 W AH ¢, 4878
NAT10 25 Bim MR BB ot #2, A H 5, Hp
JERYL TS T ) 12 1 A M S B B 5 7= A 1) T e AR,
I H AT PER N, L # NAT10 i) %15, NAT10
AT acdC BRI e — 8] 5 e A AH G5 5% B
SNAIL ©, ZEB1 fJ mRNA, {i& 3 & 40 g I fz 8] i %
R0 SE RS R  NATI0 38 3 acdC &1 , 1 2
i A B3 mRNA AR E 1, T 2625 B3k it/ 40 i
BINRITS B IR 3 5, AR UK e R B AR 5 v 400 R
CD8"T 4t Jf S #¥ Lk ], A 5 Mg o 73 106 3% K b Jeg f
JEU ARG NAT10 BAPE B9 B 9 B WG 8 2%,
SEEEIHREPIIE T NATIO 3 2 A 5 g fo i 6 3% 11
ZEEAIE S AR R NATI0 926355 TNM 434
HHIE, NAT10 AS{X 384 558 9 40 34 58 K AR 28 6 77, 38 m
P A 2 AR , 48 1T il T 0 PR AR B, 2 g
AR R PR EARNR S,

YTHDF1 & YTH 25435 5 5 26 1 i) B2 5, m]
LRSS S mRNA BB moA B0 5 55
KRR AR TR F el F3 R UE R B TE mOA B {57 A5 Bt
IS AL (R R A, FE R & AR rh R AR
AL BOME Y ARWFSEIESS  YTHDFL 78 Hp BAE
BEEHS Rk BA, $278 Hp YL JEIK 3 YTHDF1
EAGAME BRI R, 245 R 5BEEE Hp HHCH
FEFY— 30, AN i OO S Hp SRR SCHK,
275 Hp N BEE & Wnt/B-catenin il 1% [ ¥ YTHDF1
FakS ) RS R IR, CagA FHYERY Hp Wbk T i - 94
Wnt3a 375 15 3 40 M PN A Wt/ B-catenin 55 A EUE
55 B , 7655 5K 7 _E18 YTHDF il 3635, 14 35 3
20Xt S D R A AL T T 2 PR TR RS AR SR IR A
YTHDF1 %3k 5030 TNM 4333405, YTHDF1 € ¥
Jia ik R ML ] e HL X A S B JE T mRNA B 126 11 1
SEAEA . BRI A YTHDERL (235 1 i
TR A5 S A RN SO TR T 3 AR, A E A
F-6 MIRIRBE A F-o 55 45 M IR F 9 B, AL A
T Hp AYFFEe bl , iR BEIA S e 0 i S R B2 A T
WESR PR AN AR A A= 28 E S BEAh, YTHDF W] 3 53R
BIFAE R SLHE M1 mRNA 1Y m6A &4 , 3 3475 Sk HE
M1 B3, £ 2 AR5 40 M 1 1 58 4= 28 Fn b R ] 72
JREEAL e PR AN 5 R T

AW LI, Hp FHME B 9@ 4 40 NATI0 5
YTHDF1 35 7K 52 B IE A 3¢, 32 7 B & A7 76 D3 )

PRI, HAL O] RE A2 P A7 e L ] )RR i
P& , CagA PHIERY Hp BRYLBEOE WG B 1 Rz 40 g
NF-kB FI STAT3 i %55 2 245 N IiF BUR {5 538 1, A
fiE_L R NAT10 Y335, [FIRHEdE 3G YTHDFL 78 Y
m6A W ICHERYEL S, LA, NAT10 5 YTHDF1 7] fig
FETEDIRE ERPRE] . A WFSEH7R  NAT10 /- F 1 ac4C
M AT E I P AE RNA R E5 0, 52 M 40T mOA {3 1
AT KPR e AR B, B3R YTHDFL AR 51 5 45 & 580K,
e 5 g g ke U AR R I, #E Hp PR
Rt (U NATI0 YTHDF1 FAM:Z23k 8 5 (10 4 1
WG, EH 0T, NAT10 5 YTHDF1 4 B ) 1E

Al fig /2 Hp AHC B i o8 AR 28 MR 1Y i1 20+ LAl fig

J52 W E A B TR Y SRR A BUERRE T, BRI

NAT10 5% YTHDF1 i %, 7] 681 68 3K 50 3K o)) % 1 3%

Y AE Y T B NS iR R A ) (= 22

BERLRE T, A RE AT bR 40 A X H AL ST 7 AR T A YR
REHEAEHT, SEURE AR TS,
4 4 i

25 ik, Hp PHE E 88 41417 NAT10, YTHDF1
Fik B, 5 TNM 7306 ¢, 2 974l Hp FHPE & 96 1
JEfER R R AFRAMEE R . 5%, R T2
FEF UG RBEA A M b, BAR 3 T Hp SR

Ml NAT10 5 YTHDF1 () 3Rik ik, (H = 1 H00 71

A SR (AR S 2R LSS A SRR ) SR ik

X — PPN R, AR5 Sy B rfucs PR AR Y, A7

BT EE, S5ieW2E2 O HEEr K

FEA BN B vh 45 3] — 2D 50 Gk, R R Bt A X

NAT10 8¢ YTHDF1 [ 7 52 55, F 5% 02 75 fig 0 10 %

Hp JEe ol 9 25 3 2 208 i P B0 e e AL, PRAG Ife IR

HIT AL

F 57 2R AT fE 75 B IO 5 vh e

1EE T Hk A B

FRE IR TE, LR, i SRS £ R k.

R, SRR, IR SR E e & N RE AT

A S AR PORHB AR I SUB B A 36 E S R DR

H5EH 30BN

5% 3 Hk

[1] Thrift PA ,El-Serag BH .Burden of gastric cancer[ J].Clin Gastroen-
terol Hepatol, 2020, 18 ( 3 ) ; 534-542. DOI; 10. 1016/j. cgh. 2019.
07.045.

(2] FWL, X REF. SUityT BBy (I 7 e 301 B 37 o
NAHBERT]. b S H AR REA4 K 2024,44 (10) « 1179-1185.
DOI:10.19538/j.cjps.issn1005-2208.2024.10.20.

[3] Z=ik, A =A%, sk 45 B B 5 41 21 DPD Al CISD2 Mt
NATIO0 35 SBUR MM etk [ 1], S22 I 51097 2058,
2023,37 (8):797-801. DOI. 10. 13507/j. issn. 1674-3474. 2023.



BEXER ARG 2026 4E 7 A4 25 B 1)

Chin J Diffic and Compl Cas, July 2026, Vol.25,No.7

<799 -

[4]

(5]

(6]

[7]

(8]

[9]

[10]

(11]

[12]

08.009.

Liu H, Xu L, Yue S, et al. Targeting N4-acetylcytidine suppresses
hepatocellular carcinoma progression by repressing eEF2-mediated
HMGB2 mRNA translation[ J]. Cancer Commun ( Lond) , 2024 ,44
(9) :1018-1041. DOI; 10.1002/cac2.12595.

T FRARAR E M, 5. HIF-1a Y55 m6A 14 11 YTHDF1
FER X AT RS T 1Y/ B LA A W R SE e (1], b
gk, 2023, 43 (14) £ 3524-3529. DOI:; 10.3969/j. issn. 1005-
9202.2023.14.048.

Han Y, PuY, Liu X, et al. YTHDF1 regulates GID8-mediated glu-
tamine metabolism to promote colorectal cancer progression in m6A-
dependent manner [ J]. Cancer Lett, 2024, 601 (9);2171-2186.
DOI; 10.1016/]j.canlet.2024.217186.

TUBlE, R, 4. LT NF-kB PCSKO -4 4 [ THRTE AT
TR R R N S W (LT ] v S 2 W, 2025, 29
(11):1307-1311. DOI;10.3969/j.issn.1007-4287.2025.11.011.
Zhang J, Zou S, Luo R, et al. Proposal of a novel stage grouping of
the Eighth Edition of American Joint Committee on Cancer TNM
Staging System for Gastric Cancer; Results from a retrospective study
of 30 years clinical data from a single institute in China[ J]. Expert
Rev Gastroenterol Hepatol, 2020, 14 (1) :55-64. DOI; 10.1080/
17474124.2019.1613152.

L, 2RV SC. WA T BRBEAT TR 5 1 T W) G R AT et e (0]
A TR 22 24 7, 2025, 34 (4) ; 582-585. DOI; 10.3969/].
issn.1006-5709.2025.04.021.

Xie L,Zhong X,Cao W, et al.Mechanisms of NAT10 as ac4C writer
in diseases[ J]. Mol Ther Nucleic Acids, 2023,32;359-368. DOI.
10.1016/j.0mtn.2023.03.023.

Wang H, Zhao B, Zhang J, et al. N4-acetylcytidine-mediated
CD2BP2-DT drives YBX1 phase separation to stabilize CDK1 and
promote breast cancer progression[ J]. Adv Sci (Weinh) , 2025,12
(15) :e2411834. DOI; 10.1002/advs.202411834.

Lin Z, Chen Q, Zhou J, et al. Transcriptomic analysis reveals im-
mune infiltration status and potential biomarkers of canine colorectal
cancer[ J|. Vet Immunol Immunopathol, 2023,262(5) ;1106-1122.
DOI:; 10.1016/j.vetimm.2023.110622.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Shenshen W, Yin L, Han K, et al. NAT10 accelerates pulmonary fi-
brosis through N4-acetylated TGFB1-initiated epithelial-to-mesenchy-
mal transition upon ambient fine particulate matter exposure[ J]. En-
viron Pollut, 2023,322(6).1211-1229. DOI. 10.1016/]. envpol.
2023.121149.
Chen E, Wang Q, Wang L, et al. NATIO regulates tumor
progression and immune microenvironment in pancreatic ductal ade-
nocarcinoma via the N4-acetylated LAMB3-mediated FAK/ERK
pathway[ J]. Cancer Commun ( Lond), 2025,45(9):1162-1187.
DOI; 10.1002/ cac2.70045.
Bai X, Huang Y, Huang W, et al. Wnt3a/YTHDF1 regulated oxali-
platin-induced neuropathic pain via TNF-a/IL-18 expression in the
spinal cord [ J]. Cell Mol Neurobiol, 2023, 43 (4) . 1583-1594.
DOI; 10.1007/s10571-022-01267-8.
Xiong J, He J, Zhu J, et al. Lactylation-driven METTL3-mediated
RNA m(6) A modification promotes immunosuppression of tumor-in-
filtrating myeloid cells [ J]. Mol Cell, 2022, 82(9): 1660-1677.
DOI; 10.1016/j.molcel.2022.02.033.
Chen H, Yu Y, Yang M, et al. YTHDF1 promotes breast cancer
progression by facilitating FOXM1 translation in an m6A-dependent
manner([ J]. Cell Biosci, 2022,12(1) :19. DOI. 10.1186/s13578-
022-00759-w.
Liu S, Lin C, Lin X, et al. NAT10 phase separation regulates YTH-
DF1 splicing to promote gastric cancer progression| J]. Cancer Res,
2024,84(19) :3207-3222. DOI; 10.1158/0008-5472.
Wei Y, Wu Y, Zhang C, et al. The m(6) A modification in cancer;
Roles, implications, and its potential in therapy[ J]. Mol Biomed,
2025,6(1) :67-84. DOI.; 10.1186/s43556-025-00314-2.
XUSEEE XA, X Er , 45 6 40 A 5 R A AR 5 38 EL ML
FEHERE[T]. BEMERG 24, 2024, 23(8) : 1011-1015, 1024.DOI; 10.
3969/j.issn.1671-6450.2024.08.023.
Xu Z, Zhu M, Geng L, et al. Targeting NAT10 attenuates homolo-
gous recombination via destabilizing DNA : RNA hybrids and over-
comes PARP inhibitor resistance in cancers[ J]. Drug Resist Updat,
2025,81(7) :1012-1021. DOI; 10.1016/j.drup.2025.101241.
(ks H 491:2026-03-05)

(E3793 )

[21]

[22]

[23]

[24]

He L, Cai Q, Liang X, et al. ETS2 alleviates acute-on-chronic liver
failure by suppressing excessive inflammation [ J]. J Med Virol,
2023,95(4) :e28710. DOI:10.1002/jmv.28710.

Lee W, Liu X, Rosenthal SB, et al. ETSI suppresses hepatic
stellate cell activation and liver fibrosis[ J]. JCI Insight, 2025, 10
(24) :e195242. DOI:10.1172/jci.insight.195242.

Zhang LY, Tan Y, Luo XJ, et al. The roles of ETS transcription fac-
tors in liver fibrosis[ J]. Hum Cell ,2023,36(2) :528-539. DOI; 10.
1007/s13577-022-00848-5.

PRI, RE e, Be4on ZE T IS A B B ER -1, A %-6
M/ - AR BT 3R 53R 2 2 TR S 58 995 2 AH S A8 i 2P I

[25]

[26]

[27]

R ELIUR B SN A R [ ) ] A% o5 L, 2025,38(2)
116-122. DOL:10.3969/].issn.1007-8134.2025.02.003.
JEVER A, KRR DR i R ) P SR R R R X HBY AR S48 i 2
Tk £ 2 S 00 I DR 45 JR) B 000 [ 0. FFME, 2025, 30 (11) .
1529-1533. DOI;10.3969/.issn.1008-1704.2025.11.020.
R S B FE AR TR U 20 B0 X HBY A S48 i 20 T 28 08 18
HIBNE D]/ T PU P EE 2R %2 2023,
PRIEL , 245 e, 36 0 A SR LT - IR 3R (P B8 X HBY
AR 0 2 P T e 9 100 U ) T AR [0 ] 0 DR AT L3 2
75,2024 ,40( 12) :2399-2405. DOI;10.12449/JCH241209.

( Wk B 357:2026-01-26)



- 800 - BEMERG 245 2026 457 A 5525 555 7 80 Chin J Diffic and Compl Cas, July 2026, Vol.25,No.7

[DOI]  10.3969 / j.issn.1671-6450.2026.07.006 TH AL R Ge ) & il

B A e A B A R — M WA A e
H. 5l B B Ty fig 0 AH e

INEE G, 55, Wkt Eoy=1 ]
SEAE . FRKEEHEE IR0 E (2017YFC091000) ;b 507 & B RHIFR: 5 32095 H (PX2024017) [x] _;
PEF AL 100035 dbaT, EHSEERIR A MBI st BUK R BEBe i AL R IV e B8 ) 5 100029 dbat, b H AP BE B

THAL PR (B )

WIEEE . =5 , E-mail ; m13699119545@ mail.ccmu.edu.cn

[# E] BM MR KL EWE(EO-CRC) 85 3 b @ 2002 (Trp ) B T 7 R IR 1 5| 2 AR5 ™= 4 7K
AR I T X S S A B B DI RE AR OCE . iR RTIBET AT SY, 0 A 2022 4 9 H—2024 4F 1 H 7Edk
FERBUKEERER T B &4 ERETHLNENE 121 EO-CRC &3 45 12 EO-CRC 41, [R5 31 g 32 1% o fil
Xof HRZH, >R FH v 2550 VR P 2 i — R G T 5% 12 A DU 52 3 3 2648 Tep B FL AR 917K O ; ELISA 35 22 3% E A -6
(1L-6) IL-22 7K s A3 BEvE G ie Koo+ A W 07 B R L3 D-FLIR ( D-Lactate ) 7K1 2 Fp 4l 41 9% R
(Occludin ,ZO-1) 3k ; Spearman A I 43 H7 25|k (indole ) K B M| ( T-indoles ) 5 1ML{E D-FLIR AL BEEREN
BRI EME, S8R EO-CRC 45 % 240l indole \T-indoles 3 T-indoles/Trp M AB AR T8 BEXT R 4H (U/P = 288/0.003 304/
0.006,322/0.043) , T K JRZ R (KYN) K KYN/Trp HAH &5 F A HEXT IR 4L ( U/ P=320/0.017,286/0.018) , EO-CRC 41
F M TL-6 IL-22 K D-FL B2 5 48 B Xt R 41 1 . 38 T1 & (U/P = 124.5/<0.001, t/P = 2.518/0.014 . 12.244/<0.001) ,
EO-CRCZH Occludin ,ZO-1 £ mRNA K 2 FUJ@FﬂJﬁ@J%XﬂﬁzEF%{E&( U/P=120/<0.001.55/<0.001, t/P=14.491/<
0.001.,10.410/<0.001) , Z&{# indole Sz T-indoles & 5 I 7E D-FL AR /K & i AH 5 (+/P =-0.265/0.036, — 0.296/
0.017) , 54049 4y Z0-1 mRNA Occludin & Z0-1 25 MOD £ IEAH 3 (indole : r/P = 0.364,/0.005 .0.405/0.001 .0.306/
0.018; T-indoles :r/P=0.351/0.006 ,0.398/0.001 ,0.331/0.009) , £5i& EO-CRC i F J& i v (5 53 2 - vl e A Qs 5 |
ACI7=4) indole S T-indoles /K5 [ bt S e S2 8 1 S IEAH S
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Fecal tryptophan-indole metabolism and its association with intestinal barrier function in early-onset colorectal cancer
patients  Sun Xizhen” , Gao Yan, Li Lei, Yao Shukun. * Department of Gastroenterology, Beijing Jishuitan Hospital, Capital
Medical University, Beijing 100035, China
Funding program . National Key Research and Development Program (2017YFC091000) , Beijing Municipal Administration of
Hospitals Incubating Program( PX2024017)
Corresponding author: Li Lei, E-mail: m13699119545@ mail.ccmu. edu.cn

[ Abstract] Objective To compare the fecal levels of tryptophan (Trp) and its microbiota-derived indole metabolites
between patients with early-onset colorectal cancer (EO-CRC) and healthy controls (HCs), and to explore the correlations of
these metabolites with intestinal barrier function indicators. Methods This study was a cross-sectional study. A total of 45
patients with EO-CRC who were first diagnosed at the Digestive Center of Beijing Jishuitan Hospital and China-Japan Friend-
ship Hospital from September 2022 to January 2024 were included in the EO-CRC group, while 31 healthy subjects during the
same period were included in the control group. Fecal Trp and its metabolites were measured via ultra-performance liquid
chromatography coupled with tandem mass spectrometry. The integrity of the intestinal mechanical barrier was examined
through analysis of serum D-lactate, as well as tissue Occludin and ZO-1 protein levels, and inflammation was evaluated by
measuring serum IL-6 and IL-22. Results EO-CRC patients had lower fecal indole, total indoles (T-indoles), and T-indoles/
Trp ratio (U/P=288/0.003, 304/0.006, 322/0.043), but higher KYN and KYN/Trp ratio (U/P=320/0.017, 286/0.018). Serum
levels of IL-6, IL-22 and D-lactic acid in the EO-CRC group were significantly higher than those in the healthy control group
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(U/P=124.5/<0.01, t/P=-2.518/0.014, —12.244/<0.001). Junction protein mRNA/protein levels were lower in EO-CRC
patients (U/P=120/<0.001, 55/<0.001, ¢/P=14.491/<0.001, 10.41/<0.001), with no significant AHR protein difference (#/P=
-0.93/0.327). The contents of indole and T-indoles in feces were negatively correlated with serum D-lactate level (/P =
-0.265/0.036, —0.296/0.017), and positively correlated with the levels of ZO-1 mRNA, Occludin and ZO-1 protein in tissues
[ (17/P=0.364/0.005, 0.405/0.001, 0.306/0.018) and (1/P=0.351/0.006, 0.398/0.001, 0.331/0.009)]. Conclusion The indole

metabolic pathway in the patient' s feces was reduced and was positively correlated with intestinal barrier function. These find-

ings provide a clinical basis for subsequent targeted interventions on tryptophan-indole metabolism in CRC patients.

[ Key words)

flammation factors; Correlation

25 H 98 ( colorectal cancer, CRC) 7E &4 AN &
TRIEH N BEAE R AP AR Bk
K 10 4, 249 25% 1 BT 10% ~ 12% I 45 Wb &
AETE 50 & LI B9 HE B R M 45 B W 9 (early-
onset colorectal cancer, EO-CRC) " | $575 %4 1 77 45
SRR — XS B CRC i A B S R A 1%, (E2 4T X%
EO-CRC 1Y 1 2 36 W A A 2, 5 350 H w12 AU
B g E IR A B BRI REAE CRC A9 & R AL Hh
HEEEEIER M b 5 B o g 27 48, (1 18 41
TREE TEORMAEY) FE R FE Y B SEA R BT b, AT
SR o> A R AT | SR 5 AL S  DNA 454 M i
g R Mg WFSE R IR 44 E R ( tryptophan , Trp)
| ST SHRUR CH=N 7 M N A LR e L&A )7
ERHEES S R ACHZEAE LT 2

{HJE KT Trp-W5| Wil P& 72 CRC HAYBIFTEAT 8N
AR, BUA ST 3225 T ARSI S 56 1 5l 4 A AL i 7 s
W) B AR L B Dy fig oo B A AR, fe v
W 9eE e A 23 R g S gy, (LI DR )22 1T 5 5kt = 268 Trp -
I 5 CRC B8 35 7 B I 1) fig 1 2 O Bk A9 JIE
Pt EH A BNET AT Y KB CRC B 34 4H Trp—
g e i A% B s 55, Ik, DN EO-CRC R
FEE P FFEAAAE Trp—MIWEARH %, AR LA T
EO-CRC 3 5@ Fxt B ZA 28l rp Trp S AR ™)
7K 2557 I B IR AT 1T 268 Trp AR 5 W 18
BT BE e An AR DG HE AN
1 #EREFRE
L1 ImIRBORE AR W A5, T 2022 4F 9
H—2024 4 1 AFEAL T BUK R BE B H AL B5 B
THAL B E AT, M4 BE A B 9 B 28 4 m| e K - 22
St M PASS 11 HEATREAS AR T, S SE T 76 1
Zik %, Horf EO-CRC 41 45 9], fidt B XF HR 20 31 4], 2
MR AR R BMI I LR 25 7 gt E B L (P>
0.05), W31, W 2 H0A 11 5 1 i 3EfEREA
GG L BN 34 11 30 B, PR LR 2 4 A8
HE N AR R BMIL, 22 R TSI F E L (/P =

Early-onset colorectal cancer; The tryptophan-indole metabolic pathway; Intestinal barrier function; In-

0.085/0.770,1/P = 1.031/0.307 .0.989,/0.327 ) , A< #f
FELE BE A8 B 2 51 e 4L i (K2023-150) , fir A &2 3%
R [A) B 4 8 g [ 245

R 2 42 S VOB 8

Tab.1 Comparison of baseline clinical characteristics of subjects

{d X e 2H EO-CRC 4

meH (n=31) (n=45) /fit P
PN (S, B 19/12 29/16 0.078  0.779
SRR (R2s, %) 43.25+6.81 41.58+6.80 1.058  0.294
BMI( x+s,kg/m?) 23.84+4.09 24.50+3.27  0.487 0.435
CRC of FDRs[ fil(%)]  4(12.90) 6(13.33) 0.000 1.000*
;gﬁﬁﬁ%ﬁ 16(51.62) 20(44.44) 0.378  0.538
Jigea o7 k=17 NA 0 NA
[(Bl(%)]  TH&m NA 7(15.56) NA

K45 NA 3(6.67) NA
[ i NA 3(6.67) NA
ARG W NA 12(26.67) NA
EHW NA 20(44.44) NA

7 BML AR5 & 48 %0 CRC. 45 B i ; EO-CRC. B & 1k 45 B W i ;
FDR.—4R @ s NA OB ; * . R R S8 IE,

1.2 A HEBRARIME  WAARME: (1) BT CRC 3%
PIEg W (6 A ) H 280 B~ R 52 B9 45 B iR
ot RALSZATATIG ST AEHEATE N 5 B I B AR UL 57
W HICH iR (2) 4F08 18~50 % HEBRAR
e (1) fER A VRSO B R VE R 75 57 N R A E
ot ; (2) A1 A B R RGN B A A i 7 )
B 5 (3) WBUR W FLI A 2 (4) A0S 1 R A s
1 (5) Tt 2 4 AN IR UM AR 258 ik
R an AT AR SRS PA 2y A T | B T T
B N2 8 sl 2 ity IS (6) KB M &
FRZIAEAPIRAE (REAE AR RS 5
12 JAN R S W e ke

1.3 KEbR 507kl RN 1 GE it
i RAFAE . SRAERTAERE I H W R T 15, RS2 IR
T, LEMBEE A AT RIS FEAS . EO-CRC
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L TE R Bk A s T e 2 2L R0 BG4S 2 Bl (GlEFF IR
FEAI L) s filt FEX R AE P Be A 2 i F B £ 38 AR B 2
Yepgl,
13,1 20 v o 0 S 38 Ao w5 40 o ) 0 7 . 2 481
A A b FEEREAR S 9 AR A, R A UPLC-
MS/MS J5 AT #0 AR 4 22 e, EAG I 11 AR
WY L-Trp, KR & BR ( kynurenine, KYN ) | M| W
(indole) 3-F1 3L 154 ( 3-methylindole, 3-MI) | 15| IE-3-
FRIR (indole-3-carboxylic acid,13CA) | "5|We-3-H [if (in-
dole-3-aldehyde, IALD ) | 5| Bg-3-Z, & ( indole-3-acetic
acid, TAA) P5|WE-3-Bi PR (indoxyl-3-sulfate , 13S) 5| W
3-IN & (indole-3-propionic acid, IPA) F5|Wk-3-H 5 (in-
dole-3-carbinol, 13C ) HI M| Bg-3-2 i ( indole-3-
acetonitrile ,I3ACN) , & 5[ ( T-indoles ) & A indole
RS AT A Wy v BE 22 F1 A il 45 UPLC-MS/MS
B R SIS B E S IS SR [ 13 ], i &
R AR AR AR TR,
1.3.2 I REFEPRAN . SR ELISA kil 2 2032
MG 1L-6 A1 1L-22, i H 1L-6( ab46042 , Abcam , 9<
) A 1L-22 ( KE00008 , Proteintech, Ff1 [ ) ELISA % 7
& TS i BRI AR
1.3.3 bt BRI AR SE B AR A A .
1.3.3.1  IM3E D-FLR/K- e RO, R
74 D-Lactate i85 & ( 700520, Cayman, & [H ) | &/
KGR 3R 535 nm F1 590 nm , % B £ i
FAT
1.3.3.2 A8 B9 % 1 Occludin 1 ZO-1
mRNA FIEHIE  qRT-PCR B3 5E 20214 Oceludin
M1 Z0-1 mRNA ik, 51¥F %], GAPDH Lii# 519
5’ -GGAAGCTTGTCATCAATGGAAATC- 3° | FiF51 ¥
5’ - TGATGACCCTTTTGGCTCCC- 3’ ; Occludin Fi#5]
¥ 5° -TGGCATACTCTTCCAATGC- 3°, Fi#F5|4 5° -
GTCATCCACAGGCGAAGTTA- 3’ ;ZO-1 Fi31¥ 57 -
TTCCAGCCAGCCTGCTAAAC -3 | FiF514) 5° -CAAT-
AGCGTAGCCCGTTCATCT- 3’ . Lk GAPDH BN %, %
2820 g AR Rk

GaREA AL (THC) 3 %€ Occludin 1 Z0-1 FE H /K
A D) A B F K S R A TR R I | B
W EALYI G n—Pi A (4°C VKRR ) L SRR T
A 50 min \DAB Y0 R R e BOKE R, —di:
Occludin ( ab216327, Abcam, ¥ & 1 : 300) . ZO-1
(66452, Proteintech , ¥ A 1:200) , e AL 45 5 A
B WA, ] DAB Yt (kR 5 (o0 B 3k
RAFEARTEGE T LR S S HLEF, ] Imagepro Plus 6.0

B i BB LEF B OF 356 % B (mean optical
density ,MOD) ,
1.3.4 & REZE (Aryl hydrocarbon receptor, AHR)
mRNA 5% 1 5E : qRT-PCR %€ AHR mRNA % ik,
S LAY TR ARG RN A AW, 51975,
AHR [ {i# 5% 5° -ACAGAGTTGGACCGTTTGGCTA-
3, FiE51% 5° - AGTTATCCTGGCCTCCGTTTCT- 3 ;
GAPDH 29[ I, Lk GAPDH hNZ:, R 22490
PATEAMN RN,

THC A6 AHR 25 1 82 158 5 ik B gl R A5
[@] 1.3.3.2, —¥H1:AHR(ab84833, Abcam) , ¥ & 411 :200,
L4 Gtk BdiRgoit-ma K 4 SPSS 26.0 Al
Prism8 ¥/} ( GraphPad) . £ & 1E A& 5345 19 1 52 24
WL x5 o BT AEAS ¢ K656, R 253 A0 £ ds
PAM(Q, Q)RR , i HS-HEEE UK 8
DIAES sl b8 B B (%) e, {8 R 7 K 36 51 Fisher” s
FE BRI 5 #0543 Hrid i Spearman FEAH S8, P<
0.05 A M 22 5 HAT Gt 24 2 S0, AR s 4 18] L
0 P AEY R FDR B IEJR P18,
2 &% R
2.1 2 HFEACH W R R A 64 )32
PUE FEMAGIN , 6245 Trp (KYN [indole K& 5 Ffrig|WeAis A=
¥ (3-MI . TAA IPA I3CA F1 TIALD) O£ % ¥ 5 . T
135 .13C 1 I3ACN ARG ZRAL T 80% M 4Bk . 5 filt B
X HRAH 5, EO-CRC 412 /8 H indole | T-indoles ¥ i
)y T-indoles/Trp ERSISY N (P<0.01 By P<0.05), 1M
KYN J KYN/Trp {4 2 T+ (P<0.05) o 43477 m5|
TTHE 0 00 W B 5 f B XS IR A EL %8, EO-CRC 21 25
I3CA F1 TALD KTt (P<0.05 5 P<0.01) , Zf&#
IAA Fil IPA HP R FEAG, (H 22 K LG # 2 X (P>
0.05) A ACHHITE T-indoles H % HE 3] ; 15 4 B X6 R 40
%8, EO-CRC 4 indole/T-indoles {H [k (P<0.05)
1M I3CA F1 TALD 19 EL B35 fin ( P<0.05 5% P<0.01) , 4%
Febr 2 iR i 2 S RG24 2 L (P>0.05) , L3k 2.,
2.2 2 HIfIERER T IL-6 1L-22 4 EO-CRC 4
B NTE RVER T 1L-6 F 1L-22 /K 1 35 T B X
WAZH[5.04(3.38,7.19) ng/L vs. 1.62(0.85,3.25) ng/L,
U=124.5,P<0.001; (150.82+48.13) ng/L vs. (121.07+
35.01) ng/L;t=2.518,P=0.014], WL.I& 1A B,
2.3 Wbt REIIRE E R MR bR LR
2.3.1 2 4liiE D-FLAR ILH  EO-CRC 41 /B3 Il i
D-FL R 7K °F W 3 v T R XF R ZH [ (42. 38 +
1.73) pmol/L vs. (38.15+0.96) umol/L,¢=12.244, P<
0.001], LK 1C,
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F 2 EO-CRC ZLAnfe e Xt R SR =W K LB T M(Q,,04) ]

Tab.2 Comparison of fecal metabolite levels between the EO-CRC patients and healthy controls

=9 faREXTHRZH (n=30) EO-CRC #(n=34) U1l P
indole ( nmol/L) 538.00(250.75,946.50) 229.00( 107.75,496.75) 288 0.003
TAA (nmol/L) 7.24(1.24,16.11) 4.84(1.79,15.22) 486 0.747
IPA (nmol/L) 9.38(4.53,15.48) 6.10(3.49,17.47) 422 0.236
I3CA (nmol/L) 1.13(0.79,17.33) 1.92(0.77,3.15) 349.5 0.031
TALD (nmol/L) 8.00(4.75,17.00) 35.50(12.75,55.50) 345 <0.001
3-MI( nmol/L) 7.13(6.90,20.19) 9.60(8.60,15.88) 496 0.834
T-indoles( nmol/L) 721.88(401.15,1 119.75) 473.75(237.89,735.00) 304 0.006
indole( %) 85.07(59.24,93.53) 62.32(42.85,85.73) 355 0.019
TAA(%) 0.81(0.19,3.19) 1.27(0.35,2.99) 457 0.476
IPA(%) 1.38(0.57,3.01) 1.01(0.61,5.99) 497 0.861
13CA(%) 0.21(0.07,0.30) 0.57(0.26,0.91) 238 <0.001
TALD( %) 1.36(0.83,2.51) 7.62(2.41,12.10) 171 <0.001
3-MI(%) 3.17(1.34,22.55) 8.60(6.90,15.88) 414 0.197
Trp(x10%) 233.75(153.93,353.34) 252.00( 170.00,545.00) 424 0.582
KYN(x10%) 0.83(0.63,1.54) 1.52(0.79,2.85) 320 0.017
T-indoles/Trp(x107?) 2.56(1.80,4.80) 1.58(1.17,2.86) 322 0.043
KYN/Trp(x107%) 4.76(2.40,7.40) 6.44(4.47,10.16) 286 0.018

4 indole. P3|k TAA W[ ME-3- 2185 ; IPA. 5| e3P Ji% ; Trp. €6 20 R ; KYN. R PR 22 ; IALD. 15| e-3-FH [ ; I3CA. W] k-3-FR iR ; T-indoles. M| W2 ) it

B

0 e - 50 P0. 001
P<0. 001 P=0.014 ~ e
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A B C
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Fig.1 Comparison of serum inflammatory markers and D-lactate levels between EO-CRC patients and healthy controls

2.3.2 2 #H Occludin,ZO-1 mRNA F1%5 (1335 L4 .
qRT-PCR 45 3 7R, EO-CRC 2H i85 20 41 rf Occludin
mRNA FiK 7K i 2 (% T filt 5 X B2 [ 0.46 (0.35,
0.57) vs. 0.91(0.69,1.12) , U= 120, P<0.001 ], WL
2A;Z0-1 mRNA 3R KK - [ AR T fa FE X B4 [ 0.27
(0.08,0.54) vs. 0.96(0.81,1.14) ,U=55,P<0.001],
UL 2B,

THC 4558 B 75, EO-CRC 4 Occludin 75 357K
(LA MOD FRoR ) B 2 I TR 2 [ (0.62£0.38) x
107%vs. (3.16+0.95) x 107>, ¢ =14.491, P<0.001, /A
2C] . ZO-1 HARIRKT[FIFE 8 AR (1.2720.23) x
1072vs. (1.98+0.30) x 1072, ¢ = 10.410, P<0.001, [&]

2D ], A T, FE AR BEAL R, Occludin #1 ZO-1
FHEZN TN L, Wi7E EO-CRC 4+ & [ 7E 40
JHL T R LA AT 5, L 3A~ D

2.4 2 HEHAHL H AHR mRNA FIE 1 %35 7KF It
%  EO-CRC #41F AHR mRNA 7K % T B ) B8 20
[0.38(0.20,0.93) vs.1.00(0.80,1.18),U=264,P =
0.001], WIK 2E,{H 2 40 AHR £ &E /K FEZE R LS
SFE N[ (1.87+0.71) x10%vs. (2.34+£0.41) x1072, 1=
0.930,P=0.327], WL 2F F1[E 3E .F,

2.5 FEECHY K 5 AL S B s ZEE
indole ¥ & 5 IfiL ¥ D-FL W& /K °F 2 f 4 & (/P =
-0.265/0.036) , 5 M3 1L-6 & 11-22 /KF- 22 [ JokH 5
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Fig.2 Comparison of intestinal barrier function and AHR expression between the EO-CRC patients and the Healthy Controls

3 2 A BB R 1 ( Occludin ZO-1) F1 AHR Y2 0150 ( S AL YL (7, x400)

Fig.3

PE(r/P=-0.162/ 0.217 ,~0.152/0.244) ., Z%{f indole ¥
EE5HLIHH) Z0-1 mRNA Occludin K ZO-1 54 MOD
JKFE 5L IE A 56 (/P = 0.364/0.005 ,0.405/0.001 . 0.306/
0.018) , 5 Occludin mRNA 7K JCAHH e (r/P=0.215/
0.096) ,F&{# 1) T-indoles ¥ & 5 1L 7% D-FLAR /K- 1ML
T 1022 K 82 G 2 (/P =-0.296/0.017 .- 0.262/

Immunohistochemical staining of tight junction proteins and AHR in intestinal tissue
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[# ZE] HM HIT4EWE (CRC) BH MG T HA ST AR N 1a( REGLa) 15K 75 [ JRY) 4 ( Tensin
4) KT o BT X I s il BRI ARG AP R B B0 (L, FAsk 2R 2019 48 1 §—2022 4 1 A sl
55 = R AL AR B4 2 1R s B AE H R ARIG R I CRC B 124 1 CRC 41, IR AR5 =15 & A HF 56 7%
CRC B 5> MRS A 45 BRI TGRS AL 79 ], 5 6 B[ 01 B e (g R AR K 2 60 (il Sy fEE e X IR 2, R I AR £
2 I B0 R DU M35 REG Lo FH Tensin 4 FIFRIAKT 4307 FL 55 5B 1 PR BVRFAE 1 AHDCHM: ; 2 3 Logistic V45347
CRC BE ARG IR MR R £ ; 2303 TAESFIE (ROC) & AT ILE REG 1o, Tensin 4 /K F-X} CRC B #H A5 IF#%
BTMMmE, &R CRC 41107 REG1a, Tensin 4 7K - & Ffdt HE Xt R 4H (+/P = 30.118/<0.001,30.155/<0.001) ;
TNM 4339 T K457 % CRC B % 1113 REG1a, Tensin 4 /K58 T TNM 4339 T ~ 11 ] bk L4575 0 3%
(REGla:t/P=19.452/<0.001,20.884/<0.001; Tensin 4:¢/P=25.004/<0.001,30.608/<0.001) ; JF4:#% W20 CRC 3 IfiL
1 REG1a Tensin 4 /K-8 T RIF B W4 (1/P = 16.472/<0.001,45.063/<0.001 ) ; TNM 434 I #A k0 45 45 7% |
REG1a F+i \Tensin 4 F+ii & CRC BEH ARG HEERL ML BRI R [ OR(95%CI) = 1.426(1.145~1.776) ,1.406( 1.152 ~
1.718) ,1.335(1.099~1.596) ,1.297(1.096~1.535) ] ; 7% REGla \Tensin 4 /K-8l K — FHEA1P4h CRC BE ARG T
HRMMA T A (AUC) 43520 0.841,0.833,0.915, ZF G 1Y AUC & TEM TN (Z/P=4.410/<0.001 ,4.462/<
0.001) &&it CRC M3 IMH REG1a Tensin 4 /K V-, 15 Mg Ttk F R 25 UUAE 3¢, AT 42 CRC ARG B PRl 1
T M = HR B

[X$iR] 4EWE;EREGERAR AR AR Lo IKOEORIEY 4; %% ;W5
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The predictive value of serum REG1la and Tensin 4 for liver metastasis after laparoscopic radical resection of colorec-
tal cancer Zeng Weirong ", Zeng Junfeng, Zhao Yong, Wan Yiyuan, Zhang Rongguang.” Clinical Laboratory, Wuhan
Third Hospital, Hubei, Wuhan 430061, China
Funding program; Hubei Provincial Science and Technology Program (2021CFB283)
Corresponding author: Zhao Yong, E-mail . zhaoyongbrave@ 163.com

[ Abstract] Objective To investigate the levels of regenerating family member 1 alpha (REG1«) and tensin homolog
4 (Tensin 4) in the serum of patients with colorectal cancer (CRC), and to analyze their predictive value for liver metastasis af-
ter laparoscopic radical resection of colorectal cancer. Methods A total of 124 patients with CRC who underwent laparosco-
pic radical resection of colorectal cancer in the Department of Gastroenterology, Wuhan Third Hospital from January 2019 to
January 2022 were enrolled as the study subjects, and 60 healthy individuals undergoing physical examination were enrolled as
the healthy control group. Enzyme-linked immunosorbent assay was used to detect the serum levels of REGla and Tensin 4 in
all subjects, and their correlation with the clinicopathological characteristics of patients was analyzed. Multivariate logistic re-
gression model was used to evaluate the factors affecting postoperative liver metastasis in CRC patients. The value of serum
REGla and Tensin 4 in evaluating postoperative liver metastasis in CRC patients was assessed using receiver operating char-
acteristic (ROC) curves. Results The serum levels of REGla (15.41+3.16 pg/L vs. 3.02+0.54 pg/L) and Tensin 4 (10.81+
221 pg/L vs. 2.12+£0.42 pg/L) in the CRC group were significantly higher than those in the control group (#P=30.118/<
0.001, 30.155/<0.001). Serum levels of REGla and Tensin 4 were higher in CRC patients with TNM stage Il than in those
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with stage I - II, and higher in patients with positive lymph node metastasis than in those without (#/P=19.452/<0.001,
20.884/<0.001, 25.004/<0.001, 30.608/<0.001). The liver metastasis group had significantly higher serum REGle and Tensin 4
levels compared to the non-liver metastasis group (¢/P=16.472/<0.001, 45.063/<0.001). TNM stage Ill, lymph node metastasis,

elevated serum REGla, and elevated Tensin 4 were independent risk factors for postoperative liver metastasis in CRC patients
[ OR(95% CI)=1.426 (1.145-1.776), 1.406 (1.152-1.718), 1.335 (1.099-1.596), 1.297 (1.096-1.535)]. The AUCs of serum
REGla, Tensin 4, and their combination for predicting postoperative liver metastasis in CRC patients were 0.841, 0.833, and

0.916, respectively. The AUC of the combination was significantly larger than that of either marker alone (Z/P=4.410/<0.001,

4.462/<0.001). Conclusion Elevated serum levels of REGla and Tensin 4 in CRC patients are closely associated with tumor

malignant progression and may serve as potential serological markers for predicting liver metastasis after CRC surgery.

[ Key words)

4 ; Liver metastasis; Prognosis
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60 171 Jyfa FE Xt MR AT, 55 33 4], %2 27 ] ; AF#4 <60 %/ 27
B, AR >60 % 33 i, 2 4R AR iR, 22 0S5
THER X (P>0.05) , B AT b, A7 1o B2 B 46

Colorectal cancer; Laparoscopic radical resection; Regenerating islet-derived protein 1o Tensin homolog

PR 51 2 HE (2018057 ) , Z 1k A/ 8 52 J@ 155 TRl
B R,

1.2 FEHIEREbRUE (1) W ABRIE: DA LU
WS R & PSS H e B Q4R I% 18~80 % ;A
HIARAEZ AR IR G 7 (G ST 30T B R YT
SRREIRIT ) s DA AT R 4 19 A0 & I bR AR A7 S 4K
(2) HEBRFRUE . A I H A R s ; @4 I+ ™ &
TGRS | B G R P 5 0 B8 M R M (D Tt
VeGP B ;@A I E L L E e
A4s(Child-Pugh C 2% NYHA OIOREI ~ V40 45) ;@
TR AL I L

1.3 Keidsts 55k

1.3.1 1% REGlo Tensin 4 /KA. T A [ R4
FRE /AR BB 2N GO s R 25 K ML Sl
BB )R M, -80°C MAR IR R AE kG, R I
I G0 28 W2 AN I35 REG 1o F1 Tensin 4 ¥, i
F 43514 Human REG1A/PSPS ELISA Kit (#7272
BBk B B4 A7 BR 28 7], 955 SEA884Hu ) , Human TNS4
ELISA Kit (B IAELAEYBHE B A FRA ], 5 CSB-
ELO08258HU) . A 4= [ gl i b AN [ ¢ &1 52 55 A 4% (A
M)A FRZ 7] PHOMO %5 Microplate Reader fi#5{% |
450 nm FERALME OD A, HRYEFRAE T LR A
JE R R RS DU P AR AR A 13 AR R EE BRI
1.3.2 Bl B4l . CRC £ 3518 g 01 1) 35 92 32 W6 s e
S HERIA AR, B YRS WIERT ARG
B 1AERE 3 AN AR 1 IR ARG 2~3 44 6 AN b
Vi1 IRGBEDT#RZE 2025 4F2 A 1 H, BTN A4 &
FHAPRE (G /P61 il sk BRI T R[], FE T 5
PRI (Pigg AR G/ LAt ) | JR 52 R (S A% s IR
S2) AN RS (AL B B2 EE]) . CRC AR JE I
RIS LUK IE AR S (195 CT 5 MR) Ay it 74
T, IFLE A M R AR R 0 sh S AR HE AT 256 1
W, XFFRAR A2 Wi AS B 9 2R &, 3l a8 75 5k CT
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15 AP RIS R AR AT B b s . ARYERE VTS AR
S RAERTRS B CRC B E 0 IR 41 45 Bl
FTCHTHE R .40 79 1.,

14 Gl RH SPSS 26.0 AT EdE . 1
ORI B B L (%) e, 2RI LU SR HI X K
B AP A IR AR BUR L xes 3209, 2 ZHIR] HUER

RS FEA ¢ K56 ; Z2 K Logistic [0 4341 CRC
ARG IR R R ; 21038 TAERHE (ROC)
£ 1Mm7E REG1a Tensin 4 7K F-%F CRC B E ARG
WA BB, P<0.05 HZEFALHE X,

2 & R

2.1 2 #HIM#E REGla Tensin 4 KEHE  CRC ZH 1M
1§ REG1a Tensin 4 K- THaREXT B4 2 5 H 50

2R X (P<0.01) , W 1,

R1EHXIEAS CRC AT REG1a, Tensin 4 /K- HAL
(xts,pg/L)
Tab.1 Comparison of serum REGla and Tensin 4 levels between

healthy control group and CRC group

2 5 %R REGla Tensin 4
feFREXT B2 60 3.02+0.54 2.12£0.42
CRC 41 124 15.41£3.16 10.81£2.21
t1H 30.118 30.155
P1H <0.001 <0.001

2.2 iy REGla  Tensin 4 /K18 A A ifi PR /95 B4

ik rp A% 22 57 LU AR

TNM 43 H3 1HA pk L 45 5% %% CRC

BHIMYE REGlo Tensin 4 K FEE T INM 08 T ~ 1T
W kSRR s, ZERWASITFE L (P<

0.01), L3 2,

2.3 AEFETE CRC B23F MK REG1 o  Tensin 4 /KL
BOER A CRC B35 178 REG1a  Tensin 4 7K

R 2 LI REG1a Tensin 4 /KFTEA I R /5 BRARAE Hh 9 2 57 L AR

BT EEBTAH, 2R a5 %5 X (P<0.01),
L3z 3,

3 LIFFEBRTAMFEBE A CRC B4 ML7E REGla,
Tensin 4 /KL (x5, pg/L)

Tab.3  Comparison of serum REGla and Tensin 4 levels in
patients with and without liver metastasis
2 5 5% REGla Tensin 4
o2 79 11.82+3.16 5.44+1.26
A& 45 21.71+3.31 20.24+2.40
i 16.472 45.063
PAE <0.001 <0.001

2.4 ZWHZFE Logistic MIH 53 H7 CRC BHE ARG M
Mz ZE DL CRC 835 A5 i # oy A2 5 (T
fH RN 17 B 507) , L TNM 20 30] (A . 1= T3,
0=1~ 1) WEEH®(WMME:1=H,0=T).
REGla (245 &, JFEACA) (Tensin 4 (FEZLAF &, Ji
EHACA) A AZ G, #1472 &R Logistic [a1H 434, 45
RN TNM 73399 139 bk B2 45 % B8\ REGla T
Tensin 4 F+ & /& CRC & AR J5 I il S fa i [ 3
(P<0.01) i 4,

F 4 ZIHE Logistic [FH4H7 CRC B & ARG T4 #1452
(S
Tab. 4 Analysis of factors influencing postoperative liver

metastasis in CRC patients through multivariate Logistic

regression analysis

[Efetiy B1H SEH Waldfi P{i ORMH  95%CI

TNM 2T 0.355 0.112 10.047  <0.001 1.426 1.145~1.776

M ELEERS 0.341 0.102 11.177 <0.001 1.406 1.152~1.718

REGla 0.281 0.095 8.749 <0.001 1.335 1.099~1.596

Tensin 4 /& 0.260 0.086 9.140 <0.001 1.297 1.096~1.535
(%xs,pg/L)

Tab.2 Comparison of differences in serum REGla and Tensin 4 levels across different clinical/pathological characteristics

W H %k REGla B PH Tensin 4 {5 Pl

51 7 70 15.62+3.21 0.838 0.404 11.15+2.33 1.897 0.060
L 54 15.14%3.10 10.37+2.19

SIS <60 ¥ 58 14.98+3.04 1.427 0.156 10.43%2.10 1.775 0.082
>60 % 66 15.79£3.25 11.14£2.37

P S AR P 76 15.08+3.25 1.454 0.149 10.73+2.14 0.481 0.632
R AR B oA 48 15.93£3.04 10.93+2.43

Ji e A5z 7 74 15.65+3.29 1.019 0.310 11.012.30 1.219 0.225
H 50 15.05+3.10 10.51£2.15

MYUE N /o 73 15.16+3.24 1.051 0.295 10.63£2.08 1.404 0.163
stk 51 15.77+3.09 11.07£2.33

TNM 43+ I~ 72 10.71+3.02 19.452  <0.001 6.71x1.98 25.004 <0.001
|| B 52 21.92+3.36 16.48+2.36

WG H 72 20.59+3.43 20.884 <0.001 15.42+2.44 30.608 <0.001
J 52 8.24+2.98 4.42+1.02
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2.5 i REG1a  Tensin 4 /KEXF CRC H4 ARJ5 iFeE
BRmmmE 2 REGla, Tensin 4 7K PFAk
CRC & ARG IR ROC h4 , I3 M 26 T m R
(AUC) , 25 R IR 17 REG1a  Tensin 4 7K B Az
THBA TG CRC B E AR JF I M) AUC 230008
0.841.0.833.0.915, ZFH B A B9 AUC & T 50 i )
(Z/P=4.410/<0.001 .4.462/<0.001) , W3 5 & 1,

&S5 M7 REGla, Tensin 4 KFXF CRC A A G AL 19 B
M E

Tab.5 Comparison of the value of serum REGla and Tensin 4 in

evaluating poor prognosis of postoperative liver metastasis

in CRC patients

b fﬁ'jjﬁ wC 9SO HUSIE HERIE
REGla 1720 0.841 0.800~0.883 0.748 0.861 0.609
Tensin 4 1436 0.833 0.791~0.865 0.742 0.886 0.628
ZHBA 0.915 0.861~0.956 0.801 0.978 0.779

— REG1a
0.2 — Tensin 4
— THEBE

U 1 | |

1 |
0 02 04 06 08 L0
1he 5 2

1 Il REGla Tensin 4 KF-Hill CRC BE RIS IFHAL )
ROC #H %k
Fig.1 ROC curve of serum REGla and Tensin 4 levels for predic-

ting postoperative liver metastasis in CRC patients

3 3 #

CRC J& A BRES = 8 W GAE R, 295 Fr A Je i
W 10% ., BT CRC BIRIT AZ 4 BHEGIRIT N
I, 0TI BRI AR LA ARG o 3, R TR
CRC 3R Y7 MRS R G697 8 £ B 5 AF AR R
JE15%"7), HAT CRC BTG WA, 32 ZH TNM 4330
RS, (H X BEAR HRAE I AR AL 54 8 RS O T A7 7E
B s PR, C RS IR R e 2 kAR, S8
A REAS 2 MBIl B sl 4 Bhas AL I6 9T PR ZR L&
DRI, -3 AE 0% 52 8 A S b T A s e 5 B I AR A

ARG RS KU (48 L 43 F A s 4, X S A A4k
KEHEIRYT g B s B 2 CE MR E X,

REGla J& T C-BEEEZ AN, &l 166 M2 FE R
ZH B 43U TR B 1, L2 ) A 45 5 B - 45 B R R
FARABHG 7 45, e8I i G ERK1/2 38 B ik 41 21
PR BRI, REG Lo 764345 T8 | 8 i 98
G B EPEME R e R, HRBE R E A R 6
FIZEIR BTG (R S 5 AL AR K 7 3 1Rk e iE
g 0 ABFSE h, CRC B IILE REG1a 3k
B3 R XSRS EAE CRC AL 8P i oE 45 %
FELY S CRC A REG1a B 3257 5 /KE s . F
TR, CRC 40 v F LG RS AR IR 1 3 REMS (i it
REGla mRNA () N6 H 3t i 15 & 1, 3% 5% REGla
mRNA WRE T MR AR AR5 T, CRC B
L7 REG1a ik TNM 5 Stk L5 A G, I
BLI b, REG1 o 38 3 340G B-i% 20 4 (38 i, L
MYC Y235, (2 28 Ji 200 i JC 420 1% ik A 4 25 A R
it CRC 40 M A a5 Fn i 21  BEAEF 9T R 3R,
REG Lo AJ 38 5 0% AKT {5 53 i, D4 40 il 5 32
-5, REG Lo 3R IA T = BEAE 1S 5 2 A I AT 26 1)
CRC F4N M PLIAT-RE F1, REHE BY KT b T 2 4
AN BT 5 1 A 10 % SR T, AT 12 o 408 20 98 40
B35 R, 0 F g JHE I e A8 1Y AR 5 b, I 3
REG1a # /&R CRC A J5 R 1 fa 6 &, £ 3
M3 REG1a A B FiEAl CRC AR J5 ISR 1 XU . 43
PrEALH  REG Lo AYFE AL BEE 3175 T s f 2 ik
TR T AN AR S5 2 e 1 XU 30 I e i 9 20 i
XS IR YT B FRBUE , 2 2E AR S5 Il 56 B 1 & A
WFFE B B 40 5 REGT o 192308 W] A 2 i e
B M2 AU E A0 A T ME T 40 M A R 4
CD8"T Ik 4 241 i fr) fe 92 3 ) , 1 0% 9 40 M 194 5 28 ik
i, S EOR G R BEARRF ST 4RGE , REG Lo
ik5 ABCB1 ik 2 IEAH X, REGla 7] fig il o 4
ABCB1 [k , it 598 40 f £ 7 25 9 (0 S, 384 58
FE AN 5550 PR W e v T A it 25 [R) At os 20 ey
v-H2AX 7 BB B, 2 3 DNA i s 2, S8R &
AR,

Tensin 4 XFKH CTEN, J& T Tensin ZF %N 7 , F
BLEN TG BE, HA R e LB B 45 AR, N
Uity B TR s S IR 45 B 3 K C i SH2 S5 3, /- S 40 5
2P0 D R %) 76 BRF S o 7 o I R AR AR B R
W, i FLNRIE S5 iR Tensin 4 23K B 3L
WAL RhoA/ROCK {7 53 %, 12 oF 4 g F #5107
ARUFFE R, CRC B LV Tensin 4 Fik FiH, X 584
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2 BAE CRC A LRI A 25 5 — 30" Tensin 4
(IR 32 FIBAL PPl 45 A 7 30 e e e R R 2 [
WERE &, B A I SR A R P Tensin 4 2
PR 30 X 3 2 BG4k, 23X Tensin 4 A5 SR I4
T , G2 98 40 5 240 i 5 o ) 285 T, 50 4 Mot 2
AFE AT RS o AWFF A, CRC FBH M5 Tensin 4
ik 5 TNM 703 ROk I 2556 7 A OC, 5T 3R B, CRC
W Tensin 4 FJFRIKHBENE IS B-catenin/c-Myc i i, fiE
AR 20 B P A T i AN LR 1 7= A, 5230 CRC i 4 o
FEREGE AL AR R vk R T AN Tensin 4 HY
FEIRILBERL T AKT/GSK-3B i i , {2 1 Snail A5 K
R B A Y A A 3 i T g A A A {2 22 AT R e
71, FEUE A AR R Y ORI i
Tensin 4 /52520 CRC BH ARG R GR H &,
MR Tensin 4 755 b Bz 0] 5 4% £k Ko A2 il 48 A6
WAEHSEZFPLE E CRC AR JE R 7 G B &R
M rF 3l WF9T R, Tensin 4 i i 5 Casitas B &
RIS S, BN B-catenin FYFR &M, IR M4 N &
KT A BFRIE, A IF IR 48 Az B, 35 b 98 AR
H/EZ{*H:@%%$ZE/‘JMB®[M o lﬂfﬁl\,Tensin 4 BERIR
MBS SO R AL AR K - B A, 175 S AR i
B 8] B2 Ak, Y s g A O AT S TR T AR, 2
TR B B TR TS T

ARG AT R B, L5 REG1a 5 Tensin 4 BeAH
DUTPAR IE s Be 45 B IR AR A AR 5 I3 7% HoAA T8 e A il
MZARE , A B TR B U e i iR B A, P
BA TN E AT, TTREIR T E AT X —%
AR A O F B AME . REGLa A —Fh o3 il
RUFEA: S T N, ol o BE 4 AKT {5 53
B, PR R 8 T R R 0 A e At L B T G SR T 4
SRR MR 1) N RAERERE S T Tensin 4 1%k
B BESN 7 2E R IR T R 42 T iR 200 A i Akt
JES I ) R FRI LSR8 7 R, 4 1 3 75 1L 37 HP ]
Bk A T R KT B 4 7 58 R P R s A2 E B s
BN 5 AR G T 0 I A M LR AR I RS
XU S i s, X — S5 SR PR T A R e A
AT b S B CRC R i RS T e, A7 EE A I PR TR
S CRC AR J5 RS i fs NBER AT 58 T2 SRyl e Ak
A 05 BhR T Rms R AL bl 1 7 RIREEE S |
4 £ it

25 Lk, CRC A 1M REG1a 1 Tensin 4 7K
T, S R R R UIAR DG, AT REAE 4l B
HE W ARG AR G R W TS E I b i . AR5
B Jes BRAE T O T RE ST FEAR B A/)N , AT BB

MaGE A Ty o FLU, AR S AR I 1M 7 REG1a A
Tensin 4 7KV, o< 38 & 4i Jifg 5 20 4 52 56 56 UE — & 7
CRC ARJG R i i B AR AR AL, ARAG RS
UEBAS BT 22 pc i BE M I PRI 2 — 2B P 5T, 1
Hb, RAORE 8 i i A i B mlod R IR LR W REG1a
FI Tensin 4 76 CRC #9755 5575 A () I 45 W 4%, R H
VE Ry WA A s 25 ) TE FA2 RS 7 80 b B AN L
P 35 0 52 I AT A PR W O 2
EE =R

B R BTN R AT AR B SRS § 1804
SHEOFFES AR IS, AT LR T A AR ST A
B, A Hri A IS SO A 7 — B R R R S AR T R
BORME AR R
S 3k
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IM7E IncRNA MEG3 1 miR-493-5p %35 5 3l ke 1
o O T s L O T R B S TS Y R R

Wl B, FE,FRM, 3

FEATRH . Wb B RO 5T R T H (20230209) 5 365 10 T & S AF A IR H (2421061D)
TEF L. 075061  JAAEBKK I ITdbAb Jy 2 B Bt 5 — I B b 22 0B
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[ ) B RIS ek B R s 1 (aSAH) 8825 1075 K A8 4 5 RNA BF B #5224 3 (IncRNA
MEG3) . f#/)h RNA-493-5p( miR-493-5p) Fik SHE R RAUS R, Hikx #2023 4 1 H—2025 4F 4 Ak
b5 5 Be i 5 — R B 2 S RHBUA 1Y aSAH [ 182 i)y aSAH 2H , AR TG 17 "™ B AR EEHS aSAH B35 43 AL 4
112 BIFNE RN AL 70 4], MARYEAR G D5 6 4~ FA UG 0BG A R WAL 61 il S RAr WAl 121 4, 5 BRI+
B B ARA B filt e AR SR AR 170 A R B ZH , SR SERT 22 & PCR AL IMLVE IncRNA MEG3 \miR-493-5p #ik7K
- ; Pearson 74387 aSAH B3 Il IncRNA MEG3 /K5 miR-493-5p TK S ) A 2 Spearman WA BT LT IncRNA
MEG3 \miR-493-5p /K- 5 aSAH f8 5 15 B2 5 K WU iAH G s 2R F Logistic [MIH 4387 aSAH f8 5 TS AN R 19521
R ;ROC HIZEPEMN M7 IncRNA MEG3 .miR-493-5p /K %} aSAH B E TS AR TRMAN(E, &R SEEX IR
FLE , aSAH L IMTE IncRNA MEG3 ik T, miR-493-5p FIkFHAK (1/P=60.043/<0.001,46.202/<0.001) ; SHAI W 41
oA, EARLT 2 I IncRNA MEG3 #3A 77, miR-493-5p Fik K (1/P=22.222/<0.001,20.157/<0.001 ) ; 55 R
WA 3T, e AS B IV4H & 1% A BERT e B Fisher 18 £ 1E4) 3~4 43 Hunt-Hess T8 £ 14> 3~5 40 \WFNS 432 IV ~
V2% Sk A =5 mm & AN 048R 28 )15 (x2/P=4.650/0.031 ,99.688/<0.001 ,72.264/<0.001 . 79.006/<0.001
6.049/0.014,39.729/<0.001) , IfL7& IncRNA MEG3 k7K 5, miR-493-5p KKK (1/P=27.796/<0.001,34.778/<
0.001) ;aSAH H# IL7% IncRNA MEG3 /K°F- 5 miR-493-5p 7K -5 fiAH & (r/P=-0.617/<0.001) , IfL 37 IncRNA MEG3
K5 WENS 734 IEAIE , 5 GOS PB4 & fa A 55 (r/P=0.723/<0.001 ,—0.781/<0.001) , Il 7& miR-493-5p /K F5
WEFNS 4328 A, 5 GOS PH43 2 IEAHE (r=-0.649/<0.001,0.695/<0.001 ) ; &5 Il 5 . A BB 2 B Fisher 114
3~4 4y Hunt-Hess mERIT4> 3~5 45 \WFNS 43IV ~ V4 ik I 45 5228 IncRNA MEG3 5 /& aSAH B #H FfE A R (970
SEAER R ZE [ OR(95%CT) = 1.874(1.146~3.065) .2.863(1.541 ~5.319) .2.667 (1.461 ~4.868) .4.047(1.844~8.881) |
2.442(1.397~4.270) \2.255(1.318 ~3.858) ] ,miR-493-5p =i 2T A- Y R ZE [ OR(95%CI) = 0.398(0.188 ~0.839) ] ; Ifil
#% IncRNA MEG3 .miR-493-5p 7K B K — F A T aSAH B S A B A AUC 43510 0.796.0.781.,0.878, %
BEA T AUC K T4 B B ( Z/P=1.968/0.043 2.058/0.040) , Z5it aSAH M LY IncRNA MEG3 & 5%
ik \miR-493-5p 2ARFRIE, B ™ ERE 5 ZFH AP YA, IncRNA MEG3 \miR-493-5p Bt A4 X} aSAH £
H TG A RA B T AR

[Eg2im] RIS Bl i, ShIkR P ; KAk IR A0 RNA BE R FIAIEH 3,80/ RNA-493-5p i I L TS

[RESZES] R743.35 [ xERFRIRFG] A

Relationship between the expression of serum IncRNA MEG3 and miR-493-5p and the severity and prognosis of pa-
tients with aneurysmal subarachnoid hemorrhage Xie Aotan, Zhai Xiaoyong, Li Zheng, Li Chenyang, Liu Ming. Depart-
ment of Neurosurgery, The First Affiliated Hospital of Hebei Northern University, Hebei, Zhangjiakou 075061, China
Funding program Medical Science Research Project Plan of Hebei Province (20230209) ; Key Research and Development Pro-
gram of Zhangjiakou City (2421061D)
Corresponding author; Liu Ming, E-mail; Imlix2009@ 126.com

[ Abstract] Objective To investigate the relationship between the expression of serum long non-coding RNA mater-
nally expressed gene 3 (IncRNA MEG3) and microRNA-493-5p (miR-493-5p) in patients with aneurysmal subarachnoid hem-
orrhage (aSAH) and the degree of disease and prognosis. Methods The clinical data of 182 patients with aSAH (aSAH
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group) admitted to the Department of Neurosurgery, the First Hospital Affiliated to Hebei Northern University from January
2023 to April 2025 were selected. The severity of aSAH patients was classified according to the World Federation of Neuro-
surgical Societies (WFNS) classification criteria on admission, including 112 cases in the mild subgroup (WFNS grade I -1I)
and 70 cases in the severe subgroup (WFNS grade IV- V). In addition, 170 healthy volunteers who underwent physical exami-
nation in the hospital during the same period were set as the healthy control group. Clinical data of aSAH patients were col-
lected, and serum levels of IncRNA MEG3 and miR-493-5p were detected by quantitative real-time PCR. Patients with aSAH
were followed up for 6 months according to the Glasgow Outcome Scale (GOS) score, and were divided into a poor prognosis
subgroup (GOS score 1-3, 61 cases) and a good prognosis subgroup (GOS score 4-5, 121 cases). Differences in serum In-
cRNA MEG3 and miR-493-5p levels and clinical data between the two subgroups were compared. Correlations of serum In-
cRNA MEG3 and miR-493-5p with disease severity and prognosis, factors affecting poor prognosis, and the predictive value
of these two markers for poor prognosis were analyzed. Results Compared with the healthy control group, serum IncRNA
MEG3 level was significantly increased and miR-493-5p level was significantly decreased in the aSAH group (¢#=60.043,
46.202, both P<0.001). Compared with the mild subgroup, the severe subgroup had significantly increased IncRNA MEG3 and
significantly decreased miR-493-5p (¢=22.222, 20.157, both P<0.001). Compared with the good prognosis subgroup, the poor
prognosis subgroup had a higher proportion of patients with a history of hypertension, modified Fisher scale score 3-4 at ad-
mission, Hunt-Hess scale score 3-5, WENS grade IV-V, aneurysm diameter =35 mm, cerebral vasospasm, and higher serum
IncRNA MEGS3 levels, while miR-493-5p levels were lower (X°/t=4.650, 99.688, 72.264, 79.006, 6.049, 39.729, 27.796,
34.778; P=0.031, <0.001, <0.001, <0.001, 0.014, <0.001, <0.001, <0.001). Serum IncRNA MEG3 was negatively correlated
with miR-493-5p in aSAH patients (r=-0.617, P<0.001). IncRNA MEG3 was positively correlated with WENS grade and
negatively correlated with GOS score (r=0.723, —0.781, both P<0.001). miR-493-5p was negatively correlated with WFNS
grade and positively correlated with GOS score (r=-0.649, 0.695, both P<0.001). A history of hypertension, modified Fisher
scale score 3-4 at admission, Hunt-Hess scale score 3-5, WENS grade V-V, aneurysm diameter =5 mm, cerebral vasospasm,
and high IncRNA MEGS3 level were independent risk factors for poor prognosis in aSAH patients, while high miR-493-5p lev-
el was an independent protective factor [ OR(95% CI)=1.874 (1.146-3.065), 2.863 (1.541-5.319), 2.667 (1.461-4.868), 4.047
(1.844-8.881), 1.514 (0.904-2.536), 2.442 (1.397-4.270), 2.255 (1.318-3.858), 0.398 (0.188-0.839)]. The areas under the
curve (AUC) for serum IncRNA MEG3, miR-493-5p, and their combination in predicting poor prognosis in aSAH patients
were 0.796, 0.781, and 0.878, respectively. The AUC of the combination was significantly greater than that of either marker
alone (Z=1.968, 2.058; P=0.043, 0.040). Conclusion In aSAH patients, serum IncRNA MEG3 is highly expressed while
miR-493-5p is lowly expressed; these changes are more pronounced in patients with more severe conditions. The combination
of IncRNA MEG3 and miR-493-5p has a favorable predictive effect on poor prognosis in aSAH patients.

[ Key words] Subarachnoid hemorrhage,aneurysmal; Long non-coding RNA maternally expressed gene 3; MicroRNA-

493-5p; Disease severity; Prognosis
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Ik ) T & M 1L ( subarachnoid hemorrhage , SAH )
J2 FH T A 722 M A RN 2R Il VB Ak IO JE S TS 3 T
PRI — M & I R LE S AE > . B sh kIR S 30
SAH FRr-N s ik JeE P SAH (aneurysmal SAH, aSAH) , 2
T SAH (1) 85% , B KR AR L IR b
WS I A AR 2855 T-BUARYT aSAH, {H ) Il
J SRR AT 2 S BURF UG A RO 5
P70 R 250 aSAH FBE TS AH G B9 A W i
Yy, LA RAZT 7 R MEE TR SR 2R H 2, i
oK, K 8k AE 98 5 RNA (long non-coding RNA,
IncRNA ) -5 F8 55 PRI SR 1 42 10 288 75 TP il ot 28 2R 9k
g h BV FE WA BT #4057 IncRNA BE R R 3K
FEH 3 (‘maternally expressed gene 3, MEG3) J&—Fl E[J i
BEPA o Ak 7K T (g 20 0 B A T R ke 1

TV T B 05 B/ RNA-493-5p (- microRNA-493-
5p,miR-493-5p) /& —FPfii T A 14 S QLA fk 14q32.2
ENiC L 5% P 9 JE 4R S RNA, H IncRNA MEG3 fin T.
A Liu %0 3R 8 R, miR-493-5p 7EMA4: 7RG
SR T T R RS TR A A AR 2 8T TR AL
BT T ) e A AR AR . DA B RS R B,
IncRNA MEG3 il miR-493-5p 7 22 Fl ixi IfiL 5 ¥ 9 Hh 57
HRIIIF RN EEN B = F 2 ® 5 aSAH #
KA IARIE . P, A5 A aSAH B 10T In-
¢cRNA MEG3 5 miR-493-5p 1 £ kK, /0br — & 5
TR S5 RS BE, LA N aSAH AYE 16 74 )T B LT 7E
S SRR B B,

1 &pl5AH*

1.1 IGIRYERE BEHL 2023 4F 1 H—2025 4F 4 At
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AT FBE B 55— S B A 22 SR BHICIA 1Y aSAH B H
182 {44 aSAH 41, % 81 fil, Zc 101 f4l; 4F#% 41 ~ 73
(52.87+9.71) % ; {4 i & 45 54 ( BMI) 18.16 ~ 25.04
(22.37£2.19) kg/m*, S H - FA W Z SR G &
(WENS) 232 bn ' MR Y aSAH 8 A Bz I 9 95 15
PEEEFREE A R4 112 5] (WENS 434% 1 ~ M %%)
FE R 2 70 1] (WENS 504 IV ~ V4¢) . 53 s HUA
1T I e ARG %) i B R RS 170 51 Sy ft B X R 4L, B3
73 B, 2z 97 Bl E WA 39 ~70(53.16+£9.58) % ; BMI K
18.21~24.98(22.18+2.54) kg/m>, aSAH ZH Fl{t & Xf
HEZH M) AR BMI 38, 2 5 G i # 8 X (P>
0.05) , HA ] thtk, ASHFIE £ Bs Be A0 3 25 53 2> fikifE
(1.82022-56) , 5238k Fl/uk 5 @ £ 015 6] 2 92 2 A
TR,

1.2 RBREREARAE (1) AFRUE . DFF G aSAH 1Y
BWibRIE " I o 5 1R A A 2 SO 7 @
HIRER; @ KK EABER A <24 h, H %R 58 %
(2) HEBRARIE . DABE 48 h NAET:; QBEVII A <6 4>
@B I HADM & RGP O FNESFEZ AT
DIReRts ; G RSB e R s R VT

1.3 WIHER 5 07k

1.3.1  IGIRGERHICAE S 5] AR BMI & 2 A
B[] R s R SR | SR 1 sl BRI L ABE
i WENS 232 %) ABEif i B Fisher 8 3FE0" A
BEit Hunt-Hess £ 26 PE 501 S bR A0 & s ko &
2 BhkoR B | i i A e AR kAR O F R O A
1.3.2 L% IncRNA MEG3 ,miR-493-5p 7K A . %
FHSEET 26 7 PCR OIER VI IncRNA MEG3 \miR-
493-5p JKF-, T aSAH EH AP 24 h N (RHT) /i
AR R ARG I SR AR 25 N DK I 5 ml, 2500 5 WCHE
Tt Trizol IR (P 5 EE AW TR A PR F], NT069 )
PRI 5 RNA 5 2R FH 39 5 5300 & (g st ik
YT A FRA T NDO1S ) H i 5 5% ¢DNA 5 2Rk FH%¢
JEE it PCR A (75 N 7R M 240k Bl 2 A 3% 2w,
ETC821) MK ¥ PCR i3l & ( Ll @ AL AE ) 28 Al
WE1496K) Ui 174 38 . L5 i 5| W ZHE L8
BLAT SR A YR S Fl T, PCR U 45 : 94°C Tl
AEPE 6 min94°C ARV 11 s 62°C B K/ FEMH 1 min, fEFR
41 IR BT R th 453 7 95°CH#4E 15 s, PCR R
MARZ: | RS04 1 wl, PCR FIR 8 wl, cDNA
3 wl, TEEK 12 pl, 22429935 IncRNA MEG3 (LA
GAPDH HZ) .miR-493-5p ( LA U6 §Z) A XF ik 7K
T BMEARTRE 3R, &SI ERTIISEOLE 1,

%1 IncRNA MEG3 I miR-493-5p B4/ %)

Tab.1  Primer sequences of serum IncRNA MEG3 and miR-
493-5p

Ak 54 Rzl

IncRNA MEG3 5’ -TCATGATCTCGCATG- 5’ -CGTGAAGTGCTGTAG-
GACGG-3’ GAGC-3’

GAPDH 5’ -ACTGCGAGATCGGTC- 5’ -GTATGTCGTGATACT-
TACCAG-3’ GCTCTTCA-3’

miR-493-5p 5’ -GAACTGGCGCTAAGT- 5’ -ATTCCTAACTTAACT-
GCCACATCCTAGCC-3’ ACTGAGTTCGAAGC-3’

U6 5’ -ACTTCTGCGCCTGCT- 5’ -CAGGAGTTACCTAGA-

CGAAC-3’ TGGAT-3’

1.3.3 Bl K TR 2040 aSAH B AR 40 (v ] gk o0 st
T M2 G AR 2019) 5 K A 2 R B 1 £ e
PR B ZEARIBIT , AR5 A s e AL B U7, DR 5 26
U AT bR B, S AR 6 AN A L BV TR
FKHITeE A SEIG USSR, BT .
ARG 1A 3 PMAKHT L RIMN2ES, K5 6 A
TR 1128 A, W) g ]l s Rl DT 1R, S
TR BN AR A I R A O S A A
Bl N2« AR — I R AE AR (S Sk & LB HUIRE
) PEAL L B4 R GEARAE R A RS T R TS R
(GOS) P41, IRl 25 & 3k fili CT/MR K 2 HEBR A J5 H
I A i AR AR I KA . ARIEAR ST 6 4~ A RIKBEVI
1) GOS WA AT HLS 4340, 4% aSAH S8 4 A il J5 A
KP4 61 ] GOS ¥F43 1~3 43) FIHUE KB4 121
Bl GOS P74 4~541) o

1.4 Gt SR SPSS 27.0 gt . it
BOGR LI A 5 HE (% ) o, dLI] Fe e R x> 6
5 A IEAS TR GOR DL x5 ROR, 2 4] AR
K AT FEAS ¢ K556 ; Pearson 20 8T aSAH B & L7
IncRNA MEG3 7K *F 5 miR-493-5p 7K % () A 3¢ 1,
Spearman 0 HT L7 IncRNA MEG3  miR-493-5p /K-
55 aSAH fBE R B WS A e 2R R
Logistic [FIH5HT aSAH B E G AN KA N & ;%
RE TAERFE (ROC) M £ BF ) 1L IncRNA MEG3
miR-493-5p K- X} aSAH 3 15 A K9 A0 A {6
P<0.05 WZERAGIFEX,

2 &% R

2.1 2 #IM%% IncRNA MEG3 . miR-493-5p /K- 4%
Sjfd R X B L H#5, aSAH #IML3E IncRNA MEG3 235
THiEr, miR-493-5p FA[EAK (P<0.01) , WL 2,

2.2 AN[AEIEREEE aSAH B IML75 IncRNA MEG3 .
miR-493-5p /KFLbEe SR AN AL T, B A 2 1
5 IncRNA MEG3 ik T}, miR-493-5p FikREAL, 22
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SEHAS = L (P<0.01), 1033,

F2 fEFEXIEA Y aSAH 4110 IncRNA MEG3 , miR-493-5p
HOFELLERE  (34s)
Tab.2 Comparison of serum levels of IncRNA MEG3 and miR-
493-5p between healthy group and aSAH group

a9 k3 IncRNA MEG3 miR-493-5p
TRERREXT IR 21 170 1.00+0.09 1.00£0.12
aSAH 4H 182 3.61+0.56 0.52+0.07
¢ fH 60.043 46.202
P <0.001 <0.001

®3 RAVHSEATH aSAH B 1ML IncRNA MEG3
miR-493-5p ACE L (zs)
Comparison of serum levels of IncRNA MEG3 and miR-
493-5p between mild subgroup and severe subgroup

Tab.3

4 5 fi1%% IncRNA MEG3 miR-493-5p
1R 41 112 2.85+0.42 0.6120.09
HAW A 70 4.830.78 0.38+0.04
t1l 22.222 20.157
Pa <0.001 <0.001

2.3 RAIHUS aSAH B35 I PR 58 8 X Il 7 IncRNA
MEG3 miR-493-5p /K-F- b HHE R4FIA K,
G A R R LR A BER R Fisher B & 10F5 3 ~
4 %) Hunt-Hess &£ 3~5 43 \WFNS 3% IV ~ V
P BB EAR =5 mm KA N0 A AR LB I
IncRNA MEG3 2 ik 7K F &5, miR-493-5p 2 ik K A%
(P<0.05 5 P<0.01) , WL 4,

2.4 Ifil7 IncRNA MEG3 .miR-493-5p 7/KF 5 aSAH H
FE R E WS B A OCPE Pearson 43 AT B,
aSAH £ M7% IncRNA MEG3 7K ¥ 5 miR-493-5p 7K
SFEAAR (r/P=-0.617/<0.001) ., Spearman 43 #7 it
7N ,aSAH BF 1ML IncRNA MEG3 /K5 WFNS 70 %%
HIEM G, 5 GOS PF4r B A& (P<0.01) 5 1L 7K
miR-493-5p7KF- 5 WFNS 732 2 A 5¢, 5 GOS 1143
SIEAE(P<0.01) LK S,

2.5 ZHEK Logistic MIH4HT aSAH £ H UG A B (1)
MR ZE DL aSAH BE TS N R AR & (. 2
K NE07) ARG R P<0.05 193 H [

R4 TR RHFEHSHUSA RIEH aSAH B G RFR LM IncRNA MEG3 \miR-493-5p /K- HL#5
Tab.4 Comparison of clinical data and serum levels of IncRNA MEG3 and miR-493-5p in different prognosis subgroups

moH Wa R W4 (n=121) AR (n=61) X2/t 8 P
Bl#l(%)] 55(45.45) 26(42.62) 0.132 0.717
AEIE (225, %) 52.39+9.95 53.82+9.23 0.937 0.350
BMI(&+s,kg/m?) 22.19+2.14 22.73+2.29 1.569 0.118
KR EABEITA] (2£5,h) 6.81+2.23 7.02+2.49 0.576 0.565
WA [ (%) ] 31(25.62) 19(31.15) 0.622 0.430
P B (%) ] 33(27.27) 23(37.70) 2.072 0.150
KIS [ (%) ] 22(18.18) 12(19.67) 0.059 0.808
BIHEHI(%) ] L S 49(40.50) 35(57.38) 4.650 0.031
WEPRI 2 17(14.05) 13(21.31) 1.554 0.213
1 JIg LA B 22(18.18) 17(27.87) 2.260 0.133

ABEI B R Fisher 1 26 PE50[ (%) ] 0~2 % 111(91.74) 11(18.03) 99.688 <0.001
3~4 4y 10(8.26) 50(81.97)

ABEHT Hunt-Hess & #1F5[ (%) ] 1~2 4y 99(81.82) 10(16.39) 72.264 <0.001
3~54% 22(18.18) 51(83.61)

APBERT WENS 43 4% [ il (%) ] I~ 102(84.30) 10(16.39) 79.006 <0.001
V~Vg 19(15.70) 51(83.61)

SIKEALE (%) ] GIEEED 103(85.12) 49(80.33) 0.678 0.410
EEEED) 15(12.40) 10(16.39)
EOEEEED 3(2.48) 2(3.28)

ShlkIE EAR (%) ] <5 mm 67(55.37) 22(36.07) 6.049 0.014
=5 mm 54(44.63) 39(63.93)

SBR[ %) ] R 94(77.69) 45(73.77) 0.345 0.557
2R 27(22.31) 16(26.23)

G iR AE [ 51 ( %) ] 17(14.05) 36(59.02) 39.729 <0.001

FARITA[HI(%) ] SeAIAR 49(40.50) 26(42.62) 0.076 0.783
FEFEAR 72(59.50) 35(57.38)

IncRNA MEG3 (xs) 2.72+0.39 5.38+0.90 27.796 <0.001

miR-493-5p ( x+s) 0.65+0.08 0.26+0.05 34.778 <0.001
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Fz S5 L IncRNA MEG3, miR-493-5p /K15 aSAH 51
e JE K T B AR S
Tab.5 Correlation of serum IncRNA MEG3 and miR-493-5p with

the severity and prognosis of aSAH patients

S WENS 434 GOS iP5
£
i Py r i PiE
IncRNA MEG3  0.723 <0.001 -0.781 <0.001
miR-493-5p -0.649 <0.001 0.695 <0.001

MR (JCAE 0, A IRAE 1)  ABER Bk B Fisher 21T
I3(0~2 S MRAE 0,3 ~4 43TR{E 1) . ABERT Hunt-Hess
BRI (1~2 43R 0,3~5 A WkAE 1) ABEHT
WENS 432% (1 ~ MZAE 0, IV ~ VEIR{E 1) . Shkig
B (<5 mm RIH 0, =5 mm BRI 1) 04528 (&
RATRAE 0, K ATR(E 1) . IncRNA MEG3 (#4215 &,
JREAA ) \miR-493-5p (GELL &, JREAA) 1 N H
Ak AT ZHE Logistic [F1F40HT, 45 8 SR . w5 i
& AR R Fisher 3 1E4)> 3~4 43 Hunt-Hess 11
FKIF5 3~5 43 WENS 539 IV ~ 'V 9 i 1 48 B2 22 |
IncRNA MEG3 & /& aSAH 835 FilJ5 A R (140 ST i ;A
% ,miR-493-5p = & M 7 R4 I (P<0.05 5% P<
0.01), L% 6,
2.6 IiL#E IncRNA MEG3 .miR-493-5p /KF-%} aSAH &
HUUGE AR WMANE 28 05 IncRNA MEG3 |
miR-493-5p /K- F-Fi aSAH £ % 5 A B 19 ROC
28 JFTE ML T (AUC) , 4553 WK« 1L IncRNA
MEG3 miR-493-5p /K-l J — F B4 1l aSAH &
FHFGE AR A AUC 205124 0.796 .0.781 ,0.878 , —F Bk
AT E) AUC KT 45 H B8 00 49 AUC (Z/P =
1.968/0.043 2.058/0.040) , WLIE 1.3 7,
3 4t i

aSAH Zj & T 24E AR, H LR 2w T 5
P, aSAH RIEIRYT 5 5 KAz 1 O, 3 25 5 3500w e
S Z e, BUR 22 RIS HETERY aSAH

1.ofF
0.8}

w 0.6

B
0.4

— 1ncRNA MEG3
0.2 — miR-493-5p
ZEBE

I 1 I 1 !
0 0.2 0.4 0.6 0.8 1.0

15

B 1 IfE IncRNA MEG3 ,miR-493-5p 7K-F-Hililll aSAH 3 1
JEA R ROC Hi 2k
Fig.1 ROC curve of serum IncRNA MEG3 and miR-493-5p for

predicting poor prognosis in aSAH patients

&7 Ifl% IncRNA MEG3 .miR-493-5p IKE*F aSAH B3 i )5
AN R FIN A (B
Tab.7 Comparison of the value of serum IncRNA MEG3 and miR-
493-5p in predicting poor prognosis of aSAH patients

2%
5 BIE AUC  95%CT  HURE ARSI ;Q%

IncRNA MEG3  4.12
miR-493-5p 0.41
ZHBE

0.796 0.723~0.861 0.718 0.852 0.570
0.781 0.705~0.843 0.735 0.864 0.599
0.878 0.815~0.928 0.884 0.818 0.702

I I 7™ EE R FE WO R T, XAk R T TSR s |
g R TR B e

IncRNA MEG3 1E R —26K EEH i 200 %1 R
HYAES S RNA , & IR SEAE 2 Pl 28 22 G255 v 473
CHRR R FA £, FLFRGR S S5 0 A A R R
JO7 % i 5 SR I 0 R 45 B O R S U AR OGP A
FERIN, IncRNA MEG3 i3 2 35 BEAZ 2 a7F St i 44 fig 4
JE 2RI T I AR 5, (A e T e ALY

F6 ZHEK Logistic MIHMHT aSAH S HUS A R A2 H %

Tab.6 Multivariate Logistic regression analysis of factors affecting the poor prognosis of aSAH patients

% B1lA SE {4 Wald 18 P OR 14 95%CI
Fon I SR 0.628 0.251 6.260 0.012 1.874 1.146~3.065
ABERTHC R Fisher 3F4 3~4 43 1.052 0.316 11.083 0.001 2.863 1.541~5.319
ABER} Hunt-Hess 28 1¥F45 3~5 43 0.981 0.307 10.211 0.001 2.667 1.461~4.868
ABERT WENS 23441V ~ V 4% 1.398 0.401 12.154 <0.001 4.047 1.844~8.881
HKEEA =5 mm 0.415 0.263 2.490 0.115 1.514 0.904~2.536
G 10 A 2R 2 0.893 0.285 9.818 0.002 2.442 1.397~4.270
IncRNA MEG3 & 0.813 0.274 8.804 0.003 2.255 1.318~3.858
miR-493-5p & -0.922 0.381 5.856 0.016 0.398 0.188~0.839
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Wang % 2 3338 78 , IncRNA MEG3 75 fi i1 1f 5 2 1L
HHHR L, A SRR E SRR EREE R R
BRI, AR AR BN, aSAH B IL7E IncRNA
MEG3 FRik7K-FHAgE R # T+ 5 , #2758 IncRNA MEG3 7]
AE5 aSAH W &AM K, HENFA M IncRNA MEG3
K FRANE AL, 15 AN RO 4L 0 IncRNA MEG3
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(# =] B® FTmig e -1 (cGAMP) (mi TR E F A2 (HirA2) /K1 6 I 7 JEAE fiff 4
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21 54 ) RIEABLG 28 d PRI & MI 434 MI W20 52 Al MT W.4H 50, 55 3% 18 1= 1 e e B ) 300 i e 1A i TR
102 A il B0 BRZH 3% FH T IGG 628 W B A6 0 1ML 37 cGAMP  HirA2 7K - 5 5% FH A5 50 AR 43 H7 L3 cGAMP |, HirA2
K59 15 IR s B R Logistic 9113438 SPH & It & MI B9s2m R ; 21 TAEERE (ROC) /il € DFAh 1 775
cGAMP HirA2 /KFXT SP B EIF & MI B TR AE, 53R SP A7 cGAMP  HurA2 /K & T Bt B4 (1/P=
14.512/<0.001 ,14.231/<0.001 ) ; f&. # SP W 4H Ifl V& ¢GAMP  HirA2 /K15 TIEf& 5 SP W 2H (1/P = 4.334/<0.001 .
4.363/<0.001) ;SP [ ML cGAMP HirA2 /K -3 595 1% 22 IEAHIE (/P = 0.498/<0.001 ,0.500/<0.001 ) ; 53 MI W41
FeAgs , MI AL WUIVES B 4 1(eTal) JULER 384 [R) T/ ( CK-MB) . cGAMP  HtrA2 7K F+755 (/P = 3.444/0.001 ,3.270/
0.001.5.926/<0.001 ,6.310/<0.001) ;cTnl 7 .CK-MB & .cGAMP 7 HirA2 728 SP B If & MI B Sr fE ke & [ OR
(95%CI)=2.326(1.270~4.260) .1.117(1.002 ~ 1.246) .2.054(1.390~3.034) .1.263(1.116 ~1.429) ] ; L 7% cGAMP .
HirA2 7K B Je — B A 00 SP AR 3E I& MI W4k T AL (AUC) 43918 0.789.,0.800,0.912 , —F AT SP £
FHI R ML BISRER T H A A Boph T ( Z/P=3.484/0.001 .3.132/0.002) . 45it  SP MM cGAMP  HirA2 /K F-T)
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Application value of combined serum cGAMP and HtrA2 detection in patients with severe pneumonia complicated by
myocardial injury Zhao Liang” , Ren Huihui, Yin Jianwei, Liu Zhonglei, Hao Yufang. * Intensive Care Unit (ICU) , Yulin
Hospital, First Affiliated Hospital of Xi‘an Jiaotong University, Shaanxi, Yulin 719000, China
Funding program: Science and Technology Plan Project of Shaanxi Provincial Department of Science and Technology
(2021SF-342)
Corresponding author: Hao Yufang, E-mail. hyf.5638@ 163.com

[ Abstract] Objective To investigate the application value of combined detection of serum cyclic guanosine mono-
phosphate-adenosine monophosphate (cGAMP) and high-temperature requirement protein A2 (HtrA2) levels in patients with
severe pneumonia (SP) complicated by myocardial injury (MI). Methods A total of 102 patients with SP admitted to the In-
tensive Care Unit of Yulin Hospital, the First Affiliated Hospital of Xi' an Jiaotong University from January 2022 to January
2025 were prospectively selected as the SP group, and 102 healthy volunteers were selected as the healthy control group at a
1:1 ratio. Serum cGAMP and HtrA2 levels were detected by enzyme-linked immunosorbent assay. SP patients were divided
into a critical SP subgroup (48 cases) and a non-critical SP subgroup (54 cases) according to disease severity. The correlation
between serum cGAMP and HtrA2 levels and disease severity was analyzed by point-biserial correlation. SP patients were fur-
ther divided into an MI subgroup and a non-MI subgroup based on whether MI occurred within 28 days after admission. Fac-

tors influencing MI in SP patients and the predictive efficacy of serum cGAMP and HtrA2 levels were analyzed. Results
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Compared with the healthy control group, serum levels of cGAMP and HtrA2 were significantly increased in the SP group (=
14.512, 14231, both P<0.001). Compared with the non-critical SP subgroup, serum levels of cGAMP and HtrA2 were signifi-
cantly increased in the critical SP subgroup (#=4.334, 4.363, both P<0.001). Serum cGAMP and HtrA2 levels in SP patients
were positively correlated with disease severity (r=0.498, 0.500, both P<0.001). The incidence of MI among the 102 SP pa-
tients was 50.98% (52/102). Compared with the non-MI subgroup, the MI subgroup had significantly higher levels of cardiac
troponin I (cTnl), creatine kinase isoenzyme MB (CK-MB), cGAMP, and HtrA2 (¢=3.444, 3.270, 5.926, 6.310; P=0.001,
0.001, <0.001, <0.001). Elevated cTnl, elevated CK-MB, elevated cGAMP, and elevated HtrA2 were independent risk factors
for MI in SP patients [ OR(95% CI)=2.326 (1.270-4.260), 1.117 (1.002-1.246), 2.054 (1.390-3.034), 1.263 (1.116-1.429)].
The AUCs of serum ¢cGAMP, HtrA2, and their combination in predicting MI in SP patients were 0.789, 0.800, and 0.912, re-
spectively. The combined detection was superior to either marker alone (Z=3.484, 3.132; P=0.001, 0.002). Conclusion Ele-

vated serum cGAMP and HtrA2 levels in SP patients are associated with increased disease severity and the occurrence of MI.

Their combination demonstrates high predictive efficacy for MI.
[ Key words)

quirement protein A2; Myocardial injury; Prediction value
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Tab.1  Comparison of serum ¢cGAMP and HitrA2 levels between
the healthy control group and the SP group

4 % ¢GAMP ( pg/L) HirA2( ng/L)
TR RREXT B 21 102 2.24+0.69 392.57+184.91
SP 44 102 5.33+2.04 1 260.78+587.75
i 14.512 14.231
P <0.001 <0.001
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Tab.2  Comparison of serum ¢cGAMP and HtrA2 levels between

the non-severe SP subgroup and the severe SP subgroup

45 1% ¢GAMP ( pg/L) HtrA2(ng/L)
kG SP W4 54 4.62+1.89 1 040.25+547.37
fed SP W4 48 6.19£1.75 1 508.87+534.56
¢ 4.334 4.363
P1H <0.001 <0.001
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Tab.3 Comparison of clinical characteristics and serum ¢cGAMP
and HtrA2 levels between the non-MI subgroup and the MI
subgroup in SP patients
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o5 I 16(32.00) 20(38.46) 0.466  0.495
Jifi g J AU 45 (%) ] 1.894  0.169

1 DX AR A il 2 38(76.00) 33(63.46)

% B AR AR P 56 12(24.00) 19(36.54)

WBC (x+s,%x10°/L) 3.78+1.01 3.4620.72 1.864  0.065

CRP (z+s,mg/L) 141.05£53.63  158.77+58.43  1.594 0.114

SCr(z+s, wmol/L) 86.86£23.69  93.87+23.10  1.513 0.133

BUN(z+s,mmol/L)  11.11+3.38 12.28+3.01 1.842  0.068

PCT(xs, /L) 5.15+1.95 6.03£2.76 1.853  0.067

¢Tnl(x+s, ng/L) 0.30+0.11 0.39+0.15 3.444  0.001

CK-MB(x+s,U/L) 17.375.51 21.36+6.72 3.270  0.001

cGAMP (z#s,pg/L)  4.3421.64 6.35+1.78 5.926 <0.001

HtrA2(xs,ng/L) 942.48+499.681 566.83+499.41  6.310 <0.001

IR . cTnl & .CK-MB & .cGAMP & HtrA2 /=4 SP
B I & ML BYAR ST GRS R 2R (P<0.01 5% P<0.05) , I
#4,

x4 ZHE Logistic FIH4HT SP B I & MI 20 [N %
Tab.4 Multivariate Logistic regression analysis of risk factors for

MI in SP patients

BTy BIE SEMH Waldfi P18 OR1E 95%CI
W -13.244 2.682 24.385 <0.001 <0.001 -
cTnl & 0.844 0309 7.471  0.006 2326 1.270~4.260

CK-MB 0.111 0.056  3.970 0.046 1.117 1.002~1.246
cGAMP 5 0.720 0.199 13.050 <0.001 2.054 1.390~3.034
HirA2 & 0.233 0.063 13.649 <0.001 1.263 1.116~1.429

2.3 AEMI WAL MI 4 SP A 35 11 PR 98 Ak K i
cGAMP HtrA2 KV EL 88 SP &3 102 il ) MI 3%
ok 50. 98% (52/102), MI W 4 c¢Tnl, CK-MB,
cGAMP HtrA2 7K T MIEA (P<0.01) , L3 3,
2.4 ZKE Logistic BIH44T SP B35 I & MI #5210
K LLSP BFEIF L ML AR (WRE . 2 17
oN“0”) VARG B P<0.05 T H (JELLA =, IR
EARA) N A&, 1T 2N E Logistic FIHAHT, 45

2.5 IfiL¥E cGAMP HirA2 /K% SP &% MI 11T
MZhE 2 HILTH cGAMP  HirA2 /Kl SP #%
Jf& MI ) ROC #h<k, iRt & T (AUC) , 45
RN ML cGAMP | HirA2 7K S B Kz — % B4 1
ISP B35 1 & MI ) AUC 4351124 0.789 ,0.800 ,0.912,
THBA TN SP BE I R MI R RE R THAS H B
MM ( Z/P = 3.484/0.001,3.132/0.002) , W3 5.
K1,
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£S5 M cGAMP HirA2 /KEXF SP ## I % MI Y TR % RE
Tab.5

Predictive performance of combined serum ¢GAMP and

HirA2 levels for MI in SP patients

2%
B R AUC 95%CT  WURKE S ;g,g;&
cGAMP 5.90 pg/L 0.789 0.697~0.864 0.808 0.640 0.448

HtrA2 1 287.02 ng/L.  0.800 0.709~0.873 0.904 0.600 0.504

THEBRA 0.912 0.839~0.959 0.827 0.880 0.707
1.0F
0.8
a 0-6F
s
0.4F
L —— cGAMP
’ HtrA2
— ZHBE
0 1 1 |

1 |
0 02 04 06 08 L0
1he 5 2

1 I3 cGAMP  HirA2 JK-F- 5l SP 8 #% 3 % MI ) ROC
iz
Fig. 1 ROC curve of serum c¢GAMP and HitrA2 levels for
predicting MI in SP patients

3 3

SP 3 i H K R M R 1 B R B R S A1 AR I £
I 4 B R N, I B R T 0 S & MI, AN
SN IR A R vy 3 4 1E— 2B R 2 2% B T R it
i, B EFRAL SP B UG i ™ ARBFSEH SP R
F MI JE R H N 50.98%, X 5 T 7 35 45 7 E i
61.32% 45T, WAL/~ SP A MI KBS &, 1558 MI
Fri&Y ¢Tnl ,CK-MB SR T 4% 2 /B8 MI {9 S 20T
flifabn , (B e ZFe0 IR G B & A /A BT R
MELL KB R e LR 005, 45 5 Ak iRi2iR . S
R LT 2 AR 7, X R0 SP AR E I & MI K
I RN A5 s H A FE IR R X,

S B R AR AR T2 il R OF & MI R0 AL
il , SP HEFE i 5 M 40 A SR S A O I, BE RS
R T EC0 WU 25 4 AT e 40, [ 4
N ]S 22 AR PR T A S S O LA R R T, R
FN SR T AT AR FAAEOE M 1 % R K JRD ) cGAMP
JE—FI R AT RS 540 7, ML B e JE AR ok &
AU 05 5 ) S A AR P HE B PSSR JEPE DNA B, cGAS
AR BIALT DNA , LA B DA = B 2 B A0 = B R

MR cGAMP, 78 N Jit W I 45 & STING JE %
¢GAS/cGAMP/STING ( ¢cGAS/STING ) {5 53 #% , 7 i
WG Tl 2 2 RAVEAR 50 B A 2 A 1 s iy & et
REAERFSE 3RO, 39 2 e DR o 2 2% 4y v 3 3o 4 A ol 15 =
YT DNA S 2 T, 406 cGAS & % cGAMP,
HETTE STING {5 5@ i, A ReE 1 8 3k
ISR YUY SN, 8 BE AR HE 22 T 9 M PR P R, oKk
TR A R R E cGAMP #H] GAS/STING/
NOD #fAZ 1A (45 AT SC B 3 15 538 I, nT el
HeG MR S 0N B2 G IR B A
cGAS/STING {553 % AR 2 0 LR B 5 00 IL 96 P )
R0, AT A3 0 T RET' L R AR A 5 4R I v
cGAMP 7K T 5 5 0 B B 30 1838 I &0 71 5 98 A
S MHE TS cGAMP 7K F-XF SP 8 3 (41l R 2 X
AT, AR EE R BN, SP BE MLTE cGAMP /K
T, OB S i — T s, 59 & ML
R HE IINAR DG, SP kR v s e TN 20 215 47 5 3 4 i
Ji DNA 490, #4715 cGAS & MK cGAMP, A it SP
B M cGAMP K FF+ 5, cGAMP JF 5 Al 45 &
STING B4 F ek I T-kB 15 5 i, 1 S K et
PR BRI, i i iy 38 0000 O R MR 407, 3% SP i A
Joa 17 I E K MIT JRURS: 386 i 202 ], STING 3476 38
A2 NOD FEZ RV (45 WA S B 3 R/
NSRS L i 0= - e == 11 I 2 1 OB A
ThAE Bx A%, S 80 SP B I K ML KUES F — 4
ijjl][lX,ZZ] .

HirA2 2 i Z2 PP 2H 2307 240 i L IR S T R ) —
T L 2 5 1 B 11 T, LR s 30 P )5 et 5 R 2
SR T AT A PR 2 A P RS A, T 2 B K Al
(Caspase)W*ﬁﬁjEW?ﬁj{fﬁéfﬁﬂ:émﬂﬁﬁt[g] o SIS
7R, HirA2 7ER 2 M7 T09 K BRUI %6 o = 223k, TR
HirA2 BESNHI A0 IE T, AT ele s i gt 45 o LB
ML/ PR AR HirA2 15 638 ] B4 58 Caspase-3
Fl Caspase-9 i& 1, fe . N4 T, 2 5 5B =
) MIPY  RASATIFSEEE IS HieA2 ZKF Rl &
PECURESE A SZ T A7) H 56 F 1ML HirA2 7KSF
Xf SPHBH ARG AR i AR, ASHFFE 25 5 R, SP
SRS HieA2 KV-THE , LRG58 i 5 i i —25 7
o, SRR MI RS INARSE , SP IR Hh s S 1 410
PR HeeA2 B 2 5, 4 iy F A I 3K
SP B ILTE HirA2 ZKFFHE . —J7 1, HrA2 F = fgiE
L ZAFITANEI R F, 305 Caspase-3/9 FT-15 515 F;
Jy—J5 1A, HrA2 T = 6 38 ok 1 4 240 s 9, ok
4E Caspase 425 | A FEFTEAAEAE T, IR R T8 4840
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SN VR AR B, 32E— 25 I RC WLAR B 5 , fe ¢
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H I3 cGAMP HirA2 7K -5 A Ao i 5L 4% B8 3 114 Tt
RUhe, T AR B PR 2 I 5 4 b FT 00 0T, DA 2l
BEWG
4 % it
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I E R e (Il i w I AU IEN
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BT R A A TS b -5 BE LA 7S 0 18 A7 BELZE M i 5 i
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[# ZE] B8 T REMHECHE RS G FR S #2108 M B ZE MM (COPD) & -t sl ik s M A8 2 T 7Y
PRI G BUMAEE, 75k B BEER 2023 45 1 A—2025 45 5 A 117G (R BB B W 5 16 50 BB 24 R
WIE RS COPD & I ilish ks 1 22 296 Bl FRYERE, L 7 3L 4 Ml ZRgE (n=207) 5 HAELE (n=89) , ARHEIEIT 1 JA
i FUS B SO VI SR EE B E A A U BRI (n=156) 5HUSG A RIEH (n=51) ;2R Z &K Logistic FIH43#1 COPD
G IS ks AR TS RS2 PR 3R O A 2k R ; 1 ] 5230 DAEARAE (ROC) 4 Al £ P sk ith e 3F
AR P TR SRS . &R BUR A R sh ks Rk Mk & 9% @ iU 5 b B NOD 32 (R 55 2 1
3(NLRP3) \RiEBHKEE M BL(HMGBL) | IMAE H I AR B F (vWF) KF i T U RAFWAL 67 18 A AS S i af
JaPESr (GOS) R T K& T 4H (x2/P = 4.823/0.028 . 4.356/0.037,, /P = 5.760/<0.001 ,2.975/0.003 . 6.867/<0.001 .
4.017/<0.001) ; W5 A RF4H C J i & 1 (CRP) \NEU Y5 LYM [ {f (NLR) ,PLT 55 LYM [t {f (PLR) .D — %k
(D-D) ZF4E3E AR (Fib) i T UG B2, Sk i g I (AT-T0) /KSR T35 K40 (1/P=3.431/0.001.,5.267/<
0.001,5.320/<0.001 ,4.628/<0.001 ,4.527/<0.001 ,5.152/<0.001 ) ; & Jf#& Ifi. & ,PLR \NLRP3 . HMGB1 ,D-D ,vWF 7K
Th = 2595E COPD & il 8l ik = e £ 5 TR N R3S fE B BRI [ OR(95%CI) = 4.016(1.119~ 14.412) (1.037(1.010~
1.066) .1.069 (1.023~1.118) .1.710 (1.015~2.880) .9.679( 1.038~90.243) .1.054(1.023~1.086) ], AT-TI/K-F- Tt 5 34
J7 1 JEIN GOS PEA E b sr AR I & [ OR(95%CT) = 0.918(0.851~0.989) .0.184(0.041~0.824) ];ROC ik R, %L
TRYAR AR FEE MR S (9 5 26 B BRI 25 4 5 B ik 4 v iy il 2677 T AR 43 3 R 0.937 (95% CI 0.903 ~
0.970) .0.938(95%CT 0.883~0.993) ; £ i i 2k 7w , BEAUAE YIS AR -5 50 UE £ HP (1% 5000 AU 15 52 B XU — Bk R4 5 e
TR IR VISR 55 B0 E 4 v XU R (ELARE R 35 BBl 43 S 7E 0.01 ~ 0.89 ,0.01 ~ 1.00 I, #5180 ] = A 555 155 140 s AR ¥ 32 36
RIS 550000 0.229 ,0.240 5 VI ZRAE 5 50 TEAE v 4 42 R B 5000 A8 2 T0U i i 46 T TR AL R F GOS 3143 T
M (Z/P=3.573/<0.001 ,4.108/<0.001) , i FT RUACHE R 5 EMAR E W 2951 L BT COPD & I iifi
Sl R U HA B AL R 5 9
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Construction and validation of a prognostic nomogram model for patients with chronic obstructive pulmonary disease
combined with pulmonary arterial hypertension based on inflammatory related indicators and coagulation markers
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thune Hospital/Shanxi Academy of Medical Sciences/Third Hospital of Shanxi Medical University/Tongji Shanxi Hospital
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[ Abstract] Objective To construct a nomogram model for the prognosis of patients with chronic obstructive pulmo-
nary disease (COPD) complicated with pulmonary arterial hypertension based on inflammatory related indicators and coagula-
tion markers, and to verify its predictive efficacy. Methods Clinical data of 296 patients with COPD and pulmonary arterial
hypertension admitted to the Department of Respiratory and Critical Care Medicine, Shanxi Bethune Hospital from January
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2023 to May 2025 were retrospectively collected. Patients were divided into a training set (7=207) and a validation set (n=89)
at a 7:3 ratio. Patients in the training set were divided into a good prognosis subgroup (n=156) and a poor prognosis sub-
group (n=51) based on their prognosis at 1 week of treatment. General information, levels of inflammatory related indicators,
and coagulation markers at admission were compared between the training set and the validation set, as well as between the
poor prognosis subgroup and the good prognosis subgroup. Multivariate logistic regression was used to analyze the influencing
factors of patient prognosis, and a nomogram model was constructed. The predictive efficacy and clinical utility of the model
were evaluated using receiver operating characteristic (ROC) curves, calibration curves, and decision curves. Results The
proportions of pulmonary arterial hypertension grade Ill, concomitant hypertension, and levels of NLRP3, HMGBI1, and vWF
in the poor prognosis subgroup were significantly higher than those in the good prognosis subgroup (X°/#=4.823, 4.356, 5.760,
2.975, 6.867; P=0.028, 0.037, <0.001, 0.003, <0.001). Levels of C-reactive protein, NLR, PLR, D-dimer, and fibrinogen in the
poor prognosis subgroup were significantly higher than those in the good prognosis subgroup, while antithrombin Il levels
were significantly lower (¢=3.431, 5.267, 5.320, 4.628, 4.527, 5.152; P=0.001, <0.001, <0.001, <0.001, <0.001, <0.001). Ele-
vated hypertension, PLR, NLRP3, HMGBI, D-dimer, and vWF were independent risk factors for poor prognosis in COPD pa-
tients with pulmonary arterial hypertension, while elevated antithrombin Il was an independent protective factor [ OR(95% CI)=
4739 (1.35-16.635), 1.037 (1.010-1.065), 1.074 (1.029-1.121), 1.703 (1.024-2.834), 9.869 (1.085-89.772), 1.054 (1.025-
1.084), 0.914 (0.848-0.984) ]. ROC curve analysis showed that the area under the curve (AUC) of the nomogram model based
on inflammatory related indicators and coagulation markers was 0.937 (95% CI: 0.903-0.970) in the training set and 0.938
(95% CI: 0.883-0.993) in the validation set. The calibration curve showed that the predicted risk of the model was in good
agreement with the actual risk in both the training and validation sets. The decision curve suggested that when the risk thresh-
old probability ranged from 0.01 to 0.89 in the training set and 0.01 to 1.00 in the validation set, the model produced a high
clinical net benefit rate, with maximum net benefit rates of 0.229 and 0.240, respectively. The AUC of the nomogram model
for predicting patient prognosis was significantly greater than that of the Glasgow Prognostic Score in both the training and
validation sets (Z=3.573, 4.108; both P<0.001). Conclusion The nomogram model based on inflammatory related indicators
and coagulation markers has good predictive power and practicality for the prognosis of patients with COPD and pulmonary
arterial hypertension.

[Key words]  Chronic obstructive pulmonary disease; Pulmonary arterial hypertension; Prognosis; Inflammatory

related indicators; Coagulation markers; Nomogram model
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Tab.l Comparison of clinical data between training and validation sets of patients

W OH YIZ4E (n=207) IUFSE (n=89) /x4 P

MBI %) ] C: 132(63.77) 57(64.04) 0.002 0.964
I 75(36.23) 32(35.96)

Y (225, %) 60.86+5.69 60.30+5.57 0.783 0.434

IR AR B (x4, kg/m?) 24.05+2.31 24.03+2.39 0.060 0.952

WA R [ (%) 126(60.87) 52(58.43) 0.155 0.694

RIS %) ] 86(41.55) 31(34.83) 1.174 0.279

COPD FJEH [ #1(%) ] 13(6.28) 6(6.74) 0.022 0.882

it 3 bk e FE S s [ 491 (% ) ] 10(4.83) 3(3.37) 0.316 0.574

MR B(%) ] 47(22.71) 19(21.35) 0.066 0.797

BRI (%) ] 48(23.19) 18(20.22) 0.316 0.574

COPD JiFE (xts,4F) 6.86+2.01 6.74+1.93 0.470 0.639

iy 2 ok 5 432 [ 811 (%% ) 127 154(74.40) 65(73.03) 0.060 0.806
113 53(25.60) 24(26.97)

i ARAEAR [ 1 (%) ] I % ) ¥ 202(97.58) 87(97.75) 0.008 0.930

Fe e 75(36.23) 36(40.45) 0.310 0.578

NS 81(39.13) 31(34.83) 0.489 0.484

TR 66(31.88) 23(28.09) 1.080 0.299

A BB il sl Bk 46 7 (%5, mmHg) 42.64+4.33 42.62+4.12 0.045 0.964

AT Ik (%) ] SRR 111(53.62) 51(57.30) 0.340 0.560
TC BT 96(46.38) 38(42.70)

JRIT 1 JEBT GOS ¥4 (s, 43) 4.15+0.44 4.11+0.44 0.669 0.504

W R GEBE , QA5 A% | S A8 2 i 55 5 Q) FF A il 8 Jek
Y LA Al 220 e R b 5 g B I B i A D
A A P e A ™ EE N s DA B R 4 TR A2
PSP IRYT

1.3 WIFRFR 577k T REH ABL 24 h PUREN &
Jhk Il 9 ml 432 3 A& &,

1.3.1  RMAHCHEARRIN . 565 1 & MR A e
P& FH B {3 A R Rl A 7 B9 MEK-9100 724 1fi 248 ffd 3
B ASCRE: I 11 40 3 %0 (WBC) | v M kL 40 i 3 4k
(NEU) KB 4080 LYM) | ifit/Mit%5% (PLT) (41
A TTRER (ESR) , 33158 NEU 5 LYM H{H(NLR) |
PLT 5 LYM [GfH (PLR) ;56 2 & MW T %= i T &0
(B.0E% 3 500 r/min, BOEFE] 5 min, B02F4E 8 em)
PR BRI , >R FH L AR B 57 2% 2 W BREA3 A BR 28 w) AR 7 1Y
KS-480 %4> F S AE A/ BT AR C W & 1 (CRP) o
1.3.2 BEMFREDRD 56 3 8 M 78 4 b Je B 0
(B 3 000 v/min, Z.0 B 10 min, 2024 5
em) BBUMAE , R T IR il R By R A R 7 4=
F7H CL-2000B 7Y ifil & 43 # AR D — 2R 4K (D-D) |
LFYETR (R (Fib) BEIMLEE [R] (TT) |76 Fb &6 2 B8 i 7
fitgFsf (6] ( APTT) | # IfiL g B 1sF 18] ( PT ) | B o€ 1 g 10
(AT-II) %%,

1.3.3  HAWSZIS = Fe AR . BUEE 2 45 B0 5 i i K
FEAS R4 A AR TG E NOD FEZ AR % &

1 3(NLRP3) =i 2R & 11 B1(HMGB1) | ifi &
M AR F (vWF) (IML£E&E 1 (Hb) [ (Alb) 45
55 o

1.4 BRI SWURAS BT B E ARSI T LR
PEEYT AT PR ARy 21 IE R B A i i
BV RAEXREIR YT, R B EC A R R I 2k, AR
1697 1 SRR AR A AL WS DO e oG
BHE R (I RAE AR TE I, X R 4G 2 0 7 i S o 728 R
WSS =, P I 45 2% TG AR Ak B T 55, GOS 143
%) MIREREMATE A RTA (n=51), 2N
PWATGE RIFIEA (n=156)

1.5 Siitefiik 2R SPSS 23.0 8 abFEgdE . 3t
BOg R AR R B L (%) F6oR |, 21 18] F AR X2
B AP A EA TR ORI DL v+s 3ROR 2 A1) LA
KM FEA ¢ K505 R Z &R Logistic 17115434t
COPD A H:Jili sl bk 55 F 28 2 05 1) 2 i R 28, 5 44
G2 EIAEAD i 3238 3 TARRE (ROC) Hi £k A i
2R PR3 Hh 2R IEAG AR G T & B S I IR UH . P<
0.05 AEFAGI2EE L,

2 & R

2.1 2 WAIRKRERLE  S5HUE R4 g,
Jei AN B ALH B ik s R o 9% T 9% 4 8 i e o B &
NLRP3 HMGB1 vWF /KF-F+5, 3697 1 R GOS P74
[ (P<0.05 5¢ P<0.01) , L3 2,
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Tab.2 Comparison of clinical data between the poor prognosis subgroup and the good prognosis subgroup of patients in the training set
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moH G BRIFFH (n=156) BUSABRIFH(n=51) t/x* 0 Pl

PERI (%) ] CH 103(66.03) 29(56.86) 1.397 0.237
I 53(33.97) 22(43.14)

Y (225, %) 60.48+5.42 62.04+6.36 1.706 0.090

R R E (%25, kg/m?) 23.89+2.12 24.51+2.78 1.452 0.151

W AR S [ (%) ] 98(62.82) 28(54.90) 1.012 0.314

LR B %) ] 30(19.23) 17(33.33) 4.356 0.037

BRI (%) ] 37(23.72) 11(21.57) 0.100 0.752

COPD J78 (x+s,4F) 6.75+1.99 7.20+2.05 1.378 0.170

ity 2 ok 5 e 43 [ 81l (%% ) ] IE3 122(78.21) 32(62.75) 4.823 0.028
Mm% 34(21.79) 19(37.25)

A B 8 kol 4 e (2+s , mmHg) 42.48+4.21 43.14+4.67 0.941 0.348
P I [ %) ] R L& 85(54.49) 26(50.98) 0.190 0.663
TC AW AL 4 71(45.51) 25(49.02)

RIT 1 JEB GOS P43 (s, 41) 4.22+0.41 3.94£0.47 4.017 <0.001
NLRP3 (z+s,ng/L) 102.25+11.66 114.48+13.62 5.760 <0.001
HMGBI (+s,ng/L) 6.84x1.10 7.36+1.05 2.975 0.003
VWF (s, %) 231.66+20.71 255.28+23.14 6.867 <0.001
Hb(z+s,g/L) 139.41+17.05 142.27+15.33 1.064 0.289
Alb(z+s,g/L) 34.18+3.31 33.30+3.47 1.630 0.105

2.2 2 W RYEMFEIR B MAR B i S5
Ja B4 e, s A R 41 CRP \NLR \PLR \D-D .
Fib KT AT-MZKF B4R (P<0.05 5% P<0.01),
W3,

3 HUG RIFTA S HUSAR B WAL G AR BB Mgk
Yy 1A

Tab.3 Comparison of inflammatory related indicators and coagula-

(xs)

tion markers between the poor prognosis subgroup and the

good prognosis subgroup in the training set

TS REFEH  HUEARIEA

i (n=156) (n=51) il P
WBC(x10°/L) 8.12+1.69 8.58+1.86  1.642 0.102
CRP(mg/1) 1167233 13.01x2.67  3.431 0.001
ESR (mm/h) 32.95:4.76  34.48:5.51  1.906 0.058
NLR 3.48+1.17 4455105 5267 <0.001
PLR 162.88+20.41  179.61£16.34 5320 <0.001
D-D( pe/L) 0.77+0.23 0.95:0.26  4.628 <0.001
Fib(g/1) 4.81%1.16 5.63£1.02  4.527 <0.001
TT(s) 18.28+1.85  17.76x1.73  1.761  0.080
APTT(s) 30.63x3.21  31.15:3.56  0.968 0.334
PT(s) 12.390.89  12.51£1.02  0.758  0.433
AT- (%) 72.34:8.63  65.51x6.79  5.152 <0.001

PLR .NLRP3 HMGBI .D-D .vWF /K- F} &2 COPD &
FEMiah bk e e S8 3 TS A R A ST g s R &= AT-11
K- JRIT 1 R GOS PRAY g S ST AR B R (P<
0.05), .3k 4,

R4 ZHE Logistic MIHSHT COPD A Il o ik i i £ 3% T
IE:E ALISES

Tab.4 Multivariate Logistic regression analysis of risk factors for

poor COPD  patients

prognosis  in with  pulmonary

arterial hypertension

A AR B SEfY Wald{i P8 ORfH  95%CI

flisfkE Mg 0.509 0.636 0.641 0.423 1.664 0.478~5.790
B I N 1.390 0.652 4.547 0.033 4.016 1.119~14.412
CRP & 0.064 0.134 0.229 0.632 1.066 0.819~1.388
NLR & 0.455 0.290 2.450 0.118 1.576 0.892~2.784
PLR % 0.037 0.014 7.100 0.008 1.037 1.010~1.066
NLRP3 & 0.067 0.023 8.875 0.003 1.069 1.023~1.118
HMGB1 & 0.536  0.266 4.065 0.044 1.710 1.015~2.880
D-D & 2270 1.139 3.971 0.046 9.679 1.038~90.243
Fib & 0.187 0.309 0.364 0.547 1.205 0.657~2.210
AT-T0 -0.086 0.038 5.054 0.025 0.918 0.851~0.989
VWF & 0.052 0.015 11.675 0.001 1.054 1.023~1.086
T 1 GOS T3E-1.694  0.766  4.898 0.027 0.184 0.041~0.824

2.3 ZHE Logistic [FIHSMT COPD £ - ili sl bk & e
BEPURHEIINE DL COPD &I Miish ke e
FUGAS R AR 7 (WE . =175 /B 07), DLk
iR P<0.05 Wi H (#2A8a5n, FEARA) S A28 &, 47
Z I Z& Logistic 0114 731, 45 2R WoR . & JF & il

2.4 FETUN COPD A I ili i ik &5 e i 25 3 s 1 471
R MG Z R Logistic 0115487 08 1€ H 1Y 98 P
{5 (PLR \NLRP3 .HMGB1) Bt bR (D-D vWF |
AT-TD) B o 2 AR 5 (B IF @i ), FH R A
COPD A FF:ili gh ok e Fe F 3 U i R RIS, IR 1,
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Fig.1 Nomogram model of prognosis for patients with COPD com-

plicated with pulmonary arterial hypertension

2.5 FIZEIFBBITINALRE R S uE - ROC it 43 Bt ik
7, AR 5 B UEEE th 2k T 18 B 4301 0.937 (95%CI
0.903~0.970) .0.938(95%CI 0.883 ~0.993) , #5151 [X /3
JE R, LR 2, RS R, I 2R 5 R4 i
T RS 5 S RS — 5P R A AR o B A, DL
K3, Yeskih 2k WoR , I 2545 5 00Uk 42 v XS (3 1 AR
RG> HTE 0.01 ~0.89.0.01 ~ 1.00 i, FEH A] 7 A=
BRI PR v A7 25 3, B K 32 22 2 43 il 0.229
0.240, WK 4, #—H 2248 5 RUESE GOS 1147
) ROC £k, 4558 Won SRR 2T mAh 0.785
(95%CI 0.709~0.861) , S ilF 5 (1) 1 £ T H A A 0.651
(95%CI 0.525~0.776) , WLIE 5, TRMZLRESME T VI 2k
5 RIEAE I L RIBH B T AL RE , 22 7 A Gt
X (Z/P=3.573/<0.001 4.108/<0.001) .
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Fig.2 ROC curve of the nomogram model
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Fig.3 Calibration curve of the nomogram model

A E g .
0.3 ~ PR
All
— None
0.2
0.1F
g
N
$h
| WA
A\ \I
-0.1F
0 0. 25 0. 50 0. 75 1.00
TR R i
B
A.ar B ]
All
— None
0.2
e
#B0.1F
=
0F
-0.1F
Il 1 1 1 A
0 0.25 0. 50 0.75 1.00
TR BB i

VE : A UIRAE IR 2 s BB E AR SR M2
Bl 4 HLR IR G i h 2k

Fig.4 Decision curve of the nomogram model
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BB e R 3 A T4 M ST U, AR
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(AT 1) B A 6, (HRRTT R, COPD 4 3 fili 3l
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Je B S R 2R ALl T T AN L 485 =) 14 91 4 FR A AR
AAUA By FHETH 35 R 7 T AR X5 I, 8
A FITFHE S IGRIA T I 1%L N PR IR 7 AR
PRI A

WA W5 B LUFSE, COPD &It ish k& Ik i &
PRI AEAE S35 10 2 1 s N 45 6 1l D) g 25 L, HL 5 22 A
I G A G b B B 1M s 75 0 2% 0 AR B, AR A %
WA, 76 B F R T 5 WU PR AL O R B A R AR
BT ORISR T R PR S dE b 5 bR S Y,
it ZHE Logistic BIJA 50 COPD & Il 5l ik 5 1 £
HWE AR B H &R, 458 B8, PLR, NLRP3,
HMGB1 .D-D  AT-1I . vWF 7K-F3) 4 COPD & 3 fili 3l
ik v R AR U AS BL AR 2 (R 3%

WFFEHE A il 5 i S i ) R A M 4%

PER N & COPD & I fili 8l ik i He B3 & i AIL i) v 45 56
S — B 1T S M B N B A3 O [ 0 S R S
B, oA SRR M B M R 2 LYM' AR
HRN PLR 58 FHm it 275 LYM i AR x> ar
Re Sl - 5 52 5 e ) 22 B — e i, Bk
BT o R AR P R A T B S AL, B4 B e
eI RS , T LAy ot A S LA e 5 9 R 4
HA6 005 , SR Sl il 1f 4 2 0 Rt e AR HL PLR
SEE TR PLT $ A XT38, £ Bk it 1 A4
F A2 PLT A A K IR 7S5 W o, 175 5 il 1 A i L
21 384 5 5 00 A5 PN B B 05, o B 0 Jok e AR [R]
P SRR R B, BEL S Fli 416 B0, 32F— 25 Jin o 26 35 s
S SBAN  Mandel 251 3R & R, PLT 7 A i 4 i,
FTFRSEPR T PE T A Z 00, S0 I HLAAR e e Dy ag , FRAIK
Yol RGN R I R T BRAE ), e X 80U
iR 98 1 R N TCTE A B SR e, I s RS in o
I, PLR 5% T i 23 B ML 98 M S I -5 95 i 28 S
%, AR5 1 IS 0 5 AR T R, AT T 2 Al 55 9 A
TR I RES B kK 240 B DI Re it 0, e e it B
TR A, S BRSBTS AR XU

5T 48 th, COPD 4 I fili 3l ik 8 e A8 3 IR <G B
FESG LA AL HUR ST A8 M EIR S, Y
NLRP3 7KF-#5 i B, AIC & R 85 255 5 K & NLRP3 7%
1k, 1% AL J5 () NLRP3 o] 3 i [ B 1 1k 24 6 fF pro-
caspase-1 0 TR A I Y caspase-1, AL pro—El
I Z-1B . pro-F1 4 F-18 B LA E 4 76 M 1Y 1 A % -
1B A E-18 SN ML I 7, JE R PR KGR | FREE 40
AOE SIS gAY, BRI 0 i A e IR A i
MW 5 E I, S BURFRIE B, BB Inia Tk
FE R BUGAS KBRS Y, 5546, NLRP3 /K- 5% Tt i
S8 e S IO K IS 75 O I S e UL e g 5
7%, [t 0t 20 B 2T 24 200 B A , 3 S0 ol A5 3 R 5 48
FEBRAS | 2 B TN G R REL S, Jon o i 20 fok v R B, A
A | Rt I B SR I Re i 0s , 2 R IIA YT Ak
BN BUS A RS BB Y s g i,
TRYTICALEY COPD & il sl bk v 8 2 A0 & 1fi. NLRP3
KB E & TR ARNE, B Logistic [543 #7 8.7,
NLRP3 7K F e it 5 A TR T AR A 25 (R i ST fa e
R, ARBFoELs RS Z L, $75 NLRP3 J& 52 i
COPD & I-Mish ki R E TR R EENE

HMGB1 27l B O ST 19 453 105 4 56 3 F A R
1, 76204 45 i 2 B s B0 40 i A0, 5 B0 VA 26 R
HMGB1 /K55 Fhis 1 7 % F+ e 1) HMGBL 7] 5
Toll #3214 5 16 301 5 L AL 2 7= W) Z AR A 25 45, ik & A%
K F-kB 15 5 18 [, {2 JF 42 4 40 M B 7 R ik,
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Ja TATS A B — 2 P i SE R R A o0 £ 5 HAHSEFE 5
LGRS, B B T, B HLa LAl T 2 e, (2.
TGk 4 11 S W £ 3 LA PRUIR S, S 3 mm k BE A B
TR M RN 5 B8 I DI REZELAE S COPD A I ili sl ik &
JE &R R IR U AL, Bt 2R R, A OCHE bR
ANSURENG M S iy g 1A 2 Jre A5 | T e 4 Tl AR B AR
FO AR LIRS T IR S 4 A RS T 1Y
TSR A PARAS [ BR B0 AT B — 24 5 T30 45 Bk Y
HBE . XTI, ASBIESE 3 T R M A OC TS bR 5 BE bR A
FgEE COPD A I fili sl ik = 1 8 3 Tl 1) 91 4 [ A
B R B RHERE 51 R B e, ik —
Ao AR S A R 2 AL 4 S PEAL 8 AR GOS
TEAr I ROC e, FF 5B ROC MR HE1T b, 45
BB, Lk AR i 4 i AR S T GOS R4y,
X — S ZE RN IESE T BRI AE Tt COPD 4 I Mifi sl
ik 25 ER 3 UG AN R T A A B | SR TR T AR G
—PFor RGN SRR, A B 48 S R PR | (2t
R
4 & B
FET SR SR b 5 B AR 25 R 1 1) 2 P A
RIS COPD &1l a0 ik e i 58 38 T HL AT 45 - T %
eSS . (HARBRATFEAE— & R BRI, InAHFE R
(1B ST, AT REAFFE SR 1 L BRI 14 5 53 A1, AN 5 i
VAR TEASCR 18], i A 7 2 s KBS R 00 (4an 1 4%
NFFABE JRFEEE) |, TR U0 UFAR IR 7 2 35K ) s 100
WA R R TR 2 O REAS RTBEYERF S
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2R3 A VER P B IO 5 w2
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[ ZE] B8y FFiis /MR R E -4 (TSP-4) RS0 15 (Podxl) 754 FR 5 I 30 ik i 4k ] 28 4%
(LEASO) Rk X S BRI C M, ik TEHR 2021 4F 1 H—2024 4F 9 H F 345 B B N 20 i RHISIA mobi
SR LEASO F35 100 il (LEASO 2H) #5811 L (] B[R] A e v Ay B b R S8 35 100 48] (IE LEASO 4H) , AR 4J5 Fon-
taine ZM KRB PR LEASO 34552 0 Fontaine 2309 T ~ T 31SE2H (58 45i)) FN T ~ IV IPISE AL (42 3] SR ol B0k 78 W%
RN ML TSP-4 Podxl 7KF-; 2 3 Logistic [543 HT#EFRIG LEASO f8 35 Joq 1f F2 B2 (9 2 i IR % 32 1038 AR R 1k
(ROC) fZR AT L3 TSP-4 Podxl AKX IRIE LEASO B Wi {5 K X Fontaine 4391 I ~ IVIH A TN (E, 45
B LEASO #H1f13% TSP-4 Podxl /K& T-JE LEASO #H (1/P=9.657/<0.001 ,11.720/<0.001) ; Fontaine 533 Il ~ IV 34 i
ZH11L7E TSP-4 Podxl 7K T [ ~ I WTFLH (1/P=5.346/<0.001 ,6.256/<0.001) ; Z K & Logistic [71J9434T @75, HbA
1 JTSP-4 5 Podx] & A BE R % LEASO 2 Fontaine 43 I ~ IV 34 i 4t <7 75 16 I % [ OR (95% CT) = 3.066 (1.313 ~
7.159) 3.251(1.425~7.416) \1.112(1.049~1.180) ] , BRALFEEL (ABL) i AL RAP R R [ OR(95%CI) = 0.451(0.282 ~
0.722) J;ROC I3 4T B, MG TSP-4, Podxl J —FH WA 2 Wi IR LEASO iy 2 F AR (AUC) 435124 0.833,
0.841.0.935, “H WAL T & A il (Z/P=4.372/<0.001 ,3.778/<0.001 ) ; M7 TSP-4 Podxl /K J — 3 W4 Fil
MIBERIR LEASO M3 Fontaine JM I ~ VIS AUC 43019 0.788 .0.798 .0.877, —F B AL T4 A B #i ( Z/P =
2.450/0.015.,1.996/0.047) , £t BHRHE LEASO #3175 TSP-4 Podxl KT 55, H 5 W ISR EINE A 54, LG
TSP-4. Podxl 7K F-HA3 46 I X5 B P s LEASO 2 Wi A 1% Al B B w1
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The expression of serum TSP-4 and Podxl in diabetic lower extremity arteriosclerosis obliterans and its correlation
with disease severity Wang Fang” , Wang Wenjuan, Wang Min, Li Yujiao, Shi Wei. ™ Department of Laboratory Medicine
Qinghai Provincial Hospital of Traditional Chinese Medicine ,Qinghai, Xining 810000, China
Funding program . Guidance Program of Qinghai Provincial Health and Wellness System (2022-wjzdx-21)
Corresponding author: Shi Wei, E-mail. 18997238602@ 163.com

[ Abstract] Objective To investigate the expression of serum thrombospondin-4 (TSP-4) and podocalyxin (Podxl) in
diabetic lower extremity arteriosclerosis obliterans (LEASO) and its correlation with disease severity.Methods A total of 100
patients with diabetic LEASO (LEASO group) admitted to the Department of Endocrinology, Qinghai Provincial Hospital of
Traditional Chinese Medicine from January 2021 to September 2024 were selected, and 100 patients with diabetes alone (non-
LEASO group) were matched during the same period at a 1:1 ratio. According to the Fontaine staging system, the diabetic
LEASO patients were further divided into a Fontaine stage Il - IV subgroup (1=42) and a Fontaine stage I - Il subgroup
(n=58). Serum TSP-4 and Podxl levels were measured by enzyme-linked immunosorbent assay. Multivariate unconditional
Logistic regression analysis was used to analyze the relationship between serum TSP-4, Podxl levels and the severity of diabet-
ic LEASO. ROC curve analysis was applied to evaluate the diagnostic value of serum TSP-4 and Podxl for diabetic LEASO and
their ability to assess Fontaine stage Ill - IV.Results Serum TSP-4 and Podxl levels in the LEASO group were significantly
higher than those in the non-LEASO group (#P=9.657/<0.001, 11.720/<0.001). Compared with the Fontaine stage I - II
subgroup, the Fontaine stage Il - IV subgroup showed elevated serum TSP-4 and Podxl levels (#P=5.346/<0.001, 6.256/<
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0.001). High HbA _,
betic LEASO patients, while a high ankle-brachial index was an independent protective factor [ OR(95% CI)=3.066 (1.313-
7.159), 3.251 (1.425-7.416), 1.112 (1.049-1.180), 0.451 (0.282-0.722)]. The AUC values of serum TSP-4, Podx], and their
combination for predicting diabetic LEASO were 0.833, 0.841, and 0.935, respectively. The combined model was superior to
either biomarker alone (Z/P=4.372/<0.001, 3.778/<0.001). For evaluating Fontaine stage Il - IV in diabetic LEASO patients,
the AUC values of serum TSP-4, Podxl, and their combination were 0.788, 0.798, and 0.877, respectively. The combined mod-
el showed a higher AUC than TSP-4 or Podxl alone (Z/P=2.450/0.015, 1.996/0.047).Conclusion Serum TSP-4 and Podxl

levels are elevated in patients with diabetic LEASO and are associated with disease severity. The combination of serum TSP-4

high TSP-4, and high Podxl were identified as independent risk factors for Fontaine stage Il - IV in dia-

and Podxl has high diagnostic and evaluative value for diabetic LEASO.
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T PRI 2 LA B R R AR A AR , Hoh 95%
DL bk 2 BUMEJR B (type 2 diabetes mellitus,
T2DM) "2 ORI 2 07 e b PR R A A
PEBUBCRSE T () B 22 I P, b R B8 Ik A Ak A € i
(lower extremity arteriosclerosis obliterans , LEASO ) J& 5|
RREIRE B F N EDY W, K2 W R PE A
PP LEASO dE 7 2, sl ik ok £ 1L (atheroscle-
rosis, AS) J& LEASO % Az FUAR A JE A ) 1fil/INKR S i
£ -4 ( thrombospondin-4 , TSP-4 ) — Ft 4ff fifd 7 3 Ji7 4
A, R L S At R R E AS JE K. Yazman
EVVIRIE L TSP-4 AKSF-FH A B T 41 JE 3h ik g sk
B, EEREE 1 (podocalyxin, Podxl ) J2&—Fh 4
JRLZRBRE 43, REA AT g M B 0 I AE P B2 B A5 e afE AS
FERL™  Shoji % WFFTHE H , L Podx] WIBEAE R AS
BT B A W hn & W), A BESE B AR ARV LTS TSP-4,
Podxl 7EE IR LEASO H A 363k K 55951 2 BE 14 A ¢
V£, DU 98 S 05 R LEASO By VA 42 At 8 22 14k 4|
fRIEWT
1 #EREFE
1.1 ImIREERE HRH 2021 4F 1 H—2024 4F 9 H il
A R BE N A WA RHISCIR BB FR 9% LEASO B35 100 i
(LEASO #) , Hrh 5 65 i, Zc 35 fil; 4F #% 30 ~ 88
(65.14£11.88) 4 ; 14 it &t 15 % ( BMI) 21. 67 ~ 29.83
(25.29+1.73) kg/m’; 4 bR 9 5 F2 27 ~ 189 (99.07 =
34.61) H WA s 34 1], PRI 52 20 15 w5 ol e 32 441
TR IAE 22 (9, #2581 < 1 Fo 38 H ] S Ac A 1) B
Wi PRI B 100 41 (I LEASO 4H) , Hoh 55 61 441 e 39
1513 4% 24 ~ 81 (64.36+8.93) % 5 1A Jf 1 F5 %0 21.22 ~
29.36(25.12+1.63) kg/m” ; i K fp 5 2 12 ~ 125 (98.14+
32.49) F o 2 VN AR BT AR KR BE PR e R
FeAE 22 RS 7E L(P>0.05) , BA A ek, A
5T 48 B2 e A B 2% 51 2 4L ( S2020-050-03 %) , F &
KR A R B IR B s R 15

Diabetes mellitus; Lower extremity arteriosclerosis obliterans; Thrombospondin-4; Podocalyxin; Disease

1.2 RBERERE (1) AR DFRE>18 ;@
A FERE I RGEORE; @T2DM 444 ( Hh E 2 #08E FR S B
TR HE (2020 4EfR) Y L WibRifE; @LEASO 754 (F
JH S KL A SEAE 2R 4R R ) ' B WibR e, (2) HEBR
bt OFE 2200 2 S 1F MEIR I RE S | AR I 5
S LA PN A3 IR A 5 @ AR PR 2T 5 B e
R OB I BRYL s R AEFR ; & B = 58 otk
A LR s W R R R v BE S RS 2 R IR &
it BB @M R GELEIR & s QARG B @FF
MR ;O B R tEB R T 14 H P s
il

1.3 WL FR5 05k

13,1 IGIRBERHICE 8 g PE B ARl BMI IR
R R sl AR s OTRE L S IR IALRE (FPG) JHE
FEIMLTEE I (HbA ) B HREEE(TC) =B H i (TG) |
2 B NS B 1 JIH [ 2 ( HDL-C ) AR %5 B2 B 26 1 I [ e
(LDL-C) BRBEFEHC(ABI) %5,

1.3.2 il TSP-4 Podxl 7K A5 . 5 A /R 25
IS R KL 4 ol 50 B BB J2 I, SR P E 47
JZEWZ B AN TSP-4 (i Af S0l A BRA w1 &
585 . YS06902B)  Podxl ( JC45 T AR MPBHE & B A R 5t
R EHAF &, 455 . DLR-PCX-Hu ) /K,

1.3.3 Fontaine 43} . 3 13 Fontaine 43 ¥ PF Al ¥ b o
LEASO BEWREREE, 1T WA CREIR; Ta BN
[ BRPEBEAT 5 b WA v ~ 5 (R AR vE B A 75 T30
B VI U805 SR RS Fontaine 431
PR LEASO M43 M Fontaine 733 T ~ 11 1
ZH (58 151)) A ~ IV 333 2 (42 )

1.4 Siitagdsi: Ve SPSS 28.0 #4143 ik
Pi . IERSHETHETELL x5 TR, 2 A HEECR
FH ¢ 56 B0 RE LUUBU A R HE (%) R, FeBER
FH x? Kjgﬁ,g?ﬁ Logistic (B U5 43 B B R LEASO H
FIRTEREEE R R & ZiE TAERHE (ROC) fh4k
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SYMTILTE TSP-4 , Podxl 7K 4 JR % LEASO 3 1)
LW E ST Fontaine 4331 T ~ VIR AN, P<
0.05 HEFAGI2FE L,

2 &F R

2.1 2 I TSP-4 Podxl /KA LEASO 4H I i
TSP-4 Podxl /K5 F3F LEASO 4, 2 F A St i
X (P<0.01),WLF 1,

F 1 AE LEASO 415 LEASO ZHH R 45 L7 TSP-4 , Podx
IO HHE (w4s, pe/L)
Tab.1 Comparison of serum TSP-4 and Podxl levels between the
LEASO group and the non-LEASO group

2.3 ZHFE Logistic [IAA M IRIE LEASO & &K
TR R DIBEIRIG LEASO fB35 9 1% 72 B2
(Fontaine 7 ~IVH1/ 1 ~ T =1,0) HHAEE, LU
FIREER T P<0.05 W H Ky H AR s 1T 2 B & Logistic
15304, 458 75 . HbA, &5\ TSP-4 & Podxl (= 4 #
JR%G LEASO B3 Fontaine 433 T ~ IV 1 4% 2t 57 /G 56
P2, ABL & i il S AR 7 (P <0.05 5% 0.01), L
%3,

3 Z[HE Logistic FIHHTHEIRAG LEASO BFHNIERE MY
PALISES
Tab.3 Unconditional Logistic regression analysis of risk factors for

disease severity in diabetic LEASO patients

4 15155 TSP-4 Podxl

4k LEASO 41 100 3.17+0.94 9.40+4.07 moH B  SEMH Waldfi P{H OR{H 95%CI
LEASO 41 100 4.49+1.00 23.94x11.72 B 0.677 0.673  1.012 0314 1.968 0.526~7.363
M 9.657 11.720 FPG #0365 0241 2287  0.130  1.441 0.898~2.312
Pl <0.001 <0.001 HbA, % 1120 0433 6703 0010 3.066 1.313~7.159
IDL-CE5 0.875 0475 3.385  0.066 2.398  0.944~6.089
ABI®  -0.796 0240 11.014 0.001 0451 0.282~0.722
2.2 A Fontaine 43 IME IR LEASO A IGIKFEL  1spapr 1079 0421 7.850 0005 3251 1.425~7.416
B 15 Fontaine 200 1 ~ 4L HeAe, T~ IVIJTF  Podsd #  0.107 0030 12.682 <0.001 1112 1.049~1.180

ZH R I B B2 FPG (HbA | LDL-C  TSP-4  Podxl 7K
SETHE, ABI R (P<0.05 8% 0.01) , L3 2,

F2 1~ THWASN~ VT HEEIRG LEASO 835 I R %
FHEE

Tab.2  Comparison of clinical data in diabetic LEASO patients
with different disease severities
5 H I zﬂ]]ji;ﬁgﬂ)ﬁéﬂ 1]1z rll\/:%‘ﬁzﬂ)zéﬂ R

MBI (%) ] 0.455  0.500

% 39(67.24) 26(61.90)

b8 19(32.76) 16(38.10)
AEWE (x5, %) 63.31213.57  67.67+8.58  1.963  0.053
BERFGIRAE (x2s, H)  95.84237.57  103.52+49.73  0.880 0.381
WA S [ (%) ] 16(27.59) 18(42.86) 2,532 0.112
R B(%) ] 9(15.52) 11(26.19) 1.734  0.186
BMI(x+s,kg/m?) 25.04+1.94 25.64+1.34  1.802 0.075
BIFAEL (%) ]

ML 14(24.14) 18(42.86) 3.923  0.048

5 g IR 11(18.97) 11(26.19) 0.741  0.389
FPG(x+s, mmol/L) 8.84+0.98 9.60+1.63 2.688  0.009
HbA,, (%+s,%) 6.0220.66 6.52+0.86 3.264  0.002
TC(%+s, mmol/L) 5.09+1.64 5.58+1.40 1.548  0.125
TG (x+s, mmol/L) 1.92+0.63 2.08+0.61 1.239  0.218
HDL-C(#%s,mmol/L)  1.15+0.28 1.1120.27 0.709  0.480
LDL-C(x+s, mmol/L)  2.78+0.66 3.1420.46 3.064  0.003
ABI(xs) 0.83+0.14 0.70+0.22 3.323  0.001
TSP-4(x+s,ng/L) 4.09+0.94 5.05+0.79 5.346 <0.001
Podxl (x+s, pe/L) 18.3428.53 31.68+12.79  6.256 <0.001

2.4 IfiL¥ TSP-4  Podxl /K%t B IR G LEASO HY12 K
Ml ZHIME TSP-4 Podx] K 2 Wil FR 9 LEASO
1) ROC M4k, It B & T (AUC) , 45 R W . I
1 TSP-4, Podxl } — 3 Wk & 12 Wi b8 JR % LEASO 11y
AUC 43514 0.833.,0.841 .0.935, — FHBA L T4 H &
MW (Z/P=4.372/<0.001 ,3.778/<0.001) , W3 4 .
K1,

R4 I TSP-4 Podxl KFXFHEIRAG LEASO (92K {H
Tab.4 Diagnostic value of serum TSP-4 and Podxl levels for dia-
betic LEASO

. 2%

15k Cut-off AUC 95%CI  HURE TR e
H

TSP-4 4.16 pg/L. 0.833 0.768~0.880 0.752 0.787 0.539

Podxl 20.38 wg/L 0.841 0.782~0.893 0.711 0.889 0.600

e Sty 0.935 0.885~0.964 0.813 0.909 0.722

2.5 L3 TSP-4 . Podxl 7K~ X 4 JR 5 LEASO & #
Fontaine 73 I ~ IV A WA 251G TSP-4
Podx] /K EFRIHE R 5% LEASO 3% Fontaine 73 M ~
Vi ROC fh<k, 3F31H58 AUC, 4558 B LIS TSP-4
Podxl 7K - fo = 2 Bk A 10l B JR 8 LEASO & #
Fontaine 73 Il ~ IV i AUC 435/ 0.788.0.798 .
0.877, ZHE A T4 A b Bt (Z/P = 2.450/
0.015.1.996/0.047) , .3 5 & 2,
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— TSP-4
0.2
//' Podx1
0 4 )
| | | | |
0 0.2 0.4 0.6 0.8 1.0

15

B 1 If3§ TSP-4,Podxl ZK-F-ZWilk JRA LEASO 9 ROC ik
Fig.1 ROC curve of serum TSP-4 and Podxl levels for the
diagnosis of diabetic LEASO

&S5 ML TSP-4 Podxl AKX HEFRIK LEASO 7% Fontaine 73
I ~ IV 3H B 35000 118
Tab.5 Evaluation value of serum TSP-4 and Podxl levels for Fon-
taine stage Il[-IV in patients with diabetic LEASO

P . " 2%
& Cut-off AUC 95%CI  WURE FRREE 1
H
TSP-4 475 pg/L 0.788 0.695~0.863 0.905 0.586 0.491
Podxl 29.16 ng/L. 0.798 0.706~0.873 0.881 0.638 0.519
THBA 0.877 0.795~0.935 0.786 0.811 0.597

Y —— Podx1
— —EBA

1 I 1 !
0 0.2 0.4 0.6 0.8 1.0

15

B 2 i TSP-4 Podxl /K F-IFAh IR LEASO 35 Fontaine
AT~ IV I ROC 14k

Fig.2 ROC curve of serum TSP-4 and Podxl levels for evaluating
Fontaine stage I[-IV in patients with diabetic LEASO

3 4t i
BRI LEASO Fp A B B (Fontaine 337 T ~ 11
) 5788 o ] 335, 3 Ak 24 W RN A 3 2T T RE A 2%
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1 196.947/<0.001,653.939/<0.001,473.882/<0.001) , HDL-C 7K FAR K FEAR ( F/P=301.994/<0.001) ;4 FR I B i 2H 58
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BIEMIE(P<0.05) , 5 eGFR . HDL-C £ i #H5¢ (P<0.01 5%<0.05) ; M7 sestrin2 , betatrophin 7K - A0S 0 A1 & B &
U2 B PR 5 B 9 (1 AUC (B354 0.839,0.801,0.913 , B¢ A4 T2 Wi b R B 1) AUC 1B 0 755 T &5 35 b S
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[ Abstract] Objective To explore the correlation of serum stress-induced protein 2 (Sestrin2) and betatrophin with
renal function and glucolipid metabolism levels in patients with diabetic nephropathy. Methods A total of 162 patients with
diabetic nephropathy admitted to the Endocrinology and Nephrology Department of our hospital from March 2022 to June
2025 were selected as the diabetic nephropathy group, while 160 patients with diabetes treated in our hospital during the same
period were selected as the simple diabetes group. Additionally, 160 healthy individuals undergoing physical examinations at
our hospital during the same period were selected as the healthy control group. Serum levels of Sestrin2 and betatrophin were
measured using enzyme-linked immunosorbent assay (ELISA). Renal function and glucolipid metabolism levels were assessed

using an automatic biochemical analyzer. Pearson correlation analysis was performed to evaluate the relationships between ser-
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um Sestrin2 and betatrophin levels with renal function and glucolipid metabolism. The diagnostic value of serum Sestrin2 and
betatrophin levels, both individually and in combination, for diabetic nephropathy was analyzed using receiver operating char-
acteristic (ROC) curves. Results Compared with the healthy control group, serum Sestrin2 levels were significantly lower
and betatrophin levels were significantly higher in the simple diabetes group (¢=12.376, —13.728, both P<0.01). Compared
with the simple diabetes group, serum Sestrin2 levels were significantly lower and betatrophin levels were significantly higher
in the diabetic nephropathy group (¢=19.347, —12.257, both P<0.01). Compared with the healthy control group, BUN, Scr,
UACR, and eGFR levels were significantly higher in the simple diabetes group (t=-27.087, —24.818, —20.688, 26.997, all P<
0.01). Compared with the simple diabetes group, BUN, Scr, UACR, and eGFR levels were significantly higher in the diabetic
nephropathy group (¢=-16.017, —20.768, —26.221, 64.251, all P<0.01). Compared with the healthy control group, TG, TC,
LDL-C, 2hFBG, FBG, HOMA-IR, and HbA,, levels were significantly higher in the simple diabetes group (¢=-19.828, -
18.508, —=27.548, —32.771, —40.495, —31.303, —22.629, all P<0.01). Compared with the simple diabetes group, TG, TC,
LDL-C, 2hFBG, FBG, HOMA-IR, and HbA _ levels were significantly higher, while HDL-C levels were significantly lower in
the diabetic nephropathy group (¢=-5.801, —5.892, —=7.311, —21.043, -12.438, —6.889, —7.626, 9.029, all P<0.01). Serum
Sestrin2 levels were negatively correlated with BUN, Scr, UACR, eGFR, TG, TC, LDL-C, 2hFBG, FBG, HOMA-IR, and
HbA , (all P<0.05), and positively correlated with HDL-C (P<0.05). Serum betatrophin levels were positively correlated with
BUN, Scr, UACR, eGFR, TG, TC, LDL-C, 2hFBG, FBG, HOMA-IR, and HbA, (all P<0.05), and negatively correlated with
HDL-C (P<0.05). The AUC values for detecting diabetic nephropathy using serum Sestrin2 and betatrophin levels alone and in
combination were 0.839, 0.801, and 0.913, respectively. The AUC value for the combined detection was significantly higher
than that of each indicator alone (Z= 3.517, 4.073, both P<0.001). Conclusion Changes in serum Sestrin2 and betatrophin
levels in patients with diabetic nephropathy are associated with decreased renal function and glucolipid metabolism disorders.
The combined detection of serum Sestrin2 and betatrophin levels has certain predictive value for diabetic nephropathy.

[ Key words] Diabetic nephropathy; Sestrin2; Betatrophin; Renal function; Glucolipid metabolism; Correlation
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88 1], 2z 72 i, AE S 42 ~76(61.04+£8.31) %, 3 0%
A R R 2 5 RS R L (P>0.05) , B
Al e M, A BF ST 2 B BE fe B & RS
(20220219) , 52k F /% J& FIE 6] 52 I 2 8 J00 [
B2,
1.2 JRBIBEREbRIE  IARRUE. (1) EI =18 % ;(2)
FFA (P R RS B R B 1A 16 (2021 4FRR) )
WEDRI B IZ TR 5 (3) FF& (b [ 2 B PR BT IR
§ (2020 4ERRY N A IS WibR e HEBRARAE: (1)
B LA BAE BB PR B NER ' 26 R B o AR IR
BRI SR A 5 (2) B I A 2008 PR PR AR
5 (3) B EAOINREAR 2 IFIIREZ W (4) Bk
ARG A g s R A I bR R 5 (5) IOE FH AR B o
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WERIRIT A (6) | BUBEIRI B3 S8 vk B ks 5 10
SOENHARIT AR B R

1.3 e bR S Tk

1.3.1  [fL7A sestrin2 Al betatrophin 7KK . R4 4
ABER H B ARERARS 2 H 23 K 6 ml,3 000 r/min
B0 10 min BUMYE , fRAFT-80°C FAFM, R FH Bl 156
B I8 W B2 ( ELISA ) Ka il fiL7E H sestrin2 A1 betatrophin
JK¥, sestrin2 F1 betatrophin ELISA 5] & 4 F I
g I A= R AT BR 2 |, A B 7™ A 4 U & )
fFHULEH T

1.3.2 B Iae A . & i i )R 2 & (BUN) SR ILEF
(Usr) |38 WLEF (SCr) B BR F1 8 K, IR B
B 1 WUEF 8 (UACR, UACR =R I 1/ JRILET) ;4
B /N ER 98 3 % (eGFR) [ eGFR = 186 x IfiL Il BF
(pmol/L) = 1.154x4E 1% (%) -0.203 (L #Ex0.742 ] .
1.3.3 BRI B A5 8~ 12 h, TU RN
5 oK il B A B #8 Bk I 3 ~ 5 ml, 3 500 r/min &0
10 min, 4} ESIMTE . 2R FH 4 A s AR 453 B AR 0 H ik
=ME (TG) . S B [E EE (TC) K% & A5 & 3 IH [
(LDL-C) . /=% FE IR 8 1 IR [E % ( HDL-C ) 7K,

1.3.4  BEACHACERI . 2SR 8~ 12 h, TIH RN
ek B A B B kit 3 ~5 ml, 3 500 r/min & 0>
10 min, MBS ITE . 4 A A4k 2 B UK I 25 1 i v
(FPG) /K, 45 T hrifE K AL & IR & 5, 4% T it
2 hFRVCR AR , 25 O AL BRI E 25 2 h 28 J i
BE(2hPG) , WAk i £1 25 11 43 B ASORS: TR Ak ifn 21 25
(HbA ) K5 4 A Bk 2 & G0 o3 B A0k ) 25 i
JiE i & (FINS) , i3 fa S 5 AL - i 3 R Kb 48 &
(HOMA-IR) = FPGXFINS/22.5.,

1.4 SGeitaeorss R SPSS 23.0 BT8R 1T
THECZORI AR M (% ) 267 , 4HIR] FEAER HH x2 K
B AF A IEAS R T PORL, k25 2R, 3 LR L3t T
B R 7 2247 M, 4L 18] LL AR 1SD K 5
Pearson FHIE /T ML sestrin2 A1 betatrophin 7K -5
B Tfe BEIRAREK P10 56 R R A2 10 TAERAE

(receiver operating characteristic, ROC) i £& 43 #7 IfiL 1
sestrin2 7l betatrophin 7K~F- 5 P 25 Bk A6 I X4 Jd s
SRS E, P<0.05 2ZEFA SR X,
2 & R
2.1 FHHZIAE MK sestrin2 F1 betatrophin 7K L3¢
54 B BB L A, B 4l PR e 2H R R e b
sestrin2 7K -0 i F#AIG betatrophin KR BT, 55
PRA G AR X (P<0.01) ;5 HAlil IRk 20 HE AL,
WE DRI B s 2 58 3 I3 T sestrin2 7P i A1, be-
tatrophin 7KW1 B F 5, 22 R B A G2 8 L (P<
0.01) %1,

F1 BHZIRFMTE sestrin2 F betatrophin 7K HL#E  (xzs,
ng/L)

Tab.1 Comparison of serum sestrin2 and Betatrophin levels among
subjects in each group

HoHl %% sestrin2 betatrophin
fa X IR 21 160 3.07+0.96 229.57+31.69
FLAHE PR 2 160 1.89+0.73° 287.41x42.85"
PR B 2 162 0.740.18" 356.34+56.78""
FH 442.593 320.115
PiH <0.001 <0.001

T SR R H A, 2 P<0.01 ; 5 Brail i w41 He A, P P<0.01

22 HAHZRAEBEIRELE SRR e,
W PR 95 2H 5 % BUN, SCr. UACR 7K °F B & FF &,
eGFR /K F- B B K, Z R M EA G E L (P<
0.01) ; 5 2 4l % JR 5 21 Bb 8, 4 IR B e AL R
BUN SCr UACR 7KF-B 8 T+ 5, eGFR 7KF-BH (@ FEAIC,
S BEAGIEE X (P<0.01) , W& 2,

2.3 SUZIRERNSRGKT i SR gl L
B, BaliB R G 40 5 E Y TG TC .LDL-C .2 hPG . FPG ,
HOMA-IR HbA, 7KF-BH & 7}, HDL-C 7K F-BH BRI,
Z R EA G5 L(P<0.01) ; 54l bR 4 1
5 OMEPR I B 4H BB % 1Y TG . TC \LDL-C .2 hPG . FPG
HOMA-IR HbA, 7KF-B] i 7t 55 , HDL-C 7K~F- B i FAIE
2 EAG R X (P<0.01) , W3R 3,

®2 HAZKEBHEKF I (325)

Tab.2 Comparison of renal function levels among groups of research subjects

2| 1515 BUN( mmol/L) SCr( pmol/L) UACR(mg/g) eGFR(ml + min™! - 1.73 m™2)
fa FE Xt I £ 160 5.35+0.52 61.89+5.31 13.16+4.73 121.83+8.15
LR RR AL 160 8.19+1.22° 80.42+7.81° 25.58+5.95° 99.46+6.59*
W PRI B o 2H 162 10.42£1.27% 99.64+8.72% 106.42+38.54 56.28+5.37%
Fi& 922.831 1 039.946 797.936 3 877.116
P <0.001 <0.001 <0.001 <0.001

T ST IR s, 2 P<0.01 ; 5 B ali i R 41 He 85 , P P<0.01,
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2.4 WHIRIR'ER BB LG sestrin2 Al betatrophin IK
5568 BRI KA CER  Pearson ZR4EAH 41
Mras B R M5 sestrin2 7K 5 BUN ,SCr UACR ,
TG .TC ,LDL-C .2 hPG ,FPG HOMA-IR  HbA, & i f
X% (P<0.01),5 eGFR HDL-C 2 1FAH (P<0.05) ; Ifil
JE 1 betatrophin 7K ¥ 5 BUN, SCr, UACR, TG, TC
LDL-C.2 hPG . FPG HOMA-IR HbA, % 1EA 3 (P<
0.015% 0.05) , 5 eGFR \HDL-C 2115 (P<0.05) , .

2.5 L7 sestrin2 F1 betatrophin IKSE- X5 K PR 5 B 1Y
WM ROC Rl £ 20 #7 7R, Il 75 sestrin2 |
betatrophin 7K - B Nz — 35 15 45 A5 0 4% DR s ' v 1)
AUC fH 4> %1 & 0. 839, 0. 801, 0. 913, sestrin2 #ll
betatrophin 7K -5k 5 46 WA IR 15 9 19 AUC {E ]
TR R EAMAS I (2 =3.517 .4.073, P 1J<0.001) ,
IR 1 RS,

1.0
x4,
0.8
R4 BERFE R EE DB P sestrin2 Fl betatrophin K5
DIRE AR A QK F B A SCAE 23 #r i 0-6
Tab.4  Correlation analysis of serum sestrin2 and betatrophin %
levels with renal function, glucose, and lipid metabolism Ok
levels in patients with diabetic nephropathy SERLELND
0.2 betatrophin
% H sestrin2 ( pg/L) betatrophin( pg/L) ’ —_— S
) r {8 P ! P1{H 0
BUN (mmol/L) ~0.519  <0.001 0342  <0.001 0T 04 06 08 1o
SCr( mmol/L) -0.375 <0.001 0.518 <0.001 15 e pE
UACR(mg/g) -0.413  <0.001 0.325 <0.001
cmin! . -2 - v 7
eGFR(ml + min™ + 1.73 m™) 0.271 0.006 0.249 0.014 Bl 1 IiE sestrin2 Fl betatrophin /K12 Wrf x5 B 5 B9 ROC
TG( mmol/L) -0.503 <0.001 0.396 <0.001 2k
TC(mmol/L) -0.326  <0.001 0.413 <0.001 -
LDL-C( mmol/L) -0.473 <0.001 0.571 <0.001 Fig.l ROC curve of serum sestrin2 and betatmphin levels for di-
HDL-C( mmol/L) 0.264 0.011 -0.293 0.001 agnosing diabetic nephropathy
2 hPG(mmol/L) -0.382  <0.001 0.376 <0.001
FPG(mmol/L) -0.573 <0.001 0372  <0.001 3 3 it
o 042 <001 0409 <o HERA B SR R 0P T O 527, 2
(% ~0.391  <0.001 0407  <0.001 e g pre \ - N
KRR, W5 2040 45 2ERBE IR 0 & A
R3 FAZKERNRACE UL (ass)
Tab.3 Comparison of glucose and lipid metabolism levels among research subjects in each group
i H fe X B4 (n=160) HLFERRA (n=160) MR ERLL (n=162) F{& Pa
TG ( mmol/L) 1.29+0.21 1.89+0.32* 2.17+0.52% 232.879 <0.001
TC(mmol/L) 3.97+0.42 5.41+0.89* 6.08+1.13% 248.903 <0.001
LDL-C( mmol/L) 1.98+0.24 3.11+£0.46" 3.52+0.54% 545.426 <0.001
HDL-C( mmol/L) 1.31+£0.19 0.98+0.23* 0.78+0.16* 301.994 <0.001
2 hPG(mmol/L) 8.11+1.42 12.67+1.04* 14.98+0.92% 1496.522 <0.001
FPG( mmol/L) 5.09+0.54 7.49+0.52° 8.42+0.79% 1196.947 <0.001
HOMA-IR 0.97+0.45 3.98+1.13° 4.91+1.28" 653.939 <0.001
HbA,.(%) 4.52+1.03 7.19£1.08" 8.15+1.17* 473.882 <0.001

SR IR F AT, 2 P<0.01 ; 5 Ba gl i 4 e g, P P<0.01,

R 5 ML sestrin2 Fl betatrophin 7K X8 PRI B R 0912 Wi (8 2B

Tab.5 Analysis of the diagnostic value of serum sestrin2 and betatrophin levels for diabetic nephropathy

EERRD BT AUC & 95%CI P TR e AR5
sestrin2 1.01 pg/L 0.839 0.797~0.883 <0.001 0.852 0.705 0.557
betatrophin 303.78 pg/L 0.801 0.753~0.849 <0.001 0.833 0.736 0.569
ey oAl 0.913 0.882~0.944 <0.001 0.932 0.614 0.546
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Hofik®] 6.42 12, TR EGIA ] 1.48 421 0 WEBRAS B 9
JE TR ) SRR DR T 5 B0 2 1R BB /N ek gt
S THERR AL, UK T4 R /NERE 1 120 &2
SRR PR Ry B LT AL, B BARVRRIE S B/ Nk R Ak
SRR R R AL S B /NERYE 3 T BB 3% T 52 A5 AH
K, B /INER AR B DX o R 4 22 TR T AR /N sk T
ERAS AL T BOE /N BRI A2 AR A HE T
PRI K AR RS D RE S i R, e A R EUE
raeseve, PR SHHRAE R U2 WoRE PRI B 9 14 105 A
AP G T A B

WA ZE LR O & A I B R 2 —,
JHFFFE 2 W R A5 687 R JE 5 3R R, S R AR I R
FRHCHT 1 5 2 A W e s 9 32 48 TRl B g i R
8 B B UL B 7 2 2R 4 BB 4 b Y 2 B A2 B i
Bt PP 4 O S A R R TS & I B K
BT RIS FR G A R R D R o B 2 1
Jl T AR L T OB EAE AT B SR A R IR
o I A — S FE R PR 2R R v RS &5 1 ki
AR ZE L, 5 Bk b 28 SR A S i )
G SEIRR BTUR S P E | VRS A B A AR
BEPE A 0 ZRARDT | 195 1 40 R PN BT O 1 385 it
FEA BN 07, 185 & T 4B R FET ™, E 1 i
TOREIRIE B 0 e R R R AR IR T TR
R 1 E DRE SIS R R, 45 R R B, 5 A ek
HRZH LU A, B 2B R s 4 J8. 7 9 BUN, SCr, UACR 2
hPG .FPG HOMA-IR .HbA, TG TC LDL-C 7K~FHH i
F+, eGFR \HDL-C 7KF- B i B ik ( P<0.01) ; 5 546
BEDR g 21 LU A2, Wl DR ' 2 fB 5 B9 BUN, SCr,
UACR .2 hPG .FPG ,HOMA-IR \HbA,, ., TG .TC LDL-C
KB & T &, eGFR, HDL-C 7K F B & f % (P <
0.01) , LR 1 Bafill b i85 B D e S i A R4 A
SEBN TR T A RO B S8 B S BE AR i A 358
LI AN E A5 HEDRI B A R 45 2R

sestrin2 J&— g B OR ST B B 1 0T, R AR P S
SEALN O DNA 51403 T fi %, B IR T sestrin K%, 7%
KA A4 sestrinl Al sestrin3, sestrin2 817 7= 4= g
AL FE L R DNA 1882 R G0k de 5 40 i 1e
RO S T M S 4 P2 ATP i = R Bk 15 5
sestrin2 FIRMY 2 MZ L B E S, A sestrin2 7K
SRR B RIS RS, INZRLR D) RERR AT |45
TRt 5 R S FAE LY L WAL, VF 2B KB,
sestrin2 125 ) Jhiciks B A Ak K2 AR DR e 12 PE i A8
HRAE, Fi5h , sestrin2 16 aE 30 1l v 1 A Y fEJﬁ[m o
AR FE FE B, 2 RUME R AR 3 LT sestrin2 /K5 568

ARSI DKok RERE AR Co SR AE DG | HL sestrin2 5 HABFEAR
A A I XS T 2 BUME PR G I F SR s B s A A AL O
JER BAT B i T (> . WA BES R, 2 AU
PRI - 4 JR L P 28999 722 £ 5 1MLV Sirt] | sestrin2 KPR
K, T e 5 AR AR M SN i B TR A G A R R
SR FBEI 2 A BRI I B 8 78 JRURSE 14 53 s
P ASEIFGRAE R R e R R AR, Bl
PRI LH B 3 1ML P sestrin2 7K S B B [, 5 BUN .,
SCr.UACR .2 hPG.FPG.HOMA-IR . HbA, . TG, TC.
LDL-C 2 AR, 15 eGFR (HDL-C S 1EAHC, H X H%
PR B B — 2 Wi . UL sestrin2 7K1 5
T1te KRR TR FE bR A5G | sestrin2 7K FEAR 7 41 i
Jof X AR 05 04 PN LR B BIL R 2R 3, (A5 5 R o8 ) =2
Bk 2NN TR R4 . AHOCHEIE R M bR
993 5 993 ER IV T sestrin2 mRNA ik i F AL
XS AL R,

betatrophin 2 A FIME 4 204 g 5T 4G 35 7 i 720 o7
AT R A Z I 5 b A AR R A R
BIE 52 55 4 R 9 B A O, Jt 2 betatrophin' !
MG L BH |, betatrophin 5 HLAAR R B8 5 B 1R &
FRRH A, T JBR 2 AT B AN D RE R B AL ot A
S Y R O oS A A I I A R R
ARG EER R I, 5 (R R LA, Bl s 4 AR
FMLIEH betatrophin 7K B 2 T &7, 5 408 PR 9 4
FEASE AR R B s 2HL J8 5 1LY P betatrophin 7KSF- B i
J+ %, 5 BUN, SCr, UACR, TG, TC, LDL-C, 2 hPG,
FPG .HOMA-IR .HbA, % iE A1 3¢, 55 GFR  HDL-C %
FURFG , X4 o B i B — e 2T (i . UM Detat-
rophin 7K V-5 45 BRI I A 1) 7 o AR BE AR G, HL R4
T BE LS SRR T B e iR 2ERE . AHOCHT
5242, betatrophin BN R TN M DR 9 I & RE |, 4
SRR By T A M EY . A PRk
W, betatrophin 554 JRI ' ik 14 ™ B R BE 2 A AH G, AT
RES 5 T HERIG BIR M &L R E . R Kk
P, sestrin2 Fl betatrophin 7K -156A- 45 112 Wik R 93 B
Y AUC (B 2.5 T2 16 b B U I, BE B IV ses-
trin2 Fl1 betatrophin 7K F-FT i 8k 4 Bl 2 Wk PR 9w B
HIFER .
4 £ it

& FRRAR W IR R B R 3 LTS sestrin2 A1 betat-
rophin 7K P54k 5 1B 2y BE A AT BHE R AR 22 LAH G,
T ELIMLYF sestrin2 F1 betatrophin IK 556 A 12 W ok A R
9o B o EL A — I TR A {1
PR ST I AR S O 45 o8
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| Z- 8 T K A 08 B T 2R + P 1 Ik e X B R
4 PLA2Rab %% BA R K LG #MA B K 7K S B8 52 i)
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EHBL LB JEEE KA A RS A 94
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[ Abstract] Objective To explore the effects of rituximab (PTX) combined with glucocorticoid (GC) and cyclophos-
phamide (CTX) on the negative conversion rate of anti-phospholipase A2 receptor antibody (PLA2Rab) and the level of serum
complement factor B (CFB) in patients with membranous nephropathy (MN). Methods From January 2023 to January 2025,
128 MN patients treated in the Department of Nephrology, Qingpu Branch of Zhongshan Hospital, Fudan University were di-
vided into a regular group (64 cases, treated with PTX) and a combined group (64 cases, treated with PTX combined with GC
and CTX). After 6 months of therapy, clinical efficacy, renal function indicators, inflammatory factors, T lymphocyte subsets,
serum factors, and adverse drug reactions were evaluated. Results After therapy, the levels of 24hUTP, BUN, Scr, CXCL13,
IL-6, and hs-CRP in the combined group were significantly lower than those in the regular group, and the level of ALB was
significantly higher (¢/P=4.633/<0.001, 3.339/0.001, 4.168/<0.001, 5.160/<0.001, 5.900/<0.001, 5.006/<0.001, 3.800/<0.001).
The levels of CD8", CD19", and CD20" in the combined group were significantly lower than those in the regular group, while
the levels of CD3", CD4", and CD4"/CD8" were significantly higher (#/P=6.109/<0.001, 5.572/<0.001, 3.909/<0.001, 3.721/<
0.001, 4.595/<0.001, 3.304/0.001). PLA2Rab and CFB levels decreased in both groups, and the levels in the combined group
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were significantly lower than those in the regular group (#/P=3.149/0.002, 4.657/<0.001). The PLA2Rab negative conversion
rate in the combined group (36 cases, 56.25% ) was higher than that in the regular group (22 cases, 34.38%) (X°/P=4.571/

0.033). There was no significant difference in the incidence of adverse reactions between the two groups [ 7 cases (10.94%)
vs. 8 cases (12.50% ), X*/P=0.076/0.783 ] . The total effective rate in the combined group (60 cases, 93.75% ) was higher than
that in the regular group (51 cases, 76.69% ) (X’/P=5.494/0.019). Conclusion The combination therapy of PTX, GC, and

CTX for MN patients can effectively improve renal function, reduce the level of inflammatory response, increase the negative

conversion rate of PLA2Rab, decrease the level of CFB, and has good safety.
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Ji 4 "5 955 ( membranous nephropathy , MN ) J& — i
LI B /NEREN , RE R I R R R AR i
$iE B D ReAR A, T4 B TE 10 AR N T R S AR I
Bt MN R R BIL T 32 0 B 3F b e A2 4
PRI A SHURIE e A Y, S BUE /NREL I R
oy e b B Xk A e A W DO, e Bw
AGTE A2 5244 ( phospholipase A2 receptor, PLA2R) J&#%
NGB, e MN BRSPS AR b
& B A ( complement factor B, CFB) J& #tMAR L& 1%
H E SR, S S AMATE AL, AT T 0
AR BUE  XFF b E KUK MN R IR
W R FHAE B2 i 8 2 (glucocorticoid , GC ) BX A P Ik il
( cyclophosphamide , CTX) G975 ; GC 1] 41 il HLAA 58 14 =
IO A 5 T % S A R AL, CTX E 8 T4 DNA &
I 0o 240 P AR S R T SR B4y
SEE IR G Y7 2k B 97 R8O BRAR ELAC 91 AT Hy
LR RS F 2 BT (rituximab, RTX) A]
BELIT PLA2R Tik, BEAETE MN 397 o 3 y7
S B, AR B TGS RTX B GC+CTX 3R
57 MN BE TR0, LSBT NR I A2 S2ARBTIA (anti-
phospholipase A2 receptor antibody, PLA2Rab ) %% [ %%
1 CFB ZK-F 7224 B INT
1 #ARETE
L1 IER%ER HH 2023 451 H—2025 4 1 AR H
JRF B v L BE B 7 I O BE B N RHIB T B MN R
128 1, BEMLEL v ik 70 0 W LA (64 B, GC Bk &
CTX J697) HBE A 4l (64 ], PTX Bt 4 GC.CTX ¥
7)o 2 HIRKTERHLAL, 22 g2 L, BA ]
FetE(P>0.05) , UL 1, AFFEE i B2 e A8 B 2 5 2
HAZIE L (H BE 2022-49) , 835 A/ 55K R Y I R
ISR A
1.2 SRGIERERRUE (1) HAARUE . DL B 16 K2 W
HMN; @4FE# 18 ~ 80 %5 @24 h JRE M E
(24 hUTP) =3.5 g/24 h; @G REERISEE . (2) HEBR
b : D AR OCHE B TR LR B MRS R R PE MN

Membranous nephropathy; Rituximab; Glucocorticoid; Cyclophosphamide; PLA2Rab negative

F1OCHMASHKEH MN EEF IR RFOR
Tab.1 Comparison of clinical data of MN patients between regular

group and combined group

WAL

el

o (n=64) (ne6ay X/t P

(%) ] B 36(56.25) 34(53.13)  0.126 0.723
4 28(43.75) 30(46.87)

AR (Rts, %) 42.3245.14  42.61£5.37  0.312  0.755
BMI( z+s,kg/m?) 2421+3.24 24342328  0.226 0.822
W AR 51 (%) ] 48(75.00) 50(78.13)  0.174 0.676
RIS (%) ] 50(78.13) 53(82.81)  0.447 0.504
FWREL[FI(%)]  27(42.19) 30(46.88)  0.285  0.594
LR ELE  38(59.38) 40(62.50) 0.131  0.717

[H(%) ] BEIRIG  25(43.75)
EBIMAE  34(53.13)
TR (ks , ) 7.25+1.95

W A SR 24(37.50)

26(40.63) 0.033  0.857
37(57.81) 0.285  0.594
7.38+2.02 0.370 0.712
22(34.38) 0.140  0.932

[#1(%) ] Y 26(40.63) 27(42.19)
HAfl  14(21.88) 15(23.44)

S (%) ] I 37(57.81) 35(54.69)  0.127 0.722
M 27(42.19) 29(45.31)

QBEAEH 32 3 HAB S e dm1I6 97 s ORI RE R
PR B A 5 @)X i 285 ) i e GO A il 4

Rk,
13 3y itk A AR ThUEE R IR FEXHIE IR

J¥. (1) W R4 GC BEA CTX JGYT, Ik et (RS
A R A E) 1 me/kg 1R 0 R (41> 60
% FIEUCH 0.8 mg/kg) , B H 1R, IGYT 8 JE G AR
P I SN R L Z A5 24 5 CTX (L v 5 A8 24 1 A PR
F])500 mg/m’*( GFR 30~49 ml/min i}) 3 750 mg/ m’
(GFR=50 ml/min B]) @ ki d, B H 1K, G976
AL (2)BREY . GC CTX H &, A il Al 7] 5 A
H, T4 34 H,PTX 375 mg/m” FHIKiF T, & 1K,
2 %, 3k PTX 1.0 g @ ki, 35 1k, 2 1B E Y
HERIT 6 N H

1.4 WMEARFR S5 TIRYT A0S fh U A # k an
5 ml, PR B 24 h JRIGRAIEL S ml, 5 bk &
PR ES e 1 2 1 WO T —-20°C VK AR AR
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1.4.1 B IIReFEAnRIN L >R FH G ids Pk A I UTP 7K
Lo el A EERO A ERARAF (15
UP7759) ; He gl i i Alb /K, il & [ i
AR A ) (175 . BA1554) 5 Bk 3 %
PRI il FR R A BUN) (ML ULEF (SCr) 7KF- i35 & 43
FkMmE LM EAEAYREARAR (Y
BA3143) | Elabscience 23 #] (#7*%5 E-BC-K188-M) ,
1.4.2  IfTE R PEP A0 - SR HIAG 27 A G S i 43 Hr ik
K #a kK1 CXC FifR 13( CXCL13) 7K3F, ELISA ¥
R 1 A -6 (1L-6) | = B C W & 1 (hs-CRP) 7K
R G B AL B E R AR AR (R,
SEKH-0072 .SEKH-0013 .SEKH-0138) .

1.4.3 b U0 448 A S0 A A 0« R BB A8 353 43 A0 JRL L, 43
BRAAZ AT, R 3 40 M ASCRG I T 7K 2 4 i I
#f CD3" .CD4" ,CD8"7K~F- J B itk LA i WA CD19” |
CD20" 7K, 315 CD4*/CD8",

1.4.4 IfiL7% PLA2Rab ,CFB #:il . 5% JH] ELISA ¥2: 46 ]
PLA2Rab . CFB 7K, <20 RU/ml & PLA2Rab B4,
PLA2Rab 5[] = (3697 i [H] PLA2Rab % B 51140/ &
BI%) x100% ., AF & B _HEESA YR AR
OS] (525 . FT-P34309R FT-Y10633P) .

1.4.5 25BN ie sk B E R AR g H
JY 8 S D e SN R RN A AL

L5 WA RHAENRE (1) B RZ M REH B
PEEY 24 hUTP<0.3 g/24 h,Alb>35 o/L; (2) ¥84r Gefit .
24 hUTP<3.5 g/24 h, Alb 30 ~35 g/L; (3) KRZEf# .24
hUTP f Alb /KPR B, BARCR = (225 M+
Iy SRS / B Ex100%

1.6 Siitefirik R SPSS 26.0 B3 E #4745
AT, THECRORH U RS B (%) 7, TR L
BORF x> Kige, 55 90 9% Bk | Mann-Whitney U K 56
FLBE A5 A IE A A (T i R DL x5 7R, 2 4 1H]
LR ISR A ¢ K50, P<0.05 W2 R A Gt

x3

WAL SHES AL MN B EIRITHTG B D RETE AR H AR

2 &% B

2.1 2HERITRLE BT 6 DA AV BRGH LA
R 93.75% , 125 T H ALY 79.69% , 2 74 Git2#
B (x*/P=5.494/0.019) , W 2,

®2 CEMASBAH MN BFIRRITALE [(#1(%) )
Tab.2 Comparison of clinical efficacy of MN patients between reg-

ular group and combined group

41 9 P wEEm WAEm KEM BARR(%)
WA 64 22(34.38)  29(45.31)  13(20.31) 79.69
BEdl 64 34(53.13)  26(40.62) 4(6.25) 93.75
Ux* i U=2.582 X?=5.494
PE 0.010 0.019

22 24RITRIIE B RER AR LA RIT R, 2 A
24 hUTP ,Alb .BUN .SCr /KF HL 58, 2 R G124
L(P>0.05) ;3897 6 ™~ HJ5,2 41 24 hUTP .BUN , SCr
BIREAS, Alb B 7 R, LI A AL R A/ T e B R T
LA (P<0.01) , W 3,

2.3 2 4RYTETIE NG RYE IR RITET,2 A
ML CXCL13 . 1L-6 . hs-CRP /K b4, 2 F ¥ LG it
2R (P>0.05) ;7697 6 ™ H 5,2 41 CXCL13 ,1L-6,
hs-CRP ZK-F-HREAIG, HIBE A 48 T8 #L4H (P<0.01) ,
W4,

F4 CHEMASBA A MN BFGY TS ML R T AR
(x+s)
Tab.4 Comparison of inflammatory factors of MN patients between

regular group and combined group

0 W WA CXCL13(ng/L)  IL-6(ng/L)  hs-CRP(mg/L)
W IBJTHET 88.42+£12.82 32.25+5.36 15.32+2.77
(n=64) RJ7JE  37.21£5.96 12.35+2.84 7.22+1.87
BRAUl  JRITHT 88.89£12.95 32.37+5.41 15.47+2.85
(n=64) JBJFIE  32.15%£5.10 9.65+2.31 5.63x1.72
/P E A NAE 28.978/<0.001 26.245/<0.001 19.389/<0.001
/P BAHNE 32.614/<0.001 30.898/<0.001 23.648/<0.001
t/P IRY7 Ja A A 5.160/<0.001  5.900/<0.001  5.006/<0.001

(xxs)

Tab.3 Comparison of renal function indexes of MN patients between regular group and combined group

Il 5 [ 24 hUTP(g/24 h) Alb(g/L) BUN( mmol/L) SCr( pmol/L)
H AL JRITHI 6.02+1.69 22.52+3.74 12.58+2.27 111.25+15.04
(n=64) BT 1.52+0.47 35.25+5.18 7.25+1.92 99.52+13.87
R JRITHI 6.10+1.74 22.41%3.65 12.64+2.31 111.87+15.15
(n=64) BITIE 1.17+0.38 38.94+5.79 6.16+1.77 89.64+12.93
/P F A NE 20.523/<0.001 15.940/<0.001 14.342/<0.001 4.587/<0.001
t/P WA H N 22.145/<0.001 19.321/<0.001 17.813/<0.001 8.929/<0.001
t/ P IRYT Ja A B e 4.633/<0.001 3.800/<0.001 3.339/0.001 4.168/<0.001
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2.4 241RJTHTIE T B ANV RS LR VRYTRT, 2
41 CD3" .CD4" .CD8" .CD4"/CD8 /K- 1L 4k, 25 46
Giit @ L (P>0.05) ;3697 6 ™ HJE,2 41 CD3*,
CD4" .CD4"/CD8* K475, CD8* ¥ FRAIL, HIB A 41
T/ BEAR IR B KT # B4 (P<0.01) , W3R S,

2.5 24IRITHTIE B RELAN A LA JAYT AT, 2
241 CD19", CD20" [ #%, Z R ¥ Git 2= L (P>
0.05) ;3497 6 A JT,2 40 CD19" .CD20" K &A%, H Bk
AR T 4 (P<0.01) , WL 6,

®o WHAIEEAY] MN BFIRITRTS B R 40 AE L4

(x£s,%)
Tab.6  Comparison of B lymphocyte subsets of MN patients
between regular group and combined group
41 5l B[] CD19* CD20*
R RITH 17.54+3.50 27.25+4.45
(n=64) RITIE 15.21+3.08 24.49+3.87
ISR IRITH 17.71£3.58 27.334.51
(n=64) WA 12.38+2.65 21.96+3.44

3.998/<0.001
9.573/<0.001
5.572/<0.001

3.744/<0.001
7.574/<0.001
3.909/<0.001

/P W N
/P WA A NE
/P IGY7 Ja 4 RME

2.6 2 HHIAYTHIJT MY PLA2Rab  CFB LA JAYF
H,2 4175 PLA2Rab CFB /K i, 22 3 ¥ L4011
R (P>0.05) ;3097 6 A J5,2 44 PLA2Rab ,CFB
AEIREAL , HIBA ALK T3 4L (P<0.01) , L3 7,
2.7 2 1 PLA2Rab %I g Ryran, 2 4
PLA2Rab BH P55 S B4 5 L3¢, 22 5 S 122 &
SL(P>0.05) ;iRY7 6 M H 5, WA 41 PLA2Rab §% [
T HEHLA (P<0.05) , L3 8,

2.8 2R R RN R IR I, H A S Bk
G2 R RN K AR5 10.94% (7/64) |
12.50% (8/64) ,2 A R b S R AR L, 25T
Giiter L (x2/P=0.076/0.783) , W 9,

RS OCHHMASAHE MN BFRITHIE T 40T A

RT WA S MN AT HTS M3 PLA2Rab, CFB
Tab.7 Comparison of serum PLA2Rab ,CFB of MN patients be-

tween regular group and combined group

A 5l st ] PLA2Rab(RU/ml) CFB(g/L)
WA b=y gl 118.25+17.85 3.62+1.08
(n=64) RIT IR 53.21+8.45 2.74+0.85
BAA TRYTHT 119.07+17.96 3.65+1.12
(n=64) BIT A 48.64+7.96 2.11+0.67
/P NE 26.347/<0.001 5.122/<0.001
/P IREH WA 28.681/<0.001 9.440/<0.001
t/PIRY7 IR A 3.149/0.002 4.657/<0.001
RS WM SES 4 MN 3% PLA2Rab B4
L [(B1(%) ]
Tab.8 Comparison of PLA2Rab negative conversion rate of MN
patients between regular group and combined group
. ST AT s
a om0
WA 64 41(64.06) 23(35.94) 34.38
BA 64 45(70.31) 19(29.69) 56.25
X2 {a 0.567 4.571
P{E 0.451 0.033

RO HMASHAHE MN BH YA RNILE  [H(%) ]
Tab.9 Comparison of adverse drug reactions of MN patients be-

tween regular group and combined group

4 B B Y BAER N HFOIReiG RAER(%)
W 64 2(3.13) 4(6.25) 1(1.56) 10.94
BRAEYH o4 1(1.56) 5(7.81) 2(3.13) 12.50

3 % it

MN J& T F B B , B B 1 &0 %, I
IRZXRETRYT , AR IR AR B TR 2R Y7
EAG . SREIRYT SR I AR 1 ) MN i 255 1 & R 114
FHROT, HATLL GC+CTX B G IA 97 Mk R B 3k 7
2, GC AT MELN AR | 20 5 A, 28 i 300 1 44 P9

(xs)

Tab.5 Comparison of T lymphocyte subsets of MN patients between regular group and combined group

A5 Hif ] CD3*(%) CD4" (%) CD8* (%) CD4*/CD8*
LA HITHT 48.52+7.38 25.07+4.20 33.25+5.02 0.71+0.21
(n=64) BITIE 54.28+8.71 35.21+5.37 27.21+4.68 1.15+0.34
A JRYTHT 48.27+7.24 25.31+4.28 33.41+5.10 0.69+0.20
(n=64) AT E 60.47+10.06 40.07+6.54 22.31+4.39 1.37+0.41
/P A NAE 4.036/<0.001 11.899/<0.001 7.041/<0.001 8.808/<0.001
t/PRAHNE 7.875/<0.001 15.107/<0.001 13.196/<0.001 11.925/<0.001
/P IRYT SR A BE 3.721/<0.001 4.595/<0.001 6.109/<0.001 3.304/0.001
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1 FE G ROBE T CTX A] LA s 4 i an B bk £ 21
FRLA TS Ak S B AR e s M VE R AT LA
ROR B PRI AE AR 7 MN R T HAT B
JPRL, B R A A BNV £, 17 7E R BR v
ITAERFFE R, MN R4 5 B 40 S0 A B e 5
YIARSE 1M PTX o] LA S50 B 40 pe e im b 5k A7
B AMEERR , A HI AL R N A AR B 1
AL PTX B GC+CTX AT MN BT AL, TEADESR
H A2 MN AT IR 9 24 hUTP . BUN  SCr /K
fICTF 5 AL, Alb K- 15 B, 4 R BB IR Y7 T LA
ARGE B E B IR, Hob 24 hUTP 7RG IR 2 H T
TEAS B /INER B BT g, HOK S Fh s MN R 1 1L
SRS SE , 7K P RARA R R IR B K0 | B/ INER e
AR s BUN Fl SCr 8 FHF 074G B/ ek g ad %, H
IKE T B B /N ERUE S SRR B /N Bk 32 BH, 7K
B, MN AR 1 AL 8™ 5 Al AT PEAR M 2K AR
FIKSF 16 KR Alb 7KSF- T = 90 MIN ARk 2 1 =
FARE ) KEA TR GC IR A I R kN
(235, TR B ZNBR R 8 1R SR BT, 43 T A A
FEPE, CTX W] 40 ] o 75 Iy 227 B I PR 4 Bf g 4, — 3%
IG5 ] LA 3580038 B 33 410 o 45 S, BELDAT 93238 &2 & W &k
P /INER JE TG IS s 0 983 005, 0 T T EET 5
PTX /5 B 4 TE bk, vl 98 5032 B2 A 0 B e 4 i 46
B3, FHMAEE 52 BH, B /INER U8 L B BRI 52, DA 1T
LIRS, 5 GC+CTX S5/ )5, & R FEER , 3t
s g

CXCLI3 ] LA PE 5| B 4, 524565
RAEREAAE 5 MN 35 E J8 RIS AH OG5 1L-6
SR R M, n AR B TR AR i E O
hs-CRP Al R R AR &Y, 7T SO MN AR5 1% 7™ E
FERENY ) BIKELANIE S 5 BNk s B A W i
&, IBTT LIS T bk O 40 M A B AR, X T bk B2 48 if 7K
SESEATIEA, I & R RS B A4
CXCLI3 IL-6 hs-CRP K CD8" , CD19* ,CD20" /K F-1%
T4, CD3* .CD4" .CD4"/CD8" /K 15 T #4H,
$E7R8 PTX BB GC L CTX 97 1 LA R0 36 144 52 14
FRPARZS BB T RE . GC A BAHL LA, H
A 3 A1 ) A O A 53 TR R B AR R M IR 7K o)
T 405 B B 401035 4k ; CTX AT LABHKr B bk T 48 it #11
T IR AE A 24 i DB ™ A s PTX @ L9870 B4
B T LAV B I S ze 1 40, el e P DR T R, i
B EALE, RIS B ke 4B R T T OB S T ik
ELAN AR B AR, 24 0F T bk B4 200 6 S0 8% 2 A BX B 9R
J7IE PTX H1 GC+CTX JERLHMRIVE T, AT RAR 2 1k R 7

K B BE T RE

PLA2Rab 7] 5 R4 SZ 1RSS5 & 8 R G W xt 2
AN 18 B A5, HoK S5 MN BB B 005 2% VD AH 5%
CFB JEAMA B A& 128 v 19 S8 R 1, i JHF 0 400 g 43
Wo, AR AT S A MA R G B0 RS 7E MN R 3
M, CFB 3 B 380E 2 3 B /NER 52 FE AR 5T
o A4 PLA2Rab  CFB 7K F-7E3R YT 5 B WAL 7%
KL, PLA2Rab %% [ % 5 T8 LA, 2 /R B A IR Y7 T
DI % % PLA2Rab  CFB KV, MR Al REZE T,
GC+CTX Af LA PLA2R Fofr= A | 1] 0% 40 i &
AN A B L, T FE AR CFB K B2 PTX B K
PLA2R #54ki % |, FA PLA2R HifA/KF, [RIEE PTX i
1EVEBR B A, AT LA ] e T A AR I B Ok B AR
CFB /K220 e oh  ARBFSE 45 R WoR, BRS 4 B A
AR E T H M, 3R PTX 5 GC+CTX Al fE R4 P [A)
YER, E T2 =R T T RCR
4 # £

ZE LTk, GC .CTX 5 PTX BEAIAIT MN & | fiE
WA OB AILIR 5 1 S N A, IR A 5 g% g
K, B F AL PLA2Rab .CFB /K, 427 PLA2Rab %%
PR B B i 7 3%, AR il R b, AN 218
AR R GEMERAE, AR Z AT,
VB BT 5% FT REAE 7 R ARF , BARIF S th 9 AREAC
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[# ZE] BHE BFEmENgeE X Y-box #5113 (S0X13) 76 T & WIS (EC) TR IK IR R 3L, LU
SOX13 3l it 4% Wt/ B-catenin {5538 BRI2 0k EC MMM AIREREAE 1 O EFIBLAD, 3% Wi4E 2017 4F 1 1—2020
AF 8 T At at A g I e P 52 oy I B iR B T AR IRYT Y EC BB 80 B, SR S 41 414k 2 (THC) L 46 EC
A SOX13 HIRFRIL, IF4 T SOX13 Fik 5 EC BEIIRME S E TS HC R s #48 SOX13 m Jsi Al it 3= 3518
JAEE e Y EC 4L, 53 shNC 4 shSOX13 £ ,0eNC 2 ,0eSOX13 4 ; CCK8 S5 1T M it e S 50 S ) 4% 4 240 Ffa 185 5 e
75 Transwell 52 36 A6 ) 4% 21 4 Jifd %% B8 §i8 J7 5 String I 33 T SOX13 #H B 4E FI & 11, GEPIA %04 )% 43 #F SOX13 &5
CTNNB1 ( B-catenin) 7E EC 221k YA 6 ; S e LLPTTE ( Co-1P) K SOX13 5 B-catenin FHHAEM ; TOP/FOP Flash %¢
S 22 Tl 4 3 R G 0 4% 2L 4 0 7 ' R BTG 7 3 Western-blot A& 4% 20 41 il Wt/ B-catenin 5 5l B M 6 B I K3k, &
R EC EEHEEALU SOX13 1P FRIE R & TS A2 (Y2/P=6.602/0.010) ; I LKA [ BRI (LVSI) Ik EL4h
% FIGO /T ~ IVHIY EC 3 h SOX13 2 [ PR35 R T+ 5 (x2/P =4.089/0.043 ,4.641/0.031,8.225/0.004 ) ;
SOX13 FAPEFRIEM EC BF S 2% (¥2/P=5.164/0.023) ; SOX13 fl s Y Ishikawa 4, :F 3518 55 #54 YL HEC-1-
A ZHH, 55 shNC 20 148, shSOX13 A 40 i SOX13 & 1 R IA KR AR, 20 M 3 78 | 74 5 e T2 BURNFE B i J1 Ik (/P =
10.170/<0.001 ,15.640/<0.001 ,16.550/<0.001 ,9.442/<0.001) ; 55 0eNC #1 L3, 0eSOX13 Z4HI Lt SOX13 & [ E 5 F
T AN AR TR NS R E IS (1/ P = 25.320/<0.001 ,6.600/0.003 . 28.130/<0.001 ,17.830/<0.001) ; 5
JEE A 7R SOX13 5 CTNNBI( B-catenin ) M HAEFH , 7 EC FF 3355 IEAHE (1/P=0.480/<0.001) ; Co-IP f7R SOX13
5 B-catenin fFFEMEAEH ;5 shNC 21 H#E, shSOX 13 440 HEH TOP/FOP Flash 7¢ % 2K BEIG PEFAIG , 41 A 7 4% B-catenin
1 M cMyc , eyelinD1 , N-cadherin 75 [ 32 35 & , E-cadherin & [1 358811 (+/P = 11.770/<0.001 ,41.830/<0.001 ,
37.200/<0.001,23.000/<0.001 ,21.620/<0.001 ,26.840/<0.001) ; 5 0eNC 4 LL.#4 , 0eSOX13 ZH 4 il ' TOP/FOP Flash %¢
SEZE BTN, AN P 4% B-catenin 2 M cMyec ,cyclinD1 ,N-cadherin & F ZR2 581, E-cadherin & H 335 FEAIK (2/P=
23.970/<0.001 ,16.620/<0.001 ,27.650/<0.001 ,31.140/<0.001 ,30.000/<0.001 ,29.440/<0.001) , it SOXI3 1E EC
HhERIARIN, Sk 45 F A5 LVSILFIGO 43 ¥ I ~ IV K AN KBS 4 5¢, IR ad &5 B-catenin AH H /B FH 06 Wit/
B-cateninf{F 518 35 £C 4 HIIE 50 FIEE 7568

[X8R]  TE N ERYCE X Y-box F55 T 13; 58 ; 745 ; Wnt/ B-catenin 5518 I ; /E ML

[hES%ES] R737.33 [ #ERFRiIRFG] A

Study on the mechanism of SOX13 activating Wnt/3-catenin signaling pathway to promote proliferation and metasta-
sis of endometrial cancer Dong Xue, Qiao Juan, Si Qin, Zheng Fei. Department of Gynecologic Oncology, Peking Universi-
ty Cancer Hospital Inner Mongolia Hospital, Inner Mongolia, Hohhot 010000, China
Corresponding author ; Qiao Juan, E-mail.78124421@ gqq.com

[ Abstract] Objective To investigate the clinical significance of sex-determining region Y-box transcription factor 13
(SOX13) expression in endometrial carcinoma (EC) and the mechanism by which SOX13 promotes the proliferation and me-
tastasis of EC cells through regulation of the Wnt/B-catenin signaling pathway. Methods A total of 80 patients with EC who
underwent surgical resection in the Department of Gynecologic Oncology, Peking University Cancer Hospital Inner Mongolia
Hospital from January 2017 to August 2020 were enrolled. The expression of SOX13 protein in EC tissues was detected by

immunohistochemistry (IHC), and the relationship between SOX13 expression and clinicopathological parameters and
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prognosis of EC patients was analyzed. SOX13 knockdown and overexpression lentiviruses were constructed and transfected
into EC cells. Cells were divided into shNC group, shSOX13 group, 0eNC group, and 0eSOX13 group. CCK-8 assay and
plate colony formation assay were used to detect cell proliferation. Transwell assay was used to detect cell metastasis. The
STRING website was used to predict SOX13-interacting proteins, and the GEPIA database was used to analyze the correlation
between SOX13 and CTNNBI (B-catenin) expression in EC. Co-immunoprecipitation (Co-IP) was used to detect the interac-
tion between SOX13 and B-catenin. TOP/FOP Flash luciferase reporter gene assay was used to detect luciferase activity. West-
ern blot was used to detect the expression of Wnt/B-catenin signaling pathway-related proteins. Results The positive expres-
sion rate of SOX13 protein in EC tissues was 51.25% (41/80), which was significantly higher than that in adjacent normal tis-
sues (31.25%, 25/80) (X°/P=6.602/0.010). SOX13 protein expression was increased in EC patients with lymph node metasta-
sis, lymphovascular space invasion (LVSI), and advanced FIGO stage (X°/P=4.641/0.031, 4.089/0.043, 8.225/0.004). EC pa-
tients with positive SOX13 expression had a poor prognosis (X°/P=5.164/0.023). SOX13 knockdown was transfected into Ish-
ikawa cells, and overexpression lentivirus was transfected into HEC-1-A cells. Compared with the sShNC group, SOX13 protein
expression was decreased in the shSOX13 group, and cell proliferation, plate colony formation, and metastasis were signifi-
cantly reduced (¢#P=10.170/<0.001, 15.640/<0.001, 28.130/<0.001, 9.442/<0.001). Compared with the 0eNC group, SOX13
protein expression was increased in the 0eSOX13 group, and cell proliferation, plate colony formation, and metastasis were
significantly increased (#P=25.320/<0.001, 6.600/0.003, 28.130/<0.001, 17.830/<0.001). Database analysis showed that
SOX13 interacted with CTNNBI1 (3-catenin) and was positively correlated with it in EC (#/P=0.480/<0.001). Co-IP confirmed
the interaction between SOX13 and B-catenin. Compared with the shNC group, TOP/FOP Flash luciferase activity was de-
creased in the shSOX13 group (#/P=11.770/<0.001), and the expression of nuclear B-catenin, cMyc, cyclinD1, and N-cadherin
proteins was decreased, while E-cadherin protein expression was increased (#/P=41.830/<0.001, 37.200/<0.001, 23.000/<
0.001, 21.620/<0.001, 26.840/<0.001). Compared with the 0eNC group, TOP/FOP Flash luciferase activity was increased in
the 0eSOX13 group (#/P=23.970/<0.001), and the expression of nuclear B-catenin, cMyc, cyclinD1, and N-cadherin proteins
was increased, while E-cadherin protein expression was decreased (¢#/P=16.620/<0.001, 27.650/<0.001, 31.140/<0.001, 30.000/<
0.001). Conclusion SOX13 expression is increased in EC and is associated with lymph node metastasis, LVSI, advanced FI-
GO stage, and poor prognosis. SOX13 activates the Wnt/B-catenin signaling pathway by interacting with B-catenin, thereby
promoting the proliferation and metastasis of EC cells.

[ Key words] Endometrial cancer; Sex-determining region Y-box transcription factor 13; Proliferation; Metastasis;

Whnt/B-catenin signaling pathway; Mechanism
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&g A 9 E Abcam 2\ F]; Transwell /NZE g H 3£
Coring /A 7] ; TOP/FOP Flash 41 45 kL | %¢ 't 2 B 4G )
TR G RN A A B AR BGAGR E [EEES RAAH
NEl, (3) XA A TR AR A I R SR A (S
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1.2.9 Western-blot ¥l i fifd v & H %3k . R A PARP
AF P 410 % o R AT ARG 0 40 L P, SR H AN B A
BRI B B RS AG I 440 i v R R L IR
BCA i [ 8 o 0 70) 6 ) 400 e vk 2, S@ it 10%
o B R B 2R P A Tt i ( SDS-PAGE ) B i L Uk 73
B, PR RS 2 R w9 £ (PVDF) i I
e T H 3% B Bg 4 W5 AL BE PVDF B 30 min J&, 8%
H 5 e o DU B (1 R — LR B AE 4C TR — 1, H
TBST ¥ 3 WG, 5 P BN W EH—EREF 1 h,
TBST ¥k 3 Wi, H ECL &G Sl 25 14 i 457
N FH Tmage] 30 v 1.8.0 X 25 (K F- 215 /8 40T
1.3 Sit2#Jrik RH] GraphPad Prism 6.0 2K {4517
SRt I ge it T ECTORE LI R B 1 L (%)
o A TL IR H )2 A 505 A5 & IR 3 A 1Y T 3 B
B xxs Ko, 2 4] LSRR ST AR AS ¢« K550, 241
) LR F R 8 , P<0.05 HERAEGH¥E X,

2 % R

2.1 SOXI3 FHHTE EC 4kl SOX13 HH
PHHE 2% 35 5 v 6 40 i %, DL IR 1, EC B 4 41
SOX13 & PHIEFRIER N 51.25% (41/80) , & T 5%
U 31.25% (25/80) , Z R A G #E L (X2/P=
6.602/0.010) .

1 EC BEBALUS R AL SOX13 4R B TE R A H AL
(THC {3, %200)
Fig.1  Positive expression of SOX13 protein in EC cancerous

tissue and adjacent non-cancerous tissue (IHC staining, X

200)

2.2 SOX13 HEHARIEKFTE EC B H A A I K/ %% 2
ZHTZERILER RE KA TR BRI E (LVSD) ik
455%% FIGO 20 I~ VI EC B3 SOX13 & H
FHME A R T (P<0.05 B P<0.01) , W& 1,

2.3 SOX13 # HFRIAK X EC B3 5 /5% e
EC /3% 80 il 3ET= 35 i, Joll 2 7, Hivh SOX13
FHMERINH EC B3 5 4EIET R R 56.10% (23/41) ,
SOX13 PAMEZR A EC & 5 FAET %N 30.77%(12/39)

R 1 SOXI3 HARKAKTAE EC AN I PR/ 2 2
HIZESELEL [ Hil(%) ]
Tab.1 Comparison of SOX13 protein expression levels in EC pa-

tients with different clinical/pathological parameters

W e B;?;?i‘f') e P
A <50 % 19  8(42.11)  0.834 0.361
=50 ¥ 61  33(54.10)

Jio e AN <4 cm 53 24(45.28) 2.238 0.135
=4 cm 27 17(62.96)

HAZEM TR N R 63 31(49.21)  0.496 0.481
AEFENBRE 17 10(58.82)

FIGO 5% (%23 56 26(46.43) 1.737 0.188
[ 24 15(62.50)

LVSI H 18 13(72.22)  4.089 0.043
i 62 28(45.16)

N S ] 21 15(71.43)  4.641 0.031
¥ 59 26(44.07)

WUZ 2 <172 45 20(44.44) 1.907 0.167
=1/2 35 21(60.00)

FIGO 434 0~ T4 58 24(41.38) 8.225 0.004
M-~ Vi 22 17(77.27)

Kaplan-Meier A2 £ M S8 it 70 #7 o, 5 SOX13 B
Tk EC BF L, SOX13 BHEFR k4] EC BE TG
9% (x2/P=5.164/0.023) , W& 2.,

—— SOXI3FHM:FIEH
—— SOX13MP:FIEH

100f

50F

EAEHR (%)

0 12 24 36 48 60
NP

B 2 SOXI3 #HRAX EC BH TS M
Fig.2 The effect of SOX13 protein expression on the prognosis of
EC patients

2.4 SOX13 H 7F EC 4l i h R IK [LE  hEECs,
AN3 CA  HEC-1-A \HEC-1-B RL95-2  Ishikawa #fi jfi 1
SOX13 #7543 %M 0.077£0.015,0.430£0.030 ,
0.357+0.021,1.090+0.056 .0.950+0.031 ,1.240+0.053,
5 hEECs W8, N F 5 W B 40 e & AN3 CA |
HEC-1-A . HEC-1-B | RL95-2  Ishikawa [ SOX13 & [
FEIR BN (¢ = 18.180,18.780 ,30.400 ,44.120 ,36.590, P
¥J<0.001), H o 7€ Ishikawa 40 i W 3% 3k & &, 78
HEC-1- A4 -h 2RI 5AR 5 2R ] SOX13 Ry 1 s 5% Y
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Ishikawa 4 fifl, Western-blot 4% S & 7~ , 55 shNC #H
(0.570+0. 361 ) F %, shSOX13 41 (0. 247 + 0.042)
Ishikawa 4HIfifl 1 SOX13 & H ik &A% (1 = 10.170, P<
0.001) ;R H] SOX13 i Fik M8 dE % Y HEC-1-A 4L,
55 0eNC £H (0.460+0.026) L%, 0eSOX13 £ (0.917 +
0.015) HEC-1-A 4 Jifd th SOX13 & [ £k TH i (¢ =
25.320,P<0.001) .

2.5 SOXI13 H BN EC 4014 78 FHE 4 6 1189
SN CCK8 SLH B, 5 shNC 41 e #¢, shSOX13 41
Ishikawa 2 Jfd 384 56 3% MR IK ( P<0.05 3¢ P<0.01); 5
0eNC 4 FL 48, 0eSOX13 2H HEC-1-A 4 g 38 5 15 4 14
J(P<0.01), W3 2, FARGTRES R B, 5 shNC 4l
Ishikawa #ififd 7e B2 B8 H L5, shSOX13 2 Ishikawa
20 8 v BT 1 H BE AR (P<0.01) 5 55 0eNC 4 LA,
0eSOX13 41 HEC-1-A 41 Jifl v B2 s %k B 35 m (P <
0.01) ,Transwell 52 5 25 R 8 75, 5 shNC 41 H #%,
shSOX13 41 Ishikawa 4 fifd 57 5 40 g £% B B& A (P <
0.01) ;55 0eNC 2 I %7, 0eSOX13 2H HEC-1-A 41l Jifl %
JER H 38 (P<0.01) , WL 3,

£R3 44 Ishikawa . HEC-1-A 40 i 5o TE W5 B A28 i %k H
”ﬁiﬁf (fcts,/l\)

Tab.3  Comparison of the number of colony formation and cell
penetration in Ishikawa and HEC-1-A cell lines across va-
rious groups

4 n gyl SREEMEH AR

shNC 41 5 Ishikawa 76.333+2.517 66.333+5.686

shSOX13 4 5 42.667+2.082 17.667+7.506
0eNC 2 5 HEC-1-A 72.667+2.523  134.000+8.889

0eSOX13 2 5
1/P shNC #15 shSOX13 441 [al{E
t/P 0eNC 215 0eSOX13 4141 [Al{E

151.667+4.163
16.550/<0.001
28.130/<0.001

300.000+13.454
9.442/<0.001
17.830/<0.001

2.6 SOX13 5 B-catenin FH A EAE  String
] 3l N &8 7% SOX 13 2K 115 CTNNB1 ( B-catenin ) 25 [

FELEAI B AR, W 3A ; GEPIA 4 2243 # SOX13 5
CTNNBI ( B-catenin) TE EC E"J%‘%ﬁ%ﬁ*ﬁ?é‘@( r/P=
0.480/<0.001), W &l 3B; ft % 95 Ot 52 16 B 7/ 78
Ishikawa PN SOX13 5 B-catenin 35 v 75 40 fo 4% 4, Ul
& 3C; Co-IP 525 W /R 1E Ishikawa 4 S Y SOX13 5
B-cateninfr7EAH EAEH], WLIE 3D,

2.7 SOXI13 FHHEIEXT Wnt/B-catenin {5518 H 1Y
M FOGER MRS B S0 R, 5 shNC 2H (0.99+
0.02) He%,shSOX13 4 4HfEH TOP/FOP Flash ¢ 6%
Fif P (0.36 £0.90) AKX (/P = 11.770/<0.001) ; 5
0eNC 24 (0.99£0.30) LL#L, 0eSOX13 ZH 4 ffd th TOP/
FOP Flash ¢ )t R filf i M (4. 57 = 0. 28) 7 Jin
(t/P=23.970/<0.001) ,

Western-blot 25 £ 2 7/~, 5 shNC 4 1 &,
shSOX13 4 4 ffl 4% B-catenin & H K& cMyc,
cyclinD1 N-cadherin 2 [ 3% ik & ik , E-cadherin & =
FIRBEM (P<0.01) ;5 0eNC 4 L4, 0eSOX 13 2H 4H
Mo 4% [3-catenin EFHK cMyec . cyclinD1 | N-cadherin
TEHF AN, E-cadherin 8 1k F A% ( P<0.01) ,
JLE 4 4,

Ishikawa HEC-1-A
shNCZH. shSOX132H 0eNCZH  0eSOX134H
#% B —cateninl- ""‘l I- -I
CMyC| D —— | | E——— !J
cyclinD] [ w—— [C— G|

N-cadher in | e -
E-cadherin [sm—ce.: G | | GE— -

GAPDH | i | | —

B 4 SOX13 3R X Wnt/B—catenin {5 51 [ F 521
Fig.4 The impact of SOX13 protein expression on the Wnt/f3 -

catenin signaling pathway

2 KHAFEE] [shikawa HEC-1-A ZHMI0 OD (E LA (axs)

Tab.2 Comparison of cell OD values at different time points in each group

4 5 n giifilh 0h 48 h 72 h 96 h
shNC 21 5 Ishikawa 0.238+0.006 0.359+0.030 0.483+0.036 0.660+0.026 0.900+0.036
shSOX13 4H 5 0.234+0.015 0.270+0.010 0.347+0.030 0.401+0.027 0.478+0.037
0eNC # 5 HEC-1-A 0.277+0.005 0.356+0.032 0.467+0.038 0.602+0.033 0.814+0.041
0eSOX13 41 5 0.274+0.015 0.490+0.031 0.644+0.025 0.916+0.029 1.053£0.047
t/P shNC 215 shSOX13 4H 4H [A]{H 4.670/0.010 5.085/0.007 12.170/<0.001 15.640/<0.001
/P 0eNC 2415 0eSOX13 21 £H W] {E 5.252/0.006 6.731/0.003 13.580/<0.001 6.600/0.003
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R=048

1og2(CTNNB1 TPM)
6

p-value = 2.4e-11"

SO0X13

B —catenin

T T T
2 3 4

log2(SOX13 TPM)

- 857 -
D
His-SOX13 — + t
- Flag-B-catenin + - +
LN anti-Hisl —|
'." IP: Flag
y anti-Flag I - -I
anti-Hisl . - |
IP: His
anti-Flag | _— |
anti-His| ens— — |
: : input L
anti-Flag | = —l
DEPIA Merge

PG /R AE Ishikawa P SOX13 5 B-catenin H7E

1 : A String P3G T SOX13 2115 B-catenin & [1FEFEA E AR ; B.GEPIA 34 2 43T SOX13 5 B-catenin 7E EC HAY 3k 5 1IEAH ek ; C. ey
SEDLLEAAMIAZ N ; D.Co-TP 525 i /R 78 Tshikawa P SOX13 5 B-catenin FTELEAEAEH]
B3 SOXI3 H[15 B-catenin 1 HAHEAE
Fig.3 Interaction between SOX13 protein and B-catenin protein
R 4  Western-blot SZIGH M SOX13 2 FA%F Wnt/ B-catenin {553 % [ 52 1
Tab.4 Western-blot experiment to detect the effect of SOX13 protein on the Wnt/B-catenin signaling pathway

(x+s)

H 5 n o) 1% B-catenin cMyc cyclinD1 N-cadherin E-cadherin

shNC 4 3 Ishikawa 1.217+0.042 1.324+0.041 0.963+0.049 0.874+0.054 0.173+0.015
shSOX13 41 3 0.137+0.031 0.295+0.025 0.220+0.026 0.271£0.021 1.023+0.051
0eNC 2 3 HEC-1-A 0.621+0.036 0.473+0.032 0.549+0.031 0.384+0.032 0.976+0.045
0eSOX13 4 3 1.090+0.036 1.230+0.035 1.280+0.032 1.220+0.035 0.131+0.022

t/P shNC 415 shSOX13 4141 [al{E
t/P 0eNC 2H 5 0eSOX13 4H 4H [ (&

41.830/<0.001
16.620/<0.001

37.200/<0.001
27.650/<0.001

23.000/<0.001
31.140/<0.001

21.620/<0.001
30.000/<0.001

26.840/<0.001
29.440/<0.001

3 it i
EC J& B AR RN BBl 248 22300 40 £ L A0 AR B R 4

PEIIRS 22—, JAF R BC R A A0 R i [ 5 A T
EPEI%%BT*‘M TR S g S R R T

FE L RAE EC A R 7 R RS T, BUS RAF, H
élkb*'%fﬁﬁ ZINE KA 5%, i — Bt R E EC B

Wi E & BEBUG 22,5 FRAETRAN 17% 7,
X T SR T RGBS HE S iG
IT I EA BURARR S AR S BB E . 5 EC KU
AHICAY C 0 R 2 A5 A A PRI 0380 A7 % A 11 sl
Zp 2% AN A R R AR AT A AE | Cowden Z55
fEAEA R BEC ISR R #F5E R BEC B &4
%nﬁ%%%i%%ﬁﬂiﬁ%”‘rawﬁfﬁﬁﬁm B YN
— RN | A4S A LD RN SR R - 1 25 S 2R 08 i

5o i A [ A S R T R0 P AR R B RS Y A A
B HETEE EC KA KR 10 5 AL i A&
SEA B R SE BC S i i i 7 op & 4% 8 AR
AR5 F3 TR EC AP e S A R Y,

PRI E XY FH I Y 5 1 B8 SR 4 & 2 1 (SOX)
E—HEMIGET A A JoE S5 AR Y i fe v & 5
KHVE RN F 14 0k A B b e
RILT SOX ZIRM 20 ZA 5L, Bk 8 22 i k4l 3=

HH, SOX & 1 5 % 76 4 5 20 M 1 3R 7Y iygg & A A
MR hREEEMER, Hrb SOX13 5 S0XS5 Al
SOX6 ¥JJE T SOX WKW D 41(SOXD) ™, #i
ULFFE R, SOXD F M 78 g e A e 7% vh 2 15 %
HEFE T, SOXS H1 SOX6 i PR A Ay 350 ik PR 5 17 s 3k
,AEAR RIS A s o 2k R R (Rl AR L [, 245 i
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A A B AR SR, SOX13 BYAIF ST A T SOXS
FISOX6 |z, I HIRFSE BoR SOX13 78 (1) & A= %
e R EE AR, fEFLIRE D SOX13 RikFHE I
FETE SOX13 FEH 2878 FI4™ 4G | SOX13 Kk ny B 4=
FE BRI 2% ATl 37 bl VR S 3L R TS 25 Y 4
FRt100 ) SOX13 7 FF4 M I Je T 4 g ik b 2655 M
25 Ve A ML) T A A AP T B, (2 a2 e 7 200 i 34
B RNEURIE , AR AR b I 20 B X 25 0367 A U
SOX13 £ ZL A 9 F0 - 200 Jif I s 55 b g vh ¥ % ¥ 02 9
FERMPER S {0 Ma 2517 $]3E SOX13 78 IR AR
T FRIBREAR, T 5B 0 0 215 o3 RN R PR i
SRRk S TR AF O, il S T AR E WS AN R, i &Gk
SOX13 i3 15 &R AU T, 410 il e I 4400 B A7 3% 2%, AT
TR AL FE TS FNEL R RE TR, AR e
EVER . PRtk SOX13 HATBUH P, FEAS [ A4 e vh
Al e R ¥EA S AR, SOX13 7E EC H A 3235 K F K
YER AR DLHRIE . ARPF5E 45 R /R SOX13 78 EC i)
BE R IEACIVEI 5 SOX13 7EZL s FHT 20 it 98 45
g b ) B ST T — B, [ I AR AE 2 BT B s SOX13
FAPEFRIRAY EC B35 15 B 2%, R W] SOX13 Al R I
W EC BFH AU WL A hn &)

ACBIF S 40 B AR P2 DR S 5 iR SOX13 i i
EC #3580 R fie 1, ik — 20 3R W SOX13 7 EC %
PRI T R AR R LR H5  ELR R AL ) 75 TR
ARV, BRI IE 72 R 43 A0 HOR Bt v, SOX13 3l i
5 TRIM11 WY )5 3745 G2k B0E TRIM11 (958 s 4 i
YAP 5z 24k, (i ffF i3 20 it 334 5 54 % R4k T i
251 AN AL T SOX13 4K # T TRIM11 J i
Wnt/B-catenin {55518 B2 1 1988 240 16 185 205 OO0 9% i
$E78 TRIM11 /& SOX13 &4 i /E H () F 22 4E A v
A N T HEZR SOX13 AR R HoAb s> THLHI , A
W5 R A String [ 25 FU % 2L B-catenin &5 SOX13
MEERANERZ— , B-catenin = Wnt/3-catenin 55
T T Y S B B 1, A IE A F T, B-catenin £ [
PR A Wiz R AR AR B TS SR,
IR AWk o3 ,E‘Fﬁ [B-catenin R 2
N, IS = A A% N, {2 F TCF/LEF (T 4 g [ 5/
I L 3 58 R ) 7 S PR30 Wnt/ B-catenin {5530 %
e iz g e o Wnt/B-catenin (Z538 K1Y
WS RS EC A KA R R WIVE BT EC JRYT I HE
bro KF GEPIA ¥4 % 43 #r % B SOX13 5 CTNNBI
( B-catenin) 7€ EC H A9 FRIE S IEAH G, #2785 SOX13 7]
AEI L 5 B-catenin AHEAE IS Wnt/B-catenin 75
AR EC 43S A SR ), dE— P IRt

7R SOX13 5 B-catenin A EAEH , I v T 41 %
N ,S0X13 {2 #F Wnt/B-catenin 15 518 & 575 1k, I
HEIM AN MIAZ T B-catenin HE 18 3K FUH T 4 5 AH
KA cMyc, eyelinD1 35, g i T i 02 o 7 %
EMT AH3CHE A N-cadherin 2235 , FEARAD I 55 EMT 4
JHE [ E-cadherin 3570 R B SOX13 i i) 5
B-cateninE A HAEH , f2 18 B-catenin ARZILTE Wnt/
B-catenin 15718 B2 F EC SR

4 &

25 LTI AR 5E K B SOX13 78 EC P ik i
9L I H SOX13 ik il S B F MR L 4555 5% (LVSI,
FIGO U1 0 FAS B U5 AH 5, SOX 13 RJ A5 Sy 0
EC BH S B TE T hnaE¥ . 140 D0 e )y T 4
WE T SOX13 fe#t EC 4038 FH FFALRE ST . 7270 THL
il b SRHVEY) 205 253 & CO-1P 2 AR BLAE 5
B iIESE SOX13 55 B-catenin 5 FAHBAE, {2 E B-
catenin 25 [ 7F 240 id % N A9 K 35, 3006 Wnt/B-catenin
{5510 J TS M R LT YA R A cMyc . cyclinD1 | N-cad-
herin F H R IA, B T SOX13 il i 5 B-catenin A
HAEFBE Wit/ B-catenin {5 53l 1% 1% P2 #F EC %
PRI R 73T HLH
FER IS A MEE WO 45 i 5
& mEk A A

FE L BOTHIR 5 R, SR AR, I8 SCRE 4R 4R
WRFC SR AT I 50T | 18 SO A% A 5 SEE PR i R, BORL
FAEREI RSB R 3R AT AT AT
Sk
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Meta-analysis of the efficacy of capsaicin in the treatment of non-allergic rhinitis Xue Yongxin, He Dan, Chen
Yancheng. Department of Respiratory and Critical Care Medicine , Meizhou People’s Hospital, Guangdong, Meizhou 514000,
China
Funding program . Guangdong Provincial Medical Science and Technology Research Fund Project (A2024211) ; Meizhou Social
Development Science and Technology Plan Project (2022B04)
Corresponding author: Xue Yongxin , E-mail ; xueyongxin2010@ 163.com

[ Abstract] Objective To systematically evaluate the efficacy of intranasal capsaicin in the treatment of non-allergic
rhinitis (NAR).Methods Randomized controlled trials (RCTs) related to the topic were retrieved from databases including
PubMed, Embase, Cochrane Library, Web of Science, CNKI, and Wanfang Database from inception to August 1, 2025. Two
researchers independently screened the literature, extracted data, and assessed the risk of bias. Meta-analysis was performed
using RevMan 5.4 and STATA 14.0 software.Results A total of 7 RCTs involving 245 patients were included. The meta-
analysis showed that capsaicin significantly reduced symptom scores in patients with NAR [ standardized mean difference
(SMD) = -1.43, 95% CI: —=1.85 to —1.02, P<0.001]. However, moderate heterogeneity was observed among the studies (I°=
50.6% ). Capsaicin significantly reduced nasal resistance (SMD=-0.96, 95% CI: —1.31 to —-0.61, P<0.001) and increased peak
nasal inspiratory flow (PNIF) (SMD= 0.89, 95% CI: 0.44 to 1.33, P<0.001). The safety analysis revealed that the incidence of
local adverse reactions (mainly transient nasal burning and sneezing) in the capsaicin group was significantly higher than in the
placebo group (RR=0.66, 95% CI: 0.58 to 0.77, P<0.001). However, there was no significant difference in the withdrawal rate
due to adverse reactions between the two groups (RR=1.08, 95% CI: 0.57 to 2.04, P=0.820), and no serious adverse events
were reported. Egger' s test (P=0.576) suggested no significant publication bias.Conclusion Current evidence indicates that
capsaicin significantly improves clinical symptoms and objective nasal ventilation parameters in patients with non-allergic rhi-
nitis, with a manageable side-effect profile and sustainable efficacy, providing valuable evidence-based support for its clinical
application.

[ Key words] Non-allergic rhinitis; Capsaicin; Therapeutic effect; Meta-analysis
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Tab.l Basic characteristics and quality scores of the included studies

AEi BEA T T HiH it - NP,

li=a B BR Bk (%) Rl XA R AL e LN SCHR R
Zebda 2£(7] 2021 B 10/12 4562123 11 11 0.1 mM BURE B EWIE  ZRF TNSS VAS S =]
Van Rijswijk 2180 2003 RIS 28/32 41.7+10.4 30 30 0.1 mM BUMRERAERIZE LR TINSS VAS &b H
Van Gerven 2510 2021  LAIRF  15/19 44.3+13.1 16 18 0.1 mM BHIE B EmisE LR TNSS . PNIF =1
Van Gerven 250100 2014 [LAIBF 12716 43.5¢11.8 14 14 0.1 mM BARELKEWZE @R TNSS PNIF EFH ) =1
Van Gerven 250111 2017 HFIAT  16/18 42.8+11.5 22 12 0.1 mM BURERERSE LR VAS S [
Blom 45[12] 1997 f% 11/14  40.2+9.6 14 11 PRI S M 2% LRI TNSS ,PNIF LA
Bernstein 4513 2011 EE 20722 46.1x12.9 20 22 0.1 mM HURE BRI  ZRIF TNSS o2

TE: TNSS. SRS TRAEDRTE 43 5 VAS ML SEAAUTE A3 s PNIF. S0 W g 1 5 SCHR B PPN Cochrane iy KURL P4 TR HEATEEG AL

Experimental Control SMD SMD
Study Mean SD Total Mean SD Total Weight v, Random, 95% CI IV, Random, 95% CI
Zebda2021" 572 090 11 720 090 11 1121%  -158(-255,-061) e
Van Gerven20171"1 542 105 22 750 105 12 13.09%  -193[-2.77,-108) ——f——
van Gerven2021" 579 095 16 680 095 18  1543%  -1.04[-175,-0.32) ——
Van Rijswijk2003%® 544 090 30 730 090 30 17.36%  -2.04(-2.66,-1.41)  —ff}—
Van Gerven2014!"" 545 100 14 710 100 14 1289%  -1.60[-2.46,-0.74) —
Blom1997['2 542 085 14 660 085 11 1256%  -1.34(-2.22,-0.46) —
Bernstein2011™ 625 095 20 690 095 22 1746%  -0.67(-1.29,-0.04) ——
Total (95% Cl) 127 118 100.0% -1.43 [-1.85, -1.02) E 3

Heterogeneity: Tau? = 0.16; Chi? = 12.15, df = 6 (P = 0.06); I* = 50.6%
Test for overall effect: Z = 6.75 (P < 0.00001)

1
Fig.1

222 BRPHJI A 4 WRFSETS O W T BB
B SRR P =0,P=0.481, /8 BF 55 45 S48 M
e, S BT R/IN ) SR FH T 2000 455 78 4 i BROBL 2R 2% il
NAR 35 5B 7 08CR  25 5 k7R BRAUER BE 1 2 R fI%
NAR B #F & S35 (SMD =-0.96, 95%CI —1.31 ~
-0.61,P<0.001) , WL 2,

2.2.3 PNIF. A 3 Wiffse " " RiE T PNIF &5, %
PR P =0, P=1.000, /R 0F 58 45 B omFafd, =
SRR /N | SR FH 8 2 SB0REABE AR 43 B RS 20 NAR AR
H PNIF [8CR , 45 3 R |, B EE A8 W35 1 5 NAR A&
# PNIF 343 (SMD = 0.89,95% CI 0.44 ~ 1.33,P<
0.001) , WL 3,

2.2.4  RAVESHT I 6 WIHFSET IRGE TIRIT K
) JRIEBAN R SO B o e LA RSN Sk BT 1
FE K pe B AN T T | 22 R A AE 4R 25 S B Bl i, T B

Favours [experimental] Favours [control]

2,77 0

B IATT NAR SIS TR0 AR bR

Forest plot of the overall efficacy of capsaicin in the treatment of NAR
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Experimental Control SMD SMD

Study Mean SD Total Mean sD Total Weight 1V, Random, 95% CI IV, Random, 95% CI

7!
Zebda2021" 662 092 11 697 094 11 1731%  -0.36(-1.20,0.49) —
Van Gerven2017""" 586 108 22 703 102 12 2171%  -1.09(-185,-0.34] ——
Van Rijswijk2003%! 551 088 30 658 093 30 4121%  -1.13[-1.68,-0.59) —.—
van Gerven2014"% 598 097 14 695 099 14 19.78%  -1.00[-1.78,-0.21) —a—
Total (95% CI) 77 67 100.0% -0.96 [-1.31, -0.61] <4

Heterogeneity: Tau’ = 0.00; Chi* = 2.46, df = 3 (P = 0.48); I’ = 0.0%
Test for overall effect: Z = 5.34 (P < 0.00001)

Favours [experimental] Favours [control]

T

Y T
-1.85 0 185

2 MRS NAR G 5B 2R

Fig.2 Forest plot showing the relief of nasal resistance in NAR patients by capsaicin

Experimental Control SMD SMD
Study Mean SD Total Mean SD Total Weight Iv, Random, 95% CI IV, Random, 95% CI
van Gerven2021") 758 086 16 682 089 18  39.24% 088017, 1.59] —8
van Gerven2014!"" 688 091 14 611 095 14 3235%  0.88(0.10,1.66) ——
Blom19971*2 612 083 14 535 086 11 2841%  0.89(0.06,173) ——
Total (95% CI) a4 43 100.0% 0.89 [0.44, 1.33] <

Heterogeneity: Tau* = 0.00; Chi* = 0.00, df = 2 (P = 1.00); I’ = 0.0%

Test for overall effect: Z = 3.91 (P < 0.0001)

Favours [experimental) Favours [control]

T

1.73 0 173

3 BURE UGS NAR (B PNIF ARk
Fig.3 Forest plot showing the effect of capsaicin on PNIF in patients with NAR
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Experimental Control RR RR

Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Zebda (2021)"] 20 35 31 31 11.78% 0.57 [0.37, 0.89] [EN - S—

van Gerven (2017){"" 29 50 35 38 14.95% 0.64 [0.45, 0.91] —_—

van Gerven (2021)"” 23 38 29 32 17.30% 0.67 [0.46, 0.96] —.

van Rijswijk (2003)"” 39 60 47 55 30.84% 0.64 [0.48, 0.84) —B—

Van Gerven (2014)"" 17 28 20 22 14.02% 0.68 [0.45, 1.03] [ S

Blom (1997)1'2 1 18 13 15 11.10% 0.85 (0.63, 1.15] — -

Total (95% CI) 229 193 100.0% 0.66 [0.58, 0.77] =

Heterogeneity: Tau? = 0.00; Chi* = 3,10, df = 5 (P = 0.68); I* = 0.0%

Test for overall effect: Z = 4.96 (P < 0.00001) Favours [experimental] Favours (control]

0. 3‘67 i 2 r72

B Experimental Control RR RR

Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI

Zebda (2021)17 7 18 10 26 33.09% 0.70 (0.29, 1.70) —

van Gerven (2017)"" 1 26 5 25 11.47% 2.20 (0.20, 24.60] -

Van Gerven (2021)"” 8 20 10 33 33.77% 0.76 [0.32, 1.79] ——

Blom (1997)"2 9 15 6 1 21.66% 1.56 (0.38, 6.36] —

Total (95% ClI) 79 95 100.0% 1.08 [0.57, 2.04] T

Heterogeneity: Tau? = 0.00; Chi? = 2.12, df = 3 (P = 0.55); I* = 0.0%
Test for overall effect: Z = 0.22 (P = 0.82)

Favours [experimental) Favours [control]
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Fig.4 Meta-analysis of the safety and adverse reactions of capsaicin in the treatment of NAR
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Fig.5 Evaluation results of publication bias in included literature
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[ Abstract)

having an extremely poor prognosis. The widespread application of antiviral therapy in patients with cirrhosis due to hepatitis

Liver cirrhosis has become a major cause of global morbidity and mortality, with decompensated cirrhosis

B or C virus has significantly improved quality of life and survival, leading to the concept of recompensation following etio-
logical treatment in decompensated cirrhosis. While etiological treatment is effective in achieving recompensation in some pa-
tients, others still fail to recompensate or experience recurrent decompensation. This article reviews the role of non-etiological

treatment in promoting recompensation in decompensated liver cirrhosis.
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[ Abstract)

amount of patients develop chronic pathological changes, eventuallyresulting in CKD. There are complex mechanisms underly-

,Chen Yue,
Gusu School, Nanjing Medical University , The First People’s Hospital of Kunshan, Jiangsu, Kunshan

Acute kidney injury (AKI) is an independent risk factor for chronic kidney disease (CKD). A considerable

ing AKI-to-CKD transition, and effective interventions remain limited. Therefore, to explore new therapeutic targets is the key
to improving the long-term prognosis of AKI.Klotho is a well-knownrenoprotective protein. Studies have confirmed that the
deficiency of Klotho accelerates AKI-to-CKD progression, whereas interventions targeting Klotho may alleviate this process
through multiple mechanisms, including anti-inflammatory, antioxidant, anti-senescent, metabolic and anti-fibrotic effects.
Therefore, Klotho may serve as a potential target for the diagnosis and treatment of AKI-to-CKD transition. This review focu-
ses on the mechanisms of Klotho in attenuating the AKI-to-CKD progression and discusses its translational application value.

[ Key words] Acute kidney injury; Chronic kidney disease; Klotho; Renal fibrosis; Mechanism

VB #1475 (acute kidney injury , AKI) J& ﬁﬁﬁ@[ﬁ%ﬁﬁ@

VF TR A SR 1] P 2R [ — 2 PR 255 A, R LR I
Rt S A B /IVE b 2 Al (tubular eplthehd] cells, TECs ) ")
PSR SR, 54 T4 AKI AR5 K A A e A | IR 23k
J 218 VE B ESE ( chronic kidney disease, CKD) , WFFE 3£, 5
IE AKT SR oA, AKT — HUR A 0 O R I, Lk e &8
CKD f¥ RS 251 hn > . F RS AKT 9 48 4k T
BRT B A0 A R R R B il AKI 15 CKD #%4k1yi2
THHE A, CCN AT R R S PR Z —, Klotho #1172 —

Fp B Z il TECs G U2 E M, B AL E B I 1EH
WFFE R, AKL ¥ B 1 B U453 475 23 B AIK ML 3% Klotho 1 7K SF-, T
Klotho [98 /0 U EE T 5 2 285473 I PARE IR ; #H S, Klotho 7K
S EFHREGEYT AKL B DIk, JR4EZE AKI [i] CKD #16" ARt
TR 5T £ 0T, 55 Klotho 7K A9 AKI B3 ik, 7k
R AKL B2 3N H A HEIE 2 CKD XU B n 1.6 £ i
#2475 Klotho BYELZ JEHEST AKI HEJR & CKD — M EHE W E,
SR AKT 12 VE AL i — T A . SCEE R Klotho &
H7E AKL 3B 2 CKD AR AL s FIAME #7258 3A
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1 Klotho #Ei&

1.1 Klotho ML 5 A2 ER Klotho 2 I T 1997 4E7E/
BB L, A AP R A, AR B2 Rk, Hd
R NE PR IE R Z B /NER R AR B A T %R
i5, Klotho AL a-Klotho . B-Klotho 5 y-Klotho % 3 Fft 44
i, Ho i R B I AEZE B N a-Klotho (7 SLHEFR N Klotho ) ,
Klotho A4 FEASFI AT M 3K, B Klotho J& — F HLIR 85 15 2R
H, & BAE A Rl 4 4 41 B A K IR F 23 (fibroblast growth factor
23, FCF23) (5 5 A B3z ik, 2 SRk A5 maiE R D
1R, AT Klotho (soluble Klotho, sKlotho ) FE MR T 2 Fhik
8 . — & Klotho J& [A 3% £ P 55 B2 ¥ Wi 43 6 B0 26 1y, — 2 e 7
Klotho £ %5 1 B VI B UM 4 &5 4 38, sKlotho & Klotho AY 32
By et T BB O s VN T B Y s s W 1 N L A N e
RAE—FRIVEYHEH

1.2 Klotho 5L R  1EN BNELRYHE 1, Klotho 4% &
HAPUAA PUR AT A SRR T IR TR S e
YEAb 55 2 AP AR B IS5 4 o 4 8 W T Re A 5
AN, Klotho XF 0ol R #6 th /s AR ) L i 5 ow,
LB IS, 40 AKT,CKD FHIRIG B 45, 3T £ RE Klotho &
E WS R R Klotho 7KF- 19 F [, 1Mij Klotho B T
R St — B TN T R0, L B TR £ B R R Y st
J&, Bk, Klotho 2 5 IR L HE AKI 1 CKD & 4= & R
HRD,

1.3 Klotho 7E AKI ¥ & CKD T RY/EH 3 A WF 55 UEE 2
7%, Klotho AT EJE2Z MR AKT PRk K e AKT B BE W05 A9 — A

IR, BT B LW B Klotho 7E AKI F I EI Hy
PR, 3 EL4 T 4N Klotho T LLIS U B ES £5, Shi 451
TENE G Ay b @ ST T OBUM B SR I T 1 (ischemia-reperfusion
injury , IRT) B 315 11 B J5 %5 B TRT 2 Ff AKT J5 CKD zh 45
T 5T Klotho 7E AKI [ CKD ¥ 09 vRAG/E T, 4558 & 31, 78
DL b 2 AisE A Klotho 38 SR 23 F — 25 i 5 I 451 £ A [
JREF AL, 1T Klotho 3o 2638 ) 3 28 G2 A LA b0 As ; I RE , gt
AR S BBk GE R 45T Klotho & FIAYT , 3940 T AKI J5 B Ak
YRR HER S I RBTIERIRE R, AKT B 1ML Klotho 7K -
FRAR, HR IR R 2= CKD B XU bl 7 X sef g 45 21
#2758 Klotho BYERZAEi#E T AKIL M2 PEAL AR
2 Klotho ¥ AKI [6] CKD ¥ LB EEHH

AKI 7] CKD #F R HLHI B 5 2% . AKL R IR 5 B 84k 1
PR R N ANAREIABE A 5 2 MR A EK AL A R
PEANMIFET 55 DH 38 R P E AR s R 3 S R 3% A 4R 8 0 b e
KBRS NELT 4e 1k, 2R AKL J5 CKD &L KRR, WA
BB FEIESE , Klotho 3 43 Z2 R ML I 1) LA L g B A4 B0 2 30 31
AKI # % CKD, WK 1,
2.1 XTPUEARNIE R ARG F R, LR B B,
n] P A5 P (reactive oxygen species, ROS) ;=414 £ 5
THEREERT , DTS & AR, 5 A0 T R R M
I FEFHEAL N, 2 5 AKI [7] CKD %416 . 76 IRT Kt iRifs
B AKT BRI B E Klotho 2235 38 T M, 2R R D BEZ 48, &
A I 38 B 55 A T A B S N B 5 7L 9 B E Klotho 7K S 1] 411 1
SRR B, b 2ok IR I Rl SELE AKT J5 £F 2 Ak itk AR 00

o X

HRERSHAK H KlothoBiA I H SRR }» Giet
SULRTH ZRos ¢ i
S — (2 2]
75
R ( R, ek
P g R >, o
B D (GO s N Wnt/ TGF-B/
/ Klothoj,\ MRRERRER S =S é’{ i B-catenin Smad
AKI | \*::> Nome? Klotho|
“Y \ B B RAS Hippo/
\ ?5{}3 / BRI YAP
) \T ———— |
aa i EMT, EndMT
| ___, EERE (&) |
I y I
LB W : . 5 I RIFI
: B RIE agi‘:f i H,J\Mm
» |
1 1
EAKlotholiATT i ! e
N N N .
Xo N Qo oo ) —
WAKohoEA Klothofif2ehk KA mmre  LEARE “UJEEJ&H&
msEe KlothoZ&ix R HRE RIS

0 AKL 2 PE B #5145 ; CKD. 12

PE BN s ROS.IE AR 42 ; Wt Wt fi5 538 [ TCF-B, F5 (UL K B T B, ; Smads. Smad 217 ; RAS. H R - E R KR F
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Lt 5E R B, Klotho 3 3ot 22 A AL NE L, 9 AKI 7] CKD

FESTFALHIZ M, Klotho Z2 %23 3 4 R ML 2> ROS 4 A%
FfEE ROS 5 Bk & #EHUAEALAE : (1) #] Wnt/B-catenin 38
B, Wnt {55 W0 ERES 50T IR PR RSB G,
5 ROS ¥ mA %1 Miao 21" B IE T Klotho 5 Wnt T 4&
WntOa AH AR, 1l 55 30 55 b 32 I % B2 AR 28 1 32 i AE 5 2R
H 6(low-density lipoprotein receptor-related protein 6, LRP6) f¥) 45
A X FEEAIH T LRP6 BiR LS B-catenin N7, i IL K
BB W) S A FNVE I A DG 43 1 1 263K Wb T ok ik
ROS WY/ Az, (2) i% LR HE O %% 5 B F ( Forkhead box O,
FoxO) i, FoxO ZHUEAANBH e s N F K%, R IR,
TETE 3 75 S 89 AKI ( contrast-induced AKI, CI-AKI) £ 5 o |
Klotho 7] [ FoxO3 ik MAZ SR, 118 B 40 B bk 9% -2 40 A
Y 3(Bel-2 interacting protein 3, BNIP3) 31k, BNIP3 AJ i
BELORLA [T 1, 98D ZR R ROS (2R i (3) BUTE IR T
E2 #¢EF 2(nuclear factor erythroid 2-related factor 2, Nif2 ) if
B, Nif2 A7 AR AR R AR, B BT A A R 0 e Y
SR HE—RANBLA A F A9, Klotho 7T LA EL#E 118 Nif2
B 223k | RIS PIBK/ Akt 5538 BRI #F Nuf2 #2338
TR s
2.2 WIS AKT RAFTERRSR M R Y, EEERIH
S VEANME A AR P R F BB, 25 T AKT [ CKD %%
90 BT kB (nuclear factor kappa B, NF-kB) K NOD #£%%
PRI M 454 3 M 3 (NOD-like receptor family pyrin domain
containing 3,NLRP3) 24 P T 2L A9 & M 3d B, I IR IF 5% 3,
TE AKIL SB35 DAL 38 ARG v R 1 B F oK 5 B AR KT
JERIEM G, #ERIX 2 FR R PRI K 15 L v BE S5 AKIT [ CKD f9
PEREYIMI ST NF-kB JE 22 REE T, 1A 5 10-6,
IR RFEIR T o S 51 PR3 53 s NLRP3 R/ IMA I I 7T {2
HIL-18 F IL-18 WU, #F— 2B TR R PE SO . 7E AKI 18
PRI B g ] LA 1 S T e AR M B 4640 5 )
JREFHEAL , G2 AKI [] CKD HEJE 7S

Klotho 1 1 AKI 18 1k i) — A~ 5 22 AL ] ££ T X 310 i
NF-kBJ NLRP3 - S (9 & P S i, (1) 38 i 2 Fp dIL il 4 4
NF-xBili % . O 7] p65 W%, 7§ £ M (lipopolysaccharide,
LPS) i 2 46t AKI BT rf 2 R, Klotho il TKK {4 , g 2>
YA TkB WLk K B, TN p6S AIBEIR b 5% 567, 7
W gk SR 5 45 2 Ak 3L R % ST @ F A Toll A AZ 1k 4
(Toll-like receptor 4, TLR4) 7KF-, TLR4 HJifft2: 5| IxBa I
IR UE NF-kB AR, I, TLR4 A9 347E & 530 NF-«B 751k 1)
Kottt b FEF, Klotho M5 TLR4 ¢ e 4h & ot LAk
PR AR HE LK A, AT R 98 TLR4 7K 33041 R 3% NF-«B 18 5%
BE L (2) M NLRP3 R /IMA (19 36 1 . NLRP3 4 1 /MA
25 M3 % 1035 AL AR 3% NF-kB A% . 76 CI-AKI Zh#fsig
H & B, Klotho i 3t 411 ) NF-xB BUTE R AL, HI 55 T H X NLRP3
FIRM E R HAh  Klotho i 38 341 3 FL Ik 41 o MAR 48
B M1 B [T R AB R B M2 B Ak, DT ek A i 48 TR 7 ) B
AR R LR

23 ERANRFMIEN S EE  AKLEBE/NE LR REE
R 24 L SR A 4 0 A R S B A K A A A
FESEAE A5 7T S 410 ) R I AR P Ceyelin) — o 006 1 A0ORE 14
fiff ( cyclin-dependent kinase , CDK) EAE WY, fah & 20 9 BE
it CAMFRTE AKL J5 CKD BEARIHOULER] G2/M i 4 A BH
AR B ) LT AL AR G2/ M IIBEA AT R AT A IR
SEAFAE 1 40 M SR BT 2542 1E AKT 1) CKD g™

Klotho 78 B & —Fhi 5% 3 14, Klotho B2 541 5% 4
JiLJE A S H B VA OG . B0 58 3R B, Klotho W Rl i 2 A AL
T i B /NG A A B ST BRI R (1) #L 17 Wt/ B-catenin
3H [ - Wt/ B-catenin 3 F5 5 O AT A2 HE B /INE 20 B S5 B BE
SN E#, Satoh 25 7E HAN IR % FEFH (unilateral ureteral
obstruction , UUO) BT f % 3, Wnit3a [ 41 ifl Cyclin B1/Cyclin D1
FEAE T8, I S A AL I 1 3k, 1 Klotho BEZE % L L Bl
AR GfR G2/M HARHM . FE IRI BRI IR & 3 Klotho 5 Wnt9a
AHIAE A, I3 R 7 LRP6 BERR 1L S B-catenin #2137, W] i
DR R Y R AR B e L (2) T ps3/p21 il
% . DNA #1453 nT #03% pS3, p53 WiE p21 Mk, S5 £ Fh CDK
WPE RIS R A R . Lin % 16 UUO BRI & 31
Klotho /KF-TH = B pS3 FEAL, H-AE#F CDK1 #1 Cyclin B1 ik,
W84 G2/ M BEL 300 i ' 2F 4 AL 5 177 T4 Klotho 23 M A] 314
BRIECXT G2/M BRI AT 4EAb s . (3) R plo/ AL I
B} 40 1988 25 [ ( retinoblastoma protein,Rb) 1 1 . pl6 ] A
CDK4 ,CDKG6 i ft, Tl BH 1 Rb B R 1k 2% 15 , BT G1/S %%
o, INEE B LU S AR AR RIS ple R R T LA LR
PRIt Btk pl6/Rb 38 B [ 4F 2 55 8 2 40 B S8 4 B v 5
0T AR R B IR FR AT ple Rk KR TR ik
Klotho A AL AT FEAR p16 B9 7K, A Fh 1k vl 42 200 it J) 347 B
SR B CALB
2.4 BEERRBCH BEBTACIHZEELAE AKL ) CKD 3% 748 vh & 12
IR HE 5 N8 B st AKI 518 Mk O I 4E Sk i BT
FEIE 22— TECs 1CHHE BR, % AE 5 5 oKk i, v 2R b A g iy
IR 454k (fatty acid oxidation, FAO) J& H: FZ e &R IH, AKI 5
TECs 55 & A Ne T L FAO T, BFSTRHI AKIL 5 F
KA FAO i 2> T 3O A R | 48 1k I 1o F &F 2k £k, #E 30
AKI 5] CKD 7

PPARe Je: I i A3 1) DG SHA% 32 A S R 7, RE S 12 3
FAO M AR B AG 17 55, dE 35 A0 M BE RE (L 45, DR IR RIS R 1k
TE IR AHOC AKI 5 CKD #2802 8 [ PPAR« A 3 fin £ F
AR5 %, o3t AN MG BRI, 3 S 4 0 e S AL N 8 T
KA e > Li % AT T3 Klotho JFORE 1 44 K 51
B, FE BN TRT BRS040 2 B AKT J& CKD sh# iy, DL K
A A AT ASE R H | % R 1) 45 T Klotho JSORE AT 19 AT PA) B A%
RREE: oWl 2 BESLAHEG A SfLRE S5 FAO AHOCHE 1 23k, Rl i)
W T AR AR MR T B R A 4 Ak, A PPARo R 4T
FITTHB 43T BR Klotho (33X LE4E H] . #E 1 25 Klotho AL ] 7F
S 5 AR R SR 3] p38 R INK B R fh Az B 1 45
A EEAERT ST, 32 13X 7T fE & Klotho | 7% PPARa Y — T 7E
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Bl

T 10 B 3 B3R B TR v H I = e 2 s e R M A R A 1 A2
Hi =15 8 105 B ( adipose triglyceride lipase , ATGL) %1 35 fi 1k g
T H I =R K AR H I R S5 AR R, A2 R I IR 3h B A KR
A, ATGL (WD AR % VI RZ W 40 il FAO /K-, AR R, 1
IRI #H2G Y AKI J5 CKD ##H  TECs H1 /) ATGL /K5 FAO
IR R I R A R STTORR | ST 385 [ Joi 2T 4k Ak 5 1 T LA
ATGL A HIFI T in g LA e FR A , ATGL i 3k U AT 28 i L I
JRHE L AS ) EDIE T ATGL 78 AKI J& CKD o i 55 %2 4 1
Wang 26U BF5% & B, AKIL Hh Klotho HtZ T4E T ATGL /31y
REMmR S 51, T Klotho 4 3k W 1 eh 38 g JU R 201 51, Il 4% AKI
FHOCE B M A e ad 72 it — 2P L B 98 A B, Klotho 18
1> ROS A5 A, BEAIG T 2o S A i A A= ) & £E 26 11 2 (peroxin
2,PEX2) 3RE, W H 577 RE5 6 8 E2 W45 &, i &l
ATGL /12 Z b B 2R BRI, LR SRR K
2.5 fRUFAME [ WER R EHARI M R R R T bR
B AERS FEIRIT BN E AR, 7F AKL R4/, QA
MW A T R ST | A )k A A I SR A PR AT T S R PR
T4 388 1 0 T L2 AKL BRS04 24K Shi 2607 gt
TR TRT K B U1 BREE A X0 IR A s By | 55 5 R
Klotho 2 /N U H W 12 541K, 117 L 9 Klotho 7K F- 1T LA /N
SRR I T [ B 2 SR A B W I A R AL R B
T A AT 700 T 1 55 3% F A 7 7R, $2 7R Klotho 7T 38 2 A2 3#F H
WEN T AKT [ CKD & &,

Klotho 7] i AT L2 HE A, (1) 0 Beclin-1/Bel-2
3 [ - Beclin-1 J2 28 8L 1 Wi B RS ba 0 B v i OGP 7 JELR
OLR , Beclin-1 5 Bel-2 45 & T MR A0k, Il A w5 25
Li 2P B53E T Klotho A i IRT J5 B 40N [ 15, 3 KA Beclin-
1/Bel-2 B AWK ;3813 3 A 4Rl Beclin-1 45 Bel-2 45444
T, AT LAEISS Klotho X A MER) FIRMEF, /R Klotho FJ B i
{3 Beclin-1/Bel-2 & &Y ES 35 A WErEH AR B IhhE
(2) #811] mTOR ( mechanistic target of rapamycin, mTOR ) #f 5& il
fi% . mTOR J& H W& i £ 08 5 X+, 1 PI3K/ Akt 38 % 0 AT | 4
mTORC1 FF40H] A M, Zhu %) & B CI-AKT 45T Klotho
Al O RERERE IR LY Akt 5 mTOR KRR, #E—E %
F Akt B0 SC79 2155 Klotho X H W AL B , T F LA
mTOR 77 00 BT LASH [ w4 FH ifE— 25 i, #2478 Klotho 38 1
Il Akt/mTOR 155 3 ol 5% H WE 5, 25 L BT id, Klotho
AL AL (R AN A v R AR 5, X AR AKT [7] CKD
Y 55—,
2.6 JHEAIMIET: W HEA BT (regulated cell death,
RCD) FHEFE T 52 252 (5 5 0 B m Ja b, o s i 1
T BRIET-HSRZEPE P T-45 . RCD AT S80S /NS 40 £ 2% i
RARNERN BAHEBNA RIS ek 25 5 AKT [ CKD #1977
Kl RCD L2 2 AKT 45 )R e T B 2 —

PHT- R — AR e 267 M A9 RCD MK #8E caspases 2 I 52 N7
PAT B H ARG 5 K B R M RN, Horh Bel-2 & THUMA T &
H,Bel-2 #15¢ X #5 H ( Bel-2-associated X protein, Bax ) J& T 1/&

T M, APTFIE 7R TR J5 T 09 AKT A T 580 T
caspase-3 BREE AT AKT M B/ NE UG S £F dE AL 3R P T
FE AKI [i] CKD EJ i e rh RIE B EAE . Panesso %% 1E
JBEAFAAH G AKT AR H 83IE T Klotho P U850 41 5 35 A 98 Tt
P, U4 32 258 1 TECs 2 1 1944 HLFH 25 %18 1K 2 (organic
cation transporter 2,0CT2) #E A4l , 1 Klotho 1oF 22 35 1] B B
OCT2 fy3k , MR HL, TMT7E CI-AKI 1, Klotho W] i i
A Fox03-BNIP3 41 By Zekr 4 B 5, hdi/ 2k i ROS 7= A Jf:
Il T, e AL RCD 5T, BT IR BB TS RIE
TZ[MFES 5 AKI 1) CKD 3k , Klotho BB UE M Al LA |5t
T R AKI AR EAL 0
3 HPHI AKI BB AR 4L

B /N R B 3 J5 AN RAB S T R W U T 45 A,
AT EREA 4Rk, 2 AKL ) CKD %1k i 2 I AL Al 2
—o PRI, S B LT 4Rk 2 S AKT 12 A iy B AL S T
TIRE £

Klotho 8T B M0 £F AEAL NI K+, BA 2305 ZHLH Bt
LHEARVER, WF5E B, Klotho ] LA i LT HLHI 2 ff AKIL J5
PEELFAEAL . (1) 405 Wnt/B-catenin {75 538 # . AKI & /L5,
Wt FCACK 0 , Hss b 17 B-catenin %) IR 1k I % figt
{8745 B-catenin BEHE AR, 4% AL NG B — R AT 4L AL B R 5%
s, BWFSEIEH , Wnt/3-catenin FFEe I BTG AR R ) o &1 4k
PRl A A AKI 1] CKD HEJR pild S a1 T, B9 3
MH % 5 Klotho 3k 7] T 18 Wnt/B-catenin 155, I B £F 4L
AR AN, 7E IRT ARG AKI RS Klotho I 44 5 1 45
# Wnt9a, IS PEIIE LS LRP6 4545, i HBAE AKI 5 ' (1]
FEA ALY (2) M b A K N T B, (transforming growth
factor-B, TCF-B, ) /Smad {5 23 . TCF-B, 1] 5 HL37 (K5 4,
PAHE T U Smad [ BERR A NI A OC 2T i AL B R 5% i, Horh
Smad2/3 & 1E [ 1 15 11, Smad7 3 iod 55 4+ PE A ] Smad2/3 T
RAEG ARV, MR IESE, TGF-B, /Smad {55 135 1L
78 AKI JFJ % CKD i R R EA/EH™ . Klotho 7T 5 TGF-B,
ZARTE R LSS, T BEWT Smad2/3 B2 1k, 1] K AR IS 30
AASEH S, NS AKT 5 B RELF 4R 46 (3) 4 B 26 -1
BEKERYG( renin-angiotensin system, RAS ), AKI & f B
RAS FFEEH0T , 45 Bk R L 7E 52K 4565, AMUBE H#E
¥4 TGF-B,/Smad £F4EAVIE I, ib BEAR HE 48 1 S I | 48 £b 17 343
13 € AKT i A8 M /NG ) S P40 005 p R I EEAE R . A
WFFEUERH , Klotho T I & IE RAS FR G0, I T vife 3 s 19 &1
UL (4) Hippo/ YAP {55 i1 1632 EURITN , Abk
BERRALHY YAP T HE AL I Sl e RE | 1208 s r 3 2
TEBEIA N AKI [ CKD BER A EEH E 22—, Klotho Btk
T YAP MISCHEER A, (75 YAP B>, 0 B YAP
w5 AR PR A BT 2T 4R Ak ; AR AAFE Klotho T AT YAP
3 R BT AR (5) 4] Bz 40 A - ) 5 4 M
534k ( epithelial-mesenchymal transition, EMT) | PN 57 —[8] 75 i 41
Ha%% 434k ( endothelial-mesenchymal transition, EndMT) , AKI %
A S5 RO AT 1 TECs FN B 20 i 2% 25 B 5 4 i R AL, A
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EMT 2 EndMT,—@E R 0k 5 | Br4r 4efh . A WFoE L8,
Klotho RESMHI A L1t 2, ZAFHLF 4e bR

BB AT A S AKT 18 Ak Y L R RO B R
Klotho AW iz Z2 F /i AL 842 b a4t 495 IR 3%, ] 422 0 2042
LR YT [RIET 30 R T4 00 1] 2 o G B A 41 £ 308 % 410 i
] TR 4Efk , RG] AKT 3R £ CKD,

4 Klotho £ AKI [8 CKD ¥4kt B 8z FA M &

Klotho 7£ AKI [ CKD %% {45 % i FH A {8 3 ZAR R ATE 2 4>

D7 —J2AE R AKL 5 AN KBRS R 0 v 2 T AR R, —
FERAELE AKL 18 M0 T T8 4, B0 A 55 O DI PR R4
Iifs PRAT 100 2 N2 HE/R T Klotho BT,
4.1 WENE  AREALE AR T 1 A 94 ] AKL B
FIBA B 5T, M 2% sKlotho /K -5 AKI &4 J5 90 d it Jg &
CKD RARMIE MM KR, 2R K, T sKlotho /KL
BT EE CKD B 2R B 89 LA 58 3 8 T35 sKlotho 7K
B (53.5% vs. 25.5% ,P=0.006) ; TEZ HERE)E,F
¥J sKlotho 7K-FARAKSAZ AKI B35 90 d PN B B9/ A A 57
fER R, 5 H— Klotho br a4 L, Klotho B4 H A br &
Y s X AKTJE CKD & Az RURS: 58 58 i 0 s R . e IR
W RT3 1M Klotho// Il LB L {8 4 Bk M 7 Klotho 7K -
BTSRRI GE J7 5 FIRE, Toro 2V G4 AT 164 151 e 5 5F AH
o AKT B & HE 17 1B Pk DA B B 5T AR i A BE B I A i T
FGF23 .EPO 5 sKlotho 7K -, 3 4 ¥ & /A =X i1 55 Bk & 45 4
FGF23-EPO-Klotho( FEK) , 53R R  7EH e 1 4 Ay K31 Bl 5
o, FEK 41 CKD &4 T% FEK 41(26.2% vs. 8.3%,P=
0.023) .

{EA5VE 2 192 , Klotho TN AKI 18-HEAki#E R | H BB
R SRR T i AR BsF ] 8 5 TOUI 28 s R — SR [, B
WEIEFRIR , Klotho BA A AKT 12 1k 1k i J7 (4 15T 0 A i3 0 1) Tk
J1, FTREA BT AKI 5 CKD U432, $2 1R 51 75 22 % YT Bl 5
M= fa B
42 THMME HAET Klotho 1T AKI AL iR BT B 5 X
FEALFE LR IUR . (1) HEAMNEM: AN Klotho M, i 3
B TR A #9555 Klotho HEAMNEZIY cDNA % YL ZE RN, £
FEAROTUSE BT AT B A A 3R AR, R BT H R T B
(2) Klotho 777 4= Bk ( Klotho-derived peptide, KP) , KP 48 3 il F
Klotho , RS /M54l Klotho TIREAY/INNF K, B, A T4 A
BN T2 K KPL, 76 34 52 56 P 2 B M Ho i i 52 2 | B354
BRI B P F A4 R 0T (3) 4Nk JB0RL K 41 it A 42 i
(extracellular vesicle, EV) K5 HEM 25 R0, w26 AH B U5 24 &
R & S JF A e B R, LS T R
# Klotho JFURL B AN K UKL, AT R AR LS G BF 10 70+ 1, AT 40
M Z A TECs ; AT BV W KR BA 54 00 A P AR 24k
il 20 20 i ok U BV IE B TR Ak o A5 Klotho ™
(4) LA Klotho Fik, AR E FEANE LN 15 m{k
Klotho &35 191 22 3 A HE R M ML A6 B 35 | 28 0338 1% 46
LR, LA R BRSSO T MR AE iR .
S AU e R, MR AE G EBE RS ST

Klotho HY[&f#Y o

SRR LM Klotho FEZE AKT 18 ¥4k B 3R 4558 2 I R AT
5T e, Hodp  SMNEPE 2K Klotho 2 I PR 3 1k 1 FH A s B
FR;KP1 2% Klotho 1A IRE 87 2% 9 Klotho —+#1J5 2, £E 4
L Klotho #7r SIRERY IR, 55 T4~ i, P AT R A9 1l
PRIFEARHE T 5 A K AIORL BV 2 HA B AT B T 7 e, A
[P IR BCRAAAE) AR THIT 5, RS, anfep ks v B RN
U Klotho BZIA/KF- o Je AT TR M E B RAL BT ST 7 1)
5 HERRE

CKD J& AKI KA R A AR5 R 2 — SR T AKI P8
iy R AL 2, BB B Z A IR L R, Klotho 22
IR B ECR AP S i 2 B 1, 78 AKTD R AR J5 2238 F R ik 2
Klotho 7K~ A7 i 1 i 4% S8 A L 08 98 PE S 7 200 i 2 g AR
IR LR B LT S AL S 1 AR AE 28 AKT 1244k, PRI, Klotho 7T
& AKT #EJR 2 CKD 1y — B BUF I AR 54 e T BBt sl . R
ettt i it — 2 BB Klotho #EAS R AKI 9 B #1955 72 B Bt v 119
B, AL Klotho 47 A2 Jik | 1 2 245 22 58 K N IR Klotho
VRS, I S R I PR S B E B AR E
S 30k
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