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1 CAF , penKid 7K, 4= [ 30 A 4643 B AR 0 1L LT (SCr) BEIIZE C(Cys-C) , 7% eGFR; Pearson FR4E 41 3¢ 1§,
Spearman BRI C /M IMLTE CAF penKid 55 DIREFEFR (AKL 43 1HY 56 3 ; Logistic [IHAHTRREEAEIF & AKL B E TG A
RN ; Z iR H TAERHE (ROC) HIZ PR 1075 CAF penKid X HUE AR ITINANE, £R SKIEA LR, &
F£ AKIL 4 1ML7E CAF penKid ,SCr . Cys-C /KT, eGFR K FEREAK (¢/P =15.363/ <0.001,12. 104/ <0. 001 ,18. 038/ <
0.001,19.221/ <0.001 ,20.776/ <0.001) ; T 34 T AR F 17 CAF penKid ,SCr,Cys-C /K FHRIKF 5, eGFR 7K
SRR FEAR (F/P =95. 573/ < 0. 001 .49. 832/ < 0. 001 ,85. 548/ < 0. 001 ,79. 249/ < 0. 001 .421. 846/ < 0. 001 ) ; IfiL &
CAF ,penKid 5 AKI 53] .SCr Cys-C 2 IFAH3, 5 eGFR 2 HAHIE (CAF.r,/P =0.762/ <0.001.0.703/ <0.001 0. 715/ <
0.001, —0.771/ <0.001 ;penKid:r /P =0.734/ <0.001 0. 668/ <0.001.0.694/ <0.001 , —0.702/ <0.001) ; 55 R
W LH LA, UG AS B4 AKT 43359 11 I 399 B 45 M2 1l %% CAF ., penKid 7K T1 55, eGFR /K[ (v*/1/P = 10. 085/
0.007 .18.446/ <0.001 .11.075/ <0.001 ,15.252/ <0.001) ; AKI 433 Il 450 M ] . CAF T+ penKid T &M S
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penKid K~ FHBEA TN IR FEAE & AKT B E UG A R A AUC 20504 0.831.0. 822.0. 916, " HBEAE T4 A BT
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[ Abstract] Objective To investigate the expression levels and clinical significance of serum C-terminal agrin frag-
ment (CAF) and proenkephalin a 119-159 (penKid) in patients with sepsis complicated with acute kidney injury (AKI). Met-
hods A total of 109 patients with sepsis complicated with AKI admitted to the Department of Intensive Care M edicine, the
Fourth Affiliated Hospital of Nanjing Medical University from March 2021 to March 2024 were selected as the AKI group.
According to the AKI staging criteria, they were divided into stage I (n=46), stage Il (n=35) and stage III (n=28). All pa-
tients were treated with renal replacement therapy (CRRT). According to the estimated glomerular filtration rate (eGFR) at 28
days after treatment, they were divided into good prognosis subgroup (n=83) and poor prognosis subgroup (n=26); 109 pa-
tients with simple sepsis were randomly selected as sepsis group. Serum CAF and penKid levels were detected by enzyme-

linked immunosorbent assay, serum creatinine (SCr), cystatin C (Cys-C) and estimated glomerular filtration rate (¢GFR) were
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detected by automatic biochemical analyzer; Pearson product moment correlation or Spearman rank correlation was used to an-
alyze the relationship between serum CAF, penKid and renal function index, AKI stage; logistic regression analysis was used
to analyze the adverse prognostic factors in patients with sepsis complicated with AKI; the receiver operating characteristic
(ROC) curve was used to evaluate the predictive value of serum CAF and penKid for poor prognosis.Results Compared
with the sepsis group, the levels of serum CAF and penKid, SCr and Cys-C in the AKI group were increased, and the level of
eGFR was decreased (¢/P=15.363/<0.001,12.104/<0.001,18.038/<0.001,19.221/<0.001,20.776/ <0.001).The levels of ser-
um CAF and penKid in patients with stage I, stage Il and stage Il increased in turn, the levels of SCr and Cys-C increased in
turn, and the levels of eGFR decreased in turn, the differences were statistically significant (F/P =95.573/<0.001,49.832/<0.
001,85.548/<0.001,79.249/<0.001,421.846/<0.001). Serum CAF and penKid were positively correlated with AKI stage,
positively correlated with SCr and Cys-C, and negatively correlated with eGFR (CAF:r,/P=0.762/<0.001,0.703/<0.001,0.
715/<0.001, -0.771/<0.001;penKid:r,/P =0.734/<0.001,0.668/ <0.001,0.694/ <0.001, — 0.702/ < 0.001). Compared with
the good prognosis subgroup, the proportion of AKI stage Il and stage Ill ,the levels of serum CAF and penKid in the poor
prognosis subgroup were increased, and the levels of eGFR was decreased ( x°//P = 10.085/0.007,18.446/ <0.001,11.075/ <
0.001,15.252/<0.001).AKI stage Il and stage I, elevated CAF, elevated penKid were independent risk factors for poor
prognosis in patients with sepsis and AKI[ OR(©95% CI)=1.130(1.032 - 1.236),1.783(1.246 —2.558),1.586(1.157 - 2.173),
1.533(1.127 -2.085)] ,elevated eGFR was a protective factor for poor prognosis[ OR(95% CI)=0.671(0.483 —0.933)];The
AUC of serum CAF, penKid and their combination in predicting the poor prognosis of sepsis patients with AKI were 0.831,
0.822 and 0.916, respectively. The combination of the two was superior to their respective predictive values (Z =1.624,1.826,
P=0.032,0.025).Conclusion The expression of serum CAF and penKid is up-regulated in patients with sepsis comp licated

with AKI, and is closely related to the severity and prognosis of AKI. Early combined detection can assist clinical prediction

of the risk of poor prognosis.
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JE BT B M A E DR R A 2R A A, 2 BK AR
18007 F & 2k 44 (acute kidney injury,
AKI) J2& M fe i U A0E | B SE T MBS AN R
M FEZ R LM B IR IARYT (continuous renal re-
placement therapy , CRRT) J& K&/ 32474 B DIfe Gk
WEZIE®HD . EREAZHE C i B (C-terminal
agrin fragment, CAF) 24 R H L2 W (agrin) 7EEEH
Tt 7K i B BOAR 1, E BT FIEZH 2, /N Bk A
PrrI &L CAF TEBREEAHMTER N & B, CAF S Tl
T A5 A5 B BK B A119-159 ( proenkephalin a
119-159 , penKid ) 2 i A Ji PR 32 2 75 B R F 00 JE 25 245
BHAPRIRAAEE K, 1E B DI RE e R S AR A
Py el PN fk A AS M B RS R AR XU BEAE A5
B4 UE 5L CAF ., penKid X} AKT 2 Wi &, H 5
AKIT 5B B U RE R 1A 56 R I AR AR 510 AR
FEETETRDS CAF (penKid 5 HREEAE B AKT g 15 2 B2
LB DRER AR OC AR HGE TN
1 BREFE
L1 IEPROR #EEL2021 453 H—2024 4F3 Hp5T
BRI R 585 DU R e = B B B 2 BHOIA MR B 9E 5 T
AKI 8% 109 #1243 AKL 41, 5 67 ], 4 42 9l 4F
% 55 ~79(63.49 £5.25) % (R FURTEE(BMI) 21 ~

Sepsis; Acute kidney injury; C-terminal agrin fragment; Proenkephalin a 119-159; Prognosis

28(23. 15 = 1.78) kg/m*; FERE I s . 1 IfiL K 52 22
1] IR L 15 )5 IR FEREHSFE 0.5 h ~6 d(2.65 +
0.83) d; JERYLFRAL . IFIL R G5 43 ], WA PR R %5 34 11, 16
Ji 20 B3R R 58 10 B, MR RS 2 B HEsEhE 43 4% .
RBEAE 69 ], ™ FE e REAE 33 ], e REIEAR T 7 1, 1k
B[] 301 B0l e 75 0 S8 109 191} e i hE 4, B 73 491
2 36 ) AEHS 53 ~ 78 (62. 08 +4.87) % ; BMI 22 ~ 26
(22.73 £1.51) kg/m* ; FEREBG ;=5 100 L 18 6], b
PRI 17 B, 2 HPE ) AF Y BMI | Al 2 s S0 AR
ZFRIGIFEL(P>0.05) , LA LM, A5
A BEBEACTRZE 51 254 U (2021011906 ) , H# B K R
SR B BB,

1.2 JRBEREIRE (1) IASRE: OMEGERENT &
(i e AT/ M TS AR S 202 G P A 7 (2018) ) 7 ot
LW bR E ; @ AKT 25 A (KDIGO 2 B 45 405 1 AR 52
BRAGEE ) R I WiAR e ; @I =18 % ;DICU B
Bt =24 h; @B F IR EE, (2) HEERbRE: O
T REAS 4= KT Dy BE i i 5 5 @ BE AR A7 76 18 M 5
P S 5 B /INERIRFE | I 5 05 A5 I B e PR 2% T 3
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R ; ©ARE 28 d NFET- B3 ; O 1 iR H i B 3
PE 24 1y a8 A 92 400 ) ) R S 5 @) M b JeE BOKE e 9
e



BEMENG A 2025 4F 4 A5 24 &5 4 3 Chin J Diffic and Compl Cas, April 2025, Vol. 24 ,No. 4 £ 399 -

1.3 bR 5k

1.3.1 IME CAF . penKid TR . SRR BB ABEIR
YRS IR DKL 5 ml, B0 B BV & T - 80°C 7K
FETPORAT o SR T R B 95 WA BRE VG A 1L CAF | pen-
Kid 7K, KA 25 o 1 36 45 o AU A7 BR A |l 42
LAY SpectraMax® iD5 £ D REEEFR1Y, A penKid I
B W AT & (5255 . XEY-34254) th iR 4E 5 4E
YR A wIBRHE, N CAF BEK S e W Bl & (B8 5.
EH4820 ) X IHE BUE MR A R A mlHR 4t 7E =R
T R BRSO

1.3.2 ORI OCHE PRI  RAE U A BEIRYT R A1
JAIL 5 ml, B0 B BUALE & T - 80°C URAE IR AF . SR
H A H 37 7170 74 [ 3 B A R e ) Sk
'S DOREAACFE AR, ML AILEF (serum creatinine , SCr) >R H
535 Rl , iRt lES C(cystatin C,Cys-C) K FL e g 4

15 ml - min™" - 1.73 m ™ A% M B J Jd i H 6 BT
12507 XBE VT, BU5 N A B4 B DI REFE bRk U 25 | T A
BEYZDHEY 28 d, RS D ReEE R0 S S
RUFIE2H 83 ] T A R4 26 ],

1.4 GEit=#0rik SR SPSS 25. 0 R fF Xt &l 47
Giitortr. FFEIES AT ERELL v +5 RR,2
L TR « K50, 2220 LA B IR 3R 22530007, iF
— P LL ] Dunnett-r K565 THECEORE UL/ #4)
B (% ) FR A EEBCR ] x° Fr405) Fisher A DA
By s MRS AT Pearson FRAR AH ¢ 81 Spearman &
FHOC; MRERIE A 91 AKT S5 Fil5 AN RS2 R R A —
JC Logistic [81 V94381 ; 2 i 52 i & TAE SR E (receiver
operating characteristic, ROC) {1 £& 3115 ith £ '~ i fX
(area under curve, AUC) PEMI IMLYE CAF penKid 7K1l
D FEAE 5T AKL BE UG AR {E, P <0.05 K2

FELCMIEAGIN P T FIR AR RN S N kEE R RAZIEE L
(estimated glomerular filtration rate ,eGFR) , 2 &F B

1.3.3  AKI 70 4 AKIL 1%, MEEIE 5 JF AKI &
For Y 46 1), 1135 35 i, T3 28 il 43 AR D .
(), SCr FHm BRELAEM 1.5 ~ 1.9 i, iF 4L
6~12h NJEE <0.5 ml - kg' - h™', (2)I, Scr T+
R EHEARAENY 2.0 ~2.9 %, 5HELE 12 h DL IR <
0.5ml-kg' - h™', (3)M, SCr T EILLMEMN 3 15
DL b, B ESE 24 h R <0.3 ml - kg' - h ' B ESE
12 h TERARA

1.3.4  'BIneie 5 Wrbn i K o4 B D fe e 1 0 e
PRE L (1) BIIRERE B4, eGFR=90 ml * min "' -
1.73 m 2,8 eGFR 7615 ~90 ml * min ™' + 1.73 m*
A T CRRT, (2) WM E R R, eGFR <

2.1 2 ZHF M CAF penKid KV & hREFE bR 1L
B Sk A, A IF AKT 4Ll CAF | penKid
SCr.Cys-C 7/KF T+ 5, eGFR K-F &AL (P <0.01), WL
#1,

2.2 AIF AKL A 50 8 35 1L7E CAF | penKid 7K
SR IRedR PR LS LW CAF  penKid , SCr, Cys-C
IKETH < THI < MW, eGFR KT HI > THI > 10
W, ERASIFE L (P<0.01) k2,

2.3 IfiLi CAF .penKid 5 AKI 733 & B Wi e 45 br 1Y
MM MEFEIE A IF AKL B L3 CAF  penKid 5
AKI 734 B DI REAH G HE bR SCr, Cys-C R IEM X, 5
eGFR M54 (P <0.01) , W 3,

F 1 AIF AKI H S5 MEHIEH B F MLIE CAF  penKid KA B DIREFEPR LA (2 2s)

Tab.1 Comparison of serum CAF, penKid levels and renal function indicators between sepsis patients with AKI and without AKI
A 5l 1% CAF(pg/L) penKid ( pg/L) SCr( pumol/L) Cys-C(mg/L) eGFR(ml » min~™' - 1.73 m~?)
Jie B 41 109 0.64 £0.22 2.04 £0.62 113.25 +28.49 1.35+£0.44 73.45 +11.98
A1 AKL 4 109 1.13+£0.25 3.15+0.73 189.23 +33.51 2.59 £0.51 41.62 +£10.59
tfH 15.363 12. 104 18.038 19.221 20.776
P1{E <0.001 <0.001 <0.001 <0.001 <0.001

R2 BIF AKTAARI Y HRF TG CAF penKid /KK B IHREFEFR LI (5 +5)

Tab.2 Comparison of serum CAF, penKid levels and renal function indicators among different AKI stages in sepsis patients

M5l 1555 CAF(pg/L) penKid( pg/L) SCr( pmol/L) Cys-C(mg/L) eGFR(ml - min~! - 1.73 m~?)
I 46 0.77 £0.24 2.51 £0.64 146.12 +32.07 1.86 +0.49 59.63 £6.18

I 4 35 1.21 +0.26 3.07 £0.76 191.31 +36.85 2.83 +0.57 35.08 £5.79

m# 28 1.61 £0.28 4.29 £0.88 257.46 +39. 14 3.49 +0.64 20.21 £5.50

F1i 95.573 49.832 85.548 79.249 421.846

P1E <0.001 <0.001 <0.001 <0.001 <0.001
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R3  BIF AKL B F M CAF .penKid 5 AKI 433 K B T g
FEPRAIAH
Tab.3 Correlation between serum CAF, penKid levels with AKI

stages and renal function indicators in sepsis patients with

AKI
_ CAF enKid
o o P P
AKI 43151 0.762 <0.001 0.734 <0.001
SCr 0.703 <0.001 0.668 <0.001
Cys-C 0.715 <0.001 0.694 <0.001
¢GFR ~0.771 <0.001  —0.702 <0.001

2.4 WEFERER I AKL AN [R5 25 I PR 95 Rk b g
5 R AL A, WUE A R4l AKL 40389 1 0
W B2 11 CAF |, penKid 7K TF i, eGFR 7K F-F#
K, Z5HHGIEE X (P <0.01), WLk 4,

2.5 ZNE Logistic [l 73 #1 Ik BE AE & FF AKI
BETG AR E R DIMEIE S IF AKL B %
PG AR A& (R & R“17 8/ R807), L 1
LR P <0.05 W H N HA BT ZHE Logistic
FHFAMT, 4558 SR AKT 2030 T3 I & CAF F+

e penKid Fh IR ERE G IF AKL (8 TS AN R 4hSr
fal &, eGFR HHE2WE AR H R (P <
0.01),WL3% 5,

x5 ZHEE Logistic MIHARAI ST IREEAE &I AKL BE TG
=LA S ES

Tab.5 Multivariate Logistic regression analysis of risk factors for

poor prognosis in sepsis-induced AKI patients

Ei-IE B1i SE{ Waldfti P1{§ OR{HE 95%CI

AKT /M 0.122 0.046 7.034  0.002 1.130 1.032~1.236
AKI 231104 0.579  0.183 10.010 <0.001 1.783 1.246 ~2.558
CAF T+ 0.461 0.161 8.199 0.001 1.586 1.157 ~2.173
penKid Jh&E  0.427 0.157 7.397  0.002 1.533 1.127 ~2.085
eGFR JFH  -0.399 0.168 5.641 0.006 0.671 0.483 ~0.933

2.6 IML{% CAF . penKid il e B3 5E & AKT & i
JEARRME  ZHI7E CAF  penKid FUM R EEAE &
JF AKI B E A RMER ROC #iZE, T8 AUC,
E R R LW CAF | penKid K — 3 BE-A T ife 35 A
A AKI BFE UG AR A AUC 23514 0. 831.,0. 822,
0.916, —“HEK AL T4 H LA (Z/P = 1. 624/
0.032.1.826/0.025) , L# 6 Kl 1,

R4 MERAESIF AKL AR BUS S5 16 R OB UL

Tab.4 Comparison of clinical characteristics between sepsis-induced AKI patients with different prognoses

T H Tilf5 RUFEAH (n =83) TS AN R (n =26) v 8 Pl
PERIL (%) ] % 55(66.27) 12(46.15) 3.381 0. 066
& 28(33.73) 14(53.85)

AR (v x5, %) 63.21 +5.08 64.37 +5.46 1.003 0.321
BMI(x +s,kg/m?) 22.99 £1.73 23.65+1.82 1.679 0.097
FERHEIRE LB (% ) ] o I 5 15(18.07) 7(26.92) 0.963 0.327
W PR 11(13.25) 4(15.38) - 0.752"
R FEREFG R (2 £ 5,d) 2.60 £0.81 2.79 £0.88 1.023 0.309
TR YR Bl (% ) ] B EX 32(38.55) 11(44.00) 0.795 0.939
AT ESN 26(31.33) 8(32.00)
5 15(18.07) 5(20.00)
TR RS 8(9.64) 2(4.00)
LN EX 2(2.41) 0
MEFEIE [ B (% ) ] JHe 54(66.67) 15(53.57) 2.013 0.366
7 R 23(28.40) 10(35.71)
JHe RERE R 5 4(4.94) 3(10.71)

HUGES[ 6(% ) ] 49(59.04) 17(65.38) 0.334 0.563
AKT [ 61(% ) ] 14 42(50.60) 4(15.38) 10.085 0.007
JIB:c] 23(27.71) 12(46.15)

Il 26 18(21.69) 10(38.46)

SOFA P43 (x £5,47) 5.13+1.08 5.57 «1.17 1.782 0.078
APACHE II (x +5,4%) 22.04 +6.11 23.95 +6.90 1.351 0.180
CAF(x £s,pg/L) 0.87 £0.24 1.94 £0.31 18.446 <0.001
penKid(x =5, wg/L) 2.73 £0.65 4.49 £0.87 11.075 <0.001
SCr(x +s, wmol/L) 187.33 £30.79 195.29 +36.02 1.104 2.272
Cys-C(x +5,mg/L) 2.55+0.43 2.73 £0.56 1.726 0.087
eGFR(x +s,ml - min~! - 1.73 m~2) 47.97 £8.02 21.36 +6.87 15.252 <0.001

7. * R Fisher BRIMER:
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R 6 7 CAF penKid X} HeFHIE & 9 AKT B35 TG A KA 7
M E
Tab.6 Predictive value of serum CAF and penKid for poor prog-

nosis in sepsis-induced AKI patients

S e oo 2B
1% ¥ AR AUC 95% CI U i %
CAF 1.54 wg/L. 0.831 0.761 ~0.892 0.779 0.798 0.577
penKid  3.68 pg/L  0.822 0.749 ~0.876 0.924 0.605 0.539

THBA 0.916 0.853~0.961 0.847 0.939 0.786

B 1 1% CAF penKid FUMHEREAE £ I AKI B HUS A KLY
ROC ik
Fig.1 ROC curves of serum CAF and penKid for predicting poor

prognosis in sepsis-induced AKI patients

3 3 i

B I e B B B % BRI AR SR E, AKI 2 R T
B W R PRSI, 2 40% MR R H Sk E
AKI!™ ) AKT 7 128 1Bk, 42 1) AN B ik il ' 2
R T2 Ji Ry Sk B ity | A AR A e ] 3
FET- A, AHEE T B el ek A, A F AKI kT
IE R FAET RSN 3 ~ 5 £ ERIERY AKD B
HE DRI E UE R, 2 R 2 E XYY R G
B P AT R A RN JEAS B (B
PR A R B , B 3l ikt 5 mT e s A i A B
[ L (R | = i = NS A E R R = ) s e o
o B HSUE R R BTG S D Re I R B 1 H LT
Be A QM G M2 A IR, SCr
BN s bR D AT A B R, B SCr AT R, AR
B IR 50% LA i F b B 40 0 U K
2% /DR AKT B S 3E bR

CAF J&—Fh iR I 20 Fak LK T N5 15 S
A M B /INER IR IS AN 20 g 405 B o 4
TEB AL KRk, IR 2 B /R uE i 5 7E B /NS T

Uit/ N 28 A2 AR T 1 M A P e IR, e et A
) S BHARE A VG bR . B 05 S 80 /DR g I %2 %
15, BRI AE 1 B AR, CAF o I Wiz o 5 17 A 40 & 1l v
Tk LR, S B B AGRURAERE AR Steubl S
BRI BAE R CAF L SCr B Sz e 5 T g 46
E | Steubl %7 Al % B BB BT HRE CAF MR 55K
KB IIREM G, CAF £k BN S T BEL N E
vy B E B IR 05 2 e A AR I AT B0 B 8 4 & A R
1 AW R B, M CAF ik FH S5 T MaEiE
B AKL KA R, I 5 B DU AR 4R A5 2 DIAH G, $20R
WRFFAE R E CAF Zak LR T $R B0 72, 4 nT
fE S R Ay e 75 0 Ao A v oo R A8 I oo T A 2218
LG T R, 303 04 P B AL i e 4 A
EP IR DIREREART , M8 J) 2 ANRE B /N T Rz 0 B
MLIRBE , 40 B N A 19 CAF 38 58 4 Jf s 22 11 R i A
1 TR S A 5 08 5 3R /N ER DR 0 T RE R AT, B
1 B /INBR P R, O R Ay R A A T8 0 9 v
CAF H5BRUEAT ) AW 588 K B0 B o RE 2 5 b ™ T
(R CAF FRIk/KFRR 7, B D Resi 0™ 5 i) 28
ANERUE T 3T B B BN CAF B2,

penKid J& —Ff /N3 ik, FIBEL A T A 10
SR, MK penKid Feik bR AT ML i FEAK
T A D I 4%, penKid AN 2 4 B RAE IR
o7 A A B DR ZE R ) 2 B e B /N BRI 3 ) i 1 AR
PEFEARY . — T & A BE LI SR R | penKid
AR Wa I CRRT 9 (8] B 2 RE R 52 0 AE W b i
penKid A 7E SCr T = Z AT U AKI, £ 5 75000 B ik e
WAL ) ARSI ST & B, L penKid ik b
ATRES 5 T WeEEAE 5 AKI KA i 2, HE DA Al fE 2
i B0 R 4 B R M S R S B A 5 A A 3 A
B, AL A R BRI 2 D B R R T S
AKI, B /NERYEST R T B 5 80U Hit D R 22 461, B kR
R AT R I penKGid T5 50 /0 | B S BEA 40 ik S
& B T AR YR penKid Y PR/
R L g5 R R L7 penKid 7] S AKI
TR T | penKid 23k _E 18 T B fE 41 20 o 2
17 R EH IR A A5 38 B A DG BE R 3R 58, e B /g
3 BP0 T ol /N A I R o, I e A

ARG A &L, ML CAF | penKid AT T fifk 25 i
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