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antitumor effect was by polarizing the tumor microenvironment to the attraction of T cells to the tumor and turning it to an active "hot" state. with the increased presence of effector immune cells.

We have also shown that the candidate vaccine is able to exert long-term effect, which was demonstrated by inhibiting tumor establishment at 6 and 9 months after vaccination with PSCV, showing the possibility of inducing long-lasting adaptive immunity with activation of the immune system and inhibition of suppressor cells.

We also observed the emergence of a small population of CSC within 4T1 tumors once implanted to the mammary fat pad of mice, underlying that the clinical strategy must consider the influence of microenvironment on cancer cells. Further, the increase of CSC in tumors is time-dependent after tumor implantation, emphasizing the importance of intervening as soon as possible to eradicate a possible presence of CSC in tumors. This work proposes PSCV to be used for prophylactic purpose, or as a prevention of recurrence in patients with TNBC after the surgery. c Figure 24: The promotion of tumor immunity by chemokines 
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Chapter 1: Triple negative breast cancer

Human Mammary gland

The mammary gland is the organ responsible for lactation and one of the few organs which undergoes continued development throughout the lifetime of a woman. Human mammary gland consists of a network of ducts that ends in small ductules constituting the terminal ductal lobular units (TDLU). TDLU consists of terminal ductule and lobule, functional unit of the breast. It is believed that the majority of breast cancers arise in the TDLUs.

The TDLU contains two major types of cells: Inner luminal cells consists of ductal luminal cells, which line the inside of the ducts, and alveolar luminal cells, which secrete milk during lactation and myoepithelial cells, which contract to help excrete milk during lactation (Figure 1) (1). The stroma is composed of adipocytes, fibroblasts and immune cells. The mammary epithelial cells develop from mammary stem cells. While the exact differentiation hierarchy is still not completely understood, it is believed that the mammary stem cells give rise to bi-potent progenitor cells, which can differentiate into luminal or, myoepithelial lineage-specific progenitors. The myoepithelial progenitors differentiate into myoepithelial (basal) cells, while the luminal progenitors differentiate into luminal cells (Figure 2). The biological and molecular characteristics of these cell types consists the basis for the molecular classification of breast cancers into multiple subtypes and will be discussed in more detail later. The described cell surface markers are not exhaustive and those of progenitor cells are still in debates. (Modified from [START_REF] Polyak | Breast cancer: origins and evolution[END_REF]. Keller. 2010 (3, 4))

Epidemiology of breast cancer

Breast cancer is the most frequently diagnosed cancer and the most frequent cause of cancer death among women, representing 25% of all cancers in women and 15% of all cancer death in women in the world. Breast cancer is the most common cancer diagnosis in women in 140 countries and the most frequent cause of cancer mortality in 101 countries. Age standardized incidence rates are highest in Western Europe and lowest in East Asia (Figure 3).

In France, breast cancer is the most frequent cancer in the females and 80% of them are diagnosed after 50 years old. The mortality rate is 14.6 in 100,000 females and breast cancer is the first ranked of cancer death in the females in France, followed by lung cancer and colorectal cancer (5). Median age of diagnosis is at 63 years old and the median age of the death is 73 years old. One out of eight women in France develops this disease in her life.

Mortality rates have been declining in a number of highly developed countries since the late 1980s and early 1990s, a result of a combination of improved detection and earlier diagnosis and more effective treatment regimens (6). Adopted from GLOBOCAN 2012. ( 6)

Classifications of breast cancer

Breast cancer is a heterogeneous disease with different histopathological and biological characteristics with variable prognoses and responses to therapies. Breast carcinoma is classified as either non-invasive (carcinoma in situ) or invasive, depending on whether or not the tumor has invaded to grow outside the basal membrane. Invasive carcinomas are cancers in which the altered cells diffuse to surrounding connective tissues and metastasize to distant organs of the body. Ductal carcinoma in situ (DCIS) and lobular carcinoma in situ are the most common forms of precursor lesions. Similarly, invasive ductal carcinoma (IDC) and invasive lobular carcinoma are the most common forms of invasive breast carcinoma. IDCs account for approximately 55% of all breast cancers (Figure 4). The pathological status of breast cancer is made by TNM scores (Table 1) which describe pathological stages including the assessment of primary tumor (T), regional lymph nodes (N) and distant metastasis (M). This classification system provides a basis for survival prognosis, choice of initial therapeutic approaches and evaluation of therapeutic results. Historical Grade represents aggressive potential of the tumor, with the amount of gland formation (differentiation level), the nuclear features (pleomorphism) and the mitotic activity (proliferation level), which classified into from Grade I (low) to III (high).

Grade I tumors have a total score of 3-5, Grade II tumors have a total score of 6-7, Grade III tumors have a total score of 8-9 according to the following scoring criteria (Table 2). *The mitotic count score criteria vary depending on the field diameter of the microscope.

The criteria above use a high-power field diameter of 0.52 mm.

The expression of hormonal receptors, such as estrogen receptor (ER) and progesterone receptor (PR), has been used to classify tumors into hormone receptor positive and negative groups. Since the discovery of the role of amplification or overexpression of human epidermal growth factor receptor 2 (HER2 or ERBB2) in a subset of breast tumors, measurement of HER2 status has been added to clinical diagnosis of breast cancer. Thus, based on the immunohistochemical staining of ER, PR, and HER2, breast tumors are classified into three subtypes: hormone receptor positive (ER+, PR+), HER2 positive (HER2+) and triple negative breast cancer (TNBC) (ER-, PR-, HER2-).

Molecular subtypes of breast cancer

The classification of molecular subtypes of breast cancers was proposed in 2000, based on the microarray analysis and its genetic clustering of the tumor specimens from the patients (Figure 5) (7). The subtype was divided into four different subtypes, which are ER+ luminal and three ER-groups including HER2 overexpressing group (HER2+ subtype), basal-like group, and normal breast-like group. The following year, the luminal subtype was divided into at least two groups (luminal A and luminal B) (8). These subtypes have been subsequently confirmed by multiple groups and are now widely accepted in the field. More recently, another intrinsic subtype termed Claudin-low type has been identified (9) (Figure 5). This type is characterized by the low gene expression of tight junction proteins, claudin 3, 4 and 7 and E-cadherin, and high expression of EMT related genes. For this subtype, the analysis of genomic signature of tumor initiating cells derived from CD44 + /CD24 -/low -sorted cells and mammospheres obtained from primary human breast tumors was found to be enriched by gene expression in the claudin-low subtype, indicating claudin-low subtype resembles the mammary epithelial stem cell (9).

The characters of each molecular subtype are described in Table 3. To note, Normal breast-like subgroup shows a gene expression pattern similar to normal breast tissue including epithelial cells, non-epithelial cells, and adipose tissue. Since they do not show expression of many proliferation genes, it has been speculated that this subtype could potentially be the consequence of normal tissue contamination (10).

Luminal subtype present luminal cytokeratins, epithelial gene expression whereas Basal-like subtype has myoepithelial (basal) cytokeratin expression. Luminal A subtype tumors are usually hormone receptor positive and have relatively good prognosis. 

Gene characteristic of myoepithelial cells Basal cytokeratins (5/6, 14, 17) 

Triple Negative Breast Cancer (TNBC) and Basal-like subtype

Breast cancer categorized as TNBC is negative for ER, PR and HER2, and consists 12-17% of breast cancer patients (11). 95% of TNBCs are invasive ductal carcinoma (IDC). TNBC contains molecular subtypes of Basal-like and Claudin-low groups.

Approximately 80% of Basal-like subtype and 60-70% of Claudin-low subtype are TNBC.

In addition, 80-90% of breast cancers harboring BRCA1 and BRCS2 germline mutation are classified into basal like breast cancer (BLBCs) based on the genetic expression profile. Majority of them belongs to TNBC (12). Figure 6 shows ratio of 5 or 6 molecular subtypes in BC with or without claudin-low subtype. American women, and aggressive tumors with high histological grade. BLBCs are characterized by the expression of genes characteristic of myoepithelial cell including the cytokeratins (5/6, 14, 17), p-cadherins and often overexpress EGFR. BLBCs are mostly aneuploid, display high histological grade, are very proliferative with high mitotic indices, and mostly clinically aggressive. BLBCs are more prevalent in women under the age of 50 and women of African American or Hispanic ethnicity. Some other factors associated with higher risk of BLBC are higher body mass index during premenopausal years, earlier age at menarche, higher parity and shorter duration of breastfeeding.

Genomic studies reported that 80% of BLBCs harbor mutations in TP53. Loss of function from genes involved in DNA damage repair including TP53, RB1, and BRCA is a hallmark of BLBCs (15). The overall mutation rate is much higher in BLBCs compared to luminal subtypes. However, mutations are present in fewer genes and interestingly, mutations present in luminal subtypes are almost absent in the BLBCs except for PIK3CA, which is present in 9% of the cases. Luminal Androgen Receptor (LAR) with a high expression of AR and luminal related genes (16). The IM and MSL subtypes were speculated mostly defined by a high expression of genes likely coming from tumor microenvironment (TME) including immune cells and stromal cells.

Claudin

Immune system and TNBC

Breast cancers were considered to be relatively less immunogenic than other type of cancers. High mutational load is one of the important determinants that can predict higher spontaneous immunogenicity of the tumor. Breast cancer harbor less mutational load compared to melanoma or lung cancer (17) (Figure 7).

Genomic mutations generate peptides that don't exist in the repertoire as selfantigens. These new peptides can be recognized by adaptive immune cells as foreign proteins presented by MHC molecule on the cell surface. Clinical trials using immune check point inhibitor (CPI) therapies in non-small cell lung cancer patients or colo rectal cancer with MSI (Microsatellite Instable) status, revealed neoantigen-specific T cell reactivity. A higher efficacy and response were reported in sub-group of cancer with higher neoantigens and mutation burden (18).

However other determinants are also important to consider such as the cellular phenotypes and metabolism functions of the TME, the amount of tumor infiltrating activated lymphocytes, the expression level of suppressive immunological ligands and the molecular signaling pathways in tumor cells. Globally, breast cancer harbors a low mutational load and is less immunogenic than lung, melanoma or bladder cancers. However, TNBCs have higher mutational burden than other subtypes (Table 4) and are more immunogenic with a higher number of tumorinfiltrating lymphocytes (TILs) (18). A higher expression of programmed cell death 1 ligand 1 (PD-L1) was reported in TNBC Basal-like subtype compared to non-TNBC luminal subtype (19) (respectively 39% vs 4%). PD-L1 expression is significantly associated with the presence of TILs. High expression of PD-1 and/or PD-L1 is associated with a higher OS (Overall survival) and higher pCR (pathological Complete Response) rate in TNBC (20). 5678910111213141515 25 (14.38-36.25) Table 4: Gene analysis on mutational load and TIL according the molecular subtypes (Adopted from Loi 2013( 21))

Other determinants inducing immunogenicity of tumor cells are aberrant expression of proteins by the tumor cells. Some self-epitopes could be "neo-antigens" even without genetic mutation. For exemple, overexpression of proteins such as HER2 can also induce a specific immunogenicity. The amount of HER2 specific T-cells and anti-HER2 antibodies is correlated with the HER2 protein level expression. The detection of HER2 specific antibodies in serum of patients is associated with a significantly improved recurrence free survival compared to patients without detectable HER2 specific antibodies (22). In normal cells, MUC-1 is fully shielded in the fully glycosylated state.

Aberrant processing of MUC-1 glycoprotein in tumor cells can triggers their immunogenicity.

In TNBC, high level of immune infiltration is a prognostic factor and predicts a good survival even in patients who haven't received systemic adjuvant therapies (23).

Several studies demonstrated significantly higher pCR rates after chemotherapy in immune-rich as compared to immune-poor TNBC (24). Among TNBC patients who received adjuvant chemotherapies, TIL counts are strongly predictive of cancer-free survival; each 10% increase in TIL count is associated with 18% of reduction risk of distant recurrence (8,9). At diagnosis, approximately 5% to 15% of TNBCs are classified as lymphocyte predominant with abundant lymphocytes in the stroma. 15% to 20% of TNBC have no lymphocytic infiltration, whereas the majority (65%-80%) harbor low to moderate level of immune cells. Both stromal lymphocytes (residing in the stroma without direct contact with neoplastic cells) and intratumoral lymphocytes provide prognostic and predictive information. Stromal TILs are more abundant and, therefore, can be quantified more reliably (25).

Regarding lymphocyte recruitment into the tumor site, the role of tertiary lymphoid structures (TLSs) has recently gained attentions. TLSs are developed at the periphery or within tumor mass to limit disease progression or as a consequence of effective treatment intervention. They are also the sites of intense activity with mature dendritic cells in contact with T cells, and germinal-like centers with the expansion of proliferating B cells.

In breast cancer, TLSs are sometimes observed within the tumor core proximal to the stroma, and within an individual lymphoid structure (26,27). Adams. 2008(28) )

Debates between both models were already intense between 1950's and 1970's (Figure 9). Several experiments using single cell transplantation in animal models succeeded often using ascites liquids. Based on these observations, the concept that the tumor arises from CSC emerged in 1950 (called in this period "Stemline") (29,30). Clonal evolution model was proposed by Nowell in 1976 (31). Ishibashi 1956[START_REF] Makino | Further evidence favoring the concept of the stem cell in ascites tumors of rats[END_REF], Nowell 1976 (29-31))

CSC theory

Clonal evolution theory

The CSC theory was also well documented by John Dick's group in human Acute Myeloid Leukemia confirming the existence of a primitive hematopoietic leukemic stem cell (32), at the origin of a leukemic hierarchy organization. Many experimental attempts were made after this initial report to identify such CSCs in various epithelial cancers as well as in breast cancer.

CSCs were functionally defined based on experimental models by limiting dilution transplantation of selected tumor compartment cell using fluorescence-activated cell sorting (FACS), into an orthotopic site in immunocompromised mice. CSCs population were thus characterized by their ability to initiate tumorigenesis, undergoing self-renewal and differentiation after iterative transplantation, whereas the remaining majority of non-CSCs lacked these in vivo proliferation properties and were supposed to more "committed or engage" into a differentiation lineage.

In breast cancer, CSCs or Tumor Initiating Cells was confirmed by Al Hajj et al., in 2003 (33). They identified CD44 + CD24 -/low sub-population cells that are able to form new tumor in fad pat transplantation studies after serially passages.

It has been shown that CSCs are de-or undifferentiated cells expressing stem celllike genes and signaling pathways similar to normal stem cell counterparts, including the genes related to drug resistance, EMT markers and dormancy. Intensive interest on CSC research has been based on the issues of cancer recurrence and metastasis in patients after primary treatment, even after a long period of clinical apparent remission. The principal reason of cancer relapse and metastasis is the persistence of CSC resistant to cytotoxic chemotherapy and/or radiation, and indeed therapies targeting specifically CSCs remain a crucial challenge.

Embryonic stem cell-like gene signature in TNBC

Tumor cells lost gradually specific and appropriate differentiation pattern, they are able to progressively dedifferentiate and will acquire autonomous proliferation, migration, and survival. Those dedifferentiated tumor cells were shown to share molecular and epigenetic profile and features of normal stem cells. Indeed, accumulated evidence has shown that some cancer epithelial cells could re-express very immature state -like embryonic genes like Oct4 and Sox2 (34).

Embryonic-like genetic signature was indeed observed in poorly differentiated human tumors of advanced stage (35). Chang's and Weinberg's groups observed independently in 2008 that several aggressive cancers harbor from gene expression profiles of large-scale data set, an embryonic stem cell-like gene signature (Figure 10) (35,36). They observed gene expression of ESC-like signature in Grade 3 breast cancer, Invasive hepatocellular carcinoma, diffuse large B-cell lymphoma, high grade gliomas and bladder carcinomas (34,37,38). Following years, other groups verified these observations in many other tumor types. Kaplan-Meier analyses of OS using both overexpression of the ES expression module and underexpression of the PRC2 targets module showed that individuals bearing tumors with this signature had worse survival rates. It was also shown that the ESC-like signature expression in primary human breast cancers is significantly correlated with expression of CSC-enriched CD44 + CD24 -/low subpopulation phenotype. This suggests that ESC-like signature may be activated in the tumor initiating cells / CSCs. Collectively, ESC-like signature correlates with aggressive breast tumor behavior (Figure 10). An active ES-cell-like expression program has been observed upon inactivation of p53 in breast and lung cancer. Interestingly, the p53 tumour suppressor pathway is closely linked to somatic cell reprogramming (39). Reduction activity of p53 in hESCs promote spontaneous sub-chromosomal abnormalities and epigenetic changes similar to those found in embryonic carcinomas and aggressive teratocarcinomas (40). TP53 inactivation and stemness features are closely associated in breast cancer [START_REF] Network | Comprehensive molecular portraits of human breast tumours[END_REF] particularly in basallike subtype and HER-2 enriched subtypes (Figure 11). Given these facts, it is speculated that dysfunction of TP53 in BLBC have critical influence on the induction of dedifferentiation machinery into ES-like status.

There are still open questions. Is p53 mutation and p53 dysfunction the primary cause of TNBC, basal-like and then ES-like gene signature? Or, are the genetic instability caused by basal-like or ES-like cancer cells more susceptible to p53 mutation leading to more aggressive behavior? How exactly tumor microenvironment involves this process? Answers to those questions should clarify clearer mechanism of cancer initiation and CSC function in tumor cell population in the future. 

Pathways

Hedgehog

EMT programs promote basal mammary stem cell and tumor-initiating cell stemness by inducing primary ciliogenesis and Hedgehog signaling Guen 2017 (48) Hedgehog signaling components PTCH1, Gli1, and Gli2 are highly expressed in normal human mammary stem / progenitor cells cultured as mammospheres and that these genes are down-regulated when cells are induced to differentiate. Overexpression of Gli2 in mammosphere-initiating cells results in the production of ductal hyperplasia, and modulation of Bmi-1 expression in mammosphere-initiating cells alters mammary development. The main core of pluripotent TFs (Oct4, Sox2 and NANOG) and c-Myc have been found to have critical roles in breast cancer. Those TFs are inactive in mammary gland cells except during lactation phase, and can be activated in malignancy.

Strong expression of Nanog in breast cancer correlated with dismal prognosis with a significantly lower disease-free survival and OS rates [START_REF] Nagata | Prognostic significance of NANOG and KLF4 for breast cancer[END_REF]. Down-regulation or knockdown of Nanog reduced cell proliferation, expression levels of cyclinD1 and c-Myc in breast cancer cells which are blocked in G0/G1 phases of cell cycle [START_REF] Han | RNA interference-mediated silencing of NANOG reduces cell proliferation and induces G0/G1 cell cycle arrest in breast cancer cells[END_REF]. c-Myc was sufficient to reactivate the ESC-like program in normal and cancer cells (36). Oct4

inhibition decreased CSC and tumor growth in breast and lung cancer model [START_REF] Hu | Octamer 4 small interfering RNA results in cancer stem cell-like cell apoptosis[END_REF]. Ectopic expression of Oct4 into normal primary breast epithelial cells generated breast carcinomas in nude mice [START_REF] Beltran | Generation of tumor-initiating cells by exogenous delivery of OCT4 transcription factor[END_REF].

In ES cells, transcriptional regulation can be subdivided into functionally separable regulatory units (37). Modules for the core pluripotency factors (Core module: Oct4, Nanog, Sox2, Smad1, Stat3, Klf4, Nac1, Zfp281, and Dax1), the Polycomb complex factors (PRC module: Suz12, Eed, Phc1, and Rnf2), and the Myc-related factors (Myc module: Myc, Max, nMyc, Dmap1, E2F1, E2F4, and Zfx). Myc module was functionally separated from core module in regulating aspects of ES cell identity. Myc modules covered more target genes than the ES cell core factors and were suggested to have more global roles in their target gene regulation.

The molecular pathways that support maintenance and metabolism of stem cells have also critical role in CSCs. Hedgehog signaling components PTCH1, Gli1, and Gli2 are highly expressed in normal human mammary stem / progenitor cells cultured as mammospheres. These genes are down-regulated when mammary cells are induced to differentiate. Overexpression of Gli2 in mammosphere-initiating cells results in the production of ductal hyperplasia. Modulation of Bmi-1 expression in mammosphereinitiating cells alters mammary development [START_REF] Liu | Hedgehog signaling and Bmi-1 regulate self-renewal of normal and malignant human mammary stem cells[END_REF]. EMT programs promote basal mammary stem cell and tumor-initiating cell stemness by inducing primary ciliogenesis and Hedgehog signaling [START_REF] Guen | EMT programs promote basal mammary stem cell and tumor-initiating cell stemness by inducing primary ciliogenesis and Hedgehog signaling[END_REF]. Wnt/β-catenin pathway were shown to induce mammary gland tumorigenesis [START_REF] Michaelson | beta-catenin is a downstream effector of Wnt-mediated tumorigenesis in the mammary gland[END_REF]. IL-6/JAK2/Stat3 pathway was preferentially active in CD44 + CD24 -breast CSCs [START_REF] Tsukamoto | Expression of the int-1 gene in transgenic mice is associated with mammary gland hyperplasia and adenocarcinomas in male and female mice[END_REF]. Notch4 signaling activity was 8-fold higher in breast CSCs-enriched cell populations [START_REF] Harrison | Regulation of breast cancer stem cell activity by signaling through the Notch4 receptor[END_REF]. TGF-β-responsive gene signature score was significantly enriched by chemotherapy in TNBC specimens and the increase of breast CSC population was SMAD4 dependent manner [START_REF] Bhola | TGF-β inhibition enhances chemotherapy action against triple-negative breast cancer[END_REF] In addition to these genes and signaling pathways, critical role of micro RNA (miRNA) in maintenance of normal stem cells and CSCs are being revealed recently. miR-200c strongly suppressed the ability of normal mammary stem cells to form mammary ducts and tumor formation driven by human breast CSCs in vivo [START_REF] Shimono | Downregulation of miRNA-200c links breast cancer stem cells with normal stem cells[END_REF]. Let-7 miRNAs were markedly reduced in breast tumor initiating cells and increased with differentiation. Lin28, as a negative regulator of let-7 miRNA biogenesis, may play a central role in blocking miRNA-mediated differentiation in stem cells and some cancers.

Inflammatory response mediated by NF-κB can directly activates Lin28 transcription and rapidly reduces let-7 miRNA levels and maintain CSCs [START_REF] Yu | let-7 regulates self renewal and tumorigenicity of breast cancer cells[END_REF][START_REF] Iliopoulos | An epigenetic switch involving NF-kappaB, Lin28, Let-7 MicroRNA, and IL6 links inflammation to cell transformation[END_REF][START_REF] Viswanathan | Lin28 promotes transformation and is associated with advanced human malignancies[END_REF].

The pathways and transcriptional programs that are involved in CSC transformation in TNBCs are summarized in Figure 12. 

Breast Cancer Stem Cells

The presence of CSCs in breast tumors is likely one of the main reasons why current conventional therapies are not sufficiently effective to eradicate all of the tumor population which often lead to relapse and metastasis. Al Hajj et al. found in 2003 that CD44 + CD24 -/low population was significantly enriched in tumor-initiating cells with selfrenewal capacity (33).

Most of the breast tumors that possess more than 10% of CD44 + CD24 -/low cells express basal markers CK5, P-cadherin, CK14 and vimentin. 76.5% of basal-like subtype expressed ≥10% of CD44 + CD24 -/low cells [START_REF] Ricardo | Breast cancer stem cell markers CD44, CD24 and ALDH1: expression distribution within intrinsic molecular subtype[END_REF]. Another group also observed that 69% of luminal A, 70% of luminal B, 52% of HER2, and 100% of basal-like tumors contained some CD44 + CD24 -/low cells. The relative frequency of CD44 + and CD24 + cells in breast tumors was correlated with distant metastasis-free survival [START_REF] Park | Heterogeneity for stem cell-related markers according to tumor subtype and histologic stage in breast cancer[END_REF]. CD44 + CD24 -/low population was also shown to be chemoresistance. Hedgehog signaling pathway is highly expressed in this population [START_REF] Tanaka | The Hedgehog signaling pathway plays an essential role in maintaining the CD44+CD24-/low subpopulation and the side population of breast cancer cells[END_REF]. Alternatively, a small ubiquitin-like modifier (SUMO) pathway has been shown to correlate with this population and its invasion [START_REF] Bogachek | Inhibiting the SUMO Pathway Represses the Cancer Stem Cell Population in Breast and Colorectal Carcinomas[END_REF]. SUMO (particularly SUMO1) is also known to involve ES self-renewal.

Aldehyde dehydrogenases (ALDH1) has been shown to be a marker of normal and malignant human mammary stem cells [START_REF] Ginestier | ALDH1 is a marker of normal and malignant human mammary stem cells and a predictor of poor clinical outcome[END_REF]. In 179 cases of breast cancer, the positive expression rate of ALDH1 was 16.7% in luminal A subtype, 21.4% in luminal B subtype, 54.5% in Her2-enriched subtype, 33.3% in basal-like subtype [START_REF] Bi | Correlations of ALDH1 expression with molecular subtypes and ABCG2 in breast cancer[END_REF]. Another study showed that ALDH1+ breast cancers were significantly associated with the phenotype of hormone receptor negative and HER2 positive BC [START_REF] Morimoto | Stem cell marker aldehyde dehydrogenase 1-positive breast cancers are characterized by negative estrogen receptor, positive human epidermal growth factor receptor type 2, and high Ki67 expression[END_REF]. Thus, ALDH1 expression is seen highest in HER2-enriched subtype whereas CD44 + CD24 -/low prevalence was highest in basal-like subtype.

Recent report showed a molecular link between normal breast stem cells, CD44 + CD24 -/low breast cancer cells, and embryonic carcinoma cells that commonly down-regulate miR-200c-141, miR-200b-200a-429, and miR-183-96-182. Expression of BMI1, a well-known self-renewal regulator in stem cell, is modulated by miR-200c. miR-200c inhibited the clonal expansion of breast cancer cells and suppressed the growth of embryonic carcinoma cells. The components of EMT pathways including SNAI2 are highest in the CD44 + CD24 -/low lineage -breast cancer cells. miR-200 family miRNAs were strongly suppressed in CD44 + CD24 -/low breast cancer cells. The miR-200 family targets multiple genes such as ZEB1 that serve as EMT inducers.

Vimentin expression is one of the characteristics of epithelial mesenchymal transition (EMT) that may play a role in migration and metastatic invasion. Basal-like breast tumors were reported to show high expression of multiple EMT markers and were reported to have intrinsic phenotypic plasticity for mesenchymal transition. Thus, there is a link between stem cell-like phenotype, EMT, and basal-like subtype of breast cancer.

Claudin low breast cancer type shows EMT markers. However, not all basal-like tumors are uniformly vimentin positive, suggesting a heterogeneity among this tumor subtype.

Despite the growing list of CSC markers, several of these are not uniformly useful in identifying CSCs. For example, although the CD44 + CD24 -/low profile was used in early studies of breast CSCs, the authors report that not all breast cancer cell populations could be stratified using this set of markers.

Tumor evolution of TNBC

To discuss about CSC as tumor initiating cell, my central question has been how TNBC initiate in the mammary tissue and how it evolved towards an invasive cancer.

Most of TNBCs are diagnosed at invasive stage (IDC). In contrast, ductal hyperplasia (ADH) or, DCIS are mostly revealed in mammography screening without any clinical signs. It has been revealed that those tumors have already intratumoral heterogenicity including histological grade, IHC staining and molecular subtypes. Allred et al. described the diversity and existence of multi-subtypes of cells in DCIS tumor [START_REF] Allred | Ductal carcinoma in situ and the emergence of diversity during breast cancer evolution[END_REF]. Figure 13 shows the specimen from one patient including different status of histological grade, ER and HER2 expression depending on the microlocation of the tumor. Clustering of gene expression showed that proportion of luminal, basal, and HER2-enriched intrinsic subtypes observed in DCIS is similar to the previous studies in invasive breast cancers (i.e 44%, 8%, and 28% respectively from 25 DCIS samples). In 120 cases of DCIS, histological grading showed 45.8% of diversity including 30.0% with grades 1 and 2, 6.6% with grades 2 and 3, and 9.2% with grades 1, 2, and 3. This result indicate that DCIS represent a pre-invasive stage already heterogenous, and that genomic analysis become crucial since the early stage of the disease. selection by CNA (Copy number aberration) analysis of twenty TNBC samples (67) (Figure 14). In responder (extinction) cases, two or three major clones were eliminated after chemotherapy. In two resistant cases, two minor clones (7.7% and 18.6% respectively) initialy present at pre-treatment became the majority (71.8% and 100%) after treatment. Another resistant case showed 67.4% to 87% of dominant clone before and after therapy. In some resistant tumor, new clone emerged after middle of chemotherapy and became 37%, with other driving clone selected under chemoptherapy from 5.7% to 41.4%. Classification of molecular subtype by single cell RNA analysis revealed co-existence of multi-subclones and the proportion of molecular changes after therapy. Another rare case reported by Yetes et al. was a germline BRCA1 mutation carrier who was diagnosed with a triple-negative cancer in left breast, and over the next 10 years treated for two apparent local tumor relapses and a distant metastasis in the contralateral breast [START_REF] Yates | Genomic Evolution of Breast Cancer Metastasis and Relapse[END_REF]. Genomic analysis revealed that the three lesions in left breast were clonally unrelated, completely independent primary cancers with the second of them seeding the contralateral breast metastasis. Again, it emphasizes the importance of close monitoring and accurate verification of the subtype by understanding each case.

Though it would be essential to verify those results with more samples, these results implied several important findings. 1) Rare population pre-existed before chemotherapy

(b) (c) (a)
can resist during therapy, expand and able to become dominant (CSC model). 2) Dominant clone before therapy can continue to be dominant if they resist during therapy.

3) New distinct clone that didn't exist before therapy can emerge during the therapy (Acquired resistance, Clonal evolution model). 4) Co-existence of multiple molecular subtypes in one tumor. 5) Switch of molecular subtype before and after therapy is possible with selective dominant clone (Clonal evolution model). Taken together, both CSC model and clonal evolution model co-exist in breast tumor. It is crucial that treatments take into account this heterogeneity and evolutional dynamics of cancer populations. Clonal heterogeneity and molecular landscape of TNBCs will now be explored by single cell RNA sequencing analysis in future investigation to monitor the resistant population clones. Genetic analysis combining CSCs, EMT and drug resistant markers should provide further information of molecular mechanism of resistance, progression and invasion of those clones. Importantly investigations analyzing in addition the Tumor Immune microenviroment (TIME) landscape will be crucial to explore the progressive stage from immune surveillance to immune evasion.

Treatment for TBNC

TNBCs are associated with poor prognosis with high risk of relapse, short PFS (Progression-Free Survival) and OS. Neoadjuvant chemotherapy before surgery results in higher rates of pCR, disease-free survival and OS in TNBC than in hormone receptor positive, Her2-negative type (28-30% vs. 6.7%). However, cancer relapse occures in 50% of patients diagnosed with early-stage TNBC, and 37% die in the first 5 years after surgery. Similarly, patients with metastatic triple-negative breast cancer have short PFS after failure of first-line chemotherapy (median PFS, 3 to 4 months), indicating the pressing need for innovative therapy options [START_REF] Lebert | Advances in the systemic treatment of triple-negative breast cancer[END_REF].

According to the ESMO (European Society for Medical Oncology) guideline for primary breast cancer treatment, Table 6 shows the current standards of care and treatment according cancer subtype defined by hormone receptors (ER, PR) and HER2 status. One study, using a panel of ER, HER2, EGFR, and CK5/6 for IHC to identify basal-like BC, showed a sensitivity of 76% and specificity of 100%. However, there is still no consensus regarding clinical histopathological definition of basal-like subtype.

Subtype

Recommended therapy Comments

Luminal A-like ET alone in the majority of cases Consider ChT if: high tumor burden (four or more positive LN, T3 or higher), or, grade 3 If contraindications for the use of ChT, one may consider ET + anti-HER2 therapy, although no randomized data exist.

HER2-positive (non-luminal)

ChT + anti-HER2

Triple-negative ChT + RT 

Recommendation for BRCA mutation carrier:

The estimated prevalence of BRCA1 and BRCA2 mutations is dependent on the population and can vary between 1 in 300 and 1 in 800, respectively. Even among those with no family history of cancer, the lifetime risk of developing breast or ovarian cancer by the age of 80 is up to 83% (±7%) in the presence of BRCA1 and 76% (±13%) in the presence of a BRCA2 mutation. Risk-reducing surgery (with prophylactic bilateral mastectomy and reconstruction) may be offered to women at very high risk. With bilateral mastectomy, the risk for both subsequent breast cancer incidence and mortality is reduced by 90%-95%. Limited data are available about the use of selective ER receptor modulators (tamoxifen, raloxifene) and aromatase inhibitors as primary prevention among BRCA1/2 mutations carriers. Use of tamoxifen may be considered; however, the level of evidence is weak.

Immunotherapy:

Exploring immunotherapy approaches for breast cancer is at intense attention. 

Chapter 2: Immunity and cancer

In this chapter, the physiological state of immunity and the modifications in the immune state during tumor development are discussed. The complexity in cancer environment is represented with immune tolerance, continuously changing stroma and patient's physiological conditions. In the vaccinology field for infectious diseases, antibodies was the first immune effector that were extensively researched and its titer level has been used as surrogate for quality control of many commercialized vaccines for long time. T cells has been then evaluated for its relationship to the correlate of protection of the vaccines. Meanwhile, in the field of cancer immunotherapy, T cells and NK cells have been the main target to use as principle effectors against the tumor cells.

Great expansion of recent insight regarding the immunity and tumor microenvironment revealed the presence of huge diverse of participants which can influence activation or suppression of the immune status. Even with rapid expanding knowledge of immunology and oncoimmunology, there might be yet unknown population or combinational effect of the several participants. Therefore, it is critical to understand the immune actors and substances that have been known so far and estimate the immune consequence for the successful immunotherapy strategy.

In the following chapters of innate and adaptive immunity, I focused on the discussion on macrophages, DCs, MDSCs, NK cells, T cells and B cells to describe their roles in cancer. Meanwhile, the roles of neutrophils, eosinophils and mast cells are still largely obscure. However, it has been documented that neutrophils and eosinophils can act both tumor promoting-and tumor suppressive function depending on the immune environment. Mast cells principally contribute to tumor progression. In the TME, recent evidences demonstrated cancer-associated fibroblasts and exosomes exert considerable immune-modulating functions as well as preparation of the metastatic niche. Those factos which are not the principle research topic of my experimental works are separately summarized in Annex 1.

Hanahan and Weinberg issued the revision of the hallmarks of cancer that was originally proposed in 2000 and was re-proposed in 2011 (Figure 15) [START_REF] Hanahan | The hallmarks of cancer[END_REF][START_REF] Hanahan | Hallmarks of cancer: the next generation[END_REF]. In 2011, the critical enrolment of cancer immunity became accepted as one of the cores of the cancer pathology, which represents massive progress of recent onco-immunology research.

Proposition in 2000

Proposition in 2011 16), therefore TME is also a part of the systemic pathology of the malignancy.

The immune cells in TME are summarized in Table 7. TC cell CD3 + CD8 + CD3 + CD8 + CD8 + cytotoxic T (TC) cells are effector cells of the adaptive immune system. They specifically recognize and destroy cancer cells through perforin-and granzyme-mediated apoptosis.

B cell CD19 + CD20 + B220 + CD19 + CD22 + B lymphocytes are important mediators of humoral immunity. In cancer, they can promote disease progression by secreting pro-tumorigenic cytokines and altering TH1-to-TH2 ratios. Their importance in supporting tumor growth is evident in B cell-deficient mice, which exhibit resistance to engraftment of certain syngeneic tumors.

Immune context in breast cancer

Elements that impact antitumor immunologic activity include the composition of immune cell type as well as their location, density and function. The density of the immune cells can be impacted by the presence of tertiary lymphoid structures (TLS) [START_REF] Fridman | The immune contexture in human tumours: impact on clinical outcome[END_REF] and chemokines.

The composition of infiltrating CD45 + cells in breast cancers consists of a majority of T cells (60 -90%) together with B cells (<20%), monocytes (<10%), NK cells (<5%), or NKT cells [START_REF] Gu-Trantien | CD4⁺ follicular helper T cell infiltration predicts breast cancer survival[END_REF]. Traditionally, CD8 + cytotoxic lymphocytes (CTLs) have been considered as a key component of effective antitumor immunity. Breast tumors with higher levels of infiltrating CD8 + T cells have been associated with a better patient survival [START_REF] Mahmoud | Tumor-infiltrating CD8+ lymphocytes predict clinical outcome in breast cancer[END_REF][START_REF] Mahmoud | CD8(+) T lymphocytes infiltrating breast cancer: A promising new prognostic marker?[END_REF] like most of the other tumor types. However, studies have also shown that CD8 + T cells frequently fail to fully function in vivo, if there is a lack of adequate CD4 + T cell help [START_REF] Bos | Functional differences between lowand high-affinity CD8(+) T cells in the tumor environment[END_REF].

The current consensus is that IFNγ-producing CD4 + Th1 and CD8 + T cells, along with mature DCs, NK cells, M1 macrophages, and type 1 NKT cells can generate an effective, although frequently attenuated, antitumor responses, while CD4 + Th2 cells and type 2 NKT cells in cooperation with Tregs, myeloid-derived suppressor cells, immature DCs, or M2 macrophages suppress antitumor immunity and can also promote tumor progression [START_REF] Gu-Trantien | CD4⁺ follicular helper T cell infiltration predicts breast cancer survival[END_REF].

However, this generalization is not an absolute point at the evaluation of prognosis in breast cancer patients. The association of cell type can be variable: Th1 cells to be good or 'no correlation', Th2 cells to be good or 'no correlation', and Tregs to be 'no correlation' or poor [START_REF] Fridman | The immune contexture in human tumours: impact on clinical outcome[END_REF]. The tumor progress and immune state are likely the consequences of the various immune contexture even though there are still apparent tendencies represented by specific cell types. Recently, CXCL13-producing CD4 + Tfh cells were shown to distinguish extensive immune infiltrates, principally located in tertiary lymphoid structure germinal center. Tfh along with the CXCL13 were associated with better prognosis of breast cancer patients [START_REF] Gu-Trantien | CD4⁺ follicular helper T cell infiltration predicts breast cancer survival[END_REF].

Tregs are suppressive actors so that poor prognosis looks logical. However, in some cases, even presence of Tregs indicates the presence of infiltrating immune cells. The tumors with abundant of TILs are called "Hot" tumor and those with poor or absent of TILs, "Cold" tumor. Hot tumors are considered to have better prognosis than cold tumor but again, it depends on the total contexture of various elements. Combinational effects of the existing factors in the TME together shape the consequence of the tumor progression.

Briefly, successful immunotherapy should convert cold tumor to hot tumor by increasing functional CTLs at the tumor site accompanied with functional quality, by recruiting active antitumoral immune cells and by reprograming TME into an immune active status without suppressive polarization.

Inflammation and cancer

As a reaction to infection or other harmful stimuli, inflammation is often observed.

Inflammation is composed of complex biological responses and its classical signs are heat, pain, redness, swelling and loss of function. Acute inflammation is initiated by the resident immune cells already present in the involved tissue, mainly resident macrophages, dendritic cells, histiocytes, Kupffer cells and mast cells.

These cells sense the abnormality through Pattern recognition receptors (PRRs), release cytokines, histamine and serotonin, eicosanoids such as prostaglandin and leukotriene to mediate a rapid vasodilatation and a permeabilization of the blood vessels.

Matzinger in 1994 postulated "Danger Theory" for the release of alarmins or danger signals [START_REF] Matzinger | Tolerance, danger, and the extended family[END_REF], later termed as "Damage-associated molecular patterns (DAMPs), which are the molecules that are secreted, released or surface exposed by dying or stressed cells.

Carcinogenesis is the result of the interplay of multiple processes, which include genomic instability, proliferative abnormality, reprogramming of the stromal environment, and aberrant differentiation. Acute inflammation contributed to the regression of cancer but chronic inflammatory diseases are frequently associated with increased risk of cancers [START_REF] Coussens | Inflammation and cancer[END_REF]. The examples are inflammatory bowel disease in association with colorectal cancer, gastric Helicobacter pylori in association with adenocarcinoma and mucosa-associated lymphoid tissue lymphoma and hepatitis B and C viruses in association with hepatocellular carcinoma. The risk of esophageal cancer, pancreatic cancer, and bladder cancer may be increased by inflammatory diseases, such as esophagitis. Chronic inflammation damages the tissue and the tissue gradually increases its proliferative activity, becoming tissue atrophy, metaplasia then dysplasia. Dysplastic changes are often found adjacent foci of cancer.

Innate immunity

In a situation of infection, at the entrance of microbes to the body through mucosa, germline-encoded PRRs are responsible for sensing the presence of the microbes by recognizing Pathogen associated molecular patterns (PAMPs) like Toll like receptor (TLR) ligands (Table 8) or, endogenous molecules released from damaged cells (DAMPs).

It is well known that PRRs are expressed in macrophages and DCs but other cells of immune cells as well as non-immune cells express PRRs. Majority of the cases, ligandbindings to PRRs leads to production of cytokines or, caspase-1. Stimulation to those receptors lead to accumulate DCs and macrophages. DCs and macrophages digest the microbe and present the antigen on their surface, then enter local blood vessels to immigrate to lymph nodes. It reacts immediately by virtue of the germline-encoded receptors, the innate immune cells and the cascades of immune activating molecules.

Adaptive immune response is a reaction that is acquired specifically responding to the experienced pathogen or other antigens, which enable the host to eliminate them more rapidly and effectively after the second exposure to the same antigen. Innate and adaptive immunity had been considered as lower and higher levels of immune systems respectively.

The adaptive immunity had attracted more academic interests, until Hoffman reported the existence of spätzle/Toll/cactus/dorsal was essential if the fly was to mount a potent antifungal response [START_REF] Lemaitre | Pillars article: the dorsoventral regulatory gene cassette spätzle/Toll/cactus controls the potent antifungal response in Drosophila adults[END_REF]. Innate immunity is currently recognized as sophisticated control system as well and is indispensable for establishing effective adaptive immunity.

Moreover, some of innate immune cells were revealed to have some extent of adaptation to the experienced antigens by the epigenetic memory.

Another way of recognizing the structure is through the situation termed "missing self-recognition" mainly by NK cells to detect infected or stressed cells [START_REF] Kärre | Selective rejection of H-2-deficient lymphoma variants suggests alternative immune defence strategy[END_REF]. Missingself theory was first proposed by Kärre in 1986, which suggested NK cells are effector cells in a defense system geared to detect the deleted or reduced expression of self-MHC. This theory was verified partially correct based on the discovery of suppressing receptor on NK cell bind to MHC I. However, it is now known that the cancer cells which express MHC I can be also the target of NK cells with the combinational recognition of various suppressing and activating receptors. The details of NK cell recognition will be discussed later in this chapter. 

Macrophages

Significant data have shown a causal role for macrophages in cancer initiation or promotion because of their central status as mediators of inflammation. The macrophages at the tumor site often show distinct phenotype and are termed Tumor Associated Macrophages (TAM). Like Th1 and Th2 polarization, two distinct states of polarized activation for macrophages have been recognized: the classically activated (M1) macrophage phenotype and the alternatively activated (M2) macrophage phenotype.

M1 expresses Th1 cell-attracting chemokines and M2 expresses Th2 cell-attracting chemokines ( 83). Yet, there are intermediate state of M1 and M2, emphasizing the heterogeneity of macrophage functional states [START_REF] Biswas | Macrophage plasticity and interaction with lymphocyte subsets: cancer as a paradigm[END_REF].

Tumor promoting mechanism by macrophage includes angiogenesis ( 85 were shown to synergistically promote cathepsin secretion by macrophages, thereby enhancing tumor invasion and metastasis [START_REF] Yan | STAT3 and STAT6 Signaling Pathways Synergize to Promote Cathepsin Secretion from Macrophages via IRE1α Activation[END_REF]. M2 promote EMT in pancreatic cancer cells, partially through the TLR4/IL-10 signaling pathway [START_REF] Liu | M2-polarized tumorassociated macrophages promoted epithelial-mesenchymal transition in pancreatic cancer cells, partially through TLR4/IL-10 signaling pathway[END_REF]. TAMs also promote CSClike properties via TGF-β1-induced EMT (89). Antigen presentation through MHC II starts with endocytosis of exogenous proteins. The protein that was internalized into endosome by endocytosis is digested by protease into peptides. Antigen presentation through MHC I can depend on two possible mechanism. One is the digested proteins produced in the cytoplasm. For example, DC which was infected with virus presents part of virus particles in MHC I present to CD8 + T cells. Second mechanism called cross presentation is that some DC phenotypes can internalize exogenous antigens and present to MHC I. In both cases, effective activation of naïve T cells requires costimulatory molecule expressions like CD80 and CD86 in addition to the antigen presentation by MHC molecule, otherwise it results in anergy.

Dendritic cells

Dendritic cells (DCs

Tumor infiltrating DCs (TIDCs) have been found in the TME in many cancer types.

Its association with prognosis may not be evaluated only by the amount of dendritic cells but depends more on the phenotype and polarization capability of the dendritic cells [START_REF] Janco | Tumor-infiltrating dendritic cells in cancer pathogenesis[END_REF].

TIDCs often express immune suppressive markers like PD-1 ( 92) and TIM-3 [START_REF] Chiba | Tumor-infiltrating DCs suppress nucleic acid-mediated innate immune responses through interactions between the receptor TIM-3 and the alarmin HMGB1[END_REF].

Furthermore, TIDCs participate creating suppressive immune TME by releasing IDO [START_REF] Chiba | Tumor-infiltrating DCs suppress nucleic acid-mediated innate immune responses through interactions between the receptor TIM-3 and the alarmin HMGB1[END_REF]. IL-10, TGF-β, Arginase released from tumor cells may change DCs into suppressive phenotype [START_REF] Kusmartsev | Antigen-specific inhibition of CD8+ T cell response by immature myeloid cells in cancer is mediated by reactive oxygen species[END_REF].

Myeloid-derived suppressor cells (MDSC)

One of the most prevalent mechanisms of immune evasion in cancer patients is through the suppressive activity of MDSCs. In the early 1900s, an increase in extramedullary hematopoiesis and neutrophilia, was originally described as one of tumor progression [START_REF] Sonnenfeld | Leukamische reaktiones bei carcinoma[END_REF], which was later shown to result in immune evasion and tumor vascularization. Classically, this occurs within the host macroenvironment with an increased level of hematopoietic colony-stimulating activity in serum [START_REF]Granulocytosis in Neoplasia[END_REF] and abnormal myeloid cell differentiation (Figure 17). That results to a bidirectional molecular crosstalk between tumor cells and myeloid progenitor cells. These abnormal myeloid cells were described as veto cells, null cells or as natural suppressor cells [START_REF] Bennett | Systemic bacillus Calmette-Guerin (BCG) activates natural suppressor cells[END_REF]. These cells lacked membrane markers for mature T cells, B cells and NK cells, as well as macrophages, resulting in the nomenclature of null cells. In recent years, the concept of MDSCs was introduced to reflect the abnormal nature of myelopoiesis in cancer. MDSCs are functionally defined as immunosuppressive, immature myeloid cells (99) that maintain normal tissue homeostasis in response to various systemic insults, including infection and traumatic stress.

Murine MDSCs

Murine MDSCs have recently been subdivided by the expression of lymphocyte antigens Ly-6C and Ly-6G. CD11b + Ly-6G low Ly-6C hi cell preferentially express iNOS, increase T cell suppressive activity and are termed monocytic-MDSCs (Mo-MDSCs)(100). This contrasts with CD11b + Ly-6G + Ly-6C low cells that express high levels of arginase 1 (ARG1) and are termed as granulocytic-MDSCs (G-MDSCs). These cells have a polymorphonuclear (PMN) morphology and, therefore, the term PMN-MDSC is used interchangeably with the term G-MDSC.

G-MDSC subset is the predominant MDSC population in tumor-bearing mice (100).

This subset distinction can also be clarified by CD11b and GR1 expression (101). Two cellular fractions are generally recognized, a GR1 bright subset that is mainly composed of G-MDSCs, and a GR1int subset that encompasses Mo-MDSCs.

TAMs are a cellular population that can be histologically confused with MDSCs, but that are defined as mature, differentiated macrophages (102). Distinguishing MDSCs from macrophages and granulocytes can be technically challenging. Murine Mo-MDSCs express low levels of F4/80 and higher levels of GR1 than TAMs (103). Mo-MDSCs are a mixture of myeloid progenitor cells in varying stages of differentiation ( 104), which can differentiate into macrophages, DCs or granulocytes.

Human MDSCs

Human MDSCs were initially defined as HLA-DR -CD33 + (105) or CD14 -CD11b + cells [START_REF] Hanahan | Hallmarks of cancer: the next generation[END_REF], with both phenotypes identifying cell populations with T cell suppressive activity. Recently, more rigorous markers have defined MDSC subsets, including Mo-MDSC expression of CD14 +/dull (106) and G-MDSC expression of CD15 + , as primarily observed in patients with advanced renal cell carcinoma (106). Similar to murine MDSCs, human MDSCs are hematopoietic progenitors that can differentiate into not only granulocytes and monocytes, but also into endothelial cells and osteoclasts.

MDSC infiltration in tumor

MDSCs within tumors have been shown, in 4T1 breast tumor model, to be derived from splenic and hepatic extramedullary hematopoiesis before tumor infiltration (107).

Cells with a natural suppressor phenotype and function were also identified at sites of intense hematopoiesis and found to be increased in number by tumor secretion or by exogenous administration of hematopoietic growth factors, including granulocytemacrophage colony-stimulating factor (GM-CSF) and granulocyte-CSF (G-CSF) (108).

The regulation of MDSC is summarized in Table 9. 

Mechanisms of immunomodulatory functions by MDSCs

The mechanisms of immunomodulatory functions can be generally grouped into four classes [START_REF] Gabrilovich | Coordinated regulation of myeloid cells by tumours[END_REF]. The first type of mechanism is the depletion of nutrients required by lymphocytes specifically, L-arginine through ARG1-dependent consumption (109) and L-cysteine deprivation (110). The depletion of these amino acids causes down-regulation TCR complex and proliferative arrest of activated T cells.

The second type of mechanism is the generation of oxidative stress, which is caused by the production of ROS and reactive nitrogen species by MDSCs. These reactive species drive several molecular blocks in T cells leading to the desensitization of the TCR (111).

The third type of mechanism interferes with lymphocyte trafficking and viability.

Expression of ADAM17 (disintegrin and metalloproteinase domain-containing protein tumor cells and induced their stemness. This effect was mediated by up-regulation of microRNA-101 in ovarian cancer cells, which in turn targeted CtBP2, a co-repressor of stem cell genes (119).

Re-education potential of MDSCs

It has been shown in animal models that monocytic MDSCs can be reprogrammed to adopt an anti-tumorigenic phenotype in response to bacteria-mimmicking-stimulation of the immune system (120). This transition is accompanied by an increase in proinflammatory T helper type 1 (Th1) cytokines, a reduction in T cell-suppressive factors (for example, arginase-1 or nitric oxide) and differentiation of MDSCs into M1like macrophages.

NK cells

NK cells are differentiated from common lymphoid progenitor in bone marrow and circulating blood. Cytotoxicity mechanism is similar as that of cytotoxic T cells; Lytic granule is released to the surface of the target cells. Effector proteins pass through cell membrane and lead to programmed cell death. Modified from [START_REF] Lanier | NK cell recognition[END_REF]Choissone. 2018 (122, 123) Other important mechanism that NK cell's surveillance of abnormality is to sense the stressed cells. One example is the activation of NK cells via activating receptor NKG2D. NKG2D interacts with self-molecules that are selectively up-regulated on stressed cells, such as tumor cells (124). The ligands for NKG2D are stress-inducible proteins, namely: MICA (MHC class I polypeptide-related sequence A), MICB and members of the ULBP (also known as RAET1) family in humans (125, 126), which may be up-regulated at DNA damage and immune response.

Evidences for NK cell role in tumor surveillance have been addressed in correlative studies. In an 11-year follow-up study, it was found that a low NK-like cytotoxicity of peripheral blood lymphocytes correlates with an increased risk for cancer (127). However, in established tumors, there are often only a few infiltrating NK cells.

Low NK cell numbers in tumors are likely due to their inefficient homing into malignant tissues.

Rejection of NKG2DL-expressing tumor cells was due to the activity of NK cells and CD8 + T cells and depending on functional NKG2D ( 128 

Adaptive immunity

When the tumor cells appear, how it's seen by the immune cells?

Self/Non-self theory is one of the principles for the cases of infection. It is different when we think about the immunity against the tumor, it is developed from self except the tumor caused by the infection of cancer inducing viruses. One proposed self/altered self theory for cancer.

Cancer rejection epitopes may be derived from two classes of antigens. A first class of potential cancer rejection antigens is formed by nonmutated proteins to which T cell tolerance is incomplete. A second class of potential cancer rejection antigens is formed by peptides that are entirely absent from the normal human genome, so-called neoantigens.

For the large group of human tumors without a viral etiology, such neo-epitopes are solely created by tumor-specific DNA alterations that result in the formation of novel protein sequences. For virus-associated tumors, such as cervical cancer and a subset of head and neck cancers, epitopes derived from viral open reading frames also contribute to the pool of neoantigens.

Investigation revealed that the vast majority of mutations within expressed genes do not lead to the formation of neoantigens that are recognized by autologous T cells (131, 132) Although such T-cell reactivity only involves a small fraction of the total mutanome (around 0.5% of mutated peptides) in individual subjects, CD4 + T-cell reactivity against the autologous mutanome was nevertheless observed ( 133)

How could T cells be triggered to reject tumors expressing weak self antigens?

The answer is based on how the repertoire of host T cells is selected during development. Any immature T cell with high-affinity TCRs for a self-antigen is deleted during its early development in the thymus; this process leads to destruction of more than 90% of immature T cells. Elimination of these high-affinity T cells is necessary to avoid the development of autoimmunity. However, despite this stringent selection, the immune repertoire is replete with mature, naïve, self-reactive T cells that have TCRs with relatively low affinity for self-antigens. These weak self antigens are incapable of inducing immune responses. However, if T cells against these apparently ineffective self antigens can somehow be activated through vaccination or other means, then these T cells can reject tumors presenting these antigens (134, 135).

T cells

At T cell development, T cell progenitor population moves into thymus from bone marrow and the differentiation to T cells start with interaction with thymic stroma cells.

The antigen-recognizing-molecule of T cells are called TCR consists of variable (V) region and constant (C) region. TCR structure is similar to immunoglobulin but TCR recognizes antigen-MHC complex.

MHC is highly polymorphic and the major difference present in the peptide-binding groove. The peptides which binds to the MHC I is usually constituted with 8-10 amino acids which binds to the both ends of the peptide-binding groove though longer peptides can bind to MHC I when it can bind to the binding sites; two anchors on the both sides of MHC molecule. In contrary to MHC I, there is no theoretical restriction of peptide length for MHC II for antigen binding (however, majority of the cases are 13-17 amino acids).

When CD4 + CD8 + T cells recognize antigen-MHC complex presented on cortical thymic epithelial cells (cTECs), they receive critical survival signals and differentiate into CD4-and CD8-single-positive T cells according to their affinity to MHC II and I,respectively (136). This process of T cell selection and acquisition of MHC restriction is called 'Positive selection' followed by 'Negative selection', which eliminates majority of the autoreactive T cells. Medullary thymic epithelial cells (mTECs) express a great many tissue-restricted antigens (TRAs) (137), a process which allow the deletion of autoreactive T cells specific for the antigens that would otherwise only be encountered in the periphery. Although most autoreactive CD4 + T cells are negatively eliminated in the medulla, a portion of them differentiate into Treg cells, which are characterized by Foxp3 expression and specialized in the control of peripheral immune tolerance (138).

High-affinity TCRs specific for tumor-associated (self) antigens (TAAs) are rarely present in the human T-cell repertoire, because tolerance mechanisms select against T cells with TCRs that have a high affinity for self-antigens. Although central-tolerance mechanisms are efficient, they cannot eliminate all self-reactive lymphocytes, in part because not all self-antigens are expressed at thymus. Therefore, peripheral-tolerance mechanisms exist, and these are crucial to control tolerance of lymphocytes that first encounter their cognate self-antigens outside of the thymus-such as food antigens, developmental antigens, and antigens displayed during chronic infection. Both anergy and deletion of self-reactive T cells can occur in the periphery (139) (Figure 19). 

Cytotoxic T lymphocyte (CTL)

Lymphocyte-mediated killing could be confined to two pathways, the perforin/granzyme-mediated and the Fas-mediated pathways. The perforin-dependent pathway is dominant in CD8 + cytotoxic T lymphocyte (CTL) and NK cells (142). In NK cells, granules are pre-formed, although its activity can be increased by cytokines like IL-2 and IFNγ. NK cells are thus constitutively armed and can kill within minutes of the first stimulation of activating receptors, but they generally do not proliferate significantly in response to these stimulations.

In contrast, naïve CD8 + CTL precursors have no cytotoxic capability and must undergo an activation process requiring 1-3 days for maximal activity. This activation process requires TCR-stimulated induction of cytokine receptors, which then induce the expression of granule components, including perforin and granzymes. The same signals that activate CD8 + cells also stimulate their proliferation. antigen-specific CD8 + can expand several orders of magnitude (143).

When T cells receive specific signals to activate via the TCR, transcriptional mechanisms are activated that lead to the production of cytotoxic granules and their constituent proteins (144). Upon target-cell-identification and conjugation, specific signals are generated in the effector lymphocytes that cause the granules to migrate to the site of contact. At the cell surface, the granule fuses with the plasma cell membrane, and its contents are secreted into the tight intracellular junction formed between the two cells. Once conjugated to a target cell, the cytotoxic secretory granules traffic to the immunological synapse and release a cargo of deadly proteins including perforin, granzyme and granulysin1 into the synaptic cleft (Figure 21). Granzyme B is the most powerful pro-apoptotic granzyme, as its ability to cleave target cell proteins at sites after selected aspartate residues mimics the caspases. This 'imposed' death is rapid and effective; the exposed target cells die within 5-8 minutes by apoptosis (146).

Regulatory T cells

Differentiation of Tregs

In 1971, Gershon and Kondo identified so-called "suppressor" cells when they transferred antigen-specific tolerance to naive animals by transferring antigenexperienced T cells (147). Sakaguchi et al. proposed in 1995, a T-bet, a key transcription factor in Th1 effector cell differentiation, can be induced in Foxp3 + Treg cells enables them to migrate, and accumulate at the sites of Th1 responses. This cell trafficking was through the expression of CXCR3 and led to specifically suppress Th1 reaction (151). IRF4, transcription factor to engage Th2, can form complexe with Foxp3, which suppress Th2 responses (152). Foxp3 is a forkhead box transcription factor whose expression is restricted to Treg cells, although under some circumstances conventional T cells can transiently express Foxp3 (153).

Function of Tregs

Under normal physiological conditions, Tregs regulate the expansion and activation of T and B cells and have a critical role in maintaining the homeostasis of innate CTLs (154). However, in some tumor types including breast cancer and hepatocellular carcinoma, increased numbers of Tregs correlate with reduced OS (155, 156), whereas in other types, such as colorectal cancer, Treg cells are associated with improved survival.

CD25 is a good marker for Tregs in experimental animals that are held under pathogen-free conditions. However, humans are constantly exposed to foreign antigens, leading to a significant fraction of recently activated CD25 + effector T cells. In search of more specific Treg markers, the transcription factor Foxp3 has been identified as uniquely expressed in Tregs (157) and expression has been proposed as a lineage marker. Tumor-derived prostaglandin E2 resulted in an increase of Treg activity and Foxp3 expression.

Characteristics of CD4 + CD25 high

nTregs and iTregs in cancer

Treg cell populations can be divided into two major groups: the thymus-derived Treg cells, known as natural Treg (nTreg) cells, and those that are extrathymically derived, known as induced Treg (iTreg) cells ( 163). An early experiment using transplanted tumors showed extensive proliferation of Treg cells in the tumor bed and draining lymph nodes in TGF-β dependent manner (164). The tumor may provide an environment in which iTreg cells are generated, in which nTreg cells proliferate, or into which nTreg cells are attracted. Another study postulates that preexisting human Treg cells (likely nTreg cells) migrated into the tumors due to attraction by CCL22 present in the tumors (165) . TGF-β was shown not only to induce iTreg cells, but also to expand preexisting Treg cells (nTreg cells) (166).

Helper T cells

A subset of the CD4 + cells, including natural regulatory cells and NK T cells (NKT cells), are already distinct differentiated cells on release from the thymus (167). In addition to classical T-helper 1 (Th1) and T-helper 2 (Th2) cells, the distinct cell types have been identified, including T-helper 17 (Th17), follicular helper T cell (Tfh), the regulatory type 1 cells (Tr1) and the potentially distinct T-helper 9 (Th9). The differentiation of the different lineages depends on the complex network of specific cytokine signaling and TFs followed by epigenetic modifications (Figure 23).

The initial step of differentiation of the naïve cells is the antigenic stimulation as a result of interaction of TCR and CD4 as co-receptor with antigen-MHC II complex, presented by APCs. TCR coupled with CD3 activation consequently induces a network of downstream signaling pathways that eventually lead to naïve cell proliferation and differentiation into specific effector cells. Lineage-specific differentiation depends on the cytokine milieu of the microenvironment, as well as on the concentration of antigens, type of APCs, and costimulatory molecules (168). Central memory T (TCM) cells are mainly CD62L hi CCR7 hi and home to secondary lymphoid organs and bone marrow. Effector memory T (TEM) cells are defined based on a CD62L low CCR7 low phenotype and are most commonly found in non-lymphoid tissues.

Functionally, there are some notable differences: TCM cells tend to mount more robust recall responses and produce IL-2, whereas CD4 + TEM cells are immediate producers of cytokines such as IFNγ and tumor necrosis factor and CD8 + TEM cells are immediate producers of cytotoxic proteins. TRM cells are CD103 hi CD69 hi CD27 low and persists in peripheral tissues and does not recirculate (188).

TCM stimulated in vitro appear to be heterogeneous in their ability to differentiate. Some cells can be propagated in a non-effector state by stimulation under neutral conditions and can be induced to differentiate to Th1 and Th2 upon stimulation in the presence of IL-12 or IL-4, respectively. When compared with naïve T cells, TCM have higher sensitivity to antigenic stimulation, are less dependent on co-stimulation, and upregulate CD40L to a greater extent, thus providing more effective stimulatory feedback to DC and B cells. Following TCR triggering, TCM produce mainly IL-2, but after proliferation they efficiently differentiate to effector cells and produce large amounts of IFNγ or IL-4.

In the tumor and chronic viral infection, the generation of functioning memory T cell population is disturbed, primarily because the cognate antigens are not eliminated which results in dysfunction of both effector T cells and memory T cells. The presence of high levels of infiltrating memory CD45RO + effector-memory CD8 + T cells, correlated with the absence of signs of early metastatic invasion, a less advanced pathological stage, and increased survival (189). Recent report using chronic infection model, transcription factor IRF4 promoted CD8 + T cell exhaustion and limits the development of memorylike T cells during chronic infection (190). The formation of effector-memory CD8 + T cells producing the effector cytokines IFN-l and TNF predicts the degree of therapeutic efficacy of these vaccines (191).

Additionally, tissue resident memory T cells appear to possess important components in tumor immune surveillance. It was shown that Tissue-resident memory T cells of natural TRM cells or cancer-vaccine-induced TRM directly control tumor growth.

TRM infiltration into various human cancers, including lung cancer, are correlated with better clinical outcome independently of CD8 + T cells. TRM cells also predominantly express checkpoint receptors such as PD-1, CTLA-4 and TIM-3. Blockade of PD-1 with neutralizing antibodies on TRM cells isolated from human lung cancer promotes cytolytic activity toward autologous tumor cells (192,193).

Cross reaction, allo/xeno reaction by T cells

Reactions against allo/xeno products

As we used allo-derived and xeno-derived cells for the vaccination, I would like to discuss about the immune reactions that can be expected when we used those products.

As a core of the adaptive response and especially one of the important parts of the vaccination strategy rely on the correct recognitions of the antigens by T cells, which leads to the development of the immune memory against those antigens. The antigenic peptides that are placed on the MHC molecule are subject to be censored by TCR. In the classical view, TCR recognize peptide-MHC complex (pMHC) which is constituted with only self-MHC by positive selection in thymus. However, it is estimated that 1-10% of TCR react to non-self MHC molecules (alloreactivity or xenoreactivity) (194).

The ability of a single TCR to recognize two distinct peptide/MHC complexes, termed T cell cross reactivity, occurs frequently and has been suggested to be critical to recognition of foreign antigen (195). It had been proposed that T cell cross reactivity was the result of similarities in the charge and/or shape of the antigenic surface presented to the TCR, an idea termed molecular mimicry. However, recent structural studies of crossreactive TCR ligands demonstrate that cross reactivity is not necessarily due to any obvious resemblance between pMHC surfaces (196). AHIII 12.2 CD8 + T cells was originally generated by injection of a human B cell into a C57BL/6 mouse. Previous studies with AHIII 12.2 T cells demonstrate that this T cell clone is xenogeneic and recognizes both human HLA-A2 in complex with the p1049 (ALWGFFPYL) peptide, and murine H-2 D b in complex with the p1058 (FAPGFFPVL) peptide (197,198). CD8 independence of xenoreactive p1049/A2 and CD8 dependence of p1058/D b is seen by multimer binding (199).

The study by Birnbaum et al. 

Structural evidences

The mechanism of T cell allo-and xeno-reactivity remains one of the paradoxes of modern immunology. The most popular model proposed to answer this paradox is that the molecular surfaces of the allo-or xeno-and syngeneic MHC antigens are similar in shape or/and charge regardless of their derivation.

It was suggested that TCR cross-recognition of these class I/peptide epitopes is not due to simple shape and/or charge mimicry (202). These observations can be best interpreted using a functional mimicry model, where TCR makes contacts with both common and different features on the two class I/peptide complexes and the mimicry is functional instead of structural. The common features between the two complexes mostly come from conserved residues and may help to steer TCR into a common orientation on different class I/peptide complexes (203). Speir et al. (204) hypothesized a modified molecular mimicry model, in which a critical local charge mimicry (formed by residues SerP7 and AspA77 in Kb/dEV8 and AspP8 and AsnA77 in Ld/QL9) contributes to the recognition of these two complexes by the same TCR. The functional mimicry model implies that TCR cross-reactivity, like antibody cross-reactivity, is almost unpredictable within the current knowledge.

B cells

B cell development encompasses a continuum of stages that begin in primary lymphoid tissue (fetal liver and fetal/adult marrow), with subsequent functional maturation in secondary lymphoid tissue (lymph nodes and spleen). The functional end point is antibody production by terminally differentiated plasma cells (205). Initial priming of naive B cells and subsequent cognate contact with Tfh cells initiate immunoglobulin class switching and the differentiation of some B cells into plasma cells. Priming naive B cells can be occurred by soluble antigens that freely diffuse into lymphoid follicles or by that are transported through the lymphoid system of conduits, subcapsular sinus macrophages or DCs.

In breast cancer, improved metastasis-free/progression-free survival was correlated with B cell-gene expression signatures, which were observed mainly to the basal-like and HER2-enriched subtypes with high expression of a low-diversity population of BCR gene segments (206). Three cohorts of untreated, node-negative breast cancer patients showed that the humoral immune system plays a pivotal role in metastasis-free survival of breast cancer (207).

Screening analysis of autoantibodies (AAbs) developed in basal-like BC identified 13 AAbs (CTAG1B, CTAG2, TP53, RNF216, PPHLN1, PIP4K2C, ZBTB16, TAS2R8, WBP2NL, DOK2, PSRC1, MN1, TRIM21) that distinguished from controls with 33% sensitivity and 98% specificity. Moreover, a strong association of TP53 AAbs with its protein expression (P =0.009) in BLBC patients and MN1 and TP53 AAbs were associated with worse survival (208). Autoantibodies directed at cytokeratin 5/6 and 14 were elevated in plasmas of pre-diagnosed human TNBC but not in luminal type of breast cancer (209). Moreover, AAbs targeting CTAG1B, CTAG2, and TP53 were significantly higher in BLBC patients' plasma compared to the other subtypes of BCs. Using TCGA breast cancer data they found CTAG1B, RNF216, and PSRC1 showing significantly elevated mRNA levels in BLBC compared with other subtypes.

In a survey of naturally occurring CD4 + T cell responses against NY-ESO-1 in melanoma patients, no patients that tested seronegative for NY-ESO-1 had detectable CD4 + T cell responses. On the contrary, 11 of 13 cancer patients with serum antibodies to NY-ESO-1 had polyclonal CD4 + T cell responses directed against various known and previously undescribed NY-ESO-1 epitopes. NY-ESO-1 peptide 80-109 was the most immunogenic, with 10 of 11 patients responding to this peptide (210). Majority of patients with advanced cancers developing NY-ESO-1 specific antibodies and CD8 + T cells in response to their own tumors. Another survey of anti-HER2 immunity in breast cancer patients has shown that some patients have both existing CD4 + helper/inducer T-cell immunity and antibody-mediated immunity to HER2 protein. (211).

Cytokines

TGF-β

TGF-β has been suggested to be the principal immune-suppressive factor secreted by tumor cells. TGF-β suppresses IL-12 substantially and inhibits IL-2 and interleukin-2induced proliferation in T cells (212). In CD8 + cytotoxic T and NK cells, TGF-β is a strong antagonist of IFNγ production. TGF-β has a negative effect on B-cell proliferation and differentiation (213). TGF-β is needed for the differentiation of both Th17 and iTregs. In breast cancer patients, raised TGF-β1 serum concentrations were independently detected and were associated with poor prognosis and with metastases. 

Tumor necrosis factor (TNF)-α

Macrophages respond to inflammatory stimuli by immediate production of TNF-α, IL-1, and other chemokines. TNF-α and IL-1 are described as acute-response cytokines.

The principal function of TNF-α is to stimulate the activation and recruitment of neutrophils and monocytes to sites of inflammation. Malignant cells constitutively produce small amounts of TNF-α, causing hyperpermeability of blood vessels. This effect promoted pleural effusion in a lung-cancer model (216). Increased serum concentrations of TNF-α were described in eight independent cancer types including breast cancer. In established tumors, TNF-α contributes to the maintenance of a proinflammatory environment.

Chemokines

Chemokines are small, secreted proteins that are best known for their roles in mediating immune cell trafficking and lymphoid tissue development (217). The chemokines are the largest subfamily of cytokines and can be further subdivided into four main classes depending on the location of the first two cysteine (C) residues in their protein sequence: namely, the CC-chemokines, the CXC-chemokines, C-chemokines and CX3C-chemokines (218). There is an important degree of redundancy in the chemokine superfamily, with many ligands binding different receptors and vice versa. The numbers and types of cell that make up the leukocyte infiltrate in solid tumors are related to the local production of chemokines by both the tumor cells and stromal cells (219).

Recruitment of T cells and NK cells

Effector CD8 + T cells, Th1 cells and NK cells express CXCR3, which is the receptor for the Th1-type chemokines CXCL9 and CXCL10, and they can migrate into tumors in response to these chemokines (Figure 24). Increased levels of CXCL9 and CXCL10 are associated with increased numbers of tumor-infiltrating CD8 + T cells, and correlate with decreased levels of cancer metastasis and improved survival in patients with ovarian cancer and colon cancer (189, 220). 

Recruitment of Tregs

Tregs express CCR4 and are recruited in response to CCL22, which is produced mainly by macrophages and tumor cells (165). Tregs express CCR10 and migrate in response to the CCL28 that is found in hypoxic regions (222). High frequencies of Treg cells are found in the bone marrow, via the CXCL12-CXCR4 signaling pathway, which supports metastasis to bone marrow (223).

Chemokine expressions on tumor cells, migration and metastasis

Infiltrating leukocytes are not the only cells that respond to chemokine gradients in cancers; cancer cells themselves can express chemokine receptors and respond to chemokine gradients. Organ-specific metastasis might be governed, in part, by interactions between chemokine receptors on cancer cells with metastatic potential and chemokine gradients in target organs.

CXCR4 expression is generally a characteristic of the malignant epithelial cells.

Vascular endothelial growth factor (VEGF) can induce the expression of CXCR4 (224).

Furthermore, in breast cancer, the transcription factor NF-κB which controls cell motility, upregulates CXCR4 (225). High CXCR4-expressing breast tumors also produced more extensive nodal metastasis compared with low CXCR4-expressing tumors. Subpopulations of breast cancer cells with increased metastatic abilities in nude mice are characterized by the overexpression of four genes including CXCR4 (225). In another breast cancer mouse model, daily treatment of tumor-bearing mice with an antagonist of CCR1 and CCR5 (receptors of CCL5) led to anticancer effects at doses similar to those that have activity in animal models of inflammatory disease (219).

Chapter 3: Cancer immunotherapy

History

While the recent major success of cancer immunotherapy, the relationship between cancer and immune system has been recognized since long time. Some physicians have remarked that there are more numbers of cancer developments in immune deficient patients and there are some reports of individuals whose tumors spontaneously regressed after infections by pathogens etc.

In late 1800s, Busch and Fehleisen independently observed the regressions of the tumors after spontaneous erysipelas infection, followed by the identification of Streptococcus pyogenes (226,227). Coley injected heat-inactivated bacteria (Coley's toxins) to inoperable patients in 1891 and has seen many cases of the regressions or cure of the tumors (228). After certain period of less interest to this type of cancer treatment RNA vaccines are composed of RNAs, which are translated into protein antigens.

Two major types are non-replicating mRNA and virally-derived, self-amplifying RNA.

Naked mRNA is quickly degraded by extracellular RNases and is not internalized efficiently. Therefore, a great variety of transfection reagents have been developed that facilitate cellular uptake of mRNA and protect it from degradation. Once the mRNA is internalized to cytosol, the cellular translation machinery produces protein that undergoes post-translational modifications, resulting in a properly folded, fully functional protein, which is the functionally target of RNA vaccines.

One recent successful example is RNA personalized vaccine targeting mutations in stage III and IV melanoma patients after exome and RNA-sequencing of the tumor.

Mutations encoding for peptide variants were predicted to bind to HLA class I and II.

Following vaccination, all 13 patients showed significantly reduced cumulative recurrent metastatic events and sustained PFS (252).

Viral based vaccines

The rationale for using viruses as immunization vehicles is based on the phenomenon that viral infection often results in the presentation of MHC class I/II restricted. The viral vectors with low disease-causing potential and low intrinsic immunogenicity are engineered to encode TAAs (248). Viral based vectors in cancer vaccines include Poxviridae family, such as vaccinia, modified vaccinia strain Ankara (MVA), and the avipoxviruses (fowlpox and canarypox; ALVAC), adenovirus and Herpes simplex virus type 1 (HSV-1) (253)

Immunological perspective behind cancer vaccine

To date, the therapeutic cancer vaccines that have been applied to tumor-bearing patients have shown little success. Clinical responses occur in only 5-10% of the patients, whereas 80% of the patients do not show any sign of tumor regression (254). The initial view of the process occurring in the responding patients had been that the CTLs that were activated by the vaccine would have to move in large numbers to the tumor sites and directly destroy the tumor cells. However, the findings so far add and correct this viewpoint.

First, large numbers of T cells directed against various tumor-specific antigens are already present in the blood and the tumor before vaccination (255). Second, in most responding patients, very low numbers of anti-vaccine T cells are observed in blood and into the tumors. The frequency of these T cells in regressing tumors can be as low as 1 per 10 6 tumor cells (256). Third, in the regressing tumor, we observe a considerable expansion of pre-existing and new T cells against various antigens expressed by the tumor, so that the frequency of these antitumoral T cells can reach 1 per 100 tumor cells (257).

It is now clear that most patients with melanoma produce a spontaneous T cell response against their tumor (258). In many patients, this attempt at eliminating the tumor evidently fails and a large number of antitumor T cells remain in an inactive state. Inside the tumors, this anergy seems to be reinforced by an immunosuppressive environment.

For the vaccinated patients who show tumor regression, it is also speculated that vaccination produces a spark that reactivates the anergic memory T cells that recognize tumor antigens This revised view has several consequences. First, even if only a fraction of the tumor cells expresses the vaccine antigen, this should not prevent a rejection response because the sparking effect results in the activation of CTLs that are directed against other antigens (254). Immunosuppressive tumor microenvironment could prevent the sparking effects of vaccine and T cell response (259).

Adoptive cell therapy

Adoptive cell therapy mostly involves the isolation and ex vivo expansion of tumorspecific T-cells, followed by infusion back into the cancer patient or, intratumoral injection. As a molecular form, it includes TILs, TCR T cells and Chimeric Antigen Receptor T (CAR T) cells. T cells are obtained directly from peripheral blood or from tumor; isolating and expanding particular T-cell clones.

TCR-based therapy uses T cell which has genetically engineered TCR to target specific tumor antigens. First clinical trial has used TCR that bound an HLA-A2restricted peptide from a melanocytic differentiation antigen (260) in which 2 of 13 patients experienced tumor regression upon adoptive transfer of autologous T cells engineered to express a MART-1-reactive TCR. A follow-up study utilizing TCR with higher-avidity targeting MART-1 epitope showed an improved response (6 of 20).

Unfortunately, severe on-target off-tumor toxicity, mostly affecting normal melanocytes in the skin, eye, and ear highlighted the need to target antigens (nearly) absent in critical normal tissues in TCR-based therapy.

Chimeric antigen receptor T (CAR T) cells

A CAR combines antigen-binding domains (a single-chain variable fragment (scFv) derived from the variable domains of antibodies) with the signaling domains and The molecular structure of CAR T cells has been evolved which have delivered improved results. Second-generation CAR T cells targeting CD19 and encoding costimulatory domains brought unexpected outstanding success. CD19 is often highly expressed in B cell malignancies and it is not expressed outside of the B cell lineage. CD19-specific CAR T cell treatment yielded 70% response rates in patients with B-cell acute lymphoblastic leukemias. However, therapy resistance was also emerged caused by the loss of the antigenic epitope on CD19. The underlying mechanism was that the selection for preexisting alternatively spliced CD19 isoforms (263).

Despite its remarkable results in clinical trials, some deaths have occurred in the trial due to massive cytokine release (cytokine storm) and cerebral edema (261). To provide enhanced specificity toward tumors, combined sensing approaches are increasingly being developed that target two or more antigens. Kloss et al., demonstrated that co-transduced T cells destroy tumors that express both prostate tumor antigens (PSMA and PSCA) but do not affect tumors expressing either antigen alone (264).

Immune check point inhibitors (CPIs)

Under normal physiological conditions, immune checkpoints are crucial for the maintenance of self-tolerance and also to protect tissues from damage when the immune system is responding to pathogenic infection. However, the expression of immune checkpoint proteins can be dysregulated by tumors as an important immune resistance mechanism. The antibodies that block immune checkpoints target immune receptors or their ligands in order to enhance endogenous antitumor activity.

Various ligand-receptor interactions between T cells and APCs that regulate the T cell response have been found. These responses can occur at the initiation of T cell responses. In general, T cells do not respond to these ligand-receptor interactions unless they first recognize their cognate antigen through the TCR. Many of the ligands bind to multiple receptors, some of which deliver co-stimulatory signals and others deliver inhibitory signals (Figure 27).

In 1996, CTLA-4-blocking monoclonal antibodies (Mabs) was shown to exert antitumor immunity in animal models (236). Currently, Mabs against PD-1, PD-L1 and CTLA-4 have been approved by FDA and rapidly introduced to the primary care (Table 11). Anti-PD-1 and anti-PD-L1 antibody treatments are currently the most investigated because they have shown less severe toxicity (or, high-grade "immune-related adverse effects") than anti-CTLA-4 antibody treatments (5-20% compared to 10-40% respectively) (265) CTLA4 have major roles of downmodulation of helper T cell activity and enhancement of regulatory T cell immunosuppressive activity (272)( 273). The initial studies demonstrated significant antitumor responses when mice bearing partially immunogenic tumors were treated with CTLA4 antibodies as single agents. Poorly immunogenic tumors did not respond to anti-CTLA4 as a single agent but did respond when anti-CTLA4 was combined with a GM-CSF-transduced cellular vaccine (274).

Ipilimumab was the first CPI therapy approved by FDA for the treatment of advanced melanoma in 2010 by demonstrating a survival benefit for patients with metastatic melanoma.

Anti-PD1/PDL1 antibodies

The major role of PD1 is to limit the activity of T cells in peripheral tissues at the time of an inflammatory response. Similarly to CTLA4, PD1 is highly expressed on Treg cells, where it may enhance their proliferation in the presence of ligand; PDL1 and PDL2 (275, 276). PD1 is more broadly expressed than CTLA4: it is induced on other activated non-T lymphocyte subsets, including B cells and NK cells which limits their lytic activity (277, 278). Chronic antigen exposure, such as occurs with chronic viral infection and cancer, can lead to high levels of persistent PD1 expression, which induces a state of exhaustion or anergy (279).

Like PD1 is highly expressed on TILs in many cancers, PD1 ligands are also commonly upregulated on the tumor cell surface from many different human tumors (280). PDL1 is also expressed on myeloid cells in the tumor microenvironment (281). Adaptive immune resistance: PDL1 is not constitutively expressed, but rather it is induced in response to inflammatory signals that are produced by an active antitumor immune response. The non-uniform expression of PDL1, which is commonly restricted to regions of the tumor that have TILs, suggests that PDL1 is adaptively induced as a consequence of immune responses within the tumor microenvironment. It is considered that there is a negative feedback loop whereby IFNγ induces PDL1 expression, which in turn suppresses the activity of PD1 + T cells (266).

Two anti-PD1 antibodies (pembrolizumab and nivolumab) and one anti-PD-L1 antibody (atorolimumab) have been approaved for the treatment of many types of cancers (Table 11). Immune related toxicities are observed but with generally lower frequency than that of anti-CTLA-4 antibody, possibly because PD-1 and PD-L1 checkpoint may act later in the T cell response, resulting in a more restricted T cell reactivity toward tumor cells (283). Phase Ib using PD-1 in TNBC showed an overall response rate of 18.5%. Yet, 15.6% of patients with at least one grade 3 to 5 adverse event during the trial (284).

Cancer antigens

Certain antigens are over expressed on the tumor cells as a result of cell transformation. Those antigens are targets for immunotherapy and represented by Tumorassociated Ags (TAAs), cancer-germline or cancer/testis Ags (CTAs), and tumor-specific

Ags (TSAs). The probability of attack of normal tissues by the antitumoral T cells clearly increases for antigens with low tumoral specificity, such as differentiation antigens or overexpressed antigens, as experienced with carcinoembryonic antigen (285) and carbonic anhydrase IX (286). Classification of cancer antigen is shown in Table 12.

Tumor-associated antigens (TAAs)

TAAs are normal host proteins that demonstrate distinct expression profiles between host and tumor cells. In general, the dysregulation of gene pathways as a result of mutations within the tumor cells results in the atypical expression of unmutated proteins that would otherwise be expressed at relatively lower levels, or not at all, in normal cells of that tissue type in its current developmental state (287).

Differentiation antigens

Differentiation antigens (Table 12) are associated with the proteins displaying a cell lineage-specific pattern of expression. Differentiation antigens are expressed only in the tumor cells and in the normal tissue of origin (254).

Cancer/testis antigens (CTAs)

CTAs are the antigens that are expressed in testes, fetal ovaries, or trophoblasts, but are otherwise absent in healthy somatic cells. The attractiveness in targeting CTAs can be attributed to: 1) their disrupted gene regulation in various tumor types, 2) their limited expression in normal tissues, 3) their lack of presentation in germline and trophoblastic cells, which do not display MHC class I molecules on their surface, and 4) their immunogenic potential (287). Besides germline cells, a low level of expression of MAGEA12 in brain cells has recently been reported.

Oncofetal antigens

Oncofetal antigens are proteins which are produced by tumors and by fetal tissues but are absent or much lower concentration by adult tissues. These antigens can either be present on the cell surface binding to cellular membrane, or intracellular proteins that can be presented on MHC I molecule, or secrete soluble membrane. This includes αfetoprotein (AFP), cancer antigen 125 (CA125), CA19-9 and prostate-specific antigen (PSA).

To note, carcinoembryonic antigen (CEA) was first described in 1965 by Gold and Freedman (288), when they identified an antigen that was present in both fetal colon and colon adenocarcinoma but that was absent from the healthy adult colon, hence its name, carcinoembryonic antigen. Subsequent work showed that CEA was also present in certain healthy tissues, although concentrations in tumors were on average 60-fold higher than in the nonmalignant tissues (289). Now CEA gene is classified as a member of the immunoglobulin supergene family (290).

Alpha-fetoprotein (AFP)

AFP is a major fetal serum protein that is synthesized mainly by the yolk sac and liver. After birth, circulating levels of AFP drop sharply, virtually disappearing from the blood of normal adult individuals (291). It has been documented that up to 60% of hepatocellular carcinoma patients have elevated serum AFP (292). A subclass of AFPpositive HCCs have a unique gene expression signature and a poor survival outcome (293).

Immature laminin receptor protein (OFA-iLRP)

Experimental studies indicate that OFA-iLRP acts as a receptor for the uptake of prion protein into eukaryotic cells (294). Although the mature 67-kDa form is present on many healthy cells, 37-kDa OFA-iLRP is abundantly expressed in many types of human tumors, including breast, lung, ovary, prostate, renal cancer, and lymphoma (295). OFA-iLRP expression was detected in embryos/early fetuses but not in neonate, or adult differentiated tissues. It has been documented that OFA-iLRP is an immunogenic protein that can specifically activate both T and B lymphocytes (296-298). 

Tumor specific antigens (TSAs)

TSAs generally arise from tumor-specific mutations, which result in the exclusive expression of neoantigens in tumors and, by definition, their absence in normal cells.

Another source of TSAs are the viral proteins expressed by the cells infected with oncoviruses (Table 12).

Neoantigens (mutant peptides or protein)

When cancer arises due to an accumulation of genetic alterations, which leads to the production and processing of mutant proteins that are otherwise absent from host cells.

The sequence-altered proteins are termed "neoantigens" and their mutated epitopes that are recognized by T cells are called "neoepitopes".

Next-generation sequencing allows rapid sequencing of genomes at low cost.

Together with dedicated bioinformatics tools, NGS and Whole Genome or exome Sequencing Aanalysis enables comprehensive mapping of all mutations in a cancer (called the "mutanome") (299). Neoantigens from exome and transcriptome analysis, are identify followed by in silico epitope prediction and large-scale immunogenicity assays by tumor-infiltrating T cells (300), mass spectrometry (301), or predictictive algorythms of MHC molecule-binding neoepitopes. Very recently, two studies targeting neoantigens showed benefit in the patients with high mutational load by successfully inducing T cell responses. One was RNA mutanome vaccine using RNA encoding for 5 selected peptide variants based on exomesequencing and RNA-sequencing of melanoma patient's tumor samples ( 252). The other one was Peptide vaccine containing long peptides encoding tumor-specific somatic mutations and selected 13-20 mutations per patient (302). Interestingly, immune response by CD4 + T cells were observed higher than that by CD8 + T cells even in the latter study designed for HLA class I binding peptides.

The important aspect of neoantigen-based vaccine is anticipating to broaden the repertoire of neoantigen-specific T cells beyond what is induced spontaneously. Many years, tumor rejection has mainly been considered to be attributed to cytotoxic CD8 + T cells, and vaccine approaches have relied on potential MHC class I epitopes. There is a growing body of data, however, indicating that specific CD4 + T cells contribute critically to the effectiveness of cancer immunotherapy (133). Whereas the primary function of CD8 + effectors is cytotoxic killing of cells presenting their cognate antigen, CD4 + effectors have a wider range of functions, including orchestration of various cell types and cytokines of the adaptive and innate immune system (303).

One of the critical challenges for personalized cancer vaccines is to accurately map the cancer mutanome. Mutations are detected by comparing exome sequencing data generated by NGS from tumor tissue and a matched healthy tissue sample like the patient's blood cells, so that it can prevent incorrect classification of germline variants as neoepitopes. NGS analysis is being continuously improved. Another challenge is that small biopsy from a single tumor lesion collected for routine diagnostics, and thus sequence data may not be representative of the tumor's full clonal spectrum. The processing and presentation of antigens is a complex. Only a portion of mutated sequences are presented on MHC at levels sufficient to trigger an effective T cell response.

Technical feasibility and costs limit the number of mutations that can be incorporated into a drug product. "Hit rates" of finding a tetramer positive or peptide-reactive T cell population in patients have been as low as 0.5-2% of screened Ags (287).

Vaccine adjuvants and immune response modifiers

A vaccine adjuvant is a component that can improve the effectiveness of vaccines by inducing robust immune responses. They were initially developed to be used with inactivated vaccines for infectious disease. The purpose is to stimulate the local injection site and recruit the immune cells effectively to enhance the efficacy of the inactivated vaccines which are often less immunogenic than live attenuated vaccines.

In the cancer immunotherapy, vaccine adjuvants can also be used by mixing with the vaccine product. However, the selection of the adjuvant is different between the vaccines against infectious disease and against cancer. While the adjuvants which stimulate humoral response are chosen for the former, stimulating cellular immunity is principally important for the latter.

The agents that are combined with cancer vaccine are diverse including cytokines, TLRs, classical vaccine adjuvants, the epigenetic molecules and immune modulating chemical compounds. The most frequently used adjuvant for cancer vaccine is GM-CSF.

GM-CSF plays a critical role in development and maturation of DCs and proliferation and activation of T cells, linking the innate and acquired immune response (304). TLRs are also used for cancer immunotherapy (Table 13). They are a family of PRRs that function as primary sensors of the innate immune system to recognize microbial pathogens. TLR can be expressed on various members of the innate and adaptive immune system (DCs, macrophages, granulocytes, T cells, B cells, NK cells and mast cells) as well as by endothelial and epithelial cells (305).

Table 13: TLR ligands used for cancer immunotherapy

Conventional chemotherapeutics and the target therapy agents also have been found

to have the immune modulatory effect (Annex 2 and Annex 3) (306). Epigenetic agents have also been shown to exert immune modulatory effect, which is discussed in the next chapter.

Epigenetic modulation of immune functions

Epigenetic alterations affect gene expression by modifying chromatin structure without changing the sequence of DNA. DNA methylation, histone modification and noncoding RNA have been found as molecular mechanism underlying behind the epigenetic control.

In the tumor microenvironment, the cancer cells often escape from the immune elimination. Epigenetic modification has critical role to create immune suppressive environment around the tumor cells. This fact proposes possibility of therapeutic intervention by reversing the epigenetic restricts. Indeed, very recent works reported that epigenetic modulators like 5-aza-2′-deoxycytidine (5-AZA-dC), DNA methyltransferase (DNMT) inhibitor, and inhibitor of EZH2 methyltransferase activity, removes the repression in the tumor environment via Th1-type chemokines CXCL9 and CXCL10, improved effector T-cell trafficking and increased TILs, which led to slow down tumor progression and improved efficacy of the checkpoint blockage (307).

Histone deacetylase inhibitors (HDACis) have also been shown various immune modulating effects. Since we tested the impact of HDACi valproic acid (VPA) in stem cell vaccine strategy, I focus the topic on HDACi and their immune modulation effect.

Histone modification

A nucleosome contains a protein core made of eight histone molecules. 146 base pairs of DNAs wrap a histone octamer, consisting of 2 each of the core histones H2A, H2B, H3, and H4. Histone modification and DNA methylation can be closely linked between their activities. Yet, DNA methylation is generally thought to be more rigid as system to maintain the epigenetic modification whereas histone modification is more plastic that enable to react the rapid environmental change or developmental needs.

In the resting cell, DNA is wound tightly around these basic core histones, excluding the binding of the enzyme RNA polymerase II. This chromatin structure is described as "closed" associated with the suppression of gene expression. Gene transcription only occurs when the chromatin structure is opened up, with unwinding of DNA so that RNA polymerase II then basal transcription complexes can bind to the naked DNA to initiate transcription (308).

The acetylation state is controlled by antagonizing histone modifying enzymes, histone acetyltransferases (HATs) and deacetylases (HDACs), which add or remove acetyl groups to/from target histones respectively. HAT including GCN5, PCAF, CBP, p300, Tip60 and MOF (309) involves acetylation which is generally associated with transcriptional activation. HDACs involve histone deacetylation which is generally associated with transcriptional repression. 18 HDACs in humans can be grouped into four classes: class I (HDAC1, 2, 3, and 8 with a homology to Rpd3), class II (HDAC4, 5, 6, 7, 9, and 10 with a homology to Hda1), class III (Sirt1, 2, 3, 4, 5, 6, and 7 with a homology to Sir2), and class IV (HDAC11)(310).

The role of HDACs in immune system and the effects of HDAC inhibitors (HDACis)

HDACs have a role in innate immunity through the regulation of TLR pathways and IFN signaling (311), and in the adaptive immunity through the regulation of antigen presentation and B and T lymphocyte development and function (312) (313). For example, HDAC7 positively regulates TLR-inducible pro-inflammatory gene expression in inflammatory macrophages (314). HDAC9 is essential for maintaining Treg cell homeostasis (315). HDAC1 and HDAC2 appear to negatively regulate antigen presentation through inhibition of the MHC class II transactivator (CIITA).

Exhausted T-cells are characterized by profound changes in their epigenetic landscape compared to memory T-cells (316). Treatment of exhausted T-cells with HDAC

inhibitors reversed the exhausted functional state (317). MDSC build-up can be reduced by HDAC inhibitor entinostat, currently in clinical trials in combination with checkpoint inhibitors. Despite the possibility of HDAC inhibitors having a global effect on histone modification, studies have surprisingly found that cancer cells exhibit altered expression in fewer than 10% of genes following HDAC inhibition (318-320) We would have a question, how HDAC inhibitors can have tumor-cell-selective effects. One of the suggested theories is that this is due to multi-tiered and semi-redundant epigenetic regulation in normal cells (321) whereas the transformed tumor cells often rely on the abnormal expression of a set of key genes, which are more limited compared to the normal as well as MICA and MICB molecules (325,326). Class IIa HDAC inhibitors led macrophages to instruct the IFNγ axis to alter the tumor microenvironment and activate a functional adaptive anti-tumor immune response in breast cancer model (327).

Immunotherapy in breast cancer treatment

In the immunotherapy field, breast cancer has not been the first selection as the target because of the thought to be less immunogenic compared to melanoma or lung cancer. Remarkable success of cancer immunotherapy of other cancers led intensive effort to deliver immunotherapy to breast cancer as well. The most promising among the strategies had been thought to be anti-PD-1 and anti-PD-L1 blocking antibodies for the treatment of TNBC. However, objective response rate (ORR) was modest as 19% for both cases (Table 14). CTLA-4-blocking antibody tremelimumab in combination with exemestane (aromatase inhibitor) in 26 patients with metastatic ER + breast cancer but found only limited signs of clinical activity. LAG-3 combined with chemotherapy (Paclitaxel) showed relatively good outcome. LAG-3, PD-1 and PD-L1 blockage trials are currently on-going with larger sample size. Various cancer vaccine trials are ongoing and none of them have been approved yet.

Those cancer vaccines can be design in two clinical approach: adjuvant cancer vaccine to prevent recurrence of breast cancer after primary treatment and curative cancer vaccine.

The prevention setting against the recurrence is also clinically meaningful settings especially because the breast cancer treatment after recurrence often face lower rate of therapeutic success compared to the primary tumor. HER2 peptide loaded DC vaccine in DCIS showed non-evidence of disease progression after surgery in 18.5% of patients. HER2 E75 peptide vaccine + GM-CSF adjuvant is targeting HER2+ patients. The interesting point is that this trial contained also "low to intermediate" HER2 expression holders who are usually excluded from the application of Trastuzumab (anti-HER2 antibody). The criteria of Trastuzumab application is HER2 3+ in IHC score while 0 or 1+ is classified as "negative" and 2+ as "equivocal" in current IHC interpretation.

Vaccine for the prevention of breast cancer recurrence

Interestingly, the patients with HER2-low-expressing tumors had the most robust immune responses and the largest decrease in mortality was seen in IHC 1+ patients (P = 0.05). Constant with this observation, the interim results of the therapeutic vaccine using the same vaccine reported promising results. HER2 peptide + GM-CSF combined with trastuzumab is showing significant results for TNBC patients who consists of 36% of this trial. The current trial with node-negative as inclusion criteria for TNBC patents is showing better results compared to previous trial with advanced (stage 4) BCs (Table 16).

Whereas another trial with Trastuzumab alone targeting BC patients who have HER2 1+ and 2+ at IHC failed to show any efficacy. The investigator of HER2-vaccine trial considered the synergetic effect of Trastuzumab and cancer vaccine. and produce all of the diversed adult cells. The first PSCs, embryonic stem cells (ESCs), were derived from murine blastocysts (329) and in human from the inner cell mass of pre-implantation embryos that destined for destruction at in vitro fertilization clinics (330). Among the alternative methods which followed to generate PSCs, the most revolutionary method was the conversion of somatic cells isolated from adult cells 

iPS cells

Generation of iPS cells

iPSCs are derived from non-pluripotent cells, typically from fibroblast, blood cells or epithelial cells, after ectopic expression of pluripotency genes.

Takahashi and Yamanaka introduced 24 candidates, known as pluripotencyassociated genes expressed in ESC, into adult cells and induced PSCs grown in permissive embryonic culture conditions. Among these 24 candidate, he identified a minimal of genes with four factors: Oct3/4, Sox2, Klf4, and c-Myc (331). The group of Thomson combined Oct3/4 and Sox2 with Lin28 and Nanog to generate human iPSCs (335).

Different strategies and methods were used to deliver the reprogramming factors into somatic cells. The advantage and disadvantages of each methods are summarized in Table 17.

Characterization of ESC and iPSC

Comparative transcriptome analyses using microarrays of ESCs and iPSCs have been compared in human and mice. Whole-genome expression profile of iPSCs showed very similar profile with ESC lines (336). Takahashi and colleagues compared the global gene expression profile of human iPSCs with human ESCs for 32,266 transcripts. 1,267 (approximately 4%) of the genes were detected with more than five-fold difference in upor downregulation between them (337). Transcriptional profiles of human iPSC lines after the removal of Cre-recombinase excisable exogenous viral sequences (factor-free human iPSCs) were studied in comparison with those of human iPSCs before transgene excision (338). Transcriptomes of factor-free human iPSCs resembled more closely to those of human ESCs than those of parental human iPSCs with integrated viral sequences.

Globally, biological and functional properties of iPSCs are similar or indistinguishable to those of ESCs. However, some difference by careful analysis has been revealed, for example, miRNA expression level residually expressed from adult cells. 

MicroRNAs Low

• Nonintegrating • Easy synthesis

• Inefficient • Transient expression • Multiple transfections
Expressions of pluripotent TFs can vary depending on the ESC culture conditions and it remains unclear that this is due to the culture conditions or truly the difference based on the genomic background of the cells. International Stem Cell Initiative has compared various hESC from different laboratories and described a short list of genes that showed a high correlation with that of Nanog. A pluripotency assay based on these gene expressions (Pluritest) is now used to qualify the pluripotency of PSCs.

iPSCs were also shown to be highly similar to ESCs for epigenetic status based on the presence of H3K4me3 and H3K27me3 in promoter regions of 16,500 genes (351).

Quantitative differences in promoter methylation of pluripotency-related genes including Oct4, Sox2 and Nanog can be observed between iPSCs and ESCs (352), probably due to the persistence of original somatic cells-derived epigenetic "footprint" (353).

Immunotherapy strategies using PSCs

PSCs as a source of cancer immunotherapy

Generation of DCs from iPSCs

Generation of Dendritic cells (DC) was performed from ESC (354, 355). The described protocol from Senju et al., started by the hematopoietic differentiation method using OP9 cells as feeder cells. After a first step of hematopoietic commitment, cells were further cultured on OP9 and GM-CSF followed by a third period of feeder-free culture with TNF-α, IL-4 and CD40 or LPS. DCs were obtained from human iPS cells (356).

The iPS cell-derived DCs have similar characteristics of adult DCs including the capability of T-cell stimulation, processing and presenting antigens, and the capability of producing cytokines. While using the OP9 culture system is the main method for generating DCs from iPSC, xeno-free culture systems are now available to generate iPSC-

DCs for clinical perspective (357). Choi et al. generated myelomonocytic cells including

DCs from human iPSCs (358) and DCs from murine iPSCs (359). However, some technical issues remains to be solved before used for clinical applications : apoptosis and limitation of cell growth of iPSC-derived DCs, scale-up production, and problems of cost (360).

Generation of T cells from iPSCs

It has been shown that ESC can differentiate into lymphocyte lineage using in vitro Subsequently, NK cells were successfully differentiated from human iPS cells, using a similar two-step culture system, which Stromal cell-mediated differentiation of hematopoietic progenitors on M210-B4 cells followed by differentiation into NK cells on EL0801D2 stromal cells with the presence of NK itiniating cytokines (371), the cells obtained representing a pure population that did not require cell sorting or co-culture with xenogeneic stromal cells. Moreover, sufficient cytotoxic NK cells could be differentiated from 250,000 iPS cells to treat a single patient. iPSCs could provide a scalable source of NK in the future (372). 

Pluripotent stem cell-based vaccines against cancer

Similarity in gene expressions between ESC and various cancers from transcriptome analysis, led to the hypothesis that ESCs could be used as cancer vaccine.

While the first report using PSC-based vaccines (PSCV) as cancer vaccine in 2009, the anticancer activity with embryonic material has been documented since a century ago. In 1906, Georg Schöne observed that the prior injection of fetal tissue into mice led to rejection of transplanted tumors.

Stonehill and Bendich made the observation in 1970 that a rabbit antiserum raised against antigens of mouse embryos (and adsorbed against a mixture of adult murine tissues) cross-reacted with all of 72 tumors arising from 12 different tissues. Several independent groups also demonstrated the anti-tumoral effects of fetal materials in animal models afterwards (377).

In some cases, no anti-tumor effects were found when immunization was performed with older embryonic or neonatal cells. Indeed, this is one possible source of confusion in the earlier work in this field; it appeared that the age of the embryonic material used for vaccination was critical. In the case of mice (term pregnancy= 21 days), embryos of <12-14 days appeared most effective in causing tumor rejection.

In recent years, the experimental settings in this field now use ESCs or iPSCs as a source of embryonic TAAs instead of fetal tissue. The first report of PSC-based cancer vaccine was by Li et al. in 2009 which demonstrated the hESCs showed anti-tumor effect in mouse colon cancer model (378). They also showed that the immune memory lasts at least 4 weeks after the last vaccination. After this first report, the anti-tumor immunity of PSCVs were verified in lung and ovarian cancer animal models by several independent groups (379-382) (Table 18). Yaddanapudi et al., used PSCVs combined with GM-CSFexpressing-fibloblast (PSCV/GM-CSF) that also showed reduction of the tumor, longer survival and lower metastasis load in the vaccinated group compared to the control group.

Very recently, Kooreman and colleagues demonstrated a protective anti-tumor effect in the murine tumor models of non-metastatic breast cancer, mesothelioma and melanoma using autologous iPSCs (383).

These studies demonstrated prophylactic anti-tumoral effects by performing tumor challenges to the immunized animals. In general, immune monitoring showed increases of CD4 + , CD8 + T cells, pro-imflammatory cytokines such as IFNγ and IL-2 with a Th1 polarization and reduction of MDSCs and Tregs. CD8 + T cell depletion completely abrogated the protective effect of PSCV, verifying that CD8 + T cells are the principle effectors (382). Induction of humoral immunity was also demonstrated with the observation of cross reacting antibodies against tumor cells and ESC. The rate of serum IgG binding to iPSC and tumor cells was significantly higher in the treated group than in control. Experiments in lung cancer model reported by Dong et al. (429) showed also therapeutic effect.

TCR sequencing revealed that the TCRs in the PSCV-treated group were more diverse among different mice whereas TCRs in the control group revealed an overlap in T cell clones that are commonly present in thymus and spleen. There was one TCR clone that was shared majority of the treated mice but was not present in any of the other groups; this clone was also extremely rare in naive mice. This result implies PSCV immunization expanded TCR repertoires and likely created TCRs that reacts specifically to the epitopes on PSCV.

One of the issues with other immunotherapy such as CAR therapy is organ toxicity from cytokine storms as mentioned earlier. It was shown that, systemic cytokine levels of PSCV vaccinated mice were low. In addition, tissue analysis of our mice at different time points after vaccination did not show any increases in immune cells within heart and kidney tissues compared to the control groups, nor were elevated levels of anti-nuclear antigen IgG seen in serum from PSCVs vaccinated mice. These evidences indicate a constant safety profile of PSCV strategy. [START_REF] Liu | Hedgehog signaling and Bmi-1 regulate self-renewal of normal and malignant human mammary stem cells[END_REF]386).

Thus, spheroid-forming culture is used as functional assay to induce and enrich CSC with elevated self-renewal property and with the capacity to seed the tumor and to drive metastasis.

The team of the research unit has previously showed that this spheroid culture condition is permissible to maintain a mesenchymal profile with a high expression of pluripotent TFs such as Oct4 Sox 2 and Nanog and stem cell markers such as CD133 in glioma stem cells (387,388).

TFs Oct4, Sox2 and Nanog defined as ''core factors of pluripotency" are crucial for the acquisition of pluripotent state (333). These pluripotent TFs play a relevant role in carcinogenesis. In breast cancer, downregulation of Nanog inhibit clonal expansion and tumor development of MCF7 breast cancer cell (389). Downregulation of Sox2 using si-RNA in MCF7 cells has been shown to inhibit cell proliferation and tumor growth (390).

High levels of Nanog and Oct4 were associated with aggressive tumor biology and poor prognosis in patients with breast cancer (391). Their co-expression was associated with lymph-node metastasis, mesenchymal marker expression and increased invasiveness of CSCs. Nanog expression has been associated with high proliferation [START_REF] Han | RNA interference-mediated silencing of NANOG reduces cell proliferation and induces G0/G1 cell cycle arrest in breast cancer cells[END_REF] and resistance to chemotherapeutic agents (392). Furthermore, patients with stronger expression of Nanog have reduced disease-free and OS rates [START_REF] Nagata | Prognostic significance of NANOG and KLF4 for breast cancer[END_REF].

For the project, it was important to first optimize the best in vitro culture conditions and to analyze the CSC before the development of the in vivo immunotherapy experimental CSC model.

A-In vitro characterization of TNBC CSCs from 4T1 cell line

We aimed to investigate the expression of pluripotent TFs and various markers related to CSC in 4T1 and other cancer cell lines by RT-PCR. Given the genomic plasticity in cancer cells in different conditions, we explored and characterized the "cancer stemness" profile in 2D (adherent) versus 3D (spheroid) culture conditions with various cytokines. supplemented with 10% Bovine fetal serum, 1% penicillin and streptomycin (Invitrogen).

Material and Methods

Cancer cell lines

Medium are changed 2-3 times per week. The passage of the cells was done approximately once or twice a week depending on growth speed of the cells by treatment with TrypLE (Gibco). Medium for spheroid culture was prepared as reported from mouse embryonic fibroblast-conditioned medium supplemented with 4 ng/mL of basic fibroblast growth factor. 5 x 10 4 cancer cells /well were inoculated to 2 mL of media in 6 well ultra-low attachment plate. 1 ml of media was added to each well every other day.

Spheroid were trypsinized and passaged every 7-10 days.

Cell Culture was performed in normoxia or hypoxia (5% O2). The experiment included following conditions (Pre-treatment: 4 days, MF culture: 5 days). Breast cancer cell lines from mouse (4T1) and human (MCF7 and MDA-MB-231)

showed various expression patterns of Oct4, Sox2, Nanog and c-Myc (Table 19). (-) Absence of amplification (+) Amplification observed.

Cell line

LIN28 which is also related to the pluripotency was shown to be associated with high grade malignancies in human and experimental models. LIN28 induce the repression of the let-7 miRNAs family [START_REF] Viswanathan | Lin28 promotes transformation and is associated with advanced human malignancies[END_REF]. Thus LIN28 could be contributed to malignancy in which levels of all miRNAs in the let-7 family are coordinately repressed, therefore promoting oncogenesis by derepressing target genes involved in tumorigenesis (393).

We show that 4T1 express positive stem cell-like EMT markers and resistant drug resistance markers. CD146 up-regulate mesenchymal markers and significantly promote cell migration and invasion by EMT (394). After 4 days culture with TNF-α and TGF-β as well as the culture with TNF-α, TGF-β, IL-6, GM-CSF and IFNγ, 4T1 cells showed more mesenchymal like morphology (Figure 29). CD44 + CD24 low/-whereas other condition didn't increase CD44 + CD24 low/-population. 

PTFs Stemness, EMT and invasion

Material and Methods

Retroviral Vector Production and Transduction

We used a retrovirus expressing the luciferase gene (pMEGIX-Luc vector) carrying an expression cassette encoding the firefly luciferase and GFP genes. The Luc-GFP virus In addition, one mouse of highest dose group was dead on day 20 after injection due to organ dysfunction at metastatic legions and one another mouse of the same group and two mice having received 10 4 cells were euthanized at day 21 and day 25 after the injection each considering clinical condition severity due to metastasis (Figure 36). The experiment was completed on day 33 after the injection. (compared to normal size of spleen in photo) and histopathological observations of mouse received 4T1 cells. Tumors were observed in primary tumor as well as metastatic legion of spleen, ganglion, liver and lung.

Based on this result, we decided to adopt 5 x 10 4 cells per mouse for challenge the mice and test the immune therapy approach.

2) Establishment of 4T1-GFP-Luc C3 model 2-1) Transfection of pMEGIX to 4T1 cells

GFP expression in transduced 4T1 cells was confirmed by fluorescent microscopy and its intensity measured by flow cytometry (Figure 38). At day 2, 36% of 4T1 were GFP positive and were sorted. The sorted cells were then processed for cloning. 

2-2) Cloning of 4T1-GFP-Luc cells

The sorted GFP positive cells were seeded by limiting dilution to 98 well plate. All of the wells were carefully checked for the number of the cells. When there was only single cell in a well and formed one colony, it was termed "clone" (Figure 39). When the well was not completely verified to have only one cell (or, presence of two cells), it was termed "subclone". We have obtained 3 clones termed, C1, C2 and C3. and 12 subclones from SC1 to SC12. 

2-3) Selection of the clone in vitro and in vivo

All of the clone C1, C2 and C3 showed highly positive rate of more than 90% with only one peak, indicating successful cloning of the cells carrying GFP-Luc. In subclones, some of them showed high GFP positive rate as more than 90% whereas part of the subclones like SC2, SC7, SC8 and SC10 had two population (peaks) including GFP negative population (Figure 40). The GFP positive rate and GFP median value of each clone are shown in Figure 41. p/s per 1 cell and limit of detection were calculated and compared as well (Figure 41).

The bioluminescent imaging of 4T1-GFP-Luc C3 shows highly sensitive and bright (Figure 41). cells of C1, C3, SC5, SC6, SC9 and GFP positive bulk (not sorted) were implanted to each 2 female Balb/c mice. Tumor volume and clinical body condition were monitored weekly. In vivo bioluminescent imaging was performed every 6-10 days. At 47 days, all mice were sacrificed. At sacrifice, the tumor weight was measured and the extent of metastasis was analyzed by direct bioluminescent imaging of lung, liver, spleen, bones (femurs) and kidney/adrenals. Among the injected clones, C3 and bulk showed tumor growth curve relatively similar to that of parental cells (Figure 43a). Other clones didn't grow like parental cells.

C1 showed much less tumor weight compared to C3. One mouse from SC6 and two mice from SC9 didn't develop any tumor. SC5 showed only very small tumor.

In vivo bioluminescent images of C3 showed constant growth of the living tumor cells. At the late phase of the experiment, necrosis was observed in the center of the tumor. At 47 days, lung metastasis was observed at dorsal position (Figure 43c). Extent of metastasis was analyzed. C1 or C3 showed highly metastatic property and metastasis was seen in almost all of the analyzed organs, whereas SC6 and bulk didn't metastasize to the bones (Figure 44). SC5 didn't show metastasis at all.

Given the high tumorigenicity, metastasis and high sensitivity in bioluminescence imaging of 4T1-GFP-Luc C3 like parental 4T1 cells, we choose 4T1-GFP-Luc C3 cells to use in the vaccination study. 

C-Generation of transgene-free iPS cells from Balb/c mouse

To obtain our therapeutic cell source, we generated a murine iPSC line from Balb/c mouse (the same genetical background as 4T1) that are used for the following vaccination study.

Material and Methods

Isolation and culture of fibroblast cells from Balb/c mouse A part of tail was collected from one Balb/c female mouse. During this operation, the mouse was deeply anesthetized with high dose isoflurane at 4% with oxygen, then euthanized. The collected ear and tail were disinfected with alcohol rapidly and rinsed with PBS then cut to small pieces by scalpel. The pieces of tissues were then enzymatically digested with 5 mL dissociation medium (40 mL: 40mg of BSA fraction V, 20 mg of collagenase, and 30 mg trypsin (1.2 mL of 2.5% trypsin)) for 1 hour at 37℃ with constant pipetting. Pipetting and digesting with 18G syringe. Centrifuge at 1200 rpm for 5 minutes. Add 2 mL each well of 6 well plate. The culture was passaged and expanded before confluent. Mouse fibroblast cells were cultured in DMEM glutamax including 10% FBS (biowest), 1% penicillin streptomycin, 1% sodium pyruvate, 0.1% 2-Mercaptoethanol (MEF media).

Reprogramming mouse fibroblast

The reprogramming mouse fibroblasts to pluripotent stem cells was done utilizing STEMCCA Cre-Excisable Constitutive Polycistronic (OKSM) Lentivirus

Reprogramming Kit (Millipore). 1 x 10 5 cells of fibroblasts were plated to gelatin-coated 6 well plate in MEF media. At day1, the media was changed with fresh 2 mL MEF media and 1 uL polybrene and 6.6 uL of EF1α-STEMCCA-LoxP (OKSM) Lentivirus were added. At day 2, MEF media was exchanged with 3 ml of ES media (DMEM + glutamax including 15% serum (Eurobio), 1% penicillin streptomycin, 0.1% 2-Mercaptoethanol, 1% Sodium pyruvate and 1000 unit/ml of mLIF). After that, mES media was changed every other day. The clonal passage was done starting day 9.

Clonal expansion of mouse iPS colonies

The plate with grown iPS colonies was washed with PBS. DMEM glutamax without FBS was added to the plate and the iPS colonies were picked by the pipette cone under microscope and dissociated with trypsin in 98-well plate, then the number of the cells were counted. 500 cells were added onto the MEF (mitomycin treated) coated 6 cm culture plate in DMEM glutamax including FBS (eurobio), 1% penicillin streptomycin, 1% sodium pyruvate, 250 uL 2-Mercaptoethanol 0.1% and LIF 1000 unit/ml (mES media). Starting 3 days after the first passage, the colony was appearing. The colonies that have the typical domical shape were picked, dissociated with trypsin and replated onto MEF coated 24-well plate for cloning and expansion. When the colonies became sufficient for passage, the plate were washed with PBS and trypsin was added. The dissociated cells were replated onto MEF-coated 6-well plate in mESC media. The passage was repeated as the same manner to 6cm plate for expansion, then the cells were frozen in FBS containing DMSO.

Excision of viral transgenes

Adenovirus expressing Cre recombinase and GFP (Vector Biolabs) was diluted in mESC media in Eppendorf tube. The iPSCs were dissociated into single cells with trypsin and put into the prepared Eppendorf tube with the adenovirus then incubated at 37℃ for 6 hours. After the incubation, the cells were plated onto the MEF-coated 6cm plate for cloning. The cloning and expansion were done like the same manner as those after reprogramming. After the expansion, the cells were analyzed for the deletion of the transgene by PCR analysis. The expanded cells were frozen in FBS containing DMSO.

Extraction of genomic DNA

The individual colonies were picked into 96-well plates, split into duplicate sets of plates and one set were frozen with freezing medium (80% FBS and 20% DMSO) for later recovery. When the majority of the colonies in the wells became confluent, the wells were rinsed twice with PBS and 50 uL of lysis buffer (10 mM Tris, pH 7.5, 25 mM EDTA, 100 mM NaCl, 0.5% SDS. Just before use, proteinase K (Sigma) was added to a final concentration of 0.1 mg/mL) was added to the each well. After the incubation of the sealed plate overnight, add 100 ul per well of mixture if NaCl and ethanol (150 ul of 5M NaCl mixed with 10 mL of cold absolute ethanol). The plates were agitated with pipetting and kept at room temperature for 2 hours. The plates were inverted to decant the supernatant and rinsed with 150 uL of 70% ethanol 3 times and decanted each time on paper towel.

The plates were dried and then added with 150 uL of 70% ethanol. The plates were sealed with Parafilm and kept at 4℃.

PCR analysis of genomic DNA

Genomic DNA was isolated from the mouse iPSC colonies that have undergone the excision process. As a control, also isolate genomic DNA from mouse iPS colonies that have not undergone the excision process. WPRE which is specific to the viral genome, and housekeeping gene GAPDH were tested using the primers detailed in Annex 5. PCR cycling was done according to the manufacturer's protocol as follows; Initial denaturation at 94°C for 2 minutes, 30 cycles of: 95°C 30 seconds, 65°C 45 seconds and 72°C 45 seconds. Final extension at 72°C for 10 minutes. The PCR products were loaded on 1.5% agarose gel containing ethidium bromide for electrophoresis.

Immunostaining of iPSCs on the plate

The cells were fixed for 10 minutes at room temperature with 4% paraformaldehyde and then permeabilized for 10 minutes at room temperature with 0.25% Triton X-100.

Incubations with primary and secondary antibodies were performed in phosphatebuffered saline (PBS), 0.1% Tween-20, and 10% fetal calf serum. The following antibodies were used: anti-Oct-3/4 antibody (1/300, BD Biosciences), anti-NANOG antibody (1/100, Cell Signaling). The cells were incubated at room temperature for 90 minutes with primary antibodies and for 1 hour with secondary antibodies. Nuclei were counterstained with DAPI (4′,6-diamidino-2-phenylindole). Fluorescent images were obtained using fluorescence microscope equipped with a digital camera.

Teratoma assay

The cells were harvested by collagenase IV treatment, collected into tubes, and centrifuged, and the pellets were suspended in Matrigel dissolved in PBS. 10 6 cells were injected subcutaneously to dorsal flank of a NOD/SCID mouse. Nine weeks after injection, tumors were dissected and fixed with PBS containing 4% paraformaldehyde. Paraffin-embedded tissue was sliced and stained with hematoxylin and eosin.

RESULTS

1) Reprogramming of somatic fibroblast to pluripotent stem cell

Primary mouse fibroblast was obtained from female Balb/c mouse. The fibroblast was typical mesenchymal shape (Figure 45). EF1α-STEMCCA-LoxP (OKSM)

Lentivirus including reprogramming factors Oct4, Klf4, Sox2 and c-Myc were infected with the subconfluent fibroblasts. Approximately 1 week after the infection, domal shaped iPSC colonies appeared on the plate (Figure 45). We have selected only the isolated colonies which were not combined with other colony and the colonies with domal shape for further expansion. We selected and picked 12 colonies and the colonies were termed, B1, B2, …B12. 3) Pluripotency assay miPSC clones B9D7, B9D29 and B9D38 were tested for expressions of pluripotent TFs. All of the three clones were confirmed to express Oct4 and Nanog (Figure 48). B9D7

was then injected to NGS mouse for teratoma assay. The teratoma of B9D7 showed differentiation of 3 germ layers, ectoderm, mesoderm and endoderm, indicating pluripotency of B9D7 (Figure 48). 

D-Article: Pluripotent Stem Cell-Based Cancer Vaccines Targeting Tumor Microenvironment and Metastatic Spread

In this study, anti-tumor and anti-metastasis effects of PSC-based vaccines were evaluated.

The similarity in gene expression between PSCs and advanced TNBC indicated the presence of TAAs between those cells including unknown antigens.

Despite many efforts using specific peptides or proteins as cancer vaccine, the clinical trials haven't shown constant positive results. The cause of insufficient immune activation against the cancer cells can be due to 1) intratumoral heterogenicity of tumor cells, 2) continuous evolution of the cancer cells which lead to the loss of the specific antigens, 3) emergence of new antigens due to the genetic and epigenetic changes in the clones, and 4) development of tolerance afterwards. In this regard, originality of using PSCs is, once immunized, the ability to give immunological memory against a variety of potential TAAs and can prepare for the emergence of CSCs with PSC gene signature.

We show here that PSC-based vaccines strikingly emitted anti-tumor and antimetastasis effects with successful induction of Th1 type immune reaction with long and robust immune memory.

INTRODUCTION

During the last decade, the concept tumor heterogeneity has been extensively explored in solid tumors, leading to the identification of a rare population of cells designed under the terms of "cancer stem cells" (CSC) or "tumor initiating cells" (TIC) in several types of cancers [START_REF] Reya | Stem cells, cancer, and cancer stem cells[END_REF][START_REF] Clarke | Cancer stem cells--perspectives on current status and future directions: AACR Workshop on cancer stem cells[END_REF]Al-Hajj et al. 2003). These cells represent within the bulk of the tumor, a minor population with defined cellular and molecular characteristics which have been analyzed

based on their ability to reinitiate tumor in immunodeficient mice suggesting their self-renewal capacity [START_REF] Chen | A restricted cell population propagates glioblastoma growth after chemotherapy[END_REF][START_REF] Driessens | Defining the mode of tumour growth by clonal analysis[END_REF]) and, on their specific transcriptome [START_REF] Puram | Single-Cell Transcriptomic Analysis of Primary and Metastatic Tumor Ecosystems in Head and Neck Cancer[END_REF][START_REF] Galardi | Resetting cancer stem cell regulatory nodes upon MYC inhibition[END_REF]. Current evidence indicates, indeed, that in addition to c-MYC, which is a well-established oncogene, some of the key regulators of ESCs such OCT4, SOX2, and NANOG are also expressed in CSC (Ben-Porath et al. 2008). These factors are part of a highly integrated network including the c-MYC and polycomb networks that use the epigenetic machinery to remodel the chromatin through histone modifications and DNA methylations. Their ability to induce major epigenetic modifications has been recently demonstrated by the groundbreaking experiments of Yamanaka's and Thomson's teams showing the induction of embryonic features in somatic cells by overexpression of limited set of pluripotency genes, OCT4, SOX2, C-MYC, KLF4 NANOG, LIN28) (Takahashi et al. 2006;[START_REF] Yu | Induced pluripotent stem cell lines derived from human somatic cells[END_REF]). The induced pluripotent stem cells (iPSCs) obtained by the reprogramming technology are closely linked to ESC by the expression of the same auto regulatory circuitries [START_REF] Robinton | The promise of induced pluripotent stem cells in research and therapy[END_REF]. Genomic characteristics of IPSCs has shown multiple genetic abnormalities that could be due either to the genomic status of initial somatic target cell [START_REF] Hussein | Copy number variation and selection during reprogramming to pluripotency[END_REF][START_REF] Schlaeger | A comparison of non-integrating reprogramming methods[END_REF] or to their secondary appearance during their expansion in vitro [START_REF] Hussein | Copy number variation and selection during reprogramming to pluripotency[END_REF]. From this regard, IPCs present several genomic characteristics identified in CSC in which, random mutations in driver genes or outside of functional genome have been shown to be present in addition to the expression of pluripotency genes (Ben-Porath et al. 2008).

CSC present a down regulation of their antigen processing capacities leading to low expression of the MHC-I molecules making them difficult to be detected by the host immune system [START_REF] Prager | Cancer Stem Cells: The Architects of the Tumor Ecosystem[END_REF]. Furthermore, this effect is enhanced by their location in a highly immunosuppressive tumor microenvironment [START_REF] Prager | Cancer Stem Cells: The Architects of the Tumor Ecosystem[END_REF]. Thus, their escape from the surveillance of an efficient immune system is inevitable.

The embryonic stem cell (ES)-like gene expression programs have been identified in several cancers with a "stemness" profile that are related to mesenchymal traits on carcinoma cells with Epithelial-Mesenchymal Transition "EMT" markers and low levels of MHC-I expression. Tumor cells undergoing EMT become CSCs with the capacity to migrate very early, to form metastasis, and to persist in a dormant stage for long periods of time. Those cancers correlate with aggressive poorly differentiated tumors histology and invasive tumors, and with very adverse outcomes (Ben-Porath et al. 2008;[START_REF] Glinsky | Stemness" genomics law governs clinical behavior of human cancer: implications for decision making in disease management[END_REF]Schoenhals et al. 2009).

These observations have led to the idea of using ESCs or iPSCs as source of tumor associated antigens (TAA) with the goal to promote an anti-tumor response. The concept of using embryonic cells as a cancer vaccine have been reported in a preventive context using animal models of transplantable colon, lung, ovarian and breast cancers (Li et al. 2009;Yaddanapudi et al. 2012;Zhang et al. 2013). More recently autologous anti-tumor vaccines were developed by using iPSCs in combination to TRL9 as adjuvant in a prophylactic setting, in a non-metastatic syngeneic murine breast cancer as well as in mesothelioma, and melanoma models (Kooreman et al. 2018).

Nevertheless, all these reports have not evaluated the anti-metastatic potential of these anti-tumor S1B) and were able to form teratomas in vivo (Figure S1C).

The protocol included the immunization of naïve immune competent BALB/c mice twice (1 week apart) with irradiated cells followed by a challenge with 5x10 4 4T1 cells transplanted at mammary fat pad (Figure 2A). The animals were examined weekly for their vital characteristics and the tumor size. After 28 days, in contrast to control non-immunized mice, all mice primed with hESCs, mESCs and 4T1 cells showed significant (p<0.0001) reduction of their tumor volumes (Figure 2B, 2C, 2D). The strongest reduction of tumor volume was achieved by using xenogeneic materials, (Figure 2E) hESCs exhibiting 73% of tumor reduction compared to the use of allogenic mESCs (52% of reduction) and 4T1 cells (56% of reduction). At this time point, all mice were sacrificed to analyze the phenotype of immune cells present in tumor and spleen. We found a significant negative correlation (p=0.05) between tumor volume and the amount of cytotoxic of CD8 + T cells in spleen (Figure 2F) as well as, the amount of CD4 + T cell (p=0.0039) infiltrates in the tumor (Figures 2G). Moreover, a significant positive correlation between tumor volume and frequency of Tregs in CD4 + T cells in tumor was observed (p=0.049) (Figure 2H). These results suggested that the anti-tumor effect observed by vaccination induced a cytotoxic T cell response as well as the reduction of the immune-repressive Treg cells in the tumor microenvironment. We then asked whether we could modulate the immune response effect of the vaccine by epigenetic modulators such as Histone deacetylase inhibitors (HDCAi), being clinically investigated.

Valproic acid (VPA) Modulate Immune-related genes in 4T1 cells

To determine a potential immunogenic effect of VPA on 4T1 cells, we first performed a transcriptome analysis on 4T1 treated in vitro with 0.5 mM of VPA for 10 days compared to non-VPA treated cells. These analyses allowed the identification of 117 immune-related genes implicated in the TNF-α signaling and in the response to IFN-α and IFN-γ (Figure 3A). These results were confirmed by gene set enrichment analysis (GSEA) showing a significant enrichment of three immune gene sets (Figure 3B). In addition, the use of SAM algorithm allowed to discriminate 44 immune-related genes between the VPA-treated samples and their control counterparts (Figure 3C). These were validated by principal component analysis (Figure 3D, p-value=3.3x10 -4 ). Among these 44 immune-related genes, CD74, CCL2 and TNFRSF9 were found to be overexpressed with a fold change greater than 2 (Figure 3E).

More importantly, 4T1 cells treated with VPA expressed an increased level of MHC I in a dose-dependent manner (Figure S2A) highlighting that VPA might enhance anti-tumor immune response by improving antigen recognition by T cells. This higher RNA expression was confirmed by flow cytometry. Measurement of Relative Fluorescence Intensity (RFI) revealed a 2.1-and 2.7fold increase of MHC I expression in respectively bulk 4T1 cells and mammosphere-derived 4T1 cells after treatment with 2 mM of VPA (Figure 2SB). These results prompted us to explore the efficacy of combinatorial treatment approach, using pluripotent cell based immune therapy and HDACi, such as VPA.

VPA Potentiates ESC-based Vaccination Elicit a Decrease of Tumor and Lung Metastasis by

Modulating the Immune Tumor Microenvironment.

To potential synergistic interaction of VPA with hESC-based vaccine was evaluated in 4T1-GFP-Luc model allowing the quantification of viable tumor cells at metastatic sites by the use of a sensitive luminescent reporter system and IVIS imaging. VPA was added in the drinking water at the dose 4mg/ml at the day of tumor challenge (Figure 3SA).

After optimizing of the experimental schedule (Figure S3A), vaccination protocol included 4 groups of mice: immunized mice with hESCs alone, VPA alone or hESC+VPA and a control group treated with PBS (Figure 2A). Tumor size were monitored in each group. Lungs were dissected in order to quantify metastasis by measuring the level of total flux emitted by using bioluminescent imaging. Forty for days after tumor implantation, the highest reduction of tumor growth was observed in mice treated with VPA+hESC with 59% of statistically significant reduction as compared to control (p<0.0001) (Figures S3C andS4) with a small residual tumor (Figure 4B). Mice treated by VPA or primed with hESCs showed a partial tumor regression (24.5 and 25% respectively) (Figures 4A, and Figure S4). hESC+VPA induced a highest significant reduction of pulmonary metastatic spread (more than 12-fold) as compared in mice of control group (Figure 4 C) and of hESC group (Figure S3 D). In these experiments, the tumor volume was found to be associated with total flux in lung and this was highly significant (p=0062) (Figure 4D). Immune contents in primary tumor and spleens were measured by an extensive immunophenotyping analysis. As shown in Figure 4, mice primed with hESC+VPA showed an increase frequency of CD4 + and CD8 + T cells in the tumor mass (Figure 4E) that was highly significant in the spleen (p=0.0179 and p=0.0186 respectively for CD4+T and CD8+T cell) (Figure 4F). Interestingly, programmed cell death 1 (PD-1) expression on both CD4 + and CD8 + T cells from spleen decreased significantly (p=0.012 and p=0.0171 respectively) in hESC+VPA treated mice (Figure 4G and4H). These results show that hESC+VPA combinatory regimen potentiate the immune system by enhancing T cell infiltration with probably less T-cell exhaustion.

In the same experiments, we also have compared the effect of VPA with an classical adjuvant such as CpG ODN, well known to stimulate the Th1 based immune pathway by supporting CD8+

T cell responses [START_REF] Bode | CpG DNA as a vaccine adjuvant[END_REF]. These experiments did not show any significant effect of the CpG ODNs and hESC combination on the tumor volume and metastasis, as compared to hESC alone and control groups (Figures S3B S3C andS3D).

ESC+VPA Combo Therapy Induces an Anti-tumor and Anti-metastatic Potential by

Tackling CSC Compartment.

The tumor protective effect of hESC + VPA combo therapy was next evaluated in 4T1-derived mammosphere model (MS). For this purpose, we first produced MS known to contain a high subset of CSC-like cells in two permissive 3D culture conditions with or without addition of TGFβ/TNF-α in the medium. Both protocols were effective to produce MS after 5 days of culture (Figure S5A) expressing Aldehyde Dehydrogenase 1 (ALDH1) (Figure S5B). The amount of ALDH1 activity evaluated by flow cytometry was 1.7 higher in MS without TGF-β/TNF-α as compared to 2D-adherent 4T1 cells. Addition of TGF-β/TNF-α during MS development enhance the ALDH1 activity at 3 fold compared to 2D-adherent 4T1 cells (Figure S5C). Both cytokines induced EMT with generation of CSCs phenotype with the capacity of higher colony formation ability and higher MS formation efficacy (MFE) (Figure S5D). associated with the highest expression of embryonic transcription factors NANOG and SOX2 (Figure S5E). MS and TGFβ/TNF-α exhibited a higher tumorigenicity in vivo suggestion a higher rate of proliferation (Figure S6A).

Tumor protective effect of the combination hESC and VPA was explored after implantation in fad pad, MS from 4T1-GFP-Luc cells obtained in both conditions. After 27 days post-challenge, mice treated with hESC+VPA and mESC+VPA showed significant (p<0.0001 and p=0.0008 respectively) delays in tumor growth and reduction of tumor size (Figure 5A and5B).

Xenogeneic hESCs were found to be more effective compared to allogeneic mESCs to prevent the development of 4T1-derived MS. Indeed, tumors size analyzed by bioluminescent imaging in hESC+VPA treated groups appeared much smaller compared to controls (Figure 5C). Importantly, mice treated with hESC+VPA exhibited significantly (p<0.05) reduced lung metastases in comparison with controls (Figure 5D,5E). A drastic reduction of tumor development was similarly observed by immunization with hESCs+VPA or mESC+VPA in engrafted mice with aggressive MS TGF-β+TNF-α (Figure S6B andS6C). A reduction of cell dissemination and migration into the lung was also observed in this model (Figure S6D).

Immunological monitoring showed a significant (p<0.05) increase of intra-tumoral CD4 + and CD8 + T cells frequency (Figure 5F, 5G) and a significant decrease (p<0.05) of Gr1 + CD11b + MDSCs frequency in primary tumor from immunized mice with hESC+VPA compared to controls group (Figure 5H and5I).

These results confirm that hESC+VPA allowed the reprograming of TME by modifying the balance of an immune-repressive state to higher immune-active state. The tumor specificity of these cytotoxic T cells was confirmed by increased secretion of interferon-gamma (IFN-γ) by TIL isolated from vaccinated mice in response to 4T1 tumor cells. There was a significant negative correlation (p=0.0083) between the secretion of IFN-γ by the total population of TIL and tumor weight (Figure 5J). Indeed, mean induced IFN-γ values were significantly higher in hESC+VPA as compared to control group and to the mice primed with mESCs (Figure 5K).

Comparative Anti-tumor Effects of Syngeneic or Allogeneic iPSCs Combined with VPA.

To assess the effectiveness of this combo therapy by using other source of PSC, we compared the anti-tumor activity elicited by allogenic (C57BL/6) or syngeneic (BALB/c ) iPSC. For this purpose, we have generated murine iPSC from BALB/c and C57BL/6 fibroblasts with lentiviral or retroviral vectors respectively, expressing OCT4, KLF4, SOX2, c-MYC. Both miPSCs exhibited nearly identical gene expression and surface markers profiles with expression of SSEA1 (Figure S7A), OCT4, NANOG (Figure S7B). They were able to generate teratomas in vivo (Figure S7C) confirming their pluripotency.

We performed tumor vaccination experiments following the same protocol by using both murine IPSC in presence of VPA or not (Figure S3A). At day+20, mice treated with syngeneic BALB/c-iPSCs had significantly (p=0.0058) reduced the tumor sizes by 35%, whereas mice vaccinated with C57BL/6 iPSC have shown a lower reduction of the tumor by 21% (Figure 6A and6B).

Interestingly, the adjunction of VPA highly increased the anti-tumoral response in both vaccination strategy allowing a drastic inhibition (61%) of tumors burdens with allogeneic miPSC and 48% with syngeneic mIPSC. (Figure 6A and6B). Inhibition of tumor burden was significantly higher (p<0.0001) by allogeneic miPSCs compared to syngeneic PSCs (p=0.0018).

Mice were not sacrificed and kept for a long-term survival study. A significant improvement in median survival rate was observed after vaccination with both types of miPSCs, compared to control groups (Figure 6C and6D). Importantly, VPA had a significant benefit in median survival rate using both vaccine products (Figure 6E and6F).

We then performed an additional experiment consisting to vaccine 8 mice with two injections of 2x10 6 C57BL/6-derived iPSCs and to compare the tumor burden to 8 non-vaccinated mice. All mice were challenged with 5x10 4 4T1 cancer cells using the same previous protocol (Figure 3SA).

Tumor size was monitored every two days until day+20 (Figure 6G). After 6 days, all mice from both groups presented similar tumors that have strongly progressed in 7 out 8 mice from the control group. In contrast, all treated mice showed significant reduction in tumor volumes that have regressed in 4 out 8 C57BL/6-derived iPSCs+VPA-treated mice, one tumor having completely regressed and three having partially regressed with a tumor volume of less than 35 mm 3 .

Generation of an Effective Memory Immune Response after Vaccination with miPSCs

To investigate the potential T cell memory effects induced by miPSCs vaccination, 2x10 6 irradiated BALB/c-derived miPSCs were inoculated 6 times over a period of 180 or 270 days.

During this successive vaccination period, all mice remained healthy throughout the study. After tumor challenge with 5x10 4 4T1-GFP-Luc cells, VPA was added in the drinking water at the dose 4mg/ml and tumor growth was monitored during 26 -28 days (Figure 7A). In two independent experiments, the vaccination reduced the tumor burden by 64% (Figure 7B) and 46% (Figure 7C) resulting to a significant tumor growth inhibition as compared to the control mice after 26 (1968+96 versus 695+102 mm 3, , p=0.0059) and 28 (600+40 versus 320+23 mm 3 , p<0.0001) days, respectively.

The analysis of metastasis dissemination revealed a major reduction of lung metastases after 28 days (Figure 7D) with a significant correlation between tumor burden and metastatic spread (Figure 7E). This protection was correlated with a significant increase of frequency of CD4, CD8

T cells (Figure S8A) in spleen and with a significant decrease of the frequency of PD1 in CD4 and CD8 T cells and of the frequency of T Reg population (Figure S8B) indicating that long-term immune memory has been well established by the injections of miPSC vaccine leading to the activation of an efficient anti-tumor immunity.

To evaluate further the tumor protective effect induced by iPSC vaccination, we performed an experiment over a period of 28 days consisting to challenge the mice after 270 days with 5x10 5

4T1 cells or MS-derived 4T1 (Figure 7A). Mice immunized with miPSCs were able to reject significantly (p<0.0001) and efficiently MS-derived 4T1 with a reduction of the tumor burden by 83% (Figure 7F), with highly reduced tumor sizes as compared to controls (Figure 7G). This long-term immune memory also significantly protected the mice from developing lung metastases (Figure 7H) and a significant correlation between tumor weight and the metastatic dissemination was observed (Figure 7I).

To evaluate the effect of the vaccine and to explore the mechanisms of the long-term immune protection observed, we performed a transcriptome analysis on tumors from non-treated mice and from mice primed with 6 boosts of miPSCs and VPA. Differential Expressed Gene (DEG) analysis was evaluated between the 2 conditions and 206 genes were found to present significant differential expression (Figure 8A). We found 98 genes that were up regulated and implicated in immune response to cytokines and lymphocyte chemotaxis (Figure 8B). Immune module infiltration showed a significant enrichment of monocyte derived dendritic cell (Normalized Enriched Score (NES =1.66, p-value<0.001), of T cells (NES=1. 54, p-value<0.001) and of B cells (NES=1.33,.001) (Figure 8C). Molecular immune network highlighted the major implication of B cells and T cells by the importance of molecules implicated in these respective infiltrations (Figure 8D). Interestingly, a significant (p-value=5.1787803E-5) up regulation of chemokine (C-X-C motif) ligand 13 was observed (by 8.8-fold) in post-vaccination tumors. This result was confirmed by RT-qPCR showing a strong up-regulation of CXCL13, CXCL9 and CXCL10 (Figure S9). These results suggested strongly that the vaccine acts essentially by recruitments of B and T lymphocytes to the tumor sites in the vaccinated animals by CXCL9, CXCL10 and CXCL13 with an active immune action.

right flank of anesthetized BALB/c mice using 2% isoflurane in 100% oxygen. In vivo tumor studies were performed using 5 to 10 BALB/c mice in each group otherwise defined elsewhere.

Mice were immunized subcutaneously with 2x10 6 irradiated cells twice at a 1-week interval. 5x10 4 4T1 GFP-Luc cancer cell lines were resuspended in 100 μL PBS and injected at the 4th mammary fat-pad using tuberculin syringe. For H9+CpG vaccine, the irradiated H9 cells were suspended in 100uL PBS containing 50ug of CpG (Invivogen). After tumor implantation, oral treatment with VPA was started by adding in the drinking water VPA at the dose 4mg/ml in the vaccinated mice group. VPA (Sigma) was dissolved in drinking water at concentration of 0.4% w/v and administered to mice using feeding bottles ad libitum, a dosage leading to approximate concentrations of 0.4 mM in the plasma, as previously reported [START_REF] Shabbeer | Multiple Molecular pathways explain the anti-proliferative effect of valproic acid on prostate cancer cells in vitro and in vivo[END_REF]. Tumor growth was measured using a caliper. In vivo bioluminescent imaging was performed using IVIS Spectrum (Perkin Elmer) and images were analyzed and quantified with Living Image software (Perkin Elmer). For direct imaging of lungs at sacrifice, lungs were isolated and incubated with 150ug/mL luciferin in 12-well plates and imaged. After sacrifice, tumors were dissociated using Mouse Tumor dissociation kit (Miltenyi) without enzyme R (Tumor dissociation kit, Miltenyi Biotec) and Dissociation machine (GentleMACS dissociator, Miltenyi Biotec). Spleens were dissociated using cell strainer (Fisher) followed by RBC removal using RBC Lysis Buffer (eBioscience). After dissociation, the cell suspension was washed with PBS and used for subsequent analysis.

To study immunological memory induction ability of the vaccine product, BALB/c mice were immunized subcutaneously with 2x10 6 irradiated miPSCs in 100µl PBS solution 6 times with 3 day intervals in the presence of control group receiving PBS. At Month +6, mice from both groups were injected with 2.5x10 4 4T1GFP-Luc cancer cell lines at the 4th mammary fat-pad. Drinking water treatment with VPA (Sigma, at the dose 4mg/ml) was also included in the vaccinated mice group after tumor implantation.

Staining of immune cells and tumor cells for FACS analysis and ELISA assay

Cells isolated from spleen and tumor were resuspended in PBS (Gibco) containing 1% FBS. Cell surface marker staining were done with the antibodies of CD44, CD24, CD45, CD8a, CD25, CD279 (PD-1), MHC class I (eBioscience) and CD11b, Gr-1, CD3, CD4, CD279 (PD-1), CD45, CD44, CD24 (Miltenyi Biotec). 7-aminoactinomycin D (7-AAD, eBioscience) and zombie violet (BioLegend) were used for exclusion of dead cells. FACS analysis was done using MACS quant (Miltenyi Biotec). Immune stimulation was performed using 50ng/ml PMA (Sigma) and 500ng/ml Ionomycine b (Sigma) in RPMI 1640 media (Gibco) containing 10% bovine fetal serum (Gibco) and 1% penicillin and streptomycin. IFN- was quantified using IFN- kit (eBioscience) according to the manufacturer's protocol.

We evaluated several PSCs vaccine candidates in combination with VPA on an aggressive, poorly differentiated, triple negative breast cancer model (TNBC) 4T1 cell line deriving from a spontaneously arising BALB/c mammary tumor (Tao et al. 2008;[START_REF] Aslakson | Selective events in the metastatic process defined by analysis of the sequential dissemination of subpopulations of a mouse mammary tumor[END_REF]. In this model, as few as 5x10 4 tumor cells given into the mammary fat pad of the mice lead to a rapid local growth of the tumor and distant metastases occurring via a hematogenous route mainly in lung and brain, closely resembling metastatic breast cancer in humans [START_REF] Morecki | Allogeneic cell therapy for a murine mammary carcinoma[END_REF][START_REF] Wagenblast | A model of breast cancer heterogeneity reveals vascular mimicry as a driver of metastasis[END_REF]. This model contrasts with that used by Kooreman et al. (Kooreman et al. 2018) who evaluated the anti-tumor potential of autologous FVB-derived murine iPSC combined with a CpG ODN 1826 adjuvant on a DB7 breast tumor model. Indeed, DB7 exhibits a very low metastatic potential and does not allow the evaluation of anti-metastatic properties of iPSCsderived vaccines. This work, using the aggressive 4T1 cell line, reports, not only the tumor protective capacity of PSC, but also their major anti-metastatic potential.

We have also evaluated the potential generation of an immunity towards more primitive CSC-like mammosphere cells.

It is in fact well established, in several types of cancers that CSCs are the cause of resistances towards standard therapies. Their long term persistence are at the origin of relapses [START_REF] Holohan | Cancer drug resistance: an evolving paradigm[END_REF][START_REF] Diehn | Association of reactive oxygen species levels and radioresistance in cancer stem cells[END_REF][START_REF] Bao | Glioma stem cells promote radioresistance by preferential activation of the DNA damage response[END_REF]. Secondly, CSCs participate to the generation of metastatic dissemination, which can occur even at diagnosis, with presence of infra-clinical metastatic cells which remain in dormancy [START_REF] Plaks | The Cancer Stem Cell Niche: How Essential is the Niche in Regulating Stemness of Tumor Cells?[END_REF]. Besides, it is also well known that a subpopulation of CSCs could undergo EMT [START_REF] Bronsert | Cancer cell invasion and EMT marker expression: a three-dimensional study of the human cancer-host interface[END_REF]) with acquisition of a migratory phenotype, conferring resistance to anti-proliferative drugs [START_REF] Creighton | Residual breast cancers after conventional therapy display mesenchymal as well as tumor-initiating features[END_REF].

Third, CSCs which are resistant to conventional therapies [START_REF] Shafee | Cancer stem cells contribute to cisplatin resistance in Brca1/p53-mediated mouse mammary tumors[END_REF][START_REF] Yamauchi | Induction of cancer metastasis by cyclophosphamide pretreatment of host mice: an opposite effect of chemotherapy[END_REF]) may limit the efficiency of immunotherapy approaches. Different cancer vaccine approaches so far, use mainly, TAA isolated from differentiated cancer cells, rather than, TAA from CSCs.

Today, there is no evidence whether immunotherapy strategies using PSCs exhibit the capacity to target CSCs and/or the tumor microenvironment in TNBC. The 4T1 breast model is well suited to answer to this question, as this cell line present cellular plasticity and stemness phenotype in permissive conditions [START_REF] Wagenblast | A model of breast cancer heterogeneity reveals vascular mimicry as a driver of metastasis[END_REF], Sally et al. 2007). For this purpose, we developed a protocol allowing to induce via EMT process 4T1-derived mammospheres (MS), expressing ALDH1 [START_REF] Ginestier | ALDH1 is a marker of normal and malignant human mammary stem cells and a predictor of poor clinical outcome[END_REF]) with some CSC-like characteristics. 4T1-derived MS have higher colony formation ability and expressed embryonic stem cell-associated factors such as NANOG and SOX2, shown to be associated with a poor prognosis in breast cancer (Nagata et al. 2014[START_REF] Liu | SOX2 regulates multiple malignant processes of breast cancer development through the SOX2/miR-181a-5p, miR-30e-5p/TUSC3 axis[END_REF].

Our combinatory regimen using PSCs vaccines along with VPA in this model, has generated a major enhancement of the anti-tumor effect as compared to PSCs vaccination alone, with a highly significant reduction of lung metastases (12-fold). VPA significantly modify the immunosuppressive microenvironment within the primary tumor, suggesting strongly, that it allows the reduction of tumor cells with EMT/CSC phenotype, able to migrate to lungs and brain.

This anti-metastatic effect was associated with an increase of CD4 + and CD8 + T cells in tumor and in spleen, with a significant decrease of PD1+ in CD4+ and CD8+ T cells proportions in spleen only in mice treated by combined PSC vaccine and VPA .

One of the major findings of our study consisted also, on the demonstration that combined treatment allows to efficiently induce an anti-tumor immunity against 4T1-derived CSCs/MS. As a matter of fact, the combinatory regimen has allowed a highly efficient prevention of the establishment of 4T1-derived MS with an increases of CD4+, CD8+ CTLs and IFN- induction associated with a reduction of Gr1 + CD11b + MDSCs within the tumor.

We next evaluated iPSCs as easier source of TAA to immunize naïve mice against lethal dose of 4T1 breast carcinoma cells. For this purpose, we compare two sources of fibroblast-derived iPSCs generated from BALB/c and C57BL/6 strain mice to prime BALB/c mice, and evaluated the antitumor immunity generated by the use of syngeneic or allogeneic iPSCs. Mice treated with both type of miPSCs, presented with significantly reduced tumor sizes. The co-injection of VPA and iPSC-based vaccine, highly enhance the anti-tumoral response. A significant improvement in median survival rate was observed especially in group of mice primed with allogeneic material as compared to syngeneic.

A striking observation, was the demonstration of an effective generation of memory immune response against breast 4T1 breast carcinoma. Mice treated with 6 boost of vaccination, and challenged with 5x10 4 4T1-GFP-Luc cells, were more prompt to reject CSC/MS-derived 4T1 cells 180 or 270 days later. This finding strongly suggested that long-term immune memory had been well established is this context via the activation of an efficient anti-tumor immunity mainly against CSCs.

Overall, these results, demonstrate the possibility inducing immunization by VPA+iPSC as an adjuvant cancer therapy to prevent risk of relapse and metastasis. Long-term vaccination strategy seems to be safe, without any side effects observed after 6 and 9 months of treatment (weight, hair and musculature were normal, no weakness, without colitis nor cytopenia), and without any clinical evidence of autoimmune diseases.

Importantly, allogeneic miPSCs appeared to be more efficient than syngeneic miPSCs to prevent the establishment of the 4T1 carcinoma cells suggesting a future advantage of this strategy in term of future clinical applications in patients with TNBC. Indeed, allogeneic iPSCs will provide an "off-the-shelf" material compared to autologous iPSCs. Reprogramming of autologous somatic cells require several months for cell characterization and amplification in a clinical GMP condition, making the autologous approaches highly unpractical. Therefore, autologous iPSCs, as future cancer therapy approach, would be extremely difficult to implement at large scale and, to be performed in randomized setting.

Taken together, our data show the feasibility of creating tumor immunity against cancer by combining HDACi and PSCs-based vaccine, that can be easily applied to patients to permit to decrease the occurrence of metastases or distant relapses, by targeting CSCs. This combinatory regimen could increase the survival of some patients whose tumors present stemness phenotype, associated with resistance to current chekpoint immunotherapies. This approach could generate a major benefit as invasion and metastasis account for more than 90% of mortality [START_REF] Bronsert | Cancer cell invasion and EMT marker expression: a three-dimensional study of the human cancer-host interface[END_REF][START_REF] Sleeman | Cancer metastasis as a therapeutic target[END_REF][START_REF] Lazebnik | What are the hallmarks of cancer?[END_REF]).

In addition, combined HDACi and PSCs-based vaccine modulate significantly the tumor microenvironment by recruiting T and B cells and modify immunosuppressive cellular components, such as the myeloid-derived suppressor cells. The latter have been shown to regulate tumor plasticity facilitating the dissemination of tumor cells from the primary site by inducing an EMT/CSC phenotype [START_REF] Ouzounova | Monocytic and granulocytic myeloid derived suppressor cells differentially regulate spatiotemporal tumour plasticity during metastatic cascade[END_REF]. Moreover, tumor associated macrophages (TAMs) have been shown to produce pro-invasive cytokines that not only affect invasion directly, but also sustain the cancer-associated mesenchymal phenotype [START_REF] Noy | Tumor-associated macrophages: from mechanisms to therapy[END_REF]. These beneficial properties reported by this combinatory regimen against these immunosuppressive cells represent a novel concept of immunotherapy. This could be applied to several clinical contexts, in particular, to eradicate minimal residual disease, after conventional therapies or in combination with check point inhibitors or adoptive T/NK cell therapies. 
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In vivo (12 days) In vivo (28 days) in vitro 2D (E) Frequency of CD4+ and CD8+ T cells in tumor were higher than those of the other groups.

(F) Frequency of CD4+ and CD8+ T cell in spleen were higher in hESC+VPA treatment group than that of the control group significantly.

(G) PD-1 expression on CD4+ T cells and CD8+ T cells were lower in hESC+VPA treatment group than that of the control group significantly.

(H) High PD-1 expression on CD4+ T cells in the spleen of the control group whereas lower expression of that of hESC+VPA group. 
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MAJOR FINDINGS AND PERSPECTIVE

We are the first having demonstrated that whole lethally inactivated pluripotent stem cells can be used to protect a 4T1 TNBC in a syngeneic mice model. This Pluripotent Stem cell-based vaccine (PSCV) have succeeded to significantly reduce the breast tumor burden that was correlated with the recruitment of CD4 + and CD8 + T cells to the tumor.

In addition, we observed an increase of CD4 + and CD8 + T cells also in spleen showing that the mice have acquired a systemic adaptive immune memory against the shared antigens between PSC and 4T1 tumors cells. Additionally, the long-term effect of our PSCV offers attractive strategy in clinical settings for the prevention and the recurrence of breast cancer after surgery of TNBC patients.

We also have demonstrated that CSC population marked with CD44 + CD24 -/low increased in vivo in time dependent manner after the tumor implantation. It is noteworthy that we didn't see any safety issues accompanied with PSCV, which is constant observation with the other studies using PSCVs. It has been shown (36) that neural stem cell and retinal stem cells were clustered similarly with ESC whereas other adult stem cells including mammary stem cells have showed distanced clustering. This may provide caution for the presence of shared antigens between neural tissues and ESCs. However, during our vaccination programs we didn't have seen any neurological or muscular disorders even after more than 9 mouths post-vaccination meaning that PSCVs are quite safe. As TNBCs show relatively high PD-L1 expression compared to the other BC subtypes, using immune check point inhibitor (CPI) can been expected to be an attractive approach to cure those patients. Despite much anticipation, phase 1b clinical trial using anti-PD-L1 antibody showed only a modest effect (18% ORR). This may tell us that the limitation of natural recognition of the tumor antigens by immune cells, thereby only blocking the PD1/PDL1 interactions didn't work well. Combination of a cancer vaccine approach with an CPI may solve this problem by triggered a synergy effect on the immune system, permitting to expand T and B cell repertoires by the vaccine, to block the emergence of immune tolerance by CPI and to consequently activate anti-tumor immunity.

In contrast to the use of PSV-derived differentiated cells for regeneration medicine our objective is to immunize the mice with PSCV and allogeneic materials may be easily used. Even though there are several reports that autologous, allogeneic or xenogeneic PSC can be used as vaccine products in different animal models, more evidence should be necessary to say that it would be preferable to use a vaccine product of the same species: human in human or mice in mice. Additionally, it may also depend, on the Lastly, the use of pluripotent stem cells itself for cancer therapies is receiving much attention largely because recent insights of molecular and genetic expression similarity between CSC and PSC. Pluripotent stem cell vaccination against cancer is providing new strategies in the field of cancer immunotherapy. One of the advantages of the PSC strategy is that whole PSC may share many specific tumor antigens including unknown antigens.

One of the biggest problems of TNBC treatment is linked to a possible recurrence and to the chemo-resistance of the CSCs. If the CSC population can be recognized and eliminated by the immune system, ta complete remission would be thus plausible with a definitive eradication of the tumor. Therefore, this is one of the advantages by vaccine approaches only by which the immune memory in the patients can be established. Moreover, PSC-based vaccine should be relatively easy in clinical transfer from technical and production perspective because it doesn't need to differentiate the cells. PSC vaccine can be frozen or lyophilized so that it can be ready immediately when it becomes necessary.

GENERAL CONCLUSION

Stem cell-like signature represents a specific character of TNBCs. Studies have shown that ES-like gene signature, CSC-like molecular pattern and TP53 mutation correlate with aggressive behavior of this disease. Those molecular characteristics involve the malignant aspects by promotion of self-renewal and invasion, inhibition of cellular differentiation and drug resistance. The similarity in the genetic expressions between grade 3 TNBCs and ESC implies the presence of the shared antigens between TNBCs and pluripotent stem cells. Since CSCs have also shown to be more resistant to the chemotherapy, its presence can cause the residual disease. However, the therapy for TNBCs is currently limited to only chemotherapy and radiotherapy, there is no targeted therapy available. Therefore, the development of CSCs targeted therapy for the treatment of TNBCs is in critical need.

In this work, we have shown the prophylactic anti-tumor effect of the pluripotent stem cell-based vaccines (PSCV) in a TNBC mouse model. PSCV immunization combined with epigenetic agent VPA significantly reduced the primary tumor volume and lung metastasis load. We used in order to analyze the metastasis sites, a 4T1-GFP-Luc tracing reporter system that have permitted to evaluate for the first time the anti-metastasis potential of the PSCV approach. In particular, we were able to observe 12.8-fold reduction of lung metastasis of mice treated with the combined protocol (PSCV+ VPA) compared to the control mice. Moreover, we have shown a significant anti-tumor effect in CSCenriched TNBC model. Immune monitoring has demonstrated the recruitment of CD4 + and CD8 + T cells in the tumor and spleen with a reduction of MDSCs and Tregs. Interestingly, our gene expression analysis by transcriptome and RT-qPCR have revealed a significant increase of CXCL9, CXCL10 and CXCL13 mRNA in the tumors of the mice that have received the vaccine. Chemokine ligand CXCL9 and CXCL10 are chemoattractant for CD8+ T cells, Th1 cells and NK cells (221). CXCL13 has known to have important role in attracting lymphocytes to the tumor site and formation of Tertiary lymphoid structures. Thus, this result strongly supports that, at least part of, the underlying mechanism of the anti-tumor effect is by promoting T cell trafficking to the tumor and reversing the tumor microenvironment to active "hot" state with the increased presence of immune effector cells. Further, intratumoral Th1 type chemokines have been shown to be associated with positive responses to blockage of PD-1 and PD-L1, which leaves further potential of PSC vaccine strategy as the therapeutic approach in combination with CPIs.

We also showed the long duration of PSCV potency in the study with subsequent immunization followed by the tumor challenge after 6 and 9 months. Taken together, PSCVs elicit long lasting adaptive immunity, activation of the immune system and inhibition of the immune suppression which leads to anti-tumor and anti-metastasis effects.

We have observed that CSC feature of 4T1 cells were further induced in the tumor microenvironment in vivo, which emphasize that the medical strategy needs to take into account of the environmental influence to the cancer cells. Furthermore, increase of CSC marker and immune suppressive ligand on 4T1 was time dependent manner after the tumor implantation. Given that the intermediate immune suppression is more susceptible to be recovered compared to the severely suppressed status, those results also indicate that it may be important to treat breast cancers with immunotherapy at earlier stage before the tumor establish the severe immune suppression. This work proposes PSCV to be utilized as prophylactic purpose or, prevention of recurrence after the surgery in TNBC patients and even offers a potential of therapeutic approach for TNBCs in combination with VPA or CPIs for a maximal clinical response. 

Neutrophils

In humans, neutrophils are the most abundant immune cell population, representing 50-70% of all leukocytes (1). More than 10 11 neutrophils may be produced per day, and tumors can further increase this number. G-CSF is the master regulator of neutrophil generation and differentiation (2).

In tumor microenvironment, TGF-β and G-CSF activate a tumor-and metastasispromoting program, by regulating the TFs inhibitor of DNA binding 1 (ID1), retinoblastoma 1 (RB1) and interferon regulatory factor 8 (IRF8) that control the immunosuppressive functions of neutrophils (3). In contrary, IFN-β acts as a negative regulator of the pro-tumorigenic phenotype of neutrophils (4,5) They also promote tumor growth by neutrophils is the induction of angiogenesis.

Antitumoral function of neutrophils has been also described. Mechanism involved with this includes presumption that is through their cytotoxic effects mediated by H2O2 (3). There are contradictory results regarding neutrophil function using the same transplantable cell lines. The timing of neutrophil depletion experiments may be crucial for the interpretation of the data, as neutrophil function evolves from antitumoral to protumoral in mice bearing transplantable cancer cell lines (3). Experimental metastasis models bypass several initial steps of the metastatic cascade, including exit from the primary tumor, intravasation and priming of the premetastatic niche. The genetic loss of TGF-β receptor 2 or TGFβ signaling blockade in neutrophils decreased lung metastasis in the 4T1 mammary tumor model and activation of regulatory B cells were seen (6).

Eosinophil

Eosinophil, basophil and mast cell are known to have important roles at parasite infection and allergy. They have Fcε receptor which binds to IgE antibodies. At big parasites infection, the pathogens are covered with IgE then those immune cells can attack it by directly releasing toxic granules to the target.

Tumor infiltrating eosinophils have been reported for a variety of solid tumors however, its role in the clinical cancer setting is controversial since tissue eosinophilia (also termed tumor-associated tissue eosinophils) and peripheral blood eosinophilia have been associated with both good and poor prognoses (7). As pro-tumorigenic activities of eosinophils, eosinophils facilitated the colonization of the metastatic niche. It was demonstrated that IL-5 enabled the formation of lung metastases via recruitment of eosinophils that secrete CCL22, which recruits regulatory T cells to the lungs (8).

As antitumorigenic activities of eosinophils, direct killing of tumor cells in vitro by cytotoxic mechanism have been shown while evidence demonstrating direct eosinophilmediated tumor extermination in vivo is largely missing (7). Eosinophils have been shown to orchestrate antitumor immunity via indirect mechanisms. Using models of melanoma that were depleted of regulatory T cells (Tregs), eosinophils promoted the recruitment of CD8+ T cells, improved vascular healing, and polarized macrophages into a proinflammatory phenotype, which is usually associated with antitumorigenic properties though the promotion or suppression of CD8+ T cells by eosinophils may depend on the mediators.

Mast cells

Mast cell modulation of the immune response through the release of histamine, IL-10, and TNF-α, contributes to tumor growth and Mast cells also secrete proteases such as MMP-2 and MMP-9, which digest ECM and, together with heparin, stimulate heparinbinding pro-angiogenic factors in the tumor microenvironment, thus influencing tumor progression and metastasis (9)(10)(11).

Cancer-associated fibroblasts

Cancer associated fibroblast (CAF) includes at least two distinct cell types. One is that the cells with similarities to the fibroblasts that create the structural foundation supporting most normal epithelial tissues and another one is the myofibroblasts, whose biological roles and properties differ from those of tissue-derived fibroblasts (12). Fibroblasts are usually quiescent and become activated in a wound healing response.

The majority of CAF appears to originate from the activation of resident fibroblasts and are activated through similar processes to those observed during wound healing.

However, unlike wound healing, the activated phenotype of CAFs is not reversible and is long lasting (13)(14)(15). Activated fibroblast can transdifferentiate into chondrocytes, myocytes, adipocytes and endothelial cells. Persistent emergence and accumulation of cancer cells in a given tissue represents an ongoing tissue injury, initiating a chronic wound healing response toward the cancer cells. This results in a chronic host repair response in tumors that is known as cancer fibrosis. The recruitment of stromal fibroblasts to the tumor is largely governed by the growth factors released by the cancer cells and the infiltrating immune cells. TGF-β, PDGF and fibroblast growth factor 2 (FGF2) are key mediators of fibroblast activation in tissue damage. The recruitment of activated fibroblasts in many cancers is dependent on TGF-β. Generally, CAFs are considered to promote an immunosuppressive TME ( 16) though it depends on the specificity of the CAF. Secretion of cytokines, chemokines and pro-angiogenic factors by CAFs in established tumors, including, but not limited to, IL-6, IL-4, IL-8, IL-10, TNF, TGF-β, CCL2, CCL5 (also known as RANTES), CXCL9, CXCL10, SDF1, prostaglandin E2 (PGE2), nitric oxide (NO), HGF and human leukocyte antigen G (HLAG) may have direct and/or indirect implications for tumor immunity (17)(18)(19). Fibroblast-derived IL-6 also redirects monocytes toward differentiation into a macrophage lineage rather than DC differentiation and recruits and activates mast cells (20,21).

Exosomes

Exosomes are homogenous membrane vesicles (40-150 nm diameter), derived from the exocytosis of intraluminal vesicles and released into the extracellular space when fused with the plasma membrane (22). Most cell types release exosomes through this mechanism. The precise mechanism of exosome internalization is still unclear, however, receptor-mediated endocytosis, phagocytosis, and direct plasma membrane fusion have been proposed (23). Low pH of the tumor microenvironment was shown to be essential for exosome uptake by human metastatic melanoma in vitro, that is suggested to be related to elevated stability and lipid/cholesterol content of exosomal membranes in an acidic environment (24). Immune modulation role of exosome both for immunosuppressive and immunostimulatory function have been reported.

The suppressor activity involves induction of the generation, expansion, and suppressive function of Tregs and the molecules expressed on exosomes like FasL, TRAIL, membrane-bound TGF-β, and galectins (25). Tumor-derived exosomes can also suppress immune-cell responses by inhibiting the cytotoxicity of CD8+ T cells and NK cells predominantly through NKG2D down-regulation by MHC class I-related chain (MIC) A (MICA) (26) and TGF-β ( 27) on the tumor-derived exosome surface. The inhibition of cytotoxic T-cell function has also been suggested to be induced in part by the increased T-cell ROS content mediated by melanoma-derived exosomes (28). Murine TS/A and 4T1 breast tumor cell-derived exosomes re-taken up by bone marrow myeloid cells and switched to MDSC phenotype (29). Exosomes also involve in antigen presentation. B lymphoblast-derived exosomes that bear MHC class II-peptide complexes were capable of activating human and mouse antigen specific T cell clones (30).

Exosomes derived from DCs that were pulsed with antigenic peptides induced antitumor CD8+ T cell responses in murine tumor models (31) via presentation of MHCpeptide complexes to naïve T lymphocytes. Also, it has been shown that exosomes were attributed to cross-priming (32), stimulation of macrophages and neutrophils to secrete pro-inflammatory mediators, including TNF-α and RANTES (33).

Various studies have shown that exosomes are composed of mRNAs, miRs, DNAs, proteins and lipid components as well (34). The delivered RNA molecules are functional, and mRNAs can be translated, while miRs target host mRNAs to modulate translation in the recipient cell (35). Oncogene miR-21 and -29a secreted from lung cancer cell-derived exosomes were shown to bind TLRs to murine (TLR7) and human (TLR8), leading to TLR-mediated NF-κB activation and secretion of pro-metastatic inflammatory cytokines TNF-α and IL-6 (36). Exosomes derived from heat-stressed ACE-positive tumor cells have enhanced immunogenicity via increased HSP70 and MHC-I (37). A potential limitation of classical DC vaccination is that the availability of high amount of DCs largely depends on the patients. In the clinic, the cancer patients often develop suppressed immunity due to the prior history of chemotherapy treatments or, impaired general condition etc.

To breakthrough this limitation, generating DCs from autologous iPSC from the patients is a strong alternative way to have sufficient amount of DCs. In this aspect, we have attempted to generation of DCs from autologous iPSCs in mouse model.

Unfortunately, we haven't completed all of the experimental steps of the studies of DC vaccination approach and haven't yet performed the injections of DCs in mice during my thesis. However, for the possibility of future continuation in the laboratory, I precise the theoretical processes and the processes that I have already validated or achieved so far in the following chapters.

At day 0, BM leukocytes were seeded at 2x10 6 cells per 100 mm dish in 10 mL medium containing 20 ng/mL GM-CSF. At day 3 another 10 mL R10 medium containing 20 ng/mL GM-CSF were added to the plates. At days 6 and 8, half of the culture supernatant was collected, centrifuged, and the cell pellet resuspended in 10 mL fresh media containing 20 ng/mL GM-CSF, and given back into the original plate. At day 10, non-adherent cells were collected by gentle pipetting, centrifuged at 300 xg for 5 minutes.

Preparation of cell lysate

The cultured cells were trypsinized and harvested from the culture plate then the complete media was added to neutralize trypsin. Dilute the cells at 2 x 10 7 cells/mL in cold RPMI-1640 media. Freeze the cells rapidly in dry ice and ethanol in the safety cabinet. Once it was frozen, thaw it in RT. Repeat the freeze-thaw process total 5 times.

The total cell disruption was verified under the microscope. The solution was sonicated for 1 minute at a power of about 180 watts (in rounds of 10 seconds sonication/10 seconds rest for each cycle) in the ice. Centrifuge at 10,000 x g for 20 minutes at 4°C to pellet cell debris, and then transfer the supernatant to a new tube without disturbing the pellet. Cell lysate is filtered by 0.22 μm PES filter. The protein concentration of the lysate was determined by Bradford protein assay. The lysate was stored at -80℃.

Antigen loading and maturation

The antigens for loading DCs were obtained from osmotic shock of the target cells for apoptotic cell bodies or, cell lysate solution as described below. The DCs cultured for 10 days were resuspended in media containing 20 ng/mL GM-CSF and 1ug/ml LPS or 10 ng/mL TNF-α and cultured 1-2 days. 2 x 10 6 cells were put in one culture plate.

Phenotyping by FACS

At the end of maturation, the supernatant of the culture was collected and washed with PBS. Antibodies were added and incubated for 30 minutes at 4℃. PBS including 2% FCS were added and measured by MACSquant. The next step was to differentiate iPSCs to DCs. There are several protocols of differentiation of ESC or iPSC to DCs. The summary of the process is described as below.

Among these protocols, we decided to try the co-culture method of iPSCs with OP9 cells proposed by Senju (406). After plating OP9 cells on gelatin coated culture plate, OP9 cells were cultured for 3 days to have confluent layers or, 7 days (with changing the media on day 4 after seeding) to have overconfluent layers to evaluate the impact to the differentiation. After 3 or 7 days, B9D7 iPSCs were plated on the OP9 cell layers. At 7 days after the seeding of iPSCs on OP9 cells, iPSC-derived colonies appeared. The morphology of the colonies was heterogeneous, some of them looked flat and epithelial like and some of them looks small round cell-based colony. At 7 days after the seeding of iPSCs on OP9 cells, the cells were trypsinized and replated onto the fresh OP9 layers. After the replating, the cell population which resemble iPSC derived cells formed again the similar colonies like those before replating however, floating cells or loosely adherent cells that are considered to differentiate to DCs didn't appear.

As nest step, to investigate the cause that we didn't observe DC like cells after the culture and to try the alternative protocol like that by Fairchild should find the solution to differentiate the iPSC to DCs. The possible factors in culture which may impact the differentiation consequence are as follows.

▪ It is known that the quality and culture history of OP9 cells can have impact to the co-culture differentiation process. During the culture, we observed emergence of some adipocytic cells in the OP9 culture. It may be important to find the optimized cell density which doesn't allow emergence of too much adipocytic cells as well as to support iPSC differentiation to hematopoietic lineage.

▪ To validate the differentiation method using ESC before using iPSC clone should eliminate the potential issues in case that the differentiation problem came from the specific iPS clone ▪ Using the lineage markers to ensure differentiation progress in each culture phase should detect the culture point that may interfere with the differentiation. For example, decrease or loss of pluripotent stem cell marker Nanog and increase of Flk-1 receptor tyrosine kinase, as hematopoietic prosecutor marker, and CD45 as hematopoietic cell marker can be monitored before and after the replating of iPSC/OP9 co-culture. 
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 37 Figure 37: Pathological observations in primary tumors and spleen ••••••••••••••••••••••••••••••••••••

Figure 39 :

 39 Figure 39: Cloning in 98 well plate: One 4T1-GFP-Luc cell in a well under (a) microscope and (b) fluorescent microscope. (c, d) The cell formed a small colony 4 days after seeding.

Figure 40 :Figure 41 :

 4041 Figure 40: GFP expressions of 4T1-GFP-Luc clones (above) and subclones (below). •••••••••••• Figure 41: GFP positive rate and median value of each clones.•••••••••••••••••••••••••••••••••••••••••

Figure 42 :

 42 Figure 42: Analysis of the clones by bioluminescent imaging by IVIS.•••••••••••••••••••••••••••••••••

Figure 43 :Figure 44 :

 4344 Figure 43: Tumor volume, tumor weight and bioluminescent images of 4T1-GFP-Luc clones ••• Figure 44: Metastasis to the organs analyzed by bioluminescence detection of 4T1-GFP-Luc clones••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Figure 45 :

 45 Figure 45: Reprogramming of primary fibroblasts obtained from Balb/c mouse.•••••••••••••••••••

Figure 46 :

 46 Figure 46: iPSC colonies observed after the infection of Adenovirus expressing Cre recombinase and GFP.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••

Figure 47 :

 47 Figure 47: PCR results after the process of transgene deletion •••••••••••••••••••••••••••••••••••••••••

Figure 49 :

 49 Figure 49: CSC marker CD44+CD24low/-expression in 4T1 cells in vitro and in vivo •••••••••••••

Annex 4 :

 4 CSC, stem cell or mesenchymal stem cell markers tested and those descriptions •••••• Annex 5: Primer sequences used for RT-PCR •

Figure 1 :

 1 Figure 1: Anatomical and histological illustrations of human mammary gland (Adopted from Dimri 2005) (2)

Figure 2 :

 2 Figure 2: Differentiation hierarchy model from mammary stem cells to the differentiated cells.

Figure 3 :

 3 Figure 3: Breast cancer incidents and mortality.

Figure 4 :

 4 Figure 4: Histological stratification of breast cancer.

  Luminal B subtype tumor are positive for hormone receptors but with low level and tend to show high proliferation profile and worse prognosis than luminal A. HER2-enriched, basal-like and claudin-low subtype show often bad prognosis though emergence of Trastuzumab (anti-HER2 antibody) therapy targeting HER2 is improving the prognosis of HER2-enriched BC patients.

Figure 5 :

 5 Figure 5: Molecular intrinsic subtypes of breast cancer. Gene clustering, characters and prognosis (a) First analysis and proposal by Perou et al. (b) Addition of Luminal B (and C) subtype (c) Addition of Claudin-low subtype. (d) Clinical and pathological characteristics and prognosis of all intrinsic subtypes across three independent breast cancer data sets of UNC337, NKI295 and MDACC133. pCR: Pathological complete response rate after anthracycline/taxane-based chemotherapy. (Adopted from[START_REF] Perou | Molecular portraits of human breast tumours[END_REF][START_REF] Sørlie | Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical implications[END_REF][START_REF] Prat | Deconstructing the molecular portraits of breast cancer[END_REF](7)(8)(9) 

Figure 6 :

 6 Figure 6: Distribution of dinstinct molecular subtype in breast cancer (Modified from Prat and Perou. 2011, 2013) (13, 14) Left: Ratio of 5 subtypes without claudin-low Right: Ratio of 6 subtypes with claudin-low

  -low sub-type tumors are characterized by a low expression of genes involved in cell-cell adhesions and tight junctions including claudin 3,4,7, cingulin, and occluding. Similar to basal-like subtype, these tumors display low expression of luminal cytokeratins, ER, HER2, and other luminal specific genes; however, these tumors show relatively low expression of proliferation-associated genes. These tumors express a highly number of immune system response genes from B-and T-lymphoid cells, and suggest a high immune cell infiltration. Other important characteristics of Claudin-low tumors are a stem cell-like gene signatures including Aldehyde dehydrogenases 1 (ALDH1) expression and EMT markers.TNBC is still a heterogenous group of breast cancers. It was further subtyped by genetic cluster analysis into 6 groups: Basal-Like 1 (BL1) and Basal-Like 2 (BL2) with a high expression of cell proliferation, cell cycle, DNA repair. genes; Immunomodulatory (IM) with a high expression of immune reaction related genes; Mesenchymal (M); Mesenchymal Stem-Like (MSL) with a high expression of TGF-β, EMT genes, proliferation factors, Wnt/β-catenin signaling pathway and Stem cell related genes;

Figure 7 :

 7 Figure 7: The prevalence of somatic mutations across human cancer types Relatively low mutational load in breast cancer compared to Melanoma or Lung squamous (Adopted from Alexandrov. 2013. (17))

  Two major theories have been described to explain the expansion and evolution of cancer: The CSC model and Clonal evolution model. Those both theories have been a topic of scientific debates, during the past decades. The CSC model proposes that the growth and progression of cancers are driven by a rare subpopulation of CSC at the origin of a hierarchical organization. The clonal evolution model proposes that multiple genetic and epigenetic modification occur over time in individual cancer cell and in the microenvironment, confer a selective advantage allowing individual tumor clones to outcompete other clones, like Darwin's theory evolution (Figure 8).

Figure 8 :

 8 Figure 8: CSC model and Clonal evolution model (Adopted form Adams. 2008(28) )

Figure 9 :

 9 Figure 9: Horizon of CSC theory and Clonal evolution theory: (a) Single cell transplantation of murine sarcoma from ascites (b) Single cell transplantation of murine breast cancer and passaging history in mice (c) CSC hypothesis in 1956 mentioned by Makino (Adopted fromIshibashi 1956[START_REF] Makino | Further evidence favoring the concept of the stem cell in ascites tumors of rats[END_REF], Nowell 1976 (29-31)) 

  Chang's group analyzed gene expressions of mouse ESC, differentiated cells and adult stem cells from the various organs. The genetic clustering revealed the two distinct clustering of ESC-like and another adult stem cell specific mapping including mammary stem cells. They proposed that the activation of an ES-cell-like transcriptional program via Myc may induce the characteristics of CSCs. Weinberg group showed ES-like gene expressions in several classifications of breast cancer mostly in basal-like subtype from Grade 3. Additionally, the repression of PRC target genes was observed. Tumors with larger size at the time of diagnosis (more than 2 cm diameter) were more likely to possess the ES signature compared to smaller tumors.

Figure 10 :

 10 Figure 10: Poorly differentiated breast cancers show an ES-like enrichment pattern. (a) Mammary stem cell was clustered within adult tissue classification whereas Grade 3 breast carcinoma expressed ES like gene module. (b) Enrichment pattern of indicated gene sets (rows) across 1,211 breast cancer samples (columns) included in six profiling studies. Red and green indicate significantly over-or underexpressed gene sets, respectively. Shown are 1,089 tumors for which both ER status and grade were available. Brown bars (bottom) indicate individual tumor annotations for grade, ER
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 11143 Figure 11: ES like gene signature in breast cancers (a) Basal-like and HER2 subtypes show ESC signature (b) High scores for the ESC signature correlated highly with the tumor's p53 mutational status. (c) Mutated gene analysis using Tumor samples of luminal A (n = 225), luminal B (n = 126), HER2E (n = 57) and basal-like (n = 93). 80% of basal-like subtype has TP53 mutation.(Modified from Mizuno 2010, The cancer genome altas network 2012)(41,[START_REF] Network | Comprehensive molecular portraits of human breast tumours[END_REF] 

  .

Figure 12 :

 12 Figure 12: Schematic model of CSC transformation (a) Molecular circuits, transcription factors, miRNAs that can influence CSC phenotype (b) TNBC CSC model. P53, miR-200, let-7 are inactive or down-regulated, whereas molecular pathways including TGF β /SMAD, WNT/ β -catenin, Hedgehog and JAK/STAT pathway are activated. Pluripotent TFs and EMT TFs are overexpressed. Altogether, those molecular changes lead the cells to lost their identity and to promote cell transformation into ES-cell like CSCs with high proliferation, drug resistance, EMT phenotype and invasion.

Figure 13 :

 13 Figure 13: Diversity and existence of multi-subtypes within DCIS tumor (a) IHC photos of one DCIS from a patient including different types of cancer cells (b) Gene clustering of molecular subtype showed presence of multi-subtypes. The red curve lines in the genetic clustering of the molecular subtype show presence of some different subtypes in one specimen. (Adopted from Allured et al., 2008 (66))

Figure 14 :

 14 Figure 14: Copy number Evolution in Clonal Extinction and Resistant Patients (a) Consensus integer copy-number profiles of the clonal subpopulations Consensus line profiles show annotated cancer genes and subpopulation-specific differences indicated with gray bars. (b-c) Classification of single tumor cells into the five breast cancer subtypes (luminal A, luminal B, her2+, basal-like or normal-like) based on PAM50 gene expression and ordered in pentagram graphs where each dot represents a single cell.
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Figure 15

 15 Figure 15: Hallmarks of cancer: The revised perspective Adopted from Hanahan and Weinberg, 2000. 2011. (71, 72)

Figure 16 :

 16 Figure 16: The microenvironment supports metastatic dissemination and colonization at secondary sites Adopted from Quail and Joyce 2013.[START_REF] Quail | Microenvironmental regulation of tumor progression and metastasis[END_REF] 

  ), inhibition of the activation of NK cells and T cells. TAMs also recruit natural regulatory T (nTreg) cells to the tumor microenvironment, as well as by inducing the CD4 + regulatory fraction (iTreg) cells and sustaining their survival. Altogether, they have an important role in recruitment and activation of Treg cells and the suppression of effector cells in the tumor microenvironment. TAM-secreted cathepsins B and S are critical for promoting pancreatic tumor growth, angiogenesis, and invasion[START_REF] Gocheva | IL-4 induces cathepsin protease activity in tumor-associated macrophages to promote cancer growth and invasion[END_REF]. STAT3 and STAT6

  ) are called professional antigen-presenting cells (APC) which links innate immunity and adaptive immunity. Once DCs recognize pathogens or damages, they change into mature DCs, which are characterized by high level expression of MHC II and increased expressions of costimulatory molecules such as CD40, CD80 and CD86, changes in morphology (bigger dendrites) and reprogram chemokine receptor expressions.Those changes make mature DCs move to the T cell area of local draining lymph nodes and meet with Ag-specific-T cells and induce their activation and differentiation into effector cells[START_REF] Sato | Dendritic cells: nature and classification[END_REF] 

Figure 17 :

 17 Figure 17: Changes that occur in myeloid cells in cancer Aberrant differentiation of myeloid lineage cells. The dotted lines show the normal pathways of myeloid cell differentiation from immature myeloid precursor cells to DCs, macrophages and granulocytes. The solid bold lines indicate the aberrant pathways of myeloid cell differentiation that occur in cancer. The dotted thick line depicts a pathway of cell differentiation that has been suggested but has not yet been confirmed. (Adopted from Gabrilovich et al. (98))

17 )

 17 at the plasma membrane of MDSCs decreases CD62L expression on the surface of naive CD4 + and CD8 + T cells, thereby limiting T cell recirculation to lymph nodes (112). MDSCs express galectin 9, which binds to T cell immunoglobulin and mucin domaincontaining protein 3 (TIM3) on lymphocytes and induces T cell apoptosis (113). MDSCs also decrease the number and inhibit the function of NK cells (114). -CSF and GM-CSF Chemotaxis of MDSCs to an inflammatory or tumor site CCL and CXCL12 Differentiation of MDSCs into osteoclasts, monocytes, granulocytes, endothelial cells or dendritic cells ATRA and vitamin D The fourth type of mechanism is the activation and expansion of Treg cell populations. MDSCs promote the clonal expansion of antigen-specific natural Treg cells and also induce the conversion of naive CD4 + T cells into induced Treg cells. 2.3.3.5 MDSC triggers tumor metastasis Increase of IDO-expressing MDSC in breast cancer tissue correlated with increased lymph node metastasis in patients (115). In patients with melanoma, the development of metastases and poor survival was associated with increase of both PMN-MDSC and M-MDSC (116). Serum amyloid A (SAA) 3 directly attracted MDSC to pre-metastatic lungs, stimulated NF-κB signaling and facilitated metastasis. MSDC also promote angiogenesis (116). In 4T1 breast cancer model, accumulation of PMN-MDSC was correlated with increased bone metastasis. Co-injection of MDSC and 4T1 cells led to increased lung metastasis. MDSCs in 4T1 tumors up-regulated the expression of several MMPs, which was critical in mediating invasiveness (117). PMN-MDSC produced HGF and TGF-β and induced EMT of primary melanoma cells. The depletion of PMN-MDSC led to decreased EMT and fewer metastatic lesions in mice (118). In ovarian cancer patients, accumulation of MDSC correlated with poor survival in metastatic and non-metastatic disease. MDSC directly interacted with ovarian

  Cytotoxicity activity is controlled by the balance of two signals of activating and suppressing receptors. NK cells engage in surveillance for transformed or virus-infected cells that have down-regulated expression of MHC class I. It was suggested that NK cell activation cannot be achieved by single activation receptor but realized by combination of several activation receptors and only when threshold of signaling that exceeds the counterbalancing influence of the inhibitory receptors (121) (Figure 18).

Figure 18 :

 18 Figure 18: NK cell surface receptors and possible outcome at encounters between NK cells and potential target cells. Cell surface receptors expressed by NK cells (Right) indicating the activating, inhibitory and cytokine receptors. Possible outcome at encounters between NK cells and potential target cells (Left).

  ). Constitutive exposure of NKG2DL leads systemic down-regulation of NKG2D and deficiencies in NKG2Dmediated NK cell function. A broad spectrum of tumors also often up-regulates expression of the non-classical MHC class I molecule HLA-G which dampens NK cell responses (129). Many sera of patients with epithelial and hematopoietic malignancies contain elevated levels of soluble MICA and MICB. Soluble MICA has been shown to systemically down-regulate NKG2D. Down-regulation of NKG2D is also mediated by TGF-β and 2,3-dioxygenase (IDO) (130).

Figure 19 :

 19 Figure 19: Peripheral tolerance T-cell anergy is induced by inhibiting mTOR pathways or can be induced by tolerogenic DCs. Lymph node stromal cells express tissue-specific antigens and can mediate the deletion of selfreactive naive T cells.(140)

Figure 20 :

 20 Figure 20: Relationship between TCR affinity and T cell activity for CD8 and CD4 T cells. TCR affinity for pep/MHC impacts T cell activity for CD8 (top) and CD4 (bottom) T cells. (Adopted from Stone et al. 2015 (139))

Figure 21 :

 21 Figure 21: Interaction of a cytotoxic lymphocyte with a target cell (Adopted from Voskoboinik et al. 2015 (145)) The cytotoxic lymphocyte recognizes its target cell and forms an immunological synapse (a). The microtubule-organizing center of the cytotoxic lymphocyte polarizes and secretory granules traffic toward the presynaptic membrane (b). The secretory granules then fuse with the presynaptic membrane and release perforin and granzymes into the synaptic cleft (c and d).At the postsynaptic membrane, perforin forms large transmembrane pores that enable the diffusion of granzymes into the target cell cytosol. Granzymes then initiate apoptosis of the target cell, and the cytotoxic lymphocyte detaches from the dying cell (indicated by the arrow; e) and can interact with another target cell to carry out serial killing.

  terminology of "regulatory" T cells (Tregs) by identifying a population of CD4 + T cells highly expressing CD25 and preventing autoimmunity in a murine model (148). Negative selection of self-reactive T cells in the thymus leads to elimination of selfreactive T cell clones and is likely responsible for neutralization of most high-affinity T cells recognizing self. In the periphery, chronic engagement of TCRs by self antigens induces anergy. The differentiation of Treg cells in the thymus is promoted by increased affinity interactions with self-peptide-MHC complexes, whereas differentiation of peripheral iTreg cells likely occur more environmental factors like cytokines and antigens. High-affinity TCR signaling together with suboptimal co-stimulation (increased CTLA-4 and decreased CD28 signaling) favors Foxp3 induction and iTreg cell generation.Induction of Foxp3 expression in peripheral naive CD4 + T cells can be also facilitated by high amounts of TGF-β (149). Foxp3 represses production of proinflammatory cytokines (IL-2, TNF-α, IFNγ, IL-17, and IL-4) (150).

Figure 22 :

 22 Figure 22: CD4+ thymocyte fate and regulatory T cell differentiation by TCR signal strength (Adopted from Josefowicx et al., 2012 (150) ) Immature CD4+ thymocytes receive TCR signals of varied strength via interactions with peptide-MHC on APCs. The strength of TCR signals, or functional avidity, peptide-MHC abundance and their duration determine its fate.

  Foxp3 + Tregs are their ability to actively inhibit CD4 + CD25 -T cells, CD8 + T cells, DCs, NK cells, natural killer T (NKT) cells, and B cells in a cell-to-cell contact and dose-dependent manner (158). CTLA-4 and glucocorticoid-induced TNFR-related protein (GITR) are the most prominent molecules among the cell-surface markers associated with Treg phenotype and function. (159, 160). Murine fibrosarcoma model showed that the majority of TILs at late stage of tumor progression were Tregs. Their depletion during the effector phase successfully enhanced antitumor immunity. Furthermore, local depletion of CD4 + T cells inside the tumor led to eradication of well-established tumors and development of long-term antitumor memory. Suppression of antitumor immunity by Tregs occurs predominantly at the tumor site and that local reversal of suppression, even late during tumor development, can be an effective treatment (161). The tumors actively promotes increase of Tregs through activation of naturally occurring Tregs as well as conversion of non-Treg cells into Treg cells (162).
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 4131 Type 1 helper T (Th1) cells IL-12 and IFNγ are the critical cytokines initiating the downstream signaling cascade to develop Th1 cells (169). IL-12 is secreted in large amounts by APCs after their activation through the PRRs (170). Several TFs in coordination induce full differentiation of the Th1 cells. T-bet is the principal transcription factor, as it significantly enhances the production of IFNγ, and plays important role in suppressing the development of Th2 and Th17 (171, 172). T-bet further induces IFNγ production by the differentiating cells, thereby amplifying T-bet expression and upregulating the expression of IL-12Rβ2. The latter cells can then be selected by the abundant IL-12 from the APCs, thus ensuring selective expansion of the differentiating Th1 cells (173).

2. 4

 4 .1.3.3 T helper 9 (Th9) and T helper 17 (Th17) cells Ongoing researches tend to classify IL9 secreting-Th9 cells as a distinct subset of CD4 + T cells. TGF-β in combination with IL 4 directly induces the differentiation of Th9 cells (179) though more research is necessary to get more insights about the Th9 cells. IL-6, IL-21, IL-23, and TGF-β are the major signaling cytokines involved in Th17 cells differentiation, and retinoic acid receptor-related orphan receptor gamma-T (RORγt) is the master regulator. The differentiation process can be split into 3 stages, including the differentiation stage mediated by TGF-β and IL-6, the self-amplification stage by IL-21, and the stabilization stage by IL-23. TGF-β alone, at high concentration, can divert lineage differentiation toward iTreg development, through the induction of FOXP3 (149, 180). However, at low concentration and in the presence of IL-6, TGF-β induces Th17 differentiation, production of IL-21 and upregulates expression of IL-23R (180).
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 4134 Plasticity of helper T cellsTGF-β caused Th2 cells to convert into Th9 cells (179). Th17 in the presence of IL-12 switched to Th1 phenotype, and interaction with IL-4 led to the differentiation into Th2 cells(181, 182). Treg showed tendency to convert to Th17 and Tfh. In the presence of IL-6, CD4 + CD25 + FoxP3 + cells upon activation reprogrammed into Th17 (183).

FoxP3+

  Treg in Peyer's patches differentiated into Tfh, with subsequent interaction with B cells and production of IgA (184). IRF4 inactivation in Foxp3 + cells resulted in Th2 development and increased germinal center formation (152).2.4.1.3.5 TCR signal strength in mature T cell differentiationSignal strength from TCR in T cells also plays an important role in T cell differentiation into distinct T cell subsets (185). Strong TCR signals lead to differentiation of naive T cells into Th1/IFNγ-expressing cells, whereas weaker signaling promotes development toward the IL-4/IL-5-producing Th2 lineage(186, 187). Another insight on this point is that during the response to microbial infection, even very weak TCR-ligand interactions are sufficient to activate naive T cells, induce rapid initial proliferation and generate effector and memory cells however, strong TCR ligation was required to sustain T-cell expansion.

  Memory T cell population have following characters to exert immune memory compared to naïve T cells; an increased frequency of antigen-specific precursors (up to 1000-fold), changes in gene-expression profile that allow faster responses, and homeostatic proliferation leading to longevity.The duration and the strength of the immunological protection are explained by primary the dose of the pathogen and immune stimulating signals involving signal 1 (TCR signaling), signal 2 (co-stimulation) and signal 3 (inflammatory cytokine, e.g. IFN-α/β, IFNγ, IL-2, IL-12, IL-21, IL-33, TNF-α), which lead to the quantity and quality of the memory T cells to be formed. After vast expansion of effector T cells, memory T cells remain to keep the memory function.

  is an elegant attempt to quantify the cross-reactivity of a given TCR (200). Using five different CD4 TCR clones (three from mouse origin and two from human origin), high throughput screening of yeast libraries and deep sequencing, the authors demonstrate that a single TCR can interact with more than 100 different peptides. Crystal structures of allo-pMHC complexes such as 2C TCR with allogeneic H-2Kbm3 presenting dEV8/Kbm3 (201) or BM3.3 TCR with allogeneic pBM1-H-2Kb (202) have shown that alloreactive TCRs interact with allogeneic MHC in a similar fashion as with syngeneic MHC.

Il- 10 TGF

 10 -β also upregulates immunosuppressive cytokine IL-10, whereas IL-10 enhances the expression of TGF-β in a positive feedback (214). IL-10 inhibits antigen presentation, MHC class II expression, and the upregulation of costimulatory molecules CD80 and CD86. IL-10 prevents the production of Th1-associated cytokines IL-2 and IFNγ from APCs. Physiologically, IL-10 significantly suppresses the major inflammatory cytokines IL-1, IL-6, IL-12, and TNF-α. As a consequence, IL-10 was initially classified among the immunosuppressive cytokines with Th2 polarization in the termination of the T-cell-mediated response. IL-2 IL-2 is a growth factor for antigen-stimulated T cells and is responsible for T-cell clonal expansion after antigen recognition in adaptive immunity. IL-2 is produced primarily by activated CD4 + T cells and by naive CD8 + T cells and DCs (215). IL-2 stimulates proliferation and differentiation of NK cells. Activated cytotoxic T cells need IL-2 as a growth factor at late stages of the immune reaction. IL-2 is also crucial for development and peripheral expansion of Treg cells. In the absence of IL-2, TCR engagement results in anergy (214). IFNγ IL-12 is essential for the production of IFNγ, which in turn has an essential role in MHC expression. IFNγ is the principal macrophage-activating cytokine. The major sources of IFNγ are CD8 + T cells, CD4 + T cells and NK cells. Activated CD8 + T cells produce IFNγ after antigen stimulation. IFNγ inhibits the production of the immunosuppressive factors TGF-β and prostaglandin E2, whereas negative regulators of IFNγ production include IL-4, IL-10, and TGF-β. TGF-β inhibits IFNγ production by suppression of T-bet that is essential for Th1 differentiation of CD4 + T cells and for IFNγ production.

Figure 24 :

 24 Figure 24: The promotion of tumor immunity by chemokines (Adopted from Zou. 2017 (221))

  because of main stream by chemotherapy and radiation therapy, Morales et al. showed effectiveness of bacterium BCG for the treatment of bladder cancer in 1976 (229). Old et al. discovered TNF-α based on the extensive cancer immunology research (230). Here, we see that huge attempts of cancer immunotherapy and the discoveries of molecular mechanisms behind tumor immunity brought the great advances to the cancer immunotherapy field. Each findings including, immunological tolerance (1956) (231), immune rejection of transplanted mice (1957) (232), immune surveillance theory (1959) (233), TCR (1982) (234), human tumor antigen recognized by T cells (1991) (235), immune check points and those inhibitors such CTLA-4 (1996) (236), PD1 (1992) (237) and LAG3 (1990) (238) provide critical insights to improve cancer immunotherapy. Allison and Honjo received the Nobel prize in 2018 for their discovery of cancer therapy by inhibition of negative immune regulation. In this recent 10 years, efforts and results in research and development of cancer immunotherapy has been tremendous and donated strong options to cure cancers. FDA has approved autologous cell-based cancer vaccine (sipuleucel-T) for the treatment of stage IV prostate cancer in 2010, anti-CTLA (ipilimumab) for the treatment of stage IV melanoma in 2011, anti-PD-1 (pembrolizumab) for the treatment of melanoma and anti-PD-L1 (atezolizumab) for the treatment of bladder cancer in 2016 and many clinical trials are on-going with promising results currently.

Figure 25 :

 25 Figure 25: History of cancer immunology and immunotherapy. (Modified from Oiseth and Aziz (239))

  additional costimulatory domains (261). Very recently, autologous CAR T-cells specific for CD19 present in B lymphocytes have recently been approved by FDA for treatment of refractory pre-B cell acute lymphoblastic leukemia and diffuse large B cell lymphoma.

Figure 26 :

 26 Figure 26: Engineered T cells: design of TCR versus CAR T cells. (Quoted from June et al. (261) )

Figure 27 :

 27 Figure 27: Multiple co-stimulatory and inhibitory interactions regulate T cell responses (Adopted from (266))

  exclusively on T cells where it regulates the amplitude of the early stages of T cell activation. CTLA4 counteracts the activity of the T cell costimulatory receptor, CD28 (268). Once the antigen recognition occurs, CD28 signaling strongly amplifies TCR signaling to activate T cells. CD28 and CTLA4 share identical ligands: CD80 and CD86 (269). It has been proposed that CTLA4 expression dampens the activation of T cells by outcompeting CD28 in binding CD80 and CD86, as well as actively delivering inhibitory signals to the T cell (270, 271).

Forced

  expression of PDL1 on mouse tumor cells inhibit local antitumor T cell-mediated responses (282). High PD1 expression on CD8 + TILs showed decreased cytokine production in TILs from melanoma samples from patients (280). Two general mechanisms for the regulation of PDL1 by tumor cells have been explained: innate immune resistance and adaptive immune resistance. Innate immune resistance: Constitutive oncogenic signaling can upregulate PDL1 expression on all tumor cells, independently of inflammatory signals in the tumor microenvironment. Activation of the AKT and signal transducer and activator of transcription 3 (STAT3) pathways has been reported to drive PDL1 expression.

Figure 28 :

 28 Figure 28: Customizing a patient-specific cancer vaccine. (Adopted from Sahin and Türeci. 2018 (299)) Patient tumor biopsies and healthy tissue (e.g., peripheral blood white blood cells) are subjected to next-generation sequencing. By comparing the sequences obtained from tumor and normal DNA, tumor-specific nonsynonymous single-nucleotide variations or short indels in protein-coding genes are identified. A computational pipeline is used to examine the mutant peptide regions for binding to the patient's HLA alleles (based on predicted affinity) and other features of the mutated protein deemed relevant for prioritization of potential vaccine targets. These data can facilitate selection of multiple mutations to design unique neoepitope vaccines.

  cells. By this way, HDACi treatment may lead only the transformed tumor cells and tumor environment to change dramatically. Despite many trials of cancer vaccines, results in activation of immune response is not sufficient because of immune evasion mediated by TME. Approach overcoming the immune tolerance should enhance cancer vaccine efficacy. HDACi has been shown to increase tumor antigen expression, increase perforin in T cells (322). Valproic acid (VPA) increased the antigenic recognition by CTL in cervical cancer cells (323). VPA mediates recognition of cancer cells by CTLs via NKG2D(324). HDACi can increase the immunogenicity of tumor cells by up-regulating expression of MHC and co-stimulatory molecules such as CD40, CD80, CD86 and intercellular adhesion molecule 1 (ICAM-1)

  PSCs are undifferentiated cells with self-renewal proprietary, are able by definition to differentiate into the three germ layers of an embryo and are able to form all tissues

(

  initially from murine and human fibroblast) into induced pluripotent stem cells (iPSCs) by genetic manipulation accomplished by the seminal work of Yamanaka, receiving Nobel prize in 2012 (331, 332). This somatic reprogrammed technology required transient ectopic expression of key transcription factors (TFs) involved in pluripotency (331). PSCs are characterized by molecular (bivalent domain) and epigenetic (miRNA) landscape actively maintained by LIF-dependent (in mice) and bFGFdependent (in human) signaling pathways that sustain self-renewal and repress differentiation lineage programs (333). Oct4 and Sox2 are both key TFs required for the acquisition and maintenance of pluripotency in mice and human PSCs. Oct4 and Sox2 are defined as ''core pluripotency factors'' with a mutual auto-loop regulation. Loss or repress of Oct4 and Sox2 expression elicits lineage commitment and specification into lineage differentiation. Nanog is another a key TF which stabilize Oct4 and Sox2 and is crucial for the maintenance of pluripotency (334). Functional assessment of pluripotency includes different methodologies (1) in vitro differentiation in three germ layers; (2) teratoma formation; (3) chimera formation; (4) germline transmission; (5) tetraploid complementation; and (6) single-cell chimera formation.
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 4313 coculture system expressing a Notch ligand, delta-like 1 (361). Lei et al. generated iPSCs from mouse embryonic fibroblasts through retroviral transfection of Oct3/4, Sox2, Klf4, and c-Myc (Yamanaka factors) and differentiate them into T-cell lineages by culturing it on OP9-DL1 cell system supplemented with Flt-3 ligand and IL-7. Adaptive transfer of these T cells to Rag1-deficient mice (mice lacking mature T-cells) enabled them to reconstitute T-cell pool by generation of CD4 + and CD8 + T lymphocytes in lymph nodes and spleen (362). Research team of the Unit has described a CD7 + CD34 + Hematopoietic progenitors able to produce T lymphocytes (CD4 + and CD8 + ) using the technology of Fetal Thymic Orthoptic Culture system (363). An interesting approach to generate antigen-specific CTLs is to obtain iPSC from blood T-cells and redifferentiate them into T-cells. CD3 + T-cells are selected from PBMCs and expanded by IL-2 and anti-CD3 antibody. T-cell-derived iPSCs (TiPS) were generated from activated T-cells after retroviral transduction of reprogramming factors (364). These T-iPSCs express the original TCR gene rearrangements, so they can be used as a source of T cells with the endogenous specific TCR. Antigen specific T-cells from an iPSC were also generated from CTL specific for particular epitope. CTLs were transduced with Sendai virus bearing Yamanaka factors (Klf4, Sox2, Oct4, c-Myc), miR-302 target sequence and SV40 (large T antigen). iPSCs derived CD8 + T cells were able to retain their original antigen specificity, against MART-1 (melanoma epitope) (365) and pp65 antigen (cytomegalovirus)(366). Furthermore, stimulation of CTL-iPSC-CTL cells with their specific antigens led to IFNγ secretion and degranulation. CTL-iPSC-CTL cells have some advantages to parent CD8 + T-cells with elongated telomeres with a high proliferation potential and survival. Additionally, some of them display central memory T-cell (Tcm) and stem-cell memory T-cells (Tscm) phenotypes which was associated with increasing expression of CCR7, CD27, and CD28 markers. Several lines of evidence show that Tcm and Tscm have superior antitumor immunity for Adoptive transfer cell-based immunotherapy because of their characters such as the resistance to apoptosis, potent response to homeostatic cytokines, self-renewal, and efficient generation of other T-cells' population (360, 365-367). Combination of iPS generation technology with transduction of tumor antigen-specific TCRs or CARs showed successful generation of tumor-specific transgene T-cells (368). However, despite this proof of concept, major limitation resid to a very small amount of IPSC-derived T cells and robust protocols of differentiation and expansion. Generation of NK cells from iPS cells In 2005, Woll and colleagues used a two-step process to differentiate human ESCs into NK cells in vitro. These cells had the ability to lyse human tumor cells deficient in MHC class I expression (369). The Research Team of the Unit has generated ESC-derived NK cells from murine stromal cells MS5 expressing HoxB4 to improve in vitro expansion of NK cells, with a high purity (>95%) of mature NK cells and the capacity to kill K562 cells. HOXB4 homeoprotein are known to promotes the expansion of human adult HSCs but also myeloid and lymphoid progenitors. (370).
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 314 Generation of NKTs from iPSCs NKT cells are characterized by the expression of an invariant TCR encoded by Vα24-Jα18 in humans and Vα14-Jα18 in mice recognize a CD1d1-restricted selfglycolipid antigen (373). These cells share the properties of both NK cells and T cells and are thought to play an important role in cancer immune surveillance (374). It has recently proven to derive NKT cells from iPSCs. NKT cells differentiated from mouse iPSCs were shown to secrete large quantities of IFNγ and actively suppress tumor growth in vivo (375). Yamada et al., has demonstrated successful regeneration of Vα24 + NKT cells in vitro by two-step culture (reprogramming to iPSC and redifferentiation to iNKT cells) which allows sufficient expansion (376).

# 1 :RESULTS 1 )

 11 MF media at Normoxia (N) (MF N) #2: MF media at Normoxia (N) after pretreatment (ptt) with TNF+TGF (MFptt N) #3: MF media + TNF+TGF at Normoxia after pretreatment (ptt) with TNF+TGF (MFptt N + TNF+TGF) #4: MF media at Hypoxia (H) after pretreatment (ptt) with TNF+TGF (MFptt H) Expression of pluripotent TFs by Reverse Transcription Polymerase Chain Reaction (RT-PCR) Total RNA was extracted using the Trizol reagent (Invitrogen). The Optic Density (OD) was then measured to estimate the concentration of the extracted RNA. cDNA was then produced using Revert Aid First stand cDNA synthesis kit (Fermentas) starting from 2 µg of RNA. PCR was performed using Fast start Taq Polymerase (Roche). All PCR experiments started with the activation of the Taq polymerase at 95°C for 4 minutes. The amplification cycles were repeated 40 times as following: 45 seconds at 94°C, 30 seconds at defined annealing temperature and concluded with 1 minutes at 72°C. After the last amplification cycle, the final elongation step which is performed at 72°C for 7 minutes. The PCR products were then analyzed by electrophoresis. Primer sequences are shown in Annex 5.ALDH StainingThe Aldefluor kit (StemCell Technologies) was used to profile cells with ALDH enzymatic activity. The experiments were undertaken according to the manufacturer's instruction. Briefly, 1×10 6 cells were incubated in Aldefluor buffer containing the ALDH protein substrate (BAAA, BODIPY-amino acetaldehyde, 1 mmol/L) for 30 minutes at 37°C. Cells that could catalyze BAAA to its fluorescent product (BAA) were considered ALDH+ Sorting gates for FACS were drawn relative to cell baseline fluorescence, which was determined by the addition of the ALDH-specific inhibitor diethylamino benzaldehyde (DEAB) during the incubation. 7-AAD (eBioscience) was used to exclude dead cells.Flow cytometry analysisCells were treated with Accutase (Stemcell technologies) or TrypLE (Gibco) to detach from the plate, then washed and resuspended in Phosphate Buffered Saline 1X (PBS) (Life Technologies) and 5% FBS (Gibco) and counted. A number of 10 5 cells was reacted with antibodies. Isotype control or non-staining control were used as control. The cells were placed at 4℃ for 30 minutes. After wash with PBS, the cells were resuspended in 200 µL of DPBS. FACS was performed using MACS Quant Analyzer. The details of the antibodies used in the experiments are listed in Annex 6. Pluripotent TFs, Stemness and EMT markers in different culture conditions.

2 )

 2 Absence of amplification (+) Amplification. Plasticity of 4T1 regarding the culture conditions in adherent culture and spheroid culture methods In TME, cytokines play a critical role to modulate the behavior and propriety of tumor cells. TGF-β is a strong inducer of EMT. Recently, prolonged exposure of tumor cells to TGF-β and TNF-α induces EMT and induced a stable breast CSC phenotype which is shown by self-renewal capacity and increased tumorigenicity (395). Hypoxia and IL-6 signaling are in addition two conditions that play important roles in cancer progression and stemness (396).
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 31323 Figure 31: Mammosphere forming efficiency (MFE) and large sphere count (a) MFE, (b) Large sphere count (>200um)

Figure 33 :

 33 Figure 33: CD44 + CD24 -/low population of 4T1 cells in MF and MF ptt+TNF+TGF cultures Comparison between the different culture conditions (b) Dot plot images of CD44CD24 staining

Figure 35 :

 35 Figure 35: MHC I expression in bulk 4T1 and 4T1 mammosphere

RESULTS 1 )

 1 were produced by transfection of 293 EBNA cells by lipofection using Lipofectamine 2000 (Thermo fisher). Briefly, subconfluent 293 EBNA cells were co-transfected with pMEGIX, gag-pol and VSV with lipofectamine with opti-MEM. The next day, the culture media was changed and the recombinant retrovirus was harvested every day for 3 days starting from 24 hours after the change of media. The intensity of GFP expression was measured by flow cytometer MACS Quant Analyzer.Bioluminescent imagingIn vitro measurements were performed in cell culture fluid of Luc-expressing 4T1 cells grown in a 96-well cell culture plate. Growth medium was removed and wells were filled with 100 μl luciferin solution (150 μg/mL; Promega) in the complete DMEM containing Penicillin-Streptomycin (Sigma-Aldrich) and 10% FBS (Gibco). The bioluminescent intensity was measured on black well plate (Perkin Elmer) by IVIS Spectrum CT. In vivo measurements were performed by injecting luciferin solution (150 mg/kg) to Balb/c mice intra-peritoneally 10 minutes before imaging. At 3 minutes after luciferin injection, mice were anesthetized with isoflurane. Tumorigenicity of 4T1 cells in Balb/c mice First, we have checked the tumorigenesis property of 4T1 using limited numbers (n=2/group) of mice. Two mice per group have received 3 doses of 4T1 cells: 10 3 , 10 4 and 10 5 cells injected subcutaneously. All 3 doses were shown to be tumorigenic in the immunocompetent mice (Fig 7).

Figure 36 :

 36 Figure 36: Tumor volume in 4T1 tumorigenesis study (a) Tumor volume. Data shown are average + SE, which are shown until 18 days post tumor injection due to drop out of mouse. (b) Dead or euthanized mice log. # shows mouse ID and the date shows days post injection.

Figure 37 :

 37 Figure 37: Pathological observations in primary tumors and spleen

Figure 38 :

 38 Figure 38: GFP intensity measurement by FACS

Figure 39 :

 39 Figure 39: Cloning in 98 well plate: One 4T1-GFP-Luc cell in a well under (a) microscope and (b) fluorescent microscope. (c, d) The cell formed a small colony 4 days after seeding.

Figure 40 :

 40 Figure 40: GFP expressions of 4T1-GFP-Luc clones (above) and subclones (below). C1, C2, C3, SC9 and SC12 showed highly GFP positive homogenous population whereas SC2 contained GFP negative population and SC10 contained low positive different population too.

Figure 41 :

 41 Figure 41: GFP positive rate and median value of each clones.

Figure 42 :

 42 Figure 42: Analysis of the clones by bioluminescent imaging by IVIS. (a) Comparison of the emitted photon by each clone, (b) p/s per 1 cell (c) Bioluminescent image of 4T1-GFP-Luc C3 cells in 98 well black plate, indicating highly sensitive detection ability

Figure 43 :

 43 Figure 43: Tumor volume, tumor weight and bioluminescent images of 4T1-GFP-Luc clones (a) Tumor volume, (b) Tumor weight at day 47 post tumor challenge, (c) Sequential bioluminescent images of 4T1-GFP-Luc C3 injected mice. Image at Day 0 was taken just after the tumor injection to verify the successful implantation.

Figure 44 :

 44 Figure 44: Metastasis to the organs analyzed by bioluminescence detection of 4T1-GFP-Luc clones (a) Extent of metastasis per group (n=2) (b) Bioluminescent images of 4T1-GFP-Luc C3 injected mice (ID 9 and ID 10) showing broad spread of the living 4T1-GFP-Luc C3 in the various organs

Figure 45 :

 45 Figure 45: Reprogramming of primary fibroblasts obtained from Balb/c mouse. Representative photos from Day 0 to Day 9. Typical domical colony of miPSCs was observed at Day 9.

Figure 47 :

 47 Figure 47: PCR results after the process of transgene deletion (a) First round of PCR testing of all of Adenovirus applied clones. B9C15, B9C16, B9C19, B9C89 and B8C90 showed presence of amplification. NDC: Non-deleted colony (positive control) (b) Final verification of absence of WPRE by PCR analysis.

Figure 48 :

 48 Figure 48: Characterization of iPSC clones. (a) Immunostaining of miPSC clones B9D7, B9D29 and B9D38 for Oct4, Nanog. (b) Teratoma derived from B9D7 shows 3 germ layers

  vaccines and have not evaluated whether these products have the capacity to target CSCs and to modify their microenvironment. This question remains crucial since anti-tumor vaccines targeting only the bulk and transit amplifying cells without eradication of CSCs are doomed to be unsuccessful. Here, we show, that a treatment combining modified pluripotent stem cells (ESC or IPSC) with histone deacetylase inhibitors (HDACi) prevent the establishment of CSC-enriched tumors and the development of lung metastases in an aggressive triple negative breast cancer model. with different impacts of immune response to them, we used as tumor vaccines, xenogeneic, allogeneic pluripotent stem cells as compared to syngeneic tumor cells (Figure 2A) including lethally irradiated human ESCs (H9) murine ESCs (D3) and the 4T1 cell line. Preliminary experiments have shown that both human and murine ESCs used, expressed pluripotency markers (Figure S1A, Figure

Figure 1 .

 1 Figure 1. 4T1 breast tumors display an ESC-like expression signature in vitro and in vivo (A) Transcriptome heatmap showing overexpressed genes found in 4T1 in context of transplantation and shared with D3 murine embryonic stemcell (Euclidean Distances, method complete). (B) Functional enrichment performed with 85 up regulated genes found in 4T1 in context of transplantation and shared with D3 murine embryonic stemcell (Gene Ontology database), bars represent negative log10 of enriched p-values. (C) Quantification of CD44/CD24 markers on 4T1 cells by flow cytometry in vitro and in vivo 12 and 28 days after implantation into the fad pat of BALB/c mice.
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 233 Figure 2. Embryonic stem cell vaccination elicits anti-tumoral effect in vivo (A) Vaccination and challenge protocol: the irradiated stem cells or 4T1 cells were vaccinated to BALB/c mice twice with one week interval then were challenged with 5x10 4 4T1 cells. (B-D) hESC, mESC and 4T1 vaccinated groups showed significant (p<0.0001) reduction of the tumor volume compared to the control group (n=5). (E) Macroscopic views of tumors from hESC-treated and non-treated groups are shown 28 days showing hESC vaccination reduced tumor size compared to the control group. (F) Significant negative correlation between frequency of cytotoxicity rate (%) of CD8+ T cells in tumor and tumor volume (mm 3 ) in the mean values of each treatment group (p< 0.05). (G) Significant negative correlation between frequency of CD4+ T cells in CD3+ T cells (%) in tumor and tumor volume (mm 3 ). (H) Significant negative correlation between frequencies of infiltrated CD4+ CD25+ Treg cells (%) in tumor and tumor volume (mm 3 ).

Figure 4 .

 4 Figure 4. hESC vaccination with VPA administration showed synergic effect against primary tumor and metastasis (A) Tumor volume of mice treated with VPA, hESC and hESC+VPA (n=5-6) groups showing a significant reduction of the tumor volume (p<0.01, p<0.0001, p<0.0001 respectively). hESC+VPA showed synergic anti-tumoral effect. (B) Bioluminescent imaging by IVIS showing reduction of the tumor region by hESC+VPA compared to the control tumor. The images on the left shows the time-dependent changes of one mouse from each group. The images on the right shows comparison of the tumor at day 44 post tumor challenge. (C) Direct bioluminescent imaging of the explanted lungs at day 44 post tumor challenge showing the reduction of metastasis load by mESC+VPA compared to the control mice. (D) Total flux (photon/second) in the explanted lungs measured by IVIS showing significant positive correlation with tumor burden.
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 56 Figure 4

Figure 7 .

 7 Figure 7. Effective Memory Immune Response after Vaccination with miPSCs (A) In vivo memory model schema consists to six subcutaneous injection of 15Gy irradiated 2x10 6 miPSC cells in the flank of BALB/c mice. After 6 or 9 months mice were challenged with the 2.5x10 4 4T1GFP-Luc cells or 4T1GFP-Luc MS-derived cells. (B) Significant reduction of breast tumor sizes (n=5 per group) in mice challenged with 2.5x10 4 4T1GFP-Luc cells 6 months after having receiving 6 boots of miPSCs compared to nonvaccinated mice. (C) Significant reduction of breast tumor sizes at day 28 (n=6 per group) in mice challenged with 2.5x10 4 4T1GFP-Luc cells 9 months after having receiving 6 boots of miPSCs compared to nonvaccinated mice (D) Image of lungs isolated from vaccinated and control mice 28 days after having challenged the mice with 2.5x10 4 4T1GFP-Luc cells.(E) Significant correlation between tumor burden and metastatic spread at day 28 for mice injected with 2.5x10 4 4T1GFP-Luc cells.(F) Significant reduction of breast tumor sizes (n=6 per group) in mice challenged with 2.5x10 4 4T1GFP-Luc MS-derived cells 9 months after having receiving 6 boots of miPSCs compared to non-vaccinated mice.(H) Image of lungs isolated from vaccinated and control mice 28 days after having challenged the mice with 2.5x10 4 4T1GFP-Luc MS-derived cells.(I) Significant correlation between tumor burden and metastatic spread at day 28 for mice injected with 2.5x10 4 4T1GFP-Luc MS-derived cells.

Figure 8 .

 8 Figure 7

  Figure 8

  4T1 gene signature analyzed with transcriptome analysis revealed that the gene expression of in vitro (DMEM) cultured 4T1 cells switched to the ES-like signature once transplanted into the mammary fat pad in mouse. Both observations indicate critical influence of TME in cellular transformation into CSC phenotype. HDAC inhibitor, such as VPA, showed synergic anti-tumor effect with the PSCV when administrated at the currently approved oral dose for epilepsy patients. Moreover, VPA has shown to partially rescued the transformation of 4T1 cells to CD44+CD24-/low CSC phenotype (Figure 49 in Annex 7). In our experimental settings, we have used auto, allo or xeno materials to vaccinate the mice. Interestingly the used of human ESC have shown a high reduction of mammary tumor burden as well a drastic reduction of lung metastasis implying that cross reactivity either by T and/or B cells have occurred against the homolog peptides or protein products shared between human and mouse materials. It is also apparent that innate immune reaction should be different. The difference occurred by the different ligation to PRR or TLRs on the immune cells by the auto, allo or xeno materials may lead different immunological consequences, which remains to be investigated.

  regulatory requirement in each country, cultural and religious background at clinical trials, either ESC versus iPSC, or either autologous, allogeneic versus xenogeneic material. The discoveries of hESC generation in 1998 (330) and hiPSC generation in 2007 (332) have delivered an exciting new era for the fields of stem cell, regenerative medicine, disease modelling and therapy discovery. The first clinical study to evaluate human iPSC-derived cells was initiated in 2014, which is only 7 years after the discovery of iPSC technology. The study used human iPSC-derived retinal pigment epithelial cells to treat macular degeneration and the treatment was reported to improve the patient's vision (403). Many clinical trials using iPSCs/ESCs have been performed or started. Those trials are the therapy targeting retinal diseases, spinal cord injury, heart failure, Parkinson's disease etc. Immunotherapy trial using allogeneic ESCderived DCs that are engineered to express hTERT (human telomerase reverse transcriptase) for the treatment of lung cancer is currently on-going. Banking PSCs for allogeneic use has the potential to reduce costs because one production may be used for multiple patients. Despite encouraging results in cancer animal models, PSCV concept has never proceeded beyond pre-clinical phase. With the current availability of well-established quality control of PSCs and vastly improved techniques to investigate immune responses, it is about time to bring this proof-of-concept to the clinical stage in order to verify the efficacy and safety in human. In the safety perspective, one of the obstacles in transferring iPSC technology to the patients has been the potential risk of tumorigenesis caused by genetical modifications or mutations in iPSC cells. However, there is no such a concern in case of PSCVs because the PSCs used for the vaccine are lethally irradiated. More relevant concern in vaccination of PSCs is auto-immune related adverse effect like other cancer immunotherapy. PSC vaccines haven't shown any adverse events in rodent models so far. Safety assessment of PSCVs in non-human primate may further assure the safety of this product and may smoothen the clinical transfer to the human in the future. In the efficacy perspective, needless to say, the quality control of clinical-grade PSCs should be the most important aspect. On this aspect, the methods to assure the pluripotency have been established and continuously improved with various different approaches including Immunophenotyping by flow cytometry (positive for OCT4, TRA-1-60, TRA-1-81, SSEA-3, SSEA-4, Sox2, Nanog), Embryoid body formation, Molecular-, mRNA arrayor RNA-Seq-based gene expression assays ('Pluritest' and 'hPSC ScoreCard' are commercially available) (404). Furthermore, manufacturing of qualified PSCs with feeder-free cell system assures the purity in clinical-grade PSCs.

Annex 1 :

 1 Other factors consists of immune tumor microenvironment• Neutrophils • Eosinophil • Mast cell • Cancer-associated fibroblasts • Exosomes

Annex 8 :

 8 Supplementary data 2 (Dendritic cell vaccination loaded with PSC antigens)Dendritic cell vaccination that loaded with pluripotent stem cell antigensDendritic cell vaccination is one of powerful strategy in cancer immunotherapy. DCs as most potent APC, can greatly impact the TME. For the effective anti-tumor immunity, ideal situation is that DCs are well stimulated by the stimulatory signals for the maturation, present the tumor antigens to CD8 CTLs and CD4 helper T cells and release cytokines, chemokines or other soluble agents that promote anti-tumor immunity. However, in TME, DCs are often immature or inactivated status under the immune suppressive environment and doesn't react well to eliminate the tumor cells. Therefore, the aim of the DC vaccinations is to remodel the TME by powerful stimulation by the DCs and to effectively perform the antigen presentation to the T cells, leading to the tumor cell elimination. We have conducted the whole cell antigen approach to deliver the pluripotent stem cells antigens. As another delivery method of vaccination, we aimed to load the pluripotent stem cell antigens to DCs and inject to mice to evaluate anti-tumor effect. First, we began with generating DCs from mouse bone marrow for DC vaccination. Then, we planned to vaccinate mice after loading the PSC antigen to the DCs and the maturation.

Figure 51 :

 51 Figure 51: FACS dot plot images of MHC II expressions on DCs

Figure 52 :

 52 Figure 52: CD11c, CD86, CD40 expression on MHC II positive cells

Figure 53 :

 53 Figure 53: Progress of the experimental steps for iPSC-DCs during my thesis

1 .

 1 [START_REF] Fairchild | Directed differentiation of dendritic cells from mouse embryonic stem cells[END_REF] (355) (407) ES-DCs • Feeder free culture of ESC (on gelatin + mLIF) • Formation of EB for 14 days (Petri dish without mLIF) • Transfer to cell culture plate (DMEM + FBS + GM-CSF + IL-3 for 2weeks 2. Senju (2003) (354) ES-DCs • Suspend ESC in α-MEM+20%FBS on OP9 cell layered plate • Day 3: Change media • Day 5: Replate on OP9 cells • Day 10: Transfer the cells to Petri dish without feeder cells in RPMI1640 + FBS + GM-CSF + 2ME) • Day 17-19: Harvest ES-DCs (when more than half of cells become adherent after Day 12: Transfer the floating cells to fresh dishes.) 3. Senju (2009) (406) iPS-DCs • Suspend ESC in α-MEM+FBS on OP9 cell layered plate • Day 6-7: Replate to α-MEM+FBS+GM-CSF+2-ME on freshly prepared OP9 cells • Day 12-13: Collect the floating cells by pipetting. • Transfer the cells to Petri dish without feeder cells in RPMI1640 + FBS + GM-CSF + 2ME • Culture for 10 -14 days

  Par une analyse de l'expression des gènes par transcriptome et RT-qPCR nous avons pu montrer la présence d'une augmentation significative des transcrits de CXCL9, CXCL10 et CXCL13 dans les tumeurs des souris ayant reçu le traitement combiné. Le ligand de chimiokine CXCL9 et CXCL10 sont des agents chimioattractifs pour les cellules T CD8 +, les cellules Th1 et les cellules NK. CXCL13 joue un rôle important dans l'attraction des lymphocytes vers le site tumoral et la formation de structures lymphoïdes tertiaires. Ces résultats révèlent qu'une partie du mécanisme sous-jacent de l'effet antitumoral observé a été de favoriser dans le microenvironnement tumoral l'attraction de cellules T vers la tumeur, avec une modification du microenvironnement tumoral en favorisant un état « chaud » actif avec la présence accrue de cellules immunitaires effectrices. Nous avons également montré que le vaccin candidat permet d'avoir des effets à long terme en inhibant l'établissement de la tumeur 4T1, 6 et 9 mois après une vaccination par des VCSP, montrant la possibilité d'induire une immunité adaptative de longue durée avec l'activation du système immunitaire et l'inhibition des effecteurs suppresseurs. Nous avons également observé après l'implantation des cellules 4T1 l'émergence qu'une petite population de CSC au sein des tumeurs in vivo ce qui souligne que la stratégie médicale doit prendre en compte l'influence du microenvironnement sur les cellules cancéreuses. De plus, l'augmentation des CSC au sein des tumeurs est dépendante du temps après l'implantation de la tumeur soulignant l'importance d'intervenir le plus tôt possible pour éradiquer une possible présence de CSC au sein des tumeurs avant même l'établissement d'une immunosuppression sévère et irréversible. Ce travail propose que le VCSP soit utilisé dans un but prophylactique, ou comme prévention des récidives après chirurgie sur des patients atteints de CSTN.
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Table 1 : TNM staging (AJCC criteria)
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Table 2 : Scoring criteria for histological grade determination of breast cancer by Nottingham Histological Score system.

 2 

(Johns Hopkins medicine pathology. https://pathology.jhu.edu)

Table 3 : Character of molecular subtypes of breast cancer
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		Prevalence	ER/PR	HER2	General Grade	Description	Mutation	Treatment/Reaction
	Luminal A	50-60%	+ (high)	-	1 or 2	low Ki-67, low mitotic count	Lowest mutational rate in subtypes	Good response to endocrine therapies
						High luminal cytokeratins KRT8, KRT18	PIK3CA (45%), MAP3K1, TP53,	Less responsive to chemotherapy
						Luminal signature (ESR1, GATA3, FOXA1,	GATA3, CDH1, and MAP2K4	
						XBP1, and MYB)		
						Good prognosis		
	Luminal B	15-20%	+ (low)	-(70-	2	High Ki-67, high mitotic count	Mutations in PIK3CA and GATA	Do not respond as well to
				80%)		Worse prognosis than Luminal A	Higher frequency of mutations in	hormonal intervention therapies
				+ (20-			TP53 and frequent mutations in RB1,	compared to luminal A, though they
				30%)			RUNX1, and MALAT1 and high	have a better response to
							expression of MYC	neoadjuvant chemotherapy
	HER2	10-20%	+/-	+	2 or 3	Tumors are dependent on HER2 signaling;	Often show mutations in TP53 and	Good response to certain
	enriched					upon ligand binding, HER proteins undergo	PIK3CA but lack many other	chemotherapeutic drugs and anti-HER2
						dimerization and activation of tyrosine kinase	mutations present in luminal tumors	targeted therapies such as anti11
						activity and downstream signal transduction		HER2 antibodies and EGFR/HER2
						High proliferation rate		tyrosine kinase inhibitors
						Often show aneuploidy		
	Basal-like	10-20%	-	-				
			(majority)	(majority)				

Table 5 : Important molecular pathways and transcription programs in breast CSC
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	Transcription factors

Table 6 : Systemic treatment recommendations for early breast cancer subtypes
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	(ESMO guideline. 2015 (70))
	ET, endocrine therapy; ChT, chemotherapy; RT, Radiotherapy; LN, lymph node
	As seen in Table 6, TNBC are typically treated with a combination of surgery,
	radiation therapy, and chemotherapy.
	The most frequently used regimens contain anthracyclines and taxanes, although in
	selected patients, cyclophosphamide / methotrexate / fluorouracil (CMF) may still
	be used. Four cycles of doxorubicin and cyclophosphamide (AC) are considered equal to
	six cycles of CMF. The addition of platinum compound (carboplatin) to neoadjuvant
	chemotherapy allows for an increase in the pCR rate in triple-negative tumors,
	particularly in those carrying deleterious BRCA 1/2 or RAD mutations. But the effect of
	those compounds on long-term outcomes is unknown. Chemotherapy is usually
	administered for 12-24 weeks (four to eight cycles), depending on the individual
	recurrence risk and the selected regimen. The use of dose-dense schedules is sometimes
	used particularly in highly proliferative tumors.
	In contrary to the struggling situation of TNBC therapy, HER2-positive BC
	treatment has made considerable improvement with Trastuzumab. Trastuzumab
	combined with chemotherapy in patients with HER2 overexpression/ amplification
	approximately halves the recurrence risk, compared with chemotherapy alone, translating
	into a 10% absolute improvement in long-term DFS and 9% increase in 10-year OS,
	emphasizing the effectiveness of the targeted therapy.

2.1 Tumor microenvironment (TME) 2.1.1 Overview

  

	The stromal environment around the tumor gives influence to the fate of cancer
	cells. When transformation of somatic cells occurs and the cells start to develop dysplasia
	and cancer, dynamic modification in the surrounding microenvironment, termed tumor
	microenvironment (TME), happens. TME gradually lose its homeostasis. Immune
	suppression, angiogenesis, inflammation and metabolic modification of the TME by
	altered cancer cells and cancer cells by altered TME represent a consequence of a
	bidirectional cross talk. TME contains a diversity of cells with lymphocytes, various type
	of myeloid cells, fibroblast, mesenchymal cells, endothelial cells, and molecules with
	cytokines, chemokines, RNAs, exosomes, reactive oxygen species, extracellular matrix ,
	various soluble agents and metabolite. The dynamic change in the stromal environment
	in cancers has been first mentioned to the primary tumor lesion but recent evidence
	indicates biological communication between the local TME and the distant metastatic
	sites (Figure

Table 7 : Immune cell population in TME (Quoted from Quail and Joyce. 2013 (73)) Cell type Markers (human) Markers (mouse) Function
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		CD11b +	CD11b + GR1 -CD68 +	
		CD68 +	CSF1R +	Classically activated M1 macrophages are proinflammatory and anti-tumorigenic and secrete TH1 cytokines.
	TAM	CSF1R +	F4/80 +	Alternatively, activated M2 macrophages are anti-inflammatory and pro-tumorigenic and secrete TH2 cytokines. TAMs frequently exhibit an M2 phenotype; their presence in tumors supports angiogenesis and
		CD163 +		invasion.
		EMR1 +		
		CD11c + CD83 +	CD11c + CD83 +	DCs are monocytic antigen-presenting cells that are derived from the bone marrow. DCs presenting tumor-
	DC			specific antigens are being developed as vaccines to induce both innate and adaptive immune responses to
		CD123 +	CD123 +	regress tumors and prevent relapse.
		CD11b + CD66b +	CD11b +	Neutrophils are the most abundant circulating leukocyte in humans and are phenotypically plastic. Similar to
	Neutrophil	CD63 +	GR1 +	TAMs, neutrophils have been shown to have opposing functions in regulating cancer progression and
			7/4 +	metastasis, indicating that they have context-dependent roles within the TME.
		CD11b -	CD11b -CD49d +	
	Mast cell	CD49d + CD117 +	CD117 + CD203c +	Mast cells are best known for their role during allergies and autoimmunity. Mast cells are recruited to tumors, where they release factors that enhance proliferation of endothelial cells to promote tumor angiogenesis.
		CD203c +		
		CD11b +	CD11b +	
	MDSC	CD33 + HLA-DR -	GR1 + Ly6G -Ly6C + (monocytic)	MDSCs are immunosuppressive precursors of dendritic cells, macrophages and granulocytes. In cancer, their main function is to disrupt tumor immunosurveillance by interfering with T cell activation, cytotoxic
		CD14 + (monocytic) CD14 -	Ly6G + Ly6C -(granulocytic)	activity, antigen presentation and cell polarization.
		CD15 + (granulocytic)		

Table 8 : Toll like receptors and their ligands TLR Localization PAMPs Origin of the ligand (PAMPs) DAMPs
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	TLR1	Plasma membrane	Triacyl lipoprotein	Bacteria	β-defensin-3
	TLR2	Plasma membrane	Lipoprotein	Bacteria, viruses, parasites, self	Monosodium urate, Pancreatic adeno-carcinoma
					up-regulated factor (PAUF), Serum amyloid A,
					neutrophil elastase, HSP60, HSP70, gp96,
					surfactants A/D, eosinophil-derived neurotoxin,
					biglycan, hyaluronic acid, HMBG1, MMP-2
	TLR3	Endolysosome	dsRNA	Virus	Tumor derived dsRNA and siRNAs
	TLR4	Plasma membrane	LPS	Bacteria, viruses, self	HMGB1, gp96, HSP22, HSP60, HSP70, HSP72,
					HSP90, hyaluronan, heparin sulfate, fibrinogen,
					monosodium urate, peroxiredoxin, biglycan,
					neutrophil elastase, serum amyloid A, oxidized
					LDL, fibronectin EDA, fibrinogen, tenascin-C,
					lactoferrin, β-defensin-2, saturated fatty acids,
					surfactant protein-A, HMGN1
	TLR5	Plasma membrane	Flagellin	Bacteria	
	TLR6	Plasma membrane	Diacyl lipoprotein	Bacteria, viruses	
	TLR7	Endolysosome	ssRNA	Bacteria, viruses, self	Tumor derived ssRNA and siRNAs, anti-
	(human TLR8)				phospholipid antibodies, miRNAs
	TLR9	Endolysosome	CpG-DNA	Bacteria, viruses, protozoa, self	Tumor mtDNA, HMGB1, IgG-chromatin
	TLR10	Endolysosome	Unknown	Unknown	
	TLR11	Plasma membrane	Profilin-like molecule	Protozoa	

Table 9 : Regulation of MDSCs
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(Adopted from

Talmadge and Gabrilovich. 2013 (99)) 

  First report of an intentional infection of a cancer patient with erysipelas by Wilhelm Busch, with notable shrinkage of the tumor William Coley injected his first of many cancer patients with bacteria, reporting tumor regressions in many of them 1901-08 Rejection of transplanted tumors in mice, reported by Carl Jensen & Leo Loeb Discovery of acquired immunological tolerance by R. Billingham. Brent & P.Medawar. Nobel Prize awarded to Medawar & F. Burnet in 1960 Immune rejection of transplanted syngeneic tumors (i.e., each tumor is antigenically unique) Reported by Richmond Prehn & Joan Main.

	(Year)	(Event)

Immune surveillance of cancer theory by Lewis Thomas & F. Macfarlane Burnet BCG shown to have anti-tumor effect in mouse model by Lloyd Old, Donald Clark & Baruj Benacerraf Discovery of the TCR in 1982, reported by James Allison, B. McIntyre, & D. Bloch First report of a human tumor antigen recognized by T-cells, reported by Pierre van der Bruggen, C. Traversari, P. Chomez, et al. First autologous cell-based cancer vaccine (sipuleucel-T) is approved by the FDA for the treatment of metastatic, asymptomatic stage IV prostate cancer First successful use of gene-edited T-cells for the treatment of hematologic malignancies in humans, reported by W.Qasim, H. Zhan, S. Samarasinghe et al. Anti-CTLA-4 (ipilimumab), is the first inhibitory checkpoint inhibitor (CPI) approved by the FDA for treatment of stage IV melanoma A second class of CPIs, anti-PD-1 (pembrolizumab), is approved for the treatment of melanoma A third class of CPIs, PD-L1(atezolizumab), is approved for treatment of bladder cancer

Table 11 : Summary of FDA approvals for immune checkpoint blockers
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Abbreviations: MSI, microsatellite instability; MMR, mismatch repair.

Table 12 : Types of tumor antigens and their advantages and disadvantages as therapeutic targets (Adopted from Zamora 2018 (287)) Class of Tumor Ag Description of Ag Examples of Ag Type Advantages of Targeting Disadvantages of Targeting Tumor associated antigens
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		Associated with proteins		Antigenic targets shared	Antigenic expression on normal
	Differentiation Ag	displaying a cell lineage-specific pattern of expression or present during specific developmental stages.	CD19, MART-1, gp100, TRP2, CEA	between patients Development of off-the-shelf treatments	healthy tissues Potential for on-target, off-tumor toxicity
	Overexpressed Ag	Normal cellular proteins expressed in greater abundance in cancerous cells.	WT1, ERBB2, PRAME, RAGE-1, mesothelin	Antigenic targets shared between patients Development of off-the-shelf	Difficult to determine relative abundance on tumor compared with normal cells Potential for on-target, off-
				treatments	tumor toxicity
	Cancer/testis (germline) Ag	Expressed in testes, fetal ovaries, or trophoblasts, but absent in healthy somatic cells. Selectively expressed by	MAGE, BAGE, GAGE, NY-ESO-1	Antigenic targets shared between patients with the same cancer type Development of off-the-shelf	Are not ubiquitously expressed across cancer types Potential for unanticipated on-
		specific types of cancer.		treatments	target, off-tumor toxicity
			Tumor specific antigens		
		Gene mutations resulting in the		Decreased likelihood of on-	Antigenic targets are not
		expression of new peptides		target, off-tumor toxicity	shared between patients
	Mutated Ag	(from point mutations, altering the phase of a gene's reading	CDK4, KRAS, BRCA1/2, p53, TGF-βRII	Potential sharing of driver/fusion mutations between	Requirement for patient-specific
		frame, or chromosomal		patients with the same cancer	treatments
		translocations).		type	
		Abnormal proteins expressed		Viral Ags shared between	
	Oncogenic viral Ag	by cells infected with oncoviruses that can be at the origin of several types of	HPV E6/E7, EBV EBNA1/LMP1/LMP2	patients with cancers with viral etiology Development of off-the-shelf	Relatively low frequency of cancer types with known viral etiology
		cancers.		treatments	

Table 14 : Clinical trials of immune check point inhibitors in breast cancer (Modified from Chimino-Mathews et al., 2015 (328))
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			Immune check point inhibitors	
	Molecule	Patient population	Sample size Clinical outcome	Immune monitoring
	LAG-3 Ig (IMP321) + Paclitaxel	Metastatic BC	30	6-month PFS 90% (historical control 50%)	Increased activated APCs Higher% NK Higher% CD8+ EM T cells
	Anti-CTLA4 + exemestane	Metastatic hormone responsive BC	26	SD> 12 weeks 42%	Increased ICOS+ T cells Increased ICOS+ T cells/ Foxp3+ Treg ratio in peripheral blood
	Anti-PD-1 (pembrolizumab)	Metastatic TNBC	32 (27 for efficacy)	ORR 18.5% 6-month PFS 23.3% 1CR and 2 PRs	NR
	Anti-PD-L1 (MPDL3280A)	Metastatic TNBC	52 (21 for efficacy)	ORR 19% 2CR and 2 PRs 6-month PFS 27%	Increased number of activated proliferating CD8+ T cells in peripheral blood Increased serum IL-18

Table 15 : Clinical trials of vaccine for the prevention of breast cancer recurrence (Modified from Chimino-Mathews et al., 2015 (328))
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Table 16 : Clinical trials of therapeutic cancer vaccine in breast cancer (Modified from Chimino-Mathews et al., 2015 (328)) Therapeutic cancer vaccine
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	Vaccine	Patient population	Sample size	Clinical outcome	Immune monitoring	Note
	HER2 peptide + GM-CSF adjuvant and trastuzumab	Stage4 HER2+ BC in CR or SD on trastuzumab	22	Median PFS 17.7 months	HER2 specific T TFG-β cells Decreased serum	Eligibility HER2 2+-3+
	HER2 peptide + GM-CSF adjuvant and trastuzumab	node-positive (or node-negative if negative for both ER and PR) BC with HER2 1+ and 2+ who are disease-free after standard of care therapy.	275 (phase 2)	(Currently study is in active)	HER2 specific T cells	Eligibility HER2 1+-2+ 36% was TNBC Study Start: January 2013 Estimated Study Completion Date: June 2020
		HER2+BC of stage 2				
	HER2 protein +AS15 adjuvant and lapatinib	(with at least one positive lymph node) or stage3 in remission with no clinical evidence of metastatic	Total 61 (15 for highest dose)	DFS 73% at highest dose group (500ug)	HER2 specific Ab and T cell response	
		disease				
	STn-KLH+CY vs KLH+CY	Metastatic BC	1028 (phase 3)	No difference compared to control	New vaccine specific Ab	
				Improved	New TILs post-	
	hTERT			survival	vaccine; Functional	
	peptide+montanide+	Metastatic BC	19	associated	hTERT-specific	
	GM-CSF			with hTERT	peripheral CD8+ T	
				immunity	cells	
				Possible		
	CEA-MUC-1-TRICOM poxvirus	Metastatic BC	26	clinical benefit with minimal in patients	Inconsistent	
				disease		
	p53-loaded DCs	Metastatic BC	6	1/3 of patients with stable disease	New p53-specific T-cell responses	
					New p53-specific	
					T-cell responses in	
	p53-loaded DCs	Metastatic BC	26	42% with stable disease	38% of vaccinated patients, serum YKL-40 and IL-6	
					associated with	
					response	
					Increased HER-2	
				NR; factorial	specific DTH and	
	Allogeneic, GM-CSF-secreting breast tumor cells	Metastatic BC	28	response surface design of various chemotherapy	antibody responses; best chemotherapy doses CY 200	
				doses	mg/m2+DOX 35	
					mg/m2	

Table 17 : Different methods of reprogramming factor delivery to generate iPSC (331, 339-350)
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	Delivery method		Efficiency	Advantage	Disadvantage
				Viral-based Methods	
	Integrative virus	Retrovirus	High	• Lasting expression of transgenes	• Insertional mutagenesis
					• Residual expression of reprogramming
					factors
					• Titer limited tropism
					• Do not infect nondividing cells
					• Premature silencing
					• More immunogenic
		Lentivirus	High	• Lasting expression of transgenes	• Insertional mutagenesis
				• Infect also nondividing cells	• Residual expression of reprogramming
					factors
	Non-integrative virus Adenovirus	Low	• Nonintegrating	• High spontaneous integration
					• Inefficient
					• High virus titer required
					• Transient expression
		Sendai virus Very high	• Nonintegrating	• Immunogenic
				• No premature silencing	• Fusogenic
				• Broad tropism	• Expensive
					• Virus curing process needed
					• Screening for integrations may be
					required

Non-viral-based Methods piggyBac vector Low

  

			• Excisable integration	• Insertional mutagenesis
			• No foot-print	• Extra excision step
			• Less immunogenic	• Inefficient reprogramming
	Recombinant proteins	Very low	• Absolute nongenomic integration	• Inefficient
			Controllable factor stimulation	• Multiple transductions
				• Affected by quality of recombinant
				proteins

Table 18 : Pluripotent stem cell-based vaccine studies in animal models Li et al., 2009 Dong et al., 2010 Zhang et al., 2012 Yaddanapudi et al.,2012 Kooreman et al., 2018 Vaccine
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		Xenogeneic ESCs(H9) in	Autologous ESC in C57	Xenogeneic ESC (H9) in	Allogeneic ESC (D3) + GM-	Autologous iPSC + CpG
		Balb/c murine colon cancer	BL/6 lung cancer model	ovarian rat cancer model	CSF-expressing STO	adjuvant in murine
					murine embryonic	melanoma (B16F0),
		hESC (CT26, CT2)			fibroblasts: in C57BL/6 lung	mesothelioma (AC29),
		hiPSC (TZ1)			cancer model (LLC)	breast cancer (DB7) model
		Reduction of tumor in	Reduction of tumor in both	Reduction of tumor and	Reduction of tumor and	Reduction of tumor in
	Anti-tumor	prophylactic setting	prophylactic and	metastasis in prophylactic	prolongation of survival in	prophylactic setting,
	effect	hESC CT2 was superior	therapeutic setting	setting	prophylactic setting	Inhibition of recurrence in
		than hiPS TZ1				preventing setting (B16F0)
		Reduction of MDSC	Increase of CD4+ and		Increase of IFN-gamma,	Increase of
	Immune monitoring	Increase of IFN gamma	CD8+ T cells Increase of IL-2 (in serum), IFN gamma (in serum)		TNF-α, IL-2 producing CD8+ T cells Decreased MDSCs	effector/memory helper T, IFN gamma Reduction of MDSC, Th17
						Tregs
		No significant autoimmunity		No significant hematology		No significant difference in
		by immunofluorescence for		toxicity and side effect by		serum anti-nuclear
	Safety	antinuclear antibodies		testing of CBC, GOT, GPT, Cre		antibody titers No inflammatory
						observation in heart and
						kidney
		Cross reactive antibody by		Immunohistochemistry of	Mice depleted of CD4+	Adoptive T cell transfer
		western blotting		H9: nm23 (+++), p53 (++),	were at least partially	reduced tumor
	Other remarks	(sera for total cell lysate of CT26 and undifferentiated H9)		c-Myc (++), HER-2 (+) Cross reactive antibody by western blotting (sera	protected CD8+ depletion completely abrogated the protective	TCR analysis detected specific rare TCR in the vaccinated mice
				NuTu-19 vs H9)	effect	

Annex 2: Immunological effect of conventional chemotherapeutics (Galluzzi et al., 2015(306))

  

	Annex 3:		increases circulating CD11C + DCs and	associated with an increase in
		pancreatic cancer	CD14 + monocytes depletes circulating T REG cells	CD123 +plasmacytoid DCs no effects observed on other circulating immune cell subsets
	Agent Bleomycin Bortezomib Carboplatin Cisplatin	Setting transplantable murine CRC orthotopic murine pancreatic carcinoma human MM cells transplantable murine CRC human DCs transplantable murine fibrosarcoma and osteosarcoma	Effect promotes TAM accumulation promotes ICD depletes circulating MDSCs promotes ICD downregulate PD-L2 depletes circulating MDSCs and nodal T REG cells	Notes also stimulates the expansion of inhibition of TAMs synergizes with gemcitabine T REG cells associated with heat shock protein restores type I IFN signaling exposure on the cell surface secondary to STAT6 dephosphorylation boost the therapeutic activity of TNF-α targeted to the tumor vessels combined with melphalan
		advanced cancer transplantable murine lung carcinoma	depletes circulating T REG cells depletes circulating MDSCs	associated with the restoration of NK and T cell functions enables therapeutically relevant tumor-targeting immune responses
	Gemcitabine	transplantable murine CRC transplantable murine transplantable murine lymphoma	favors T H17 and T H1 memory depletes circulating MDSCs responses promotes ICD, favors the expansion of NK depletes MDSCs	mechanism involving the translocation of some components enables DC-based vaccine to exert robust therapeutic effects of the gut microbiota to SLOs associated with expansion of the results in increased IFNγ secretion by CTLs
	Cyclophospha mide	glioma transplantable murine transplantable murine mesothelioma transplantable murine	cells and depletes T REG cells restores defective cross-presentation favors the expansion of MDSCs negatively affects CTL proliferation	macrophage compartment results in PD-1/PD-L1-dependent results in therapeutic TAA-specific immune responses immunosuppression irrespectively, boosts the
		lymphoma pancreatic carcinoma	promotes ICD and favors the expansion of induced by DC-based vaccination	therapeutic effects boosted by therapeutic effects of vaccination
		transplantable murine NB transplantable murine tumors human cancer cells	Cd8a + DCs depletes circulating MDSCs promotes CTL-dependent immune responses upregulates NKG2D ligands and MHC class I on cancer cells	recombinant type I IFN enables tumor lysates and CpG-accompanied by the restoration of NK-and T cell functions containing oligonucleotides to mediate therapeutic effects improves NK cell recruitment
		transplantable rat CRC human TAMs	depletes T REG cells reprogram TAMs toward an immunostimulatory activity	enables immunotherapy to mediate complete tumor regression important for the management of pancreatic carcinoma
	Dacarbazine	melanoma murine MDSCs and CD4 +cells	induces lymphopenia favors IL-17 secretion by CD4 + cells	important for the clinical management of melanoma dependent on IL-1β secretion by MDSCs
	Gemcitabine (plus cisplatin)	breast carcinoma NSCLC	indirectly favors immunosurveillance depletes circulating T REG cells	upon polyploidization important for the clinical management of NSCLC
	Docetaxel Irinotecan	breast and prostate carcinoma transplantable murine CRC	increases the CTL/T REG cell ratio favors MDSC accumulation in the tumor microenvironment	associated with a reduced activity of T REG cells in the context of FOLFIRI
	Melphalan	NSCLC transplantable murine lymphoma	depletes circulating T REG cells favors the expansion of MDSCs	involves different T REG cell subsets results in PD-1/PD-L1-dependent immunosuppression
	Doxorubicin Oxaliplatin	transplantable murine CRC transplantable murine lymphoma transgenic and transplantable murine prostate cancers rectal cancer transplantable murine CRC	promotes ICD promotes CTL-dependent immune responses favors the expansion of MDSCs increases the frequency of tumor-infiltrating CTLs promotes ICD increases the CTL/T REG cell ratio and	similar activity exhibited by other anthracyclines, like epirubicin results in PD-1/PD-L1-dependent associated with expansion of immunosuppressive plasma cells immunosuppression in combination with radiation therapy associated with CALR exposure on the surface of dying cells in combination with recombinant IL-
	5-Fluorouracil	orthotopic murine pancreatic carcinoma transplantable murine CRC transplantable murine CRC, lymphoma and melanoma transplantable murine	upregulates NKG2D ligands and MHC class I on cancer cells depleted MDSCs favors MDSC differentiation, relieving immunosuppression promotes the activity of neutrophils and macrophages depletes MDSCs indirectly favors immunosurveillance	12 improves NK cell recruitment in the context of FOLFIRI mechanism involving an intact commensal microbiota results in increased IFNγ secretion by CTLs upon polyploidization
		lymphoma	promotes CTL-dependent immune	in combination with a TAA-targeting
		breast carcinoma	responses favors tumor infiltration by	vaccine tumor infiltration post-therapy
	Paclitaxel	murine MDSCs and CD4 +cells	CD68 +macrophages favors IL-17 secretion by CD4 + cells favors tumor infiltration by NK cells and	dependent on IL-1β secretion by negatively correlates with response MDSCs tumor infiltration post-therapy
	5-Fluorouracil Irinotecan 5-Fluorouracil Oxaliplatin	CRC CRC transgenic murine breast carcinoma transgenic murine melanoma	supports the expansion of circulating MDSCs CTLs depletes circulating MDSCs boosts DC maturation and cross-priming depletes circulating MDSCs	correlates with clinical response in the context of FOLFIRI TLR4-dependent effect in the context of FOLFOX results in the therapeutically relevant restoration of CTL activity

Immunological effect of targeted anticancer agents (Galluzzi et al., 2015(306))

  

	Lapatinib Annex 4:	transgenic murine breast carcinoma	depletes TAMs and promotes tumor infiltration by IFNγ-secreting CTLs	in combination with doxorubicin
	MAPK inhibitors	human melanoma cells	upregulates expression of MHC class I molecules	results in increased antigenicity
	Agent MAPK inhibitors	Setting	Effect	Notes
	Bevacizumab vemurafenib) (plus	transplantable murine CRC melanoma	depletes T REG cells increases clonality of preexisting TILs	mechanism involving KDR correlates with improved OS
	MK-2206	CML human breast carcinoma cells	favors the expansion of circulating CTLs and NK cells decreases PD-L1 expression	correlates with molecular response to chemotherapy may exert checkpoint-blocking functions in patients
	Dasatinib PLX4720	transplantable murine melanoma transplantable murine melanoma transgenic murine melanoma transplantable	depletes tumor-infiltrating T REG cells and MDSCs, promotes the expansion of T cell repertoire depletes T REG cells and MDSCs, and upregulates CD40LG and IFNγ by TILs triggers a type I IFN response favors recruitment and activation of NK	combined with DC-based vaccination results in a generalized relieve of tumor-induced immunosuppression increases sensitivity to CTLA4-targeting mAbs may be combined with adoptive NK cell
	Decitabine	murine melanoma human cancer cells C57BL/6J mice	cells upregulates antigen presentation and triggers type I IFN responses may deplete T REG cells	transfer in the clinic results in increased antigenicity and viral mimicry MTORC1 is required for T REG cell expansion and suppressive activity
	Decitabine Rapamycin (plus entinostat) EGFR-targeting mAb	transplantable murine breast carcinoma and CRC human breast carcinoma cells murine DCs transplantable murine melanoma and lung carcinoma melanoma	decreases PD-L1 expression depletes circulating MDSCs expands DC lifespan promotes ICD favors the accumulation of peripheral CD4 +NKG2D+ T cells	enables tumor eradication by PD-1-or may exert checkpoint-blocking functions in patients CTLA4-targeting mAbs metabolic effect relying on limited production of NO unclear whether other EGFR-targeting mAbs have similar effects correlates with improved OS
	ERBB2-targeting mAb Sorafenib	transplantable murine breast carcinoma renal cell carcinoma transplantable	triggers type I IFN signaling, NK cell and CD8 + DC activation depletes tumor-infiltrating T REG cells depletes circulating T REG cells and	drives an immune response based on possible basis for the development of combinatorial regimens IFNγ-secreting CTLs maximizes therapeutic activity of
	Erlotinib Gefitinib Sunitinib	human cancer cells murine lymphoma immortalized human monocytes renal cell carcinoma human cancer cells transplantable murine CRC	MDSCs upregulates NKG2D ligands promotes an increase in the CTL/T REG cell ratio inhibits differentiation upregulates NKG2D ligands and MHC class I on cancer cells depletes T REG cells decreases levels of exhaustion markers among TILs	results in increased susceptibility to NK adoptively transferred CTLs cell cytotoxicity may favor the accumulation of MDSCs not seen with other therapeutic options in cancer patients results in increased susceptibility to NK cell cytotoxicity mechanism involving KDR results in restored IFNγ secretion by tumor-infiltrating CTLs
	GSK2118436	transplantable melanoma murine melanoma	favors tumor infiltration by CD4 + cells favors the recruitment of CD3 + T cells and CTLs to the tumor bed	correlates with reduction in tumor size dependent on secretion of chemotactic and degree of necrosis factors by tumor vessels
	Trametinib Ibrutinib Trichostatin A	transplantable murine lymphoma transplantable murine CRC immortalized human T lymphocytes transplantable murine melanoma	promotes ICD increases tumor infiltration by CTLs robustly inhibits T H2 polarization prevents the upregulation of FASLG on TILs	in combination with intratumoral injection of a TLR9 agonist improves the therapeutic effect of PD-1-or CTLA4-targeting mAbs ITK-dependent effect improves the therapeutic activity of CTLA4-targeting mAbs
	Triciribine VEGFA-targeting mAb	transgenic murine breast carcinoma CML transplantable murine CRC	promotes the expansion of circulating NK cells expands IFNγ-producing CTLs and CD4 + T cells promotes the accumulation of BCR-ABL1-specific CTLs decreases levels of exhaustion markers among TILs	persisting as long as 3 years after discontinuation both lymphocytes populations underlie therapeutic efficacy results in restored IFNγ secretion by effect persisting after discontinuation tumor-infiltrating CTLs
	Vemurafenib	melanoma	activates peripheral NK cells to produce IFNγ favors tumor infiltration by CD4 + cells and CTLs	correlates with clinical efficacy of treatment correlates with reduction in tumor size and degree of necrosis
	Imatinib (plus MAPK Vemurafenib	melanoma GIST	promotes tumor infiltration by CTLs favors tumor infiltration by CTLs and promotes an activatory crosstalk TILs and NK cells increases the clonality of preexisting	CTLs and NK cells distribute to different results in therapeutically relevant tumor areas correlates with improved OS
	inhibitors)		between DCs and NK cells promotes TAA expression and tumor	secretion of IFNγ by NK cells associated with an increased in T cell
	Vorinostat	human cancer cells transplantable murine lymphoma and CRC	favors the relative accumulation of M2 TAMs infiltration by CTLs favors ADCC mediated by EGFR-targeting mAb promotes expansion of IFNγ-producing CTLs and CD4 + T cells, and phagocytosis by DCs	exhaustion markers KIT-dependent effect ABL1-dependent effect similar effects observed with panobinostat
	KDR-targeting mAb	transplantable murine breast carcinoma	depletes circulating MDSCs and reprograms TAMs toward an immunostimulatory phenotype	at low (vasculature-normalizing), not high (antiangiogenic), doses

CSC, stem cell or mesenchymal stem cell markers tested and those descriptions

  type I membrane glycoprotein located on cell surfaces and is part of the TGF beta receptor complex. It is also commonly referred to as CD105, END, FLJ41744, HHT1, ORW and ORW1. It has a crucial role in angiogenesis, therefore, making it an important protein for tumor growth, survival and metastasis of cancer cells to other locations in the body The expression of the endoglin gene is usually low in resting endothelial cells. This, however, changes once neoangiogenesis begins and endothelial cells become active in places like tumor vessels, inflamed tissues, skin with psoriasis, vascular injury and during embryogenesis.

	Marker	Description	Normal expression example	Previously suggested correlations to cancer
	Marker ABCG2 CD90 CD105 ABCB5	Description Thy-1 or CD90 (Cluster of Differentiation 90) is a 25-37 kDa heavily N-glycosylated, ATP-binding cassette sub-family G member thymocytes (precursor of T cells Normal expression example in the thymus) & CD34(+) 2 is a protein that in humans is encoded by the ABCG2 gene. The membrane-associated protein encoded by this gene is included in the superfamily of ATP-binding cassette (ABC) transporters. ABC proteins transport various molecules across extra-and intra-cellular membranes. Placenta apical membrane of the intestine, circulating metastatic Previously suggested melanoma cells correlations to cancer and at the blood-testis barrier, the blood-brain barrier and the membranes of hematopoietic progenitor and other stem cells. At the apical membranes of the liver and kidney, it enhances glycophosphatidylinositol (GPI) anchored prothymocytes; neurons, Breast Cancer Resistance conserved cell surface protein with a single mesenchymal stem cells, Protein, this protein V-like immunoglobulin domain. Thy-1 can hematopoietic stem cells, NK functions as a xenobiotic be used as a marker for a variety of stem cells, murine T-cells, endothelium transporter which may play a cells and for the axonal processes of (mainly in high endothelial role in multi-drug resistance mature neurons. venules or HEVs where to chemotherapeutic agents diapedesis takes place), renal including mitoxantrone and glomerular mesangial cells, camptothecin analogues. follicular dendritic cells (FDC), a excretion of xenobiotics. In the fraction of fibroblasts and lactating mammary gland, it has a myofibroblasts. role in excreting vitamins such as Endoglin is a Endoglin has a role in the In breast cancer, for riboflavin and biotin into milk. ABC sub-family B member 5 also known as P-glycoprotein ABCB5 is a plasma membrane-spanning protein that in humans is encoded by the ABCB5 gene. ABCB5 is an ABC transporter and P-glycoprotein family member. Physiological skin development of the example, the reduction of ABCB5 has been suggested cardiovascular system and in the full form of endoglin, and to regulate skin progenitor vascular remodeling. Its the increase of the soluble cell fusion and mediate expression is regulated during form of endoglin correlate chemotherapeutic drug heart development. with metastasis of cancer resistance in stem-like tumor cell subpopulations in cells.
					human malignant
					melanoma. It is commonly
					over-expressed on
					circulating melanoma tumor
					cells.
	CD44	A cell-surface glycoprotein involved in cell-	a large number of mammalian	CD44+/CD24-expression is
		cell interactions, cell adhesion and		cell types.	commonly used as a marker
		migration. In humans, the CD44 antigen is			for breast CSCs and is used
	CD166 CD133 CD146	encoded by the CD44 gene on Chromosome 11. 100-105 kD type I transmembrane glycoprotein that is a member of the immunoglobulin superfamily of proteins. In CD133 is a glycoprotein also known in humans and rodents as Prominin 1 (PROM1). Currently the function of CD133 is unknown. activated T cells, activated monocytes, epithelial cells, fibroblasts, neurons, and also in It is a member of pentaspan Hematopoietic stem cells, endothelial progenitor cells, glioblastoma, neuronal and glial stem cells. humans it is encoded by the ALCAM gene. sweat and sebaceous glands 113kDa cell adhesion molecule currently CD146 has been seen as a used as a marker for endothelial cell lineage marker for mesenchymal stem cells isolated from multiple adult and fetal organs, and its expression may be linked to transmembrane glycoproteins (5-multipotency transmembrane, 5-TM), which specifically A small subset of T and B localize to cellular protrusions. lymphocytes in the peripheral	to sort breast cancer cells melanoma into a population enriched in cells with stem-like characteristics. Recent studies in brain tumors have identified a CD133+ cell population thought to be a CSC population
			blood.
	Sca1	[stem cell antigen-1] This murine cell	Immature hematopoietic
		surface antigen is called also Ly6A/E or	progenitor cells and, together with
		Ly6D. The gene encoding this antigen has	other markers, defines
		been cloned independently as TAP [T-cell	hematopoietic stem cells.
		activating protein].		
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Enhanced Th2 cytokine production, selective proliferation of Th2 cells through recruitment of Gfi-1, and inhibition of Th1 differentiation presumably by interacting with T-bet (176). Moreover, GATA3 was found to suppress Th1 differentiation by downregulating STAT4 (177). Recent studies showed that GATA3 by itself cannot regulate all the Th2-specific genes, but instead needed the collaboration of STAT6 (178).

Th2 cell differentiation involves several other transcriptional factors activated downstream to several cytokines, including IL-2, IL-6, and IL-21.

RESULTS

Despite much progress of breast cancer biology, TNBC patients remain to have worse prognosis and an unmet medical need. It has been shown that TNBC possess CD44 + CD24 -/low CSCs population more frequently than other molecular subtypes.

Therapeutic strategies remain a crucial challenge in order to target and eradicate specifically CSCs. Transcriptome meta-analysis revealed that advanced TNBCs showed embryonic stem cell-like gene signature.

The Research Unit, INSERM UMR 935 has a strong background on human and mice ESC and iPSC research in the field of oncology. Their main goals are to model the cancers and to establish immunotherapy strategies using PSCs and derivatives.

Considering that TNBCs share some molecular genes with pluripotent stem cells, we explore the hypothesis; T cells can target breast CSC by using a pluripotent stem cellbased vaccine strategy.

Research objectives of my thesis was:

(1) To characterize TNBC 4T1-cancer stem cell compartment in vitro and in vivo. We explore for the first time the immune response against cancer stem cell compartment and the metastatic lesions by using both ESC and iPSC in a breast TN aggressive cancer model. Detachment of the individual cells from the colony was observed in cytokine treated cells whereas no treated cells showed very epithelial colonies.

2-1) Mammosphere culture conditions

Representative 4T1mammosphere after 3 days and 5 days of culture are illustrated in figure below:

Day 3 Day5

Figure 30: The representative photos of the mammosphere culture.

The photo shows the cultures at day 3 and day5 after the seeding of the cells.

2-2) Mammosphere forming efficiency (MFE)

In each MF culture conditions (N= Normoxia, H= Hypoxia, and cytokines (TNF, TGF))

we estimated two parameters:

The MFE calculated by the formula as follows.

MFE= mammosphere count at Day 5 in one well / number of inoculated cells x 100 (Figure 31a), The number of large sphere count >200 μm (Figure 31b)

Among the different MF culture, the conditions MF ptt +TNF+TGF at normoxia showed both highest MFE and large sphere (>200um) counts.

Regarding ALDH+ expression, ALDH activity was higher in mammosphere than in adherent 4T1 cells and pre-treatment with TNF+TGF (N and H) showed a highest rate. 

RESULTS

Poorly differentiated murine 4T1 breast tumors display an ESC-like expression signature in vivo

We first asked whether embryonic stem cell (ESC)-associated genes were enriched in 4T1 murine breast cancer cell line. For this purpose, we generated a compendium of data permitting to compare different gene sets in different contexts including adherent 4T1 cells cultured in vitro and 4T1 injected in vivo into the mammary fat pads of BALB/c mice. RNAs from the murine ESCs (D3) and that from micro-dissected mammary glands were used as positive and negative controls, respectively.

Transcriptome meta-analysis by ANOVA allowed us to identify 1304 different genes between the four experimental groups (data not shown). Nested DEG analysis performed between implanted 4T1 and micro-dissected mammary glands allowed to identify 85 genes that are up regulated in 4T1 implanted in vivo. Unsupervised classification on corrected matrix with all the samples identified two major clusters including a cluster with non-tumoral mammary gland sample and 4T1 harvest in 2D culture in vitro and a second cluster with 4T1 cells implanted in BALB/c mice and mESCs (Figure 1A).

These results suggested that in the 4T1 cells, the transcriptional activation of embryonic genes shared with ES cells occurred only in the in vivo context, after establishment of a tumor microenvironment. Functional enrichment of these stem-like cells are mainly linked to important functionalities implicated in breast tumor development such as in: aromatic metabolism, cell adhesion, cell growth, cell division and cell cycle (Figure 1B). In order to confirm the stemness signature of implanted 4T1 cells, we quantified by FACS analysis the expression of breast cancer stem cell markers CD44 and CD24 (Al-Hajj et al. 2003) on 4T1 cells recovered in vitro and in vivo 12 and 28 days after having injected them into mammary fat pads. A CD44 + /CD24 -/low population with a frequency up to 32% (Figure 1C) could be identified in 4T1 cells in vivo, suggesting strongly the emergence of a high proportion of cancer stem cell-like cells in this metastatic breast cancer model, The demonstration of this phenotype suggested that the antigens shared with ESC could be used as tumor vaccines in this context.

ESC vaccination Elicits Anti-tumor Activity Associated with a Tumor Cell-specific CD8dependent Cytotoxic T-lymphocyte Response.

To study whether ESCs could stimulate the immune system to recognize embryonic antigens shared with tumor cells and to confer tumor protection, we performed experiments using the previously described 4T1 model known to metastasize spontaneously and rapidly to lungs after implantation [START_REF] Pulaski | Mouse 4T1 breast tumor model[END_REF]). Since ESCs could trigger different immunological pathways

MATERIALS AND METHODS

Pluripotent stem cell lines and breast cancer cell lines hESC line (H9) was obtained from the University of Wisconsin [START_REF] Thomson | Embryonic stem cell lines derived from human blastocysts[END_REF] The breast cancer line 4T1 was obtained from ATCC (CRL-2539) and grown in DMEM, 10%

FBS and 1% penicillin and streptomycin under normal culture conditions. For in vitro induction of mammospheres (MS) the 4T1 cells were seeded in low attachment plates at a density of 100.000 cells per well in 6-well plates with the cocktail of MEF conditioned medium (3/4 MEF conditioned medium + 1/4 mES medium + 4ng/ml bFGF) with or without adding of cytokines TNF-α (20ng/ml, Cell Signaling Technology) and TGF-β1 (10ng/ml, Cell Signaling Technology).

4T1 cell line was transduced using retroviral vector pMEGIX encoding the green fluorescent protein (GFP) gene and the luciferase gene. Stable clones were isolated and selected by GFP expression by flow cytometry.

Transcriptome meta-analysis of 4T1 cells

In order to evaluate the stem cell signature of 4T1 murine breast cancer cell line, we compared 4T1 cells transcriptome experiments in different contexts to that of murine embryonic stem cell line (D3 from GEO dataset GSE51782) and to that of micro-dissected mammary glands samples were analyzed (from GEO dataset GSE14202) [START_REF] Padovani | Distinct Effects of Calorie Restriction and Exercise on Mammary Gland Gene Expression in C57BL/6 Mice[END_REF]. Microarray samples of 4T1 generated from in vitro culture were analyzed from GEO data accession number: GSE73296 and microarray samples of 4T1 taken in the context of murine transplantation were analyzed from GEO data accession GSE69006. Normalized matrix respectively annotated matrix were merged via their gene symbol annotation to be process for a batch correction with Stanford algorithm in R [START_REF] Tibshirani | Diagnosis of Multiple Cancer Types by Shrunken Centroids of Gene Expression[END_REF]. One way analysis of variance (ANOVA) with 500 permutations was performed between the four experimental groups on the corrected matrix. Nested differential expressed genes (DEG) analysis was performed between 4T1-transplanted and mammary gland sample conditions with Significance Analysis for Microarray (SAM) with a False Discovery Rate (FDR) Threshold under 5 percent [START_REF] Tusher | Significance Analysis of Microarrays Applied to the Ionizing Radiation Response[END_REF]. Subsequently, functional enrichment was performed on Gene Ontology Database with Go-elite standalone application [START_REF] Yu | GO-Elite: A Flexible Solution for Pathway and Ontology over-Representation[END_REF]).

Heatmap on DEG was performed with made4 Bioconductor R-package (Culhane et al. 2005, 4) in R version 3.4.1.

Transcriptome analysis on 4T1 treated with valproic acid.

Total RNA was extracted from 4T1 cells cultured with and without VPA at the dose of 0.5mM following the instructions of the manufacturer (TRIzol, Life Technologies). 

Animal model

Wild-type female 10 weeks old BALB/c mice were purchased from Janvier Laboratory and maintained by the animal core facility using standard guidelines. The animal experiments were carried out using a protocol approved by the Animal Care Committee of the Val de Marne.

Irradiated ESCs or iPSCs were suspended in 100 μl of PBS and implanted subcutaneously in the

Aldefluor assay

The Aldefluor kit (Stem Cell Technologies) was used to profile 4T1 cells with ALDH activity as previously described [START_REF] Pearce | Characterization of cells with a high aldehyde dehydrogenase activity from cord blood and acute myeloid leukemia samples[END_REF]. Cells were incubated in Aldefluor assay buffer containing the ALDH substrate, BODIPY-aminoacetaldehyde at 37°C. The enzymatic activity of ALDH was blocked by a specific inhibitor, DEAB. The gates for FACS analysis were drawn relative to baseline fluorescence, which was determined by DEAB-treated samples. FACS analysis was done using MACS quant (Miltenyi Biotec).

Cytotoxicity assays

4T1 target cells were incubated with CFSE (eBioscience) dissolved with PBS at final concentration of 2uM for 9 min. Positive selection was performed to isolate CD8+ T cells from primary tumors and spleens using CD8a microbeads (Miltenyi Biotec), LS column and MACS separator (Miltenyi Biotec) according to the manufacture's protocol. 10,000 CFSE labeled 4T1 cells and 10,000 CD8+ sorted cells from primary tumor or spleen in RMPI, 10% FBS and 1% penicillin and streptomycin (Invitrogen) were put in the wells of 98 well plates then incubated at 37°C overnight. Next day, the incubated cells were recovered and stained with 7-AAD for viability followed by flow cytometry analysis to evaluate the fraction of live CSFE positive cells.

Cytotoxicity rate (%) was calculated by the formula T/C ratio = % target cells / % control cells (none immunized cells), survival rate (%) by the formula = {T/C ratio of sample}/{T/C ratio of none treated BALB/c mouse} and cytotoxicity rate (%) by the formula= 100 -survival rate.

Transcriptome analysis on 4T1-derived tumors from mice vaccinated with miPSCs and VPA and RT-qPCR

Total RNA was extracted from 4T1 tumors from mice that were vaccinated with miPSCs and VPA and from 4T1 tumors from control mice according the instructions of the manufacturer (TRIzol, Life Technologies). Concentration of the total RNA was measured on Nanodrop technology and quality of the extracted nucleic acid was assessed on Bio-analyzer 2100 (Agilent technologies, CA). Microarray probes was synthetized by following one cycle of amplified RNA during which molecules were labeled in Affymetrix microarray station (Affymetrix, CA). Labeled microarray probes were hybridized on MouseClariomS (mm10) microarray (Thermo Fisher Scientific): CEL files of microarray scanned on Affymetrix platform were normalized by RMA method in Affymetrix Expression Console software (Affymetrix, CA) [START_REF] Irizarry | Summaries of Affymetrix GeneChip probe level data[END_REF]. Gene modules of specific immune cell expression profile were built as defined by Lyons YA et al. for a cell specific identification in the context of immune cell profiling in cancer [START_REF] Lyons | Immune cell profiling in cancer: molecular approaches to cell-specific identification[END_REF]. With these specific immune modules, gene set enrichment analysis was performed with online java module of GSEA software version 3.0 [START_REF] Subramanian | Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide expression profiles[END_REF]. Network enriched gene set was performed with Cytoscape software version 3.6.0 [START_REF] Cline | Integration of biological networks and gene expression data using Cytoscape[END_REF]. Differential expressed genes were identified with ranking product analysis. Functional analysis performed on up regulated genes in vaccine condition was done with Gene ontology biological process database and DAVID application from NIH website [START_REF] Huang | Systematic and integrative analysis of large gene lists using DAVID bioinformatics resources[END_REF]. Bioinformatic analysis was performed in R software environment version 3.4.1 with R-package made4 to performed expression heatmap on Euclidean distances and Ward method [START_REF] Culhane | MADE4: An R Package for Multivariate Analysis of Gene Expression Data[END_REF]. For RT-qPCR total RNA was converted to cDNA using MultiScribe Reverse Transcriptase (Applied Biosystems, #4319983)

and qPCR was performed in duplicate using the Strategene Mx3005P Real-Time PCR system (Agilent Technologies) and FastStart Universal SYBR Green Master Mix (Rox) (Roche, #04913914001), according to manufacturer's instructions. Relative gene expression of CXCL9 (Fw: CCATGAAGTCCGCTGTTCTT, Rv: TGAGGGATTTGTAGTGGATCG), CXCL10 (Fw:

ATCAGCACCATGAACCCAAG, Rv: TTCCCTATGGCCCTCATTCT) and CXCL13 (Fw:

ATGAGGCTCAGCACAGCA, Rv: ATGGGCTTCCAGAATACCG) was normalized to that of glyceraldehyde-3-phosphate dehydrogenase (Fw: AAGGAGTAAGAAACCCTGGACCAC, Rv:

GAAATTGTGAGGGAGATGCTCAGT).

Quantification and Statistical Analyses

All values were expressed as mean ± s.e. as indicated. Intergroup differences were appropriately assessed by either unpaired two-tailed Student's t test or one-way/two-way analysis of variance (ANOVA) using PRISM GraphPad software or, Microsoft office excel software. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

DISCUSSION

Although the concept of the origin of some cancers from embryonic tissues was reported as early as 19 th century (Review Brewer BG Exp Mol Path), the experimental data testing the idea of using embryonic tissues as cancer vaccines have been produced almost 100 years later using immunization of mice with fetal material (Review Brewer BG Exp Mol Path) or antisera developed against 9-day old mouse embryos [START_REF] Stonehill | Retrogenetic expression: the reappearance of embryonal antigens in cancer cells[END_REF] showing rejection of chemically induced tumors in these animals. With the availability of murine and human ESC, the ideas of using PSC as cancer vaccines is reemerged during the last decade. Several groups have suggested to use PSCs for priming the immune system in targeting different types of cancer (Li et al., 2009;Yaddanapudi et al., 2012, Kooreman et al. 2018;). These experiments were based on the demonstration that cancer cells and embryonic tissues share a number of cellular and molecular properties and an important number of TAA [START_REF] De Almeida | Transplanted terminally differentiated induced pluripotent stem cells are accepted by immune mechanisms similar to self-tolerance[END_REF][START_REF] Zhao | Immunogenicity of induced pluripotent stem cells[END_REF].

The major discovery of the possibility of reprogramming somatic cells to pluripotency rendered possible to test the possibility of using iPSC as source of TAA. This approach was tested in an autologous setting in mice (Kooreman al 2018). These experiments, combined with the previous data showing the used of human ESC as tumor antigens (Li et al. 2009;Dong et al. 2010) led to envision the possibility of using PSC in clinical immunotherapy settings. To date different ESCs and iPSCs vaccine candidates were evaluated but only based on their ability to induce tumor reduction in mice without evalution of anti-metastatic potential of these vaccine strategies.

Moreover, previously reported work did not study the potential of these vaccine to target CSCs, at the origin of resistance, relapses and metastatic spead.

In this study, we evaluated for the first time the anti-tumoral potential of PSCs combined with the HDACi, Valproic Acid (VPA), for its multiple immune stimulatory functions and its capacity to modify the tumor microenvironment. We show that combined HDACi with IPSC/ESC based vaccine identifies a novel adjuvant therapeutic strategy to prevent risk of relapse and metastasis in TNBC. In particular, we show that VPA potentiates PSC vaccine and immune response against Exosomes also participate to create metastatic niche. Melanoma cells secrete exosomes that might induce vascular leakiness and inflammation during the formation of premetastatic niches (39). Similarly, MIF-containing exosomes that are released by pancreatic cancer cells increase liver metastasis by inducing TGF-β secretion, stimulating the production of the glycoprotein fibronectin in hepatic stellate cells and recruiting bone-marrow-derived cells to the liver (40). Integrins were proposed to target cancer-cell-derived exosomes to specific organs to unload their cargo and prepare the organ for the arrival of tumor cells (38,41) (Figure B). 

Methods and Materials

Bone marrow collection from mouse Femurs were collected from euthanized female Balb/c mice. After removing the surrounding muscles, the bones were disinfected with 70% ethanol then washed with PBS.

Both bone ends were cut with surgical scissors and the marrow was flushed with RPMI-1640 (Gibco) complete media containing FBS and penicillin streptomycin using a syringe with 21G needle. The cell solution was pipetting gently to dissociate the clumps.

DC culture

The principle method for generating DC was adapted from Lutz et al. (405) The culture media was RPMI-1640 supplemented with FBS, Penicillin streptomycin, 2 mL of glutamin and 10% FBS.

To generate DCs from bone marrow (BM-DCs), we followed the protocol described by Lutz et al.,(405). The method is to culture BM cells with media including GM-CSF and separate the cell population by the level of the adherence in the bacterial dish (not cell culture plate). In the late phase of the DC culture, loosely adherent or floating cells which have veils. After 9-10 days of DC culture, the DCs were replanted to the culture plate in media containing GM-CSF and LPS or TNF for complete maturation. After maturation, DCs with large veils were verified by the microscopy observation (Figure 50). MHC II expression on the matured DCs of different culture conditions are shown in Table 20.

Positive rate of MHC II for both LPS treated and TNF treated cells showed almost 100% and even without LPS or TNF treatment, the cells were 96.4% positive. However, when the level of expression was compared between the different conditions, LPS treated cells showed slightly higher rate than that of TNF treated cells and much higher rate than that of the control when comparing expression of MHC II high (Table 20 and Figure 51).

There was no significant difference between the different cell input. 

Sample