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Abstract

Schwann cells (SCs) are the most abundant cell type in the nerves in the peripheral nervous system 

and compose a family of subtypes that are endowed with a variety of different functions. SCs 

facilitate the transmission of neural impulses, provide nutrients and protection for neurons, guide 

axons in nerve repair, and regulate immune functions. In the context of cancer, recent studies have 

revealed an active role of SCs in promoting cancer cell invasion, modulating immune responses, 

and transmitting pain sensation.
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1. Introduction

Schwann cells (SCs) are glial cells that ensheath axons of neuron in the peripheral 

nervous system and are necessary for their maintenance and function. They originate 

from neural crest cells that then form several subtypes of SCs[1–3] (Figure 1). At an 

adult stage, SCs can be either myelinating or nonmyelinating. Myelinating SCs form the 

insulating myelin sheaths of peripheral axons. They produce myelin, a lipid-rich membrane 

with specific proteins, and facilitate the transmission of neuronal depolarization at high 

speed. Nonmyelinating SCs serve different functions. What is conventionally named non-

myelinating SCs are Remak SCs, SCs that ensheath multiple small-caliber axons in “Remak 

bundles.” There are other non-myelinating SCs. They include terminal SCs and nerve repair 

SCs. Terminal SCs are present at the neuromuscular junction and provide chemical and 

physical support to the neuro-muscular synapse. Nerve repair SCs are generated at sites 

of nerve injury through transcriptional reprogramming of myelinating and Remak SCs in 

response to trauma. The ability of SCs to reprogram at an adult stage reflects the highly 

plastic nature of these cells. In this review, we report on the expanding recognition of SCs as 

active contributors to cancer progression.

1.1. Reprogramming of SCs in Cancer

It is now well accepted that “cancer is a wound that will not heal,” as first reported 

by Rudolph Virchow in the 19th century.[4] Nerve injury described in cancer is part of 

tumor-induced injury. Among the wound repair mechanisms, the mechanisms of nerve repair 

occur during cancer and include SC reprogramming. The reprogramming of SCs was first 

described during nerve repair after nerve injury, then during mycobacterium leprae infection, 

and more recently in the context of cancer. The ability to reprogram adult stage SCs to a 

more undifferentiated SC type reflects the very plastic and dynamic nature of SCs.

SC reprogramming during nerve repair involves a change in the expression of ≈4000 

genes, and is controlled by c-Jun, Notch, Sox2, and Mitogen-activated protein kinase 

(MAPK) signaling in addition to other factors.[5,6] Nerve repair SCs are very motile, release 

neurotrophic factors and chemokines, recruit immune cells, clear myelin by autophagy and 

phagocytosis, and reorganize into cellular tracks called Büngner bands, forming a pathway 

to guide the regeneration of damaged axons.[7]

Reprogrammed SCs have been found in close association with a variety of cancer 

types including pancreatic cancer,[8,9] thyroid cancer,[8] colon cancer,[9] lung cancer,[10] 

neuroblastic cancer,[11] and skin cancer.[12] SCs in association with cancers reprogram to 

express high level of glial fibrillary acidic protein (GFAP), similar to nerve repair SCs that 

also undergo reprogramming.[8,9] GFAP+ SCs are found at premalignant stage of pancreatic 

and colon cancer and migrate toward the cancer cells.[9] GFAP+ SCs closely associate with 

cancer cells, dispersing them and stimulating their migration and invasion.[8] These SCs also 

attract and activate immune cells.[11,12]

In patients with melanoma, GFAP+ SCs increase in number in the tissue adjacent to 

the melanoma tumor.[12] Transcriptome analysis of such micro-dissected tissue showed 

increased expression of genes participating in neuro-regeneration and known to be 
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upregulated after nerve injury. These genes are enriched in axon guidance and immune 

response pathways. Cultured SCs in melanoma-conditioned medium exhibit a gene 

expression profile resembling that of repair SCs, with an increased expression of genes 

such as Id2, Egr1, c-Jun, and Sox2, and a downregulation of genes promoting myelination 

such as Sox10, Egr2, and Oct6. Erk and Akt signaling pathways are activated in these 

cells as in nerve repair SCs. In addition, similar to nerve repair SCs, SCs cultured with 

melanoma-conditioned medium increase the expression of genes involved in nerve repair, 

extracellular matrix (ECM) reorganization, immune modulation, chemotaxis, and myelin 

phagocytosis, such as MMP1, FGF2, VEGF, IL6, MIF, AREG, BDNF, GDNF, Galectin-3, 

and TGF-β1.[12]

Transcriptome and proteomic analysis of human stromal SCs in ganglioneuromas shows the 

expression of nerve repair-associated genes.[11] As with nerve repair SCs, these SCs show 

altered expression of genes involved in axon guidance, lipid/myelin degradation/metabolism, 

basement membrane formation/ECM (re-)organization, phagocyte attraction, and MHC-II 

mediated immune regulation. These SCs also produce EGFL8, a matricellular protein that 

promotes neuritogenesis. SC EGFL8 induces neurite outgrowth and neuronal differentiation 

of neuroblastoma cells in culture, acting as a neuritogen and rewires cellular signaling by 

activating kinases involved in neurogenesis.

The factors that specifically induce SC reprogramming following nerve trauma and in 

cancer invasion remain undefined. Shurin et al. proposed that SC reprogramming is 

prompted directly by melanoma cells, which induce nerve injury in the tissue adjacent to 

the tumor.[12] In pancreatic cancer, Demir et al. proposed that hypoxia, cancer cells, and 

neuroinflammation activate the SCs, which depend on IL-6.[13]

However, IL-6 that is also produced during nerve repair and is involved in SC ability to 

recruit macrophages[14] is not critical in the overall process of nerve repair since IL-6 KO 

mice do not lose their ability to undergo nerve repair.[15]

In the cancer context, SCs conserve their nerve repair functions that include the ability 

to promote axon regrowth and to attract immune cells. In addition, SCs promote cancer 

invasion. In most cancer types, SCs and reprogrammed SCs have a pro-tumorigenic effect, 

through processes we describe below (cancer growth, cancer migration, and immune 

function). In contrast, SCs in neuroblastoma are proposed to provide an anti-tumorigenic 

effect through their neuroprotective and neuritogenic factors and because of their presence in 

the less aggressive forms of neuroblastoma.[11] These effects can be exploited for therapy of 

the more severe form of neuroblastoma that lacks stromal SCs.[11]

In contrast to reprogramming into nerve repair SCs, SCs are also sensitive to factors that 

induce myelination in cancer. Bressy et al. describe an IL6-related stem cell-promoting 

factor LIF as a factor released by fibroblasts in pancreatic cancer and whose effect on SCs 

induces cell migration and differentiation with an increase in the expression of POU3F2 

and S100, as assessed in in vitro assays by immunofluorescence, immunoblotting, and PCR 

using the SC line sNF96.2.[16]
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1.2. SCs Induce Cancer Cell Proliferation, Migration, and Guidance

SCs affect cancer progression at primary tumor sites and contribute to metastatic spread. 

Perineural invasion (PNI) is the invasion of cancer cells in or around the nerves. PNI 

is considered a form of metastasis since cancers propagate away from the primary site 

following neural pathways. Several studies implicate the role for SCs in the process of 

PNI that involves both cancer growth and cancer migration. In addition, SCs affect the 

conventional circulatory metastatic route. A recent study implicated SCs in enabling the 

progression of highly metastatic palmitate-treated oral cancer cells.[17] SCs in cancer 

invasion exert pro-tumorigenic effects by affecting cancer growth and cancer migration 

through a variety of processes.

2. Cancer Growth

SCs directly affect cancer growth by secreting a variety of molecules including growth 

factors, cytokines, and chemokines (Figure 2). Nerve repairing SCs after nerve injury 

produce the neurotrophic factors NGF, BDNF, and NT3[18] that are also secreted by SCs 

from pancreatic cancer.[19] The NGF receptors p75NTR and TrkA are present in PDAC 

and have higher expression in pancreatic cancers as compared to the normal pancreatic 

tissue.[19,20] Furthermore, P75NTR is associated with PNI in pancreatic cancer[21] and is 

also associated with PNI in cutaneous squamous cell carcinoma.[22,23] P75NTR is expressed 

in cancer stem cells of head and neck squamous cell carcinoma. Preventing NGF binding to 

p75NTR using blocking antibodies inhibits cell proliferation and tumor formation.[24]

Similarly, p75NTR knock-down in melanoma cancer cells prevents tumor formation in a 

xenograft mouse model. The loss of p75NTR in these cells is associated with a loss of 

stemness marker.[25] P75NTR is also present in a population of breast cancer stem cells, in 

which it mediates a self-renewal effect by NGF.[26] It might be possible that SC NGF binds 

P75NTR on these breast cancer stem cells and mediates a similar effect as breast cancer 

stem cell NGF.

BDNF binds to its receptor TrkB and promotes the self-renewal of cancer stem cells in 

breast cancer. TrkB is present in the cancer stem cells of recurrent triple-negative breast 

cancer and mediates the effect of BDNF in promoting their expansion.[26] TrkB is also a 

receptor for NT3. It is possible that SC BDNF or SC NT3 may also stimulate cancer growth. 

The inflammatory cytokine TNF-α is another factor released by SCs that promotes cancer 

growth. TNFα stimulates the proliferation of human oral squamous cell carcinoma cells.[27]

SC-derived chemokine CCL2 also affects cancer growth by directly enhancing cancer 

proliferation of the cervical cancer cell lines HeLa and ME-180 in co-culture experiments[28] 

and by indirectly modulating the immune environment. This indirect effect of SC-released 

cytokines occurs by attracting macrophages and polarizing them into M2 phenotype, which 

are macrophages with immunosuppressive function, therefore allowing tumor growth.[12] In 

pancreatic cancer, SCs released CCL2 that recruit monocytes at sites of PNI that enhance 

invasion through cathepsin B secretion.[29] SCs allow M2 polarization of macrophages that 

stimulate proliferation of lung cancer cells A549 and H1299.[30] SCs activated by melanoma 
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cells are more effective in chemoattracting CD11+ dendritic cells in an in vitro assay as 

compared to control SCs.[31]

SCs exert an indirect effect on melanoma growth. B16 melanoma cells failed to grow in 

presence of SCs in vitro, but grew tumors in vivo with Schwann cells. The authors proposed 

that melanoma-activated SCs modulate the immune system and the extracellular matrix to 

contribute to the melanoma growth.[12]

3. Cancer Migration and Invasion

During PNI, cells migrate along the nerves. Factors stimulating cancer migration in PNI 

include the glial cell line-derived neurotrophic factor GDNF,[32] an SC derived neurotrophic 

factor that has increased expression in SCs during nerve repair.[5] GDNF attracts pancreatic 

cancer MiaPaCa2 cells expressing the GDNF receptors RET and GFRα1 both in vitro and in 

an in vivo model of PNI. The GDNF receptors RET and GFRα1 are expressed in pancreatic 

cancer cells and have a higher expression than in nonmalignant cells in adjacent normal 

tissues.[32]

Other factors released by SCs that stimulate cancer migration include the chemokine CCL2 

and the cytokine IL6. As with nerve repair,[18] these molecules are secreted by SCs during 

cancer invasion. In addition to attracting and polarizing macrophages into an M2 phenotype, 

CCL2 also attracts cancer cells.[28,33] CCL2 promotes PNI in prostate cancer through the 

CCR2 receptor[33] and in cervical cancer as well.[28]

The cytokine IL6, released by SCs, leads to pancreatic cancer cell migration through STAT3 

activation and signaling.[34] This effect of IL6 has been demonstrated in vitro with wound 

healing, migration, and invasion assays using MiaPaCa-2 and AsPC-1 cells exposed to SC 

conditioned medium with or without blocking antibody to IL6. In this study, IL6 is secreted 

by SCs among other cytokines after NF-κB activation following IL1 β secretion by cancer 

cells.[34]

Another study demonstrated a role of TGF-β signaling in SC-induced cancer invasion.[35] 

Invasion by the pancreatic cancer cell line Capan-2 was induced by SC conditioned medium 

through TGF-β signaling, and is reduced by a TGF-β type1 receptor inhibitor. TGF-β is 

secreted by SCs as well as other members of the TGF-β superfamily, including GDNF and 

activin.

Cells may increase their migratory and invasive abilities during epithelial-to-mesenchymal 

transition (EMT), one of the critical steps in the acquisition of invasive and metastatic 

potential. SC-derived BDNF promotes EMT in salivary adenoid cystic carcinoma.[36] The 

adenoid cystic carcinoma cell line SACC-83 co-cultured with SCs change their morphology 

from an epithelial to a mesenchymal shape, increase their N-cadherin and vimentin 

expression and decrease their expression of E-cadherin. Pharmacologic inhibition of the 

BDNF receptor TrkB reduces SC-induced migration of SACC-83 cells. Another study 

showed that SCs increase the expression of the EMT markers Snail and Twist in two murine 

lung cancer cell lines through the SC-derived chemokine CXCL5 and its receptor CXCR2.

Deborde and Wong Page 5

Adv Biol (Weinh). Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[37] These studies demonstrated that SCs may increase EMT, migration, and invasion of 

cancer cells.

3.1. Matrix Alteration

Cell migration and invasion depend in part on the surrounding matrix. Cancer cells 

themselves and other surrounding cells in the tumor microenvironment including SCs can 

contribute to ECM modification. SCs seeded in Matrigel are able to digest the matrix and 

create pathways enabling cancer cell invasion in a 3D invasion assay.[8] Cancer cell activated 

SCs, as they do in nerve repair, produce metalloproteinases (MMPs), secreted proteolytic 

enzymes that can degrade matrix. Such SC MMPs include MMP2, MMP9, and MMP12, 

in cervical cancer,[28] MMP1 in melanoma.[12] SCs can also regulate cancer cell expression 

of MMP2 and MMP9 by releasing L1CAM and thus enhance perineural invasion. L1CAM 

is expressed in both SCs and cancer cells, and treatment of PDAC in KPC mice with an 

anti-L1CAM antibody leads to diminished nerve density and neural invasion.[38]

The components of the extracellular matrix made by SCs, such as laminin and collagen, 

are important during cancer migration. The transcriptome analysis of reprogrammed SCs 

in cancer shows a change in ECM components and factors involved in the matrix 

reorganization in melanoma[12] and neuroblastoma.[11] In addition to collagen and laminin, 

the matricellular protein EGFL8 has been identified as a neuritogenic factor released 

by stromal SCs in neuroblastoma.[11] Furthermore, analysis of proteins secreted by SCs 

stimulated by pancreatic cancer cells also identified ECM components and enzymes 

participating in matrix reorganization including cathepsin-D and MMP2.[39]

SC extracellular-matrix components also play an important role in transmitting oral cancer 

metastasis.[17] Cells pretreated with palm oil acquire a metastatic behavior and carry 

epigenetic memories for this feature. RNA-seq analysis showed high levels of ECM 

components formed by tumor-associated SCs. Furthermore, degrading SC-extracellular 

components by expressing a bacterial chondroitinase ABC in the cancer cells reduces their 

metastatic potential.[17]

3.2. Protrusion and Guidance

In a 3D in vitro assay, SCs seeded in Matrigel enhance cancer cell invasion into the matrix 

as compared with fibroblasts or with no SCs present. The presence of SC conditioned media, 

SC at the bottom of the gel matrix, or tunnels alone within the Matrigel after SCs are killed 

with puromycin is each insufficient to induce MiaPaCa-2 cancer invasion.[8] The physical 

presence of live SCs is necessary for enhanced cancer invasion. Time-lapse microscopy 

showed that SCs induce cancer migration by dispersing cancer cell clusters by direct cell 

contact. Cultured SCs intercalate between the cancer cells through their long processes. 

Although the role of GFAP has not been investigated in SCs, it is interesting to note that 

GFAP is abundant in astrocytes, glial cells from brain, in which a role in cell shape, motility, 

and long processes formation has been reported,[40,41] suggesting that GFAP might also 

have a role during the physical interaction between SCs and cancer cells by modulating SC 

processes functions.
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The remodeling of cancer cell clusters by SCs also occurs in neuroblastoma since the 

presence of SCs is associated with cancer cell alignment.[11] In addition, at the site of 

contact, a cancer cell develops a protrusion in the direction of cell migration. The formation 

of a protrusion is a critical step for cells initiating cell migration. The cell adhesion molecule 

NCAM1 in SCs is involved in the process of protrusion generation in cancer cells and 

cancer displacement. In vitro and in vivo models of PNI show diminished PNI in absence of 

NCAM1 in SCs.[8]

Thus, the mechanisms of cancer guidance by SCs share strong similarities with those of 

SCs facilitating axonal regeneration during nerve repair. SCs allow axonal regeneration 

through the release of axonal guidance molecules, direct contact of axons through adhesion 

molecules, and by modifying the extracellular matrix to favor neurite extension.

4. Immune Functions of SCs

In the nerve repair setting, SCs display immune functions that include the recognition of 

antigens, the presentation of antigens and the transmission of an immune response. In the 

cancer setting, the role of SCs is less clear, but interest in the neuroimmune axis is growing. 

Whereas recent studies investigate the role of neurons in immune modulation, SCs might 

also play a role in this axis.

SCs can recognize antigens. They express Toll-like receptors (TLRs), molecules commonly 

expressed on T cells, and on antigen-presenting cells (APCs). TLRs play a key role in 

the activation of innate immunity by recognizing highly conserved molecules expressed by 

pathogens. TLRs also recognize endogenous ligands that are normally not present in the 

extracellular matrix called alarmins, which are released by cells upon tissue injury or cell 

death. High levels of alarmin production are also seen in many types of cancer such as 

breast, colon, pancreatic cancer, melanoma, and glioblastoma.[42,43]

One example of an alarmin is high mobility group box 1 (HMGB1). HMGB1 released by 

chemotherapy from cancer cells binds to TLR4 and induce antitumor T-cell immunity.[44] 

HMGB1 is released at site of injury after sciatic nerve axotomy and increases the expression 

of antigen receptors including TLRs in SCs.[45]

SCs have been described as antigen presenting cells (APCs). Conventional APCs include 

macrophages, dendritic cells, and B lymphocyte. APCs phagocytose exogenous antigens 

and degrade them into peptides, which are then presented extracellularly by MHC class 

II molecules. SCs demonstrate phagocytosis activity with macrophages during Wallerian 

degeneration after nerve injury by internalizing myelin debris.[46] SCs express MHC class 

II molecules in immune-mediated disorders of the peripheral nervous system[47,48] and with 

Mycobacterium Leprae infection.[49] SCs can present foreign and exogenous autoantigens to 

antigen-specific T cells. Foreign antigens include tuberculine purified protein derivative[50] 

and Leprae antigen.[49,51] Exogenous autoantigens include myelin basic protein[46,50] and 

myelin component P2.[52]

SCs induce a T cell response to antigen presentation. Presentation of the endogenous myelin 

protein P2 by SCs through MHC class II molecules can restimulate resting antigen-specific 
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CD4+ T cell lines.[52] CD4+ T cells can also be activated by SCs presenting M. Leprae 
antigen and are involved in the elimination of these infected SCs.[49] Furthermore, SCs 

can act as an APC in an animal model.[53] Conditional deletion of MHC-II β-chain from 

myelinating SCs in mice leads to MHC-II expression by SCs and post-traumatic CD4+ T 

cell infiltration and axonal degeneration in vivo.[53]

SCs act as “non-professional” APCs: they are cells that behave as APCs but are less 

efficient. SCs were shown to need high concentration of myelin basic protein (MBP) 

antigen to activate autoimmune T cell lines in an in vitro experiment. These SCs needed 

≈100-fold higher concentrations of MBP than professional APCs.[50] In addition, MHC 

class II proteins are constitutively expressed in conventional APCs, but not in SCs. Human 

and rat SCs in vitro constitutively express low levels of MHC class I but not MHC class 

II.[54–59] However, upon stimulation with the proinflammatory cytokine IFN-γ, MHC class 

II molecules are detected in SCs and can be increased by the addition of TNF-α .[57–62]

Other markers of APCs present on SCs include the antigen-presenting molecules CD74,
[63] CD1a,[63] CD1b,[63] and CD1d,[64] the co-stimulatory molecules B7–1 (CD80)[63] and 

BB-1,[65] and the cell adhesion molecule CD58[63] Elements indicate that SCs might act 

as APCs in the cancer context. Transcriptome analysis of SCs in neuroblastoma revealed 

MHC-II expression from stromal SCs.[11]

SCs also regulate the immune response by releasing pro- and anti-inflammatory mediators. 

SCs produce a large variety of cytokines, which can act as immunomodulators.[66] These 

include interleukin (IL)-1, a cytokine involved in the initiation of an immune response by 

T cell activation,[67,68] the proinflammatory cytokines IL-6,[69,70] TNF-α ,[70,71] TGF-β ,
[72–74] leukemia inhibitory factor (LIF), and CCL2 (MCP1). Other proinflammatory and 

immunoregulatory mediators, produced by SCs include prostaglandin E2, thromboxane A2, 

and leuktriene C4.[75,76]

SCs also express nuclear transcription factor-kB (NF-kB), which controls the expression of 

a variety of immunological mediators including cytokines, their receptors, and components 

of their signal transduction. Two NF-kB complexes, p65/p50 and p50/p50, can be activated 

and regulated in human SCs.[77] A natural inhibitor of NF-kB, IkB has also been detected in 

large amounts in SCs.[78]

In the context of cancer, SCs modulate the immune response by releasing some of 

these mediators. SCs release CCL2 that attracts monocytes to sites of cancer invasion 

that differentiate into protumorigenic macrophages.[12,29] SCs also release TNF-α. SCs 

treated with melanoma cells attract bone marrow-derived myeloid-derived suppressor cells 

(MDSCs) and CD11+ dendritic cells significantly stronger than control SCs.[31,79] The 

authors mention that SCs treated with a variety of tumor cell lines in vitro or from 

tumor-bearing mice have increased expression of various immunomodulator factors such 

as IL-1Ra, TNF-α, CCL3 (MIP-1 α), CCL4 (MIP-1β), CXCL2 (MIP-2), CXCL12 (SDF-1), 

and CXCL13 (BCA-1).[79]
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5. Pain

Pain can be subdivided into two types: nociceptive pain and neuropathic pain. Nociceptive 

pain results from the detection of intense or noxious stimuli by specialized sensory neurons, 

the nociceptors, and this information is then transmitted to the spinal cord and brain. 

Neuropathic pain, such as pain after nerve injury, occurs in the absence of any stimulus 

or with reduced nociceptive thresholds, such that normally innocuous stimuli produce pain. 

Pain is highly prevalent in cancer and contributes to the morbidity of the disease. Cancer 

can induce both nociceptive and neuropathic pain. Neuropathic pain is found in cancers that 

induce nerve damage, such as with perineural invasion, or that increase nerve density and 

nerve hypertrophy in the tumor microenvironment.

Pancreatic ductal adenocarcinoma is associated with several of neuropathic features, 

including PNI, pancreatic neuroinflammation (neuritis), nerve hypertrophy, and nerve 

density. These features are associated with severity of abdominal pain syndrome in patients.
[80] The concomitant association of these features with the presence of nerve repair 

SCs[8,9,13] and the reported contribution of SCs in the development and persistence of 

pain[81] suggest a role for these SCs in cancer.

SCs can act as pain modulator by acting on cancer cells and immune cells that transmit 

pain. As SCs stated in the previous section SCs modulate the immune response and recruit 

macrophages at sites of cancer.[29,79] Inflammation causes pain and several actors of the 

inflammation process including macrophages contribute to pain transmission.[82] In rat 

models of nerve injury, tactile hypersensitivity correlates with the number of macrophages at 

the site of injury.[83]

Cancer releases algogenic factors, such as NGF, TNF-α, and BDNF (Figure 3). These 

mediators excite and sensitize primary afferent neurons.[84] By increasing cancer growth, 

SCs contribute to pain increase. SCs can also release pain mediators.[81,85] A recent study 

showed that in oral cancer, SCs activated by cancer cells or TNF-α release the pain 

mediators NGF and TNF-α .[27] NGF and GDNF have also been reported to contribute 

to the initiation of pain in response to nerve injury.[81,86] Other molecules generated by SCs 

such as CCL3, CCL4, and CXCL2 can also contribute to neuropathic pain after nerve injury.
[31,81] Interestingly, SCs also produce factors that can counteract some of these cytokines 

such as IL-10, erythropoietin, and erythropoietin-receptor[85] (Figure 3).

Experiments using transgenic conditional mice demonstrate that SCs are involved in pain 

transmission.[87–90] Mice with deficits in SCs are highly sensitive to touch. The deletion 

of the gene encoding LDL receptor-related protein-1 in SCs induces abnormalities in 

axon myelination and in axon ensheathment, inducing an increase in the pain after partial 

sciatic nerve ligation.[87] Deletion of the GABA-B receptor in myelinating SCs induces 

morphological and molecular changes in peripheral myelin and causes hyperalgesia and 

tactile allodynia.[88] Disruption of Neuregulin1-ErbB receptor signaling in nonmyelinating 

SCs induces SC proliferation and death, decreases of unmyelinated axons, and a loss of 

thermal sensitivity.[89] Similarly, mice with deletion of gene encoding the NMDA receptor 

GluN1 sub-unit in Remak SC present hypersensitivity in pain.[90]
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In addition to generating stimuli for nociceptor neurons, SCs can act as nociceptor cells 

themselves to transmit pain. A recent study shows that SCs are mechanosensitive cells. 

SCs present at the dermo-epidermal junction are associated with unmyelinated nociceptive 

nerves and transmit nociceptive information.[91] In the cancer context, SCs could also act 

directly as nociceptor cells.

Interestingly, a study reveals a role for SCs in reducing pain in pancreatic cancer. In a mouse 

model of pancreatic cancer, the activation of SCs by IL-6 has been associated with reduced 

pain and with a decline of spinal astroglia and/or microglia.[13] IL-6 is released under 

hypoxia, and hypoxia decreases the level of human SC mRNA transcripts for the nociceptive 

receptors P2RX7 and P2RX3 as well as the nociception-related adenosine A1 receptor 

(ADORA1).[13] Thus, SCs could be a key element in the analgesic response to hypoxia by 

reducing its nociceptive molecules expression. This finding might explain why some patients 

with pancreatic cancer remain asymptomatic and their cancers remain undetected at early 

stages of the disease.

Therefore, SC actively modulates pain through a variety of molecular and cellular 

mechanisms. SCs potentiate cancer cells effects on pain by stimulating cancer growth. 

SCs modulate the immune microenvironment population that can contribute to pain. SCs 

release factors inducing pain by stimulating sensory neurons and release other molecules 

that counteract these factors. SCs can also transmit pain by acting as nociceptors whose 

expression can be downregulated to reduce pain transmission.

6. Conclusion

SCs undergo transcriptional reprogramming in the context of cancer invasion, similar to the 

dedifferentiation that SCs undergo following nerve injury, and acquire a wide variety of 

functions (Figure 4) that may impact cancer growth, migration, invasion, immune regulation, 

and pain. Important advances have been made recently in uncovering how SCs function in 

cancer and their parallels with other distinctive behaviors found following nerve trauma or 

infection. It is clear that our understanding of SC activity in cancer remains underdeveloped, 

and much will be discovered in the near future.
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Figure 1. 
SC subtypes and their markers. Mature SCs comprise two major subtypes: myelinating and 

nonmyelinating SCs. Myelinating SCs produce myelin sheaths around large caliber axons 

and express characteristic markers, such as myelin protein zero (MPZ), myelin associated 

glycoprotein (MAG), and myelin basic protein (MBP). Nonmyelinating SCs or Remak 

SCs ensheath several smaller caliber axons and present markers corresponding to more 

immature state of SCs such as low affinity neurotrophin receptor p75 (p75NTR/NGFR) 

and L1 cell adhesion molecule (L1CAM). Terminal SCs are nonmyelinating SCs that 

surround axon terminals, for example at the neuromuscular junctions. Nerve repair SCs 

are nonmyelinating SCs that derive from myelinating and Remak SCs at nerve injury. 

They organize into bands of Bungner where they direct axonal regeneration. SCs in cancer 

tissue share strong similarities with nerve repair SCs. Early growth response 2: EGR2 

(previously named Krox20): peripheral myelin protein 22: PMP22, proteolipid protein:PLP, 

Myelin and lymphocye protein: MAL, peripheral myelin protein 2: PMP2, Connexin 32, 

galactocerebroside: GalC, O4, glial fibrillary acidic protein: GFAP, Growth Associated 
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Protein 43: GAP43, S100 calcium binding protein: S100, Oligodendrocyte marker O4:O4, 

GTP-binding nuclear protein Ran-2: Ran-2.[1]
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Figure 2. 
Cancer migration and invasion induced by SCs. SC-derived factors inducing cancer 

migration and invasion include CXCL5 and BDNF that stimulate epithelial to mesenchymal 

transition, GDNF, IL6, and CCL2 that stimulate cancer migration and invasion directly or 

indirectly through macrophages, MMPs that modify extracellular matrix. SCs the direct 

contact between SCs and cancer cells induced cancer invasion. SC-derived factors inducing 

cancer migration and invasion. SCs release several factors that stimulate cancer migration 

and invasion directly or indirectly through macrophages.
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Figure 3. 
SCs and pain in cancer. 1) SCs increase cancer growth. Cancer cells induce pain by 

releasing factors that stimulate sensory neurons. 2) SCs recruit macrophages at cancer site. 

Macrophages in inflammation contribute to pain. 3) SCs can release factors inducing pain 

and 4) factors that counteract these factors. 5) SCs can act as nociceptors and transmit pain.
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Figure 4. 
SC features in cancer. SC reprogramming occurs in cancer and is associated with several 

effects including cancer growth, cancer migration and invasion, immune regulation, and 

pain. These functions are interrelated. Cancer invasion induces SC reprogramming. Immune 

regulation and pain transmission can be directly controlled by cancer cells or indirectly via 

reprogrammed SCs in the microenvironment.
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