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Abstract: Neurogenic tumors, a group of tumors arising from neurogenic elements, could theoretically 
appear in every region of human bodies wherever nerves exist. Patients with these tumors suffer from both 
physical and psychological problems. However, as a relatively rare tumor type, therapies are relatively 
scarce for these tumors due to the limited understanding of the underlying mechanisms. Recently, a 
tailored tumor microenvironment containing multiple types of nonneoplastic cells has been considered 
to play an essential role in tumor survival, growth, and metastasis. Fibroblasts are a crucial constituent of 
the tumor microenvironment and have been found to promote tumor growth via multiple mechanisms. 
However, the understanding of the pivotal role of fibroblasts in the tumorigenesis and development of 
the neurogenic tumors is still incomplete, and studies in this area show differences in rates of progression 
among different neurogenic tumor subtypes. Nevertheless, all these neural crest-originated neoplasms show 
some similarities in the tumor microenvironment, indicating that studies of one subtype of neurogenic 
tumor might assist in clarifying the underlying mechanisms of other subtypes. This review aims to provide 
current studies showing the impacts of fibroblasts on major benign/malignant subtypes of neurogenic 
tumors, including neurofibromatosis type 1, neuroblastomas, pheochromocytomas, and malignant 
peripheral nerve sheath tumors. Multiple related mechanisms such as the fibroblasts regulating the tumor 
inflammation, angiogenesis, metabolism, and microenvironment establishment have been studied up to 
present. Consistently, we focus on how studies on various subtypes of these neurogenic tumors contribute 
to the establishment of potential future directions for further studies in this area. Clarifying the underlying 
mechanisms by which fibroblasts promote the growth and metastasis of neurogenic tumors will indicate new 
therapeutic targets for further clinical treatment.
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Introduction 

Neurogenic tumors, arising from any neurogenic elements, 
account for approximately 10–12% of all benign soft tissue 
tumors and 7–8% of all malignant soft tissues (1). These 
kinds of tumors are the most common causes of posterior 
mediastinal masses and could theoretically occur in the 
whole body wherever nerves exist (2,3). The majority of 
these neoplasms can be divided into 3 types by origin: (I) 
nerve sheath tumors, such as neurofibromas, schwannomas, 
and malignant peripheral nerve sheath tumors (MPNSTs); 
(II) ganglion cell tumors, including ganglioneuromas 
and neuroblastomas; and (III) paraganglion cell tumors, 
including paragangliomas and pheochromocytomas  
(Pheos) (4). Surgical resection is considered in the treatment 
of the majority of these tumors (5), but both high recurrence 
rates in some subtypes, such as neurofibromatosis type 
1 (NF1), and a proclivity for distant metastasis in a few 
malignant types suggest an urgent and continuing need 
for new medical treatment. A better understanding of the 
mechanisms of neurogenic tumor survival, growth, and 
metastasis is required to develop potential therapies in 
clinical treatment.

Interactions between the host stroma and tumor cells 
have recently been recognized as essential in tumor 
initiation and progression (6). One of the dominant 
components of the host microenvironment is the fibroblasts, 
and their role in tumor growth and development has been 
identified in multiple types of cancers, including breast 
cancer (7), liver cancer (8), and lung cancer (9). These 
activated fibroblasts are identified predominantly by the 
expression of α-smooth muscle actin (α-SMA), which 
was first described in wound healing (10). Studies of the 
fibroblast functions in promoting cancers at present reveal 
multiple underlying mechanisms, including their role 
in promoting tumorigenesis and neoplasm metabolism, 
enhancing tumor metastasis and tumor angiogenesis, and 
assisting in the establishment of a cancer inflammatory  
microenvironment (10). In addition, fibroblasts are also 
differentiated from the neural crest (11), indicating that 
there might be a more complex and intriguing role of 
fibroblasts in neurogenic tumors. Recently, potential 
antitumor therapies directly targeting different aspects of 
fibroblasts or their secretory products, including fibroblast 
activating protein (FAP) (12), vascular endothelial growth 
factor (VEGF) (13), and hepatocyte growth factor (HGF), 
have also been studied in other tumors (14). For example, 
bevacizumab, a drug that inhibits VEGF, significantly 
increased patient overall survival in metastatic colorectal 

cancer, advanced cervical cancer, and non-small cell lung 
cancers (15-17). Consistent with this, cancer-associated 
fibroblasts (CAFs) are also implicated as essential in 
tumor therapy resistance via multiple mechanisms such 
as supporting residual tumor growth in melanoma 
and promoting cancer stem cell survival in breast  
cancers (18,19).

As neurogenic tumors are a relatively rare type of cancer, 
studies aiming to clarify the exact role of fibroblasts in 
these tumors remain at the primary stages. However, the 
neurogenic tumors all originate from different elements 
of nerves, indicating possible similarities in the tumor 
microenvironment such as the existence of Schwann cells 
in the stroma. In this article, we will review the current 
findings on the importance of fibroblasts in the growth and 
development of neurogenic tumors. Moreover, we focus 
on discussing the possible universalities of the functions 
of fibroblasts in different subtypes of neurogenic tumors 
and offer further directions for research on this subject. A 
further understanding of the underlying mechanism of the 
complicated effects of fibroblasts on neurogenic tumors 
might indicate new therapeutic targets or strategies to 
reduce resistance to therapies. We present the following 
article with the Narrative Review reporting checklist 
(available at http://dx.doi.org/10.21037/atm-20-3218).

Discussion

Fibroblasts play a role in the tumor immune 
microenvironment and assist microenvironment 
inflammation 

An inflammatory microenvironment has been found to 
be a hallmark of cancer (20). Neuroblastoma, arising 
from ganglion cells from the sympathoadrenal lineage of 
the neural crest, is the most common extracranial solid 
tumor in children (21). Larsson et al. demonstrated that a 
high-risk neuroblastoma group showed high microsomal 
prostaglandin E synthase-1 (mPGES-1) expression in the 
stroma, and these mPGES-1-positive cells also expressed 
one or several CAF markers (22). The mPGES-1 assist 
the formation of prostaglandin E2 (PGE2), which is a pro-
inflammatory lipid mediator found in multiple types of 
cancers (23). A recent study by this team further described 
a significant decrease in tumor growth and migration 
ability after the usage of pharmacological mPGES-1 in 
preclinical models (24). Both findings suggest that the 
activated mPGES-1/PGE2 pathway plays an essential role 
in the process of how fibroblasts promote the growth and 
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development of neuroblastoma, and this pathway also have 
great potential for future therapy strategies. Furthermore, 
another study described the phenomenon that conditioned 
medium from neuroblastoma cells induced cancer 
associated fibroblast (CAF) marker expression by human 
bone marrow-derived mesenchymal stem cells (BM-MSCs), 
indicating the ability of tumor cells to promote fibroblast 
collaboration and activation (25). All these studies imply 
a possible bilateral interaction between fibroblasts and 
neuroblastoma cells in the generation of an inflammatory 
microenvironment. 

Pheos, originating from the paraganglia from the neural 
crest, are another type of neurogenic tumor and have 
an incidence of approximately 2 to 8 per million people 
worldwide (26). A study of insulin-like growth factor 1 
(IGF1), a critical factor in Pheo cells, described a decrease 
in the tumor cell proliferation rate under the treatment 
of conditioned medium from IGF1-haploinsufficient 
f ibrob la s t s  compared  wi th  tha t  f rom wide- type  
fibroblasts (27). However, the tumor growth curve based on 
tumor volume did not show significant differences between 
these IGF1-haploinsufficient mouse group (L/n group) and 
the wide-type group (L/L group) despite the 100% tumor 
development rates in the L/L group (while only 12.5% of 
mice in the L/n group remained tumor free) (27). These 
controversial results indicated that the IGF1 mutation in 
fibroblasts is an impediment to tumor establishment on the 
first contact with the local microenvironment, but once 
these tumor cells survive at a specific location, tumor growth 
and development are hardly prevented by these fibroblasts. 
The underlying mechanisms of this phenomenon remain 
unknown, but the IGF-1 axis has been found to contribute 
to an immunosuppressive tumor microenvironment in 
multiple types of cancers (28). Whether there are similar 
underlying immunosuppression-related mechanisms or 
other possible processes merits further clarification. 

Recently, there has been growing appreciation of 
the ability of fibroblasts to remodel the tumor immune 
microenvironment and inflammation (29). Current studies 
in neuroblastoma and Pheos have shown the potential 
of some classical inflammation pathways in promoting 
neurogenic tumorigenesis and tumor development by 
fibroblasts, which merits further confirmation in future 
studies. Moreover, a complete inflammatory process 
requires the participation of multiple types of stromal 
immune cells, and further studies are needed to clarify 
the complex correlations among these immune cells and 
fibroblasts. 

Activated fibroblasts are correlated with increased tumor 
metabolism

Approximately 40% of Pheos are related to mutations of 
genes in one out of more than 30 suspected genes (26), 
and these genes include those encoding the succinate 
dehydrogenase subunits A-D (SDHA-D). Of these four 
subunits, SDHB was first found to be highly related to 
tumor malignancy (30). A previous study on neuroblastoma 
showed a significant decrease in glucose uptake, an increase 
in lactate uptake, and a 92% increase in proliferation after 
coculture with human primary fibroblasts in these SDHB-
silenced tumor cells compared with cells that cultured  
alone (31). Consistent with this, these SDHB-silenced 
cells were shown to obviously increase glucose uptake 
in fibroblasts, indicating the effects of these tumor cells 
on fibroblast metabolism (31). A later study in Pheos 
used a spheroids coculture system and demonstrated that 
fibroblast, activated by cocultured tumor cells, induced 
at least a 4-fold increase in SDHB-silenced Pheo cell 
migrations (32). Consistently, these activated fibroblasts 
cocultured with tumor cells released significantly more 
lactate than single-cultured fibroblasts, and lactate alone 
was found to promote tumor cell motility (32). Another 
study showed that primary fibroblasts coculture could 
reverse the decrease in cell growth caused by SDHB  
knockdown (33). Furthermore, decreases in ATP and 
metabolites of central carbon metabolism were observed 
in cocultured SDHB-silenced cells, implicating a possible 
mechanism by which fibroblasts promoted proliferation and 
invasion of tumor cell via contributing to the mobilization 
of ATP and metabolic resources necessary for these 
processes (33). 

Taken together, these studies indicated that fibroblasts 
might exert impacts on the metabolic processes of 
tumor cells. Consistent with this, similar mechanisms 
found both in neuroblastoma and Pheo indicate possible 
similarities in these neurogenic tumors. Further studies 
in one type of neurogenic tumor might also contribute 
to the understanding of the underlying mechanisms of 
other neurogenic tumor types, and awareness of this will 
significantly reduce research difficulties and accelerate the 
study process.

Activated fibroblasts promote microvascular proliferation, 
which is inhibited by stromal Schwann cells

At first, the number of Schwann cells in the stroma 
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was found to be strongly related to neuroblastoma  
prognosis (34). Consistent with this, studies suggested that 
a higher level of Schwann cells in the stroma inhibited 
angiogenesis by secreting soluble factors (35). Later, a 
study analyzed 60 primary neuroblastoma tumors and 
revealed that Schwannian stroma-poor histopathology 
neuroblastomas showed increased amounts of CAFs 
with alpha α-SMA expression and high microvascular 
proliferation compared with neoplasms with Schwannian 
stroma-rich histopathology (36). In addition, the study 
further revealed a sevenfold decrease in the number of 
α-SMA-positive cells in neuroblastoma xenograft models 
with Schwann cells infiltration compared to controls (36), 
and this finding was in accordance with a previous study 
showing that neuroblastoma xenograft angiogenesis was 
inhibited by murine Schwann cells (37). These results 
just suggest that fibroblasts in the stroma might promote 
vascular proliferation in neuroblastoma and that this 
potential is impeded by Schwann cells. Further studies are 
needed to clarify the underlying mechanisms accounting 
for the microvascular proliferation in neuroblastoma 
potentiated by fibroblasts. Likewise, the interactions 
between fibroblasts and Schwann cells should also be 
considered.

Moreover, as neurogenic tumors all originate from 
nerves, Schwann cells are a nonnegligible part of the 
tumor microenvironment of these tumors. In other words, 
the interaction between stromal fibroblasts and Schwann 
cells is a common phenomenon in all neurogenic tumors. 
Further studies in understanding the role of fibroblasts 
in neurogenic tumors should take into consideration the 
possible impact of stromal Schwann cells. 

Activated mast cells stimulate mutated fibroblasts secreting 
collagens in NF1 

NF1 is a common autosomal dominant genetic disorder 
caused by mutation of the NF1 suppressor gene and affects 
approximately 1 in 3,000 individuals worldwide (38). 
Most NF1 patients are predisposed to benign peripheral 
nerve sheath tumors arising from Schwann cells, including 
cutaneous neurofibroma (CNF) and plexiform neurofibroma 
(PNF) (39). Fibroblasts have long been observed in the 
neurofibroma microenvironment, and there even studies 
in early stages to clarify whether the neurofibroma 
originated from fibroblasts (40,41). Although the tumor 
cells are derived from Schwann cells, a large number of 
fibroblasts in the stroma implicate possible essential role of 

fibroblasts in tumorigenesis and development. Mast cells 
were first found recruited by a large amount of stem cell 
factors (SCFs) secreted by Nf1−/− Schwann cells to the NF1 
microenvironment (42). In an autosomal dominant genetic 
disorder such as NF1, mutations of the NF1 gene occur in 
nonneoplastic cells, including mast cells. The Nf1+/−- mast 
cells were found far more sensitive to SCF than normal 
mast cells (42). Compared with normal mast cells, SCF-
stimulated Nf1+/− mast cells secreted 2.5-fold more TGF-β 
and potentiated Nf1+/− fibroblast functions as shown by 
additional studies (43,44). These stimulated fibroblasts 
secreted a large amount of collagen, which accounted for 
approximately half of the dry weight of the neurofibroma 
(43,44). Notably, these mutated fibroblasts were also far 
more sensitive than normal fibroblasts, and this was found 
to result from the increased activity of c-abl secondary to 
increased Ras-GTP related to the NF1 gene (45). 

Taken together, these studies show that the fibroblasts in 
NF1 are related to collagen secretion, and the stimulation 
of fibroblasts required the participation of both tumor cells 
and mast cells. Consistent with this, the impact of mutations 
in NF1 genes on stromal cells, especially fibroblasts, is 
essential in NF1 genesis and development. These findings 
should also be considered in the design of future NF1-
related studies.

Studies in MPNSTs indicate possible homology between 
tumor cells and fibroblasts 

M P N S Ts  a r e  s o m e  o f  t h e  m o s t  c o m m o n 
nonrhabdomyosarcoma soft-t issue sarcomas,  and 
approximately 50% of MPNSTs arise in NF1 patients 
(46,47). As they are derived from Schwann cells, MPNSTs 
express the S100 protein, a regular marker for Schwann 
cells (48). However, several case reports have shown that 
some tumor cells in some MPNST patients are positive for 
CD34, a marker of subpopulations of fibroblasts, indicating 
possible fibroblastic differentiations in MPNSTs (49,50). A 
recent study showed a possible association between CD34 
positivity and neurotrophic receptor tyrosine kinase (NTRK) 
gene expression, indicating the possibility of therapeutic 
methods targeting NTRK in fibroblastic MPNSTs (51). 
However, studies in this area are rare, and the existing 
case analyses are not convincing enough. Further studies 
are needed to find the underlying mechanisms of this 
phenomenon, and whether these fibroblastic MPNSTs 
show specific clinicopathological features merits further 
investigation. 
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Schwann cell precursors (SCPs), a type of neural crest-
derived cell, have recently been recognized as multipotent 
embryonic progenitors and have the potential to generate 
multiple cell types, including mature Schwann cells and 
fibroblasts (52,53). The coexpression of fibroblast markers 
and Schwann cell markers in MPNSTs might be introduced 
by a shared precursor cell. Consistent with this, another 
study revealed that chromaffin cells, from which Pheo 
originates, were also derived from SCPs during murine 
embryo development (54). All these studies indicate high 
homology between fibroblasts and neurogenic tumor cells, 
suggesting an intriguing and critical relationship between 
these tumors and fibroblasts. Understanding the pivotal role 
and underlying mechanisms of fibroblasts in neurogenic 
tumors might also contribute to the understanding of the 
tumorigenesis from SCPs. 

Conclusions

Studies clarifying the essential role of fibroblasts in multiple 
types of cancers have showed exciting results, but research 
surrounding fibroblasts in neurogenic tumors remained 
at the initial stage. In addition to neurogenic tumors 
being a relatively rare type of tumor, another important 
reason is the scarcity of evidence that fibroblasts are as 
“activated” in these types of tumors as they are in other 
cancers. For example, there is no report showing that NF1 
fibroblasts express α-SMA, an essential marker of most 
CAFs (10). Actually, multiple markers have been studied 
in CAFs such as α-SMA and fibroblasts-activated protein 
(FAP), and the various markers divided these fibroblasts 
into different subtypes, which further indicated possible 
differences in functions (14). For example, FAP positive 
fibroblasts were found playing roles in bone and fat  
homeostasis (55). However, rare studies have shown the 
fibroblasts in neurogenic tumors positive for these markers. 
In order to emphasize the specificity of fibroblasts in 
neurogenic tumors compared with other types of tumors, 
we didn’t use CAFs in this manuscript unless several 
referred studies used this term to particularly describe the 
differences of these fibroblasts compared with fibroblasts 
from normal tissues. A possible reason for this phenomenon 
is that most of the types of neurogenic tumors, such as NF1 
and Pheo, are benign peripheral tumors, and the low level 
of malignancy contributes to a relatively low activated state 
of fibroblasts. Similar circumstances were also described 
in other benign tumors, such as breast fibroadenoma, in 
which only 3 of 11 cases were showed α-SMA in 50% of 

stromal cells compared with 11 breast carcinoma cases 
that had α-SMA positivity in 80% of stromal cells (56). 
This finding suggests that a low malignant level might be a 
possible explanation for why fibroblasts in some neurogenic 
tumors don’t express “activated” markers such as α-SMA. 
However, studies in wound healing and other cancers 
indicated the activation and expression of α-SMA were 
induced by TGF-β (10,57), and the 2.5-fold increase in 
TGF-β secretion in NF1 implied that there might be other 
underlying mechanisms behind this phenomenon. Studies 
in neuroblastoma present a possible explanation: fibroblasts 
activation might be inhibited by Schwann cells, which 
merits further investigation in future studies. 

Consistently, previous studies of the fibroblasts 
effect in different subtypes of neurogenic tumors had 
unequal rates of progression and various directions  
(Table 1, Figure 1). Nevertheless, these neurogenic 
neoplasms all originate from the neural crest, indicating 
possible homogeneity in tumorigenesis and a similar 
tumor growth microenvironment. In other words, studies 
of fibroblasts in one subtype of these tumors contribute 
to the understanding and further study design in all kinds 
of neurogenic tumor subtypes. This review provides an 
update on current studies showing multiple mechanisms by 
which fibroblasts promote different subtypes of neurogenic 
tumors. Considering the evidence, we recommend the 
following aspects be taken into account in future studies: 
(I) gene mutations in fibroblasts need to be considered. In 
autosomal genetic disorders such as NF1, mutations in NF1 
genes occur in nonneoplastic cells, including fibroblasts, 
in the microenvironment, and these mutated cells show 
distinct characteristics compared with normal fibroblasts. 
Consistently, mutated fibroblasts have also been found to 
be essential in tumorigenesis and tumor development in 
other subtypes of cancer, such as Pheos. Abnormalities in 
fibroblasts imply more profound and complex impacts on 
neurogenic tumors, which merits further investigation. (II) 
The interactions with Schwann cells need to be considered. 
Schwann cells, the peripheral nerve glial cells, can be found 
in all kinds of neurogenic neoplasms, serving cooperatively 
with stromal cells or even just as the origin of tumor cells. 
Fibroblasts in neurogenic tumors have rarely been reported 
to express activation markers such as α-SMA despite the 
presence of multiple stimulators including TGF-β, and 
studies in neuroblastoma suggested a possible explanation: 
the activation of fibroblasts might be impeded by Schwann 
cells. (III) The impact of tumor cells needs to be considered. 
Studies of fibroblasts in tumors have indicated the contact 
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Table 1 The role of fibroblasts in different types of neurogenic tumors

Neurogenic tumors
Directions of update 
studies 

Current findings of fibroblasts 
promoting neurogenic 
tumors

Related other 
stroma cells

Relations between 
these cells 

References

Neuroblastoma Angiogenesis; 
inflammation; tumor 
metabolism

Angiogenesis: cancer-
associated fibroblasts and 
high blood vessel growth in 
Schwannian stroma-poor 
neuroblastomas

Schwann cells Schwann cells might 
inhibit the activation 
and promoting 
angiogenesis 
functions of 
fibroblasts

(22,24,25,31,34-37)

Inflammation: fibroblasts 
with activation of mPGES-1/
PGE2 were found essential 
in neuroblastoma growth and 
development

Tumor metabolism: SDHB-
silenced tumor cells showed 
a significant increase in 
lactate uptake, a decrease in 
glucose uptake

Pheochromocytomas Tumor metabolism; 
inflammation

Sdhb-silenced tumor 
cells co-cultured with 
fibroblasts implicated the 
fibroblasts might function 
by mobilization of energy 
resources to tumor migration

– – (27,32,33)

Fibroblasts-secreted IGF-
1 plays an essential role 
in the early events of cell 
anchorage and genesis

Neurofibromatosis 
type 1

Collagens secret Activated mast cells secreted 
2.5-fold TGF-β to potentiate 
the fibroblasts, which 
secreted a large amount 
of collagen accounting for 
half of the dry weight of 
neurofibroma

Mast cells Mast cells secret 
2.5-fold TGF-β and 
potentiate Nf1+/− 
fibroblasts functions

(42-45)

MPNST Fibroblastic 
differentiation

Some MPNST cases showed 
positive CD34 expression, 
indicating fibroblastic 
features in MPNST 

– – (49-51)

mPGES-1/PGE2, microsomal prostaglandin E synthase-1/prostaglandin E2; SDHB, succinate dehydrogenase subunits B; IGF-1, insulin-
like growth factor 1; TGF-β, transforming growth factor β; MPNST, malignant peripheral nerve sheath tumors; CD34, cell differentiation 
factor 34.
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between cancer cells and fibroblasts can promote the 
activation of fibroblasts in multiple ways (55,58), and this 
has also been shown in studies in Pheos mentioned above.

Although studies in this area are rare at the primary 
stage, current data have implicated the essential role of 
fibroblasts in neurogenic tumor development. At present, 
clinical trials targeting fibroblasts in neurogenic tumors 
are rare because of the clarification of the underlying 
mechanisms. But with an understanding of the mechanisms 
in place, we are confident about the prospect of new 
fibroblast-targeted therapies in the treatment of neurogenic 
tumors.
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Figure 1 Summary of fibroblast functions in neurogenic tumors and the underlying mechanisms. Fibroblasts play an essential role in 
neurogenic tumors growth and development by various mechanisms. CAF, cancer-associated fibroblasts; IGF, insulin-like growth factor 1; 
SCF, stem cell factor; TGF-β, transforming growth factor β. 
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