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[Abstract] Objective To analyze the relationship between serum levels of CBP/p300 interacting transactivator 2
(CITED2), brain and muscle Arntdike 1 (BMAL1), and NOP2/Sun RNA methyltransferase 3 (NSUN3) and the condition of
patients with sepsis complicated by acute kidney injury (AKI), and their impact on prognosis. Methods A total of 123 pa—
tients with sepsis complicated by AKI admitted to the Department of Critical Care Medicine at Tangdu Hospital, Air Force
Medical University, between February 2023 and March 2025 were selected as the sepsis-AKI group. According to AKI staging
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criteria, cases were classified into stage I (45 cases), stage Il (40 cases), and stage Ill (38 cases). Patients were divided into a
survival subgroup (81 cases) and a mortality subgroup (42 cases) based on 28-day survival status. Additionally, 115 patients
with uncomplicated sepsis admitted during the same period were selected as the sepsis group, and 123 healthy volunteers con—
stituted the healthy control group. ELISA was used to detect serum CITED2 levels. Quantitative real-time PCR (qQRT-PCR)
was used to detect the relative expression levels of serum BMAL1 mRNA and NSUN3 mRNA. Pearson correlation analysis
was used to examine relationships between variables. Multivariate Cox proportional hazards analysis was performed to identify
factors associated with poor prognosis. Receiver operating characteristic (ROC) curve analysis was used to evaluate the predic—
tive value of these biomarkers for poor prognosis in patients with sepsis complicated by AKI. Results Serum CITED2 and
NSUN3 mRNA levels progressively increased across the healthy control, sepsis, and sepsis—AKI groups, while serum BMALLI
mRNA levels progressively decreased (F =544.535, 728.950, 478.098; all P <0.001). Serum CITED2 and NSUN3 mRNA
levels progressively increased across stages I, I, and Ill, while serum BMALI mRNA levels progressively decreased (F =
33.532, 22.012, 72.544; all P <0.001). The mortality subgroup exhibited significantly higher serum CITED2 and NSUN3
mRNA levels, higher APACHE 1[I scores, higher SOFA scores, and higher serum creatinine levels compared to the survival
subgroup, while serum BMAL1 mRNA levels were significantly lower ¢/x° =7.514, 7.639, 7.732, 9.627, 6.264, all P<0.001).
Serum CITED2 was positively correlated with APACHE Il and SOFA scores ¢ =0.512, 0.508, both P <0.001); serum NSUN3
mRNA was positively correlated with APACHE II and SOFA scores ¢ =0.506, 0.513, both P <0.001); and serum BMALI
mRNA was negatively correlated with APACHE Il and SOFA scores - =—0.527, —0.519, both P <0.001). Elevated CITED2,
NSUN3 mRNA, APACHE I score, and SOFA score were independent risk factors for poor prognosis HR (95%CI)=2.078
(1.353-3.192), 2.343 (1.458-3.765), 2.436 (1.763-3.366), 2.651 (1.777-3.954) , while elevated BMAL1 mRNA was an inde—
pendent protective factor HR (95%CI)=0.314 (0.172-0.572) . The AUC values for predicting poor prognosis in sepsis-asso—
ciated AKI patients using serum CITED2, BMAL1 mRNA, NSUN3 mRNA individually and in combination were 0.794,
0.814, 0.810, and 0.916, respectively. The combined assessment demonstrated superior predictive value compared to individual
markers ¢ =2.780, 2.084, 2.435; P =0.005, 0.037, 0.015). Conclusion Patients with sepsis-associated AKI exhibit elevated
serum levels of CITED2 and NSUN3 alongside decreased BMALLI levels. These three markers correlate with disease severity
and poor prognosis, potentially serving as biomarkers for predicting 28-day mortality in patients with sepsis-associated AKI.
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1 N AKI
Tab.l Comparison of clinical data among the healthy control group the sepsis group and the sepsis AKI group
(n=123) (n=115) AKI  (n=123) F/t/x? P
(%) 60( 48.78) 58(50.43) 65(52.85) 0.411 0.814
63(51.22) 57(49.57) 58(47.15)
(xxs ) 62.24+8.03 62.85+8.19 63.07+8.52 0.333 0.717
BMI( x+s kg/m?) 21.87+2.34 21.96+2.42 22.46+2.55 2.077 0.127
(x£s d) - 7.05+1.18 7.11£1.26 0.379 0.705
(%) - 12( 10.43) 17( 13.82) 1.967 0.742
- 32(27.83) 31(25.20)
- 21(18.26) 26(21.14)
- 28( 24.35) 23( 18.70)
- 22(19.13) 26( 21.14)
(%) - 39(33.91) 49( 39.84) 0.895 0.344
- 28(24.35) 37(30.08) 0.984 0.321
- 14( 12.17) 18( 14.63) 0.309 0.578
(%) 36(29.27) 37(32.17) 39(31.71) 0.275 0.872
(%) 23( 17.89) 20( 17.39) 22( 18.70) 0.071 0.965
(% - 2( 1.74) 4(3.25) 0.109 0.741
<24 h; @ - (2) D 2 BMALI.NSUN3
AKI :® 6 Tab.2 BMAL1 and NSUN3 primer sequences
@ ®
. BMALI1 5"-TGACCCTCATGGAAG- 5-GGACATTGCATTGCA-
72 h ! @ ! @ GTTAGAA3” TGTGTG3"
; > ° NSUN3 5"-GCCTGAAATGTTTGA- 5"-GAAAGCGTGCATGTA-
1.3 CAAGGTGT-3~ GAGAGT-3"
. GAPDH  5"-AGGTCGGTGTGAACG- 5"-TGTAGACCATGTAGT-
1.3.1 CITED2 - ( GATTTG3" TGAGGTC3’
AKI
) 8 ml (3 000 r/min 10 min 133 : AKI
8 cm) 80 : ¥ AKI [ (45 ). (40
ELISA CITED2( ) (38 ): 28 d
RC-P934900) (81 ). (42 ). APACHE I
( ) 3 ( . .
SpectraMax Mini 450 nm ) 0~71
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NSUN3 mRNA o TRIzol ( 1.4 SPSS 27.0 o
15596018) (%) X2
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I AKI CITED2.NSUN3 mRNA
2.1 3 CITED2.BMAL1 mRNA.NSUN3 mRNA BMAL1 mRNA (P<
N N AKI 0.01) 4,
CITED2.NSUN3 mRNA BMALL1
mRNA ( P<0.01) 3, 4 AKI CITED2.BMALIL
mRNA .NSUN3 mRNA (xxs)
3 . . AKI CITED2. Tab.4  Comparison of serum CITED2 BMAL1 mRNA and
BMAL1 mRNA.NSUN3 mRNA (xs) NSUN3 mRNA levels in AKI patients with sepsis of dif-
Tab.3  Comparison of serum CITED2 BMALI mRNA and ferent disease degrees
NSUN3 mRNA levels among the healthy control group CITED2( pg/L) BMALI mRNA  NSUN3 mRNA
the sepsis group and the sepsis AKI group I 4 1.18£0.19 0.69:0.11 1.93£0.29
I 40 1.36+0.22° 0.58+0.09* 2.12+0.34*
CITED2( pg/L) BMALI mRNA NSUN3 mRNA I 38 1.5720.24" 0.45:£0.06"  2.41x0.36"
123 0.69+0.11 1.05+0.16 1.02+0.14 I 33.532 72.544 22.012
115 1.12+0.13* 0.74+0.10* 1.37+0.19* p <0.001 <0.001 <0.001
AKI 123 1.36+0.22""  0.58+0.09""  2.14+0.33"
F 544.535 478.098 728.950 "P<0.05 I "P<0.05.
P <0.001 <0.001 <0.001
*P<0.05; "P<0.05. 2.3 AKI
APACHE T \SOFA
2.2 AKI CITED2. + CITED2. NSUN3 mRNA
BMALI mRNA.NSUN3 mRNA | I | BN BMAL1 mRNA ( P<0.01)
5 AKI
Tab.5 Comparison of clinical data of AKI patients with sepsis between the survival subgroup and the death subgroup
(n=81) (n=42) A P
(% 42(51.85) 23(54.76) 0.094 0.759
39( 48.15) 19( 45.24)
(x£s ) 62.84+8.76 63.51+£8.05 0.413 0.680
BMI( x+s kg/mz) 22.43+2.56 22.51+2.53 0.165 0.869
(%) 9(11.11) 8( 19.05) 4.077 0.396
20( 24.69) 11( 26.19)
16( 19.75) 10( 23.81)
15( 18.52) 8( 19.05)
21(25.93) 5( 11.90)
(% 31(38.27) 18( 42.86) 0.243 0.622
23( 28.40) 14( 33.33) 0.321 0.571
10( 12.35) 8( 19.05) 0.994 0.319
APACHE 1[I (xxs ) 19.56+4.98 27.23+5.65 7.732 <0.001
SOFA (xxs ) 10.16+2.54 15.23£3.17 9.627 <0.001
(%) 9( 11.11) 7(16.67) 0.754 0.385
(% 46( 56.79) 22(52.38) 0.218 0.641
(x+s pmol/L) 304.16+39.45 352.74+43.28 6.264 <0.001
(xxs g/L) 110.61+25.28 105.13+23.59 1.166 0.246
(xxs g/L) 31.95+4.68 30.34+4.52 1.830 0.070
C (x+s mg/L) 87.39+15.23 91.42+16.51 1.352 0.179
(xxs x10° /L) 12.67+3.01 13.43+3.09 1.316 0.191
(xxs x10°/L) 155.73+26.49 156.28+26.61 0.109 0.913
CITED2( x+s wg/L) 1.25+0.21 1.56+0.23 7.514 <0.001
BMAL1 mRNA( x+s) 0.63+0.10 0.49+0.07 8.095 <0.001
NSUN3 mRNA( x+s) 1.98+0.32 2.46+0.35 7.639 <0.001
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Tab.6  The correlation between the levels of serum CITED2

BMALI mRNA and NSUN3 mRNA and APACHE [l

score and SOFA score

CITED2 BMALI mRNA NSUN3 mRNA
P r P r P
APACHE I 0.512 <0.001 -0.527 <0.001 0.506 <0.001
SOFA 0.508 <0.001 -0.519 <0.001 0.513 <0.001
2.5 Cox AKI
AKI ( =
0o =1 P<0.05
( ) Cox
. APACHE 1T + SOFA N
CITED2 .NSUN3 mRNA AKI
BMALI mRNA
( P<0.001) 7,
7 Cox AKI

Tab.7 Multivariate Cox regression analysis of factors influencing

poor prognosis in sepsis—related AKI patients

B SE Wald P HR 95%CI

APACHEI 0.731 0.219 11.154 0.001 2.078 1.353~3.192
SOFA 0.851 0.242 12.379 <0.001 2.343 1.458~3.765

0.367 0.2890 1.610 0.204 1.443 0.819~2.543
CITED2 0.890 0.165 29.118 <0.001 2.436 1.763~3.366
BMALI mRNA -1.158 0.306 14.330 <0.001 0.314 0.172~0.572

NSUN3 mRNA 0.975 0.204 22.840 <0.001 2.651 1.777~3.954

2.6 CITED2.BMALI mRNA.NSUN3 mRNA

AKI
CITED2.BMALI mRNA.NSUN3 mRNA

AKI ROC

( AUC) CITED2. BMALL
mRNA.NSUN3 mRNA
AKI AUC 0.794.0.814.0.810-
0.916 (Z/P=2.780/
0.005.2.084/0.037.2.435/0.015) 8. 1.

* 205«
8 CITED2.BMALI mRNA.NSUN3 mRNA
AKI
Tab.8 Value of serum CITED2 BMALI mRNA and NSUN3

mRNA in predicting poor prognosis in patients with

sepsis-associated AKI

AUC 95%CI

CITED2

1.38 pg/L  0.794 0.711~0.861 0.786 0.679 0.465

BMAL1 mRNA 0.55 0.814 0.734~0.878 0.691 0.765 0.456
NSUN3 mRNA 2.18 0.810 0.730~0.875 0.786 0.716 0.502
0.916 0.853~0.959 0.929 0.753 0.682

1 CITED2.BMAL] mRNA.NSUN3 mRNA

AKI ROC
ROC curve for serum CITED2 BMALI mRNA and

Fig. 1

NSUN3 mRNA predicting poor prognosis in patients with

sepsis-associated AKI
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