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[(FEZE] BHH LTy 1- SRy 2B (S1P) f/N RNA-155-5p (miR-155-5p ). W] ¥ Az 4 00 i 3= 3k
S 2 B (sST2) M HE MR BEAT BB 35 Ak & e 35 PEAR 5 1 91 2R R N ARS8, JE7 A LN 3% SRAA
RS MEIF ST T 1% 6 9 2022 4F 1 A & 2025 4F 1 A 32 T 55 N RESBEY 400 19 s e 34 R iF
GERT G AR 7 0 3 0 Fe PR B BEAIL Y Sy s A AR E AR . WACHE AR I BER) ; TR A BT AT 3 ik i
S ME L JFE RS L RAEFE RIS , SR FH BEDE SR 728 W 3050 22 1L S1P sST2 /KPR SIS 468 i
e S - T BIFE NI A2 I miR-155-5p 23k, I 0Pk P ' SRR A8 B R R . DUR S R A MeREPE
PR TENG B8 A3 R IR A 2 IR B PR BE 20, 2R 2 Logistic IV 4H7 07 VB ik 7 5 28 % & A IRk IR o 10 5%
Wi R 22, #2412 PR T AR 2 , >R FH Bootstrap WA H S A | 52 10 TAERHERNZk (ROC #h&R) Al £k L e
KM HO BT ATIRUE 51745 . R YA 400 Fl R B, B AR 280 (il iR P AT 94 19 (33.6%)
KT TEIR T 5 BRAEAE 120 B E DAY 44 61 (36.7%) o MEFE IR vi . BARAE S I TEAE F B — okt EL
BRI EE X (3 P>0.05), fe@iide, 5 diA e, IR R sa 41 4R 1 > 65 2 19 L9 (60.6%
It 45.2%). 7L 7% (mmol/L : 1.84 +0.31 It 1.72+0.25). [ %5 % JRZ (PCT (pg/L) : 11.23+3.15 ¥, 8.54+2.57 ). M
A % -6 (TL-6 (ng/L) : 138.37 £36.12 ¥ 112.54+31.73 ), |5 5L &% B £ 38 343 [ SOFA (43) : 10.34 +3.15 b
8.26+2.83 ), kA 3 S8 P BRIR UL IE /> 1T ( APACHE I (43) : 26.43+6.32 1t 23.57 +5.29 ), sST2 (pg/L :
615.73+£117.85 [ 473.68 +84.37). miR-155-5p (miR-155-5p/U6 : 1.74 +0.36 £ 1.35+£0.28) 4 T} &, S1P /K °F
A (ug/L : 67.38 +18.31 [t 87.54+£24.67), 22 5 B H 4 i1 2% 5 X (3 P<0.05). £ N & Logistic [ I 73 #r
IR, F>65 Z [ #H (OR) =1.425, 95% & {5 X [8] (95%CI) A 1.050 ~ 1.935 ), FLB& T+ =5 (OR=1.538,
95%CI } 1.023 ~2.312), PCT 5 (OR=1.624, 95%CI 5.1.049 ~ 2.514 ), SOFA PE/3> F1 % (OR=1.674, 95%CI
4 1.107 ~2.531), APACHE I ¥ %3 JF & (OR=2.547, 95%CI ;4 1.460 ~4.440). SI1P [% i (OR=0.615, 95%CI
M 0.405 ~0.934), sST2 T & (OR=2.017, 95%CI } 1.270 ~ 3.203), miR-155-5p JI &5 (OR=1.628, 95%CI }
1.072 ~ 2.472) e FE 5B 2 A e B PR AR S (M S22 i TR 2K (35 P<<0.05), LB a5 i PR 22 g 78 91 2 P 93
AL, ROC i £R 4347 2 7 1 TN AR A8 A Bl 26 T B (AUC) -7 0.865 (95%CT 7 0.819 ~0.903 ), 4 iiF £ AUC
5 0.841(95%CI > 0.793 ~ 0.882) ; FASLEE FINIGTIE A A AR RS 1 14 #4035 0, I LA e s vl 25 15 B {ELHE %6
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[Abstract] Objective To establish a nomogram prediction model for septic shock in patients with sepsis based
on serum sphingosine-1-phosphate (S1P), microRNA-155-5p (miR-155-5p) and soluble suppression of tumorigenicity
2 protein (sST2), and evaluate its predictive value. Methods A prospective observational study was conducted.
A total of 400 patients with sepsis admitted to Liaocheng Second People's Hospital from January 2022 to January
2025 were enrolled. The patients were randomly divided into the training set and the validation set at a ratio of 7 : 3.
General clinical data were collected. Arterial blood gas analysis, routine blood test, liver and renal function tests, and
inflammatory indicators were measured upon admission. Enzyme linked immunosorbent assay was used to measure serum
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levels of SIP and sST2. Real-time fluorescence quantitative reverse transcription-polymerase chain reaction was applied
to detect the expression of serum miR-155-5p. Disease severity and organ dysfunction were also assessed. Patients
were divided into sepsis group and septic shock group according to the occurrence of septic shock. Multivariate Logistic
regression analysis was performed to screen independent influencing factors for septic shock, and a nomogram prediction
model was constructed. Bootstrap resampling, receiver operator characteristic curve (ROC curve), calibration curve and
decision curve analysis were used to validate and evaluate the model. Results A total of 400 patients with sepsis were
enrolled. Septic shock developed in 94 (33.6%) of the 280 patients in the training set and 44 (36.7%) of the 120 patients
in the validation set. There were no statistically significant differences in baseline clinical characteristics between the
training set and the validation set (all P>0.05). In the training set, compared with the sepsis group, the septic shock group
had a higher proportion of patients aged over 65 years (60.6% vs. 45.2%), and increased levels of lactic acid (mmol/L:
1.84£0.31 vs. 1.7240.25), procalcitonin [PCT (ug/L): 11.23£3.15 vs. 8.5442.57], interleukin-6 [IL-6 (ng/L):
138.37£36.12 vs. 112.54 £31.73], Sequential Organ Failure Assessment (SOFA: 10.34+3.15 vs. 8.26 £2.83), Acute
Physiology and Chronic Health Evaluation Il (APACHE IT: 26.43 +6.32 vs. 23.57 +5.29), sST2 (ug/L: 615.73 +117.85
vs. 473.68 £84.37) and miR-155-5p (miR-155-5p/U6: 1.74 £ 0.36 vs. 1.35£0.28), the level of SIP was significantly
decreased (ug/L: 67.38 = 18.31 vs. 87.54 +24.67), all differences were statistically significant (all P<0.05). Multivariate
Logistic regression analysis indicated that age over 65 years old [odds ratio (OR)=1.425, 95% confidence interval
(95%CI) was 1.050-1.935], elevated lactic acid (OR=1.538, 95%CI was1.023-2.312), elevated PCT (OR=1.624, 95%CI
was 1.049-2.514), higher SOFA score (OR=1.674, 95%CI was 1.107-2.531), higher APACHE I score (OR=2.547,
95%CI was 1.460-4.440), decreased S1P (OR=0.615, 95%CI was 0.405-0.934), elevated sST2 (OR=2.017, 95%CI was
1.270-3.203) and elevated miR-155-5p (OR=1.628, 95%CI was 1.072-2.472) were independent influencing factors
for septic shock in sepsis patients (all P<0.05). A nomogram was established based on the above factors. ROC curve
analysis showed that the area under the curve (AUC) was 0.865 (95%CI was 0.819-0.903) in the training set and 0.841
(95%CI was 0.793-0.882) in the validation set. The model presented good calibration, favourable net clinical benefit
and acceptable threshold probability in both sets.  Conclusion The nomogram prediction model established based on
serum S1P, sST2 and miR-155-5p has good predictive performance for septic shock in patients with sepsis, which can
provide a reference for clinical decision-making.

[Key words] Sepsis; Septic shock; Sphingosine-1-phosphate; MicroRNA-155-5p; Soluble suppression of
tumorigenicity 2 protein; Nomogram
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1- % PR ) % % (sphingosine-1-phosphate, S1P)
TENRN T %14, 2 5 50 RG0S AE
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Jie 24 0 1 TR Bl — B R AR T
A K] 3R 3K L X 2 85 H (soluble suppression of
tumorigenicity 2 protein, sST2) 25 48 5iE AH I 1 FE
AP . AHOCHFSE R W], sST2 R HEIE J 0 1
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RNA-155-5p (microRNA-155-5p, miR-155-5p) 7E J}f¢
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w7 AT, SIP. sST2 . miR-155-5p 434
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1.2 (3  AWFIEAE OB R 5 E 5 ) (e 35
W), IF 20k BE Be A8 B 22 D s WL ek vl (R IE S
2021-47), A B H M H R RS Z AR E S
13 W5k

131 fEARETE . RIEALGTENEARE, N=
22X (Px(1=P))IE . K, N RFEAR R Z N
Geitie, BAG N 95% I Z=1.96, B {5 1 90%
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SAZXT A5, LA i ey o
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ARIE | RO LA IFAE (g I B O | et | 8k
RELZEPE i< i 1004579505 ), R g A7 | 44 o s 4
%7 (body mass index, BMI) 2758t

1.3.2.2 SR EARAA I - T REE ABE =S AR
A RAESNEAFRIKIAL 10 mL, FB54 B A 4 A
S 100 290 Jf 43 A7 ASCRS: T 11 400 S 118 (white blood cell
count, WBC), Ifil. /N 1%L (platelet count, PLT). Ifil
21 #5 1 (hemoglobin, Hb), ZL 4RI T4% (red blood cell
count, RBC), HA MAFE AR 25 LW, -80 T4
DRI . 4 H S A AT SR U LR PN S R
Zif# (alanine aminotransferase, ALT) KA IR A,
fifi aspartate aminotransferase , AST ). ML LT ( serum
creatinine, SCr), FRZR (Urea) 7KV ; S HGAG X
Kl PCT 7KK 5 4> A 3R e 8 T3 C- 2
W2 1 (C-reactive protein, CRP) 7K~ 5 FHER G 58 W
B 1055 (enzyme linked immunosorbent assay, ELISA)
60 1 41 9 A 2 -6 (interleukin-6, 11-6). 140 g4
Z -10(interleukin-10,1L-10), S1P sST2 K- 534k,
SRAE BN, A i Ao SR I A A AR A A
b A e R G (S A5 S A (o AN
7, LA i ey o

1.3.2.3 [l miR-155-5p Fih Al OB A B
BFRR 23 MLV FE A, 2 IUEL RNA, LA A 4% 19 RNA
(Aggofaso=1.8 ~ 2.0) SRR, fff FH 52 2 S ial 3 4 G 1k
554k cDNA, I LASE —HE cDNA it , JEAT S
PEGHE R s - A TEERONA 1S, L) U6 N2

BEDH 27449 5 miR-155-5p RYMIX Feak e
51475 H Primer Premier 5 #4% 3+, A TAY T
R L) B A BRZA R G 1 miR-155-5p 5 11751 -
1E 7] 5'-ACGCTCAGTTAATGCTAATCGTGATA-3", )
1] 5'-ATTCCATGTTGTCCACTGTCTCTGA-3"; U6 5|
Y)¥ 5 : iEJH] 5'-CTCGCTTCGGCAGCACAA-3', J [
5'-AACGCTTCACGAATTTGCGTA-3',

1.3.2.4 PR ™ H R B N AR E R 0 R R AL
HR A 2Pk A B 2 508 i B IR D09 43 1T (Acute
Physiology and Chronic Health Evaluation II,
APACHE Il ) N2 PEAE o2 AR P MR REIR B —
T 53 VA AR e T AR B (e, R
o 1 ™ . MRS R 5T A% B 2 35 IF 43 (Sequential
Organ Failure Assessment, SOFA ) X225 B e T
VAl - EDB R, RN E IRERE B ., 2 44
2o 8 — 35 O EARE L BRI N7 3P o0, A 4 RN
SO, PR [R5 ()5 DI o e 280, AR IR
HIRFE
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R MERFEART ) g 505 40 Ay e 25 P AR S 4L e o
SEL

14 GEitaE )ik A SPSS 25.0 # R AT 8 oy
Mo T BERHE AT Shapiro-Wilk 6 5 44 52 1F 25 4
fiv, ABTEL + bR 22 (3 +s) Fon, RG] FL AR
SRR ¢ K5 THECGORH BB 1 o) 3R
Pl Z A R x 2 K. I Z R & Logistic 1]
VA 53 B 52 T Je 252 A 2 i ik B R R B 17 PR3 5 1
rms T 7 G AG) R EE I AR R AR R I AR T R 91 2
Pl TILARE Y | I B Bootstrap 72: 51 &2 fl AL FE 4T 9358
Bk, R Z R E TAEFRIE B2k (receiver operator
characteristic curve, ROC HHZE) PEAGAIRY ) X 43 F
TR Ao BT PP AR AL Al a5 el i PPl
TR M 3 5 WL 45 S 2 ) i) — Bk A I K
a {HIXUI 0.05,

2 7 R

2.1 ARAE SRR TR K 1 R,
HEAREE FIRIE SR 430 A0 A 280 ], 120 9 IR FEAE A
Lo R 94 B E R AEIREEVEIR BT, K
Ky 33.6% , WiEBEAT 44 BB Kk AR R MEIR T
KRN 36.7%. BREEESEIERE BT | AR |
B IFRE YT | A% TS0 2 R AR K 17
JEVFO3 45 RO e ¥ a2 (3 P>0.05),
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Hik7 SEk BIER sttt i || S MR gatmi P

PR (B (%)) x’=0.804 0370 || M50 (x£s)

B 145(51.8)  68(56.7) AL (mmHg) 242.65+2637 244.74+2351 1=0.750 0.454
Lo 135(482) 52(43.3) LR (mmol/L) 1.76 £0.28 1.72+£024  1=1.365 0.173

AR (] (%)) X =0.688 0407 || MLHH (x+s)
<65 % 139(49.6) 65(54.2) WBC ( X 10°/L) 12.32+1.95 12.11+1.83  t=1.005 0.315
>65 % 141(50.4) 55(45.8) RBC (X 10°/L) 3.10+£0.78 3.15+0.75 t=0.594 0.553

BMI (7 (%)]) x’=0.143 0.705 Hb (g/L) 101.49+14.58 102.54+15.11 :=0.653 0.514
<26 kg/m’ 169(60.4) 70(58.3) PLT( X 10°/L) 11126+20.12  113.75+21.08 =1.118 0.264
>26 kg/m’ 111(39.6) 50(41.7) KB TRE (x+5)

B (] (%)) Y =1363 0243 ALT (U/L) 160.42+30.63 165.83+28.74 t=1.649 0.100
DU 251(89.6) 112(93.3) AST (U/L) 80.20+18.45 88.14+21.35 1=0.502 0.616
DR 29(104)  8(6.7) SCr (umol/L) 139.42+24.56 141.28+23.17 1=0.706 0.481

B IE (1 (%)) Urea (mmol/L) 9.59+2.36 943+251 1=0.610 0.543
L 67(23.9) 34(283) x’=0.863 0.353 || RIEFEIR (x£s)
biaze 42(15.0) 14(11.7) x’=0.775 0.379 PCT (ug/l) 9.44+2.84 028+2.35 1=0543 0.588
TR 55(19.6) 21(175) x’=0251 0.617 1L-6 (ng/L) 1212143574 12435+38.52 1=0.786 0.432
M rERHZEME IR 23(8.2)  14(11.7) x’=1.193 0.275 IL-10(ng/L.) 2273+328  2224+3.64 1=1324 0.186
i 15 24(8.6) 11(9.2) ~ x’=0.037 0.847 CRP (mg/L) 30.23 +8.01 2037+652 t=1.038 0.300

YR (] (%)) x 1=2.432 0.657 || SOFA (4%, %=+s) 8.96+2.65 8544273 1=1439 0.151
L& 134(47.9) 52(43.3) APACHEIl (43,x+s) 24534511 2387+4.78 1=1.207 0.228
WIRARSE 88(31.4) 35(29.2) SIP (ug/L, x +s) 80.77+22.63  7843+21.62 1=0.960 0.337
Jil:REzS 29(104) 15(12.5) sST2 (ug/L, x+s) 5213749548 515.64+98.76 1=0.544 0.586
ML 20(7.1)  12(10.0) miR-155-5p
HAh 9(3.2) 6(5.0) (>miR)—155—5p/U6, 1.48+0.34 151+£037 1=0.787 0432

xts
1 : BMI AR BT i 45 4L, WBC R 2403140, RBC AL 4ifit4, Hb A MELEE 1, PLT Fil i 4, ALT AR, AST AKX
RGP EN, SCr AL HLEF, Urea IR, PCT AREFEE I, T1-6 R HAIIENZE -6, T1-10 FHAMIEN 3 -10, CRP A C- KM, SOFA

O FF A E R TESY, APACHE 1 iR B S M MR B BT A3 11, STP O 1- BRI 2B , sST2 N Al MEAE KOs 2L N 2 A,

miR-155-5p J{#/N RNA-155-5p ; 1 mmHg=0.133 kPa

2.2 MREERE AR R A MR IR (4 B 3R 40
2 PR, MR A 5 M IR Se A B A A
FEAE JBRYLERAL | il E B D RE e ARAE — MOk
2 R g it 2= L (¥ P>0.05), (A ik E MR
SEA AR >65 & B ], LR . PCT. IL-6. SOFA
P43 . APACHE 1T 243 sST2 . miR-155-5p 47 Tk
BEREA , S1P KA T IMEEREAL (¥ P<0.05).,

23 ZHE Logistic [543 #7 52 I e 55 5F 4k & e
BEPER LY ZR SRR R b 22 A gt &
SO R R AT IR Lt o i, HoOr 22 IR 34/ T
10, AEESEL . R AFE % L FLI2 . PCT . 1L-6,
SOFA 43 . APACHE Il $¥-43 . S1P . sST2 , miR-155-5p
VB B AR, DIRREEAT J 2 5 R A IR B MEAR e A
J AR FE AT 22 & Logistic 1434, % 3 45
WoR, E W >65 % DL X FL R . PCT. SOFA ¥ 47,
APACHE IT #¥¥43 | sST2 ., miR-155-5p F = & e # 9i
B R A MR AR T Rk ST fE RS I 2R, S1P KF- 7t
e ST AP R R (3 P<0.05).

2.4 WRTENE BB AR MR T IR T A I AR AR A

o TR TR Ak S e PR R v 1Y) 5 e 1R 2R A A
1| 2 [ Tl A 78, DL ] 1o B PR 2R X R — A%
ZIEELR AR >65 % A R 20 43, s FLER B N
0.2 mmol/L W& Al 8 43, PCT 4EHE A 2 pg/L W) A0
743, SOFA PEAM R840 2 43 i3 hin 9 43, APACHE 1T
P4 BEHG N 4 43 LB 10 53, S1P 7K - % [ fIK
10 pg/L BN 7 43, sST2 7K SF-EEE AN 50 pg/L T3
s 43, miR-155-5p Fik s A0 0.2 WG 6 41
S R 2R A5 0 AR AR B4y, BIAT X oy 75 81 e 25
PERSE & A R TR
2.5 HIZEBHA R FPERY : ROC 4k s (K 45
& 2), EEARAE 5 U0 UE AEASE AR FOM A 2R R TN (area
under the curve, AUC) 3 >0.8, H W& 45 A0, $2
FNBRELAT AR DX 43 B SRR I TNk R . e
2k s (K] 3), 7E A A G uE A B AR A G it
2 SR IR B HE I, TR 5 PR & A R
BREYIE R, RIS R HERE A Yok i<k
G3HT R (] 4), 76 AR 0 UE A iz A 5 A
B I RS 5 B (A M
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- FEIEY T 4 N = HENEY i 4] S

th7 MBI MBI i p o || 505 WAL WA tmen P

PERI (1) (%)) X =1.198 0274 || IS5 (x+5)

Hk 92(49.5)  53(56.4) ALTER (mmHg) 2412842587 24537+26.14 1=1245 0214
Lotk 94(50.5) 41(53.6) FLIE (mmol/L) 1.72+0.25 1.84+0.31  (=3.492  0.001

AERS (1 (%)) x2=5.983 0.014 || i HH (x+s)
<65 % 102(54.8)  37(39.4) WBC ( X 10°/L) 1227+1.86 12.43+2.04  t=0.658 0511
>65 % 84(45.2)  57(60.6) RBC (X 10°/1) 3.12+0.83 3.07+0.75 t=0491  0.624

BMI (] (%)) X =1.501 0.221 Hb (g/L) 102.47+15.67 99.54+12.36 t=1.581  0.115
<26 kg/m’ 117(62.9)  52(55.3) PLT ( X 10°/L) 112.73+21.65 108.36+18.47 1=1.673  0.095
>26 kg/m® 69(37.1)  42(44.7) FFEDIRE (x+5)

P (5] (%)) x’ =1.291 0.256 ALT (U/L) 158.87+28.65 163.48+31.72 =1.226 0.221
U 164(88.2)  87(92.6) AST (U/L) 88.12+16.23 91.34+19.65 (=1458 0.146
R 22(11.8)  7(74) SCr (umol/L) 138.17+23.84 142.34+26.12 (=1528  0.128

A LB (%) ) Urea (mmol/L) 9474218  9.84+254  1=1268 0.206
e I 42(22.6) 25(26.6) x’=0.553 0.457 || RIEFAR (x£s)

WEVRI 27(145)  15(16.0)  x’=0.102 0.750 || PCT (ug/L) 854+2.57 11.23+3.15  1=7.653 <0.001
RN 34(18.3)  21(223)  x*=0.652 0.419 1L-6 (ng/L) 112.54+31.73 138.37+36.12 1=6.136 <0.001
PEVEBHSEMERYR  14(7.5) 9(9.6)  x’=0.347 0.556'|| IL-10(ng/L) 22.54+3.16  23.12+345  (=1406 0.161
i 1A s 18(9.7) 6(64)  x’=0.865 0352 || CRP(mg/L) 29.73+7.15  3121+862  1=1.524  0.129

JERYHRAL (1] (%)) x =3.347 0.502 || SOFA (/F, x+s) 826+283 1034+3.15  1=5.589 <0.001
LR ESN 80(47.8) 45(47.9) APACHET (4, x+s) 23574529  2643+632  1=3.996 <0.001
WIRFRS 62(333) 26(27.6) SIP (ug/L, x*s) 87.54+24.67 67.38+1831 (=7.005 <0.001
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