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[T R
PR-957 X} A1 J P S T o i T ik 1) 53 i)

BRE EF HmF EZXY

(LXK FEFHEMEILE ERHAILA, iz M 310003)

[(#Z] Br  #97 PR-95T X AL Mk BRI ST BRI 52 . ik BURZE 1 d A HERE R R
i pe S 3 M JEAR T I SR AT, K AT A X R ZH . LPS 2H &% LPS+PR-957 #H. LPS 4H45F 5 umol/L LPS 4b
B 48 h, LPS+PR-957 415 PR-957 (¥ EF 200 nmol/L ) 403 1h, 5 5 umol/L LPS AbFH 48 b, R FH I 4
PEMR A (ELISA ) FllgMA 3 (C3, ALl itk B IER RAnEbric ) M@t EF o (TNF-a) ; SRS
I8 E B PCR ER I BN LR 505 6 (glypicans 6, Gpe6 ) . SPARC £ 1 ( SPARC-like 1, Sparcll ) Fifl§
iz A H 2 (lipocalin 2, len2 ) mRNA BYFD AR, RSy HAE 3. R XHRALFALS
C3, LPS 415 LPS+PR-957 #H C3 /K i TXFHB4H, {H LPS+PR-957 1) C3 /KK T LPS 44 ( P<0.05) . TNF-a
HIFIAGE RS €3 —5, SR HZIAA L, LPS 411 LPS+PR-957 £H (%) Gpc6 mRNA & Sparcll mRNA FE3A 7K -2,
len2 mRNA ik K TP T4 (P<0.001) 5 5 LPS 414, LPS+PR-957 411 Gpec6 mRNA J Sparcll mRNA ik
AT, 1en2 mRNA FAK PG (P<0.001) o 4518 LPS GEWSA T B I B ANME Rl A1 SR T e
AR PR-957 W] LA LPS 5509 AL SOni Pk BT eSSt 4 T 1k

[ MEY/ILRIZE, 2019, 21 (11) : 1110-1115]
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Effect of PR-957 on the formation of A1 reactive astrocytes

DAI Shu-Xin, WANG Yu, LIN Li-Fang, YUAN Tian-Ming. Department of Neonatology, Children's Hospital of Zhejiang
University, Hangzhou 310003, China (Yuan T-M, Email: yuantianming@zju.edu.cn)

Abstract: Objective To study the effect of PR-957 on the formation of Al reactive astrocytes. Methods The
cerebral cortices of 1-day-old female rats were obtained and cultured for primary astrocytes. These cells were divided
into 3 groups: control, lipopolysaccharide (LPS), and LPS+PR-957. The LPS group was treated with LPS (at a
concentration of 5 umol/L) for 48 hours; the LPS+PR-957 group was treated with PR-957 (at a final concentration
of 200 nmol/L) for 1 hour and then LPS for 48 hours. Enzyme-linked immunosorbent assay was used to determine
the expression of complement 3 (C3, a marker for Al reactive astrocytes) and tumor necrosis factor alpha (TNF-a).
Quantitative real-time PCR was used to determine the relative mRNA expression of glypican-6 (GPC6), SPARC-like 1
(SPARCLI1), and lipocalin-2 (LCN2). All the above experiments were repeated three times independently. Results C3
expression was almost not observed in the control group, but was observed in both the LPS group and the LPS+PR-957
group, with significantly lower expression observed in the LPS+PR-957 group (P<0.05). The expression of TNF-a
was consistent with that of C3. Compared with the control group, the LPS and the PS+PR-957 groups had significantly
reduced mRNA expression levels of GPC6 and SPARCL1 but significantly increased mRNA expression level of LCN2
(P<0.001). Compared with the LPS group, the LPS+PR-957 group had significantly increased mRNA expression levels
of GPC6 and SPARCLI but significantly reduced mRNA expression level of LCN2 (P<0.001). Conclusions LPS
can induce the transformation from astrocytes to Al reactive astrocytes, and PR-957 can inhibit the formation of LPS-
induced A1 reactive astrocytes. [Chin J Contemp Pediatr, 2019, 21(11): 1110-1115]
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BE e 5t 40 i 2 P X Bl 28 3R 48 (central
nervous system, CNS ) HEZ M, =5 CNS Y
Z R ESTRE, 0 Q0 il i R BRI AERR . 5 i
R WAL AR R SRR il o A4
TR | A R P ) S e o A A AT
(Y IE 25 RN B R 3Rk e A B R I8 Ak, PRl I
PEEIE AN P RN I A0 L ) D g —
HaE—Ngeny E8, DIaii a2 e
DABHAS AT DAGE#E CNS BRI o 1 AN I A i
0L AEMIRRP G B0 T AT REAA B BhECA T, JFHOCT
ENTHIDIREAAAEVFZ R, 2017 4F Liddelow 45
it CNS 535 2 v 18 s I P O e Joie 44 i A 4
A it 30 A H DRI T 5 B BRI I 5 4
TS A FE N SR AR IR 51 407 B 1 1 o
A PRI ) SO v BT R B A, —Fh oA
T — A R o RS 1 BN T T R o A4 L 2K
25T FEA A LR BRI RE I3 T o 22 5T B R B T 4
i, XFCNSHE, Bl AL RN RIE BB .
A 10755 18 SO M R I IS o 40 3 WA 22 P
FEH T, WHEIT HA R ER, PO A2 ROt
BIC BB A, 1 i SN P AR e 5T 40 it 1) 2 4
VEFIA AT BEA B T 01 &8 iR Y7 skmg . LA A
[F2E A CNS it I RRE . ABFFE Y H A2 A R
YuHF g bk (lipopolysaccharide, LPS) Hl3 5=
{18 B2 vy M B T T T 400 i AT S A O R T 4
L, IR BRI A1 S R R S5 2 AR 1)
)

M HE B g0 M B 4, #b 1K 3 (complement 3,
C3) 7E A1 O B I o 4 e gl ke Sk i
AR AT RN B R A AR e Y IE
W B BRI S 240 L EL A 3 R T UL P SR
6 (glypican 6, Gpc6) J SPARC # 1 ( SPARC-like
1, Sparcll ) i 24454 28 il Bl 9 A= 2 D g ol
Je LA EFIIRER A1 RO P LY i I 40 A FT fig
2P0 H B AN Gpeb M Sparcll, F I Gpeb
5 Sparell WA IEATAI . IeAE, Sk A
T I 5t 248 LR T3 1) PR SR BRI F~ @ (tumor necrosis
factor alpha, TNF-a ) 5FFiz 28 M 2 (lipocalin 2,
len2 ) REFEIEMIZICINT: T DN b Bl 98 A AT
FEHEATARN

a8 B BB VRALE 0 R0 Hh ELA JCHRE T P,
PR-957 & i 4 1 BRIV FEAIR 4 T 2k 7 (low

molecular mass polypeptide 7, LMP7 ) (485 PERIHIF
AEAM A2 28 40 B DR 40 TNF-a, TL-23 F1 TL-2 f 36
I GRAHINR LIRSS I R 5 51 R s
Jf H PR-957 1E Sl AR i 27804 B8 2 me/kg,
(G F HAE BB R (30 merkg) , IR
FEARRE Sy M, AEBT IR Dt BRI AR R 2 2
S B F IR LMPT L, LPS il R A9 I I
At 2k TMPTM, R L FRATTAE I PR-957 fig 4
il LPS 17514 A1 K204 LT S 40 B B

TEABIFE T, 156 LPS BRI 4 i,
FRUE R4 AL RN R TR R AN, JF7E 3
fili_ %< PROST R A1 SOny 1 B e Joe 24 e
TER

1 RS

1.1

= DMEM K552 3E | B4R g (38 E Gibeo
oAl ), CCK-8 A& ( Ll s RAEYHASA
PR ) , LPS ( 35[H Sigma /A #) ) , PR-957 (3§
Selleck 2 7)) , KB TNF-a ELISA 7] & ( 2
Rapidbio 24 7] ) , KH €3 ELISA i & (#N
Prsiesm Fe AL RN A A BR A F] ), RNeasyMini
R & (fEE QIAGEN A F] ) , Prime Script' " i
#5857 £ . SYBR Premix Ex Taq™ 7] & ( K
FAEVWTEARAF) , Rbu e 4em it &
(GFAP) Uik (FE[ Abcam A ) , SRR
Yt £ (fluorescein isothiocyanate isomer, FITC ) PR
ICRY ATk (€[ Santa Cruz 237 )
1.2 EREERKRAMIERSSA

A FE 2R A 1 d PN A R UG B T B
It JEAR L T A0 A Y, R e e e HE AR
Y E A Al P JE AT R SRS g, sh ) S Ak
WL R 2= e B2 51 2 b iE (ZJU2015-103-
02) . ZHAESEEE 43 M Xt HEL . LPS Zb B4 (LPS
20 ) . LPS+PR-957 Jt [d] 4b P 41 ( LPS+PR-957
M) o XTHRAFTH USSR, LPS 4457 LPS 4bHE,
LPS+PR-957 £H %¢ ] PR-957 ( 9k i 200 nmol/L)
AbFR 1 h JE PG T LPS T, PR-957 1E FH Wk B I
s [R] FR) S 262 BE ™ d 1 B 13
1.3 BREAHAREEEFRFRAMM

1E 12 FLBR AT o, 5 x 10°/mL ()41
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W L mL i T EXESR, RR AR W Bk
B 20 € o PBS EEPE A MUIC Fr 1 5% 4% 1 I T
HH (37°C, 3minx3K) , -20CHY 4% ZRKH
P [# 72 40 M9, PBS 2%k 3 min x 3 YK, 1% Triton 1
JH 25~30 min, PBS =¥k 5 min x 2 YK, I35 EF ]
37°C, 20 min, AL GFAP —HT (1:1000) ,
ACIHE IR, 552 K 4°C PBS ME¥E 3 min x 5 1%,
INAEH R FITC =40 (1:100) , 37°CHE 1h,
37°C PBS %% 5 min x 3 K. HTHEA (EHR pH
8.5) , DOIGMHIE WAEE T,
1.4 CCK-8 &kt iEEER

] % 20 i B T Bl 2 % 10%/mL, 96 FLAR P
ALANA 100 pL A, (LA ZGA 2000
(LR TCH PBS Hi7e ) o W RE IR R IR
FEh (5%C0,, 37°C) 3R 24 h I, 4y okt R4l
FILPS 4, [ ARV LPS A& FL 4 SinA 1. 5.
10 pmol/L ) LPS 10 pL., X BEZH A S5 A #iER K
FERFRAR R 5 24 ho B AR RO B LPS 4 A
Xof HRZH 4 M TE 55 R 46 o i 5 5% 24, 48, T2 h,
FEE RGN 6 h, [ 4L A 10 pl. CCK-8
W, LIzsfL (59R5E +CCK-8 ¥R ) &, TEl
FrA ( 2 Bio-Rad A ) | 450 nm 7 K 40K
WA ALOGEE (OD) {H. dHMIAATE 5 01
HMLAA TS 2 = T TR 40 OD A / T 15 4 g OD
fH x100%., s R 3K,
1.5 ELISA k%l C3 & TNF-a 7k

i ELISA 12050 & Al 45 41 C3 2 TNF-a 7K,
SRS AR R U B . FERERRY (55
Bio-Rad A F] ) T 450 nm I KAME M 4L OD
B, IO, B OD fH ShriE il Ze b fs i & i
{H, SCERMS7ERE 3K,
1.6 LR HXEE PCRE# M Gpe6. Sparcli
#0 lcn2 mRNA HI&RiE

% 18 RNeasyMini 128 571 &5 £ 446 19 7 726 $ B 4%
HEFMAN A RNA, $% 18 Prime Seript™ 1 5% 538
R & Ui & B cDNA, RS PEy 1519 i L
AR ARARRIIE (F£1) . #%
18 SYBR Premix Ex Taq"" 187 & i B 45 0E A7 520 27¢

JtE 7 PCR (qRT-PCR) o RNKFR (20pul) -
SYBR Premix Ex Taq"™" 10 uL, | FiiF5 49145 0.8 L,
cDNA 47 2.0 L, dH,0 6.4 pL. J &4%: 95°C
30s; 95°C 5s, 60°C 345, 30 MMEH, H IS
By CofH, A Gpc6 ., Sparcll Fl len2 mRNA 1) AH
XFF A, SR A RN, AN C= (R
4 H Y HE B - 528020 GAPDH “FY{E ) -

(X R H B3R A9 -2 — XTHRZ] GAPDH “F-3
) o SCHMS7 R 3 K,

*1 BEWEREF GAPDH #3415 5!

JrB

N I
P gl Ko
Gpe6 L5 5'-CCCCTTTCGACCCTACAACC3-3' 100 bp

U514 5'-GACACTGTGCTGCATGGTCC3-3'
Sparcll _E¥i#5 (%) 5'-GTTCCTTCACAGATTCTAACC-3' 106 bp
5149 5'-TTTACTGCTCCTGTTCAACTG-3'
len2 351 5'-GATTCGTCAGCTTTGCCAAGT-3' 115 bp
514 5'-CATTGGTCGGTGGGAACAG-3'
GAPDH _E¥#51%) 5“TCAAGAAGGTGGTGAAGCAG-3' 133 bp
FiF5 14 5'-AGGTGGAAGAATGGGAGTTG-3'

1.7 FitESH

K SPSS 22.0 GeiH AR - T 4125 4y
Bro THEBERIDIE « PR (Rxs) Fom, W
2 [E) FL R PR REAS ¢ K56 22 4 1) B R T 5
PRIZE 5 2550 B, 20 16] P G L3R T SNK-¢ 4555
P<0.05 HZERAGITEE L

2 R

21 BERBRAMBEE

GFAP J& ¥ I R 4n i i pmic o ', i 4
REDENCIE KL GFRAP X A€ B2 I s I 240 e iR A7 4
S W RUEE T OULES AN M AR KORES R, MUK
RiFZ RN, AR, #it GFAP/
DAPI W E 43 LUTHRATAS BT I ot 4 i 7 4 B 38
98%, WK 1,
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E1 EREERRABKEZERIEERE (x100)
GFAP (e ) BEIEERRAMMNRCY . 55 Nl RRAS R,
SRR, MR R 2K 2 sk, il GFAP/DAPI N E
LIRS, BRI A 4 3k 98%

22 AEIKE LPS 3t E R SRS iE IS0
LPS (5 umol/L ) H3k 24 h J7 B T I 5 40 i i)
TR HRE TRHRA (P<0.05) , 1. 10 pmol/L LPS
I 24 b 5 TR 0T 400 L %) A7 365 23 5 X IR A E A
ZRIGEFE L (P>0.05) o #2718 5 pmol/L LPS
XoF 2L T G T 200 e 1) 448 B 6 44 0 R B B
IR 5 umol/L LPS AT/ 225288, WLk 2,

F2 AERE LPS R 24 h FERK R

FERE (=3, x+s, %)
4151 ST T A A7 T 3
X R ZH 103 £11
LPS 1 pmol/L 135+ 13
LPS 5 pumol/L 160 = 20°
LPS 10 pmol/L 101 =15
F1{i 15.86
P <0.001

H: a R SXT R, P<0.05,

2.3 LPS AEF bt iE) Xt 2 R R4 e sEiE
FIR5m

5 umol/L LPS Hl # 24, 48, 72h, 43 %l 5 [A
— ] R AT bedss, BT I 0T 40 A 3% R 34 3
fn (P<0.05) , H 48 h 4152 I8 5 5 40 Mo A7 75 2 4
TR fe i 25, PR e R LIPS 8 T e 5 40
48 h HATELRCE . W3k 3,

&3 LPS FHAREMEEMRRAENGFERS

STEBLALLE  (n=3, x+s, %)
251 24 h 48 h 72h
X HRZH 103 +17 107 18 11113
LPS £ 161 +21 181 £15 16311
1 6.432 10.524 8.392
Pl <0.001 <0.001 <0.001

2.4 FKAME C3 HRIEER

C3 J& AL SRy B T e I A e i s s 4 17,
LA C3 Sk AW A1 Sy L 5 5 400 it 1) I
UGG, ELISA Rl 25 R R #4540 C3 ek,
ESH G E L (F=377.53, P<0.001) , Hrh
Xt IR 4] JLF- A €3 (13 +5ng/ml) 5 LPS 41 C3
T (2006 + 125 ng/mlL) & FXFRZL (P<0.001 ) ;
5 LPS 4 1 H, LPS+PR-957 4 C3 & & (713 =
94 ng/ml. ) Ji&/> (P<0.001) . £ LPSiES Al X
o7 P B IS A L B, PR-957 REFR 434l LPS
VSR AT SO T T S A T i
2.5 HKAMA TNF-o FIRIEFER

ELISA &5 5 i rn: 441 TNF-a & A,
2R G L (F=351.96, P<0.001) . %1
HILPAE TNF-a (18 +3 pg/mL ) ; LPS 4] TNF-a
FriE (99576 pg/mL) fm TXFHRAL (P<0.001) ;5
5 LPS 4HAHL, LPS+PR-957 41 TNF-a & (232 +
32 pg/mL ) W/ (P<0.001) o 4275 LPS Hl3f# Al
FINE B Y BT 4 i 3% 35 TNF-a, PR-957 RE i
LPS XF A1 20 P BT i 4 i e 2k TNF-o (A2 2
EHS
2.6 & 440 A Gpe6 mRNA. Sparcli mRNA X
lcn2 mRNA IR iE

5% B4 AH b, LPS 4H FI LPS+PR-957 4H
§0] Gpc6 mRNA M Sparcll mRNA 2% 3k K ¥ B
fik (P<0.001) , len2 mRNA ik KT (P
<0.001) ; 5 LPS 4 # Lk, LPS+PR-957 41
Gpe6 mRNA J% Sparcll mRNA ik /KEH TR (P
<0.001 ) , len2 mRNA FEk/KFFEAR (P<0.001)
PR LPS JIBREIE> A1 S b PE B IR I A0 e ek
Gpc6 5 Sparcll, ¥ AT KON 4 BLY I T 240 il 5%
ik len2, PR-957 GEFR /- 4MHI LPS XF A1 f2 i o 2
TR A E A o L35 4.
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* 4 KA Gpeé mRNA. Sparcli mRNA & Ien2

mRNA BIRIELLE: (=3, xxs)
2151 Gpc6 mRNA  Sparcll mRNA  len2 mRNA
X R ZH 300+5 192+8 1.07 £0.13
LPS #] 79+ 12 27+9" 5431 +3.27
LPS+PR-957 £ 205+ 15" 92+ 10" 9.06 + 1.08™
F1H 272.57 247.38 624.68
P1E <0.001 <0.001 <0.001

e a5 X4 H 8, P<0.05; b 5 LPS 41 H 5,
P<0.05,

3 iTfit

T I 440 2 A v e AR 22 1 — S At
J& CNS BN A M EZH T HF, SWEFMEE
N G 15115, &7 I &= N A i =25, . ) )
AT RE H H M AT 2, Liddelow 25 P13 H B2 R 7
T TG o 440 L 1) T i A b SR R R e 1, I
TR 5 18 S5 N7 1 S T o A4 2 i A o 22 4 i
FRoA AL SO PR IR I A s B T 1 S Pk
B B A s i SR R, B A2 O
BRI . SRR ARSI A1 SO 1 B R e o
HRIE B BT RE IRYTT CNS P4 g

MR8 240 M g s, 3 76 A1 S M R TR I
MR LA, AN RS ST A
175 S5 1 Sy 1 B TR I I 4 e 2R3k €3, Rl
C3 M4 1E AL Mk U A i i b sy s 78
AT I A TR S E AT SRy 1 2 T A o 4
(A ARAE . 1 H B P RS B 40 B LA 40 Gpe6
J Sparcll i # 24 4y P 5 fl T2 1% 174 A= # D) g el
R AEFRINREAY A1 SN B I T 40 i ]
S/ BB A3 Gpeb 5 Sparcll, KK Gpe6
Y5 Sparcll MG MFE bR, BLA, B M R T
S LB (AR 26 Bl F- TNF-a 5 len2 {2 3 25 70
NS T I T ¢l E e T

RIEIEE T, G5 20 it 3 35 G 28 2 1A Tl Ak 1Y)
W3 LMP7 25 900 e g "y BT M I 4 A 2 M
W GRREANAE, 7ERIEIREE T ik LMP7™, H
HIC A B X LMP7 B 1] B 1 77 PR-957, B iE#:
PEHIISE T LMPT7 (1 S1 456 D4R R,
P B4 5] 2 S T B LMPT T A 58 i A 1 3 358
fi. HWFIER L, PR-957 FEMSHNHIE 48 40 K 1
(R 7= PO 7 R B R 5 1Y /DN R i S B

Rirpr )l LMP7 #0461 5] PR-957 W] LABH iyl 4 245
i 49 (R BIUREAR , 0/ A e 41 PR ) 7 A 1
FE/N RIS RR 1T R PR-957 B/ 41 g
R A R A M R AT
PR-957 AJ AT LASI ] A1 s 7 1 B T M Jo 448 e 1
A

Aol FH A DR 2R R P =2 M AT AT 4t
BE ) LPS, ANHIF 78 45 S IE 52 15 & 1) 22 T 1 o 41 i
ANFIk C3, LPSHIlPE B ARk 3, 5
Liddelow %5 P (U BF 58 45 3 — 2, I H, SXFIa4]
) TR 8 T 20 o B & PR LIPS SRS B A2 T o
AR5 Gpe6 mRNA Fll Sparcll mRNA, &Rk
TNF-o A2 73 len2 mRNA, W] LPS i
FEAE AL RN IR AN .

WAL, AT RIS BT LPS FIE Y 2P e
AT HE, H PR-957 TiAb BR i) B2 o 4 it
FIB C3 WP . Gpe6 mRNA FI Sparcll mRNA 1
% . TNF-o 58 28 T len2 mRNA />, %
B PR-957 REVk /D LPS XF I W A A iy s, B
PR-957 BEPIH A1 S B2 T e o A i X T i

L FRTR, LPS 34 A1 SO vE B IR I
Y01, PR-957 REAMHI LPS 55324 A1 w1tk &
TR A

(& % x k]
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