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E3% 5 FFFE CFP10 0 ESAT6 %7 EBE4ARE RAW264.7
A=K AIM2/ASC/Caspase-8 & % BY 52 1l

IE #kE FX
THARNAAR LR TR VIR SRR A RE T ORI 750021

# ZE. [#%]1 10KkD 3247 JE &% & (culture filtrate protein 10, CFP10)4= 6 kD ¥4 wb i 408 ¥e &
€] (early secretary antigenic target-6 kD, ESAT6),2 £ 4% 0 #AF & (Mycobacterium tuberculosis, Mtb)®&
ZHEFEARTF, w3l EE@ee AT, [ B 4] 3K CFP10 f= ESAT6 *f E v 4 i, RAW264.7 A =
% AIM2/ASC/Caspase-8 15 5 i@ 3469 %5 7m . [ 7 ik 1 ) B KAT A R 3A& JF 4403k 1F T CFP10 4= ESAT6
Ea, EAEOQAEES ML RAW264.7 /&, #1F CCK8 XA & mefEdR, maEagas
22 4m e )R JE, #| A Western blotting FARAR T 4m f. 78 A48 X & @ & AIM2 F= ASC K MMk T4k, F)
FAR m AR m s B =%, [4 3R] SDS-PAGE #= Western blotting 45 R & 9 £ 41%& & CFP10 #»
ESAT6 £ iAE#, REF K4 CFP10 4= ESAT6 43 RAW264.7 /&, *témfttgsgsbst /) A A 24
FrHIVER, 4 CFP10 #= ESAT6 ¥k HIRE A 5 ng/mL A, @f0fE 28 Bak 2% FlE
(P<0.001), ELFEE % & KE 6938 Ao tm o 7% R 2 2% F 5 (P<0.001). Western blotting 45 R & 8, CFP10
F2 ESAT6 & & B fh A3 EvAmiR 24 h B ¥ a3l R E i L A& BT . S4IREH 5 ug/mL 49 CFP10
Fo ESAT6 240 32 B v dm LA, 2 4L 32 20 8 T 48 X & & BAD.CHOP. Caspase-8 #= Caspase-3 X ESAT6
O IR LA MR F £ F(P<0.001), $LEA CFP10 = ESAT6 2422 2 F[4/K T ESAT6 S jk4k 32 7] A2
W EEmitty AT, #—F AR RI ESAT6 48iEF AIM2. ASC £k, (48] S0 HHE
CFP10 #= ESAT6 4L 32 RAW264.7 /& 3 fe 5| R Ev tm o & A A1, 4 —H 28T, CFP10 22 %%
f& ESAT6 %4 il Reymty AT, 3t —F 8B K, ESAT6 T ft il id % &
AIM2/ASC/Caspase-8 13 5 i@ B A 5| 42 E v 4m R & & B = AR R 45 R oAt — F IR 7 Mtb & i A2+
CFP10 #= ESAT6 & & &I B "4 4a it 8 T ¢ A 4545 A B 5 FAUH L2 7 2,
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Effects of CFP10 and ESAT6 on cell apoptosis and AIM2/ASC/
Caspase-8 pathway in RAW264.7 macrophages
WANG Jian-Hong XU Zhao-Kun LI Wu'

Key Laboratory of Ministry of Education for Conservation and Utilization of Special Biological Resources in the
Western China, College of Life Sciences, Ningxia University, Yinchuan, Ningxia 750021, China

Abstract: [Background] CFP10 and ESAT6 are important virulence factors of Mycobacterium
tuberculosis (Mtb), and can cause the apoptosis of macrophages. [Objective] To investigate the effects of
CFP10 and ESAT6 on cell apoptosis and AIM2/ASC/Caspase-8 pathway in RAW264.7 macrophages.
[Methods] E. coli expression system was used to express and purify recombinant CFP10 and ESAT6
proteins of Mtb. Then, the RAW264.7 cells were treated with the recombinant proteins with different
concentrations. The cell viability of RAW264.7 cells after incubation with CFP10 and ESAT6 at different
concentrations for 24 h was measured by CCK-8 assay, expression of apoptosis related proteins as well as
AIM2 and ASC inflammasomes were determined by Western blotting analysis, and the cell apoptosis was
detected by flow cytometry. [Results] The results of SDS-PAGE and Western blotting showed that we
have successfully purified the recombinant proteins of CFP10 and ESAT6 from E. coli. After treatment of
RAW264.7 cells with different concentrations of CFP10 and ESAT6, the cells proliferation was
significantly inhibited. When CFP10 and ESAT6 were treated separately at the concentration of 5 pg/mL,
the cell viability rate decreased significantly as compared with the control group (P<0.001), and the cell
viability rate decreased significantly in a dose dependent manner (P<0.001). Western blotting results
further showed that both of CFP10 and ESAT6 with the concentration of 5 pg/mL could lead to RAW264.7
cells apoptosis after 24 h treatment. When RAW?264.7 cells were treated with CFP10 and ESAT6 together
at a final concentration of 5 pg/mL respectively, the expression of apoptosis-related proteins of BAD,
CHOP, Caspase-8 and Caspase-3 decreased significantly as compared to ESAT6 treatment group
(P<0.001), an indication that the co-treatment of RAW264.7 cells with CFP10 and ESAT6 significantly
reduced the apoptosis of macrophages caused by ESAT6 treatment alone. Furthermore, the results of
Western blotting showed that ESAT6 treatment could activate the expression of AIM2 and ASC
inflammasomes. [Conclusion] CFP10 and ESAT6 of Mtb alone at the concentration of 5 pg/mL could
cause apoptosis of RAW264.7. The co-treatment of RAW264.7 cells with CFP10 and ESAT6 could reduce
the apoptosis of macrophages caused by ESAT6 treatment alone. Further studies show that ESAT6 may
cause RAW264.7 cell apoptosis by activating AIM2/ASC/Caspase-8 signaling pathway. The results of this
study will lay a foundation for fully understanding the immunoregulatory roles of CFP10 and ESAT6 on
cell apoptosis and its molecular mechanisms in macrophage defense against Mtb infection.

Keywords: Mycobacterium tuberculosis, Tuberculosis, CFP10, ESAT6, Apoptosis
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R0 PR T R Mt i E )y T B A
T AT AN B Mtb P54 78405, 1 B ]
W E N T H, BRI Mtb
FIAHEAE X TB #Y A Jie BA S 252, $0] E
AL JH T2 Mitb Pk %75 T 5 i R 1Rl

Mtb J3 WA %) 241 it A1 2 1 PR AP PR B i 1) Ei
SPEUOT B Mt 433k JUREE g DT AT R A T
FAMAE ST, H, CFP10 il ESAT6 %
B P RD1 X 4y, J& Mitb 2 (8 71 [+,
WA B BA P TB £ K 1 (Bacillus
Calmette-Guerin, BCG)JS#EEZFHEI & 40
ESAT6 Hphnl 5 CFP10 45-& H4REXT 5 I 4 i (1)
IZE RN TR VE T, ARG ML 2] B J R k475 R
WeiER . CANISHGE ESAT6 AEfgis S B i
RAVET:, H ESAT6-CFP10 Filt4 2 11X [ 1k 41
P Mtb At 27 A g i iFged k30,
CFP10-ESAT6 & & YREMS T RAW264.7 4l
154 (reactive oxygen species, ROS)AY=4:, JF
H.~ 17 g £ ## (lipopolysaccharide , LPS) 175 5 1
NF-«B 15 5 38 F A OCHE (10 2635, T B i B w4
it g g 0 24 Y LA ST RS ESAT6 8
CFP10 b ih ¥4 iy ol ] CFP10-ESAT6 fil 5 25
Ab T R A T — 3% 1 A e e IR VR TR
I\ Tiwari 2504/ Mtb PE35 Fil PPE68 2 (1414
AE AL AR SR 3RS S5 &, B9 CFP10. ESAT6
A AL TN B W40 RAW264.7 JHT- A5, XA
B F st Mtb BORHLEE ZHLIAST Mtb JER Y G
BLIIAY T i

1 MBS
1.1 ##
1.1.1 RS EK

NERE VAN RAW264.7 W B ThERF2=FE
T A MBS BT , PR AF T PG BB AR A W B O S )
FZE TR E S LK% . 238 CFP10 F ESAT6 [y
¥Rk pCznl-CFP10 F11 pCznl-ESAT6 HiAS R
A RAT

1.1.2 EERLFFNEE

FERE SR 5L DMEM G4 1ML3E (FBS), Gibco
AN BREA . BRI, Oxoid 247]; W#EE
R EBRIAH G, M el E R A R A
anti-CFP10 . anti-ESAT6 #i{&, Abcam 7\ ;
AnnexinV-FITC/PI X Z4i5f &, BD A rl; HAl—
i B BAR i AL AR 1C F) 4T, Proteintech 23 7
b2 KR £, Abclonal A H]; 48R FHEBURA
&, WAIIEAYHE AR A RAR; TBST, L
AP ARABRA R ALk, 750G
WA TRABRAR; CCK &, RiFdid
YR AR F . GE {22 K& 6L, Amersham
Bioscience A PR/ ] o
1.2 A%
121 BEHEAMNFSRIERETE

A3 B A # 3k JFokE pCznl-CFP10 A1 pCznl-
ESAT6 4k 2 K #F b I 32 S 4 it BL21(DE3)
PLySs ", WRFPRA T & A2 50 pg/mL 2K
HRERM LB EAEEFRE E, BT 37 °C HilkESR
v, FRERFRSR . PR R TR AN TE S Ak
JER 50 pg/mL 2N EH &AM LB RIAR SR,
37 °C. 180 r/min #RZHHEFE, FRIMIEEFEE ODeoo
{E31%5]0.4-0.6 5, A IPTG LU EE A 1 mmol/L,
PR 4 h, ARG 10 000xg B0 5 min i
R,
122 HMEAMAL. EERASENER

H S ) R AE DKV R 75 (% 150 W, T
YE 5. [A1EK 10 s)%6% 10 min, 4 °C. 12 000xg &5
L 10 min B4R BIEfE, SRAIE R Sifbpiski T H
MR 2ifl, AHOCHERAE R R R Sl B B kAT .
Falifb15 200 B 8 155k T SDS-PAGE % i)
SEPREIUE, A HMFAWIE, HIET Western
blotting Kl . RF&lifb A3 Ay H Al iR
LRGN EHIT N R LR 2 H s 2l E
(R B2, X EAWRER TR,
1.2.3 Cell counting kit (CCK)#2ill RAW264.7 4H
pEEE

¥ RAW264.7 4L 1x10* 4~/HL3ERD T 96 £L
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WRGEFEMAp, FRANMENGREIS , B B WA (2.5,
5.10, 25, 50 pg/mL), A EFIHIE 4 DAL,
FFALEE 24 h 5, BEFLIA 10 L CCK ] & HiF
W, CE 1.5 h SRRSO Aseo (B, FITEAN
JMOAEIE R o AT R =[ (Wb HRL Agoo (H-25 14
Auoo TE)/ G BEZ Aaoo TH 75 T4 Aaoo 1H)]x100%
1.2.4 Western blotting &

¥ RAW264.7 4ffILL 1x10°4S/ALEEFIT 6 FL
MR REFE ML A, RE AN BEJS A 5 pg/mL 40P 24 h
J&, AamEaRman R R e E N, MEA
e kAT € /)5 B4 T SDS-PAGE BEJIE K 1.5 h,
300 mA 55 2 h, BifgFLEREA 2h 5, CFP10,
ESAT6 K 1~ AH 8 A5 RF S E— B AR & 1
5 A TBST 22 v k% 30 min, HILAFE BE4T 1)
PR A AL PR IC R EPUR 1gG (HAL) bR —
B, ZIEWEE 2 h, TBST SRk, A
ECL ik, FIFH GE b2k ek miig .
1.2.5 FEsN4HAEAs

¥ RAW264.7 4L 1x10° /ALEEFT 6 L
M5 7 LA 5 200 MO0 B F I AT 75 1) 2 P e Ak
B 24 h JE WA ANM, £ EE I AL L) ) Binding
buffer £ )5 1 000 r/min &.0> 5 min, F K 500 pL
Binding buffer # &, 31/l 3 uL Propidium iodide (PI)
YA 3 pl FITC AnnexinV (AV), #OGHEE
30 min, B E AV LYy PI HYL(53 °C 7K 3 min)
FOBRZH o 22 5 R FH ok o 0 S 000 248 o 9 1 1
o, IFFERET A,
1.2.6 FIFESH

A B4R Graphpad Prism7.0 #4471 iY
One Way ANOVA #1744, B %=+
FRifE 22 (X£ESD) R o

2 HR554W

2.1 Mtb CFP10 1 ESAT6 EAMRIES 4k
#2315 Mtb CFP10 il ESAT6 #E 114 E. coli $

FEISA 50 ng/mL REER N LB BIAE IR

PRIEF, MWW ODgoo HIAF] 0.4-0.6 B I AL

W N 1 mmol/L A IPTG ¥55 4 h, BG4 G &

DS, X B B E A RIR S TR, K PE
1 CFP10, ESAT6 ¥kAFik, HAaT K/
(CFP10: #J 12kD; ESAT6: £ 8 kD)5 Hil K/ MH
7K 1A, B). Western blotting #rillZ5 (€] 1C. D)
FKW, 17E49 12 kD 1 10 kD {7 B Ab53 5 BT
CFP10 Fl ESAT6 Ffi HEHrIRiR RIS . Z 5 VKA
FRE PR IR, B0 Y 2 Rk R Al ik B ik
F & AT 1 4li4k . SDS-PAGE 4% Bt i /s i s 4lifk,
T CFP10. ESAT6 MFf#E (&l 1A, B).
2.2 Mtb CFP10 #1 ESAT6 X B K 40
RAW264.7 ZHREIE 71 695200

FAARFME Y CFP10 Al ESAT6 25 (AL B/ R
E VR RAW264.7, ik CCK 2 40 ML A7 1%
R, R AS ) v B2 o 2 A ) B I 4
RAW264.7 J& X} B ELHMLAEIE 2205200 o 4% BEUR[R]
WERAEE CFP10 AbFRANNL 24 h )5, ARFRZHS5XHHR
AL, 24 CFP10 ¥REEN S pg/mL B 4 AAFE 5 5

A kKD M 1 2 3

180~ 180—

130— presay 130—

93— = 95— —

72 ———— pr—— 70 — .. ———

55— 55— ¥

43— e 43— =

34— — M- =

26— = 26— .

17— . 17— &

10— 10— 2-_
CFP10 ESAT6

C 1 2 kD D 1 2 kD

1 Mtbh CFP10. ESAT6 ZEHMKREEA UK
Western blotting £

Figure 1 SDS-PAGE and Western blotting analysis of the
purified CFP10 and ESAT6 proteins of Mtb

1: A: CFP10 & 33k K 4lifk; B: ESAT6 4 Kk K alifk;
C: CFP10 Western blotting %£5#; D: ESAT6 Western blotting
Y5E. M: Marker; 1: BR2AT; 2: HRE; 3: HMEA.
Note: A: Expression and purification of CFP10 protein; B:
Expression and purification of ESAT6 protein; C: Western blotting
analysis of CFP10; D: Western blotting analysis of ESAT6. M:
Protein marker; 1: Before protein induction; 2: After protein
induction; 3: Target protein.
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FREIR(P<0.001), MYKFEIRF] 25 ng/mL 5 AMMLAF
TERANFIREMG, MIREET 50 pg/mL B HAUR S
25 ug/mL —FE(E 2A). R FAH R RS Y
ESAT6 bR, SXFHELHAHLL, 24 ESAT6 Mk
F| 5 pg/mL I ZHMLAETE 285 0T BRZHAH [b 22 St i 2
(P<0.001), LBl ESAT6 1k Tt = AU AAE 2RI,
TEWETHE 2 50 pg/mL B 4 A7E Fde IR (& 2B).
2.3 CFP10 %0 ESAT6 Z& HX}/\i B ME 41 pe
RAW264.7 HT-RY0E

T 5% CFP10 Fll ESAT6 & 5451 /N fLE
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=
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AT Caspase-3 [FRIA . SLIREE K], SXF
HEZHAH LG, CFP10 Zb PRV BE2h 5 pg/mL B} Caspase-3
()2 15 10 I 5 R T X IR 4H.(P<0.001), Ffi#F CFP10
WIE AT, Caspase-3 A E ¥R A4 B 48
1k, BRI T AEA PR SR S pg/mL J5 A bl
WeBE B THE TR (& 3A. B). ESAT6 ZhFHZH 5 %)
WEZHAHEL, [RIFETE 5 pg/mL B} Caspase-3 FF ik
B3 E T B2 (P<0.001), ELRfZE CFP10 &b JHZH vk
FERYHAIN Caspase-3 &R mWEZ THE, BV
PR ESAT6 b FRYk B2 /Y T T 35 in (1 3C D).,
ARSI ZE LR, CFP10 Hl ESAT6 & F138E1A T/
SUELMEANIE RAW264.7 KAJHT-. %EF] CFP10

o~

150
S
2 100
=
S
>
8 s0f
<=
<
[\l
v 0 5 25 50
ESAT6 (pg/mL)

El 2 Mtb CFP10. ESAT6 xf E BkZf it RAW264.7 40 AEIE 71 B9 7200

Figure 2 The effects of CFP10 and ESAT6 on the cell viability rate of RAW264.7 cells

H: A: CFP10 XTAUMEIG JIM52m; B: ESATG6 XJAUMLTE Iy iysgma. =+ 2R B E, P<0.001.

Note: A: Effects of CFP10 on cell viability; B: Effects of ESAT6 on cell viability. ***: Extremely significant difference, P<0.001.

M 0 25 5

Cleaved caspase-3 (1 7 kD)‘_""—gw
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EER wrr g
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caspase-3
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C M 0 25 5 10 25 50 (ug/mL)
Cleaved caspase-3 (17 kD) - =

B-actin (42 kD) [[ = e ww w——— |

D
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8]

—

Relative expression of
caspase-3

C 25 5 10 25 50
ESAT6 (ug/mL)

3 CFP10 #1 ESAT6 & B 3J ERE4A Al RAW264.7 A T B2
Figure 3 The effects of CFP10 and ESAT6 on the apoptosis of RAW264.7 cells

. A, B: CFPI0WRJEREE; C. D: ESAT6 WML, *4*,

ZEW B, P<0.001.

Note: A, B: CFP10 concentration gradient; C, D: ESAT6 concentration gradient. ***: Extremely significant difference, P<0.001.
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1 ESAT6 & I TES A% /3 BT bk rhad i DA 1:1 JBE
IR e GV SAAE, PIRSscsrh — &
¥R 5 png/mL FEARFE BRI RAW264.7
2.4 CFP10 #1 ESAT6 #% 1:1 £ B EW /MR E
Mt 4 A RAW264.7 )BT B9 5200

T HRSE CFP10 Fl ESAT6 b FH %6} = nk 441 ity
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Bap (18 1k0) [ = G S
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kb, CFP10 4. ESAT6 4 b AHRA RN B E S
FXF AL (P<0.001), #&1fi, CFP10 Al ESAT6 Atk
PRI, MO TR ESAT6 B ih BRZH i 25 FAA%
(P<0.001) (Il 4). A Ti#F—LInuExX—458, Wl
WA AN 4 AR TR IEATREI, KB
HEE B ) Western blotting 25 R —Z (] 5)
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Figure 4 The effects of CFP10 and ESAT6 co-treatment on apoptosis-related proteins in RAW264.7 cells

T¥: A: Western blotting [§; B: T M3 Caspase-3 FikT/MH7; C: WM CHOP £ ®/Mr; D: WM BAD £ik®
S8T; E: JHT-HISE Caspase-8 Fik /M. *+*; ZZRMBE, P<0.001; **; ZFEE, P<0.0l.

Note: A: Western blotting analysis of apoptosis-related proteins; B: Relative expression of Caspase-3; C: Relative expression of CHOP;
D: Relative expression of BAD; E: Relative expression of Caspase-8. ***: Extremely significant difference, P<0.001; **: Significant

difference, P<0.01.
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A C.fcs compensated B CFP10.fcs compensated ~ C ESAT6.fcs compensated D CFP10+ESAT6.fcs compensated
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Figure S The apoptosis rate was detected by flow cytometry

. A-D: #5E; A: Control; B: CFP10; C: ESAT6; D: CFP10+ESAT6; E: AT ZAMHTE]. ***, 2 F B3, P<0.001;

*h, 22B G P<0.01.

Note: A—D: Flow cytometric scatter plots; A: Control; B: CFP10; C: ESAT6; D: CFP10+ESATG6; E: The rate of apoptosis. ***: Extremely

significant difference, P<0.001; **: Significant difference, P<0.01.
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(P<0.001), UiH] ESAT6 REUSHLIE AIM 5 ASC, M
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FIRAKFEH R T B E T IHP<0.01),

3 W4t

CA SR Y] ESAT6 1755 F Mg 4 i it i 74K
T Caspase i i, Bl ESAT6 1] LA Caspase-1 .
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AL AL, S-SR A T, Ay
SCHRFE ] ESAT6 AT LA A A Joit o 17 3845 | 72 I W 4
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=N SV RNy e e I A o = B
RAW264.7 KT, {H CFP10-ESAT6 fli i
516 B LA R U TR B AR T ESAT6 FE414k A
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J&F— I\ F, WL 11 BER BTty S —
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Figure 6 The effects of CFP10 and ESAT6 on the
expression of AIM2 and ASC inflammasomes

W e ZRMEE, P<0.001; **: ZREIE, P<0.01; *:
ZHARE, P<0.05.

Note: A: Western blotting analysis; B: Relative expression of
ASC; C: Relative expression of AIM2. ***: Extremely significant
difference, P<0.001; **: Significant difference; P<0.01; *: No
significant difference, P<0.05.

BIKE IR, 5 Mib AR 3
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AIM2/ASC/Caspase-8 {5 551 M . 73 4h AT
WwRIL, 24 CFP10 Ml ESAT6 —# FLAbFimt,
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