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[ E] HH:WE NOD HEZIARIME A 251 52 1 3(Nod-like receptor pyrin domain-containing protein 3, NLRP3 ) 43 4E/]s
WS 5 g Bk 1 B (herpes simplex virus-1,HSV-1)% S A0 80 AILA (viral myocarditis, VMC) B HLL A2, Fi%k.
R B0 2 LA (neonatal rat ventricular myocytes, NRVM), 7354 0.01 PFU 1 0.1 PFU HSV-1 J&J NRVM, 24 h J5id@ 46
2 1 IO SR AN I A5 2k 78, S22 PCR (quantitative real-time PCR,qRT-PCR) 5 NLRP3 48 /M Bz HEF i i B 60
mRNA F3E K, S BEDE G (immunofluorescence , IF) 8.7~ 2 i K24 i (cysteinyl aspartate-specific proteases, Caspase)—1 A2k
4 H S A e A A 35 LR P48 [F) T #E MB  (creatine kinase-MB, CK-MB) 45t LA M B B0 88 W% BB (enzyme-linked
immunosorbent assay, ELISA )il #f g3 (M 400 /12 (interleukin, IL)-18 BY¥REE , Z55R : HSV-1 JBRGLCo LA IS I 20 1 30 4 i
SR (cytopathic effect, CPE), YEFR40M i 4 MU idnii ¥y CK-MB Bl 34 (P < 0.05),qRT-PCR JEARRIZH NLRP3
Caspase-1.,1L-1B F1 1L-18 mRNA X} ik &5 R4 & 5 A5 LA L, IF SR Caspase-1 7 HSV-1 THJ5 B9 NRVM 5T P 235 BH
LAY, RERAAM L3 TL-18 VREEBO BRZHHG 5 (P < 0.05) . #4518 : NLRP3 RAE/MA K FilEa B 75 HSV-1 75 T VMC 4R
TR, 25 HOR B R IR R R O LA AR BERT RE RO A

[R§IE]  NLRP3 RAE/MA; BAREZAGRE 1| B i RE e O LI s 3L LG 2 LA

[FESHZES] R542.2°1 [XHFRERG] A [XEHS] 1007-4368(2014)06-699-06
doi; 10.7655/NYDXBNS20140602

NLRP3-inflammasome participated in HSV-1 induced viral myocarditis
Song Ning, Chen Xiangjian, Wang Zidun, Wang Xiuzhi, Xu Dongjie *
(Department of Cardiology ,the First Affiliated Hospital of NJMU , Nanjing 210029 ,China)

[Abstract] Obijective;To observe whether the Nod-like receptor pyrin domain-containing protein 3 (NLRP3)-inflammasome
participates in the pathologic process of herpes simplex virus-1 (HSV-1) induced viral myocarditis (VMC). Methods: Cultured
neonatal rat ventricular cardiomyocytes (NRVM) of neonatal rats were infected with 0.01 and 0.1 PFU HSV-1 for 24 hours,
respectively. Morphologic changes of NRVM were observed under light microscope. The gene expression of NLRP3-inflammasome and
its downstream pathways were measured by quantitative real-time PCR (qRT-PCR). The expression and location of cysteinyl aspartate-
specific proteases-1 (Caspase-1) were evaluated by immunofluorescent (IF) method. Moreover, creatine kinase-MB (CK-MB) content
was detected by automatic biochemical analyzer and supernatant concentration of interleukin-18 (IL-18) was measured by enzyme-
linked immunosorbent assay (ELISA). Results:Cytopathic effect (CPE) was observed in NRVM infected with HSV-1. The
supernatant concentration of CK-MB,one of the myocardial injury biomarkers, was significantly increased (P < 0.05). Compared with
the control group,the mRNA levels of NLRP3, Caspase-1,IL-1f and 1L-18 were up-regulated over 5 times in HSV-1 infected NRVM.
IF showed that the expression of Caspase-1 was significantly increased. The concentration of supernatant IL-18 was increased
compared with that of the control group (P < 0.05). Conclusion; NLRP3-inflammasome and its downstream pathways were activated
in cell model of HSV-1 infected VMC. NLRP3-inflammasome may participate in pathologic process of VMC,and became a potential
target for VMC therapy.
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HAE /AR 2 LI AR PR 1 A2 4K (pattern
recognition receptors, PRRs) Z 541 2L iy £ 8 H
BaW MR A B E Ry, AT
2o AN S AR e e il . PRRs FEEALR AT
21 55 T PN AR TS | 1Y Toll BE5Z4K (Toll-like recep-
tors, TLRs) il C AU EELE K 3Z /K (C-type lectin recep-
tors,CLRs), 1 T3 N EY NOD #£3Z & (Nod-like
receptors, NLRs) FUB RIS FHEA 1 ffien (RIG- 1)
FEZ AR (RIG- [ -like receptors, RLRs), NOD FE3Z{K
PR A5 H 3 (Nod-like receptor pyrin
domain-containing protein 3, NLRP3) SAE/MEVE R
NLRs ZIGERI L, & H AT IS o R AR —Fh 4
SE/MAS, BT I U SRR 573 T4 2 (pathogen
associated molecular patterns, PAMPs) GRS {5 5 4H
Fe4r F A (danger associated molecular patterns,
DAMPs) , 441711 5 P8 T-AHCHE s FE 8 (apoptosis-as-
sociated speck-like protein containing a CARD,ASC)
5GP SR KA (cysteiny] aspartate-specific
proteases, Caspase ) —1 BIAIE B NLRP3 % i /MA |
Caspase-1 TEJRAE/MATRIEAL, fefife 40 A 1 H
I/ 2 (interleukin,IL)-1p F1 IL-18 [N T.FIB;
T, I AT (pyroptosis ) , FECR A T R AE
A,

AWFFER L2 EE 1 B (herpes simplex
virus-1, HSV-1) % g B 4 55 7 31 B0 == L 40 Mg
(neonatal rat ventricular myocytes, NRVM) 7 ¥4 HEJ
FEE O WL (viral myocarditis, VMC ) 4 AR A1 42101
£% NLRP3 #49iE/MA—Caspase-1—I1L-18 i B& 17215
5 HSV-1 i ap e LA 5 h BV

1 #RF7EE

1.1 ##

A PR A B AT AE AL (Vero AR ) 3K H 56
BB W EEAFE (ATCC, 3EE), #r2k Sprague
Dawley(SD) KEL(1~3 H &)W [ /e it BERFR 225050
St . Vero 4HHLFT NRVM % LAE 10%J16 25 i
T# (Gibeo 23 ), 35[H) (100 U/L #HFE R A1 100 mg/ml
55852 (Hyclone 22 F), 2 [E) () DMEM =5 B3 77 2
(Gibeo 23], ), 37°C, 5% CO, Hi3ifaRis% i H
ik

B4R HSV-1(McKrae # , SRR YNGR
Y5 GaiE S = P AR AR ) A Vero Al rPe 4
T 3 25 BESE IR I SR FER BE R 1 x 10° PFU/ml™
12 7%

12,1 RARILAS T B BT

JEAY NRVM 4388 [ Hi4: 1~3 d 19 SD FLEL, A
0.1%JREEFN 0.1% ¢ )i B S S I AL 3RAS 22 U
1.5 h L EBRICEF 44, #2280 T 6 FLARAN 35 mm
BOGIER AL, AR5 B H 90% LA L[R5
gl TSR T, DA SRS A 3~4 1K,
e 3 EAL,
122 EBHyRgmirk sk

HSV-1 £ Vero #8434 /5, LA 0.01 PFU Al
0.1 PFU (1) FEIRGE NRVME Z0 550 E MRl 1 4
FIETRY 2 2 [RIBFAE A2 AN T B IR 1) T %) R4
R FEIRYL T 24 hOGSE AR T IS4 e AR I 5
(cytopathic effect, CPE) B4  WAER:FF g H 0
WS 54 25 90 LR Bt ) T MB (creatine kinase-
MB,CK-MB) &% 41 g A7 1L-18 Kl ; i SE 2 i,
P RNA, T 550 %2 8 PCR (quantitative real-
time PCR,qRT-PCR) il ; S0 5 £ I35 57 240
T 0% 9¢ 5% (immunofluorescence , IF) K&
1.2.3  qRT-PCR #

B 35 40 il NLRP3 . ASC .Caspase-1 IL-1B I IL-
18 ) mRNA Fib/K it qRT-PCR A 7KI (5]
Y2 1, i HZ TaKaRa A& )., FIH TRIzol
5 (Invitrogen 23 A, JE[E) #E1T 40 M & RNA A942
B, 453 RNA 46 D (260 nm)/D (280 nm) . {H
1.8~2.0 Z 8], FHJC RNA fili /K 54 RNA Wk FF &
100~400 nmol/pl, F| %85 & (Bio-Rad 2
F, & E ) TE 42°C50 min,95°C5 min,5°C5 min &1
T T ¢DNA & i, ABI7900 Z%5E & PCR AT
cDNA ¥ 34, ROWVRH 10 wl AR5 .5 pl 514,5 wl
iQ SYBR® Green FiliZ¥§ (Bio-Rad AT, EMEH)Y
cDNA (218 40:1 Hef9)) 7E 95°C15 5.,60°C30 5,72°C30 s
ST AT 40 DMER, BIEAN 3 E AL, U
GAPDH N NZHE K mRNA AU X 23k & 22
AT EREE . AACI=(FRIA B FE Cr— R &
FEH Co)- (W R4 H AR IN Ci-XT A N S
Ct),
1.2.4 IF #3% Fx 28 i, Caspase-1 & ik

PR FRAE OGN B9 40 PBS W5k 3
. 4% PFA (Amresco 23 ), 5 [H ) [E %2 20 min 5
PBS V& ¥E, & 0.5%TritonX-100 (Amresco 23 F] , 3¢
) B4k 20 min JEIHUE 3 #,2.5%1F % D75 %5
TEA30 min, AN EAR, H 1%BSA (1) PBS
FiiBe—P1 (ab17820, Abcam /A 7], J5[E )M 10 pg/ml,
ACHE R, PBS VYL 3 i, HAWRRICH Zht
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Table 1 Primer sequences
1WA (5'—3")
F.CCAGGGCTCTGTTCATTG
R:CCTTGGCTTTCACTTCG
ASC F.CCCATAGACCTCACTGATAAAC
R:AGAGCATCCAGCAAACCA

HLN A
NLRP3

Caspase-1 F:AGGAGGGAATATGTGGG
R:AACCTTGGGCTTGTCTT
IL-18 F:CCTTGTCGAGAATGGGCAGT
R: TTCTGTCGACAATGCTGCCT
IL-18 F:ACAGCCAACGAATCCCAGAC
R:ATAGGGTCACAGCCAGTCCT
GAPDH F:CTCAGTTGCTGAGGAGTCCC

R:ATTCGAGAGAAGGGAGGGCT

HIRIEE 30 min, %% Avidin DCS(Vector A F], 55
E)IEE 10 min, DAPI(Vector 23], EE) Y%,
TE LSM 5 Live DuoScan Laser Scanning Microscope
(Zeiss 2~ H) P ) T IREE,
1.2.5 34~ b CK-MB & IL-18 #l

IL-18 ELISA Ai57) & W [ S [E] Life Tech-
nology 2 7], MRAGHRAE UL & b I 15 77 4 i b 3
IL-18 )& &, H557 3 CK-MB R H H 4% Olympus
AU5400 4 F Sl EARACHAT 204
1.3 “%itxsik

S HHE R X H + ARTEZE (X 5) BUISEL +

Xof B4

(x40)

(x100)

I 1 4

FRUEIR (X + 5,) 8, b SPSS13.0 e it it |3 4
RE TR Z 1] B FL R FH PR R 2R T 254081, P<<0.05
RESFGI2ERE L,

2 5 R

2.1 HSV-1 &% pLm sk CPE JLEALEK

HSV-1 J&Yt NRVM 24 h J7, J688 FWigg (A
1), 7T W CPE #8420 JULAN MG K, O 2 46 J AR kL
£ 2% g B Sk AT X R ZH AR BAE L 90% LA
R HA A g,
2.2 HSV-1 B %0 MUm fe 3008 LB 4% 47 &4 CK-
MB K-F34 5

CK-MB S22 Wt 2P0 WL 0 R 5 v S s v
WREMAREY . HSV-1 &Y NRVM 54 i1 ,
1 it T 375 P 1 v, AL CK-MB AT RS 3% I
T8 , LR P AT (42 S A P R B, HS V-1 JERty
WA RS 1 4IRS 2 41 CK-MB {H[ (10.17 =
3.99) U/L.(9.93 + 3.21) U/L], #IEH X4 CK-
MB {H(6.62 + 1.62 )U/L B3 & (P < 0.05,18 2),
55O NS CPE O WU ikr Y CK-MB 45
W JIESE HSV-1 8% NRVM $5 R 2
2.3 HSV-1 %5 Mlsm g5 NLRP3, Caspase-1.1L-
1B #= IL-18 mRNA /K-F3 5

ifid qRT-PCR i, AT 2744 3155 mRNA A

I 2 4]

HSV-1 JEYL5 24 h 63 0408 F ISR NRVM JEA 27878 SRl 1 4Rl 2 21 B CPE R4 A i ik | O LA, X BEZE NRVM JEZS

K1 HSV-1 845 NRVM A2 R8
Figure 1 The morphologic manifestation of NRVM infected with HSV-1
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2 4 2 10 L
0 L oh o —— T P =
X HE 2] B 12 24 NLRP3 ASC Caspase-11L-18 IL-18

LXTIRALLEL, *P < 0.05,n = 4,
2 HSV-1 T 24 h NRVM [ CK-MB # ¥
Figure 2 Determination of CK-MB concentrations in NRVM
supernatants at 24 h post HSV-1 infection

Xpe ik (LUIE R AR RGN R 1 1HE) . 55X
AL #5140 NLRP3 ,Caspase-1 1L-18 Al I1L-18
mRNA Fik535138 5 10 155 .14 15 .5 550 6 £ 1Al
2 HA N mRNA RIATR I E I, anliEK 27
5 28 155 7 A5 12 45, (B2 ZERSRYZH I oAASI 2]
ASC mRNA RiEHg ey, HRk 5700 T 20 4
H 73%H1 52% (11 3)
2.4 HSV-1 B S ldm i3 Caspase-1 2233
AWEFE IF A el A Caspase-1 BIPTAAR R 51

Caspase-1

XJHRZH

i

A 2 21

3 NLRP3,ASC Caspase-1.IL-18 IL-18 mRNA #H XF # ik

=}

=N

Figure 3 The mRNA relative expressions of NLRP3,ASC,

Caspase-1,1L-13 and IL-18

I8 2 s BEPUA TR 45 000 11 pro-Caspase-1
F1 20 000 1Y Caspase-1, HSV-1 JE&Ge.0 M40 24 h
i, SRR, YA P pro-Caspase-1
Fl Caspase-1 F35 B 3G, 76 o vp 22 fOIRER AR
T E 8% B R LA s S e (18 4)
2.5 HSV-1 & s Plim fLsg 11-18 #3538 An

HSV-1 8.0 LN MRS RY 20 5 1 X BRZH AH
o, B R R FUE A TL-18 & ikt i s 1
R 1 ZHA Y IL-18 S (62.65 + 6.69)pg/ml

DAPI Merge

Kl 4 s Caspase-1 7 NRVM HHAYERIA

Figure 4 Expression of caspase-1 in NRVM was detected by immunofluorescent method
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SIER XTI (26.99 + 11.43)pg/ml #HLL, ZRAH S
TR SL(P < 0.05) 165780 2 4 it b b 1L-18 &
H(32.83 + 9.25)pg/ml 5XF R ML, 2R TG
2 (P>0.05,5),

80

=70 1
iGO
£ 50
# 40 -
30T
20T
10 1

IL-18 ¥

popittaEl R 14 Rl 2 4
5Xf A A, *P < 0.05,n = 4,
E'5 HSV-1 THiJ5 24 h NRVM 3535 135 1L-18 He

Figure 5 Determination of IL-18 concentrations in NRVM
supernatants at 24 h post HSV-1 infection
3 i

O LA S48 0 LR PR Bl vk i 1 1 2k 12
PERIEIG AR, 95 T B i DL A SR o1 ]
O LR 5 UL 93 B AL FE AR 5% 45 B19 o 25 s
B, HSV-1 BRATS R AR IR, IRA 5 [
OLAAE TR b, AR5 rp g SEF F HSV-1 728
PRREFRIG NRVM g VMC B IRNIAIRL, R
RIZ ISR E CPE 34 IR 2 4 e 35 CK-
MB ¥4 &, 45 A £ G5 M HSV-1 ZE4iifie N 2
il I 1 D(glycoprotein D, gD ) ZRIAAGZE | Ui HH
HSV-1 IR A NRVM JE3ik, 5HEROILRIE, %
RS RG E

NLRP3 RIE/MEVERNZ R A E A4, J&H NL-
RP3 ASC Fll pro-Caspase-1 2 i f¥) . 7 #ff 58 F1| F
qRT-PCR % NLRP3 #AE/IMA# 4 AR 7 mRNA
TR E I, 45 5 s HSV-1 AEfEIA . b kA
20 NLRP3 Caspase-1.IL-1B F1 IL-18 mRNA fY &
ik, IF 7R pro-Caspase-1 Fll Caspase-1 7EAE 7 ZH fify
RN R, FASRIIANA [ 10-18 MBI &
Wi, #hEN NLRP3 #RAE/IMA—Caspase-1—I1-18
S AE HSV-1 35519 VMC % 34 B 72 b gl
i, Caspase-1 fENRAEM) FEA T, — M1k
J& AT AT 43 WA 58 4 K TL-18 1 1L-18, AT 55
AR O HAD SR 4R, 5 S HA AR A A - Ak
TREEME TG B, BORRFRAE; 73—,
Caspase-1 FOTE A0 A T B 52 36 MR IR Wi NFLAR
SRR, AN & AR B B, 5 R A
T, BT AR N, 15 R R AE RS, B

fiti& , NLRP3 SAE/MATE S8 T I 3R 58 R AE M I
N JEEE BB | s A 2 R vh B 1 TR A
FHRe
H AT, 7RO WLARAEPESAE i i A NLRP3 RAE
IMEIGE , AWFIE I 40 S AR NLRP3 RAE
IMETRES 5 VMC AR R, dE—2 01 g)
PRI N LASOE, AR HAE ARG T O LAAE T
SRR
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