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Abstract Objective: To investigate MMP-9 and MCP-1 levels in cerebrospinal fluid of patients with herpes
simplex encephalitis, and to explore the clinical relationship. Method: Serum and cerebrospinal fluid MMP-9 and
MCP-1 concentrations in serum and cerebrospinal fluid were detected by enzyme-linked immunosorbent assay in 30
cases with herpes simplex encephalitis(HSE group) , and were compared to those in 28 cases with no HSE for con-
trol. After the patients cerebrospinal fluid and those added with MMP-9 inhibitor SB-3CT(10 pmol/L) were ap-
plied to the hippocampal slices. The apoptosis of neurons was detected by TUNEL staining. Result: The CSF lev-
els of MMP-9 and MCP-1 in HSE patients were obviously higher than those in the control group(P<C0.01), and
both of the expressions of MMP—9 and MCP—1 were positively correlated with the cell and protein levels in CSF
(P<C0.01). Inhibition of MMP-9 expression can reduce neuronal apoptosis. Conclusion: MMP-9 and MCP-1 in ce-
rebrospinal fluid participated in the pathophysiological process of HSE, and may be used as potential markers for
clinical diagnosis of HSE.

Key words  herpes simplex encephalitis; cerebrospinal fluid; MMP-9; MCP-1

PRSP 2 0 B P B 98 (herpes simplex enceph-
alitis, HSE) 2 i JK b8 W ALK (OB E Rl 282 R 5t
JRYPE B, B2 1 A 4l 98 2 # (herpes
simplex virus 1, HSV-D R AN 5, HIRAE K
RGP 5 1 G 2R G ik 2H 4L S O 4N i
Kb A A R E L 2R A RS AT O R B
PSR & AE. B BT HSE JB 3 I PR 58 % 47 4
e . O HLH 5t B ™ A R 2 T e RS L AR T HS V-1
T 25Ul 2 U0 0 EL A AL R o R B Y, AR
Aem A BRXAARMAFELSFEHMFEELAA (No:
81701196)

PR R FARERAYZ AA(KX,430060)
@AE 4 & . A . E-mail . zhouyu99131@126. com

SCETENMEE 30 ) HSE BB & i B b 3 5 4 )8 2R
F g 9 (MMP-9) J 4% 248 it i Ak & -1 (MCP-1)
FR AL IR HFE HSE &% 9 A I K 32 5L .
1 BMEAHE
1.1 —R5R

W4 3. B A 2 N BE 2014-08—2019-06 3 8] i
IR 30 Il HSE ik il . B8 & 45 6 (52 b 2%
22055 DU R Y A9 HSE 2 Wibn i . AR 4L 30 B i3
w5516 ], 14 B AR 20~65 %, F- 34 34,6
B H 24 B SRR 6 0 5 N T A M R
Ik PRAE AR DA 4 Pt N P 38 v o PR R L X k) | i
IS SRS AT 2 i 5 Joie 438 3 R R CAn A AT O = L R



5% 33

Ji 5y, 45 MMP-9 K MCP-1 7 5040005 5 95 55 M I 28 R0 2 I8 0 P ) 38 ikl i ) « 189 -

PR R R R RE 55D o E BRI, B A
A 22 IR A VR 7 B L 20 8 22 (R B e
JELSA 320 DA B B R s A RO R A A 3 R
HSV-1 [, XFHR4L 28 . 55 15 fl, % 13 fil 5 4F
% 18~70 %, 44 36.5 %, I K 32 B0 25 ol i st %
CRE R RS B0 25 B ), b b 0 i 3 %
e 10 1), kSR 10 B, Sk 08 8 1L 47 A T
BRI A AR A TG I R LR A R 0 R A R
¥R HSV-1 BAYE . W29 B[] — Jigt % e 11 25 5
TG (P >>0.05),
1.2 I AU A R MMP-9 . MCP-1 #;:3

B4 5 0039 F A BE I 24 h P9 A7 B HE 28 0 4G
2L U 2 15 mL, —3 478 B AR L AR
R R, b 42 HB Sy FE R L3 000 r/min B
O 15 min W8 B3R, —70 CHRAAE . FRHH
Bk 4 mL, S F#E 2 hJ5.4 °C.2 000 r/
min &0 20 min JF B LB — 70 C KA R AT
i, B MMP-9, MCP-1 %€ & ELISA # I i
TG AR A s oA (N R ' {22 o s 1A
2R MR R AL i S T A IO B (L A A o i 5
H AR A MMP-9 5 MCP-1 [ JiE .
1.3 5w A 5 dl

Bl 6~10 d B C57BL/6 FLEUH 75% 2. 1
W B L W Sk B A1 4, A T T Y
GZoh i b, oy B SR T T AR R K S TR
YT AL BT & b, 7E R 322 vhil b i 22 )
LB 300 pm., PRI UE S S K E T 6 fL
B2 BB A b, T 37 °C 5% CO, bR RS
FAANIGE B H s 2. K B3R 2 BTG
o3k 3 6 BRZH G E WA 4H HSE il 8 WA
M4 DL e MMP-9 i %) SB-3CT T #ildi, 1EH
24 h J5 TUNEL A6 2 4 A i 1=
1.4 S A TUNEL 4 fa

WO 2 A% 2R E .4 Cii,. &5
A 300 EME R P L 4 CUURES . LA RR 20 pm %
FRELEY) R . TUNEL 35 & 4G 0 4 e 4 g8 7.
WRHBACE « 282 DEBH, —20 CHE
5 min, 3% H, O, ¥ 10 min, & A #F K fEH )5
TN M o bR AC W dUTP 5 K 3 5% % W, 1
JH 120 min, F A0 5% R oF A b B SABC, fE
A 30 min, &5 DAB &.{4.
1.5 Stk

THEVERIY L 745 FoR L SPSS 13.0 4
TR A3 AT 500 L P 2 [ L ok T ¢ AR LA P <<
0.05 NEFAHGI 2 L. R ELAM Pk
WF ST I F0 G4 7 MMP-9 F1 MCP-1 ¥k B 5 il 5

MR b O & AR Rl DY P o
2 #R
2.1 I FURCE R T MMP-9 %

ELISA #0 HSE &35 hii 5 h MMP-9 & &
B TR ZH (P <<0. 01) , I3 MMP-9 /K 3F
7 A 9 2955 191 v G I S AR AL LR 1

®1 BEMNFMMERS MMP-9 &2

ng/mlL
4151 RS QiRG i
HSE 41 30 10.4643.52 116. 48425, 83"
X R 2H 28 9.584+2.87 4.9241.05

SR i, P<<0. 01,

2.2 IfLVE AR W MCP-1 & &

ELISA # ] HSE &35 I & MCP-1 % ik
B T B4 (P <<0.01), Wi & 3 i
MCP-1 & JCH B A8k, L3k 2.,

F2 BEMBEMME RS MCP-1 5

pg/mL
457 151 %% il ¥ i 5
HSE 4 30 81.34+8.45 163. 76418, 52V
X JE A 28 78.6247.92 32.544+8. 69

S5xp A .Y P<0.01,

2.3 B Wb MMP-9 1 MCP-1 5 i ¥ % (1 240
JiL B B A OGP

FHENE S BT 2 B, HSE % % Wt MMP-9
B 55 00V D A R B R R Y R A G
=0.819.,0. 931, P <C0.01), MCP-1 £ 5 758 5 i
VAN M B B 1 R O A DG (r=0. 842.,0. 779,
P<0.01), WK 1,
2.4 MMP-9 X} #2840 8 T 1Y) 52

AT HE— 25 0 58 10 A W T MMP-9 X fif 28 40
MLz . HSE 583 I8 W 7E 1 5k )5
ALK& TUNEL BHPE 400, in A MMP-9 #7 1 5]
SB-3CT (10 pmol/L) 41 5 fixi i TUNEL FH %
TR A A kb (] 2)
3 itig

HETHF9E £, 78 HSE #5 ¥ & b HSV-1 &
Bl It 2 Pt 2 . O A 5 & il
B B A5 W IR 8 5T L R 28 I 5 4 i 5 ) s B T
T 45 A GUPE RRE SN I AN W IR K 5 | i 2
LAk K 1) G BE AR5 A I K il G S ot A R



+ 190 -

I PR =

&

~

sok&

%21 &

B AEARZ S B 5 0 e 3R, S
42 )8 B i (MMPs) 1 /E F 52 3] 80k B8 2 1 G 1 .
MMPs & — 21 B fiff 4 M 1 55 5T % 40 ) 3 22 2R 1 49
fiff it » P 28 - S5 4N - AL A P R A0 A B A

MR LR BT TP S 22 Rl A0 D R TR B T RS
PERE LIV B B L5 1 SR A5 7 2 4 i o P 4
Ha S8 BV Y P b R S BRI

— 600 1.8
- . S 1.6F
* 500 * —
=) - 1.4}
X 400} = 4ol
& uﬂ 1.0
& 3001 aI 0'8
= Tl
g 200+ g 0.6}
B 400k i o1
2 = 02
45
= 0 ] 0 1 1 J
50 100 150 200 50 100 150 200
& RHEMMP-9& &/(ng - mL™) & RHMMP-9& &/(ng - mL™)
. 600 20
4 ~ 1.8}
o, 500F ¢ 7 16}
% 400F 2 145
s "ﬂ 12}
&8 300- o 10F
200F N
& Xy
= L #r 0.4r
g 100 &o2r
E 0 1 J 0 1 1 1 J
100 150 200 250 300 100 150 200 250 300
& ®HBMCP-1&8/(pg - mL™) & ®HBMCP-1&8/(pg - mL™)
B 1 &®&MMP-9 I MCP-1 58HM. EASERNHEXESH
- B .
: by - ) 0
:}“ ® ~
Y ® ¢ | . -
* b —
X . ) o 8
‘ > ’ 4
- ) » ™
O
» N -
a < - 2

(2) s

2 BOMA TUNEL & RAKRESRERTHEETR

) ©

4iF TUNEL PRIE 4l (a) , HSE EEREREASTRXE

TUNEL PR4% 40 2 (b) ,SB-3CT £ TUNEL PH 1% 48 B B B8 2D (¢) ( X 400)

I i J57 I 235 ) 37 B K 5 B0 8 1 14 i 2 op
X o 28 22 G0 BB 05 2 A K Y ER EL 3R YT L MMIPs
JUI R MMP-9 76 fil YR i 28 1 45 5 0 45 1 D) B 3L
Je T8 1 & A K e 4 e R PR B OCEEE .
A, W 2 100G 57 5 2 35 7 1 8, A0 R S8 M An i 4R
AR 2R A2, A3 0 K AR AR E R, DT 2 —
A1 B 20 0 1 A /DS BRURG t af ASE AR v A
5% WAL B i 4 24 b MMP-9 26 35 3% hn 51 2 1fn fik
S B L S IR, 35 DAL g o B (IR MIMIP-9 7K SF-1T L i
R B 10 5 1 3 3 P T R S R AN B

SR F T .

Sellner & M AT W) BF 52 14 & L MMP-9
B T e /N B HSE (%3 BR300 72 o i S
YEFT . i 2 21 F MMP-9 3R 3k 7K - 2 3 M 78 HSE
ANERR S 3 K B G 3 T v R fige 1 G 5 I 4 i 411
ST A 32 A3 IV Y 5, DT S B K M 45— &R
G195 B A0 1) K A Tl AR T I K i A R N v D
WA Rl HEEmME B EMAT R RERE S
A%, ARBESE & B HSE B I % MMP-9
e R B IR Al B 3 Y MMIP-9 10 il 57 SB-3CT



53

Ji 5y, 45 MMP-9 K MCP-1 7 5040005 5 95 55 M I 28 R0 2 I8 0 P ) 38 ikl i )

+ 191 -

fab 3T B S/ A T i v e 2 B R T 0 —
A MMP-9 78 HSE 55 B 78 o BR 1 52 0 1 i
[t I 1) 52 2 M 38 T DA B A 1 i 4 2O 5 )
Z M AE G A S5 F LI A FRiE— 2o

MCP-1 /& C-C b F R IE M EZ 57, B
A Z A ) e L A5 5 AR WO TR A iR, O B
TE I 20 I 4 5 R R RN I 3 R bl A B B A
W5 2 B rPoRR Al 28 2R G b il 22 0T L B TV IS I 40
DAL 2 208 i K T A ) T 5 40 R/ /0N I 440 L Sy i 4 23
H MCP-1 3= 28 40 Jif ok U5, 1E 3 15 00 F sP i p 2 &
G0 G 40 i 2 A0 F # AR IRAS R R 3k MCP-1, 1
5 i AA AR PR B 28 R R 22 R 28 0 DL I
G 328 240 LR T L DT 43 06 7 A MCP-171

MCP-1 i# i 5§ CC ZK#afk A F % &k CCR2.
CCRY %5 & KA /R, M CCR2 4& MCP-1
T B E ML Z R, MCP-1 5 40 g % 1 CCR2
SEL IR B 1t S AR AR K K GTP-25 1 18 B¢ 11 i s
JUUTSE A 5 38 B8 U80S UM il R 46, R 2 b AR 2
BN T R A B AAR B 328 SR L5 ) DY B 85 1) AR DA
Kt g e, C57BL/6 NI M ARG W
A S AN /N e T 40 L b 2 A R E Y CCR2
TRk, 28 MCP-1-CCR2 8% iks S
TG g RME RN & A AR K Bl 2 R
gy rhi 9 MCP-1 /7K SF 0] LA A6 A1 J8 I
LA - U A0 R 3 oL 7 461 % o B B R AT B | R 4R E
i 20 2055 A8 A . 1 — 2B kA T R Y RE 5 45 AL
R ARSI, AT SR B HSE B A TR
H MCP-1 ¢ B A BE 4t 35 38 5 L OF . HSE
I3 P 2 3 7K T B AV T I VR v B 1 B i
W MCP-1 FEET RS RGNS M. Lk
Fo AT K PR W MCP-1 K 55 1 45 % 1 241
Jf R B A i R OE A OG L T RE S HSE BB A K
FF S AFAE G BT SN LA K ™ L J a0 25 U0 AH 2

H AT R Eia Y7 HSE i T B B H. 308 K
L RATRIBFSE & B HSV-1 1] BE 38 5o 800 ik 25 21
Ei g 40 B/ /N B ot 4 Mg 7= A i & MMP-9 5
MCP-1 1 Jipf 25 20 20 17 g B30 5, 30 ok 4G ) i 4
W rh MMP-9 & MCP-1 ¥ B 7] DL — 2048 5 HSE
I R I2 W7 53R A0SR AE A 38 1 B AL IE b )
MMP-9 & MCP-1 3Rk 5¥#0& . ol 6e 41 B F ek &
HSE B I R 0, 53 40, A8 58 A7 48 — 52
147 Jey BR AP o A7 H b T A i T 5 2 ) B S80I A8 R
O TS R R AR E MMP-9 )2 MCP-1 (178
b AT A FRATTH I — 25 T LURR I D3 BIRS v
fRIRIF I E Y,

2% ik

(1]

(2]

(3]

[4]

(5]

[6]

(7]

[8]

(9]

[10]

[11]

(12]

Rabinstein AA. Herpes Virus Encephalitis in Adults:
Current Knowledge and Old Myths[]J]. Neurol Clin,
2017,35(4) :695—705.
Modi S, Mahajan A, Dharaiya D,et al. Burden of her-
pes simplex virus encephalitis in the United States
[J1.J Neurol,2017,264(6) :1204—1208.
Koyanagi N,Imai T.Shindo K,et al. Herpes simplex
virus-1 evasion of CD8+ T cell accumulation contrib-
utes to viral encephalitis[]J]. J Clin Invest, 2017, 127
(10):3784—3795.
Bradshaw M]J, Venkatesan A. Herpes Simplex Virus-1
Encephalitis in Adults: Pathophysiology, Diagnosis,
and Management[ J]. Neurotherapeutics,2016,13(3) :
493—508.
Zhou Y,Zeng YP,Zhou Q,et al. The effect of cyclin-
dependent kinases inhibitor treatment on experimental
herpes simplex encephalitis mice[ J]. Neurosci Lett,
2016,627:71—76.
Brilha S,Ong CWM, Weksler B, et al. Matrix metallo-
proteinase-9 activity and a downregulated Hedgehog
pathway impair blood-brain barrier function in an in
vitro model of CNS tuberculosis[J]. Sci Rep,2017,7
(1):16031.
Chaturvedi M, Kaczmarek L. Mmp-9 inhibition: a
therapeutic strategy in ischemic stroke[ J]. Mol Neu-
robiol,2014,49(1) :563—573.
Sellner J,Simon F,Meyding-LLamade U, et al. Herpes-
simplex virus encephalitis is characterized by an early
MMP-9 increase and collagen type IV degradation[]].
Brain Res,2006,1125(1) :155—162.
Zhou Y,Zeng YP,Zhou Q,et al. The effect of capto-
pril on the expression of MMP-9 and the prognosis of
neurological function in herpes simplex encephalitis
mice[J]. Neurol Res,2016,38(8):733—739.
Kirkley KS,Popichak KA, Afzali MF, et al. Microglia
amplify inflammatory activation of astrocytes in man-
ganese neurotoxicity[ J]. ] Neuroinflammation, 2017,
14(1) :99.
Al-Obaidi MM], Desa MNM. Mechanisms of Blood
Brain Barrier Disruption by Different Types of Bacte-
ria,and Bacterial-Host Interactions Facilitate the Bac-
terial Pathogen Invading the Brain[J]. Cell Mol Neu-
robiol,2018,38(7):1349—1368.
Uyangaa E, Choi JY, Patil AM, et al. Dual TLR2/9
Recognition of Herpes Simplex Virus Infection Is Re-
quired for Recruitment and Activation of Monocytes
and NK Cells and Restriction of Viral Dissemination
to the Central Nervous System[]]. Front Immunol,
2018,9:905.

Ok A% B #1:2019-09-01)



