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[# ZE] B# SPoREERN L (VE) BJLMEZ T IRE: & SR AL WA Z R E (1 3(NLRP3) RIE/MEY
MBI MR MIBUS I ER . FFiE PRI 2021 4E 2 H—2023 4E 3 H PRI ARERILEHSIEH VE BL 82 #ilfE N
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P32 (GOS) X LT AT AN , I M PR RIF W4 (n=49) 5HUR A KWL (n=33), FH RT-PCR &l 5h
JE I AR AL NLRP3 24/ IMA [ NLRP3 A T- M SCBE M FE 2R 11 (ASC) 2P W R A< -1 ( caspase-1) ] mRNA AR ik
R ELISA ik Aa il 2 D) BEFE b5 [ G IR 2278 7R R 7 (BDNF)  Hilx i 22458 e PR 2 11 (S100B8) & ek S M4
B AL (NSE) ] ; Pearson AHICHE 408120 T NLRP3 4 PE/NMEFE AR 5 M £ DI RBHE AR AH M ; Z N Logistic M1IH 4347
VE LT A R 19520 E 2 5 321X # TAERHE (ROC) 148 4387 NLRP3 ASC., caspase-1 mRNA X[ H LTS 19 P-4 fr
fH, 5% FIEA NLRP3 ASC, caspase-1 mRNA FXJ 235 i ML S1008 \NSE 7K 5 FRAEAL, i BDNF 7K
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P/MAFE RS S1008 \NSE S IEAHK(P<0.01) , 55 BDNF A5 (P<0.01) ; FiJG AS K40 LS T8 45 | IR Hp 2
RAS PR 0 Ry kbR 2 T AR B | G F P T R SRR I AT | O IO I8k B LY 491\ NLRP3 | ASC | caspase-1
mRNA FIX} 358 & M3 S1008 NSE /K- T, MLiE BDNF /K- (x2/1/P =21.091/<0.001 ,7.251/0.007 .8.358/
0.004 .6.201/0.013 ,5.306/0.021 .9.044,/0.003 .6.717/0.010 ,7.526/<0.001 . 7.682/<0.001 ,4.930/<0.001 ,7.598/<0.001
9.513/<0.001,7.562/<0.001 ) s FAAE 150 IR 55 S IR A | v 8 )3 i ¥ P81 5% 95 15 B2 iE . NLRP3 mRNA 5 . ASC mRNA &,
caspase-1 mRNA & ,S100B 5 \NSE &4 VE LG A RS &R I &R [ OR(95%CT) = 2.057(1.088 ~3.888) ,2.002
(1.024~3.913) 2.026(1.049~3.914) 2.489(1.028~6.025) .2.428(1.194~4.936) .2.261(1.130~4.526) .3.442(1.011 ~
11.717) \2.641(1.053~6.621) ], BDNF 7K MR H ZE [ OR(95%CI) = 0.325(0.118~0.896) ] ; NLRP3 , ASC , caspase-
1 mRNA & =F AT VE BILTUE A R TR (AUC) 435124 0.799.,0.759 ,0.818 ,0.947, =FH K AL T4 H
FFMAE (Z/P=5.266/<0.001.5.678/<0.001.4.323/<0.001) , i VE BJLIMLTE NLRP3 &M/ MEFE AR K-
AT, HS B L 2 D se I 4 1 B K U 2 YIAH ¢, X VE BULTUS B RIS M E.,
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[ Abstract] Objective To investigate the relationship between the serum nucleotide-binding oligomeric domain-like
receptor protein 3 (NLRP3) inflammasomes and neurological function and prognosis in children with viral encephalitis (VE).
Methods A total of 82 children with viral encephalitis diagnosed and treated in Shaanxi Provincial People' s Hospital from
February 2021 to March 2023 were selected as the study objects, and were divided into mild group (n=31) and severe group
(n=51) according to the severity of the disease. The mRNA expression levels of NLRP3, apoptosis-related spot-like protein

(ASC), caspase-1 (Caspase-1) in peripheral blood mononuclear cells of the 2 groups were compared and the neural function
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indexes [ brain-derived neurotrophic factor (BDNF), central nervous specific protein (S1008), neuron-specific enolase (NSE) |
were compared. The correlation between NLRP3 inflammasome index and neural function index was analyzed by Pearson cor-
relation analysis. The patients were followed up for 6 months after discharge. GOS score was used to evaluate the prognosis of
the children, and they were divided into good prognosis group (n=49) and poor prognosis group (n=33), the clinical/case data
of the two groups were compared. Univariate and multivariate Logistic regression analysis of adverse prognostic factors in VE
children; ROC curve was drawn to analyze the prognostic value of NLRP3, ASC and caspase-1 mRNA in children. Results
The levels of NLRP3, ASC, caspase-1 mRNA, S1008 and NSE in severe group were higher than those in mild group. BDNF
was lower than that of mild patients (¢/P=7.245/<0.001,6.985/<0.001,11.319/<0.001,7.900/<0.001,3.906/<0.001,8.452/<0.001);
NLRP3 inflammatory body indexes were positively correlated with S100 and NSE. There was a negative correlation with
BDNF (P<0.01); There were persistent convulsions, moderate and severe EEG abnormalities, severe disease, NLRP3, ASC,
caspase-1 Increased mRNA, S100B and NSE levels were independent risk factors for poor prognosis in children with VE,
while increased BDNF levels were protective factors for poor prognosis in children with VE [ OR(95% CI)=2.057 (1.088-
3.888), 2.002 (1.024-3.913), 2.026 (1.049-3.914), 2.489 (1.028-6.025), 2.428 (1.194-4.936), 2.261 (1.130-4.526), 3.442
(1.011-11.717), 2.641 (1.053-6.621), 0.325 (0.118-0.896) ] ; The AUC of NLRP3, ASC, caspase-1 mRNA and their combi-
nation in predicting poor prognosis of VE children were 0.799, 0.759, 0.818, 0.947, respectively. The combined value of the
three was better than that of each alone (the difference was compared by DeLong method) (Z=5.266, 5.678, 4.323, P<0.001).
Conclusion The level of serum NLRP3 inflammatory body index in children with VE is significantly increased, which is
closely related to the neurological injury and prognosis of children with VE, and has a good evaluation value for the prognosis
of children with VE.

[ Key words] Viral encephalitis; NLRP3 inflammasome; Neural function index; Prognosis
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i REPEAK 9% (viral encephalitis, VE) J&H EB W |
FTR= BT B | £ AU 98 995 15 55 75 T 5 RS 1) — B e X
ARG , Hoh LR 2 AR 2 ) B
I R R IALFE S A & &5 Ot (8L
Ja2et . M VE LI SE k) iz iE, sl s
YHAIRAE S MEAR IR, B B 7 o BB LR Bk 28 3R
BEEEXPPEAPEARIA T, SR 1 0G5 AR IO f8 L EA A
Ptk Rk A B — o 1y M R SR T A
PE ATEE M WA SRR bR T R EE Y B
TR A HE R IR FEZ IR E A 3( nucleotlde—
binding oligomerization domain-like receptor protein 3,
NLRP3) S/ M 5 % Fh i A ¢, JoHAE-UZEY A
TRk B IR b R E BRI, T
I, BRERSE MG NLRP3 R M/IMA 51 28 D fig 4 r A il
JERRER HEIT
1 BREFE
1.1 IRPR%ERE BEHL 2021 4F 2 H—2023 4 3 ALY
A NREEBELRRZ IR 1Y 98 15 Ml 28 28 L 82 il A f
FERTGE A EE LA 24 R AR e 175 7™ E R e
(PZR2EY O AR DGR, A W RAEL] (n=31) 5 &
JEAL (n=51), BIEM . B 17 B, & 14 ), 458 2~ 12
(5.15£1.26) % ; EAELL . 55 31 i, % 20 f], 475 2~ 13
(5.14£1.51) %, 2 HEW AFWS A ZE RS &
X(P>0.05) , HA A ik, AFREEBCHEZE A2
HEAME (YJ17852545) , L3 A A1 [R) B2 8 s

&4,

1.2 JRBLEEEARE (1) ARRHE: O E (G
S HUBRA (BB ) )7 v 8 I 4 38 Wik o, I
B2 AR TR R QAF IR 2~ 14 2 @ H IR AR .
(2) HEBR bR e : OFF LRI T AR L QFF ™ F O T
B MR RS RERE 15 ; @5 I H A f 28 rh AR I e | i
HRER A R Ge IR B 45 DAETE A B etk
P

L3 MR STE TRILAYUG 1 d, REEKE
SMNEFIKINL 6 ml, 53 2 4545 H

1.3.1  NLRP3 RYE/IMATESRAGIN: B 1 A # bk, R
FI RT-PCR A5 I 5 J& i %4~ 4% 40 Jfid NLRP3 | ASC
caspase-1 mRNA A X} ik, TRIzol ¥ #E UL RNA
I 5% 8 cDNA W ] RT-PCR 4734 . {E NCBL gene
bank 4% TLR4 Zaf X S35 11549, LA B-actin 4
WZ, FRMRSIREYT PCR AT 1S, RO 4504
95°C & 5 min 95°C 30 s,50°C iRk 30 s,72°C 30 s,
PR 30 Y5 5 70°C ZEAR 10 min, ZHAZ 2243t
. NLRP3 ASC ,caspase-1 mRNA ik & 51955 L
x1,

1.3.2 M IRESa bkl B 1 A5 bk i, 250 3 L
JZ ML, R PH TR O 5 15 o 3 A 0 o I o 225
[A-F- ( brain-derived neurotrophic factor, BDNF) | HAX #1
258574 8 H (central nerve specific protein, S1008) |
P22 TR S PE M B AL B ( neuron-specific enolase , NSE )
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Tab.1 Primer sequences for NLRP3, ASC, and caspase-1 mRNA
L 514 EL
NLRP3 5’ -GCTGGTCTTGAATTC- 5’ -GGCACACGGATGAGT-
CTCA-3’° CTTT-3’
ASC 5’ -AACCCAAGCAAGAT- 5’ -TTAGGGCCTGGAGGA-
GCGGAAG-3’ GCAAG-3’
caspase-1 5’ -CCAGGACATTAAAAT- 5’ -CCAAAAACCTTTACA-

AAGGAAACTGT-3’

57 -GCGTGTATTTGACAA-
GCTGAGTT-3’

GAAGAATCTC-3’

5’ -GTGTCAGTTTGTCAA-
ATACCCCA-3’

B-actin

1.3.3  HUs Al BILEBEEREY 6 N H il 12
EAM TP TREDT, 2 A 1k, BEDT O 2023
4E9 30 Hal B JLAET:, SRS B8 15 140 i
F(GOS) ¥ X BILWG AT PEAL , SME R 1~5 43,4
B RIS 8r, R YE B L GOS WA B LA
TG LA 2H 49 i (4 ~5 43) S HiE A B2 33
Bl(1~3793)

1.4 Sit2eJrik SR SPSS 26.0 #4471 5045 43
Mo THECER LUERL A8 G EE (%) 6o, 4l TR AT
X2 RS TR BORL axs 3R, 2 A1) LA Al S A A
¢ Ki 3 ; Pearson AHICHE AT 70 B NLRP3 R M/ MATE
P G DI REHE bR A O ; Z2 1 K Logistic [B11H 434
VE BILTE A R s m H %, 2 i& TAEFE
(ROC) £k 43 #r NLRP3 , ASC | caspase-1 mRNA X i
LR PR . P<0.05 A2ZEFA S Fm X,

2 &% B

2.1 RAE S EAELA NLRP3 LM /M M shhets
brib 8  HEAE 4l VE L NLRP3, ASC, caspase-1
mRNA FH X 2635 5 K Il 75 S1008 NSE /K V-1 & Ti%
KELL, Il ¥ BDNF /K AR F R AELL (P<0.01), W
2,

2.2 NLRP3 RM/IMATE 5 5 0 2 D Re s bn i AH G

R 2 ZIEHAS5EALA VE £ JL NLRP3 £1k/MEk s hbedsbr b

7M1 VE L NLRP3 ,ASC . caspase-1 mRNA X} %
B9 5 M S1008 . NSE /K 5 1E 406, 5 1 1%
BDNF /K-8 A2 (P<0.01) , WL3& 3,

&3 VE [BJL NLRP3 Sebk/MASER G #p 28 Dy REFR bR A AH OGPk
i
Tab. 3 Correlation analysis between NLRP3 inflammasome

markers and neurological function markers in VE pa-

tients

v e BDNF S1008 NSE
EiER
rfl P1E r P{A r i P1E
NLRP3 mRNA  -0.625 0.001  0.479 0.002  0.590 0.001
ASC mRNA -0.612 0.002  0.491 0.002  0.616 <0.001
caspase-l mRNA -0.588 0.004  0.513 0.001 0.623 <0.001

2.3 AFBUS VE BILIGIK/REEFR L B A
KA BJLI T 405 A B R SR A P v | Jey kb
PERRZE D REm A i e ] b R SR R AR LA
I 3P = B HE 1) NLRP3 | ASC |, caspase-1 mRNA AH X}
Fh KM S1008 NSE /K478, I3 BDNF 7K
SFEAR (P<0.05) , WL 4,

2.4 ZHEK Logistic FIHHT VE BILTUE A R
MEZE LI VE BLTUG A R R AR & (A &R
“17545°8407) KA BRI P<0.05 i H o H A% &
T2 EK Logistic MIHMHT, 25 Won . A7 76 TR Hr
SRR b Bk ] R EEE  NLRP3 mRNA
= .ASC mRNA & .caspase-1 mRNA = .S1008 1 .NSE
o VE BILTUS A B ST fa B &K il BDNF 7K F-
MR R &R (P<0.05) , L# 5,

2.5 NLRP3 RPE/IMESEIRXT VE BILTUE A B i
Wzee  2:i NLRP3 RYE/IMATE AR IPAL VE & LTI
JEARAME ROC M2, iR M4 F i (AUC) , 45
R . NLRP3 , ASC | caspase-1 mRNA & = Bk & Fil
M VE BILTSE A KB A AUC 439 0.799,0.759 .
0.818.0.947, = HEKGHL T4 H L B MMAE (Z/P =
5.266/<0.001 5.678/<0.001 .4.323/<0.001) , W% 6,
K1,

(x%s)

Tab.2 Comparison of NLRP3 inflammasome and neurological function indicators between mild and severe VE patients

EiE % NLRP3 mRNA ASC mRNA caspase-1 mRNA  BDNF(pe/L) S100B (pe/L) NSE( pg/L)
B 31 1.66+0.34 1.32+0.35 1.45+0.26 25.78+3.69 0.39+0.16 7.17+1.26
E 4 51 2.54+0.62 1.94+0.41 2.24+0.33 20.32+2.53 0.55+0.19 12.28+3.21
¢ 7.245 6.985 11.319 7.900 3.906 8.452
Py <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Tab.4 Comparison of clinical/pathological data between the good prognosis subgroup and the poor prognosis subgroup of VE patients

o H il J5 RLAFIE4H (n=49) FilE A R4 (n=33) X2/t fE Pi
PRI B %) ] 5 28(57.14) 20(60.61) 0.097 0.755
E’s 21(42.86) 13(39.39)
SRR (R, %) 5.06+1.12 5.25+1.27 0.717 0.478
iR (x5, ) 5.26+0.92 5.31+0.94 0.239 0.812
e i AR TGN i+ 16(32.65) 26(78.79) 21.091 <0.001
ik - 31(63.27) 4(12.12)
HoAty 2(4.08) 3(9.09)
KIR[(%) ] 35(71.43) 27(81.82) 1.154 0.283
BB (%) ] 16(32.65) 10(30.30) 0.050 0.823
TERRIFERZS (%) ] 15(30.61) 20(60.61) 7.251 0.007
P o [ (%) ] 4(8.16) 11(33.33) 8.358 0.004
KT R S5 (11 %) ] 10(20.41) 8(24.24) 0.169 0.681
Jakt b 2 T R [ B (%) ] 22(44.90) 24(72.73) 6.201 0.013
i v, 1] S AR EE [ (%) RS 36(73.47) 16(48.48) 5.306 0.021
vpE R 13(26.53) 17(51.52)
ST T E AR B(%) ] BRAE 25(51.02) 6(18.18) 9.044 0.003
Gighs 24(48.98) 27(81.82)
B IAREIRE [ (%) ] 8(16.33) 2(6.06) 1.941 0.164
B IR AE B (%) ] 14(28.57) 6(18.18) 1.154 0.283
B IR R (%) ] 5(10.20) 11(33.33) 6.717 0.010
{EBERFE] (x£s,d) 15.46+2.26 16.12+2.33 1.281 0.204
NLRP3 mRNA (zs) 1.97£0.34 2.56+0.63 7.526 <0.001
ASC mRNA (xs) 1.43+0.35 2.11+0.45 7.682 <0.001
caspase-1 mRNA (xs) 1.79+0.33 2.17£0.36 4.930 <0.001
BDNF (x5, pg/L) 24.52+3.45 19.21+2.54 7.562 <0.001
S100B ( x+s, pg/L) 0.36+0.17 0.68+0.21 7.598 <0.001
NSE(z+s, pg/L) 8.39+1.54 13.26+3.06 9.513 <0.001

&S5 W VE BILUG A RZINER Logistic [M1I9 734

Tab.5 Multivariate Logistic regression analysis of factors affecting poor prognosis in VE patients

E B1H SE {H Wald & P1H OR 1§ 95%CI

Jili 453473 0.346 0.194 3.181 0.075 1.413 0.966 ~2.067
TR ERA 0.721 0.325 4.922 0.027 2.057 1.088~3.888
I I s 0.413 0.252 2.686 0.101 1.511 0.922~2.477
Jryk P b 25 1) B il it 0.503 0.262 3.686 0.055 1.654 0.924~2.960
i el P e o S 0.694 0.342 4.118 0.042 2.002 1.024~3.913
P AR 0.706 0.336 4.415 0.036 2.026 1.049~3.914
G IR b 0.580 0.297 3.814 0.051 1.786 0.998~3.197
NLRP3 mRNA & 0.912 0.451 4.089 0.043 2.489 1.028~6.025
ASC mRNA & 0.887 0.362 6.004 0.014 2.428 1.194~4.936
caspase-1 mRNA & 0.816 0.354 5.313 0.021 2.261 1.130~4.526
BDNF & -1.123 0.517 4.718 0.030 0.325 0.118~0.896
S100B & 1.236 0.625 3.911 0.048 3.442 1.011~11.717
NSE 7 0.971 0.469 4.286 0.038 2.641 1.053~6.621

3 4t i o A 5 VR D R A U e B2 W, T )L 3 SRR

VE ZKk TILE Je—Ml A MmEEs R ARG AT BOJOR e i RS, 25 5 55 % B i
FRGUBYL RPN | I I 50 S A M A SRR RIS R R R LBUS #e R T L B, SR A TS
fY F2ERRAE L AT RES RN SSRGS RAEYAREWINIT VE L B 0RO KBS
WOAE , e E I LA E AT I, X VE B0 2R m I R A R S B AR
HIZ R R A G — AR, LA I R b 22 10 R 18 NLRP3 RAPE/NMARE—MO TAM N EAZ &
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Tab. 6

Comparison of the efficacy of NLRP3 inflammasome

markers in evaluating poor prognosis in VE patients

2%

BURIZ R g

0.799 0.696~0.903 0.697 0.857 0.554

& x cut-off f  AUC ~ 95%CI

NLRP3 mRNA 2.28

ASC mRNA 1.90 0.759 0.697~0.893 0.636 0.837 0.473
caspase-1 MRNA ~ 1.99 0.818 0.717~0.920 0.818 0.816 0.634
—“HBE 0.947 0.902~0.993 0.909 0.989 0.898

B 1 NLRP3 &P/ MAESRTAS VE BILBIUS I ROC ik
Fig.1 ROC curve of NLRP3 inflammasome index for evaluating
the prognosis of VE patients

1K i1 NLRP3 (ASC \caspase-1 SF ZFh 8 H LK, 2L
PRI A 82 19 B B B 23, NLRP3 3 i A5 =0 1 52
PRI H o D 02 0 5 AR 7 1 PN TR A s 5 T
ASC ., caspase-1 %5 fi¢ #F 14~ & (interleukin, IL)-18 .
IL-1855 R M R I A i S Rk . [l NLRP3 2 4L
PA G52 T NN T8 2 498 O 14 I 00 2, 7 8 1 S I LA K
BP0 52 B0 19 &k A 5 R e o R v o 41 A
fUB)EEOIR A N, NLRP3 38 3 32 90 o 45 16 Mok
& ENUAZ B2 22 80H & E AR 5 I 2 B
NLRP3 ASC | caspase-1 W2 T AR, ek caspase-1
18 TR B S 0 A AR A DR B R P DR 430, T 38
RV KA WF5E R, e 7 M I 2 0 I A= )
]IV B4 Y NLRP3 4tk /IMA TG Ak, [l 5
X2 RGP AF R C R Y L ST I, AR5
X VE &L NLRP3 G/ IMAEA TR % B, i AL
ANE 1. NLRP3 (ASC . caspase-1 mRNA &3k K- i 3
THE, $&78 NLRP3 RPE/IMATE 33KV 5 VE St 77 1E
FUKFR,

VE BILHNZ B Z R iR, SEMAE RS
RHERAE TN, I 2 S 2 D Re 240, PRt i 22 D g

M SR B TAYT I OCHE . P M & DI REAHDCHE AR
AR S ANR T I A K R E S A R B
I, ARBFFEXT NLRP3 e M /IMA 5500 2 T g 16 bn 6 2 0k
7008, 45 3 WS, NLRP3 R M /NMAFE H5 5 S1008 .
NSE S IEAH2E, 5 BDNF &M E, S100p & 12—
FPEA T Z AW ENIRIEE A, IEFEOLT, S1008
B AN BB I 10 S5 B IV P KA B L T
ML S1008 2 FAKFEF 8 s NSE JEA77E T 28 5
LN A S I —FRIE AL, 76 20 Z B, AT
TR i YA, LT 3 ok 32 4 A o e 1 A 2R 3R
45, 1 H NSE 7K 7T 5" s BDNF 7778 F A
LRGN R KA EFRED s H
BYVER , ML B BDNF /KF B R A 2 ThBE T
R0 AT WL, NLRP3 48 1k /MK 45 475 7K - 14 T
LR VE LA RER I R N,

Wit ZHE Logistic 08T, FA7E MK FF RS b
P M ] SR FEIE SR O NLRP3 58 MR /IMA 1 2 3k
S INREFe bR KX VE LTS B0, Al
W, ,NLRP3 R M/ MA 5 M M & DI REFR AR 0 VE &
JL 5 B9 5% W R 25, NLRP3 4% P /IMA $8 4% . S1008 .
NSE 7K 5T 55 B BDNF KRR R LTS A R
RSB 5 I BRARF SERAS T i — 25 iV 5 X A 22 03K
T, Bl SEEE MR 7 , e 3 2R M ik L SR R
KEPER 2 D RE B 4 | R AP A S R R LIRS B
i L P S o T R LTS AN RS
R P T3 S R A AR LK FR A T
i B0 AR XHRE S RRIBYT , AW Y UR RS 5 E
FIRYT it E B LTS, [FRF4 6 ROC #hZk,
43HF NLRP3 RAE/MATEFRXT VE HOLHUS PR 15
25 g 7K, NLRP3 | ASC , caspase-1 mRNA J = Z B &
Brmsxt VE BJLWE BA R i, Hit,
T AT ARSI £ L AN I NLRP3 48 P /MA$8 45 7K SF
AR A TG AN B 18 w8 AU B, I IR YA T $ k4
4 % it

Zi Erd, VE #JLIMTE NLRP3 M /MATE bRk
SRR G T, 5 LA 2 D e 1 Ol S IS % D) AR
5% VE LTS BA RIS E, (AR5
BAEAE— 8 JR BRI, s g ABIFFE X 52 R AR /)N
& RTI, JREa T T 2 O A E ZHEAR ST,
[Fi) bef 2 — 2B ER AR TS
FI 3500 52 T 3 75 W1 T 25 e
1E& Rk R

oAk SN TR SER O e SCRE it
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