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R ARG 26 SO0, FREeVERSARIRAS S 2
MR i -FE K- F AR (hypothalamic-pituitary-
adrenal, HPA) 5 % BiE . LML R4
(sympathetic nervous system, SNS) 5% 2447 A K
HAX ph 208 ST 4G S-FR Al (S5-hydroxytryptamine,
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P 2 DA S 728 RN 20 RS AR B O By, X Sk e A
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microenvironment, TME) , 5 i B J&i i) & J&& it
7S, TME FZ i EREAINE . PRt . 568
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endothelial growth factor, VEGF) AYZik, M T
Jibe LA PN R AR R A O D — T TR (AR
175 3 1o (hypoxia-inducible factor 1o, HIF-1o)
M A F-xB (nuclear factor-kB, NF-xB) Z&4H %
15 5 38 B, F— 20 BRI 20 M RE P T 9k L A i
(cytotoxic T lymphocyte, CTLs) 554 41 M A9 15
I3, BEARMIE S RE Ty, E I R 28
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PR TRMEPAEE AT DR S S AR P A T A2 AR L
(programmed death-1, PD-1) FI4HEEPE TR 40
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protein 4, CTLA-4) ZEfil L2 (A7E Ttk W 41 |
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Horp, B A OC B WE 40 M (tumor-associated
macrophages, TAMs) A&7 TME H 3= %2 1) % AE 41 g
AU TAMSs Ji o B 48 E 4>+ (41 IL-10,
TGF-B) Mol N5 s (WnCCL2, CCLS,
CCL7, CXCL8, CXCLI12) #iFSFH M M1 14
AR M2 AL, DTSR e sse St e A, ek e gg
Km0 SR SERRAE 2D S AR B N s A
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B I AT LSO P S e AR D R | S
YA SRR SIS AL . A PR A DA e S e A
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(natural killer cell, NK cell) 1 A58 P 50 % 4 it
AR, TEPUMRE R TR A OCHVE . BEE I
R M R G 5, TME oK & 2 i (arginase,
ARG) Fl—4 L& & Wl (nitric oxide synthase,
NOS) AK-V-ANWr -, 7] B s W i 2, 3- R Hm 4 iy
(indoleamine 2,3-dioxygenase, IDO) ik [,
TG E € 2R A A G, FH NK 20 A i 3 5 0T
il 55 1t phge . BEIEHIDHIIM (myeloid-
derived suppressor cell, MDSC) J& % 5 il il 4 &
PR EREAIAE, FEAIE M T SO Hh R AR AR
M. MDSC AE ] RLigE i 7 42 NOS | IL-10,
TGF-B LA S CD274 %5 K- [ 42:35 50 1 S T
PERON, FEFEJETTYE T QUM 2R 1, 3B W] DARREL
TR A . TEPE 2L (reactive oxygen
species, ROS) Fl— % L & (nitric oxide, NO)
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i I G . 1E4S H s (colorectal carcinoma,
CRC) & ABUHARAEN T, UWNIL-6 & IL-8, 5
W IFE AR S TS AZ AR AR 1 (programmed
death-ligand 1, PD-L1) ifJE3Rik, FHATCDS T4l
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i g% (hepatocellular carcinoma, HCC) ', #ijifg
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i, By IR HREHERR, I ELA S G4 P TR R 5t = il
(pyruvate dehydrogenase, PDH) & F| & it & i A
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(cysteine aspartic acid specific protease, caspase)
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Fig.1 Aerobic exercise reshapes the tumor microenvironment to inhibit tumor progression
E1 BRIE3hEE MRS gt R

A 4438 S A P B A £F 1% BB (IR 25 #2115 (fibronectin type 111 domain-containing protein 5, FNDCS) #E— il & B Z kA
TR ZRG, SRENAMCHF—F MM CD4" . CD8 TN S5iFt:, A IRN G aL, (2#ENRB (granzyme B, GrzB). BER
#EFE% (cysteine aspartic acid specific protease, caspase) BEHOTIHIIMREANA, H— A TFMUBEVEAEN L, FIMIFNHITNF-a, [F
i #4008 AMPK/ULK Ll B HINF-« B 5, P[RSS i e, DOmil fifgd s g . IFN-y: y T3 &K (interferon-gamma); TNF-o: g
WRBEH Fa (tumor necrosis factor-alpha) ; AMPK: MR RTGILEE %A (adenosine 5'-monophosphate-activated protein kinase); ULK1: H I
MK (Unc-51 like autophagy activating kinase 1); NF-kB: #[HF-kB (nuclear factor-kappa B) .
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PRSI 51 R/ P Z- N is-see” Ty kA, Jf
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FEE AT PRI L I R OB A T SORHK
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SRR P SR R RE T, T N S e
THMIAEROR T S 8, IS5 BT % 5t
B, (kP A s ki . o, TERAR
/N, I R RS A5 /N BRAA OB
PRSI, FEMTE 5558 KM T I R0E 1L-4 )2
IFN-y I HE 77, I HL3 0 6 o = L% il 28 1t i
(o-galactosylceramide, a-GalCer) FJ4AES N, M
(RGN e 7 Y N Y (s A L= A
SAEAFES IR /N OB R B R Z K (glucocorticoid
receptor, GR) Fik¥gn, Ml T T4Ifusz{k (T
cell receptor, TCR) {5 5% 'S I- HIEMPD-1, T4
JH B 5 KB RN BT AR A5 M B 3 (Tecell
immunoglobulin and mucin domain 3, TIM-3) Fljtk
B 40 g 7% fk JE A 3 (lymphocyte activation gene 3,
LAG-3) Wy3kik, #t—L5E CD8" T 41t I REK
P, RN T SRR T

b. NK 41y

NK 42 e KA il —, BEATRAKMH
Mg, AT LGB B ALER . O DL A 4
WK 552 5 R R e IR, B I R e
350 AR R, UK & R
RS NK A i) TAERE . s o, 7Efi
PR, YR B VR B2 K #) 15 nmol/L B, NK
2 X it e L) AR T R 62%, HIRIETH 2
30 nmol/L I A5 A% ML P58 2 2%, AN,
AN S HFE 2 R IR R SR 2~4 ), ¢
S 55 NK A0 TE 1, DA fn s o e e,
HEME, NKAMREE A B2 5 LR RfEZ
&, RREEW N A RERRNERE LIRE
(norepinephrine, NE). Mg % 77 W) <5 73 i K
NE, fliH5ZK85G, d#—P ik cAMP/PKA {7
I, /0 NKCZH i A RS I ] TEN-y 5
IF B C-X-C ¥tk 13214 3 (C-X-C chemokine
receptor 3, CXCR3) WHF, i NK4HMIICTE & i gk
Yulbhr, ERZMHEIPNR R MRS SR ZE Y

c. EMEZAA (macrophage)

EL R B2 i e R R i 2 —, ok
TR T ERAZ AR, I B AT LU G R RS AN [ 1)
FAY, R WA RG] —Fh R IR 2 b
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(lipopolysaccharide, LPS) 1 IFN-y 4K 3fj i 4 iE 4%
B(MLAL), o) —Ffe it IL-4 K IL-13 3R 3l AR
BOG AR P SR R (M2 8Y), a2k,
ZIWER R, B g8 AT DL R iR B M1
M2 ARSI RHE , DA SR HOREEE (1) TME
RTRAE 1, TAMSs & 78 IR A e rh 55 42 5 i
SR TR HLELAA A 2 g 240 it () 5 7% LA S B4 5 1) g
() —Fh B RELR A ) e AT AR R P FL IR K-
AR WT A T A S S AR T HLAR 1 25T M2 3%
RURY o e R AU oo B 1 5 TAMSs (A7 7
BEAASN R o TERTH BRI /N RS ARL v e IR
PR TR ) i NE K3, #E— 2015 % MyC-CaP
MBI ZHRY (neuropeptide Y, NPY) i T
F3 W20 i 3 i DA B TL-6 PRI, DT Rt 1 1) A
I 40 M P B9 STAT3 {5 50l i, & ek 1
CD68" TAM RIS, JFINE 1RSI sE R
BRI AL, 76503 ) 0 &R B % U] nY FL IR A
R R, SRR, OHEIHE B S
SR DL M2 A 5 200 e A X 3 7 G 2 00 o 4 L
B 5w o B, TAMsIE AT LAdE i 4y
IAAE A IR AN TL-10 . TGF-B LA S 38 ikt A
F4n (CCL2, CCL3, CCL4%:) AYBEHOAAL IEH
T 40 M (regulatory T cells, Treg cells) [A]
TME 554, BRZNMEFLIE G HRZE

DR 5 T 38 L P45 TME PN 5005 40 it 1Y %
B R Yyt | iR g R LIS, ERERESZ I TME N
AHOCAR A PR R a8 A DT s e id 2 28 . Ao
WoR, FEEEE . OPSL9 LR iR S5 R i S A Y
7 /N BRABE AL 34 % L H VEGF ., IL-6, TGF-B.
T 4 )8 & H B (matrix metalloproteinases,
MMPs) S L4 AR A i BE SRR, Son gk
IO JCRT i3 A 1 R R I A TR b 3 g
Jig 700 [] B A 2 R I 9 ) B TR v [
BV RIS B FIRRAEE S M RIL, #H—
i ZH B 2 O i 2 (histone deacetylase 2,
HDAC2) A1 IfiL /N S 7 28 1 1 39 58 1 408 i
i BRI AR Y ZE ERTR, D3R AT LLE
b 4 17] TME H % 5928 200 B S 2 e LA B R 4% A
O L R B i 48 A Ay A — 2 R g ok
fiif, FIREA Az X TME B SCGEVERT, AT hn
i Ied A L) ey bR S AR 2R RS . SR, BRI )
FFARAUR BR % TME N S 52 40 i i) EL#E 45, ik
AT D o 00 P 2 - PN 3 b i L R 4 R DG 28 38
A5 5 SF AR — A IR e SR APIRAS

322 OHEENT ME-NT EALBRR
e R AT

O IR IIVE R — I AR, BR T EA%M
P S X AL S e R A bt , ] LA
T PO P28 - 3 I IR N 48155 T R GEPE ) SR iR
ARAME T M- RGEE R O B T S i
SRR Z A G “(F9 5 i, SMEMk
HRBAEEBVINRR  OHES) FE 5]
HPA %li /)3t B0 . SNS 19 55 24y L S PR ok 248
390 U R A R A A YOG P 28 N A AR A N 2%, e
R ALY AT I IR A

a. HPA Bl A3 BE ST

HPA it T B TEMARIE ARG, E2H
AL N A R N Y IER L, T
s BERREE ERERBREBERRER
(corticotropin-releasing hormone, CRH) A 4§ & R
JHE 2 (arginine vasopressin, AVP), f¢f# F{&s)
W B B K B E (adrenocorticotropic
hormone, ACTH), #1HIVHE LR 532 HE K ik
% (glucocorticoid, GC) UKz Bl LA K ) Bz it
PR, X R AN E A R R3] M G 3
o, BFEDALIAR R TR T B AL AL T
FEJJARAS T, HPA RSP RFELI0S , 150 R o
R SR E, JE 5 R S REPE 4 PN K i
W, RAFERPE S . W B TR R A
WEAGE P Zma A 4% , JRAERCIHRRAS . 40 Mg aE
SFEEAER L NS . SRR REAE R S 45
K DA R A R LSE iy R R 7, B
S, I TA] KT AR B B aR AR B S i 24 o]
T OB SN, AL FE A R 2 s A LAY 7 A
A0 NK 0 . T 20 M8 A0 B g0 AE 9 LS e AT
11 RPN N NITITR 785 b R ) 1B W o R e
2 RN, R/ N R /N BRABE AR o R B
OFLE T T /NG 3R o Bz Bl K-, I ELURE
B2 ST 25 50 F Tse22d3 A3k, b/ b iy
S 20 LR T 40 AR A Bl Bd v, O B T IFN-y
PRE, DNTITHIER 1 i (R 5 A% 8. R At
FEMRRR I T, R D7 S BN R B 3R KTk
e, e KOV BHE R R 2D R T A
CXCL9 J CXCL10 #y#ik, IR 1 200 T 40 i
AU Re ), BRARHTMENHTE -2k
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Fig.2 Psychological stress induces immune imbalance and accelerates tumor progression
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Fig. 3 Psychological stress impairs the antagonistic effect of aerobic exercise on tumor progression
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Abstract Cancer is one of the most lethal and burdensome diseases worldwide. Its progression not only causes
irreversible damage to the body, but also imposes a substantial psychological burden on patients due to its
complex prognosis. Immune imbalance, a hallmark of the tumor microenvironment (TME), accelerates tumor
invasion and metastasis by impairing the function of effector immune cells, promoting the abnormal infiltration of
immunosuppressive cells, and disrupting cytokine homeostasis, thereby constituting a major barrier to the efficacy
of cancer immunotherapy. Compared with conventional chemotherapy and radiotherapy, aerobic exercise has
shown considerable potential in antagonizing tumor progression through relatively mild but effective
immunomodulatory mechanisms. On the one hand, regular aerobic exercise enhances the number and activity of

key effector immune cells, such as CD8" T cells, thereby strengthening their ability to recognize and eliminate
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tumor cells and alleviate immune imbalance. On the other hand, aerobic exercise promotes tumor vascular
normalization, improves vascular maturity, and stimulates the secretion of irisin and other anti-inflammatory
myokines, thereby remodeling the TME and relieving its immunosuppressive state to delay tumor progression.
However, psychological stress following a cancer diagnosis can not only act as an independent disruptive factor
that exacerbates immune imbalance within the TME, but also amplify the effects of other detrimental factors, such
as reduced treatment adherence, thereby further weakening the antagonistic effect of aerobic exercise on tumor
growth. Psychological stress, as a chronic stressor, promotes the excessive secretion of emotion-related hormones,
including glucocorticoids (GCs) and norepinephrine (NE), which further suppress the activation and effector
functions of antitumor immune cells such as CD8" T cells and natural killer (NK) cells, while facilitating the
recruitment of protumor immune cells such as regulatory T cells (Tregs). These changes ultimately disrupt
immune homeostasis in the TME, promote tumor immune evasion, accelerate tumor invasion and metastasis, and
offset the beneficial effects of aerobic exercise on tumor control. In addition, psychological stress induces
hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis and abnormal excitation of the sympathetic
nervous system (SNS), thereby maintaining elevated levels of GCs, NE, and related stress hormones, suppressing
inflammatory chemokine expression and immune cell recruitment, and further disturbing immune homeostasis in
the TME, which accelerates tumor progression. More importantly, prolonged psychological stress can also disrupt
the homeostasis of central neurotransmitters, such as 5-hydroxytryptamine (5-HT) and glutamate (Glu). This not
only directly inhibits the activation and effector functions of antitumor immune cells and promotes the
establishment of an immunosuppressive microenvironment, but also impairs cellular energy metabolism and
continuously provides energy for tumor cells through metabolic reprogramming, thereby sustaining rapid tumor
growth and adaptation to a hostile TME. Ultimately, these alterations contribute to the dysregulation of “neuro-
endocrine-immune” axis and weaken the protective effect of aerobic exercise against tumor progression.
Therefore, this review focuses on the interaction between psychological stress and the “neuro-endocrine-immune”
axis, with particular emphasis on the mechanisms by which psychological stress induces immune imbalance and
weakens the antagonistic effect of aerobic exercise on tumor progression. We further highlight the important role
of psychological stress in tumor progression and propose that combining psychotropic interventions, aerobic
exercise, and clinical antitumor immunotherapy may help restore the tumor-killing capacity of the immune
system. Such a multimodal strategy may exert synergistic effects at multiple levels, including psychological stress
relief, neuroendocrine regulation, and reconstruction of immune homeostasis, thereby providing new perspectives
for identifying therapeutic targets in solid tumors, enhancing the efficacy of cancer immunotherapy, and

improving patient prognosis.

Key words aerobic exercise, tumor microenvironment (TME), immune imbalance, psychological stress, central
neurotransmitters
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