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Role of HIF-10/BNIP3 signaling pathway in regulating
macrophage autophagy induced by BCG infection
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Western China, Yinchuan 750021, Ningxia, China
2 School of Life Sciences, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: [Background] Hypoxia-inducible factor 1-alpha (HIF-la) is a key factor in response to
cellular hypoxia and plays an important role in erythropoiesis, angiogenesis, energy metabolism and
regulation of host immune metabolism. [Objective] To investigate the effects of HIF-1o/
Bcl-2-adenovirus E1B 19-kDa interacting protein 3 (BNIP3) signaling pathway on the BCG
infection-induced autophagy of macrophage RAW 264.7 cells. [Methods] Small interfering RNA of
HIF-1a, siHIF-la, was constructed, and after the transfection of siHIF-lo and/or Bacillus
Calmette-Guerin (BCG) infection of RAW 264.7 cells, the autophagy rate of the cells was detected by
flow cytometer. Western blotting or immunofluorescence technique was employed to determine the
protein levels of HIF-1a, BNIP3, LC3, Beclin 1, Rheb and mTOR. [Results] BCG infection
up-regulated the expression of LC3 and HIF-la in RAW 264.7 cells. The transfection of siHIF-1a
down-regulated the levels of HIF-1a, BNIP3, LC3, and Beclin 1 and decreased the autophagy rate of the
macrophages after BCG infection. Moreover, siHIF-1a promoted the expression of Rheb and p-mTOR.
[Conclusion] Our results indicated that the knockdown of HIF-1a inhibited the HIF-10/BNIP3 signaling
pathway, thereby activating the mTOR pathway and inhibiting autophagy in RAW 264.7 cells after
BCG infection.

Keywords: HIF-10; BNIP3; BCG; macrophage RAW 264.7; autophagy

45 9% (tuberculosis, TB)JEF 45 KT S5 Mtb BYL AT, QFETE N A W5 i
7 (Mycobacterium tuberculosis, Mtb)EGL 2 K. 8755 S0 40 A K 10 W . BN it 2 )

() — i AL Y, 200 HA R R RIAE T
K, HATSIRZAA 14 ARG T Mtb U,
[FE, 3F 2 4F COVID-19 Kimfrx 2skIa A
BINEREV NS S Sy W=l Y 3
Pl RIS Kk, SEEZH P IF AT
IESE S T

5 I 200 i B 2 X B D A SRR e 14 55— 3 By
28, & Mtb 1Y T H1E F AN 24 Mtb A2,
105 441 6 )i 3 — 2R 87) 32 AR 6 1 45 5 G BB I )i
S| & GERTIEE, it EMER . Ay
TR W55 R A PUR AR AR A A

BE . PR PUR R BB AR RIER A, A
SRR EUA R RS T B —, AU
WA WE AT LA EA MR R BT, M
IS BTN Y Mitb (O AETE 207 Bk, #89)
I Wik B8 2 A AL R 45 A 428 1) 25 P T ] B ogi Y
FEW Ik B REED,

AT FE AT, 40 A R TFN-y X545 A 58 Mitb
TE N IR I A R e 22 DG T B, (R Y i = Bl
'S A+ la (hypoxia-inducible factor 1-alpha,
HIF- 1), 4 TFN-y 4T EGeAE F H BE b
4 A B A 7 W T [ C) HIF- 10 & HIF-1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



LEP5Y54E: HIF-10/BNIP3 15 5@ B X BCG 5 5 EWG 41 g B W i) 521 3839

P —ATHREME I, R A AR AU R
HFBRTEE K 2 AT, HIF-1o bR T
P AN e AR A, ATREIR S 5RE AN B
W . Neubert 25T 40 5= e Na™ Xt K AT
WYL VE IR R B, 78 HIF-la 6P 0 4 i
W, Bel-2-f% 8 E1B A EAEFHEM 3 (Bel-2-
adenovirus E1B 19-kDa interacting protein 3,
BNIP3) 1 LC3-11 (BB G, F WA H
VS AR BCR /L, AL Na A e v B 1 1
Boe TR, RIS Na bt £ 4
BT HIF- Lo ACORPERS A B WEfE A . il
Li %I R s 10 B I 20 LC3 ik
s, {0 P62 MyFRIA T fL, HEEE HIF-1o #
WG, LC3 MRIBRERMHA p62 MFRIATET
R, UL HIF-1a B3OS (2E T P62 HREAR, fili
B MR AR BEWT , XX R SR Y Mtb AT
S5 X, HIF-1a B#E5rF BNIP3 J&—7 Bel-2
FIRM AR TR, Rk A g2k,
Hil it 5 mTOR M8 FUHMIG ] Rheb 454
M TORCI, fedk AwgEk £, YL B #
], HIF-10/BNIP3 {55538 7 40 il [ v ik 7 oo
AIREREEEAEA . SRIMELS R T, HIF-1o/
BNIP3 {55538 X Mtb YL I 40 it 1 Wik i) 7
BLTIAT AN 22

5T BCG &Yt RAW 264.7 45 ,
KIL LC3 I HIF-1a 35 B, FEt, FRATH
7 HIF-1a B9/N -9 RNA R 40 i ) HIF-1a
ik, JF45G BCG BYL 4, B FoE T4
HIF-la X} BCG 45 B WE 40 iGN HIF-1o/
BNIP3 {55l % . A WEE . [ WEAH 8 A
mTOR # & 1EH], #5785 HIF-1a/BNIP3 55
XS BCG i E A [ W f 52, DL ik
— B4R R Mtb YL R) B A 3w A 4R
B

WL

1.1 RS EK

SEH R /N BUE WA I RAW 264.7 1 A
FE R B BT ST i, ORAE T T R E
AR € A2 W T DR DR P 5 R T 2R B R R S
% ; BCG W B Fifg Ayl i 52 BT A7 BR A
1.2 FERFI LR

TransStart One Stept cDNA  Sythesis
SuperMix, Jtat X & EYH ARG IRA A ;
DMEM FiF EEFFOE 41, T QR B (h
EAR; 2E RPN &, F el E YR
F R JEABRAT ; HIF-1o F/N T3 RNA, LI
O 2 H R A RS Fl 5 Western Lightning
ECL, PerkinElmer 23 1] ; H Wi 17 &, Enzo
Life Sciences v H]; HIF-la., BNIP3, B-actin,
LC3. Beclin 1 AR E AL YIFRIC — Bt —H,
Proteintech /A F] ; p-mTOR FI p-p70S6K , Abmart
Nl. CO, 55554, Thermo Fisher 2A7]; GE 1k
FRICHTMAL, Promega 23] 5 B EHEOL W ibT,
Olympus A #l 5 WAL, Sysmex Partec 23 7)o
1.3 BERES

il Middlebrook 7H10 [ {43552 54 75 BCG,
37 °C ¥i3R K%y 3-4 JiJm, PR PRI G 7%
A Middlebrook 7HO ¥ A s:F- Ak rp  #H BT 37 °C
) 5% CO, 5 F7AH H B IR 2 4 J IS WO TR bk
1.4 fHRBIESF

PREHTHC AT AT L 9:1 ) DMEM:FBS ¢
IR, NIRRT EUE RAW 264.7 4
A, BT 37 °C K IR R IR, KA
BRFEHBESH | mL B2 FREA 15 mL &
&S 1 000 r/min B0 5 min J5FE FR,
BT mL 584 55 57 VR EE R4 1, oK 40 1 2 1y
SRR IR, B HGCELE 37 °C 1 5%
CO, B FRMfih g%, TRl G kT 80% A I

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3840 (YIS Gk

Microbiol. China

A AT MAE A
1.5 /FiE RNA # 3%

B AT RAW 264.7 4iififd% 1x10°>/mL
R E 6 fLAkH, 7E 37 °C 1Y 5% CO, i g 1%
FM PRSI, B—3 1.5 mL EP &, JGhn
A 5 uL ZETA LIFE Advanced #4477, FN
A 5 puL NC 5% HIF-1a /NF4E RNA RS, i
FHE 5 min, BRIRAE 09302 I AT N i
6 FLA L K535 24-48 h, PHATIS L2525 .

1.6 Western blotting

Be il 2 A, PRI iR e T, &
[ i1 7€ 7 357 & (bicinchoninic acid, BCA %)
W72 df 4= e B, @3 SDS-PAGE BERZHL
WKERE AR RS ZE PVDF B L, BG4
B 2h, MA—PIMBER, 4°CHELHR, K
H % 0.3% Tween-20 ) TBS Bl TBST 4% i
VR —P0, MAMB =ht, EEEE
1 h, ] TBST 2 il i i3 5k 4 9 — 40, I i ECL
RG], A4 B s G AR AN BAR
TRAFE R I Ak 253 B Bl -

1.7 RT-qPCR #2048 X E FH) mRNA Rix

Hi4 Real-Time qPCR 5| #1511 5 ) 5% 1
7 ol¥), HIF-la 5/4°4 F (5-ACTGCACGGG
CCATATTCAT-3")#l R (3-AAATCAGCACCA
AGCACGTC-5"), F|f Trizol :4&H4%AbBiH
)R RNA, FREGE 7086 T (NanoDrop
8000) Kl RNA ¥k B F4li B . SR 5 DL Fr 13 1
RNA MHE#g, H4E TransStart One Stept cDNA
Sythesis SuperMix i B 45 B il S i /& 22 (20 pL)
HEAT R 5 i cDNA, #34 TransStart Tip
Green qPCR Super Mix 5 B 45 L il 2¢ e e =
BERZR, BSERUR, i 270 g BRI
T AR iAo
1.8 RESCHHBE{AS T 20 Bl B M=

VNSRS SRl RGNS oalll F il o

HARSERE R K BRAFH RAW 264.7 41l
1x10°4~/mL M & 6 LB H, 7E 37 °C 1 5%
CO, A i SR rh B3Rt %, (] siHIF-1a 24/
il BCG AbH4MAMfS , FH PBS PEUR4NA 3 X,
FHRBEN (LA 2 min 5, IMASESRFRRZ L
4k, 800 r/min B.0> 5 min, F i, MAGLEL,
7E 37 °C [ 5% CO, 546 1% F 30 min,
800 r/min &.[» 5 min J57 i, 1 PBS #ik
3, F 1 mL PBS H%, 30 min P81t i 240
LA SR 000 24 Y W 2%
1.9 HRERK

12 LA T EIC R, A RARES R 47
) RAW 264.7 DL 1x10* A~ 8] 12 fLA, &
T 37 °C 1 5% CO, 45 5247, 17 4 A s e
HAERARE RIFHTHE T BCG BRYL S50 5 K 41 i
FiE SR, PBS IHVEANME 3 ¥k, AEIK 5 min; I
A 4%Z R E 2 20 min; Fis 2 RHEE,
FA 0.5% Triton X-100 ‘% ¥ 1% 20 min J5,
PBS JE VAL 3 UK ; fi 3% I3 118 11 %
FRE B 1 he FFEEMHR, MA—$L(1:200)
B, =IIFE 2 h J5FdE—Pi, PBS iHuk
FRE—P0; AR ZEEht, HOLEE
2h 5, FE 40, PBS WEUERAR —H; Wi
HAHE R ERET 4°C,
1.10 HFEHH

JI A SER R 8 a0k 3 IR ST S5 Y 5
Wk, SEI6 s % A GraphPad Prism 9.0 #4171
one way ANOVA #7481, £l
PR ME 22 (mean=SD)FR 7 o

2 X504

2.1 BCG i RAW 264.7 4HREA LC3
#0 HIF-1o BYFRIA

BCG il i #4901 £ 41 A5 W AR A5 518 1%

A g o TS G AN 1 00 s W =

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



LEP5Y54E: HIF-10/BNIP3 15 5@ B X BCG 5 5 EWG 41 g B W i) 521 3841

Bz T AR T, (H R i v A
H BER LR M Z E b ASLE ] MOI=10
#) BCG &4 RAW 264.7 4H 0 A [E] it fal s , 3@t
Western blotting &I 4 il N LC3 F1 HIF-1a 25
HFB AR, SR ER (& 1), LC3 fil HIF-1a ¥
KHEEYE 12 h HEREERFHEA
(P<0.001), ZJ5 LC3 £ X EL1E - F, HIF-1a
ik TGS, LI BCG &Y RAW
264.7 #iffd 12 h B, Ak A A VR A
HIF-1a 33k .

2.2 siHIF-l1o B9 F 33 IIE

K4 BCG &Yt RAW 264.7 40fifl)5 B2
P& HIF-1a B93R3E, HAEAS KT HIF-1a 1Y
/NTFHE RNA (siHIF-1a), H5H55 RAW 264.7
YL, ik Western blotting 1 qPCR il 2 Jig
W HIF-la BFRIEKF-. 50 WE 2 R,
siHIF-10-1213 THRZCR 47, AT 0 25 B R4 i
N HIF-1o % 151 mRNA kK F(P<0.01), J&
S B AR S S 1R FH siHIF-1a-1213 HE1 7.
2.3 siHIF-1a $1%] BCG Bit/F RAW 264.7
“HA8 N HIF-10/BNIP3 {5 S @&

NRSE HIF-10/BNIP3. {5538 % 41l H
W52, 38 3 siHIF-1a B4 BCG B W41
J0J5 , I Western blotting £ 41 Jifd )y HIF-10,
F BNIP3 357K WKl 3 4581 /R, BCG
S % FIHAE Y HIF-1a 1 BNIP3 f)3 ik
JKF-(P<0.01), 1M siHIF-la & &30 BCG g
Jo 4PN HIF-100 F1 BNIP3 93k (P<0.01), X
FH siHIF-1o 34 BCG J&YLJ5 RAW 264.7 4
Jitd N 4 HIF-10/BNIP3 {553 B .

2.4 siHIF-1o 31| BCG B /5 RAW 264.7
ol R SN

H WA A i R A2 B A, U 30 28
H W AH < 25 [ (autophagy-related protein), F%
U F W AR S8 I ZE M FL 3 P R R 2 RS Y

“ BCG
Control 6h 12h 18 h 24 h
LC3-1 o e
LOBIL | — —
HIF-1o | w— — . S s—
practin | N A S S—
B
6r
G
o EE S
=
2 g
582 4¢
2 °
%E_ dokk -
L =
2T
29 2
[SRs|
[F]
=
(=
0
Control 6 12 18 24
t (h)
C
- 08
o eokok
g
‘moe 061 ok
a5 &%
52
= 8
32 04
2
=B
SE 02f
g
= 00
Control 6 12 18 24

1 (h)

1 BCG BREAFREGE RAW 264.7 4AEA
LC3 # HIF-lo EEHRIFRIEKTF  A: Western
blotting Ml 41 i Py LC3 Al HIF-10 2 1 R 157K 5
B-C:LC3 Fl HIF-1a & 1323k 45 R KB 43 B s

*: P<0.05; **: P<0.01; ***. P<0.001

Figure 1 Expression of LC3 and HIF-la protein
in BCG-infected RAW 264.7 cells at different time.
A: Western blotting results of LC3 and HIF-la in
RAW 264.7 cells; B, C: The grayscale analysis

results of LC3 and HIF-1a protein expression. *:
P<0.05; **: P<0.01; ***: P<0.001.
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Figure 2 The validation of siHIF-1a interference
efficiency. A: Western blotting results of HIF-1a in
RAW 264.7 cells; B: The grayscale analysis results
of HIF-1a protein expression; C: The expression of
HIF-1ao mRNA was detected by qPCR. *: P<0.05;
**: P<0.01; ***: P<0.001.
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Figure 3 Effect of siHIF-1a on the expression of
HIF-1a and BNIP3 in RAW 264.7 cells after BCG
infection. A: Western blotting results of HIF-1a and
BNIP3 in RAW 264.7 cells; B, C: The grayscale

analysis results of HIF-la and BNIP3 protein
expression. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 4 Effect of siHIF-1a on the autophagy rate in RAW 264.7 cells after BCG infection. A: Autophagy
rate detected by flow cytometer; B: The grayscale analysis result of autophagy rate. *: P<0.05; **: P<0.01;

*x%: P<0.001.
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Figure 5 Effect of siHIF-1a on the expression of LC3 and Beclin 1 in RAW 264.7 cells after BCG infection.
A: Western blotting results of LC3 and Beclin 1 in RAW 264.7 Cells; B: Expression of LC3 was detected by

immunofluorescence (400%); Green dots represent LC3 and blue dots represent nucleus. *: P<0.05;
**: P<0.01; ***: P<0.001.
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Figure 6 Effect of siHIF-1a on the expression of
Rheb and mTOR in RAW 264.7 cells after BCG
infection. A: Western blotting results of Rheb, mTOR
and p-mTOR protein in RAW 264.7 cells; B, C: The
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p-mTOR protein expression. *: P<0.05; **: P<0.01;
**%: P<0.001.
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PR TE TS A0 M A Wi ) A 2 S, (B2
IREN [F) A5 B M 75 A i 1k AR W Mt 34
O AR S 4 AR SE BCG W] A S B I
Y & A A W, 3 H BCG B 8 3% i HIF-1o
L. AR, H Mt BY/ R, A
it ¥ 9 A B g 5 | R PR) 2 o O 45 v 48043 e B AR
=R BRG] = Py HE AR, WIARE HIF-1o Y
mRNA FIEE AP Bt @bk HIF-1a
/N FRAS RE B il A B Mitb,  FL PR 25 b 7 Jek e
FLENH BIRAE, Mtb ¥ HUEZ B, 2T E
WFFR 459, AT E T HIF-1a A9/N T3 RNA,
Al DA 1) TR A 1 R A T mRNA,  iE 1 i
¥ HIF-lo R R B &, DUMHEZRR
HIF-10/BNIP3 {5 53 I XF Mtb &Y% J5 F 41 g
H W )50
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BNIP3 J& HIF-1o (#8531, XF 4k A % 2
K%, HIF-1a AT LIS BNIP3 SRS 1 W L
AR A M A7 1% 202N A 5 HIF-1a SR 2 R
BB IFFEEE Y, HIF-1o K F5 R4 2 5l
S L 67 A 56, T H HIF-1a A9 B2 30 BNIP3
Fik, ARFHEREREP, TATHLE R BN,
siHIF-lo. Y & 3 BCG &Y 5 B Wk 41 i iy
HIF-1a #l BNIP3 31k, £ B] Mtb B4y 1] LI
T EL W2 L PN Y HIF-10/BNIP3 {5 538 1%, Wit
HiZ (G S-S BCG i S AR &, 1h,
HIF-1o/BNIP3 {5 53 B AU B W, 84
A0 M U8 TS AR AE o ) i B 2 b i R M
miR-206 ¥ [i] HIF-10/BNIP3, {40 [ 15t
0 40 0 TR e I Sk IR AR R SR
FIEME, TESEME S S /NE E st 0
WHFE 0% 19 HIF-10/BNIP3 i #5175 20 i
T-RISRBERY, Xl BE SRR AR O, A
WH9E F 3 1E HIF-10/BNIP3 {553 i % 41 il
I A S M 1

YA K A H R — D B AR R R R,
LC3 &5 AMEA MBS PR EEE N, )
T g v, LC3-I i LC3-1 554
W AR R 1T ) B NG Tk & BB 25 57 4, LC3-1T
(85 5 A A B T AR O SRl
Gutierrez ZEPWF 98 &P, Wi IFN-y 8055 A5
ZHH Mtb JBRY R B AT AT LA LC3 K
Beclin 1 57 WA MRS E L2 i A & AR,
IR 5 PR Mtb 7736 o ASWF 5T 38 3 A6 I
siHIF-1o 1K BCG 2L 5 E W20 I Y [ g3
W15 UESE HIF-10 25 845 Mtb 8L J5 B W 41 i
i) A Wt A2 T . siHIF-1o #7135 BCG B 5 41
S LC3II/T Al Beclin 1 315, X s L0
BCG YL I3E () HIF-10/BNIP3 {5 53 %2 ik
B A I A W

T MAEE 2 A ML FE S (mTOR) 2 A W 19 1
AT, RN AR ORGL, ZEIA
[vil {55 5 3 % 1 4% . Li IR & B HIF-1a
BTG B9 BNIP3 1] DL 454 Rheb F: (&K H: GTP 7K
-, HH] mTOR W& M ME AW, X 53ATH
WhoE 45 Bk —2, Bl siHIF-1a i3 BCG &Yt 5
I mTOR fY¥TE, W HIF-1a/BNIP3 {5
FiE B H mTOR, MfifE ik BCG i 4/ A
W A, Bellot 27 5E4E i HIF-10/BNIP3
A ISR mTOR 342 1 4 7 e/ FH 36 A
W, #6751 HIF-1o A G838 1f 22 Fhak 45 52 i 240
HmE, I Li ZP8E5E & B HIF-1a 5415 S 6-
R S HLBE B 1 YTHDF I 635, ek A
WEA G 1 ATG2A F ATG14 ik, M SE
4 B A W o

AR, BCG ERYTLIE ST RAW
264.7 M A ME, JFRE ER HIF-1o £k, 1M
T ¥ HIF-1a 7 il BCG & Y J5 4 g N
HIF-10/BNIP3 {5 53 # , #F i % mTOR i& 1%,
N IAANIE A 1R KSE . Beclin 1 fll LC3 £k,
il anHe A wE &AL o BT HIF-1a 0] fEi S 25
WA BCG B4 AW, HHXT BCG
V5S40 B VR AL AN B, PR, AR
S FE i — B TRAWESY, DT K 48 7 245 4%
o 1149 2 s AL R0 977 9 T 4 A 3 s R At R
B
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