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HASE CT B4 1175 NDRG4 . TM4SF1 % 5 %%
TR ES 25 56 72 N T e T

P, Bk, KA, A, T2

FETH . Wb LA @ BRI -5 H (WJ2021M085)
PEFF AL : 438000 LA 28 X1 Tl HCo B2 B R 22 S ARRE (XUBIL B R IRAT Bk | g A RL (P 412%)
WG . P44, E-mail : 17120837@ qq.com

[# ZE] HE iR CTBES L N-mye FHFARTE T 4(NDRG4) B 4 WG 51 1( TM4SFL) X%t B
JE(GC) LSRR R WUR BN . 775k 2H 2024 4E 1 H—2025 4£ 1 A # X170 E B g MARNA 1) G
R 122 GIVE NRFSE 4 IR L S5 R I 020 MRS 4H (n=49) FIRFER A (n=73) , FIARYE AL 1B UL N AL T4
(n=42) FIAAE4 (n=80) . R ELISA BA& I3 NDRG4 . TM4SF1 7K ; 5% FHl Kappa ZF HriG e 458 CT 200l K e
M35 NDRG4 , TM4SF1 /K P28 GC Wk LS5 5688 5595 B2 W i) — Btk 5 (1 3235038 TAERHE (ROC) 44 st CT
K7 NDRG4 TM4SF1 AKX GC B8 K GC BB TG MTIINALRE, &R HBHBRES ALY NDRGS,
TM4SF1 7K -A4 A% (1/P=6.851/<0.001 ,8.187/<0.001 ) ; FET- 41 4 LE A7 41 1L 3 NDRG4  TM4SF1 7K -2 &A% (1/P =
6.639/<0.001 ,6.005/<0.001 ) ; 455 CT #6245 515 75 PG A 45 Y Kappa fH4 0.571( P<0.05) 4 5 EE Hy 0.753 , Uk
5 0.837 ; M43 CT B4 IMYE NDRG4  TM4ASF1 4625 55 9 B 25 25 5 (1) Kappa {ER 0.783( P<0.05) , F:5 &4 0.863,
B 0.939; H45% CT KU NDRG4 \TM4SF1 K =FHBA T GC AW ELLE 7R 11 AUC 4351124 0.795.,0.867.,0.845 .
0.901, =FH AL T & B Bl 1 4% 6 ( Z/P = 4.990/<0.001 ,3.187/0.001 ,3.448/0.001 ) ; }4 38 CT K Ifi. 7 NDRG4,
TM4SF1 K =HFBEATM GC BHFFFHY AUC 43514 0.712.0.756 ,0.844 .0.908 , = FBEA 1L T4 A B M R4 Ak ( 2/
P=5.214/<0.001 ,3.978/0.001 ,2.905/0.004) , &5if GC kL5 B % NDRG4 \ TM4SF1 KRR, H S5 AR)G
AT A I, BE5R CT B NDRG4 TMASF1 =AM GC kT 25 5% K W5 B 5 s i,

[8R] BB CTsN-myc T W T T 4; 8508 4 BEIER G 1 BUAME

[RE5ES] R735.2 [ CErFRIZE] A

The predictive value of enhanced CT combined with serum NDRG4 and TM4SF1 for lymph node metastasis and
prognosis in gastric cancer Liu Kai™ ,Mao Huan,Zhang Li,Yang Juncheng,Luo Honglan.™ Medical Imaging Department
Huanggang Central Hospital ,Hubei, Huanggang 438000, China
Funding program: Hubei Provincial Health and Wellness Research General Project ( WJ2021M085)
Corresponding author: Luo Honglan, E-mail. 17120837@ ¢q.com

[ Abstract] Objective To evaluate the predictive value of enhanced CT combined with serum N-myc downstream
regulated gene 4 (NDRG4) and transmembrane 4 L six family member 1 (TM4SF1) for lymph node metastasis and prognosis
in gastric cancer (GC). Methods From January 2024 to January 2025, 122 GC patients admitted to our hospital were en-
rolled as the study subjects and were divided into a metastasis group (n7=49) and a non-metastasis group (n=73) based on
lymph node metastasis status. Patients underwent enhanced CT examination to determine lymph node metastasis and to assess
the risk of postoperative death. Serum NDRG4 and TM4SF1 levels were detected by ELISA. GC patients were further divided
into a death group (n=42) and a survival group (n=80) based on postoperative survival status. ROC curve analysis was used
to evaluate the predictive efficacy of enhanced CT and serum NDRG4 and TM4SF1 for lymph node metastasis and prognosis
in GC patients. The Kappa test was used to assess the consistency of enhanced CT, NDRG4, TM4SF1 alone and their combi-
nation in predicting lymph node metastasis and prognosis. The four-grid table method was used to analyze the predictive effi-
cacy of enhanced CT combined with serum NDRG4 and TM4SF1. Results Serum NDRG4 and TM4SF1 levels were signifi-
cantly lower in the metastasis group than in the non-metastasis group (¢=6.851, 8.187, both P<0.05). Serum NDRG4 and
TMA4SF1 levels were significantly lower in the death group than in the survival group (¢=6.639, 6.005, both P<0.05). The
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AUC values of serum NDRG4 for predicting lymph node metastasis and prognosis were 0.867 and 0.756, with sensitivities of
7755% and 73.81%, and specificities of 89.04% and 68.75%, respectively. The AUC values of serum TM4SF1 were 0.845
and 0.844, with sensitivities of 89.80% and 61.90%, and specificities of 64.38% and 92.50%, respectively. The Kappa values
of enhanced CT compared with pathological examination was 0.571, respectively (P<0.05), with specificities of 75.34% and
63.75%, and sensitivities of 83.67% and 78.57%, respectively. The Kappa values of enhanced CT combined with serum
NDRG4 and TM4SF1 compared with pathological examination was 0.783, respectively (P<0.05), with diagnostic AUC values
of 0.901 and 0.908, specificities of 86.30% and 88.75%, and sensitivities of 93.88% and 92.86%, respectively. The combina-
tion of enhanced CT with serum NDRG4 and TM4SF1 showed improved sensitivity, misdiagnosis rate, and accuracy in pre-
Serum NDRG4 and
TMA4SFL1 levels are decreased in GC patients with lymph node metastasis and are associated with increased postoperative mor-

dicting lymph node metastasis and prognosis, demonstrating good diagnostic efficacy. Conclusion

tality. The combination of enhanced CT with serum NDRG4 and TM4SF1 has high value in predicting lymph node metastasis
and prognosis in gastric cancer.
[ Key words] Gastric cancer; Enhanced CT; N-myc downstream regulated gene 4; Transmembrane 4 L six family

member 1; Predictive value
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Sl RESR CT 8 2o 7 i b i S 5 R LA S Ak
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T ECHE, WL 1, ABRE B 45 IR B A T2 B At
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PR ERf IZﬁ}, Ekﬁﬂ\%éﬁ%ﬁ’f&ﬁ(ﬁﬂfﬁi‘ﬁ%é\ﬂzﬂﬁD Tab.1 Comparison of clinical data of GC patients in the non-me-

N-myc 3£ 875 A+ 4 (N-myc downstream regulated

tastasis group and the metastasis group

gene 4,NDRG4 ) X 4 -7 4fl i fet B 5 2y fi HL A7 o 224 5 g . U7 U
il WFLEIL,NDRGA 9 DNA HUBMLAELE AR 4&’;7]32) 25?;“?3) —
RIS IIRE E6 P R R 53 31 859% 11 54% , Lomnsh 240
N 90% ; H 7 NDRG4 B4 3L 48 e fit A= A A (xxs, %) 62.42+8.34  63.37+8.62  0.609 0.544
F--1( stromal cell-derived factor-1,SDF-1) 5 MR £l 7] ﬁ‘ﬁ(“s{f Ho) 3-10£1.51 3.54x1.391.628 = 0.106
T P T e
(transmembrane 4 L six family member 1, TM4SF1) F= % e L[ (%) ] 14(19.18) 12(24.49)  0.493  0.482
S 5B S5 5 DhEe I 1Y, GC 4l ig h TM4SF1 %ﬁﬁ:ﬁ[TﬁfJ(%iJ H(15.07)  10(20.41)  0.587  0.444
A RIS AT B FREE 0 T e ST s oo
{2 GC A MIIGFE  EFE IR 22, IRl 4 i 4 A g 7 SEIHI(%)] 0~ T8 56(76.71)  30(61.22)  3.381  0.066
JF 8 5 b B~ 18] B %% 4k ( epithelial-mesenchymal I~V 17(23.29) 19(38.78)

transition , EMT) {5 538 % , N {2 i GC Bt Jie | i

AIRER GC B A AL A Ae A T ¥ o  H3E CT 1.2 fRBEREbRE (1) HAFRE. OE B E &g
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8 KX N g 1 (E AR 2 — PR, I, AR
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1.1 IRIRYERE HEHL 2024 4F 1 H—2025 4F 1 H #& X
O B BE M NRHEGR 9 GC B E 122 BilYE MY
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BE 2 IR VIR TR R ST B A ARk £

W, (2) HeBRARHE . QA IF B Z A B ARG | s
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FIBEEBA 12 2 KL 3 ~4 ml/s 380 v g
B 1.4 ml/kg, Fe 4 g s 48 AR 5 mm, 1R ER
0.984 & HLYE 600 mA , fig it 80/140 kVp 0.5 ms, #R M
5 T8 FE 80 mm  MEJERT[E] 0.6 s/r; 75 ME 3= s KA I Jg %
MR, Y B (888 3 120 Hu J5 5.4 s, filt & A shH 4
(30 s SHFKIAEIHES 30 s BBk . RERBZ
ADW4.7 T AF ol kb 3 )5 15 5] fie 2 25 5L, oo K R >
17.4 mm’ 5 ) F# Bk iR CT %5 B > 76 HU 5 iR 1
SRE AT > 145.2% 8 A R A TR K
L B >19.60x 1 000 pg/cm’ | 20 ik ALV 4 > 15.84 %
1 000 pwg/em’ BRI RETE 1 £ A% > 1.58 AR B
AR RIBET R
1.3.2 I NDRG4 , TM4SF1 /K FAG ] . SR 4 i # ax
JE SRR IK AL 5 ml, 250 B B, B 100wl AR U A
NDRG4 ( X W 4k w 38 A B 4%, §2 %5 EF001128 ) |
TM4SF1 (B A, 585 CB19689-Hu) ELISA {5
& g O JE AR AL (5 R A5 E A
HBS-1096C #Y ) W45 W B, 22 il Wk B - W o6 B il 2k,
¥ 1L 7 NDRG4 [ TM4SF1 K-,
1.3.3 RV BEAE R B Z12 7 LW 1
AEREABEDT 1 AR AE ARG L3 MIET-H (n=42)
A (n=80) ,
1.4 Stk R SPSS 25.0 BRA4G8 TR Hr L
it THECTOR LI R B L (% ) 3R 21 6] L3R
x> KB A IES A TR R ves R 2 41
() Fe AR I ST AR A ¢ 462 50 5 2K 1T Kappa 43 B A6 4 4
58 CT Baoph I 45 11155 NDRG4 \ TM4SF1 7K F2 W GC
WK CLZE 1 B 55 B2 T B — B0k 5 1 FH 2303 T AR
fIE(ROC) #h 2843 Hr 14558 CT Mz 1L 7% NDRG4, TM4SF1
KERT GC MR ELEE 88 K GC 3 TUs B9 1 R4 R
P<0.05 FRERAGITFEE L,
2 F R
2.1 REEBAMEL LA B M NDRG4  TM4SF1 7K
T HSAREBAE, ¥4 Mm% NDRG4,
TM4SF1 AKFHIREAL, 22 7 A Geit# 2 L (P<0.01) , I
*2,
2.2 AELFHMBET A MG NDRG4  TM4SF1 /K 4%
AR A SET 4L IML3E NDRG4  TM4SF1 7K -3
FEAIR, 23 A gt 2 L (P<0.01) , IL3& 3,
2.3 K H Kappa 43 #3858 CT B4 Il ¥ NDRG4,
TM4SF1 12 W7 B itk T 25 5% 8 5 s 2 W i) — Bk
B CT R 4 1 R B PR 18 61 (BB 8 1, 59
FRAG A 25 5 T B B v B — B0 (Kappa {6 = 0.571,
P<0.05) , T AUC 4 0.795(95%CI 0.713 ~0.863) ,

BRE 0,753, FURE 0.837, WEER CT BE 4 LT
NDRG4 \TM4SF1 k#2558 o i FH M 10 1], B9 3
1], 5 9 BEAS A 45 R B A & B — BM: (Kappa fH =
0.783,P<0.05) , #iilll AUC & 0.901 (95%CI 0.834 ~
0.948) ,F55 1 0.863 , fHURIE 0.939, L3 4,

®2 REBASHKBA GC BH MIE NDRG4 TMASF1 7KF-
3 (s, pe/L)
Tab.2 Comparison of serum NDRG4 and TM4SF1 levels between

the non-metastasis group and the metastasis group

A %% NDRG4 TM4SF1
REERH 73 25.03+3.94 2.75+0.43
R 49 20.13+3.77 2.14+0.36
A 6.851 8.187
P1H <0.001 <0.001

R3 ELEHMPET- AT NDRG4  TMASF1 K- LLEE  (x+s,
pg/L)
Tab.3 Comparison of serum NDRG4 and TM4SF1 levels between

the survival group and the death group

I | %k NDRG4 TM4SF1
HAFHU 80 24.68+3.85 2.66+0.40
T 42 19.98+3.44 2.21+0.38
tfH 6.639 6.005
P1H <0.001 <0.001

R4 RIS CT BCA L7 NDRGA TMASF1 127 5 bk L 4554 7
35 B2 W 08— B A

Tab.4 Consistency analysis of enhanced CT combined with serum

NDRG4 and TM4SF1 in the diagnosis of lymph node me-

tastasis of gastric cancer and pathological diagnosis

I BES W (1))
LWk R KR Kappafi PH
(n=49) (n=73)
HasE CT(H) 0.571  <0.001
HH(n=59) 41 18
KHER (n=63) 8 55
5 KA I 4
’l‘MngT(Efﬁﬂ)m“H NDRG4 0.783  <0.001
% (n="56) 46 10
K (n=66) 3 63

2.4 BEEE CT I NDRG4 , TM4SF1 /Kl GC
BE IR EL SR S Pl LR Lh L 2l 3g 5% CT I
17 NDRG4  TM4SF1 /K-F-Fiil GC i35k L 4554 7%
K Aia R ROC 4k, It Bt & R L (AUC) ,
2R R SR CT MM % NDRG4  TM4SF1 K = Bk
AWM GC B H M LA %M AUC 75128 0.795,
0.867.0.845.0.901, = F B4 L T4 H 50 191 0 24 B



- 644 - BEMENG A4 2026 4F 6 H 45 25 555 6 1 Chin J Diffic and Compl Cas, June 2026,Vol.25,No.6

(Z/P=4.990/<0.001 ,3.187/0.001 ,3.448/0.001) , i,
5 K1, Hi9m CT Ui NDRG4 [ TM4SF1 J =38k
AT GC HFH WG R AUC 205914 0.712.,0.756 .
0.844 0.908,, = H K AL T 45 F BLPL T R4 g (Z/P =
5.214/<0.001 . 3.978/0.001 ,2.905/0.004 ) , WL 3% 6.,
K2,

F5 TR CT KLIMJE NDRG4 TM4SF1 /KM GC ke
LERERS L RE EL

Tab.5  Comparison of enhanced CT and serum NDRG4 and
TMA4SF1 levels in predicting lymph node metastasis in
GC patients

AR Cu-off f AUC  95%CI  RUBUE RS Y"Sgg“

H

H45% CT - 0.795 0.713~0.863 0.837 0.753 0.590

NDRG4 21.98 pg/L  0.867 0.796~0.937 0.776  0.890 0.666

TM4SF1 2.61 pg/L  0.845 0.778~0.911 0.898 0.644 0.542

—“HBE 0.901 0.834~0.948 0.939 0.863 0.802

F® 6 BR CT MU i NDRG4 TM4SF1 /KF-HU GC (3 B
AR AE LL A
Tab.6 Comparison of enhanced CT and serum NDRG4, TM4SF1

levels in predicting the prognosis of GC patients

R Cuoffi AUC  9S%CI s fhspp Youden

BT
HATH CT - 0.712 0.623~0.790 0.786 0.638 0.424
NDRG4  22.52 wg/L  0.756 0.669~0.843 0.738 0.688 0.426
TM4SF1 231 pg/L 0.844 0.775~0.913 0.619 0.925 0.544
=HA 0.908 0.842~0.953 0.929 0.888 0.817

1 H45% CT KL ii§ NDRG4 \TM4SF1 Hiill GC f 2% itk e 25 4%
Bty ROC il 2%

Fig.1 ROC curve of enhanced CT and serum NDRG4 and

TM4SF1 for predicting lymph node metastasis in GC pa-

tients

B2 MR CT XIS NDRG4 TM4SF1 Tl GC i3 TS
ROC £k
Fig.2 ROC curve of enhanced CT and serum NDRG4 and
TMA4SF1 for predicting the prognosis of GC patients
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[ E)] BE HITEEZF RIS DA (PTCD) A 8 B 6 Sk i R B 308 8 2% TR TS 10 5%
Wi, I 447 H 3 e I 45 e A A K R -8/ Smad ( TGF-B/Smad ) 5 538 i %% 1 fz —[A] B Ak (EMT) 578 Kol 4 5 &%
MRS BIMERALG, A% 22023 4F 10 H—2025 4F 6 1L P4 EER} R 225 — I e EBRAMBHISCIA Y I8k 93 A 4
HOE B 150 4], AR ARTLEARZL R (TBil) K SR B2 AR TS 7 i 2 (n=50) AREEZ (n=50) AR
H(n=50), L33 HBHMGIRTERE IhIga g BRATAF 5 T IC S i R B a6 A6 U 1 55 4 M4 IR 7 ( TNF-o  IL-6) 7K°F, 26
JBT B 5 B30 ) iR 2 44 b EMT A 5% %% 14 ( E-cadherin , N-cadherin , Vimentin ) 52 TGF-B/Smad 3@ % % [ ( p-Smad2 .
p-Smad3) F ik ; Pearson AHCMESHT MG R MER F 5 EMT 8 H 2Rk BOFE M ; tbdk 3 & FARY 5 ARG I K IE TS
B, BESRIHE e ZH R VR A M A5 R AL A2 TNM 4 81 I ~ I3 b A A T R U 4 (2P = 6.507/0.039,
7.177/0.028) s RSG5 7 d B 3 LI T 1L-6, TNF-o K- HLH, o Uk 8% 4 > {1 900 4 > 35 41 ( F/P = 38.674/<0.001,
78.451/<0.001) ;¥ #5 2 E-cadherin 3% ik =i T g , N-cadherin , Vimentin 3% 15 Ik T R W 3% 41 (+/P = 202.402/<
0.001,12.502/<0.001 .63.273/<0.001) ; I # 40 p-Smad?2 . p-Smad3 2 FIL T AU #5 41 (/P = 87.194/<0.001 ,117.004/<
0.001) ; TNF-a IL-6 4355 E-cadherin %3k 5 1 4H3¢, 55 N-cadherin, Vimentin 3¢ 3k 2 IF # 5¢ ( TNF-a; /P = = 0.397/
0.008,0.400/0.007 ,0.373/0.011; IL-6:r/P=-0.487/<0.001 ,0.370/0.009 ,0.380/0.008 ) ; Ik # £H RO VI B K &5 T R ok 4%
2 (x2/P=13.043/<0.001) , {3 Be B[] 5 F A< ok 25 2 AR BEIE A (/P = 8.485/<0.001 ,4.066/<0.001 ) ; ik % 41 & I & AE &
AR T ARBEA 2/ P=16.672/<0.001) . £5i&  ARHTU B P A 280t 19 Sk g A A3 BEL M BB S8 38 00 TR T s, AL
A 8 5% 4 B R SN ] TGF-B/Smad 155 38 B&I% AL HE T3 EMT HERR45 X6

[R8BIR] TR A B R AT ARIE S 13 5 1 Bz~ B4 4k ; TGF-B/ Smad 15538 i ; /E B ; TS
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Mechanism study of preoperative jaundice reduction improving surgical prognosis in pancreatic cancer by inhibiting
TGF-B/Smad pathway and reversing EMT  Shan Chenpeng, Liv Yu, Cui Wangping, Zhang Xiaodong. Department of
Biliary and Pancreatic Surgery, First Hospital of Shanxi Medical University, Shanxi, Taiyuan 030001, China
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[ Abstract] Objective To investigate the impact of preoperative jaundice reduction via PTCD on the surgical progno-
sis of patients with pancreatic head cancer accompanied by obstructive jaundice, and to analyze whether it acts by regulating
the TGF-p/Smad signaling pathway, reversing the epithelial-mesenchymal transition (EMT) process, and alleviating systemic
inflammatory status. Methods A total of 150 patients with pancreatic head cancer and obstructive jaundice admitted between
October 2023 and June 2025 were selected. According to preoperative total bilirubin levels and whether they received PTCD,
they were divided into a jaundice-reduction group (n=50), a low-bilirubin group (n=50), and a non-jaundice-reduction group
(n=50). Baseline data, tumor pathological characteristics, surgical outcomes, and postoperative complications were compared
among the three groups. Serum levels of inflammatory factors (TNF-«, IL-6) were detected by enzyme-linked immunosorbent
assay (ELISA). The expression of EMT-related proteins (E-cadherin, N-cadherin, Vimentin) and TGF-p/Smad pathway
proteins (p-Smad2, p-Smad3) in tumor tissues was detected by Western blotting. Pearson correlation analysis was used to ana-
lyze the correlation between serum inflammatory factors and EMT-related protein expression. Results The lymph node me-
tastasis rate in the jaundice-reduction group was significantly lower than that in the non-jaundice-reduction group (X°/P=
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6.507/0.039), while the proportion of stage | was significantly higher (X?/P=7.177/0.028), with no statistically significant
difference compared to the low-bilirubin group (P>0.05). On postoperative day 7, the IL-6 level in the jaundice-reduction
group was significantly lower than that in the non-jaundice-reduction group and the low-bilirubin group (F/P=38.674/<0.001);
the TNF-a level was significantly lower than that in the non-jaundice-reduction group (F/P=78.451/<0.001), with no statisti-
cally significant difference compared to the low-bilirubin group (P=0.067). The expression of E-cadherin in the jaundice-re-
duction group was significantly higher than that in the non-jaundice-reduction group (#/P=202.402/<0.001), while N-cadherin
and Vimentin were significantly lower (#/P=12.502/<0.001, 63.273/<0.001). The levels of p-Smad2 and p-Smad3 in the jaun-
dice-reduction group were significantly lower than those in the non-jaundice-reduction group (#/P=87.194/<0.001, 117.004/<
0.001). Correlation analysis showed that TNF-« and IL-6 were negatively correlated with E-cadherin (r/P=-0.397/0.008,
-0.487/<0.001) and positively correlated with N-cadherin and Vimentin (all £<0.05). The RO resection rate in the jaundice-
reduction group was significantly higher than that in the non-jaundice-reduction group (x°/P=13.043/<0.001), with a shorter
hospital stay than the non-jaundice-reduction group and the low-bilirubin group (F/P=36.542/<0.001), and a lower total com-
plication rate than the non-jaundice-reduction group (X°/P=16.672/<0.001). Conclusion Preoperative jaundice reduction can
effectively improve the surgical prognosis of patients with pancreatic head cancer and obstructive jaundice. The mechanism
may be related to the alleviation of systemic inflammatory response, inhibition of TGF-B/Smad signaling pathway activation,
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and consequent reversal of the EMT process.
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Ji BRI ( pancreatic cancer, PC) J&— Fl il 5 # 2%
AR AL TE R R, R R AE TR FR 2 2 T T 5
AEBRAEAERAUN 10% 224 BES, FAUIERZ
PCEHE A BRI AAE WM —F 28 F B 2R,
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T Re A K™ B 4 B S 1 I, 3 e I T LT
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Y2 d7 o, i b Bz — 18] 5 %% 4K ( epithelial-mesenchymal
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(PTCD) 43 MUk #4050 4] [ AR Hij TBil>200 pwmol/L, £F
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1.3.3  RIREA . ARG 228 R IATIE 1541
BRA . ARETL T O DU 5 SRR T (5 R IRl
WHARSEHZY) B R, — B 1~3d,

1.3.4 HWFEARMGE—4H. Ira B E RurE izt e
8 h 281K 4 h, ARAT 30 min FBG TN FHPAE R (kAR
PR A& AHEN 3.0 g, #FIKIR ) o RIFSE—5 A ICU
SR ANEH B M, R R0 A A AR AR B S R
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) 22 S e it 38 L (1L-6; F/P = 437.214/<
0.001 ,285.673/<0.001 .312.451/<0.001 ; TNF-ou: F/P =
1 126.341/<0.001 ,342.181/<0.001 .398.763/<0.001) ,
2 NP L3 s, IRBEE 4 T B 1L-6  TNF-
a /K5 TO i ZER TSI FE L (/P =1.894/
0.064 .1.732/0.089), T2 W}4% T1 B E FH & (/P =
21.353/<0.001 ,42.684/<0.001) ; Ayl #5241 T1 B} IL-6
KV TO 5835 T, TNF-o0 %8 TO B i Z AR (1/P =
2.343/0.023 .5.682/<0.001) , T2 B #% T1 #F— 4 F+ 5
(t/P=18.231/<0.001,19.464/<0.001 ) ; I i 2 T1 B}
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I1L-6 \ TNF-a 7KF-%% TO 5 2 A (1/P = 8.235/<0.001 ,
15.684/<0.001 ), T2 W} A8 T1 B 2 3 101 F (/P =
18.352/<0.001 .20.121/<0.001) , FL¥J & 3 & T T0 /K
Y- (1/P=12.464/<0.001 4.573/<0.001) . 4] 4%
7N, TO B} 3 4 IL-6 ' TNF-a /K V-2 5748 G5 i1 24 5 L (P<
0.001) , BAR 4 1L-6 TNF-o 7K -3 5 A TR 6k
W R B L (P<0.01) , RIS 4 S5k #5422 57 L4
PH#E X (P>0.05) . T1 W} 3 2 1L-6 [ TNF-a 7K F- 2% 5
ALt #E L (P<0.01) Il B4 1L-6 7K-F-3 W KT
AR B ZH IR U8 85 40 ( P<0.01) (R BT 2H TNF-o K 3F
) R T AR A A B 41 (P<0.01) , T2 B 3 41
IL-6 TNF-a 7K 22 5345 e it L (P<0.01) , Jf 8 40
1L-6 7K1 A AR B I 4 R R U B 4, TNF - 7K
R TR (P<0.01)  {H 5K 4 i 22 7
TGt X (P>0.05) , W 2,

2.3 3ZAMIEHL EMT FHCHE LA 3 4 E-cad-
herin \N-cadherin . Vimentin 8 F 325K He i, 22 515
ALt F L (P<0.01) , #— DB P HR Bos,

SREEA L, R E 4 E-cadherin 235 i & FFAIK
N-cadherin , Vimentin 215 I 2 JF & (¢/P = 170.003/<
0.001 ,22.144/<0.001 ,32.504/<0.001 ) ; 5 A< ikl &5 41 L
B 4 E-cadherin 1A 2.2 715, N-cadherin . Vim-
entin F35 i 5 PR (¢/P = 202.402/<0.001 , 12.502/<
0.001.,63.273/<0.001) , 78 B¢ 2H 5 Ik 2 980 20 [ 4%,
N-cadherin ik i Z F 5 , E-cadherin %2 i5 . Vimentin 3%
K AR (/P = 12.655/<0.001 . 6.331/<0.001 .
22.146/<0.001) , W3 3,

2.4 34 TGF-B/Smad fF 5 ARBILEK 34
] p-Smad2 ,p-Smad3 & [ A K VL, 2 F A S
TR (P<0.01) , HE—25 AR P L3 o, S5 4%
POEZH FUH, R p-Smad2 | p-Smad3 33k . 3% Tt
& (1/P=86.273/<0.001 ,210.006/<0.001) , 5 A ¥k
HHH, W B p-Smad2 , p-Smad3 ik W FE FEAK (1/
P=87.194/<0.001 ,117.004/<0.001) , I #2415 {% %
JHZH L3, p-Smad2 | p-Smad3 ik B E TH & (/P =
15.816/<0.001 ,15.817/<0.001) , W3 4,

R 1ORMEA AREEA JREH PC B IR IKTORL i BERHIE H 4K

Tab.1 Comparison of clinical data/pathological characteristics among patients in the low jaundice group, non-dejaundice reduction group
and jaundice reduction group

moH KR FEH (n=50) R #IE2H (n=50) WL (n=50) X2/F i P

B HI(%) ] 29(58.00) 26(52.00) 28(56.00) 0.828 0.661

AEWE (325, ) 63.06+8.37 61.51£9.22 62.33+8.71 0.416 0.662

SRR (xxs, H) 2.68+1.31 2.54x1.10 2.59+1.22 0.171 0.843

W H L[ B (%) ] 20(40.00) 18(36.00) 19(38.00) 0.105 0.949

P (%) ] 17(34.00) 15(30.00) 16(32.00) 0.125 0.939

K [ H(%) ] 7(14.00) 5(10.00) 6(12.00) 0.333 0.846

GIREL B (%) ] T I 16(32.00) 13(26.00) 15(30.00) 0.319 0.853

W PRI 12(24.00) 10(20.00) 14(28.00) 0.667 0.717

RN ] 5(10.00) 7(14.00) 8(16.00) 0.701 0.704

Jiggg F /N (%) ] <3 cm 11(22.00) 15(30.00) 18(36.00) 1.681 0.431
>3 cm 39(78.00) 35(70.00) 32(64.00)

SIAEREEEL (%) ] -k 17(34.00) 19(38.00) 22(44.00) 0.655 0.721
kst 33(66.00) 31(62.00) 28(56.00)

WS H](%) ] 37(74.00) 28(56.00) 28(56.00) 6.507 0.039

TNM - [ 11 (%) ] ] 3(6.00) 11(22.00) 12(24.00) 7.177 0.028
I ~ 14 47(94.00) 39(78.00) 38(76.00)

R2 ARWEA ACEEA G PC B MIF RN T KT (3s,ng/L)

Tab.2 Comparison of serum inflammatory factor levels among patients in the low jaundice group, non-reduced jaundice group, and reduced

jaundice group

. 1L-6 TNF-a
4 Al % TO Tl T TO Tl T2
A B4 50 40.54+5.22 41.34+8.81° 80.74x11.57* 278.37+10.42 265.71+10.74° 311.25£12.16*
TR HE 2 50 32.31+6.62 36.43+2.84 72.45+11.32% 220.35+12.68 215.93+10.84 294.44+5.39"
v A 50 40.32+6.94 29.73+4.87° 61.22+7.37% 281.52+9.41 243.63+11.55° 289.13+8.24"
F/P 41l 27.454/<0.001 41.233/<0.001 38.674/<0.001 356.781/<0.001 234.563/<0.001 78.451/<0.001

1 5 FH TO He#s,*P<0.05; 5R4H T1 H4g, " P<0.01,
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3 OARWEEA MREEAL WA PC R RS EMT #15E
EHAE  (32s)

Tab.3 Comparison of EMT-related protein levels in tumor tissues

among the low jaundice group, non-jaundice reduction

group, and jaundice reduction group

4 Bl %L E-cadherin £ N-cadherin 5  Vimentin 45 H
K EA 50 0.22+0.02 0.24£0.02 0.23+0.02
fREEA 50 0.90+0.02* 0.17+0.01* 0.10+0.02°
Ll 50 0.86+0.01* 0.19£0.02% 0.03+0.01%
F/P #HEHE 24 266.671/<0.001  216.672/<0.001 1 716.674/<0.001

T HARB A " P<0.01 ; SRS 4 L # P P<0.01,

4 KWL MRIORLAL AL PC B p-Smad2 . p-Smad3

HEHFRIRHLE  (as9)
Tab.4 Comparison of serum p-Smad2 and p-Smad3 protein ex-
pression between low jaundice group, non-jaundice

reduction and jaundice reduction group

MG % p-Smad2 FHH p-Smad3 FHH
I 50 0.72+0.03 0.57+0.01
BB 2 50 0.28+0.02* 0.15+0.01°
T A 50 0.33+£0.01* 0.20+0.02%
F/P 8 {E 6 217.508/<0.001 13 158.754/<0.001

T SRR A L, P<0.01; SR EE AL 4R, " P<0.01,

2.5 M RMWRFKT-5 EMT A F 2R A8 B AHC
HAHr Pearson #H &M 43 M WK, TNF-a 1L-6 43 5]
5 E-cadherin ik & 1 #H %, 5 N-cadherin | Vimentin
TR E EAHK(P<0.05) , WK 5,

FS5MIERERTFARFE-5 EMT AHOCH A 235 1 AH M3
Tab.5 Correlation analysis of serum inflammatory factors and the

expression of EMT-related proteins

SebEH T E-cadherin N-cadherin Vimentin

r & P r i PH r i PH
TNF-a -0.397 0.008 0.400 0.007 0.373  0.011
IL-6 -0.487 <0.001 0.370 0.009 0.380  0.008

2.6 3HAFARLR/GHE K 3 4iE RO PIFRE A
JE BRI LS, 22 A Gt F R X (P<0.01) , i#E—
AR A R, SR B 2 LA, RIS B4 RO
PIGR 2 A, A B i fa) 2E K (/P = 5.769/0. 016,
4.624/<0.001) ; 5 AR E A i, 524 RO VIR R T

15 AT B8 B 1E] 46 48 (1/P = 13.043/<0.001 , 8. 485/<
0.001) ;MR 2 5 B 41 RO VIBR F [ 22 R L4
THF L(1/P=1.604/0.205) , Uik #5 2043 Be ik [a) 46 TG
W 2H (1/P=4.066/<0.001) , L35 6,

FO  RWOEA MRBEA WA PC BH T ARL RS PR
oL

Tab.6  Comparison of surgical outcomes and prognosis between
low jaundice group, non-jaundice reduction group and
jaundice reduction group

4 % ROVIBRR[ (%) ] AEBEHE] (x4s,d)

R 50 18(36.00) 19.53+4.12

s 2 50 30(60.00)* 16.14£3.21°

I A 50 36(72.00)* 13.84+2.41%

F/P A{H 13.091/<0.001 36.542/<0.001

T 5RO L, * P<0.01 ; SR 4H L8, P P<0.01,

2.7 3HAREIFEIELES 3 4l RIFAE K AR
BOESAGHFE X (x2/P=17.246/<0.001) , #F—
AU Y LA R AR IR B 2 ST R R AR T
R 98 40 R B 4 (x2/P = 11.791/<0.001 . 16.672/<
0.001) ; IRE I S B L, 2R LG i #E X
(x2/P=0.508/0.476) , W3¢ 7.
3 i i

9 Sk g AP A B O R I P ARTRIT KR AZ IR T
FFOIRER E 2 B RN KRR B mELEA
AR R, REHIGHEVIRRAL ARG IFLIE 2 | SR
JE AR AR o s R 4 IR R 4 S R
VB A AR I A LR AE S F AR W, B IR TE I
PRFEA FPAIESE AR R4 PTCD U2 Al 3545 & RO VIR
B Pl YRR N CTIN S (5 Y h R WS R P
AN T HVEAE Sy T AL — RV 33 2 40 ) 4 B 2 e I g
TGF-B/Smad 5538 i BTG 4k , FE M 6% EMT #EF2

FEREPE BB & (1) 2R Go kR M B 27 A AF S T3
B BRI B M S N R 2 — IR FR AT
MRN8 e e, AR fifT 9 25 38 AL, 005 e e 4 i, K i
B TNF-a IL-6 S8 RV -, AHEoE ek 2 2 R
J il Y5 TNF-o  IL-6 7K - i K T A 4, HLHIL-6

FTORWEA AR W PCBEARSSIFRAE L [H1(%) ]

Tab.7 Comparison of total postoperative complications among the low jaundice group,the non-reduction of jaundice group, and the jaundice

reduction group

o5 % JBEpE Hh JiF R &G RO IRIE R (%)
R 50 7(14.00) 5(10.00) 9(18.00) 9(18.00) 60.00
[ERplEe 50 4(8.00) 3(6.00) 2(4.00) 4(8.00) 26.00
W 50 3(6.00) 2(4.00) 2(4.00) 3(6.00) 20.00
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KEE T T AR Z KRR ST, X3
B PTCD 59 A A B T RHGE RERH, AR T IHLD 2 6
faf , B E A 2 T B L BRAR VT i R AT KR
J i B B D BE DB PN B R IAE , DA T 1 1 4 B 1 1) 2%
YRR, X — KBS 2B EE" LT ERBD KRG
TLR/NF-«B 8 #3500 (58 45 5 A0 B EIE , i — 2D 1)
ST T RRE 5 A S 4 B R S I P A O A, I
Ab T K F 405 J5 1 HMGB1/RAGE % i 3o 3 45
1L-6/STAT3 5 5 PEA 538 B, 76 AR IR A 1 S0 (A
B 5 ivgeg ik e vh R A AZ O AR Y B AR iU 2 1T
e o TP Z AR BT R U2

EMT J2 56 i 958 3K 1542 28 5 B e 1 Ak 7 Tid 245 1
A A W) 2f ok B HARIE R BN E-cadherin 635 F
P8 X N-cadherin . Vimentin 25 [a] Jifr &4 Fidte) | A&
WFFE B0, 5 AW 21 LA, Dl o L IR 4121 Hh E-cad-
herin 235 3% 4, 1fii N-cadherin , Vimentin & TGF-B/
Smad J# F& A% 08 1 p-Smad2/3 BY AT B2 T,
PR AR AR B A A G L IR AN Y EMT 6, i
XFh VRS TGF-B/Smad {55518 3% 14 310 1l 25 Y1 A1
X, TGF-B/Smad J&9K5h EMT fY 25 38 B | 76 & Fh i
S R RIIE S AT SR bR R R AN RS L Zhou ST
TEARSMIFIE 8 ) TGF-B/Smad 3 B% 75 W 31 s i gos vp
PRIE EMT , A5 25 5 00 1 U ZE I PR BA B v Ay it 4 43t
T EBEUEYE , IR AR iU A w9 N IR TR R
W, AR B A e B N S I 7 5 40 e i
TGF-B,/Smad M| EMT 527484k, i — 2 F5 T
LI AE EMT P 5 R A% 0 Hu 7

i — 20 AH R AT R, RAPE - TNF-a \IL-6 1)
K5 EMT S5 R 9 R 77 7 A 5e ik, X4
TRFEAT LM B A SR B T, 4 B M AR 1k ) 5 i ggg
JRFRAY EMT HERR 2 8] 7T A7 76— AN 1E S B i, H
ETEMLEI AT RE 2, TNF-0/TL-6 25 48 11 PRl 380055 i 983 4
it s 1 SR 400 P () NF-kB 255 5% K 1~ Jim 3 ki _E 3
TGF-B HIZe 35 5% B3 G EMT % 5% K F (40 Snail |
Zebl) ,JE—~“ % M ) B - TGF-B—EMT” [ % 2
QA S T E O = R 73 o< e e 1 S T
KL, 4T T Z 0 i 41 ) HMGB1-RAGE/TLRs-NF-kB
{55 30 B A 5 10 R 1k S I % A A DR R B, AR B
2 (BIHE ST miR-506 38 3F NF-kB/TGF-B 38 [ 5% Wi it £F
HeAk, Y3 R ROV S TGF-B 38 % 2 A fE7E B VI Yy
SEEAE AR AT T A8 i T X — 4 M N -
EMT %1, 45 %5081 55 o 1o 20 58 o O 4242 28 05 5, AT
HEEFAR M UG

A 5T HOR 2 S AR R LR RO B R A E I

RIERAR T BER TG X HI S A AR 5
A B e 1) 2 5 B, X R W 6 TR A A AR ™ v
IR B AU T S RE (o L R ARk s H i L &2
IR B ™ R KO X A AT B AR
(RISYREC e 1 ER s R I= e < DA 0% N 15 5 - VNSt
UL TH 3k, SILEEP TR IR R
B W D) S AR i AL 5 | 38 A AN ] P A B e e £ 5 v h

BN R (A7 A 22 5, (R AR S 3 o) 7™ B 9 A o
TR AL IR, AR A RS Z A — 3 R R C
TRl B ) 7 TR B AT LA Bl ) IR 21 2% 1 A
P ) B AT Y A BRIRAS AL SRS R
4 &

Z5 FRTIR AR HFFEUE SR HT PTCD 8 51 BE 1% 2
5 1 K i AR BEL P SR8 1 R B, A O LR
FET 38 0 i B DR A B D802 4 B M AR Mk B iz, 4 1T
b Rd 40 21 o TGF-B/Smad 15538 B% 1Y 5 16 1k,
G0 EMT R/, BRI R 22 e . A5
PTCD 7 gk i Bl AR M 09 & B FH 4Rt 178 09 4>+
AR T R Ja SRR DL Rk RN -EMT Bl 2y
B YRR EA T RS PR A THE AR R, ARTFEI K
FEAS 1 (0 FTE PR A5 A I Bl D5 5080, DS IR A BF Y
B 5T T PPl HOOE 8 38 8 A A7 5
P 2R 2 A VR 75 DO 4% vh e
& mEk A A

e R M8 ST 5T R, BRSO, Be it A T, 18 S
P50 F BRI R TR T IR SO R ST
EF SR R, BRI B AR me Ak S SRR,
SCHRIANE S R RSB
S Ak
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Analysis of the application value of combined CT and ultrasound in the clinical diagnosis of appendiceal tumors Gao
Mengyao, Qian Yufeng, Zhao Wei, Zhu Hongbo. Department of General Surgery, Kaifeng Ceniral Hospital Affiliated to
Xinxiang Medical College, Henan ,Kaifeng 475000, China
Funding program . Kaifeng Science and Technology Development Plan Project in 2023 (2303087)
Corresponding author: Zhu Hongbo, E-mail. 13663782446@ 139.com

[ Abstract] Objective To explore the application value of CT combined with ultrasound in the clinical diagnosis of
appendiceal tumors. Methods A total of 264 patients with appendiceal lesions admitted to Kaifeng Central Hospital
Affiliated to Xinxiang Medical College from January 2022 to January 2025 were retrospectively analyzed, including 132 pa-
tients with appendiceal tumors as the study group and 132 patients with appendicitis as the control group. General clinical data
of the two groups were collected. CT features (appendix morphology, maximum appendiceal diameter, size of ileocecal lymph
nodes, pelvic effusion) and ultrasound features (appendiceal outer diameter and wall thickness, presence of nodules, presence
of peripheral mesangial thickening, and changes in appendix shape including "onion skin"-like changes, " sausage"-like
changes, and tip "spherical™ expansion) were examined and recorded. Binary logistic regression was used to analyze whether
CT combined with ultrasound features were influencing factors for the diagnosis of appendiceal tumors. Receiver operating
characteristic (ROC) curve analysis was used to evaluate the diagnostic value of CT, ultrasound, and their combination for ap-
pendiceal tumors. Results  Ultrasound examination showed that appendiceal outer diameter and wall thickness were signifi-
cantly increased in the study group (/P=7.702/<0.001, 7.201/<0.001), and the proportions of intramural nodules, peripheral
mesangial thickening, and onion skin-like and spherical shape changes of the appendix were significantly higher in the study
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group than in the control group (x°/P=7.343/0.007, 7.076/0.008, 7.443/0.006, 7.072/0.008). CT examination showed that the
proportions of irregular appendix shape and pelvic effusion were significantly higher in the study group than in the control

group (X°/P=11.528/0.001, 10.481/0.001), and the maximum appendiceal diameter and size of ileocecal lymph nodes were sig-
nificantly greater in the study group than in the control group (#/P=7.198/<0.001, 7.142/<0.001). Irregular appendix shape,

pelvic effusion, increased maximum appendiceal diameter, and increased size of ileocecal lymph nodes were independent risk
factors for appendiceal tumors (OR=2.033, 2.165, 1.446, 1.529, all P<0.05). ROC curve analysis evaluating the diagnostic effi-
cacy of ultrasound, CT, and their combination for appendiceal tumors showed that the area under the curve (AUC) for ultra-
sound alone was 0.808 (95% C/: 0.757-0.860), and the AUC for CT alone was 0.791 (95% C/: 0.735-0.847). The AUC of the
combined diagnostic model of ultrasound and CT increased to 0.850 (95% CI: 0.802-0.899). The combined diagnosis of ap-
pendiceal tumors was significantly better than ultrasound or CT alone (Z/P=2.436/0.025 and 3.272/0.014, respectively). Con-
clusion The multimodal diagnostic strategy combining CT and ultrasound integrates the advantages of both techniques, pro-
viding a more comprehensive imaging basis and facilitating early and accurate diagnosis of appendiceal tumors.
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Tab. 2 Analysis of the influencing factors for diagnosing
appendiceal tumors based on ultrasound characteristics
BN B1E SE{H Wald{§ P{H OR{E 95%CI
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LR BEE  0.674 0.318 4.486 0.034 1.963 1.052~3.662
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v 0.855 0.309 7.647 0.006 2.352 1.283~4.312
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Tab.1 Comparison of ultrasound characteristics between two groups of patients with appendiceal lesions

4 9l B 7%@ 7%@ BE A PREETY Ji 30 2 I 5 b RSME B (%) ] A

(%xs,cm) (%xs,cm) [Bil(%) ] [Bl(%)] A i9/7] e
R 132 1.71+0.34 0.35+0.10 19(14.39) 81(61.36) 63(47.73) 46(34.85) 71(53.79)
iR 4L 132 2.08+0.44 0.4420.11 37(28.03) 101(76.52) 85(64.39) 59(44.70) 92(69.70)
X 8 7.702 7.201 7.343 7.076 7.443 2.672 7.072
PE <0.001 <0.001 0.007 0.008 0.006 0.102 0.008
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Tab.3 Comparison of CT features between two groups of patients with appendiceal lesions
a5 e IE%@[@J(%)] TR bR e d R AR [ 5 A bk L 23
R T B AL [#1(%) ] (%xs,cm) (x+s,cm)
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t/x* 8 2.573 1.228 11.528 10.481 7.198 7.142
PfH 0.109 0.268 0.001 0.001 <0.001 <0.001
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Tab.4 Analysis of the influencing factors of CT feature diagnosis

of appendiceal tumors
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Tab.5 The value of combined ultrasound and CT in the diagnosis

of appendiceal tumors
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Fig.1 ROC curve for ultrasound, CT and their combined use in

diagnosing appendiceal tumors
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PR, B FEXT B2 7 IR 1 IR A BT RLmAR], e RRIA9T 2 45, b 2 A0 BRI RITAL, YA 7 WS I i i
YK AR, B AR N R, R AN 112 BB T 110 658 R BEDT T IR IG 7 205, BT RN
98.2% (110/112) , KUK BEVIIRFE] g 2025 4£ 2 H 20 H ; WSS & MM (ORR) BRifa | Z ( DCR) 25 T4 B4 (x2/
P=4.406/0.036 .4.251/0.039) ; WMEZLH rR AL JC S A A7 ( PFS) K iR A i A 723 (0S) #4178 T %) 40 ( Log-rank x2/P =
7.406/0.007 ,6.576/0.010) 357 3 AWK 6 A JAWG , MERLUEEPLIR 125( CA125) (A MHEEE [ 4( HE4) KK T
XF B2 (VAIT 3 AN JEI /P = 4.328/<0.001,2.068/0.041; 1497 6 4~ Ji 8] .1/ P =2.855/0.005,3.535/0.001 ) ; W5 4 R A4
ihe S ehEE ME4UIRE A2 UEE B AR AR I T P4 T B (3AYT 3 AN A /P = 4.564/<0.001 ,4.420/<
0.001.3.169/0.002,3.559/0.001 ,7.061/<0.001 ; 3437 6 &3] :1/P=4.153/<0.001 ,4.696/<0.001 ,6.367/<0.001,3.412/
0.001,8.392/<0.001) ;2 4B B R Z AR, ZF LHITFE X (¥ /P=0.591/0.442) , &5it  DUARER BT
A TR PRI AL 5 & M U0 S 9 R e 45 ) 1o SE L 3, W S R AR R A AR KO R R T AR AR TR R
HZBERIT R BA /IR 2
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Efficacy and safety of bevacizumab combined with niraparib in the maintenance treatment of recurrent ovarian
cancer Li Jing, Guo Wei, Yuan Hongyan, Luo Xiuhua, An Cunlian. Department of Gynecology and Oncology, Wuwei Cancer
Hospital , Gansu, Wuwei 733000, China
Funding program: Wuwet Science and Technology Plan Project (2025WW02924)
Corresponding author; An Cunlian, E-mail; acl2593@ 163.com

[ Abstract] Objective To evaluate the efficacy and safety of bevacizumab combined with niraparib in maintenance
therapy for recurrent ovarian cancer. Methods A total of 112 patients with recurrent ovarian cancer treated at the Department
of Gynecologic Oncology, Gansu Wuwei Cancer Hospital, from January 2020 to August 2024 were enrolled. Patients were
randomly assigned in a 1:1 ratio to an observation group or a control group using a computer-generated random number table.
The foundation chemotherapy regimens were carboplatin + paclitaxel or gemcitabine + docetaxel. The control group received
bevacizumab, while the observation group received niraparib in addition to the regimen of the control group. Clinical efficacy,
changes in tumor marker levels, quality of life, and incidence of adverse reactions were compared between the two groups. Re-
sults Among the 112 enrolled patients, 110 completed follow-up and reached the treatment endpoint, with a follow-up rate of
98.2% (110/112). The last follow-up was on February 20, 2025. The objective response rate (ORR) and disease control rate
(DCRY) in the observation group were 61.8% (34/55) and 90.9% (50/55), respectively, which were significantly higher than
those in the control group [ 41.8% (23/55) and 76.4% (42/55)] (X?=4.406, P=0.036; X’=4.251, P=0.039). The median pro-
gression-free survival (PFS) in the observation group was 16 months (95% C/: 11.95-21.06), and the median overall survival
(0S) was 20 months (95% C/:12.97-25.03); in the control group, the median PFS and OS were 12 months (95% C/: 9.11—
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14.89) and 16 months (95% C/:13.11-18.89), respectively (Log-rank x°=7.406, P=0.007; Log-rank X’=6.576, P=0.010). Se-
rum levels of carbohydrate antigen 125 (CA125) and human epididymis protein 4 (HE4) decreased significantly in both groups

during treatment, while scores for physical function, role function, emotional function, social function, and overall quality of

life increased significantly (all P<0.05). After 3 and 6 cycles of treatment, patients in the observation group had significantly

lower serum CA125 and HE4 levels and significantly higher scores for the aforementioned quality-of-life domains compared

with the control group (all P<0.05). The overall incidence of adverse reactions in the observation group was 47.3% (26/55),
which was not statistically significantly different from that in the control group [ 40.0% (22/55)] (x°=0.591, P=0.442). Con-
clusion The combination of bevacizumab and niraparib demonstrates superior disease control in patients with recurrent ovar-

ian cancer, more significantly reduces tumor marker levels, and improves patients' quality of life, with a favorable clinical

safety profile.
[ Key words]
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Tab.1 Comparison of clinical data between the control group and

the observation group

 H R
AW (s, %) 56.05£9.45 54.22+8.11  1.094 0.276
TR (xxs, kg/m?) 22.88+1.50 23.29+1.56  1.385 0.169
ECOG[ fil(%) ] 0.661  0.416
04 20(36.4)  16(29.1)
14y 35(63.6)  39(70.9)
R IMEL F(%) ] 17(30.9)  19(34.5) 0.165  0.684
BHIRIE[ 1 (%) ] 9(16.4)  10(18.2) 0.064  0.801
IR B (%) ] 7(12.7) 6(10.9) 0.087  0.768
PR ERHZEME R (%) ] 5(9.1) 4(7.3) 0.000  1.000
Jibg L A= AT 6] (% ) ] 0.447  0.930
385 36(65.5)  33(60.0)
Rt 7(12.7) 8(14.5)
T E N RERE 7(12.7) 9(16.4)
75 W 200 98 5(9.1) 5(9.1)
i PR A4 [ 490 (%) ] 0.978  0.613
1§} 12(21.8) 8(14.6)
T 44 32(58.2)  35(63.6)
\E] 11(20.0)  12(21.8)
SRR (%) ] 0.187 0.911
[=Fe 17(30.9)  15(27.3)
ok 27(49.1)  28(50.9)
ata 11(20.0)  12(21.8)
JifyEd B KA A% (R4s, cm) 2.64+0.63  2.75+0.56 1.002  0.318

PEAALS T AR (x2s, 1) 4.2420.90 4.16£1.00  0.401  0.689
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A =3 A H 152 588 a7 I S AT RE U
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(2) HEBRFRE : ONYHA T ~ IV 9% A H 0 9 75 U O
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1.6 Siitepgrss ] SPSS 26.0 At de . it
BOGOR A R B (% ) FoR , 4L a] HL B R ¢ K
B 5 Fisher # VIRER 5 776 IR 4010 9T %Ok
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2.1 2 HIRKRITRL LR WEL4L ORR \DCR 434 K
61.8% (34/55) .90.9% (50/55) , & T-XF BB 41.8%
(23/55) .76.4% (42/55) , = F ¥ H G T2 X (P<
0.05), W3 2, WMEH L H A7 PFS Ky 16 1~ H
(95%CI 11.95~21.06) , i OS y 20 1~ H (95%CI
12.97~25.03) , % R 2H (B & 0y 47 PFS 8 12
(95%CI 9.11 ~ 14.89) . H il OS 24 16 1 H (95%CI
13.11~18.89) , W24 Wi {37 PFS K A OS )55 F %t
A8 2H ( Log-rank x2/P="7.406/0.007 .6.576/0.010) ,

2.2 243RITETE MG MR AR Y LA 2 HARE
M35 CA125 HE4 /K- Bl %5 37 J7 B 8] 4E 4 4748 VK R
1%, EUES MK T X B8 41 ( P<0.05 T P<0.01) , 'L
%3,

2.3 24RITHTE AR TE I L 2 AR R T
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Bl 3R Y7 I R A X T WSR2 2 34 5 T 0 i
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Tab.2 Comparison of clinical efficacy between the control group and the observation group

a5l % CR PR SD PD ORR DCR
o R 2L 55 5(9.1) 18(32.7) 19(34.5) 12(23.6) 23(41.8) 42(76.4)
ML 55 8(14.5) 26(47.3) 16(29.1) 5(9.1) 34(61.8) 50(90.9)
DGR 0.785 2.424 0.377 4.251 4.406 4.251
P 0.376 0.119 0.539 0.039 0.036 0.039
R3S WAL Ak B0 S SR B IRTRIE LE IRAR S LA (aes)
Tab.3 Comparison of serum tumor marker levels between the control group and the observation group
ao i CA125(U/ml) HE4 (pmol/L)
TRITHT WY 3ARABE BT 6 N EE IRITHT WY 3N AME AT 6 M RE
X IR EH 55 121.25+16.16 88.81+11.96* 54.51+16.01° 78.84+14.80 56.70+14.37* 43.66+12.24°
WA 55 121.88+12.78 79.08+11.61°* 46.36+13.84" 79.16+12.86 51.56+11.53¢ 35.31+12.56"
t1H 0.227 4.328 2.855 0.120 2.068 3.535
PH 0.821 <0.001 0.005 0.904 0.041 0.001

0 HARMIBITRT LS, " P<0.05,

M .1/P=4.153/<0.001,4.696/<0.001 ,6.367/<0.001 ,
3.412/0.001.8.392/<0.001) , W3 4,

R4 XA WAL A B0 SR R B IR TR A S PR L
B (xes,51)
Tab.4 Comparison of quality of life between the control group and

the observation group

41 o AEEBEIS  JRITHT AT 3 ANEBIE 1T 6 AR
PRRAL RIATIRE 59.53+7.60  64.15£5.82°  69.55+6.20"
(n=55) ftaTifg 54.44x6.54  61.02+4.69°  68.55+5.27°
FEIET 58.69+6.67  58.62+4.84" 63.56+4.63°
AR= 013 54.38+5.43  61.24+5.83" 70.45+6.32°
SR 56.3623.31  60.89+2.84°  67.65+2.87°
WAL IRIRTRE 61.95+6.53  69.58+6.64"  74.45+6.20%
(n=55) ftauige 55.67£5.93  65.31£5.46™  73.96+6.74"
e L 57.75+5.50  61.89+5.94"  69.00+4.32%
FaR- VI 54.22+5.75  65.53+6.78"  74.44x5.91%
BRATEF R 56.96£3.27  65.20+3.52%"  72.58+3.28%

L S ARHIEIT R L, P <0.05; 5 %F B8 2 ) 9 ] 39 b 48, PP <
0.05,

2.4 2HIRIRZ e E WEHEBRENARRN

KAHH 47.3% (26/55) , % BRZL K 40.0% (22/55) ,2
H B2 TGt 3 L (x2/P=0.591/0.442) , W,

*5,
3 it i

AVANOVA 581 JRRL R A D AR 2R
PUAREE T Je HraR] 24 n] g 35 vk B & Bl S8 iR
() PFS, ALl B /R |, 3232 DUARER AT A JE LA R I6
ST IS KM B B8 FB 35 PFS  0S ¥ T Xt IR 2H B 3,
SRR B — 8otk . DURER APV B A A AL
25 W SR SS A VEGE BN 5 52 1K i #H B4R

RSO E WLGEA 5E A 0 SR R I R 4 A LA
[#(%) ]
Tab.5 Comparison of clinical safety between the control group and

the observation group

pagist: k% -

e B S S O

IR 24T 0.646  0.886
ZL M 4(7.3) 6(10.9) - -
i /R 3(5.5) 4(17.3) - -
SE v 3(5.5) 3(5.5) - -

E |1V & 52 o 0.000  1.000
e I 5(9.1) 6(10.9) - -
HHER 4(7.3) 4(17.3) - -
Z7 5(9.1) 5(9.1) - -
SR 3(5.5) 5(9.1) - -
s 2(3.6) 3(5.5)

JH 210 300 ) P 3 A ot 2 B 410 ) g A= 4T
1B, D AR TR BT e fi e 1 A5 285 4 1F 5 Ak, 38 ks
I7 25 KA IG 7 25 W0 0t A B A RIRERNY | e
FIARIVES PARP #0550, @ L #0] PARP il 7% M BH
FEHIh IR 200 B DNA #3403 & 52 05 3 g g i g =10
ARG K WL ORR A DCR 4 18 & 5 T-XF R4
B BERIRYT RBNS T £ i iR AT B B A, X T
B RN DL AR R BT 2035 T i ee i SR B8, 384 7 e
Jed L2 I L 87 JE 7 0 AR B 4% o 1)k e 400 e O 4
SR T PR AR R B g 4 SR R DD AR ER
PAHUIRA Je RIa R Re T 2 52 M B B0 H A e I 1S
FFGE ), DB I R i XU

A FE 45 S R, W2 2 HR A 2 4 T Y A 3 TR
IR e TH ) A TR a2 DR ER BA T R e
PRI L AN 5] 2 T 400 ) Ao Jes 40 2B 4, B
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A2 B, WA T e A1 JE] i FF 21 20 B it /0N AR 40 i A
5 A L 11 57/ 5 I 71 1 1| = )72 o e B
i ot A e 4 A0 B O S B0 R Y R, O
FRER AT AT RERZ A B /INIK PN B 20 L Dy fig | 3 /N BR
TECE A B e 5 R R R BARELAIRYT
AETEX B2 A [P R AH R o AN B 0 38 2o ) 3% 24
Pl RHRE SCRARYT SR AS 2 T A R il A
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WS RSN 119 R, B SR B 3% 245 ) 351 o X S
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[# ZE] BHH HRAZLREWTE (HPV) o BUR NI A 007 40405 1 8 3 A2(CCNA2) \GATA 565 H 1 2
(GATA2) X e/ 808 (CC) B R WIS Wil ., 3% 1EHL 2022 4E 7 H—2025 4 7 A 1LY ERF K248 — E R A RH2 1R
1 CC U 315 BilfE R CC A, B BUR M8 835 315 BIVE XTI HRZH (N-CC 1) , >R HPV 43 BUEEFRLE B BOR K B
Hy W HPV W5 ELISA ¥ 52 17 CCNA2 GATA2 7K ; 328 # TAEFHIE (ROC) #TZRIEAS HPV 20 RGN |
CCNA2 .GATA2 X} CC By BRI WL BE ; Kappa — B MR 43 #T1 HPV 4375 CCNA2 \GATA2 S5¥RELS W &6 2R 1 — 2
Bootstrap A RE B R A TR R IE , I145 4 Hosmer-Lemeshow 0610 BRGS0 PE I A B RE HERE 11, 25 & W uEi2 Wr
FEI (R RS EEE 3BT IMLTE CCNA2 GATA2 /KX CC & R Wi E HEAEH ., &SR CC 48 HPV MR T
N-CCHL (x?/P=264.829/<0.001) ;CC £ 1fL7H CCNA2 .GATA2 /K375 F N-CC 41 (1/P=13.355/<0.001.13.731/<0.001) ,
HPV 43 BIKG  CCNA2 (GATA2 ¥ijh % = F A B2 CC RYrHZE T FL(AUC) 43514 0.824.0.766.0.785 .0.935,
ZHEBAETA A MW CC B (Z/P=9.655/<0.001,9.699/<0.001 ,9.030/<0.001) , HPV 4%l CCNA2.
GATA2 =FEBAKMILE H CC B3 293 4], 52 Wi BA & B —BM: (Kappa=0.724, P<0.001 ) ; K HE T 4530t 26
HH T30 RUIS: 5 W0 25 SR 153 BE W) A, Hosmer-Lemeshow 4006 D6 B2 A6 90 45 SR 3E— 20 B DA 70 HL & R A7 IS R R 1k ()2 P =
14.762/0.064) ; CCNA2 5 GATA2 SR £k BEH KL CC MRS SUIRR L 19 12.26 £5, 3¢ TAE A 44T B7s Wi &
[ 7 e 3 ( RERI=7.03,S1=2.66) , H. 57.00% ) 95 WU T IH [ F CCNA2 5 GATA2 MAZHAEH , &it HPV 43Hl
il 5 1 3% CCNA2 (GATA2 KPR G 43 HT A CC RBATR i HAT fLbk 112 Widl g .
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The early diagnostic value of HPV typing detection united with serum CCNA2 and GATA?2 for cervical cancer Wu
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[ Abstract] Objective To explore the early diagnostic value of human papillomavirus (HPV) typing detection com-
bined with serum cyclin A2 (CCNA2) and GATA binding protein 2 (GATA2) for cervical cancer (CC). Methods A total of
315 patients with CC treated in the Department of Gynecology, First Hospital of Shanxi Medical University from July 2022 to
July 2025 were consecutively enrolled as the CC group. Simultaneously, 315 patients with cervical benign lesions during the
same period were selected as the control group (N-CC group). HPV genotyping gene chip technology was used to detect HPV
subtypes in cervical secretions. ELISA was employed to determine serum levels of CCNA2 and GATA2. Receiver operating
characteristic (ROC) curve analysis was used to evaluate the early diagnostic efficacy of HPV genotyping, CCNA2, and
GATAZ2 individually and in combination for CC. The Kappa consistency test was applied to analyze the agreement between the
above indicators and pathological diagnosis results. The bootstrap resampling technique was used for internal validation of the
model, combined with the Hosmer-Lemeshow goodness-of-fit test to assess model calibration capability, comprehensively veri-
fying the robustness of the diagnostic model. The interaction between serum CCNA2 and GATA2 levels in the early diagnosis
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of CC patients was analyzed. Results The HPV-positive rate was 15.24% in the N-CC group, which was significantly lower
than that in the CC group (80.00%) (X°=264.829, P<0.001). Serum CCNA2 and GATA2 levels were significantly higher in
the CC group than in the N-CC group (t for CCNA2 = 13.355, t for GATA2 = 13.731, both P<0.001). The AUCs for early
diagnosis of CC by HPV genotyping, serum CCNA2, GATA2, and their combination were 0.824, 0.766, 0.785, and 0.935, re-
spectively. The combined diagnosis was superior to each method alone (Z=9.655, 9.699, 9.030, all £<0.001). HPV genotyping,
serum CCNAZ2, and GATA2 individually detected 252, 232, and 238 CC cases, with agreement to pathological diagnosis being
high (Kappa = 0.648), fair (Kappa = 0.397), and moderate (Kappa = 0.460), respectively. The combination of all three detec-
ted 293 CC cases, showing the highest agreement with pathological diagnosis (Kappa = 0.724, P<0.001). Internal validation
showed the calibration curve indicated a high consistency between predicted and observed risks, and the Hosmer-Lemeshow
goodness-of-fit test (X’ =14.762, df = 8, P=0.064) further confirmed good calibration of the model. Patients with co-high ex-
pression of CCNA2 and GATA2 had a 12.26 times higher risk of developing CC compared to those with low expression of
both. Interaction analysis indicated a significant synergistic effect between the two (RERI = 7.03, SI = 2.66), with 57.00% of
the disease risk attributable to the interaction between CCNA2 and GATA2. Conclusion
with serum CCNA2 and GATA2 demonstrates superior diagnostic efficiency in the early identification of CC.

HPV typing detection combined

[ Key words] Cervical cancer; Human papillomavirus typing detection; Cyclin A2; GATA binding protein 2; Diagnosis
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Tab.3 Comparison of serum CCNA2 and GATA2 levels between

N-CC group and CC group

A5 115K CCNA2 GATA2
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Tab.4 Early diagnostic value of HPV typing combined with serum
CCNA2 and GATA?2 in CC patients
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B 1 HPV 438 J CCNA2 GATA2 Kl B2 W7 CC 834
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Fig.1 ROC curve of HPV typing combined with serum CCNA2
and GATA2 for early diagnosis of CC patients
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Fig.2 Internal validation diagram of diagnostic model
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The influence of transcatheter aortic valve replacement and surgical aortic valve replacement on cardiac remodeling
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[ Abstract] Objective To comparatively analyze the influence of transcatheter aortic valve replacement (TAVR) and
surgical aortic valve replacement (SAVR) on cardiac remodeling, including cardiac structure and cardiac electrical activity, in
patients with aortic valve disease (AVD). Methods The clinical data of 107 AVD patients who were treated at Renmin Hos-
pital of Wuhan University from January 2021 to September 2024 were retrospectively analyzed. Among them, 53 patients un-
derwent TAVR and 54 patients underwent SAVR. Echocardiographic indicators, electrocardiogram indicators, and heart failure
indicator N-terminal pro-brain natriuretic peptide (NT-proBNP) were collected and compared. Results In terms of echocar-
diography, immediately after surgery and 1 month postoperatively, left atrial diameter (LAD), left ventricular diameter (LVD),
right atrial diameter (RAD), and right ventricular diameter (RVD) in the SAVR group were significantly lower than those be-
fore surgery. Up to 6 months postoperatively, LVD and RVD in the SAVR group still showed significant differences compared
with preoperative values (all <0.05). In contrast, LVD and RVD in the TAVR group did not improve significantly until 1
month postoperatively (all P<0.05). However, left ventricular ejection fraction (LVEF) in the TAVR group recovered signifi-
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cantly at 6 months postoperatively (P<0.05), whereas LVEF did not improve significantly after SAVR. Postoperative LVD and
RVD in the SAVR group were significantly lower than those in the TAVR group (P<0.05). In terms of electrocardiography,
postoperative QRS and QTc intervals in the TAVR group were significantly longer than those before surgery (all £<0.05),
while no obvious abnormalities were observed in the electrocardiogram indicators of the SAVR group postoperatively. After
surgery, PR, QRS, and QT intervals in the TAVR group were significantly longer than those in the SAVR group (all P<0.05).
In terms of laboratory tests, postoperative NT-proBNP in the TAVR group was significantly lower than that before surgery,
while postoperative NT-proBNP in the SAVR group was significantly higher than that before surgery (all P<0.05). Conclusion

The effect of TAVR on cardiac reverse remodeling is inferior to that of SAVR, but it is superior to SAVR in improving car-
diac function and prognosis. In addition, TAVR can significantly reduce serum NT-proBNP and improve myocardial injury sta-

tus, but the incidence of cardiac electrical activity abnormalities is higher than that of SAVR.
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Fz 2 TAVR 415 SAVR 41 AVD BEBH LB LR (52s)
Tab.2 Echocardiographic indicators of TAVR group and SAVR group before and after the operation

4 Hbn AT HBERT 24 h AJF 14H AJE 6 1 H F/P A
TAVR 4 LAD(mm) 44.42+8.36 41.48+6.23 40.52+8.38 39.60+8.62 1.984/0.137
(n=53) LVD(mm) 53.80+7.72 50.12+6.51 48.00+7.04° 43.00+7.65" 8.433/<0.001
RAD(mm) 38.60+6.62 36.41+5.39 36.35+6.39 36.13+8.14 1.178/0.335
RVD(mm) 22.84+3.04 22.26+3.32 21.13+2.01° 21.67+2.13 2.792/0.050
LVEF (%) 49.56+12.12 50.63+11.62 53.74+5.96 55.60+4.27¢ 3.675/0.018
SAVR LAD(mm) 47.06+11.15 39.31+6.37¢ 39.65+7.82¢ 41.34+9.00 6.369/<0.001
(n=54) LVD(mm) 54.67+8.12 46.84+5.63" 46.04+5.26" 46.73+4.82" 14.308/<0.001
RAD(mm) 40.06+7.84 36.45+5.09° 36.18+5.10° 36.54+4.35 3.140/0.028
RVD(mm) 22.50+2.66 21.10+2.33% 20.96+2.21° 20.71+1.95° 4.925/0.003
LVEF (%) 53.55+7.69 54.02+5.76 53.98+9.81 55.63+4.80 1.161/0.328

1 S NARRTIEER, *P<0.05; 5 TAVR 2H L BERT 24 h 4L, P<0.05,
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R 3 TAVR 415 SAVR 40 AVD S O HEFEARLE  (sts,ms)
Tab.3 Electrocardiogram indicators of TAVR group and SAVR group before and after the operation

41 5 [ AR L BEET 24 h Rig14H AR 6 1A F/P 1l
TAVR # PR [A] 174.04£36.70 195.07+42.04 184.06+42.25 183.58+26.73 2.120/0.116
(n=53) QRS [A] 4 102.52+18.07 130.08+35.70* 120.95+28.34 112.93+31.36 9.104/<0.001
QT ) 411.83£53.72 419.47+52.77 429.16+51.46 437.14£41.22 1.394/0.262
QTe Ja)3Y] 446.10+38.77 467.39+48.56° 465.21£30.99* 447.00£30.30 2.987/0.044
SAVR 41 PR [A]# 161.05+35.91 161.88+29.49" 164.40+34.38 163.28+50.59 0.081/0.970
(n=54) QRS A3 104.62+17.04 100.65+16.61" 106.06+11.64 107.65+14.27 1.879/0.138
QT )3 400.90+51.51 386.63+49.64" 390.69+41.98 394.37+32.10 0.782/0.506
QTe (A3 440.85+29.40 452.09+66.24 442.63£26.22 443.56+25.52 0.442/0.723

T SA AR, *P<0.05; 5 TAVR 4L BT 24 h HAs,*P<0.05,

F4 TAVR 45 SAVR 41 AVD &34 NT-proBNP /K
LLEE  (mes ,ng/L)
Tab.4 NT-proBNP levels of TAVR group and SAVR group before

and after the operation

4 Gl %k AH HIBERT 24 h i PMA
TAVRZ4 53  6846.3x12454 3692.2+884.4 2.065 0.042
SAVRZH 54 1029.0£303.2 3 760.0£754.7 3.358  0.002
¢ 3.173 0.052

PE 0.002 0.959

3 4t i

AS AT AR SR B LAY S 800 )1 B AR
AS FEZLh 3 B BT sz BRI 5 1R 1 1L 30 2 ) 2 5
W AR O 35 R 8 B fer TS AR ) 32 2 oy =5 3 ko
F 2540 S5 18 T s R S ke 5 R A i Y 5 3 R A
DA R ITEL, BE  AR A JR I AT R O R
A, FECONELE PR 0 10, YRR P 78 5
KPS 4R B T B HLR T BT I PRI O 800 Sk
S PR AR S 75 LR A7 IR A 4 R, Bl LA TAVR
F1SAVR FEAN[R) Iy T 2[RI A 45 ] LA e 5 Bh A 3
PR EMIGT Y, BEABISIESE T TAVR 1E4
Ak B FYE AT SAVR BYIEH P,

AT R O BRI TAVR A1 SAVR 7RO i
WL T TS AT T VA R e TR o A
BRIRERR B 28 Bl O P AN 42, DO I AT £ 7 R 53 A2
D LR DI RE TG B0 I B A R, 2 4R
FEAR G ¥R O ARG 5 BRI 5 iR —
SR (ER 0 N Iy LR o 05 N T AR i
S5 WK SAVR ZHAE Fl T AR 0 70 ™ K A el
VEFIRR ] 5835, 3% 2 A g SAVR 38 i I i iy 5 =% 7 4
SR RS R AT b B R IR ASOR v E4 A []
B A5 20 By 1k 9 8] U, AT A5 5052 W g 358 1L 3 30
UL Z R, TAVR BT R EE I s 4 T
SAVR 4, 2 ARG 1 M H A fe i 23R T AR 0 E

H EFIVE R, 1X 5 Sato 2 HREHL ) TAVR ARJ5 %HF
03 2O ELAR DI REAF AR AR (BRI & . (HAEAR
J& 6 A A BT WL TAVR X LVEF (%) 8 3 86 EH ,
1M SAVR 4L # ) LVEF — B AR A 8K E , Xt
S REAFFT AL — 2, TR B BB TAVR % T 42 FH0 i
HH AR L ) ) 2 R P A A, v LA S
T O D RE B AN IS, DT AT LA T - b 48 v i 3 A
TP

W ARG 0 2 W50 HL R P8 RIS TAVR R
DRSS R R AR A SCHERIRGE O B
SBEA ARG TR B AR R A A 0 E A T
RELTE FIHT & 20 R 3 A% S BHA J& TAVR B UL I RE
HE A ZG AR AR REREAIR, TAVR BN 14 5 i 32
BRI TAL T R G0 2 B HE U B T —
L6 [ i B ML RS | 5 3500 AR [ 2 B 1 7K e
MR, DL 2500 A% 5 BELS R 2200 T BB K A2 4%
2% FHEpEREI R 20 ARBEGE KB, TAVR 4UAR
J& QRS.QTe [MIHA A $E/R 352 TAVR (A AR
JEH 5 RAECHIERIE S 5% . TAVR RJG & 2R 5
A AS BB I R4S J5) B A 1 2 1, 2 Sk R T
BIT T R N — KREER, A, 4] ik 34
TAVR AR5 KA 00 NEAL S B AT, J& TAVR 835 [ F
A — K PRAE 7 Xt TAVR I SAVR iR
VIDLE vz nh e ity A 1 1eS

BJa , AW IR T TAVR 1 SAVR KT AS
F LG NT-proBNP 7K-F- (15200, NT-proBNP & —Ffi
ONEDIREAEYIbR &), H T w40 7 s i KU . AR
Il ,SAVR £ NT-proBNP /K- KT TAVR 41, &
P52 B E AR 22 A O B AR IR K
NRZEAR e AR 2780 LB o ek 2 #4235 ) NT-proBNP
KT R, TAVR #2 NT-proBNP K F 2 %
R, 7R BB TR B 50 SAVR i RS NT-proBNP
KP4 3 T, 32 I R R T T R S B0 U A
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TSN & AR 5 R (R RE [ BHHEBR AR IS 5
KU UIREA A st Sl BT RE, B LLX g R T
SAVR IGS7 B XU PE FI X 55 7K F- NT-proBNP 1 AS f#
HANE M, BEAE 05 S /s Bl R B NT-proBNP
AEXTF TAVR B AR AR U 73 )2 A0 4 F 2RI IR
ﬁ?ﬁ,%ﬁquﬂg NT-proBNP S5 E R 0w
RERRAT & AR A XY (HRHEEE RIS, 78 AS 1Y
B AS A I7 S M B i L e % b, K OF NT-
proBNP [ Z %M EHAFR, % TAVR Hl SAVR 197 %
VERR IR T BELR A 5 R R E NN AT AR Y OF K E
mgﬁ{ﬂ-&ﬂ .

AW SR B AELE SR BRI, A4 . (1) AR R TE &
JEE VPR RS TP AT A TR T o T, B 5T DN
(2) W58 NBEHERR T ZERF 2 I S0 T 19 8 3 LA SR fig
SERCRH VTR W REAEAE IR BE TR AT 5 (3) ARTFSE Y
2HBHEFERENFER2ZR TAVR 45 T SAVR
4, 3% 5 TFARGE REAH SC I RS2 BR T A ot B s A
AR AR PR A /NI TAVR, R A 58 B %
AEE 25 SEUEA TR, {HL IRTJBCPE AFF 5T [ A 1 5% A TR 2 A
RN SE A HERR 5 (4) ARWF5 AR FH 0 L 45
T ATREA I DAAGIL O L 76 sl 5 AR Ak SR S o %
JEEE G sh A O L B DL SE B AL (5) ARFFRAGESR T
NT-proBNP [ ARFTA S5 224k, (0 LA S5 Bl 15 25 H 14 ik
RFEITT LR R ANE 583
4 & i

25 1 AVD BRETEIEAT 3 ol O AR S5 0 Y
SRR A8 2315 3 i3, TAVR Al SAVR B ] gk
M AS 30 AR S OIEYT K, SAVR R FER
TORE I B O B A0 76 AR 5 AT DL BN 0 B
FAY T A BB 2R 7 28, T TAVR RO JUE 396 55 4 1
UERCR BN SAVR, (HUR X F el s 0 Mg 5 fls
BAET SAVR, IEAh, TAVR fEN] i FEAR 523 1% NT-
proBNP 7K, dlesg 0 L 03 IR 25 (L [R) B Fy TR 4%
T RGBT Z A NN R RS AK 169 52 ), o0 JUF H 0
S R R T SAVR, Ik, 7E AVD B4
Y707 SRR RE N I | N 255 B 22 4tk ARt 50T
KAERS: . TRV, 76 R X AVD BUBF5E i iE T 3
TR R PEAL T I PR =5 06 T FNA T IS AR AR AU
PEARIR R AR, 25836 AVD IIZTARCRE AR
I E R P (i w I ETRUIEN
e & Rk A

T & RIS SEHERT T A, B i e T AN 4
TR, ISR | 3] A SEHERT ST AR BRI B 4T
B, R oA AT SCHR BT SR B B SOREZE ; 3% 2% 4 1 ST
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MIE a-MSH  TSPO 7K 55 & 1l A H i 58 2
BN A 5 i K b S 50 5 #A AR S 1

ol B ER BAER, F—

HA T ¢ A BEE RO R (20260699 ) ; ARG TR ARBFSE 5 4 R H-RIH (202109A038)
P BAY ; 067000 048 7R DS A2 I B 15 I 2 R ( 200 2B BRI AR | b —) L 2984 (TR
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[ Z] BHH HiTiF o B0 X MR E (a-MSH) FEA12E 1 18 kDa (TSPO) 7K F- 5 & 1ML 75 5 1 1
(HICH) A& ARG Wik b X BUS f9AECPE, ik RiBEMEEE 2022 4F 1 J—2024 4F 12 J 7R PR 5 2 Be it s 22 B
2 AMBA TR IGYT A HICH B 150 I7E R HICH 28, MR PS5 155 R BE 4 R BE W 2 28 9] rR EER.4H 37 431, vk
WA 39 B FEEWAL 46 B, SARSE A G ik M & A A5 50 B 6 A~ A TS 43 R i /K PS4 57 5] A A 7K Jie 36 28
93 I ANT)E A R4 62 4 FiJm RLAFAV 26 88 1], 55 45 B8 2 - 1 Be 451 o BRI 3 % I ft B A G 5 75 19101 o i B 3o R 4
SR Y B G 25 W8 B4 U L3 -MSH \ TSPO 7K ; Spearman 2544 A0 K 0 HT LK a-MSH , TSPO /K F-5 HICH £ # %1%
FREERIAHOCHE ; Z2 3K Logistic [|1H 38T HICH 8 35 0B A J5 i 7K i A BUf5 AN B9 52 [ 225 ROC 1t 26 43 BT 1l v
a-MSH  TSPO 7K-F-Xf HICH B A AJE ik ip & 15 A R THNALHE . 4558 HICH 41 E a-MSH 7KFEARF @5
K} HRL TSPO 7K -5 TR BA2H (/P = 12.220/<0.001 ,17.680/<0.001 ) ; 5% & P fhE & FE HICH B I
a-MSH 7KK AR, TSPO 7K AR IR T+ (F/P=324.261/<0.001 ,39.015/<0.001 ) ; HICH 22 I3 a-MSH /K595
TR R A (r,/P=-0.587/<0.001) , TSPO /K 55055 5 F B 52 1EAH 2 (r,/P = 0.593/<0.001 ) 5 5 Hxi 7K fib 37 26 L
A MBI S 2 Ifi i AR R K L GCS PRI  NTHSS PE4 5 L o-MSH 7K A% TSPO 7K - (1/P =9.768/<0.001 ,7.191/<
0.001.10.336/<0.001,6.574/<0.001.8.512/<0.001) ; 5 W5 K 40 41 oA, TiJm AS B30 20 1fi P R ALK GCS PE4MIK
NIHSS #4355 ARG MK i E 4 &7 a-MSH 7K S-S TSPO 7K 155 (/P = 11.849/<0.001 ,7.472/<0.001 ,10.676/<0.001 ,
39.679/<0.001,7.448/<0.001 ,8.798/<0.001 ) ; ML ALK \NIHSS 14315 \TSPO 152 HICH &35 (I A S5 B K Ji 114 7
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0.901) ,0.662(0.518~0.846) ] ; Il o-MSH ,TSPO 7K 5l K — #1564 F HICH S35 BIAR 5 ikzK iy AUC 43 31
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Bl R T E AT HICH BE AR G BUS A KR AUC 43514 0.814.0.797 0.886, " F A1 T HAS B Bl Him 4
fE(Z/P=3.101/0.002.2.889/0.004) , £if HICH B M o-MSH /KEFRAK . TSPO A TH i, 50 15 I 8 A i B A
S5 K AN FUE AN LA 56, AR IIXS HICH 5538 A5 B 7K i T8 5 A A v e T s e o

[RBEIR] o Ml I 5 o PR 68 SR A0 MO R 5 S 60 A 1 18 kDa; ik i U5 5 Tt 41 {8
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Peripheral blood a-MSH and TSPO levels and their correlation with postoperative cerebral edema and prognosis in
patients with hypertensive intracerebral hemorrhage undergoing minimally invasive surgery Wang Hongmei" , Li
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Chengde 067000, China
Funding program: Hebei Medical Science Research Project Plan (20260699) ; Chengde Science and Technology Research and
Development Plan Project (2021094038)
Corresponding author: Bu Yi, E-mail. by8703@ 126.com

[ Abstract] Objective To investigate the associations of serum a-melanocyte-stimulating hormone (e-MSH) and 18
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kDa translocator protein (TSPO) levels with postoperative cerebral edema and prognosis in patients with hypertensive intrace-
rebral hemorrhage (HICH) undergoing minimally invasive surgery. Methods A total of 150 HICH patients who underwent
minimally invasive surgery in the Department of Neurology and Neurosurgery of the Affiliated Hospital of Chengde Medical
University between January 2022 and December 2024 were prospectively enrolled as the HICH group, and 75 age- and sex-
matched healthy individuals were selected as the healthy control group (2:1 ratio). Serum «-MSH and TSPO levels were meas-
ured using ELISA. Based on the National Institutes of Health Stroke Scale (NIHSS), patients were categorized into mild (n=
28), moderate (n=37), moderate-to-severe (n7=39), and severe (n=46) HICH subgroups. Spearman’ s rank correlation was
used to analyze correlations between serum biomarkers and disease severity. According to the presence of postoperative cere-
bral edema and 6-month outcomes, patients were further divided into edema vs. non-edema subgroups and poor vs. good prog-
nosis subgroups. Multivariate logistic regression (enter method) was used to identify independent factors for postoperative cer-
ebral edema and poor prognosis. ROC curves were constructed to evaluate the predictive performance of serum «-MSH and
TSPO levels. Results Compared with the healthy control group, serum a-MSH levels were significantly decreased and TSPO
levels were significantly increased in the HICH group (f=-12.220, 17.680, both £<0.001). Serum a-MSH levels progressively
decreased, while TSPO levels progressively increased, across the mild, moderate, moderate-to-severe, and severe HICH sub-
groups (F=324.261, 39.015, both P<0.001). Serum «-MSH levels were negatively correlated with disease severity, while
TSPO levels were positively correlated (r,=-0.587, 0.593, both P< 0.001). The incidence of cerebral edema in 150 HICH pa-
tients after minimally invasive surgery was 38.00% (57/150). Compared with the non-edema subgroup, the cerebral edema
subgroup had larger hematoma volume, higher NIHSS score, lower GCS score, lower a-MSH level, and higher TSPO level
(t=9.768, 10.336, —7.191, -6.574, 8.512, all P<0.001). After 6 months of follow-up, the poor prognosis rate was 41.33% (62/
150). Compared with the good prognosis subgroup, the poor prognosis subgroup had larger hematoma volume, higher NIHSS
score, higher proportion of postoperative cerebral edema, lower GCS score, lower a-MSH level, and higher TSPO level (¢=
11.849, 10.676, 39.679, —7.472, —7.448, 8.798, all P<0.001). Increased hematoma volume, increased NIHSS score, and elevat-
ed TSPO were independent risk factors for cerebral edema after minimally invasive surgery, while increased GCS score and el-
evated a-MSH were independent protective factors [ OR(95% C/)= 1.091 (1.042-1.142), 1.098 (1.036—1.165), 1.715 (1.266—
2.324), 0.758 (0.642-0.895), 0.731 (0.622-0.858) ]. Increased hematoma volume, increased NIHSS score, postoperative cere-
bral edema, and elevated TSPO were independent risk factors for poor prognosis, while increased GCS score and elevated
a-MSH were independent protective factors [ OR(95% C/)=1.154 (1.069-1.246), 1.144 (1.033-1.268), 8.273 (1.374-49.814),
2.297 (1.375-3.836), 0.702 (0.547-0.901), 0.662 (0.518-0.846) |. The AUCs of serum a-MSH, TSPO, and their combination
in predicting cerebral edema were 0.789, 0.782, and 0.861, respectively. The combined prediction was superior to either marker
alone (Z£=2.871, 2.598; P=0.004, 0.009). The AUCs of serum a-MSH, TSPO, and their combination in predicting poor prog-
nosis were 0.814, 0.797, and 0.886, respectively. The combined prediction was superior to either marker alone (Z=3.101,
2.889; P=0.002, 0.004). Conclusion HICH patients exhibit decreased serum «a-MSH and increased TSPO levels, which are
associated with disease severity, postoperative cerebral edema, and poor prognosis. Combined measurement of a-MSH and
TSPO provides high predictive value for postoperative cerebral edema and long-term prognosis.

[Key words] Hypertensive intracerebral hemorrhage; a-Melanocyte-stimulating hormone; Translocator protein 18
kDa; Cerebral edema; Prognosis;Predictive value

fe Il B I ( hypertensive intracerebral hemor-
rhage , HICH ) 42— S i 1 45 95, I Stk 9 ot
IR 30% , B2 75% 1 52 A7 2 1 B K A T 5k
PR B TR B AR AT B LR D8R A T {H
ARG WK o AT 7 R R WUE S oA R A
Jl3# £ ( a-melanocyte-stimulating hormone , a-MSH ) J&
— Rt 2 PR K, AR P A S 2 AR AR
FHY . Feng &P HGE | 1M13¢ a-MSH 7K AR 5
o-MSH 7K T a5 -5 B 0 1 i 45 0 28 8% #9155 1m0 A
*, ¥ % A 18 kDa ( translocator protein 18 kDa,

TSPO) J&— M 1, 2 5/ BT i i 0 , 50 &
RS 38 % UIAR 5, Khrunin 2517 H23H , TSPO
B DR 22 25 5 e R i 2 v A AR RO RS AT G
WF5E 36 W, #2898 1k R IO, 4 Ak 0L 8RR It g 5 B
(blood-brain barrier, BBB ) B I8 75 i it 1L & o & $5 H
TR . T, A FE T L o-MSH , TSPO
K5 HICH B35 30 A S5 ki 7K e S 1) 1 OC &R, DA
1A i £ TS LT 2R B IR

1 #/REFHE

1.1 R R RUBEMERE 2022 4 1 H—2024 4F
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12 HRFE B 24 Be Ff s B2 Be i 22 N SMEHM T B AR VR T
() HICH &3 150 B4 >A HICH £H, % 90 f4i], & 60 i
AEIY 32~83(62.53+9.28) & (K541 18.35~31.18
(24.34+2.32) kg/m”; B Il JESRFE 4~25(13.03+4.66)
A WA S 62 491, AR S 45 )5 A T 9 ],
/NG 19 ), B 16 3], Fe i 34 1], FEIRE A% IX 63 fi], H:
Al 9 451 5 1L PR TR 3.32~56.87(19.63+6.62) ml ; AP
ST BF B 2K T4 ( Glasgow coma scale, GCS) 3 ~ 15
(9.24+3.62) 41 ; ABEHT 32 [ E 5 AW 5T B 26 h i 3%
( national institute of health stroke scale , NIHSS) 3533 ~
41(16.73+5.69) 43, AR 17 F B (NTHSS PF4) ¥
HICH & 0 MR WA (<4 4,28 ) W4
(5~1543,37 ) A E W4 (>15~20 4,39 fi) |
FREWLL( =21 43,46 1)1 0 FIF0HR 2 1 ek B ]
W= Befi B AR KL 75 BV R fd et B4, 55 41 %
34 5] AE WS 24 ~ 77 (61.07 +7.63) %5 1K i 7 45
18.42~27.21(23.98+2.00) kg/m” ; Wz Ml s 27 5], A iy
21 i, 2 LM AR IS AR e A IR B R
WA, ER LG E L (P>0.05) , AT i,
AL R B fe FEZE 0L b (2021048) , 523K 1/
SRR A R B I B S R,

1.2 REIEREFRHE (1) IARRHE. O RAET 55
HICH 2 Wiz @4E#E =18 % ; @ K B A Bzt
[ <12 h, 3 ZMEIARIGIT ; @F 56 % 1Y I K 55k,
(2) HEBRFRME QARG A 2 R 5 )F5 g Jek e o F
AR QUE RS L A% ; DBENFE T4 ; ®Im K
RGP ; © N RERH Uk BE U8 Bk 3 OR R
B ;OB IFME AR WU | THAK R 28 R g s g A I
M 28 RGEPI 5 OB PER 3

1.3 WS bR5 vk

1.3.1 L% a-MSH TSPO 7K-FK . F HICH 41 A B¢
Fish % fi 5 %ok A A A SR £ JE A JR ik L 3l 500
P BN 335 , >R FHY Tt 36K B 73 MR B Y25 4G T oo-MISHL (38 M B
AR A R FAR &, 5245 KM090894 ) | TSPO
(BB AR YR A PR "R £, 1895 EH4447)
K-

1.3.2 GBI S WK B PPAl K2 3505 4320 AR5 i K i
FE SUNARG 24 ~72 h 52827 RG A 57 il b s Jol [ 25
/s S XA, s B ZH 2 ik RS ki
FZREML ) WY HICH BEMAIAR)E 1 AN
S5 2 A T 7K e 43 SA B K o ST 57 4 Rl i K ek S
4 93 i) ;i@ ad 12 B L T X HICH R Fifi T 6 4>
H ARYEIC R Rankin T(0~6 2%, 4328w T 4l 28 )
fBSh SR 22 ) PEAG TS, 43 A TG A B4 62 4

(>2 %) FHa R 88 il (<2 4%) .

1.4 Hiit=gorik ] SPSS 28.0 #4481/ #r kL
P, THECFAR T B A B L (%) e, A TA] R
X2 Ko F7 A IEAS A BT R aes R 2 4
] LR A ST AR AR o K30, 2 A H] LR ) F R
Spearman 55 2% A0 3¢ 7 T 1L 7 o-MSH , TSPO /K F- 5
HICH B IR B 1 AH G ; Z2 I &R Logistic 19114 43
BT HICH F8 35 T B AR S5 B 7K b B 101 /5 AN B 1Y) 5 i)
2R FH TAEFRE (ROC) i 4R 0 I 7 o-MSH
TSPO 7KF-XF HICH £ & fl B A S i 7Kk b B 35 AN B
FIFRRE . P<0.05 NZEFAGH = X,

2 g% R

2.1 2 #iM¥E o-MSH TSPO /K F-H#  HICH 4H 1 7%
a-MSH 7K PG Tt B X R 2, TSPO 7K - i it B %o}
M2 (P<0.01), L% 1,

R 1 (EHE R4S HICH 4L1f 7% o-MSH  TSPO /K
O3S (xss)
Tab.1 Comparison of serum a-MSH and TSPO levels between the
healthy control group and the HICH group

5 5145 a-MSH(ng/L) TSPO(wg/L)
fat et B 2] 75 37.72+9.47 1.1320.50
HICH £ 150 23.58+4.62 4.14+1.43
¢ 12.220 17.680
P1E <0.001 <0.001

2.2 ANFEYETHERE HICH B3 L7 «-MSH , TSPO /K
Ve RE bR hEE EE HICH B F S
a-MSHK - & ¥k % ik, TSPO 7K -4k W T i (P <
0.01) ,W.3% 2, Spearman % 2% # 5 43 #1 & 7~ , HICH
B ML o-MSH 7K F 5 95 1 2 8 2 A ¢ (r/
P=-0.587/<0.001) , TSPO 7K 5 555 175 4 BE 52 1EAH €
(r./P=0.593/<0.001) ,

2 ANEYRNEEE HICH B & ML o-MSH  TSPO 7K
FEEE (ws)

Tab.2  Comparison of serum o-MSH and TSPO levels among
HICH patients with different disease severities

A 15145 a-MSH(ng/L) TSPO(wg/L)
Led) SAZ] 28 29.01:+2.89 1.9420.74

2l A 37 26.24+2.10 3.31+£1.20
HELEEA 39 23.05+2.05 4.61x1.77
EEWAH 46 18.59+2.96 5.75+£1.97

F1H 324.261 39.015

PE <0.001 <0.001

2.3 AT K s 50 HICH 82 I IR %8 8} bE 5
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HICH 3 150 5 i AR S5 i 7K Bb % A2 %4 38.00%
(57/150) o SARMRZK I 720 L3¢ Wi A e ST 241 i, ek 4
FHK . GCS TF 43 % . NIHSS 4% 5 . a-MSH 7K F-1i% .
TSPO 7K~ ( P<0.01) , WL 3,

R 3 ARMKUK IR 25 5K b2 HICH B 1l PR BB} EL A
Tab.3

Comparison of clinical data between the mnon-cerebral

edema subgroup and the cerebral edema subgroup

ARMH RS ZH K i I 2

T H (n=93) (n=5T) X2/t PiE
PRI BI(%) ] 0.005  0.945

5 56(60.22)  34(59.65)

‘Y 37(39.78)  23(40.35)
A (Rts, #) 61.53+£9.14  64.16£9.36  1.696  0.092
BMI(x+s,kg/m?) 24.48+2.34  24.10+2.29  0.980  0.329
e LR S R (s, 4 ) 12.54+5.82  13.84+6.45 1.278  0.203
WEAR L[ (%) ] 39(41.94) 23(9.89) 0.037  0.848
R (%) ] 27(29.03)  18(31.58) 0.109  0.741

W45 15 ( Z+s , mmHg) 153.96+10.58 156.72+12.99 1911  0.058

EF5K R (x+s ,mmHg) 96.41+4.79  98.05+5.61 1.054  0.293
TR (%) ]

WEIRI 21(22.58)  19(33.33) 1.900 0.168
1= g I AE 18(19.35)  11(19.30)  <0.001  0.993
S LN 19(20.43)  15(26.32) 0.698  0.403
L EBAL (%) ] 9.375  0.095
g+ 5(5.38) 4(7.02)

NG 11(11.83) 8(14.04)

i S 5(5.38)  11(19.30)

ik 25(26.88) 9(15.79)

HR X 42(45.16)  21(36.84)

HoAth 5(5.38) 4(7.02)
KIREABEE] (245, h)  6.16£2.27  6.55+2.48 0.986  0.326
AP AER (x5, ml) 14.82+5.84  27.47£10.03  9.768 <0.001
GCS P43 (xs,43) 10.73+3.61 6.82+2.49 7.191 <0.001
NIHSS P43 (x5, 57) 12.74+4.43  23.25+8.02  10.336 <0.001

Hb(x+s,g/L)

WBC (#+s,%10°/L)
PLT(x%s,x10°/L)

SCr(x+s, wmol/L)

139.12+19.10 138.37+13.55  0.280  0.780
15.00+4.86  15.97+4.73 1.203  0.231
236.03+36.95 238.87+36.97  0.456  0.649
76.45+11.23 78.15+8.45 1.054  0.293

BUN (x+s,mmol/L) 6.11+1.08 6.37+1.12 1.387  0.167
CRP (x+s,mg/L) 48.94+9.68  52.05+9.31 1.939  0.054
o-MSH (x+s,ng/L) 25.29+4.10  20.79+4.04 6.574 <0.001
TSPO (x+s,pg/L) 3.26+1.23 5.58+2.11 8.512 <0.001

2.4 ANHEWG HICH BFHIGRER L B 6 4
H JHICH 83 150 BB AR GBS A R 2K 41.33%
(62/150) , SHE K404 g, B AS K20 1fi Jib
PRFRAK . GCS FF4M Ik  NTHSS TE43 i A S5 i Ak i L £67]
 a-MSH KA TSPO /K (P<0.01) , WK 4,

2.5 ZHE Logistic M54 HICH &5 A1 f5 i
KR K A R E R DL HICH B ARG
NG 7K Pt B T AN B 43 30 A PR AR o (AL . oM 17 5

R4 UG REFTA S BUS A R4 HICH B I R OB
Tab.4

Comparison of clinical data between the poor prognosis

subgroup and the good prognosis subgroup of HICH pa-

tients

% H ﬂl@ﬁiﬁ;}gﬂ)ﬁéﬂ ﬂu(ﬁizg)ﬁﬂ ol P
PRI B (%) ] 0.371  0.542

3 51(57.95)  39(62.90)

‘g 37(42.05)  23(37.10)
SRS (Rxs, %) 61.52+9.23  63.95+9.24  1.586  0.115
BMI(xs,kg/m?) 24.45+239  24.17£223  0.730  0.467
T ML SR (s, 4F ) 12.47+4.33  13.84x4.74  1.835  0.069
WA [ (%) ] 34(38.64)  28(45.16)  0.639  0.424
YL [ %) ] 24(27.27)  21(33.87)  0.754 0.385

W 1 (x+s ,mmHg) 153.61+10.60 156.98+12.69 1.766  0.079

FF K (2, mmHg) 96.38+4.89  97.97x542  1.877  0.062
SERpIRE 19 (% ) ]

WEIRIG 21(23.86)  19(30.65)  0.855 0.355

{Ri R IMAE 15(17.05)  14(22.58)  0.715  0.398

LI 19(21.59) 15(24.19)  0.141  0.708
H A2 (%) ] 1.646  0.896

i T 5(5.68) 4(6.45)

7N 12(13.64) 7(11.29)

figi = 8(9.09) 8(12.90)

el 21(23.86)  13(20.97)

FEIREIX 38(43.18)  25(40.32)

HoAth 4(4.55) 5(8.06)
KIRBEABEIE] (2+s,h)  6.15+2.15  6.53+2.35  1.026  0.307
AP AFR (%5, ml) 13.61x4.62  28.17£10.14 11.849 <0.001
GCS PE43 (xs,43) 10.92+£3.70  6.87+2.53  7.472 <0.001
NIHSS PF43 (xs,57) 12.14£4.23  23.26+8.38  10.676 <0.001
WBC (%xs,x10°/L) 15.03+4.73  15.84x4.95  1.018 0.310

Hb(z#s,g/L)
PLT(x+s,x10°/L)
SCr(x+s, pmol/L)

138.14+18.13 139.83+15.76  0.595  0.553
236.13+37.64 238.50+35.99  0.388  0.699
76.09+11.18  78.52+8.70 1.492  0.138

BUN (&5, mmol/L) 6.09£1.10  6.39+£1.08  1.655 0.100
CRP (x+s,mg/L) 48.86£9.76 5191922 1928  0.056
ARG (%) ] 15(17.05)  42(67.74)  39.679  <0.001
a-MSH(&+s,ng/L) 25.60+3.89  20.72+4.04  7.448  <0.001
TSPO (s, pe/L) 312131 558+211 8798  <0.001

9407 ARG R R P<0.05 W H (S R, U E
A b AT 2 E Logistic [IH AT, 258
7 MU AR NTHSS #7435\ TSPO &4 HICH B
TN A S5 K b () ik Sz AE RS R 2R, GCS PE43 15 . a-MSH
ST AR TR & (P<0.01) , WLEE 55 i IR R
NIHSS 14515 AR Bl 7K i TSPO & 2 HICH f8 35 1
BIARJG FUG A KBRS AERE 2, GCS 431 . a-MSH
FhE s R IR &R (P<0.05) , L3 6,

2.6 i a-MSH TSPO /K F-%F HICH & M EIAR 5
Fi A B B 0 J5 A B T AL RE 48 ALY o-MSH
TSPO ZKF-Fil HICH £835 GBI A S5 i K i B 13 s A
R ROC gk, It & T fl(AUC) , 455 i .
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I3 o-MSH \ TSPO 7KV 5l & — F 4 Bl HICH f&
BRI G I AS AUC 43514 0.789 .0.782.0.861 ,
THEBE T A A B O AL Re (Z/P = 2.871/
0.004.2.598/0.009) ; IfiL 7§ «-MSH , TSPO 7K F- 8 %
AP TN HICH B35 AR 5 15 A B 1Y AUC
4354 0.814 0797 0886, —FHERG LT H A A Lk
T % € (Z/P =3.101/0.002,2.889/0.004) , W3 7.
FT8 KK,

x5 ZHE Logistic MIH 3 H7 HICH B35 AN A S k7K i iy
EALISES

Tab.5 Multivariate Logistic regression analysis of risk factors for

cerebral edema after minimally invasive surgery in

HICH patients

AN s B  SEAH Waldfi PfH OR{HE  95%CI
g 3.456 2216 2.434  0.119 31.703 -

MAFARFRK  0.087  0.023 13.918 <0.001  1.091 1.042~1.142
GCS P/ -0.277  0.085 10.743 <0.001  0.758 0.642~0.895
NIHSS #F43 5 0.094  0.030 9.762  0.002  1.098 1.036~1.165
«-MSH # -0.314 0.082 14.616 <0.001  0.731 0.622~0.858
TSPO 0.539 0.155 12.101  0.001  1.715 1.266~2.324

F6 ZIHE Logistic [MIH/MHT HICH B BAIAJE HE A R

IE A LSS
Tab.6 Multivariate Logistic regression analysis of risk factors for
poor prognosis after minimally invasive surgery in

HICH patients

AN s B  SEAH Waldfi PfH OR{HE  95%CI
o 3.095 3.195 0.938  0.333 22.081 -

1.154 1.069~1.246
0.702 0.547~0.901
1.144 1.033~1.268
8.273 1.374~49.814
0.662 0.518~0.846
2.297 1.375~3.836

MARARFR  0.143  0.039 13.391  <0.001
GCS PE/rF  -0.354  0.127  7.748  0.005
NIHSS iF4ri  0.135  0.052  6.652  0.010
ARJGMWiKM 2113 0916 5.321  0.021
«-MSH #  -0.412  0.125 10.829  0.001
TSPO 7 0.832  0.262 10.098  0.001

R®T M «-MSH TSPO /K3 HICH S8 R BIA 5 Rl /A B g

T AL e
Tab.7 Predictive value of serum a-MSH and TSPO levels for cer-
ebral edema after minimally invasive surgery in HICH patients

- . A 2%
A% WHE  AUC  9S%CT  WURJE RS ég
a-MSH 2291 ng/L. 0.789 0.715~0.851 0.877 0.570 0.447
TSPO 4.47 pg/L. 0.782 0.707~0.845 0.561 0.882 0.443
THEBE 0.861 0.796~0.912 0.825 0.828 0.653
3 4 i

TBIARAE A HICH #5257 T B, vl i a7 4k
FE ) 2] PN B el A S A T R AL e R i
N, o 3 G 2H 29 08 1 e 4k R PE R 4 B T

&8 ML «-MSH TSPO /K FXf HICH B & HEIAR IS BUG A R
YT R e
Tab.8 Predictive value of serum a-MSH and TSPO levels for poor

prognosis after minimally invasive surgery in HICH pa-

tients
I A e DB
EF D HWTE AUC 95%CI WU FE5E C
a-MSH  23.02 ng/L  0.814 0.742~0.873 0.661 0.818 0.479
TSPO 459 pg/L 0.797 0.724~0.859 0.532  0.943 0.475
—HEBAE 0.886 0.824~0.932 0.807 0.875 0.682

T A TR LB A K ROC I Ze 5 B IO BIA S BUS A R
i ROC Mk,
B 1 I o-MSH TSPO /K-F- Bl HICH [ S BIA S5 Il K i
LBUEA R ROC #iZk
Fig.1 ROC curve of serum a-MSH and TSPO levels for predicting
cerebral edema and poor prognosis after minimally invasive

surgery in HICH patients

HICH 5% i J& \BBB RF2 32451, F AR MU K &R
AT NS LR L S 2 4 S A S = 2
REAL, PR ER UG SRR S B K i B
T, g PR i 2 1> 4 T4 A5 3L 5 WS R o858 Tl s
HAEHEEZEY,
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HICH #F Ji& 5o 8 o b 28 R 1k S B | 48k B 38 S
BBB BIR & A5 SCHAE T, A+ I ot ek 50 38 e 9 7 A
ZEHE AN, B i e e R PSR A R 2 A
S ZI 8 PR 28 98 P s RN ARAR L B, R BBB, 1 1M 3¢
JL53 5 N ZH 2T ) i K ek 0 4k S A 495, 2E T R )
MEINEEMTE . o-MSH & 2 5 b I iz B i 2%
AR 7002 B e — P 28 200 i B I 2 i it = 1 1) 9 DR
PEZ IR, BT il A o )5 S SN s 40
b BT R, BB A S R R R R 2R £
SR R BT R PR A | e 5 Ml n] 3
RN, SRR, mIR IR SR R S RO
S AT RERR AT /N B | [ E o-MSH #8341
] LI 5 I A 3 Vi A el S O SR N | B iR g
fuh g A fe e vk, e A T BE L B Ak 45 K
FUBEI Y o-MSH 1A R I REAE N R E R 1
B UNISERRE e & Bl B! K R U 2R =R AR &tk KT
T, TR AR AR/ b R 22 T e i), X Sefff o8
W] o-MSH HA # 2 R41E . G IRBE 548 13
o-MSH 7KF-FEAK 5 i fii 01 £ 26 25 9 175 Jon 22 % )5 AN
RA XS (AT o-MSH KEXF HICH 5% 11 B
WA AS B #, AW 98 25 3 87, HICH 3% g
a-MSHZKF-REAR, X A5 & iR se i a5 5% . ik —2
IR, MG «-MSH /KPR % HICH 835915 i
T AR, 45 7H 5 1 ng/ L, SO AR I I 7K it B 355 AS B
W6 73 AR 26.9% 33.8% , o-MSH ] 38 5 475 B 35 e
JZE 1 BUSZAR A0 PR R T RN TR A A B /A% A2
TR K% 4A AL 5L 1/ 8% A F--kB A5 538 %, Ik 20 g
IFEH F - I ZE-1B SFAE 48 BT REHICRI R (IR M 4R
IR Yl A 28 96 P I IO D 4R R 8, DA T 2 3% HICH
FRERIE RIS B e 05 AS B RURS: ; [R]
o-MSH ] FIHEERA-1 HEEA B EEEA-S F
SRR A8 B 5 D K AN M SR A5 R I P
B LR BBB S8, i — 25 B3 HICH %
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Analysis of the relationship between glycoprotein inflammatory biomarkers in serum and the disease progression and
prognosis of patients with liver cirrhosis Xiao Yong, Cao Lu, Song Tao, Sun Yanhui. Department of Gastroenterology,
Third People’s Hospital of Xinjiang Uygur Autonomous Region, Xinjiang ,Urumqi 830000, China
Funding program: Xinjiang Uygur Autonomous Region Health Medicine Research Project ( WJWY-2022018 ) ; Third People s
Hospital of Xinjiang Uygur Autonomous Region Project(2024QSYYK09)
Corresponding author: Xiao Yong, E-mail: 18699130506@ 163.com

[ Abstract] Objective To investigate the relationship between serum scavenger receptor cysteine-rich family member
with 5 domains (SSc5D), thrombospondin-1 (THBS1) and the condition and prognosis of patients with liver cirrhosis. Meth-
ods A total of 135 patients with liver cirrhosis admitted to the Department of Gastroenterology, the Third People' s Hospital
of Xinjiang Uygur Autonomous Region from January 2023 to January 2025 were selected as the liver cirrhosis group. Accord-
ing to disease severity, patients with liver cirrhosis were divided into a mild subgroup (51 cases), a moderate subgroup (47 ca-
ses), and a severe subgroup (37 cases). Based on prognosis after 6 months of follow-up, patients were divided into a poor
prognosis subgroup and a good prognosis subgroup. In addition, 135 healthy subjects were selected as the healthy control
group at a 1:1 ratio. Enzyme-linked immunosorbent assay was used to detect serum SSc5D and THBS1 levels. Spearman cor-
relation analysis was used to analyze the correlation between serum SSc5D and THBS1 levels and disease severity. Factors in-
fluencing poor prognosis and the predictive efficacy of serum SSc5D and THBS1 levels were analyzed. Results Compared
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with the healthy control group, serum SSc5D and THBSL1 levels were significantly higher in the liver cirrhosis group (=
14.047, 13.002, both P<0.001). Serum SSc5D and THBSL1 levels progressively increased across the mild, moderate, and severe
subgroups (F=112.695, 66.999, both P<0.001). Serum SSc5D and THBS1 levels were positively correlated with disease sever-
ity (r,=0.678, 0.551, both P<0.001). After 6 months of follow-up, the poor prognosis rate among the 135 patients with liver
cirrhosis was 30.37% (41/135). Compared with the good prognosis subgroup, the poor prognosis subgroup had more severe
disease, higher model for end-stage liver disease (MELD) scores, and higher levels of SSc5D and THBS1 (X’/t=-6.272,
3.934, 6.814, 7.296, all P<0.001). Severe cirrhosis, high MELD score, elevated SSc5D, and elevated THBS1 were independent
risk factors for poor prognosis in patients with cirrhosis [ OR(95% C/) =7.553 (1.442-39.554), 1.252 (1.094-1.433), 1.366
(1.152-1.618), 2.670 (1.708-4.174)]. The AUCs of serum SSc5D, THBS1, and their combination in predicting poor
prognosis were 0.804, 0.826, and 0.905, respectively. The combination was superior to the individual predictive efficacy of ser-
um SSc5D and THBS1 (Z=3.140, 2.410; P=0.002, 0.016). Conclusion Elevated serum SSc5D and THBS1 levels are asso-
ciated with disease progression in patients with cirrhosis, and both are independent risk factors for poor prognosis. The combi-
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nation of serum SSc5D and THBS1 levels has higher predictive efficacy for prognosis.
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Disease severity; Prognosis
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Tab.1 Comparison of serum SSe5D and THBSI levels between the
liver cirrhosis group and healthy control group
4l %k SSe5D THBS1
filt Hex iR 20 135 7.28+2.10 3.30<1.11
JHFAg fh2H 135 12.96+4.20 5.54x1.67
{8 14.047 13.002
PfH <0.001 <0.001

2 AR R4 B T SSeSD  THBS1 7K-F- HL A&
(xxs, pg/L)
Tab.2 Comparison of serum SSc5D and THBSI levels among liver

cirrhosis patients with different disease severities

Il %k SSe5D THBS1
TR 51 10.00+3.37 4.55+1.26
R RS I 21 47 12.89+3.02 5.49+1.43
HEWA 37 17.13+2.84 6.96+1.42
F1H 112.695 66.999
P1H <0.001 <0.001

RAF 20 -5 AN RS AT A A A5 I PR BEORE S UL SSe5D THBST /K- HLEL

Tab.3 Comparison of clinical characteristics and serum SS¢5D and THBSI levels between poor-prognosis subgroup and good-prognosis sub-

group of liver cirrhosis patients
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PT(xs,s) 19.09+5.48 19.83+5.70 0.711 0.478
ALT(%+s,U/L) 156.54+49.79 172.60£61.94 1.597 0.113
AST(&+s,U/L) 176.69+58.72 195.20+66.77 1.615 0.109
MELD 43 (x5, 53) 22.18+7.70 28.45+10.16 3.934 <0.001
SSe5D(x+s, wg/L) 11.55+3.48 16.18+3.96 6.814 <0.001
THBS1 (s, wg/L) 4.95+1.40 6.88+1.45 7.296 <0.001
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2.4 Z[HZFE Logistic MIH4HT FAE AL B35 TS AN R
e R DU AR 83 S A R R AR & (TRA .
R /K07, L EiRGE R P<0.05 W H (%
grpa  JREAAA) N A S &, 1T Z R Logistic 7]
P53, 45 5 b . J R A A MELD ¥ 43 5 . SSe5D
f= JTHBS1 52 A Ak 58 28 TS AN R B4 7 e b I 2R
(P<0.05 5% P<0.01) , L% 4,

F4  ZHEK Logistic [W1IH 7347 JIFE AL & & BUG A R 952 17
(SES
Tab.4 Multivariate Logistic regression analysis of risk factors for

poor prognosis in patients with liver cirrhosis

ERSs BIE SEfH Wald{§ P{i OR{H 95%CI
g -17.339 3.153 30.248 <0.001 <0.001 -
G 2.022 0.845 5.729  0.017  7.553 1.442~39.554
MELD #¥42%  0.225 0.069 10.594  0.001  1.252 1.094~1.433
SSe5D 0.312 0.087 12.953 <0.001  1.366 1.152~1.618
THBSI1 & 0.982 0.228 18.581 <0.001  2.670 1.708~4.174

2.5 i SSe5D  THBS1 KX A 4k 5 25 Tl J5 AN R
AT RE 220 I3 SSe5D . THBS1 7K - 15 i it fifi
L S AN KB ROC |1k, IF 118 i 4 i A
(AUC) , 455 BRI SSe5D  THBS1 7K - Bl J —
HWE A T RE A R E B AN R AUC 4301
0.804.0.826.0.905, —F WA F ML SSc5D, THBSI
T4 BB FN AL B (Z/P = 3.140/0.002,2.410/
0.016) , W% 5 K1,

RS IYE SSeSD THBST /K- B A8 46 20 # B A B A9 2%

AELLEL
Tab.5 Comparison of the predictive performance of serum SSc5D
and THBSI levels for poor prognosis in patients with

liver cirrhosis

_ M E , 2%
5 Fr AUC 95%CI R FRRE .
g tr (pe/L) o WURE fF o
SSe5D 14.20 0.804 0.727~0.868 0.585 0.950 0.535
THBS1 6.05 0.826 0.752~0.886 0.707 0.809 0.516
TS 0.905 0.842~0.948 0.854 0.851 0.705
3 % i

JH b 2 22 oo i P S R 2 0 T I AR B B, B
AT PRI TT AR R P ) AR I Bier didb Kot & i
iR Sl S (BN R RS p oy M= S 58 1 NG B e
o3 BB BME R Z AT s AT R 5 A £
Pl E I RE 1 G S Azt L AR R R AL R
TG K% h 30.37% , ST 45 B A 28.35%
i e A S A AR . MELD - KA B T 1

B 1 L SSeSD THBS1 /K Fil i i Ak i 2 B A K Y
ROC fhk
Fig.1 ROC curve for predicting poor prognosis in patients with

liver cirrhosis based on serum levels of SSc5D and THBSI1

WU P8 £ RE 35 T  H R B s R T B RN B R A
S DL 4 1A s R Ak 1 1E JR , T 0 %) T 8 e
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I A0 A 405 7T 175 3 R M D Re S B, T
JF P G 2 200 6L R LR 40 L, A1 2 200 i A1 35 S 5 D
N SETH R M R4 hn e RYER NV 54F
AeAbAH B AEH, JE B0 PR 96 20 02 2F 68 40 19 & 2 &
JTBT ) SSeSD ik Hi 5 41 S A 4 1 I o 35k 4 41
105 T Fk 1 — PP I8 R A2 AR O B 1, R A 1 5
8 A0 B X451 10 K 2 43 F R 2 R JRUAH 56 4 T A
BURIBE J7 , IE F G 728 40 B 1% Tb I R A 1 K 7, AN T AR
BERME RN FILF AL WFSE R, SSeSD 1EL J1 5
vy /)N RO IR BT 4 240 i v v 223K, T BB 38 o TR A% A
-k B AR N URE-3- T4/ 2 U B/ R 7L 3 P
AR RE AW 1 88, 150 E 558 2 1 N
FIAM i A1 36 5 DT AL, R 9E 0 LR 4846 van Son
AT, SSeSD i W £ Ak A1 56 4T RRAE A8 A Qi
HH R P P G 70N BROR £ 24 Ak g R ek At B R L R,
HAEABEFINAEFT P, I3 SSeSD KTt i 5 I 27 4k
e EAC . SAWEIEHE T 40 g 8 5 SSeSD 5
WA, H S e A A OG, $E R SSesD Tl fiES:
55 e M S e e A B g R ) (BB B A
ZEHTF SSe5D SAFLF4E L TR R R, T HAE
JHFE A £ 2 AN TR A7 B B v ) 26 8 AR b K 5 HiUs 1 56
Az R, AW W, 6 AR B IV
SSe5D KT & X AT A AR A difb o 72 v g R ik
ghgLlel RS R R, IR AL R ML SSeSD /K
SR g I N = T v, ELOR TR R BB ST 1E S A
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F., SSc5D VE R gse M 5C o T, #E 0 Ak 5 14 B2 i Al
AP 3 R P R 5 e GA  TT RE R 2 40
TR A R - B A5 530 %, IR R M G S N
T P 4 P 2 R 44501 [l SSesD H 6
e MEAR ol PTG T IR 20 e, 4R o L i LB 2T 4
2 A B AL AL, 1 0 e D A5 4 A A0 3 I3 1 A L S5 0T
S AT AL AN BN =, B 8 T IR 25 4 A ) g, 53K
JERE AL fE B 0 N R TR A R BEAE RO &
A, WG AR P R i 8 A T S S M 440 s 2B )
BRE | GRFIE L A & B, TG AR
BRILAR IR S SSce5D 2575 18 e 24K KA I AE
R X AR R SSesD Al BETE PR AL & AR K
R R HEE AR,

THBS1 J& H Il /N | P Bz 200 L i 4 44 240 i 25
SV N s SUBR 5 B ek i —Fh K FHEEE A, g
WSS A bR 47 TG fE AR K B F-B (TGF-B)
MR E 9 s B FNEF 44k WF5E oK, THBS1 7
ST SR A NG i 2 I o8 8 3 ) i B A 4 i
Feik 55 R E A S S SR B A G, T S 56 e R
THBS1 REI0 I IE 2 1 PR 1 23k, DT Uk 2 I O 2%
BRI T THBS1 fEHE 3R TGF-B i S 14T
YEALASCIE R TR, 8 U w2 JR A6 /0 RUIHE B2 0k A i
A BT 25 4 Ak, T B THBST AE 0 41 3% — 5o 722,
RAEH W45 75 THBS1 KT 5 J AL B2 I
WAL R 2 A A A7 R g d i S M 5 B 6 T i
THBS1 /K5 JF AL 95 1 B Bl 19 26 R A L= R 58
WFFE, AWESE B, I AE Ak B 35 17 THBST /K SF- 7
LIS FIRHGESS R R, R AL R
H LY THBS1 7KV Bl 25999 17 I = ifii v, HoA s AN
RA S fER R &, THBS1 /E M LI 1, fE4s &
I3ARE 47 BERR AR R AN IR T2k BOR A1 1 e
SNE, e 240 43 45 ; (W], THBS T 3 i 7% 6 TGF-B
FEAEFH T HTER A0, 412 228 5 1) JUL A 21 4 240 if A 2 72
Ak, AN E I B 7 Y it e AR 1 AR A R AP SR T ORI
TR L AR | S5 SO AR Ak FB 35 s 18 I B I BUs R
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[# ZE] BHH WoFE /M4 K 7 BB(PDGF-BB) JEBEE H A1( ANXAL) \Toll BE3Z{K 4( TLR4)

SRR L (AA) SRRSO T 40 (Treg) /R BIM: T 40M 17( Th17) KA R X TG IMME ., ik
PEEL 2021 4F- 3 H—2024 4 8 H R R ZE v ik DXL B B MLV B2 TR 1 AA B35 85 BIlFE N AA 41, 53 B

[ I e f R A 2 85 IS NC 4, % AA B FARIERS G R BE 43 o AR 2 B2 W 20 46 {61 R e 2 20 39 131, SAR 95 Tt
Jaar AT B4 58 Fl 5 TR A V4 27 1, ELISA 744 11 %5 PDGF-BB ,ANXA1  TLR4 7KF ; 3 204 f ARG
.35 Treg Th17 4 H 41, 3135 Treg/Th17 Ho{H ; Pearson AH 3¢ F s — 51 £ #5043 B 40 #7 1L 3% PDGF-BB, ANXAL
TLR4 /K V-5 52 \Treg Th17 4N LB E 5 ; 2R E Logistic M3 B2 AA BE TS 0 F 2 ROC 4 A
DCA HZeiPAii ifl 7% PDGF-BB ANXA1  TLR4 ZKF-XF AA B FUS 1Y T A (8 B OB ARLIG R, 53R AA A
H L7 PDGF-BB ANXA1 /K PRTF NC 41, il ¥ TLR4 /K F & F NC 41 (¢/P=11.966/<0.001,10.279/<0.001,9.092/ <
0.001) ; AA ZH i3 M 3% Treg ZUMI LB K Treg/Th17 WAEART NC 41, I3 Th17 40 L6415 T NC 41 (¢/P=11.718/<
0.001,21.657/<0.001 ,10.365/<0.001) , IfiL7% PDGF-BB  ANXA1 /K55 FEEE \Th17 4000 Ho ) 2 A4 56, 5 Treg 4
ML A5 Treg/Th17 £ 1FAHXE (PDGF-BB: r/P = —0.602/<0.001 . ~0.501/0.007 .0.542/0.005 .0.411/0.026 ; ANXAI : r/P =
-0.587/0.002 ,—0.534/0.006 ,0.481/0.008 ,0.398/0.037) ; ffiLi& TLR4 /K- 55 EREEE \Th17 40 ELHl S IEMI DG, 5 Treg
A L A5 | Treg/Th17 & 645 5¢ (r/P = 0.593/0.001,0.573/0.003 ,—0.432/0.010, - 0.452/0.020) , F B .41 5 2 1l 35
PDGF-BB ,ANXA1 /K- Treg 4l Lt A3\ Treg/Th17 LUABAR T IE & & WAL, 7 TLR4 /K- Th17 40 bb i & AL &
W4 (1/P=4.872/<0.001.,6.235/<0.001 ,8.136/<0.001 .10.146/<0.001 .4.186/<0.001 .4.800/<0.001) ; IfL 7% TLR4 & %
TEINE R AA BEWG ARG ZE[ OR(95%CI) = 2.651(1.289~5.453) 2.756(1.236~ 6.144) ], Il % PDGF-BB
i ANXAL 252 AA BE TS A BB Y Z [ OR(95%CI) = 0.472(0.272~0.819) ,0.615(0.436 ~ 0.868) ] ; IfL i
PDGF-BB ANXA1 TLR4 X =H AT AA BEFUS A RMIZL THRAL(AUC) 435104 0.842.0.901.,0.881.,0.966, —
FIR AT T4 [ B F50 ( Z/P=3.173/<0.001 ,2.365/<0.001 .2.001/<0.001) , 2475 XU H {5 %9 0.03~0.88 i, Ifil
% PDGF-BB ANXA1 TLR4 65 B AA BE TR AN RIGIRE L R0 FRMBUN, &8 AA B E T PDGF-BB,
ANXA1 TLR4 /K 5HR1E R EE  Treg/Th17 SAMrAH S , BRA R X £ 25 10 LA 4 s T 1,
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The relationship between serum PDGF-BB, ANXA1, TLR4 and the condition, Treg/Th17 imbalance in patients with
aplastic anemia and their prognostic predictive value Song Senhua, Zhou Min, Ran Qijie. Department of Hematology,
Chinese PLA General Hospital of Ceniral Theater Command, Hubei,Wuhan 430012, China
Funding program: Hubei Province Health Research Project ( WJ2021N033)
Corresponding author: Zhou Min, E-mail . okzhoumin@ 126.com

[ Abstract] Objective To investigate the relationship between serum platelet-derived growth factor BB (PDGF-BB),
annexin Al (ANXAZ1), toll-like receptor 4 (TLR4) and the condition, and the regulatory T cell (Treg)/helper T cell 17 (Th17)
imbalance in patients with aplastic anemia (AA), and to evaluate their prognostic predictive value. Methods A total of 85
AA patients treated in the Hematology Department of the Central Theater Command General Hospital of the Chinese People' s
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Liberation Army from March 2021 to August 2024 were selected as the AA group (subgrouped based on disease severity and
prognosis), and 85 healthy individuals who underwent physical examinations at the hospital during the same period were se-
lected as the normal control (NC) group. ELISA was used to detect serum levels of PDGF-BB, ANXAL, and TLR4. Flow cy-
tometry was used to detect the proportions of Treg and Th17 cells and the Treg/Th17 ratio. Pearson correlation and point-bise-
rial correlation were used to analyze the relationships between serum PDGF-BB, ANXAL, TLR4 levels and disease severity,
Treg and Th17 cell proportions. Multivariate analysis was performed to identify factors affecting the prognosis of AA patients.
ROC curves and DCA were used to evaluate the predictive value of the above serum factors for the prognosis of AA patients
and the clinical value of the predictive model. Results Serum levels of PDGF-BB and ANXAL in the AA group were signif-
icantly lower than those in the NC group, while serum TLR4 level was significantly higher (£=11.966, 10.279, 9.092; all P<
0.001). The proportion of Treg cells and the Treg/Th17 ratio in the AA group were significantly lower than those in the NC
group, whereas the proportion of Th17 cells was significantly higher (¢#=11.718, 10.365, 21.657; all P<0.001). Serum
PDGF-BB and ANXAL1 levels were negatively correlated with disease severity and Th17 cell proportion, and positively corre-
lated with Treg cell proportion and Treg/Th17 ratio (r=-0.602, —0.501, 0.542, 0.411 for PDGF-BB; r=-0.587, —0.534, 0.481,
0.398 for ANXA1; all P<0.05). Serum TLR4 level was positively correlated with disease severity and Th17 cell proportion,
and negatively correlated with Treg cell proportion and Treg/Th17 ratio (r=0.593, 0.573, —0.432, -0.452; all P<0.05). Serum
levels of PDGF-BB, ANXAL, Treg cell proportion, and Treg/Th17 ratio in the severe subgroup were significantly lower than
those in the non-severe subgroup, while serum TLR4 level and Th17 cell proportion were significantly higher (¢=4.872, 6.235,
4.186, 8.136, 4.800, 10.146; all P<0.001). High serum TLR4 and severe disease were risk factors for poor prognosis [ OR
(95% C/)=2.651 (1.289-5.453), 2.756 (1.236-6.144) |, whereas high serum PDGF-BB and high ANXAL1 were protective fac-
tors against poor prognosis in AA patients [ OR(95% C/)=0.472 (0.272-0.819), 0.615 (0.436-0.868)]. The AUC values of
serum PDGF-BB, ANXA1, TLR4 alone and their combination in predicting poor prognosis of AA patients were 0.842, 0.901,
0.881, and 0.966, respectively. The AUC of the combined panel was significantly larger than that of each single indicator (Z=
3.173, 2.365, 2.001; all P<0.001). When the high-risk threshold ranged from 0.03 to 0.88, the combined prediction model
using PDGF-BB, ANXA1, and TLR4 yielded a higher clinical net benefit than individual indicators. Conclusion  Serum lev-
els of PDGF-BB, ANXAL, and TLR4 in AA patients are correlated with disease severity and Treg/Th17 imbalance. Combined
detection of these markers has high value for predicting the prognosis of patients.

[ Key words] Aplastic anemia; Platelet-derived growth factor BB; Annexin Al; Toll-like receptor 4; Regulatory T cell/
helper T cell 17 imbalance; Prognosis; Predictive value

FHAE B fig P %% 1ML (aplastic anemia, AA) & —2 5

HEJE B EAR K
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1 Toll #3214 4 (toll-like receptor

TR I SRR 4 5 1M Ih RE TR IE M , R
PEFHA T, I PRI H I XU 38 &% 2 2 I hy
FEAFEY S JHATYE T 2000 (regulatory T cell, Treg) 5
HBIYE T 400 17 (helper T cell 17,Th17) 2051 HA
JEH B AL RAE, & A xR pLAR e s &
FHE WA MR L Treg/Th17 KM & AA KX
JR A SCHERLE /MR IR AR K N7 BB ( platelet-
derived growth factor BB, PDGF-BB) J& 45 Il 45 387 4= |
BIE BB () SR 7, T 307 PDGFRa/
B 5 5l S 5 RN LGP AL | T Y8 KRG
S B BT R, AR B A M A AR I
PDGF-BB /KW (i KA, I 45 e 5 7™ SRR AR OE
JEHXEE 1 Al (annexin A1, ANXAL) 2 ELA % 14 1B 7E
O, T ek AL A 5 080 T 4 M A U0 5 T
B, Lk 2 T 0 A B I W 40 7 50T 7 AA
BEEREA L P ANXAL 3k B3 FRAL, o 1B A 15

4, TLR4 ) J& 5 5 py B TR 1 52 44, AT U500 T A4k K 4
PiAH o F A A2 R A O B AV E T F Y &
BHAE AA B B REALUhREM IS KT
PL_EAFSE BOIR , A 5 32 838 i B 55 175 PDGF-BB |
ANXA1.TLR4 5 AA BHJHTE Treg/Th17 A & 2
KT 5 P, LAY R AA I RAF 52 32 468 10 4= 4
PR a  OEWT

1 #EREFZE

1.1 IGERYERE BEHL 2021 4F 3 H—2024 4F 8 H i [E
N BB X R B BE ML B2 IR B AA B
85 BIfE R AA 41, 5 52 i, % 33 fil, 4% 29 ~ 41
(35.33+6.07) %, 5 3 W [m] 10 1= e fkt e Ak A 5 85 14l
Vel NC 20, 5 47 1], 2z 38 1, 4E 1% 29 ~ 41 (34.79+
5.72) %, AWEIE O A9 B B Bl e B2 1 S E (2021-
010-011) , 3213 Fl/ B 5 & F1NG ) 5 91 28 38 0 175 )
B,
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1.2 JRBLREREbRAE (1) W ASRIE: OFF G AA HHC
WIERET @ ALLHT B S H A LR A A, 1] Ak
TR ARG IRGEORE o (2) HEBRAR UE . D12 W [
R B AR 1 2128 11 PRORE B R A 8 2R B I A
HoAh AT B | 4 I 20 sk 2D i 0 s @A FEHAL B B
G JZE B | Bl R G A ) 0l 355 PR KO- s e
R ;B 4 ANA ERFA A0 5k im =L, T fe
PR TRIEFR IR,

1.3 WS bR 5 vk

1.3.1 IfiLi#% PDGF-BB ,ANXA1 TLR4 /KA. T H
BB/ A B ARG B SR B2 25 I # JDk If 8 ml, JH:
H1 3 ml B0 B BT T - 80°C 4 N AR, Ml
ELISA 57 & K 1. 7% PDGF-BB ( CSB-E08923h , it X
Y TR A R A Fl CUSABIO® ) | ANXAL
(KM093106, M FF% A YR A BR A 7] ) [ TLR4 ( CSB-
E12954h , 507 A6 36 4 ) TR A BR S 7] CUSABIO® ) 7K
-, SEOG AR A i R B BARAE

1.3.2 Iy Treg . Th17 20 i Eb 450 G0 . BRI 3 R k.
5 ml, 285 FE R BE B O B U AR AL, X 2 2R A 7
Yuft, . Treg 408 1 CD4 . CD25 K 1fi 4 {4, K Foxp3 il
WYLt (CD4"CD25" Foxp3™) %58 ; Th17 4l iflid i CD4
T YL 8 S IL-17A BB G4 4 (CD4" IL-17A7 ) %8 5E
el R 2 A0 S A 7K B A0 B e v BBl a2 CD4 4 i
IFr S Foxp3® F1 IL-17A" 40 a4 L 491, LA A
Treg/Th17 -4,

1.3.3 SRR MR Camitta 23 IPEAL " AA MR
FR G R R R A A S N X A 20 B AR T
25% , [R) s A1 JE] I RRAG A 45 SR =D AF A LAE 3 T
f 2 T rP R A5 <0.5% 10° /L, I/ N5 < 20 x
10°/L, LA S ML i1 4 <20 10° /L, Fr ANFF A
IR AR Y R i AR A AR PR
FEEERE AA B35 4y R A 5 R W41 46 5] i R W 41
39 1,

1.3.4 5 H a2 . B U7 17192 52 A ok 3% 14 3 51
i, X AA BE VAT ORI 1 AERIBED . TR AR R E X
Shy Bt U H ) 1 S S R ke R B T A, AR
U AA BF S R TS R A4 58 65 Tl s A R
V26 27 ),

1.4 Gl SRA SPSS 27.0 #44F2E4T B4l 4
Mo THECTERE LA SRR B L (% ) 3R, 4L IE) L3R
x> Kei s AR A IES A T OB wes R ,2 41
8] LE B8R AR ST REAS ¢ K56 5 Pearson AHIC AT A 31 &
Bk /5053 e 1% PDGF-BB ,ANXA1  TLR4 /K- 5%
THFEE | Treg . Th17 4 M LB 19 5% R ; Z H &K Logistic

B HT 2 AA BB TS R 2R 32008 TAERRE
(ROC) &A1 DCA e PFAfi il % PDGF-BB  ANXAT
TLR4 7K-F-XF AA B8 35 F 5 % Tl 40 i S ot il 455 284 i
IRIME ., P<0.05 HZEFAGIFE L,

2 &% R

2.1 2 #i%% PDGF-BB ANXAI \TLR4 /KFIbE 5
NC A5, AA 4R H 13 PDGF-BB  ANXA1 7K F-[%
I, 1% TLR4 ZKF-JHi (P<0.01) W3R 1,

F1 NCHH AA 4HiM7E PDGF-BB . ANXA1 . TLR4 /K
Hegs (x+s)

Tab.1  Comparison of serum PDGF-BB, ANXAI1, and TLR4
levels between NC group and AA group
24 ] Bi% PDGF-BB(ng/L) ANXAI(mg/L) TLR4(pg/L)
NC 41 85 102.37+14.53 5.76+1.72 5.13+1.31
AA 4 85 77.56+12.42 3.58+0.93 7.20+1.64
t{H 11.966 10.279 9.092
P1E <0.001 <0.001 <0.001

2.2 2 AT Treg Th17 41 Ll HbE: 5 NC ikt
5 AA AL E MG Treg 400 H ) &2 Treg/Th17 HAH
A, 3% Th17 400 LL T (P<0.01) , W 2,

F2 NCHYH5 AA HIM7E Treg Thl17 YUIE LEIHLEE  (xs)
Tab.2 Comparison of serum Treg and Th17 cell ratios between NC
group and AA group

HoHl B Treg( %) Th17(%) Treg/Th17
NC 41 85 6.78+0.79 1.26+0.32 5.38+0.91
AA 4] 85 5.430.71 1.89+0.46 2.96+0.56
t18 11.718 10.365 21.657
P A <0.001 <0.001 <0.001

2.3 AFEFRIERE AA B 175 PDGF-BB,ANXAL,
TLR4 7KK Treg . Th17 240 Ll i SR W
ZH Pb A, H W4 A LTS PDGF-BB , ANXAT 7K |
Treg i g HE 5] . Treg/Th17 Fu{H 2 35 F&AIG, L3 TLR4
7KV Th17 4 HG A 8 35 T s (P<0.05) , ILER 3,

2.4 AA BE LW PDGF-BB  ANXA1 . TLR4 /K5
i 1E B2 BE | Treg, Th17 40 B (9 A5 SC M 70 b L3
PDGF-BB  ANXA1 7KF-559 1% B B \ Th17 40 bE ] 22
A, 5 Treg AU LA Treg/Th17 FUAE Y IEAH K
(P<0.05) ; IfiL 7 TLR4 7595185 #25E  Th17 20 4 kb )
PIRIEASE, 5 Treg 40 L5 Treg/Th17 A 211
AR (P<0.05 3% 0.01), WK 4,

2.5 ARG AA B G RGOk & i3 PDGF-BB |
ANXAL TLR4 /K-8 S5 R4 i, o
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®3 AREEAE EE WA M PDGF-BB ANXAT  TLR4 /K

X Treg Th17 4 HLBI AL (x4s)
Tab.3 Comparison of Treg and Th17 cell ratios and serum PDGF-
BB, ANXA1, TLR4 levels in severe subgroup and non-se-

vere subgroup

WA

WA

A (n=46) (n=39) ol P
PDGF-BB(ng/L)  83.46:13.85  70.619.67  4.872 <0.001
ANXA1(pg/L) 4.14+1.02 2.92+0.73 6.235 <0.001
TLR4( pg/L) 6.57+1.39 7.95+1.65 4.186 <0.001
Treg( % ) 5.98+0.69 4.79+0.65 8.136 <0.001
Thi7(%) 1.68+0.35 213:0.51  4.800 <0.001
Treg/Th17 3.56+0.68 2.25+0.47 10.146 <0.001

F4  AABH M PDGF-BB ANXAT  TLR4 /KF- 5 95 15 2

i Treg . Th17 20 i 0 AR 4 b
Tab.4 Correlation analysis of PDGF-BB, ANXA1, and TLR4 lev-
els in the serum of AA patients with disease severity,

Treg, Th17

BB {E 4 0.03 ~0.88 1, IfiLi# PDGF-BB,ANXA1 TLR4
BTN AA B3 S N R PR 3R 35 R A0 1 Bl il
L 2,

RS FEARWHE RGWAH AA Bl K %R & i iE
PDGF-BB  ANXA1 . TLR4 7K F Hris

PDGF-BB ANXA1 TLR4
o H

r i P r{H PfH i PIE

IRHRRE  -0.602  <0.001 -0.587  0.002 0.593  0.001
Treg 0.542 0.005 0.481  0.008 -0.432 0.010
Th17 -0.501 0.007 -0.534  0.006 0.573  0.003
Treg/Th17  0.411 0.026 0.398  0.037 -0.452  0.020

Ja AR R4 M7 PDGF-BB ,ANXA1 7K F&AIK, 1.
I TLR4 7KV f o B 15 AN b W 3 T (P <
0.01) ; HAb TR I 2 F TG4 E L (P>0.05) , L
%5,

2.6 ZIHZE Logistic 4520 AA B TS A R A
FEOLLAA BETUS AR A (A, 217,
HR0”), L EiRgE R P<0.05 T H (#E LA B R
HARN) A&, #1722 R Logistic [BIH 3T, 45
IR MG TLR4 = GG TE F2 BE B2 AA SRS TS A
RAVfGR K2, 34 PDGF-BB /5 ANXAL &2 AA
HIEA R EZR (P<0.01) , LK 6,

2.7 Il PDGF-BB ANXA1 TLR4 /KFEFil AA &3
WA ANREME  2HIM7E PDGF-BB,ANXA1  TLR4
KT AA B BUS A R ROC #hZk, I ih £k
THE R (AUC) , 45 8 W R . L7 PDGF-BB, ANXAL
TLR4 K =FHEA T AA B& UG A R AUC 4391
7 0.842.0.901 .0.881 ,0.966 , =& B4 M A AUC 11
TH =F o W (Z/P = 3.173/<0.001 ., 2.365/<
0.001.2.001/<0.001) , WK 1,% 7,

2.8 i PDGF-BB  ANXA1 TLR4 BEE T AA &
TG A R T 7R R e G R EPEAS Y R

Tab. 5 Comparison of clinical data and serum PDGF-BB,
ANXA1, and TLR4 levels of AA patients in the poor
prognosis subgroup and good prognosis subgroup

% H Tﬁ!(ﬁii;};ﬂ)zéﬂ Dﬁ}?n{ ij)ﬁﬂ e P

TERI B %) ] B 35(60.34) 17(62.96)  0.053 0.818

& 23(39.66) 10(37.04)

AERY (R2s, %) 35.52+5.31  34.92+5.64  0.476  0.636

BMI( x+s,kg/m?) 22.84+0.87  23.12+£0.95  1.342  0.183

R (x5, H) 5.23+3.11 5.49£3.54  0.343  0.732

WAL 481 (% ) ] 16(27.59) 9(33.33) 0.293  0.588

I H(%) ] 19(32.76) 10(37.04) 0.150  0.699

R (%) ] 8(13.79) 5(18.52) 0.318  0.573

WEIRIE[ 11 (%) ] 11(18.97) 6(22.22) 0.122  0.727

AA FIGRAEL[B1(%) ] 3(5.17) 3(11.11) 0.990  0.320

P RERE HE 21(36.21)  18(66.67) 6.884  0.009

[#l(%) ] eI 37(63.79) 9(33.33)

AN (xs,%x10°/L) 1.98+0.32 2.14+0.41 1.958  0.054

PRI (s, x10°/L)  0.39+0.10 0.37£0.08 0.911  0.365

PDGF-BB( x+s,ng/L) 82.96+12.33  65.95+8.92 6.420 <0.001
ANXA1(x#s,pg/L) 4.02+1.09 2.62+0.63 6.197 <0.001
TLR4 (x+s,ng/L) 6.48+1.28 8.76x1.75 6.778 <0.001

F 6 ZHE Logistic MM AA BEHUG A REE

Tab.6 Multivariate Logistic analysis of risk factors affecting poor
prognosis in AA patients

FALISES B SEAL WaldfH P ORfH  95%CI
e IE R & 1.014  0.409 6.144 0.013  2.756 1.236~6.144
PDGF-BB /& -0.751 0.281 7.139 0.008 0.472 0.272~0.819
ANXAIL & -0.486 0.176  7.629 0.006 0.615 0.436~0.868
TLR4 75 0.974 0.368 7.019 0.008 2.651 1.289~5.453

%7 L7 PDGF-BB ANXA1 TLR4 /K F-Fil AA &3 HUE A
KA L

Tab.7  Comparison of the predictive value of serum PDGF-BB,
ANXA1, and TLR4 levels for poor prognosis in AA pa-
tients

5 b W AUC  95%CI  HURJE FRFIE §;§

PDGF-BB  79.76 ng/L  0.842 0.747~0.912 0.963 0.672 0.635

ANXAL 3.26 g/l 0.901 0.817~0.955 0.852 0.828 0.680
TLR4 7.57 pg/L 0.881 0.793~0.941 0.852 0.793 0.645
“HBA 0.966 0.901~0.993 0.889 0.948 0.837
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Bl 1 [ PDGF-BB ANXAL TLR4 /K-F-Fll AA B a4
RAHE ROC fhZk
Fig.1 ROC curve of the value of serum PDGF-BB, ANXA1,
TLR4 levels in predicting poor prognosis in AA patients

2 Ifii¥# PDGF-BB ,ANXAL TLR4 /KT AA B E TG A
KLY DCA hk
Fig.2 DCA curve of serum PDGF-BB, ANXA1, TLR4 levels pre-

dicting poor prognosis in AA patients

3 4t i

AA JE—F R s A 0 B RS 1 I ) R o 25
I, AT i 240 At A4 6K R o0 ] i 4 ot 40 0 2> g
fiE I PR 2B ION T 40 R A% O BRI
Tl 1 A 6 4 B AR 17 7 R B T 40 AR
FARIFETCDATT bk B A0 R 58 O g A A
XA, Horb Treg #1 Th17 S ThAEA] 35 PTG 2
AN, B A 5 ) BE 5 4 BN S RS
X EELRER G UGE A B AR B REZM A
BREVEPIR B DML 22— AR 98 s 2 1Y
Treg 20 M L6151 K2 Treg/Th17 HCAE T [ . Th17 4H il L. 4

Fhin AT X — oA 4 0 4 2L A ELAR IR B, 5 1A
AFFE 2538 — 3 L $25% Treg/Th17 2 i 52 Wk 4 93
YU AR 2 1 250, 2 AA BE R R S
GINES

PDGF-BB J2 IfiL /N I8 1 A 4 PR 505 Hh ) v 3
PERIR K, GE R = 2080 PDGFR-a A1 PDGFR-B
AR, VERBRE AT 2257 2 5 b A | 8 i 3R Bl
) 78 T AN M A G TR RS S AT AE AN A A A R
A KR T B A R v R FE AN T e g R AR AR
AHFFELE B R, PDGF-BB 76 AA H 3% I v i3 B ¢
IC, 59 B B i, S & s b PDGF-BB
ARV B S ARG, K- S5 18 F2 BE  Th17 48 i L 451 2
FAHI, 55 Treg 40 LL ] 22 1EAH 3¢, $27% PDGF-BB 1]
feil L T Treg/Th17 Sy A, 76 AA AN & A=
5k JRh iy BB A {6, PDGF-BB 322 iy 1fi /M iy
o MR AE AT TR, 76 AA TP, B0 0 YR o i+
YA, FEO™E W MO RE . T AA B I/
FRATHECEAR , 3% 115 PDGF-BB By fa ik« J5Rk " b 2%
W0 RIS PDGF-BB /K3 (AR T gt AREFIE
FEEED PDGF-BB Ay B = n] g 1 84 3 - e 5L
FRINRE RIS 50 PE VR, 55 Treg/Th17 F 2 25 (Th17
T Treg &A% ) M ERZm , S [ sh s ik ™, ik
Ab, STE B4 AR, PDGF-BB 7E UG A B
B R A, HL I KRR A SR R AA FR S T
JE A B BYFER 2 , #278 PDGF-BB A fig & PEAE AA H
H UG AR bR Y . PDGF-BB 3 i #0657 4%
FE 5% 7 01K 1B 1) 7 S 35 S 400 444 B, DT 418 52 N 4
R oA s . Aol , AA B 17+ PDGF-BB
PR =, 2 T2 1) 5553 30 Tl X (et 5 s [ 240 L i) 34 8 =2 ¢
fiEJ1,PDGF-BB K HIAN &, B E B 860 HRIEE
TR ™ 2z, BN G B Bl B 3 i T 20
.2 PRI Sy s M AP AN S0 B o DA A, AR AR | 3
BT 3 AR S

ANXATL & —Fhs g5 AR MR RE 25 & & 1 B R
BRI SR SO T 1R A B, H: 3 2 1) i AR
T 240 R 375 o3 AR o) 228 P 400 B o B T Ak, 7 A 4 R
R 2k BB Z K e e e fa s b B AR O PE
T AR, AA BRI ANXAL /KB S
i, HLE 3 ER A A I g, HOK - 55 A2 B Th17
S B LG A6 5 176 G, 5 Treg 4 M HE 461 55 0F AH G, 2R
ANXA1 A] GEIE A8 P45 4P S oy i 18 AN A4 B v bR Dh i
Z 5 AA W RPE R 5PN HEE . ANXAL J2& b B2
RS T AR R AR R M RN T IR A I, B
PO VAR RS ST AL R PR T R R, AT
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&R RAME RN S H KO B A, R P BB
L AA BB N E, WFSEFE H, ANXATL 2 48R
Treg/Th17 3 - i) OG5 R 7, Fo i = 25 [ B 1) 55
Treg [ G230 I D) REFFMERRXT Th17 AP0, F2U0E 58
PR, TSR sl S e e s 7 o 53 4h, 5 s
RAF R g, ANXATL 7RIS N B AR IS 835 T
W Hom AT AT AR5 AA BB TG iR R 2 i
7N ANXAT1 7] GE 8 £ 14 58 G 28 98 15 R 981 S T 1R
BCR AR B TN BB NIRRT, ANXAL
2 A A PR RN ek E SR o BT ALY Th17 46
SERFSEREIL IL-17 (IFN-y SEA K, 4R 558 R AL T
PEPE BRI SR P B RS , DA TTRE fin B 3 5 R R ]
AEPE

TLR4 J2& 598 R G5 AR Y OGS 3Z 4 0 T %o
YR T, JHL 2 B T B R S R ) 4 R B R S
FERHF S, IS 3 NG S, Wi F AR
B A4 50 KA G e o 1o 5 2k 46 1k 2 iy 3 2, S A
R T RIS A R W, TLR4 78 AA
B I D BT R AR RS i, R R
HE P BT, K 59 R L Th17 40
FE B S IEAR DG, 55 Treg 40 LB 52 614 56 , $2/R TLR4
A B I RFEL IO JE R S 5 AR M RN, IR AA B
GBI BB A0 , 2 OK sl E R 5 Treg/Th17 2 £ 1Y
T T, B985 1, TLR4 15 5 8 B 0] T4k Treg 43
TS S, 16 AA B S22 3 P8 T 19 3 1 40 i
TR 2 PR A 2 2 T2 ( DAMPs ) | HHR4E
80 G 2 A0 LR SR 4 M _E 1Y TLR4 24K, axX Fl i
AR S 30 TLRA 2235 b VA IS 3% Ak, A i e I 375
H Rl RIS Y TLR4 7K i 0 15 8™ 5, 20 29
i) 1z, BRI ) DAMPs st £, X TLR4 119 51 3 o
sh e, DN R AR R B O & A9 L YE TLR4 K
ST TLR4 35S 77 A2 1 1L-6, S TGF-B WX 3 T Treg
ORI S EI ), AR IL-6 BREE T, TGF-B {1 7]
FiES Th17 i3k Treg ™, [N ARBFIT 45 R0 BoR
TLR4 7E W5 AN KB M5 H I W B, Hom ik &5
M AA BE TS ARG ZE 3278 TLR4 7] G821
il AA T0JE MW 72 KB 76 b5 . TLR4 18k [ 47 o i 22
A AT B VO P R S S R I A 2L, BT 55 T %
FLIER AR A 308 B, 55 | &2 B R RN, [FIR,
U B R R BT R A IR = R TR =
F14) 7™ B R e 20 RURS: | X J2 AA RS e R E R AL
RNz —, HEE SR A2 P

AR IET LA 4538, i — 200 Db 1 48 bRk
ARHT AA B HUS RO, SRR 5B 45 R B, K

AT AUC 583500 - B0 T 0, a7 3 A5 T 0 A 76 L.
HEFEBMME, DCA B PP £, 78] 12 BIEE
PRI, 3065 TOUIM0 s PR b 5 O B i, DA 125
RAET ZAEFR BRI B W ITAL AT Ry il s A A0 00 B
16T 5 BT RSB HEAZ O AR , A B TR ARG PR o 3R
TR, AR AR T B E W I A AR AR . ARG
FHEN . 75 AA th, PDGF-BB i 3t 4k 437 3% 1ffL 3 BF 5%
ANXAT 38 o {2 #F R M R | 2L [ 2 5 A5 Treg/
Th17 P-4, 30 5 5 RSO 5 1M TLR4 38 4o aof B T
RANEE AL PEE R 40 W, &) Treg/Th17 2% 45,
SHAAEAER A ESE R Y F S G e AR A R AR A i
WIS E RN, L F S5 AA /9 & i FE 5 i
Jer VA, LI A ARSI AT R v b S Bl £ A 17 7 o R

J B BRI
4 & i

g5 L iR, AA B3 1L o PDGF-BB ANXAL 7K
I3 TR, TLR4 JKF .35 BT, =3 ML K- 5%
TR S Treg/Th17 HISC, H = A HKE KM XT AA f&
H UG BA B BINARE . AU AA IR RPTFE 4
BT3B A B A | (E52 FR T REAS B R ASR IR, A
FETRIMEVETT Z it — L IE, J5 2/ 37 KA R
I8 SRR B UEAM LIS
P28 5 I A VR P W0 2 vh 2%
EEREER

RAT BT I 38 ST S 72 18 SRS 5B ek
PRI R 1B SCH A% WETEARE 5 8 A St T
T B it ormr
S 3k
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[# FE)] BE HFITE CLHESE I M1(FOXM1) Clara 41143 W8 1 16( CC16) JEAZE A4(LXA4) KFXf
JHeTEAE FR 3 I & A PERARAG (ALD) RO TR, 75k BEHR 2021 4E 7 H—2024 4E 5 H 7 5 F B 25 K2 [ I B2 B/ 11
I8 T BE BRI IE FR A 126 BIE o WAL ARYRAE BE I B2 51 & ALK IREERE & 430 ALL Wl (n=41)Y
N-ALI WA (n=85) , 7 i B[] 30 = B e S A G 25 126 34 M it BRE X BB 4, SR ELISA ¥ 5 I 7 FOXM1,CC16,
LXA4 /K- Z R E Logistic B /M RERAE B IE & ALL RS N 2 323808 T/RRAE (ROC) i £ Ak 5 it £k 20 #r
(DCA) PG il FOXM1 ,CC16 \LXA4 7P X MREEAE B F I & ALL BN AL R 5 G R 325 . SR S flRex i
Feds, LR I FOXMI 7K - FH 5, CC16 \ LXA4 7K SF-REAK (t/P=11.177/<0.001,7.741/<0.001 ,8.986/<0.001) ; 5
N-ALIVVZH L%, ALL 7 26 R 438 557 5148 B R 1F 43 (SOFA) | 2Pk A= L5 98 MA@ B PP A4 TT (APACHE 11 ) 343,
FOXM1 /KT, CC16 . LXA4 7K FA (1/P = 19.541/<0.001,8.893/<0.001 ,7.634/<0.001 . 8.267/<0.001 ,7.924/ <
0.001,7.505/<0.001) ; APACHE I #F-43 /= , FOXM1 755 J2& e 85 i £ 34 & ALL B 2l 37 A5 5 IR [ OR(95%CI) = 3.125
(1.472~6.633) 2.489(1.662~4.884) ], CC16 ,LXA4 /& MM ST AR E 2 [ OR(95%CI) = 0.803 (0.688 ~0.937) ,0.734
(0.636~0.847) ]; L7 FOXM1,CC16,LXA4 7K J = B A TU IR 3505 H8 5 5 & ALL B8 T i AL (AUC) 4391
0.824.0.831.,0.816,0.951, =FH BR A L T& A B B {8 ( Z/P = 3.304/0.001 ,3.462/0.001 ,3.298/0.001 ) ; FOXM1
CC16 LXA4 BESHERITE) 72 09 B AL R 95 BBl 9 (0.10~ 0.93) BA B m gk ss i3, &1 MR RE N+
FOXM1 /K FEFHH , CC16 1XA4 /KR, = 252 IF & ALT (07 fG B IR 2 A A I X ALT ELA 8 5 1 T 24
REAIm RS AL TS ) o

[RER]  IREEE ; ERHR 5 ; SCRHESE FI M1 Clara 4HAE /ML 165 JR%R A4 TN (E

[FEHZES] R631 [ ZEkkRiIRFE] A

The predictive value of serum FOXM1, CC16 and LXA4 levels for concurrent acute lung injury in patients with sep-
sis  Yang Tingwen, Wang Jing, Tan Yuwei, Guo Tao,Cao Weijjuan. Department of Emergency, Affiliated Hospital of Nanjing
University of Chinese Medicine/ Jiangsu Province Hospital of Chinese Medicine , Jiangsu ,Nanjing 210000, China
Funding program: Jiangsu Province Traditional Chinese Medicine Science and Technology Development Program Project
( MS2022018)
Corresponding author; Cao Wejjuan, E-mail. 343494809@ ¢q.com

[ Abstract] Objective To explore the predictive value of serum forkhead box M1 (FOXM1), Clara cell secretory
protein 16 (CC16), and lipoxin A4 (LXAA4) levels for concurrent acute lung injury (ALI) in patients with sepsis. Methods A
total of 126 sepsis patients admitted to the Emergency Department of the Affiliated Hospital of Nanjing University of Chinese
Medicine (Jiangsu Province Hospital of Chinese Medicine) from July 2021 to May 2024 were continuously enrolled as the ob-
servation group. Based on whether ALI occurred during hospitalization, patients were divided into an ALI subgroup (n=41)
and a non-ALlI subgroup (n=85). Additionally, 126 individuals who underwent health check-ups at the same hospital during
the same period were selected as the healthy control group. Serum levels of FOXM1, CC16, and LXA4 were measured by
ELISA. Multivariate logistic regression analysis was used to identify factors influencing ALI. Receiver operating characteristic
(ROC) curves and decision curve analysis (DCA) were used to evaluate the predictive performance and clinical net benefit of
serum FOXM1, CC16, and LXA4 levels for concurrent ALI. Results Compared with the healthy control group, the observa-
tion group showed significantly increased serum FOXM1 levels and significantly decreased CC16 and LXA4 levels (¢/P=
11.177/<0.001, 7.741/<0.001, 8.986/<0.001). Compared with the non-ALI subgroup, the ALI subgroup had significantly higher
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respiratory index, SOFA score, APACHE Il score, and FOXM1 levels, while CC16 and LXA4 levels were significantly lower
(#/P=19.541/<0.001, 8.893/<0.001, 7.634/<0.001, 8.267/<0.001, 7.924/<0.001, 7.505/<0.001). High APACHE Il score and
high FOXM1 expression were independent risk factors for sepsis patients developing ALI [ OR(95% C/)=3.125 (1.472-
6.633), 2.489 (1.662-4.884) |; whereas high expression of CC16 and LXA4 were independent protective factors against ALI
in sepsis patients [ OR(95% C/)=0.803 (0.688—0.937), 0.734 (0.636-0.847)]. The AUCs for serum FOXM1, CC16, LXA4,
and their combination in predicting ALI in sepsis patients were 0.824, 0.831, 0.816, and 0.951, respectively, with the combina-
tion significantly outperforming each marker alone (DeLong test, Z/P=3.304/0.001, 3.462/0.001, 3.298/0.001). The combined
model of FOXM1, CC16, and LXA4 showed a high net benefit advantage within a wide threshold probability range (0.10-
0.93). Conclusion FOXML1 expression is upregulated in the serum of patients with sepsis, while CC16 and LXA4 expres-
sions are downregulated. These three markers are independent factors associated with concurrent ALI. Combined detection of
these three biomarkers demonstrates excellent predictive efficiency and clinical translational potential for ALI.

[ Key words ]
Prediction value

Jife B i 2 PR A = S 4 R 17 6 B 2 i B e T AE
BRERG, DA™ HE 42 B R 1 I N A 22 2% B T BE T XU
FRAE . B MGRIE R S % R T A L Atk
fili$51473 ( acute lung injury, ALI) 3= % 36 3 A ME 16 PEAIR
SECIURE | PP W 8 38 B AR 0 Y5 1 il /K Bl 9 8 % AT 3k
34% ~45% ", I, TR AR ALL SR 1000 AR
YIXIE s 2 B, XK HESR 1 M1 ( forkhead
box M1, FOXM1 ) Rl 1 369 4 i sl 1) 1 5 o010 45
I FRERSRAAS  7E AL 2PN B30 25 A1 (acute re-
spiratory distress syndrome, ARDS) %5 fili 3 5% o B A
BIF W 1M Clara 40 il 4y 6 25 11 16 ( Clara cell
secretory protein 16, CC16) 1] )z WAl I fz #1455 , i g
T E RN 5 DNA B 4% EshBi kAt i
B4 E Ad(lipoxin A4, LXA4) J&—Fh 821 IR 4
PEIIR A, il a il vt 40 i 22 4E 5% 1L, 7E AL
R ER . BT ERTE R, FOXMIT ,CC16 5
LXA4 7] 5843 5138 2k V45 i o6 1 R A8 2 A il R P
O 308 % AR T AR P S T R S AL 2 5 ALL f o Bt
i, ML, AR B ERI =& S EIERE T L
ALL g SCI , LUIA Sk A U0 e e AHRE L 23 I PR 79
PEALFSIKYE  HE W,

1 &ER5AE

1.1 IRIRWERE 2B 2021 47 H—2024 45 AR
H B 24 K2 2 e/ VL A8 T s B WSCTA ) Ik 7 AR
FH 126 GI1E R WELL B 67 4], 4 59 4], 4E % 50 ~ 78
(62.90+7.81) % ; MEBEAEGFE 3~28(10.42+4.18) d; JEk
s i EREk gy 41 o), 1 e iEk e 55 451 oAt ( an bR
B ML PEIERYLAE) 30 5] 5 WA S 68 ), TR s 55 ;v
IR G5 5 45 1), W5 RS 5 I s 38 1, ARl 32 Bt b
(&I & ALL B IREEAE 35508 ALL W4 (n=41)
5 N-ALL W4 (n=85) , Hirh 428 ALL( A& 45 %K 200 ~

Sepsis; Acute lung injury; Forkhead box M1; Clara cell secretory protein 16; Lipoxin A4;

300 mmHg) 28 ], H & ALL( A &4 %0 <200 mmHg) 13
], 53R [ 10T s B A R AR 5 126 A Ay A B v R
20,5 56 B, & 70 ], 4E ¥4 51 ~78(61.28+7.52) %,
WEELH 5 fil X BRZL M) AFIS LU AR, 2 R RS
SL(P>0.05) , AT HbME . AWF5EE ARG BE B fe B 22
Bt (/8 1S2Y202104012-02 %), 3238k & Fl/8§;
KIE G R I B MR E A,

1.2 JEBIEREARE (1) ALLiZWibrifE . ALL 992
BT AR . 2R A A 85 <300 mmHg &6
X 2k s SUIHR I 52, FLIG PRHE R O VA Jili 7K i 255 e
AR ET S (2) PABRIE . O EEAE 2 WA &
E bR E ™ QIR TR S, (3) HEBRARfE . D
BT MR RGP CEVEIIE | B B e veychs ™
PR RGN O/ B DI REAS 4 P E AR
B8 M BH ZEME 52995 ( COPD) s @ICU {3 Fahif ] <24 h;
OREAE I LA

1.3 g A5 5 07k

1.3.1 IfiLjF FOXM1,CC16 . LXA4 /K FAM . T8 5% A
B 24 h PN/ AR 2 (ARG 214 H SR 4R H s I fok
5 ml, AN TG HUEEF L EE, B0 (3 000 r/min,
10 min) UL, - 80°C PRAFFFIN, LA ELISA ¥ I &
FOXMI ( #5 % A= 41 2N /il 7l &, 58 %5 2C-558890) |
CCl6(VI3EA YA FIAF &, 925 JL10256) K LXA4
(elabscience i 5 &, 575 E-EL-0053) /K, HiA&#:
YR8 AR G U B AT, BT A REAR Y I AL il
FH 4= A sl FR{Y ( Perlong, %15 DNM-9602G ) F450 nm
P LU O B AR ARt S HE ARk B
1.3.2 EtE A R EAE T RS L R ™
HERRA. (1) 20k A2 5108 M@ R4S 1T (APACHE
IR B4y 0~ 71 43, W56 bk AR B 2R S50 (12
Ti) AFEUE SR AR FEAR O, VE 435 e 1 ™ AR E
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FET: KUR: & IE AH G, (2) JF 51 &% B = ) 3
(SOFA) ™V, B4 0~ 24 43 AR URPAS PRI 00 I 45 HF
JE B B K 2 R B 6 AR E R G DI EAR
A, BT 0~4 43, AT [ e RE A AH O A% B Y RE R AT 1Y
AR A

1.4 Hiitsgdrik 2RI SPSS 27.0 #4-4b FAF 5T KL
Wi, PR LU S B L (%) o, 4L IR LR
x> B s F A B A TR PR 2+s 28,2 41
8] FL 3SR F AR AT BEAS ¢ K56 ; Z2 IR Logistic [B1F 507
eFRAE R E IE & ALL BSZ IR R 2 5 240 TAERRAE i
£X (ROC) A 3R M £ 40 7 ( DCA ) PFAK 1ML 7% FOXM1 |
CC16 LXA4 7K e i hE B IF & ALL 9 33 00 2% fig
S EER LS, P<0.05 HESALH¥E X,

2 &% B

2.1 2 A% FOXMI CC16 \LXA4 /K FHi S
FREXTREZH L%, W4 1L 3 FOXMI 7K T+ &, CC16,
LXA4 /KRR (P<0.001) , W3 1,

R EFO RS LI FOXMT CC16 LXA4 K- Higz
(ws)

Comparison of serum FOXM1, CC16, and LXA4 levels
healthy

Tab. 1
between  the control  group and  the

observation group

4 5 % FOXMI(ng/L) CC16(ng/L)  LXA4(pg/L)
fREEXTRZH 126 43.51+8.64  102.31%£25.61  26.84+5.07
a2 126 58.78+12.67  80.95+17.42  21.59+4.16
¢ 18 11.177 7.741 8.986
P{H <0.001 <0.001 <0.001

2.2 2 WHIRGR TR I FOXM1,CC16 , LXA4 /K
FHE 5 N-ALL W41 Heds, ALL 3 241 IR % 48 %
SOFA #43 ,APACHE Il ¥4 . FOXM1 /KTt 5, CC16
LXA4 7K F-FEA% ( P<0.01) 52 4 HAdIG R %R LA, 2%
SR L (P>0.05) , WK 2,

2.3 ZIHE Logistic [FIIH5rHr eEE T B # & ALL /)
MR DUMREEAE B JT & ALL S AR i (A .
TR B Me07) LA 2 451 rh P<0.05 T H (1S
i, IREARA) i A AR e, 1T Z R Logistic 111
I3HT, G55 R  APACHE 11343 & . FOXM1 5 & ik 35
SEBE IR ALL BIRSZ fERE  2, CC16  LXA4 & kil
SEARPIN R (P<0.05) , UL 3,

2.4 Il FOXM1,CC16 . LXA4 /K% e 25 F 8 % )f:
& ALL B FU S RE 220 Iy FOXMI, CC16, LXA4
TR T30 e 50 8 9 & ALL B9H i ROC HiZR, 53T
B T (AUC) , 45 5% B . 5 FOXM1 .CC16,
LXA4 /K Je = WA Wk 5 R E IF & ALL 1Y

F2 N-ALLALY ALL AL PR %R L7 FOXM,CC16.,
LXA4 7K oA
Tab.2 Comparison of clinical data and serum levels of FOXM1,
CC16, and LXA4 in N-ALI subgroup and ALI subgroup

N-ALI .24
(n=285)

ALI W.4H

m A (n=41)

X/t P

PN (%) ] B 44(51.76)  23(56.10)  0.209  0.648

4 41(48.24)  18(43.90)
AEWE (3, %) 62.13+7.68 64.51+8.34 1.585 0.116
BMI(z+s,kg/m?) 23.19+2.47 23.94x2.52 1586 0.115
A FIULE 28(32.94)  17(41.46)  0.875 0.350
[#1(%)] BEIRR 24(28.24)  14(34.15)  0.459  0.498
SEO 15(17.65) 9(21.95) 0332 0.564
YR BEB 23(27.06)  18(43.90)  3.757 0.153
[B1(%)] JEIE 41(48.24)  14(34.15)
Mo 21(24.71) 9(21.95)

SEYE ICU BFA) (xs,d)  12.94+3.16  14.0124.09  1.614  0.109

SEAREHES (%)) 15(17.65)  11(26.83)  1.424 0.233
I HE 2 (s ) 0.95+0.23  2.38+0.59  19.541 <0.001
WBC (xxs,x10°/L) 13.55£2.94 14.59+3.12  1.824 0.071
SOFA ¥4 (x+s,57) 8.25+1.86  11.84£2.59 8.893 <0.001

APACHE I ¥4 (x+s,%7) 17.69+4.65  24.95+5.67 7.634 <0.001
FOXM1(x+s,ng/L) 52.16+11.42 72.49+15.64  8.267 <0.001
CC16(z+s,ng/L) 90.46+21.35 61.23£14.47 7.924 <0.001
LXA4(x+s, ng/L) 23.58+4.61 17.46+£3.52  7.505 <0.001

F3 ZINFE Logistic MIH 3BT M AE £ & & ALL By 52 10
(SEN
Tab.3 Logistic regression analysis of risk factors affecting ALI in

sepsis patients

SRS Bfi SEMH Waldfi P{i ORfHi  95%CI

A 0.998 0.517 3.727 0.054 2.713 0.985~7.474
SOFA P43 1.100 0.582 3.574 0.059 3.005 0.960~9.403
APACHE IBFr& 1.139  0.384  8.805  0.003 3.125 1.472~6.633
FOXMI & 1.047 0.275 14.494 <0.001 2.489 1.662~4.884
CC16 &= -0.219 0.079 7.713 0.005 0.803 0.688~0.937
LXA4 & -0.309 0.073 17.946 <0.001 0.734 0.636~0.847

AUC 4359124 0.824 .0.831.0.816.0.951, =FH WS T
& F SRS E (Z/P = 3.304/0.001 .3.462/0.001 |
3.298/0.001) , WLk 4 K 1,

R4 L3 FOXM1 .CC16 LXA4 /KX ki B 3 & ALL Y
T R

Tab.4  Comparison of the predictive value of serum FOXMI,
CC16, and LXA4 levels for ALI in sepsis patients

_ s ope Ak 2%
&t W AUC 9SWCT MUREE AFRIE
FOXM1 58.13 ng/L.  0.824 0.746~0.886 0.927 0.647 0.574
CC16 72.33 ng/L  0.831 0.754~0.892 0.878 0.659 0.537
1.XA4 22.72 wg/L 0.816 0.738~0.880 0.902 0.671 0.573
—HBRE 0.951 0.897~0.981 0.854 0.965 0.819
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Bl 1 I FOXM1,CC16 LXA4 7KV Tl e s 8 % JF & AL
i ROC £k

Fig.1 ROC curve of serum FOXM1, CC16, and LXA4 levels pre-
dicting ALI in patients with sepsis

2.5 PEIMASRL i R A A DCA 23 #r k5K,
FOXM1,CC16 LXA4 B3 SRR |32 B B (ML 3 Y
M (0.10~0.93) BA R R mE R e U, ILIA 2,

B2 TR LRI RO ERY DCA e
Fig.2  DCA curve for evaluating the clinical value of the

predictive model

3 4t i

AL S MEREAE 5 WL EL A& 5 (0 I R I &0, LA™ 5
T8 2 P J 7 M5 a4 v A R 483405 K P
IRe sk FEEARAE , 3 10 R M SN H 30 ALL 1
JE Ry B ) R B s——ARDS M ALL 7R k7
JE PR AN 25% ~45% , HETIR K IGYT B TR,
T BEAEE il O B 3 A BORS A0 A VAR A P A S R
it R PERAT RS AN R ARTFFE 126 e 4 A
T, IRk ALL 41 1] (32.54% ) , Je A2 2385 SCHR AR IE —
B, FIR EIEZ T ZRE I s R R R AR, R,

WIEG S T e EEAE A O ALL 2GR TG 1 564, B
AR TAS 1A 2 Qi i 45 55 SOFA 3143 52 APACHEI
VAT 4 BRI b S W fE A 4 B I T B AR B T RiIE
S5 ALL B A KU ARSE R SR, bR 22 S i 4>
BV I M AR R i i XA S B A0 5 e M
THIRA R A X IEAG . FETF UL, AR — 0 R ET
FERAR G 55 g M R N R rh AT E T AR Y LV A
Yy, DS R HE R R R S5

FOXM1 AE Ay 4 200 M Jo] S 0 R 1 08 5 47 39 118 O
I SR AE Il kB B e 18 & rh B B A
Y BEAERSY 22 5 HARAE S T RE , Luo 51 AF 5T
KB, FOXM1 1] 38 i 4 7% Wnt/B-catenin i B2 7 1T
TRl b B A5, s BR R s . SR, AERELRE
B RVER VTS SR, FOXM (4 b8 7] e 25 H A= 3
PR E I 75112 50 BLE R M R R K i 5 1B
SN, EEWREE BT ARGE , Vs FOXMI 7K - 7E
COPD & i & Th i, HH T & #8554k
R — 3, $R LR 2R 3K T B8 5 il s 1 2 i I T
ARG, AMFFEIER B, M AT AR A I FOXMI /K
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JA Bl PR HET TR A (R

CC16 1EH Clara 4 M RE S M 0 Wb p i 85 1, B
HHRMPUEALIIRE , 7F ARDS ,COPD 45 ifi 45 5 95 £
BRI IR B, b s 25 il Je 35 G 28 B AR D) B 1Y) 32
18 Chen 2 BF5E & B, CC16 i 3k 5 W R kL
YA AIT RS 5 9k N, 520 COPD B R , Hoif
A5 ™ R B 2 ARG, AR5 &3, ALL
B M CC16 /KPR TARIF & ALL &,
FIBSEFZM ALL A0S PR3 R 2, R W] CC16 X T
T AU R AR SR AT PR VR, R AT REAE
T, CC16 3@ i i NF-xB %5 498 P15 538 B% & P 4
BN, A B T AERe b b B B e se M, e ALLAR
BF, HOKP T B2 H0 55 2o s B g A2 36 o4 1 30 461
R8T, B R TS MY Tt B A i b e B e
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TIOR3 PR B, N R ALL fe i ket 5
COPD ZE 18 Il i v CC16 Bifi 155 20 1) 5 7 b
T B AR AT [R] A S TR R BEAE AH DG ALL i35 CC16
()RR T Ay 2], AT RE Sz e 2 M0 0 8 50 R il B e
IR 5 R BN R ¥ L [FAE H, AR BIE5E v CC16
T ALL /5 AUC ik 0.831, fit FHAE COPD 5 14k
YR (AUC=0.782) , 42/~ CC16 7£ ALI ¥ 5 T Al
fiE AT o 4 A R A T B T (R

LXA4 HA Z S0P AR 4E vl 85 52
BB s SR R A S E ek b g
25 B A, T ZE R 1 57 5 52 4 v - 9 o
RVERN Y W T AR BT o, DA R B £
COPD Fate M Je 2otk hn =8 1 /8 3, M v LXA4 /K
B TGS H LXA4 K52 COPD #i5 AR
(AR ST AR P 28, Xl R 45 Jy B — s AN (B, A
5 ALL SB35 VG LXA4 [R)#E 035 N 3 IR ik 5
R HAMS, RAP IR R 20 SR HAE ALL 2 R AR
W e, BeAh, Li %72 58 WHLEZ I 48 77, LXA4
AL S ALX/FPR2 A2 (30l 5 1 L 5 kBT,
M2 COPD BEFE, 456 BLA W9 0 i, LXA4 E
RN IEVEAR TR A T, HAR R IR SR WML 2 3 20k &
LEIr AN DA I =2 Gaal i 3 vkl ] B R s o =3 RS Py o
TR PRI (RS R S, OBl RO B, AT
I L4657 0 3 P G A v b B B, 4R i ALL BF
JRL 4T LXA4 X5 ALL 59 F0M 4018 % 31, 3
TR AUC 4 0.816, X bRl 4 LG LXA4 /KA E
BRI ALL A 9 80 Wb &

ZEA AW A, M FOXM1 F+ &5 CCl6,
LXA4 FEARIF AR IR F 00, 10 2 0T RE IR Bt 7 e 7
FEAH G ALL iF R v 3 A G 5l 2R W) = 3R 1Y A 2 A
FOXM1 b 1 sz e % P J B 3K 3l 5 5% 8 18 2 0,
CC16 /B~ il 1 B Bt B B A0 D) g 32 48, i LXA4
() AE I I B 7 PN VR 28 P S N TR BRI A2 B, — &
SR 9 2 IV it Bh—4 23 B Al — e 1k S o &k
() B0, FE B ) 2 9 mT R Al 6 — =6 200 1l 4 R
BEREIN HESh ALL B4 S kR, AR, X 3
ASELA B AL 520 AR P0br iR L A A T AR
R EPRT T WAL BE (AUC =0.951) , & B i B Y
FEHERRAE ALL 8035 7 i 2o B i vl S, DCA i
LRAESE KR A SRS AE T 12 I R T 190 30 (AR >R 31
(0.10 ~ 0.93) P ¥ AE#7 k B 2 19 4k 25, 2R
FOXM1,CC16 LXA4 FYEA RN ALL B4R 50 HA
B PRI A A, o 8 % R S 1 Sy T SR LAY
PERRER AL T = AT A BE I R SRR, A B R s SRR Y

IR 53 J2 A TR B 1§12 it o A0 A I A
4 & ®

25 LR, MRFEAE A LTS HH FOXMI %3k 1,
CC16 \LXA4 ik N, =& &0 ALL I & a7 B
2R RE AT ALL EAT 0 5 00 $5000 25 RE il R % 1k
W1, AU BT R ALL S8 8 I O
)1 RAE SN 5 18 B2 P e At 1 R, R, AR
WEFE R B SR BT, HLR U K 2l s 240 it 52 56
ABAENL] . AT TP 2 ol R WS i —
A5 56 0 T AN B, [) ) 38 G B il S 0 TR AR R
FOXM1/CC16/LXA4 Rl 7 e o5 i 453 117 v 9 BLAA I 52
B, ST TR T S PSR
P2 I AR 7 B JE R i vh 5%
fEE RS

M T BT BRI 5 R SURE 5B £
BRI ST R 3% T 2 SCR AR, B R
B 3R A < e PR (91 07 26 , A6 PORMRE B & 2R . IF ST BT
TR SCH S BIT BT RS SR
&% 3k
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1ML SGK1, MAPK3  CX3CR1 7K V- Xt e 7 4E If: & 21k
Il 830 245 i B4 I B L 5 T O O AR

. OjF410
R, IR FRAE TRET BT
:.
HAWA . BPaE T BRI E (2023C0113) E v

PEF B0 : 710000 PYZE , BRPG 4 75 22 17 N IR B e/ 74 22 7 565 DU 2 [ A 2 R
WEEHE . Tk , E-mail ; shanxiwangmi@ 163.com

(# ZE] B R0 AR BT ER W8T5 808 1(SCK1) 22 2450E fL AR I8 3( MAPK3) [ C-X3-C B)7#4

L F3Z 4 1(CX3CRL) KX e 85 1 & S PERF IR 8 255 1E (ARDS) TN E X L ST R, Fik
FEHL 2024 4F 6 H—2025 4F 11 H P57 A R B Bt/ 14 22 1l 55 D0 B B T P2 “#BHISTA 1 e B A 119 190 e 0

2 ARIERT I & ARDS 434 ARDS W.4H (n=50) FIHE ARDS W.2H (n=69) , XARYEAERE 28 d 2B 1245 R4 AETE W4
(n=81) SIETWLH (n=38) ; 7 Le I R30I EE B e AR A 25 119 401 g fRe e ok IR A, SR ) A N6 £ 38 W% P 36 ( ELISA)
SE ML SGK1 MAPK3 CX3CR1 /K5 3218 TARFFAE (ROC) MR 73 BT ML 3 SGK1 MAPK3 ,CX3CR1 /KX k24 i
HH K ARDS B T0E AN B A TR0 A (L 5 52 v F 208 38 F 100 S 2 10 T0 AR 3 5 I R S B R B SR W) AR, &R
M HERE4H 1M 3 SGK1 \MAPK3 . CX3CR1 7K = T i BEXF HR 4H (/P = 24.570/<0.001 , 14.283/<0.001 ,19.703/<0.001 ) ;
ARDS PR IfL7E SGK1 . MAPK3 .CX3CRI 7K FAE ARDS W.2H (1/P=4.979/<0.001,3.146/0.002 .4.698/<0.001) ; 5
T- WA I3 SGK1 MAPK3 . CX3CR1 /K37 FAEWE 4 (¢/P = 6.482/<0.001.5.217/<0.001 ,6.978/<0.001) , IfLi&
SGK1 ,MAPK3 CX3CR1 /KBl Jz =3 BEA T MK EERE I & ARDS P Ze T~ AL (AUC) 435124 0.864,0.716.,0.775 .
0.936, =FH BT 4 H B W0 M4 ( Z/P =2.731/0.006,3.927/0.001 ,3.159/0.002) ; IfiL i SGK1 ,MAPK3 CX3CR1
TRV B e = 2 kA PO I S8 TS N R AY AUC 239724 0.788 .0.691,0.756 ,.0.877,, =BG UL T4 H Sl 0l
i ( Z/P=2.457/0.008 .4.344/<0.001 .3.626/0.001) , il £k 5 BRAL Hh 2R 054 B v ASE R T0I0 (%) A SR AN L2 % AR Y
MRS 22 AR/ R () T A M TSR ME AR SR, 4538 ILYE SGKI1,MAPK3 CX3CR1 /K15 fR#E4E % I & ARDS
BYIHOC , =B A KX MR E I & ARDS B 88 i T4 (8, B3 SGK1 MAPK3 CX3CR1 = #2758 e 22 4iF AR
HIEAR .,

[XBIA]  MEBRAE ; ST A L5 B AF 5 RO R U IR s 15 22 28R 6 A2 R 35 C-X3-C 87 ta kA
FZI 1T

[RESES] R631;R563.8 [ THk#RIREG] A

The prediction of serum SGK1, MAPK3 and CX3CRI1 levels for sepsis complicated with acute respiratory distress
syndrome and their relationship with prognosis Li Rongrong, Wang Mi, Li Chenhui , Chen Tianlu, Gao Hang. Depart-
ment of Intensive Care Medicine, Xi‘an People’s Hospital/Xi’an Fourth Hospital, Shaanxi, Xi’an 710000, China
Funding program. Shaanxt Provincial Health Research Project Plan Project (2023C0113)
Corresponding author. Wang Mi, E-mail: shanxiwangmi@ 163.com

[ Abstract] Objective To explore the predictive value of serum glucocorticoid-regulated kinase 1 (SGK1), mitogen-
activated protein kinase 3 (MAPK3), and C-X3-C motif chemokine receptor 1 (CX3CR1) levels for sepsis complicated with
acute respiratory distress syndrome (ARDS) and their relationship with patient prognosis. Methods A total of 119 patients
with sepsis admitted to the Department of Critical Care Medicine of Xi' an People' s Hospital (Xi' an Fourth Hospital) from
June 2024 to November 2025 were selected as the case group. They were divided into the concurrent sub-group (n=50) and
the non-concurrent sub-group (n=69) based on whether they developed ARDS. According to the survival outcome of sepsis
patients within 28 days of hospitalization, they were further divided into the survival sub-group (7=81) and the death sub-
group (n=38). Meanwhile, 119 healthy individuals who underwent physical examinations at the same hospital during the same
period were selected as the healthy control group. The expression levels of serum SGK1, MAPK3, and CX3CR1 were deter-
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mined by enzyme-linked immunosorbent assay (ELISA). The receiver operating characteristic (ROC) curve was used to ana-
lyze the predictive value of serum SGK1, MAPK3, and CX3CR1 for the occurrence of sepsis complicated with ARDS and
poor prognosis. The calibration curve was used to verify the consistency between the predicted probability of the model and
the actual clinical occurrence probability. Results Compared with the healthy control group, the levels of SGK1, MAPK3
and CX3CRL in the case group increased (#/P=24.570/ < 0.001, 14.283/ < 0.001, 19.703/ < 0.001). The levels of serum SGK1,
MAPKS3 and CX3CR1 in the concurrent subgroup were all higher than those in the non-concurrent subgroup (#/P=4.979/ <
0.001, 3.146/ < 0.001, 4.698/ < 0.001). The levels of serum SGK1, MAPK3 and CX3CR1 in the death subgroup were higher
than those in the survival subgroup (#/P=6.482/ < 0.001, 5.217/ < 0.001, 6.978/ < 0.001). The AUCs of serum SGK1,
MAPK3, CX3CR1 and the combination of the three for predicting sepsis complicated with ARDS were 0.864, 0.716, 0.775
and 0.936, respectively The combination of the three is superior to their individual predictive values (Z/P=2.731/0.006, 3.927/
0.001, 3.159/0.002). The AUCs of serum SGK1, MAPK3, CX3CR1 and the combination of the three for predicting poor prog-
nosis in patients with sepsis were 0.788, 0.691, 0.756 and 0.877, respectively The combination of the three is superior to their
individual predictive values (Z/P=2.457/0.008, 4.344/ < 0.001, 3.626/0.001). The calibration curve (solid line) has a high de-
gree of conformity with the ideal curve (dashed line), and the probability predicted by the model and the actual probability of
occurrence have a very small difference. The prediction accuracy and reliability of the model are relatively strong. Conclusion
The levels of serum SGK1, MAPKS3, and CX3CRL1 are closely related to sepsis complicated with ARDS. The combined de-
tection of the three has a high predictive value for sepsis complicated with ARDS, and decreased SGK1 and increased MAPK3
and CX3CR1 levels suggest a poor prognosis for patients.
[ Key words] Sepsis; Acute respiratory distress syndrome; Serum and glucocorticoid regulated kinase 1; Mitogen-acti-
vated protein kinase 3; C-X3-C motif chemokine receptor 1; Prognosis
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2 VEIE IR 38 2% A 1iF (acute respiratory distress
syndrome , ARDS ) JE R BT H UL A IG PRI A& 4E | HARE
RT3 1= N O (& IR A 3
R R R R R R FRE T N,
{H ARDS JRFEAAS i35 40% ' . ML R B2 528 3%
PWTT P 1 (serum and glucocorticoid regulated kinase
1,SGK1) 25 Z i AL B A, 13 SGK1 7K P [ 5
JHREERE I 17 N EE S 28 d AETAHIC, ] FH - Wl £ 1)
BUFAEBL  BEE R, 22 2505 AR (T 3 (mito-
gen-activated protein kinase 3, MAPK3) 7F ¢ 8 5t i &
PR3 e il £ 0 v RS 3 G B A SR, T MAPK3 i
JE ) MAPK ZZ 1438 # 15 p38MAPK 3@ i KM, ¥ 2 5
IRBEIEARDS T (0 5 b RO A5 516 501, C-X3-C HE)7
#aAk T 32 & 1 (C-X3-C motif chemokine receptor 1,
CX3CR1) A5 1 4 W S B L 4 Ik 552 78 22l 9 1 S i
MBI T & FEAE g PEBE ZE M e 5, =
A LG /KPS AN e FEAE TF & ARDS BTN A4 {E
K 5 U BAH DGR FE i A 56 35 , A BIEST 15 el T A
I =27 103 ZKF R AR 8 T K U Al v Y
ER L ARIETNT
1 #ARERHE
L1 IGER%RE BRI 2024 4F 6 H—2025 4F 11 H 7
LN R BE/ V6 22 T 55 VU & B H0E B2~ RHIROIA 1Y ik
HAEH 119 BN IRERIEA e (5.32+2.15) d i T
Oy R IE 23 ), T EE 65 il EERE 31 {5 BEER AN -

1% 45 61, 55 R 37 11, 500 24 5] 5 S e - il
#B 63 i, M 32 M, WA IR &R 48 15 ], Hif 9 15
APACHE T 43 (25.19+4.83) 43 ; SOFA $£43 (11.96+
3.36) 57, IRYEMTEAE B F SR B I & ARDS 704 ARDS
W2 50 FFIEAE ARDS SE4H 69 5], 55 58 B[R] A = B fek
FREARKE 2 119 ] Jfa F ) R, 5 fa Bl X HA 4 e %%,
JWeFEAEZH WBC NEU . PCT .CRP ,ALT AST .LAC F+5,
PLT . Pa0,/Fi0, [k (P<0.05) , WL 1, AHRESR
IRAFEE BEAS HE 25 B S5 M ( KL202405019) |, 3238 1/
SR B R IR g R E 1

1.2 SROIEREARE (1) 9 AFRHE . OFF 4 (2021 4F
I o e B e 2 PR o A B T ) 1 v B R 12 T
Pt ; @AY 18~75 4 ; QIR IRFTRHEHE , (2) HERRAR
OB IR B Qi 1A H N AE ] Sy i il
R EE ;I EIIFE Uit = (AEMEEY K )
B DU IR FLI Lo

1.3 IfiL%# SGK1 ,MAPK3 CX3CRI /KK F
B/ PR 25 BERAS T AU KL 5 ml, 25000 B
B 2%, U8 T -80°C vk A h R fr s . R
FHBRIE S 38 02 B 35 ( ELISA ) #6000 1 3% SGK 1 ( _F ¥
AR A BRA R ) MAPK3 (3 A A 2R A PR,
FARRAF]) [ CX3CRI(FF—EWRHE LA R ] 7K
S TR e BRI U R

L4 BT RS BT A e R T R A B D ) R AT
28 d B, B H 1R, BETT N AL B AR A ARAE
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R RE ML e REAT LI R BB} EL AR

Tab.1  Comparison of clinical data between the healthy control
group and the case group
e et
HHI(%) ] 70(58.82)  71(59.66) 0.017  0.895
RS (525, %) 56.40+7.72 56.48+7.75 0.080 0.936
FHGRIEL[ B (%)]  4(3.36) 9(7.56) 2.034  0.154
WBC (x+s,x10°/L) 6.85+1.52 14.91+2.27  32.184 <0.001
NEU (x+s,% ) 55.68+6.82 79.02+8.75  22.950 <0.001
LYM(x+s,x10°/L) 1.05+£0.24 1.02+£0.22 1.005 0.316

Hb(x+s,g/L)
PLT(x+s,x10°/L)

110.58+18.63 109.97+17.77  0.258  0.796
234.52+35.06 167.90+20.52 17.890 <0.001

PCT(x+s,pg/L) 0.25+0.05 4.69+2.08 23.279 <0.001
CRP(x+s,mg/L) 2.58+0.65  105.06+16.71 66.851 <0.001
ALT(xxs,U/L) 23.48+4.26 75.66+19.82  28.078 <0.001
AST(x+s,U/L) 23.54+4.19 88.27+12.90 52.061 <0.001

Pa0,/FiO,(x+s,mmHg) 402.65+46.94 203.71+34.31 37.325 <0.001
LAC(x+s,mmol/L) 1.18+0.32 3.15+£0.51  35.693 <0.001

I R AE IR AR fb | S0 28 K A 25 R e AR AP IR 2 AR
B 28 d 5 16 00 7 WA S W 4H (n=81) ML T F
H(n=38),

1.5 Gtk SRA SPSS 26.0 S48 124 4%
Mr5nl b2 B T 08, 115088 Ak LS8 sk A4 B L
(%) R A LLRCR T X2 A6 36 5 45 & IR 20 A 1y 3t
PR xts R, 2 A8 EBCR ST REAS ¢« K50
ZAXE TAERRIE (ROC) B4 #T 1ML SGK1 . MAPK3 .
CX3CR1 7K-F-X] s e £8 & I & ARDS K A R 11
UL 5 A P 208 56 A 0 00 A 75 1 5 000 A 3% 5 1lf PR
SRRV A RE, P<0.05 HERAGIT¥
2 &% R

2.1 2 #HI1fiE SGK1 MAPK3 ,CX3CRI /KFEH#® B
FEAELH M SGK1 . MAPK3 ,CX3CR1 7K V- /& Tt Je %f
M 2R A G2 L (P<0.01) , W5 2,

F 2 fEFEXS R AR RERE 4L M SGK1 MAPK3 CX3CR1 7K
b (xxs,pg/L)
Tab.2 Comparison of serum SGK1, MAPK3, and CX3CR1 levels

between the healthy control group and the case group

4 5 15145 SGK1 MAPK3 CX3CR1
fEFEXTIEA 119 10.25+1.65 28.49+4.16 32.19+4.85
JHedEdE 2 119 16.48+2.22 36.23+4.20 45.34+5.43
RIED 24.570 14.283 19.703
P1{H <0.001 <0.001 <0.001

2.2 ASEE I ME B RE AR I YE SGK1, MAPK3
CX3CR1 7K F L% ARDS W41 1M 7E SGK1 . MAPK3 .
CX3CR1 K FEw THE ARDS W4, 2 %A it X
(P<0.01), i3 3,

%3 dE ARDS 411 ARDS SV 21 ik 3 F [ # 17 SGKI
MAPK3 ,CX3CR1 K- HEE (x5, pg/L)
Comparison of serum levels of SGK1, MAPK3, and
CX3CRI1 in ARDS subgroup and non-ARDS subgroup

Tab. 3

49 % SGK1 MAPK3 CX3CR1
JE ARDS W4l 69  15.62+2.20 35.20+4.10 43.35+5.40
ARDS W41 50  17.67+2.24 37.65+4.32 48.08+5.45
18 4.979 3.146 4.698
P{E <0.001 0.002 <0.001

2.3 OANA] 0 JE M REAE AR IMLIE SGK1, MAPK3 |
CX3CR1 /K Heg  SET- W 4 13 SGK1, MAPK3 .
CX3CR1 KV TAEE WA, 2R A G208 L (P<
0.01), WL 4,

T4 (EHEWA ST WA M E B F ME SCGK1, MAPK3
CX3CR1 AKF-HedE (s, pg/L)

Tab.4  Comparison of serum levels of SGK1, MAPK3, and
CX3CRI in the survival subgroup and death subgroup pa-
tients

HoHl % SGK1 MAPK3 CX3CR1
FEIE 2 81 15.58+2.23 34.85+4.16 42.96+5.26
T4 38 18.41£2.20 39.16+4.29 50.41+5.78
tfH 6.482 5.217 6.978
P1H <0.001 <0.001 <0.001

2.4 Il SGKI MAPK3 .CX3CR1 /K- %} e #E9E £ %
Jf & ARDS KHUS AR HIME  Ze6liliig SCGK1
MAPK3 ,CX3CR1 il e 2 4 £ 7 JF & ARDS K i J
ARB ROC 4k, IFHR ML T A (AUC) , 451k B
75 I SGK1 . MAPK3 .CX3CR1 7K -8l & = F B4
TR e FEAE - &% ARDS 9 AUC 43514 0.864 .0.716
0.775.0.936,, = HK G L T4 A BTN AE (Z/P =
2.731/0.006.3.927/0.001 .3.159/0.002) ; IfiL 7§ SGKI1 .
MAPK3 CX3CR1 7K Bl Fe — 35 156 45 100000 Jofe 5 i AR
FHWEARB AUC 439124 0.788 ,0.691 ,0.756 ,0.877,
= HBRA T A FAM OB ( Z/P =2.457/0.008
4.344/<0.001 .3.626/0.001) , W% 5 El 1.2,

2.5 RCUEINEZR R il 2t A A U A R 5 B AT
BRI A R, SGK1 MAPK3 .CX3CR1 BEA K il
B LA R A %) 0 A A 5 mT S, LR 3,
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Fz5 I SGK1,MAPK3, CX3CR1 7K X ik % 5iE /8 & 1 &
ARDS K HUE A R A0 16
Tab.5 The value of serum SGK1, MAPK3, and CX3CR1 in pre-
dicting sepsis complicated with ARDS and poor prognosis

5 H fﬁgﬁ e 9suC  HUBIE fERE
Jf-%& ARDS
SGK1 16.366  0.864 0.789~0.920 0.800 0.522 0.322
MAPK3 36.848  0.716 0.626~0.795 0.540 0.787 0.327
CX3CR1 46.057  0.775 0.690~0.847 0.780 0.667 0.447
=EBRE 0.936 0.876~0.973 0.820 0.797 0.617
HEARR
SGK1 17.180  0.788 0.704~0.858 0.842 0.790 0.632
MAPK3 37.293  0.691 0.600~0.773 0.553 0.802 0.355
CX3CR1 47.838  0.756 0.668~0.830 0.711 0.778 0.489
“HBA 0.877 0.804~0.930 0.895 0.914 0.809

1 Ifi7% SGK1 ,MAPK3 CX3CR1 Hlill ife #¢ e fR & JF & ARDS
i ROC 2k
Fig.1 ROC curve for predicting sepsis complicated with ARDS
based on serum SGK1, MAPK3, and CX3CR1

2 I3 SGK1,MAPK3  CX3CRI i e 85 4E H & HilJ5 A R
1 ROC. ik
Fig.2 ROC curve of serum SGK1, MAPK3, and CX3CR1 for pre-

dicting poor prognosis in sepsis patients

R

0.6

= 0.4} &
- Vi e
0.zl s — Fidft ek
= ya ALl £k
0 1'/ i L i 1
0 02 0.4 .6 0B
o5 i
3 TROIARE R A A o i 4k
Fig.3 Calibration curve result graph
34 i

ARDS S —Ffr ™ 7 114) il 308 2 1 9 1 S 1 P s
F2 L FH MR ARE 1 48 1 A I X2 Tk il i 8, v R
I, 51 7 AR R IR B PRI M | R R AE
IR ARDS WIBUER T E ik 40% 7240 FHA
SR A W A, X SR o XU R R T
TRYT, T A3 FR 3 S B R

SGK1 X 45 i 4 4 i i) 9/ T~ B A Pl L, 52 9%
PEZE I 5 83 035 SGK Bl 311 3 T i it 75, XBP1
B 20 B TR R, A T B R T A R B
FYFINRLBE " . microRNA-223-3p/SGK1 il & LPS
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=T ARDS W41, HAET- W41 1 3 MAPK3 7K F &
ER T, G RN, MAPK3 KT/ 58 =
FIK AR GP I KA R RS RS UIAH G, S 5 ik
BEAEIE & ARDS 1R M 2 N 45 5 2R B S W
HERARZS AV EFR B, Ry PR T TP (AL A 4

Y A4 AP I % 35 CX3CLI 3 i CX3CR1 ZE K
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PEFF AL : 710061 PUZE 74 22 30 K 55— B 2 e Jol LUk ( 850 L AT ke BARIR) | B SMEH (k)
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[ E] B HiTiEsME Clg/ Mg RsEE FA & 1 12(CTRP12) M4 A EFEE 1 4 (ANGPTLA ) 7k
X B IR AL A SE0E ( LEASO) S 38 AR S AL B 78 (ISR ) & AR I F2 M, JEATAG X ISR iy Bl &, 77 3%
TEEX 2022 4F 9 A —2024 4F 9 F V542 35 K25 — B @ B2 B & Rl i A B ARG YT 19 LEASO B3 120 HilE i 58 X
% RIWAE 14527 &L ISR 43 ISR 41 34 I F-E ISR 46 86 i, % FH il 3¢ S 28 W2 B 36 ( ELISA ) I A& IfiL 375
CTRP12 , ANGPTL4 /K F; 3% ] Pearson #H 3¢ 143 ¥7 1fiL 7 CTRP12, ANGPTLA 7K ¥ 50548 K FE . W ¢ 2 i 4 H
(hs-CRP) /K F-Z [BIHH G R Z 2 Logistic [IIA43HT LEASO JF ARG 1 48 & 4 ISR Mg M 2 ; 32308 TVER:
FE(ROC) M 22 3PAh M7 CTRP12, ANGPTLA /K% LEASO M & ARJG 1 45 &4 ISR W ke, &R ISR 4
ANGPTLA 7K -5 THE ISR 48, CTRP12 KK T-3E ISR 4H (+/P=7.147/<0.001 ,8.821/<0.001) ; 53F ISR 41 L%, ISR
2 LDL-C .FPG HbA,, .hs-CRP 7KF-Ft, HDL-C /KA (/P =3.309/0.001,3.657/<0.001,3.853/<0.001 ,16.724/ <
0.001.,2.652/0.009) ; IfiL i CTRP12 7K ¥ 595 78 K B  hs-CRP 2 A1 (r/P=-0.652/<0.001,-0.598/<0.001),
ANGPTLA 7K 59578 K )8 hs-CRP 2 1IEAH5E (r/P=0.685/<0.001,0.623/ <0.001) ;45K K TASC 435 ¢ 5 D 1Y |
LDL-C 5 \hs-CRP 15 , HDL-C ik , ANGPTL4 & J& LEASO % R J5 &4 ISR M Sr Bl KR [ OR(95%CI) = 1.330
(1.157~1.529) ,1.900( 1.087~3.322) .1.583(1.063~2.357) .1.486(1.090~2.025) .1.631(1.037~2.565) .3.366(2.026 ~
5.592) ],CTRP12 s R N ZE [ OR(95%CI) = 0.228(0.119~0.436) | ; Il 1 CTRP12  ANGPTLA /K } —F B
T LEASO BBE ARG 1 A& 4 ISR B2 T AL (AUC) 23098 0.839.0.827.0.953, —FH AL T4 A SRk A5
(Z/P=3.477/0.001.3.124/0.002) , £t L7 CTRP12 /KFREMES ANGPTLA KT+ & LEASO B A JG &4 ISR
B ST fE e PR 2R A KT LTS CTRP12 , ANGPTLA 7K-F-X) LEASO % ARJF 1 4 kA ISR BA BLAFHI TIN5

[EER] T RS IKEE A IR 20T s ARG SCAEN TR s #MA Clg/ M IRFE IR FAHOCHE 1 12; L AR R HE R H
4 TN AA

[hE4ZES] R654.4;R543.5 [ xEktRIREG] A

The predictive value of serum CTRP12 and ANGPTL4 for restenosis after stent implantation in patients with lower
extremity arteriosclerosis obliteran Wang Ying ", Gao Ke, Zhang Yanfeng, Jia Juanjuan, Yang Lin. " Department of Pe-
ripheral Vascular, The First Affiliated Hospital of Xi’an Jiaotong University, Shaanxi, Xi’an 710061, China
Funding program: Shaanxi Provincial Basic Research Program of Natural Science (2025]JC-YBQN-1081)
Corresponding author: Yang Lin, E-mail: jdvascs@ 163.com

[ Abstract] Objective To investigate the effects of serum complement Clg/tumor necrosis factor-related protein 12
(CTRP12) and angiopoietin-like protein 4 (ANGPTL4) levels and clinical characteristics on the occurrence of postoperative in-
stent restenosis (ISR) in patients with lower extremity arteriosclerosis obliterans (LEASO), and to evaluate their predictive val-
ue for ISR. Methods From September 2022 to September 2024, 120 patients with LEASO who underwent surgical treatment
in our hospital were enrolled as the study subjects. According to whether ISR occurred one year after the operation, patients
were divided into an ISR group (34 cases) and a non-ISR group (86 cases). Serum levels of CTRP12 and ANGPTL4 were
measured by enzyme-linked immunosorbent assay (ELISA). Univariate and multivariate logistic regression analyses were per-
formed to identify independent influencing factors for ISR. Pearson correlation analysis was performed to explore the correla-
tions between serum CTRP12, ANGPTL4 and lesion length, high-sensitivity C-reactive protein (hs-CRP). The predictive effi-
cacy of serum CTRP12 and ANGPTL4 was evaluated using receiver operating characteristic (ROC) curves. Results Com-
pared with the non-ISR group, the ISR group had significantly higher levels of ANGPTL4 and significantly lower levels of
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CTRP12 (t=7.147 and 8.821; both P<0.001). The ISR group also exhibited significantly higher levels of low-density lipopro-
tein cholesterol (LDL-C), fasting blood glucose, glycated hemoglobin, hs-CRP, and significantly lower levels of high-density
lipoprotein cholesterol (HDL-C) (¢=3.309, 3.657, 3.853, 16.724, 2.652; P=0.001, <0.001, <0.001, <0.001, 0.009). Serum
CTRP12 was negatively correlated with lesion length and hs-CRP (r=-0.652 and —0.598; both P<0.001), while ANGPTL4
was positively correlated with these parameters (r=0.685 and 0.623; both P<0.001). Multivariate logistic regression analysis
showed that longer lesion length (OR=1.330, 95% CI: 1.157-1.529), TASC type C/D (OR=1.900, 95% CI: 1.087-3.322), ele-
vated LDL-C (OR=1.583, 95% CI: 1.063-2.357), elevated hs-CRP (OR=1.486, 95% C/:1.090-2.025), low HDL-C (OR=
1.631, 95% CI: 1.037-2.565), and elevated ANGPTL4 (OR=3.366, 95% CI: 2.026—-5.592) were independent risk factors for
ISR, while elevated CTRP12 (OR=0.228, 95% C/: 0.119-0.436) was an independent protective factor. The area under the
curve (AUC) of serum CTRP12 and ANGPTL4 alone for predicting ISR was 0.839 and 0.827, respectively. The AUC of the
combined prediction increased to 0.953, which was significantly superior to either indicator alone (Z=3.477 and 3.124; P=
0.001 and 0.002). Conclusion Lesion length, serum CTRP12 and ANGPTL4 levels are independent influencing factors for
postoperative ISR in patients with LEASO. Combined detection of serum CTRP12 and ANGPTL4 has good predictive value
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for ISR and may provide new serological evidence for the early identification of high-risk patients.

[ Key words)]

Lower extremity arteriosclerosis obliterans; Postoperative in-stent restenosis; Complement Clg/tumor

necrosis factor-related protein 12; Angiopoietin-like protein 4; Predictive value
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obliterans , LEASO ) J2& 4= 5P 51 ok ok A8 AL A T R i 4
(8 )Ry A2 B, AT BB B 1M IR, 5 38R 0 I
ER R R AE R B A B, I N S
B AR BEA RCE & 1MLE , (HAR 5 BRI 8%E (in-
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FIRRE L, BF9E4R th, LEASO T B ISR 5 1 4%
RAVEONE N B 20 A5 107 - 1 LR et 8 1 A T
A Cla/MpREYRAE N FAH B 12 ( complement
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TEPE R S UL B B AT

1.3.2 SEBGZAH TR ARk . i 42 A sl Ak Hr R
RIS AR [ (TC) H Y =R (TG ) RS B & R
[ (LDL-C) | /e %5 B2 B 2 (1 IR [ B ( HDL-C) |25 JE
BFE(FPG) FHALILIZE FH (HbA,, ) LWLEF (SCr) | B
C W (hs-CRP) 7K,

1.3.3 ISR HlE . TARGHERVEH 1 4FE RIE
6 2B BO TR R S S5 (CTA) B4, 3¢
RN B S o 5 mm 3 LN A IR AE AR T = 50% 10
ISR ARYEARS 1 AR5 & 2E ISR #3553 ISR 4
34 5 F1HE ISR 4 86 il ,

1.4 Siits#Jrik R SPSS 28.0 & MedCale #1448
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# 1 JETISR 45 ISR 41 LEASO H &I R %ok} H i
Tab. 1

Comparison of clinical data between non ISR group and

ISR group

9 H 4(:1?3{6%1 (fffi e/l P

PE (%) ] J 58(67.44)  25(73.53)  0.423 0515
4 28(32.56) 9(26.47)

AEIE (x5, %) 65.34x8.21 66.97+7.85 0.992 0.323
BMI(x+s,kg/m?) 22.15+2.86 22.88+3.12  1.228 0.222
WA [ (%) ] 45(52.33)  23(67.65)  2.329 0.127
B[ BI(%) ] 29(33.72)  13(38.24)  0.218 0.640
G [ (%) ] 11(12.79) 6(17.65)  0.158  0.691
FRMLELB(%) ] 62(72.09)  28(82.35) 1368 0.242
WP B (%) ] 38(44.19)  20(58.82)  2.091 0.148
ELEL (%) ] 31(36.05)  16(47.06)  1.240 0.265
g IMAE [ (%) ] 49(56.98)  25(73.53)  2.824 0.093
ST (x=s, ) 18.35+6.21  20.12+7.05 1.353  0.179
Rz FELHINL 42(48.84)  18(52.94)  0.054  0.997

[B(%) ] SMbi/FAR 20(23.26) 8(23.53)
YL 12(13.95) 4(11.76)
SR 12(13.95) 4(11.76)

JRAR K (R+s, cm) 8.52+2.41  11.89+3.05 6.386 <0.001
SEAAZE (%) ] 22(25.58)  14(41.18)  2.822  0.093
Rutherford 232%[9) 2 4% 20(23.26)  4(11.76)  3.774 0.287
[#(%) ] 3% 45(52.33) 15(44.12)

44% 18(20.93)  11(32.35)

540 3(3.49) 4(11.76)
TASC 437 A 18(20.93) 2(5.88)  9.188  0.027
[#(%) ] B # 35(40.70) 8(23.53)

CH 25(29.07)  15(44.12)

DX 8(9.30) 9(26.47)

THAAT RO THECTRE U B L (%) 2R, 4
() FL AR X2 A58 s A7 5 IE A0 A BT R x£s
P, 2 LA] LR ST REAS ¢ R 56 >R ] Pearson
AHFENE 3BT I CTRP12  ANGPTLA 7K 59528 K JiE
hs-CRP 7KF-H A DG s R I Z B &R Logistic 11811543 #r
LEASO #E ARG 1 4E4E ISR MmN R, ZikE T
YERFAE (ROC) 1 ZE T4k L7 CTRP12 , ANGPTLA /K-
XF LEASO B EARJG 1 4 &4 ISR MBI &L 6E, P<
0.05h2ERA G XL,

2 F R

2.1 2 #If¥E CTRP12 ANGPTLA /K FLHL# ISR 4
CTRP12 /K ik F4E ISR 4H, ANGPTL4 /K F & T3k
ISR 4 (P<0.01) , W32,

2.2 2SR EACTEPR LR R ISR 41, ISR
41 LDL-C .FPG _HbA,, hs-CRP /KF-TH# , HDL-C /K-
AR (P<0.01) , WL3 3,

2.3 i CTRP12  ANGPTIA /KF-5 B &R K,
hs-CRP /KFE WA Pearson AH 24347 87~ , 1L

7 CTRP12 7K F 5 %5 2% K £ | hs-CRP & i #H o5&,
ANGPTLAZK F 5 95 22 £ B hs-CRP £ IEH & (P <
0.01), W% 4,

#F2 JEISR 415 ISR 41 LEASO B 1% CTRP12, ANGPTL4
HKFHEE  (z2s,pe/L)
Tab.2 Comparison of serum CTRP12 and ANGPTLA4 levels in non
ISR group and ISR group

A5 1%k CTRP12 ANGPTLA
4k ISR 41 86 5.36+1.25 5.42+1.15
ISR 41 34 3.25+0.98 7.18+1.37
t 15 8.821 7.147
P1H <0.001 <0.001

%3 JEISR 415 ISR 41 LEASO & LH R H5h5 LA (x2s)
Tab.3 Comparison of laboratory indexes between non ISR group

and ISR group

4k ISR 2 ISR 4

oA (n=86) (n=34) ol P
TC(mmol/L) 4.21+0.78 4.50+£0.82 1.809 0.073
TG (mmol/L.) 1.6520.51 1824050  1.654  0.101
LDL-C( mmol/L) 2.45+0.63 2.89+£0.72 3.309 0.001

HDL-C( mmol/L) 1.08+0.25 0.95+0.22 2.652  0.009
FPG( mmol/L) 6.52+1.45 7.68+1.83 3.657 <0.001
HbA, (%) 6.58+0.92 7.35+1.14 3.853 <0.001
SCr( pmol/L) 78.65+16.32 85.43+18.75 1.965 0.052
hs-CRP (mg/L) 3.25+0.68 5.49+0.61 16.724 <0.001

&4 IMHE CTRP12 ANGPTLA4 /KF 59575 K J  hs-CRP /K
FAAE G

Tab.4  Correlation of serum CTRP12, ANGPTL4 with lesion
length and hs-CRP
b CTRP12 ANGPTL4
rfH P{E r {8 P{E
PR BE -0.652 <0.001 0.685 <0.001
hs-CRP -0.598 <0.001 0.623 <0.001

2.4 ZWE Logistic M0 #1 LEASO & AJG 1 4F
KA ISR WSR2 LA LEASO % R J5 & 4 ISR
PR B (WRAE . <17 B R“0™), KA Rk g R
P<0.05 Wi H (&2 &, JFHAAA) h HAS &, i T2
I Logistic [MIIH40 0T, 455 B /n 28 K JE K TASC
4¥# ¢ 5 D % LDL-C &5 . hs-CRP /& . HDL-C %,
ANGPTLAE /2 LEASO B # AR5 &4 ISR B2k 37 15 15
K%, CTRP12 M R4 R R (P<0.05), WK 5,
2.5 IfiLiE CTRP12 ,ANGPTLA /K-F-X%f LEASO % &
J& 1 AF & A ISR B T 2 fe 2 il L7 CTRP12,
ANGPTLA/KF-Hiil LEASO B & AJ5 1 4% ISR /Y
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ROC £k, I-IHH M4 T L (AUC) , 455 IR « I
CTRP12 ANGPTL4 /K K — F B A T LEASO H3%
ARJ5 14 &4 ISR 1) AUC 43312k 0.839.0.827.0.953,
ZHEBAIT A A B B (Z/P=3.477/0.001
3.124/0.002) , WK 1 £ 6,

RS5 ZHE Logistic FIF4H7 LEASO B#F ARG 1 4F &k ISR
OEAC[ESES
Influencing factors of postoperative ISR in patients with

Tab.5

LEASO analyzed by multivariate Logistic regression model

[ AR & B1H SEf Wald{§i P{i ORMH  95%CI
g -1.687 1.872 0.813 0.367 0.185 -
TN N 0.285 0.071 16.133 <0.001 1.330 1.157~1.529
TASC/3RIC 5D 0.642 0.285 5.072  0.024 1.900 1.087~3.322
LDL-C % 0.459 0.203 5.120 0.024 1.583 1.063~2.357
FPG 5 0.175 0.162 1.164 0.281 1.191 0.867~1.636
HbA,, & 0.123 0.187 0.433  0.510 1.131 0.784~1.632
hs-CRP & 0.396 0.158 6.284 0.012 1.486 1.090~2.025
HDL-C fi 0.489 0.231 4.485 0.034 1.631 1.037~2.565
CTRPI2 7 -1.478 0.331 19.950 <0.001 0.228 0.119~0.436
ANGPTLA & 1.214 0.259 21.960 <0.001 3.366 2.026~5.592

%6 Ifili CTRP12 ANGPTLA K-F-X} LEASO & ARG 1 4F &
A ISR TR RE
Tab.6 Value comparison of serum CTRP12 and ANGPTLA in pre-
dicting ISR in patients with LEASO

. HWTE 20 %
1=} N E“? r?:l:'; .
Ei=R 7 (ue/L) AUC 95%CI  HURE R o
CTRP12 4.03 0.839 0.760~0.899 0.765 0.802 0.567
ANGPTLA 6.50 0.827 0.747~0.890 0.735 0.861  0.596
THBA 0.953 0.898~0.983 0.941 0.884 0.825
3 4 i

AWFSE &, R JG %42 ISR B LEASO H 3 1L
CTRP12 7K F i Z B 1%, ANGPTLA /K 82 Thi, —
H5RAAKE KR MRS hs-CRP ¥ HA A
PE 08 ISR & AR Rl 7 5% m P 33X — 45 R R,
CTRP12 1 ANGPTLA FJ fig 38 1k 90458 Joy 5 48 1k I 1y 5%
M) LA PN B T Rl % ST Wi UL B 348 4 45 4 4%, 7E TSR )
Joa FRE R Ry TR G A (

CTRP12 #£ LEASO Jf & ISR & IfiLii5 1 A%,
CTRP12 {52 LEASO I & ISR ({34 K &, Al R 5 1
PIFERIPT 96 M il B AR P T RE B VI AR OG5 A W 45
WF7E i, CTRP12 5 2P0 LS S 3 ISR X R %
U, 08 W% 0F kA & A A br B Y, XA
CTRP12 5 ISR FI M) & A v BEAFAE L LB R . AT
GRS BT 7R CTRP12 5 hs-CRP S AH X%, i
— WA T PR R, WS R B, 7E B R IR 4
2 RIB R CTRP 12 A HLRAVE M, 5 5tk s bk s

B 1 Ififif CTRP12 ANGPTLA K-F-Hill LEASO ##% ISR i {H
ffy ROC 2%

Fig.1 ROC curve of serum CTRP12 and ANGPTLA in predicting
ISR in patients with LEASO

SREIE SRR R S B O Y Ogawa 251
HE— 6 7%, CTRP12 0] 3 o HoAH SC #4 # TGF-B
ZARI (TGF-BR 11 ) /Smad2 {55 5% 5, AT 08/ Hy 1fiL
INBRAT AR A KT (PDGE ) -BB il 85 Al 30 1l 45 S
LA ( VSMC ) 455, - [m] g 40 ] s 240 L 2 1 o
LEASO FB 3 AR S I A5 B PR BR 48 97 5K I S 28 8 T 32
4, SR VSMC 11 38 5 348 8 R % 02 5 8009 B3 A
ISR B O FRATE) R 4, A= RS R CTRP12
A AETE I EIRMLHIM R VSMC 1958 F 98 1 R 1, & %
MASRPVE . 24 CTRP12 7K SBT3 Fh 4 il 4
FHBEH 55, VSMC 138 58 e 5, &M SR ), e 2442
PET OISR B K, 54N, Wang S0 BF Y K B,
CTRP12 R J0 il O B i 2T 24 200 i 1) AL B 2T 24 490 Bt 1
AL O IEEF 2 AL AR OC B 11 0 5% 5%, $27% CTRP12 7]
REELA T Z ML A E . HEIAE LEASO S5 1Y
I A8 BE v, CTRP 12 S 138 2o 000 i i A7 ) Bl A 21 24 41
L1435 T S A4 L A5 S5 7 ok B TR, DT 980 2 A Fh
A S 5 NG A R T — DS IE ST
ANGPTLA {572 LEASO 3314 ISR A2l 37 & 16
2 XAR AT g5 HAR SE R O I8 R A
K AIIREA ¢, ANGPTLA J& T 1% Ak i R R
NG, A i 25 R D S e, e — 5 AR e e v ok
REVNZ IR EE" , Tang 55 BF5E &3,
P ANGPTLA £ [ 2=k T LAy /b 3l ik o) #F B £k 5 e
TR, 46 /N ol Dk BE JREJBE 7 — o R BE b 2 fidk o ok ok A
PRIRAERE IR, A6 L4 B 45 75 5 F, Zhan 50 BESE A
L, ANGPTLA 38 3 34 i 13 Wi A 28 1457 PN 12 400 i 344 3
M A J5 1058 453 O st 8 7K SF- 89 ANGPTLA W B i s
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JRis S NG, Ak JEE T P B A L A, S0 EE
DI A SRR T R A R A SRR, XA
5% ANGPTLA 590748 £ & K hs-CRP 52 1E #H 56 1) 45
JAHFF . CRP 2 RS B 2 PRI A N 25 1, J2
I TR 7 Ak 4= B Mk R M DK D bR B, 5
LEASO Jf & ISR X R %Y . #7% ANGPTL4 AU
25 ISR KA1 5 BN 4>, T A HE A Sk
LEASO fBFE AT ISR XU AT 7E L35 F4n &9

—2 ROC I st 45 R o, 1L CTRP12 Al
ANGPTLA B4 RN () T AN B ( AUC = 0.953) flL T 1
SRRTIN 5k sn T ST 45 R — 5, CTRP12 (1%
(R AV 2 NI S 1 /1 2 W = N A ]
ANGPTLA W TFF AR e 25 11 4 IR 1G5 g 2t () 35 5
XA R DN i 0% T 4 T Mb A7 412 3 3 S A RS, AT
R M S e TSR ) LSRR, FL TR AL BE A AR AT
WL —HE FE R b, R B PR AN (B L SR — 8 A
WA AR, (HAE T A AT S — 100 o MR
5T, M NHEBA#R CTRP12  ANGPTLA 7E ISR H % R
KR, HEMRAE S B WO o755 18 1 3
TSI — A B RO 5 T RS 2 PO A
B A BIFSE B A DT 5 4518, IR R AT % — 340 5
(1) TR il 2 75 BB A R A U
4 & ®

ZE LR ARBFSEUESL LS CTRP12 K[ K5
ANGPTLA K F-FHE 2 LEASO H3% % 4 ISR [l ST 6
B 2, 3 AT e I 8 1k SN R I P R 4 T g
SN ISR KA, B E WA R IALRE & 0 T 246 b
R, SRy R ISR S AR R AL T T TE 1Y A b
W, N LEASO A J5 R 53 )2 5 AR AL B 16 5 0 114 1]

SEFEBE T AN .
il 3 32 JOT A3 11 7 A 2 e i
1E & Tk A

IR R SRS 580 & T X5 S, £
PG HT s ke D B St , Bt o, BB Y 4R
A AR SCHK 18 SCIBC A Ak BFFEAR 1 SO
&% 3k
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[# ZE] BE FEIHE PO EREE(UFTA) BT S0 - R A o 0 R MR A RFE R E I,
& MBI 2023 45 1 H—2025 4 8 B 1 LG B BEC M IS SNEHICTR Y B R B il - U0 B R BB 594 461 SR i
FENF G AR IRIEEHE A 43 R AL (FE G RRIEEE AR  n=286) FIl UFTA £ (DUl ERRIFEE: R ,n=308) , HLi 2 40 RRIFFAL
R MEARG AR NIRRT KR RE AR RN, R UFTA AT R ] RIS (] 45487 B 6] JRR I
A2 IR A R) | EAE W = R RS A3 B B TR0 0 A, TR = R B8 T AL (/P = 4.682/<0.001,3.641/<
0.001.,62.108/<0.001 ,28.791/<0.001 ,58.672/<0.001 ,29.507/<0.001 x2/P=317.483/<0.001 ) ; /MG WL (T2) . X
EHRET 5 min(T3) IF, UFTA 2.0 (HR) A Q1K (IBP) (HLG#Hbk IR (CVP) il sl Jk s (PAWP ) I T4 AL ZH
(T2:1/P=7.093/<0.001,5.026/<0.001 ,4.545/<0.001 ,5.966/<0.001 ; T3:11.219/<0.001 ,5.491/<0.001 ,3.939/<0.001 ,
5.541/<0.001) ;R J& ,UFTA 4 B Bl ( Cor) (BT S AL P (MPO ) /K AR T3 BLAL, 48 S Ak B AL g (SOD ) K F
WL (1/P=8.047/<0.001.,9.487/<0.001,15.873/<0.001) ; RJ5 2.6.12 h, UFTA 4 #L5EA4LIE 4 ( VAS) (IR T M4
(t/P=11.685/<0.001.8.789/<0.001.,9.356/<0.001) , Ramsay FEHHT-70 5 T # ML (1/P=4.455/<0.001.,7.999/<0.001 ,
2.393/0.017) ; 2 AR RN E A R R 22 F G4 E L (P>0.05) . &5i8  UFTA AW ALK gt DI gRA
SR RIS B AR RGARE R NI N, MR R BEUR AR (R ARG R R, B R IRIE M.

[ER] PR E KRB AR WGl DIBR AR s BREESCR s T R 4

[FES%ES] Rel4 [ TEkRiRAE] A

Application of ultrafast channel anesthesia technique in thoracoscopic lobectomy and Its Impact on the circulatory
system Zhang Yigiang ,Tang Ziyi,Wang Zhengjun ,He Guiwen, Yao Shudong, Huang Qiaoling. Department of Anesthesiolo-
gy, Huangshi Central Hospital, Hubei,Huangshi 435000, China
Funding program. Huangshi Health Science Research Project ( W.J2024038)
Corresponding author: Tang Ziyi, E-mail. 18872187599@ 163.com

[ Abstract] Objective To investigate the anesthetic efficacy and impact on the circulatory system of ultra-fast-track
anesthesia (UFTA) in thoracoscopic lobectomy. Methods A total of 594 patients undergoing thoracoscopic lobectomy in the
Department of Cardiovascular Surgery, Huangshi Central Hospital from January 2023 to August 2025 were retrospectively se-
lected as the research subjects. They were divided into a conventional group (traditional anesthesia technique, n=286) and a
UFTA group (ultra-fast-track anesthesia technique, n=308) according to the anesthesia technique used. Anesthesia effects, cir-
culatory system indicators, stress indicators, sedative effect, pain degree, and adverse reactions were compared between the two
groups. Results Operative time, anesthesia time, extubation time, anesthesia recovery room stay, intensive care unit stay, and
postoperative hospital stay were significantly shorter in the UFTA group than in the conventional group, and the number of pa-
tients extubated in the operating room was significantly higher in the UFTA group than in the conventional group (tX°/P=
4682, 3.641, 62.108, 28.791, 58.672, 29.507; all P<0.001). Immediately after tracheal intubation (T2) and 5 minutes after tra-
cheal extubation (T3), heart rate (HR), invasive arterial pressure (IBP), central venous pressure (CVP), and pulmonary artery
wedge pressure (PAWP) were significantly lower in the UFTA group than in the conventional group (#/P=7.093, 11.219,
5.026, 5.491, 4545, 3.939, 5.966, 5.541; all P<0.001). Cortisol (Cor) and myeloperoxidase (MPO) levels were significantly
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lower in the UFTA group than in the conventional group, while superoxide dismutase (SOD) levels were significantly higher
(t/P=8.047, 9.487, 15.873; all P<0.001). At 2, 6, and 12 hours postoperatively, the VVAS score was lower in the UFTA group
than in the conventional group, and the Ramsay sedation score was higher (#/P=4.455, 7.999, 2.393 / <0.001, <0.001, 0.017).
There was no statistically significant difference in the incidence of adverse reactions between the two groups (£>0.05).Conclu-

sion UFTA technique can optimize anesthesia management for patients undergoing thoracoscopic lobectomy, maintain circu-

latory stability, reduce stress responses, enhance sedation and analgesic effects, and promote postoperative recovery, making it

highly valuable for clinical promotion.

[ Key words)

Jii T B AR A it S5 MR A 1) L B SR
FARN Bl 0 R AR A T M SRR U TR
AHET MR TR LA /N R PRSI 3, B
M-I B AR B AL SR, AR AR R
B3 AT D 2 PRAR, DU LA R SOR 5163 R 46
FOEMETT I, (B GERR IR HE AR B HLA — 2 IR U
SRR (R H PR RE S B R EE K AR U A 2 M
LI B0 72 8 sl 5 ) L, AT 52 i) £ 35 O 5 e S K A
B ik ] A e T RR BE R R (ultra-fast track anes-
thesia, UFTA) @ L A0 BRI 7 28, AT 52 AR 3 AR S5 R
TR A RS RN R G B 2 T R R S R A
Y UFTA SRRERL S RI N H, CEZ R
A R R AFECRY . H AT, URTA 76 i s 45 A -
PIBRA i B FHAF 541 38R A B, JE A R AIUCR 5
TER R G R e i REVEM AT, FIk, AR
WFFE M I LA UFTA 515 G0 bR BeR A 78 1 fes 5% il -1
R A H A 0 FHRICR, , PPN AR RBERCR TR R Gife e
PRSI 22 5, B A I RO A BRI 7 58 4 o i A
RIGWKE B S H K s,
1 ARS5H®
L1 IGIRBERE B 2023 4F 1 H—2025 4% 8
H BT R BE B 1A A MRRISCT A B4 s A )
BRA R 594 F10 05T 52, MRS R FEHL AR 430 8 B
H (B REBEE AR, n=286) F1 UFTA ZH (8 b 1 JRR i
HAR,n=308), 2 4G IKZERLE, 227 5=
X (P>0.05) , ARk, WEE 1, AU E (R
VRE T ) FEAMEN], H 23 i B B4 B2 By 4 R
HEHE (AP 2025-135 %5 ), BB B AR AV W) 0 F 4%
BAE R
1.2 el BbrmE (1) 9 AFRE, QR4 P E i
A i P BT 1 PR S BB ) L o g s 5 i - LT B AR
(35 N IIE ; @14 > 18 4, HLAT e 38 (W I PRk} B /&
XA 5 ST f68 P 108 R 1 245 90 TG b B8R 1 5 DI 3y
e KRR IER . (2) HEBRbR . O A IO =R
A S T R I B 5 @G I8 1 BH A

Ultra-fast-track anesthesia; Thoracoscopic lobectomy; Anesthetic efficacy; Circulatory system

F 1 WM UFTA HIRGOR AL
Tab.1 Comparison of clinical data of patients in the conventional

group and UFTA group

X =¥ 4
won T U e
PRI (%) ] B 135(47.20)  141(45.78)  0.121 0.728
1 151(52.80)  167(54.22)
SRR (xxs, %) 61.79+9.84  61.87+10.09 0.098 0.922

B (xts,cm) 164.57+10.20 165.60+11.48  1.153  0.250

M (x+s,kg) 59.76+6.82  60.43+7.19  1.163 0.245
WA [ (%) 112(39.16)  128(41.56)  0.354  0.552
LR EIMLE  140(48.95)  159(51.62)  0.424  0.515
[B1(%)] BEIRAG  28(9.79) 33(10.71)  0.137  0.711
R BI(%) ]

Al /INR At 187(65.39)  193(62.66)  1.080 0.782

Jey BRIV /N 200 i o 51(17.83) 64(20.78)

ST i i B 988 24(8.39) 23(7.47)

it s 5 9 24(8.39) 28(9.09)

TE RN (vts , %) 69.14+4.13  68.75+¢4.20  0.711  0.255

PR P N S T A D) RE N 4 @G I AT REAL |
SR ST B AR B @G IR R R IR R
Gipe ; OF I A B et ™ B B .

1.3 BREEE: (1) UFTA 20 R AR P 18 pR 4
AR, RN 4G O H B JCR i R als | e
I AR R RS AT Ae 3l Ik 2 il 45 W D B Bl ik
AR PR W R85 i SRV RN R 0 FL TR R A A B kO
SEA AR R) AT SR FH BRI % 8 s D00 S 5 UL PR ot
DUASC A3 S0P A TR BT B e LR 7K ST, R 75 - 7 K
TESIAES 1~2 mg/kg 2 H B AT 25, k2
BTl 22 4% 0.15 mg/kg FIEF2F KJE 0.3 ~0.6 pg/ke,
T i FELOBUTLEE B % 2 60 AR AT A5, i FE 0K
FERLATAILAGE <, 3 & S8 (ani it 6~ 8 ml/kg, I
WEATR 12 ~ 14 YK/ min, WP HL 1:2) , JREEAESE . DA
3mg-ke™ - hT Y R R R 2 E WA B, U

0.2 pg + kg™« min™' YRR KL I 25 K JE, IF A
3 g - kg™« min™" A% I A TR 2R B R L SR

WERBERETE 1% ~2% , 585/ 5B M—E
WA, TFARY AT S min, & kB N7 KJE
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0.2 pe/ke, 2FEEFFRIC B HEEGIE 1~2 pe/keg i
BRI PN R JTLAS AW 000 235 S P 5 e Sk 2 o U B gy 22 e
0.02~0.03 mg/ ke, FHR I 25 G AR A V8 38 1M 453 14
254, AREERIN0.375% % k< BAT 87 1 Ry B BH i, R
Je ERIKZE T A A HE 10 mg  FREL & 5 TR 50 mg T4
Mo (2) WA R GRRBEEOR . RIS . &7 2%
KJE 0.5 pg/kg AMKFEPKER 0.3 meg/kg FI % PR IR £
0.6 mg/ kg FfKiE S, REFLERS . NYARY 3 mg - kg™ - h™' |
5 KJE 0.05~0.10 pg - kg™ - min " FFLER T IF LU
Bi] iy 2 3 pg - kgf1 . minflﬁﬁiﬁﬁi,ﬁu 1% ~2%
LR B A . HARERMES UFTA 43,

1.4 WEFEbR 5Tk

141 REEECR 8591 H e TR B B) R R [ | 2
B FARERE A 2 S R R 5=
i i) B W 2 e ) R AR S A g A ) 45

1.4.2 TEHRGAE R TS HT 5 min(TO) JFREF
WRE (T REMEZ(T2) KEHE G 5 min
(T3) WL F LR (HR) A QIS (1BP)  HO#
JKE(CVP) Jlish kAR (PAWP ) 45

1.4.3  NEEARPREN . TARET OARSE 1 d REBEE
JEFe K. 4 ml, 2500 T2 03 3 i K Gy g B
TR56 A6 M) Kz [ B ( cortisol, Cor) (i 7 & 5% 5 CSB-
£Q027342, N A & AL Wy /8 W) ) Al o 480 AL W il ( my-
eloperoxidase , MPO) (i 7] & 25 CSB-E08721h, #7X
HEAE T K5 SR 4 60 B A T Ak
Y AL (superoxide dismutase, SOD) 7K,

1.4.4  SFRSCR RV . AR5 2.6,12.24 h,
i 1F Ramsay ‘FH i 37 7075 %0 B8 BRSO PR T VR4S
BAE R B s VE 14 T AR A R
V2 41 BRERERAS X T4 A Rk, 3F 3 45 abF
TRMRIRAS ELAE DML | I 4 40 IR EEBEIR R0 JC R 25,
VS5 o3 SBT3 6 43, W4 5~6 47
PEREE IR 2~ 4 2y N BRAR B, <2 40 W) SR B
AT SRR BE AL I 43125 (visual analogue scale,
VAS) Xt f & PR FE R AT IR, | th R AR I RS2
FE— AR R AR e AR SR AR 2 B 0 . 0 43 FRm
Toh , 1~3 3 FR BRI 4~ 6 /R I WA , 7 ~
10 43 MEIZUE R

1.4.5 AR g% B H A 0 shit 22 E
SEN AN RTINS P S ¥ N Y3 T

1.5 Sil2F5s: KA SPSS 23.0 B R BRI T4
THOHT o THECFOR A SA B L (%) o, 4T B
BRI X KB sy Fisher i UIES0L  £5 5 IE S A0 1
THEGERLL x5 2R, 2 4100 LR IS RBE AR o 4G

%, P<0.05 WZERAGIHEL,

2 & B

2.1 2 HBRFFSUR LA UFTA 20 T AR a] | R iy it
lia] PR AE B I] PRI A5 25 A ) | S WA = i fe) RS
A2 Bt BF (] 5 AL, TR s RS 1 850 T LA
(P<0.01), L% 2,

R2 WM UFTA URBRCR LA
Tab.2 Comparison of anesthesia effects of patients in the conven-
tional group and UFTA group
AL UFTA 41
(n=286) (n=308)
157.83+66.88 130.89+72.91 4.682 <0.001
227.52+70.19 205.37+77.51 3.641 <0.001

o H P fE PAE

FARBFE] (%:£s, min)
KRB [B] ( X5, min)

FAREWRE[HI(%) ] 0 217(70.45) 317.483 <0.001*
R WHE] (x4, min) 75.41£14.26  21.35x£5.28 62.108 <0.001
EHHFE (%) ] 15(5.24) 14(4.54)  0.156  0.693

RS S A (ks ,min) - 66.37+8.21
EE W AR E] (s ,h)  26.38+5.17
ARIGAEBRIN ] (x£s,d)  12.49+1.65

. " SR M Fisher 8 UIHERE

47.42+7.83 28.791 <0.001
8.29x1.54 58.672 <0.001
8.64+1.53 29.507 <0.001

22 2HPERRGIEIRILE RRIEEG 2 AW
HR IBP .CVP .PAWP [t45: T2>T3>T1 T0(P<0.01);
TO . T1 i} 2 0 HR IBP .CVP .PAWP L4825 %581t
E X (P>0.05) ;T2 T3 B} UFTA 41 HR . IBP .CVP
PAWP KT ¥ #L4H (P<0.01) , W3R 3,

2.3 2 HMNIEFEIR LR RHT 2 41 Cor ,SOD MPO Lt
BEF TGI8 X (P>0.05); RJ5 UFTA 4 Cor,
MPO 7K T LA, SOD K& T M4, £ 54
HYitm X (P<0.01) , W 4,

R4 WHALE UFTA 40 EEETR LA (a2s)
Tab.4  Comparison of stress indexes of patients in conventional

group and UFTA group

45 Fisf ] Cor(pg/L) SOD(U/ml) MPO(pg/L)
WA RET  280.51+32.62  97.14%5.23 55.12+4.58
(n=286) ARJF  365.72243.06  81.63+4.78 79.52+4.67
UFTA 41 RAT  282.13%£33.10  97.25%5.26 55.30+4.59
(n=308) ARJF  337.84241.37  85.37+4.82 73.46+4.63

t/P H A N AE
t/P UFTA 4 A1
/P AR5 4 IEE

26.677/<0.001 37.020/<0.001 63.085/<0.001
18.454/<0.001 29.224/<0.001 48.885/<0.001
8.047/<0.001  9.487/<0.001 15.873/<0.001

2.4 2 HUEEHCR R i AR 2 41
N VAS P43 FLE . RS 6 h> AR5 2 h>RJG 12 h> AR5
24 h, AN[RIEFE] A5 2 40N Ramsay BHifE5>: K5 6 h<
ARJG2h<ARJG 12 h . RJG 24 h(P<0.05) ; RJ5 2.6,
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12 h, UFTA 4 VAS PF530 K T8 HL4H , Ramsay #H ##0F
rim T, Z R A5 E L (P<0.05) , L3R 5,

RS CWHLLS UFTA BRI RCR RPRRE L LA (xss,53)
Tab.5 Comparison of sedation effect and pain degree of patients

in routine group UFTA

HoH 5[] VAS #E43 Ramsay B4 IT-43
WL AJF2h 3.25+0.52 2.62+0.47
(n=286) ARJF 6 h 4.03+0.64° 2.23+0.42°

RJG 12 h 2.57£0.59* 2.86+0.40%
ARJG 24 h 1.81£0.48%° 2.90+0.33%
UFTA 41 AJF2h 2.78+0.46 2.79+0.44
(n=308) KI5 6 h 3.59+0.58" 2.48+0.34°
KRG 12 h 2.14£0.53% 2.93+0.31%
AJG 24 h 1.74x0.45%¢ 2.92+0.29*
F/P A NE 813.280/<0.001 335.304/<0.001

F/P UFTA N
t/P ARJG 2 h 4lal{E
/P RJG 6 h A E{E
/P ARJF 12 h A E

838.633/<0.001
11.685/<0.001
8.789/<0.001
9.356/<0.001

282.251/<0.001
4.455/<0.001
7.999/<0.001
2.393/0.017

L SFEAARE 2 h g, *P<0.05; 5RIAARSE 6 h H#,"P<0.05;
SFEHAJE 12 h L, ©P<0.05,

2.5 2HARRRMAERLE 2 4R EEL
R, 223 NG E X (x2/P=0.106/0.745) , L

%60
3% i

UTARSR Ml A ol TR R AR A KA S )

AR AR 1 5 R4 25 A BB 0 3, © A i DR il
RIS IR T SR, M f o it - D) B AR AR
TEARAE S A FEMTECR, PR R AE B Y T 3
Ko ALY PRI B AR T 7E A 2 £ 8 8 P I 5 L 3
J1RasE T REAR BT B A PR IR HE R R 1 ) JRR T 25
R DA DR AMA A, R bR 38 JRR 5 A il aod
PRIRRIE 5P 2, DR HL PR I TR B2 T 48 P o 7 PR e |
PRSI ) i A I e, AN RE AT A8 4R v B | B B
R BEARERST A, 30 1 Dol T AR ST B0 R S N e
ARAT I R IR 5 AT — 5 (I PR A Bk
T AHIESE B LR R PRI 18 RS A SRR T
i f B i - D) B AR S8 PR RR BESIOR B R G 30 R G5
Wi, A A DI P SR T2 A BRI 5 58 S AL i 58 1 s PR
HEHE

UFTA ZH T A (8] | JFR AR AR 5] | 55 F 11 R e 52
S A I R] TR M 570 48 IR ) SA i A e ik 1] S 25 4
HPAREHREOIECE &, X5 UFTA Bl 259 i 25 K
JEZGIBI I SRR B UIARSG B o K JEAE i A5k
B] 3 2 A AR AN D REAGHE , n] B ML A2 4
AR R PR AR FER N TE R A
VRO AR IR 2, IR A R IR | RETEE A rp g
AR AL A, AT RO AR R, R
A PR PR AN o R G A e R 254, n]
R R BIR Ml D JOR I 245 ) 5 B8, (o A0 TR i
RIS 26 19 £ L) BE A T A A TR A LA G | [R]

3 HHAS UFTA AEARGIEIR L (ass)

Tab.3 Comparison of circulatory system indexes of patients in conventional group and UFTA group

4 s 1] HR (¥/min) IBP( mmHg) CVP(mmHg) PAWP ( mmHg)
WAL TO 78.61£5.54 85.71+6.24 5.86+1.39 9.94+2.38
(n=286) Tl 79.13£5.60 86.09+6.27 5.91+1.42 10.28+2.40
T2 91.29+8.42¢ 98.52+7.34° 8.54+1.65" 15.37+3.22°
T3 85.50+7.83% 93.26+7.16% 8.06+1.57% 13.65+2.81%
UFTA 41 TO 78.84+5.56 85.63+6.25 5.82+1.41 9.72+2.37
(n=308) Tl 78.97+5.63 85.94+6.28 5.87+1.43 10.21£2.43
T2 86.67+7.45" 95.48+7.39° 7.93+1.62° 13.80+3.19°
T3 82.12+6.36" 89.15+6.87% 7.54£1.51% 12.46+2.75%
F/P A NE 522.564/<0.001 441.112/<0.001 476.936/<0.001 813.280/<0.001
F/P UFTA #H N1 303.594/<0.001 309.273/<0.001 365.236/<0.001 347.495/<0.001
1/P T2 [ ¢ Jal{E 7.093/<0.001 5.026/<0.001 4.545/<0.001 5.966/<0.001

t/P T3 WL IA{E 11.219/<0.001

5.491/<0.001

3.939/<0.001

5.541/<0.001

SR T1 H#R,P<0.05; 5R4H T2 iz, " P<0.05,

R6 HHHS UFTA 4R RN &K 4R T

[#1(%) ]

Tab.6 Comparison of the incidence of adverse reactions in the conventional group and UFTA group

H % I 2 4 ) LEhid g E1ZBENa 9IS BEER (%)
A 286 10(3.50) 11(3.84) 16(5.59) 9(3.15) 20.98
UFTA 41 308 9(2.92) 13(4.22) 19(6.17) 12(3.90) 22.08
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AR DT 4 45787 B T R P A2 9 = o [) 46 18
FRIRSCR . AL Z N AL 58 07 28 v B 25 K e &5 FR )
FONEA . by S EUR R IR

TEEIR R Giha e M5 1T, UFTA 278 T2 T3 Bf[a] i
() HR . IBP .CVP \PAWP Fh = i B 2 s v WL ZH /)N, 2
TN BN S22 B B R 2%, X — R3] GE VR T TR
3ER TR F F R T T %O LML 4 7 1) B BE A ) 5 9
M4 BYEF AR, LA B 25 e Al i o vhix w 3244
T3 P 2B 1 IR RGeS D LR B R 1 R
TR RCEE ML , PR AR 25 1l 5 20 1 2 R e v 5L R
PEFIN S5 R S R LA , A% G Rk b i FH 25K
JeFN R, 25 5y 5% i R 1R 3l S Y) RE G 38 R 420
A, R RZ I ML 30 12, o0 2R 5 1 e A 0 i 4 FH AT
REfEaE PRSI S IBN 1T UFTA S8 A5 B |
B BN PR RUR TR 259 , BSOS e O LIS 46 0 4
S A I I WA S U IR T s (R R B, G A R
SR E A R TR R G IRGE

T S8 AR N U 45 5 T, UFTA AR5 2.6.12 h
VAS PF43 Cor MPO ZK-F-HEIK, RJ5 2.6,12 h, Ramsay
BFRIT A3 SOD ZKF- 5 &, £ 1% 5 AR AR A% A 0 il
TR IS E A, Cor AW G A2 T Tk -3
PR =5 b MRl 4 L PR A AR BT 11 A T B
11 R-FR Ak Tl R A A o, JHG o 3% ok JF 0 3R it 2 e ML
AR RN A SR EE T e 2% KR AT E M R
WX ph 2 =450 e B LR B oI 3 B O 3R R
R B BOBCR BRI, BELIBT T Cor S5 W IR K= &
B A 53 %, 4 4 B S N, MPO A Ry B 22 (1)
ALY Be M AL A R i AR A B L e A
51 % A i, SR SRR, SOD &
— PP AL, oT LU SIS R A BT B B R
BE AR ) AR JFP- i, L KO ] DA
B AL OR ST UFTA A JS 3 a3k 8 44t
RETYITLIE ST R AT ] PR A Al , BELIT i 5 B R
SESRRPEAN WA I, AU EEME T, Tl
MPO ZF R, 4ERE AR N E AL - P A AR s X —
SEIL SRR A A R L I S R T R e B TR
SRRV A5 —0, PRI B8 R T R I AR
TR AR 25 P e MR SR s, A R T R A
AR B R 1 AR I B AN BOIRAS
4 & i

AR SCE T FR G L EGR PRR 5 15 8RR T s
BRI PIBR AR RO UESE UFTA H AR v AL F A
W, 2R BB T ORI IR SR JE YK
], P2 T FARRE R AEEmE SIREM B RE

SCURA SR e | D SN AR BRI 1101 A SN I N = VA €
bR, UFTA BEAREF#AK Cor 5 MPO /K, $£7F SOD
TP, [ S At 1 SO R SR S AR AR, EoRHE A
RSO A A XU o AHASBIFFEATI A A — R B8 R BR AP < AR
WFE A Bt B S B, REARARSR I T REAF AR R FR
HLAS [ R 2 I AR 20 ] BEAF AR 25 57 . AR T il
it 2ty ATRETEREDLGT BB 5T — 2D Uk 4538 ]
FEVE IFRE UFTA X B MWK T | )7 3¢ R
FESFHIRZMR , AR SIZ B AR B RS
P 2 0 52« AT/ 7 W O 2
EEREA

FRAER AR INIE I 7 0], BRI O R, S A S L B 8
RS T E RN R R BTN 2 H R S
WS, VORMBOIR ISR 30 AL 30 Wk B8 & .38 SR 9T 500, F AR
16852 75 5% SO AR BORHE AR R, ik g i dia
S 3k
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MIE FSP1 .GPX4 Fl GSH/GSSG HH7E T2 N i
SEANERE HP B 28 38 KSR MR IR B X

RImE | 4, UL X AR RIF

[=]E% 0 [=]

FETH . LA AR REERMIFRE ( H2022052) E 2
PER BT . 215500 FE VIR AT h I BE 10 Rl
WIEEH . MiE , E-mail ; xiaoluting@ 126.com

[# ZE] BHH HWITESLT-IHE A 1(FSPL) A E i S PG 4( GPX4) 38 BRI Ik AL A
B EH MK (GSH/GSSG ) HAEEF 5 WBLSAE (EMT) A9 25K RIGIRE X, Ak #E 2023 4F 9 H—2025 4F
9 AT WA P EBEIARMA I EMT B 89 BilfE A EMT 4, K B PEHAE FARIAE EMT B 89 FlE h i it ,
R EAEFTSEIE (-AFS) /- IIITAR T ™ =R W EMT B30 T (n=29) T (n=23) MM (n=21),
VA (n=16) , % FHBEI 528 0 Bt A0 1ML % FSP1,GPX4  GSH ,GSSG /K, 311144 GSH/GSSG 1Y ; Spearman FEAH
K53t FSP1 GPX4 ,GSH/GSSG W {H 5 1-AFS 4 B HE G ; 2 3 Logistic M4 EMT & 4 (52 m B % ; 204
TAESE (ROC) B ZRIEAH FSP1.GPX4 .GSH/GSSG HAEXT EMT AUZ Wi, &8 EMT 417 FSP1 & F X R4,
GPX4 GSH/GSSG HABAL T % BA4H (/P = 12.406/<0.001 . 14.182/<0.001 ,7.028/<0.001) ; T 3. 10 359 M . IV EMT
B FSP1 AR TI RS, GPX4 GSH/ GSSG FLEMK R B A ( /P = 19.869/<0.001 ,35.775/<0.001 ,10.761/<0.001 ) ; EMT
BE LT FSP1 /K5 r-AFS MR IFA X (r,/P=0.604/0.011) , L GPX4 7K .GSH/GSSG A 5 r-AFS 43412 11
K (r,/P=-0.537/0.017 ,-0.592/0.006 ) ; 3 R EE N A e £ 50 FSP1 T =5 /& EMT B fE R B #Z [ OR(95%CI) =
1.146(1.066~1.232) .1.171(1.078 ~1.275) .1.217(1.050~1.409) ], GPX4 | & .GSH/GSSG HAE T &2 EMT fI{E3P K
Z [ OR(95%CI) = 0.903(0.853~0.956) .0.830(0.761~0.907) ] ; FSP1 .GPX4 .GSH/GSSG K = # W& 12 W EMT 1y i £
THF(AUC) 43514 0.803.,0.798 ,0.805.,0.921, = FH B G 2 Wi i (H L T B — 8 4712 W7 (Z/P =2.376/0.013 ,2.432/
0.011,2.336/0.014) , #it EMT £ M FSP1 ACE-FHE, L3 GPX4 /K F-H GSH/GSSG LB, I 54 418
B YIAH G, A AS I TR i W EMT K 3P4 2H SR A FE B Y A= s i

[RBIR] FTEHNBESAAE; BRICT- MR O L 2300 H ikt S WG 4; 36 5L DG H B 2000 B4 e H Bk
W

[FES£S] R71L7I [ x#EttRiRA] A

The expression levels of serum FSP1, GPX4, and GSH/GSSG ratio in endometriosis and their clinical significance
Xu Lizhe, Lu Ting, Shen Zhijia, Zhao Na. Department of Gynecology, Changshu Hospital of Traditional Chinese Medicine,
Jiangsu, Changshu 215500, China
Funding program: Research Project of Jiangsu Provincial Health Commission ( H2022052)
Corresponding author: Lu Ting, E-mail. xiaoluting@ 126.com

[ Abstract] Objective To investigate the expression levels and clinical significance of serum ferroptosis suppressor
protein 1 (FSP1), glutathione peroxidase 4 (GPX4), and reduced glutathione/oxidized glutathione (GSH/GSSG) ratio in endo-
metriosis (EMT). Methods From September 2023 to September 2025, 89 patients with EMT admitted to the Department of
Gynecology of Changshu Hospital of Traditional Chinese Medicine in Jiangsu Province were selected as the EMT group, and
89 patients with non-EMT who underwent surgery for benign lesions were selected as the control group. The degree of EMT
tissue damage was evaluated by the American Fertility Association revised staging (r-AFS), which was divided into stage I
(n=29), stage II (n=23), stage Il (n=21), and stage IV (n=16). Serum levels of FSP1, GPX4, GSH, and GSSG were detec-
ted by enzyme-linked immunosorbent assay, and the GSH/GSSG ratio was calculated. Spearman rank correlation analysis was
used to analyze the correlation between each index and r-AFS stage. Multivariate logistic regression analysis was used to ana-
lyze the correlation with EMT and its intensity. The value of differential diagnosis of EMT was evaluated by receiver operating
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characteristic (ROC) curve analysis. Results Serum FSP1 level in the EMT group was significantly higher than that in the
control group, while GPX4 level and GSH/GSSG ratio were significantly lower than those in the control group (f=12.406,
14.182, 7.028, all P<0.001). FSP1 levels progressively increased from stage 1 to IV, while GPX4 levels and GSH/GSSG ratio
progressively decreased from stage I to IV (F=19.869, 35.775, 10.761, all P<0.001). FSP1 was positively correlated with
r-AFS stage (r,=0.604, P=0.011), while GPX4 and GSH/GSSG ratio were negatively correlated with r-AFS stage (r, = -
0.537, —0.592, P=0.017, 0.006). Increased menstrual days, history of dysmenorrhea, and elevated FSP1 were independent risk
factors for EMT [ OR(95% C/)=1.146 (1.066-1.232), 1.171 (1.078-1.275), 1.217 (1.050-1.409) ] . Elevated GPX4 and elevat-
ed GSH/GSSG ratio were independent protective factors for EMT [ OR(95% C/)=0.903 (0.853-0.956), 0.830 (0.761-0.907) ].
The AUCs of FSP1, GPX4, GSH/GSSG ratio, and their combination for diagnosing EMT were 0.803, 0.798, 0.805, and 0.921,
respectively. The combined diagnostic value of the three was superior to that of each individual marker (Z=2.376, 2.432,
2.336; P=0.013, 0.011, 0.014). Conclusion Serum FSP1 is upregulated, while GPX4 and GSH/GSSG ratio are decreased in
patients with EMT, which are closely related to the degree of tissue damage. Early combined detection of these three markers

<717 -

can serve as biomarkers for the diagnosis of EMT and evaluation of tissue damage.
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Tab.1  Comparison of clinical data between control group and
EMT group
A Xt AR EMT 41
it t/x? P
oA (n=89) (n=89) X fi P
AR (25, %) 31.98+5.03 32.86+5.17 1.153  0.251
BMI(z+s,kg/m?) 23.04+1.59 22.69+1.52 1.502  0.135

ZER[ (%) ] 1k 55(61.80) 49(55.06) 0.833  0.362

=27k 34(38.20) 40(44.94)
PER[BI(%)] <1k 46(51.69) 38(42.70) 1.443  0.230
=27k 43(48.31) 51(57.30)

WIS (245, %) 13.58+1.75  13.04+1.59  2.034 0.051
A Z M (xs,d) 27.28+42.30  28.01x2.75  1.918 0.056
LR (5s,d) 5.79+2.04 8.26+2.41  7.381 <0.001
AL H(%) ] 43(48.31) 57(64.04) 4473 0.034
HlE =S (%) ] 26(29.21) 22(24.72) 0.456  0.499
ANTH=LIBI(%)]  31(34.83) 34(38.20)  0.218 0.641
BEFAREH(%)]  32(35.96) 27(30.34)  0.634 0.426
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1.3 WEHR5 75k

1.3.1 I3 FSP1.GPX4 GSH GSSG 7K 451 . 5% 4
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(revised American Fertility Society, r-AFS) 231" 344
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1.4 SiiteFk R SPSS 28.0 B w5 ge it
Mo THECTORE LU SRR B L (% ) 3R, 4L IR) H 3R
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) B3R RS RS ¢ R 00, Z2 40 18] LU BCR ) F R
J1f#i FH Bonferroni 55 Ji5 £ 5% ; Spearman % A 5& 2 A7 Il
7 FSP1.GPX4 .GSH/GSSG A r-AFS 431 /) AH 5%
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%2,

F 2 XTRAIH EMT 41134 FSP1,.GPX4 GSH/GSSG H{E 3
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Tab.2 Comparison of serum FSP1, GPX, and GSH/GSSG ratio

between control group and EMT group

G W% FSP1(wg/L)  GPX4(wg/L) GSH/GSSG(%)
Xof RE 2 89 2.95+0.83 49.22+6.51 8.37+2.16
EMT 41 89 4.61x0.95 36.04+5.87 6.28+1.79
¢ 12.406 14.182 7.028
P{H <0.001 <0.001 <0.001
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R3 OAFEENCEEL EMT £ M7 FSP1,GPX4, GSH/
GSSG WA LA (x2s)
Tab.3 Comparison of serum FSP1, GPX4, and the ratio of GSH/
GSSG in EMT patients with different severity levels

gy W ik FSP1(pg/L)  GPX4(pg/L) GSH/GSSG(%)
I 29 3.5120.96 43.53+6.87 7.85+2.34
1 23 4.58+1.04 37.85+6.02 6.30+2.05
1B 21 5.15+1.11 32.96+6.01 5.58+1.98
] 16 5.96+1.32 23.91+5.94 4.34+1.82
FAl 19.869 35.775 10.761
Py <0.001 <0.001 <0.001

2.3 I7E FSP1,.GPX4 GSH/GSSG {5 EMT %
S TE M AR AR OCHE AT EMT S35 1035 FSP1 /K
P r-AFS - 2 IEAHSE (r /P =0.604/0.011) |, 1ML i
GPX4 /K- GSH/GSSG A r-AFS 4 5 £ A ¢
(r./P=-0.537/0.017 ,-0.592/0.006) .
24 ZHE Logistic [MJA43H1 EMT & A= (5% 0 Rl 2%
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F 4 ZPHFE Logistic MIH5HT EMT B2 00 F 2
Tab.4 Multivariate Logistic regression analysis of influencing fac-
tors for EMT

A A5 B1H SE{i Wald{i P{i ORfHE  95%CI

ZWRBIEI 0.136 0.037 13.511 <0.001 1.146 1.066~1.232
HR4H 0.158 0.043 13.501 <0.001 1.171 1.078~1.275
FSP1 0.196 0.075 6.830  0.001 1.217 1.050~1.409
GPX4 -0.102 0.029 12.371 <0.001 0.903 0.853~0.956
GSH/GSSG #-0.186  0.045 17.085 <0.001 0.830 0.761~0.907

2.5 Il FSP1.GPX4 GSH/GSSG HE X} EMT ()i
Wil 27 FSP1 .GPX4 .GSH/GSSG [ {Hi2 K EMT
1 ROC <k, It 2 F I AL (AUC) , 45 R i
FSP1.GPX4 .GSH/GSSG K —H B &2 EMT i AUC
435174 0.803.0.798 ,0.805 .0.921 , = FH LA (2 Wity
LT 8 — 38 AR 2 Wi (Z/P = 2.376/0.013, 2.432/
0.011.2.336/0.014) , L3 5 K 1,
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£ 5 [ FSP1.GPX4 GSH/GSSC LUK AT EMT HiL {4
Tab.5 Comparison of the diagnostic value of FSP1, GPX4, and
GSH/GSSG ratio for EMT

— . y 2%
& r i Avc 95%CI  THURE FERE JE%L
FSP1 3.98 pg/L 0.803 0.736~0.861 0.663 0.795 0.458
GPX4 41.09 pg/L 0.798 0.732~0.859 0.658 0.793 0.451
GSH/GSSG [ 7.05% 0.805 0.739~0.863 0.697 0.762 0.459
=HA 0.921 0.877~0.956 0.893 0.786 0.679

B 1 Ifi ¥ FSP1,GPX4, GSH/GSSG Lt {H 2 Wi EMT /) ROC
HIE2S

Fig.1 ROC curve of serum FSP1, GPX4, and GSH/GSSG ratio
for the diagnosis of EMT
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[# =] BHE FEEHER LA E A/ L A HE (GA/HbA, ) KBS ¢ V& A HE(LCR) |

ML 25 18 W (BAR) AN [R™ SRR B 1 RS PR B AE B2 5 ( TIDM-DKA ) B LA 1 3R38 Rl R L, Fik
PEHAL 2022 4F 10 A —2025 4F 10 A PU 1|48 5 BH i A R 2 BE JLRHICIA 9 TIDM-DKA i )L 84 544 DKA 41, $i4f

T1DM & JL 84 BilfE R TIDM 41, 5 16 BB e 7] 399 fat B A A JL 2 84 M3l A hy i Je ok R 2, AR 40 AN [D 5 1% A 2, 0%
TIDM-DKA 8 L3 J 42 B W20 29 ] v 20 32 ] B V4 23 9], SR FH Pearson #HIGH: 20 GA/HbA,, LCR .BAR
5 TIDM-DKA FEJLA1E ™ 2 & B A AH G 1 s ok 32 308 TA/E4R1E (ROC) 440 1 GA/HbA,, \LCR,BAR X & &
T1DM-DKA HJLEiZ Wi E , it DCA BiZ 0 HT GA/HDbA,, . LCR . BAR BE4 %} PEAL = FF TIDM-DKA (11 R 53k 45
R 341 GA/HbA,, .BAR b4, DKA 41>T1DM 2 >{d Xt B4, 1T LCR He4, DKA Z1<T1DM 4l <{dtREXF BR4L (F/P=
262.599/<0.001,329.842/<0.001.,217.262/<0.001) ;3 .40 GA/HbA, .BAR HL4¢, B 40 > Fp BE W4 > 50 BE D40, i
LCR b3, B W2H < B WP 4H <52 JE 40 ( F/P=77.044/<0.001 ,103.172/<0.001 ,24.369/<0.001 ) ; Pearson #H 51443
Mr@7n , TIDM-DKA £ JL GA/HbA,, BAR 531%™ & A28 5 1E A 56 (r=0.625/<0.001,0.521/<0.001) , LCR 551%™
HRERE R A (r/P=-0.595/<0.001) ; GA/HbA, .LCR . BAR b K BE412 Wi 8 FE TIDM-DKA LAY 28 F w1
(AUC) 4514 0.790,0.783.0.747.0.882, =& B &L T4 A M2 Wi (Z/P = 2.102/<0.001, 2. 122/<0.001 ,
2.991/<0.001) ; DCA HHZ /T4 K, 24 TIDM-DKA 8 L 1% 7™ 55 F2 B2 (1 XURS: B {E R 0.08 ~ 0.88 B, GA/HDA, |
LCR .BAR ARl il PR 3R 45 KT 3 FRAR s AN, 4518 GA/HbA, BAR fifi TIDM-DKA 8 LY 15 = i
11, LCR B % = iR AIG , = 10 A R %) 82 B TIDM-DKA SBLEA B2 Wi (4.
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[ Abstract] Objective To investigate the expression and clinical significance of serum glycated albumin/glycated he-
moglobin ratio (GA/HbA,.), lymphocyte-to-C-reactive protein ratio (LCR), and bilirubin-to-albumin ratio (BAR) in children
with type 1 diabetes mellitus complicated by diabetic ketoacidosis (TLDM combined with DKA) of different severities. Meth-
ods A total of 84 children with TIDM combined with DKA admitted to the Department of Pediatrics, Jianyang People' s
Hospital of Sichuan Province from October 2022 to October 2025 were enrolled as the DKA group, 84 children with simple
T1DM as the TLDM group, and 84 healthy children undergoing physical examination during the same period as the healthy
control group. Children with TIDM combined with DKA were further divided into a mild subgroup (n=29), a moderate sub-
group (n=32), and a severe subgroup (n=23). Pearson correlation analysis was used to evaluate the correlation between serum
GA/HbA,., LCR, BAR levels and the severity of TLDM-DKA. ROC curve analysis was performed to assess the diagnostic
value of each index for severe TLDM-DKA, and decision curve analysis (DCA) was used to evaluate the clinical net benefit of
diagnosing severe TIDM-DKA. Results Serum GA/HbA,, and BAR levels: DKA group > T1DM group > healthy control
group. Serum LCR levels: DKA group < T1DM group < healthy control group (F/P=262.599/<0.001, 217.262/<0.001,
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329.842/<0.001). Serum GA/HbA,, and BAR levels: severe subgroup > moderate subgroup > mild subgroup. Serum LCR lev-
els: severe subgroup < moderate subgroup < mild subgroup (F/P=262.599/<0.001, 329.842/<0.001, 217.262/<0.001). Correla-
tion analysis showed that serum GA/HbA, (r=0.625) and BAR (r=0.521) levels were positively correlated with the severity of
DKA, while LCR level (r=-0.595) was negatively correlated with the severity of DKA (all P<0.001). The AUCs of serum
GA/HbA,., LCR, BAR, and their combination for diagnosing severe TLDM-DKA in children were 0.790, 0.783, 0.747, and
0.882, respectively. The combined AUC was superior to each individual marker (Z/P=2.102/<0.001, 2.122/<0.001, 2.991/<
0.001). DCA curve analysis indicated that when the risk threshold for disease severity in children with TLDM-DKA was 0.08-
0.88, the clinical net benefit of combined detection of serum GA/HbA,,, LCR, and BAR was greater than that of each marker
alone. Conclusion Serum GA/HbA . and BAR levels increase with the aggravation of TLDM-DKA in children, while LCR

<723 -

level decreases. Combined detection of the three indicators has high diagnostic value for severe TLDM-DKA.

[ Key words ]
C-reactive protein ratio; Bilirubin to albumin ratio; Diagnosis

1 U PR B E B2 B (type 1 diabetes mellitus
complicated with ketoacidosis, TIDM-DKA) H B3
WL HL ™ N RUE 2 — " ARk, TIDM-
DKA L H &9 R 50 R A W6 i, 2 B — A4
FARAgFE RS M, 5485 TIDM-DKA £ %/93
PR EAEEE L, L&A (glycated albumin, GA)
FEIRYT WHIRIAY T B 1 2 PR TR 2T 28 11 ( glyco-
sylated hemoglobin, HbA, ) , H 35 kb F /™5 & Mtk
SHAY GA/HbA,, (2 3 & T i b 45 ) K 4
Y WIS ¢ V& M HAE (lymphocyte to
C-reactive protein ratio, LCR) AJAE A LRI G 058
JS2 I 56 B R 4 By P 4 T I I IO 7 R P A R RR T
RR4T 2 5 H & H FUAE ( bilirubin to albumin ratio, BAR)
KRS X R 4 1 RR T R AT R 1 bR s, 2
MR I & 5 KU T TH 5 25% %', 56 F GA/HDbA,, |
LCR .BAR =FBA FHT TIDM-DKA ™ 5 42 P-4 1)
WFFE 0 A DL 3 AR WF 5 3 3 A I AS ) 77 R
T1DM-DKA & JL1fi % # GA/HbA, . LCR /& BAR 7K
- BRI 5 1 7 R B A SE 1, B AE A T1IDM-
DKA F 12 W S8 10 R M 2a b i RIE AT,

1 &ER5H®

1.1 ImEBR 2022 4F 10 H—2025 4F 10 A 44
far BT A R EEBE JLBHIIA Y TIDM-DKA HL 84 filff:
i DKA 21, 5.2l TIDM £ L 84 filfE TIDM 41, )ik
I B[] 40 4 B A K6 L 38 84 9] 1 o fidt i %o A 4
DKA 4. Jifit<6 4~ H 39 fil,6~12 4~ H 25 #i,>12 4
H 20 ] ; WP E YL 36 1], AL TE R GY 19 1], [R5 2%
B FHASELIE W7 17 6], AR AN 24 8 i), JE A i 1A 4
115 & IF L BB 9 ], Se RPN 2 1, Jo Bl
734, TIDM 4. fE<6 1~ H 34 #i,6~12 4~ H 29
i, >12 A~ H 21 i) ; PP E B 55 i), T Ak aE Ry 12
1], Jot 5 2R O AR RISS v 7 8 3] AR AN 5 6], TC B

Type 1 diabetes mellitus; Ketoacidosis; Glycated albumin/glycated hemoglobin; Lymphocyte to

WAER 4 6 G I ek 11 61, SER M 1],
JoEhbE 72 4], 3 A IfLEiA  FPG \HbA, \WBC NEU
BUN 7KF Hb %5, DKA 41 >T1DM 40 > fd Fé ) FR 40 ; HCO);
KA HE 8, DKA 4 <T1DM 2H < gt X #R4H ( P<0.01)
A FELE B2 Be A B 25 D 25 W AL (2022-034) | 324
JUEE I WA N0 R IR i R, Wak 1,
1.2 FRBlEREFRAE (1) IARRHE: OTIDM BILAF S
CE DL 1 BUOBE DR e b E TR 12 Wr 5307 & R IR
(2020 RR) Y 9L Wi bR i, TIDM-DKA #2JL [ i 45 4
(P EE LS W 5B ) ™ 2 iR @
W 6~15 2 ;ORISR . (2) HEBR R : O HAB A
BEPRI ; @T1DM HoAth 5 4 ; )™ F A% etk ; @™
L B IERE ; ©SERIER ; @At 2P
1.3 W HEHR-5 07k

1.3.1 1% GA HbA, LYM K CRP TBil Alb K-V
D RAEBI TR G2 25 JE ST DK ML 2 ml, 8500 43 85 M3
(1) A4 A 3h A A 2 A A (8145 GSH-60, 1 H R Y1 T
EFEAEWE ARG R AT MWE CGA; & OB A €35 1%
(HPLC) ¥zl HbA, , I35 GA/HbA, . (2) 4 A3
T4 3 B AY (35 BC-6900 , W [ 1R D11 303 Hif 2 97k
T AT BN 1 ) G 100 7K B 400 30 (LYM) |, ™ A $5
HEASCAR #8400 B 45 R AT R A i 2 R DU, A 3 52 B
LYM 518 ; S vk (535 : CRP-M100, 1t 1 7RI
Fi BT L T B A PR w1 R ) A C B AR
(CRP) ,LCR =LYM/CRP, (3) #L1& £k 48 1k = 46 ) 24
JHZTZR (TBil) , ™k 4% ARG & Ud B #4528 TBil
R A ; 764> A sl b & 0 S 2 B A 1 DU By
SR H (Alb) |, 4 BRSSO & B VR AL
SERUKE I, 2 H Al $0{E , BAR = TBil/Alb, FF A Kl
BPRBIAEREACR S 24 h NSEAR.

1.3.2 915 4 4 AR HE L ZE0E PR 93 B i 12 v 221297
FERE (2024 AR )0 HF TIDM-DKA LAY K% EE T
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R EFEXIALL TIDM 41 DKA ZLIERBOR LA
Tab.1 Comparison of clinical data among the healthy control group, the TIDM group, and the DKA group

Wi H fEFEXT IRZ (n=84) TIDM £ (n=84) DKA #H (n=84) F/x* 8 P1H
B HI(%) ] 41(48.81) 43(51.19) 45(53.57) 0.381 0.826
SRR (ks , %) 9.42+1.43 9.24+1.51 9.68+1.35 2.006 0.137
BMI(x+s,kg/m?) 17.05+2.01 17.12+2.08 16.89+2.13 0.271 0.762
kI pH (7s) 7.30+0.45 7.22+0.48 7.20£0.40 1.190 0.306
HCOj3 (x5, mmol/1.) 24.52+3.13 22.35+3.89 12.85£2.62 305.353 <0.001
LA (%45, mmol /L) 0.12+0.02 0.38+0.05 3.25+0.88 978.06 <0.001
FPG(Z+s, mmol/L) 5.32+0.89 11.28+3.15 18.65+2.32 698.028 <0.001
HbA | (x+s5,%) 5.42+0.66 9.65+1.87 11.89+2.45 273.820 <0.001
WBC(x+s,%x10°/L) 7.25+1.56 8.65+2.13 12.89+3.45 115.158 <0.001
NEU (s, %) 58.42+6.25 65.32+7.15 78.65+8.32 167.189 <0.001
Hb(z+s,g/L) 131.42+14.65 130.25+18.89 125.68+15.32 2.876 0.058
PLT(x+s,%x10°/L) 242.35+35.18 248.65+38.72 250.89+32.35 1.306 0.273
SCr( s, wmol/L) 42.25+8.65 43.65+9.87 44.89+8.32 1.821 0.164
BUN (&+s, mmol/L) 4.52+0.85 6.32+1.89 8.65+1.32 178.977 <0.001

2H 29 B (Fk I pH<7.3 B HCO; <15 mmol/L) (W EE  HEEWRZHSHRAEE WA ; LCR LR, W 2H < h P 2H <
T4 32 5] (pH<7.2 B HCO; <10 mmol/L) EEJEW 4  FRETA(P<0.01), W% 3,
23 {4 (pH<7.1 8 HCO; <5 mmol/L) ,

1.4 St R H SPSS 26.0 F1 R #4147 ®3OREWL P FEE WA GA/HbA, LCR \BAR
Bl TR IR L (9% ) 25, 411 Ho e 3 (e0)

K X2 Kot ,ﬁ%ﬁﬁé}\%ﬁ BB R vas TR 2 Tab.3 Comparison of GA/HbA, , LCR, and BAR in mild sub-
_ s d sub. , and s sub

éﬁ I‘Eﬂ ttﬁ%}zﬁjﬁjﬁz’g t *ﬁ%\ ’ géﬂ I‘Eﬂ ttﬁﬂéﬁﬁ F *ﬁ group 1:1:10 erate su group and severe su group

: B W% GA/HbA,. ICR BAR
$i; Pearson A1 G £ 53 #1 GA/HbA,  LCR, BAR & A 29 2.65:0.31  210.65:30.52  0.45+0.08
T1DM-DKA H L1 /™ 8 A2 B A AH e M SR FH 2 i WEEWZL 32 321035 182.45:31.02  0.62%0.10
TAHEHHIE (ROC) 284097 GA/HbA,, \LCR .BAR X FEWH 23 3.89+0.42  150.65£30.84  0.85+0.12
U TIDV-DKA TG0, B DCA AT A/ o
HbA,, LCR .BAR BEAXHEA, T TIDM-DKA LK ' ' '

I R E R . P<0.05 NEFAGH#E X,
; i = T 23 GA/HbA, .LCR .BAR ‘5 TIDM-DKA &£ LS5 ™
=A

M A - / P s / N i
HbA, BAR H#:, DKA £ >TIDM 2H > it Fjé %f B 20 ] - HbA R S

> —_ = =3
LCR Hee, DKA 41<TIDM & <fEHEAH IS (P<0.01),  -1HR(r=0.625/<0.001,0.521/<0.001)  LCR S35t
JEE R SR U OE (/P =-0.595/<0.001) .

W2,
2.4 GA/HbA,, .LCR.BAR X} ¥ TIDM-DKA # LAY
F£2 {EHEXHBL] TIDM 41 DKA 41 GA/HbA,, .LCR .BAR LW % GA/HbA, . LCR,BAR £ W & J&
B (32s) TIDM-DKA # JLA ROC f#h £k, I 3153 #h 26 F 1 #2
Tab.2  Comparison of GA/HbA, , LCR, and BAR among the (AUC) ,é?:l:%;‘f:kl/?\‘ .GA/HbA,, .LCR .BAR P R =
healthy control group, TIDM group and DKA group B4 12 S E TIDM-DKA F LI AUC 4312 0.790
H B P GA/HDbA,, LCR BAR e AR A _
fRFEXT IR 84 2.15£0.25  280.65+30.44 0.20+0.04 0.783.0.747.0.882, = Wk e £ 145 F HLIMSIN (2/P =
TIDM 41 84 2.42+0.28  220.58+30.48  0.45:0.10 2.102/<0.001,2.122/<0.001,2.991/<0.001) , WL 4
DKA 41 84 3.20+0.38  183.48+30.55  0.62+0.15 K1,
FAH 262.599 217.262 329.842 . . _
2 4 28 4 7& 24
Pt <0.001 <0.001 <0.001 2.5 DCA HiZkr#r  DCA i 253 B 46 R o,

T1DM-DKA & L 1 ™ 5 5 B 9 JXURS: 1516l 0.08 ~
2.2 ARREFEFLEE TIDM-DKA #£JL GA/HbA, .LCR,  0.88Mf,GA/HbA, LCR BAR KAl (41l AR 3K 45
BAR # 3 W4 GA/HbA, BAR e, EEWAH >  AKFRTHAESR A, WK 2,
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#F 4 GA/HbA,  LCR,BAR X & & TIDM-DKA & JL Y2 Wi
e
Tab.4 The diagnostic value of GA/HbA, , LCR, and BAR for
children with severe TIDM-DKA

. N E<
o H cut-off fH ~ AUC 95%CI WU FESRE 18
GA/HbA,, 3.49 0.790 0.688~0.872 0.696 0.770 0.466
LCR 160.04 0.783 0.679~0.865 0.739 0.721 0.460
BAR 0.80 0.747 0.640~0.836 0.703 0.689 0.392
=FBA 0.882 0.794~0.942 0.783 0.836 0.619

B 1 GA/HbA, LCR,BAR ZWi i TIDM-DKA £ JLAY ROC
ik
Fig.1 The ROC curve for diagnosing severe TIDM-DKA in
children using GA/HbA,_ , LCR, and BAR

2 TIDM-DKA Ly ™ B A2 XK 1 DCA #hZkadr

Fig.2  Analysis of the risk of severity of the disease in children
with TIDM-DKA using the DCA curve

3 it i

Pi B PRI B £ , JL#E T1DM 35+ DKA
K ZE IR 20% ~40% , Hh TIDM-DKA LI &R 55
A R GL I 2 AR B DIRE B, 1ICU $5 AR 550

TR T B 2 W TIDM-DKA k1
PrERERAEENE X,

TEA IS PE B0 (CKD 4 ~5 1) BB b o i
HH,GA/HbA | >2.465 i}, f8 3 & E TIDM-DKA 19X
Wz Ko I ™ E R R 4 o 2 Tk v, W VE Sl DKA Y TVE
B, X TIDM-DKA AYRFSE R, GA/HDA | HL M AY
L 9 d, o GA 7R B B REHRG v S WA et 108 AR
A A R M 1 B BRE (FT1D) 3 e m 2 | Il
U 20 R 270 P R B I PR DR P T AR Y
7~ ,DKA 20 GA/HbA, fH 2 = T TIDM 20 5 {d Bf
XTHAZH , H T1DM 24H 5 T filt Bt B 40, 278 DKA &4
AR L A7 A6 20 0 I 21 38 511, DKA S B A ]
— TR I S i B, 5 B 0 2 e o B0 A 2 4
X5l DKA &4 B 4518w —2,

LCR /2 ik 4 il i1 %05 CRP 0y LufE, AT i 1k
T1DM-DKA B98P - R AR . 7E U DKA
BT PE VA LCR WK TR R, AL
A5 TIDM-DKA I e U4 | BRAE 355 1 ik 1 4 i U
T M CRP AU T A G, i LCR FREFEE 5 42 &
RYERNELEAAE (SIRS ) V43 B B 1 405 7 B 52 1F A
X MEEEE MR, JLE 5 A TIDM-DKA
LCR I FHE 22 55 W 3, 427 AF i FH OC 1) F 928 1 257 26 5+
R RESS TR bR BE, ABERT LCR Xt g L% it J| S A
15 1CU E A W 0 B A (8 A 98 45 1 R,
DKA 2l LCR /K& KT T1DM 4L Fnfe e xs B4, 5.
B DKA 15 N, LCR /K ik — 2 (A% . 5 40
LCR {5 KT 0 B S0 4 RN B W0 20, o 3 WV 211K T 5%
FEW A, 73— B0 AE DKA J BUIR 25 F 58 R i - 7
PN — SRS S o A PR R T
948 L 4 B 5 43 A, U S O AR 5T B B
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[# E] B HIT=-L83 Fu(NFU) P8 N2/ HO-1/ GPX4 1 B%175 S 2 0 T4 ) AT 40 ig 98 ( HCC) 3 Jie
MY RENLE . ik 2024 4F 8 —2025 4F 8 JJ THEZE KA PHEEBE 475550, LA\ HCC ZHHi 5 HepG2 BSR4,
FHA IR BE B9 NFt1(0,0.5.1.2.4.6.8.,10,20 pmol/L) 4bFH | CCK-8 15 MM G, Kf HepG2 4N M2 P REAL |
NFtl G AP FIE 742 (2.4 .6 umol/L) 41, Erastin (10 pmol/L) 11 NFtl (6 wmol/L) +#% K F E2 #15& [H T 2( Fer-1)
(1 wmol/L) 2,3t 6 4H . RIHAEVEIL ML 08 | RIJR SE 56 1 Transwell S5 56 K6 0 40 i 38 5 1T B8 AR Z2 18 71 ; FerroOrange
PEHHRERTIN Fe™ & i ; DCFH-DA ZESEHEEN R &b 38 5 377 &850 MDA A1 GSH 7KF ; Western-blot &l kst 1Al
Nrf2/HO-1/GPX4 i JRAH IR (255 5 S e D8 A Nef2 SV 40 E (37 A3 TR 5 00 5 JC-1 28 S ER AT STA% 2o 4 5 vl 437
BT BRI SR B S, R NFo n] B 26 HepG2 41 (07715 3%, ELAT Al 8] ik BE AR dfip: ( P<
0.05) . 525 { AT R ZH He A, NFl A P AR 70 20 HepG2 20 i 48 T I 8k 3T 3% R AR 28 SR B FEAK, A1 % FerroOrange
PEEEREE SEH ROS 28GR EE Al MDA /KB Wi FHE , GSH 7K Nif2 \HO-1,GPX4 il xCT & A5 M Nef2 SF-3156 %
SR T TR AT, 35 R MR BEAR A (P<0.05)  NFt1 B 7 i 21 A Erastin 2 HepG2 4L £ B 4K JC-1/ 80k JC-1 DB A
FAAI, ZRIUHE SR A AR /N U 285 B 1 o b (AR i ol 2 J A SR 24 (P<0.05) . 5 NFul &l 4 g,
NFt1+Fer-1 £ HepG2 AU ZHRAK JC-1/ 54K JC-1 TEE HAE THE , Lo e 0 R AE 45 21530 55 ( P<0.05) , 1 NFtl 75
FlE 45 Erastin 41 HepG2 A2 18] LA L85 L4, 2 R TR 247E L (P>0.05) , &5 NFtl A REE L #H Nef2/
HO-1/GPX4 i % 1755 HCC AN & A BRIET , X — i F2 1 8 5 2Rk AR 285 4 R L RE AR 105 B AR €

[%8837)  FAHEdE ; = LR1F Fl;Ne2/HO-1/GPX4 38 J& s k50T s 2obr A /E FH AL

[FESES] R735.7 [ X#EtRiRAE] A

Study on the mechanism of ferroptosis induced by Notoginsenoside Ft1 in hepatoma cells via activation of the Nrf2/
HO-1/GPX4 pathway Sun Hua, Li Fanglan, Shang Yangyang,Zheng Baizhan, Sun Ying,Wang Ke. Department of Gastro-
enterology, Xianyang Hospital of Yan’an University ,Shaanxi, Xianyang 712000, China
Funding program: Shaanxi Science and Technology Research and Development Plan (2022SF-314)
Corresponding author. Wang Ke, E-mail. 635292258@ ¢q.com

[ Abstract] Objective To explore the possible mechanism by which notoginsenoside Ft1 (NFt1) regulates the Nrf2/
HO-1/GPX4 pathway to induce ferroptosis and inhibit the progression of hepatocellular carcinoma (HCC). Methods Human
HCC cell line HepG2 was treated with different concentrations of NFtl (0, 0.5, 1, 2, 4, 6, 8, 10, and 20 pmol/L), and cell via-
bility was determined by CCK-8 assay. HepG2 cells were divided into six groups: control group; low-, medium-, and high-
dose NFtl groups (2, 4, and 6 pmol/L); Erastin group (10 pmol/L); and NFtl (6 pmol/L) + Fer-1 (1 pmol/L) group. Colony
formation assay, scratch assay, and Transwell assay were used to detect cell proliferation, migration, and invasion. A FerroOr-
ange fluorescent probe was used to detect Fe®* content. The dCFH-DA fluorescent probe was used to detect oxidative stress.
MDA and GSH levels were detected by commercial Kits. Western blot was used to detect ferroptosis-related proteins and Nrf2/
HO-1/GPX4 pathway-related protein expression. Subcellular localization and expression of Nrf2 were detected by immunoflu-
orescence. JC-1 fluorescent probe was used to evaluate mitochondrial membrane potential. Mitochondrial ultrastructure was de-
tected by transmission electron microscopy. Results NFt1 significantly inhibited the viability of HepG2 cells in a time- and
concentration-dependent manner (all £<0.05). Compared with the control group, the number of colonies formed, migration
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rate, and invasion rate of HepG2 cells in the NFtl low-, medium-, and high-dose groups were decreased. Relative FerroOrange
fluorescence intensity, average ROS fluorescence intensity, and MDA levels gradually increased, while GSH levels, Nrf2, HO-
1, GPX4, and xCT protein expression, and nuclear Nrf2 average fluorescence intensity gradually decreased in a concentration-
dependent manner (all P<0.05). The fluorescence ratio of JC-1 polymer/monomer in HepG2 cells in the high-dose NFt1 group
and Erastin group decreased, showing decreased mitochondrial volume, increased double-layer membrane density, decreased mi-
tochondrial cristae, and mitochondrial outer membrane rupture (all P<0.05). Compared with the high-dose NFt1 group, the JC-1
polymer/monomer fluorescence ratio in HepG2 cells in the NFt1 + Fer-1 group increased, and the mitochondrial damage charac-
teristics were reversed (P<0.05). There was no significant difference in the above indicators between the high-dose NFtl group
and the Erastin group (P>0.05). Conclusion NFt1 may induce ferroptosis in HCC cells by inhibiting the activation of the Nrf2/

HO-1/GPX4 pathway, which may be closely related to the damage of mitochondrial structure and function.

[ Key words ]
Mitochondria; Mechanism

B2 Bf1 9% ( hepatocellular carcinoma, HCC ) 42 4Bk
FEREAROCIE T FZ R 2 — M R IRy r e B
BH W et . R ARk HCC IRYT SR I B —
JE I AEATS AR5 T & B A A% HL A B 1] 4 B3R 7
L KRR, LR G rh R SR I 2
FEA Y 24 BRATE T B v 78 59 0088 35 P 52 2 2 56
WS, SRR 2 Ry 2 ———
—-E21F Ftl(notoginsenoside Ft1,NFtl) 7F 2 P e A
RIh 2 R 0 TR T (HHAE HCC H it
FIH DA RFSEARIE ), BRIET I —F T & A
MRS P PR ML A8 T2 07 20, i S RSB T o R T
AT B BN T E2 S F 2 (nuclear
factor erythroid 2-related factor 2, Nrf2) JEPT A AL &
GERYAZ O IR R T O T A e T R e )
fi} 4 ( glutathione peroxidase 4,GPX4) | IML£L % A& 1 1
(heme oxygenase-1, HO-1) 53K, & 5 ESKERA

AR A A DT R G 80, IATT7E R AL T3 e vh & 4%
HEWFTERSY AR, =B M
Nef2 IR I T, SR NFL 2 75 i aof 9 955 Naf2/
HO-1/GPX4 i A S ERAE T T4l ] HCC ), H
BT ARG, AOFTE B 7ERT NFL X HCC 4i g #Rat
TERYSE e S L EAL ], BT
1 #MR5FEE
1.1 AR (1) SEER A . HepG2 A i 240 i 1 T X
WFREYEIT R A RA A, (2) 125 515,
NFil | 2k ) £-1 ( ferrostatin-1, Fer-1) Z R W 7T
(Erastin) F1 Nrf2 411 5] ML-385 ( 35 & MCE A A, %
5 HY-N10594 , HY-100579 , HY-15762 . HY-100523) ;
GPX4 Z ik I AR SR 7 BB 11/ 2d M/
B H R W 5328 5 1 2 s EPUA (solute carrier family
7 member 11/ cystine-glutamate antiporter polyclonal anti-

body, SLCTA11/xCT) £ o B L /& | Nef2 41 $1 1K

Hepatocellular  carcinoma; Notoginsenoside Ftl; Nrf2/HO-1/GPX4 pathway; Ferroptosis;

HO- LA FE TR (BRI = A B AR A R AL 15
17754-1-AP | 26864-1-AP | 66535-1-lg, 66741-1-Ig ) .
(3) 1R & AT B0AR -8 (CCK-8) N % ( ma-
londialdehyde , MDA ) K357 &5 | 6 1 ARG I 3 751 4
JC-1 B (AR H A7 A 30 65  BCA B 1 VA A 0 3
RE( LR RAEYHEARARA A, 55, C0037,
S0131 ., S0033, C2006, P0010 ) ; if Jit A 25 Bt H fik
(reduced glutathione , GSH ) & KA & (Ib mt R 3
FRHEABRA T, 585 . BC1175) ; FerroOrange ( Fe™ %¢
JEHAER) (LR AR A R A A, R
MKBO0089) . (4) ¥4 % : CO, K F2 4 (5 . CLM-
170B-8-CN, i i3 Esco 2wl ) ; 8] 5 ' b i % (A
5 MHIF3000, ] Bl Z R B A PR A ) 5 B bR AL (4
5 :GEN5 IPRIME, 35 [H Agilent /A ] ) ; 55 5 ¥4 14 250>
HL( AT iCEN-24R, b SRR A FRA R ) .

1.2 LRk F 2024 4 8 H—2025 4 8 H A4
KPR s B AT 50 5, HOW BR2E K 1Y HepG2 4
i X)) ol 5 40 5 5 T, 40 B B O U, B Rl AR
10% f64- 13 (FBS) M2 1% W3 (HH X/ BEZ)W
RPMI-1640 ¥ 236 | F 37°C 5% CO, ¥R 15
FUBESR . FraiMad 3 2 0 Bk KR o3 41 25 FO R
ZH  NFtl fIK PRl (2.4 F1 6 pmol/L) 41, Erastin
(10 pmol/L) ZHHI NFt1(6 wmol/L)+Fer-1(1 pmol/L)
g, 36 4, ST A R R i 25 AL R AL B 24 h
JE AT IR SRS

1.2.1  CCK-8 ¥ 15 40 Bt 1% 1 : HepG2 4 ZE 0.25%
T B AL WO X RO 4 M B, #e AL 5% 10°
A2 M A % B AR ZE 96 FLAR ., 458 &M BESS , 43931
Jite e R B NFt1(0.,0.5.1.2.4.6.8.10 .20 wmol/L)
T, T 37°C 5% CO, s51F T 438557 24 h 48 h, 5%
EJF IR AL CCK-8 X5 10 wl, 4k 37°C i
H 30 min, i FHEEAR AT AE 450 nm JF K WO R AE
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(OD) #Z A Xt 5 MR AA TG 2 (%) = (L5040 OD
fl/25 AT IR4H OD {H) x100% , i 3d GraphPad Prism
9.0 FRAFAT MR AT 250 BN i BE (1Cs, ) , HAE AR
FEU AL g

1.2.2  SEIEIE RS s A A0 M3 5 . 5 B0 K AT
HepG2 A ¥ 5130 T 6 FLAR (1x10° 4~/4L) , {5+
12 h J& , % 10% FBS AR 3 e84 L35, 1 37°C
MG RTINS | A, RIS, PBS 15 UE, 4%
Z P REFE E 30 min, 0.2% %5 i 2 YL (4 30 min, 5 1%
Je e BT T AR IR G4 AR TR 5

1.2.3 20 B R R S 56 4G 40 B T A% - f Ak B 1Y
HepG2 40 H2 %1 2 6 FLAK , 5 41 i fil & 2R 35 90% K,
TR AR Sk TR R H & 0, ks i %
48 h Ji, T 0.24 48 h B[] 250K B iR 2R G R 4
KPR IX 1%, 5 Image J AAFRALRIR I &% T
B (%)= [ (WGP AR -2 IR )/ H1ia %)
JRIHEA ] x100%

1.2.4 Transwell 3C 56 0 40 L1228 . % 1 Matrigel S
JREE Y Transwell /NEPEANIR 2268 J1, B 1.5%
10* 4~ HepG2 4l (#5441 ) H T TCIMiE 15 773, 1550
2T Matrigel JE BT (4°C TEE) 19 =, FEIMA
600 wl & 10% FBS M58t 373k, 1% 48 h G B |
%= ,PBS W vk LR KRR B AN, 4% £ B EEE €
15 min, 454U 10 min; E2F B0 BEALE BUR
B85 2 a1 4

1.2.5 FerroOrange ZECHREN RN Fe® 1 i . 4 T %
BRI 45 4L HepG2 AL 1x10°/ml /41 g 1 2%
JERANT 12 FLAR B3R B2 60% Al A, RS, Ak
PRAAML 24 h, ZBRIEEE IR, FH IO LT Ky 75 5L b vk
giH 2 K, #+ 1 wmol/L B FerroOrange ¢ YGHREN T AE
W (AETCIMTE 85 72 B TP EC ) In A4 i, # T 37°C
B A5 R 30 min, LSRN IE 0 2 WAk
BEMg . i Image J BXAFEXT FerroOrange [7¢ i i
HATRE R,

1.2.6  DCFH-DA %¢ 3t & &1 46 M 480 Tk 107 384 . 8 45 41
HepG2 4iiffifi 5x10* A~/FL% AR T 6 fLik., 4if
WU I 43 L A X oy Ve B ) 1 T 25 ) Ab BE 24 b, PBS
B 3 U, OGRS 10 wmol/L DCFH-DA 45 £t
(37°C) IHFE 20 min, ZIRYe )5, i 98O0 Wi
FARUIMEN ROS 26155, R Image J 84 5E & 57
M i 1 E K

1.2.7 MDA Fl1 GSH 7K~ 22 . K5 45 2H HepG2 4 fif LA
Bl 5x 10" AU 2 R T 6 FLAR b, 20 ff il BE
Jei AbEE 24 b, ARE AR AR S B A5 54T MDA

H1 GSH 5 A

1.2.8  Western-blot £ Il £k 58 T~ 1 Nrf2/HO-1/GPX4
T AH SR R AL HepG2 400, MU & 1%
PMSF ) RIPA 2 U & A . i BCA A
SRR G B R EE L AR ARAE 100°C 1y KV
JAA 10 min, SRS 204 T, 485 10% 53 25 I FN 5%
Wedifis , 647 SDS-PAGE HLJK , RANBA B EA 2
PVDF i [, 7EZ IR FH 5% BAs Uik &0 1 h, R 5
TEAC TS5 —H[H xCT(1:5 000) . T GPX4 (1 :
5000) Pt Nef2(1:1 000) . Ht HO-1(1:1 000) FlHL B-
actin(1:5 000) | & &%, K H, BEH] TBST ¥Ei% 3
W (FFR 10 min) #RJ5 5 HRP ARIC A9 Z40(1:5 000)
BE 1 h, ZJ5FH TBST ¥ 3 v, - FH ECL K
R e R NHIT R A, a, HH Image ] 3K
FE T ATARXT B R IR K

1.2.9  SEd AN Nef2 3V 20 B 52 o7 A2 R A5 00 . 4
HepG2 AAILAERFL 1x10* A~ BY %8 BEFEFP T 24 FLAR, 40
FROWRE 5 4 2HAR B 24 b, K B 4RAE Ry 75 ] PBS ik
3 IRIGH 4% 22 5 W RE [ %€ 15 min, B8 5 10.25%
TritonX- 1003 7% 40 Y 3 min, F-F PBS ik, & F
1% BSA £ 30 min |, F/57E 4°C 53T Nef2(1:200) —
PriEE ., A PBST Z il vyt s, I H  7EE 1
N5 O E 1 h, PBS #hk 3 ¥k, A DAPI et 4f
Mk, FEZ N RO E 3~5 min 5, UL 25 A, 198
HCVEK S R RE A PO R iR RS

1.2.10  JC-1 ZEGHRER PPAl 2 A 4% B v 57« IO 25010
HepG2 #4424 h Ab¥ e W S8 5% 7%, PBS W& Uk
R 2 K. A 1 mg JC-1 Yo TAE I B 401, 37°C
HEGCIFF 20 min, JC-1 2 MR VRS 2 I, B 3 77 2
G iv= i ] 0 o T A Gl N s TR EN LRV RS0 T
1201 5 L T 00 ol B G 0 2 ey A8 o 5 4 < 45
2H HepG2 ZHAE 0.25% B35 i IH AL , IF7E 2.5% 1% —
BE W IE 2 12 he BE 5, BEA T 19 7K 35 P 70 45
TG 8 5E , R 30% ~ 100% Y 2. BV Y 11 P9 i 56
K IER IR, 7E 60°C FHEF 48 h, LUITE UM i
e, (YA PLIEST 60~80 nm VI H, Z3E7E 150
H AR s T, i 2 5 1 s I RN de ke A%
1.3 GiiteFsik 2RJH SPSS 26.0 Giit=# 8k w5t
AT, SR A IES AT R TR, x2s Fow,2
2 ] LR FHAI ST FEAS ¢ K 36 5 22 4 1) L 350k FH R )
Z 72537 (one-way, ANOVA) , P<0.05 H 2 FA4 5
-

2 & B

2.1 NFtl % HepG2 ZHMLiEVER M DL 0.0.5.1.2,
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4.6.8.10 F1 20 wmol/L ¥ NFtl 4354k B HepG2 4 g
24 5% 48 h Ji7 , HALAEIE 2RI B Bl B o, 2 A )
JERAS I, 2 58 Guit=4 2 L (F/P=136.825/<0.001,
168.357/< 0. 001 ), > £ 1 il % 1C,, 1 5+ 5 K
6.22 wmol/LF1 2.91 wmol/L, Kty i FHuk BE N 2 4
16 wmol/L Y NFtl #EAT)5 LT, W 1,

2.2 NFtl %f HepG2 4 i3 58 | iF 3% FE 28 1 52 M)
53 FO0 BRZH U, NFl IR A 39 522 HepG2 4
JHLER T8 T UL TR R MR 2 3R B BRI, 22 vk AR

(/P gy = 8- 144/0.001, 17.439/<0.001, 29. 863/ <
0.001 3¢/ P, 555 =8.097/0.001,10.516/<0.001,21.367/<
0.001 32/ P g p54 = 7.399/0.002,10.917/<0.001 , 14.697/ <
0.001 31/ Py =23.205/<0.001,30.302/ <0.001 ,32.402/ <
0.001) , Tfii NFtl #5545 Erastin 41 HepG2 i il 2
[ S 76 B AT R AR 2R, 2R TG =
St/ Pyepmy = 1. 201/0. 2965 1/Poy ppne = 2. 237/
0.089; /Py iz = 1. 551/0. 1965 t/P e = 0. 585/
0.590) , WL 1.% 2,

R 1 ORFEWEMBAA NFil 435 HepG2 AIMIAFIG R (xts,%)

Tab.1 Survival rate of HepG2 cells treated with different concentrations of NFt1 for different times

NFtl ¥ (umol/L)

i 0 0.5 1 2 4 6 8 10 20 FE P
24h  99.28+1.62 88.36x1.11 75.33+1.17 62.18+1.33 44.65+1.48 35.47+1.48 31.44+0.97 30.23+0.78 17.83+0.98 136.825 <0.001
48 h 100.37+1.52  77.35+1.78" 66.87+£1.94" 48.74+1.21* 38.76x1.45" 31.29+1.23* 27.36+0.94* 18.36+1.11* 14.35+0.67* 168.357 <0.001
tfE 1.262 9.531 6.667 12.922 6.083 4.831 5.893 9.793 6.037
PiA 0.366 0.008 0.011 0.005 0.033 0.042 0.020 0.008 0.019

TE:5 24 h [B#,*P<0.05,

B 1 EEE R (A, x10) SR SEE (B, x200) A1 Transwell S255(C,%200) 46 I 25 21 41 034 58 G Fe AR 2%
Fig.1 Colony formation assay (A,x10) , scratch assay (B, x200), and Transwell assay (C, x200) were used to detect the proliferation,

migration and invasion of cells in each group



BEXER 2 2026 4F 6 A% 25 %5 6 ] Chin ] Diffic and Compl Cas, June 2026, Vol.25,No.6 - 731 -

2 AU HepG2 AIMEIHFE (TR AR AL (wss)
Tab.2

Comparison of proliferation, migration and invasion levels

of HepG2 cells in each group

Wl ST K ERHR(%) Rz
} (™) 24 h 48 h (%)
SEXFIRLZ 513.26+27.36  100.06+3.17 100.35+2.53 100.36+3.42

NFtl flFIHE4H 372.35212.23°  81.36+2.44° 88.12+1.34 46.38+2.13°
NFtL PRI 192.35£16.35*  68.45+4.13* 83.36+0.93* 33.62+1.69*
NFtl @RI 38.26+3.23*  48.93+2.67* 78.12+0.68* 21.44+2.47°

0.001,13.506/<0.001,18.001/<0.001) , i NFtl /=5
EYYH Erastin 4 HepG2 4 ifd Z 8] F- 44 ROS 2% 5%
FE MDA Fil GSH K FIh#g, Z R Rt 8 L (v
Pygrosipas = 0- 173/0. 8715 /Py, = 2.204/0.092; 1/
Py, =0.792/0.473) , WLIE 3 % 3,

R34 HepG2 40 Fe® & H A ROS MDA  GSH /K L4

(x#s)

Erastin £ 35.26+2.88°  44.37+2.31* 77.38+0.47* 20.37+1.98°
rastin = = = = Tab.3 Comparison of Fe** content, ROS, MDA and GSH levels
F{H 296.352 178.453 126.385 215.647 .
P fii <0.001 <0.001 <0.001 <0.001 of HepG2 cells in each group
TE . 525 Pt IR [ °P<0.05, Wl FEXT FerroOrange SEH ROS MDA GSH
- POCTRE PGRE  (wmol/mg)  (pmol/g)
) 23 I R 1.02+0.13 0.73+0.04 2.13+0.32 148.73+5.33
+ A~ EL B/ 2
2.3 NFtl Xf HepG2 i Fe™ & BRI 52X Npu fS#84] 1.53£0.09°  0.99£0.03 3.97+0.26° 111.34+1.26°
PEZH Fb 4, NFeL G A A0 50 12 41 HepG2 419 A4 AH X NFtl 4] 1.9320.15*  1.6120.05* 7.24£0.44* 100.05+3.25
N . . NFtl S 2.29+0.08°  2.09£0.06° 8.37+0.39* 77.36+4.33°
FerroOrange ¢ ERZS = W (/P =
ge HCHRPEE W, TR MO ( Erastin 21 2.1120.17*  2.08+0.08" 9.09+0.41° 74.29+5.13°
5.587/0.005 y 7.941/0.001 y 14.411/<0.001 ) o ﬁlﬁ NFtl FH 189.643 203.576 246.832 198.745
B E 45 Erastin 4 HepG2 40 M =z [8] A % P1A <0.001 <0.001 <0.001 <0.001

FerroOrange 2GR LLAS, 2 5 AT F B L (v/P=
1.659/0.172) , WK 2 % 3,

2.4 NFtl X HepG2 45 LN PRS2 525 XS
HEA L, NFL AR AR 5 4 HepG2 41 A4 73
ROS #G5m B Al MDA 7K 3% i 7t =, GSH /K-35 i
REAR, 52 Wk AR M (¢/Pysmossonss = 9-007/0.001,
21.804/<0.001,32.666/<0.001,1/P,,, = 7.730/0.002,
16.268/<0.001, 21.424/<0.001; t/P.g, = 11.824/<

52 AR R, *P<0.05,

2.5 NFtl X} HepG2 4HMIERAE T-F1 Nrf2/HO-1/GPX4
HBACE AW 525 P AL AL, NF AR
Hh AT R 2 HepG2 41 ALY Nrf2 (HO-1,GPX4 F1 xCT
AR BBWREAL, 2R E (1/Py,, = 3. 146/
0.035,7.709/<0.002, 16.267/<0.001; /P, , = 3.674/
0.021,5.628/0.005,12.031/<0.001 ;/ Py, = 13.880/ <

Bl 2 FerroOrange 9¢ Yt 4L (O A6 M 45 L 41 Fe™* & (x200)

Fig.2 Detection of Fe** content in cells of each group by FerroOrange fluorescence staining

B3 DCFH-DA e (il 4 21 40 ROS /K- (x200)
Fig.3 Detection of ROS levels in cells of each group by DCFH-DA staining( x200)
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0.001,19.053/<0.001,40.352/<0.001 ; /P ., = 9.738/
0.001,13.166/<0.001,12.031/<0.001) , i NFtl =57
25 Erastin 41 HepG2 4l iff 2 [B] Nif2 HO-1,GPX4
1 xCT H HFRBAKT R, 2257 Tt L (1/ Py, =
1.331/0.254; t/Py,, = 0.188/0.860; t/Ppy, = 1.608/
0.183;1/P o, =1.504/0.207) , WLIEl 4 3 4,

Nrf2
Hi-1
(i1"%4

xCT

B -actin

4 Western-blot #1145 2 HepG2 40 0 5E 1= 1 Nef2/HO-1/
GPX4 3 A S 1
Fig.4 Western-blot detection of ferroptosis and Nrf2/HO-1/GPX4
pathway-related proteins in HepG2 cells of each group

R4 K HepG2 A IET M Nrf2/HO-1/GPX4 il AR
FIRIBIKFE LI (z49)
Tab.4 Comparison of ferroptosis and Nrf2/HO-1/GPX4 pathway-

related protein expression levels of HepG2 cells in

each group
HoHl Nrf2 HO-1 GPX4 xCT
ZE IR 1.62+0.10  0.79£0.04  1.16+0.03  1.14+0.04
NFtl G2 1.3520.11°  0.67+0.04*°  0.82+0.03*  0.78+0.05°
NFtl 540 0.89+0.13*  0.47+0.09*  0.61+0.04*  0.71x0.04°
NFtl R4 0.57+0.05*  0.23+0.07*  0.32+0.02*  0.58+0.07°
Erastin 41 0.51£0.06°  0.24£0.06*  0.27+0.05*  0.51£0.04*
FAE 176.352 158.473 196.582 142.635
Pl <0.001 <0.001 <0.001 <0.001

T 55 A IR g, * P<0.05,

2.6 NFtl Xf HepG2 ZHMl Nef2 BN ORI Ha5
STHRZH (71.35+1.72) AU Hed, NFel AR A A g 7
ZH HepG2 A Nef2 P9 B[ (65.17+1.25) AU,
(58.16+1.31) AU (48.57+2.35) AU | B WP A%, 5 1k i
WiV (/P = 5.034/0.007, 10.567/<0.001, 13.549/<
0.001) ,1fi NFtl 7545 Erastin 41[ (45.37+2.53)
AU HepG2 4l 2 [8] Nef2 S 9¢ 650 b #g, 2 %0
Giite#E X (1/P=1.605/0.184) , WLIK 5,

B 5 SREEuYs a4 241 HepG2 HAE Nuf2 %% 115 (X 100)

Fig.5 Detection of Nrf2 nuclear translocation in HepG2 cells of each group by immunofluorescence staining( x100)
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2.7 NFtl %f HepG2 A ISR B A7 5 528
FAXTHRZE (1.02+0.07) Fo&, NFtl & 57 41 (0.42+
0.08) Fll Erastin 1 HepG2 41 ifl (0.45+0.04 ) 1 2 R ik
JC-1/BL4K JC-1 %6 AR BEAIK (¢/P = 9.776/0. 001,
12.246/<0.001) .5 NFtl /&7 &4 %8, NFtl + Fer-1
ZH(0.79£0.04 ) HepG2 4t fifl 1 2 R AK JC-1/ 514K JC-1
BB TR (¢/P=7.165/0.002) . NFtl /& 57 & 20
Erastin 241 HepG2 4 Jifd Z [0] 2 R AR JC-1/54K JC-1 2%
JE LA e 22 R G2 B L (1/P=0.581/0.592) , I
K6,
2.8 NFtl X} HepG2 4L AR SE i i sg i =5
FIXTARZH HepG2 4 B BLIATE B IEH . 525 FIXTHIR
ZHHEHE, NFtl @555 3 20 A Erastin 2H HepG2 4l i ¥4 3
IR SRR TR /I U2 R % B 1 i SR AR e o /b
KRR R AN B2 5 NFul i 77 & 41 Fe &8, NFil +
Fer-1 41 HepG2 4l g - 3R e b A4 5 473 FR A1E A5 21 306 7
W7,
3 4t i

VE A i UL I P 98 , HC.C DL H: v 0 %6
IR ACR LA BAL LY 18% 1 5 4EHE TR F5 4 ™ i gl i
SERf@RE" . FARRE HCC RIGHIBITI E BB R
1M 2 5B HEAEMIZ I AL F ], A2k 25 F R4

B 7 A2 HepG2 AMILSHL A (2544 (x 10 000)
Fig.7 Ulirastructure of mitochondria in HepG2 cells of each group
(x10 000)

B 6 JC-1 FOCIHREAIN A5 HepG2 AUHISRL AR AL (R.ZLE ; G 4R 1,5 x100)
Fig.6 Detection of mitochondrial membrane potential in HepG2 cells of each group by JC-1 fluorescence probe(x100)
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25 HARJG 2 ENE R F TR 50% ; 6 T B R
ENRH FDA b i) — 22 R PR e LUAE K A A7
0, (R 2k e A BRI T AL R, Sk
BIRIT 205 S LUR 5 HCC 125 Rsdk | 4 )2
U4 R AR A R ) R PR ] T

50 v 25 5 AR 3 PE 0 22 40 0 9 25 BLRRAE ,
R HCC 25t & BB ) ) NFul fE 2 =
RO IR LAY, R 7 B 0GB A 2R R AR
e e B B A BT MOR VR Y R AR S
JZ B, NFt1 Al 38 i3 P55 Bax/Bel-2/ Caspase3 15 53 [,
T E B R SR E IR H T, Feng
ZELOT R AT 0 K B, NFel REA% 38 5 JE # USPOX 15 %5
A % H8 T /N BV PN CDS T 41 A EL ], DA T 317 71
SR, SR, NFUl 78 HCC 894 & HobL
IR IARG, ABFIE KRB, NFLl BERS A SEMHl HepG2
YA IGEE RZEFNERS , HOZ M IR H 2 80 2% A st
] — e BE A M, 24 h F1 48 h 8 IC, B 2
6.22 wmol/LAN 2.91 wmol/L, 1% & it T £ ¥ b 24
TEPE R A R FHVR B, 275 NFHL XF HCC 2 i mT
AEELA TSR AR [ R 11 ORI HCC 3397
H 2R E A B PR R, P2 AL T — AT i fs e i 5
Jial,

BRAET & — Pl LUBR Bt S A AR AR RO A
S SN UE e ok U7 A | = W = 7 N i e
=7 AR R HCC 19 &4 K ST %
YIAEIE i A 0 G B R 45 1 S 38 R 40 XC™ W 3
xCT H1 GPX4 , Horp i o i 401k & 4% 45 JC BEVE A . ROS
SRR AR ELAR HE | I ST O e 2 1k R A4 i g
g B ETE FRIET S SR (e R ET V&R
PR ) T8 ) xCT B GPX4 & ¥EAE , mifdi
DCFH-DA J&GHRET 254 MDA A AT 4 1 P74 44 i
BRIt S K LR 56T NFL o fioge 4
(AT 5E Z2 45 T A SE I T s by et (8 N 2
il A SEAE TR HCC 40 A8 5 1R 22 FiT
B, H Al v = 4, AL R IR A IR, A
FEE R NFtL 521 Fe® 7K F-FHiE  GSH #6345 K ROS/
MDA FHZE 2 0 | 2 X632 8 92 il 25 A0 90 o) A 3K 5 xCT
VE R, AR I n s r RS TS
ARSI 5 GSH A BUERHAS 2 5 1
GPX4 VE R B Mg o3 4 S A6 ) 1) O Bt g, JHE 32 3R BEAIR
HE— 25 B W T R Bk Ak 1 A 3 B B 2008
R R AR T MR B R RBET

BRICT % Z2 Bl sk IR 7 s 5 i A 9, e — A
R A 2 B E— 20 R HLHIF 5 B, NFl X

BRBET B AR RS T % Nef2/HO-1/GPX4 {5518
HERIERI S Nef2 VE BRI A0 SR
HAZHARE S T B B FBOT il HO-1,GPX4 45§ 5L
PR ) S 2 BH . HO-1 323K T IR 85 7 =il i 21 &K |
ok /i B K R R P T R, DA TR T 200 e PN K e 2
GPX4 Pyt SEAT i DU B 42 U0 W T B It ao S A 1 i e
W, E U EE, B T /e Y 1
NCC igd 20 21 ) Nef2/HO-1/GPX4 {5 5 1 B 52 3 55
FREIRE  H 5 EIET KT 5 GO DG, 3] 28 B 1
PERT &8 25 T = Ml RS 40 A 19 K BT T K F-, 156 B Nef2/
HO-1/GPX4 {5 51l S22 HE NSCLC #RFE T~ Y S i
FEHE 20 DA SRR R R BT T ) SRR 2
MR R R A (AR ARG/ i b S R
%) HAE PR Al PEREIR S | T2 NFel S Nef2 38 f#
JE 51 K 0 U DG FE—— N2 38 B2 0 S SR
RBLAARE J1 TR, RIS & SRR RE T i A Ak,
LM IRGRARLE R SRR, P Ak T8 A ] — A AR 45
i—RBOT" R RN BRFET I I Fer-1 fiE
g baRad AR E— IR SR AR i NFU i S
BRAET AR BRI SR AR R S R 4 I B A

52 MR TET 557 Erastin A0, NFutl FE0H LA
TR ERE . (1) VE FH 231k . Erastin 35 22 38 13 317 )
xCT IREE K ERAET, 1 NFul A][54[ xCT 255
Nrf2 38 B T2 ELHEAM % iz 85 1 ) B + (1] 42 B W 7
SEPE R OB VR AR, A o A (2) AL
il e SR NFHL T S ERE T 0 8 Fer-1 58 4t %
PRI TR HAT HCC AR MO, T E 2 5l
PEREIR AR ; (3) WEAE L VR E . NFL 1 by v 24305 T 1
43 HAT RO VG R (2~ 6 wmol/L) Al T C A 251 15
{8, H =4 BC A I R I o 2 2R3 R 47 AR 2
R, 13X R I 2 AR DY i 5 B I PR Ak B I T E B
%Eﬁﬂ:4'6']6] .

ARG 5 R AE FALE T HepG2 4 R B E
T NFtl B9VEH, M R A Hofth HCC 40 i 2R K AR P 3h 4
BRI HEATIGE , J5 2T #b 78 A0 5 5256 LA iE— 25 B i
NFtl VEFH A3 i 7 ; b4, A58 R %48 NFtl 5 &R0
A e I PR 5 FH 250 16 D RV R0, Aok vl ifF— 20 R &R
NFt1 735 5% HCC T 25 77 1 W i e i
4 % it

ARBFGEIESE , NFel Xt A9 HepG2 4 i () 3 5 |
T N2 28 BT i 2 IR, H 23800 S 20 B A 1)
i [R] - B ARG, FLAZ O VR R ML S Nl 3 3 5
] Nef2/HO-1/GPX4 18 i # 1%, T 4 xCT, GPX4
TR (0K, BN xCT/GSH/GPX4 il i fa 245 °F



BEME R 2026 4 6 A 25 B 6

Chin J Diffic and Compl Cas, June 2026, Vol.25,No.6 - 735 -

i, JEMT 5| & 40N Fe® 48 ROS 5 MDA R 2 K
GSH #E3 , ;e 5% HepG2 4l L& AE4K3E T, [FIHT,
NFt1 0] 302 A H (37 e 25 AR 45 405 (ARG /)
U SRR RL) TR T ) Fer-1 REHE 1
RLCRLAARI O S BRAE T3 B, UESE ZhE 14 ) RE R A 2
FORHA S, HAMERIET I T Erastin 1L,
NFtl /503 4z i H B A EAR L3, A5 A
HCC R IR B TR A e 259 55 e SRR HTHE A,
& TGP HCC Mo F-HLRIATSE , Ry e ek
PRI R e PRI AL B85 T B LA

P BRI AT VE A 7 W JE R i vh 5%

]

FME BRI 7 3, SR T B I SR T B or 2.5
TREBIF i e , 7oA S 0 B0 5 7 4 . SR S e, BORHE AR
RPN R T WK IR SCIE G AN 3R SCHRABT SR IR SCH A £
BT SEDT IO AR ORHY AR i S R dla
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Explore the early diagnosis and treatment of ARDS based on the syndrome differentiation and treatment of pulmona-
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[ Abstract)
vival of acute respiratory distress syndrome ( ARDS ) have improved, but the mortality remains relatively high. It is a refractory

In recent years, due to the implementation of protective lung ventilation strategies, the time and rate of sur-

critical illness. Early integrated treatment of ARDS with traditional Chinese and Western medicine has many advantages. Based
on the theory of syndrome differentiation and treatment of pulmonary collateral diseases, this article proposes the ideas of di-
agnosis and treatment with traditional Chinese medicine(TCM) for the early stage of ARDS, that is, early diagnosis and identi-
fication of the cause.Grasp the main pathogenesis and apply the dredging collaterals therapy as early as possible to demonstrate
the clinical and scientific research guidance of the system for syndrome differentiation and treatment of pulmonary collateral
diseases in the diagnosis and treatment of ARDS, and expand the treatment and research ideas with TCM for ARDS.

[ Key words ] Acute respiratory distress syndrome; Pulmonary collateral diseases; Lung water; Dredging

collaterals therapy
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A case report of a postpartum patient with Shwachman-Diamond syndrome (SDS) complicated by myelo-

[ Abstract)
dysplastic syndrome (MDS), and a literature review.
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[ Abstract] This article reports the case of a patient with Wolf-Hirschhorn syndrome without WHSCR region deletion
and reviews the literature.
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[ Abstract ]
diseases, with approximately half of the global population infected. Eradication of Hp has been proven to effectively reduce the

Helicobacter pylori (Hp) is a Gram-negative, transmissible pathogen responsible for human gastric

risk of gastric cancer. In China, however, the limitations of current therapeutic regimens and multiple factors influencing treat-
ment outcomes have rendered Hp eradication substantially challenging. This review systematically summarizes the progress of
first-line therapy, second-line rescue therapy and non-antibiotic alternative strategies for Hp eradication, and discusses key de-
terminants of treatment efficacy, including antibiotic resistance, CYP2C19 gene polymorphisms, and patient compliance, with
the aim of providing clinical references for optimizing Hp eradication strategies.

[ Key words] Helicobacter pylori; Eradication therapy;Influencing factors
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[ Abstract] Esophageal cancer is a highly prevalent malignant tumor of the digestive tract worldwide. Radiotherapy, as
one of the core methods of comprehensive treatment, plays a key role in the radical treatment, postoperative adjuvant therapy,
and palliative care of locally advanced patients. However, there are significant individual differences in radiotherapy sensitivity
among esophageal cancer patients in clinical practice. Some patients may experience treatment failure, tumor recurrence, and
metastasis due to radiotherapy resistance, which seriously affects prognosis. Biomarkers, as key indicators reflecting the bio-
logical behavior of tumor cells and predicting treatment response, provide important references for the development of individ-
ualized radiotherapy plans, efficacy evaluation, and prognosis judgment for esophageal cancer. This article categorizes biomar-
kers by function into three types: exposure (contact) biomarkers, effect biomarkers, and sensitivity biomarkers. It provides a
comprehensive review of these biomarkers, focusing on their characteristics and clinical application value during the initial di-
agnosis, treatment process, and post-treatment stages of esophageal cancer. It systematically summarizes their mechanism of
action and clinical research progress, explores current challenges and future directions, and provides a theoretical basis for indi-
vidualized radiotherapy strategies for esophageal cancer.

[ Key words] Esophageal cancer; Radiotherapy; Sensitivity; Biomarker
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T,

1 #M(BER)RSY

1.1 f&EFFIPJE DNA ( circulating tumor DNA | ctDNA)  ctDNA &
Jiged A B T SRBE B A3 WA R A I Y 1 Be Ak DNA, #5707 [
e e MR I 28 28 R0 Y AR B 4R B = AR Y 2 R AR W b AR
Yy, TEZWIHI], ctDNA 58748 335 T 4 TAT 52 I i 5 5 A1 201 67 i K%
SOMEBARRAE , Liu 2517 X6 132 {31 Jay 0 00 0 A2 9 S8 3 0 T ES
PEBRFIFIF ST s, AL ctDNA K B4 1 R P-4k 75000 = 5 24
RGBS 92.0% ~93.2% . FEIRIT A2 ctDNA 3
AR AT S0 PPAS AT N %, Tatalovie 551 R BIAYT 2 JA G
ctDNA TF%>57.1% i B & H A7 8 A4 7731 Coverall survival, 0S)
BHEFER(13.6 ™H vs 4.1 1 H,P<0.001) , TEI7 RS B Bir
B, Yue %51 K U IS cUDNA $745 4776 5 70 11 B0 AT 412 i 4%
ARG KA, HEAE, ctDNA T 54035 53 B S0 07 Ss i 73
TR HERAE | 0 ZNFS69 HOXA9 45 F AL s /K SP- A8 Ak AT
WAL 3 R e R SERE T AL O L tDNA 1R SRR AR AR, BT
FRERISIA AR EBR R B PR ] REAT 5 g e

1.2 AU bR S PR A0 g P e T B2 AY 2 52 A
TS A T AL E TR T R 4R AR AR
AR BRI TR AR . 752 Wil 301, B 0 15 JIEL6C 725 100 9% i
P55 LT AR A ) B A 2 I i 25 S R R A8 9 T IX 20 7
Uk 5 AP AN BE ., R IT R, IE B R W2
(positron emission tomography , PET) -CT #&:i 1% 5 45 b X 18 S 54
SR S VAL AR B . Shen 45753, 1R 4 ) e
JP IR IR Bt FIRAS , AR N AR R A R B R ik ) HoA i s
P, FEWEIE, O A PR S, U7 e A sk & 1%
PR T 355 T S0 A A 0 AR G B ) A0 3 B 0Bk 5 T R B IR
SIS S

2 MBIAREY

2.1 BREARSCRON ARG TR 2 S SR AR 11 ok
fiE, QR T HRBT A OCHE OR SE R R 2 W) I8, B 40 5
F 1a(hypoxia inducible factor-lac, HIF-Ta) i3 Z3k BIF7R 07 41K
Pio T T R R P HIF-1a 53 33K 5 0TGP
ARG HIF-1o 2235 VRN 10 /8788 40 R0 7 S0 1 i, G AL )
W N b R[] B A g ot A8 AR ], YR YT R R R BRI T
At IX ( carbonic anhydrase IX ,CAIX)/E} HIF-1a FFHEIEA | H
FRAA S e i SRR B A S, BFSE R B, S AL R
CAIX 5235 5 PO IE o M0 2 A W AR 3, L3 i 4
FRAAE A pH ALZSIM U4 =, 30 5 240 i A0 R A T i S % 410 1
PR, FETUR B BE, 167 T HIF-1a 5 CAIX 7 %35 B ¥
OS W 4 4, B0 i B SRV A5 0T IETE NG PRI 1T

2.2 FIEHIAEAR RO AR G R S R B X IO T
SCELA R A T 0T WE T U0 g AT 7 R S e
R P S 28 20 D S o F 2 SRR A N A A . L 560 9T
RIS, CD8” A0 M 25 1 T 40 i 2% B 5 1 e T U
PESL ARG IRYT R = CD8™T At A 8 35 8 el B AL I I s B 5
RO R W R P S T BE K- ( programmed death-
ligand 1,PD-L1){F 0 JHE G B4 A 5 701, HeRIk 5T RO
RELA, WITER R, 18 BA T T ST R B £ 8 B 40 i

L PD-L1 Y E FAKCE B35 T R, EZAHLHY JunD-miR494-
CUL3 {43738 3@ a0 il PD-L1 AR , B AE 4N g SR,
B BT I A X T A RGBT, T 1R AR T R i
B TR AR R RO T e SRR A AR T, R IR
CD8" T il i 4 A 20 B PR 7 s . RS s, T80 7
HHAE-6(1L-6) % kA < A F-B ( ransforming growth factor-
B, TGF-B) 7K -7 Ak 1] 52 e A 28 2 i AR 2520 A s B B
Habu 2572 W58 90, 1697 BT Lk HEZE H P3 (forkhead box P3,
FoxP3") 551 T 40 B /&5 2 1038 5 5 07 WP AR ¢, i 7807 Ja
HBE T A0 R MEOA S TR RAFTUS . HE AR5, IL-1,
1L-10 WP 9EE PR FE H F--ou ( tumour necrosis factor-ac, TNF-o) 45 7R 5
55T URE 22 200 PR B0 A D R R  AR E LA TUI
FEIFR

2.3 MRS Z AT CROVAREY) S I A
IR OA B LB A0, 23 S B2 AR PR PR 8, 2 B AL
NS, FEZ W, I N B2 A2 K T (vascular endothelial
growth factor, VEGF) 335 5 HUTHLHT SORN R UG HHOC, BR3E
A PRI R, s VEGF 7K 5 U7 sk & M6,
VEGF [ #%l B by Ja i B o8 2 2 i R 0 AL, AETRYT
AR, HT VEGF 254 iy vl 250G L8 e w1k, B S
e RAFSEAE R — B, T RE 5 A 9% G Oy R G E R
AT ARG My B, 3% 82 A2 K 7 3 4K (epidermal growth
factor receptor, EGFR) 76 &8 i 487 v i 22 3K ik 50% ~70% , &
LW MAPK/ERK I PI3K/ AKT 58 (2 86 58 4 il i 1=
JEI45R DNA B, H i 2235 5 7 il B il A 7 o B 56 42 G2 At
SRARARE

3 ERMREY

3.1 ARESAEHAHCHUBRMEAR Y B WRTERYT I R 4R
XCEE AR 38 1 17 53k 52 40 B 43 B2 A 0%, T B8 1 e U 2%
FEANMAET A G FE R IR A 3 I I I8 A 0
fiE, [R)RE S5 A0 BUBE B DIAROC . Il 4- 5210 o 2k 11
(prolyl 4-hydroxylase subunit alpha-2, PAHA2) J& R BRIZILHER
JE B, T Ao A S 2R Sk A 2 5 IR A A, AR
WFFE R, A2 Wm0, A A8 vh o 3k HL S O kBT
oK, PAHAR & R IR LB Al B AT 5 0 B8 2 R M 1o AR T
RARA ), WL L, PAHAL 38 1o i J57 T S0 8 5 2/ FAKS
YAP 55, I3l 5 75 HIF- 1o £20E PR A, [ i, PAHA2
S 5EORA A, W R S R A SR
BRI AR, QI R AR AR R A M2 Y DR R A ( pyruvate
Kinase M2, PKM2) ff 4y S HE B , 95 VE 5 B £ 45 5 41
YU R RIE B S BOF B C Y Zhang 550 (RSP 525G %
M, PRM2 i et i 25 /AR 1 R C SRR IER 0 A Sec 38K 3
KT Bl B A DR A £ A SRR AR A A R AEL RS
3.2 GETAMANEFE TV T A G U AR AR A RS T 4R
WO TSRO L], BR O T AN, R T AR T IRAE
PP T AR AMISE T ) WS 5 T HUT RN, TEIZ Wi, BF 5T
KB, & pleckstrin [R] Y5 45 #4 3 K % A A B3 7 ( pleckstrin
homology domain containing A7, PLEKHA7) 1E k3 & LI 41 ffd 5t
T4, HAR R IR 5 HOT P MR R BUS A OC, i FUAh
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AR Er R BUS B R B, 4 PLEKHAT 7EN Y 6
AN BE TR X DRI A T A DU AR, AT A5 e b ) 98 ) T8
o JiAh, —TRUIRESEIRUESE , B PLEKHAT Al 3% fin £ 45 46 4
PR HCHT I, Sk 2 36 0 14 5 S SRR L TE TS B BE
PLEKHAT 152 Z2 40 Mo 58 1 0 3008 315 i, F8 B e AR S BT 4
EHERREANG ST RL AT B T, B A WESE A B, SR T AN o)
FRIIRBEME I T2 70 1 B9 32 K St 55 07 i 4 M A T 5 3K %
BUR A
3.3 HAWHZUBUEIERREY G E B SZ K 56 (G protein-
coupled receptor 56, GPR56) %M G 15 BB Z R Kl 5t |
Z 5 ARG TR, 2 WiRI, GPR56 w8 1K 5 il
JPARIT AR BTG AT Chen 2578 FF J 1 — 00 [ B0 43
Freb  AAAT 60 B E R B KL GPRS6 e 383K & BTl Bl
WALST G 08 W25 4f i, 16 8 R Tl B b R BUR B B
GPR56 W] e UG TGF-B {5 538 Bt e SE AT, (H I RE 52 40
w2, BAAHLRI R A DS, #E— 2L BT GPRS6 19 D) fE S H:
5 A T AR B IS EAR R B T 58 38 A O T Rk
PERY TR
4 INEERZ

UTARR , £ A R O ORI AR WA K W OF S A S 3
J& , NI REME T SR ] By BEW A 4E JiE | 7820 4 78 1 07 kBT
S ZRIM L, BRI, 4 BT BIE AT T W 3k A, R 70 Wk 5 22 O P
L /INEEAR [ B 53 A Bk 2 55— A 9 1 DKL ASRE T S P 6
HEA— BRI TN R RE AT IR, X LA 12 Fif g 1 2 S B i PR
S AuRRaT o

ARAMFFERAN LT J7 [0 R 6, W iEsh Z 2B 5
5 NTRBERTR I Bl 8 G 15 JE 21 o7 AR A v 55 2 4k
JEE R A R U AR A | I 2 B T A AT RO A BB
HW 05 R R AATE A B A5 ME I E AR, fi B ctDNA H RE4E A1 i
TR miRNA SR, SR T I A v B SR 80l S5 T 24
AFEFIAPOI RIS RER AR R T IR e L 10167 Y
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[ Abstract] diabetic nephropathy (DN) is the most common microvascular complication of diabetic and the primary
cause of end stage renal disease (ESRD), which seriously threatens the quality of life of patients. The interaction and crosstalk
between metabolic disorders and chronic inflammation are the core pathological mechanisms driving the progression of
diabetic nephropathy, forming a vicious cycle of “metabolic abnormalities inflammation amplification renal injury aggrava-
tion”, and participating in key pathological processes such as glomerulosclerosis and tubulointerstitial fibrosis. Inflammation
metabolic markers can simultaneously reflect the metabolic imbalance and inflammatory activation status of the body, covering
multiple categories such as classical inflammatory factors, inflammasomes, acute phase response proteins, glucose and lipid
metabolites, oxidative stress, and adipokines. They can compensate for the lack of sensitivity and specificity of a single marker
and have important value in early warning, disease stratification, prognosis evaluation, and efficacy monitoring of diabetic ne-
phropathy. Therefore, elucidating the mechanism of action, detection value, and clinical application of inflammation metabolic
markers in the system can provide important basis for early diagnosis, precise intervention, and development of new targets for
DN. This article reviews the classification of inflammation metabolic markers, their mechanisms of action in the progression of
diabetic nephropathy, their clinical application value, and research prospects.

[ Key words] Diabetic nephropathy; Inflammation; Metabolism; Biomarkers; Disease progression
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R IR YT O R B LR bR A, i R
WHEIN I DN JERR MR SO A TER B AR 4, & I
5 B A AT 2 AR 2R A I, DN AR A I i R EE K F
Thi 54 B RSN B B DI REAR O B2 BE 2% VAR OG , AR A i Ah
B JME L G RS (AN FESE AR o PR, RS S e R
TEAR R = B R S 1 (E RS I (S B PRk, T 04 DN R
PEREARZS BIWI AL 0 A T2 50 S R AE AR B RS B
AE ST A T30 Pl F8 5 1, O e PR 232 4 B AR I R SR 42 1
Z%,

2.6 RAE/AME R AR T AR AR RN

2.6.1 NLRP3 % AE/MA : NLRP3 A/ IMACR I AR KBTS R IR A
MM /N At NLRP3 ., 8 T AH ¢ BE £ A% 2 11 ((apoptosis-
associated speck-like protein containing a CARD, ASC) I i K
A5 IR B H -1 ( cysteine-aspartate protease-1, caspase-1) 2 A%,
HRH S DN JFR 2 IEAXC . 78 DN v s b e e
TR AR 5 5 RS ) 3593 405G 23 785X ( damage-associated
molecular patterns, DAMPs ) 7] 3 1 NLRP3 # 1 /) i, i i
NACHT Z5 #0332 82 {L 31 3% ASC, & i, NLRP3-ASC-caspase-1 &
Y BTG JF  caspase-1 1] 24 A2 R TL-18 Fl TL-18, [7]
o 2 ALY B 1 (gasdermin D, GSDMD) , A HAT i
ZEEF0FLIE W BE J7 59 GSDMD-N 3t H- Bt il 51 41 g i 5 4%

PEDY S WEFT R DN A SME i NLRP3 RM/MAR R K 5 8
FIR ™ LR L S IE MG, M5 W ML AP FE AR 1L-1B 1L-18 Tl
I 2 AU PRI £ A A DN 22T 1o AR BBURREE R A S B T
i50.918.,0.934,0.901°" | ASEHF5T TR ASZR NLRP3 4/
PAES DN IRYT BT R T8 ) O AR S M 39 e — 2P 30
UERLH A O i 2 PR R F7E DN U125 1505 PPAS o i PR
A EL, FHE 2 H AL [ I PR 1k
2.6.2  ZHMLEET A CHR AR - 20 M6 AR TR — R 4 M 4t
FET- 2 MR T caspase %A1 GSDMD & H |, HAH & o0 F1E
DN H 3 B2 fA {6, caspase K1) caspase-1 I P 45 L
Toi&1%, caspase-4 .5, 11 N FAEL M TR 18, 58 1 2 R
GSDMD 51K 2 P FReil, 2022 4F Wen 551 7EH /1N B
W 7 i ARG I 2] caspase-1, GSDMD | 1L-18 ik B % F+ &,
caspase-1 7E DN 719 55 B0 $2 4L T ELEEIEYR , Wil H caspase-
1R PESR R VX-765 1077 5 88 I /N BUE D REE R A5 21k
. GSDMD fE At A T (14 S B AT 35, 3L N i o B vl A 4
TS LT LB AR TL-18  TL-18 4542 42 [H 1 A RE L, Jin il
JUE JR B 9 1 S5 R I PR AT 5% 38 3k % DN J8 38 ' 2 20 S A 45
BI3HT, B GSDMD K15 W3 Tt , HA5 IR A 8 A LS L fE
(urine albumin creatinine ratio, UACR) EBEIFEMA, 5 eGFR
%ﬁ%ﬁ*ﬁ%m] o WA, FEZ AT HE caspase-4.5.11
TE DN JEE 1L K B 20 2 rb g B vy e R A, JHG I i U AR i
E A7 DAMPs 5N 2 %01 3#5 GSDMD 4 5240 fa £
T, BRI E R Y K e M AR T A AR R AL R
S DN (19 98 Pk B I 1 B2 B, 34 DN P HE 10 3697 SR 446 T 37
(VS AERE A, Bl AN EE XS GSDMD (M i 77 5% caspase Z2 Y 1445
F A B A A 40 B AR T P SR DN R
2.7 HABRMEM AT S/ NF-xB FEN R G 58 %O
HRZL, 76 DN A B L 2 0 A /K1 B S8 g, T 1 58 1 4
JHO PRI A R A PR A M 2 i, R A NF-kB S 57 NF-xB 52
s AR T FRIE LS NE DN 1, 3G SR LR AR B A 5 8
1 (sirtuin 1,SIRT1) X ATHPH] NF-«B 3% ¥, & #5 5 BE R 974
FAP, Bk NF-kB 4b, Janus 3 (Janus kinase, JAK) /{5 555 &
F NG G F (signal transducer and activator of transcription ,
STAT) {5 538 B8 1E DN f9 9 M -5 21 2 ALt A vt 9 30 DG B
FE IR RBIFSE 7 | 76 2 W75 O 2% 1540 KW PR /s B
HLH, p-JAK2 Fl p-STAT3 K1k B3 LI, 24 JAK2/STAT3
15530 BOHOE J , T IR HE 2R JEEAH  r 8 k TR) - R i B 4 i A/
FRICRL, SR B o T B S5 T, JAK 0 0 R A
ARHE PR /N SR PR A 1 7K D08 B L L 5 M S i e i) B 2T 4
PRRRRE  $3% 240 B 1T RE R DN IR YT RO HEAERE 57 o Il AR
BALXT NF-kB 5 JAK/STAT 45 5CHE S 20 8 B 7E DN HAH L
VEFIBUE AR F , I T e 2l AR S e 49 500 0 11 PR % £ o
T, VAT St R o 08 1o 5 B 2 1 S e B U DR A
TR YT R
3 DN HEXKREREMH R

AR P T Qi IR A BB A IB T T2 2
ANLRERE ol AR b T s A S0 i A A T R AR
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JE 5 B AR AR S DR T DU P ol A1 2 5 /N R P e 4 e
15 | ZR A B 14 5 R R AR, o JUE 2 A Ak 2 5 e A
T 5 ) B B 5 IO 4 o e Aol O A, 30— 25 T 2 2 U4 A
S RN AR Rl F A AR e R R HCH R & T
SR e B R BT L B ) S 2 Fhi 22 5 DN
MR R, 3% A AR & 4 AL BE B Bk DN A9 A 25 B LR
B, 10 5ROV AR EAE N, SR RS pom R IR
AR S 5 RAEAR G SCIRAL T, A7 B T4 g o 4 T Y
DN 2187 Bz T PPl A 22, SR 80 1) 36 7 B 4100 i S i 5
(S
3.1 BEACEAHCHR RS MR ELE DN B s iR &,
AHOCHR S E 2L L ZT 45 11 (HbA,, ) (AGEs | ILFE % 50
ZH5F , HbA | FTRUIE 2~ 3 A~ H 34 0B K7, R I R ITA
MUABHE RIS B A 4 b i, 1 30] HbA | 3545 AE B3 PR (% DN &%
KU, {HL 88— HbA | Jo ik iz W I 8z sl >k 9 B 345, AGEs J&
ey AR PR EE T A 11 B S A AR AR B A2 S0y i 7=, T st 45 5
6 S A AL 2= ) Z AR (receptor for advanced glycation end prod-
ucts, RAGE ) ST 48U A0 0 805 4 M S 07 T % , 1 400 49 15F I8 1N
SN, DN BRF RN AGEs BB 5 B AL e AR B 5 1)
AETEIR R G B FIEHIDETY | RS o, Bl /e 2k B T BB IE
BRI B P B 9 AGE A5 Rl W W T BE R [ (HR =
1.42,95%CI 1.13~1.78) ¥ AGE A BLAS R B 25, ¥ g
TR BRI  AE SR R 23% , A I R MCE R SR R T%
(P=0.020.,0.009) ,iX—HFFEBHE#E— 2L 315 T AGEs 7EREIR W
s Hh A Y AR T 03X — A I AN AR T I AR A A
O, IFRWIE A AGE Fil) T EAL TN B D Re 30 F Ry i BAh
ST L OB S 2800 BP9 RS S AR R K b
SRS BRI K HUIG R I T 48 A, (H I AR IR 9Y R WL
%I DN R S0 A (AR T HbA ', A SRR R &
FHICHR A0 10037 FBE B (fructosamine , FA ) W38 87 52 3] ¢ ¢,
FA A] S WGE 2~ 3 JE A 34 K7, 5 DN B H B /R &R
240 Y 496 58 R BE B LA UIAR G  HE-A AG HbA| 5 FA RETE 4
TET DA A 5 e B R RO R R A5 AR Y
RIS BTSN D, R AR IR A B X AR 8 3l SR AEAR
WS SE AT AR T I B, DA SR X T LA I E AR A v
LI BG R o
3.2 AR OCHR Y BRI R A AR B e IR
AR R ) S T B B A Ak | 2 S N I SR AR T
B, G RRACIaAR b, H il =R | IR [ A AR R A
IO T e v s s R T 1 I T AR 5 DN 3 Je AH G i
AR VT IR T 5 S R SR ZR AR L LR (R STk LI, 05 A A
5B INE AN, B A OCBERBE A2 VR 03 BT Ci e 44
bRy, BN 5 5P S BB R WORTMETON DN A3
OV I R AE 5 B D RE A AU

BT IR B 05T, Z M e AR B4 TR IE S DN ¥
TERREY . BEIRIS P, % M %R 2 (lysophosphatidic acid, LPA)
N I 5 B BE AR A ( lysophosphatidylcholine , LPC ) 7] 7 & i H £
B, T5 S B INE 48 1k B R N A ] BT R A A, R PR VR

LPC Fl LPA 5 IR A FARCP R A OC . BEAR IS v 9 4 = -
1-B R ( sphingosine-1-phosphate , S1P ) i i3 145 15 /NBR P9 Bz 2411 it
WA SR NG5, 25 DN B /NBRAE AL HE 7R — T A
104 5] DN L2 1 AT E R BA S BIE 5 7 |, I S1P AR K
-5 eGFR TR FAHOC, HAE I 5 AF M WA A, il i
SIP FMTE FI/K BRI AFEH eGFR (Y T F 3 B BT Dy i, 3L
SEVERIVE AT P bR A P T DN et eAh il
Pt P U A S AR A QO ) A e B P2, T3 3 P -k B 3 8%
Joi ' R A B, B v At 2 T JH 7. Y Ceer ( Cer16: 0/ Cer24: 0
Cerl8:0/Cer24:0 Cer24:1/Cer24:0) /K V-5 DN Hi# eGFR %
ARG R AT B S BRI A

BAGEAR S & I, AMLFE T DN AU AL 2 AL,
1 Al PR e AU A8 E AR T BT S 4R T
BRI
3.3 FAUbR SR EMREAREY A S A R R
i j2= DN %5 B AL i A9 5 2 3R 75, 79 Z B ( malondialdehyde,
MDA) & LY {1k ( superoxide dismutase,SOD) 2% Bt H ik
A ALY ( glutathione peroxidase , GSH-Px ) 42 % FH A &1k 1V 8
PREY . MDA B S A 41, HOK 7T 32 7m S A 8
BTN ;SOD (GSH-Px AE NPT AALEE, 76 DN A5 1A A I R
0, Toik B v B A B B R i — 2P R A 1 B B 5 B AT
I F E2 A2 A F 2(nuclear factor E2-related factor 2, Nrf2) f&
VAP AT AL R L 0RO R, R S A R
NTCHRES G R B M R A -1 R AR TR 1 55 MU
PEIEA 23k R4 AR JRAR S . I RAFFT 7%, DN
KRBV EHZR T Nif2 S H L DR KO AR T e R B, HL5 5 )
JR AR AR S RO

BER U AL R AR DN R B UE R (0 B 2R o L &R, R4

1% 1% 1k 25 (B4 ( AMP activated protein kinase , AMPK ) 1 > 4 i
AETRIRAS 10 OC B 12 18k A% | 7R 28 157 g & AU 4 vh R 4R % O AR
Fi. DN BB B FAZTf AMPK (5 YRR, S BRI o 26
KR BE BT S 7 R A A 32 BEL , S 1741 2 5 /N L e 200 O
TS B AYERT EAh, DN R R A SR 4 (pyruvate dehy-
drogenase kinase 4, PDK4) {1y BE 2 A QI VR4 ) O BE Wl , HLAE DN
BFE A LU R R Gk W T ) YR R
(pyruvate dehydrogenase, PDH) i 4 , BHL W7 8 %6 5 9F A — SR IR 1E
W I BE R AR A, SR PDK4 (15 %34 5 DN &
NI IR B B T ek AR DA G, AT AR Sy BE AR
DN RERACI SR AL AE AR R L Ak N 8 RE AR A
YRGB TR DN B %A XU, 38 BE
A ) TR AL RS , QE A S Nef2 3 B I AMPK i
PER 29, A B DN B I A BOIR S S Re = AR AL,
FEZE WS EDIBEGAL . PRI TR A ST S AR 08 R B AR AR 35
YIRS S AL BT ALE, X DN BRE 2 W 53697 A E 2
I PRAME.
3.4 RN BRITHLUN BRI IRIRR R HBTR SR
HF, 250005 R PR W E PR, BREE B PR
JO& 5 Z AT ORI A VR, DN AR M BRI K7
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FeA%, B B Re i A G 8 VR AR R BRI BB+, JE 1 v
JKF-FE DN B3 P 2 TH i | i B B A 2R AR 1 I v
I AR B /INER 2R B 20T 84 B R £ L A 35 SR AR o A
Yide & e RIS R ] TS F 5 5 S RS R
HEHT, (I Hz I B A fr P, 410 38 D 3 5 5 5 AL TR IR
r“ VR T (U0 TNF-o 1L-6) 235, 353401 B I 9 2 40 i 3
&, H5 DN [ 3% PR (1 HE i & 5 B /N ER U8 O 5 R B A E A
3@ UL BRAN I R ST B 7 R A 3h A WD (A B Bk
R/IEE G (8 TR b TR DN AY 2 I 7 — 1% i 25 L 7
JE | B 0 ) B T FIRHAR LS 5 B s R Kk A
TR, WA FERRIR R M R A5 514 T 5%, O &S
WS b R R B IR B 45 A T O, Sl DN ) A T R
TR,
4 RMERM-REIREYTE DN RRIGEKRE B E
4.1 DN RWNZW{H  IEIRH B DN 2 WK UACR \eGFR |
NG A N g A A R = R P S AW 2 e
PIVE RO E 5, 2 WS R, S PR O -G B A
i S P 7E B DU RE A H B0EA S R AR SR AL S et
SN R 5 S SE DN L L2 I 2025 4R — T 2R iR
RGSHT T WG RIT 52 0% , 48 HI96A 6 26 1 5 N 46 A | 41k
I 3 % AN AT B AR AR I A, X DN 0 1 f AR
TAEGARRR Y Wi —IgEiR s, DN K L v & 4 vk
BRI AR ZE AL | A0 A S0 3 5 E 9 S 2 A i, B —
B P LA 4 TR BB RS | 1T A i W 4 & T S AR AN R 19
R ERE B RS R R L A, 3 A A
i — AR R B a4k K- CXCL10 5 RAGE By BhREIfEH], Al 8
SR B/ INER PR AT AR 193 B A T IR I A AR S AR A A ife R
PETORG ) TR O X SR ST I R, e RN AT
R 1B IO BB UK AME G A8 A 1 S 4, B 1 DN
R TS S R, B, 3T 248 R MR N -
TR R P I RS 0 A B L AR I PR A 2B N 3 R I
PRI 7 2 B AT 5280 DN R 00 To B P i | R I
T TR 08 2 5 R P (I i A A
42 DNKREAZESHEEN DNIHESNIEH HEAIR
9 S AR PR R R R T B D R R e D, AN TR B
BRSO - R SR IBK PR EE S, @ s R
DR A s A K AE AL, PR TEAS o5 155 2300 10 o 2 e IS
S A2 208 1) 2 BOBE R IR B AR RIS o, o R
JRAEBF AN M NLRP3 IL-18  IL-18 /K- B THe, KEEHEH
PRA LR bRie— 25 T, 2O RO s ke o B
Pearson H15&73#H7 7R, NLRP3 . IL-18 /K5 UACR 5 .35 1E 41
XK, TG R 22 b 4 M S L — A% A 5 9 vl g 25 4R T X DN
R 02 RS A AT B — AR A R, A B 4 T S LR
9 B A& B I BTG S AR SR LR AS . 0 Altman %577 5@ 5 8 Fh
PRGE FI R B A AR R X ) DN 5 DN iy ih 4 F i Ak
0.959~0.995 ﬁzijmfﬁiaﬁew;ﬁﬂ%%ﬁ?ﬁ%ﬁmﬂlﬂ 80%
AT B IE 4 DN 53k DN, i2 Wik he i & L T3 — ACR, 1G4,
Wu 551 i 22 21 243 AW S 10 LS A R AL (R PR

b ARIHE bR B eS8 bR ) 75 DN SR o S0 WK TH e,
SRR T AR T R, SCSe i gT RS, Rk O — A% i
P s P K A 157 FH A TEORS o 31 SC B DN R 19 40 J2 5 1
W, AR R R R e IR R S % Kok B LA
SRR R A 9 M RN — AR AR 25 400 1 B0 25 W T A A A
BB DN AN B B2 T L O 50 B A SRS ofe B4 1
RS REyAE oS
4.3 TS A 'ﬁf" SO R RN AR A AR R A K AT
S DN HBE B AR GRS 58 TH R R B s
UGS R824, 0 Viad %7 BFSE 7R, hs-CRP BEA AR
WHEFR 5 DN B FHE R Z ESRD 19 UG A 3G, A 366 4 6 I 95 )
BERN UG T BRSSO I, 2 R BT
R JANGET B , A bR R KT B3 T B R 167 A 34
Wei 450V BfF58 @, SGLT-2 41 il 751 7 38 3 41 ) NF-xB {5 538
A1 NLRP3 P /IMATE Ak, FRAR 48 Pk 410 R 1 7= A=, SR Y7 3%
ST o W 5% M 4R bR AR AR IEAL . T Meta 43 8T R, &
GLP-1 Z R sh7497 5, DN B3 UACR B3 TR, F5 5
AR IR AR 18% . IGRIEM T, 45 A IR AR A R
P as ) B A b o 4 B0 A8 A, P B 4 T P T TR
PRI, 9 S R~ R A b R AN (AT 1 A DN T8 1
(14 R SEARCHE , b M I R 5 AN R AIE T % 30 A5 A W T 8
3 FELEE BRI AU BR R AR A R I R 1S A B B I R 2
IHIT RS AR T WU %6, T AEZE DN 3 2 038 i
KIS . X — B WA 2R 1 58 3% K ik — 20 HE 3 DN OKG ifE
BEI7 I K BRI S A A I A AT ) S HE
5 REOESHERE
5.1 BAERFSTRBRYE  H TR ME RN —RAR S E DN H i
HIRAETEE Z AL . (1) ZEFTAEAR BB/ R AR
— Bz s REEAR A RTREVE BA BB 55 B0 00F , S [R5 AP A
AR 7 v R G — | W A A B oA, X DL S NG DR AT 5
(2) F3HRAR B Y (U0 GSDMD HE5E g 431 ) BIMLEI B9 &
15% B T8 LR S0 5 INREAR I RATE 72 9 B, FE A R[] 1 4% B g
RE TR 22 5 ORI S IR v R B W PRI AR T IS 5 (3)
A bR s (0 B 4 B AR o, B = G — RO PR R &R
AR 2 RETHBRARED A A, R T80 R A F AR AT
SO 5 (4) B R 4L 2R 58 T, G I 40 145 4 52 2, A
o HRE R T TR T, SN AR K P20 I K T (14 i S5 2
YIRS AL T B
52 KEBFFEI KA R AL HESEAF ST (1) TR
Zorfuly KREAS IR T 0 I PRI 9T, 45 45 g I 41 2 | e P R
O £ 2 AR AR e R B v R S R R 4 R M N — AR A
PRI, HEST b o A AG T 5 AR [ AR B4 e SR v 5
(2) TRAFZHR AR5 (8] B 38 LR AL, BB NLRP3 58 14 /M&k
SRR BRI AL A0 AR T S AR S A A0 4 T X AL,
PRRBREYITE DN N [A] B B A FH#E A, A TF BB BR 7 259
PO 1] 5 (3) HEBh Z AL AR W3 A B 1 B RR T 4 2 55 5
éﬂ%ﬁFlﬁﬁzﬂ%%ffa%,%%@ﬁmﬂa — R A 5 s 1
i, $ETF DN BV 529706 5 5 (4) BF & TC BRI H A, SE IR
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DN %A e e AR 2L S8 M R e S vy A2 EAE TR &2
At e | B — G S N sl A 5 0 L T S IR A7 A 5
RAME BN AR S AR S R A DU o B A5 B8 5 L% 72 DN
TS W i W DU U A Th R B BRI T, BEE
NLRP3 JePE/IMA A0 T AR OC 204557 B 9 M bk ks 49 S g Tt
A R IR AR S P TR AR ST, 165 A 1R 5 A
S63% , o DN RFHEIZY TSR AL TR R 28me 11, A S w28 1) 1
A S B P ARSI e A |6 PR B AL S R T, (ELRE A 22 b
FEHITT I AR AL AT DT SRR, R v — A8
R PRSI A DN I RS B P B HE 28 TR O (R DN
JeaAE SEGE ESRD HEJE B0 B IR B A A7 R R A )
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[ Abstract )
term neonates. Early diagnosis and treatment can effectively alleviate the disease, and significant progress has been made in the

Congenital heart disease (CHD) is a common congenital defect in children, with a higher incidence in pre-

diagnosis and management of CHD. However, the current screening system for CHD in China is not yet completely estab-
lished, leading to delayed diagnosis in some children and consequently missing the optimal treatment time. All these cause sev-
ereimpact on neonatal health. In recent years, with continuous development of biomarker detection, many biomarkers have
been applied in clinical diagnosis, treatment, and prognostic assessment. These biomarkers demonstrate advantages such as
simplicity, effectiveness, rapidity, and high reproducibility. Herein, research progress on biomarkers for diagnosing CHD in
children was reviewed, aiming to clarify the application and development status of biomarkers for diagnosing CHD in children.

[ Key words] Congenital heart disease; Biomarkers; Diagnosis; Research progress; Children

HeF MU IESR ( congenital heart disease, CHD) HLFRJ5.00 4 T2 EARIZ S, I R N A7 7 —

o
F
[=]

=

K

SE R BRE . PR HEY

TRTEZLIRIR A ], 52 245 P R 2R 52 e, o JUE K Kl 45
B R PECO NI 2R R Apst . CHD fE 3k BB
A L AR B Ao R 5 HRe R FE T A AR Y B L R R
20.8% >, FRE S — IR AR Bk, CHD [ 2005 4F )5 —
BR AR G v B AR SRR R W, L 2020 4B AE L CHD &
AR 0.17% . CHD By K EXT UL T AR A i R 35 3 ™
REMA , KBS W R BCA R ESE AT T 106 42 = B LA A7
FiE FEAHT A LT R U OB R R e Rt S & AR £
KEBOE L, 2 Dk i 4046 R A I ( pulse oximetry,
POX) J=HiiZ2Wr CHD W72 — %Ki fs F-BL e CHD Yk
rl‘E%Bi DILE S5 ORISR Z R & BRIILS B A LZE R S5
o THAE BT KB POX AU A [ 22 43 T O R 725 14 128 W7 26
ﬁ%,ﬁ?%‘ﬁﬁﬁéﬁ G I TR B MBI CHD &) 3

YRR YR CHD (W5 B A2 7 =X, 28 11 IR K i & B
53897 CHD, #Emi#& 7+ CHD BJLAAF%, CE M CHD JifT8
R ALGAEYAREY) TS AL 2 T L AR R Y R A
(4 Wb S W 25 )5 T )L #E CHD 12 W0 AH G 75 90 9 1 92 0k e
fE—25k
1 CHD JATHR R LB 53 #7

CHD 7ESCRRHE b 5 LUK 173, g2k JLAET- A 2R
M, ZRILGER BB BIT RS ZH N Z R
CHD R R MR R R, AN [F E SRR # X CHD E’~J
B RAETERE R 22 5, A 38 B 7 I L IX 1) s R, 7E AN Ay
FERR A= IS OU T, CHD 19 B0 2R R AR 1 0 73501 6.7%
9.3/1 000 f, FEA CHD K AEFEm N ERZ—, M4 CHD
SBOLAKOE T 30 07, B S BE IR S Bow, [P 3 CHD %
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A SRAE AR B T A LR R AR BT CHD LAY
ARAFEN S W2 W, 45 IR NN 20 02 385 KU, 51 & 1R v 8 5 1K
v, AR EUT, WA A R, 20% ~ 30% (1) CHD (% 765
JLIFET™, 2020 4F-F [ 3 AR ) CHD S 5L 735124 0.61/
10 77,0.76/10 J7, 4 A 5 WA ) CHD 9 5E 3 A7 15 W 3 22
S B SR HETLE CHD & AR SR AT b T 48w KR,
e R IO %o LR

CHD & UL i) V. 24 63, 45 P [A] B B 43 (artrial septal defects,
ASD) 7296 VUK JE (tetralogy of Fallot, TOF) | % [6] f& &1 4t ( ven-
tricular septal defect, VSD) Bk S R M ( patent ductus arterio-
sus,PDA) %5 Hih PDA 5 H & s, Hitk A VSD ASD™! | B A
XN AT 19 CHD B W F 47 W 25, 45 51 IR A il 7~ PDA
i R, 47.98% 1, (EUR[EIHBIX (Y CHD S5 0T BE A7 1 22
S, I PRIV 2565 1l DR i 5 SR L SEBR I DL S AT X IR YT
2 JLE CHD MfEZILHI AR

AR A N L CHD 1% 48 H i B985 20, a4 0
RS O L4 135 52 ( coronary angiography, CAG) 5, 1972 4E45
FH AN NG L B BEE AR A BRI W A e,
HaiH 2 A G JL CHD 2 Wi FZ YRR AR 7 =,
CAG HARFFZMHY S b, BA REF 802 Wiscae, E R A
FRST PRI ELo A B 6 R R AR JRIBR . 2R E A A
FEPLER 22 ik 5 N DigW a5 Iy =X, Hlas = orik &
ZLHE LA B AR R B A RRAESE T2k
S5 AR S I A T, AELX 5 XA AT T Sl R L
TP EE A, BLAE BOR AR b O AT RO R —
g EEMBAA SE MR E 528, N T2
DN AR B IR AR T A EAT A A B4 3 1 LR A5 R
SRRSO I IEAT 2 B, 33X R 7 UK 2 A5 2 A 7Y
HRWLERE , [RJRE T B3 2E 1 JE T 0 IR B &l R 3% BER A
I, TR —Mh & AT ELR AP BE A9 75 U JL# CHD 2 M B
ARELEZEMNE L,
3 JLE CHD WX EMAREY S LR AER
3.1 gk Sy
3.1.1 BNP 5 NT-proBNP B4 #¥y=#45% . Mxi#h K (brain natri-
uretic peptide, BNP) H—NLIREM AW E B 32 MEERHA
Y., i J& BNP ( pre-probrain natriuretic peptide, pre-proBNP )
BNP 1) mRNA Rikj~¥), 24 f5 A BNP i {4 (pro brain natri-
uretic peptide , pro-BNP) FI {5 5 ik, #EBEHLA Il Z 7, pro-BNP
#AH O Wl K i B A N K % pro-BNP ( N-terminal probrain
natriuretic peptide, NT-proBNP) Al BNP!"' | BNP 7 il 4F 0> Ifil &
P SR T I N A S TNz, E A R S TR AR HE A GH A (]
Bt , AR AR O JIE T S 670 7T 7 K 0l A8 L ke O WU A S5 4
0 BE K O 50 I B A S e 0 LR 2 B BNP
VE R 18 M0 J1 708 ( chronic heart failure, CHF) 5 & 1.0 J) 5
(acute heart failure , AHF) FJI2 Wi A= ¥ b5 559, I S8 312 B0k HAE
Jj—Flkb T BV T LE CHD Wik 52 . 14 pro-
BNP 73-fift 7= H ) NT-proBNP , Ho5 A7 76 S HEML N ¥ i B (6
AiENE) 5 BNP LA 11 BITE I 3R AR TE, B R 22 5

AN FEMEE (FEBi 72 h) AEEBIK (1.0~ 1.5 h) &S
SEORE, I PR 12 W 7 3 58 B VT Al 0 T R 9 A RRAE W b
7/ L

3.1.2  BNP 5 NT-proBNP #£ JLEE CHD 2 Wi i i H « [ 4h—
W5 X BNP 7£ CHD H 2 Wi ML B 17 534, 45 5 B 7~ BNP
A HAb AR FRI2 8 CHD LA JG O J1 3B i 28 F E L (area
under the curve, AUC) 27 0.8831" | 45 #F5¥ % Fil NT-proBNP X
CHD BILARJGA B F AT IR , 45 58 /R NT-proBNP %L fE
B (4RI <1 I8 JLAUC 2 0.771,95%CI 0.693 ~0.850; 4F
#>1 F W HE L. AUC M 0.839,95%CI 0.757~0.922) 157 H ity
A UL, BNP 5 NT-proBNP 7£ JL2E CHD " ¥ HA R #1918 Wi i
B, JEFELE 250 ¥R 9E NT-proBNP & 3 41 2 Fhdg47% CHD &It
it 9 B L0 J BE IS W (1, 455 R L 2 929.5 pe/L Rl
FUE , NT-proBNP 7£ CHD 2 JL.0> f1 508 vh B B2 Wik
fit, B NT-proBNP 7K FFt = #2787 CHD LA JF H & 5 & A= K
W, BUR S0l , £HERI2 W CHD Z4h, NT-proBNP #£ CHD
LA IR AR LK TS R 1A o B R REE

3.2 FWBAE A YR

3.2.1 /)y RNA(microRNA , miRNA) ) 4E #2445 . miRNA 4
— R 18~ 25 MZ TR M AR mAD SREE /N3 F RNA, T IZ A7 4
FEAAEY ! miRNA G5 555 mRNA 254 % 3 4 4%
SERFAT RS , A4 I i s ) mRNA BRI A9 /E A (B 3 mRNA
M AMEREEPE) Y JEARSK, BFST & B CHD 5 miRNA 4 %
FYIREL, miRNA 2 5.0 520 & E Koo Ui 4 K
5ok, FAR LR rl G625 CHD R AR B,
3.2.2 miRNA 7EJLZ CHD 2 Wb i ni . 5 HAB I A% S 41
AH LG, /O JIE X 35 TR 728 EL A B vy 1) SRR, T 240 /) 11 B 1R
BUEY A AT RE R BOOIE R B R . 78O BEIR AR 5 8] B TR 1 | 1
AR ONE R B SRR R 3R PR T ¥ miRNA 95
5, ZWW5EER , miRNA AT A 500 & B A G 1 £
FEDI T 28 EAT R EE , AT S22 CHD™ ) | miRNA TR AR5
S )LE CHD B/ M= Je 2 Wi it 7 oFri& 42, 2024 45 () — 0
WFoEXH LA AR miRNA 5 CHD ™ FE R 06 R b AT 4007, 45
RN, SIEW JLE L&, CHD & JL miRNA AP AR o0 g
% miR-21-5p 7K V- T} &, miR-155-5p 7K V- BEAR'> # 60i
224 ) R 63k % G )L CHD #4727, 2% 3 138 4~ 2%
SRR miRNA T4 — A 0 v & PR, 2K 5 AN E I
FIREETT 1 — B miRNA 43 318 miR-189-5p [ 745 5 . 2%
FAEEL(fold change, FC) = 7.07, P<0.05; RT-qPCR &5 . FC =
6.49,P<0.05]5 miR-222-3p (M P45 . FC = 8.38, P<0.05; RT-
qPCR %521 . FC=5.15,P<0.05) , £ CHD fit JLEE I i Rk i
ETE . ARSI AT TR A2 Wik )L CHD By RE AR i
5 miRNA BERAREY) , 45 0 SR 8 11 78 2 4180 73
PR 2 5 R A R miRNAs, Hb 5 4 miRNAs B3 b
P,6 MR ET W, #E— L5 & B, miR-1323 Hl miR-122-3p
WIS R B miRNA, BE4h, B mRNA let-7b-5p .miR-
1273¢-3p Al miR-1323 BT IC B2 W41 &, HAZ2 Wisliig (AUC
1 0.897) & TALTBE— miRNA! . BAE WIS miRNA 5845
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BCAXTAR L CHD HEF T2, 25 50 8 /R 8 75 5 A 1L 75 miRNA 78
&)L CHD Hh BLA RAFIIZIWIALEE ™ o ARG R SE R A h #E
i H Y miRNA RTAE R — Bl 2245 & 6 iR )L CHD #4745
iy, ELAG VERAE R (L, IG5 LAt ol 3 98 A TS AR 2 A A
AL AR TS WA R . BRI PR o G5 R S A e A i
# miRNA, %A miRNA (1498 1 s Sl bRl A 3> . 24
B JLHH S, i miRNA 2 538 3858 | #F A Z2 00 1 Y 4G 34
O PRI T Sy R T TR A A R R O 2 1 AR 0 A
3.2.3 DNA H 34k .DNA 551 b DL S-BRTF B B &R o B 2k it
M TEA DG A AR T, R T B 8 A S f S 5 5 IR
FIL VB P AR ED A DNA 34k, 1B T-box H R
B T LR B, T-box %% 5% 7 5 (T-box transcription factor 5,
TBXS) 72U NER B 94 W B & #EAS TR, 550 JILAD A R 2
AASCSE L 5% 2450 WLAT A B 0 IEAE 5 R S8 L% VDM
KT Kathiriya 25507 8 553 284347 & B, TBXS A& 120 5 il
Y EE A A3k ) PR R AR R 4% (GRN) 4%, B s T
TBXS 3L 248z ASD 5.0 s (AF) 19 K8 34719, HHIE
WA P 5 4350 B0 LA M A9 1E 3 & & 0 AH ¢, {3
H A& FHAELE CHD HIMEHIA fralk—2 500k,

Notch4 f& Notch {5538 I 1 Z 1k Z —  7EL W IR L F
EHREEAEN, AW B8 TOF I A # 1Y Notchd J3 3l
T CpG 7 a2 ALK 1 3 e, Hos T AR s i 5
R G S mT = AR R Y R, PRI BT CpG 7 5 2
B B AR KOS AR AN CHD RO % Bh 3 bR, 206 8 11 B (apoli-
poprotein B, ApoB) 50> 2 (atrial natriuretic factor, ANF) &
R B F X AT NR2F2 JE (R0 , i 7] 5 GATA4 LR I X
OV R G R A AT RS X AT CHD 2R L
PEAT AL AT, 25 5 s U LA S 3L TR 1) 3h 1 X R e R 2
FRARZS 5K AR AR 2D B 5 X L3 b 373 27 O-FF Sk Mk
(2'- O-methylation, 2’ Ome ) & 1ffi 149 i /N RNA-486-5p ( miR-486-
5p) K5 CHD B REAT /01, 45 R B CHD B M 2
Ome-miR-486-5p 7K V-4, ATVESN CHD 8 2 i B2 Wi i A= 4
bR, FRIED] DNA B9 H 2465 CHD 77 % D) 561k, 5 n]
YRR RSB AE YRR YN TR . {3 B A6 T DNA B
SALTE CHD BILZ Wi M DG SE A b F 2 25 B B, IR 82
BRI TR AT
3.3 EAMSFFLEYREY BRI — YR
IR R T (B A R B A BAE A R R A
B EE) RORLE R 8 412
3.3.1 % 4 & KR 9 8 (angiopoietin-like protein 8,
ANGPTL8) : ANGPTL8 i —filt f g i 2 21 5 7 JUE 7 A8 5 430 1)
SYUERE N 2R A Y R R R LR O 0 N R R
TR HETSET ANGPTLS RIBFSE £ B 4L o T MeFE Ak T
M A g R, 2 T H S JLE CHD X R F K
UL 0024 AR R A EAFECY Ok xE CHD fis L a3 R Y
ANGPTL8 KA HATHL I , 25 R R W ANGPTL8 A g i /- 2 i
JRARE SRRt AR XA L CHD (14 % A 7= A AR BEVE D,

—#%F ANGPTLS ZEJifi )L CHD (8 Wi RE AT /047, 4521 B
RHAZ W JL CHD () AUC 4 0.835(95%CI 0.756~0.897) , 3
W] ANGPTLS 715 )L, CHD W BA &4 iz Wiigfe, B T
WFFE R/ INEEATIFFE REACSR IR Ry B —  H AR XS ANGPTLS 7 Jif
JL CHD iy ELARAE F LI #EAT 87, U5 A Fe il — 2R, 5
S BB A SR Z O R R S T R W ANGPTLS
FENG )L CHD A (R FBL AR — 25 4T

3.3.2 ONUILES 5 A ( cardiac troponin, ¢Tn) ; ¢Tn A0 LR
PEGEMIEE A A3 oTnT 5 CTol BIFPZERL, o TnT 30 W0 LR
BilFE R Z — , T 2 TP M BE 192 Wi b B B304 1 A
HP), EEFFERT HAS WL E CHD (RRE AT 20T, 45 5 TR
AUC 2}y 0.745 (95% CI 0.564 ~0.914) | f5 R BE 45 55 B 3 33l b
0.900.0.733, B HAE )L CHD 1 HA B4 i Wik hg , ot —
BRA AR R A LA AR AR)E  SWkEiEA , Aa
WS BNP 4 % L% CHD & 3 i 46 .0 J1 5838 #4732
Wi, S50 B A TR B I Wi s RE 3RS W B T, R B oTnT 75
CHD & 3 HAth s h MR HAT B 2 Widlig . 24 CHD &4
S5, D MEZS i S 3K & oTn BERL AL, ¢TnT ., ¢Tnl 7K F I+
Tt ABHERFIEL I, cTn KFAEL 32 2 B DI RE (B DI REAS 5%t
T (35 BREE L 2 ) O LS (O IR 5 2 e R 56
FEAPUAR) BT PRI S BOE I 49 < Tn 7K L SERR AR, N UL
B—{ ] oTn SEATSWIAETE—E SRR

3.3.3  FLELEE 1 (lactoferrin, LF) ; LF 8 A 6 WA, 2
—Fh ZTHRENEEE 1, A WS R FH 2R 1 B 30 7 R e O 0T 1 A 4
(tandem mass tags, TMT) & [ &A% VSD B Y& A R
IRHEATRIN , 25 R R SRR AR LLEL, VSD SE 1 LF /K i
F R HIATRE S VSD B & AR A SEET ) LR 3 s 0 A G G 1B
IRAL = A AR, P85 A E A2 (thromboxane A2, TXA2) 5
RIFIIAZE (prostaglandin 12, PGI2) I £ I, 75 5 N [ 4 LT 75 |
WAL HEFE XU A N R AR A AR VR R AL
TS A R — 2317

4 BIERILE ORI EMIREY

4.1 R BRPEOHIZ (fulminant myocarditis , FM ) AL L
SRR A R A T AR TR S B SRR YL B R KR ) — B
A SC 2 O LR LS B FMEY) S FM & A2 5 LI R
TN BRI h 12 O s, X FM it
TR WA R I 4R TH DS TS 15 D0 A s

4.1.1 HEMIMEFESR 2 FM BJLAF Stk s VAR, C /2N 2R
H ( C-reactive protein, CRP) J £T 21l it T & R ( erythrocyte sedi-
mentation rate, ESR) /K F-F+ 5 , HAFAE 5™ 5 WG A T Ak,
RSP ACOT I 5 B A BEHERR 0 LA i ] fig, BRAEA BER
SR TERE RO LS8 LA, A1 8] 8 R R AT i 4 v L
TG EAE B DIE

4.1.2 DR TnT < Tnl ¥4 % UL ALER S48, A T 5T
SRR B BT 30 d JF oTnl BIEFALIER | W RETI R & FM
BE R T e AL A g5 F T (BRI SERF S A
¢TnT ¢Tnl 7KFA9F 755 JG ik 56 2 HEBR O LA, PR b B0 B B 1fe R
AT RITH A 5T SE (bR X FM A2 16 53 A
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FEXTTEMFELE I A (serum amyloid A,SAA)  cTnl M OFE BRI
H-3( pentraxin-3, PTX-3) ZEJ 5 PO L5 UL H A2 Bk R i2E
30T, G B R 3 WiEFR T L Tl L WIRRE R (AUC
0.864,95%CI 0.800~0.928) , LIk A J5 12 Wi sk e 15 B iF — 25 41
FH(AUC 4 0.948,95%CI 0.908 ~0.987) , FH] ¢Tnl B4 HiAb1E
Bl AR AR TE O WLR B2 Wi
42 AR LI I AR R EARR CHD K
LS AR B AL 0 O IR MR RS AT T T LA TR, AR AT 440
M A K P (fibroblast growth factor 23, FGF23) Ay Bi{ 21 4 41 il 4=
KB F MRS, oh T B 20 A B BB 200 B 430 I A il i
WA 2246 Ny FH 0 B I 8 1 P4 o, U5 S8 R 9T B T
PR HE A 50 T RE A 5 BRI A5 %O 1l B e 1Y & A
S SRR EVGE SR 0 B B Bl A W PR UL A O G
R, —TRAFFE X FGF23 780 s B ah f (9 A T ML AT 2007, 45
FE /R FGF23 i1t mTOR 38 B X0 JUL4H I 4 98 7 7 A A 0B AR
FHE SO0 i sh R & A S H B RO TIZ R bR LT O
HRHE R B M LB D, JE S R i AT i 5
Bk
4.3 D aEvE 0 R R R RS B IS R SR
S E D RE RS, O f R RE T R AR T R, X R LA
EX WS N IsEI N =S AR
4.3.1 fEGkREY . BNP NT-proBNP . ¢Tn 2 W70 1 50 (1) 4%
GebraW , BETEA WF 504 NT-proBNP 15 ¢TnT I 5 X /0 ) 2 3%
BILIATIS W, 25 5 R DR e AR I & A0 RE (BUREE R 5
S5 0.818.0.946) i LT #— oTnT MWk AE™ |
4.3.2 HEIEREY) CEIUMSEE R 3 BA AR IRRDOE L KR
LT AN ARG TE AR, AT X O R T BE v R e, BE AR B 5T
AR IR T IS W R HEAT AT, 45 SR s 2 LM
BEAE R 3>10.4 pe/L I, HxtF CHD L0 F1 3l A RAFH
BWIRLAE [ Ah— 300 58 A S22 LR R AR 2 3 7 U
CHD (#0158 s A e Y (BRI ik —
5 RESRE
HHiJLE CHD M2 Wi P bs 59 B 2 A —F5 bR 15 i 1)

ZHF ARG IR, BRERNH RS RAY
PR o, 2R RS A AEO ) 3538 0 JIUEE R 55 05 T A A
HH# I, Rt e BAAX NN S EAFRLTHE
FALT AR AG , E E TR A B A T I 22 Bk, dn
FHOCHF IR AL REAS HE /N, Bk 2 Rt 1Y) 22 vt i B 1 T 58 %o 45
SEHEFT AT S UG UE 5 FLYR, H AT SCAR 2 4 A T R A 3 4
— A, ZIHRFRI A RS Rl — 20 % 58 B m v F L
B CHD Pl RS % X o R R B 5 —, AkABimdIreE
HEYE RS 29 BABIRF 9T B B AR B R 5 30 AR
ARG 22 40— A HE AR A I A v 45 2% AR 56 A8 W ks i ) e
JLEE CHD 2Wi i) R Gt —25 447
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