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Research progress on the interplay between the autonomic nervous system and cancer
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[Abstract] More and more studies have shown that the autonomic nervous system plays a crucial role in the development of various
cancers. Cancer cells secrete various neuroactive molecules, including neurotrophic factors, chemokines, neural cell adhesion
molecules, and axon guidance molecules, to alter the tumor microenvironment and recruit surrounding autonomic nerves to the tumor
tossies. Alternatively, cancer cells reprogram sympathetic nerves or promote the migration of neural progenitor cells into the tumor
tissues to differentiate into sympathetic nerves, thus increasing autonomic innervation. Moreover, cancer cells act on nerve fibers
through exosomes, promoting peripheral nerve infiltration. The interactions among various substances in the tumor microenvironment
create a suitable environment for the occurrence of perineural infiltration. During this process, the sympathetic nervous system
promotes cancer progression and poses challenges to antitumor therapy by enhancing chemotherapy resistance. In contrast, the
parasympathetic nervous system exhibits both tumor-promoting and antitumor properties. Therefore, this review primarily summarizes
the interactions between cancer and the autonomic nervous system, as well as the role of neuroactive molecules in cancer progression,
and proposes potential nervous system-related antitumor treatment strategies.
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Figure 1 The mechanism of the interaction between autonomic nervous system and tumors
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Table 1 Autonomic nerves and tumors

Experimental

Cancer type
P method

Neurotype

Effect

Mechanism of action

Prostate cancer

resection; B2 and  development

B3 receptor

knockout
Parasympathetic ~ Scopolamine or
nerve pirenzapine

Carbachol

Pancreatic cancer Sympathetic nerve Propranolol

development

- Inhibit cancer

Sympathetic nerve 6 - OHDA/Surgical Promote cancer

Promote cancer

development

Promote cancer

BAR inhibiting oxidative phosphorylation of endothelial

cells to promote angiogenesis"”

Activating the CHRM1 - GLI1 and PTCH1 Hedgehog
signaling pathways™"’

CD8' T cell reduction™

Stimulating B2AR - metaplasia of pancreatic acinar
ducts™; HuR translocation activates TGF- B2; B2AR-
ERK1/2-AKR1B1%”; B1AR-CD8" T cell depletion™

Inhibiting CD163" macrophage subpopulation'”

development

Parasympathetic ~ Vagus nerve

nerve transection

Muscarinic agonist
bethanechol

Inhibit cancer

development

Activating MAPK/EGFR and PI3K/AKT pathways
through CHRM 15

Inhibiting CD44" cancer stem cells™"’

Ovarian cancer

Acetylcholine Promote cancer

development
Sympathetic nerve Norepinephrine Promote cancer

development

Chronic stress
inhibition

Inhibiting IFN production by CD8 *T cells; reducing
the ratio of Th1/Th2
Stimulating ADRB3/cAMP/Epac/JNK-BDNF-TrkB®*;

activating BAR-cAMP-PKA to promote angiogenesis™"

Upregulating MMP-2 and MMP-9 to secrete VEGF for
angiogenesis ; B AR - cAMP/PLC/PKC/CREB signal
increasing the expression of DUSP1 to lead to chemo-

therapy resistance™
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Gastric cancer

Colorectal cancer

Melanoma

Liver cancer

Cervical cancer

Head and neck
oral squamous
cell carcinoma

Leukemia

Parasympathetic
nerve

Sympathetic nerve

Parasympathetic

nerve

Sympathetic nerve

Parasympathetic
nerve

Sympathetic nerve

Sympathetic nerve
Parasympathetic
nerve

Sympathetic nerve

Sympathetic nerve

Sympathetic nerve

Vagus nerve

transection

Vagus nerve

transection

Botulinum toxin

type A

Bethanechol treat-

ment
Cold exposure
Propranolol

6-OHDA

Catecholamine

6-OHDA

Neuroprotective

agents

Inhibit cancer
development
Inhibit cancer
development

Promote cancer

development

Inhibit/promote
cancer

development

Promote cancer

development

Promote cancer

development

Promote cancer

development

Promote cancer

development

Promote cancer

development

Promote cancer

development

Promote cancer

development
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Experimental . .
Cancer type Neurotype Effect Mechanism of action
method
Breast cancer Sympathetic nerve Propranolol Promote cancer Increasing the expression of PD-1, PD-L1 and FOXP3"”
Isoproterenol development Stimulating M2 type TAM to secrete VEGE and pro-

mote angiogenesis™; simulating B2AR; the expression

of RANKL ligand in bone marrow stromal cells promo-

ting bone metastasis™’

Decreasing the expression of PD-1 and PD-L1™

CHRM3-Wnt signaling pathway and stem cell expan-
sion™™
Stimulating tumor secretion of NGF - TrK signaling

pathway"”?

B2AR significantly correlated with tumor grade, size,

infiltration and lymph node metastasis™*'*

@9-nAChR inncreasing the expression of MMP™

Decreasing the expression of PD-1 in CD8" T cells;

increasing the expression of IFN-y™

_[14]

Stimulating B2AR, upregulating Sirtl, and producing

chemotherapy resistance™"

Decreasing miR-34a; peripheral sensory nerves differe-

T . 9
niating into adrenergic nerves'

Stimulating B2AR-JAK2-MPN!""

—: Not mentioned in the article.

a9-nAChR {2 3L 45 B fie AU REFE o XTI 7 A
AR RURIF 5 3 ) A2 R 4 o 2 ) D L T R B
iz f (vesicular acetylcholine transporter, VAChT) ]
IR SN, 5 A R 45 R AR K
PRI, ) A A 2 1 2 o R 240 iR 0 84 9 5 7% LA
L 2 v R A 4 B AR

3 MZEMEST

g RET
MEE RN T RMAETTEFMAKE T ERE

3.1

B E AR, LA &4 K T (nerve growth fac-
tor, NGF) /& fie I A, "B IS AR Sk )
2R T R B A (tyrosime kinase A, TrkA) FIE S
FFIBAR pTSNTR . AR A, NGF I )5 5%
fRE 1 8 200 MR e A B P G B SRR TR e
4 M 75 75 FR I Z W) 43 WA NGF, DR i 28 70 24t i el 5%
RETREL R, TR R A B PR AL 7 S b
LB TR T M ZARS 5 T AR 4 R A 2 2 i
IS 5% T 72 LR AR T, iR 4 i
AT DLk oy — > B B 4278 57 Bl 1 BDNF, B 11
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I TrkB 52 AR B9 N ph 28 S IE , AN AE R 22 TCAF T
I3 AN Al 5% A R R A AR OCERE T L
H BT & £ 40F 52, BDNF/TrkB 38 i #0% H T % PI3K/
AKT.RAS/MAPK 5515 538 4 75 12 1t Jes 41 i # A1
1228 A1) et 4 B R0 T T R AR F, 5 O S
JIR s S5 e o AR TS AR ZE A G o T o M PR 1
FEE FE KT (glia cell line-derived neurotrophic fac-
tor, GDNF) tH & 1 22 5 75 [N 1 K R 1 — 51, 5 JR
S TS % U CH . A FUR B, MR A s i B
I 20 i 7T LA 43 GDNF, i5 % GDNF-GFRa1-RET 15
5 i FUOE ERK, 1 9 20 i 4R 28 R 70
3.2 ARET

AR — 2 FH 48 406 1) /I 2R 240 i R 1~ B¢
F5EE, EFR, Bk 2 1 Fi a1 &
FORZARTE IR i # 52 R AL A b 4 B B
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