Mohammed I Y Elmallah 
email: mohammed.elmallah@u-bourgogne.fr
  
Marine Cordonnier 
  
Valentin Vautrot 
  
Gaëtan Chanteloup 
  
Carmen Garrido 
email: cgarrido@u-bourgogne.fr
  
Jessica Gobbo 
  
-C Garrido 
  
Y Elmallah 
  
  
  
Hsp70 in cancer: role of the membrane-anchored chaperone
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Hsp70 is a highly conserved and inducible heat shock protein that belongs to the HSP70 family of molecular chaperones and plays a central role in protein homeostasis. The main function of Hsp70 is to protect cells from physiological, pathological and environmental insults, as it assists an ATP-dependent manner the process of protein folding. Since Hsp70 provides critical cell survival functions, cancer cells are assumed to rely on this chaperone. Strong evidence suggests that Hsp70 is upregulated in different type of cancers and is involved in tumor growth, invasion, migration and resistance to anti-cancer therapy.

Interestingly, this Hsp70 upregulation induces Hsp70 re-location into plasma membrane. In this review, the role of Hsp70 in cancer will be discussed focusing particularly on the extracellular membrane-bound Hsp70. The mechanism by which Hsp70 is translocated to plasma membrane of tumor cells and the recent discoveries of drugs targeting this Hsp70 in cancer therapy will be also highlighted.

Introduction

Heat shock protein-70 (Hsp70 also called Hsp72 or HSPA1) is a stress-inducible 70-kDa molecular chaperone of the highly conserved HSP70 family [START_REF] Mayer | Hsp70 chaperones: Cellular functions and molecular mechanism[END_REF]. The main physiological functions of Hsp70 within the cell are: (1) folding of both nascent and denatured proteins to native state, (2) refolding of intracellular aggregated proteins, and (3) degradation of aggregated proteins by ubiquitin proteasome system or via the process of molecular chaperones-mediated lysosomal autophagy [START_REF] Rokutan | Role of heat shock proteins in gastric mucosal protection[END_REF]. It can also contribute to several cellular homeostatic events including the transportation of macromolecules like proteins and RNA, secretion, stimulation of signal transduction, regulation of transcription factors, cell division, migration, and differentiation (Fig. 1A) [START_REF] Sőti | Molecular chaperones as regulatory elements of cellular networks[END_REF]. Structurally, Hsp70 has two distinct domains: a nucleotide-binding domain (NBD) and a substrate binding domain (SBD), where the unfolded peptide binds. Although the molecular mechanism by which Hsp70 assists the folding of denatured proteins into their native state still remains enigmatic, the common suggested mechanism is mainly assigned to the binding of the chaperone to hydrophobic residues of client proteins thereby preventing intermolecular interactions in an ATP-dependent manner [START_REF] Ben-Zvi | Review: Mechanisms of Disaggregation and Refolding of Stable Protein Aggregates by Molecular Chaperones[END_REF][START_REF] Mayer | Molecular Basis for Interactions of the DnaK Chaperone with Substrates[END_REF]. In normal unstressed cells, Hsp70 is expressed at low or undetectable levels. However, its expression is upregulated in response to different types of cellular stress particularly protein damaging conditions like heat shock, oxidative stress, hypoxia, altered pH, and heavy metals [START_REF] Juhasz | The Complex Function of Hsp70 in Metastatic Cancer[END_REF][START_REF] Morimoto | Regulation of the heat shock transcriptional response: cross talk between a family of heat shock factors, molecular chaperones, and negative regulators[END_REF]. A large number of studies including from us describe a cytoprotective role of Hsp70 toward different types of cell death like caspase-dependent/-independent apoptosis, necrosis or autophagic programmed cell death [START_REF] Mosser | The Chaperone Function of hsp70 Is Required for Protection against Stress-Induced Apoptosis[END_REF][START_REF] Gurbuxani | Selective depletion of inducible HSP70 enhances immunogenicity of rat colon cancer cells[END_REF][START_REF] Jego | Targeting heat shock proteins in cancer[END_REF][START_REF] Goloudina | Inhibition of HSP70: A challenging anti-cancer strategy[END_REF][START_REF] Kumar | Targeting Hsp70: A possible therapy for cancer[END_REF][START_REF] Park | Hsp70 acetylation prevents caspasedependent/independent apoptosis and autophagic cell death in cancer cells[END_REF][START_REF] Srinivasan | Heat Shock Protein 70 (Hsp70) Suppresses RIP1-Dependent Apoptotic and Necroptotic Cascades[END_REF][START_REF] Nanbu | Prognostic significance of heat shock proteins HSP70 and HSP90 in endometrial carcinomas[END_REF]. In addition, Hsp70 can be localized on the endolysosomal membrane of transformed cells and plays a major role in the resistance of the cancer cells to lysosomal cathepsine-induced cell death (Fig. 2B) [START_REF] Gyrd-Hansen | Heat Shock Protein 70 Promotes Cancer Cell Viability by Safeguarding Lysosomal Integrity[END_REF]. In cells overexpressing Hsp70 such as cancer cells, Hsp70 can translocate to plasma membrane or can be extracellularly secreted. Although the function of membrane Hsp70 is still largely unknown, it may provide an additional stress inducible role for Hsp70 such as stimulation of antitumor immune responses [START_REF] Jego | Targeting heat shock proteins in cancer[END_REF].

Extracellular Hsp70 has been shown to have a protective role against injury in different tissues such as liver and spleen since it stimulates the immune system to remove the unwanted cells from circulation [START_REF] Merchant | Heat shock protein 70 is acute phase reactant: response elicited by tumor treatment with photodynamic therapy[END_REF]. As Hsp70 may confer survival advantage to tumor cells, several studies revealed Hsp70 major contribution to cancer cell resistant to chemotherapy. This includes in vitro resistance to cisplatin in prostate cancer [START_REF] Ren | Down-regulation of Mammalian Sterile 20-Like Kinase 1 by Heat Shock Protein 70 Mediates Cisplatin Resistance in Prostate Cancer Cells[END_REF], imatinib in chronic myeloid leukemia [START_REF] Pocaly | Overexpression of the heat-shock protein 70 is associated to imatinib resistance in chronic myeloid leukemia[END_REF], topotecan and gemcitabine in fibrosarcoma [START_REF] Sliutz | Drug resistance against gemcitabine and topotecan mediated by constitutive hsp70 overexpression in vitro: implication of quercetin as sensitiser in chemotherapy[END_REF], and oxaliplatin and 5-fluorouracil in colon cancer [START_REF] Grivicich | Hsp70 response to 5-fluorouracil treatment in human colon cancer cell lines[END_REF][START_REF] Gobbo | Restoring Anticancer Immune Response by Targeting Tumor-Derived Exosomes With a HSP70 Peptide Aptamer[END_REF]. Therefore, Hsp70 inhibition can provide a novel therapeutic strategy to treat different types of cancers by targeting several oncoproteins and signaling pathways required for cancer initiation and progression. In this review, the role of membrane-anchored Hsp70, particularly in cancer, the mechanism by which Hsp70 translocated to plasma membrane and its pharmaceutical targeting in cancer therapy will be discussed. 

Overexpression of Hsp70 in tumor cells

Tumor cells because they have to re-wire their metabolism have a strong need of chaperones for their survival particularly Hsp70. Besides, tumor micro environment (TME) is considered to be a setting where cells are subjected to various types of environmental, physiological and pathophysiological stress including elevated level of oxidative stress, lack of nutrients, hypoxia and increased expression of mutant proteins. These factors are believed to play a central role in cancer initiation and progression [START_REF] Xie | Regulation of cancer metastasis by stress pathways[END_REF] and contribute to the overexpression of Hsp70 in different types of cancer cells including hepatocellular carcinoma [START_REF] Chuma | Expression profiling in hepatocellular carcinoma with intrahepatic metastasis: identification of high-mobility group I(Y) protein as a molecular marker of hepatocellular carcinoma metastasis[END_REF], cervical cancers [START_REF] Garg | Germ cell-specific heat shock protein 70-2 is expressed in cervical carcinoma and is involved in the growth, migration, and invasion of cervical cells[END_REF], and acute myeloid leukemia [START_REF] Chant | Analysis of heat-shock protein expression in myeloid leukaemia cells by flow cytometry[END_REF].

Several in vivo and in vitro studies revealed that increased expression level of Hsp70 significantly stimulates both tumor growth [START_REF] Tao | Hsp70 exerts oncogenic activity in the Apc mutant Min mouse model[END_REF][START_REF] Rohde | Members of the heat-shock protein 70 family promote cancer cell growth by distinct mechanisms[END_REF][START_REF] Joo | Expressions of HSP70 and HSP27 in hepatocellular carcinoma[END_REF][START_REF] Xiong | Heat shock protein 70 downregulation inhibits proliferation, migration and tumorigenicity in hepatocellular carcinoma cells[END_REF][START_REF] Zhao | Heat shock protein 70 antisense oligonucleotide inhibits cell growth and induces apoptosis in human gastric cancer cell line SGC-7901[END_REF][START_REF] Xu | HSP70: a promising target for laryngeal carcinoma radiaotherapy by inhibiting cleavage and degradation of nucleolin[END_REF][START_REF] Jang | CLEC14a-HSP70-1A interaction regulates HSP70-1A-induced angiogenesis[END_REF] and cell migration [START_REF] Hwang | Differential, stagedependent expression of Hsp70, Hsp110 and Bcl-2 in colorectal cancer[END_REF][START_REF] Boroughs | A Unique Role for Heat Shock Protein 70 and Its Binding Partner Tissue Transglutaminase in Cancer Cell Migration[END_REF][START_REF] Li | Extracellular HSP70/HSP70-PCs Promote Epithelial-Mesenchymal Transition of Hepatocarcinoma Cells[END_REF][START_REF] Wen | VER-155008, a small molecule inhibitor of HSP70 with potent anti-cancer activity on lung cancer cell lines[END_REF][START_REF] Jin | p63α protein upregulates heat shock protein 70 expression via E2F1 transcription factor 1, promoting Wasf3/Wave3/MMP9 signaling and bladder cancer invasion[END_REF][START_REF] Kasioumi | Hsp70 (HSP70A1A) downregulation enhances the metastatic ability of cancer cells[END_REF] of different tumor cells (Fig. 2B). Correlation linking Hsp70 increased expression level to cancer development and progression prompted several research scientists to consider Hsp70 as a putative diagnostic biomarker for poor prognosis in cancer. For instance, Hsp70 was reported to be a potential diagnostic marker in hepatocellular carcinoma [START_REF] Sakamoto | Early HCC: diagnosis and molecular markers[END_REF], prostate cancer [START_REF] So | The Role of Stress Proteins in Prostate Cancer[END_REF], esophageal adenocarcinoma [START_REF] Söderström | Overexpression of HSP27 and HSP70 is associated with decreased survival among patients with esophageal adenocarcinoma[END_REF], lymph node metastasis in colorectal carcinoma [START_REF] Hwang | Differential, stagedependent expression of Hsp70, Hsp110 and Bcl-2 in colorectal cancer[END_REF], lung [START_REF] Malusecka | Stress Proteins HSP27 and HSP70i Predict Survival in Non-small Cell Lung Carcinoma[END_REF], ovarian [START_REF] Athanassiadou | Expression of p53, bcl-2 and heat shock protein (hsp72) in malignant and benign ovarian tumours[END_REF] and breast cancers [START_REF] Gupta | Heat shock protein 70-2 (HSP70-2) a novel cancer testis antigen that promotes growth of ovarian cancer[END_REF]. Hsp70 expression level has been associated to the clinical stage in melanoma [START_REF] Lazaris | Immunohistochemical expression of C-myc oncogene, heat shock protein 70 and HLA-DR molecules in malignant cutaneous melanoma[END_REF], oral cancer [START_REF] Kaur | Expression of 70-kDa heat shock protein in oral lesions: marker of biological stress or pathogenicity[END_REF], and to overall survival in bladder cancer [START_REF] Syrigos | Clinical significance of heat shock protein-70 expression in bladder cancer[END_REF]. Moreover, poor survival and prognosis in several tumors like acute myeloid leukemia, breast, and cervical cancers is greatly linked to high staining of Hsp70 in biopsies [START_REF] Et | Heat-shock protein 70 as a prognostic marker in node-negative breast cancer[END_REF][START_REF] Kawanishi | Prognostic significance of heat shock proteins 27 and 70 in patients with squamous cell carcinoma of the esophagus[END_REF][START_REF] Thomas | Expression of heat-shock proteins is associated with major adverse prognostic factors in acute myeloid leukemia[END_REF].

Membrane Hsp70

Mechanism of Hsp70 translocation to the cytoplasmic membrane

The expression of inducible Hsp70 in the membrane of various tumor cells, but not normal cells, was reported by several studies in response to the aforementioned stressful conditions [START_REF] Guzhova | In vitro studies show that Hsp70 can be released by glia and that exogenous Hsp70 can enhance neuronal stress tolerance[END_REF][START_REF] Febbraio | Exercise induces hepatosplanchnic release of heat shock protein 72 in humans[END_REF][START_REF] Fleshner | Cat exposure induces both intra-and extracellular Hsp72: the role of adrenal hormones[END_REF]. The molecular mechanism by which Hsp70 is translocated to plasma membrane still remains under investigation.

However, it is well reported that when anchored, the chaperone only leaves extracellular a 14-amino acid loop (aa 450-463) located in its C-terminal domain (TKDDNNLLGRFELSG, termed TKD) [START_REF] Arispe | Hsc70 and Hsp70 interact with phosphatidylserine on the surface of PC12 cells resulting in a decrease of viability[END_REF]. Hsp70 protein lacks a consensual sequence/signal peptide for the canonical (ER/Golgi) secretory pathway.

Moreover, the translocation of Hsp70 across the plasma membrane of tumor cell is unaffected by the common inhibitor of the canonical secretory pathway such as brefeldin A (BFA) [START_REF] Hightower | Selective release from cultured mammalian cells of heat-shock (stress) proteins that resemble glia-axon transfer proteins[END_REF][START_REF] Broquet | Expression of the Molecular Chaperone Hsp70 in Detergent-resistant Microdomains Correlates with Its Membrane Delivery and Release[END_REF]. Here we summarize the suggested mechanisms for Hsp70 translocation to cancer cells plasma membrane (Fig. 2).

The influence of lipid rafts as an alternative molecular transport system on the delivery of Hsp70 to the cell membrane was studied. The isolated soluble and early apoptotic cell death [START_REF] Arispe | Hsc70 and Hsp70 interact with phosphatidylserine on the surface of PC12 cells resulting in a decrease of viability[END_REF]. It has been reported that the interaction of Hsp70 with liposomes depends on their lipid compositions. A weak binding of Hsp70 to the liposomal surface that mainly consisting of phosphatidylcholine (PC), was reported. Fluorescence microscopic analysis revealed the insertion of both tryptophan residues W90 and W580 of Hsp70 in the liposome bilayer hydrocarbon region. In contrast, Hsp70 was found to peripherally bind to a liposomal surface mainly consisting of phosphatidylserine, cardiolipin, or bismonoacylglycero phosphate [START_REF] Mahalka | Human heat shock protein 70 (Hsp70) as a peripheral membrane protein[END_REF]. In heat-stressed primary and differentiated adipocytes, Hsp70 was found to be localized within a lipid droplet enriched in a triacylglycerol, cholesterol ester, and surrounded by a monolayer of phospholipids. Alkaline treatment of adipocyte revealed that Hsp70 may bind to droplet surface monolayer through noncovalent interactions. Results suggested the essential role of Hsp70 stabilizing the droplet monolayer, protein transport to lipid droplet, and proper folding of denatured protein on the surface of lipid monolayer [START_REF] Jiang | Heat shock protein 70 is translocated to lipid droplets in rat adipocytes upon heat stimulation[END_REF].

Membrane-anchored Hsp70 in tumor cells

Membrane Hsp70 in cancer cells was reported to have additional stress-inducible roles such as induction of cell survival and contribution to antitumor immune response. These properties are often associated to the membrane Hsp70 extracellular 14 amino acids TKD sequence [START_REF] Arispe | Hsc70 and Hsp70 interact with phosphatidylserine on the surface of PC12 cells resulting in a decrease of viability[END_REF][START_REF] Multhoff | CD3-large granular lymphocytes recognize a heat-inducible immunogenic determinant associated with the 72-kD heat shock protein on human sarcoma cells[END_REF][START_REF] Multhoff | A 14mer Hsp70 peptide stimulates natural killer (NK) cell activity[END_REF]. In this context, the role of membrane-associated Hsp70 in the pathogenesis of cancer was investigated. Flow cytometry analysis revealed a significant increase of Hsp70 surface expression level on both dysplasia and carcinoma cells via in vitro enhancement of the cytolytic activity of NK cells in oral [START_REF] Krause | Treatment of Colon and Lung Cancer Patients with ex Vivo Heat Shock Protein 70-Peptide-Activated, Autologous Natural Killer Cells: A Clinical Phase I Trial[END_REF], colon cancer [START_REF] Taglia | GRP-induced up-regulation of Hsp72 promotes CD16+/94+ natural killer cell binding to colon cancer cells causing tumor cell cytolysis[END_REF] and fibrosarcoma

MethA tumors [START_REF] Clark | The inducible Hsp70 as a marker of tumor immunogenicity[END_REF]. Increased expression level of another Hsp, Hsp90, was also observed in the membrane of poorly differentiated tumor cells as well as in advanced clinical stage of tumors (T3/T4). In vitro activation of NK cells by both Hsp70 peptide (TKD) and interleukin-2 (IL-2) followed by reinfusion of activated cells, greatly enhanced NK cells cytolytic activity against Hsp70 membranepositive colon carcinoma cells [START_REF] Krause | Treatment of Colon and Lung Cancer Patients with ex Vivo Heat Shock Protein 70-Peptide-Activated, Autologous Natural Killer Cells: A Clinical Phase I Trial[END_REF]. Activation and maturation of dendritic cells were also found to be mediated by Hsp70 via the TRL4 pathway [START_REF] Tsan | Heat shock proteins and immune system[END_REF][START_REF] Chen | Heat Shock Protein 70, Released from Heat-Stressed Tumor Cells, Initiates Antitumor Immunity by Inducing Tumor Cell Chemokine Production and Activating Dendritic Cells via TLR4 Pathway[END_REF]. Elevated Hsp70 level enhances the proliferative responsiveness of T-lymphocytes toward Hsp70 positive in osteosarcoma cell lines [START_REF] Trieb | HEAT-SHOCK PROTEIN 72 IN HUMAN OSTEOSARCOMA: T-Lymphocyte Reactivity and Cytotoxicity[END_REF]. It has also been reported that Hsp70 is localized on the endolysosomal membrane of CX2 human colon carcinoma cells and plays a major role in the resistance of cancer cells to lysosomal cathepsine-induced cell death. Depletion of Hsp70 significantly enhanced lysosomal membrane permeability and subsequent release of hydrolyzing enzymes to the cytosol, suggesting a pro-survival function of Hsp70 in colon cancer [START_REF] Gyrd-Hansen | Heat Shock Protein 70 Promotes Cancer Cell Viability by Safeguarding Lysosomal Integrity[END_REF].

Membrane Hsp70 in tumor-derived exosomes

Accumulating evidence suggests that Hsp70 can be secreted through extracellular vesicles (EVs), particularly exosomes. These are nanovesicles (50-200nm) generated within the endosomal compartment by most eukaryotic cells [START_REF] Bebelman | Biogenesis and function of extracellular vesicles in cancer[END_REF][START_REF] Colombo | Biogenesis, Secretion, and Intercellular Interactions of Exosomes and Other Extracellular Vesicles[END_REF]. It is well known that tumor cells produce larger number of exosomes when compared to normal cells and the content of the tumor-derived exosomes (TDEs) is quite different from normal cells-derived exosomes. One of the specific surface biomarkers associated with TDEs is the stress protein Hsp70 [START_REF] Chalmin | Membraneassociated Hsp72 from tumor-derived exosomes mediates STAT3-dependent immunosuppressive function of mouse and human myeloid-derived suppressor cells[END_REF].

It has been reported that Hsp70 interacts with death silencing domain (Bag4) on the surface of colon (CX+) cancer cells-derived exosomes. Localization of Hsp70/Bag4 on the exosomal surface significantly stimulated NK cells migration and cytolytic activity against a Hsp70-positive tumor [START_REF] Gastpar | Heat Shock Protein 70 Surface-Positive Tumor Exosomes Stimulate Migratory and Cytolytic Activity of Natural Killer Cells[END_REF]. Considering possible vaccination strategies against hepatocellular carcinoma, it has been reported that exosomes derived from the chemotherapeutic resistant cell line HepG2 possessed high amounts of Hsp70 both within exosomes and on exosomal membrane.

Moreover, exosomes bearing Hsp70 showed immunoregulatory properties by stimulating NK antitumor response and production of granzyme B. Since expression of the inhibitory receptor CD94 was upregulated, the expression level of activating receptors CD69, NKG2D, and NKp44 was decreased [START_REF] Lv | Anticancer Drugs Cause Release of Exosomes with Heat Shock Proteins from Human Hepatocellular Carcinoma Cells That Elicit Effective Natural Killer Cell Antitumor Responses in Vitro[END_REF]. The ability of TDEs to stimulate antitumor immune response was analyzed in an engineered myeloma (J558HSP) cell line. Cells were manipulated to express the endogenous P1A tumor antigen and membrane-bound Hsp70. It was revealed that exosomal Hsp70 derived from such tumor cell line stimulated the maturation of dendritic cells accompanied by an upregulation of CD40 and CD80 (Fig. 3).

Furthermore, immunization of BALB/c inbred mice with TDEs enriched with Hsp70 leads to stimulation of T-helper cells and CD8+ cytotoxic T-lymphocytes

suggesting exosomal Hsp70 antitumor activity [START_REF] Xie | Membrane-bound HSP70-engineered myeloma cell-derived exosomes stimulate more efficient CD8+ CTL-and NK-mediated antitumour immunity than exosomes released from heatshocked tumour cells expressing cytoplasmic HSP70[END_REF]. phosphorylation was confirmed in renal carcinoma. This mechanism might provide a future therapeutic approach [START_REF] Diao | Exosomal Hsp70 mediates immunosuppressive activity of the myeloid-derived suppressor cells via phosphorylation of Stat3[END_REF]. Our previous results indicated that several cancer cell lines including breast, lung, and ovarian cancer were able to produce high amount of exosomes when compared to their normal counterparts.

Moreover, interferometric analysis of exosomes using the Hsp70 aptamer A8 indicated a significant Hsp70 expression on the surface of TDEs from a wide panoply of cancer cell lines, compared to their normal counterparts where membrane Hsp70 remained undetected. Combined treatment of tumor-bearing mice with cisplatin/A8 or 5-fluorouracil/A8, but not single treatments, induced a complete regression of tumor that was linked to the inhibition of Hsp70 immunosuppressive activity, suggesting that Hsp70 role in MDSCs activation may contribute to its overall effect on tumor growth [START_REF] Gobbo | Restoring Anticancer Immune Response by Targeting Tumor-Derived Exosomes With a HSP70 Peptide Aptamer[END_REF].

Membrane Hsp70 as a promising target in cancer therapy

The higher metabolic activity of tumor cells associated to the overexpression of oncogenes, mutated proteins and down regulation of tumor suppressor genes explains the essential role of chaperones like Hsp70 in tumor cells survival [START_REF] Hanahan | Hallmarks of cancer: the next generation[END_REF].

Targeting membrane Hsp70 can provide a novel strategy in cancer immunotherapy. Since it is well reported that the amount of Hsp70 in the membrane is dependent on the total cellular amount of Hsp70 (approximately 10% of cytosolic Hsp70 is anchored to plasma membrane [START_REF] Jego | Targeting heat shock proteins in cancer[END_REF][START_REF] Gobbo | Restoring Anticancer Immune Response by Targeting Tumor-Derived Exosomes With a HSP70 Peptide Aptamer[END_REF]), here, we will discuss both direct inhibitors, which target the extracellular Hsp70 TKD domain, and indirect inhibitors that target intracellular Hsp70.

The first molecule described targeting specifically inducible Hsp70 was a neutralizing peptide, which contained the apoptosis inducing factor (AIF) domain that interacts with Hsp70. This peptide, known as ADD70 for AIF-derived decoy for Hsp70, was found to sensitize rat colon cancer cells (PROb) and mouse melanoma cells (B16F10) toward apoptosis-induced by cisplatin (see Fig. 4).

ADD70 had the ability to bind the substrate binding domain (SBD) of Hsp70 blocking Hsp70-AIF association and subsequent cytoprotective activity [START_REF] Gurbuxani | Heat shock protein 70 binding inhibits the nuclear import of apoptosis-inducing factor[END_REF][START_REF] Schmitt | Heat Shock Protein 70 Neutralization Exerts Potent Antitumor Effects in Animal Models of Colon Cancer and Melanoma[END_REF].

2-Phenylethynesulfonamide (PES), also known as Pifithrin-µ, is a chemical molecule that blocks Hsp70 by binding to its SBD thereby preventing Hsp70 association with several client proteins like APAF-1 and p53 and its co-chaperone Hsp40 [START_REF] Gyrd-Hansen | Heat Shock Protein 70 Promotes Cancer Cell Viability by Safeguarding Lysosomal Integrity[END_REF]. The molecular mechanism by which PES triggers tumor cell death was mainly attributed to induction of apoptosis, degradation of the misfolded proteins and destabilization of lysosomal membrane [START_REF] Leu | A Small Molecule Inhibitor of Inducible Heat Shock Protein 70[END_REF]. The combined treatment between Pifithrin-µ and oxaliplatin greatly enhanced the cytotoxic effect of oxaliplatin against both colon (HCT116 and LoVo) and prostate (LNCaP, PC-3, and DU145) cancer cell lines [START_REF] Mckeon | Novel Improved Synthesis of HSP70 Inhibitor, Pifithrin-μ. In Vitro Synergy Quantification of Pifithrin-μ Combined with Pt Drugs in Prostate and Colorectal Cancer Cells[END_REF]. In additions, PES displayed an obvious cytotoxic effect in several leukemia cell lines in combination with the histone deacetylase inhibitor vorinostat (SAHA) or with the Hsp90 inhibitor, geldanamycin analog (17-AAG) [START_REF] Kaiser | Antileukemic activity of the HSP70 inhibitor pifithrin-μ in acute leukemia[END_REF]. A similar interesting combinational effect was obtained when PES was associated to the proteasome inhibitor bortezomib [START_REF] Braunstein | Antimyeloma Effects of the Heat Shock Protein 70 Molecular Chaperone Inhibitor MAL3-101[END_REF] or MG-132 to treat primary multiple myeloma cells [START_REF] Whetstone | 3'Sulfogalactolipid binding specifically inhibits Hsp70 ATPase activity in vitro[END_REF]. MAL3-101 is an allosteric Hsp70 inhibitor targeting the nucleotide binding domain (NBD) by inhibiting its ATPase activity. It showed an anti-proliferative effect against breast (SK-BR-3) cancer [START_REF] Rodina | Selective compounds define Hsp90 as a major inhibitor of apoptosis in small-cell lung cancer[END_REF], multiple myeloma [START_REF] Braunstein | Antimyeloma Effects of the Heat Shock Protein 70 Molecular Chaperone Inhibitor MAL3-101[END_REF], and Merkel cell carcinoma [START_REF] Adam | The HSP70 Modulator MAL3-101 Inhibits Merkel Cell Carcinoma[END_REF] cell lines. The adenosine-derived compound VER-155008, a specific Hsp70 inhibitor that blocks NBD, was found to induce apoptotic cell death in colon carcinoma cells [START_REF] Massey | A novel, small molecule inhibitor of Hsc70/Hsp70 potentiates Hsp90 inhibitor induced apoptosis in HCT116 colon carcinoma cells[END_REF], and to exert a significant reduction of cell viability in both melanoma [START_REF] Chatterjee | The PI3K/Akt signaling pathway regulates the expression of Hsp70, which critically contributes to Hsp90-chaperone function and tumor cell survival in multiple myeloma[END_REF] and colon cancer [START_REF] Massey | A novel, small molecule inhibitor of Hsc70/Hsp70 potentiates Hsp90 inhibitor induced apoptosis in HCT116 colon carcinoma cells[END_REF] cell lines, when combined with the Hsp90 inhibitor tanespimycin. The rhodacyanine dye analog of MKT-077 is also an allosteric Hsp70 inhibitor that binds the NBD. This compound revealed a marked cytotoxic effect in breast cancer MDA-MB-231 and MCF-7 cell lines via destabilization of the chaperone client proteins Akt1 and Raf1 and subsequent apoptosis induction [START_REF] Li | Analogues of the Allosteric Heat Shock Protein 70 (Hsp70) Inhibitor, MKT-077, As Anti-Cancer Agents[END_REF].

In a more targeted approach, the monoclonal antibody cmHsp70 was designed to specifically bind the extracellular TKD domain of membrane Hsp70. This antibody showed an antitumor effect in colon tumor bearing BALB/c mice resulting in a significant reduction of tumor growth and an enhancement of overall survival. Moreover, these effects were associated to an increase of NK cells, macrophages, and granulocytes tumor infiltration. The cmHsp70 has also shown efficacy in combination with radiotherapy in NSCLC patients [START_REF] Jego | Targeting heat shock proteins in cancer[END_REF]. Peptide aptamers were also developed to inhibit Hsp70 as novel lead compounds in cancer therapy. For example, A8 is a peptide aptamer that binds to the extracellular TKD 

Concluding remarks

The stress inducible molecular chaperone Hsp70 shows a high level of expression in a great variety of cancers, explaining why TDEs express Hsp70 in their membrane. The process by which a part of cytosolic Hsp70 re-locates to the plasma membrane is still a matter of debated issue, as the protein is deprived of a signal peptide enabling transport via the canonical secretory pathway. Several Author contributions

Fig. 1 .

 1 Fig. 1. (A) Illustrating the physiological functions of Hsp70: assists protein folding into its native form, proteasomal degradation of aggregated proteins, transport of client proteins across the cellular membrane, and some other homeostatic events. (B) The suggested role of Hsp70 in different type of cancers. Overexpression of Hsp70 in cancer cells can mediate several oncogenic events like anti-apoptotic response, antitumor immune response, tumor growth, and cell migration.

  detergent-resistant microdomain (DRM) fractions from colon cancer Caco-2 cell line revealed the localization of Hsp70 in the DRM fraction. Exposure of cells to heat shock treatment obviously increased the Hsp70 expression and its efficient translocation to DRM. It has been also revealed that Caco-2 cells are able to release Hsp70 into culture medium under heat stress conditions. Treating with classical secretory pathway inhibitors did not affect this result. Interestingly, Hsp70 release was disrupted by treating cells with the cholesterol sequestering agent methyl-β-cyclodextrin (MβCD). This result supports the significant impact of DRM on Hsp70 membrane association and release[START_REF] Broquet | Expression of the Molecular Chaperone Hsp70 in Detergent-resistant Microdomains Correlates with Its Membrane Delivery and Release[END_REF]. Similarly, Hunter-Lavin and colleagues[START_REF] Hunter-Lavin | Hsp70 release from peripheral blood mononuclear cells[END_REF], also confirmed the Hsp70 release in PBMCs under normal culture conditions. Viable cell count and lactate dehydrogenase enzyme assay indicated that Hsp70 release occurs in the absence of cell damage. Indeed, Hsp70 release was inhibited by treating the cells with MβCD, but not the classical secretory pathway inhibitor BFA. The interaction of Hsp70 with an artificial ) was investigated. The results displayed a rapid interaction of liposome-incorporated recombinant Hsp70 with the artificial membrane, accompanied by an opening of ion channel conductance. In addition, Hsp70 was detected on the surface of the plasma membrane of heat-stressed HepG2 using immunostaining with FITC conjugated cmHsp70 monoclonal antibody that targets the TKD peptide of Hsp70. These results indicate that Hsp70 might translocate to the plasma membrane within DRM[START_REF] Gehrmann | Imaging of Hsp70-positive tumors with cmHsp70.1 antibody-conjugated gold nanoparticles[END_REF][START_REF] Vega | Hsp70 Translocates into the Plasma Membrane after Stress and Is Released into the Extracellular Environment in a Membrane-Associated Form that Activates Macrophages[END_REF]. It has been reported that both Hsp70 proteins, i.e. the stress inducible (Hsp70) and the constitutively expressed (Hsc70), have the ability to interact and to aggregate in an artificial liposome, mainly consisting of phosphatidylserine (PS) in a time and a protein concentration-dependent manners. These results suggested a role for the heat shock proteins in the proper folding of membrane proteins and in client proteins translocation across the membrane[START_REF] Arispe | Lipid interaction differentiates the constitutive and stress-induced heat shock proteins Hsc70 and Hsp70[END_REF]. Liposome insertion assay detected the interaction of Hsp70 with liposomes enriched in PS. The authors also reported high molecular weight Hsp70 oligomers following insertion into the lipid bilayer. Moreover, Hsp70 accumulation on the liposomal surface was increased in the presence of PS-enriched saturated fatty acids. The results of this study suggested that Hsp70 interaction with the plasma membrane may favor a rigid membrane structure[START_REF] Armijo | Interaction of heat shock protein 70 with membranes depends on the lipid environment[END_REF]. Hsp70 can specifically interact with PS moieties on the membrane of pheochromocytoma PC12 cells in the early apoptotic phase. This was accompanied by rapid Hsp70 integration into the cell membrane. Addition of Hsp70 to the medium resulted in a significant reduction of PC12 cell viability. Hsp70 binding to PS was disrupted following cell treatment with annexinV. This suggested a role for Hsp70 in the phospholipid flip flop during

Fig. 2 .

 2 Fig. 2. Illustrating the suggested mechanism by which Hsp70 is translocated to plasma membrane. As Hsp70 lacks a consensual sequence necessary for its transportation across plasma membrane through the canonical secretory pathway, it is believed that Hsp70 can be transported within detergent-resistant lipid rich microdomains (DRM). Methyl-β-cyclodextrin can inhibit Hsp70 release, but not classical secretory pathway inhibitor like brefeldin A (BFA).

Fig. 3 .

 3 Fig. 3. Illustrating the suggested role of tumor-derived exosomal Hsp70 in cancer. The presence of Hsp70 on the membrane of TEDs may exert an anti-tumor immune response via NK cells activation, maturation of DCs-mediated T-cell cytotoxicity, and overexpression of MCHII on the surface of APCs. It can also enhance tumor growth via stimulation of the immune suppressive activity of MDSC and overexpression of phosphorylated STAT3. Hsp70-enriched exosomes derived from heat-treated CT26 mouse colon carcinoma cells significantly enhanced antitumor effect of TDEs via the expression of MHC II in an in vitro antigen presenting cell model. Investigating the antitumor effect in an allogenic mouse model, authors found a stimulation of Th1-polarization followed by an increased production of IgG2a and Interferon gamma (IFN-γ) [79]. A study was conducted to test the immunomodulatory effect of tumor-derived exosomal Hsp70 on the suppressive activity of myeloid-derived suppressor cells (MDSCs). It was shown that TDEs enriched in membrane-bound Hsp70 triggered MDSCs activation. This occurred via association of Hsp70 to the

Fig. 4 .

 4 Fig. 4. Compounds targeting Hsp70 in cancer therapy. Most of the inhibitors bind to the nucleotide binding domain (NBD) blocking ATPase activity like MAL3-101, A17 aptamer, MKT-088, and VER-155008. The extracellular motif of membrane Hsp70 (TKD) is recognized by the monoclonal antibody cmhsp70 and the aptamer A8. Finally, Pifithrin (PES) and ADD70 target the substrate binding domain (SBD) of Hsp70.

  domain of membrane Hsp70. As a result, A8 blocks MDSCs activation by TDEs expressing Hsp70 on the surface. Treatment of tumor-bearing mice with A8 has been shown to induce a marked decrease of tumor growth by decreasing number and the activation of splenic MDSCs. Furthermore, this treatment has also been reported to improve the development of an antitumor immune response via enhancement of the number of anti-tumor macrophages (M1-like) and CD8+ T cells. When combining with chemotherapeutic treatments such as cisplatin or 5fluorouracil, the antitumor effect of A8 was further improved[START_REF] Gobbo | Restoring Anticancer Immune Response by Targeting Tumor-Derived Exosomes With a HSP70 Peptide Aptamer[END_REF]. A17 is another peptide aptamer that binds Hsp70 ATP-binding domain, has been shown to exert cytotoxic effects when combined to chemotherapeutic drugs cisplatin in different cancer cell lines and to induce cell death and tumor regression in B16F10 tumor bearing mice[START_REF]Correction: Peptides and Aptamers Targeting HSP70: A Novel Approach for Anticancer Chemotherapy[END_REF]. Studies combining A8, to develop an efficient anticancer immune response, and A17 to induce cancer dell death, are currently under investigation. Another phase I clinical trial investigated the stimulatory effect of Hsp70 peptide TKD along with interleukin-2 (IL-2) on NK cells in patients with advanced colorectal and non-small cell lung cancer (NSCLC). Results evidenced that NK cells killed Hsp70-positive tumor cells after activation with TKD and low doses of IL-2[START_REF] Krause | Treatment of Colon and Lung Cancer Patients with ex Vivo Heat Shock Protein 70-Peptide-Activated, Autologous Natural Killer Cells: A Clinical Phase I Trial[END_REF].

  studies suggested Hsp70 transportation within lipid rich microdomains. Hsp70 can therefore be used as a diagnostic marker for cancers. Clinical results so far indicate that Hsp70 is present in tumor liquid biopsies, notably in circulating TDEs, and is associated with a poor prognosis. From a functional point of view Hsp70 has been involved in cancer initiation and progression. The signaling pathway induced by Hsp70 seems to depend on the type of cancer cells and stress conditions. This include uncontrolled cell proliferation, cytoprotective effect, enhanced cell survival and cell migration. The expression of Hsp70 on the surface of cancer cells was also reported to have additional roles in cancer development. Pharmaceutical targeting of Hsp70 has become an interesting trend towards the development of a novel therapeutic strategies against different types of cancer. Several compounds are now under preclinical evaluation. Molecules specifically targeting membrane Hsp70 (antibodies and peptide aptamers) might have particular interest. Those molecules block Hsp70 activation of MDSCs thereby inducing an efficient anti-cancer immune response. They could be used in combination with any anti-cancer therapy inducing Hsp70 (most chemotherapeutic drugs or Hsp90 inhibitors). Those peptides or antibodies could be used both for therapeutic and diagnosis purposes (to detect circulating Hsp70, particularly nanovesicules expressing Hsp70 on the membrane). These molecules may open new avenues for the use of Hsp70 as a target in cancer theranostics.
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