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Abstract
Purpose of Review Mesenteric desmoplasia in small intestinal neuroendocrine neoplasms (SINENs) is associated with 
increased morbidity and mortality. In this paper, we discuss the development of desmoplasia in SINENs.
Recent Findings The fibrotic reactions associated with these tumours could be limited to the loco-regional environment of 
the tumour and/or at distant sites. Mesenteric fibrotic mass forms around a local lymph node. Formation of desmoplasia is 
mediated by interactions between the neoplastic cells and its microenvironment via number of profibrotic mediators and 
signalling pathways. Profibrotic molecules that are mainly involved in the desmoplastic reaction include serotonin, TGFβ 
(transforming growth factor β) and CTGF (connective tissue growth factor), although there is some evidence to suggest that 
there are a number of other molecules involved in this process.
Summary Desmoplasia is a result of autocrine and paracrine effects of multiple molecules and signalling pathways. How-
ever, more research is needed to understand these mechanisms and to develop targeted therapy to minimise desmoplasia.
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Introduction

Desmoplasia could be defined as formation of fibrous con-
nective tissue and forms a key component of solid tumour 
stroma [1, 2]. NENs are a heterogeneous group of tumours 
arising from the diffuse endocrine system and have a diverse 
range of biochemical, immunological properties and ana-
tomical locations [3, 4].

A study involving 824 patients with SINENs showed that 
88% of all participants had mesenteric lymph node metas-
tases. Among 538 patients with stage IV SINENs in this 
study had fibrosis associated with mesenteric nodal metasta-
ses which were detected among 50% of the participants [5].

Small intestinal NENs (SINENs) are derived from the 
enterochromaffin cells and may give rise to carcinoid syn-
drome [6, 7] and result in loco-regional fibrosis with mes-
enteric desmoplasia and/or distant fibrotic processes such 
as carcinoid heart disease and retroperitoneal fibrosis [6–8].

Mesenteric desmoplasia is known to cause intestinal 
obstruction due to fibrotic adhesions or from mass effect. 
In addition, superior mesenteric vessels could be effected 
with arterial involvement causing small bowel ischaemia 
and superior mesenteric venous occlusion leading to ascites, 

This article is part of the Topical collection on Neuroendocrine 
Neoplasms

 * Christos Toumpanakis 
 c.toumpanakis@ucl.ac.uk

 Gowri M. Ratnayake 
 ratnayakegowri003@gmail.com

 Faidon-Marios Laskaratos 
 flaskaratos@gmail.com

 Dalvinder Mandair 
 dalvinder.mandair@nhs.net

 Martyn E. Caplin 
 m.caplin@ucl.ac.uk

 Krista Rombouts 
 k.rombouts@ucl.ac.uk

1 Neuroendocrine Tumour Unit - ENETS Centre 
of Excellence, Royal Free Hospital, London NW3 2QG, UK

2 St Mark’s Academic Institute, Northwick Park, Watford 
Road, Harrow HA1 3UJ, Middlesex, UK

3 Regenerative Medicine & Fibrosis Group, Institute for Liver 
and Digestive Health, University College London, Royal Free 
Campus, London NW3 2PF, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s11912-022-01211-5&domain=pdf


 Current Oncology Reports

1 3

small bowel venous ischaemia and varices [9, 10]. It is also 
reported that desmoplasia is associated with significantly 
increased morbidity and mortality [7, 9, 10].

Desmoplasia is radiologically diagnosed through its char-
acteristic spoke wheel appearance with linear soft tissue 
opacities radiating outward from a central mesenteric mass 
[3, 9]. The severity of SINEN-induced mesenteric desmopla-
sia can be assessed radiologically by evaluating the number 
and thickness of strands radiating from the mesenteric mass 
[10].

This paper elaborates the current evidence on pathogen-
esis of desmoplasia in SINENs with an emphasis on tumour 
microenvironment, molecular mediators and downstream 
intracellular signalling pathways.

Pathogenesis

It is believed that the nidus of mesenteric desmoplasia is a 
small bowel lymph node. Desmoplasia is the result of com-
plex interactions mediated via profibrotic and anti-fibrotic 
factors between the SINEN cells and the tumour microen-
vironment [3]. These molecular mediators are likely to be 
produced in the metastatic tumour cells in the mesentery and 
exert their actions via autocrine and/or paracrine fashion to 
mediate a local fibrotic reaction [3].

NENs do not only comprise proliferating cancer cells, but 
also consist of a plethora of heterogeneous non-cancerous 
cells and a non-cellular matrix which composite the tumour 
microenvironment [2, 11•, 12–14]. There is also evidence to 
suggest that the cross-talk between these two compartments 
is essential for tumour proliferation, modulation of the tumour 
behaviour and treatment responsiveness. In addition, it is 
known that the tumour microenvironment and cellular com-
ponents have similarities to the wound healing process [15].

Tumour Microenvironment

The tumour microenvironment consists of stromal cells, 
extracellular matrix (ECM), endothelial cells and inflam-
matory cells [2, 11•, 12–14].

The stromal cells in the tumour microenvironment pre-
dominately consist of fibroblasts. However, these fibroblasts 
are of a modified activated phenotype and are best named 
as cancer-associated fibroblasts (CAF) [11•, 16••, 17], and 
the activated form of CAFs could be identified by expression 
of α smooth muscle actin (α-SMA) and proliferation [14].

SINENs demonstrate a high rate of α smooth muscle actin 
expressing fibroblasts than the other NENs [16••, 17]. A study 
looking in to markers of fibroblast activation in the fibrotic 
stroma of the SINENs demonstrated increased presence of 
α smooth muscle actin producing fibroblasts [18] providing 

evidence that the increased number of activated fibroblasts 
plays an important role in SINEN-induced desmoplastic pro-
cess. The transformation of epithelial derived fibroblasts to 
α smooth muscle actin expressing myofibroblasts/CAF is a 
distinct feature of cancer-associated fibrosis [19].

The ECM consists of a complex network of crosslinked 
collagens, glycoproteins and water that continuously under-
goes remodelling through enzymatic and non-enzymatic 
post-translational changes [13, 18]. The overexpression of 
fibroblasts in the stroma, and a disbalance between MMPs 
and TIMPs, leads to increased deposition of collagen, thus 
promoting desmoplasia.

The inflammatory cells in the tumour microenvironment 
is known to contain a large number of tumour-associated 
macrophages which effectively supress the immune system 
and promote tumour growth and fibrosis by secreting profi-
brotic factors [16••, 20]. In SINENs, the number of leuco-
cyte infiltration in the tumour microenvironment is less in 
comparison to the other solid organ tumours, even though 
the existing macrophages stained positively for TGFβ and 
platelet-derived growth factor (PDGF) [3, 11•, 14, 16••, 21].

Fibrotic Growth Factors

SINENs originate from the enterochrromafin cells of the 
diffuse endocrine system and secrete various amines and 
peptides promoting the tumour growth via autocrine and 
paracrine effects [4, 7]. Some of these molecules also have 
pro-fibrotic activity and play an important role in desmopla-
sia via enabling the cross-talk between the tumour cells and 
the tumour microenvironment [3, 16••]. Most of the stud-
ies describing the role of these factors in SINENs show the 
presence of these fibrotic growth factors on the tumour cells 
and/or in the stromal fibroblasts and the presence of their 
receptors on the fibroblast. However, there is some evidence 
through in vitro co-culture methods that these molecules 
are responsible for the cross-talk between the tumour cells 
and other cellular components in the tumour microenviron-
ment and these interactions are important for tumour growth, 
fibrosis and angiogenesis [22].

Serotonin (5 HT) is an amine derived from the amino 
acid tryptophan and is produced in SINENs and excreted 
by the body predominantly in the urine in the form of 5 
hydroxyindole acetic acid (5 HIAA) [3, 6]. Serotonin acts 
via 5-hydroxytryptamine (5 HT) receptors of which 7 recep-
tor subtypes have been identified. Although 5 HT-3 receptor 
is a ligand-gated ion channel, the rest of the 5 HT receptors 
are G protein–coupled receptors [3]. It is recognised that 
patients with an elevated level of urinary 5 HIAA or carci-
noid syndrome are known to have a higher risk of developing 
desmoplasia [23] implicating a possible correlation between 
the serotonin and desmoplasia. Furthermore, 5HT receptor 
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agonist therapy is known to cause retroperitoneal, myocar-
dial, aortic and pleuro-pulmonary fibrosis demonstrating the 
role of serotonin in the role of fibrosis [3, 16••, 24, 25].

Svejda and colleagues developed an in vitro co-culture 
model containing small intestinal neuroendocrine tumour 
cells (KRJ-I) [22], which were recently described as to have 
lymphoblastoid immunophenotype [26] in one compartment 
and fibroblast cells (HEK 293) in another compartment and 
demonstrated that there are molecules involved in the cross-
talk between these 2 cellular compartments [22]. This model 
revealed that serotonin plays an important role in the cross-
talk between tumour cells and fibroblasts. Furthermore, 
there is also evidence that serotonin inhibits fibrinolysis 
further promoting fibrogenesis [3, 27]. Serotonin secreted by 
SINENs may have autocrine and paracrine effects on tumour 
cells and fibroblasts residing in the tumour microenviron-
ment respectively leading to tumour growth and fibrosis.

Transforming growth factor-β (TGF-β) is also a pro-
fibrotic agent that is secreted by the SINENs [3, 16••, 27]. 
All 3 forms of TGF-β (β1, β2, β3) production have been 
demonstrated in SINEN cells along with TGF-β1 and TGF-
β2 receptors. Furthermore, TGF-β2 receptors are located 
on the stromal fibroblasts allowing the tumour cross-talk to 
occur efficiently [3, 16••, 22]. Paracrine effects of TGF-β 
secreted by tumour cells on stromal fibroblasts stimulate 
their differentiation and subsequent desmoplasia. In addi-
tion, TGF-β produced by fibroblasts may act in an autocrine 
manner [16••, 27].

Connective tissue growth factor (CTGF) is a downstream 
mediator of TGF-β and serotonin [14] and it is expressed 
by > 50% of SINEN cells [15, 16••]. While CTGF acts by 
binding to CTGF receptor, it could also potentiate its effects 
by binding to insulin-like growth factor (IGF) receptors. Fur-
thermore, activation of the CTGF pathway augments the 
activation of IGF and endothelial growth factor (EGF) recep-
tor signalling cascades promoting further collagen produc-
tion and fibroblast proliferation [28].

CTGF may enhance profibrotic actions of TGF-β, FGF 
and EGF by stimulating fibroblast proliferation, collagen 
production and differentiation of fibroblasts into α smooth 
muscle actin producing fibroblasts. The location of these 
CTGF-secreting neoplastic cells was identified close to the α 
smooth muscle actin producing fibroblasts which could also 
suggest a potential role of CTGF to desmoplastic reaction 
of SINENs [3, 16••, 17, 18]. Moreover, circulating CTGF 
levels were found to be significantly higher in patients with 
SINEN in comparison to patients with gastric NENs and 
healthy controls [17].

Platelet-derived growth factor (PDGF) is a strong profi-
brotic agent and exerts its effect via PDGF-α and PDGF-β 
receptors and also stimulates the proliferation of fibroblasts. 
In SINENs, PDGFβ receptors are found in 65–85% of the 
cases and the receptors are probably on α smooth muscle actin 

producing fibroblasts but not on tumour cells. Evidence sug-
gests that the tumour cells and the macrophages in the tumour 
microenvironment induce PDGFRβ expression on adjacent 
fibroblasts and upregulate PDGFRβ activity in a paracrine 
fashion promoting PDGF-mediated fibrogenesis [29].

Transforming growth factor α (TGF α) is a peptide related 
to epithelial growth factor (EGF) and is known to express its 
effects via the EGF receptors. While it is overly expressed 
by the SINEN cells (> 90%), it also plays a crucial role in 
fibrosis and induce tumoural angiogenesis and proliferation. 
TGF-α produced by tumour cells acts on fibroblasts via the 
EGF receptors located on the fibroblasts [3, 16••, 30].

Fibroblast growth factor (FGF) type 2/acidic FGF is known 
to be expressed by the SINEN cells and the adjacent stromal 
cells indicating its possible role in fibrosis [30, 31]. How-
ever, more evidence is needed to determine whether it plays 
a significant process in desmoplastic reaction associated with 
SINENs.

Insulin-like growth factors (IGFs) 1 and 2 are known to 
increase the proliferation of fibroblasts in chick embryos, 
mammals and humans [32]. These growth factors exert their 
effects by binding to IGF 1 and 2 receptors and the concen-
tration and the bioavailability of IGF is controlled through 
IGF-binding proteins (IGFBP) [33]. IGF1, IGF1 receptors 
and IGFBP are being expressed by most stromal cells [34, 
35]. However, expression of the IGF2 and IGF2 receptors on 
stromal cells is rare [36]. Further evidence is needed to elicit 
their role in the pathogenesis of desmoplasia.

Substance P (SP) is tachykinin that is secreted by SINENs 
and is a known mediator of carcinoid syndrome [6]. In addi-
tion, SP is known to augment cytokine-induced fibroblast 
proliferation [37]. Natural killer (NK) cells are known to have 
an anti-fibrotic action in the intestines and in the liver by inhib-
iting TGF-β activity [16••, 36, 38]. SP is potent antagonist 
of NK1 receptor and thus potentiates fibrosis by increasing 
TGF-β activity although there is insufficient data to suggest 
whether this mechanism induces fibrosis in SINENs.

Nerve growth factor (NGF) is known to potentiate effects 
of TGF-β and is considered a profibrotic agent. SINENs are 
known to express NGF [39, 40]. In contrary to its profibrotic 
activity, its levels are known to be lower among SINENs 
with extensive mesenteric angiopathy and fibrosis in com-
parison to those with limited fibrosis [31, 41].

Histamine produced by the SINENs is considered as a 
mediator of carcinoid syndrome [6] and is also know to 
enhance the cytokine-induced fibroblast activation [37].

Complex Intracellular Signalling Pathways

While the above details express the potential roles of indi-
vidual profibrotic growth factors in the development of 
desmoplasia, there is developing evidence to suggest that 
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complex cross-talk between the above molecules and post-
receptor signalling intracellular cascades is involved in the 
development of SINEN-associated desmoplasia [3, 16••, 
42]. Interestingly, a recent study from our centre revealed 
that the integrin signalling pathway is involved in the cross-
talk of neuroendocrine tumour cells and stromal cells and 
may have a dual role in carcinogenesis and fibrogenesis [43]. 
This study involved in vitro co-culture experiments with 
neuroendocrine tumour KRJ-I cells and stromal HEK293 
cells and investigated genes and pathways involved in their 
cross-talk. The integrin signalling pathway, which was acti-
vated in KRJ-I cells, was further confirmed in human tissue 
at RNA and protein levels and several genes involved in 
this pathway were upregulated within the fibrotic mesen-
teric mass. This pathway is interesting because of its roles 
in carcinogenesis and fibrogenesis in various tumours [43]. 
Similar to other cancers, our current understanding is that 
there may therefore be a bidirectional effect whereby the 
interaction of cancer cells and fibroblasts promotes not only 
desmoplasia, but also may enhance the growth of cancer 
cells and their metastatic potential. This is confirmed by our 
clinical observational studies on SINENs in which patients 
with mesenteric desmoplasia had a shorter overall survival 
which was independent of other factors and not associated 
with abdominal complications, but with disease progression 
[10].

Moreover, cancer-associated fibrosis is known to be medi-
ated via complex intracellular signalling pathways namely 
Hedgehog (Hh), Notch and Wnt/β-catenin and it is worth 
to discuss the evidence for these complex pathways in the 
context of SINEN-associated desmoplasia [16••, 44].

Hh cascade is activated by several ligands (Sonic, Desert 
and Indian) which bind to Patch receptors stimulating pro-
duction of transcription factors (Gli 1–3). Gli 1 transcrip-
tional factor increases the expression of Snail which in turn 
leads to suppression of E-cadherin promoting epithelial to 
mesenchymal transition (EMT) and formation of myofibro-
blasts and subsequent desmoplasia [15, 16••]. Fendrich and 
colleagues examined 39 specimens of SINENs using immu-
nohistochemical staining and revealed that Snail expression 
was detected in 59% of cases, intratumour Sonic Hh was 
expressed in 73% and combined Snail and Sonic Hh was 
expressed among 53%. As expected, immunofluorescence 
staining revealed downregulation of E-cadherin on Snail-
positive cells, leading to the possible hypothesis that the 
Hh pathway may induce fibrosis [45•]. This data provides 
some insight to Hh pathway activation in the development of 
SINEN-associated desmoplasia. However, there is also evi-
dence to suggest that TGF-β is known to increase the Gli 1 
expression, which may be independent of Hh pathway [15].

Notch signalling also drives the epithelial to mesenchy-
mal transition increasing the production of fibroblasts/myofi-
broblast population and thus promoting extensive fibrosis. 

In addition, activation of this pathway also stimulated TGFβ 
production which may further stimulate the fibrotic process 
[15]. A study demonstrated that by stimulating Notch 1 pro-
duction on pancreatic NEN cells (BON cells) lead to reduced 
production of serotonin by these cells through a multi-step 
signal transmission cascade [46]. Another study on Notch 
pathway activation in gastrointestinal NENs suggested that 
there is 89% reduction of serotonin synthesis with equiva-
lent reduction of serotonin reactive cells and repression of 
tryptophan hydroxylase, i.e. the enzyme catalysing the rate 
limiting step of serotine biosynthesis, mRNA synthesis [47]. 
As such, Notch pathway activation at least theoretically may 
exert some anti-fibrotic effect by reducing serotonin pro-
duction. However, later on, a study involving 31 SINENs 
(ileal) demonstrated that none of these tumours expresses 
Notch discrediting the role of Notch signalling pathway in 
the development of fibrosis in SINENs [48].

β catenin levels in the cytoplasm are maintained by bind-
ing to a destructive protein complex. Upon activation of Wnt 
signaling pathway, β catenin levels in the cytoplasm rise and 
then these molecules translocate to the nucleus activating 
target gene transcription [15]. However, only membranous 
rather than intracytoplasmic β catenin expression had been 
demonstrated in SINENs [16••, 45•]. Moreover, the sever-
ity of desmoplasia was not associated with the degree of β 
catenin expression in SINENs. Hence, the current evidence 
suggests only a minor role of Wnt/β catenin signalling path-
way in the development of desmoplasia [49].

Despite our existing knowledge of the pathogenesis of 
mesenteric fibrosis, there are hardly any medical therapeutic 
strategies to treat mesenteric desmoplasia to the date [15]. 
Available medical therapy for management of NENs and 
carcinoid syndrome includes somatostatin receptor ana-
logues, serotonin synthesis inhibitors (telotristat), 5 HT 
receptor antagonists (cyproheptidine) and tyrosine kinase 
inhibitors [6] which have not been specifically assessed for 
their potential anti fibrotic effect [16••].

Therefore, the treatment of mesenteric fibrosis mainly 
involves surgical resection of the mesenteric fibrotic mass, 
palliative bypass surgeries in the presence of inoperable 
tumour and obstruction and stenting [8].

Conclusions

SINEN-associated desmoplasia is associated with increased 
morbidity and mortality. Desmoplasia is the result of a com-
plex interaction between SINEN cells and the tumour micro-
environment mediated via a plethora of molecules potentiat-
ing their profibrotic effects independently or via a cascade of 
downstream signalling pathways. The key molecules known 
to be involved in the pathogenesis of SINEN-associated 
desmoplasia are serotonin, TGFβ and CTGF. Yet, to date, 
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there is no effective medical therapy to treat or reverse this 
phenomenon. Further research into the pathophysiology of 
this desmoplastic reaction should provide insights into future 
development of targeted anti fibrotic therapies for SINEN-
associated desmoplasia.
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