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Abstract

Desmoplastic reaction is a fibrosis reaction that is characterized by a large amount of
dense extracellular matrix (ECM) and dense fibrous stroma. Fibrotic stroma around
the tumor has several different components, including myofibroblasts, collagen, and
other ECM molecules. This stromal reaction is a natural response to the tissue injury
process, and fibrosis formation is a key factor in pancreatic cancer development. The
fibrotic stroma of pancreatic cancer is associated with tumor progression, metastasis,
and poor prognosis. Reportedly, multiple processes are involved in fibrosis, which is
largely associated with the upregulation of various cytokines, chemokines, matrix
metalloproteinases, and other growth factors that promote tumor growth and
metastasis. Fibrosis is also associated with immunosuppressive cell recruitment,
such as regulatory T cells (Tregs) with suppressing function to antitumor immunity.
Further, dense fibrosis restricts the flow of nutrients and oxygen to the tumor cells,
which can contribute to drug resistance. Furthermore, the dense collagen matrix can
act as a physical barrier to block the entry of drugs into the tumor, thereby further
contributing to drug resistance. Thus, understanding the mechanism of desmoplastic
reaction and fibrosis in pancreatic cancer will open an avenue to innovative medicine

and improve the prognosis of patients suffering from this disease.
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1 | INTRODUCTION

Desmoplastic reaction is a phenomenon in many cancers, including
breast, metastatic colorectal, and pancreatic cancer.'® However,
elucidating the mechanisms is one of the currently little-known
areas regarding desmoplastic reaction and its morphologic charac-
teristics, including fibrosis occurrence. For example, the associa-
tion between the interactions among cancer cells and surrounding
fibroblasts and desmoplastic reaction and its relationship to fibro-
sis remains unclear. Currently, a desmoplastic reaction is known to
occur when the tumor invades the surrounding tissue, causing an
inflammatory response that results in fibrosis and scar tissue for-
mation. This reaction is thought to be an adaptive response of the
living body to the presence of invasive cancers, as it helps to limit the
spread of tumors, but it can also limit the efficacy of chemotherapy,4
as the dense scar tissue will make the drug penetration into tumors
difficult. The significant involvement of the pancreas needs to be in-
vestigated to overcome this life-threatening cancer with a very poor
prognosis probably due to its immunosuppressive characteristics al-
though fibrosis research is documented in diseases in several organs,
such as the lung, heart, and liver. Currently, treatments for fibrosis
are limited, with a need to develop new therapies that can slow the
disease progression (Figure 1). Here, we update the recent advance-
ment in research and discuss the significance of desmoplastic reac-

tion and cancer fibrosis, especially focusing on pancreatic cancer.

2 | DESMOPLASTIC REACTION AND
FIBROSIS

Desmoplastic reaction and fibrosis are two distinct, but related,

pathological processes that are commonly seen in various cancer
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types.® Desmoplastic reaction is a general term used to describe the
fibrous tissue proliferation in the area surrounding a tumor.® This
tissue, which is composed of collagen and other connective tissue
components, is referred to as the desmoplastic stroma and serves to
physically separate the tumor from the surrounding healthy tissue.®
Fibrosis is a term used to describe the progressive accumulation
of extracellular matrix (ECM) components, such as hyaluronic acid
(HA), in the interstitial space of a tissue that interacts with collagen
to affect cancer cell at:tivity.6 This accumulation of matrix material
is thought to be a response to chronic inflammation or injury and
causes tissue scarring and stiffness.” Desmoplastic reaction is
thought to contribute to fibrosis formation, as the desmoplastic
stroma can impede the diffusion of nutrients and oxygen to the
surrounding tissue, thereby creating an environment conducive to

ECM component accumulation and affecting cancer cell activity.6

3 | DESMOPLASTIC REACTION AND
PANCREATIC CANCER

Desmoplastic reaction is a host response to pancreatic cancer,
whereby the tumor triggers excessive fibroblasts, collagen, and other
stromal component production. This causes a rigid desmoplastic
stroma that is resistant to chemotherapy and radiotherapy and limits
treatment effectiveness.® Single-cell RNA sequencing of pancreatic
cancer revealed that high fibroblast levels were indicative of poor
prognosis.9 Recent evidence suggests that desmoplastic reaction
may also provide a physical barrier that helps the tumor resist
chemotherapy and radiation. Additionally, desmoplastic reaction
decreases the immune response by accumulating type | collagen and
prevents the immune system from recognizing and attacking the

tumor.?

FIGURE 1 Desmoplastic reaction is

a phenomenon seen in many cancers,
including pancreatic cancer, and it occurs
when the tumor invades the surrounding
tissues, inducing an inflammatory
response that causes fibrosis and scar
tissue formation. This reaction is believed
to be responsible for limiting tumor
spread, but dense scar tissue can limit
the effectiveness of chemotherapy and
radiation therapy.
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4 | FIBROSIS AND PANCREATIC CANCER

Pancreatic cancer is related to fibrosis as it is a potentially serious
chronic pancreatitis complication, which is a form of pancreatic
fibrosis. Chronic pancreatitis is caused by long-term pancreatic
inflammation and gradual endocrine and exocrine compartment
loss due to atrophy and replacement with fibrous tissue,’® thereby
developing scar tissue in the organ. This scar tissue can become

cancerous over time, leading to pancreatic cancer.!!

5 | MOLECULES CONTROLLING
DESMOPLASTIC REACTION AND FIBROSIS

The following factors should be considered because multiple factors

control the process in desmoplastic reaction (Figure 2):

1. Inflammation: Inflammation is an important factor in developing
fibrosis, as it can stimulate fibroblast proliferation, increase
ECM deposition, and mediate inflammatory cell recruitment.!?

2. Growth factors: Growth factors, such as fibroblast growth factor
(FGF), transforming growth factor beta (TGFB), hepatocyte
growth factor (HGF), and platelet-derived growth factor (PDGF),
are important fibrosis regulators and are involved in fibroblast
recruitment, proliferation, and differentiation.'®

3. Cytokines: Cytokines, such as interleukin-1 (IL-1) and tumor
necrosis factor alpha (TNF-a), are involved in fibrosis initiation and
progression, as they promote the inflammatory cell recruitment
and activation and modulate growth factor production.**

4. Oxidative stress: Oxidative stress can increase inflammatory
mediator production, which can cause fibrotic changes.'®

5. Matrix metalloproteinases (MMPs): MMPs are important proteases
that are involved in ECM degradation and can affect fibrosis devel-

opment by modulating growth factor and cytokine productions.*

Growth Factors
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5.1 | Fibroblast growth factor
Desmoplastic reaction and fibrosis are a type of wound healing re-
sponse in which the body produces increased amounts of collagen in
an attempt to repair the tissue.” FGF is a type of growth factor that
stimulates fibroblast growth and proliferation, which are cells that
produce collagen.}”*® Alternative splicing of FGF genes can gen-
erate extracellular variants with distinct specificity to FGF-family
peptide ligands, whereas another splicing gives rise to variations
in C-terminals of FGF receptor proteins, which stimulate signals to
tumor cell growth and differentiation.”*® FGF is believed to play a
role in desmoplastic reaction and fibrosis by promoting the forma-
tion of new collagen, which can help reduce inflammation and speed
up the healing process.'8

Inflammation is thought to be an important factor in desmoplas-
tic reaction and fibrosis development.19 The presence of inflam-
matory cells, such as macrophages and neutrophils, can lead to the
release of several proinflammatory cytokines, which can further
stimulate the release of growth factors and other signaling mole-
cules, resulting in increased fibrotic material deposition. As genetic
factors, certain genetic variants associated with desmoplastic reac-
tions and fibrosis have been identified, indicating the role of genetic
factors in the development of these conditions.?°

5.2 | Transforming growth factor beta (TGFB)

The main factor controlling desmoplastic reaction and fibrosis is
TGFB.?! TGFB is a cytokine that is released in response to injury and
inflammation. It plays an important role in the body's healing pro-
cess by promoting collagen production, which is the major fibrotic
tissue component.22 TGFB also increases ECM protein production,
which is important for maintaining tissue structure and integrity.23

Additionally, TGFB is known to regulate the immune response and

Cytokines

FIGURE 2 The process of
demyelination and fibrosis is governed
by multiple factors, including (1)
inflammation, (2) growth factors such
as fibroblast growth factors (FGFs),
transforming growth factor beta (TGFB),
hepatocyte growth factor (HGF), and
platelet-derived growth factor (PDGF),
(3) cytokines such as tumor necrosis
factor alpha (TNF-a and interleukin-1
(IL-1), (4) oxidative stress, and (5) matrix
metalloproteinases (MMPs).
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inflammatory processes, which can contribute to desmoplastic reac-
tion and fibrosis development.?*

Hepatocyte growth factor The major factors controlling desmo-
plastic reaction and fibrosis are the growth factors, including HGF,
which binds to the c-met receptor on fibroblasts.?> HGF induces
ECM molecule and collagen production, causing desmoplastic reac-
tion and fibrosis development.

Platelet-derived growth factor Desmoplastic reaction and fibro-
sis are both processes that involve ECM component deposition in
tissue. PDGF is a type of growth factor that is released from platelets
and plays an important role in new blood vessel formation, as well
as existing ECM component remodeling. Studies have revealed that
PDGF can stimulate fibroblast proliferation and collagen deposition,
which are both important components of desmoplastic reaction and
have synergistic effects on tumor progression.26 Additionally, PDGF
increases the secretion of ECM components by fibroblasts, which
may be beneficial in forming a denser and more organized ECM in
the desmoplastic reaction.

5.3 | Interleukin-1

Expression of the cytokine IL-1 is important in desmoplastic reac-
tion and fibrosis development.?” In vitro studies have revealed that
IL-1 is capable of inducing fibrosis in various cell types, including fi-
broblasts, endothelial cells, and mesenchymal cells.?® Additionally,
increased IL-1 expression has been observed in several types of fi-
brosis in both animal models and humans. IL-1 inhibition is effective
in reducing the severity of fibrosis in some studies.?’

5.4 | Tumor necrosis factor alpha

Desmoplastic reaction is a type of fibrotic response initiated by tis-
sue injury or inflammation. It is characterized by ECM component
accumulation, including collagen and fibronectin, and an increase in
myofibroblast number and activity. The underlying cause of desmo-
plastic reaction is not completely understood, but several cytokines
and growth factors, such as TNFa, have been implicated in its de-
velopment.®® TNFa is a proinflammatory cytokine that is released
in response to injury and inflammation and can stimulate ECM com-
ponent production as well as promote cell proliferation and cell mi-
gration.®* Additionally, TNFa is known to activate fibroblasts and

increase their production of collagen and other ECM components.

5.5 | Histone deacetylase (HDAC)

Desmoplastic reaction and fibrosis are associated with the HDAC
pathway activation.’> HDAC is an enzyme involved in gene
expression regulation. It is known to be involved in regulating ECM
protein production and tissue structure remodeling. Thus, HDAC
inhibitors have been studied in the context of desmoplastic reaction

and fibrosis, as they may reverse the pathological changes caused by

an overactive HDAC pathway.33

5.6 | Hypoxia-inducible factor 1 (HIF1)

HIF1 is a transcription factor that is involved in several gene
regulations related to desmoplastic reaction and fibrosis.>* HIF1
plays an important role in fibrosis development, as it can modulate
the production of collagen, ECM proteins, and other key regulators
of wound healing.35 Additionally, HIF1 can regulate the expression
of several proinflammatory cytokines, chemokines, and adhesion
molecules that play a role in immune cell recruitment and activation
and interact with viral oncogenes that induce multiple genomic
networks in precancerous states that promote advanced cervical

cancer development.36

5.7 | Nuclear factor-kappa B (NF-kB) subunit 1

The NF-kB pathway is an important desmoplastic reaction and
fibrosis regulator. NF-xB activation increases inflammation,
fibroblast proliferation, and ECM deposition. NF-kB is involved in
multiple inflammatory pathway regulations, including cytokine,
chemokine, and growth factor production.®” Additionally, NF-kB can
regulate the expression of several genes involved in desmoplastic

response regulation, such as collagen, fibronectin, and tenascin-C.38

5.8 | Hyaluronic acid

The gradual accumulation of ECM components, such as HA, in the
tissue pore space and its interaction with collagen to affect cancer
cell activity results in fibrosis and desmoplastic reaction.® Preclinical
and clinical data indicate that hyaluronan accumulation in TME is
associated with invasive metastatic disease, drug resistance, and
poor prognosis,%’ and a randomized phase IlI trial for hyaluronan-
high metastatic pancreatic ductal adenocarcinoma (PDAC) was

attempted.40

5.9 | Pancreatic stellate cells (PSCs)

Oxidative stress, which is thought to be an important factor in des-
quamation response and fibrosis development, activates several sign-
aling pathways and promotes fibrotic substance deposition, which in
turn activates PSCs, which respond to cytokines and growth factors
to produce ECM adhesion molecules, and various chemokines are
produced.?* Recent studies have reported that the knockdown of
pyruvate kinase isozyme M2 expression inhibits PSC-induced prolif-
eration, migration, and epithelial-mesenchymal transition.** PSC ac-
tivation has also been tested to create a three-dimensional artificial
vascular model that mimics the PDAC vasculature, allowing the study
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of vascular compaction in a controlled manner, something that has
only been observed in vivo and under clinical conditions.*? Eventually,
we envision that this will be widely applied to evaluate new therapeu-
tic strategies to modulate TME and ultimately help reduce or improve
animal testing and design optimal combination therapies (Table 1).

6 | CELLULAR PROCESSES CONTROLLING
DESMOPLASTIC REACTION AND FIBROSIS

Recent studies revealed that several cellular processes are involved
in desmoplastic reaction and fibrosis, which can provide key
factors to produce efficient diagnostic technologies and innovative

therapeutic approaches.

6.1 | DNA methylation

Studies have revealed that epigenetic marker alteration, such as

DNA methylation and histone modification, can be associated with

H 3491
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desmoplastic reaction.*® DNA methylation is a key epigenetic modi-
fication in gene expression regulation, which can alter the chroma-
tin structure and gene expression by adding a methyl group to the
5-carbon position of the cytosine in the CpG dinucleotide of the gene
promoter region.44 DNA methylation in organ fibrosis is involved in
ECM remodeling, profibrotic cytokine expression, and cell prolifera-
tion and differentiation regulation.*> DNA methylation in the heart
modulates the expression of profibrotic genes, such as PDGF-A
and TGFB1, and inhibits the expression of antifibrotic genes, such
as MMP-9.4¢ DNA methylation in the liver is involved in regulating
profibrotic gene expressions, such as TGFB1 and connective tissue
growth factor (CTGF), and represses antifibrotic gene expression,
such as MMP-9 and tissue inhibitor of metalloproteinase 1 (TIMP-
1).* DNA methylation in the lung is associated with processes, such
as alveolar epithelial cell differentiation, fibrosis promotion, and in-
flammatory response development.48 It has been shown to play a
role in the regulation of inflammatory responses to airway injury and
may be important in pulmonary disease development and progres-
sion such as asthma and chronic obstructive pulmonary disease.*’

Additionally, DNA methylation has been implicated in lung cancer

TABLE 1 Classification of molecules that control desmoplastic reaction and fibrosis and their specific functions.

Molecules

Fibroblast growth factor (FGF)

Transforming growth factor beta
(TGFB)

Hepatocyte growth factor (HGF)

Platelet-derived growth factor
(PDGF)

Interleukin-1 (IL-1)

Tumor necrosis factor alpha
(TNFo)

Histone deacetylase (HDAC)

Hypoxia-inducible factor 1 (HIF1)

Nuclear factor-kappa B (NF-kB)

Hyaluronic acid (HA)

Pancreatic stellate cells (PSCs)

Function

Stimulates growth and proliferation of fibroblasts that produce collagen, reduces inflammation, and speeds
up the healing process*®

Controls desmoplastic reaction and fibrosis,?* promotes the production of collagen,?? increases the
production of extracellular matrix proteins,?® and regulates immune response and inflammatory

processe524

Induces the production of extracellular matrix molecules and collagen, leading to the formation of
desmoplastic reaction and fibrosis?’

Stimulates fibroblast proliferation and collagen deposition and increases the secretion of extracellular
matrix components, leading to the formation of denser and more organized extracellular matrix in
desmoplastic reaction?®

Induces fibrosis in various cell types and is important in the development of desmoplastic reaction and
fibrosis?®

Promotes the production of extracellular matrix components, cell proliferation, and cell migration,
contributing to the development of desmoplastic reaction®!

Involved in the regulation of gene expression, production of extracellular matrix proteins, and tissue
structure remodeling. HDAC inhibitors are studied as potential therapy for desmoplastic reaction and
fibrosis®2

Transcription factor involved in regulation of genes related to desmoplastic reaction and fibrosis.®*

Modulates the production of collagen, extracellular matrix proteins, and other regulators of wound
healing.®® Also regulates proinflammatory cytokines, chemokines, and adhesion molecules and interacts
with viral oncogenes that promote the development of advanced cervical cancer®®

Important regulator of desmoplastic reaction and fibrosis. Activation leads to increased inflammation,
fibroblast proliferation, and extracellular matrix deposition. Regulates multiple inflammatory pathways
including production of cytokines, chemokines, and growth factors.?’” Also regulates expression of genes
involved in the regulation of desmoplastic response®®

Accumulation in tissue pore space and interaction with collagen contributes to fibrosis and desmoplastic
reaction.® Associated with invasive metastatic disease, drug resistance, and poor prognosis®’

Respond to cytokines and growth factors to produce extracellular matrix, adhesion molecules, and
chemokines. Activation promoted by oxidative stress, which is important in the development of
desmoplastic reaction and fibrosis.2* Knockdown of pyruvate kinase isozyme M2 expression inhibits
PSC-induced proliferation, migration, and epithelial-mesenchymal transition.*! PSCs are used to create
3D artificial vascular model to study vascular compaction and evaluate new therapeutic strategies*?
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development and other disease progression, such as idiopathic pul-

monary fibrosis.*°

6.2 | MicroRNAs (miRNAs)

Recent research has suggested that miRNAs play an important role
in regulating desmoplastic reaction.”* miRNAs are small noncoding
RNAs that can bind to mRNAs and inhibit their translation. They can
affect gene expressions involved in ECM deposition and fibroblast
activation by targeting specific mRNAs.>? Several studies have
demonstrated that miRNAs are involved in modulating desmoplastic
reaction, including miR-21,>% miR-31,>* miR-210,%> miR-335,%¢ and
miR-449a.°” Additionally, miR-21 has played a role in regulating
several factors involved in desmoplastic reaction, including TGFB,
CTGF, and collagen.®® Further, it has increased MMP expression,
which causes ECM degradation and remodeling.”’ MiR-29a and
miR-29b are upregulated in kidney fibrosis and can regulate genes
involved in inflammation and fibrosis regulation, such as TGFB.%°
MiR-29a and miR-29b have been implicated in other types of organ

fibrosis, such as the liver®® and heart.®? Finally, miR-199a-3p has been
reported to play a negative regulatory role in the NF-xB signaling
pathway, and its low expression in patients with CF contributes to

chronic pulmonary inflammation.®®

6.3 | Epithelial-mesenchymal transition (EMT)

Desmoplastic reaction is a type of fibrotic response that is char-
acterized by increased ECM component deposition such as colla-
gen, fibronectin, and laminin.®* This response is often seen in the
context of a cancerous tumor, where the tumor cells secrete a va-
riety of cytokines and growth factors that increase fibrosis. This
process is known as EMT, which allows the cancer cells to change
shape and migrate away from their original location (Figure 3). The

increased fibrosis with desmoplastic reaction can increase the risk

of metastasis, as the EMT program is activated and maintained by

glycolytic enzymes.®

6.4 | Hypoxia

Desmoplastic reaction is a type of tissue response to cancer, injury,
or inflammation. It is characterized by increased collagen and other
ECM protein productions that cause the formation of dense, fibrous
scar tissue.l” This fibrous tissue can interfere with the normal func-
tioning of the area, leading to rigid and inflexible structure forma-
tion. Hypoxia is a condition in which the body's tissues and organs
are deprived of adequate oxygen supply. This can occur due to a
variety of reasons, including a decreased availability of oxygen in the
air, blockage of the airways, or decreased blood circulation. Hypoxia
can cause tissue damage and cell death, resulting in fibrosis, or ex-
cessive scarring.®®

7 | IMMUNITY

Recent research has shown that Tregs may play a role in fibrosis inhi-
bition in pancreatic cancer.’ Pancreatic cancer is an aggressive type
of cancer that is highly resistant to treatment and has a very poor
prognosis. Studies have revealed that fibrosis Tregs can suppress
pancreatic cancer cell proliferation, reduce inflammatory cytokine
production, and reduce pancreatic cancer-associated inflammation
severity. Additionally, fibrosis Tregs may also play a role in pro-
moting cancer cell destruction and tumor metastasis reduction.®®
Additionally, cancer-associated fibroblasts (CAFs) are major players
in PDAC progression and drug resistance; a unique population of
CAFs, also known as antigen-presenting CAFs (apCAFs), have been
shown to activate CD4+ T cells in an antigen-specific manner and
have immunomodulatory capacity.®” These apCAFs are derived from
mesothelial cells and directly ligate naive CD4+ T cells in an antigen-
specific manner to induce regulatory T cells (Tregs). Furthermore,
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FIGURE 3 Desmoplastic reaction
results in increased deposition of
extracellular matrix components such as
collagen, fibronectin, and laminin. The
process by which tumor cells secrete a
variety of cytokines and growth factors,
leading to increased fibrosis, is called
epithelial-mesenchymal transition (EMT)
and causes an increased risk of metastasis.
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FIGURE 4 Fibrosis regulatory T cell
(Tregs) are involved in suppressing fibrosis
in pancreatic cancer and may play a role in
reducing inflammation and metastasis of
pancreatic cancer cells.

Inflammation

treatment with antibodies targeting mesothelial cell marker meso-
thelin effectively suppresses mesothelial cell migration to apCAFs
and Treg formation by apCAFs.%® Further research is needed to bet-
ter understand the role of fibrosis Tregs in pancreatic cancer and
to develop potential therapeutic strategies to target these cells to

improve patient outcomes (Figure 4).

8 | CONCLUSION

Desmoplastic reaction is a form of fibrosis that occurs in response
to pancreatic cancer.®’ It is characterized by a dense, fibrotic stroma
that is composed of myofibroblasts and ECM proteins, such as col-
lagen, fibronectin, and laminin.®* This stroma serves to protect the
cancer cells from the immune system, making them more resistant
to chemotherapy and radiotherapy.”® Additionally, the dense stroma
contributes to a protumorigenic environment by providing struc-
tural support for the tumor cells, promoting angiogenesis, and in-
hibiting apoptosis.”* Furthermore, desmoplastic reaction can cause
desmoplastic wall formation around the tumor, which can further
inhibit the infiltration and destruction of cancer cells by the immune
system.? The molecular and cellular mechanisms underlying desmo-
plastic reaction and fibrosis should be understood to develop new
treatments for pancreatic cancer. For example, TNF-a and TGFB
are known as two key cytokines that drive desmoplastic reaction in
pancreatic cancer.”?> TNF-q activates the NF-kB pathway and gener-
ally promotes proinflammatory cytokine, chemokine, and adhesion
molecule production, which are involved in inflammatory cell re-
cruitment, such as macrophages, to the tumor microenvironment.”?
In contrast, TGFB suppresses the NF-kB pathway and is thought to
inhibit inflammation. It can also upregulate MMP expression, which
is involved in stroma remodeling and cancer cell invasion into sur-
rounding tissues. Additionally, TGFB has been shown to increase the
expression of immunosuppressive molecules, such as PD-L1, which
can help cancer cells evade the immune system.74 Taken together,

these two cytokines appear to play opposing roles in desmoplastic

Normal cells
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reaction, with TNF-a promoting inflammation and TGFB suppress-
ing it.

Prospects include the need for improved diagnostic methods
for desmoplastic reaction and fibrosis. Histological analysis is cur-
rently required for diagnosing patients with cancer, and this requires
a biopsy, as summarized primarily in Sections 5-7 of this article.
However, since biopsy is a highly invasive procedure, there is a need
to develop more noninvasive, yet accurate, diagnostic methods, such

as biomarkers and imaging tests.'’
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