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Abstract

Over the past decades, pancreatic ductal adenocarcinoma (PDAC) has been coming into view due to increased mortality, the 5-year survival
rate being the lowest of all cancers (around 6%). In PDAC, microenvironmental components possess prognostic relevance. The aim of this
article is to perform a review of studies evaluating the composition of the tumor microenvironment to identify tumor microenvironment-related
prognostic biomarkers in patients with PDAC. A literature search has been performed in three major databases PubMed®, Embase®, Web of
Science® using the search terms: pancreatic adenocarcinoma in combination with one of the following: alpha-smooth muscle actin (a-SMA),
collagen |, cluster of differentiation (CD)31, CD105, CD3-CD4-CD8, CD68 and CD206. Total number of articles identified through database
searching was 1185. After title and abstract review, we have selected 92 articles in which the markers sought were studied. Tumor
microenvironment-related biomarkers appear to also possess role in monitoring the response to treatment. Thus, CD105 angiogenetic
immunomarker, stromal immunomarkers such as a-SMA and collagen I, immune cells markers represented by CD4/CD8 ratio, CD206 and
CD68 were correlated with negative prognosis, while CD3+, CD8+ immune cells markers and CD31 angiogenetic immunomarker proved to
be correlated with good prognosis. Furthermore, most studies were performed on resected specimens and culture cells, while only a few studies
used specimens obtained through endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB). To increase the therapeutic response and
reduce toxicity, prognostic targets should be determined on a large scale, not only based on resected specimens. EUS-FNB represents a
feasible method to provide sufficient tissue for diagnosis and additional imnmunohistochemistry analysis.
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& Introduction

Over the past decades, pancreatic ductal adenocarcinoma
(PDAC) has been coming into view due to increased
mortality, the 5-year survival rate being the lowest of all
cancers (around 6%), according to American Cancer Society
(ACS) [1]. Thus, the poor prognosis can be attributed to
rapid progression, lack of specific symptoms which leads
to a delay in diagnosis, early metastasis and resistance to
standard therapy [2]. In addition, PDAC ranks first in the
projected top 3 deadliest cancers in 2030 along with lung
and liver tumors.

Therefore, to improve survival in PDAC, it is essential
to identify and understand prognostic factors that will help
us to select patients responsive to treatment, avoiding the
cases where patients experience only increased toxicity to
chemotherapy regimens. Furthermore, PDAC aggressiveness
and resistance to treatment is attributed to abundant tumor
desmoplasia, a reaction in which acellular extracellular
matrix (ECM) infiltrates the cellular stromal component.
Stroma consisting of ECM and cellular stromal component
represents more than 50% of the tumor volume and
depleting it seems to have a promising therapeutic role [3].

Interactions between stroma or properly termed tumor
environment and tumor cells seem to have a central role
in therapeutic resistance. In another train of thoughts, it
is of paramount importance to understand that the tumor
microenvironment is a complex entity made of pancreatic
stellate cells (PSCs), immune cells, blood vessels, ECM,
proteins such as growth factors or cytokines and their
interactions have a prognostic relevance according to former
results [4].

Aim

The aim of this paper was to perform a review of studies
evaluating the composition of the tumor microenvironment
data related to angiogenesis, stromal activation or desmoplasia
and immune cells infiltrations, by analyzing publications
visible in the most commonly referred medical databases,
i.e., PubMed®, Embase® and Web of Science®.

& Materials and Methods

Several markers related to tumor environment have been
selected for analysis. Angiogenesis immunomarkers selected
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for research were cluster of differentiation (CD)31 and
CD105. Desmoplasia-related biomarkers were alpha-smooth
muscle actin (a-SMA) and collagen 1. CD3 (T-lymphocytes),
CDA4 (T-helper lymphocytes), CD8 (cytotoxic T-lymphocytes),
CD68 (pan-macrophage marker), and CD206 (M2 macrophage
marker) have been selected as markers related to immune
cells infiltration. A literature search has been performed in
three major databases PubMed®, Embase®, Web of Science®
using the search terms: pancreatic adenocarcinoma in
combination with one of the following: a-SMA, collagen I,
CD31, CD105, CD3-CD4-CD8, CD68 and CD206. The
total number of articles identified through database searching
was of 1185. After title and abstract review, we have selected
92 articles in which the markers sought were studied,
and these were further reviewed in full text (Figure 1).
The studies corresponded to each marker were carefully
analyzed.

Total number of articles indentified
through database searching (N=1185)
PubMed (N=456)
Embase (N=310)
Web of Science (N=419)

Literature screened (N=1185)

Articles excluded after title and abstract review +duplicate
studies + meeting abstracts (N=1095)

Full text reviewed (N=92)

Studies included in qualitative synthesis
a-SMA (N=20)
Collagen | {N=10)
CD31 (N=15)
CD105 (N=9)
CD3, CD4, CD8 (N=13)
CD68 (N=14)
CD206 (N=11)

Figure 1 — Flow diagram of study selection. a-SMA: Alpha-
smooth muscle actin; CD: Cluster of differentiation.

& Stromal activation biomarkers
a-SMA

The literature search identified 20 articles evaluating
the role of a-SMA in PDAC.

It appears that a-SMA is expressed on the surface of
cancer-associated fibroblasts (CAFs), a component of
desmoplastic stroma in PDAC. Drug penetration is inhibited
by desmoplasia described as abundant stromal response [5].
CAFs seem to be the main producer of ECM and PSCs
the main source of CAFs [6].

Low density a-SMA CAFs on surgical specimens has
been observed in a retrospective study of 65 patients after
the Gemcitabine + nanoparticle albumin-bound (Nab)-
Paclitaxel regimen, compared with untreated or Gemcitabine
plus S-1 groups [7]. These results are in line with other
studies in which high a-SMA levels in tumoral stroma
has been associated with worse outcome [8—10].

The stromal activity index (the ratio of a-SMA and
collagen density) represents a fine indicator of fibrotic
activity and a prognostic tool. His role was studied on 233
PDAC patients. High stromal activity index on surgical
specimens was associated with poor prognosis [11]. Another
study revealed that deletion of a-SMA positive CAFs in
mice with PDAC negatively influenced the prognosis [12].

Intriguingly, data suggested that high expression of
a-SMA cannot be equalized with a dense stroma reaction,
if dense stroma is associated with improved survival.
There is an assumption that other mechanisms are being
involved, but not yet elucidated [13].

Decreased expression of a-SMA CAFs and collagen
in the peritumoral stroma has been correlated with enhanced
intratumorally drug distribution due to the addition of
Pentoxifylline [14] or Metformin [15] in studies made on
human PDAC xenograft models [16].

Combination of microvessel density (MVD)-CD34 and
a-SMA-positive stromal cell density has been followed
in 57 resected pancreatic tumors. The combination of
high MVD-CD34 and low a-SMA predicted a negative
prognosis regarding early recurrence and death. Moreover,
the endothelial and a-SMA-positive cells superpose,
especially on vascular walls, leading to low microvessel
integrity, early recurrence, and metastasis [17].

In short, a-SMA has been intensely studied on surgical
specimens and it was correlated with poor prognosis.
Furthermore, his role has been also emphasized in human
PDAC xenograft models in which treatment efficiency was
associated with low immunoexpression of a-SMA.

Type | collagen

The literature search revealed 10 articles related to the
prognostic value of type I collagen in PDAC patients. Even
though dense ECM with his main component type I
collagen looks like a fortress, where tumoral cells are
not allowed to enter, collagen I fibers act as pathways to
facilitate migration and guide tumoral cells in areas intensely
vascularized [18, 19].

On cell cultures, it has been observed that collagen I
is able to disrupt the E-cadherin adhesion complex, reducing
cellular adhesion and promoting proliferation in PDAC.
Type 1 collagen activates focal adhesion kinase (FAK),
which translocate to E-cadherin adhesion complex to
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dismantle it. This process is correlated with higher amounts
of nuclear S-catenin and transcription factors which promote
invasiveness by increasing the expression of cell cycle
proteins [20].

Besides tumor migration and invasion, type I collagen
in cell cultures appears to make tumoral cells resistant to
chemotherapy. Thus, has been noticed that collagen I
upregulates membrane type I matrix metalloproteinase
(MTI-MMP) and consequently enhances the expression of
MTI-MMP-dependent high mobility group A2 (HMGA?2),
a deoxyribonucleic acid (DNA)-binding nuclear protein
with a key role in gene transcription and chromatin
remodeling, thereby minimizing the effect of Gemcitabine
[21, 22]. Other study in a mice model of breast cancer
revealed that a selective MTI-MMP antibody showed good
results in inhibiting invasiveness [23]. Therefore, targeting
of MTI-MMP in a selective manner may represent an
alternative to enhance the response to chemotherapy.

In addition, in the presence of cancer cells, collagen I
and IV, together with fibronectin has been shown to stimulate
monocytes with the aim of producing cytokines. Particularly,
these ECM powerful compounds inhibit the release of
tumor necrosis factor (TNF) [24].

Taking into consideration that metastatic disease
represents the leading cause of death, some researchers
studied the amount of collagen I in PDAC metastasis.
Their conclusion was that both PDAC metastasis and
primary tumor contain large quantities of collagen I [25].

Decreased expression of collagen I has been correlated
with enhanced intratumorally distribution of Gemcitabine
due to the addition of Mycophenolate Mofetil (MMF) and
Everolimus [26]. Thereby, MMF and Everolimus prevent
invasion and risk of metastasis by increasing the potency
of Gemcitabine. Still, these results were obtained only
in vitro, phase II and I1I studies are needed to be validated
taking into consideration that the combination of immuno-
suppressants and cytostatic may cause surprises in terms
of side effects [27].

In a word, studies made on cell cultures highlighted
that type I collagen promotes invasiveness and resistance
to chemotherapy, being considered along with a-SMA, a
stromal marker of negative prognosis.

= Angiogenesis markers
CD31 (PECAM-1)

Our literature search identified 15 articles evaluating
CD31 [platelet endothelial cell adhesion molecule-1
(PECAM-1)] in PDAC.

Angiogenesis or growth of new blood vessels from pre-
existing ones, plays a key role in cancer physiopathology.
Any tumor larger than 3 mm in diameter needs new blood
vessels to grow. Thus, it is well known for different types
of tumors that the more vessels the tumor has the more
aggressive it behaves. However, on particular types of
cancers, such as PDAC, high vascularity is associated
with better prognosis [28]. Thus, adding Bevacizumab to
Gemcitabine in a phase III trial did not bring any benefit
in PDAC [29].

As we are aware, due to the hypovascular pattern and
peritumoral dense stroma the penetration of cytostatic is
difficult. Stromal components enhance the interstitial fluid

pressure and create a network which acts as a barrier to
drug release. In contrast to other tumors, in PDAC
fibroblasts and dense stroma inhibit angiogenesis. CD31
represents a specific immunomarker for vascularity being
expressed mainly in vascular endothelial cells, according
to a recent study. In a cohort of 150 patients with PDAC,
it has been shown that increased expression of CD31 has
been associated with remarkable better outcome. Besides,
in the CD31-expressing tumors, both immune response
and vascular stability related pathways were upregulated.
Regarding immune response, anti-tumor immune cells,
such as CD4+ T-cells, CD8+ T-cells, naive B-cells have
been noticed predominantly, whilst regulatory T-cells
(Tregs) responsible for immune tolerance were observed
occasionally. Better overall survival (OS) in high CD31-
expressing tumor may be due to a larger number of stable
vessels that acts as highways for anti-cancer immune cells
[30].

It has been shown in pancreatic cancer cell lines that
the expression of CD31 at the invasive front of the stroma
is low due to PSCs that promote hypoxia by abnormal
periostin-rich matrix deposition and by stimulating cancer
cells to produce endostatin, a factor that inhibits angiogenesis
[31]. Also in cell lines, it has been discovered that CD31-
positive MVD may be inhibited by Xanthohumol, a
prenylated flavonoid from the hop plant. Xanthohumol,
in cell cultures, has an anti-angiogenetic effect by suppressing
the transcription of nuclear factor-kappa B (NF-«B) and it
was proposed as a novel target in the treatment of pancreatic
cancer [32]. Moreover, Curcumin in combination with
Gemcitabine also has proved to decrease CD31-positive
MVD by inhibiting NF-xB [33]. To sum up, in a cohort
of 150 pancreatic resected specimens, CD31 proved to be
correlated with o good prognosis.

CD105 (endoglin)

CD105 or endoglin role in PDAC was assessed in
nine studies.

Endoglin, a transmembrane glycoprotein and part of
transforming growth factor-beta (TGF-$) receptor system
expressed in endothelial cells promotes proliferation through
pathways upregulated by hypoxia.

In a recent study, CD105 was proven to be a specific
immunomarker for angiogenetic vessels, whilst CD31
was expressed also in immature or old vessels that are not
involved in tumoral growth [34]. Expression of CD105
as a label of MVD was assessed in 42 pancreatic adeno-
carcinoma resected specimens. Tumor, node and metastasis
(TNM) stage was associated with increased expression of
CD105. Therefore, high CD105-positive MVD has been
correlated with poor OS [35].

Other study proposed a novel strategy to assess angio-
genesis and response to treatment. The usage of contrast
ultrasound with targeted microbubbles [CD105, vascular
endothelial growth factor (VEGF) receptor 2, VEGF-
activated blood vessels] has been demonstrated to correlate
with the intratumorally level of the target and with MVD.
Moreover, targeted microbubbles may be used to monitor
vascular effects of anti-angiogenetic therapy [36].

Endoglin has been proposed to be used as a target for
novel therapies to inhibit angiogenesis and lymph angio-
genesis. Additionally, CD105 may be useful as a prognostic
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marker, assessing with higher accuracy MVD [37]. Moreover,
it has been revealed that using dual targeting of anti-tissue
factor (TF) and CD105 in positron emission tomography
(PET) imaging it can help in monitoring the response to
treatment and also may increase diagnostic yield [38]. In
conclusion, endoglin represents an angiogenetic marker
of great value in predicting response to treatment and
monitoring its effectiveness, being intensely correlated
with negative prognosis.

& Immune cells markers

CD3 (T-lymphocytes), CD4 (T-helper
lymphocytes), CD8 (cytotoxic T-lymphocytes)

Thirteen articles were found regarding role of immune
cells markers in PDAC.

Tumor microenvironment contains also tumor-infiltrating
lymphocytes (TILs), intensely studied due to their antitumoral
role. Both CD3+ and CD8+ T-cells possess cytotoxic
properties to recognize and kill cancer cells. CD4+ T-cells
are in charge with CD20+ B-cells and CD8+ T-cells
activation, and in turn CD4+ T-cells are regulated by
cytokines to differentiate into forkhead box P3 (FoxP3)+
T-cells immunosuppression regulators. Furthermore, CD4+
and CD2+ modulate immune response by showing increased
versatility, whilst Tregs, such as FoxP3+ mediate immuno-
suppression [39]. Therefore, cytotoxicity of natural killer
(NK) cells and CD8+ T-cells (NK) represents the mechanism
that underpins current immunotherapies [40].

Prognosis and progression seem to be influenced by
specific TILs. Smaller tumors were associated with increased
level of CD3. In contrast, CD4/CD3 ratio was related to
poor outcome in 43 pancreatic resected specimens [41].

A recent meta-analysis including 4758 patients with
resected pancreatic cancer concluded that high density
of CD8+ and CD3+ T-lymphocytes in PDAC resected
specimens corresponded with increased OS and death
free survival (DFS). Additionally, at the opposite pole,
FoxP3+ T-lymphocytes were correlated with worse prognosis.
CD4+ T-cells did not influence the OS, the apparent
explanation being on the grounds that FoxP3+ Tregs
expressed also CD4 coreceptors. Thereby, distribution of
CD8+ T-lymphocytes in the center of the tumor and not
at the periphery showed a better outcome [42, 43]. Other
data revealed that a low density of CD3, CD8 and CD68
was correlated with worst progression free survival [44].
In the postoperative settings, including 160 resected
pancreatic specimens, CD3+ level was discovered to
return to preoperative status within 4—6 weeks. Also, the
predominance of immune promoting cells was observed
in the postoperative setting, underlying the idea that tumoral
resection can reverse immunosuppression [45].

Considering that immune cells may eliminate cancer
cells whether a direct cell-to-cell contact has been made,
it is necessary to bear in mind that fibrotic stroma in
PDAC hinders immune cells to get closer to cancer cells
[46]. Targeting immune cells in parallel to dense stroma
may represent an approach of the utmost importance. Other
studies emphasized on the prognostic role of landscaping
TILs inside the tumor, as a matter of guidance in choosing
personalized immune checkpoint therapy [47].

Density of CD3, CD4, CD8 T-cells was shown to be

minimal in pancreatic cancer and it was distributed almost
exclusively in stroma area, in contrast to melanoma
where an increased number of immune infiltrates was
found in the peritumoral area. Furthermore, it was discovered
that metastatic PDAC contains lower immune cells than
resected PDAC [48].

It is well known that programmed death-1 (PD-1)
receptor interacts with his ligand (PD-L1) to suppress
T-cells activity. Cell lines studies have underlined the role
of PD-1-CD28 fusion protein in transducing CD4+ and
CD8+ T-cell. Furthermore, this mechanism has overcome
PD-1-PD-L1 axis. To complete the picture, the synergistic
activity of CD4+ and CD8+ T-cells concentrations boosted
antitumoral activity [49].

In 212 patients with unresectable PDAC and with
ongoing chemotherapy, the circulating Tregs were sought
through endoscopic ultrasound-guided fine-needle biopsy
(EUS-FNB) a specimen was obtained with the aim to
perform immunohistochemical analysis. Researchers have
proved that low Tregs or decreased CD4/CDS ratio after
two cycles of Gemcitabine increased OS. Moreover, after
cytostatic, in partial remission or stable disease the level
of Tregs were significantly low [50]. Concluding, it has
been proved that Tregs may predict OS in patients with
unresectable PDAC and with ongoing chemotherapy [51].

In brief, using resected specimens or specimens obtained
through EUS-FNB, the role of TILs regarding prognosis
was assessed. On one hand, CD3+, CD8+ was associated
with increased OS, on other hand increased CD4/CDS ratio
predicted worse prognosis.

CD68

Tumor-associated macrophages (TAMs) labeled by
CD68 deriving from circulating monocytes are involved
in the initiation, tumor growth and cells spreading. Thus,
according to recent studies, TAMs turned out to have a
prognostic role in many solid tumors.

Two classes of TAMs have been described. M1
macrophages (CD163, CD204, CD206) have antitumoral
and proinflammatory effects, after activation by T-helper
type 1 (Thl) cytokines. In contrast, M2 macrophages
(CD163, CD204, CD206), named alternatively activated
macrophages, are regulated by T-helper type 2 (Th2)
cytokines and possess pro-tumor effects encouraging tissue
remodeling and tumor proliferation [52].

A meta-analysis made on 1699 patients with resected
pancreatic cancer revealed that high density CD68+ TAMs
in PDAC was associated with bad outcome [53] and
aggressiveness [54, 55]. Due to the differentiation of TAMs
in two classes, M1 and M2 macrophages have been
intensively studied to elucidate their role in prognostic
prediction. Therefore, studies showed that M2-TAMs were
also correlated with poor OS, regarding their role especially
in invasiveness [56—58]. Given the above, M2-TAMs
may be used rather as therapeutic target than a prognostic
factor in future studies [59].

Another study including 70 resected pancreatic specimens
revealed a strong correlation between tumor CD68+ cells
and interleukin 8 (IL8) expression. Furthermore, IL8-
positive CD68 TAMs seem to negatively influence the
prognosis. Thus, blocking IL8 may have therapeutical
implication if IL8 signaling engages both tumoral and
inflammatory cells [60].
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In addition, in 74 patients with PDAC or chronic
pancreatitis and pancreaticoduodenectomy, CD68+ TAMs
seem to accumulate peripherally. Thus, non-cancerous
cells are responsible for recruitment and polarization
of macrophages through chemoattractants secreted by
myofibroblasts [61]. More M2—-TAMSs were identified in
PDAC in both peripheral and central areas than in chronic
pancreatitis [62].

Although CD68 TAMs have intense pro-tumoral effects
[63], after treatment with Gemcitabine they become
tumoricidal. This means that the quantification of CD68
TAMs before chemotherapy may be essential in choosing
the most appropriate patients for treatment [64]. To conclude,
CD68 TAMs is an immune cell marker of negative prognosis
involved in predicting response to treatment.

CD206

CD206 represents a label among others (CD163, CD204)
for M2 macrophages. M2 macrophages are located more
often in large tumors and are correlated with early recurrence
and metastasis. Although it was believed that tumor cells
were responsible for the activation of M2-TAMs, in culture
cells myofibroblasts seem to activate them. Therefore,
CAFs stimulate secretion of macrophage colony-stimulating
factor (M-CSF), consequently activating M2-TAMSs [65].
Additionally, CAFs may induce immune suppression
implying reactive oxygen species (ROS) as a modulator
of M2 transformation [66].

Considering that a recent study including 77 resected
pancreatic cancers specimens revealed a correlation between
pyruvate kinase M2 (PKM2) and M2-TAMs polarization,
co-expression of CD206 and PKM2 was studied. In was
shown that CD206 and PKM2 have a negative influence on
the prognosis and act synergistically. Dual target approach
may be a reasonable strategy to move forward with innovative
therapies [67]. Polarization of TAMs to M2 was promoted
also by regenerating islet-derived protein 4 (REG4) according
to other study [68]. REG family contains proteins that
influence inflammatory cells in digestive organs [69]. Poorly
differentiated PDAC cells have an increased expression
of REG4 correlating with high serum level of REG4 in
PDAC patients [70]. To resume, CD206 together with CD68
represent labels for TAMs and are correlated with poor
outcome.

& EUS—FNB and tumor microenvironment-
related biomarkers

EUS-FNB has become lately the method of choice to
procure pancreatic tissue in suspected pancreatic lesions
[71]. FNB devices have unique geometries and are used
preferentially in solid tumors in order not only to depict
tissue architectures, but also to make a molecular or genetic
characterization. Although the tissue yield for these needles
has varied from 59% to 95% [72-74], a recent study made
on 129 patients revealed a diagnostic accuracy of 90%.

Tumor microenvironment-related biomarkers appear
to possess not only prognostic value but also role in
monitoring the response to treatment. Thus, stromal markers
such as a-SMA and collagen I were correlated with negative
prognosis promoting resistance to chemotherapy. Regarding
angiogenesis, CD31 proved to be correlated with good

prognosis, although endoglin was intensely associated with
negative prognosis, predicting response to treatment,
and having a key role in monitoring the response to
chemotherapy. As for immune cells markers, CD3+,
CD8+ were associated with increased OS. In contrast,
CD4/CD8 ratio predicted worse prognosis and CD206
together with CD68, labels for TAMs were correlated with
poor outcome. Furthermore, most studies were performed
on resected specimens and culture cells only a few studies
used specimens obtained through EUS-FNB.

Further studies are needed to evaluate the feasibility of
analyzing the above-mentioned biomarkers on pancreatic
specimens obtained by EUS-FNB.

& Conclusions

To increase the therapeutic response and reduce
toxicity prognostic targets should be determined on a
large scale, not only on resected specimens. Several tumor
microenvironment-related biomarkers appear to possess
not only prognostic value but also role in monitoring
the response to treatment. Thus far, most studies were
performed on resected specimens and culture cells and
only a few studies used specimens obtained through EUS—
FNB. As EUS—fine-needle aspiration (FNA) is the procedure
of choice to diagnosis PDAC, further studies are needed to
evaluate the feasibility of analyzing tumor microenvironment-
related biomarkers on EUS-FNB samples.
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