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Predictive value of methylation of RUNX3 promoter region in 28-day prognosis of patients
with sepsis
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Abstract Obijective To investigate the methylation status of the RUNX family transcription factor 3 (RUNX3)

promoter and its MRNA expression in sepsis patients, and to analyze their relationship with the prognosis of sepsis.
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Methods Differentially expressed genes related to sepsis, including RUNX3, were identified from multiple datasets
obtained from the gene expression omnibus (GEQO) database. The gene expression and methylation sites were
validated. A total of 120 patients with sepsis were included. Clinical data were recorded, and blood samples were
collected at enrollment. Relative expression levels of RUNX3 in blood samples and promoter methylation status
were detected using gPCR and methylation-specific PCR (MSP), respectively. Pearson correlation coefficients were
used to analyze the correlation between RUNX3 levels in patient blood and clinical indicators. Kaplan-Meier
analysis was performed to plot survival curves, and Cox proportional hazards regression analysis was conducted to
identify factors affecting the prognosis of sepsis patients. Results Data set analysis revealed that RUNX3 was a
differentially methylated gene associated with the prognosis of sepsis. The mRNA expression level of RUNX3 was
lower in the non-survivor group compared to the survivor group (P < 0.05), and the methylation ratio of RUNX3
was higher in the non-survivor group than in the survivor group (P < 0.05). In sepsis patients, RUNX3 mRNA
expression levels were negatively correlated with Interleukin-6 (IL-6), Procalcitonin (PCT), C-reactive protein
(CRP), Acute Physiology and Chronic Health Evaluation (APACHE II) score, and Sequential Organ Failure
Assessment (SOFA ) score. Kaplan-Meier analysis showed that the 28-day survival rate in the methylated group was
lower than that in the unmethylated group (P < 0.05). Cox regression analysis results indicated that RUNX3
promoter methylation was an independent risk factor for predicting the 28-day prognosis of sepsis patients.
Conclusion In sepsis patients, the mRNA levels of RUNX3 were reduced, and the degree of promoter methylation
was higher. RUNX3 promoter methylation was an independent risk factor for the 28-day prognosis of sepsis
patients and could serve as a prognostic biomarker for sepsis.
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3 THCHRE A SSRGS R AR I L, ] DNA F AL AT T NF-xB IR 73 R B8 e 2 o 7 37 2 P,
RUNX3 J: K] (% s i 5 252 J8 8l 1 PR B AG seme, Jani (I FE 1R 0, 76 R A0 ) & S Mg o
RUNX3 ({3215 58 I GO, TTERRERAE TP IR FOAR R B0 o BT 0k, AR 9T & TR I 40 BT Bk i 6
H 2R HE R B, #8 RUNXS TERRERE 1 (358, IRt —25 I B RUNX3 JH 2l F A0 0 ik F e
B TR S, DU IR ERE I RS W, TS VPG S a7 40 a5 R SR R A4 -
1 MR ST
1.1 JRBIBERL Wit 2023 4 2 H—2024 4 6 HAE ST R B EE B4 1ICU [ IREEAE B 120 #il. 4)
AbiiE: © BB B# 5352 sepsis-3UNSWibrifk o 77 J5 4 A Bl AR A A B UK U SJEFR AR PCT L IL-64
CRP B &L s o TR YLl B UL 3, SOFA PERIEL ETI>2 73, @ =18 % . @ HIRALE
ICU. @ FAFHMERE. HibrbrdE: © BREO. WS HEERR DA 2™ HIE R E . @ BIEE.
ARSI SSRGS . B S R . FRAERRAS ST I s . ® 1 6 N H W IIUT
ST WEREREEIHIFNGIT H . @ NME ICU Fi55)5E 24 h WAL & . © ATy sim sl Lit. 7
EOHERRIE, XA ICU BE RS 0T Ak BT 5 10 24 h RSN A, (75T 2 &Y 2./ Cethylene
diamine tetraacetic acid, EDTA) Fit&tE H, 4 T %AF T, 560 r/min B0 20 min, 73 5515 2 FEAZ 40 BAE A5 fif
21 —80 T UKFH, & H. FEIN, S BERMER . FEe. H480 (white blood cell, WBC)it%k. CRP. PCT.
IL-6. APACHE Il Fl SOFA 142516 PR A5 .« APACHE 1 ¥4 3 71 4%, 4 (E i 28 /s 093 1™ 5 ; SOFA
PEANEGT N 24 43, o (00 2 S O e 89,

AW T CRAG BN B R R 2 M IR B B ARG F S o i, BN T IR 2538 s e I
NP R RS 2023 16355 (6735) .«
1.2 ik
1.2.1 WS BT M AL 5 505 PE (gene expression omnibus, GEO)HFREX T i #54 £ MLV A
A H I 4 GSE65682. GSE155952. GSE63311. GSE138074, {FGSE65682 34 FHIR 15 & limma {14
Fl L B, TRk kIR, TRk Alog, (Fold Change) [>1, Pvalue<0.05; #EGSE155952 ¥i#fiE AR
f: ChAMP ik 2 S ARG &5, Tk 2644 y|abeta value[>0.2, #HREKINZ (false discovery rate, FDR) <0.05 .
22 5 AL R LB RE T b, AR e R 5 2 S RS FE R R 4R, HUR (R B S A S I FRE AL A
Je I N I SERIVE N L 22 7 3RIESE R (mMDEGS) .« #AJ5 2T GEO 2 & i iEmDEGs #4) # k B4 XU A%
R, fEEMENSI, K GSE65682 HiitEH 468 4t & 5 Bl PR A5 B MR BEAEFAEAARYE 7 3 Ll o eI ZREe
AIPREE . ENZETIET mDEGs #HT- R 24-1/K (Kaplan-Meier, KM) 477 #2570 #1 iFfii mDEGs & 15 1
A WAL KM 73871 P<0.05 H2E BRI T 5 R 3 Cox « LASSO [mIH73#r, PABGIEXLEIER /& 75 9 fE
WrPRER, FHEHILASSO [m] =73 bk 2 XU TR AR A
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1.2.2 qPCR ¥Rl mRNA BIZRIA K H TRIzol v MM ERAE 78 40 ML B A% 40 M Hh SR IS 31 RNA, 421335
W0 B A S — B cDNA. A A S 5ok 2 B PCRARAAI &R, #% Ut BIIREAT RT-gPCR 5250, BN
95°C FiAE M 2 min; 95°CAxME 10s, 60°CIEK/AE(H 30s, 40 MEH. LA GAPDH AN Z, DL 2 22kt

A FE R AN Rk & SR . RUNX3 Eii#514): 5' -AGCACCACAAGCCACTTCAG-3' , T
liE514): 5’ -GGGAAGGAGGGTCAAACTG-3 ; GAPDH i35 #): 5’ -GGAGCGAGATCCCTCCAAAAT-3,
NS4 5’ -GGCTGTTGTCATACTTCTCATGG-3'

1.2.3 FEAKERME PCR ¥ (methylating-specific PCR, MSP) il RUNX3 E3IF X FEMARE
DNA $2 BUR I SR U2 R 3 40 i A% 40 b DNA, 5] DNA BB R 56 55 1R S0 DNA &bk
PR LA s i B Ak A PRISIE o {5 ) Methyl Primer ExPress v1.0 #E it B 364G S A AE R 3640 5190, 514
F 4 F . RUNX3 JF B % 4k 5] ) C unmethylation Primer, UM ) , L5 ¥ F % . 5’

-GAGTTGTGGTTAGGTTTTGGATTAT-3' , Tilf5¥F%l: 5 -ACCACAACAATATTCCACACCA-3’ ;

RUNX3 H1 54k 514 (methylation Primer , M) , EiE5#)7%1: 5’ -TTGTGGTTAGGTTTCGGATTAC-3' ,
TSI E: 5’ -CACAACGATATTCCACGCC -3’ . #4401t DNA AR R #h 75 a7 S AL B 5 I AR A
R 1 5 W e S HEAT W ARy 5 0% PCR, §7 4 2612 95 °C 5 min FilAZ 1%, 94 °C 20 s, 60 °C 30 s, 72 °C
20 s HEAT 35 MEFR, FLL 72 °C S min BEATIEA, A5 P=22 160 V IR HERER F Uk 25 min JE AR
12.ABEY; M B BE U7 20 BRI ZE T BN A5 56 28 d. ER U7 R X SR T2 B #h 4T 10 5%, JFiH 5 28 d
AL o AR e R 2LTE B U5 0 I P AR A 1 0 4 B 2 R e AR A LRI REAE T2, e AU SRR e
R 28 d FHFEH.

1.3 G048 N R %4 SPSS 23.0 fil GradPad Prism 10 #F Gt FIfER, 5 & IE& S it 25k
FHEI R 22 ( xas)Fers, AL ELEAT t M0, 2 200100 LA R F B DR 25 40 W, 5 25 AR 5 I
Kruskal-Wallis £5:58; {25 7377 58 80 R A AL B DU AL EE [M (Pas, Prs) 1 Rom. THEUBORI AR ER
F b, AR LR 2 K. SR Pearson A 56 F 350k 3 K 3 At I EEIE % RUNX3 Sl PRAFAE R AH
I . A F Kaplan-Meier ¥2: 53 4T B AE AR 0, F Cox E g XU [l SRS 4 BT 500 Jik 258 (1) fe i X 3% : P<0.05
NESAGI R L.

2 &R

2.1 BHE LR BRI

2.1.1 ETGEO BUE M EREDNA HIEALFREY)  7EGSE65682 HHEAEF IR & Slimma w2 kilE, 3t
ik 71026 NERFRIEER, Hi £k KRR 456 4, FKiA TIEILES70 4 #5E5EGSE155952
BoEgEF, FIFH R f: ChAMP ik 7 B IALAL 55, JLIFiE 32 124 A2 55 AL A7 5, Hodr B if) B 3%

AT 243 S, NAREIRILAL A 1881 . L1,



B 1 ERFEEFEKLEA) MERPRELAAKLE (B)
Fig.1 Volcano map of differentially expressed genes (A) and volcanic map of differential

methylation sites (B)

2.1.2 ETGEO HIEFEMIE T 8 S mDEGs KIMKEAE MR BIKIMIER  /EGSE65682 Hdlitk l, K468 i
eI AAS SIPSRREARRIE L 7 © 3 4 BN SRR, TEVIZEEh 2T 89 A~ mDEGs #H47KM 4=
T, HE T 124 KM BEREER GRD o HIX 12 MEEATHEERCox. LASSO [l 573 #r,  PASG IEIX &
PG REREER: BB Cox B Hr Es kR T PRRL, HA1LMEREMP <005 (K2) . KXl
AN, TEINZRE R dE LASSO [RIEHRAL, g/ DRFELESE, fEH R 44F gimnet 8, & ESH
family="cox”, SEBILASSO ZAFEIF/HT, MEHRIRMOCRHE, WK 3 s, ARRENRZHEWER, HHE
RS XIGIE R 2, Asbrdeviance F IR AR IUFR 22 MILLA], o T RPAE Sk DR K i I AP 11 7k 22 11 L 91
(dev) ZIAIMIZEMLIE R, AP R %L () , Riskhrilog Lambda, ZAARKRRERS IGIF 1R 22
(A1), ESZBROM TR, 2SS0 A A IR R B NAL B s EA B, Ao 2R r B At 2 58 36
ERZE /NN E, ARG IZAIE (lambda.min) A& 6 N RS ALAR log Lambda, 357 7 45 AE 3 R () %
H, #BHRMMlog Lambda B, i/ BB R SRR R EL, LGB AR R IR 2 1 e, S &bk

ilambda f/ME IR E NI AR, 1538 AMERIFLAIRUNX3. RASGRP1. MBOAT2. IL4R . SLC7AG6 .

2

>t

TRIT1. BACH2 . CTSG.

#1 mDEGs FIKM &7£47

Tab.1 KM survival analysis of mDEGs

Gene P value
MBOAT?2 0.004 6
TRIT1 0.0121
CTSG 0.012 4

SLC7AG6 0.0133



USP32 0.0137
RASGRP1 0.020 2
ILAR 0.020 7
PRR5L 0.0231
RUNX3 0.0255
BACH2 0.027 5
NSUN3 0.0280
BCL11B 0.0355
. Lower Upper i
e M eswar _sswar TN
CTSG 1.1917 1.0635 1.3354 0.002 5 gl
RUNX3 0.6518 0.4837 0.8783 0.004 9 L 2
BCL11B 0.6915 0.5271 0.9071 0.007 7 >
RASGRP1 0.6581 0.4788 0.9045 0.009 9 s
MBOAT2 2.2993 1.2141 4.3543 0.010 6 *
IL4R 0.6268 0.4345 0.9042 0.0125 &
SLC7A6 0.4322 0.2196 0.8506 0.0152 >
USP32 1.7634 1.0622 29275 0.028 3 —
TRIT1 0.4801 0.2489 0.9260 0.028 6 *
NSUN3 1.2885 1.0206 1.6268 0.033 1 *
BACH2 0.4927 0.2494 0.9734 0.041 6 *
PRRSL 0.5792 03198 1.0491 0.071 6 &
1 1
02 10 45

HR

B2 BEERCOX #H1HE

Fig.2 Single factor COX analysis chart

B3 LASSO ¥z X AR R

Fig. 3 Diagram of LASSO construct risk model



2.1.3 i/ mDEGs HJRBEMARRBEAAL R g ERRAE 87T GSE63311 F1 GSE138074 4k 11X 8 4k
PRl i 5 A RUNX (1) FREAL A AL cg13461622. 1S58/ #r | GSE65682 Hidfite, LUl Mg MA S
FERRE S MR A IX 22 mDEGs HUAHXRIZAKT, SR R, EMEERE T, CTSG. MBOAT2
A ILAR [FRIAKTF LT, i RUNX3. RASGRP1. SLC7A6. TRIT1 1 BACH2 [RIAKF RI%; 7F
GSE63311 [, 8 1> mDEGs #&E WML, WIE 4A. 7£ GSE155952 Hdifertr, 155N
it 8 A5 TS AHICH) mDEGs 15 5 HEA AL i BEJE3E— B UGIE | GSE138074 A4k HhixX 8 > HIFAL
BE I B A, FFEIN T AERREAEREA S, RUNXS LK cg13461622 1) B fEH mi. W 4B.

B4 84 mDEGs FIRZEKTF (A) F84 mDEGs FEALLL S betavalue £ (B)
Fig.4 The expression levels of 8 MDEGs (A) and the methylation sites and betavalue of 8 MDEGs
(B)

*P<0.05, **P<<0.01, ***P<<0.001, ****P<C0.000 1 vs Control group.

2.2 RUNX3 SRkEAE BREFE T IITRIDRAG IS 10 120 IRk EET £ by, 2354 70 49, SET:41 50 49, £
41.6%¢E 28 d WA ASET:, SET-H SAATEARIILLL BRI EL, W3R 2; JET-4H RUNXS KPS B AR,
ERHGIHFE X (P<0.05) , TMisT 4l SOFA 4. APACHE Il V¥4l IL-6 A7 i 4l e, Z /A St
= (P<0.05) , Ifi CRP. WBC W& & TG4, (HESF LS E X (P>0.05) . £ RUNX3 &1k i
120 Bk EERE g h, ik 91 1(75.8% ) IFJE f1 B 7 AL, U PRI AR A, ZRE S
RN (P<0.05) o WL 3.

R 2 PRERIET: BE AR AT BB SR [n (%), x3s]

Tab. 2 Comparison of clinical features between deceased patients with sepsis and surviving patients with
sepsis [n (%) , XS]



Characteristics Survival group Death group Statisticalmagnitude P value
(n =70) (n =50) (¢t/ % 1Z value)

Gender 2.064 0.166

Female 18(25.7) 19(38.0)

Male 52(74.3) 31(62.0)
Age (years) 55.2414.6 59.247.7 -1.304 0.181
Complication

Hypertension 13(18.5) 13(26.0) 0.948 0.330

Diabetes 10(14.3) 10(20.0) 0.686 0.408

Respiratory tract 10(14.3) 6(12.0) 0.132 0.717
infection

Abdominal 20(28.5) 10(20.0) 1.143 0.285
infection

Urinary system 8(11.4) 6(12.0) 0.009 0.923
infection

Other 9(13.0) 5(10.0) 0.231 0.631
APACHE Il score 10.56+1.37 24.4647.50 -2.696 0.008
SOFA score 6.56+40.87 7.341.08 -2.811 0.006
WBC( <10°/L) 14.349.72 17.1410.99 -1.524 0.139
PCT(ng/ mL) 28.89437.40 27.27433.78 0.247 0.805
IL-6(pg/mL) 160.5640.37 197.5640.97 -2.097 0.039
CRP(mg/L) 100.56490.97 150.56+1.82 -1.749 0.083
RUNX3 relative 1.3640.57 0.6940.72 -3.304 0.001

transcript level

& 3 RUNX3 ZF B3 7 FEARSHMER [n (%) ]

Tab.3 Results of promoter methylation status detection of RUNX3 gene [n (%) ]

Group n Methylation Non-methylation 2% value P value
Survival 70 48 (68.6) 22 (31.4)
Death 50 43 (86.0) 7 (14.0) 4.834 0.028

2. 3 RUNX3 ZERR BRAEA P 5 ImRFE AR HIAH SR SR Pearson A 5¢ 28 H0AG 46 5k 70 M ik B3 5 # RUNX3
RIEHImRFHER AN G EIR, FEMERAEEFE T, RUNX3 56, A2 [a oM <% (P>0.05), 5
CRP. PCT. IL-6 . SOFA 1¥7;. APACHE Il 1Y/ f#/EM 51 (P<0.05), EAAHK. WK 4.

4 WA B D RUNXS SRS FR B 4%

Tab.4 Correlation between RUNX3 and clinical indicators in patients with sepsis



Item APACHE Il score SOFA score CRP PCT IL-6

RUNX3
P value 0.001 0.002 0.003 0.001 0.001
r value -0.593 -0.497 -0.425 -0.498 -0.525

24 FEASKRBESENIGEXRR @I Kaplan-Meier £ BT K ERAE 38 28 d RIFAEAFEI. 4R
s WIAGH Rt AR T AR IR, ZRA50 RN (P<0.05) . KIS,

—— Methylated group

1001 --
=-= - .
-—— Non-methylated group
<
=
E
=
S 50
&
B
E Log-rang P=0.004 5
= HR=2.718(1.363-5.418
@
0 T T 1
0 10 20 30

Survival time(d)
K5 MEESEFEMASIEFEMA 28d RiHEFHR
Fig.5 The cumulative survival of sepsis patients in the methylated group and the non-methylated group at

28 days

25 R EWE NIRRT I E Cox RIS HTEE R F7R : APACHE Il 143 . SOFA -4 IL-6.RUNX3
BB T AL R EE R TS s R &, 2R Cox [HIHHT4E R B8 RUNX3 JE3) 1 IX 34k,

APACHE Il V47 2 B 850 2B 35 Tl G o fa i R &R . LR 5.
£5 MBERHE 28 dRAEERMAER>

Tab.5 Analysis of predictive factors of 28-day mortality in sepsis patients

Single factor analysis Multiple-factor analysis

Characteristics P value HR 95%Cl P value HR 95%Cl
Age 0.060 1.018 0.999- 1.038

APACHE I score 0.001 1.072 1.028-1.118 0.001 1.072 1.028-1.118
SOFA score 0.004 1.120 1.036 - 1.210

WBC (<10°/ L) 0.058 1.024 0.999- 1.050

PCT (ng / mL) 0.677 1.002 0.994 - 1.010

IL-6 (pg/mL) 0.015 1.001 1.000- 1.002

CRP (mg/L) 0.203 1.002 0.999 - 1.004



RUNX3 promoter 0.014 0.364 0.162 - 0.816 0.007 0.325 0.145-0.732
region methylation

3 Wit

FREEIE S — B S AR A B, LRI B A, JOAE SR A 55 G 3 ) 2 JHR B0 1) o 38 A T A 12T, R
EEITROAIUS TR, MERERI TS bR a0 PCT. CRP. APACHE Il 343, SOFA ¥4 IFN-y 2534 A
RPERNTUS B4R 272 (it 7o, (R RO S AE 1 AR AR SR M A e iE 2, REANFAR 2R ER
HAREAEA PR EY) . DNA HIZELL /e DNA HIEEHFLEE (DNMT) K RSN A2 = g A b i) C-5 fir
BRI, IR R R ) RIE, X PR BB SRR R AN, TR, Fitk, BAH RN
2R . B B TSR B T DNA S AL EAT 1R U8 A4 R 428 W7 RETE Ik T 26 38 R 4 P - A AP0 &1 I
FRZ AN RN (555 % I AR S e M 52 PP R FEVE A, PSRk SR G 0 4 2 HRE R AR i R 1 Wint 55
e SHEIIRSN Y, IF BT LU DNA FEEERS BEHI 7). Wit 3371 % 7okl #04. RUNX3 2
FLANYIH =R runt 5L KA1 22—, RUNX3 FEEAL A 2 — i il A7 B 3-89 e SRR R
P B 1 G 520 E SRE (A 5 115, RUNX3 ThRE e kA8 57 1] e 51 S G B VA1 2560 Wt B 7 2 R 1 0 RE S5 AH G
Pagliel, HAFFEEE R, @i RUNXS L5 2 A% - MRL A A (PMINY I T2 401 Janus 3 2/15 555 5
ML AR T~ 3 (JAK2/STAT3) R, S MEHAEBRIR . (SAP) KR H RUNX3 i ik il HAH G ) Ttk
JiiHA5 13 2250 . Tserel et al8Iff— U 5L R B 7 RUNX3 HIJEAL AR IA 2 [AIAELEAR 3 A FAH DG o

AR A E BN, He T IR EE R R R R IA T B AR, 7R T — R 5 IREEAE TS A5G 1)
DNA FHJEALIRA 1) 22 e Rk 5L R, Ik tH H PR R RUNXS. Sl 85 4 ik B 28 2 (I PR S JE AT A 5%
PE T, AHIETE N RUNXS AR E A Dbn S PP S T BRI . AT 7 E IRERTT T RUNX3 R3]
T IX I IO S S IREAE TS Z A5G, IRIRAIT T 20 17 120 BRKERAE 38 TR A7l SAE TS 0L, K
PR FRIESE T2 RUNX3 AR I8 AR T ARG, e BRAL LU T A& 4H, ke ) DUHED RUNX3 I
Rk, RS REPE R R VIR, T HIX A m R S IREE B E S R K. AT iR
T RUNX3 9 T e 2508 XU« Al 7™ R B2 S A T UK R A b B s 70, 58 Je Bt Je it 1
Bl SCRp . BEFT H Aol 0 o2 2 B B0 FR R ORI YT IR B AE . AT FUAE 2 U TR H,
TN PR FERG ST SRS B AL 7B B 007 In) A e 5 o B AHIE 78 RUNX3 FE IR #RE U A 4L 1
B WM, AR FAAELERIRYE. ¥, BT REARRAMREUN, I RER SORAZE W R IR, 4
TR A VORI CD8+T 4 EL . ¥ . CDYCDE 4il g L ol K ik i3 4 S 40 M IR 740 TNF-as 1L-18 K
eSO 56 35 LA R Ay B Bk o, I, WA IR AR T S W RS AR S 1 LU B e, IR I Ge T i BE
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