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Abstract

Pancreatic ductal adenocarcinoma (PDA) is among the
deadliest cancers in the United States and in the world.
Late diagnosis, early metastasis and lack of effective
therapy are among the reasons why only 6% of pa-
tients diagnosed with PDA survive past 5 years. Despite
development of targeted therapy against other cancers,
little progression has been made in the treatment of
PDA. Therefore, there is an urgent need for the devel-
opment of new treatments. However, in order to pro-
ceed with treatments, the complicated biology of PDA
needs to be understood first. Interestingly, majority of

(4 9

Boiovidengs  WIG | www.wjgnet.com

the tumor volume is not made of malignant epithelial
cells but of stroma. In recent years, it has become evi-
dent that there is an important interaction between the
stromal compartment and the less prevalent malignant
cells, leading to cancer progression. The stroma not
only serves as a growth promoting source of signals
but it is also a physical barrier to drug delivery. Under-
standing the tumor-stroma signaling leading to devel-
opment of desmoplastic reaction and tumor progression
can lead to the development of therapies to decrease
stromal activity and improve drug delivery. In this re-
view, we focus on how the current understanding of
biology of the pancreatic tumor microenvironment can
be translated into the development of targeted therapy.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This is a comprehensive review and an up-
date on recent progresses in understanding the role of
tumor microenvironment in the growth, invasion and
metastasis of pancreatic cancer. The role of tumor mi-
croenvironment in anti-tumor immune response and
treatment of pancreatic cancer is also reviewed. How
our knowledge in tumor microenvironment is translated
into the development of pancreatic cancer therapy is
discussed.

Rucki AA, Zheng L. Pancreatic cancer stroma: Understanding
biology leads to new therapeutic strategies. World J Gastroen-
terol 2014; 20(9): 2237-2246 Awvailable from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i19/2237.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.19.2237

March 7, 2014 | Volume 20 | Issue 9 |



Rucki AA et al/. Pancreatic cancer stroma

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDA) is a devastating
disease. It is the 4" leading cause of cancer related deaths
in the United States and according to latest statistics the
incidence rate is on a rise. The high mortality rates are
founded on the fact that PDA is very resistant to che-
motherapy and radiation. Most patients are diagnosed
at late/metastatic stages of the disease. Less than 20%
of patients diagnosed with PDA are eligible for surgical
resection, and out of those most present with high inci-
dence of metastasis after resection. This aggressiveness
contradicts the finding that majority of the tumor volume
is not composed of neoplastic cells, but consists of the
stroma/desmoplastic reaction to the cancer™. In recent
years, it has become evident that the desmoplastic reac-
tion is not only a bystander, but it is a source of cellular
and molecular components that promote tumor progtes-
sion and metastasis™”, Importantly, increased levels of
stroma correlate with poor prognosis” and depletion of
the stromal compartment has been associated with im-
proved prognosis in both preclinical and clinical trials””
making pancreatic tumor stroma a valid therapeutic tar-
get. Despite the broader understanding of PDA biology
very little progress has been made in terms of treatment
development. Gemcitabine was approved for PDA treat-
ment over a decade ago, however it still remains the stan-
dard of care!"”. The recent breakthrough phase III clinical
trial evaluating combination therapy FOLFIRINOX (ox-
aliplatin/irinotecan/5-FU/leucovorin) showed increase
in overall survival by 4.3 mo when compared to gem-
citabine but it also resulted in increased toxicity. Results
of the study led to approval of this drug combination
for patients with metastatic PDA and good performance
status'". The development of new therapeutics for PDA
has been progressing very slowly, nevertheless the dev-
astating PDA statistics call for an urgent advance in ef-
fective treatment strategy. In this review, we will discuss
the current understanding of PDA biology and how this
knowledge is being translated into development of novel,
targeted therapies for PDA patients.

STROMAL COMPONENTS OF

PANCREATIC CANCER

The histological hallmark of PDA is the dense stroma
surrounding malignant epithelial cells. The stroma, also
referred to as desmoplastic reaction consist of numet-

ous cellular as well as acellular constituents. The cellular
components include fibroblasts, stellate cells, immune
cells, endothelial cells, and nerve cells. The acellular com-
partment is comprised of extracellular matrix (ECM) (ze.,
collagen, fibrinogen, hyaluronan, and fibrin) as well as
variety of other proteins, enzymes, and growth factors

(Figure 1).

Fibroblasts

Activated fibroblasts, also referred to as pancreatic stel-
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late cells (PSCs), have been given much attention in the
past years. PSCs in their quiescent form are found in
minimal numbers in normal, healthy pancreas“zl. Their
homeostatic role is still poorly understood, however they
have been shown to contain fat droplets in their cyto-
plasm; indicating potential role in lipid metabolism; have
low mitotic index and low capability of ECM synthesis'"’
In PDA, on the other hand, PSCs become activated, as
determined by their myofibroblastic phenotype and ex-
pression of alpha smooth muscle actin . Activated PSCs
have been shown to be a source of ECM, growth factors
and immune modulatory signals“‘g’m Molecular signals
originating from PSCs are conveyed to neoplastic cell
promoting tumor proliferation and invasion, cancer stem
cell maintenance and generation of immunosuppressive

. [13,16-21
environment

1 Similarly, neoplastic cells send stimu-
latory signals to PSCs providing a positive feedback loop
that promotes cancer progressionlzzj. The population of
stromal fibroblasts is very heterogeneous and numerous
markers have been utilized to characterize stromal cells™.
PSCs, which are regarded as alpha smooth muscle actin
expressing cells are phenotypically similar to a broader
population of fibroblasts marked by the surface glycopro-
tein expression of fibroblast activation protein (FAP)"™,
This similarity is based on the ability of both cell types to
promote tumor proliferation and invasion, secretion of
collagen types I, Il, and IV, fibronectin, laminin, hyal-
uronan, and various growth factors" . Pro-tumorigenic
properties of FAP expressing fibroblasts have made them
an attractive target for PDA therapy (discussed later).

Extracellular matrix

Another component of the tumor microenvironment is
the ECM. This acellular part of pancreatic tumor stroma
is composed of variety of fibrous proteins (i.e., collagen),
polysaccharides (ze., hyaluronan) and glycoproteins (i.e.,
fibronectin). Additionally, diversity of growth factors and
other proteins are found in the ECM of PDA. This mesh
of fibrous molecules not only provides support to the
surrounding tissues but it also plays a role in differentia-
tion, remodeling and homeostasis, in healthy organs®”.
Not surprisingly, different components of pancreatic
sttoma ECM have been shown to have tumorigenic
properties. In particular, collagen [ has been associated
with higher expression of transgelin (gene used in this
study to determine PSCs activation) when compared
to other non-activating matrices”. In other studies,
collagen [ was linked to resistance to gemcitabine, a
standard cytotoxic drug used for pancreatic cancer treat-
ment”", Hyaluronan (HA), a non-typical glycosamino-
glycan with high capacity of water retention, has recently
become an attractive target for pancreatic cancer therapy.
HA is expressed in high levels in PDA and its abundance
has been connected to increased intratumoral fluid pres-
sure and consequent vascular collapselz()’3[”. PDA, unlike
many solid tumors is hypovascular, moreover, the blood
vessels that are present in the intratumoral space have
been reported to be mostly nonfunctional™. The lim-
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Figure 1 Graphical representation of the stromal components and their interactions in pancreatic ductal adenocarcinoma. FAP: Fibroblast activation protein;
Smo: Smoothened; SHh: Sonic hedgehog; HGF: Hepatocyte growth factor; PD-L1: Programmed death ligand-1; PD1: Programmed death-1 (receptor); AnxA2: Annex-
inA2; TGFp: Transforming growth factor 3; IL-10: Interleukin 10; MDSC: Myeloid derived suppressor cell; Treg: T regulatory cell; TAM: Tumor associated macrophage.

ited numbers of functional blood vessels in PDA and
the dense stroma are believed to be among the reasons
why intravenous chemotherapeutic agents as well as the
recently tested antiangiogenic drugs”’
effect on the tumor cells.

do not elicit great

Immune cells

Broad repertoire of immune cells including both adaptive
and innate cell types are also present in the PDA tumor
microenvironment. Tumor infiltrating immune cells have
been implicated in tumor progression, chemotherapy
resistance and metastasis”* ", Additionally, the immune
infiltration is evident in early premalignant lesions and
increases with PDA progressionpz]. Immune suppres-
sion and immune tolerance to tumor associated antigens
is one of the characteristics of PDA and it is associated
with poor prognosism’asj. The abundance of suppressive
cells leads to low numbers of effector CD8" T cells in
the PDA stroma and consequently limited anti-tumor
cytotoxicity™. Among the most plentiful tumor infil-
trating immune cells characterized by their suppressive
phenotype are myeloid detived suppressive cells (MD-
SCs), T regulatory cells (Tregs), and tumor associated
macrophages (TAMs). The suppressive cell population is
characterized by its ability to prevent activation and func-
tionality of effector cells leading to diminished tumor
cytotoxicitym. The immune modulatory cell population
regulates effector cells anti-tumor responses by variety
of mechanisms. MDSC inhibit CD8" T cell function iz
arginase, and reactive oxygen species secretion, which
requires direct cell contact”", Tregs ability to decrease
effectors function is partially due to their ability to se-
crete suppressive cytokines such as interleukin 10 (IL-10)
and tumor growth factor 3 (TGFp) but they can also
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be cell contact dependent where proteins like CTLA-4
and PD-1 are involved™. TAMs can be divided into two
functional subtypes: M1 (pro-inflammatory) and M2 (im-
munosuppressive). The M2 subtype cells are a source
of anti-inflammatory cytokines such as 11.-10 and have
been shown to induce Th2 responses (also found to be
immunosuppressive in PDA)™*. In addition to the pres-
ence of immunosuppressive cell populations in the PDA
microenvironment, the numbers of effector cells such as
CD4", CD8" T cells and NK cells are minimal. More im-
portantly, infiltrating CD8" and CD4" T cells have either
naive phcnotype or are nonfunctional, antigen experi-
enced effectors™. There are numerous mechanisms that
have been implicated in the non-functionality of antigen
experienced T cells. Checkpoints and inhibitory recep-
tors like PD-1 are examples of proteins that transduce
inhibitory signals during lymphocyte activation™, Tumor
cells can also express ligands such as the PD-L1 protein
that have been shown to dampen immune anti-tumor
responses. Upregulation of those inhibitory molecules,
PD-L1 in particular, has been associated with poor prog-
nosis'**. Lastly, TGEP has been shown to play a role in
Th17 subtype differentiation™. Interestingly, TGFp de-
pendent differentiation of Th17 cells has been implicated
with increased immunosuppressive abilities™. Both tu-
mor cells and cancer associated fibroblast secrete TGF[3
and increased levels of T1.-17 secreting CD4 " cells (Th17)
have been found in PDA tumor microenvironment*”. To
date, the role of Th17 subtype of immune cells remains
controversial in cancer biology, as it has been shown to
have both pro- and anti-tumorigenic properties'™ ™. Tt is

important to mention, that the role of Th17 cells is well
documented in promoting fibrosis”"”'. Hepatic stellate
cells (HSCs) have been shown to become activated in
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response to Th17 secreted factors™™”, and because PSCs
resemble HSCs, it would be interesting to investigate the
role of Th17 immune subtype on PSCs activation and
desmoplastic reaction.

Subsequently, modulation of the pro-tumorigenic im-
mune infiltration by either depletion of suppressive cells,
polarization of the cell population to more anti-tumor
phenotype, checkpoint blockade or increase of activity
of the effector cells can be exploited in cancer therapy.

SIGNALING NETWORKS IN THE TUMOR
MICROENVIRONMENT

Tumor-stroma interactions create a very complicated
signaling network that drives tumor progression. Many
signaling pathways have been associated with PDA tu-
morigenesis, in this review we will focus on paracrine
pathways that originate in the neoplasm and contribute to
the development of desmoplastic reaction (Figure 1).

Sonic hedgehog

Sonic hedgehog (SHb) is a developmental signaling path-
way that is crucial for organ development during em-
bryogenesis. Briefly, in the absence of ligand (SHh) the
signaling pathway is inactive and the cell surface receptor
Patched (Ptch) inhibits translocation of smoothened (Smo)
to the cell surface. Upon ligand binding, Ptch relives the
repression on Smo allowing it to translocate to cell sut-
face. The translocation of Smo is a key activating step
in downstream signaling. Glil/2/3, which belong to the
zinc-finger transcription factor family are the downstream
effectors of Smo activation. Ligand binding to Ptch, re-
sults in the translocation of Glil (activator) to the nucleus
allowing expression of SHh associated genes. During ac-
tivation of the pathway, Gli2/3 (repressors) are nonfunc-
tional. In the absence of ligand binding, Gli2/3, undergo
proteolytic cleavage, move to nucleus and repress tran-
scription of SHh dependent genes. In the inactive state,
Glil is rendered nonfunctional®. SHh is overexpressed
by PDA tumor cells, however its function is restricted to
the stromal compartment forming a paracrine signaling
network that promotes and maintains desmoplasiamsﬂ. It
has been also noted that only cancer associated fibroblasts
and not the neoplastic cells show SHh pathway activation
and Smo receptor overexpression” . Importantly, Olive
et al” demonstrated that the use of a SHh inhibitor in
preclinical mouse model of pancreatic cancer, resulted
in better delivery of gemcitabine through reduction of
stroma and increase of vascular density. It is important to
mention that even though cancer associated fibroblasts
(CAFs) are an established target of SHh pathway activa-
tion, recent study of pancreatic cancer stem cells (cancer
initiating cells) showed that Smo is overexpressed in this
population of tumor cells. Pancreatic cancer stem cells
alike CAFs have been shown to be susceptible to SHh in-
hibition and should be considered a targetlsg].
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TGFB

The notion that depletion of stromal compartment al-
lows for better drug delivery in PDA brought upon re-
examination of another signaling pathway that has been
linked to regulation of desmoplastic reaction, the TGE[
signaling pathway. This signaling cascade involves three
TGFp ligands and three receptors. In short, binding of
ligand to its receptor (type II) results in recruitment and
phosphorylation of type I receptor and downstream
propagation of molecular signals. The effector molecules
in this cascade are the proteins of SMAD family, which
upon phosphorylation, dimerize, translocate to the nucle-
us and regulate expression of TGFf associated genes[sg].
TGEP is overexpressed in PDA and its overexpression
correlates with poor survival ™, TGER’s involvement in
pancreatic cancer is complicated as it has been shown to
affect both the stromal and the neoplastic compartments.
Elevated levels of TGFf have been shown to impact
cell proliferation, immunosuppression and activation of
PSCs"*Y. In mouse models, overexpression of SMAD 7
(TGFp inactivator) showed decreased ECM production,
less fibrosis and more importantly diminished PSCs acti-
vation'®. Additionally, TGFE has been demonstrated to
drive epithelial to mesenchymal transition (EMT) process,
believed to be the initial step of metastasis'®’. EMT was
first characterized in development, in which the process
1s vital for embryogenesis and organogenesis. The cel-
lular characteristics of EMT include the loss of epithelial
cells polarity, cell adhesion, gain of mobility and invasive
properties resulting in phenotypical changes that resem-
ble mesenchymal cells””. On a molecular level, EMT is
desctibed by the changes in gene/protein expression that
occur in this process. Specifically, upregulation of mesen-
chymal markers (vimentin, fibronectin, N-cadherin, Snail
and Slug) and downregulation of epithelial markers (E-
cadherin, zonula-occludens and nuclear translocation of
[B-catenin) are routinely used to determine the presence
of EMT""™ In recent years, many different pathways
have been implicated in the initiation of EMT and con-
sequent cancer invasion and metastasis, of which TGF[3
is an example[“’ﬁgw. EMT has also been linked to induc-
tion and maintenance of cancer stem cell population in
PDA"™. Importantly, the presence of EMT markers (as
discussed above) has been shown to correlate with higher
lymph node metastasis and decreased survival in PDA
patientsm. Taken together, the pleotropic functionality
of TGE in cancer makes it a valid target for patients
with PDA.

Others

There are many other signaling pathways that have been
associated with PDA development, progression and
metastasis. We will discuss them briefly. Expression of
Delta-like ligand 4, a protein involved in the developmen-
tal Notch pathway has been linked to worst prognosis in
patients who underwent surgical resection of pancreatic

77 . e .
tumot”. Moreover, inhibition of y-secretase, a protein
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that allows Notch signaling propagation to take place and
that is often constitutively active in PDA, showed regres-
sion of primary tumors, reduced metastasis and decrease
of pancreatic stem cell population when combined with
gemcitabinem. Another pathway that recently gained at-
tention is the c-met pathway. It is well documented that
c-met receptor and its ligand HGF are upregulated in
PDA. C-met and HGF are detected early in PDA devel-
opment but are not sufficient to promote tumorigenesis
without other oncogenic changesm]. Recently the expres-
sion of c-met has been linked to the stem cell population
and because HGF is exclusively secreted by stromal fi-
broblasts, paracrine relationship between the stroma and
neoplasm to promote cancer progression has been sug-
gested. Importantly, studies with c-met inhibitors showed
increase of apoptosis and sensitivity to gemcitabine in
malignant cells™. Moreover, stromal expression of HGF
was correlated with decreased disease free survival®’
proposing that HGF/c-met targeting can be beneficial
to patients with PDA. Another attractive target is the
annexinA2 pathway shown to play an important role in
pancreatic tumor metastasis and EMT. Inhibition of ty-
rosine 23 phosphorylation of annexinA2 was shown to
reduce invasion 7 vitro, and metastasis 7z vivo. Although,
the kinases responsible for annexinA2 phosphorylation
in PDA remain to be confirmed, IGF-1R and Stc have
been proposed to be involved'™.

Nuclear factor kappa-B (NF-kB), a transcription fac-
tor, regulates genes involved in inflammation, cell prolif-
eration and survival™, NF-xB signaling pathway activity
has been documented to be upregulated in PDA but
not in normal pancreatic tissue™™. Activation of this
signaling cascade has also been linked to early processes
in PDA development. Liou ez al™ recently reported that
macrophage secreted cytokines initiate acinar to ductal
metaplasia via activation of NF-kB and consequent up-
regulation of matrix metalloprotinases (MMPs). To date,
direct targeting of NF-xB has been shown to be chal-
lenging[86’87]. As an alternative to the direct NF-xB inhibi-
tion, upstream activators and downstream effectors of
the signaling pathway should be evaluated.

Numerous signaling pathways have been explored
as potential targets for pancreatic cancer therapy, how-
ever review of all of them goes beyond the scope of
this article.

TARGETING OF STROMAL
COMPARTMENTS AND CLINICAL
APPLICATIONS

Understanding complex stromal constituents and in-
volvement of numerous signaling pathways in PDA pro-
gression and desmoplastic reaction is crucial to the de-
velopment of novel therapies. It has become evident that
targeting the stromal components has undeniable benefit
for preclinical mouse models of PDA. However, translat-
ing those findings to the patients care can be challenging,
There are numerous ongoing clinical trials utilizing the
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above described targets that show encouraging results.
In this part of the review we will briefly discuss the most
promising ones (Table 1).

SHh

SHh pathway inhibition shows beneficial effect in pa-
tients with other cancers such as basal cell carcinoma for
which Vismodegib (GDC-0449) has been FDA approved
in 2012™. Inhibition of SHh in preclinical mouse models
showed better gemcitabine delivery, stromal depletion and
increased vasculatization of PDA tumors”. Thus, diffet-
ent SHh inhibitors have recently been tested in clinical
trials in combination with gemcitabine or FOLFIRINOX
for metastatic PDAs™. Additionally, GDC-0449 is now
being tested in combination with #ab-paclitaxel (human-
albumin-bound paclitaxel, Abraxane) and gemcitabine in
phase I clinical trial in patients with previously untreated
metastatic PDA (clinical trial # NCT01088815) to evalu-
ate disease free survival and toxicity. Although IP1-926
(Smo inhibitor) given in combination with gemcitabine
showed partial responses in 3 out of 9 patients, the
combination of IPI-926 and gemcitabine did not yield
any survival benefit comparing to gemcitabine alone™.
Therefore, targeting the stroma of PDA through SHh
inhibition and simultaneous modulation of other stromal
signaling should be explored.

Hyaluronidase

Another stromal target showing encouraging results in
phase Ib clinical trials is hyaluronan. As shown in mouse
models of PDA, enzymatic degradation of hyaluronan
resulted in increased gemcitabine tumor cytotoxicity due
to relief of vascular coﬂapseDOJ. Those prove of principle
experiments lead to the development of PEGPH20 (pe-
gylated recombinant human hyaluronidase- an enzyme
that degrades hyaluronan). Administration of PEGPH20
to PDA patients with advanced disease (stage IV) in
combination with gemcitabine revealed partial response
in 43% of patients and stable disease in additional 30%
patients in phase [ b clinical trials. More impressively, the
partial response rate was 64% in those patients whose
PDAs expressed high level of hyaluronan”". This high
response rate has led to further testing of PEGPH20 in
combination with gemcitabine and #ab-paclitaxel in a ran-
domized phase 1I clinical trial.

TGFB

Trabedersen, a type II TGFp antisense inhibitor is also
being tested in clinical trials in patients with advanced
pancreatic adenocarcinoma and malignant melanoma.
Although phase II clinical trial results have not been re-
leased yet, phase I reports revealed that trabedersen was
well tolerated and showed median overall survival to be
13.2 mo. In addition, one patient presented with a stable

disease after 14.8 mo of last treatment” .

Immune system modulation/activation
Immunotherapy approaches are being tested in clinical
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Table 1

pancreatic ductal adenocarcinoma

Recent and ongoing preclinical and clinical studies of experimental therapies targeting tumor microenvironment of

Stromal component Therapeutic target

Treatments in preclinical and clinical trials

Up to date preclinical/
clinical trial results

PSCs/fibroblasts FAP
ECM Hyaluronan
MMPs
Immune cells PD-L1
CTLA-4
CD8" T cells
CD40
Signaling pathways Smo/SHh

mediating tumor-
stroma interactions Type II TGFp receptor

y-secretase (Notch pathway)

HGF/c-met

Many different compounds (solid cancers)

Sibrotuzumab (colorectal cancer) Hofheinz et al™, 2003

PEGPH20 Strimpakos et al™"!, 2013
BAY 12-9566 Moore et al™, 2003
Marimastat Brambhall et al™™, 2002
BMS-936559 Brahmer et al™™, 2012
Ipilimumab Le et al™ 2013
GVAX Lutz et al®, 2011
Laheru et al® 2008
CP-870,893 Beatty et al™, 2013
Vismodegib (GDC-0449) Stephenson et al™, 2011
IP1-926
Trabedersen Oettle et al™, 2009

Yabuuchi et al”™, 2013
(preclinical)

Venepalli et al™™, 2013
(solid cancers)

PF-03084014 (preclinical)

Different molecules in NF-kB cascade Many different compounds (i.e., curcumin, proteasome inhibitor) Arlt et al™, 2012

ECM: Extracellular matrix; MMP: Matrix metalloproteinase; PD-L1: Programmed death receptor ligand 1; CTLA-4: Cytotoxic T-lymphocyte antigen 4; SHh:

Sonic hedgehog; Smo: Smoothened; TGFp: Transforming growth factor ; HGF: Hepatocyte growth factor; NF-kB: Nuclear factor k-B; PSC: Pancreatic stel-

late cell; FAP: Fibroblast activation protein.

trials for PDA with a goal to induce tumor infiltration
and activation of effector cells (ie., CD8" T cells) and
consequent CD8" T cell dependent tumor lysis.

Multiple clinical trials of a lethally irradiated allogene-
ic GM-CSF secreting whole cell vaccine (GVAX) admin-
istered to patients with resected PDA or metastatic PDA
demonstrated that enhanced response of interferon-y
secreting mesothelin-specific CD8" T cells in peripheral
lymphocytes correlates with better survival””". A pilot
study testing the combination of GVAX and ipilimumab
(an anti-CTLA-4 therapeutic antibody) comparing to ipi-
limumab alone showed a trend of increase in overall sur-
vival in metastatic PDA patients that have been previous-
ly treated with multiple lines of chemotherapy and thus
supported the role of CTLA-4 blockade in enhancing
anti-tumor response of GVAX™!, Howevet, it remains to
be explored how vaccine-based immunotherapy activates
anti-tumor effector cells within tumor microenvironment.
Identification of new targets in tumor microenvironment
may enhance the development of immune modulatory
therapies.

A potential immune modulatory target in tumor micro-
environment is CD40. CD40 is a costimulatory molecule
found on antigen presenting cells (APCs) that is required
for their activation by CD4" helper cells. Only activated
APCs can in turn activate naive CD8" T cells into cyto-
toxic effector cells. Key studies showed that using CD40
activating antibody can effectively stimulate APCs in the
absence of CD4" helper cells, which then can success-
fully prime and activate CD8" T cells™. Those preclinical
studies led to development of activating CD40 antibod-
ies, which have been tested in clinical trials. One study
showed that combination of CD40 agonist with gem-
citabine resulted in tumor regression in patients not eli-
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gible for tumor resection. Interestingly, it was noted that
the tumoricidal cells were CD40 activated macrophages
and not CD8" T cells as originally expected. The treat-
ment with CD40 agonist resulted in stroma depletion
and increased numbers of tumor infiltrating activated
macrophages'”.

How stromal fibroblast cells can modulate anti-tumor
immune response has been investigated in preclinical
studies. One study demonstrated that depletion of fi-
broblast activation protein-o. (FAP)-expressing stromal
cells in PDA resulted in an immune-mediated hypoxic
necrosis of both tumor and stroma cells””. Additionally,
targeting of cancer stroma fibroblasts with FAP-activated
promelittin protoxin, showed increased tumor lysis and
growth inhibition in xenograft mouse models of breast
and prostate cancer”. However, targeting FAP posi-
tive stromal cells with humanized anti-FAP antibodies
tested in phase II clinical trials in patients with metastatic
colorectal cancer did not report encouraging results”.
Taking into consideration the outcomes from both pre-
clinical and clinical studies, it is reasonable to propose
that FAP-targeted stromal depletion shows immune
activating effect, but requires additional immune modula-
tion to be effective. It is plausible that simultaneous FAP-
targeted stromal depletion and immune activation, by
cither vaccination or immune checkpoint blockade would
result in increased benefits for PDA patients.

CONCLUSION

Despite the broad number of clinical trials, there is still
a lack of groundbreaking therapies for patients affected
by pancreatic cancer. Thus, targeting only the neoplastic
cells has not resulted in a substantially improved PDA
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treatment. It is now well established that the desmoplas-
tic reaction present in PDA is not just a bystander but it
is a source of different cellular and acellular factors that
promote tumor progression, immunosuppression and
metastasis. Targeted therapies to deplete stromal com-
partments have shown improved chemotherapy delivery
and reduction of immunosuppression in preclinical mod-
els. There is still much work to be done in order to de-
cipher the complicated interactions between stroma and
neoplastic cells in PDA. It is clear, however, that future
studies should not be limited to one component of PDA.
Application of targeted therapy to deplete the tumori-
genic stromal compartment along with inhibition of can-
cer promoting signaling pathways should be evaluated.
Moreover, future studies ought to test the combination
of agents that target the stroma and those that activate
anti-tumor immune responses. Treatments that can re-
duce desmoplastic reaction, overcome immune suppres-
sion and inhibit tumorigenic signaling pathways may lead
to more successful patient care.
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