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Effect of hypoxia-inducible factor 1« on microglia M1 polarization
and its mechanism

ZHANG Xueer, AN Hongwei
(Department of Neurology, the Third Affiliated Hospital of Guangxi University of Chinese Medicine, Liuzhou 545000, China)

[ Abstract] Objective To study the effect of hypoxia-inducible factor 1« ( HIF-1a) on microglia M1 polarization
and its mechanism. Methods Microglia (BV-2 cells) were randomly divided into six groups: control, 10, 50, 100, 200
and 500 pg/L recombinant HIF-1o groups. Morphological changes of BV-2 cells were observed by fluorescence confocal
microscopy. Changes of nuclear factor ( NF)-kB p65, p-STATI and TRAF6 protein contents after recombinant HIF-1a
protein stimulation were quantitatively analyzed by Western blot. Results Compared with the control group, microglia cells
stimulated by recombinant HIF-1a protein became larger, round or phagocytic, and their processes became thicker and
shorter. Intracellular NF-kB p65 and TRAF6 proteins were significantly increased compared with the control group, and the
result of groups with varying concentrations of recombinant HIF-lo protein stimulation were significantly different.
Conclusions HIF-1a can stimulate microglial M1 polarization and there was a dose-effect relationship between different
concentrations of recombinant HIF-1ar, which may be related to the regulation of TRAF6 and NF-kB activation through the
TLR4/Myd88/NF-kB pathway.
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o, G T2 PR Sy i AL ot 0 K B 2 PR 2 i it 1
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G IR S B 2 o TR 25 A A 493 1) s 1 v
/NG BT 240 LR AT AR AR ML AR S5 A4 i (42
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JHL 7 H ) B 5 VR G An 5 R R M TR A AR
PRI~ ) 5 ke i P s 24 v 5 0 4 A A i 5 473 5
&5 BUIAH 3G 5 34Ok, 1 22 B 9% % I AE i 8 TS
RIS vh e 3/ J5T 240 P 240 KR R
i, EL/NBE BT 4 M B AR 7 A= 0 ARRE B 8 I g
e it P B A R SR Y B SR B L
(‘signal transducers and activators of transcriptionl,
STAT1) AR kB (nuclear factor kB, NF-kB) FI il
SRR A N T SZ AR A0 5% 1 T 6 (tumor necrosis factor
receptor-associated factor 6, TRAF6) J& /N 52 5t 241 iy
M1 W AR G 5 v 1) S R 7 3 B T & B
FEMLAARGR M B FOIRAS R, HIF-1a0 38T, /NIR R
MAEIE LI B, H Uk, BFEE I HIF-1a 25 /)
JE I 20 A 6 A AR A R, A BIF 5 AN () 9 B )
4 HIF-la 5 1AL FRARSP S T3 89/ BT 20 B, WL5¢
HIF-Tor X /N 5 200 A 285 B 52 00 2R o /) Jie Jo 240
Jfl p-STAT1 NF-kB p65 Fil TRAF6 & [ 1A
PUHBE HIF-1a J2 52 5/NE B0 M1 i Akt
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1.1 #HBa
JINEVINBE A I —BV -2 2 it 2 (I R AR
mEHEABRAF]) .

L2 FEAHNSMKE

DMEM/F12 }: # K ( gibeo, % 5.
C11330500BT ) ; m 3 JIi 4 1l 7 ( gibao, % 5
10270106) ; AT ( gibeo, 5575 :15140122) ; H 4 HIF-
la #E 1 ( prospec, 5% 5 : PRO-477) ; % [1 marker
(thermo, 575 :26616) ;ibal HLK (novus biologicals,
7% : NB100-1028 ) ; & 5L - 1gG-FITC ( proteintech,
575 : SA00003-3) ; DAPI ( abcam, 5% 5 : ab104139) ;
GAPDH ( CST, #2%5 : D16H11) ; NF-kB p65 ( bioss, 5t
5 :BSM-33059M ) ; p-STAT1 ( santa, 575 : sc-8394 ) ;
TRAF6 (santa, #75 : sc-8409) ; -4 %4 1gG ( bioss, 5%
1 bs-0295G ) ; L B TIgG ( bioss, 5T 5 bs-
40296G ) ; 10% 111 3 IfiL 7 ( beyotime, 57 5 ; C0265 ) ;
BSA ( biofroxx , HBe. 4240GR100 ) ; meilunbio KL

B

#H ECL & Y6 ( meilunbio, 525 MAO186) ; Hii {4
i B ( beyotime , 575 . WB100D)

I AL WILBE (nikon ) 5 4627 &G (BLT) ; il
FrAY (thermo ) 5 HL K A8 ( 5% A B 47, 62 5 seli-1-
0248) ; L, YK 1% ( bio-rad ) ; B 5% J65 (easybio, 5% 5 .
BE6092) ;CO, 553246 (biobase) .

1.3 KA E
1.3.1 Zifsssz

K H DMEM/F12 55573 i 4 1l FOWPHs 77
BV-2 /MR RANE, & T 5% CO, 37°CHF-A B 51
AR, BOSEUCE K IN AN, 70T 24 LA (40 ie
A HERTE T 24 FLHN ) A6 FLAR , kG335 1 d
JEBENLS M 6 41 : Control 4 10,50 ,100,200 £ 500
pe/L BEE SR T 1o HALE AR, Bk 3
NREIFL, Control ZH ANYEALFE, B 4H HIF-1o 25 H Ak
PR 4y 59 FH 8 40 HIF-1a 2 1 10,50, 100,200 il
500 pe/L ALEE BV-2 4iljitd 24 h,

1.3.2 ibal 2L

Wi — 1 DU LR B 35 95 3k, PBS ¥k 1 3
4% Z F WP EEK — UL AR LAY 4 E B [ 2 15
min, PBS ¥ 3 i ; 1 0. 5% Triton i %5 4 i€ /10
min, Y& 3 3 5 F11 20 RTC R AR £, 10% 1L 2
HERAEE 1 h AR A LN bal $Tik
(1:500,FH0)4C IR E SR, WHYE3 #HG,
WA TgG-FITC(1 = 100) , % IR AR RO &
1 h, ¥k 3 i, DAPT G L5, LR AL 90O i il
TSR,

1.3.3 HEEAHRBEEN L

Fie A 4 A A BN LS OB 45 A A0, R
F BCA B & E A T &, 11 bR, BORE
1T SDS-PAGE BEWE HL UK 70 58 8 1, MR e 1k B e B
% PVDF JIiE, 875 2200 H B8 A/ T & DT IUR A,
BSA EfA] 2 h, i ARG R4S 19 GAPDH (1 = 1000, %
Pt) NF-kB p65(1 : 1000, % B 5 BEPLA ) | p-STAT1
(1 :200, FEATEREHTIAR) F1 TRAF6( 1 : 200, Bl 558
FEPLIAR) ,4CTIE B I, J5 iUE T FEPife 1gG (1 :
5000) EHLRL IgG(1 : 5000) ,4CHEE 2 h, A K
FEI, FAALZR LG . K H Image J BN 2 45745 JK
FEAEIFH#AT 50T o
1.4 SitEH*

BHi >k 1 Graphpad Prism 9. 2 #4748 110 #7,
THEFORER F B AR 22 (xs) oo, AL LR
R ¢ K56, 22 41 H A SR PR R 3 7 22 40 AT ( One-
ANOVA) ,P<0.05 FnEFHAGIFE LA
S ERE 3 WL,
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2.1 E4 HIF-1a F B/ R4 SR 0E

Control 4 7] W53 BV-2 A ERKZ, B W0
AR, H MR it 7 (& 1A #i3k) ;5 Control 4H
[4,10.50 pe/L E2H HIF-1o F 4L FEZH BV-2 754k
AR A SEE A28 40 (& 1B 1C ik ) 598
ifii, 5 Control 41AH L, 100,200,500 peg/L HIF-la
ZHEE 2L BV-2 41 i ] 0022 31 58 e AR /0 A R, it
PRAEIRAE 6 (1D TE %5 3k) , U3 500 pe/T 4
BV-2 4 M 2T 5 W5 240 L, e A K Xof B Sy [52 4i  %
1F #ik) .
2.2 EAREENBENLER

2] HIF-1o 8 FIRIBEHT S A 40 NF-kB p65
FITRAF6 IR BH AT 2% (P<0.05),
p-STAT1 FEH RN B A G227 (P>0.05),
Control 21 NF-kB p65 Fl TRAF6 & 4 A RAR /D 22
HIF-1o A E ARG , AR L NF-kB p65 Fl
TRAF6 KA m (Bl 2), 45T EA HIF-1a
HEHBE , 5 Control ZHAHEL 50 pe/L W LI 4%
4] NF-kB p65 Fik¥ A T+, 100 we/L WL I
%40 TRAF6 A B It &, H NF-kB p65 Al
TRAF6 £ 11372 35 7 il P B A [ 7 201 T b A B
225 (1K 3,P<0.05) ; SRR FH L p-STAT1 E
5 Control A& HITCGE T2 SL(& 3,P>0.05) ,

3 itig

B i A A — R AR A B R BB i —
KIEH X425 A NS = R R g, M1 7
JINEE LB IE S AT 43 0 2 4 DX A ML AR £ e
SRS, A FE R W AR B &
Ao BIRSE A B i PR 2 P R AR SR M BN
JR AN MBI Ak, T 2 5 VR, A A AL /N R
H R IR, /0N T 4T K S i, /0N I 4
T M1 AR A, o= A AL - DK CD8™ i A8 4
T 40 A7 S5 50 B it g 25 20, Bl DA Ay S i I 9 A £
FERET A 5 M DR R i B it A o
Jei PN R SRBE R I G 57 B 98 U , 30F — A5 A2 0k o 48 R
A I X S BE AR Wi, A5
M1 B0/ S5 40 A A B4 5 iy PR 26 e L R A7 45
TF, AR ERIAYT Bl A o ) B SR, BT
FURYHUABE RS (RN HIF-1a - TF, KK/
J A A Ak FL AP B Tk 1 =, Y] NF-kB 11
AL, HIF-1a B9 72 AR A2 | I A1, 78 3500 /) B
o HIF-Too K38 0 AT S5 350/ 0N i J5 440 A 45 386
Fis T H A AL 2 M1 R MR ik A AR R A T Y R
WO H2Y R R HIF-1a 235 J H 2 53l 6 ml ek /b
JINEE T 40 A ML S Ak, BN D855 AL A R RE S
R AR ARG R K E ST 4 R B HIF-1a 1]
B /MR AT M1 TR AR AR DG, (HJE: HIF-1a 25

A TIRZE ;B 10 pe/L SLR BT T 1o TWAHE R ;C.50 ng/L BEIE SN T la EHEANEA ;D100 pg/L LEIHEFH T la &
2R A E 200 pe/L BEIA S 1o AL AL F 500 pe/L BEEGA TN F 1o LR A HIH4L,
1 BEERHET 1o BSR4 M1 1k

Note. A, Control group. B,10 pg/L HIF-la treatment group. C, 50 wg/L HIF-la treatment group. D, 100 pg/L HIF-la treatment group. E, 200

wg/L HIF-1a treatment group. F, 500 pwg/L HIF-la treatment group.

Figure 1 HIF-1a induced polarization of M1 in microglia
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RE BRI T /N e B 4m itk g 5 ) S M Ak A
B, DRI, AR B 5T SR FHAAR AP SE B IE B HIF-1ac X5 /)N
e BRI VE T, ASBF 5T R H B4 HIF-1o 85
A1 A 35 /0N T o 200 L, PR s 3R A e 9 Ol B R
WL /IS S A A T 25 e B0/ 0 G Tt 40 T 265 fii i)
M1 BIR AL, Ui HIF-1o A] BEAR A /NI o 40 i & A
M1 B Ak, HATE N AT HIF-1a X7 BT 4
Jig M1 B A VR AL T AN B A . 3 AR 98 e B
LA B Il Bl SR, NF-kB 78 /)N B2 5 44 L N 4 15
T, DT fof /)N 58 J5 40 i g 50 A1 2 At AR PR 7, 2 TL-

2 EHGEENEAI BV-2 404 NF-«B p65 .,
p-STAT1 and TRAF6 ik
Figure 2 Expressions of NF-kB p65, p-STAT1 and TRAF6 in
BV-2 cells were investigated by Western blot

A HRZE ;B2 10 g/ BREIS ST 1o 120 2R R4 C . 50
pg/L BT S F Lo T4 AU AL ;D 100 pe/L SRATE S
T la TYLE AL E:200 pe/L B TE SN T 1o T41E A H
AL F 500 pg/L BEIE SN T 1o AR AMIBA, S5¥RAM
I, *P<0.05, ™ P<0.1, ™ P<0.01;'5 200,500 wg/L G4 %S
T 1o TS ARG, *P<0.05;5 500 wg/L B4 %S H
T la BHEARBAME, *P<0.01,

B3 BEIAEFHET la Xt NF-kB p65 .

p-STATI Fll TRAF6 & [ R A& A5 I
Note. A, Control group. B, 10 pwg/L HIF-la treatment group. C, 50
pg/L HIF-1a treatment group. D, 100 pg/L HIF-1a treatment group.
E, 200 pg/L HIF-la treatment group. F, 500 pwg/L HIF-la treatment
group. Compared with control group, *P<0.05, * P<0.1, “*P<
0.01. Compared with 200 and 500 wg/L HIF-la treatment group, *P<
0.05. Compared with 500 pg/L HIF-la treatment group, **P<0.01.

Figure 3 Effects of HIF-1a on the expression of
NF-kB p65, p-STAT1 and TRAF6 proteins

1B (interleukin-1B, TL-1B ) | 5 5 B — % fb & 5 g
(inducible nitric oxide synthase,iNOS) 4 2 S5
2k MRl D REAZ L 5 7 s’ A NF-wB #EIESE AT LUK
T /N BT 200 L, I 3 ST A 0 M B A M1 3R
A BRI > NF-kB p65 W AZ 5% A ] NF-
kB 55565 Il /N 5 40 i M1 B Ak, DA T ik 20>
48 B T 1L-6 1L-18 I TNF-o B RS | o4k, 10
TS 1 NF-«B _F 98 AT 98020 HIF-1a (97742, MM
V555 SR AR S 7 A A — R B I G RS T R R
RESE  AHFSE R EET NF-kB p65 &1, K2
i FE A HIF-1o 2 H RIS, NF-kB p65 Fika Ul
TR 3), U NF-xB p65 5 /)8 i 5t 40 g M1
RIN AL R REAEA Y A B0/ NI B 4 e M1 A Ak
K 38 [ A HE I 24 B2 U B (janus kinase, JAK)/

4 /NESFRANAE M1 B AR pL i

Figure 4 Mechanistic diagram of M1 polarization in microglia
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STAT1/NF-kB il }%  JAK2/STAT3/NF-xkB i@ % I
Toll F£3Z 4K (toll-like receptor-4, TLR4) /HEkE 71k 25
FIPT 5 ( myeloid differential protein-88, myd88)/NF-
kB BRI 4, FE AR B, & BT
1) BV-2 4 i p-STAT1 ZKF- 5 25 F i, W] M1/
BT 40 M A5 I 0 40 B 4 b 7R ( cluster of
differentiation , CD68 ) £ ik /K FH it ™! L Luo 451
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ik, Z B TRAF6 78 4] HIF-1a 25 (Il 5 2k
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T H At W 2 AL A2 25 Y p-STATI #E4T B — R B GIE
SR A 2 B NF-xB p65 7E HIF-la % JE K 50
pe/L DL AW T, i TRAF6 75 %8 HIF-1a ¥
JEILF] 100 pg/L VA EA B U RS E ST HWAEN
HIF-1o J30 IS0V B AN [l A R itk — 20 5T s (EE 7S
HE RSP EAE HIF-1a 9 10 pg/L I 294 H B
WAL (K 3), E LR ERE AR A, HIF-1a 1Y
LR B I 50 we/L A S FF IR A /NI BT 4 i M1
WAl (1), i s 2t L 150 B 75 223k 3 — 5 Yk
HIF-1o A BB /MBS BT 40 il & A= M1 AUl Ak, A BF
FVIARZR T HIF-1o X /NI B 20 B M1 B Ak 1 7]
REMLEL . BRI, HIF-Too X /NI BT 20 L M1 B AL 2 75
AEAE LA Y [FIAE FH ML 6 A o0 4 i 2, 5 B —
A ARSI A 5T IR S

2E b ARBESE R IR HIF-1a 7] 355 5 /N B2 5 440 i
M1 5B Ak, FHAE A L6 AT fg 38 i - 9 TLR4/
Myd88/NF-«B i K SLELAY
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