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[ Abstract] Mycoplasma pneumoniae pneumonia (MPP) is a common form of
community-acquired pneumonia that mainly affects children. The clinical symptoms of MPP
include fever and cough, and many complications may occur in severe cases. The nuclear factor-
kappa B (NF-«B) signaling pathway plays a crucial role in regulating inflammatory responses
and immune responses. This article explored the impact of mycoplasma pneumoniae infection
on the NF-«B signaling pathway, analyzed its dual roles in cell survival, apoptosis, and immune
evasion mechanisms, and discussed the regulatory mechanisms of both classical and non-
classical NF-kB pathways. Studies have shown that mycoplasma pneumoniae can promote

the release of inflammatory cytokines and further aggravate the inflammatory response by
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activating the Toll-like receptor 2-nuclear factor-kappa B (TLR2-NF-«B) signaling pathway.

Based on this mechanism, the article proposed potential therapeutic strategies, including the

application of traditional Chinese medicine components and modern pharmaceuticals, and

emphasized the significance of NF-kB as a therapeutic target, which provided a theoretical

basis for understanding the pathological mechanisms of MPP and developing novel therapeutic

approaches.

[Keywords] Children; Mycoplasma pneumoniae pneumonia; NF-kB signaling

pathway; Inflammatory response; Therapeutic strategies
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Figure 1. NF-«B signaling pathway in mycoplasma pneumoniae infection

%, fEFEAEA AL (germinal center, GC) IIEAL
R, TS BT )2 i N 248 e v 49 5 22
( somatic hypermutatlon SHM ) 7F B 4iuiciz %
FEPERIZHZU5E B B 4iffdic iz, NF—«B 558
’T£Ei\i§i§Eﬁ%mﬁkﬁif“%ﬂXTFﬂﬂ?ﬁiﬁ%ﬂ?ﬁﬁ%&ﬂ@f@
JELRYT, SCELT MP s ki .
3.2 AT INTEE

NF—«B {5 7 18 #5758 42 4 8 T FAES by
HHEREM O, EAMMEAFETTH, NF-xB @ b
JAPLIH T3 N Bel-2 Ml Bel-xL 1363k, BHLIE T 40
MR T KR B Ah, NF-xB iR REAE 41 i
PR 8 Cyelin D1 B3R5, ATITAE 2E 40 i 384
B PN W7 I, NF—xB {5 53 B 1T AT LA
P52 L R AL AR, 4 TNF-a, 1L-1
FIL-6, XA T AMUS 5 RAER, 4l
fﬁ@TﬁF%L%ﬁ AR i 4 L P A3 R

TPl FERRRE SR, NF—«B £33 i 4 95 4
{Ht%. , W Bax F1 Caspase ZZ %K H i) 23k,
WA T, 7EAGE R LA, NF-xB {F
30 S DTS B A L AR S e 20 L 1) 34
R, DTN B R AE b A 5

M2 NF—xB FEAN ] 5 40 i S R £ 4 A4
FHRTRE AT BITANTR], AR A 42 40 M 0 T R A
ok A EEAER
3.3 HRZIAT

NF-«B {55 53 i 1 7 1 2 — 2 2
ZALH At R, AT ORGSR e AR R 2 )
(), 3k 0 o AR B N S Y SR ik . B
A Y IxBo F1 IxBe {5 NF—xB ¥ LR, 45
A NF-xB R {K, B IR, M2k
Sl . X1 RABILEIAE MP SR G A B R
il NF—«B (5 BEA L B (k%1 J2 4 e i 3
IKKo 381 R 1L RelA Fl c—Rel, 415 NF-xB &
YIRS, BEA, E3 32 %% B PDLIM2 8
if 22 Bk RelA Jf- 42 #F JCRE A, 10 NF-xB 1) %%
SEIEPE P 7E NF-xB G013, PIAST D0 1
RelA 5 DNA 19456 . Kz 2L A20 #1 CYLD
fE IKK LI5S iR EEA/EH, A20 8
it 25 bR ST 5 Tz R EE A S RIPL (W)
Rasid, A NF—xB 38006 "o 388 6 8 3 HL I 7
MP &G L EVE T, DAAEREE 32 4000 0 98 55 S5
IV R I

https://slyyx.whuznhmedj.com/



877 HIBERFRE 2024 F£ 11 BE 37455 11 8 J.Math.Med. Nov. 2024, Vol. 37, No.11

4 NF-—«Bf5SBEFEIBIESTT RIE

41 HEHEIT

VAR, w24 B 7E 5 NF—xB 15 538 %
Jr R B T, R SREAHOCEEIR 1R T T 4
TR R & 2R AR, W
HERR, iR, HET AR EREE, X
AHME T TNF-a, IL-1pB 1 IL-6 254t 48 40 g A
T A, HAE RTALEE S Al heBo (Y 85 2 1k
N W fi s 72, R BELIBT NF—xB f35 £k ™, &t
Wit B P R ARPUTE F, Fu ZE ST E W] T/ B
M IL-1. IL-6. IL-8. TNF-a Fl TGF RSP FH:
PO BBV AE, A I EEA A i A2 b 4 i 1
G (extracellular regulated protein kinases,
ERK1/2) HI NF-xB (363K ¥, 25 Fp 742 5L
B ERAE A YA BE R, AT L b
MP 55 TLR2 k8, @6l TLR2 /-5
1) NF-«B Fl MAPK i Bl MP 755 (1 fili4bi 45
MP JE& e A549 4 i 23175 % CCL5. CCR4. NF-«B
W& 1335 & p-NF-xB—p65 BEmR 1k, [ i A
NF-xB R, & 24P aY7 nTHRIN X 21
SN, PEHE AS49 g HUIEAE, FFu > MP i T
() TL—-8 I TNF—o j7= A P10 i s rp 25 jli 4338 i &2
FRMLEIA RO0-E NF-xB {5585, SonlfEiiR
RIT N AT S, AT B 20 v 2 s AR by
FERRRTIE
42 WMREZFETT

AR AR YT MG B S NF—«B #1li5) |
PUAH . e FRPiA R4, BAY11-7082
S B kB W B FE R, ] 1-«B
R P Y R A%, BAY11-7082 i IkB BE % i 3
NF—«B I 1k H 5 4 240 iz, NF-«B nf DLl
T B A2 A 1) SR AR BRI NLRP3 48 14 /IMA i
PG, BAY11-7082 34 1] DL E 4240 NLRP3 %8 14
IMABYEE B TPCA-1 248 0 H UL I NF—xB i)
AR, R ) AR A Y 2R R AE R AR,
il NF-xB i i, kA R P BT BT 14
= 5L H ) N F (stimulator of interferon genes,
STING ) i i, Bij 1k 3k B g2 S g, AT A 54 %
fift 3k BE S VA M 7 XU Y N- 2R R A R
( N-acetyleysteine, NAC ) EAPEMAPTREFE,
& NF—xB BRG], 206 IKK &
FRBIERA) NF-xB 16k, MR 258 5

https://slyyx.whuznhmedj.com/

FEERBAGTUE —Fh B TE BT TL-6 Z KPR, RE S
IL-6 st GO0z, TBHIET IL-6 52 (k&
WEsG, M 16 F5% 5, Boh, FeekspinT
REWD IL-6 1774, TR AR NF-xB # 1L-6 ¥4
AT REYE, BUAT & & (azithromycin, AZM )
S P28 RS RN A R T Bl A Ay A 403 475 ) v
FEIRIT 25 . Xu MBS &L, AZM nl st i
Mettl3 3K K6 NF-«B {5 55 35, XY 7EiR
J7 MP JERYe KA E JAE S H &A% T AR

5 N

MP i TLRs ., 20t R - 32 44 K o 38 e o7 343
155 2 7 0% NF—xB (5 5%, demisl &
— RINVRIE N o ARV 2R R, —20R
SRT=WAE AL G W RERE JE Y NF—xB 5 53 %
FITE TR, XA & B B BT MPP 254 4 4it T 2
R, dE— 2L B SE 2P TIZ AR AR 1 52 e
HAE MPP iy BARVE ML, DLACETZ
ME IR, B T iR gt s IEat, JfHhH
TR PR UL B ATk, DT SE BN MPP ()
R -

Sk

1 A NRILFNE R AR 02y . LB 48 32
JEARM R 27 HE R (2023 4ERR ) [J]. TG B 258
K, 2023, 20(3): 16-24. [National Health Commission of
the People's Republic of China. Guidelines for diagnosis
and treatment of mycoplasma pneumonae pneumonia in
children (2023 edition)[J]. Chinese Journal of Rational
Drug Use, 20(3): 16-24.] DOI: 10.3969/}.issn.2096-3327.
2023.03.003.

2 Song Z, Jia G, Luo G, et al. Global research trends of
Mycoplasma pneumoniae pneumonia in children: a
bibliometric analysis[J]. Front Pediatr, 2023, 11: 1306234.
DOI: 10.3389/fped.2023.1306234.

3 Ma C, Hao X, Gao L, et al. Extracellular vesicles released
from macrophages infected with Mycoplasma pneumoniae
stimulate proinflammatory response via the TLR2-NF-
KB/JNK signaling pathway[J]. Int ] Mol Sei, 2023, 24(10):
8588. DOI: 10.3390/ijms24108588.

4 Nakane D, Kenri T, Matsuo L, et al. Systematic structural
analyses of attachment organelle in Mycoplasma

pneumoniae[J]. PLoS Pathog, 2015, 11(12): ¢1005299.


https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjQxMTA1MTcxMzA0Eg96Z3p5eXMyMDIzMDMwMDMaCDh2ZjloeGw2
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjQxMTA1MTcxMzA0Eg96Z3p5eXMyMDIzMDMwMDMaCDh2ZjloeGw2
https://pubmed.ncbi.nlm.nih.gov/38078315/
https://pubmed.ncbi.nlm.nih.gov/37239946/

HIBEZFZE 2024 £ 11 BE 37 5% 11 85 J.Math.Med. Nov. 2024, Vol. 37, No.11 878

10

11

12

13

14

15

DOL: 10.1371/journal.ppat.1005299.

Chen YH, Wu KH, Wu HP. Unraveling the complexities of
Toll-like receptors: from molecular mechanisms to clinical
applications[J]. Int J Mol Sci, 2024, 25(9): 5037. DOI:
10.3390/ijms25095037.

Luo H, He J, Qin L, et al. Mycoplasma pneumoniae lipids
license TLR-4 for activation of NLRP3 inflammasome
and autophagy to evoke a proinflammatory response[J].
Clin Exp Immunol, 2021, 203(1): 66-79. DOI: 10.1111/
cei.13510.

Yu H, Lin L, Zhang Z, et al. Targeting NF—«B pathway for
the therapy of diseases: mechanism and clinical study[J].
Signal Transduct Target Ther, 2020, 5(1): 209. DOIL:
10.1038/s41392-020-00312-6.

Taniguchi K, Karin M. NF-«B, inflammation, immunity
and cancer: coming of age[]]. Nat Rev Immunol, 2018,
18(5): 309-324. DOI: 10.1038/nr1.2017.142.

Li C, Moro S, Shostak K, et al. Molecular mechanism of
IKK catalytic dimer docking to NF—xB substrates[J]. Nat
Commun, 2024, 15(1): 7692. DOI: 10.1038/s41467-024—
52076-0.

Kircheis R, Planz O. Special issue "the role of Toll-
like receptors (TLRs) in infection and inflammation
2.0"[J]. Int J Mol Sci, 2024, 25(17): 9709. DOI: 10.3390/
ijms25179709.

Dabbah—Krancher G, Ruchinskas A, Kallarakal MA, et
al. A20 intrinsically influences human effector T—cell
survival and function by regulating both NF-xB and JNK
signaling[J]. Eur J Immunol, 2024, 2: e2451245. DOI:
10.1002/eji.202451245.

Wang Z, Zhang S, Xiao Y, et al. NLRP3 inflammasome and
inflammatory diseases[J]. Oxid Med Cell Longev, 2020,
2020: 4063562. DOL: 10.1155/2020/4063562.

Dadkhah M, Sharifi M. The NLRP3 inflammasome:
mechanisms of activation, regulation, and role in
diseases[]J]. Int Rev Immunol, 2024, 14: 1-14. DOI:
10.1080/08830185.2024.2415688.

Yang L, Zhang C, Liu Y, et al. The therapeutic potential of
neutrophil extracellular traps and NLRP3 inflammasomes
in Mycoplasma pneumoniae pneumonialJ]. Immunol
Invest, 2024, 53(6): 975-988. DOI: 10.1080/08820139.
2024.2364796.

Sun SC. The non—canonical NF-kB pathway in immunity

16

17

18

19

20

21

22

23

24

and inflammation[]J]. Nat Rev Immunol, 2017, 17(9): 545-
558. DOI: 10.1038/nri.2017.52.

Li Y, Yang JY, Xie X, et al. Preventing abnormal NF-«xB
activation and autoimmunity by Otubl-mediated p100
stabilization[J]. Cell Res, 2019, 29(6): 474-485. DOI:
10.1038/s41422-019-0174-3.

Hu H, Brittain GC, Chang JH, et al. OTUD7B controls
non—canonical NF-kB activation through deubiquitination
of TRAF3[J]. Nature, 2013, 494(7437): 371-374. DOL:
10.1038/nature11831.

Jane—wit D, Surovtseva YV, Qin L, et al. Complement
membrane attack complexes activate noncanonical NF—
kB by forming an Akt+ NIK+ signalosome on Rab5+
endosomes[J]. Proc Natl Acad Sei USA, 2015, 112(31):
9686-9691. DOI: 10.1073/pnas.1503535112.
Sautés—Fridman C, Petitprez F, Calderaro J, et al. Tertiary
lymphoid structures in the era of cancer immunotherapy[J].
Nat Rev Cancer, 2019, 19(6): 307-325. DOI: 10.1038/
s41568-019-0144-6.

Zhang H, Zhang D, Li H, et al. Biphasic activation of
nuclear factor-xB and expression of p65 and c-Rel
following traumatic neuronal injury[J]. Int J Mol Med,
2018, 41(6): 3203-3210. DOI: 10.3892/ijmm.2018.3567.
Hwang KA, Hwang YJ, Song J. Aster yomena extract
ameliorates pro—inflammatory immune response by
suppressing NF—kB activation in RAW 264.7 cells[J]. J
Chin Med Assoc, 2018, 81(2): 102-110. DOI: 10.1016/
j.jema.2017.06.017.

Manli W, Hua Q. Effect of miR-506-3p on proliferation
and apoptosis of airway smooth muscle cells in asthmatic
mice by regulating CCL2 gene expression and mediating
TLR4/NF—kB signaling pathway activation[J]. Mol
Biotechnol, 2021, 63(5): 410-423. DOI: 10.1007/s12033—
021-00309-8.

Li R, Wang J, Li R, et al. ATP/P2X7-NLRP3 axis of
dendritic cells participates in the regulation of airway
inflammation and hyper-responsiveness in asthma
by mediating HMGB1 expression and secretion[J].
Exp Cell Res, 2018, 366(1): 1-15. DOI: 10.1016/
jyexer.2018.03.002.

Sakai H, Suto W, Kai Y, et al. Mechanisms underlying the
pathogenesis of hyper—contractility of bronchial smooth

muscle in allergic asthma[J]. ] Smooth Muscle Res, 2017,

https://slyyx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/26633540/
https://pubmed.ncbi.nlm.nih.gov/38732254/
https://pubmed.ncbi.nlm.nih.gov/32894580/
https://pubmed.ncbi.nlm.nih.gov/32894580/
https://pubmed.ncbi.nlm.nih.gov/32958760/
https://pubmed.ncbi.nlm.nih.gov/29379212/
https://pubmed.ncbi.nlm.nih.gov/39227404/
https://pubmed.ncbi.nlm.nih.gov/39227404/
https://pubmed.ncbi.nlm.nih.gov/39273656/
https://pubmed.ncbi.nlm.nih.gov/39273656/
https://pubmed.ncbi.nlm.nih.gov/39359035/
https://pubmed.ncbi.nlm.nih.gov/32148650/
https://pubmed.ncbi.nlm.nih.gov/39402899/
https://pubmed.ncbi.nlm.nih.gov/38874911/
https://pubmed.ncbi.nlm.nih.gov/38874911/
https://pubmed.ncbi.nlm.nih.gov/28580957/
https://pubmed.ncbi.nlm.nih.gov/31086255/
https://pubmed.ncbi.nlm.nih.gov/23334419/
https://pubmed.ncbi.nlm.nih.gov/26195760/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/31092904/
https://pubmed.ncbi.nlm.nih.gov/29568960/
https://pubmed.ncbi.nlm.nih.gov/29054343/
https://pubmed.ncbi.nlm.nih.gov/29054343/
https://pubmed.ncbi.nlm.nih.gov/33638773/
https://pubmed.ncbi.nlm.nih.gov/33638773/
https://pubmed.ncbi.nlm.nih.gov/29545090/
https://pubmed.ncbi.nlm.nih.gov/29545090/

25

26

27

28

29

879

HIBERFRE 2024 F£ 11 BE 37455 11 8 J.Math.Med. Nov. 2024, Vol. 37, No.11

53(0): 37-47. DOI: 10.1540/jsmr.53.37.

Wertz IE, Dixit VM. Signaling to NF—kappaB: regulation
by ubiquitination[J]. Cold Spring Harb Perspect Biol, 2010,
2(3): a003350. DOL: 10.1101/cshperspect.a003350.
Fatima I, Sahar A, Tariq A, et al. Exploring the role of
licorice and its derivatives in cell signaling pathway NF-
kB and MAPK][J]. J Nutr Metab, 2024, 2024: 9988167.
DOI: 10.1155/2024/9988167.

Fu YS, Duan XQ, Cheng KR, et al. Geraniol relieves
mycoplasma pneumonia infection—induced lung injury
in mice through the regulation of ERK/JNK and NF—«B
signaling pathways[J]. J Biochem Mol Toxicol, 2022, 36(4):
€22984. DOI: 10.1002/jbt.22984.

Ding N, Lei A, Shi Z, et al. Total flavonoids from camellia
oleifera alleviated Mycoplasma pneumoniae—induced
lung injury via inhibition of the TLR2-Mediated NF—kB
and MAPK pathways[J]. Molecules, 2023, 28(20): 7077.
DOTI: 10.3390/molecules28207077.

Liu F, Zhao YH, Lu IM, et al. Hyperoside inhibits
proinflammatory cytokines in human lung epithelial
cells infected with Mycoplasma pneumoniae[J]. Mol Cell
Biochem, 2019, 453(1-2): 179-186. DOI: 10.1007/
s11010-018-3443-4.

30

31

33

Lang Y, Chu F, Liu L, et al. Potential role of BAY11-7082,
a NF=xB blocker inhibiting experimental autoimmune
encephalomyelitis in C57BL/6] mice via declining NLRP3
inflammasomes[J]. Clin Exp Immunol, 2022, 207(3): 378~
386. DOI: 10.1093/cei/uxab022.

Gao Y, Zhou A, Chen K, et al. A living neutrophil Biorobot
synergistically blocks multifaceted inflammatory pathways
in macrophages to effectively neutralize cytokine storm[J].
Chem Sci, 2024, 15(6): 2243-2256. DOI: 10.1039/
d3sc03438k.

Liu N, Li G, Guan Y, et al. N-acetylcysteine alleviates
pulmonary alveolar proteinosis induced by indium—-tin
oxide nanoparticles in male rats: involvement of the NF—
KB signaling pathway[J]. Ecotoxicol Environ Saf, 2022,
241: 113812. DOL: 10.1016/j.ecoenv.2022.113812.

Xu S, Xing J, Zheng L, et al. Azithromycin regulates
Mettl3—-mediated NF-xB pathway to enhance M2
polarization of RAW264.7 macrophages and attenuate
LPS—triggered cytotoxicity of MLE—-12 alveolar cells[J].
Int Immunopharmacol, 2024, 137: 112426. DOI: 10.1016/
j.intimp.2024.112426.

W H I 2024 4209 H 07 H &R HE]: 2024 4511 H 08 H
ARGt ik i

SUAARSC: iR, ZaM, DI, % NF-«BfE 5l L2 58 SRR b i T ik R [)]. BOMEE 257 24K,
2024, 37(11): 873-879. DOI: 10.12173/j.issn.1004-4337.202409058.

Li SQ, Li YX, Ma YX, et al. Research progress on the NF-«B signaling pathway in mycoplasma pneumoniae infection in children[]J].
Journal of Mathematical Medicine, 2024, 37(11): 873-879. DOI: 10.12173/j.issn.1004-4337.202409058.

https://slyyx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/28484126/
https://pubmed.ncbi.nlm.nih.gov/20300215/
https://pubmed.ncbi.nlm.nih.gov/39479405/
https://pubmed.ncbi.nlm.nih.gov/35038199/
https://pubmed.ncbi.nlm.nih.gov/37894556/
https://pubmed.ncbi.nlm.nih.gov/30350306/
https://pubmed.ncbi.nlm.nih.gov/30350306/
https://pubmed.ncbi.nlm.nih.gov/35553640/
https://pubmed.ncbi.nlm.nih.gov/38332816/
https://pubmed.ncbi.nlm.nih.gov/38332816/
https://pubmed.ncbi.nlm.nih.gov/36068741/
https://pubmed.ncbi.nlm.nih.gov/38878491/
https://pubmed.ncbi.nlm.nih.gov/38878491/

