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Abstract

Tumor-associated fibrosis is characterized by unchecked pro-fibrotic and pro-inflammatory
signaling. The components of fibrosis including significant numbers of cancer-associated
fibroblasts, dense collagen deposition and extracellular matrix stiffness, are well appreciated
regulators of tumor progression but may also be critical regulators of immune surveillance. While
this suggests that the efficacy of immunotherapy may be limited in highly fibrotic cancers like
pancreas, it also suggests a therapeutic opportunity to target fibrosis in these tumor types to
reawaken anti-tumor immunity. This review discusses the mechanisms by which fibrosis might
subvert tumor immunity and how to overcome these mechanisms.
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Introduction

It is becoming clear that tumor immunity and the response to immunotherapy are affected by
many factors besides the antigenicity and/or mutational burden of cancer. This wide array of
parameters includes the competency of the host immune system, the origin and current
tissue location of the malignant lesion, the underlying genetic and epigenetic programs in
the malignant cells, the metabolic profile of the target lesion, and the composition of the
tumor-associated stroma. Many of these parameters are affected by fundamental biological
processes that are commonly activated in response to tissue injury but are co-opted by the
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growing malignancy. One such co-opted biological process that affects tumor immunity is
pathological fibrosis.

Fibrotic responses to malignancies are common in many cancers, and are important features
in cancers such as pancreatic adenocarcinoma (PDAC), esophageal squamous cell
carcinoma, prostate cancer, colon cancer, and some subsets of breast cancer (Figure 1).
Although this characteristic is well-known, how fibrosis affects tumor immunity and/or the
response to immunotherapy is unclear. Part of this challenge is due to the organ-specific
complexity involved in fibrosis. Important players in fibrosis include diverse subsets of
activated fibroblasts and components of the extracellular matrix (ECM). This complex
milieu is further complicated by the diverse outcomes possible from even the simplest
evaluation of a single ECM component. For example, Type | collagen can be integrated into
diverse superstructures, has ligand-dependent activity on a significant number of receptors
including integrins, and has the ability to regulate the bioavailability of growth factors and
cytokines based on physical stiffness or organization. All these parameters, even for a single
molecule, can exert differential effects on tumor immunity. Based upon such complexity, in
the following review we will emphasize some of the general processes by which fibrotic
tumor microenvironments (TME) might impair tumor immunity and will discuss how these
potential barriers can be targeted for possible therapeutic benefit.

The role of activated fibroblasts in tumor immunity

Fibrosis is characterized by the presence of excess of fibrous connective tissue in an organ,
often involving excessive deposition of various forms of extracellular collagen[1].
Fibroblasts have been reported to be major drivers of fibrotic responses. They often deposit
most of the extracellular collagen and in many cases also secrete pro-inflammatory
mediators necessary to sustain fibrotic pathology[2]. The heterogeneity of fibroblasts
depends on their dynamic status in cancer. Many different markers can be used to identify
activated fibroblasts such as fibroblast-specific protein 1 (FSP1/S100A4), vimentin, a-
smooth muscle actin (a-SMA), fibroblast activation protein (FAP), PDGF receptor-a
(PDGFR-a.), desmin, and discoidin domain-containing receptor 2 (DDR2)[3,4]. It is
important to emphasize that none of these markers are exclusive for activated fibroblasts[4],
a fact that has made their study more complicated. The heterogeneity of fibroblasts also
depends on their tissue of origin. Activated fibroblasts are reported to arise from bone
marrow-derived precursors, mesenchymal stem cells (MSCs), endothelial cells, liver and
pancreas stellate cells, resting tissue fibroblasts and possibly from certain types of epithelial
cell[5]. While an overwhelming abundance of literature supports a tumor-promoting role of
cancer-associated fibroblasts (CAFs), some studies also suggest that certain fibroblast
subsets may have tumor-restraining activity. For example, the deletion of a-SMA+
myofibroblasts in pancreatic cancer leads to invasive and undifferentiated tumors[6,7]. For
simplicity, we will focus on tumor-promoting CAF subsets unless otherwise stated. When
compared with homeostatic tissue fibroblasts, CAFs typically exhibit higher proliferation
rates, can express “activation” markers (such as FAP or FSP1) and can activate pro-
inflammatory pathways including signal transducer and activator of transcription 3 (STAT3)
and NF-xB, which can then induce pro-inflammatory cytokine production, ECM deposition,
and ECM-modifying enzyme secretion. CAFs themselves can be activated by tumor cells
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and immune cells during tumor progression. For instance, IL-1p secreted from resident
immune cells can reprogram normal fibroblasts into pro-inflammatory CAFs. These
activated CAFs further mediate tumor-enhancing inflammation by recruiting TAMs and
promoting angiogenesis[8]. Furthermore, cancer cells can produce mitogenic and fibrogenic
factors which promote the activation of pancreatic stellate cells (PSCs), such as platelet-
derived growth factor (PDGF), transforming growth factor § (TGF), and sonic hedgehog
(SHH)[9]. While CAFs are present in non-fibrotic tumors as well, high CAF density
concomitant with extensive ECM deposition is characteristic of fibrotic tumors. Pancreatic
cancer is perhaps the “flagship” for tumor-associated fibrosis, with an estimated 60-70% of
tumor tissue composed of desmoplastic stroma characterized by extensive extracellular
collagen deposition and activated CAFs (Figure 1)[10]. The role of fibrosis in tumor cell
proliferation, invasion and metastasis has been well-defined. However, our understanding of
how this level of fibrosis affects tumor immunity is currently limited.

CAFs as regulators of T cell function

CAFs can suppress cytotoxic T lymphocyte (CTL)-driven antitumor immunity by multiple
mechanisms (Figure 2). CAFs have been shown to be suppressive, and using /n vitro assays,
some of these subsets like MSCs have been shown to exhibit direct immunosuppressive
activities in a manner similar to regulatory T cells (Tyeg)[11,12]. CAFs can impair CTL
activation, cytokine production, and cytotoxicity through the production of soluble factors
such as IL10, TGF-B, or VEGF, as well as through metabolic reprograming via
prostaglandin E2 (PGE2), indoleamine 2,3-dioxygenase (IDO), and arginase[2,13] or
expression of T cell checkpoint molecules like programmed death-ligand 1 (PD-L1)[2,13].
Additionally, CAFs can produce factors like CXCL12, which can limit T cell movement
and/or recruitment into tumor tissue[14]. Thus, when CAFs are highly abundant, as in
PDAC, their combined action can slow T cell movement into tumor tissue while
simultaneously impairing CTL activity and survival through multiple immunosuppressive
processes. Although these processes are probably important for successful wound healing
and/or protective scar tissue formation, they likely drive immune suppression in various
types of fibrotic tumors. Consistent with this possibility, depletion of CAFs by genetic
ablation has been reported to restore antitumor immunity and potentiate immunotherapy in
mouse models of cancer[15,14,16,17].

In addition to directly inactivating CTL responses, CAFs can also suppress T cell immunity
by affecting T helper (Ty) cell responses. Pathological fibrosis has been associated with both
T2 and TH17 responses. These responses are thought to be important in disease pathology.
Notably, the T2 cytokines IL-4 and I1L-13 can induce both fibroblast proliferation and
fibroblast ECM deposition, while Ty17 cytokines may regulate associated inflammatory
pathways during pulmonary fibrosis[18]. Pathological fibrosis can further enhance Ty
effects via a feed-forward loop. In tumor-associated fibrosis, the presence of activated CAFs
produces high levels of Ty cell chemoattractants such as CCL5, CCL17, CCL2, and
polarizing cytokines such as IL-1, IL-6, IL-23, IL-13, and thymic stromal lymphopoietin
(TSLP), which can favor tumor-promoting T2 and T17 responses over tumor protective
Tl immunity[19-23]. In addition to affecting effector cells, CAF production of CCL17,
IL-15, and TGF-B can promote Tyq recruitment and differentiation. Consistent with this
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possibility, depletion of FAP* CAFs in mammary tumors has been reported to shift the
balance towards a Ty1 phenotype with enhanced CTL recruitment and activation, reduction
of Treg cells, and other suppressive cells in mammary tumor models[17].

CAFs as regulators of immunosuppressive myeloid cells

Activated CAFs in the tumor microenvironment can also mediate immune suppression by
modulating myeloid cells (Figure 2), including tumor associated macrophages (TAMS),
myeloid-derived suppressor cells (MDSCs), and dendritic cells (DCs). TAMs derive from
either circulating monocyte or yolk sac-derived tissue resident pools and can be broadly
classified into two phenotypes: macrophages exhibiting M1 signatures (tumor-suppressing)
and M2 signatures (tumor-promoting). In general, majority of tumor-associated
macrophages demonstrate an M2-like phenotype, expressing markers such as CD206, Relm-
a and YM1[24]. Initial studies reported that IL-6 produced by CAFs switched monocyte
differentiation programs towards a tumor-promoting M2 lineage[25]. Subsequent /n vitro
studies of tumor cell-CAF interactions and proteomic profiles of CAFs isolated from tumor
models identified numerous pro-inflammatory cytokines such as GM-CSF, CSF-1, CCL2,
CCL7, CXCL1, CXCL2, and CXCLS8 that are involved in MDSC recruitment and
differentiation of macrophages into a pro-tumor M2 phenotype[26-28], which is likely due
to suppression of M1-promoting pathways. Activated fibroblasts have also been reported to
directly regulate myeloid cell maturation. Pancreatic CAF production of high levels of I1L-6
has been reported to drive monocyte precursors towards an MDSC phenotype via STAT3,
and induce immune suppression [29,30]. Additionally, CAFs can also affect DCs in the
immune response. CAF-derived IDO, TGF-B, and VEGF inhibit maturation and antigen
uptake activity of tumor-infiltrating DCs (TuDCs) thus inducing a tolerogenic phenotype in
T cells[31,32]. Alternatively, in PDAC and breast cancer, CAF-derived TSLP and IL-13
production can polarize DCs to favor pro-fibrotic and pro-tumorigenic T2 immune
responses instead of tumor protective Tyl immunity[33].

Taken together, these reports suggest that CAFs can be potent modulators of immune
surveillance by directly modulating T cell activity, as well as by reprogramming myeloid
responses to further induce immunosuppression. Despite previous studies describing the
mechanisms by which CAFs can mediate immune suppression, it is still unclear how these
mechanisms might differ based on the distinct subsets of CAFs that exist in tumor-associated
fibrosis, or the extent to which the origin of CAFs (i.e. locally or bone marrow-derived)
might differentially affect immune regulatory phenotypes and/or tumor progression.

The effect of the fibrotic ECM on T cell function

In addition to the cellular components of tumor-associated fibrosis, the dense collagen-rich
ECM has both direct and indirect effects on T cell infiltration and function (Figure 3). It has
been proposed that when fibrosis is as extensive as seen in PDAC, the scar-like ECM may
act as a physical barrier to CTL infiltration into tumors. While mouse models of PDAC have
reported that this fibrotic barrier effect is not insurmountable[34], several studies have also
reported that the ability of T cells to infiltrate from the stroma into close proximity to PDAC
cell nests is impaired when the ECM density is high[35,36]. In addition to physical

Cancer Immunol Immunother. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 5

exclusion, matrix density may result in preferential localization of T cells. In lung cancer
models, matrix density and architecture induced the localization and migration of T cells
into the tumor stroma rather than into tumor cell nests[37]. Additionally, while loose areas
of fibronectin and collagen tend to facilitate T cell motility, dense and stiff ECMs impede T
cell velocity/migration[38]. Apart from the rigidity, the propensity of certain ECM
components can also play a role in modulating T cell activation and proliferation [39-41],
although our understanding of this process in the context of tumor-associated ECMs is
somewhat limited. The presence of stiff and dense ECM therefore may retard CTL
infiltration and likely regulate their functionality in fibrotic tumors. However, the molecular
mechanism(s) of this process and its impact on the therapeutic aspects of the immune
response are still not well understood and need further study.

The impact of fibrotic ECM on innate immunity

In addition to influencing T cell responses, fibrotic ECMs can significantly impact tumor
immunity by affecting the localization and activity of tumor infiltrating myeloid cells.
Numerous /n vitroand in vivo reports have established the importance of ECM stiffness,
compaction, and plasticity on the differentiation and function of macrophages[42,43].
However, the effect of these changes on immune suppression is less well understood. Tumor
matrix components such as HA can influence macrophage polarization in mammary tumor
models[44]. In lung inflammation models, ECM turnover products have been reported to
affect the migration of monocytes and neutrophils[45,46] and thus may play a role in fibrotic
tumors. In human pancreatic and breast cancers, extensive deposition of Type | collagen
correlates with robust TAM infiltration, suggesting that fibrosis and macrophage infiltration
are functionally coupled. This process can be explained by observations that key monocyte
chemoattractants CCL2 and CSF-1 are overexpressed by tumor cells or CAFs in response to
stiff collagen-rich ECMSs[47,48]. Moreover, increasing evidence reports that ECM physical
properties directly affect macrophage phenotype and/or polarization[49,50]. For example, a
collagen-rich ECM favors a protumorigenic polarization phenotype, whereas a fibronectin-
rich ECM promotes the anti-tumorigenic activity of macrophages[51-54]. Furthermore, the
increased presence of Type | collagen in fibrotic tumors can directly activate inhibitory
receptors such as LAIR-1 on immune cells[55], or act as a reservoir for secreted suppressive
factors such as TGF-p.

It is presently unclear whether the regulation of macrophage polarization by ECM stiffness/
composition is functionally important in tumor immunity and whether this interaction can be
used for therapeutic intervention. Similarly, the understanding of these effects on MDSCs or
DCs is incomplete. Also, it is unclear how or if dense ECM networks cause dysfunctional
antigen presentation in the tumor microenvironment through their regulation of TAMs and
DCs.

The impact of hypoxia driven by the fibrotic microenvironment on immune

suppression

In addition to regulation of anti-tumor immunity by CAF and the ECM in the TME, tumor-
associated fibrosis can create hypoxia which may also play a role in preventing immune
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surveillance (Figure 3). When fibrosis is extensive, tumor tissue is often poorly innervated
with blood vessels resulting in a highly hypoxic tumor microenvironment with limited
access to nutrients and significant alterations in cellular metabolism. Thus, hypoxia induced
by tumor-associated fibrosis may be an important modulator of tumor immunity. There is
also evidence that hypoxia can induce deposition of ECM in hypoxic tumor regions,
indicating a positive-feedback loop. Recent studies have uncovered mechanisms wherein
hypoxia induces fibrosis by causing an increase expression of collagen genes [56] and
intracellular/extracellular collagen-modifying enzymes [57]. Together these data suggest the
existence of a feed-forward loop between fibrosis and hypoxia in certain tumor types.

Hypoxia is a well-established regulator of tumor immunity. Hypoxia-induced
chemoattractant secretion within the TME promotes the accumulation of TAMs and
MDSCs. For instance, it has been shown that the activation of HIF-1a is essential for
myeloid cell infiltration and activation /n vivo through a mechanism independent of
VEGF[58]. Another potential mechanism of macrophage recruitment into hypoxic regions is
that hypoxia-induced Semaphorin 3A acts as an attractant for TAMSs by triggering VEGFR1
phosphorylation [59]. Hypoxia has been implicated in regulating the function and
differentiation of MDSC in the tumor microenvironment. HIF-1a has been reported to
influence MDSC function by regulating PD-L1 expression, suggesting blockade of PD-L1
along with inhibition of HIF-1a may represent a novel approach to target MDSCs as part of
cancer immunotherapy in fibrotic tumors [60].

Fibrosis-induced hypoxia may also further suppress T cell infiltration and function in
tumors. One of the mechanisms of hypoxia-mediated T cell suppression is that constant
activation of HIF-1a negatively regulates T-cell receptor signal transduction partially
because of increased NF-xB activation[61]. Likewise, accumulation of extracellular
adenosine within the TME can trigger immunosuppressive signaling via intracellular cyclic
AMP-elevating A2A adenosine receptors (A2AR) on antitumor T cells[62]. Together, these
data suggest that fibrosis-induced hypoxia may also impair T cell-mediated immune
surveillance.

Overall, tumor-associated fibrosis creates a very challenging TME for sustained tumor
immunity. However, despite the fact that fibrosis is a major suppressant of tumor immunity,
there is a distinct possibility that it could also act as a double-edged sword. Recently, the
notion that tumor-associated fibrosis has a purely tumor promoting activity has been
challenged by suggestions that some components of fibrosis may also have tumor restraining
activity[7,6]. Thus, it is logical to assume that some discrete elements of fibrosis in specific
contexts or tumor types might actually provide critical support for tumor immunity and
enhance tumor responses to immunotherapy. At this point this perspective is purely
speculative.

Targeting Fibrosis to improve immunotherapy

In recent years, several approaches to limit tumor-associated fibrosis have moved from pre-
clinical testing to clinical evaluation. These developments have mainly been driven by the
potential of these therapies to increase the delivery of cytotoxic agents into highly fibrotic
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and poorly vascularized tumors. However, based on the potential immunosuppressive and/or
“immune-protective” role of tumor-associated fibrosis, it seems plausible that these
approaches could also facilitate responses to immunotherapy in highly fibrotic tumors.

Targeting ECM and ECM crosslinking

Abundant collagen deposition in the stroma is a key feature of tumor-associated fibrosis and
thus several investigators have tested targeting collagen synthesis and crosslinking.
Halofuginone, which inhibits Type | collagen synthesis, has demonstrated efficacy in
reducing fibrosis in pancreas and liver fibrosis[63,64] and has shown promising in murine
melanoma models [65]. In addition to targeting collagen synthesis, targeting collagen
crosslinking may reduce the pro-tumorigenic effects of fibrosis. Lysyl oxidase (LOX)
initiates the process of covalent intra- and inter-molecular crosslinking of collagen by
oxidative deamination of specific lysine and hydroxylysine residues. LOX activity is
frequently elevated in fibrotic tumor types[66]. Reduction of lysyl oxidase-mediated
collagen crosslinking has been shown to prevented mammary tumor-induced fibrosis and
tumor progression [67-69]. LOX inhibition in PDAC mouse models also leads to stromal
depletion and this in turn results in increased drug delivery[70]. Interestingly, LOX
inhibition paradoxically also results in increased macrophage and granulocyte infiltration
into PDAC tumors. It is unclear if this is further enforcement of immune suppression in this
model, or an invigoration of immunologically cold tumor. Nonetheless, LOX inhibitors have
moved to clinical testing. Similarly, All-trans retinoic acid (ATRA)[71] and vitamin D
receptor (VDR)[9] have been reported to regulate ECM remodeling and activation of
pancreatic stellate cells (PSCs), suggesting ATRA and VDR could be potential targets to
selectively deplete stroma.

Another targetable ECM component is HA which is abundant in tumor-associated fibrosis in
a number of cancers[72]. This has been an attractive target because accumulation of HA in
tumor stroma may increase tumor interstitial pressure, thereby blocking drug delivery in
fibrotic tumors[73]. There has been great interest in developing therapeutic strategies
targeting HA. Three different therapeutic approaches may be identified: (1) inhibiting HA
synthesis, (2) blocking HA signaling, and (3) depleting stromal HA. 4-methylumbelliferone
(4-MU) inhibits HA synthesis by downregulating HA synthases HAS2 and HAS3, and in
mouse models has resulted in inhibited HA synthesis and reduced tumor progression
[74,75]. Perhaps more therapeutically relevant is the delivery of hyaluronidase to tumors to
degrade existing HA. The systemic administration of PEG-fused hyaluronidase (PEGPH20)
has been shown to downregulate HA levels in murine PDAC models, and improve the
delivery and efficacy of chemotherapy by normalizing interstitial fluid pressures as well as
re-expanding the microvasculature[73]. This has been translated into successful phase I trials
in combination with Gemcitabine and nab-paclitaxel in PDAC patients, and is now in phase
Il testing (NCT02487277). However, the effects of this agent on immunotherapy are
unknown.
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Reprograming the immune system to target fibrosis

Another approach to overcoming fibrosis-induced immune suppression is to reprogram the
immune responses to combat activated CAFs and dense ECM. This strategy would have
significant benefit over directly targeting fibrotic molecules if the strategy employed bolsters
T cell responses while simultaneously stripping fibrosis. Recent data in PDAC models has
shown that tumor-specific T cells when given in sufficient numbers by adoptive cell therapy
can infiltrate into fibrotic tumors, and in turn result in reduced overall fibrosis[34]. This
suggests that when immune surveillance is dominant, the TME is polarized away from
tumor-promoting fibrosis. However, adoptive T cell therapy has been used in human
pancreatic cancer with only rare success, suggesting this approach alone may not be
sufficient for most patients. Another approach is to make CAFs one of the targets of
immunotherapy. This has the advantage of initiating a T cell response, while simultaneously
attacking an immunosuppressive cell type. To this effect, several approaches have been
tested in animal models, including adoptive transfer of FAP-specific T cells, DNA vaccines
targeting FAP peptides and whole-cell tumor vaccine modified to express FAP[76-79]. In
total, these approaches can induce T cell mediated killing of FAP* CAFs which results in
decreased collagen density and increased T cell-mediated control of tumor progression [80].
However, the efficacy of these approaches in combination with other immunotherapeutics
has not been established. A third possible approach is to reprogram myeloid response to
degrade dense ECMs. It is well appreciated that macrophages are not only critical players in
promoting pathologic fibrosis, but can also resolve fibrosis by degrading excess ECM[81].
Recent work in PDAC mouse models has shown that CD40 agonist antibodies lead to the
degradation of the fibrotic ECM through MMP activation in monocytes and
macrophages[82]. This approach is particularly exciting as CD40 agonists have already been
shown to reprogram myeloid and other cell types to favor tumor responsiveness to immune
checkpoint inhibitors[83,84].

Targeted therapies to reduce fibrosis and reestablish tumor immunity

Several pathway-targeted inhibitors have been evaluated for their ability to reduce fibrosis
and enhance the efficacy of immunotherapy. One of the first examples of this approach was
targeting of the Hedgehog signaling pathway. Indeed, work from Ken Olive and colleagues
demonstrated that depletion of the stroma by administration of IPI1-926, an inhibitor of the
Hedgehog signaling pathway, improved delivery of gemcitabine by increasing intratumoral
vascular density in genetically engineered mouse models of PDAC, However, these effects
led only to transient responses in preclinical models and did not translate to successful
clinical outcomes[85]. More recent work has suggested that direct stromal depletion can lead
to more poorly differentiated tumors that are more aggressive [7,6]. This duplicity of stromal
desmoplasia is still highly debated. Nonetheless, stromal depletion strategies may still render
tumor more susceptible to immune attack if they can concomitantly restrain tumor
progression [6]. To this effect, targeting CXCRA4 signaling has shown ability to slow tumor
progression in PDAC mouse models while simultaneously decreasing CAF numbers [14].
As such, CXCR4 inhibition improved short-term responses to checkpoint inhibition [14].
While the durability of this therapeutic approach was not tested in animal models, these
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studies have led to clinical evaluation of CXCR4 inhibitors in combination with PD-1
blockade.

Recently our group has focused on using targeted inhibition of Focal Adhesion Kinase
(FAK) to reduce fibrosis and unlock immunotherapeutic responsiveness in fibrotic tumors
[36]. FAK signaling has long been studied for its well-appreciated tumor cell-intrinsic pro-
survival and pro-invasive properties. As such, FAK inhibitors have been clinically developed
and tested in cancer patients [86]. Outside its tumor-intrinsic effects, FAK signaling has a
significant role in pathological fibrosis [87,88] and recently this role has been shown to be
conserved in tumor-associated fibrosis in a subset of cancer types [89,90,86]. In addition to
regulating fibrosis, FAK signaling in cancer cells may regulate immune surveillance. In
squamous carcinoma models, loss of FAK signaling in malignant cells resulted in decreased
FOXP3* Treg recruitment and consequently, increased T cell-mediated tumor control[91].
Our own data in PDAC mouse models has shown that inhibition of FAK simultaneously
results in reduced stromal collagen density and decreased tumor infiltration by potentially
immunosuppressive TAMs, MDSCs and Tieq [36]. The outcome of FAK inhibitor
reprogramming of the TME is increased responsiveness to PD-1 checkpoint antagonists due
to increased CD8* CTL infiltration into PDAC tumors during therapy. These studies have
been translated into clinical testing in pancreatic and other cancer patients (NCT02546531,
and NCT02758587).

Taken together, these data suggest that targeted agents could be employed to reduce tumor-
associated fibrosis to the benefit of immunotherapy. The attraction of this approach is that it
could simultaneously reduce fibrosis while targeting tumor survival pathways, thus
rendering both malignant and stromal compartments more responsive to immunotherapeutic
assault.
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signal transducer and activator of transcription 3
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transforming growth factor beta
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Figure 1. Fibrosisin Cancer
Representative Trichrome (blue) staining for collagen in normal pancreas and different

cancerous tissues. Magnification 20x.
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Figure 2. Theimpact of CAFson immune cell regulation and function
CAF subsets can impair CD8* CTL activation, cytokine production, and cytotoxicity; CAFs

also affect CD4* T cells to favor tumor-promoting T2 and TH17 responses through
production of chemoattractants and polarizing cytokines. Likewise, CAFs can induce
suppressive Tyeq differentiation and recruitment. CAFs can limit maturation of myeloid
derived suppressors (MDSCs), putatively suppress M1-like macrophage activity, and/or
switch monocyte differentiation programs towards a tumor-promoting M2 macrophage
lineage. Also, CAFs can influence maturation and activity of DCs in the tumor
microenvironment (TuDCs) to undermine CD8 T cell activation and function.
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Figure 3. Theimpact of ECM on immune cell function
The dense collagen-rich ECM of fibrotic tumors can act as a physical barrier to CTL

infiltration into tumors. Increased ECM stiffness and aligned structural barriers in a fibrotic
tumor also influence the localization and migration of T cells into the tumor stroma. Tumor-
associated ECM components as well as sequestered chemokine factors can influence
macrophage polarization (towards an M2 signature) and affect the maturation and migration
of monocytes and MDSCs. Dense ECM architecture can also prompt changes in availability
of oxygen and micronutrients, inducing hypoxia and thereby influencing the immune
contexture of the tumor microenvironment.
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