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[ Abstract ]
mediated PD1 /PD-L1 pathways with functional PD-L1 ( programmed cell death ligand-1,PD-L1 ) monoclonal antibody upon

Objective To study the immune intervention effect and mechanism of blockage of macrophage-
tuberculosis ( TB) relapse in mice. Methods Female C57BL/6 mice were infected by tail vein injection of 10° CFU M.
tuberculosis H37Rv to obtain active TB infection. Two weeks postinfection, the mice in different groups were administered
isoniazid (10 mg/kg) (group ISO) and isoniazid combined with PD-L1 monoclonal antibody (50 wg/each) (group ISO +
PD-L1) respectively, continued for four weeks to obtain latent infection. The subsequent relapse was monitored. Among
the treatment groups, the TB relapse was induced by TNF-a antibody (50 ug/each) for four weeks from the beginning of
latent stage. At each scheduled time point, bacterial loads and pathological changes in the lung, spleen and liver were
quantitatively analyzed, thereby, the in vivo intervention effect of PD-L1 monoclonal antibody on tuberculosis recurrence in
mice was revealed. The in vitro experiment was further explored whether knock-down the expression of PD-L1 on the
infected macrophages could accerlate the macrophage apoptosis. Results The bacterial burden reached 3 -4 Lg (CFU/
ml) , and granuloma lesions were extensive in the lung, spleen and liver in the all infected groups, which appeared as
active TB stage at 2nd week postinfection. After treated, the bacterial burden of the lung, spleen and liver was decreased,
and the pathological lesions alleviated in the group ISO and group ISO + PD-L1, compared with the model control group,
showing significant differences, but there was no significant difference between the two treatment groups. However,
compared with the group 1SO, the group ISO + PD-LI had a significantly lower bacterial load and milder pathological lesions
during the relapse period. Futhermore, knock-down the expression of PD-L1 on macrophages with anti-PD-L1 or PD-L1-
Blockade of the PD1/PD-L1 pathway by PD-L1 functional
antibody can inhibit TB relapse in mice, and knock-down the expression of PD-L1 on macrophages or PD1/PD-L1 pathway

siRNA promoted apoptosis in macrophages. Conclusions

with functional antibody can promote apoptosis in macrophages, which together indicate that PD-L1 blockage can effectively

promote isoniazid treatment of TB and remarkably inhibit the recurrence of TB in mice.

[ Key words ]

macrophage apoptosis

SER G N A B 0 AL YL, MR
WHO ( World Health Organization, WHO ) i 45" |
2015 4F2BRHT & 45 4% 9% (tuberculosis, TB) B & 2K
1040 J3 161, 47 140 JT NFE T 45k, REBEE K
235 4205 S o5 BT R A5 A% R Y 15% ~ 20% , 1T
SRS R b S T AT 2 45 4% 1 L 249 R 35% ~
55% ", R S5 KR IT I B Kk R 25 0 1 B
HEA, SRS TR D R 28 e AR ) 3
RGP PR T 9 1 285 A2 0 P BN 1 AT 55 ik A
W TRl 45 R I R %

PD1/PD-L1 i {4 7 255 2 A 41 i e v 4 7
RIEAVEF ,PD-1: PD-L1 /PD-12 i@ B& 75 i g At st
SRR v R G 32 B TV T 7 P 45 A2 T 1
Hope Ve i AR B R, & AT, Bk BCG
(Bacillus Calmette-Guérin ) FIE#E H37Rv ( 45 4% 434
FFRFRUERR H3TRV ) B % PD-1 55 /Iy B A DG 44
PN S2EG R ) PD-1/PD-L1 i B AR E 1 45

AHF ST PD-L1 B a5 5 A0 k3 ) 1
PRI IHXTF TNF-o0 FUIF 5 19 45 4% 2 % (400 il 1
F ol o b /s BRUES o St B I 2 R I 1Y
fof 1B H SO FRR S BHAR PD-L1 iR /e, il ad
siRNA 1A AR S5 A% R B G 1 B W 21 i - PD-L1 5%

blockade with PD-L1 functional antibody; mice model of tuberculosis; tuberculosis relapse;

FH PD-L1 HiKFHKr PD1/PD-L1 %, FH R 07 ek
DU s A 0 T AR O, A 9 B AN | PDL/
PD-L1 3 7 45 4% S s T & v (R FH B ML, DA
R R 4 A B2 R A DR T E (A ) S B

1 MR %

1.1 ##

PRRFN A0 B 45 4% 5 RO B bR fE bR H37Rv (T%
k193009 ) Fh 24 A= Pl R T R A P
BCE R B 5% ,37°C 5% CO,, 55 5% 4 B Rk
PRI, TG P A 08 o B R, R AE T - 80°CAIR
MRVKAR o 2 U8 2 J5 0 T R P 240 TR 7 3 BT 20X
A A)  HRBEJEA 1.0 x 107 CFU/mL,

RAW264. 7 il R AFTEAMA T, B T
10% i 4= L35 . 100 wmol/mL 7§ & 2% Al 100 wmol/
mL 48 Z 1Y DMEM 2, & T 37°C 5% CO, .
TUFIRE B BE SRR R a5 % A 40 B A AL O E B 2
d F—k,

1.2 SEIEEh

SPF % C57BL/6 HEtE/INR 28 H 4 ~ 6 Jilii%, 1k
12 ~ 14 g, W4 [ b 5t 28 A 42 5256 3 5 AR A7 PR
A [SCXK(51)2016 —0011 ], [ SYXK( 5%)2011 -



52 i AR BE 224 2018 4E 4 45 28 454 ] Chin J Comp Med, April 2018, Vol. 28. No. 4

0022 ], SEEshIE A 2 T [ BE 2E R 2 B e
S SEUS E ) I 5 I S 2 ) A RN A B D1 25 1Y
L (LTS . ZLI16001 ) |, S 56 75 i [F B 2 Bl 2 B
RS S S T AR ) e 4 3 R s (1
ABSL3-059) #47, Zh¥7EiRye 1 Fn#E ALY«
423 PR EIE N
1.3 FERXFSNUHE

SRR PE S G F 48 (BRI DL R A HOR
FHBRA T, HE) ; Annexin V-FITC/PT 2 Jii 8 746 1
A& (BD AF], ZEE) ; Annexin V-PE/7-AAD 4
M TR AR & (BD AR, 3£ E) ; LEAF™ Puri-
fied Anti-Mouse CD274 ( B7-H1) ( Biolegend, 3¢ [ ) ;
LEAF™ Purified Anti-Mouse TNF-a ( Biolegend) . Iso-
niazid ( Sigma, 3 [¥ ) ; CD274 (B7-H1) PE ( eBio-
science , 2 [H ) ; T4 AL (BD A F], £ [E ) ; Nano-
Zoomer S60 W5 U] R AL ( HAS) s 4 TR 5
IR () AR AR 2 R AE R AT IR A
) ; siRNA (] M Bi 8, AGAcGuAAGcAGuGuuGAA
GATATTTGCTGTCTTTATA) .
1.4 XIWHE
1.4.1 sh¥srd

SEER AR A LR X IRZ B AL SRR YT
H.C 4. S PD-L1 TR FATF AL D 4 . TNF-
o BRE LKA E A S HPFE PD-L1 Uik AR E
R KA M ARE R,
1.4.2 Wiy Fn bt

LA 1.0 x 10" CFU/mL £ H37Rv 100 pL/ H i
k& gs C57BL/6 /INE, PI R 2 J5 4 5l 45 7 5 0 JDE
(10 mg/kg) , MBS & PD-L1 Bt (45 R4 50
pe) EELIAIT VA, Z J5 TNF-a Fiik (5 KA 50
pg) DU A, BRI RS A AL B 4 H N B
SHUHE AL BE , fife S IR AR | It O F B 2 R A Ty R
(ARSI R B34
1.4.3 A2 m A

A2 20 sk 1/3 BOFRE A 3B it/ | 21
SURFEE 13K A1 A= BRER K 3% B8 1,10 19 EL A9l
PEATRE R R, 23 B 107" 1072 10 7° =4V B
ZHLR B 50 L, 3R T o3 AR v v 2 I s
T BB B A R 2 45 ,37°C 5% CO,, K5 5% 3
~4 JAHAT TR
1.4.4  HEURBIHT

AT Al 2L E T 4% vt 1 2 T
HEE 72 b, ST AR ZH 2000 e Al KR B T

HEATIE S Il ZH L e Ry /M 2H S P
KK G A YR RN 5 wm HE 62 )5,
4 HE F i NanoZoomer S60 Eﬁ%%ﬁ‘ﬁﬂlﬁ?ﬂ?ﬁ%ﬁ(( H
A) TR A B4 A, A VDP. View 2 545K
AR AVHAT AT AT B T AR (mm?® ) (9 fili 2
S R 2R b AR, B TR () JUNE P PR P PR 2
ey T AR BAS7 AR () PRI P PR 26 %8
1.4.5 PD-L1 FiEpyRi ik

FH 6 FLHAEEFLIN 2 mL 195 x 10° cells F 14T
B, B MOI = 1 /il 1 x 10° CFU f%) H37Rv, 5%
CO, 37°CHFEIERYL 24 h, 15 B 1EH X R A YL
REFRERE , SRS, A PBS,1000 1/min 2.0 5
min YEAANAE 3 i, WEAET 1.5 mL B0,
Ji1 200 WLPBS T &, Jil PE-PD-LI ( eBioscience ) i X,
PiikBEfL 2 pL, EIEEOEFE 15 min, ARG, I
PLAT 100 L 4% 2R P REREE 15 min, AL
K2 PD-L1 AR5 AL,
1.4.6 PD-L1 X E RELH ML T 19 52 0

LR BORBUE K T RAW264. 7 21 1
x 10° NMEFPEISFLR, T 5% €02 37°C M ANEE
MR B R, 3 3 4L X R4 control | SE 5 2H
H37RV .PD-L1 + H37Rv, B~ b BRAH K 3 D E L.
55 " KJINMA PD-L1-siRNA 5% PD-L1 Hi/K, 0 H 1 h
ZJEIA H37Rv JERG E AN A, 5597 4 h JeiH Ak 4
Ji W S0, A PBS 1000 r/min B.0> 5 min 3
%Ja B 40 #E 2 T 400 wL 1 x binding buffer ( BD
Pharmingen PE annexin V apoptosis detection kit I,
LOT:7026588) 1, PD-L1-siRNA ZH/IIA 5 pL FITC
Annexin V fll 5 pL propidium iodide staining solution
(P1) 4ef; PD-L1 P4 ZH A 5 pL. PE annexin V Fl5
pL7-AAD Zuff, R SEIEE 15 min, I 400 wL 1
x binding buffer #| &AM P, BE N 4% Z2 R P 1E
200 wL [E5E 15 min, TG AR T3
1.5 #it=ZEAE

K G T84 Graphpad Prism 7 #4748
Mo A BAREIR Y80 £ bR 2 (x £5) R,
g BUR B R 2 7 2243 M1 (One-way ANOVA) ¢ £
U9 F Tukey 5 35 43 20 [H] 25 S 2 5 .3, P < 0. 05
h2E A

2 FR

2.1 MNRALATEESHT
IINERAEIERGY 2 JEG 43 5 45T S R DR AR S R I



o FL AR 2 75 2018 4FE 4 A 5528 #4554 ] Chin J Comp Med, April 2018, Vol. 28. No. 4 53

& PD-L1 #477R97 4 B (B 1) MR A 41,8, C
2Rl G PO A PR 2 B B2 (P < 0..001) , C 238
Z BAMmBEERA P 225 TR EN, B Al
C AM/NRH TNF-o BUiRE S R f5 (B 1) A7 L
BOF A, D Al B R BB (P <0.01 P
<0.001 P <0.001) ; E 41 A4 JFHE A0 R8I %) £ 4 12
W BEERTRENE, 5D AHMIL,E A
I IBLFE £ TR i 2 DR/ (P < 0..001)
2.2 RPMRARKRETW

YL 2 JANRYT 4 A Z )5 (K 3) , A 4R A2
FEE R IR EAE A /N R ZE I 2RI R E
W% 200 L 9 £ 200 B /0 b P b 4 R A A, R 1
T8 DX R 2145 DX AT DAL =2 P I 200 2 1 1 A 2
ST TT DL PR 2 PR A, s B BB (1 2) L A
AT A 41 B C 419 9 ks 28 B B 4% (P <
0.01) , JFFMats A8 i 3 ek #% (P < 0.01, P < 0.001)
(E2) B2 A 4R B 4L JF R BE 2% 55 0 B 3%
P, TNF-a HURESUEZ )G (K 2) ,D E AT,
JIBR R R FEE P 27 R DL g PR 2 b, {FL2: 2 A AL A
ZERRELEL D AL AR TR HEAT S B AR A2

AHT (R 2)  AHECES D 2H K ZH 60 i R 6 28 R E
FHEWIE (P <0.01 P <0.05) , FFIEAY A 25 i 2% i
B E AR (P <0.01) AAX T F 41, E 20 A Jili ik A
JHF I B4 7 2 B RAARK , (R 3 25 S 0 i 1k
2.3 SGEREERMME PD-L1 FFRiE

T AR I % 0 ( DL IE] 4) . H37Rv B
WA 24 h J5 , 21 (05 (SRR YL ) AH b AR (a0 (X
W) 488, %W PD-L1 FikFhm
2.4 PD-L1 B{R sk BE B J5 3T 45 1% & B S i) B 1% 40
BB T RIS

I e A A SR 00 55 A T B 4 114 I A4 )
AT, H PD-L1 Bt 1), B 4R X IR %
UL 5A) 22K (14. 4% ) , H37Rv JBYL i L % 20 i
TRIHE (12.2% ) , LA PD-L1 ¥4t )5, B W40
TR L WA R (13.9% ) o X 3 A E fL K
ERIAITGAT, SR ILE 5 A-1, H37Ry BG40
2 JE A TR A (P < 0.05) , /il PD-L1 ¥di)5
YU T R B L TH(P < 0.05)

FH siRNA mAICE W20 - PD-L1 5 A6 0 44 A
JAT- (K 5B) , 2R A B s 4n it B8 (14. 4% ) , A

1 5- 2 41 3
£ E E
2 2 e s z 5
S o )
=~ ) o0
5‘) — —
L] T T
B C C
5 —
#Hit
I #itt
Hit = fididid
E _—
2 £ ﬁ 2
El S £
5 5 ﬁ z
[ Q @)
S K S %
:10 e )
e
R T .-.-I.. : T T
D E F D E F F

T L JA AT PR 2 o IRUUE AT PR 5 53 P PR 5 A SRR X HR A5 B SRS WEVA T 2 5 € S MRk PD-L1 HudR B RIE 7 40 ;D . INF-0 3 K
HE: SR PD-LI ik AR E L F. M E R KA, 5 A HILE, P < 0.001;55 DHHE ,™P< 0.01,"P< 0.001,
1 /NEREAZBIRL A il LA (R B A A TR T TR 2 (n = 4)
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Fig.1 Bacterial load of the lung, spleen and liver in the M. tuberculosis-infected mice in different periods
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Fig.2 Quantitative analysis of the pathological changes in the lung, spleen and

liver tissues of the M. tuberculosis-infected mice in different periods
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Note. Figures from left to right stand for pathological changes in the spleen, liver and lung tissues, respectively, HE
staining. Magnification was x 12. 5 of the larger picture, X 100 of the upper left insets. The markers on the spleen, liver

and lung tissue pictures are the disease lesions.
Fig.3 Pathological changes in the lung, spleen and liver tissues in the

M. tuberculosis-infected mice in different periods
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Fig.4 PD-LI expression of the macrophages infected by H37Rv
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Fig.5 Effect of PD-L1 on apoptosis in the infected macrophages
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