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Mounting preclinical and clinical evidence indicates that rewiring the host immune system in favor of an antitumor
microenvironment achieves remarkable clinical efficacy in the treatment of many hematological and solid cancer patients.
Nevertheless, despite the promising development of many new and interesting therapeutic strategies, many of these still
fail from a clinical point of view, probably due to the lack of prognostic and predictive biomarkers. In that respect, several
data shed new light on the role of the tumor suppressor phosphatase and tensin homolog on chromosome 10 (PTEN) in
affecting the composition and function of the tumor microenvironment (TME) as well as resistance/sensitivity to
immunotherapy. In this review, we summarize current knowledge on PTEN functions in different TME compartments
(immune and stromal cells) and how they can modulate sensitivity/resistance to different immunological manipulations
and ultimately influence clinical response to cancer immunotherapy
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| 1.Introduction

Tumorigenesis is a genetic/epigenetic process driven by oncogene activation and tumor suppressor gene inactivation .
Phosphatase and tensin homolog on chromosome 10 (PTEN) is one of the tumor suppressors most frequently inactivated
in human cancer, due to genetic alterations or transcriptional/post-transcriptional inhibition; moreover, even a partial loss
of its function (haploinsufficiency) may cause neoplastic transformation 2B Hence, we will refer to either genetic
mutations or protein lost as “PTEN-loss” . The PTEN protein mainly acts as a lipid phosphatase, which converts
phosphatidylinositol 3, 4, 5 trisphosphate (PIP3) into phosphatidylinositol 4, 5-bisphosphate (PIP2), counteracting the

activity of the phosphoinositide 3-kinase (PI3K) and resulting in the inhibition of cell proliferation, survival and migration &
(61,

The regulation of PTEN expression and function in cancer cells is extremely complex and the recognition of its role as a
predictive/prognostic biomarker is hampered by the lack of unequivocal methods to ascertain whether the protein is non-
functional, or present BEI. A further, emerging level of complexity is related to the possibility that the loss of PTEN
function may directly or indirectly influence not only cancer cell behavior, but also the tumor microenvironment (TME) and
immune-infiltrate composition and function 8. Since the interaction between cancer and stromal/immune cells may result
in a tumor-permissive or non-permissive TME, PTEN activity is in a crucial position to control the overall effects of such
interactions.

Immune escape represents one of the hallmarks of cancer and can be determined by a combination of relatively low
cancer cell immunogenicity and tumor-dependent immunosuppression . The recognition of the role of immune
checkpoints, particularly cytotoxic T-lymphocyte antigen (CTLA)-4 and programmed cell death (PD)-1, has shed new light
on the mechanisms of negative regulation of the immune system and opened a new era in the clinical application of
immunotherapy in cancer L9 |n such a complex scenario, the continuous bidirectional interactions between cancer
cells and infiltrating immune/inflammatory cells are dictated, at least in part, by the genetic background of the different
cancerous and non-cancerous components. Such interactions, in turn, may crucially determine the sensitivity or
resistance to immunotherapeutic approaches and provide novel targets for an effective treatment.

In this review, we focus on the possible implications of PTEN expression and function within different TME compartments
(non-cancer cells and soluble factors), in order to better understand potential mechanisms underlying immunotherapy
resistance.



| 2. PTEN in Immunoevasion

Mounting evidence suggests that PI3K signaling may influence the composition and functionality of the TME, thereby
modulating immune response in cancer 12, In particular, PTEN expression (or lack thereof) in cancer cells attracts
different immune cell populations to the TME; on the other hand, PTEN function in immune cells regulates their activation
status . As schematically depicted in Figure 1, the overall effect of PTEN loss of function in different cellular compartments
shifts the balance towards an immunosuppressive TME [3I14I15] Here, we give a comprehensive overview of the
potential role of PTEN in the regulation of the immunosuppressive aspects of the TME (Figure 1).

Figure 1. Schematic illustration of phosphatase and tensin homolog on chromosome 10 (PTEN) function in
immune cells. PTEN modulates several microenvironmental stimuli and immune cells processes, according to the cell
type in which it is expressed (left panel) or not. As for cancer cells, the lack of PTEN activity mainly correlates with
immune escape mechanisms and protumoral immune cells infiltration/expansion (right panel).

2.1. PTEN Role in Immune Cells

DCs are professional antigen-presenting cells (APCs) implicated in adaptive immunity, through foreign antigens
processing and the subsequent major histocompatibility complex (MHC)-dependent presentation. This mechanism results
in the stimulation of naive T cells and cytotoxic effector cells (i.e., macrophages, NKs) function R84, Fajlure to effectively
present antigens or functional deficiencies in infiltrating DCs contributes to immune suppression 12, The PI3K pathway
plays a key role in DC functions. Indeed, DCs derived from PI3Ky ™~ mice display reduced ability to migrate in response to
chemoattractants; similarly, antigen-loaded DCs also show decreased ability to move to lymph nodes 28!, Higher PTEN
levels were observed in DCs of elderly, as compared to young, subjects, resulting in reduced AKT activation, antigen-
uptake, and DC migration ¥, Based on the above evidence, targeting PTEN in DC-based cancer vaccines could
represent a promising approach in immunotherapy. The advantageous effects exerted by the use of PTEN-silenced DCs
were related not only to increased DC survival and CCR7-dependent migration, but also to enhanced CD8" numbers 2%,
Pan and collaborators demonstrated that PTEN cooperates in the negative regulation of Dectin-1 and FceRI y-chain
(FcRy)-mediated signaling. FCcRy represents an adapter of immunoreceptor tyrosine-based activation motif (ITAM) on DCs
and Dectin-1 is a receptor containing an ITAM-like domain involved in DC function in the immune response. Though
mostly implicated in antifungal response and leucocyte recognition, the authors underline the importance of PTEN-
mediated negative regulation and hypothesize that PTEN targeting may be used as a strategy for the development of new
cancer therapy approaches 211,

By modulating antigen receptor expression and cytokine release, PI3K signaling represents a central hub in the regulation
of normal T cells differentiation into either cytotoxic CD8* or helper CD4*. As a consequence of PIP3 production and
mammalian target of rapamycin (mMTOR) complex 2 phosphorylation, the transcription factor forkhead box (FOX)O
translocates from the nucleus to the cytoplasm, resulting in the decreased expression of genes involved in cell cycle
arrest and T cell differentiation 2. PTEN-loss results in a persistent FOXO inactivation and resistance to apoptotic
cytokine-mediated signaling, as often detected in hemangiomas and leukemias 23, Moreover, PTEN heterozygous
(PTEN*") mice are deficient in Fas-mediated apoptosis: as the binding of Fas (also known as CD95) to its ligand (FasL) is
the main mechanism by which CD8" cytotoxic T-cells kill non-self-cancer cells, PTEN haploinsufficiency results in
lymphoid hyperplasia and tumor growth 2411231 |n CD4* helper T cells, on the other hand, PTEN expression patterns result
in opposite effects, according to the timing of PTEN gene inactivation. Indeed, thymocyte-specific PTEN deletion causes

lymphomas and autoimmunity, whereas activated T cells hyper-proliferate and over-express cytokines in the presence of
PTEN-loss [28127],

PI3K signaling also regulates CD4" regulatory T cell (Treg) functions. After T cell receptor engagement and cell activation,
PTEN is down-regulated, and this results in interleukin (IL)-2 dependent PI3K signaling and Tregs expansion. On the
other hand, IL-2 is able to promote PI3K pathway activation, despite high levels of PTEN, leading to T cell anergy. Overall,
the loss of PTEN function cooperates with CD25 stimulation by IL-2 to promote Treg proliferation in a clinical setting 28
(291 PTEN expression may also inhibit T cell response through intercellular binding of PD-1/neurophilin-1 (Nrp-1) and
PDL-1/semaphorin-4 (Semada) on Tregs and effector cells surface, respectively. As demonstrated by Francisco and
coworkers, PD-1 upregulation attenuates PI3K activation during Tregs maturation B9, |t has also been demonstrated that
the Semada/Nrpl axis attenuates Tregs-mediated antitumor immune response: the binding of the ligand Sema4a,
expressed on immune cells, prevents AKT activation through PTEN-dependent FOXO3a nuclear localization BU. Another
immunosuppressive mechanism, potentially influenced by PTEN, is mediated by the indoleamine 2, 3-dioxigenase (IDO)
enzyme, which prevents tryptophan-mediated immunological stimulus and promotes kynurenine-dependent immune
effector cells disruption. Intricate feedback signals exist, by which IDO cooperates with PD-1 to promote an



immunosuppressive Tregs phenotype. IDO expression in DCs and APCs activates PTEN signaling in Tregs, thus blocking
the PI3K cascade and increasing the activity of FOXO1 and FOXO3a, which in turn upregulate PD-1 and PTEN B2, PTEN

inactivation after PD-1 blockade abrogates FOXO-dependent immunosuppression and results in cancer regression (231134
[35]

CD56*/CD3" large granular NK cells recognize and destroy both infected and transformed cells. A variety of activating
stimuli is necessary to fully activate the NK cytotoxicity: once activated, NK cells release perforin, granzymes, and
antitumoral immune response-promoting cytokines (e.g., IFN-y and tumor necrosis factor (TNF)-a) and induce apoptosis
of targeted cells, through FasL/Fas or TNF-related apoptosis-inducing ligand (TRAIL)/TRAIL receptor interactions 28,
Consistently, a marked depletion of their number/activity correlates with increased risk of developing cancer and cancer
progression . Immature CD56P9M NK cells express higher levels of PTEN, as compared to cytotoxic, CD56%™ cells,
suggesting a specific role of PTEN in NK cytotoxicity. In this context, PTEN disrupts the immunological synapses between
NKs and targeted cells, by decreasing actin accumulation, polarization of microtubules and cytolytic granule mobilization
87 Another group demonstrated that PTEN is also involved in NK activity by affecting their trafficking and localization in
vivo. Indeed, the authors showed a decreased percentage of mature NK cells in peripheral compartments in PTEN-knock
out (ko) NK mice B8 Finally, PTEN is a central player in NK cells activation, through inhibition of the PIP3-mediated
signaling cascade (extensively revised in B2).

Myeloid-derived suppressor cells (MDSCs) are among the key actors involved in mediating tumor escape mechanisms in
the TME, due to their specific ability to abolish T cell and NK functions 2241, |t has been demonstrated that a complex
network of micro-RNAs (miRs) regulates MDSCs activation and functions in the TME, thus opening new scenarios for
novel immunotherapy approaches 2. Tumor-derived transforming growth factor (TGF)-B1 upregulates miR-494, which in
turn regulates MDSCs activity and localization. PTEN is a direct target of miR-494 and its downregulation, with the
consequent activation of PI3K pathway, is involved not only in C-X-C chemokine receptor (CXCR)4-mediated MDSCs
chemotaxis towards tumors, but also in metastases formation due to upregulation of metalloproteinases (MMP) (e.g.,
MMP2, MMP13) 48], Moreover, TGF-8 is also involved in modulating MDSCs expansion through the inhibition of PTEN
and SH-2 containing inositol 5’ polyphosphatase (SHIP)1. TGF-B-treated bone marrow-MDSCs display lower levels of
PTEN and SHIP-1, regulated by miR-21 and miR-155 respectively, and higher levels of signal transducer and activator of
transcription (STAT)3: all these perturbations result in an increased number of MDSCs 4, Several authors also
elucidated the importance of the PTEN mRNA 3'UTR as the “seed sequence” recognized by specific miRs, in the
regulation of MDSC proliferation and activity 4211481 Mej and collaborators demonstrated that, among the soluble factors
produced by tumor cells, the granulocyte—macrophage colony-stimulating factor is the main inducer of miR-200c. This
miR is involved in the upregulation of MDSC-immunosuppressive functions and proliferation, by directly targeting the
3'UTR of both PTEN and friend of Gata 2 (FOGZ2). Inhibition of PTEN and FOGZ2, in turn, activates PI3K leading to the
MDSC differentiation, and STAT3, involved in the production of pro-inflammatory, pro-proliferative and anti-apoptotic
factors (421, Interestingly, tumor-derived exosomes may exert similar effects on PTEN regulation in MDSCs. Indeed, miR-
107 delivered by gastric cancer-derived exosomes exerts its activity by inhibiting the functions of PTEN and Dicer1,
through the binding to the 3'UTR region, thus resulting in MDSC proliferation and acquisition of ARG-1-mediated
suppressive function 4847, Similarly, glioma-derived exosomes act as shuttles for miR-21: the consequent inhibition of
PTEN and activation of STAT3 promote bone marrow-derived MDSC proliferation and differentiation. Moreover, PTEN-
silenced MDSCs upregulate the production of the immunosuppressive cytokine 1L-10 %41,

Macrophages are conventionally classified into two categories according to the membrane receptors and their functions:
M1 and M2 (or tumor-associated macrophages—TAM), endowed with tumor-suppressor and tumor-promoting properties,
respectively. M2 macrophages are the most represented leukocytes in cancer stroma, representing up to 50% of the
immune cells in the TME. Li and colleagues showed that PTEN-silencing in macrophages causes an increased release of
C-C motif chemokine ligand (CCL)-2 and vascular endothelial growth factor (VEGF)-A, promoting the M2 phenotype
switch 48, Moreover, PTEN deletion results in the expression of specific M2 markers, such as the immunomodulating
protein arginase | (49], By enhancing arginase I, M2 macrophages reduce T cell proliferation, hence promoting T cell
anergy 29, A recent paper demonstrated that PTEN expression, regulated by miR networks, can modulate macrophage
polarization. Supernatants derived from human glioblastoma cells upregulated miR-32, which in turn interacts and
suppresses PTEN in an in vitro model of human monocytes, thus promoting the M2 phenotype and resulting in an
enhanced cell proliferation 1, miR-21 reduces the expression of PTEN and its upstream positive regulator miR-200c in
primary macrophages, promoting their differentiation into M2 22, Exosomes derived from pancreatic cancer cells promote
hypoxia-inducible factors (HIF)-1a/HIF-2a-dependent M2 phenotype through PTEN regulation: miR-301a-3p converts
stromal macrophages into M2 macrophages and promotes lung metastases formation by blocking PTEN transcription 231,
Hypoxic lung tumors release miR-103a which blocks PTEN activity: the consequent PISK/AKT activation induces M2



polarization, with high ability to migrate and regulate angiogenesis 24!, In a very intricate bidirectional crosstalk between
cancer cells and the surrounding TME, under hypoxic conditions, epithelial ovarian cancer TAMs release miR-223, which
in turn regulates PTEN, promoting ovarian cancer cell proliferation and drug resistance, through PI3K activation (22,

2.2. PTEN Role in Stromal Cells

PTEN genetic inactivation in fibroblasts has extensively been studied in breast cancer B8I758] Trimboli and coworkers
demonstrated that PTEN-loss in fibroblasts results in an increased incidence of HER2-driven breast tumor, innate immune
cells infiltration and VEGF-dependent angiogenesis. Indeed, PTEN-loss results in Ets2 phosphorylation and inactivation,
thus allowing for the activation of a specific transcriptional program, associated with a more aggressive tumor behavior
(5681 Moreover, the lack of PTEN in mammary stromal fibroblasts is associated with modulation of both fibroblasts and
other surrounding TME cells. PTEN-loss modifies the oncogenic secretome through the downregulation of miR-320,
hence reprogramming both endothelial and epithelial cells towards a more malignant phenotype B4, The specific deletion
of PTEN in murine fibroblasts promotes collagen deposition and parallel alignment of cellular matrix (a feature observed
also in patients with breast cancer) even in the absence of cancer cells. Furthermore, PTEN-loss in fibroblasts fosters
cancer-associated fibroblasts-like behaviors, such as upregulation of a-smooth muscle actin and MMP activity (381,
Mechanisms of PTEN inactivation have been investigated in pancreatic ductal adenocarcinoma (PDAC), using high
throughput techniques. A recent study showed a surprisingly high percentage (40%) of PTEN-loss (due to partial deletion
of chromosome 10) in stromal cells, while PTEN loss of heterozygosity was observed in 46.6% of tumors and juxta-
tumoral stroma in PDAC patients. In addition, miR-21 overexpression in juxta-tumoral stroma cooperates with PTEN
inactivation, even in the absence of PTEN mutations. These observations correlate with aggressive tumor features and
worse prognosis 22, PTEN-loss in PDAC fibroblasts is usually associated with the ablation of the smoothened (Smo)
gene, resulting in PTEN degradation by the E3 ubiquitin ligase RNF5: proteasome-dependent PTEN inactivation leads to
increased proliferation and reduced overall survival (OS) 69,

As widely recognized, PTEN also modulates angiogenesis 61, Tian and collaborators demonstrated that transfection of
HepG2 cells with wild type (wt) PTEN suppresses the expression of VEGF in a HIF-1-dependent manner. Transfection
with a PTEN construct lacking the C2 phosphatase domain also resulted in downregulation of both VEGF and
angiogenesis in vitro and in vivo, albeit to a lesser extent as compared with the complete PTEN construct. This evidence
suggests a possible cooperation between phosphatase-dependent and -independent PTEN functions in regulating
angiogenesis 2. The tight link between PI3K/PTEN activation and VEGF was also investigated by our group: indeed, we
demonstrated that the hyperactivation of PI3K pathway leads to HIF-1/2 translation and subsequent expression of VEGF
(631 pong and collaborators showed that PTEN-defective melanoma cell lines express several cytokines, including VEGF,
and their expression is transcriptionally inhibited by the PI3K inhibitor LY294002 4], A similar correlation was identified
also for another pro-angiogenic factor: de la Iglesia and co-workers demonstrated that STAT3-dependent IL-8 expression
occurs only in PTEN-loss glioblastoma contexts 2],

2.3. Tumor PTEN Affects Immune Infiltrate

A wealth of evidence suggests a central role of tumor PTEN status in modulating the TME immune infiltrate and cancer
cells/TME interactions in different tumor histotypes (Figure 2).
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Figure 2. Schematic illustration of PTEN function in tumor cells. PTEN-status in cancer cells affects both biological
features in cancer cells survival and tumor microenvironment (TME) composition, according to the expression of specific
ligands (i.e., PD-L1) and soluble factors (i.e., IL-8, CCL-2, VEGF).

In mice and human lung squamous cell carcinoma, the TME of PTEN-loss samples is characterized by the specific
accumulation of tumor-associated neutrophils and Tregs, involved in different processes such as angiogenesis and
immunosuppression. Moreover, low levels of TAMs, NKs, T and B cells during tumor progression were observed
according to increasing tumor burden 8. In vitro experiments in PTEN-silenced triple negative breast cancer (TNBC)



show that low levels of infiltrating CD4* and CD8* T cells are due to the induction of apoptotic mechanisms associated
with PD-L1 expression and PTEN-loss 4. In many instances, tumor genetic background, PTEN-loss in particular, shapes
an immunosuppressive TME through the production of specific soluble factors, which in turn modify stromal/immune cells
infiltration. Data from our and other groups suggest that PTEN-loss in prostate E8IEA70[Wepithelium, glioblastoma and
colorectal cancer (CRC) cells promotes a selective increase in IL-8 expression . IL-8 production, in turn, correlates with an
immunosuppressive, myeloid-enriched, TME and unequivocally with an adverse cancer prognosis, particularly for patients
undergoing immunotherapy. In CRC patients, serum IL-8 levels are associated with activation of a gene expression
program which enforces a monocyte-/macrophage-like phenotype in CD4* T cells 22 FOXP3 CD4* Tregs markedly
express the IL-8 receptor CXCR1, in order to respond to tumor-derived IL-8 and migrate in cancer tissue, and CD4* T
cells produce IL-8 themselves 374 On the other hand, CXCR1 expression is downregulated on CD8* T cells after
antigen presentation, thereby reducing the number of cytotoxic T cells 3. Interestingly, a recent paper reported that
mesenchymal stem cells release IL-8, which activates c-Myc via STAT3 and mTOR signaling in gastric cancer cells,
hence resulting in membrane PD-L1 overexpression and blockade of cytotoxic effects of CD8" T cells. In this complex
crosstalk between different cell population, neutralizing IL-8 could enhance the efficacy of PD-L1 antibodies 8. In a
cohort of 168 resected CRC patients, our group recently demonstrated that PTEN-loss in cancer cells significantly
correlates with high levels of tumor-derived IL-8 and low levels of IL-8* infiltrating mononuclear cells (Conciatori 2020,
unpublished data, ).

Toso and coworkers showed that in PTEN-loss prostate cancer activation of JAK2 and phosphorylation of STAT3 induce
the production of specific chemokines, which recruit an increased number of infiltrating MDSCs X2, Similarly, in PTEN-
loss melanoma xenograft models the upregulated production of soluble factors (e.g., CCL2, VEGF) recruits and/or
regulates the function of suppressing immune cells (e.g., immature DCs, MDSCs), thus promoting an immunosuppressive
TME. In metastatic melanoma patients, nanostring-based analysis of the TME inflammatory cells showed an 83%
reduction in inflammation-related genes associated with the PTEN-loss status of cancer cells 8, In a HRASC12VIPTEN™-
follicular thyroid carcinoma mouse model immunosuppressive Tregs and M2 macrophages were significantly upregulated.
Moreover, cell lines isolated by HRASC12Y/PTEN™~ express higher levels of chemotactic factors for MDSCs, T cells and
macrophages as compared to BRAF69F/PTEN™ tumors, highlighting the tight association between genetic background
and tumor immune infiltrate 23, Tumor genetic background influences immune/inflammatory infiltrate into the TME not
only in the primary tumor, but also in metastatic lesions, as demonstrated by Vidotto et al. Indeed, the authors showed
that in PTEN-loss prostate cancer, higher levels of Tregs were observed in liver metastases as compared to the primary
lesion, and high levels of CD8" cells were present in bone metastases Y

| 3. Conclusions

Recent advances in immunotherapy (particularly the clinical use of immune checkpoint inhibitors) represent a turning
point in the fight against cancer. However, mechanisms of immune escape and acquired resistance to immunotherapy
hamper therapeutic efficacy resulting in treatment failure in a substantial proportion of patients. In that respect, certain
genetic tumor characteristics, such as the lack of expression of the tumor suppressor PTEN, are of particular interest, due
to their involvement in modulating both the tumor and the immune cell compartments of the TME towards an aggressive,
therapy-resistant phenotype. Comprehensive PTEN status analysis could be crucial to refine the prediction of response to
therapy in individual patients and to define new combinatorial approaches.

References

1. Croce, C.M. Oncogenes and cancer. N. Engl. J. Med. 2008, 358, 502-511, doi:10.1056/NEJMra072367.

2. Milella, M.; Falcone, I.; Conciatori, F.; Cesta Incani, U.; Del Curatolo, A.; Inzerilli, N.; Nuzzo, C.M.; Vaccaro, V.; Vari, S.;
Cognetti, F.; et al. PTEN: Multiple Functions in Human Malignant Tumors. Front. Oncol. 2015, 5, 24, doi:10.3389/fonc.2
015.00024.

3. Lee, Y.R.; Chen, M.; Pandolfi, P.P. The functions and regulation of the PTEN tumour suppressor: New modes and pros
pects. Nat. Rev. Mol. Cell Biol. 2018, 19, 547-562, doi:10.1038/s41580-018-0015-0.

4. Bazzichetto, C.; Conciatori, F.; Pallocca, M.; Falcone, I.; Fanciulli, M.; Cognetti, F.; Milella, M.; Ciuffreda, L. PTEN as a
Prognostic/Predictive Biomarker in Cancer: An Unfulfilled Promise? Cancers 2019, 11, doi:10.3390/cancers11040435.

5. Milella, M.; Falcone, I.; Conciatori, F.; Matteoni, S.; Sacconi, A.; De Luca, T.; Bazzichetto, C.; Corbo, V.; Simbolo, M.; Sp
erduti, |.; et al. PTEN status is a crucial determinant of the functional outcome of combined MEK and mTOR inhibition i
n cancer. Sci. Rep. 2017, 7, 43013, doi:10.1038/srep43013.



10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Ciuffreda, L.; Falcone, I.; Incani, U.C.; Del Curatolo, A.; Conciatori, F.; Matteoni, S.; Vari, S.; Vaccaro, V.; Cognetti, F.; M

ilella, M. PTEN expression and function in adult cancer stem cells and prospects for therapeutic targeting. Adv. Biol. Re
gul. 2014, 56, 66—80, doi:10.1016/j.jbior.2014.07.002.

. Pulido, R.; Mingo, J.; Gaafar, A.; Nunes-Xavier, C.E.; Luna, S.; Torices, L.; Angulo, J.C.; Lopez, J.I. Precise Immunodet

ection of PTEN Protein in Human Neoplasia. Cold Spring Harb. Perspect. Med. 2019, 9, doi:10.1101/cshperspect.a036
293.

. Piro, G.; Carbone, C.; Carbognin, L.; Pilotto, S.; Ciccarese, C.; lacovelli, R.; Milella, M.; Bria, E.; Tortora, G. Revising P

TEN in the Era of Immunotherapy: New Perspectives for an Old Story. Cancers 2019, 11, doi:10.3390/cancers1110152
5.

. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646-674, doi:10.1016/j.cell.20
11.02.013.
Seidel, J.A.; Otsuka, A.; Kabashima, K. Anti-PD-1 and Anti-CTLA-4 Therapies in Cancer: Mechanisms of Action, Efficac

y, and Limitations. Front. Oncol. 2018, 8, 86, doi:10.3389/fonc.2018.00086.

Dobosz, P.; Dzieciatkowski, T. The Intriguing History of Cancer Immunotherapy. Front. Immunol. 2019, 10, 2965, doi:1
0.3389/fimmu.2019.02965.

. Conciatori, F.; Bazzichetto, C.; Falcone, |.; Pilotto, S.; Bria, E.; Cognetti, F.; Milella, M.; Ciuffreda, L. Role of mTOR Sign

aling in Tumor Microenvironment: An Overview. Int. J. Mol. Sci. 2018, 19, doi:10.3390/ijms19082453.

Cetintas, V.B.; Batada, N.N. Is there a causal link between PTEN deficient tumors and immunosuppressive tumor micro
environment? J. Transl. Med. 2020, 18, 45, doi:10.1186/s12967-020-02219-w.

Eissing, M.; Ripken, L.; Schreibelt, G.; Westdorp, H.; Ligtenberg, M.; Netea-Maier, R.; Netea, M.G.; de Vries, I.J.M.; Ho
ogerbrugge, N. PTEN Hamartoma Tumor Syndrome and Immune Dysregulation. Transl. Oncol. 2019, 12, 361-367, do
i:10.1016/j.tranon.2018.11.003.

Taylor, H.; Laurence, A.D.J.; Uhlig, H.H. The Role of PTEN in Innate and Adaptive Immunity. Cold Spring Harb. Perspe
ct. Med. 2019, 9, doi:10.1101/cshperspect.a036996.

Tran Janco, J.M.; Lamichhane, P.; Karyampudi, L.; Knutson, K.L. Tumor-infiltrating dendritic cells in cancer pathogenesi
s. J. Immunol. 2015, 194, 2985-2991, doi:10.4049/jimmunol.1403134.

Veglia, F.; Gabrilovich, D.I. Dendritic cells in cancer: The role revisited. Curr. Opin. Immunol. 2017, 45, 43-51, doi:10.10
16/j.¢c0i.2017.01.002.

Del Prete, A.; Vermi, W.; Dander, E.; Otero, K.; Barberis, L.; Luini, W.; Bernasconi, S.; Sironi, M.; Santoro, A.; Garlanda,
C.; et al. Defective dendritic cell migration and activation of adaptive immunity in PI3Kgamma-deficient mice. EMBO J.
2004, 23, 3505-3515, doi:10.1038/sj.emb0j.7600361.

Agrawal, A.; Tay, J.; Ton, S.; Agrawal, S.; Gupta, S. Increased reactivity of dendritic cells from aged subjects to self-anti
gen, the human DNA. J. Immunol. 2009, 182, 1138-1145, do0i:10.4049/jimmunol.182.2.1138.

Kim, J.H.; Kang, T.H.; Noh, K.H.; Kim, S.H.; Lee, Y.H.; Kim, KW.; Bae, H.C.; Ahn, Y.H.; Choi, E.Y.; Kim, J.S.; et al. Enh
ancement of DC vaccine potency by activating the PIBK/AKT pathway with a small interfering RNA targeting PTEN. Im
munol. Lett. 2010, 134, 47-54, doi:10.1016/j.imlet.2010.08.008.

Pan, Y.G.; Yu, Y.L.; Lin, C.C.; Lanier, L.L.; Chu, C.L. FcepsilonRI gamma-Chain Negatively Modulates Dectin-1 Respon
ses in Dendritic Cells. Front. Immunol. 2017, 8, 1424, doi:10.3389/fimmu.2017.01424.

Newton, R.H.; Turka, L.A. Regulation of T cell homeostasis and responses by pten. Front. Immunol. 2012, 3, 151, doi:1
0.3389/fimmu.2012.00151.

Paik, J.H.; Kollipara, R.; Chu, G.; Ji, H.; Xiao, Y.; Ding, Z.; Miao, L.; Tothova, Z.; Horner, J.W.; Carrasco, D.R.; et al. Fox
Os are lineage-restricted redundant tumor suppressors and regulate endothelial cell homeostasis. Cell 2007, 128, 309—
323, doi:10.1016/j.cell.2006.12.029.

Di Cristofano, A.; Kotsi, P.; Peng, Y.F.; Cordon-Cardo, C.; Elkon, K.B.; Pandolfi, P.P. Impaired Fas response and autoim
munity in Pten+/— mice. Science 1999, 285, 2122-2125, doi:10.1126/science.285.5436.2122.

Peter, M.E.; Hadji, A.; Murmann, A.E.; Brockway, S.; Putzbach, W.; Pattanayak, A.; Ceppi, P. The role of CD95 and CD
95 ligand in cancer. Cell Death Differ. 2015, 22, 549-559, d0i:10.1038/cdd.2015.3.

Suzuki, A.; Yamaguchi, M.T.; Ohteki, T.; Sasaki, T.; Kaisho, T.; Kimura, Y.; Yoshida, R.; Wakeham, A.; Higuchi, T.; Fuku
moto, M.; et al. T cell-specific loss of Pten leads to defects in central and peripheral tolerance. Immunity 2001, 14, 523—
534, doi:10.1016/s1074-7613(01)00134-0.

Soond, D.R.; Garcon, F.; Patton, D.T.; Rolf, J.; Turner, M.; Scudamore, C.; Garden, O.A.; Okkenhaug, K. Pten loss in C
D4 T cells enhances their helper function but does not lead to autoimmunity or lymphoma. J. Immunol. 2012, 188, 5935



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

46.

-5943, doi:10.4049/jimmunol.1102116.

Walsh, P.T.; Buckler, J.L.; Zhang, J.; Gelman, A.E.; Dalton, N.M.; Taylor, D.K.; Bensinger, S.J.; Hancock, W.W.; Turka,
L.A. PTEN inhibits IL-2 receptor-mediated expansion of CD4+ CD25+ Tregs. J. Clin. Investig. 2006, 116, 2521-2531, d
0i:10.1172/JCI28057.

Bensinger, S.J.; Walsh, P.T.; Zhang, J.; Carroll, M.; Parsons, R.; Rathmell, J.C.; Thompson, C.B.; Burchill, M.A.; Farrar,
M.A.; Turka, L.A. Distinct IL-2 receptor signaling pattern in CD4+CD25+ regulatory T cells. J. Immunol. 2004, 172, 5287
—5296, doi:10.4049/jimmunol.172.9.5287.

Francisco, L.M.; Salinas, V.H.; Brown, K.E.; Vanguri, V.K.; Freeman, G.J.; Kuchroo, V.K.; Sharpe, A.H. PD-L1 regulates
the development, maintenance, and function of induced regulatory T cells. J. Exp. Med. 2009, 206, 3015-3029, doi:10.
1084/jem.20090847.

Delgoffe, G.M.; Woo, S.R.; Turnis, M.E.; Gravano, D.M.; Guy, C.; Overacre, A.E.; Bettini, M.L.; Vogel, P.; Finkelstein,
D.; Bonnevier, J.; et al. Stability and function of regulatory T cells is maintained by a neuropilin-1-semaphorin-4a axis. N
ature 2013, 501, 252—-256, doi:10.1038/nature12428.

Munn, D.H.; Sharma, M.D.; Johnson, T.S. Treg Destabilization and Reprogramming: Implications for Cancer Immunoth
erapy. Cancer Res. 2018, 78, 5191-5199, doi:10.1158/0008-5472.CAN-18-1351.

Sharma, M.D.; Baban, B.; Chandler, P.; Hou, D.Y.; Singh, N.; Yagita, H.; Azuma, M.; Blazar, B.R.; Mellor, A.L.; Munn, D.
H. Plasmacytoid dendritic cells from mouse tumor-draining lymph nodes directly activate mature Tregs via indoleamine
2,3-dioxygenase. J. Clin. Investig. 2007, 117, 2570-2582, d0i:10.1172/JCI31911.

Sharma, M.D.; Shinde, R.; McGaha, T.L.; Huang, L.; Holmgaard, R.B.; Wolchok, J.D.; Mautino, M.R.; Celis, E.; Sharpe,
A.H.; Francisco, L.M.; et al. The PTEN pathway in Tregs is a critical driver of the suppressive tumor microenvironment.
Sci. Adv. 2015, 1, e1500845, doi:10.1126/sciadv.1500845.

Munn, D.H.; Sharma, M.D.; Johnson, T.S.; Rodriguez, P. IDO, PTEN-expressing Tregs and control of antigen-presentati
on in the murine tumor microenvironment. Cancer Immunol. Immunother. 2017, 66, 1049-1058, doi:10.1007/s00262-0
17-2010-2.

Li, Y.; Sun, R. Tumor immunotherapy: New aspects of natural killer cells. Chin. J. Cancer Res. 2018, 30, 173-196, doi:
10.21147/j.issn.1000-9604.2018.02.02.

Briercheck, E.L.; Trotta, R.; Chen, L.; Hartlage, A.S.; Cole, J.P.; Cole, T.D.; Mao, C.; Banerjee, P.P.; Hsu, H.T.; Mace, E.
M.; et al. PTEN is a negative regulator of NK cell cytolytic function. J. Immunol. 2015, 194, 1832-1840, doi:10.4049/jim
munol.1401224.

Leong, J.W.; Schneider, S.E.; Sullivan, R.P.; Parikh, B.A.; Anthony, B.A.; Singh, A.; Jewell, B.A.; Schappe, T.; Wagner,
J.A.; Link, D.C.; et al. PTEN regulates natural killer cell trafficking in vivo. Proc. Natl. Acad. Sci. USA 2015, 112, E700—
E709, doi:10.1073/pnas.1413886112.

Mace, E.M. Phosphoinositide-3-Kinase Signaling in Human Natural Killer Cells: New Insights from Primary Immunodefi
ciency. Front. Immunol. 2018, 9, 445, doi:10.3389/fimmu.2018.00445.

Diaz-Montero, C.M.; Finke, J.; Montero, A.J. Myeloid-derived suppressor cells in cancer: Therapeutic, predictive, and pr
ognostic implications. Semin. Oncol. 2014, 41, 174-184, doi:10.1053/j.seminoncol.2014.02.003.

. Gabrilovich, D.l. Myeloid-Derived Suppressor Cells. Cancer Immunol. Res. 2017, 5, 3-8, d0i:10.1158/2326-6066.CIR-1
6-0297.
Su, Y.; Qiu, Y.; Qiu, Z.; Qu, P. MicroRNA networks regulate the differentiation, expansion and suppression function of m

yeloid-derived suppressor cells in tumor microenvironment. J. Cancer 2019, 10, 4350-4356, doi:10.7150/jca.35205.

Liu, Y.; Lai, L.; Chen, Q.; Song, Y.; Xu, S.; Ma, F; Wang, X.; Wang, J.; Yu, H.; Cao, X.; et al. MicroRNA-494 is required f
or the accumulation and functions of tumor-expanded myeloid-derived suppressor cells via targeting of PTEN. J. Immu
nol. 2012, 188, 5500-5510, doi:10.4049/jimmunol.1103505.

Li, L.; Zhang, J.; Diao, W.; Wang, D.; Wei, Y.; Zhang, C.Y.; Zen, K. MicroRNA-155 and MicroRNA-21 promote the expan
sion of functional myeloid-derived suppressor cells. J. Immunol. 2014, 192, 1034-1043, doi:10.4049/jimmunol.130130
9.

Mei, S.; Xin, J.; Liu, Y.; Zhang, Y.; Liang, X.; Su, X.; Yan, H.; Huang, Y.; Yang, R. MicroRNA-200c Promotes Suppressiv
e Potential of Myeloid-Derived Suppressor Cells by Modulating PTEN and FOG2 Expression. PLoS ONE 2015, 10, e01
35867, doi:10.1371/journal.pone.0135867.

Ren, W.; Zhang, X.; Li, W.; Feng, Q.; Feng, H.; Tong, Y.; Rong, H.; Wang, W.; Zhang, D.; Zhang, Z.; et al. Exosomal mi
RNA-107 induces myeloid-derived suppressor cell expansion in gastric cancer. Cancer Manag. Res. 2019, 11, 4023-4
040, doi:10.2147/CMAR.S198886.



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Guo, X.; Qiu, W.; Liu, Q.; Qian, M.; Wang, S.; Zhang, Z.; Gao, X.; Chen, Z.; Xue, H.; Li, G. Immunosuppressive effects
of hypoxia-induced glioma exosomes through myeloid-derived suppressor cells via the miR-10a/Rora and miR-21/Pten
Pathways. Oncogene 2018, 37, 4239-4259, doi:10.1038/s41388-018-0261-9.

Li, N.; Qin, J.; Lan, L.; Zhang, H.; Liu, F; Wu, Z.; Ni, H.; Wang, Y. PTEN inhibits macrophage polarization from M1 to M
2 through CCL2 and VEGF-A reduction and NHERF-1 synergism. Cancer Biol. Ther. 2015, 16, 297-306, doi:10.1080/1
5384047.2014.1002353.

Sahin, E.; Haubenwallner, S.; Kuttke, M.; Kollmann, |.; Halfmann, A.; Dohnal, A.M.; Chen, L.; Cheng, P.; Hoesel, B.; Ein
wallner, E.; et al. Macrophage PTEN regulates expression and secretion of arginase | modulating innate and adaptive i
mmune responses. J. Immunol. 2014, 193, 1717-1727, doi:10.4049/jimmunol.1302167.

Munder, M.; Schneider, H.; Luckner, C.; Giese, T.; Langhans, C.D.; Fuentes, J.M.; Kropf, P.; Mueller, I.; Kolb, A.; Modol
ell, M.; et al. Suppression of T-cell functions by human granulocyte arginase. Blood 2006, 108, 1627-1634, doi:10.118
2/blood-2006-11-010389.

Bao, L.; Li, X. MicroRNA-32 targeting PTEN enhances M2 macrophage polarization in the glioma microenvironment an
d further promotes the progression of glioma. Mol. Cell Biochem. 2019, 460, 67—79, doi:10.1007/s11010-019-03571-2.

Li, N.; Qin, J.F.; Han, X.; Jin, F.J.; Zhang, J.H.; Lan, L.; Wang, Y. miR-21a negatively modulates tumor suppressor gene
s PTEN and miR-200c and further promotes the transformation of M2 macrophages. Immunol. Cell Biol. 2018, 96, 68—
80, doi:10.1111/imcb.1016.

Wang, X.; Luo, G.; Zhang, K.; Cao, J.; Huang, C.; Jiang, T.; Liu, B.; Su, L.; Qiu, Z. Hypoxic Tumor-Derived Exosomal mi
R-301a Mediates M2 Macrophage Polarization via PTEN/PI3Kgamma to Promote Pancreatic Cancer Metastasis. Canc
er Res. 2018, 78, 4586-4598, d0i:10.1158/0008-5472.CAN-17-3841.

Hsu, Y.L.; Hung, J.Y.; Chang, W.A.; Jian, S.F; Lin, Y.S.; Pan, Y.C.; Wu, C.Y.; Kuo, P.L. Hypoxic Lung-Cancer-Derived E
xtracellular Vesicle MicroRNA-103a Increases the Oncogenic Effects of Macrophages by Targeting PTEN. Mol. Ther. 2
018, 26, 568-581, d0i:10.1016/j.ymthe.2017.11.016.

Zhu, X.; Shen, H.; Yin, X.; Yang, M.; Wei, H.; Chen, Q.; Feng, F.; Liu, Y.; Xu, W.; Li, Y. Macrophages derived exosomes
deliver miR-223 to epithelial ovarian cancer cells to elicit a chemoresistant phenotype. J. Exp. Clin. Cancer Res. 2019,
38, 81, do0i:10.1186/s13046-019-1095-1.

Trimboli, A.J.; Cantemir-Stone, C.Z.; Li, F.; Wallace, J.A.; Merchant, A.; Creasap, N.; Thompson, J.C.; Caserta, E.; Wan
g, H.; Chong, J.L.; et al. Pten in stromal fibroblasts suppresses mammary epithelial tumours. Nature 2009, 461, 1084-1
091, doi:10.1038/nature08486.

Bronisz, A.; Godlewski, J.; Wallace, J.A.; Merchant, A.S.; Nowicki, M.O.; Mathsyaraja, H.; Srinivasan, R.; Trimboli, A.J.;
Martin, C.K.; Li, F.; et al. Reprogramming of the tumour microenvironment by stromal PTEN-regulated miR-320. Nat. C
ell Biol. 2011, 14, 159-167, doi:10.1038/nch2396.

Jones, C.E.; Hammer, A.M.; Cho, Y.; Sizemore, G.M.; Cukierman, E.; Yee, L.D.; Ghadiali, S.N.; Ostrowski, M.C.; Leight,
J.L. Stromal PTEN Regulates Extracellular Matrix Organization in the Mammary Gland. Neoplasia 2019, 21, 132-145,
doi:10.1016/j.ne0.2018.10.010.

Wartenberg, M.; Centeno, I.; Haemmig, S.; Vassella, E.; Zlobec, I.; Galvan, J.A.; Neuenschwander, M.; Schlup, C.; Glo
or, B.; Lugli, A.; et al. PTEN alterations of the stromal cells characterise an aggressive subpopulation of pancreatic canc
er with enhanced metastatic potential. Eur. J. Cancer 2016, 65, 80—90, doi:10.1016/j.ejca.2016.06.013.

Pitarresi, J.R.; Liu, X.; Avendano, A.; Thies, K.A.; Sizemore, G.M.; Hammer, A.M.; Hildreth, B.E., 3rd; Wang, D.J.; Stec
k, S.A.; Donohue, S.; et al. Disruption of stromal hedgehog signaling initiates RNF5-mediated proteasomal degradation
of PTEN and accelerates pancreatic tumor growth. Life Sci. Alliance 2018, 1, e201800190, doi:10.26508/Isa.20180019
0.

Rodriguez, S.; Huynh-Do, U. The Role of PTEN in Tumor Angiogenesis. J. Oncol. 2012, 2012, 141236, doi:10.1155/20
12/141236.

Tian, T.; Nan, K.J.; Wang, S.H.; Liang, X.; Lu, C.X.; Guo, H.; Wang, W.J.; Ruan, Z.P. PTEN regulates angiogenesis and
VEGF expression through phosphatase-dependent and -independent mechanisms in HepG2 cells. Carcinogenesis 201
0, 31, 1211-1219, doi:10.1093/carcin/bgg085.

Del Bufalo, D.; Ciuffreda, L.; Trisciuoglio, D.; Desideri, M.; Cognetti, F.; Zupi, G.; Milella, M. Antiangiogenic potential of t
he Mammalian target of rapamycin inhibitor temsirolimus. Cancer Res. 2006, 66, 5549-5554, doi:10.1158/0008-5472.
CAN-05-2825.

Dong, Y.; Richards, J.A.; Gupta, R.; Aung, P.P.; Emley, A.; Kluger, Y.; Dogra, S.K.; Mahalingam, M.; Wajapeyee, N. PTE
N functions as a melanoma tumor suppressor by promoting host immune response. Oncogene 2014, 33, 4632-4642, d
0i:10.1038/0onc.2013.4009.



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

de la Iglesia, N.; Konopka, G.; Lim, K.L.; Nutt, C.L.; Bromberg, J.F.; Frank, D.A.; Mischel, P.S.; Louis, D.N.; Bonni, A. D
eregulation of a STAT3-interleukin 8 signaling pathway promotes human glioblastoma cell proliferation and invasivenes
s. J. Neurosci. 2008, 28, 5870-5878, doi:10.1523/JNEUROSCI.5385-07.2008.

Xu, C.; Fillmore, C.M.; Koyama, S.; Wu, H.; Zhao, Y.; Chen, Z.; Herter-Sprie, G.S.; Akbay, E.A.; Tchaicha, J.H.; Altabef,
A.; et al. Loss of Lkb1 and Pten leads to lung squamous cell carcinoma with elevated PD-L1 expression. Cancer Cell 2
014, 25, 590-604, doi:10.1016/j.ccr.2014.03.033.

Mittendorf, E.A.; Philips, A.V.; Meric-Bernstam, F.; Qiao, N.; Wu, Y.; Harrington, S.; Su, X.; Wang, Y.; Gonzalez-Angulo,
A.M.; Akcakanat, A.; et al. PD-L1 expression in triple-negative breast cancer. Cancer Immunol. Res. 2014, 2, 361-370,
doi:10.1158/2326-6066.CIR-13-0127.

Maxwell, P.J.; Coulter, J.; Walker, S.M.; McKechnie, M.; Neisen, J.; McCabe, N.; Kennedy, R.D.; Salto-Tellez, M.; Alban
ese, C.; Waugh, D.J. Potentiation of inflammatory CXCL8 signalling sustains cell survival in PTEN-deficient prostate ca
rcinoma. Eur. Urol. 2013, 64, 177-188, doi:10.1016/j.eururo.2012.08.032.

Conciatori, F.; Bazzichetto, C.; Falcone, |.; Sperduti, |.; Amoreo, C.; Diodoro, M.; Cognetti, F.; Milella, M.; Ciuffreda, L. P
0-294 BRAFV600E/PTEN-loss status is associated with interleukin (IL)-8 expression in preclinical models of colorectal
cancer (CRC). ESMO Open 2018, 3, A343-A343, doi:10.1136/esmoopen-2018-EACR25.808.

Schalper, K.A.; Carleton, M.; Zhou, M.; Chen, T.; Feng, Y.; Huang, S.P.; Walsh, A.M.; Baxi, V.; Pandya, D.; Baradet, T.;
et al. Elevated serum interleukin-8 is associated with enhanced intratumor neutrophils and reduced clinical benefit of im
mune-checkpoint inhibitors. Nat. Med. 2020, 26, 688—692, doi:10.1038/s41591-020-0856-X.

Yuen, K.C.; Liu, L.F.; Gupta, V.; Madireddi, S.; Keerthivasan, S.; Li, C.; Rishipathak, D.; Williams, P.; Kadel, E.E., 3rd; K
oeppen, H.; et al. High systemic and tumor-associated IL-8 correlates with reduced clinical benefit of PD-L1 blockade.
Nat. Med. 2020, 26, 693698, doi:10.1038/s41591-020-0860-1.

Komura, T.; Yano, M.; Miyake, A.; Takabatake, H.; Miyazawa, M.; Ogawa, N.; Seki, A.; Honda, M.; Wada, T.; Matsui, S.;
et al. Immune Condition of Colorectal Cancer Patients Featured by Serum Chemokines and Gene Expressions of CD4
+ Cells in Blood. Can. J. Gastroenterol. Hepatol. 2018, 2018, 7436205, doi:10.1155/2018/7436205.

Eikawa, S.; Ohue, Y.; Kitaoka, K.; Aji, T.; Uenaka, A.; Oka, M.; Nakayama, E. Enrichment of Foxp3+ CD4 regulatory T ¢
ells in migrated T cells to IL-6- and IL-8-expressing tumors through predominant induction of CXCR1 by IL-6. J. Immun
ol. 2010, 185, 6734-6740, doi:10.4049/jimmunol.1000225.

Gesser, B.; Deleuran, B.; Lund, M.; Vestergard, C.; Lohse, N.; Deleuran, M.; Jensen, S.L.; Pedersen, S.S.; Thestrup-Pe
dersen, K.; Larsen, C.G. Interleukin-8 induces its own production in CD4+ T lymphocytes: A process regulated by interl
eukin 10. Biochem. Biophys. Res. Commun. 1995, 210, 660-669, doi:10.1006/bbrc.1995.1711.

Hess, C.; Means, T.K.; Autissier, P.; Woodberry, T.; Altfeld, M.; Addo, M.M.; Frahm, N.; Brander, C.; Walker, B.D.; Luste
r, A.D. IL-8 responsiveness defines a subset of CD8 T cells poised to kill. Blood 2004, 104, 3463-3471, doi:10.1182/blo
0d-2004-03-1067.

Sun, L.; Wang, Q.; Chen, B.; Zhao, Y.; Shen, B.; Wang, H.; Xu, J.; Zhu, M.; Zhao, X.; Xu, C.; et al. Gastric cancer mese
nchymal stem cells derived IL-8 induces PD-L1 expression in gastric cancer cells via STAT3/mTOR-c-Myc signal axis.
Cell Death Dis. 2018, 9, 928, doi:10.1038/s41419-018-0988-9.

Toso, A.; Revandkar, A.; Di Mitri, D.; Guccini, |.; Proietti, M.; Sarti, M.; Pinton, S.; Zhang, J.; Kalathur, M.; Civenni, G.; et
al. Enhancing chemotherapy efficacy in Pten-deficient prostate tumors by activating the senescence-associated antitu
mor immunity. Cell Rep. 2014, 9, 75-89, doi:10.1016/j.celrep.2014.08.044.

Peng, W.; Chen, J.Q.; Liu, C.; Malu, S.; Creasy, C.; Tetzlaff, M.T.; Xu, C.; McKenzie, J.A.; Zhang, C.; Liang, X.; et al. Lo
ss of PTEN Promotes Resistance to T Cell-Mediated Immunotherapy. Cancer Discov. 2016, 6, 202—-216, doi:10.1158/2
159-8290.CD-15-0283.

Jolly, L.A.; Massoll, N.; Franco, A.T. Inmune Suppression Mediated by Myeloid and Lymphoid Derived Immune Cells in
the Tumor Microenvironment Facilitates Progression of Thyroid Cancers Driven by Hras(G12V) and Pten Loss. J. Clin.
Cell Immunol. 2016, 7, doi:10.4172/2155-9899.1000451.

Vidotto, T.; Saggioro, F.P.; Jamaspishvili, T.; Chesca, D.L.; Picanco de Albuquerque, C.G.; Reis, R.B.; Graham, C.H.; B

erman, D.M.; Siemens, D.R.; Squire, J.A.; et al. PTEN-deficient prostate cancer is associated with an immunosuppressi
ve tumor microenvironment mediated by increased expression of IDO1 and infiltrating FoxP3+ T regulatory cells. Prost

ate 2019, 79, 969-979, doi:10.1002/pros.23808.

Retrieved from https://encyclopedia.pub/entry/history/show/3353






