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FIGURE 2 | Regulatory functions of PI3K signaling in diverse cellular
components constituting the tumor microenvironment.

PI3K Signaling in Innate Immune Cells
Macrophages

Macrophages are phagocytic immune cells involved primarily
in the defense against pathogens and in the wound-healing
process (Ginhoux et al, 2016). Macrophages can exist as
either classically activated—M1 macrophages involved in defense
against pathogens or alternatively activated—M2 macrophages
involved in wound healing and tissue repair (Yoshikawa
et al, 2012; Barros et al, 2013). These two polarized
subtypes of macrophages play an antagonistic function in
the regulation of pancreatic tumor cell growth. While M1
macrophages are pro-tumorigenic, M2 macrophages are anti-
tumorigenic (Karnevi et al, 2014). Notably, the survival,
adhesion, metabolism, polarization, and motility of macrophages
have been shown to be regulated by PI3K signaling (Luyendyk
et al., 2008; Xie et al., 2014; Covarrubias et al., 2016). The PI3K
signaling pathway also activates Aktl and Akt2 kinases, thereby
regulating the macrophage polarization switch. Furthermore,
Aktl-deficient macrophages were shown to produce Ml
macrophages that secrete pro-inflammatory cytokines, and Akt2-
deficient macrophages were shown to produce M2 polarized
macrophages that express Argl, Fizzl, and interleukin-10
(IL-10) (Chaudhuri, 2014). Another marker associated with
PDAC tumor-associated macrophages is PI3Ky, a class I PI3K
lipid kinase isoform specifically expressed in myeloid cells.
Inhibition of PI3Ky in PDAC-associated macrophages suppresses
the expression of M2 macrophage markers, while increasing
expression of M1 macrophage markers, thereby leading to the
suppression of CD8" T-cell-mediated immunity. Additionally,
it has been shown that inhibition of PI3Ky can suppress tumor
growth, invasion, metastasis, and desmoplasia in pancreatic
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cancer (Figure2; Kaneda et al, 2016a). In another study,
therapeutic targeting of PI3Ky along with checkpoint inhibitor
treatment resulted in tumor suppression and increased survival
(Kaneda et al., 2016b). Macrophages also interact with pancreatic
stellate cells to regulate fibrosis. Lipopolysaccharide-activated
macrophages regulate stellate cell activity through the signaling
of transforming growth factor beta (TGF-f) to induce secretion
of Th2 cytokines, which in turn polarizes macrophages to the
M2 subtype (Schmid-Kotsas et al, 1999; Xue et al, 2015).
Moreover, the crosstalk between M1 macrophages and stellate
cells, through cytokine signaling, regulates the suppression of
pancreatic tumors (Shi C. et al., 2014).

Neutrophils

Neutrophils are primary cells recruited to the site of
inflammation caused by bacterial infections. These cells
migrate to the inflammation sites by sensing chemotactic signals,
where the neutrophils release cytokines, chemokines, and
proteinases that further recruit macrophages and dendritic cells
(Kolaczkowska and Kubes, 2013). Pancreatic cancer cells attract
neutrophils into the vicinity of tumor cells and the surrounding
stromal compartment (Reid et al.,, 2011; Chao et al., 2016). The
neutrophil influx in tumors correlates with tumor growth and
poor prognosis in PDAC patients (Reid et al., 2011; Ino et al,,
2013). Moreover, tumor-associated neutrophils promote cancer
progression by reactive oxygen species-mediated DNA damage
and modulate migration of tumor and other immune cells by
secretion of various pro-inflammatory cytokines and chemokines
(Scapini et al., 2000; Mangerich et al., 2012). The PI3K signaling
pathway in neutrophils is known to regulate survival, growth,
adhesion, phagocytosis, and chemotaxis (Figure 2; Engelman
et al., 2006; Pinho et al., 2007). However, the exact mechanism
and significance of PI3K signaling with respect to neutrophils in
PDAC remains elusive.

Mast Cells

Mast cells primarily associated with an inflammatory allergic
reaction, are also found in the pancreatic cancer tumor
microenvironment (Ma et al, 2013). Comparison of human
pancreatic cancer samples with the normal pancreas showed
an elevated number of mast cells, which were associated with
reduced patient survival (Strouch et al., 2010). In a study
conducted on spontaneous PDAC K-Ras (GI12V) mice, the
deficiency of mast cells was shown to suppress pancreatic tumor
cell growth (Chang et al., 2011). Importantly, the PI3K pathway
is critical in regulating growth, differentiation, chemotaxis,
degranulation, and cytokine production in mast cells (Figure 2;
Kim et al., 2008).

Natural Killer Cells

Natural killer (NK) cells are effector lymphocytic cells of the
innate immune system that are known to migrate early to
the sites of inflammation during infection. The role of NK
cells in cancer is recently being realized, in addition to their
classical role in host defense during viral infection (Cerwenka
and Lanier, 2016). The cytotoxic activity of NK cells is not
only regulated by the extent of receptors present on the cell
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