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Carcinoma cells that undergo an epithelial-mesenchymal transition (EMT) and display a predominantly mesenchymal
phenotype (hereafter EMT tumor cells) are associated with immune exclusion and immune deviation in the tumor
microenvironment (TME). A large body of evidence has shown that EMT tumor cells and immune cells can reciprocally
influence each other, with EMT cells promoting immune exclusion and deviation and immune cells promoting, under
certain circumstances, the induction of EMT in tumor cells. This cross-talk between EMT tumor cells and immune cells
can occur both between EMT tumor cells and cells of either the native or adaptive immune system.
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1. Association of EMT and an Immunosuppressive Tumor
Microenvironment TME in Patients

There is now considerable evidence, derived mainly from immunohistochemical and gene expression studies, suggesting
that tumors enriched in EMT markers are associated with an immunosuppressive TME and a negative prognosis.

Gene expression clustering studies in ovarian cancer have shown that the mesenchymal subtype, enriched in an EMT-
related gene signature, has a worse prognosis and survival compared to other subtypes [, In this mesenchymal subtype,
a decreased number of CD8* tumor-infiltrating lymphocytes (TILs) were detected, suggesting an association between
EMT tumor cells and exclusion of these immune cells from the TME. Similarly, in a study conducted in non-small cell lung
cancer (NSCLC), EMT markers were associated with reduced tumor infiltration of CD4* and CD8" T cells, increased
expression of immunosuppressive cytokines such as interleukin (IL)-10 and TGF-[3, as well as overexpression of inhibitory
immune checkpoint molecules such as cytotoxic T-lymphocyte antigen (CTLA)-4 and T-cell immunoglobulin and mucin
domain-containing (TIM)-3 [2,

In an immunohistochemistry study performed in patients with gastric cancer, a high expression of EMT traits, the
infiltration of TAMs, and the expression of TGF-B1 were associated with a negative prognosis . In a study of lung
adenocarcinoma @, EMT markers were associated with enhanced tumor infiltration of CD4*Foxp3* Tregs and
upregulation of inhibitory immune checkpoint molecules such as programmed cell death (PD)-ligand (L) 1, PD-L2, TIM-3,
B7-H3, and CTLA-4. B7-H3 was identified as a negative prognostic marker for NSCLC. Similarly, a genomic and
proteomic analysis based on a tumor cell EMT signature conducted across almost 2000 different tumors & revealed a
strong association between EMT and markers of inhibited or exhausted immune responses. Thus, a high expression of
inhibitory immune checkpoint molecules such as PD-1, PD-L1, CTLA-4, OX40L, and PD-L2 was observed in tumors with
the most mesenchymal EMT scores. An association between EMT tumor cells (mesenchymal and hybrid epithelial-
mesenchymal phenotypes) and increased numbers of infiltrating PD-1* cells was also observed in another study in
patients with adenocarcinoma of the lung €. A very strong association was found between PD-L1 expression and the
claudin-low subset of breast cancer, which is characterized by a high EMT score [,

Overall, these studies allowed for the identification of two different scenarios: first, an association between EMT and a
reduced infiltration of immune cells (i.e., a predominantly immune-excluded TME); and second, an association between
EMT and the infiltration of suppressive or exhausted immune cells (i.e., a predominantly immune-deviated TME). In both
cases, however, the conclusions are similar: EMT markers associate with a TME that has inhibitory effects (through
immune exclusion or deviation) on antitumor immune responses.



| 2. EMT-Associated Changes in the Immunological Profile of Tumor Cells

EMT tumor cells undergo phenotypic alterations that have significant consequences for the recognition by cells of the
native and adaptive immune systems. Both down- and upregulation of cell surface molecules of immunological
significance have been described. In general, these changes are accompanied by immune resistance and evasion, but
there are exceptions to this rule.

The first class of phenotypic alterations consists of the regulation of factors directly or indirectly involved in immune
recognition. Thus, EMT-like alterations in melanoma cells have been reported to reduce the expression of multiple tumor
antigens, with a consequent escape from being killed by T cells specific for these antigens &, However, when targeting
antigens whose expression was unaltered during EMT, the capacity of T cells to kill melanoma cell lines in vitro was
unaltered &, Similarly, T cell-driven immunoediting of breast tumors in neu-transgenic mice led to the emergence of
antigen-loss variants that had undergone an EMT 9. Reduced antigen presentation may depend on the downregulation
of components of the antigen processing machinery. Thus, EMT NSCLC cells showed a significantly reduced expression
of immunoproteasome components and their regulators 2. The immunoproteasome generates antigenic peptides that
bind to human leukocyte antigen (HLA)-I molecules for recognition by CD8* T cells. Consequently, reduced expression of
the immunoproteasome leads to reduced presentation of antigenic peptides. EMT-associated downregulation of
molecules involved in the presentation of antigenic peptides can also lead to tumor cells hiding from immune recognition.
This has been shown for HLA-I molecules, which were downregulated in epithelial cell lines of different tumors as a result
of EMT 23] with a consequent reduction in antigen presentation and recognition by CD8* cytotoxic T lymphocytes
(CTLs) 22,

Upregulation in tumor cells of inhibitory immune checkpoint molecules of native and adaptive immunity can also occur in
tumor cells in response to EMT. These molecules inhibit the onset or the continuation of ongoing antitumor immune
responses. EMT has been associated with the upregulation of several inhibitory immune checkpoint molecules, such as
PD-L1 (24118 T)\-3 (28] B7-H3 14, B7-H1 (28], or CD47 191, Upregulation of PD-L1 induced resistance to CTL-mediated
killing (29, Interestingly, some of these immune checkpoint molecules have been shown to act by themselves as EMT
inducers and promote the acquisition of tumor-initiating potential L2782 thereby contributing to the amplification of
the EMT process and its associated functionalities 22,

Another broad class of EMT-associated tumor cell alterations consists of the acquisition of resistance to killing by cytotoxic
effector cells independently of antigen display on the tumor cell surface. This has been shown for tumor cells
overexpressing the EMT transcription factor (TF) brachyury and the consequent upregulation of the transmembrane
glycoprotein mucin-1 (MUC-1). Overexpression of MUC-1 led to reduced susceptibility to killing by tumor necrosis-related
apoptosis-inducing ligand (TRAIL) and to CTL lysis 28], Brachyury has also been shown to reduce the susceptibility of
tumor cells to cytotoxic lymphocytes (CD8* T lymphocytes and NK cells) due to inefficient caspase-dependent apoptosis,
but in the presence of normal levels of HLA-I molecules, antigenic peptides, or the various components of the antigen
presentation machinery 4. In fact, increased resistance to apoptosis is recognized as a hallmark of EMT [22,
Mechanisms other than resistance to apoptosis appear to operate in some other situations. Thus, it has recently been
reported that hypoxia-exposed lung adenocarcinoma subclones with a predominant mesenchymal phenotype displayed
resistance toward CTLs and NK cells through a mechanism involving defective immune synapse signaling 28, In human
breast adenocarcinoma cells, reduced susceptibility to CTL-mediated lysis depended on upregulation of the stem cell
marker Kruppel-like factor-4 (KLF-4) and miR-7 downregulation 2. Hypoxia-inducible miR-210 inhibited the susceptibility
of lung carcinoma and melanoma cells to lysis by CTLs [28l. An interesting study has reported that acquisition of an EMT
phenotype by breast cancer cells was associated with morphologic changes, actin cytoskeleton remodeling, and
increased resistance to CTL-mediated lysis (22, Resistant cells exhibited attenuation in the formation of an immunologic
synapse with CTLs along with induction of autophagy. Autophagy appeared to be critical to resistance to CTL-mediated
lysis because silencing of beclinl to inhibit autophagy restored susceptibility to CTL-induced lysis. Thus, this entry
introduces autophagy as another player in EMT-associated resistance to immune effector mechanisms. EMT and
autophagy are, in many instances, mutually exclusive mechanisms of tumor cell resistance, but in addition to the present
article, other examples of coexistence or sequential acquisition of markers of EMT and autophagy have been described
(discussed in Reference %),

While the EMT-associated changes of the immunological profile of tumor cells that have been discussed so far lead to the
inhibition of antitumor immune responses, there are some significant exceptions. Thus, colon cancer cells undergoing
EMT have been shown to undergo upregulation of ligands activating NK cells, as well as downregulation of HLA-I
molecules 2281 These changes led to reduced recognition of the tumor cells by CD8* CTLs and enhanced recognition
by NK cells. Expression of the NK cell ligands, however, was very low in vivo in advanced tumors with invasive properties,



and, concomitantly, enhanced infiltration of NK cells was observed 2. These results suggested that NK cells had
eliminated NK cell ligand-expressing tumor cells and had selected variants that were not recognized by NK cells.

Recent results have shown that EMT can directly increase tumor cell susceptibility to NK cells, thereby contributing, at
least in part, to the inefficiency of the metastatic process [22. The depletion of NK cells allowed spontaneous metastasis
without affecting primary tumor growth. EMT-induced modulation of E-cadherin and cell adhesion molecule 1 (CADM1)
mediated increased susceptibility to NK cytotoxicity. These results are of considerable interest because, contrary to most
results published on this issue, they showed that tumor cell EMT could exert antimetastatic effects through enhanced
susceptibility to NK cells. At odds with these results, a recent study showed that EMT-like changes in melanoma cells
were induced by NK cells and were dependent on the engagement of the activating NK receptors NKp30 or NKG2D and
the release of cytokines 23, Moreover, an EMT-associated upregulation of HLA-I1 molecules was observed. This favored
an escape from NK cell attack given the protective role of HLA-I molecules toward NK cell cytotoxicity and because of the
contemporary downregulation of tumor-recognizing activating receptors on NK cells. On the other hand, upregulation of
HLA-I molecules was expected to enhance CTL-mediated cytotoxicity toward tumor cells. How these results can be
reconciled with the previous ones remains to be established, but may depend, among other things, on the timing of the
tumor progression at which the experiments were performed (2. Table 1 summarizes the findings that have demonstrated
EMT-associated changes in the immunological
Table 1. Epithelial-mesenchymal transition (EMT)-associated changes in the immunological profile of tumor cells.

Type of Alteration Consequences References

Reduced Expression of Tumor Antigens

Reduced expression of tumor antigens in melanoma Escape from antigen-specific killing by (8]
cells CTLs

Emergence of antigen-loss variants in EMT tumor cells Escape from antigen-specific killing by [10]
from neu-transgenic mice CTLs

Reduced Expression of Antigen-Presenting Molecules

Reduced antigen presentation and
Downregulation of HLA class | molecules escape from antigen-specific killing by (12)13]
CTLs.

Enhanced Expression of Inhibitory Immune Checkpoint Molecules

Downregulation of antitumor immune [71[12][14][45][16]
Upregulation of PD-L1, TIM-3, B7-H1, B7-H3, CD47 responses, resistance to killing by [L711A8]19][20](21]

22]
CTLs, amplification of tumor cell EMT

Enhanced Resistance of EMT Tumor Cells to Killing by T Cells

Reduced susceptibility to killing b
Overexpression of MUC-1 P y 9oy [23]
TRAIL and CTLs

Expression of the EMT TF brachyury, leading to
inefficient apoptosis, with normal levels of HLA class |, Reduced susceptibility to killing by [24]
antigenic peptides, and components of antigen CTLs and NK cells
presentation machinery

EMT tumor cells showing defective immune synapse Resistance to killing by CTLs and NK [26]

signaling cells



Type of Alteration Consequences References

Reduced susceptibility to killing b
Upregulation of KLF-4 and downregulation of miR-7 P y gby (27]
CTLs
Reduced susceptibility to killing b
Expression of hypoxia-inducible miR-210 P y gby (28]
CTLs
Actin cytoskeleton remodeling, autophagy, and Autophagy-dependent reduced 29]
attenuation of an immunological synapse susceptibility to killing by CTLs
Downregulation of HL -I and upregulation of ligands Reduced recognition by CTLs and [12)/31]
activating NK cells enhanced recognition by NK cells
Increased susceptibility to killing by NK
Modulation of E-cadherin and CADM1 PRI , 9y , (22
cells and reduced metastasis formation
EMT-like changes in melanoma cells accompanied by
upregulation of HLA class | and downregulation of Escape from killing by NK cells (2]

activating receptors on NK cells

Abbreviations: CADM, cell adhesion molecule; CTL, cytotoxic T lymphocyte; EMT, epithelial-mesenchymal transition; HLA,
human leukocyte antigen; KLF, Kruppel-like factor; MUC, mucin; NK, natural killer; PD-L, programmed cell death ligand;
TF, transcription factor; TIM, T-cell immunoglobulin and mucin domain-containing.

| 3. EMT-Induced Effects on Cells of the Inmune System

An EMT in tumor cells, however, can also have direct effects on cells of the immune system. These effects can be twofold.
The first is immune exclusion, i.e., reduced tumor infiltration of immune cells that mediate effective antitumor immune
responses. The second is immune deviation, i.e., deviation from an effective antitumor immune response (suppressed
and/or inefficient) without necessarily being accompanied by reduced tumor infiltration of cells of the immune system. The
different effects can be present at the same time, albeit at varying degrees, with one predominating over the other. Of
note, many EMT-induced effects on cells of the immune system are similar to those observed upon activation in tumor
cells of oncogenic pathways that are also involved in the induction of EMT 241, It appears obvious that these two events,
i.e., the induction of EMT and immunosuppressive effects in the TME, are intimately linked in a causal relationship through
the activation of oncogenic and EMT-promoting pathways in tumor cells.

With regard to immune exclusion, EMT is associated with immune exclusion in human cancers @4, A more direct
demonstration has been brought in experimental systems showing that EMT tumor cells cause reduced infiltration of
immune cells into the TME 4. On the other hand, a large number of studies have shown that EMT tumor cells can induce
enhanced tumor infiltration of deviated immune cells, such as polymorphonuclear MDSCs B3I, myeloid cells B8], mast cells
(371881 or natural CD4*CD25~ Tregs B2, Pancreatic cancer cells resistant to anti-vascular endothelial growth factor
(VEGF) treatment secreted increased levels of proinflammatory factors, which stimulated the recruitment of CD11b*
proangiogenic myeloid cells and acted also in an autocrine manner to induce and amplify tumor cell EMT 49, |n other
situations, both the exclusion of effector CD8* T lymphocytes and enhanced infiltration of immunosuppressive MDSCs
have been demonstrated 4. Immune deviation through EMT-mediated induction of an immunosuppressive phenotype
has been reported for the M2 polarization of macrophages by bladder cancer cell lines 22 and the induction of the
immunosuppressive molecule indoleamine 2,3-dioxygenase (IDO) in monocyte-derived macrophages. These IDO-
expressing macrophages suppressed T cell proliferation and promoted the expansion of immunosuppressive Tregs [43].
Similarly, mesenchymal-like breast cancer cells were shown to induce activation of macrophages to acquire phenotype
and functionalities of immunosuppressive TAMs 4. EMT tumor cells also induced the generation of immunosuppressive
regulatory DCs (DCreg), which induced immunosuppressive CD4*Foxp3* Tregs and eventually impaired the induction of
antitumor CTLs 431481 |n an entirely in vitro system where lung, breast, or hepatocellular carcinoma cells were cocultured
with T lymphocytes, B lymphocytes, and NK cells, EMT induction in tumor cells led to NK- and T-lymphocyte apoptosis,



the inhibition of lymphocyte proliferation, and the stimulation of regulatory T and B cells. IDO was involved at least in part
in these effects 42,

In several instances, a bidirectional cross-talk has been demonstrated, with EMT tumor cells inducing immunosuppressive
changes in the TME and immune cells inducing further amplification of tumor cell EMT 24, An interesting example of such
a bidirectional cross-talk between EMT tumor cells and cells of the immune system has been brought recently [48].
Overexpression of the extracellular matrix protein secreted protein acidic and rich in cysteine (SPARC) in breast cancer
cells reduced their growth rate and induced EMT. This led to the formation of an immunosuppressive TME with increased
infiltration of Tregs, mast cells, and MDSCs. On the other hand, inhibition of the suppressive function of MDSCs could
revert tumor cell EMT, thereby showing that MDSCs contributed to the induction and/or amplification of tumor cell EMT. In
a KRASC12D_driven mouse model of lung cancer 49, tumor cells expressing the EMT transcription factor Snail secreted a
soluble mediator, which increased Grl* neutrophil infiltration and secretion of the chemokine C-X-C motif chemokine
ligand (CXCL) 2 by the neutrophils themselves. The neutrophils, on the other hand, favored tumor growth, reduced T cell
homing in the tumor, prevented successful anti-PD-1 immunotherapy, and altered angiogenesis, leading to hypoxia and
sustained Snail expression in the tumor cells 49, Bladder cancer cells have been shown to recruit mast cells to the tumor
(871, Recruited mast cells could then enhance bladder cancer cell invasion. Thyroid cancer cells recruited and activated
mast cells in the TME B2 which in turn released IL-8, which induced EMT and tumor-initiating features in the thyroid
cancer cells 29,

Recently, the consequences of the immunosuppressive effects of EMT tumor cells on epithelial tumor cells have also
been described B, Mammary tumor cells arising from epithelial tumor cell lines expressed high levels of HLA-I, low levels
of PD-L1, and were infiltrated by CD8* T lymphocytes and M1-polarized (antitumor) macrophages. On the other hand,
tumors arising from EMT carcinoma cell lines expressed low levels of HLA-I, high levels of PD-L1, and were infiltrated by
Tregs, M2-polarized (protumor) macrophages, and exhausted CD8* T cells. Importantly, the EMT tumor cells protected
their epithelial counterparts from immune attack.

| 4. The Mediators of EMT-Induced Effects on Immune Cells

The effects of tumor cell EMT on cells of the immune system are largely mediated by soluble molecules such as cytokines
or chemokines rather than by cell-to-cell contact. Recently, a new player, extracellular vesicles, or exosomes, has joined
soluble molecules as a mediator of EMT effects on cells of the immune system.

Several molecules have been shown to directly mediate the effects of EMT tumor cells on cells of the immune system.
Examples of these factors are the following: chemokines such as IL-8/CXCL8 B2l52 cXCL1, and CXCL2 El: C-C motif
chemokine ligand (CCL) 2 48l: ccL20 [3l; cytokines such as IL-6 23, TGF-B B2 the other member of the TGF-B
superfamily bone morphogenetic protein (BMP) 4 42l granulocyte—macrophage (GM) colony-stimulating factor (CSF) 44l
other soluble mediators such as thrombospondin-1 43: and lipocalin 2 8. Exosomes have been shown to promote the
polarization of macrophages toward the immunosuppressive M2 phenotype upon engulfment by the cells 4. Table 2
gives a synoptic view of the mediators of the EMT-induced effects on immune cells and the experimental or clinical
settings in which the effects were observed.

Table 2. Mediators (soluble mediators or exosomes) of the effects of EMT tumor cells on cells of the immune system.

Mediator Summary of Experimental Observations. References
Cytokines
L2 IL-2 from cholangiocarcinoma cells with EMT-like features induced generation of [39]

CD4* CD25" natural Tregs.

IL-6 IL-6 induced macrophages to differentiate into M2-polarized macrophages. (53]
TGF-B from cholangiocarcinoma cells with EMT-like features induced generation of
TGF-B 9]

CD4* CD25" natural Tregs.



Mediator Summary of Experimental Observations. References

BMP-4 Recombinant BMP4 and BMP4-containing conditioned media from bladder cancer [42]
cell lines promoted monocyte/macrophage polarization toward an M2 phenotype.

GM-CSF GM-CSF from mesenchymal-like breast cancer cells (BT-549, MDA-MB-436, and [44]
MDA-MB-231) promoted the acquisition of a TAM-like phenotype by macrophages.

Chemokines

IL-8/CXCLS IL-8 from claudin-low TNBC cells induced recruitment of PMN-MDSCs in vitro and [35]
in vivo, as determined through neutralization experiments with mAb HuMax-IL8.

CXCL1 and CXCL2 from mouse ovarian cancer cells promoted tumor infiltration of [41]
CXCL1, CXCL2 . . .
MDSCs, as determined by knockdown of EMT transcription factor Snalil.

CCL2 derived from various tumor cell lines induced, in cooperation with Lipocalin-
CCL2 2, DCregs, which in turn induced Tregs, and finally impaired the induction of tumor- [46]
specific CTLs.

CCL20 derived from EMT hepatoma cells induced IDO in monocyte-derived
CCL20 macrophages, which in turn suppressed T-cell proliferations and promoted the [43]
expansion of Tregs.

Other Soluble Mediators

Thrombospondin-  Snail-transduced melanoma cells with EMT features produced thrombospondin-1, [45]
1 which induced Tregs and impaired DCs in vitro and in vivo.

CCL2 derived from various tumor cell lines induced, in cooperation with Lipocalin-
Lipocalin-2 2, DCregs, which in turn induced Tregs and finally impaired the induction of tumor- [46]
specific CTLs.

Exosomes

Snail-expressing EMT human head and neck cancer cells activated the
transcription of miR-21 to produce tumor-derived exosomes, which were engulfed (54]
by CD14* human monocytes, suppressing the expression of M1 markers and
increasing that of M2 markers.

Abbreviations: BMP, bone morphogenetic protein; CCL, C-C motif chemokine ligand; CTL, cytotoxic T lymphocyte; CXCL,
C-X-C motif chemokine ligand; DCreg, regulatory dendritic cell; GM-CSF, granulocyte—macrophage colony-stimulating
factor; ICAM, intercellular adhesion molecule; IDO, indoleamine 2,3-dioxygenase; IL, interleukin; MDSC, myeloid-derived
suppressor cell; miR-21, micro-RNA; PAI, plasminogen activator inhibitor; PMN, polymorphonuclear; TAM, tumor-
associated macrophage; TGF, transforming growth factor; TNBC, triple-negative breast cancer; Treg, regulatory T cell.

| 5. Induction of Tumor Cell EMT by Cells of the Inmune System

Both the cells of the native and adaptive immune systems have been shown to induce EMT: Cells of the native immune
system include NK cells B335 MDSCs H8ILEIST [ipopolysaccharide (LPS)-activated macrophages 28159 TAMs [6A61]62]
(63]64](65](66]  heytrophils €4, and mast cells BY; cells of the adaptive immune system include TILs 68 activated T
lymphocytes 89 CD4* T lymphocytes 29, CD8* T lymphocytes [, and B lymphocytes 72, In some cases, EMT induction



in tumor cells has been shown to be accompanied, as one might expect, by the acquisition of tumor-initiating potential (4,
Moreover, the stimulation of immune cells with cell type-specific activators can enhance their potential for inducing EMT in
tumor cells. Thus, M2-polarized TAMs induced EMT in pancreatic cancer cells in a manner dependent on the expression
of the LPS coreceptor toll-like receptor (TLR) 4 and IL-10 secretion B8, This induction was strongly enhanced upon LPS
stimulation of TLR4. Eventually, as for EMT-induced effects on immune cells, immune cell-induced EMT in tumor cells can
also be part of a bidirectional cross-talk. In addition to the examples cited, in a mouse model of pancreatic cancer, tumor
cells converted CD14* peripheral blood monocytes into monocytic MDSCs, which in turn induced tumor cell EMT 28],

References

1. Murakami, R.; Matsumura, N.; Mandai, M.; Yoshihara, K.; Tanabe, H.; Nakai, H.; Yamanoi, K.; Abiko, K.; Yoshioka, Y.;
Hamanishi, J.; et al. Establishment of a novel histopathological classification of high-grade serous ovarian carcinoma
correlated with prognostically distinct gene expression subtypes. Am. J. Pathol. 2016, 186, 1103-1113.

2. Chae, Y.K.; Chang, S.; Ko, T.; Anker, J.; Agte, S.; lams, W.; Choi, W.M.; Lee, K.; Cruz, M. Epithelial-mesenchymal
transition (EMT) signature is inversely associated with T-cell infiltration in non-small cell lung cancer (NSCLC). Sci.
Rep. 2018, 8, 2918.

3. Yan, Y.; Zhang, J.; Li, J.H.; Liu, X.; Wang, J.Z.; Qu, H.Y.; Wang, J.S.; Duan, X.Y. High tumor-associated macrophages
infiltration is associated with poor prognosis and may contribute to the phenomenon of epithelial-mesenchymal
transition in gastric cancer. Onco. Targets Ther. 2016, 9, 3975-3983.

4. Lou, Y.; Diao, L.; Cuentas, E.R.P.; Denning, W.L.; Chen, L.; Fan, Y.H.; Byers, L.A.; Wang, J.; Papadimitrakopoulou,
V.A.; Behrens, C.; et al. Epithelial-mesenchymal transition is associated with a distinct tumor microenvironment
including elevation of inflammatory signals and multiple immune checkpoints in lung adenocarcinoma. Clin. Cancer
Res. 2016, 22, 3630-3642.

5. Mak, M.P.; Tong, P.; Diao, L.; Cardnell, R.J.; Gibbons, D.L.; William, W.N.; Skoulidis, F.; Parra, E.R.; Rodriguez-
Canales, J.; Wistuba, L.1.; et al. A patient-derived, pan-cancer EMT signature identifies global molecular alterations and
immune target enrichment following epithelial-to-mesenchymal transition. Clin. Cancer Res. 2016, 22, 609-620.

6. Kim, S.; Koh, J.; Kim, M.Y.; Kwon, D.; Go, H.; Kim, Y.A.; Jeon, Y.K.; Chung, D.H. PD-L1 expression is associated with
epithelial-to-mesenchymal transition in adenocarcinoma of the lung. Hum. Pathol. 2016, 58, 7-14.

7. Alsuliman, A.; Colak, D.; Al-Harazi, O.; Fitwi, H.; Tulbah, A.; Al-Tweigeri, T.; Al-Alwan, M.; Ghebeh, H. Bidirectional
crosstalk between PD-L1 expression and epithelial to mesenchymal transition: Significance in claudin-low breast
cancer cells. Mol. Cancer 2015, 14, 149.

8. Landsberg, J.; Kohlmeyer, J.; Renn, M.; Bald, T.; Rogava, M.; Cron, M.; Fatho, M.; Lennerz, V.; Wélfel, T.; Holzel, M.; et
al. Melanomas resist T-cell therapy through inflammation-induced reversible dedifferentiation. Nature 2012, 490, 412—
418.

9. Woods, K.; Pasam, A.; Jayachandran, A.; Andrews, M.C.; Cebon, J. Effects of epithelial to mesenchymal transition on T
cell targeting of melanoma cells. Front. Oncol. 2014, 4, 367.

10. Knutson, K.L.; Lu, H.; Stone, B.; Reiman, J.M.; Behrens, M.D.; Prosperi, C.M.; Gad, E.A.; Smorlesi, A.; Disis, M.L.
Immunoediting of cancers may lead to epithelial to mesenchymal transition. J. Immunol. 2006, 177, 1526-1533.

11. Tripathi, S.C.; Peters, H.L.; Taguchi, A.; Katayama, H.; Wang, H.; Momin, A.; Jolly, M.K.; Celiktas, M.; Rodriguez-
Canales, J.; Liu, H.; et al. Immunoproteasome deficiency is a feature of non-small cell lung cancer with a mesenchymal
phenotype and is associated with a poor outcome. Proc. Natl. Acad. Sci. USA 2016, 113, E1555-E1564.

12. Lépez-Soto, A.; Huergo-Zapico, L.; Galvan, J.A.; Rodrigo, L.; de Herreros, A.G.; Astudillo, A.; Gonzalez, S. Epithelial-
mesenchymal transition induces an antitumor immune response mediated by NKG2D receptor. J. Immunol. 2013, 190,
4408-4419.

13. Chen, X.H.; Liu, Z.C.; Zhang, G.; Wei, W.; Wang, X.X.; Wang, H.; Ke, H.P.; Zhang, F.; Wang, H.S.; Cai, S.H.; et al.
TGF-B and EGF induced HLA-I downregulation is associated with epithelial-mesenchymal transition (EMT) through
upregulation of snail in prostate cancer cells. Mol. Immunol. 2015, 65, 34-42.

14. Kumar, S.; Davra, V.; Obr, A.E.; Geng, K.; Wood, T.L.; De Lorenzo, M.S.; Birge, R.B. Crk adaptor protein promotes PD-
L1 expression, EMT and immune evasion in a murine model of triple-negative breast cancer. Oncoimmunology 2017,
7,e1376155.

15. Chen, L.; Gibbons, D.L.; Goswami, S.; Cortez, M.A.; Ahn, Y.H.; Byers, L.A.; Zhang, X.; Yi, X.; Dwyer, D.; Lin, W.; et al.
Metastasis is regulated via microRNA-200/ZEB1 axis control of tumour cell PD-L1 expression and intratumoral
immunosuppression. Nat. Commun. 2014, 5, 5241.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Shan, B.; Man, H.; Liu, J.; Wang, L.; Zhu, T.; Ma, M.; Xv, Z.; Chen, X.; Yang, X.; Li, P. TIM-3 promotes the metastasis of
esophageal squamous cell carcinoma by targeting epithelial-mesenchymal transition via the Akt/GSK-3p/Snalil
signaling pathway. Oncol. Rep. 2016, 36, 1551-1561.

Jiang, B.; Zhang, T.; Liu, F.; Sun, Z.; Shi, H.; Hua, D.; Yang, C. The co-stimulatory molecule B7-H3 promotes the
epithelial-mesenchymal transition in colorectal cancer. Oncotarget 2016, 7, 31755-31771.

Zhi, Y.; Mou, Z.; Chen, J.; He, Y.; Dong, H.; Fu, X.; Wu, Y. B7H1 expression and epithelial-to-mesenchymal transition
phenotypes on colorectal cancer stem-like cells. PLoS ONE 2015, 10, e0135528.

Noman, M.Z.; Van Moer, K.; Marani, V.; Gemmill, R.M.; Tranchevent, L.C.; Azuaje, F.; Muller, A.; Chouaib, S.; Thiery,
J.P.; Berchem, G.; et al. CD47 is a direct target of SNAI1 and ZEB1 and its blockade activates the phagocytosis of
breast cancer cells undergoing EMT. Oncoimmunology 2018, 7, e1345415.

Noman, M.Z.; Janji, B.; Abdou, A.; Hasmim, M.; Terry, S.; Tan, T.Z.; Mami-Chouaib, F.; Thiery, J.P.; Chouaib, S. The
immune checkpoint ligand PD-L1 is upregulated in EMT-activated human breast cancer cells by a mechanism involving
ZEB-1 and miR-200. Oncoimmunology 2017, 6, €1263412.

Wang, Y.; Wang, H.; Zhao, Q.; Xia, Y.; Hu, X.; Guo, J. PD-L1 induces epithelial-to-mesenchymal transition via activating
SREBP-1c in renal cell carcinoma. Med. Oncol. 2015, 32, 212.

Marcucci, F.; Rumio, C.; Corti, A. Tumor cell-associated immune checkpoint molecules — Drivers of malignancy and
stemness. Biochim. Biophys. Acta 2017, 1868, 571-583.

David, J.M.; Hamilton, D.H.; Palena, C. MUC1 upregulation promotes immune resistance in tumor cells undergoing
brachyury-mediated epithelial-mesenchymal transition. Oncoimmunology 2016, 5, e1117738.

Hamilton, D.H.; Huang, B.; Fernando, R.l.; Tsang, K.-Y.; Palena, C. WEEL1 inhibition alleviates resistance to immune
attack of tumor cells undergoing epithelial-mesenchymal transition. Cancer Res. 2014, 74, 2510-2519.

Marcucci, F.; Stassi, G.; De Maria, R. Epithelial-mesenchymal transition: A new target in anticancer drug discovery.
Nat. Rev. Drug Discov. 2016, 15, 311-325.

Terry, S.; Buart, S.; Tan, T.Z.; Gros, G.; Noman, M.Z.; Jorens, J.B.; Mami-Chouaib, F.; Thiery, J.P.; Chouaib, S.
Acquisition of tumor cell phenotypic diversity along the EMT spectrum under hypoxic pressure: Consequences on
susceptibility to cell-mediated cytotoxicity. Oncoimmunology 2017, 6, e1271858.

Akalay, |.; Tan, T.Z.; Kumar, P.; Janji, B.; Mami-Chouaib, F.; Charpy, C.; Vielh, P.; Larsen, A.K.; Thiery, J.P.; Sabbah, M.;
et al. Targeting WNT1-inducible signaling pathway protein 2 alters human breast cancer cell susceptibility to specific
lysis through regulation of KLF-4 and miR-7 expression. Oncogene 2015, 34, 2261-2271.

Noman, M.Z.; Buart, S.; Romero, P.; Ketari, S.; Janji, B.; Mari, B.; Mami-Chouaib, F.; Chouaib, S. Hypoxia-inducible
miR-210 regulates the susceptibility of tumor cells to lysis by cytotoxic T cells. Cancer Res. 2012, 72, 4629-4641.

Akalay, I.; Janji, B.; Hasmim, M.; Noman, M.Z.; André, F.; De Cremoux, P.; Bertheau, P.; Badoual, C.; Vielh, P.; Larsen,
A.K.; et al. Epithelial-to-mesenchymal transition and autophagy induction in breast carcinoma promote escape from T-
cell-mediated lysis. Cancer Res. 2013, 73, 2418-2427.

Marcucci, F.; Rumio, C. How tumor cells choose between epithelial-mesenchymal transition and autophagy to resist
stress—Therapeutic implications. Front. Pharmacol. 2018, 9, 714.

Huergo-Zapico, L.; Acebes-Huerta, A.; Lopez-Soto, A.; Villa-Alvarez, M.; Gonzalez-Rodriguez, P.; Gonzalez, S.L.
Molecular bases for the regulation of NKG2D ligands in cancer. Front. Immunol. 2014, 5, 106.

Chockley, P.J.; Chen, J.; Chen, G.; Beer, D.G.; Standiford, T.J.; Keshamouni, V.G. Epithelial-mesenchymal transition
leads to NK cell-mediated metastasis-specific immunosurveillance in lung cancer. J. Clin. Investig. 2018, 128, 1384—
1396.

Huergo-Zapico, L.; Parodi, M.; Cantoni, C.; Lavarello, C.; Fernandez-Martinez, J.L.; Petreto, A.; DeAndrés-Galiana,
E.J.; Balsamo, M.; Lopez-Soto, A.; Pietra, G.; et al. NK-cell editing mediates epithelial-to-mesenchymal transition via
phenotypic and proteomic changes in melanoma cell lines. Cancer Res. 2018, 78, 3913-3925.

Spranger, S.; Gajewski, T.F. Impact of oncogenic pathways on evasion of antitumour immune responses. Nat. Rev.
Cancer 2018, 18, 139-147.

Dominguez, C.; McCampbell, K.K.; David, J.M.; Palena, C. Neutralization of IL-8 decreases tumor PMN-MDSCs and
reduces mesenchymalization of claudin-low triple-negative breast cancer. JCI Insight 2017, 2, 94296.

Suarez-Carmona, M.; Bourcy, M.; Lesage, J.; Leroi, N.; Syne, L.; Blacher, S.; Hubert, P.; Erpicum, C.; Foidart, J.M.;
Delvenne, P.; et al. Soluble factors regulated by epithelial-mesenchymal transition mediate tumour angiogenesis and
myeloid cell recruitment. J. Pathol. 2015, 236, 491-504.



37.

38.

39.

40.

41.

42.

43.

44,

45

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Rao, Q.; Chen, Y.; Yeh, C.R.; Ding, J.; Li, L.; Chang, C.; Yeh, S. Recruited mast cells in the tumor microenvironment
enhance bladder cancer metastasis via modulation of ERB/CCL2/CCR2 EMT/MMP9 signals. Oncotarget 2016, 7,
7842-7855.

Knab, L.M.; Ebine, K.; Chow, C.R.; Raza, S.S.; Sahai, V.; Patel, A.P.; Kumar, K.; Bentrem, D.J.; Grippo, P.J.; Munshi,
H.G. Snail cooperates with Kras G12D in vivo to increase stem cell factor and enhance mast cell infiltration. Mol.
Cancer Res. 2014, 12, 1440-1448.

Qian, Y.; Yao, W.; Yang, T.; Yang, Y.; Liu, Y.; Shen, Q.; Zhang, J.; Qi, W.; Wang, J. aPKC-I/P-Sp1/Snail signaling
induces epithelial-mesenchymal transition and immunosuppression in cholangiocarcinoma. Hepatology 2017, 66,
1165-1182.

Carbone, C.; Moccia, T.; Zhu, C.; Paradiso, G.; Budillon, A.; Chiao, P.J.; Abbruzzese, J.L.; Melisi, D. Anti-VEGF
treatment—resistant pancreatic cancers secrete proinflammatory factors that contribute to malignant progression by
inducing an EMT cell phenotype. Clin. Cancer Res. 2011, 17, 5822-5832.

Taki, M.; Abiko, K.; Baba, T.; Hamanishi, J.; Yamaguchi, K.; Murakami, R.; Yamanoi, K.; Horikawa, N.; Hosoe, Y.;
Nakamura, E.; et al. Snail promotes ovarian cancer progression by recruiting myeloid-derived suppressor cells via
CXCR2 ligand upregulation. Nat. Commun. 2018, 9, 1685.

Martinez, V.G.; Rubio, C.; Martinez-Fernandez, M.; Segovia, C.; Lépez-Calderén, F.; Garin, M.1.; Teijeira, A.; Munera-
Maravilla, E.; Varas, A.; Sacedén, R.; et al. BMP4 induces M2 macrophage polarization and favors tumor progression
in bladder cancer. Clin. Cancer Res. 2017, 23, 7388-7399.

Ye, L.Y.; Chen, W.; Bai, X.L.; Xu, X.Y.; Zhang, Q.; Xia, X.F.,; Sun, X.; Li, G.G.; Hu, Q.D.; Fu, Q.H.; et al. Hypoxia-
induced epithelial-to-mesenchymal transition in hepatocellular carcinoma induces an immunosuppressive tumor
microenvironment to promote metastasis. Cancer Res. 2016, 76, 818—-830.

Su, S.; Liu, Q.; Chen, J.; Chen, J.; Chen, F; He, C.; Huang, D.; Wu, W,; Lin, L.; Huang, W.; et al. A positive feedback
loop between mesenchymal-like cancer cells and macrophages is essential to breast cancer metastasis. Cancer Cell
2014, 25, 605-620.

. Kudo-Saito, C.; Shirako, H.; Takeuchi, T.; Kawakami, Y. Cancer metastasis is accelerated through immunosuppression

during Snail-induced EMT of cancer cells. Cancer Cell 2009, 15, 195-206.

Kudo-Saito, C.; Shirako, H.; Ohike, M.; Tsukamoto, N.; Kawakami, Y. CCL2 is critical for immunosuppression to
promote cancer metastasis. Clin. Exp. Metast. 2013, 30, 393—405.

Ricciardi, M.; Zanotto, M.; Malpeli, G.; Bassi, G.; Perbellini, O.; Chilosi, M.; Bifari, F.; Krampera, M. Epithelial-to-
mesenchymal transition (EMT) induced by inflammatory priming elicits mesenchymal stromal cell-like immune-
modulatory properties in cancer cells. Br. J. Cancer 2015, 112, 1067-1075.

Sangaletti, S.; Tripodo, C.; Santangelo, A.; Castioni, N.; Portararo, P.; Gulino, A.; Botti, L.; Parenza, M.; Cappetti, B.;
Orlandi, R.; et al. Mesenchymal transition of high-grade breast carcinomas depends on extracellular matrix control of
myeloid suppressor cell activity. Cell Rep. 2016, 17, 233-248.

Faget, J.; Groeneveld, S.; Boivin, G.; Sankar, M.; Zangger, N.; Garcia, M.; Guex, N.; Zlobec, |.; Steiner, L.; Piersigilli, A.;
et al. Neutrophils and Snail orchestrate the establishment of a pro-tumor microenvironment in lung cancer. Cell Rep.
2017, 21, 3190-3204.

Visciano, C.; Liotti, F.; Prevete, N.; Cali, G.; Franco, R.; Collina, F.; de Paulis, A.; Marone, G.; Santoro, M.; Melillo, R.M.
Mast cells induce epithelial-to-mesenchymal transition and stem cell features in human thyroid cancer cells through an
IL-8-Akt-Slug pathway. Oncogene 2015, 34, 5175-5186.

Dongre, A.; Rashidian, M.; Reinhardt, F.; Bagnato, A.; Keckesova, Z.; Ploegh, H.L.; Weinberg, R.A. Epithelial-to-
mesenchymal transition contributes to immunosuppression in breast carcinomas. Cancer Res. 2017, 77, 3982—3989.

Dominguez, C.; Tsang, K.Y.; Palena, C. Short-term EGFR blockade enhances immune-mediated cytotoxicity of EGFR
mutant lung cancer cells: Rationale for combination therapies. Cell Death Dis. 2016, 7, €2380.

Fu, X.L.; Duan, W.; Su, C.Y.; Mao, F.Y,; Lv, Y.P.; Teng, Y.S.; Yu, PW.; Zhuang, Y.; Zhao, Y.L. Interleukin 6 induces M2
macrophage differentiation by STAT3 activation that correlates with gastric cancer progression. Cancer Imunol.
Immunother. 2017, 66, 1597—-1608.

Hsieh, C.H.; Tai, S.K.; Yang, M.H. Snail-overexpressing cancer cells promote M2-like polarization of tumor-associated
macrophages by delivering miR-21-abundant exosomes. Neoplasia 2018, 20, 775-788.

Chen, Y.; Hao, X.; Sun, R.; Wei, H.; Tian, Z. Natural killer cell-derived interferon-gamma promotes hepatocellular
carcinoma through the epithelial cell adhesion molecule-epithelial-to-mesenchymal transition axis in hepatitis B virus
transgenic mice. Hepatology 2018, 69, 1735-1750.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70

71.

72.

73.

Toh, B.; Wang, X.; Keeble, J.; Sim, W.J.; Khoo, K.; Wong, W.C.; Kato, M.; Prevost-Blondel, A.; Thiery, J.P.; Abastado,
J.P. Mesenchymal transition and dissemination of cancer cells is driven by myeloid-derived suppressor cells infiltrating
the primary tumor. PLoS Biol. 2011, 9, e1001162.

Caiado, F.; Carvalho, T.; Rosa, I.; Remédio, L.; Costa, A.; Matos, J.; Heissig, B.; Yagita, H.; Hattori, K.; da Silva, J.P.; et
al. Bone marrow-derived CD11b+Jagged2+ cells promote epithelial-to-mesenchymal transition and metastasization in
colorectal cancer. Cancer Res. 2013, 73, 4233-4246.

De Cock, J.M.; Shibue, T.; Dongre, A.; Keckesova, Z.; Reinhardt, F.; Weinberg, R.A. Inflammation triggers Zeb1-
dependent escape from tumor latency. Cancer Res. 2016, 76, 6778-6784.

Li, K.; Dan, Z.; Hu, X.; Gesang, L.; Ze, Y.; Bianba, Z. CD14 regulates gastric cancer cell epithelial-mesenchymal
transition and invasion in vitro. Oncol. Rep. 2013, 30, 2725-2732.

Fan, Q.M.; Jing, Y.Y.; Yu, G.F.; Kou, X.R.; Ye, F; Gao, L.; Li, R.; Zhao, Q.D.; Yang, Y.; Lu, Z.H.; et al. Tumor-associated
macrophages promote cancer stem cell-like properties via transforming growth factor-betal-induced epithelial-
mesenchymal transition in hepatocellular carcinoma. Cancer Lett. 2014, 352, 160-168.

Fu, X.T.; Dai, Z.; Song, K.; Zhang, Z.J.; Zhou, Z.J.; Zhou, S.L.; Zhao, Y.M.; Xiao, Y.S.; Sun, Q.M.; Ding, Z.B.; et al.
Macrophage-secreted IL-8 induces epithelial-mesenchymal transition in hepatocellular carcinoma cells by activating the
JAK2/STAT3/Snail pathway. Int. J. Oncol. 2015, 46, 587-596.

Ravi, J.; Elbaz, M.; Wani, N.A.; Nasser, M.W.; Ganju, R.K. Cannabinoid receptor-2 agonist inhibits macrophage
induced EMT in non-small cell lung cancer by downregulation of EGFR pathway. Mol. Carcinog. 2016, 55, 2063—2076.

Bonde, A.K.; Tischler, V.; Kumar, S.; Soltermann, A.; Schwendener, R.A. Intratumoral macrophages contribute to
epithelial-mesenchymal transition in solid tumors. BMC Cancer 2012, 12, 35.

Deng, Y.R; Liu, W.B.; Lian, Z.X.; Li, X.; Hou, X. Sorafenib inhibits macrophage-mediated epithelial-mesenchymal
transition in hepatocellular carcinoma. Oncotarget 2016, 7, 38292—-38305.

Hu, Y.; He, M.Y.; Zhu, L.F,; Yang, C.C.; Zhou, M.L.; Wang, Q.; Zhang, W.; Zheng, Y.Y.; Wang, D.M.; Xu, Z.Q.; et al.
Tumor-associated macrophages correlate with the clinicopathological features and poor outcomes via inducing
epithelial to mesenchymal transition in oral squamous cell carcinoma. J. Exp. Clin. Cancer Res. 2016, 35, 12.

Liu, C.Y.; Xu, J.Y.; Shi, X.Y.; Huang, W.; Ruan, T.Y.; Xie, P.; Ding, J.L. M2-polarized tumor-associated macrophages
promoted epithelial-mesenchymal transition in pancreatic cancer cells, partially through TLR4/IL-10 signaling pathway.
Lab. Investig. 2013, 93, 844-854.

Hu, P.; Shen, M.; Zhang, P.; Zheng, C.; Pang, Z.; Zhu, L.; Du, J. Intratumoral neutrophil granulocytes contribute to
epithelial-mesenchymal transition in lung adenocarcinoma cells. Tumour Biol. 2015, 36, 7789—-7796.

Min, H.; Sun, X.; Yang, X.; Zhu, H.; Liu, J.; Wang, Y.; Chen, G.; Sun, X. Exosomes derived from irradiated esophageal
carcinoma-infiltrating T cells promote metastasis by inducing the epithelial-mesenchymal transition in esophageal
cancer cells. Pathol. Oncol. Res. 2018, 24, 11-18.

Cohen, E.N.; Gao, H.; Anfossi, S.; Mego, M.; Reddy, N.G.; Debeb, B.; Giordano, A.; Tin, S.; Wu, Q.; Garza, R.J.; et al.
Inflammation mediated metastasis: Immune induced epithelial-to-mesenchymal transition in inflammatory breast cancer
cells. PLoS ONE 2015, 10, e0132710.

. Goebel, L.; Grage-Griebenow, E.; Gorys, A.; Helm, O.; Genrich, G.; Lenk, L.; Wesch, D.; Ungefroren, H.; Freitag-Wolf,

S.; Sipos, B.; et al. CD4+ T cells potently induce epithelial-mesenchymal-transition in premalignant and malignant
pancreatic ductal epithelial cells-novel implications of CD4+ T cells in pancreatic cancer development.
Oncoimmunology 2015, 4, e1000083.

Santisteban, M.; Reiman, J.M.; Asiedu, M.K.; Behrens, M.D.; Nassar, A.; Kalli, K.R.; Haluska, P.; Ingle, J.N.; Hartmann,
L.C.; Manjili, M.H.; et al. Immune-induced epithelial to mesenchymal transition in vivo generates breast cancer stem
cells. Cancer Res. 2009, 69, 2887—-2895.

Koizumi, M.; Hiasa, Y.; Kumagi, T.; Yamanishi, H.; Azemoto, N.; Kobata, T.; Matsuura, B.; Abe, M.; Onji, M. Increased B
cell-activating factor promotes tumor invasion and metastasis in human pancreatic cancer. PLoS ONE 2013, 8,
e71367.

Panni, R.Z.; Sanford, D.E.; Belt, B.A.; Mitchem, J.B.; Worley, L.A.; Goetz, B.D.; Mukherjee, P.; Wang-Gillam, A.; Link,
D.C.; Denardo, D.G.; et al. Tumor-induced STAT3 activation in monocytic myeloid-derived suppressor cells enhances
stemness and mesenchymal properties in human pancreatic cancer. Cancer Immunol. Immunother. 2014, 63, 513—
528.

Retrieved from https://encyclopedia.pub/entry/history/show/53347






