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Abstract Chronic stress disrupts hormonal balance via the neuroendocrine system and is increasingly
recognized as a critical factor contributing to poor prognosis in tumor patients. Cancer patients often experience
recurrent negative emotions such as anxiety and irritability throughout disease progression and treatment, and this
persistent chronic stress state can accelerate tumor progression and compromise therapeutic efficacy. Emerging evi-
dence suggests that neuroendocrine activation not only exerts direct effects on tumor cells but also modulates the
physiological behavior of non-cancerous cells in the tumor microenvironment. This review first outlines the process
of stress signal transduction underlying stress and subsequent intracellular pathway activation. It then discusses
how chronic stress facilitates tumor progression through regulating tumor cell autonomous effects (including prolif-
eration, migration, autophagy modulation, and metabolic reprogramming), remodeling the tumor microenvironment

(involving changes in immune characteristics, angiogenesis, and epithelial-mesenchymal transition), and disrupt-
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ing gut microbiota homeostasis. Finally, based on the existing clinical treatment and drug development progress of

tumors and chronic stress, the review summarizes pharmacological intervention strategies targeting the neuroendo-

crine system, providing potential directions for the comprehensive treatment of cancer patients under chronic stress.
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RREF IR AL S (adenylate cyclase, AC), 141 Py 34
T 2 I (cyclic adenosine monophosphate, cAMP)
AP T, JE TG & E U A(protein kinase A,
PKA), 713 MAPK. AKTHI CREBYE P 1) £ Fil
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WL R P GRIEN— Mz 404 T 20 A 1 % 52
&, BETEAE S5 COREE & Ja 4 5 3 DNA E 1 GCIx
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TR R R WL I8 AL AS 1 (45 DNA FF 40 A2 25
BB YA, — BENPY /KT, et et
5Y1. Y252k 145 &, WG PI3K/AKTAE 518 B,
S AR G B A7 TS RN S5 2 Fh AR 4 2 R0
(1),
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JI0a N F 48 e FE B B 5 R i S A R
GUEHL, JEI AR RS . i R A AR E
FYHMAT e AR 55 22 AR, PRZI SR IR 1 R A
R G ek i 7% o

2 1BMEESREME R & B S Y AL

14 P 388 L 0 HPAHI A SN'S, {268 K
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211 g LHE#  fEMRRAEFERISRES, 4
JiL 384 5 5 3 8 (1) 5 U AR K B0 PR s v 3t R 1)
% OML B3 LR BIF 700U 1 B B R AR s, If
& 'X 7K F1(angiotensin 11, Ang IT)4b 3 2= 3805 I8 =
HB'E & L KK K R4t (renin-angiotensin system,
RAS), i B ERT MR ZIAN Ang IDKF. 1%
oy T iE It 85 & 2 Ak AT 1 /% PARP1-FN -3 6 Bt
55 IR L, AR 3 7L e 40 3 B 4 7%, 8
R EMTOCEE 70+ [ L MMP2/9. N-£5%h &
F (N-cadherin), T I E-#%5 % #5 1 (E-cadherin)] 5 %
R (R 22 R AU BY . HLIRT it — 0 3, EPTISTHULIK
18 1 738 38 0% cAMP/PK A 551, 76 3L 5% 241
o % S B A S A -1a(hypoxia-inducible factor-
lo, HIF-1o) 85 H 2. X PRk 155 5 D8 128 e U
ML 384 5 fRg P - — 5 T B2 30 Nanog Oct-
4. ABCG2. ALDHIZT-#ss AR, B —J
[l 5 B-cateninfZ U A4, ¥ [FJEOK Wntf5 518 2
(LR RN B, S Ak, It NEE S 18 K SR
S 1T 485 o 40 P o B-catenin P 2K (1 KT, ki B
W 20 B FE AR G HE ] (W1 e-Mye Cyclin D1). 2%
it 2555 1 (1 ABCB1. ABCG2)HI 31k, fe 24
Jf 8 B - 184 SR R 24 1 BT A = B P LR (triple-
negative breast cancer, TNBC)#f 5, H Z # (hepa-
ranase, HPSE) M IIE 542 e /7 B 25 1 8 30 70 7
F 'S LR &K (isoproterenol, ISO)HIFEAZ AN ZE R 5t
J&, B it cAMP/PKA/HIF-1af5 55 5 3% FIHPSE#R
ik, T SR TNBCAN A R AT R g /B8, Xl
I GRS RN AT T 1% ISOARHE n] 155 5 T e
4H i (HepG2+ Huh7) MA@ 40 i (MCF7. MDA-
MB-231)H Srclf g FR AV, 1l 35 304 530 0 1 i 12 28 %
AE B9, 7F S AU 40 i (CAL27. SCC25) NEI il it
LEPR-FOS-JUNBI# 8 3K 2 7 5 38 58 40, 1 o3 8 1t
FURAL (U251, LN229)#E— B3R e T I Tz M
YEFH B3 . GCHINEA BRI PE K JRES, &8
T PI3K/AKTIE 5, A5 5% I 12 40 i Ji AR < & (1 (d
Cyclin D1. CDK4%)[{)# 1k, FF{R k40 i 475 AH K
L (W1Bcl-2) IR, (245 8 40 B s gk N SHA5E
FRIEFEAGIAE DL IX B 38 AR e B T R B,
181t i 77 BT B AR 48 P 0 3o 25 L 2 4 e 4 i
RO RS A KA B RRE (F2) .

212 A% I (autophagy ) A2 — Fi 51 & 2R 57 1)
S PN B A A%, e I I I S 40 P 2 R 8 AN 7
M R ERF A N AR S W, LR TR s, 12
PR ) AT i 2 FOAL ]P0 R 4 R 4 AR
Z RGN, KA S AR 54T 40 (neural
stem cells, NSCs) & A4 H BRI FET , 3 ] I8 ¥
1% % Bl (dopamine, DA)RE( 5 #1 i B W7 B4 @
%, FEOAFITRE RN 2 20245 407 U AE e A
R, 121 R 770 2 BRI 2 R B s OB R 4% ok
MAVS# [ % PINK 1 -Parkini@ 3 14, 51 & 2Rk fi
AU, R, 181 e 7y Re i i R T 4E i
H W 7K~ S e AN [R5 1) R A B A

TERRE A, 18 e 7 m] e e 1 % i e 4
JL B KPR s e R R R . AR B T, R
B B-ARME T, 3P 5 AMPK-ULK]
T BRI, AT ik 2 151 W 2 2 5 e 24 L 84 5 R A7
EW BRI, MR e SR 2
L) B EVRIRES , wT AR I 20 A HE R AT S
S REAITINZ. AHI, R, 1 i
A OEE E IR IR BE S AR B (G IR 1 £ i% (phospha-
tidyl ethanolamine, PE)7K~¥-, 1fii PE/& H WA TE B 11
KRSy o X FECE MR FESZH, S 2 i e 240
MR R 22 AT RS U, Ak, A S S B 2R
IR (—Fh B-S2 A4 B 77 ) B 6 1% 4% EPLIS S LC3 11/1
EAPO2I AL, AR I FE i, 18R 1R
K H Wi (macroautophagy)#% ™ , 4+ p62 57 1
R, SR IIEMEA NI, fe Ak e R A B
S1E M A B S REAR AL AL, s A oG E R I E
o U TME A 2 M8 Ik e g A2 . 7E Mo 2B ) %
QU 1B 7S BRI BAEH 2 3E R )
SN . BFFLUESE, & AT s AMPK/mTOR
5 il s B A SRR 40 (myeloid-derived sup-
pressor cells, MDSCs)] flit JJii 12 8. (fatty acid oxida-
tion, FAO) IS L1 2 1k (oxidative phosphorylation,
OXPHOS), # i ik AL M B Wk IF (2 1 7 21 i =
E2(prostaglandin E2, PGE2)%) i, #5 2% 2R3t S e 40|
TR DB 7 g f g Wk itk 90, [RII, R 735 S 1
JiJEg AH % B AT 4E 41 B (cancer-associated fibroblasts,
CAFs) [H Wi il A6 nT 2 35 2 1 A K R F~(W VEGF
FGF) e 41 ffd 403 7 (extracellular matrix, ECM)E 4
FHSGER IR 7k, 9 eI A AR 2B 5 AL S L 45 4 S
FEPO DL ERFER I, ) —E WA B2 (] 3)
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Fig.2 Chronic stress affects the proliferation, invasion, and metastasis of tumor cells through adrenergic signaling pathways
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GLUT1). C.¥E¥ME 2(hexokinase 2, HK2) %
W B (phosphofructokinase, PFK) )R iA 53;
PI3K/AKT/S 5 8 % Bk B 4 4% X S8 I K R ik 4t
W AR E HIF-1adE B (UHAESE XM ), &
P GLUT 1 fT L. At &0 A (lactate dehydrogenase
A, LDHA)ZRIE P [FFE, p38 MAPK W IE T 11
HIF-1a#i%, f£# GLUT1. LDHA®RIZEP!, |
R ET O, 18 T G R 4 A ) B A
&, MXWEHETMEF AR K ER R b, 18
PR 770 g 17 0 2 1 o A e #8152 2 i
iR R IR &R . RIS ROR B, R
EPLIE IS B-ARME 5 L5 7 H il =R B (adipose
triglyceride lipase, ATGL) & FEVE, ik i
545 fift . TR IL TS5 EPUKF RIEM XM EZ R
1Bl USP22 U i — 32 UK ATGLIE 1%, AT A8 15
Jiet 83 4 9 P Ui 5 D PR (free fatty acids, FFAs)#
1, FFAsAE > LM 40 B 1 B = A AE P 7 R R,
e IG . RBAEEF LY, A, CORIE
it 5 GR4 4, £ HMGB2-SREBF1-LDLR{E 5 4
S 25 R T IR 41 A G ER 2 e AR UKL 1) 5 K
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SLCTATSFRIA, (RS & IR S5 4E 0 7 & LR 1
ORI R 00, dx e g IR B 18R il it X
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JR AR X 4%
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18 14 s 77 B S v (a1 =4 % it 22 208 TME
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232 AU USP28AE e sk K+ MYCE 1, d#E T
152 5 M 4 T 2 FIEMTIISLUGH: R %3, LA
SR S IR A L TR 1 FEVEAL 3B B0t TR XU R A
FoH, 1375 % 2 AU B R B (138 Bl 7K 1T LA
A58 3 g 1) XU B A 41 %, 1717 3% 532 B 7 A8 1R AL IR
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PR AR 5 ) 5 5 2 R P 85 9 5 K S e i . — DT
VA JE LR AT BRI TYH M3 B 1, DD TR R %%
SRS L DR 9 23 iih s o — T T, FLERIE I 55 41 BE
Wr MHC/ 5 T &R -y S5 &, B35 199 T )
PR G e B2 10T, X A AR A B 1 B0 A5 P4 R
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92 4 I AR R EAT S 25 (F14)

CDS8" T4, EMIEEIPRE T, LEME
F2 48 R RO 53 W6 1y 7K T 1 EPTAH 5-32 €4 JK (5-hy -
droxytryptamine, 5-HT). 53K, EPIA] i B,-
B iR 2 RE 3244 (Bi-adrenergic receptor, B-AR)K i
ML CD8™ T4 ThEE - —J7 TH @ i #f1) 22 2 R
R Al Granzyme B(/- S HE4NH0IH T2 ) 5 5 JEpE &
CD38(Z 5 Fu e AN i Ak ) i) L 3k AR T4 i 3% 1
T 00, 5 — 7 T cAMP/PK A 538 %, B
CD8" T GLUT1HZIE K-, H0 1) i 26 4% £5 HY
IR B A [R] B A T R A (1) S AL B IR A 7R, e
TP i g 2 AR T M 55CD8 " TAH ML ([ TME 1132 i1
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BE 117, (HASTE IS, ADRBI R FF 0% AT
i1l T 39 58 A TFN-y.  TNF-o5 5 B 41 X 71
FEA, 2R HECDS TN [ LR R AL 0k, st
755 FE v 1) TN FTE A I 40 Jo) 6] 1) <P 2 40 >
A, TE RS VR (1 S e S oA 5080, 4k, 12
PR 7730385 %15 5 30 #E B R F N R CDS ™ T4 i
AR He g% #I ] Kisspeptin/GPR 548 M HE il X E#
I CD8" T4 L fE, BRI/ TFN-y. TNF-a55 30
T4k, X EARPD-1. TIM-3FILAG-3%5 4 25 K 25
Ay P FRIE O i v K SF ) S-HT I it k2> CD8
TN % E . 1% Granzyme BRI IFN-y3R A& 2 3 55
PD- 1R A 3E G 732 U 5341, CORM iE I ik
5544 R 40 . (dendritic cells, DCs) 1 Th g A1 241
CDS8" T 75 AL AN 20 DA 7 (F 43 A0 F FE 3 i
=E, BN S EE RS E T RAR
WD, 25 H155 T CDS8" T4 T 4 JAIFN-y
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Fig.4 Stress-activated adrenergic signaling regulates the function of immune cells
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CD4" T4, 7EMJE S Rt 74, CD4*
Tk E 20 e [ B4 B 1% TR B (helper T cell, Th) R
IS A B R (EZ MR e
ESE, 18 77 Re s 25 38 e+ CD4* T4 M 1)
S N /5 W& W =L C A AR BVIE 2 LD 1N I K i
CD4" T4 i 1) B (2 e (A 04k . — 71,
T8 R it FIHIL-4. IL-6. IL-10 57 IL-23%5 5G4
T HIFRIE, (23 CD4" T4H L [ Th2(4r W IL-4 IL-
13)F0 Th17(43 1 IL-17) 35 g 24 24k, R B il
FA UM ThRER Th1 408 (LA IFN-y RHREIE ) K & 7Y,
F—J71, 8 Sl F i TGE-BATIL-10%5 40 i
A7, feE U 5 P T (regulatory T cells, Tregs)14E
R IEIE G FL T e 1 TregsTETMEH 1) 57 S 4R, i3t —
S 4R T B P g v 1 747 Sk, TL-64
I BE STAT3ME S IM B 2 3% RN A% 2,3- XU 44,
fi(indoleamine 2,3-dioxygenase, IDO)&IA, SE AR
TR FE R R PR R S AR = M AR B, T 1 ) R
IS T2 B PTG A ARG B, DA R it R R AR -ADR{E 5
FE 42 Tregs ML 5 IR, TERGRREEPEI S 0%
EIGHIEZN =

MDSCs. fEEMEEIPIRE TR, B-ARME 5 HIBUHE
AR MDSCs3h 1. 4. FE. ik &
THHERCEAUS bR 20 B AN L R 40 O £E B-ARE 58S
Ja ik Z Rl L IR F (I CCL2. CXCL1. CXCL2.
CXCL3. IL-8. CXCL8%), 1X 4@ ik X v id i
MDSCs 3 [ 52 A4 W 5| 31 g H 230 7%, Hor
CXCL2H1 CXCL3 T 45 & 32k CXCR2 K AR
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Fig.5 Chronic stress influences EMT (epithelial-mesenchymal transition) and tumor metastasis through adrenergic signaling
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Table 1 Chronic stress-related cancer drugs
FFs R/ & 251 FEHIBLA JERES Y
Order Stress-relieving Concomitant medications Mechanisms of action Types of cancer
No. medications
1 OLZ (olanzapine) GEM (gemcitabine) OLZ inhibits GEM resistance caused by ADRB Lung cancer (Kras mutant,
activation LLC1 model)!'*
2 CAR (carvedilol) DOX (doxorubicin) CAR blocks B-ARs. DOX induces apoptosis, Triple-negative breast cancer’®”
inhibits HIF-1a and B-catenin, downregulates
ALDH-1 and SOX2, and inhibits CSCs enrich-
ment. Combined therapy offsets DOX resistance
caused by B-ARs activation
3 PRO (propranolol)  Anti-PD-1 (RMP1-14) and  PRO blocks ADRB1 and ADRB2, reduces T- Pancreatic cancer!®®!?%
Anti-CTLA-4 (9H10) cell exhaustion, enhances T-cell function, and
synergizes with immune checkpoint blockade to
enhance antitumor efficacy
4 PRO Trabectedin PRO inhibits stress response and blocks B-ARs. Cervical cancer!'®
Trabectedin disrupts DNA repair. Combined
therapy offsets trabectedin resistance caused by
B-ARs activation
5 PIMO (pimozide) TMZ (temozolomide) PIMO inhibits TMZ resistance caused by DR GBM (glioblastoma)''?¢)
activation
6 Quercetin - Acts on B,-AR and ERK1/2 signaling pathways, =~ TNBC (triple-negative breast
inhibits tumor cell proliferation and migration cancer)!'?”!
7 ICI-118551 Sorafenib ICI-118551 inhibits ADRB2 signaling-mediated ~ Liver cancer!'*
autophagic degradation of HIF-1a, thereby
inhibiting sorafenib resistance
8 Mangiferin - Acts on B,-AR and WAVE?2 signaling pathways, =~ CLM (colorectal liver
inhibits tumor cell growth metastasis)!'*’)
9 Jujuboside B - Inhibits CREB, PI3K, AKT, and MAPK signal- Various cancers (e.g., breast
ing pathways, inhibits tumor cell growth cancer, colorectal cancer)*¥
10 Blautia supplement  Acetate Acts on CD8" T cells, enhances CD8" T cell anti-  Breast cancer!''?)
tumor immunity
11 Akk (Akkerman- Butyrate Acts on LRP3, inhibits stress, activates T cells, Breast cancer!'"?!
sia muciniphila) and reverses cancer stemness
supplement
12 XYS (Xiao Yao - Modulates the abundance of Bacteroides, Colorectal cancer!*”
San) Lactobacillus, and Desulfovibrio, improves gut
dysbiosis, thereby inhibiting tumor cell prolifera-
tion
B RARZ.

-: no concomitant medication used.

BT ISR 251 . BRI GCsf5 5Bt 45 &
PD-LIZER B A 8+ X3, s i g i, S5
PD-L1{E 40 g 3 1 &5 35 U8, 38 Jieb g of 4 28 A4 2
AT (U PD-1/PD-L1F A8 ) BT 251 ; M1/, GR
1) 6 v B 24 A1) (oK A E =D ) P 2 B IK PD-L 1
KU1, BE AR 52 GCs 2 5 5 i J83 20 it 14 DI 41
i 22 B He K] MASTI 5 5 U2 B iR RSV 7y
AR IR IR ST P AR AR s A, BT DL =S 2 B A

IR T RE S s e —, BT IR ) R
5L, LSS R AR B B 5 0 T B AR
WE AR =, ok TME, 258 i 1R Ab S ot
B3 R Jodg A 2R ORI =, R IE R
YREvE A BB D Re . FRATTEREE T (5 5l
B AR SR B 25 1 BB T 24507 30, eI
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