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Pancreatic cancer is one of the most lethal malignant diseases. Various cells in the tumor microenvironment
interact with tumor cells and orchestrate to support tumor progression. Several kinds of nerves are found in the
tumor microenvironment, and each plays an essential role in tumor biology. Studies have shown that sympathetic,
parasympathetic, and sensory neurons are found in the pancreatic cancer microenvironment. Neural signaling not
only targets neural cells, but tumor cells and immune cells via neural receptors expressed on these cells, through
which tumor growth, inflammation, and anti-tumor immunity are affected. Thus, these broad-range effects of neural
signaling in the pancreatic cancer microenvironment may represent novel therapeutic targets. The modulation of

neural signaling may be a therapeutic strategy targeting the whole tumor microenvironment.

pancreatic ductal adenocarcinoma tumor microenvironment stroma nerve

| 1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the deadliest cancers and is estimated to be the second
leading cause of cancer-related deaths in the United States by 2040 [, Despite the advances in diagnosis and

treatment, the 5-year survival rate still stands at 11% 2,

The tumor has a heterogeneous population of tumor cells and stromal cells called tumor microenvironment, which
includes immune cells, fibroblasts, endothelial cells, extracellular matrix, and secreted factors Bl The tumor
microenvironment of PDAC is characterized by its dense stroma with various cells such as fibroblasts, immune
cells, blood vessels, and nerves 48], These cells in the tumor microenvironment and tumor cells interact with each
other to form a complex network and support tumor progression by providing nutrition [, growth factors, and

cytokines/chemokines [, suppressing anti-tumor immunity &, and inhibiting efficient drug delivery £,

The role of nerves in cancer has been implicated, because the infiltration of nerves in tumor stroma and neural
invasion is often found in many cancers, including PDAC L9111 Recent studies have demonstrated the important
roles of autonomic nerves such as sympathetic and parasympathetic nerves in the tumorigenesis of prostate

cancer (1213 gvarian cancer 14, gastric cancer 1318l and basal cell carcinoma 2.

| 2. Nerves in the Normal Pancreas and PDAC

https://encyclopedia.pub/entry/27168 1/15



Neural Signaling in the Pancreatic Cancer Microenvironment | Encyclopedia.pub

Sympathetic and parasympathetic nerves innervate the pancreas 8. Both exocrine and endocrine cells are
regulated by sympathetic and parasympathetic nerve systems. Sympathetic nerve stimulation leads to a decrease
in insulin and an increase in glucagon to maintain glycemic levels during stressful conditions [120]21]
Parasympathetic nerve activation increases insulin secretion 22, The vagal nerve regulates pancreatic exocrine
secretion 23, In addition, sensory nerves also innervate the pancreas and may be involved in perceiving pain
associated with chronic pancreatitis [24. Neurotrophins, including nerve growth factor (NGF), brain-derived
neurotrophic factor (BDNF), NT-3, and NT-4, play key roles in inducing nerve growth and axonal guidance in
normal conditions 22, For example, NGF is known to attract sympathetic and sensory nerves 28127 These
molecules bind to different receptors, including the tropomyosin-related kinase (TRK) family of tyrosine receptor
kinases and the low-affinity p75NTR [28],

Tumoral innervation is reportedly associated with patient prognoses in many cancers, such as breast [2239]31132]
gastric 22l18] head and neck B84 ovarian (23, prostate L2M3IBEIBTIBEE and pancreatic cancer [B24A41][42][43]
Especially in the PDAC microenvironment, tumoral innervation is an important hallmark: increased neural density
and hypertrophy compared with a normal pancreas was observed in a PDAC specimen and was associated with a
poor prognosis 2444l These studies suggest a tumor-promoting interaction between nerves and cancer cells
(Figure 1). In addition, perineural invasion is another important feature of PDAC, which is a disseminating process
through lymphatic vessels along nerves supported by various cells in the perineural niche 2248l |ntra- and extra-
pancreatic perineural invasion by cancer cells is present in 70-100% of PDAC resection specimens and is
associated with worse prognoses such as tumor recurrence and shorter patient survival 47348l Notably, the
prevalence and severity of perineural invasion in PDAC were reported to be the highest among gastrointestinal

malignancies 42, suggesting the highly neurotropic feature of PDAC.
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Figure 1. The interaction of neural cells and tumor cells. A schematic figure depicting the interaction of cancer cells

and neural cells via various molecules.

| 3. The Effect of Neural Signaling on Tumor Progression

Molecules released by various neural cells infiltrating the tumor microenvironment, such as neurotransmitters, have
been shown to affect various aspects of tumor cell activity, such as migration, invasion, and metastasis 4259,
Accumulating evidence suggests that nerves can directly promote cancer cell proliferation, as suggested by studies
in which the co-culturing of dorsal root ganglia (DRG) and cancer cells led to the increased proliferation of prostate
and PDAC cells 8143l sybsequent studies have shown that various molecules secreted from nerves affect both
tumor and non-tumor cells in the tumor microenvironment (Table 1). PDAC is innerved by sympathetic nerves,

parasympathetic nerves, and sensory nerves, which have different roles in the tumor microenvironment (Figure 2).
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Figure 2. The signaling from nerves into pancreatic tumor microenvironment. A schematic figure showing signaling
molecules from various nerves into pancreatic cancer cells and other components in the tumor microenvironment
to regulate tumor progression. ADRB2, beta 2 adrenergic receptor. Ach, Acetylcholine. Question marks indicate

effects reported in cancers other than PDAC.

Table 1. Molecules secreted by nerves and their effects on target cells.
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Type of Nerves

) norepinephrine,
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NGF, BDNF

GFRal

CX3CL1

parasympathetic nerves acetylcholine

sensory nerves substance P

Name of Molecules

Target Cells

cancer cells

immune cells

endothelial

cells

cancer cells

endothelial

cells

cancer cells

cancer cells

cancer cells

cancer cells

cancer cells

immune cells

cancer cells

Effect

tumor progression

immune suppression

angiogenesis

tumor suppression

tumor progression

suppression of

angiogenesis

tumor progression

tumor progression

tumor progression

tumor progression

tumor suppression

immune activation

tumor progression
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