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(8 ZE] B H0RE EMH T 3 (activating transcription factor 3, ATF3) Fl'E #5144 K 7 1 (kidney injury molecule 1, Kim-
D) XHARSME R (cardiopulmonary bypass , CPB) .Uk TR J5 2HE 5 #1473 (acute kidney injury, AKD S I Wi B . 73k I
20184F 1 H—20194F 12 4 T Big i 5+ AR BEBE.OMESMEH TR SMIEFRCE TR 1 J 8 83 191, AR I8 Ble sty 223K B B 191 41
LUSWIbRE A AKTZHARIFE AKT A . IR BE AR AT AT 2 h 6 h 12 h .24 h 48 h RIBEFEAS , SR TIOR3 M R i g I 45 i
) 25 /R ATF3 F Kim-1 F7K 7, 333 IR [ATE3 ] - [Kim-1 [ (9{H . @it 2 32808 TARRRIE (ROC) &AM 2 F IR (AUC) ,
AR ATF3 Kim-1 LI J% [ATF3] - [Kim-1 A2 W AKTIIG R E . 8558 42 i3 & Az AKL, 5eE AKTZUAHLL, AKTZH 83
RJG 6 h, 12 h IR ATF3 B & &, HARJS 12 h R ATF3 /K28 AKTH) AUC R 0.691(95%Cl1:0.576~0.807,, #WH{EL A 1 216 pg/mlL
A, RUE R 0.43, 5 550 0.85, FRIATF3] - [Kim-1 G HIAY AUCTEARSS 6 h 2y 0.712, IK S5 S E , 7R B AR 55 4331
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Diagnostic value of urinary ATF3, Kim-1 and their combination in acute renal injury after

cardiopulmonary bypass heart surgery

WU Xiaoyun', JIN Xianglan®,ZHOU Jian®, ZANG Wangfu"

'Shanghai 10th Clinical Medical College, Nanjing Medical University, Shanghai 200072; ’Department of
Cardiacsurgery ,Shanghai 10th People’ s Hospital , Tongji University , Shanghai 200072 , China

[Abstract] Objective:To investigate the value of urinary activating transcription factor 3(ATF3) and kidney injury molecule 1(Kim-
1) in the early diagnosis of acute kidney injury (AKI) after cardiopulmonary bypass (CPB) heart surgery. Methods: A total of 83
patients who underwent elective CPB surgery in the Department of Cardiac Surgery of Shanghai 10th People’s Hospital from January
2018 to December 2019 were selected and divided into AKI group and non-AKI group according to KIDGO diagnostic criteria. Urine
samples were collected preoperatively and 2 h, 6 h, 12 h,24 h, and 48 h after surgery, the levels of ATF3 and Kim-1 in urine were
determined by enzyme-linked immunosorbent assay(ELISA) ,and [ ATF3 ]« [ Kim-1]was calculated. The area under the curve (AUC)
was obtained by drawing the receiver operating curve (ROC )to evaluate the clinical value of urinary ATF3, Kim-1, and[ ATF3 ]+ [ Kim-
1 ]for early diagnosis of AKI. Results: A total of 42 patients developed AKI. Compared with the non-AKI group, urinary ATF3 was
significantly increased at 6 h and 12 h postoperatively, and the AUC for the diagnosis of AKI at 12 h postoperatively was 0.691(95%CI
0.576~0.807 , the sensitivity and specificity were 0.43 and 0.85 when the cutoff value was 1 216 pg/mL). The AUC of [ATF3]-[Kim-1]
combined detection was 0.712 at 6 h after surgery, reaching the highest value, and the sensitivity and specificity were 0.57 and 0.78,
respectively. Conclusion: Urinary ATF3 is expressed early in the urine of patients after CPB, and can be used as a diagnostic marker

for AKI after CPB in adults. The predictive value of combined use is higher than that of single test, and it is a feasible way to increase
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the diagnostic accuracy.
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S B 475 (acute kidney injury, AKD 48 ZRIA
BEAY B I RE T B, J2 AR SMIE BF (cardiopulmonary by-
pass, CPB) /0> JIE TR J5 E O JIE 2% 5 B i DL OF &
I, B AHAE 30%~59% AN SE T D HEAR S AKTA
AU B8 T T LI 28 3£ e Bt B J o o
AR Hp R B AL R R 18 50.0% . R B
& 2 BRI 9% TS 4 21 (the kidney disease im-
proving global outcomes work group, KDIGO) # ) T
T I AKT A BRI , 15 i T 8k = MR 19 AR )
FRREY) AKM ARG RN FEM2 I . T A
il T3040 R B LA B A503) AKT 9 B2 7 L %5012
bR R AN 5 S PR U R AKT AR S
W
AT, AR B i - P 45 9 AK
BEAIeh, 2~24 h BT AT UTE R rhoAG I 4 s AL A
F 3 (activating transcription factor 3, ATF3) . Panich
SR B MR AE 801 AKTERE TP IR ATF3 RAF
TERAARRIL . th T B R Rk, DLRTEfE R
HERY A PR T ARG I B ATF3 , 50 A A R AKTHY
IS WE YRR T Kim-1 B0 —
ANEAERY AKUAREY) A5 T4l T2, 22 W B (i x
DA SE ARAE NG R 2 . 7580, BRTERTFE R,
AR S RIS D REAS 4 I AKT )12 Wi
Yo P, Al S AR S MIE R O T AR B
JR ATF3 . Kim-1 7153 ATF3] - [Kim-1 ], #5545k
5 AKURE AR , 20 H R S W (L

1 X&FAFE

1.1 %

YA 2018 4 1 H—20194F 12 H T [R5 K24 M
Ja& 1T A N R B g O IR AR AT AR AN B 0
IEFARBH AR 18~85 % s ol G, A A E154
AE71; AESINIFSE, B SR B4 . HEBRbRE
A BEANHE 3 d; AR AT P B B s AR
A IRAE GG R A s RT3 d N IR IR L 3 s R
JEBEEERS ., AW LIETEE T+ AN REERE
& 7 Z5 51 234t (SHSY -TEC -KY -4.0/16-31/01)
AKI 2 Wibr 2 1R 2012 4E KDIGO 5 35 , EAKRAN T -

acute kidney injury; early diagnosis ; cardiopulmonary bypass; ATF3; Kim-1
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B INHETEART 48 h PSR |, IR WL = 4 Xt
{5=26.5 umol/L(0.3 mg/dL) , i FFE=FELR {1 1.5 1%,
A JREE<0.5 mL/(kg-h)I5%] 6 ho HEAIEREIL
P Sk BB N BE B 1 I3 LR

12 F&*

WA R ] AR By AR RIS T
ARIr GG A AKIAETOR, IR B E T RET R
JG2h.6h 12 h.24 h 48 h JRIBAEAS 3 mL, Fi A FEAR
WAEfS et &0 TS, 2T EP A, -80 CIK
FEARTE . RIH A Kim-1 ELISA i 5] £ (sea785, 30X
= 5ifE) ATEF3 ELISA 5 65 (96 Tests, I = b )
AT PR ATF3 Fl Kim- 1 BRI, 15 i BOE 567
pg/mL. AT 5 ESME I 25 5 g, P SRR
“} (pg/mL)*1 000,

13 “%itFFrix

FH SPSS 19.0 kAT 4t it o0 Hr . IESS-AHY
T ORI B AR E 22 (3 + 5) FoR , AL A LR
e K 3y 5 Al E A2 T i BB 7 85 (U 437 50
[M(Pss, Pss) 1387, 2118 FEBH Wilcoxon K56 ; 114K
FERLR R TR 5 5 Fisher VIR . iz %
B & T AE ## fF (receiver operating characteristic,
ROC) Hh £& & il £ F 1 FX (area under the curve,
AUC) PEH ATF3 Kim-1,[ATF3 ] - [Kim-1 12 ¥} AKI
FIMERRE . P <0.05 AZEFAGITFRE L,

2 & R

2.1 — A

WF g8 S g A 83 Bl TR 4 i (60.47 +
10.47) %, % 48 B, |5 B A BF 57.83% . R & If
o1 1ML 40 151 (48.78% ) 5 45 T W i vs 15 1611 (18.07% ) .
WFFEXS G 34 B TIREBRFE IR A |, 3 B4 T Sl kA A7+
TR, 39 114 IR T A (B SO B4 A ), 2 491
KM FA, 50047 A TFA O B ml A+ 5 b
JEAR+ P I BB E B AR SE) o T A BB T AR AL
Iy, AKIT B R8I0 i TR AKTZH (P < 0.05)
FAR I BEH G B IR E ST AKL A & A R AR
Ko PILL B TE ICU B [a] P MILISS ] L R AR I 3
KARET 22T (R 1),
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22 AREBFELE A EE E AR E S KT T AL
OMEARJF AKTZH R E R ATF3ZEA )G 2 h FFER T
L ARG 12 hik 3 & a2 TR ARG 6 h,
12 h JR ATF3 7KF- B 5 5 FAE AKTZH (P < 0.05, %
2). BFHIR Kim-17F AKITZ4UARFT RN 5 00 5 5 T4k
AKIA, Z R BA G2 X (P <0.05), AR 2
FWAFIET ARG 20,12 .24 h 48 h(P < 0.05),

EARJG AKTHIR[ATF3 ] - [Kim-1 ], 7EAR 5 41~ [E]
R AT B TR AL, 22 RAFAE S T4 L
(P<0.05,%2),
23 R B S AR ATF3. & Kim-1. & [ATF3] -
[Kim-1 ] F R )& T AKI 64 Fm 4718

P 2012 X445 KDIGO $5 i 12 Wi AKI 19 “ & 4%
HE” AT 2 Wi AR S5 AKL RSP 21 ] 2 AR )5 24 he

®1 HRMFRELER

Table 1 Basic information of the research object

WiH 4 AKI 4 (n=41) AKIZH (n=42) Gl PH
FEAE
FBln(%)] 28(68.29) 20(47.62) X'=3.64 0.057
AR, M(Pos, Prs) ] 60(48, 66) 64(60, 69) 7=2.28 0.023
H (em,X + 5) 166.61 +7.70 161.57 +7.01 1=3.12 0.003
1R [ kg, M(Pas, Pss) ] 69.0(58.5,77.5) 61.8(56.0,71.0) 7=1.73 0.084
WEPRIG (%) | 8(19.51) 7(16.67) x=0.11 0.736
i (%) ] 19(46.34) 21(51.22) x=0.20 0.659
LVEF[ % ,M(Pxs,P5)] 60.0(55.0,65.0) 60.0(57.0,62.0) 7=0.37 0.708
FAEE (%) ]
TS 21(51.22) 13(30.95) X=3.52 0.061
TEE IS AT+ R 0(0) 3(7.14) xY=133 0.248
LA E AT A 14(34.15) 15(35.71) X=0.01 0.938
WU B A AR 3(7.32) 7(16.67) x=0.94 0.332
pNIIKE 0(0) 2(4.76) — 0.494
HoAt Cvieg o BT Rl ) 2(4.88) 3(7.14) X’<0.01 1.000
VNERVA
ICU B E] [h, M(Pss, Pss) ] 45(44,70) 65(45,85) Z=1.29 0.196
WP AILAS 8] [, M(Pas, Pss) | 11(7,22) 17(8,22) 7=0.89 0.371
It [n (%) ] 2(4.88) 2(4.76) x'<0.01 1.000
RAEUILAE (1 (%) ] 7(17.07) 8(19.05) x'=0.05 0.815
RCHE (%) ] 8(19.51) 2(4.76) X'=2.98 0.084
B[ (%) ] 1(2.44) 3(7.14) =024 0.626
P n(%) ] 6(14.63) 12(28.57) X=2.37 0.124
WT=[n(%)] 2(4.88) 1(2.38) — 1.000

FIHAR G 12 h R ATF3 F0 .00 AR 5 AKT A& A2 19
AUC & F ARG HABR ], TR Kim-1 (454
[E]5,. H:AUC 4 0.691(95%C1:0.576~0.807) , #r{iE
91216 pg/mLI;, REYE Hy 0.43, ¢ 57 %4 0.85, P=
0.001, TMAHARE 12 hJR[ATF3 ]« [ Kim-1 ] #il AKI
KA AUC M 0.712(95%C1:0.601~0.824) , 1= T HiAth
A& TE] A, Y #TE N 602.91 (pg/mIL)Y1 000 i , 7 4
FE 057, 45 5 0.78(P < 0.001, 8 1,%3),

3o #

AKT IR H WL FEAAE , Rl 2 7E CPB AR,

R IR 60% , TN HAE £ 19 L8] 3k 21 i
1150%" 7, BORIEE BHFEEOR AR R SME
ARG etk AR AT B AT B i B A% O R 1 &
A FBI2 W AKL A2 S A7 80R 97 ks . RS
KDIGO IIfii PR32 B 45 m B T 5 B9 & 30 AKT () 38
P H AKIAS ARG BSR4 W™ . 2 AR
FBUA 12 Wb o 2 8 7 7 107 LI A8 £k 1) S5 Atk
b T WU RS A R 7 1 D Re i 355 50960
Ao, I HNUSFASZ ZRMAS MR R 52 >
T A TR G RR LA K AKT B2 KT, 75 2
TE R B BB A W 2 b B A TG R . ARt



+ 548 - Mo

Z PN

FA1EH 4
202144 A

Ay

A
¥

=

#H

F2 DEREEE E SR ATF3, Kim-1,[ATF3] - [Kim-1]#ZE 4L
Table 2 The changes of urinary ATF3,Kim-1,and[ ATF3]-[Kim-1] at each time point after cardiac operation
(xxs)
TiH 4 AKIZH (n=41) AKI41(n=42) !l PIH
ATF3(pg/ml.)
Y NG 746.99 + 255.36 733.30 = 175.79 0.29 0.769
ARJF2h 868.98 +212.99 924.74 + 217.65 -0.95 0.346
ARJ56h 974.92 + 341.42 1 169.90 + 280.93 -2.53 0.014
ARJF12h 993.23 +291.16 1 190.05 + 309.58 -3.14 0.002
ARJG24h 839.52 +308.14 924.15 + 253.07 -1.52 0.132
ARJG 48 h 728.70 +212.39 780.55 +277.70 -1.07 0.290
Kim-1(pg/mL)
VNG 374.56 + 99.53 448.42 + 174.23 -2.27 0.026
ARJF2h 44422 + 106.54 511.87 + 187.54 -2.01 0.048
KJF6h 554.67 + 162.72 619.59 + 245.31 -1.61 0.112
AJF12h 509.18 + 144.73 584.83 + 176.38 -2.36 0.021
ARJ5F 24 h 412.34 + 119.96 493.06 + 156.90 -2.93 0.005
ARJG 48 h 362.71 £ 101.55 419.06 + 133.73 -2.32 0.023
[ATF3]-[Kim-1][ (pg/mL)Z/l 000 ]
ARET 267.91 +99.88 332.90 + 160.53 -1.64 0.106
ARJG2h 390.98 + 12.93 484.82 + 218.67 -2.22 0.029
ARJG6h 554.77 +272.23 750.52 + 339.53 -2.65 0.010
ARJG12h 504.68 +221.91 704.09 +282.18 -3.62 <0.001
AJG24h 336.25 + 152.88 462.40 + 203.92 -3.19 0.002
AJG48h 258.26 + 107.36 320.39 £ 117.52 -2.63 0.011
PR ATF3 JR Kim-1 JRIATF3]- [Kim-1]
100+ 100+ 1001
804 80 804
S 60 604 & 60
® 407 —2h ® 407 ® 407 —2h
20 :?g‘h 20 Fi 20 [ i
—24h 1 24 h
NlJ: —48h N 04 —48h
(I) ZIO 4:0 6I0 SIO 1 60 (I) 2IO 4IO 6IO 8:0 1 (I)O 0 2IO 4IO 6IO SIO 1 60
100-4557 2 (%) 1004557 (%) 100-4557 P2 (%)
BE1 FRATF3.fRKim-1./R[ATF3]-[Kim-1]&Ati8 s A ROC Hi £k

Figure 1 ROC curve of urine ATF3,Kim-1,[ ATF3]:[Kim-1] at each time point

fill b, ABFSEMEEIR ATF3  Kim-1 76 B AR ) AKL
H AR IR, E AR R [ATF3] - [Kim-1]7F
VNELORE I EE- R

REAEAFFE 7R Kim-1 2552 DA & K E 8 s
Bz, BRI R, 7R IE B
GURAIGR B e kT, TR b 1
AR B L0050 —Fh A A A= b s . — 0
X2 D NET AR B L AKT R E TS 7R, Kim-1

IR TXBEZH B2 CPB 5 12 h.24 h .36 h, fii [ Kim
-1i2W7 AKT9 AUC 43514 0.83.,0.78 F10.84™ . SR fif
T2 W (A BR 1 6 AR AE IR R 2 W o AR
R IEAR S AKLZH B35 IR Kim- 1 1 7K-FZEARFTF
ARJF2h,12h.24 h 48 h B & T4F AKI4H (P <
0.05) o 1H¥4 IR Kim- 1 758 200 BT 505 0912 Wik &
Y, H 24 h JR Kim-1 19 7K F 68 3k 15 e £ 19 AUC
[0.678,95%CI1(0.558~0.798) |, H: R £ & 4y 0.381,
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Table 3 ROC analysis of urinary ATF3,Kim-1,[ATF3]:[Kim-1] at each time point

T H T (pg/mL) AUC(95%CI) RIE TR P
ATF3
P Nil] 776.74 0.502(0.372~0.631) 0.65 0.44 0.981
ESEPA 843.00 0.548(0.422~0.674) 0.60 0.54 0.452
RJF6h 1055.84 0.666(0.545~0.787) 0.62 0.71 0.007
ARJF12h 1216.00 0.691(0.576~0.807) 0.43 0.85 0.001
ARJF24h 770.02 0.616(0.490~0.743) 0.64 0.54 0.071
ARJ5 48 h 865.48 0.574(0.438~0.710) 0.26 0.85 0.288
Kim-1
ARHT 488.60 0.604(0.477~0.731) 0.42 0.85 0.108
ARIF2h 681.77 0.584(0.458~0.710) 0.29 0.98 0.189
ARJF6h 793.86 0.568(0.440~0.697) 0.24 0.95 0.296
ARJF12h 529.02 0.635(0.513~0.757) 0.50 0.73 0.030
RJ524h 525.33 0.678(0.558~0.798) 0.38 0.90 0.004
ARJ5 48 h 408.63 0.650(0.519~0.781) 0.40 0.83 0.025
[ATF3]-[Kim-1]"
ARHT 305.852 0.583(0.456~0.710) 0.45 0.74 0.199
ARJG2h 593.44 0.605(0.480~0.729) 0.26 0.98 0.100
ARJ56h 771.50 0.644(0.521~0.767) 0.45 0.90 0.022
ARJF12h 602.91 0.712(0.601~0.824) 0.57 0.78 <0.001
ARJ5 24 h 409.68 0.703(0.584~0.823) 0.57 0.80 <0.001
ARJ5 48 h 225.16 0.698(0.572~0.824) 0.67 0.56 0.002
#: [ATF3 ]+ [Kim-1 J#BHE 207 A (pg/mL)*/1 000]
RS2 BN 0.902, (H IR FE 2 W BT AR S AR ZE% BRI, A 55 4 A= P0hm 22 0 W 9 A 3fe 1Y)
ATF3, 2 i AKI E’J /E W BAR TR B E A RGP RG> R, FRAT &8 i

(AUC=0.846,95%CI: 0.712~0.980) "' L) % Han %"’
FIRIFSR o

ATF3 J& ik 1 52 & 1R $7 £ (bZIP) K % ATF/
CREB W5 W 51 2 — , BF 58 N 51 & B HLAE AKT A5
AU B PR FP AR Panich 26 & BUAE KB
SE S AKL R E 1, R ATF3 IRAFFE AL 2 3R
T BRI, DASTE R AR 12 Rk
K E) ATF3, 80T DIAE A AKT A 12 W74 9244
EY . AT E 2% P ATF3/E R AKT R 812 W
PRAEY BT REYE o AW 5T & IR SMIE R0l F
AREBEARG 2 h R ATF3 K- H TS, X 52
WFFEAAAE ", ATF3 A4 Ui A 20 e s Ak IR
F-1(MCP-1) 23k, i £ B IER 1R A
WF5E 2 B, A I VLB R4 T AKLIZ W08 R [R]85 78 AR
J5i 24 b, AL PR ATE3 KSESEATI2 W 0] LK B ) 42
A &2 ARJ5 12 h(AUC=0.691,95%CI: 0.576~0.807,, 7%
B 0.43, K557 8 4 0.85) , FE T M LEF AR Kim-1,

SR, H RS FH 0 A= P bm :5 P 9 £ 2l 212
W AKI A 2 B0RE FIVRE S B AL IR, ARt 9 485 SR Al A

BALHIR[ATF3 ] - [ Kim-1 78 BRI AR (L ta 3 38
G2, KIAEARG 12 h JR[ATF3 ]+ [Kim-1]
Wi AKL ¥ AUC 4 0.712(95%C1: 0.601~0.824) , 24

HAY 55T 602.912 (pg/mL)*/1 000 i, FAZ W AKI
i’ﬁﬁ&jv 0.57, F% 5 4 0.78,P < 0.001, A WLIEEA
i FIRIATF3 |- [ Kim-11, 20 AKT 5 AER0 A7 A4
F(AUC:0.712 vs. 0.691) , [RIH AT LAFECRIERE S B2 1Y
[ IR T S 0%, 590 AKT 3932 W Y 2 0% (0.57
vs. 0.43) , B INZ Wi 3L BE (P=0.001 vs. P < 0.001),

T ARSI AT 83 1] A T 4,
BEAR AN 2 T BB A B0 R 22 1 7 A s i T Bk
AR IREAS BEITESE ATF3 (411 R R

ATF3 AT LIAE A O IETF ARG AKT 2
W e AR ) o BRA N R [ATF3 ] - [Kim-1]8E
FEPRIERE 5 B8 1) [RIA H s RS MIESA A J5 AKT R
B2 Wii R AU RS
[&%Hk]
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