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Effect of minocycline on activation of microglia M 1/M 2 phenotypes
XIANG Bin, SHEN Ting, XIAO Chun, LI Xiu-fang’

(Yunnan University of Traditional Chinese Medicine, Kunming 650500, China)

Abstract: This study was designed to investigate the effect of minocycline on microglia activation of
M1/M2 phenotypes. The model was induced by lipopolysaccharide (LPS) in BV-2 microglia cells, and was
used to evaluate the effect and mechanism of minocycline. We measured nitric oxide (NO), prostaglandin E,
(PGE,), tumor necrosis factor alpha (TNF-«), interleukin-6 (IL-6) and interleukin-1 beta (IL-14) in M1 type
microglia, and interleukin-10 (IL-10) and transforming growth factor beta (TGF-4) in M2 type microglia through
enzyme linked immunosorbent assay (ELISA). We used flow cytometry to detect the expression of M1 marker
CD16/32 and M2 marker CD206 in order to evaluate the influence of minocycline on microglia activation of
M1/M2 polarization. Finally, we explored the mechanism of minocycline through detection of the protein
expression in response to activation of toll like receptor 4 (TLR4)-mediated myeloid differentiation factor 88
(MyD88) dependent pathway, mitogen activated protein kinase (MAPK) signaling and nuclear factor- kB (NF-«B).
The results suggest that minocycline obviously inhibited the production of NO, PGE,, TNF-a and IL-6, and
increased the production of IL-10, TGF-£ in LPS-stimulated BV-2 cells. Minocycline significantly down-
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regulated the expression of M1 marker CD16/32 and up-regulated the expression of M2 marker CD206. These
results suggest that minocycline can inhibit the activation of microglia to M1 phenotype and promote the
transformation of M2 phenotype through down-regulation of p38 and NF-xB signaling pathways.
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M, PRSI ThRE, 75 G AR o B AR v, B
M35 S /MR Bl g A, JF = AR R AR, TE1L
NEFRAM R M1 B M2 B R R AR L, M1
HEAZ IEA, HTHLEK y (interferon-y, IFN-y)
gl 2 ¥ (lipopoiysaccharides, LPS) %1% S, W] 4
W—E R (NO). MR (IL)-14. 1L-6 FIRIRIE
5 -0 (TNF-a) SR R T, 02 4i i, A I
106 % 5 I 5 T 1 22 T A, BN DR o i P 8 IR )
FEREHMS 5, M2 BIRIE I, B IL-4
B IL-13 55, n WPt & B a0 1L-10 FAE LA
K 7-p (TGF-B) &, K% o JNE S B A2
BEH LB E R O, SRR R B, W 1S RN
JoT 40 B PR 2 B AR AR, AR /) 2 J5 400 i e 2 % 7Kg ML Y
TEAGFNTS SR 210 ML B /N i ot 40 B [l 40 98 (1) M2 %
I B TR 1S 5 B JE KON A T ek 42 4 22 T 1Y)
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K % ¥K % (minocycline hydrochloride, MINO)
2 AU RRTEPIEAY), BAEETN
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LA IR A 2 AR R FEITSY, T S 4 B P /8
R 4 B B3 AR
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FAEE, ROKTEIR R E AT 79T, R AR
2R

MR 5RE*E

HYSIAT SEORIE R (IS WXBB4793V).
LPS (#it5: 025M4040V) 4 [ 3£ [H Sigma A #;
RPMI medium 1640, i fiLi5 « 5 55 5 2 X 0.25%

trypsin-EDTA, g H £ E Gibco AF;, —HAE—
HEMR . /NE IL-18. TNF-a. IL-6. PGE,. TGF-f
Al IL-10 ELISA BRI &, ¥ E g st @ Ay L
Wt i, CD16/32. CD206. NF-xB p65 Hifk, %I H
Abcam /A #]; PE rat anti-mouse 1gG1, [ 2£[H BD
Biosciences A 7]; p-NF-«B p65. p38 MAPK. p-p38
MAPK. JNK. p-JNK. ERK. p-ERK ¥ifk, ¥ H
£ [® Cell Signaling /A #]; beta tubulin. beta actin.
GAPDH ¥k, ¥4 H Proteintech A .

YHRE BV-2 /NN RANRE, T E R E R R
BRI 0 B, %5 KCB200770Y J.
Y i 15 77 T 10% AR 21 i 1) RPMI medium 1640 5 7%
W, T 37°C. 5% CO, 4Hiuss 7R A R 5 9%, AN
JEHEKIE B 80% A A7 HEATAE AR

1088  BEFR1X (Infinite M200 PRO), Fi: Tecan
AT, CO 47746, S£E Thermo Scientific 2 Al;
AW 4siE (BSC-130011 A2), FhM 2R ESEAH
PRA R, BB AHZ B (Ti-S), HAJE .

MTS:3E UK BV-2 /)N i 20 i il 1k
YRR, BERT 96 FLEFFRIR (=Tt 0.5x10° 1),
%5 fL 180 pL. 48 h JE IIAAS[FIH B 1) 24 HAE i
THEREE TR, SLIGA M e H A (R R, A
nanp). IEEAH (EWEFRAMR). KGN RERH (K
FE4¥ %125 0.001. 0.01. 0.1. 1. 10 A1 100 pmol-L ™),
FAWHE 6 NEIL, K 96 FLEFIEUMN 37 C. 5%
CO, %1 #5398 24 h, &FLHFIMA MTS (3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium) ¥ ¥ & 28 Jii B K
317 pg-mL 7Y, ARG FRAEIEE 2 h )5, HEFF 490 nm ik
K, FERgAR A B E % ALWOGE (OD) i, 54
FARRAAE 2, AR

Y ff A7 175 2 (%) =(OD sxm —OD spu)/(OD gym —
OD 2:14) x 100%

ELISAE  HUOW A K H BV-2 /NI 5 4t fifa 1
PR MR, AT 6 LRI (=TT 1x10* A,
4L 1.8 mL. 48 h G INAAFIHKEE KR 2 (0.1,
1 A1 10 pmol-L ™Y, IEH S I AL AR AL 41 45 F A5 i
T IR AL, ARBEREIE 24 h, YR AL AR 2 I\ 2%
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&, ELISA WF &4 LB W+ TNF-a.
IL-18. IL-6. PGE,. IL-10 #l TGF-8 & & .

MANBEE diMRE IR, A2, ERER
“ELISAVE” | Y2503 T IL-4 40 (10 ng-mL™Y),
RS, UAEANE, 1500 r-min &0 5 min, ¥ PBA
BTG, TR, TR I 5 2 4 R R R Dy
ZETF 1xA0° A o SR FH 400 M 26 THI L 935 4 28 6 s Y (7 %,
TN PBA Wit )58t #Fbrid CD16/32 T 4 CHFH
1 h, PBSHES: LR, K2 i =558 2% T 500 pL PBSH,
TRE), B, 4 CROLRA, g i U
MMM CD16/32 FRIA . K FH 40 i 2 1f A] 4% e
PEROE Yt T, I PBA HiFkft) CD206 T 4 C
i E 2 h, PBS¥EH 1 k. i PBA #REHI5 R brid
(1 =40 4 °CHFE 30 min, PBS PRI 14Kk, K40 57
=% T 500 L PBSH, WA, BEAE S, 4 ClEE
TRAF, FH AL 40 B AR I 41 i i 25 1 CD206 R 1%

Western blot 5 4l 9%, 424, @&k
“ELISAE” , KB ZK A4 251 % 5 0.01 pmol -L 72,
RS, Wk RIEW, BALLA PBSTE 1k, &AL
ZUAEW 100 pb UK -ZE 10 min, WCHE AN i 2R
14000 r-min* .0 5 min, B EE & QWK E,
13 ub EAFERIIN 4 5 FFEZEM 5 ub 1 DTT
2L, FHEW 10 min, 7%, —80 CLRAF. £ 30 ug &
I 5 SDS-PAGE 73 B i (p-NF-xB p65 1 NF-xB
p65 I 8% Bk, HAEAHM 10% 7 & K)
HLUK, 20 V BT 30 min, 5% 5 2R 9530 1 h,
—Hid A 4°CIE, TBST ¥k 4k, P A= 1 h,
TBST ¥t 4 &, it ECL B E, A Quantity One
Qb B 2% 49 BIK BE AR

GitFEEE BUEHUx+s Fon, AR EECR
R R 7 20 M b B, 75 255 # KA LSD ki
U, 5 AT K A Tamhane’s 656, P<0.05 H 4t
NES-9E

R

1 KIBEIRREX BV-2 /B R 40 IEE(E A S0
KB ZEAE 0.000~10 pumol-L ™ T BV-2 /)

JBZ R A 24 h X BV-2 /1Nt J57 24 i 48 5 G B e 5

it 100 pmol - L7 9 BE I X BV-2 /NI 40 B 3 A

—SERHMEIE (P<0.01). 4% W% 1.

Table1l Effect on the survival rate of BV-2 cells by minocycline
(MINO). n=6, x+s. ““P<0.01 vs control group

Group Concentration/pmol -L ™ Survival rate/%
Control - 100 + 17
MINO 100 13+ 1%

10 108 + 10
1 92+11
0.1 98 + 19
0.01 104 + 12
0.001 96+ 4

2 KIEWEI BV-2 NNRERAMIFELG M1 RER
A

2.1 KIBIREXS LPS Bl BV-2 /)R RABE LR
NO. TNF-a. IL-18. IL-6 1 PGE,BI&M LPS
WG, BV-2 /N R A0 i S s AL, AR KR E RER T,
R NO. TNF-a. IL-14. IL-6 Fil PGE, & &1y
FLIEH A BT (P <0.05 P<0.01); 4F KN
FEWE, TRFEFEILRAERNT NO. TNF-a. IL-6
M PGE, FIR, SHAAMLIL, ZRBERITEE
X (P<0.01). &R WK 2.

22 KIBREX LPS B BV-2 NRRMEL G
EH CD16/32 FikHIZM  IL-4 (10 ng-mL ™) Fik
W& (0.1.1 4010 pmol-L ™Y 7] i LPS % BV-2
R R G IR H CD16/32 [k, ERA
Gt X (P<0.01), VEWIK 1A 3.

3 KIBEWEX BV-2 NRFRMAIENE M2 REMR
A0

31 KIEFEXIERE BV-2/NRERMEFER IL-10F0
TGF-g HI80  IL-4 (10 ng-mL™Y) A {& ik IE % BV-2

Table 2 Effect of minocycline on the release of inflammatory cytokines (NO, TNF-a, IL-18, IL-6, PGE;) from LPS-stimulated BV-2

cels. n=3, x+s. “P<0.05 ““P<0.01 vs control group; ~P<0.01 vs model group.

IL-6, Interleukin-6; IL-12, Interleukin-1 beta;

NO, Nitric oxide; PGE,, Prostaglandin Ez; TNF-a, Tumor necrosis factor alpha

Group Concentration/umol -L NO/umol-L™* TNF-a/ng-L™* IL-18/ng-L ™" IL-6/ng-L* PGE,/pg-mL™*
Control - 2+0 66+ 1 20+0 15+1 175+ 4
Model - 13+ 0% 7224 23+1% 25+ 144 207 + 244
MINO 01 10+1" 68+ 1 2+1 23+2 186+ 6"

1 1n+1" 64+5" 23+1 10+1" 186+ 3"
10 9+1" 59+ 3" 23+1 23+4 181+6"
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Figurel Effect of minocycline on protein expression of CD16/32 in LPS-stimulated BV-2 cells

NS R 4 SRR I TGF-B AT IL-10, 38 Giiti X
(P<0.01); 0.1. 1 A1 10 pmol-L" Hém%%i@ﬁbﬁl&
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Table 3  Effect of minocycline on protein expression of
CD16/32 in LPS-stimulated BV-2 cells. n=3, x+s. ~P<
0.01 vs model group

Group Concentration/pmol -L™* CD16/32/%
Control - 60+1
Model - 63+2
IL-4 10ng-mL™* 46+3"
MINO 01 41+1"

1 41+3"
10 51+1"

Table 4 Effect of minocycline on the release of inflammatory
cytokines (IL-10, TGF-B) from BV-2 cells. n=3, x+s. “P<
0.05, ““P<0.01 vs control group

Group Concentration TGF-plpgmL™  IL-10/pg-mL™*

/umol-L 7
Control - 36+3 144+2
IL-4 10ng-mL™* 50+4"4 165+44
MINO 0.1 42+4* 152+0%4
1 43+6" 178+3**
10 40+4 163+3**

M, 22 3o g it % = L (P> 0.05), 1HA T
e, FRME 5,
3.3 KIBMEF LPS B BV-2 N MR LIESE
H CD206 FIAREM IL-4 (10 ng-mL™) FUKIEHR
% (0.1. 1 #1210 pmol-L ™Y AT EiM LPS 1 BV-2 /)
JB R 4R E AL S i R 1 CD206 %L, Z5RA 4t
R (P<0.01). S55ENK 6 FIE 2.
4 KIBIMEX LPS B BV-2 NERMAENRE
MyD88 & H &ik &2

LPS 3 24 h J5, MyD88 & 4RI A Tt i ds,

Table 5 Effect of minocycline on the release of inflammatory
cytokines (IL-10, TGF-p) from LPS stimulated BV-2 cells. n=3,
x+s. P<0.01 vs model group

Group Concentrafi 1on TGF—@ . | L-1071
/umol-L /pg-mL /pg-mL

Control - 69+ 2 197 + 26

Model - 62+5 191 + 22

IL-4 10ng-mL? 84+2" 202 + 20

MINO 0.1 76 +2 232 + 22

1 80+13 204 + 19

10 70+4 205 + 25

Table 6 Effect of minocycline on protein expression of CD206

in LPSstimulated BV-2 cells. n=3, x+s. ~“P<001 vs
model group
Group Concentration /pmol -L™* CD206/%
Control - 8+1
Model - 10+1
IL-4 10ng-mL? 19+17
MINO 01 16+1"
1 26+1"
10 25+1"
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Figure2 Effect of minocycline on protein expression of CD206 in LPS-stimulated BV-2 cells
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Figure 3 Effect of minocycline on protein expression of
MyD88 in LPS-stimulated BV-2 cells. n=6, X+s
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Fik, ZREYT¥E L (P<0.05 P<0.01). 45 5%
K 4.
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J5R 200 L £ S5 5 0 A A 1O T AR Sz AT Ak e R
Y MUM2 WAL AR, SRR R AR AT T
9T SRH LPS £ BV-2 /N5 4 i 5 5 fh i i 4
KA, FEORERRIMER, SRER, KEH
FAT R E ] ML 2N 5 4 R A E A B NO-
TNF-a. IL-6 F1 PGE,, ik I % A3 4k B /N i ot 4
MR M2 bR &N TGF-B Al 1L-10, 7Kl &
AT N B 20 B T M B AR Ak, AR B 0N T S5 4
Jif 1) M2 B (R A, A ST 68 R DK B 3R IR EE 0
a3/ R A M 4R AR 7 (0 NO. IL-6 A1 TGF-B) 1]
i Z R B AR O R, R IR AR 2k
B I Y, B K R 30 X L 20 i R 1 B T
AR R, HE RN B AL R ik — B
FEo VI MBACK I ML TR /I8 JR2 J5 248 i 26 1 A 26
) CD16/32 Ft M2 B4 /I8 52 I3 24 i JE 2 T 47 7547 CD 206
B8 FAUESE, DK FR 20T T U8 5 U 10 I i o 4
MU 1 CD16/32 IR IAFN b 58 Vs Ak (1) /N IR
YA ER 1 CD206 [HFRIA, Ham e nT i/ ke 5 4
J g R A M1 B AR TR E L AT R B M2 B
AL

KRF4E RS Kobayashi 25 M5E K H & T
it/ BRI AR/ S5 240 e PR AF 9 45 SR AR W) & o AE AR SEEG
N T B ML R S 5E T IL-6. PGE,. iRk
[ CD16/32 LA K Je it M2 B 4i K T TGF-p 1I%
8, BUESE TR R/ R4 M1/M2
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Figure 4 Effect of minocycline on protein expression of p-p38 MAPK, p38 MAPK (A), p-INK, JNK (B), p-ERK1/2, ERK1/2 (C),

p-NF-xB p65 and NF-xB p65 (D) in LPS-stimulated BV-2 cells.

BRI ER, A F— KUE B BV-2 28 X 25
W) S 8L 5 TR AR/ I S5 4 T LA B i — B, S
Ab, AHIETE N 7 GEK U IR FR IR A 42 SORE AR FH A
T, B AU LPS HE N B 5 A e AL SE, ORI ER
X toll FEZAK 4 A K MyD88 15 5% i %
R AT T 05T

N FAMIAE LPS RN & AR s, 2 5%
FoEKS 5 HRE, 7 ol F£24 4 A SRR
MyD88 {5 5 T i& 1% FiiF, MAPK {5 5@ Al NF-«xB
ST EBEGE, 25 RER TR RES S, KR
X MAPK 155 B NF-xB 55 BB 3ET THEA,
SRR, KU IR AR VB R R0 S AL/
JR A 2 1 MyD88 R IA Jo B s, XA T B
K AHK IR Z A N U w8 S A0 0/ IR 5T 4 i 2
1 p-p38 MAPK #iI p-NF-xB p65 [ %, i~ p38

n=6, X+s. ““P<0.01 vscontrol group; ~"P<0.01 vs model group

MAPK FI NF-«xB p65 15 518 % 1] it & K 28 32 K 4%
WA JOEE I E BB A, HERANMHLEA
it — B I¢
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