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Role of TLR/NF-«kB signaling pathway in methamphetamine -induced primary microglial
inflammation
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[Abstract] Objective: To investigate the role of Toll-like receptor (TLR)/NF-kB signaling pathway in methamphetamine (METH ) -
induced primary microglial activation and inflammatory reaction. Methods: Primary microglial cells were isolated and cultured, then
the purity of primary microglia was detected by immunofluorescence. Cells were treated with METH (300 wmol/L) for O min, 15 min,
30 min, 1 h,3 h,6 h,12 h,and 24 h, and the activations of primary microglia and NF-«kB pathway were detected by Western blot. The
inflammatory factors (TNF-a, IL-18, and 1L-6)and TLR1-9, 11 mRNA levels were detected by real-time PCR. Results: The purity of
primary microglial cells was above 95%. After exposure to METH, the primary microglia activation marker IBA-1 was increased and
the NF-kB pathway was activated. In addition, the mRNA levels of inflammatory factors (TNF-a, IL-18,1L-6) and TLR2,4-5,7-9,11
were significantly increased (P < 0.05) , while the level of TLR1 mRNA was significantly reduced. Conclusion: METH can activate
primary microglial cells and promote the release of inflammatory factors by regulating the TLR/NF - kB signaling pathway. Therefore,
TLR can be potential targets for METH neuritis response intervention with certain therapeutic significance.

[Key words] methamphetamine ; primary microglia; TLR/NF-kB signaling pathway
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B LK TN i (methamphetamine , METH ) J& —
HARFIMZ RV AR NS R, WF5EaRM,
METH PR Z S /N BT A A 5E s /NI
J5T 4 Jif 2 o AX B 28 &R 58 (central nervous system,
CNS) H i B B S e 40, AR I 00T L /NI B 4
JRLAL T RS A2 B0 RIS | /N 5T 4 i
BV, B MR SR FE K - (tumor necrosis fac-
tor- o, TNF-at) | [141 % - 1B (interleukin- 1B, IL-1B) .
F14 2 -6 (interleukin-6, 1L-6) ZE R HE K T2/ /Mg
JoT 4 1 A R B L T S BCH R R 2 A AR )
RIEPIGi o Toll FESZAAR (Toll like receptor, TLR ) TE/N
BTN T 2 2R SR RS R R T T
IR VAR 5 01, A0 G ih S E 1Y AH 5G40 S 240 i
PRl B B PR e s KT, TLR /2452 5 METH 7]
R PR 28 A SO W AN A

ABIFFE I 2ok AT AN BT A A METH H4 25
R, BTERDT TLR SR IR EAE 5 B 1 S
SRR, T METH f T A P 7R 5

1 #RTTE

1.1 ##

METH ( H [ & 5 25 & K BF 58 B, 46 % .
99.9% ) , PrimeScript™ RT Reagent Kit JZ % 53057 &
(TaKaRa 2], HAS) /N IBA-1 B 58 FEHT A (Pro-
teintech 23 7 , 32 [# ) , /)N B Phospho - NF - kB p65
(Ser536) g FEHL AR o NF-kB p65(D14E12) H7
FEPTIR (Cell Signaling Technology /A 7], 3 [F ) , HRP
FRic B E PR 1gG (H+L) & HRP Fric 9 EH0 /0 B
IeG (H+L) (Jackson Immuno N D), BEER B
il 37 (Roche 28 ] , Bt ) , 41 24 A v . 2 1 il 4000 761
) 7N BB -actin B8 B HTAK (Sigma 23 7, EH ),
PVDF i \ECL &G (Millipore A F), 2 )

12 &
121 JRAR AR fm s 3

2218 d SD KB (3K T 5t BE R K 2= 550 34
Hty ) BRI SE W7 k , TR SR R UGB E TP IR R, 43
EE 00 A R > 3k Bz T, 2 B iR S T HBSS
W, ST AL S5 MR 22100 wm 140 pom 9575 3 9
HE 3x 1074 L 42 T 1% 18 mL DMEM 35 55 ¥ (N
B 10% 5 45 ML YE L 1% ST L 0.04 mg/mL I 41 fifg
RN ) 75 en® 5 IR, 36 F0 4 dJ5 2F
TR SR, DUG R 3 d i L IRIG R . AN
FE PG 5t R R 27 5L 5 2 ) A A A B A A 2 D ot
HE (HEYES . TACUC-1801008 ) .

122 SR AEEE

4% 22 5 W [ 22 DA /N I J5 44 i 30 min, 1%
B Triton X-100 7K _L &1L 5 min, 10% 1112 1L 37 °C
B30 min, —4i4 CHEE LK, —H037 CHOLIFE
2 h, A BRI ) DAPLE 4L ot R 45
WA T AL REDER 3R,
123 &G LI piE ki

FHER P2 (PN 2 Tl e it 411 ) 7400 1 285 1
il 7)) 2R At SR /N e S A L, $ R AR 1T, SR BCA
PN R TR . R (R LK 40 V, 43 B
EHLTK 90 V) B (200 V, 1 h) , B FH (5% HE 1545
W2 ), —Pi4 CIFE R, P E 2 h f
PVDF 5 ECL A AW BIR (1: DIRA, & Tk
FRNBURRGHTEOG, AL 2D ER 31K,
1.2.4 Real-time PCR

PEIUFAR /NS 5T 40 i Y mRNA J5 |, 4% & Prime-
Seript™ RT Reagent Kit 2 % 5% i 71l & Ul W1 45 , B
mRNA 336 7% 53 i cDNA, 53T 519 (51 9 77 51 WL 3%
1), vk EFECHI SR R 2R % B ABI7300 26 )6 & PCR
AU AR (P AR ) £ 96 °C 30 s TASYE, 95 °C 5 s,
60 °C 34 s, 40 IRAGFR . BFHE S 4D AL, B G i
A a2 PCR ™) 5 B — MR AR i i e /5 th 4
WRCR . LUB-actinfEN S, I 27 X 45 SR A 73
BT . AAC=(Ci1-Ci2) = (C3-Ci4) , Col ; REFH
R 0 35 PR A 1 G R, 2.« A B A8 R 3
(A AT FREL, Ca3 2 XoF R b 1000 6 PR 14 s SR
B, Codt o XF BERE T A I DR ) s AR, Pir A 445
REDEE IR,
1.3 “%it57s%

I SPSS20.0 FR A4 X6} 52 56 25 i 47 G v 2%
BT, 25 2 FH Y B bR 22 (x = 5) /o, Z41E =
TERFLECR R 2 5 229317 (one-way ANOVA) Ky
55, Z2 2[RV ECHE P  EL A2 Dunnett ¢ K55, P2 E &
B LA Student” s ¢ #255 , H Graphpad Prism5 #X
HHAER . P<0.05 MEFEAGH#E L,

2 & B

2.1 DRI tm e ST b vh B T

7N T 240 B 3 3% B 10~14 K, 7ETE IR K P-4
JR 137 °C, 260 r/min £ 5 2 h, WA B 1740, A
CO.THIRBEFRFARE IR 2~3 d i , FIH G 9 6 ik Xt
JRAREE SR M AT S S Al b &l 1 TR
2140756 s B2 TBA-1 PHIPEZIE , TBA-1 &/ NI
I M R SRS AR AR R T, E S T A A
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Table 1 Sequence of rat derived primers

SN AR L5191 (5'—3") M5 19 (5'—3")

TLR1 CAGTTTCTGGGATTGAGCGGTT TAATGTGCTGAAGACACTTGGGATC
TLR2 GGAGGTCTCCAGGTCAAATCT ATTCCGCTGGACTCCAATGT

TLR3 ATTGGCAAGTTATTCGTCCTCCTC AGAGATTCTGGATGCTTGTGTTTGA
TLR4 CTGGTGGCTGTGGAGACAAA AAGGCTTGGGCTTGAATGGA

TLRS GCTCCGTGCCTTGGACATAAC TAGCAGTGAATTGGGGTACATGC
TLR6 CAACCTTATTGAATCTGACCCTCC CCCTGCTTATGCTCTCAGTTATCG
TLR7 TCCTTGGGTTTCGATGGTATCCT AGAGATGCTTGGTATGTGGTTGATG
TLR8 GAGACTCTGACACGCTTGGACTTAT AGCACATGAAGGTGAGGAAAATACT
TLR9 CTGGTGCTGAAGGACAGTTCTCTC GCTGGTTTTGTTGATGCTCTCGTA
TLR11 CTGGAGTCTTGGGCTACACG TTATCAGCAGAAGCAGCAGGGAG
IL-6 CCACTTCACAAGTCGGAGGCTTA GTGCATCATCGCTGTTCATACAATC
TNF-a CCAGACCCTCACACTCAGATCA GGAGGCTGACTTTCTCCTGGTA
IL-1B AGCTTCAGGAAGGCAGTGTC TCAGACAGCACGAGGCATTT

B-actin CACCCGCGAGTACAACCTTC GGTGTGATGGTGGGTATGGG

DAPI Y 4%, R (L5 . Merge AW 1Y & 3T
&l /N 5 40 M 1 0 5 =TBA -1 BH P 40 At/ D A PT 2% %
MHEIx100%. BEHLITEL 10 S0EF T 19 IBA-1 FRic /b
W SR I EL S DAPT AR A AL, 25 50 s, $5 FR
ARSI 28 A3 B B 3 /NS SR AR ) 3 /NI o 4 e
AREIRF]95% LA L A5 A TR st i B oK

IBA-1 DAPI

2.2 METH &N i 4m fieL oy ik & A )

SR GE METH X /I i 5t 240 B %) 303 A,
300 wmol/L ) METH Ab i 54 /1N it J52 41 15 min
30 min.1 h.3h.6h 12 hF124 h, WELJF A /NS By
SO AR A 1 IBA-1 SR . W 2 s,
IBA-1F3K7E METH AL34 30 min J5 744 FIF, IF7E T h

Merge

E1 /MERAMETE 54 E 51 (x200)
Figure 1 Microglial identification and purity analysis (x200)
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Figure 2 Activation of primary microglia induced by METH
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KB, 22 A Giit B (P < 0.05), R
METH B 3800 S /N B 2
2.3 METH %5/ 2 i, %00 B F %K 09 % v

£ 300 wmol/L i METH 43 Bl Ab B A /N e 5t
M 12 h.24 h )5, {6 ] real-time PCR #6114 @.?
TNF-a. IL- 1B F1 IL-6 ) mRNA %3k, 408 3 iR,
TNF-o IL-1BF1IL-6 mRNA 7E METH W% 75 24 h 5 %
KB RE P EREASFEE (P <0.05,P<
0.001,P <0.01),
2.4 METH %4 s i 8 B TLR R #% mRNA 7K -F 89
AL

SCHRHRE , TLR 152 570N B0 40 L 1) 9 P

BAEH o H300 pwmol/L () METH 5 B AR /N 5 240 it

W 24 h, K50 TLR 1~9 .11 19 mRNA FiAEM . 45
KR, 5 XA A e, METH 4 2 J5 TLR1 )
mRNA 7E A/ N BT 240 il 2238 T B¢, TLR2 \4~5.7~9

A1 mRNA R P, ZREA5I#E
(I 4), 11 TLR3 Al TLR6 i mRNA 7K TG HH g A%
k.
2.5 METH *f NF-xB il % /& 49 % v

B N F NF-xBJ2 TLR 5 5 1 T ilF, = 5175
RAE R TH AT, 300 wmol/L ) METH 4b Ft
JEAR/ N BRI 15 min .30 min. 1 h .3 h .6 h 12 hFl
24 h )5 , 7F 15 min i NF-kB (BB LK S IF 46 T
1 30 min B IR 2 S0, SXT IR iR, 2 R B A 4
THE R S BSR4 X R (1E5) .

3 it it

METH J& T 2K N e S I, & — b B B i
A A il 3 T 25 M7 B, AR AR , METH i3 A H 5™
0 4 A A Rk e A s S AR R R s
NHESZ AR 7~ , METH i AT 3 80™ 5 1 i 28 R

Elg 2.0- . El:j 3 sokok Hg 4

® ® ® 3
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3 @ ?

L£ 0 T T T d‘ 0 T T T d 0 T

= SHEEZL  12h 24 h YR 12h 24h Tﬁﬁéﬂ 12h  24h
EXHRAMIL, P <0.05,"P<0.01,"P<0.001(n=3),

E3 METHX /NG RAMKEREFRIENLT

Figure 3 Effects of METH on the expression of inflammatory factors in microglia
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METH % /R /NER R ZH B TLR1~9. 11 B mRNA 7K T 89820

E4

P <0.001(n=3),

Figure 4 Effects of METH on mRNA expression of TLR 1-9 and TLR11
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P <0.001(n=3),

E5 METH 3t NF-«B & B i#iE K50
Figure 5 Effects of METH on NF-kB activation

BiEEPE . METH R EEPEAE LI - 2 2%,
jr_%@ﬁ/\ﬁ R SV TR LN Y (TR =R AR QWANY 3
JOT AN L R E S S H R, METH 5 5 11 /NI it
Mt 96 M SN METH A2 2 IR 3 . /NI
JF AR R 2 R G B R PRI, FE AR R
I 1) 570 e RN A RS- h R A AR . IE

8 IRV NN DV s s T NN (S = e
D el R, /NI R A M T AR T /NI

JoT 40 M 2 BT A AR A AR LR, 4 TNF - IL-18
IL-6, SEZTCAI LT . ARLIRES R s, 5
AR/ J5 40 i %% 5% /£ METH 30 min Ji5 , IBA-1 5
1265 B 5B TH e s 0B 24 h )5, RV TNF-o IL-
1B 1L-6 ) mRNA 7K~ B @ 45, a4 R 4o,
METH %2 5% B b 0% /NG BT A e, ELAR 2 /)N 15 o 240
ffd v 46 PE P F TNF -, IL- 18 . IL-6 mRNA [ 55 22
ik SR, H AT METH 755 /)N i J57 20 i 28 E S5 Y
BLKIIEASERI T B, ABFSE 3T METH 3%
/N A T RE B3R S
TLR S R A 2 K FEAE R h T iz A8 7R .
WL sh b 2=/ DAFAE 134 TLR ZE K, TLR 1~9 78/ s
AAZE K, 1M TLR10~13 {XAE/ NP 251,
W5 R W], TLR ZEM 8T /INBE 0T 40 M 52 T% s ot 24
JHL 5 T A R R 28 T A R A R /D
JI2 o A 36 35 22 b TLR , 1% 58 1 52 AR AE /N T 40 il
14 G 38 SN & #E FEBEAE P 2 TR0 20 A sl v ek
YU —IB e IR R IIE A B A . FER
1R/ MBS A AL R LT JEAS 21 TLR (9283, (H—
BN AN S i SRR Z M TLR . A
SEEG 3 3 real-time PCR KGN METH 307 19 71N i
AL N TLR 805 51 mRNA 7K S48 4k, i1 %
P TLR2~5.7~9 .11 i) mRNA 2535 B &8, $2n
/NS BT 20 B P e ) bR 22 TLR mi i METH [

P, TLR 2238 B9 35 b 5 38 1115 5 % ok B R
PEF mRNA A93635 . NF-kBVE R RO H )5
TR S DXL, /NS B A0 BT S B i 2 R A Y

RAENBETEHEREZEEM . F, AR T2

5 TLR 15 5 R MEH 7R3k B9 T E(5 5 38 1% NF-«B

AT DL, AETP A2 R G D, NF-kB {5 538

Al 25 Z R 2B T PR R . — 2Bt 5Tk,

NF-kB [R5 F2 2 58 Pt PR 7 ek v i) OC s 20

PR, 1 1L J5 B NF-xB 7% 5% 242 N 5 HAH G DNA%

el & Vs S RYER 73 R By 6 5 v, kgl

SRR TABESE HH METH 22 28 34005 IR ﬁ/l\ﬂﬁaﬁéﬂiﬂﬂ

P NF-kB 45 58, #2R NF-kBZ 5 T TLR i F & M

HFrRIA
AWFFEHE R T TLR/NF-kB {5 53 2 5 METH

5 5 B D AN B o 400 i ) T B S 1 TR - 3R R

AR, J5 S E— 45 % TLR/NF -k B {5518 % 2 [A]

W5 AL & A TR ANRSE, AN METH # 28

BEPERY T B BV 7R A
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