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Advances in understanding the role of tumor necrosis factor-a in
the immune response to mycobacterial granulomas®

Peng Ruo-qing, Zhang Shao-yan, Chen Jia-jun, Wu Xian-wei, Zhou Rui, Wu Ding-zhong, Zheng Pei-yong,
Lu Zhen-hui
(Institute of Respiratory Diseases, Longhua Hospital of Shanghai University of Traditional Chinese
Medicine, Shanghai 200030, China)

Abstract: Tumor necrosis factor- a (TNF- o) exerts a dual “protective-pathogenic” effect in pulmonary
infectious granuloma immunity through TNFRI1/TNFR2-mediated NF- kB, MAPK, and apoptotic signaling
pathways. By regulating macrophage polarization and T-cell immune responses, TNF-a plays a central defensive role
in mycobacterial granuloma immunity, maintaining granuloma structural integrity to limit pathogen dissemination
and enhancing phagocytic killing capacity for pathogen clearance. Both deficiency and excessive production of TNF-
o can lead to granuloma necrosis, fibrosis, and pathogen spread, underscoring the necessity of precise regulation for
immune protection. Clinically, anti-TNF therapy significantly increases the risk of tuberculosis reactivation, as well
as fungal and nontuberculous mycobacterial infections, with monoclonal antibody therapies posing particularly high
risks. Future research should focus on delineating the dynamic interaction network of TNF-o within the granuloma
microenvironment and developing precision-targeted TNF-a interventions to optimize anti-infective efficacy while

minimizing adverse effects, offering new strategies for the treatment of mycobacterial pulmonary diseases.
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(1) 4 L 2 A 1R i SR AE ] F— o (tumor necrosis
factor—a,, TNF—at) BN I 1A 2 Bl I BRI 48 55 1) 2%
O ER o AR SR B B, A2 G Y
200 JH6 0 T 200 7= A £ TNF— o 3 4 58 1k K7 F 2
55 B KT, A R PR 2 i &5 4 Oy TR A AR
FHB, TNF-o 09 15 22 2 3k X 4E 47 S 2 0 12 2 K
B, G S R IR T R R TNF - o 8 S B 4
PE e R B s AT AR, 3 A TNF-o s
SO EA FERSAE, g T A A AU Y
RKAED . INF-a /N R RGO IR 7, I
15 = 18 B PO A A0 3R] 9 0 5 1 7 B AT R I PR
SC, HARTURIG ST 5 B - O B S e
7R TE A R N AN {H

1 TNF-a WEMFHERESHSUE

TNF-o il 1 456 2 Fits B2 (R K 4 DR iR
IR At F % & 1 (tumor necrosis factor receptor 1,
TNFR1) 1 Jd 98 YK 6 A F 32 /& 2 (Tumor necrosis
factor receptor 2, TNFR2) . . TNFR1 ifd P Bt & 5t
oS5 FAR, FISEAE TNFRIAHSGAE T 454958 . TRAF2
LZRAEAE I E BB, JBRE &Y L IER1GE
SHEHAEVWESEAMIATEFESZEY, mrns
B 5 R 7 B AR 5 RE A A0 B A TR S
Caspase {R#iPE P -1, TNFR2 [H it = 56 1= 45 44 1,
FEZ 5EEMMIE A SRR K SUE
S, TNFR2 A5 538 5 10 L 0 F o0 3 8 S 4 1 L
ik TRAF2 M1 J7 2 e—Jun N 35 B (c—Jun
N—terminal kinase, JNK) AHLH], 1105 S 0F 58 i —
A48 7s . TRAF2 Al o 8 245 5 0 35 o 1 v &
JNK 5 NF—«B i 1 B[R] 005 . AT gEe 04 T 0%
5 KA M ARG, TNF- o SZ AR B0TE IS, 38 3 R Ui
NF-xB {5 Sl (P RAEN 7800 . 222500
&b B H ¥ B (mitogen—activated protein kinase,
MAPK) 5558 (AT s ) INKAE
Sl (PR ST MEEEN, &
B ALY RO, AL SAE RIKTR . A
FET- AR T I Bl S A AR B AR AR 4R

mycobacterium tuberculosis; tumor necrosis factor- a; infectious granuloma; macrophage

2 s RATE MM TNF-o M7
B

25 ¥ 4 B FF B (mycobacterium tuberculosis,
M.th) JE—Fh PN N ANTE , AT IR R LA T
T B W3 20 e A0 At BE A0 M . TNF-o 32 28y B
(7 NS 21 0 S N N 1 R AR 0
Ji SR AF 5% UE 52 Al W] 3R G0 28 4 A0 Py R 4 i
BERGAUML . #2800, AR 4R i A A, TNF-o 2
T8 JE AR M.th JB L 1 DGR R A M IK 5, 75 505 I
Bl G A0 I S A SR ZE IO B R R OAE T
2.1 ENEZHR

L 155 24 i 30 ok 52 2 JFC Al A ) 7 448 i 215 7 5] Ja
Pet AL, TR Y IR 2 i e A AR 9T A A
ZERh YRR P A . Mot 5 5 10 J5 % P A 2E i
TP & 2 RS B AR i, s & g b
A 28 M1 L I3 4 R 3% A i Bt & M2 B 41
JL o MLth 20 ffRE 3% 42 BT 1 9 6E 6,6'- I R 4R
(trehalose dimycolate, TDM) & 547 M1 A B W 20 iy
F Y EEIR BN 2, /N R 96 7 25 W)
5. il ZH 21 PR AR TNF- o, 40 A E -1
(Interleukin—18, IL-1B) . IL-6 Fll IL-12 p40, 7 /]
B 08995 3L X 5 & B CD11bh*CD45* EL Ik 200 Jifd 2 AT M1
FERR GG 2687, FBXWT 2R A H0A N HA e
D AE , 78 R g MR b e R E e 20 MO 1k
M2 F R, I DL K63 i B S S v
77 AR TNF-o 2235 942 i#F TGF-B A1 1L-10 35",
TNF- o 0] DLl i 8 #5 B b 20 B 4 b ik /7
CXCL9/10, #F— 25 Wi i e 5 200 Mo 25 P J2 3T 7% S 4
ZUN SR, HEI R IR CD1IL B 41 il 5 CD4'T
20 M1 0 G VR T 2R DG Y LN i A A ) A S
SO R, PR ZE I N W A I R 1 A 1
G FRARAE 2 IR W I A R4 L Wl IR 1k K 1Y
) A0 1 gk — QI 36 B 2t S 0 2 R 41 41
1B 2P,

TNF-a 5y TH#%E (Interferon—vy, IFN—vy) il i
I TR W A B R RON A A A T
h R OYIEE . WA SRS U S A S AL A
4 i (inducible nitric oxide synthase, iNOS) % ik ,
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AL A L — A AL A (nitric oxide, NO) FliG PE A H
(A, A5 E W20 B X Matb B B Y R0 e 4T
HLHJZ T, TNF-o 38 52 38006 NF-xB A5 5 3@ % (i
20T DU SR TNE [ B il %), il IFN—y J 3 STAT1
T B U A I A A A S BT DR . B IR R R
M EEE2 (N ucleotide—binding oligomerization
domain—containing protein 2, NOD2) 1E A& X1 51 32
A, AT TR0 MLth HRE 20 53 BE IR B, BKZh AR
F G 40 L 3 0 TL-1B . TL-6 I TNF—cr, 44 Jig 57 0] [
A G N A Y G HEER AT g LR A 2R AR
I, NOD2 il i ¥ 2 iNOS 335 B2 NO A i, JE it
X MLth B9 Z R BB LR OAORIA BT i — 40 |
I8 WA L TNF— o0 FITIL-18 5305, 384 58 PR 28 i (3 1
S Y S A T

U IS e B, b 3l ik B 455 2 W 400 i S 28
1 TQGAPT 52 B 2 k3™ - e —Jy 1fi 410 i) MKK3/
p38MAPK-NF-kB fill , 95 > TNF-o 5334 , 11l 55 471 141 B
A5 53— 77 T 36 A (A L R AL ) 3R AL N B
H: K A F (vascular endothelial growth factor, VEGF) ,
P 2E PR 25 i 1 4 A DA A R R G 18 M AL R R A/
M.th B /N LA, A28 i e 40 P = A2 VEGE
WA UE I3 3 T 148 A R AR S e A 5 A 3 P 2
i, 3 5 24 0 3 A A R PR A VEGE 2K R di v
TGN BRI A R
22 THEZM

TG A, T A 5 AN i i ) o
TNF—oc 385 T UiF T AR, KB M.tb A58 1
PEGRYE . HAh, T/ B MLth 8% gAY (Y B 5T R
B, TNF-ou 38 2 20 30K 8] 425 4 92 200 0 o) JRR % b 1) 322
i, e TR M A N 2F IR O 4E R e B,
117 2% B ) MLtb B9 5 5L KAMBOJ 28T 5T Ik
SR T ME T A0 M K Mg R AR Y R SE T 2 Ak 1
(programmed death—1, PD-1) 15 5 i % ] 3 52 417
ROV T 20 M 20 M R S RE (AN ZEFLR B . IFN—y
g3 uh) BRI BE R E (B[R] IR B TNF- T 41 Jifg
ARG 5 E A PD-1 BELITIK 52 0 S 40 D ) 800 T BE
YA AT Th 4 SR 4E . B R AN TS AL M Y 2
i AR RS FD 200 L R 1 OB, AT 5 A o X it
TR o e 2 )
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PR 25 I B2 53 AEARL A A R B 5 il MLth JER e
(R PR 2 0 2 0L, G P Bz 00 B 2 I A IR TR
B B T TNF-o A TE . S E VA MAH L, &
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P2 A0 AR B A T — AN 1 MLab A7 35 A1 5 4 Y B
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3 FEZDBITEAZFIH TNF-a HIRE
LEEES

A8 45 % o> BCAE T R
mycobacterial pulmonary disease, NTM-PD) [ i 7 55
PRRRIE S M A ZE I . R0 Mtb SR ARAL, 75 3
GRS & NTM-PD (B fa i R R, 9 4z
ZHUTNF-o BHORIT IR KGR R B H, H
NTM e XU 2 2% T+ =™, EHLERS %°7E TNFR1/
p55 BEREER (p5577) /NRUBERIh R B, 500k
[l (mycobacterium avium complex, MAC) J&ZL T8
HAJomss, H&51K TAIM-E A B /EZAL,
BT T Ji g SR AEAE A 25 Jif .- SHUNDO 252 58 8 1o
Xt TNFRT SRR ER (TNFR177) 5 TNFR2 [ i
B (TNFR27) /NRAEMACEEY PR ES, &
PUTNFR1 /N T2 TNFR1 A 509 8 1215 558
B, R Y By R, R AR BE ™ Y P 2 b
WA H RAEIRE o X — 45 R R P TNFR1 AR 1 )4
T HL X i 3 AT MAC 8% s B O 40 MR .
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P 5 TS AR AU 3 o 70k i R TN ARORSE M 2 K A
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PIZE b b i B R A0 SRR R R IR AE (R A Y MLh
CEE AN AR, T R A0 R S AR R Y, B
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death ligand 1, PD-L1) ik, 1 ] TNF-o 5330
A M.tb B JOIRZS 5 SR T PD-1/PD-L1 38 fi% B Wy
A5 51 A TNF—o 528 T, S fie 2 MLth i i P9 4
B FE W IR M 45 4% B Ut (latent tuberculosis
infection, LTBI) 1, M.th 7] 3 < 43 W W AR 1 AH ¢ 2
I Rv2660c #3132 TNF-o 35, 1M 8 miR-
889 A1 il ik 757 IR AL IH BRI T2 555 B I TRy Kk
T IR T SRR 0 A7 05 1) S B T 32 SR 4, 78
P JZ T, TNF- o #9955 38500 32 2 5 06 1 A
(reactive oxygen species, ROS) & & # % . ROCA
ORI B R BRI TE S, 3o B TNF- o0 J8 2
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5 TNF-aiEHK

5.1 TNF—a#EHFIiETT 5 B P 25 Btk B S XURS:
TNF- o 2 1 3 P G G 98 1 285 19 4 0 I 4 1R
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HEJE R IE S AE E (3 S R R R BLIR T
) P, peAh, UM R . S ER T & NTM-
PD 45 PR 2 i SRR e 1 R SR R B S T . — T
T ] 45 06 T A T M DX 1% KBS ) BA 51 4F 52 HIE
W1, TNF-o 5590570 2338 i B RA 5 B NTM
RS (aHR1.751) P A4S [m) A 58 X KU o £k
W AE I, (R I TE 4 — R R TNF-o 5 50R13R
7 5 R VA R A G KU, I TE IR T T SR it
LTBIfifr (4 IFN—y BRS80S B i 4 436
57, DAV S e 10 i 35 25 15 a8k e I 2 XU <
5.2 TNF-a#EHFIMIaKMHL

UEAE R, A1 X TNF—o B #8 [5] 34 97 76 B e P

o L B P I PR 52 e v MO S R, (H
1 PH AT BB V5 & LTBI B2 49K sl i = 23 A AT 1 JRR 4 i
AL AT RS R R, I PR TT B 4R
R VA R RS, TNF— o0 55 0700 A 08 2 7 S8 TE 4R
JB 5 5 4% A PR T Bl IR Y R P R B
PSR 25 W A A T 25 R S A
PROK P98 Sl RURHE o %) T 45 A% o AUBS AT
R 7ok AR R MRS, S R R 2 75 13 7 (94
H 77 %) BB TNF-o 55 050 AT A R0 A 4 800
AR RO — AR AR T L DN 2 2 5 Sk

(0 20 25 VR R R A, DLSE BT AL A Ak Y B
-1

6 TNF-o # 6 5% BE 7 B A ZF BB T R
A 5z FB

B FHUBE MBLR T W15 T FWIEIT (host—
divected therapy, HDT) & X Aif 45 7% 95 16 I 19 O S 4l
B FB, B e om0 Mk S e RN, B A T 4
FRR MR A B B8 Y. DABE ) TNF $l1, K5 M.tb
RS SRR U N 1% 0 A || BN )7 N o T N 1)
TR Ry 23 R AT B8 ATP 45 BB R 0], AU £
i 245 M.tb ELA 58 AR AR R, 0w DLGE B F
Th1 %I 4 ff [ F TNF-o 410 1 Th2 B F 11L-10 %
K PG R IR B . 7 2 RUME DRI B O I sh M 4G
ol i v, B R A8 b T BREE A R AR R 97 T
i L TNF-o Rk, el /0 il 3 A 28 AR R MLth
ffar,  [R) A 235 il T BB 5 AR ZF 2 A XU —H
XUV T FHF 2 UM PR o5 B i 8 5l Bh g o7 ok, 3 9
TF 5% 2 B0 G w0 46 /0y BRORSE Y e fk A B A% 4 i v
TNF-a 235, Wl 0% M R B I I 5 IR 205 42 0 7™
R, AL, P A B R W 7 HDT v J 3
Wy, wamsire (iAo A B R B0 )~ VEGFR
TR A8 BE D A0 — IR 3 BT B Rk AR A ] 417
il A2 o ) L B I A R A L I R AR A B R TR
i ATV M TNF B0 55 Xpro—1595,  Ho i ik BH Wt
AL PE TNF-o 915 5 15 5, 76 Mot 3G 7 W1 (1] b 3%
T I N R AR K A & ELRYE AL R (A
CXCLI/CXCR2) ik, 80 /0fili 8 4 o 3= W B 240 1R
FEHL, (R 2R i 32X Meab A9 G g 45t RE 11075 i
PROFFEHE— PR, 45 4% B8 3 1LTH 1L-12 p40 i
TNF-a 7K 7 5 48 1 48 A i Pk 2 B A OG, $27R 0
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