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Research progress on the mechanism and intervention strategies of
immunosenescence

HU Zhong-Yu, XIAO Chan-Chan, XU Yu-Dai, CHEN Guo—Bing*

(School of Medicine, Jinan University, Guangzhou 510632, China)

Abstract: Combined with the background that the global population aging process continues to accelerate, and the aging speed of
China far outpaces the world average, this paper systematically summarizes the latest research progress of immunosenescence,
elucidates its regulatory mechanism, association with diseases and intervention strategies, so as to provide theoretical reference and
conceptual support for subsequent basic research and clinical intervention. We mainly focuse on immune senescence, elaborating the
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senescence mechanism and characteristics of T cells and B cells in adaptive immunity, and NK cells, monocyte-macrophages, and
neutrophils in innate immunity. On this basis, we further analyze the mechanism of the deterioration of immune microenvironment
caused by lymphoid tissue degeneration, chronic antigen stimulation, and inflammatory senescence, and the promotion effect of the
deterioration of immune microenvironment on immune senescence, and discuss the heterogeneity of immune senescence in different
disease backgrounds and the bidirectional regulatory relationship with diseases. Finally, this article summarizes three kinds of immune
promotion strategies, including stem cell therapy, drug intervention and lifestyle modification. It is proposed that immunosenescence is
a multi-dimensional and systemic physiological and pathological process, and its core feature is the synergistic senescence of innate
and adaptive immune cells. The cell autonomous regulatory mechanism and microenvironmental signaling pathways interact to form a
vicious circle. Therefore, future research should focus on the elucidation of the programmed regulatory network of immune
senescence and the verification of the causal association between age-related diseases, break through the key technologies such as the
targeted clearance of aging immune cells and the functional reprogramming of immune cells, and build a quantifiable, dynamic, and
repeatable biomarker and comprehensive evaluation system of immune senescence. In order to achieve the core goals of delaying the
process of immune senescence, reducing the risk of diseases in the elderly and extending the healthy life span of the elderly, it is
necessary to further understand the interactive regulatory mechanism of cross-organ immune network, eventually promote the clinical
translation of basic research results to the maintenance of health in the elderly, and develop personalized intervention strategies for

immune aging.
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Fp BRI R - [ B3 (https:/data.stats.gov.cn/easyquery.htm?cn=C01) ; - 55 E 2k I . the United Nations, World Population
Prospects 2024 (https://population.un.org/wpp/downloads?folder=Standard%20Projections&group=Population ) .
Figure 1 Number and proportion of population aged 65 and above in China and the world

China data sources: National Data (https://data.stats.gov.cn/easyquery.htm?cn=C01); World data sources: the United Nations, World

Population Prospects 2024 (https://population.un.org/wpp/downloads?folder=Standard%20Projections&group=Population).
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Table 1 Changes in T cell aging-related markers
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G g2 W 5 B B g I 225 R 0 T e, () A e PR 43
WEEHL PR A BT REZ W5 | KSR -E P
REVMRI TR | TINJR G X 26 S A 5 1T R GE 3 TR
BE RN Ar ISR BOR B R N , 2
R IR SINK AR S T Re ik — L, 4R
MG R I WD RE 4T R, B B AR
TR T S TR L IR R DR 144 M % o A S g
i R A B T B A IR N R S NKEf s
FLPREUE R FL AR L A PR 7 A RN A s T R
LR AN B AR
2.1.1 NKZHAaIE & EE 5134k

HHr KR Z80=5 A0, A F R K, B
NKZH i 3 H 3800, {5 NKCH M R L 461 25 & A i
ARLTRIY IR PR o A CD5 6 E NK 4 i
L A9 B A 1 185 B 2 T I 9, 55 v At B 928 200 B 1 £
SRS EEAE AT RE N FEICD56M™ NK 4
E A8 Bt A 48 1 AN L T T iR #2385 CD5 7, XH1L-2
A2 R PR T B9 0 B PR ALY, 9 ELCD56%™ NK
200 5 8 B T N S 4 N i 3 AR 17 200 i
PEVERE , 33 a1/ 2 PR S NK A B E SR A0 M KO 1 A4
A4S
2.1.2 MBAEFF=EF0 W TR

21 X F- 40TL-2 \IL-12 IFN-y IFN-o % 1] L3
SENK AN A RGeS 2 . HPIL-2 F 2R TN

A3 U6 P 40 i PR F AR T 40 i RN N 2 it (4 36 4 i
AE3E s NK CCHINK 4 A [+ (AN TFN-y . TNF-a) 43
Wh , 21 P R 9% i N FTNK 4R g =22 [8] ) 32 B2 4%
ZRL49T T IFN -y FITNF - 25 40 i PR B B T 3
NKAE , A By T Ul B 32 B9 e S g, S H6 7R 9
i JEE Y ol 20 it o 2 A S I W A i A ke 4
JL L3 ok T B AR S 1K TL -2 B 43 A 32 YT ik
A0TSR RN KA L P 13 6 T AR g — > B
JEE . RIS, ZIL-23897 )5 , % F 24t
TR BINK A L TFN-y FITNF-a iy 7= 25 25 13, (H 2
JEAR SRR TAE BRI A, R TL-200 3 T 2 4E 321
FHINK A, 5 =40 B 7 8 7= AR A T AR AL
PRAR T A 5152 5 53 7o 4 i PR 7 B £k DR 777 A
AR/ P RE DS DR T S AE I A C A AC D56 e NK 4
M ECDS6M™ NKAUAEAHEAS , RO & 530 A X
LA
2.1.3 ZHAAE MR

NKCC i A #3854 110 e ) e 35 215 21 5855
RS, XA AR B Yu Ko A 3 5 L dp g
FEAL YL PR i 2 A A 54 i, B K
I RN Y T 28 bl 25 AF % () 3 K i & i B,
NKCCHf & 4% 0 3G i T B e i % 48 51 24
ST G WFsE 48 1, KLRG 138 o 80 R 5 5
f$M2 (adenosine monophosphate , AMP ) 75% f) &5 1
WREEIMHINKCC O RIS & B, IS 4E IR R
/N, KLRG 1 157 ML AR FE B 19 C DS 64™ NK 4
R R S 0 T R AR R A K
CD56°"E" NKANAE H B8 T 4, CD56%™ NK 4
LU BRI T, 3 A SRR UMAR L, ZHNK
s P KLRG 1B 23K 7KF- B , iX 5l ENK CCR
AR IG I T R — IR, A2 R, RIA
PG 52 RNK 21 M9 £ 130 (natural killer cell protein
30,NKp30) 5 NK 4l iy £ F46 (natural killer cell
protein 46, NKp46) FUNK4I L 7 43 Hb B AR 41 K i
RTINS A S ER R R A
(killer cell immunoglobulin-like receptor, KIR ) ) NK
20 M T 4 OBt AT 4 A 3 R T i o8 s se gt SR
FEH | Bt AR A B8 K NI it DA 290 it b2 A i i
TGS MRe 1 R A T84k, A 12 1 5 ELJ ol 4
A, FENKCC R %,
22 HiZMMRS5ERMABENEE

ALK A I SR T IO 200 Y R 2 R 44 P i 1A 4
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JIE, A Bk I Ok 2 A T B S R RO A AR, T DAy
W R AN T 2 5P R, 0] DLSE i 20
HAFH LA ST 2 A0 M DXL RIS o A S5 0 77 A ok e
SOERTEIR T A e AT W T 1 4 )
A GE AN, k) 12 B IR 5] 52 1K (pattern
recognition receptor, PRR) , AN TLR , 4% fifl & b} 7]
51 Sz SRR ST o vz L0

BARS A I 5 A B e 2 R HILTRL D - B R Ak
Pty LA il 38 8 T B A A A R i 2 5 2 LAY
AR M, R ] R R 28 MR ) C D56 HR A A
WA 38, W 53 A B A 2UR: M b 46
5 R EE M R MROS R, 5| & H F«B
(nuclear factor kappa-B,NF-«xB )25 4i¢ 4 il J 748
PR 5 A0 IR o WA 25 L, TLRAA A9 4E R [ 143
W3 SR T BT 58 PR - 458 G A, A ik S L ZE T e A7
1, PR R S, B ASROS BRMNE (L AROS
AN IR R EPA E  f WH R A 1 0, ST iR
1k K R Wi TR S Ak A2 0, A T e R M2 iy — A% 1 TR
(nicotinamide adenine dinucleotide,NAD )& i1 4
AL, BE— A R S e TR AL O A e R
SRR I D RE AT NG LA AE NN, FELAGAE
BIREURTE | 51 R 56 R -3 7 P 2 PR ] 3 2 5 i o
TIPSR 012 PR S0E OGN I+ W TNF-a A1IL-6
O3 IAZETL B N A3 AR S E S AR AN -
Y2 RE R 5, R B SR R = ) BEHR
B S IR o 2 R R i — 2D TR D R BB , = BAL
IR G e 5 iR, I 2B AE I B B e PR R Ak
JRLOM R A i A M S T AR A 4 i
PR AR R AR W T SR DI R T e o
2.2.1 HREEF kKA

% B A A 02 98 SR AUTT AR PR — 8 B
T2 22 2 T 45 P 28 D R R A i 4 2R . TR B
RS TAE 3% B MR AN, 24 E W 20 M 72 32 TLR A
I, 2343 WA B 22 1L-6 . TNF-o 25412 48 41 g Pl 7102630
X AT B SR PR A Bl A AT G, ML 2 1 4525 )
B, A ZH 2 i) L I 25 0 v (i R SR AL AR
X RS T| R AR DI Re =5, (2T ROSAE
W2 B S IENF-« BRI T TR 45 A 5 RIS+
I #f 3Z A 25 13 (nucleotide-binding oligomerization
domain-like receptor protein 3,NLRP3) % HE/MATT:
T HFTL-1BRERI 64 5 YIL- 1 HE B3k 38 T ik 3k
PRI, A T B BN Ry 22 P R A R SRS R R

[ B AT ST IE B, NAD Y& BURE 1 23 B AR 3 3 <
TN B X P OUTE Sy v it R 23t B, 255
Wl 5 0 L PR A0 1 7 2, B Siirtuins 5K 25 LTt
ACBERT PEREAR , LR A S AR 1h S2 400 AR A AU
PERE SR, A e 5 e S R BIRAAH EL AR , TP A
PRI - S ARSI , 1k s s LA e Thg o
AR I, A MESE P AtgSFILe3 Yy = 36k
B WU SE FELLL K A0 05 5 15 A 2 T R A
iE— IR SRR T RE S 5 A RE/IMATE AL, (I -
1RRIRIG I, PRI WL AIA A I W kb B
bRz —00, A BFFT I, AR/ BUE 4T
TEIFN-yRCT R B A5 5 56 5 Sk s 85 1
(signal transducer and activator of transcription,
STAT) 1-a PR AL ARG, IF HL 2 2 B w5 20 i v 4ofsi
TEN-y 48 S8 B0 B 7 A it gl 3 il b, I, 48
i B 23 e HE DI RE S 1 SR TORE (M2 ) L I 4 i
TR, xR A SR e RIEH, Bk w®
PR bR Y SR M LIRS RO
A FEOE KA I TE R S I RE A TH 2L,
SR R N AR A DG LR A S
AL

X AR/ N B9 S s, HOM A
Jin, i jg Z B (lipopolysaccharides , LPS ) 5 ils £1EH
G MLPS S M HAZ AN M R T Y TLR4ASS &
J& , ST FRAAZ AR, A AR f R TNF-oE N Y R
SE AT A L6275 S A A 3 B ) i B i 55
B S I N e M P E R R R 2
— o AT IR, A AR A AR A
@%% %%ﬁi*ﬁﬂé ¥3 (tumor necrosis factor
receptor-associated factor 3, TRAF3) 5IFNi# 1554 5%
F8(interferon regulatory factor 8,IRF8) 1= %
i, S8 E R T 2 N I (retinoic acid-
inducible gene I,RIG-T) )5 & Mgk kA5 5 S
AR, BT TR 07 A b s [ AR 5 R
M5 5 v b 4 4 ROS ARG | & W12 48 i B AP S0
HHE AR IR , I B 22 A 6 R E 19 1E B 45t BOR 3
R R L i 211 A U S
XA R B AR B b A PR T TR i
Z L7
2.2.2 FIEERRINEETBE

Wi A A1 S, I 4 P A s ) g 3 i o
B, X — RS 2R e 40 A D RE A4 E A
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Wi R A R AR A 0 B R AR R T AT
W6 LA K% I I 200 i O 1 4 4 BRI 8 AR 5 1472607
BAE N HRAZ A M A ED RE 2 40, 7E 2 B TLR4
ST 3 25 ) IR S A7 4 e ) A7 50, ] Ff 4 Y A TNF -
K BT, MBAE A B U A
T WA M 23 448 5 2 B R 07, (R TC AR AR 5%
FARZAT R AN B ISEEA BRI ARAE - RN S AR A
0B AR FL , FET A0 A S e Bk A /6 2 1 32 AR 4 (T-cell
immunoglobulin and mucin domain-containing protein
4,TIM-4) Rk 7 AR, SECHICE E W A T
R A 00T X i P S AR B A 1 %
SEFFEEAFAE , B N T A, J2 S A P A 1Y
—EERER,
2.3 HERIARRI R E

Hh P A LA [0 G2 A, 78 v S0E
th R 2 G H SR, 22 5 S0 R 0 I M e
S (AT RN 5 b AR AT LA S i A 1 55—
TERTL, TR A MR B I8 R AE | B B S
PRI IR IE S5 SR AH DG v A 4N L EE AR
JSICN

HhRL A R 2 A DAL 2 5 | A ek
R EE A 8 1 ROS AT Tt g D) BE A, 75 rh Mk
YA A A R R TR B TS Ak S
APREST TR R IR R R | PR A
™ (neutrophil extracellular traps, NETs ) il 2 17 Sz
TLRIYJREZE AL 5 DU Re S , W HR I L3 -0
fif (phosphoinositide 3-kinase , PI3K )45 {55 51 2k
P H WS B PR T R A S S R
e v i R Lo e AN a2 N R S i Lo 5 O e I T A
oV, WSS ALK S5 B A 5 e I AL RE T , [m] i
i 1 SR BE R OS \NETs S 4 S A5 Jin il A8 A6 07
SR VE AT , HE 5 A SO0 EC VR R
PRI RS PESGR P 22 1R AT PR e A 2 Fh 2 AR
T80 rb o 0 S A A 40 U T
AL RER o
2.3.1 ZARRATIEAN

H PR 2 AR — 2 2 i TR AR ) 240 B, 3
FEIG I LA 2 — K, B AETC AP S n 5 50 T o
SFEsE R RN N PGE I T, A G K E S BN E
P A ML R R . Y Fas/Fas e A8 i ak
caspase-3 caspase-871 T F 2 A T 3 BBk TG
BF, 23R TR PR LA T 5 T rh PR 2 B A B2 5

AV R B, T B AR T RERE T
I;é'g[és] .

7 240 it - 15 5 248 L 4 % 8 PR (granulocyte-
macrophage colony stimulating factor, GM-CSF ) J&—
TR V2 BT R R A D RE A 1 ], ] A
HPE R A A O AR R PR AL TR
ARSI, 248 A PRI e A S AR T
TC I 2 5 (A ™ F LN, AR AR M 4 i
Xt GM-CSFH JZ R £ A5 1538 4100 G b b 4 g
T34 2 B s e R e I RE X — 4
BN Ky 5 AE 32 VR I T A 1 S Bl R LA 5%,

T Wt 200 L A DR 200 L 37 53 080 1 e Pk 4 i
Ja , TL-23 323K T 8 35 S 00 RE 20 i 45 v 03 9 1
(granulocyte colony-stimulating factor, G-CSF) ik
TR D PR i R A A O AR IR S
N R B RN A R B AR T
T 2E S SR AE P e A, DU B R X GM-CSF I
JIVRIA8 21N R0 e i 084§ =0 WA > € 3 SRS [ % N
SRR BB R AL S 0 A OO AN
B8 MR R BUE S B e A
LA R G2 0 2 S BOE AR N P VR 40 i I T4
nto8) LRI, AR AR B AN M) g B RS T 5508
20 MM DL o B 5 2R PP L A A A T
AT R O Ho ik & SR R4
S AR IS YA DT o o7 5 8 A DR 105 5 B S R R AE
JJR T2, S0 P A L S S A A R
RN S B ARG R IS PR SAE , SURT RE S A
FHT BN TR 5538 1 1 S i 40 B, 400t LG 7
S IIRE I B e D RE T - rh s i o
S AR SR IR ALK S 5 58 R IR ER £
Tt AL . BARBAN L AE AT 23 (i 15 Mok 20 i
G s R 2R 7 N e e I K NS AN S IR R G |
JHLE TG 22, 33k 1 B v ML A i A S s 4R R
R —A 2 | TR AR S 2 9 2% AN R AH
R A AR SR EIVE IR
2.3.2 HMEThRERE

B P 5 2 T BOTP R R A T R A A L L
NETs B TLR 17 [ 815 % 22 77 1 e Ok 7 , il
ek v P A0 FEARAE A A ARG B RE ) e, RIS
IR MU AR B R R PR A
ZRATHEDR G L AR 8

TEATWEDIRETT T, Z S5 I RERI LB & 1 i
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BEA JIERE A RBOE LLFEMEFeZ 4 (CD16)
(14 2% 35 L 200 i S T AR AT, 35 1) 95 P M b 4 i
W RE 77108,

LI RE B EE R W . R e, BARHLAR
M AR S =B RRAUEE S BAS L , F 2 TR R T K
(N-formyl-Met-Leu-Phe , fMLP ) /5 #) k7 21
Fafb i A LS 73 HOS AR R AN I, AR A0
PR AN AL R R B RS, Bt R
SRRz — 8 BTN, R
PR 20 T AL R BH B FRAIK 5 PI3 KA 53 B T
SIS, 32 32 FIPI3Ky MPI3KS I 5 74,
BEAN, 5 22 0 v R 200 5 PN A0 o 2R o A
TR TS b R 20 i U S IR X T
CD11bF3k A X,

NETsiiffl 12l DNAEF 42 1% R 25 44 4 354 2 4 7
LR P BRI LA, BRI AR 1 [RIR, 4541
SRR B I A SRR AR T R
S S AR M RE  TE R EE , SO R T, SRR I
TIREA A 2 , JUH X WEAE FME LA Bk ) B4 M S80S
BRI A RO RO NETSB S #
SR AN S BRI R SRR . AR A
L, ROSSELPS | IL-815 T & BLNETs A% Lo A1 ikt , i
LPSHE{IL-81% 5 AYNETs 5 JH Hi 4F % AH 56 M sk 2>
TLR2FLARZ: 5 I ROSHA M NE Ts A= ol th il 47 i 434
KA 5w, HIENETs BT & 1Y 32225 A mT A2
EAFAILR T A 40 M S I BEIROS e T A2 T
s o8l g AREAteSBREE B HA T4 [ 137 5
WA S FENE TSRO 5 R 2 — 78,

TLR 1) 67 1] 38755 AT BEAE 5 3 Hp Mok 40 i 1) g
YU R E AR . AR IR P 2 i
o ATLRUSINKS B EE F1ICD 1 1bFICD 18R 1A 1§
b TL-8 K3 SR I K - T 7, S8 ki 2m
O ZEES 5 N B2 iR RS e ) B TR b S s i
BRI, RIE(S T T H5 G R E 5 ,
FMIERONHARE T , LM NETSIE 15 5 Wi

3 BEEEMEEN

PP AL A AR E A sy B Rl 5
PEARML | S 735 S AR D JS R ol 14 3l 21 A
T, BRI RERTAL SR S IE R et
IIRE T K , e 4 B U R A B &

JEPIFELRAS , 2 FPPR , an e A8k R SE MR
I IR DR A R R T ) DG B 2% A

23 [B] S IR BE AT HAR DL B A 21 A3 2 [
TR AL | GERE A 25 LA L A 5 ) S A
T B oullall 4 5 20 25 B b i R BIR , S B A i 2
Wz ) o3 A (AR ) B AR EONR S Mo AL
RO ZYERE = BRI, DU e
BFSE BRI AR TR 8082
3.1 HEHRRK
3.1.1 KR

i R AE B R G b A HE DGV E T, A4S TAR M
B HPEM 32 A BE VR, T GERE I e e D RE A il
B B B ety 2 OCHE, BEE IR K, iR
AR AL, R0 A B i 2 25 2= 4, I ) L ] it
B, BRI USRI A ) RN, W L 44
HEAEA, B 0T 55 R ) A3 AT A8 & AR AR L 95% R
PR MR BRI E b2 SRR LA TR i
D AN ARG TAN Mg T R, ie 2 T4 AL
PRGN, TCREAEVEREAR , B A e 2 2 A &
SN T 20 RS I An A= 18 B e e M s 1) XU
5, T SRR M AR e S RIS
3.1.2 fRRE

FE A S A AR S5 K bk T 4, 7R FH 5 I VR A
AF I I T R o A 1 A0 S A2 Dy 87 4 A D) RE o
Bifi o AU G DT 4 X B T, 2186 5 s
() P FRARFRATN , th 2% IX 2 2 T A RSk i 2
IX s R > 22 B A R S
AH B9 B-2F FLBH % (senescence-associated PB-
galactosidase , SA-B-gal) FHPE4H I B F | 5% 1 2B
AR, IR P B3 2 40 B D0 DA B 1) 20 d A e G
X, AP HEEA A SERKRMML,
AR BB T 40 i L 451 S 2 R AIG, TL- 1 BFITIL-6
B2 PFH: 240 A 50t R /L T B4 DNA (single-
stranded DNA , ssDNA ) Fllcaspase-3 [H P48 -4 ifd 5%
R R I R AR AL R 5 Lk A
DNAFE DUEGE N, FTHE5 | Ak 4 M A% 3 K S5 2k ik 1)
RERETRISS) . IR IISEIE R IR, (I BE X B ZE 45 | 4140
i AR R O B Y A B G AR R I, LA
RS HCSEAL BE 1T [, S5 R R hn S e
AF/INBRAY MBLIE ZH 2 b, R AR i e -l R - 5 EE A F
FEA KT Bifi A i 3984 T B, b R 3l Xk
AR AR5 vy, 5 DR AR K] ] X s 1) R B4
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3.1.3 HEBZ

PR AE7E e WL e s, Ik L A A s AL
HFEAIERS | DL ARG ie R G0 1E H DIReFn B 8 55
DR EEAE . AR, AR R O I A 2
4 LN WL RIS 5 B e 15 /0 UL, 3%
AR S AR, SECEENE RPN E,
BoRE RIS o REAR X B A /N R 5T A 30, Stk
EL 45 Hp 0 A s U B RV FU AR SR R 3 A I T
R, R T N Tt b C-X-Cafb K 32 &
471 (C-X-C chemokine receptor type 4,CXCR4)$ ik
P, FEOLAEA Kb N E A7 55, BI85 T T
it S 35 B AR M R A B AR A B RE T 2R 44k
T Gl A 22 A1 R bk P 235 5 2 e 88 i
BRLLAZ T IR A R L G . kL 25 R D AR AR
BN L, AT BRI 2 — 2 SR R 1 4
JH i 229k L 235 PN s BF s i e T, B D 28 P A
TR 0T R 2 DX 3, 33 HE P 200 i [ el 5k e & 4 4
JH55 B 05 AR B ) 35 R AR AR A, SR i PR A X
WKL E7 2 B (lymphotoxin beta, LTB) kB4 IS K
T A O, IR R I 45 R & e A v
T 240 6 A 0 i i B A A A R R R
AR s BRSSOk L O v TN R R Dk R

Tz T

L% TCREFHEIFE

| % :
HIRR - RIRREEE

9
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=45, IRARARIEE
AR TR IR
* HNERDIA TR T
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+ ERPUHBETIARRRN
.« FHHURASEAL
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PEFRBELOT . BER ARG, IR B 45 JE R 2
JE T8 BN 90 5 7R A/ BRIk EL S b R T
Y1 B B0 S A B S R IS A, (B S R E S
P KR TFN-y 0
3.1.4 Rkl

N e MR T 5 AR A , 25 0% D) Ak
MIRFAPR = AR, BEE RIS bk iA 2 & A2
AR AL A FE R B A /NN AF e U £ [
B i kA4 A BRI B0 52 8 )t B AT % 3 i el AR
X5 G AN M 2 AR L D RE AT RN R Y Y ek AR 5 )
A K« W8 TR T 208 e R A R 2 50 1 e e 1
B RE I 1Y S H, P RE 2 T B R AR AE Y G [
£ T B0 K AH A D) RE 2 1R , 7T hE
BRI SO R RE TR B R TS R 1g GAAH DG
(immunoglobulin-G 4 related disease,lgG4-RD) ;1Y
R 23 RE ) e D 1A ) 8 A Ry e R PR, AT 52
M 246 TR ARG 7 P 2 Iy 225 5 38 WL st A% 2 130728 W i
SR 55 G 8 ) BB AN S RE AH S A0 JE PR Rk, 2 17T 52 e
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FEI2XF ik A SURIB R I AT T 845
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Figure 2 Manifestations of lymphoid tissue degeneration
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i G O o XA [R] IR S AU e TR B
(tumor microenvironment, TME) BUIF5E & ¥, i F
TR B A s R s, 2 HE A B A2 T 40 R ik
/> ,CD28 CD57 £ MHCDS" THIMITEEY 1, 534
TR T RN s [l , TME Hf g #H 5 Treg Y
FeAIBG bR Treg LN TR =2 [RDX 1 25 1 1)
TE ol A LT R B A A Y 5K 58 A8 B A (ataxia
telangiectasia-mutated gene, ATM)AHCHIDNASI;,
5 20 M A Y R O 1/2 (ERK 1/2) Flp3 83 #%
G STAT1/33f Eifp21-pl6-p53 , Fe X T3 THN M 1%
IR IR A AR KRR
PO 25 T BT Ik T A0 M A AR S LA 5 e i 25 (), DA
T 90T 400 6 2 i A o i/ 104 i
W AR A AT PO 5 | 2 S %) e S BT
B RN AME o

LA P =K RIROSHEN R SR 4 i AT
HHYE B, I H 5 RAE IR B AH Pk 25 V) AH
Ko FWo A0S ACHH AR LY, 32 i 20 i A S5 A
A Y ARROS AKX T4 H P ) 26
FELOOT SR, B ATP Y S A LRI R 11 4 i 4L
CEAMRE 2, U Rk R EEABRE 25
TRERERY , ROSZEWI AR 2R , 5 | S AL WL, £ 48 1 il
PRIEE TR B, i — 20 3 30 1 B A B I A )
RE NI, P2t 4 R A 5
33 RERZE

TEIEH RS , S5 38 G0 T 0] A5 B L
I, 2 PR s ShBF AL ; 75 B AL 55 58 s , SLRE
MG A AR S KO o X — S A0 T RBIFEAE RN
FEJC o 2, HARPR R G h 9 hE 4 i PR - 21k
JRE B AR AL R T A2 i A R A0 A
TR TR 0T AR, 20 SR R 2k 2 AR
AE ) Ho g% R G b A FRSL 0T RS I, ML S 25
[i] P2 PEAREE RAE ™, WX AR I U8 B AR e T
K, e 9 RS S P SRR, S S A 12 1k S
AL B S la I /O TR S TES - = M 3
T AT BIR By PR 2R T2 5 8 A M %) D B M A, ik 2
TN £33 5 U DN A F LA 0 15 e 6 Ji 45
¥, W% EIRSASP, K& s 2 4 I fafk
S NI oS - Ny e R YN EE S NS i e
PR EAEAR Y SAE ST, HESI LR IE A SAE 8
AR, T AR 28 s s S e AR i h e R, i
LA B I AE R T 52 (B R AT, 20

RAEME A e 5| & EA LU, i RPN, 2
Kot

BEXRE AR NI T 2T, RIVEE7E TG A B0
MRS , RIEA BT, JLHZIL-6 5 TNF-af 7
PR 2 BEAR IS K T . oA R,
P2 9 40 L K F1L-6 \IL-18 }2 C- [ W 7K [ ( C-reactive
protein, CRP) 7K1~ 5 Z A4 AH A B 1) &
R B AET RS0 M R A3 1 2
H A4 5 RIAE PR EY), CRPE KT & R H2Z R
RET 5 N sk R IR IL-68K 310 AR
AR AH G RAE bR A R, AT g 5% 1 FxB
(nuclear factor kappa-B , NF-kB )il i 15 /b 2 IAH G,
PR P SR IS BRI AR R A
INE A -2 (cyclooxygenase-2, COX-2) YRI5 , it i7F
AT 20 L ()30 TN oA T T75 45 i A 8 FE R ) 3R
IR, HET RS AE o i 102103

TiAh , RAE S FEIFAEA AR R SO 7, LR S
IO AE Sy DG BHER 42 BR T, [ 2 ARONE 3 38 Y H B AR
AE8) . Xt S e A AR RS A T R, e R
FEREEIRET , AMUE RBREY), WNIL-6 . TNF-a.,CRP
AT LRI ED , I T g IR A R+
&2 (soluble tumor necrosis factor receptor 2,
STNFR2) fly ikt 23 [a40 M7, S FsE
B¢ B  TGF-BIL-1055 50 R 2 (B HA XU R
FE T FEVE L (0 H 128 0 13X 26450 R 7 7F RAE
b= A A OR=Ry T | K RS (SRR Y 1 2 A AN
4 ZFRRESER

ST T YEGE AZ O A R 2R, SR
EAERRIER G TR, 5 2R TN 28
IR 98 JRAE O I AR S AaRER 1 A 2
IO , F R AR 5 IR AL 52 B T A B2
SR S B0 25 S Tk, B S R R ) e 4
TEER, J 5 AR M S BTG ) SRR 21 12
41 REERZEARERE= TEUNRRME

HPE T 3 A% O R E A 45 B i D BRI | e o3
AN TA MY 38 ik 4 46 TCRIE 2R 22 MR AR
S ABPEARTE RAE , Forb 18 PEIRE RAE 5 SASPHY RFH
WY, RIS, R B R
P T AR TE G P A B A2 A T BER S S S
FEIE BB R e 25 57

FE PR 2R AT PR v, A0 R A2 48 40 i P -
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