Christian Bailly 
email: christian.bailly@inserm.fr
  
Michael J Waring 
  
Pharmacological effectors of GRP78 chaperone in cancers

Keywords: BIP, binding immunoglobulin protein, ER, endoplasmic reticulum, GRP78, glucoseregulated protein 78 kDa, HSPA5, heat shock 70kDa protein A5, UPR, unfolded protein response GRP78, chaperone, cancer, anticancer drugs, natural products, monoclonal antibodies

The protein chaperone GRP78 is a master regulator of endoplasmic reticulum (ER) functions and is frequently over-expressed at the surface of cancer cells where it contributes to chemo-resistance. It represents a well-studied ER stress marker but an under-explored target for new drug development. This review aims to untangle the structural and functional diversity of GRP78 modulators, covering over 130 natural products, synthetic molecules, specific peptides and monoclonal antibodies that target GRP78. Several approaches to promote or to incapacitate GRP78 are presented, including the use of oligonucleotides and specific cell-delivery peptides often conjugated to cytotoxic payloads to design GRP78-targeted therapeutics. A repertoire of drugs that turn on/off GRP78 is exposed, including molecules which bind directly to GRP78, principally to its ATP site. There exist many options to regulate positively or negatively the expression of the chaperone, or to interfere with its cellular trafficking. This review provides a molecular cartography of GRP78 pharmacological effectors and adds weight to the notion that GRP78 repressors could represent promising anticancer therapeutics, notably as regards limiting chemo-resistance of cancer cells. The potential of GRP78-targeting drugs in other therapeutic modalities is also evoked.

2 GRP78 (also known as BIP or HSPA5) is a member of the HSP70 superfamily and is critical for protein folding and maturation in the endoplasmic reticulum (ER) compartment. GRP78 is composed of a nucleotide-binding domain (NBD) for the capture and hydrolysis of ATP, adjacent to a substratebinding domain (SBD) to interact with nascent polypeptides. Binding of ATP to the NBD induces conformational changes in the adjacent SBD, and substrate binding can stimulate ATP hydrolysis [START_REF] Wang | HSPA5 Gene encoding Hsp70 chaperone BiP in the endoplasmic reticulum[END_REF]. This molecular chaperone in the lumen of ER aids proper folding of nascent polypeptides. ER stress pathways are often activated in cancer cells, due to the accumulation of misfolded proteins produced as a result of gene mutations and genomic rearrangements. When unfolded proteins accumulate, GRP78 is sequestered and triggers the unfolded protein response (UPR), involving activation of different transcription factors that may restore cell homeostasis. When unfolded proteins accumulate in the ER lumen, GRP78 dissociates from the three UPR sensors -ATF6, IRE1 and PERK embedded in the ER membrane -to capture the nascent polypeptides, thereby liberating and activating the sensors. Being sequestered away from the three sensors, GRP78 aids in targeting misfolded and unfolded proteins for degradation, thereby limiting ER stress and the potential toxicity of these proteins. Like other ER stress factors, GRP78 can activate the transcription of genes involved in both cell survival and apoptosis. A number of GRP78 interaction partners have been described: α2macroglobulin, CRIPTO, VDAC, BIK, and other proteins involved in diverse signalling pathways. The interactional network of GRP78 is large.

GRP78 is a multifunctional protein present in different forms and location: the intracellular form, a membrane-bound form, and a secreted, circulating form (Figure 1). In cells, GPR78 principally resides in the ER and it is also found in other cellular compartments, such as mitochondria and cell nuclei. Cellular trafficking of GRP78 is an important component of its multiple functions. Increased expression of GRP78 can be constitutive in cancer cells, hindering apoptosis and promoting cell survival, for example by relocation to the plasma membrane where it activates MAPK/PI3 K/AKT pathways. Cell-surface GRP78 exists predominantly as a peripheral protein on the plasma membrane through interactions with other cell surface-anchored proteins. Cell-surface GRP78 also exerts a determining influence on cancer stem-cell character and may also modulate tumour immune recognition [START_REF] Chen | The endogenous GRP78 interactome in human head and neck cancers: A deterministic role of cell surface GRP78 in cancer stemness[END_REF].

Intracellular ER GRP78 can undergo both nuclear and plasma membrane translocation. The nuclear translocation occurs in parallel with the progression of the adenoma-carcinoma sequence [START_REF] Ogata | Expressions of ATF6, XBP1, and GRP78 in normal tissue, atypical adenomatous hyperplasia, and adenocarcinoma of the lung[END_REF]. Translocation to the surface of cancer cells occurs in response to cellular stress. Membrane GRP78 acts as a signalling receptor for a variety of ligands. There is a strong link between the membrane translocation of GRP78 and drug-induced resistance of cancer cells to chemotherapy. The ER-plasma membrane translocation process favours the insurgence of chemo-resistance and worsens patient outcome.

Interestingly, GRP78 has also been reported to be secreted from solid tumour cells, participating in cell-to-cell communication in the tumour microenvironment (Figure 1). Indeed, solid tumour cells can secrete GRP78 so as to promote a variety of cell processes such as angiogenesis, differentiation of bone marrow-derived mesenchymal stem cells, tumour cell proliferation and polarisation of tumourassociated macrophages [START_REF] La | Ajuba receptor mediates the internalization of tumor-secreted GRP78 into macrophages through different endocytosis pathways[END_REF]. Secretion of GRP78 from cancer cells via exosomes liberates a soluble form which can then internalise into macrophages in the tumour microenvironment. The secreted soluble form can be detected in serum samples from cancer patients. This has been well characterised in hepatocellular carcinoma: GRP78 was detected in the conditioned medium of multiple HCC cell lines and in serum samples from HCC patients. Secreted GRP78 can interact physically with EGFR and activates the EGFR-SRC-STAT3 signalling pathway, conferring resistance to certain anticancer drugs [START_REF] Li | Secreted GRP78 activates EGFR-SRC-STAT3 signaling and confers the resistance to sorafenib in HCC cells[END_REF]. This soluble form is also increased in bronchoalveolar lavage fluid from cigarette smokers as compared to non-smokers [START_REF] Aksoy | Secretion of the endoplasmic reticulum stress protein, GRP78, into the BALF is increased in cigarette smokers[END_REF]. Interestingly, the polyphenol compound salvianolic acid A, extracted from the medicinal plant Salvia miltiorrhiza (red sage, or danshen) was recently shown to inhibit GRP78 secretion, through a direct interaction with the lysine residue 633 in 3 the substrate-binding domain of GRP78, preventing entry of the chaperone into exosomes. It has no effect on intracellular GRP78 expression but blocks its secretion, thus inhibiting tumour-associated angiogenesis [START_REF] Yang | Salvianolic acid A inhibits tumor-associated angiogenesis by blocking GRP78 secretion[END_REF].

Increased expression of membrane GRP78 in cancer cells

GRP78 expression is maintained at a low basal level in major adult organs such as the brain, lung, and heart, but it is frequently strongly induced in tumours. An elevated level of membrane GRP78 has been found in many types of cancers: breast, lung, prostate, gastric, ovarian, hepatocellular, oesophageal, fibrosarcoma, melanoma, renal, endometrial [START_REF] Wang | Endoplasmic reticulum chaperone glucoseregulated protein 78 in gastric cancer: An emerging biomarker[END_REF][START_REF] Shimizu | Clinical and Pathological Significance of ER Stress Marker (BiP/GRP78 and PERK) Expression in Malignant Melanoma[END_REF]. Interestingly, GRP78 up-regulation could participate in the protection of dormant tumour cells from stress insults including chemotherapy. Normally it is found in the endoplasmic reticulum to assist in protein folding, but under cellular stress GRP78 influences proliferative signalling pathways at the cell surface. Many tumours and disseminated cancer cells are subject to environmental stresses and exhibit elevated levels of GRP78, some of which are localised to the plasma membrane. In one example, increased membrane GRP78 expression was found in glioma cell lines as well as in high-grade glioblastoma patient samples [START_REF] Fajardo | The endoplasmic reticulum stress/unfolded protein response in gliomagenesis, tumor progression and as a therapeutic target in glioblastoma[END_REF].

An elevated GRP78 level generally correlates with higher pathological grade, acquisition of an aggressive phenotype, recurrence, and poor survival in patients with breast, liver, prostate, colon, pancreatic, cervical or gastric cancers. In most cases, the protein is expressed on the primary tumour as well as metastatic cells. For example, in prostate cancer, GRP78 and its partner CRIPTO would drive the metastatic cascade [START_REF] Zoni | CRIPTO and its signaling partner GRP78 drive the metastatic phenotype in human osteotropic prostate cancer[END_REF]. Elevated GRP78 expression increases chemo-resistance and is associated with poor prognosis in patients with pancreatic cancer. The mechanism by which the increase in GRP78 expression at the plasma membrane contributes to chemo-resistance is not precisely known, but it implicates an activation of the MAPK and AKT/PI3K pathways [START_REF] Martinotti | Epigallocatechin-3-gallate induces GRP78 accumulation in the ER and shifts mesothelioma constitutive UPR into proapoptotic ER stress[END_REF][START_REF] Roller | The molecular chaperone GRP78/BiP in the development of chemoresistance: mechanism and possible treatment[END_REF]. In general it appears that the levels of GRP78 correlate inversely with the sensitivity of cells to cytotoxic agents. Although some studies have reported an association between GRP78 overexpression and better prognosis in lung and breast cancers, the overall consensus is that GRP78 expression is linked with increased tumour aggression and worse patient prognosis [START_REF] Nagelkerke | The unfolded protein response as a target for cancer therapy[END_REF]. However, it is likely that the role of GRP78 in contributing to chemoresistance is cancer-specific [START_REF] Gifford | GRP78 Influences Chemoresistance and Prognosis in Cancer[END_REF].

Antibodies targeting GRP78

Membrane GRP78 has a high expression frequency in tumour cells and this elicits autoantibody production, thus providing a biomarker for different types of cancer. In other words, GRP78 is considered a tumour-associated antigen and its detection can be important for distinguishing healthy patients from those diagnosed with cancer. In ovarian cancer, membrane GRP78 levels are generally increased and correlate positively with proliferation [START_REF] Van Hoesen | Circulating GRP78 antibodies from ovarian cancer patients: a promising tool for cancer cell targeting drug delivery system?[END_REF]. A high titre of GRP78 autoantibodies (directed against the NH2-terminal domain of GRP78) was also found in serum samples from patients with hepatocellular carcinoma. The GRP78 autoantigen may serve as a useful marker for recurrent and metastatic progression in hepatocellular carcinoma [START_REF] Ying | Autoantibodies against glucose-regulated protein 78 as serological biomarkers in metastatic and recurrent hepatocellular carcinoma[END_REF]. Anti-GRP78 may also offer a marker in the very early stages of colorectal cancer, and anti-GRP78 autoantibody levels have been shown to parallel prostate-specific antigen concentrations in patient-derived serum samples [START_REF] Al-Hashimi | Autoantibodies against the cell surface-associated chaperone GRP78 stimulate tumor growth via tissue factor[END_REF]. These autoantibodies may be a negative prognostic factor for patients because they are involved in the progression of human cancers.

Autoantibodies directed against the N-terminal domain of GRP78 promote tumour cell proliferation whereas engineered monoclonal antibodies directed against the C-terminal domain inhibit cancer cell proliferation and promote apoptosis [START_REF] Misra | Ligation of cancer cell surface GRP78 with antibodies directed against its COOH-terminal domain up-regulates p53 activity and promotes apoptosis[END_REF]. Different anti-GRP78 monoclonal antibodies (mAbs) have revealed interesting anticancer activities (Figure 2). MAb159 targets surface GRP78 to block its oncogenic function, through an attenuation of PI3K signalling leading to inhibition of tumour growth and metastasis [START_REF] Liu | Monoclonal antibody against cell surface GRP78 as a novel agent in suppressing PI3K/AKT signaling, tumor growth, and metastasis[END_REF]. Another mAb, PAT-SM6 which also targets surface GRP78, showed efficacy in relapsed or refractory multiple myeloma [START_REF] Rasche | A GRP78-Directed Monoclonal Antibody Recaptures Response in Refractory Multiple Myeloma with Extramedullary Involvement[END_REF]. The mAb C107 significantly slowed melanoma growth in a murine model. Other monoclonal antibodies targeting cell surface-associated GRP78 also exhibit antitumour activity and enhance the efficacy of radiation in lung cancer (NSCLC) as well as glioblastoma in vitro and in vivo [START_REF] Dadey | Antibody Targeting GRP78 Enhances the Efficacy of Radiation Therapy in Human Glioblastoma and Non-Small Cell Lung Cancer Cell Lines and Tumor Models[END_REF].

Pharmacological modulation of GRP78

Given the established roles of GRP78 in very diverse cellular conditions and pathologies, this ER chaperone protein has become the subject of intense research activity aimed at discovering or designing small molecules capable of interfering with its functions, both positively and negatively [START_REF] Schönthal | Pharmacological targeting of endoplasmic reticulum stress signaling in cancer[END_REF]. Inducers of GRP78 expression are primarily considered for treating cardiovascular, neurodegenerative and metabolic diseases. By contrast, repressors of GRP78 expression are principally evaluated for the treatment of infectious diseases and cancers. Small molecules recently described for their positive or negative action on GRP78 are reviewed below, with a focus on cancer.

A great number of small molecules, of natural or synthetic origin, exert their action via up-or downregulation of GRP78. Some of them interact directly with the chaperone (Figure 2), but the majority of these GRP78 activators/inhibitors do so via indirect mechanisms, through interference with a diversity of pathways and targets. They are listed in Table 1.

GRP78 promoters or activators

An impressive array of products are known to promote the expression of GRP78 or to activate its functions. We have identified more than fifty, including over thirty substances of natural origin, discussed below (Table 1).

Deoxyrhapontigenin is an anticancer stilbene derivative, isolated from Rheum undulatum L. root extracts which can inhibit proliferation of two MCF-7 breast cancer cell lines sensitive or resistant to doxorubicin with modest potency. Treatment of the cells with this phytochemical up-regulates GRP78 as well as other ER stress markers, concomitantly to apoptosis. A closely related product, pterostilbene also increases the expression of ERS-related molecules including GRP78 [START_REF] Feng | Pterostilbene Inhibits the Growth of Human Esophageal Cancer Cells by Regulating Endoplasmic Reticulum Stress[END_REF]. The situation is more complex with resveratrol itself (see below), which can increase the level of expression of GRP78 in certain cell lines whereas it suppresses GRP78 in others [START_REF] Huang | Resveratrol induces apoptosis of human nasopharyngeal carcinoma cells via activation of multiple apoptotic pathways[END_REF]. The synthetic resveratrol derivative HS-1793, which exhibits stronger antitumour effects than resveratrol in several cancer cell types, up-regulates GRP78 in HT29 human colon carcinoma cells. In contrast to resveratrol, HS-1793 does not induce ER stress-mediated apoptosis [START_REF] Um | Differential effects of resveratrol and novel resveratrol derivative, HS-1793, on endoplasmic reticulum stress-mediated apoptosis and Akt inactivation[END_REF]. CSTMP, a tetramethylpyrazine-resveratrol hybrid derivative, increases expression of GRP78 in a myeloma cell line [START_REF] Sun | CSTMP induces apoptosis and mitochondrial dysfunction in human myeloma RPMI8226 cells via CHOP-dependent endoplasmic reticulum stress[END_REF].

Ampelopsin, an anticancer flavonoid from Ampelopsis grossedentata, induces apoptosis of cancer cells through ER stress signalling [START_REF] Zhou | Ampelopsin induces cell growth inhibition and apoptosis in breast cancer cells through ROS generation and endoplasmic reticulum stress pathway[END_REF]. Xanthohumol, a natural prenylflavonoid induces ER stress by up-regulating GRP78 [START_REF] Mi | Xanthohumol induces paraptosis of leukemia cells through p38 mitogen activated protein kinase signaling pathway[END_REF]. The combination of quercetin and aconitine up-regulates mRNA expression levels for GRP78 [START_REF] Li | Quercetin and aconitine synergistically induces the human cervical carcinoma HeLa cell apoptosis via endoplasmic reticulum (ER) stress pathway[END_REF], whereas quercetin alone was found to reduce the expression of GRP78 in endothelial cells [START_REF] Cai | Quercetin alleviates cell apoptosis and inflammation via the ER stress pathway in vascular endothelial cells cultured in high concentrations of glucosamine[END_REF]. Another flavonoid, naringenin increases ER stress through activation of GRP78 [START_REF] Park | Naringenin induces mitochondria-mediated apoptosis and endoplasmic reticulum stress by regulating MAPK and AKT signal transduction pathways in endometriosis cells[END_REF] whereas the related glycosylated compound naringin inhibits the expression of GRP78 thereby blocking the ER stress [START_REF] Shangguan | Naringin inhibits vascular endothelial cell apoptosis via endoplasmic reticulum stress and mitochondrialmediated pathways and promotes intraosseous angiogenesis in ovariectomized rats[END_REF]. The different effects seen with closely related compounds and different cell lines (and sometimes with the same compound) underline the possible variability of biological responses in different model systems. A parallel can be established with the ectopic expression of GRP78 which has led to mixed results, mediating either pro-or anti-apoptotic effects in different cell culture models, depending on what conditions are being tested, cell types, level of overexpression of GRP78, etc [START_REF] Cai | Betulinic acid chemosensitizes breast cancer by triggering ER stress-mediated apoptosis by directly targeting GRP78[END_REF].

Chrysin (5,7-dihydroxyflavone) found in honey, propolis and honeycomb [START_REF] Ryu | Chrysin induces death of prostate cancer cells by inducing ROS and ER stress[END_REF], as well as the flavonoid icariin isolated from Chinese medicine Horny Goat Weed (Ying Yang Huo) [START_REF] Fan | Icariin displays anticancer activity against human esophageal cancer cells via regulating endoplasmic reticulum stress-mediated apoptotic signaling[END_REF] with cardiovascular protective functions, both induce ER stress through activation of GRP78. The antidiabetic product oroxin A (baicalein 7-O-glucoside) isolated from Oroxylum indicum (L.) Kurz (Bignoniaceae) promotes expression of ER stress markers such as GRP78 [START_REF] He | Oroxin A inhibits breast cancer cell growth by inducing robust endoplasmic reticulum stress and senescence[END_REF]. But interestingly, the related diglucoside oroxin B suppresses GRP78 leading to potent anti-cancer activity. 5,7,4'-Trimethoxyflavone extracted from a Thai medicinal plant Kaempferia parviflora increases the expression level of GRP78 [START_REF] Kim | Induction of ER Stress-Mediated Apoptosis by the Major Component 5,7,4'-Trimethoxyflavone Isolated from Kaempferia parviflora Tea Infusion[END_REF]. Hesperidin (hesperetine-7-rutinoside), a major flavanone present in citrus fruits, known for its antioxidant activity as well as suppression of pro-inflammatory cytokine production, inhibits HeLa cell proliferation through apoptosis involving ER stress pathways [START_REF] Wang | Hesperidin inhibits HeLa cell proliferation through apoptosis mediated by endoplasmic reticulum stress pathways and cell cycle arrest[END_REF].

Many other plant natural products up-regulating GRP78 are listed in Table 1. As well as up-regulating GRP78, they activate ER stress in cancer cells and generally promote apoptosis. The molecular mechanisms by which they promote GRP78 expression are very diverse, including interaction with cell surface receptors or with intracellular proteins. The chemical types of these products can also vary widely (alkaloids, quinone derivatives, fatty acids, etc).

There are also natural products from insects such as cantharidin, a natural toxin from Chinese blister beetles and Spanish flies [START_REF] Su | Cantharidin Induces Apoptosis Through the Calcium/PKC-Regulated Endoplasmic Reticulum Stress Pathway in Human Bladder Cancer Cells[END_REF] and from mushrooms such as the mycotoxin zearalenone which upregulates various ER stress-related proteins including GRP78 [START_REF] Xiao | Protective effects of selenium against zearalenoneinduced apoptosis in chicken spleen lymphocyte via an endoplasmic reticulum stress signaling pathway[END_REF]. We can also refer to marine products such as (i) the marine sesquiterpenoid hydroquinone avarol, (ii) isofistularin-3, a brominated alkaloid from the marine sponge Aplysina aerophoba acting as a DNA methyltransferase-1 inhibitor and (iii) the anticancer product sinulariolide from the soft coral Sinularia flexibilis.

The case of the pentacyclic triterpenoid betulinic acid (extracted from the bark of the white birch Betula pubescens) is particularly interesting because it is a natural anticancer product (Figure 2) known to bind directly to the ATPase domain of GRP78 so as to block its interaction with ER stress sensor PERK, thereby triggering an ER stress-mediated apoptotic pathway. Through a transient activation of GRP78, betulinic acid enhances taxol chemosensitivity in a breast cancer xenograft model [START_REF] Cai | Betulinic acid chemosensitizes breast cancer by triggering ER stress-mediated apoptosis by directly targeting GRP78[END_REF].

Activation or over-expression of GRP78 has also been reported with several raw plant extracts, such as muscadine red grape skin extract and Ge-Jee-Bok-Ryung-Hwan (GJBRH; Keishi-bukuryo-gan in Japan and Guizhi Fuling Wan in China), an anticancer herb formulation commonly used to treat menopausal syndromes. Taraxacum mongolicum, common name dandelion, is an anticancer herbal medicine that increases expression of GRP78 mRNA. It contains a variety of flavonoids, sesquiterpenes, sphingolipids, triterpenoids and sterols. Extracts of Cyperus amuricus also exert anticancer activity via induction of ER stress mediators including GRP78. Total saponins from the Chinese traditional herb Long ya Aralia chinensis L. can also significantly up-regulate the expression of GRP78. An ethanol extract of the medicinal fungus Antrodia cinnamomea was found to mediate ER stress by promoting the expression of GRP78 and inhibited tumour growth in a breast cancer model.

Of course, there are also various (semi)synthetic products activating GRP78 such as AS-6, a derivative of the PPARγ agonist ascochlorin; the synthetic naphthoquinone derivative PPE8; the phosphodiesterase inhibitor pentoxyfilline; the HIV-1 protease inhibitor nelfinavir; the synthetic cannabinoid WIN 55,212-2; the camptothecin derivative NSC606985; the antipsychotic drug penfluridol; and the widely used antiseptic chlorhexidine capable of activating the unfolded protein response in cultured fibroblasts. We can also cite methylseleninic acid and sodium selenite, the protein phosphatase inhibitor okadaic acid, the muscarinic receptor agonist oxotremorine and the calcium ionophore A23187 which is a strong upregulator of GRP78. Meanwhile certain procarcinogenic agents, such as 1,2-dimethylhydrazine cause GRP78 up-regulation and tumour adaptation via UPR activation. The list of activators is growing longer by the day (Table 1). Quite recently, the antitumour compound MLN4924 (Pevonedistat), a NEDD8-activating enzyme inhibitor, was shown to enhance the expression of GRP78 in chondrosarcoma cells [START_REF] Wu | MLN4924, a protein neddylation inhibitor, suppresses the growth of human chondrosarcoma through inhibiting cell proliferation and inducing endoplasmic reticulum stress-related apoptosis[END_REF] and the synthetic gibberellin derivative GA-13315 was found to upregulate GRP78 in lung adenocarcinoma cells [START_REF] Xie | Anti-tumor effects and mechanism of GA-13315, a novel gibberellin derivative, in human lung adenocarcinoma : an in vitro and in vivo study[END_REF].

The case of the semi-synthetic anti-cancer cephalostatin-ritterazine hybrid compound designated ritterostatin GN1N is interesting because this compound binds to multiple HSP70s but directly affects endoplasmic reticulum-based GRP78 (Figure 2), resulting in activation of the unfolding protein response (UPR) and subsequent apoptotic cell death [START_REF] Ambrose | Ritterostatin GN 1N , a Cephalostatin-Ritterazine Bis-steroidal Pyrazine Hybrid, Selectively Targets GRP[END_REF]. This compound binds to the C-terminal domain of GRP78, without effect on the N-terminal ATPase site, and tends to induce a dosedependent increase in GRP78 levels upon treatment of cells [START_REF] Ambrose | Ritterostatin GN 1N , a Cephalostatin-Ritterazine Bis-steroidal Pyrazine Hybrid, Selectively Targets GRP[END_REF]. Interestingly, its close analogue 25epi-ritterostatin GN1N was shown to inhibit GRP78 expression and demonstrated antitumour activity in a melanoma xenograft model [START_REF] Ahmed | Antitumor agent 25-epi Ritterostatin GN1N induces endoplasmic reticulum stress and autophagy mediated cell death in melanoma cells[END_REF]. Previously, the related cholestane glycoside OSW-1 was found to induce calcium-dependent cleavage of GRP78 [START_REF] Garcia-Prieto | Effective killing of leukemia cells by the natural product OSW-1 through disruption of cellular calcium homeostasis[END_REF].

Certain anticancer agents can also induce GRP78 up-regulation. For example, both an increased expression of GRP78 mRNA and increased levels of GRP78 chaperone were observed in acute lymphocytic leukaemia (ALL) cells treated with the orally bioavailable p97 inhibitor CB-5083 (a synthetic AAA ATPase inhibitor from Cleave Biosciences). Over-expression of GRP78 (and GRP94) following treatment with this synthetic product results in the accumulation of polyubiquitylated proteins but GRP78 does not seem to play a major role in mediating its cytotoxic actions towards B-ALL cells [START_REF] Gugliotta | Valosin-Containing Protein/p97 as a Novel Therapeutic Target in Acute Lymphoblastic Leukemia[END_REF]. The stimulation of ER stress (via GRP78) and autophagic flux by the synthetic steroid mifepristone (RU486, a progesterone receptor antagonist) heralds a therapeutic opportunity to utilise this compound to sensitise ovarian cancer cells to proteasome or lysosome inhibitors [START_REF] Zhang | Mifepristone increases mRNA translation rate, triggers the unfolded protein response, increases autophagic flux, and kills ovarian cancer cells in combination with proteasome or lysosome inhibitors[END_REF].

All the products mentioned above up-regulate the intracellular form of GRP78. The effect of small molecules on the membranous form of GRP78 is more rarely studied. However, a very clear druginduced stimulation of membrane GRP78 has been described with the anticancer pan-Bcl2 inhibitor obatoclax which can strongly promote GRP78 migration to the cell membrane, thence leading to activation of pAkt by a PI3K-dependent mechanism [START_REF] Ramakrishnan | Smac mimetic LCL161 overcomes protective ER stress induced by obatoclax, synergistically causing cell death in multiple myeloma[END_REF]. A second recent example concerns the IGF1-R pathway. IGF1-R knockdown or IGF1-R inhibitors repress GRP78 and induce a redistribution of GRP78 from endoplasmic reticulum to cell surface so as to promote its physical interaction with IGF1-R [START_REF] Yin | Cell surface GRP78 facilitates hepatoma cells proliferation and migration by activating IGF-IR[END_REF]. Consequently, the GRP78 modulator ONC212 (a fluorinated imipridone inhibitor of the AKT/ERK pathway) combined with the IGF1-R-specific inhibitor AG1024 trigger a synergistic anticancer effect with initiation of apoptosis in PANC-1 cells that survived each drug alone [START_REF] Lev | Anti-pancreatic cancer activity of ONC212 involves the unfolded protein response (UPR) and is reduced by IGF1-R and GRP78/BIP[END_REF]. The efficient crosstalk between GRP78 and IGF-IR molecules encourages the use of GRP78 inhibitors for blocking IGF-IR signaling in cancer cells [START_REF] Yin | Cell surface GRP78 facilitates hepatoma cells proliferation and migration by activating IGF-IR[END_REF]. These are two rare but robust example of drug-induced membrane translocation of GRP78, a promising approach to promote anticancer effects.

As summarised here, this category of GRP78-inducers includes diverse products endowed with anticancer activity, but this up-regulation effect is not usually warranted for anticancer purposes. Drugs that can elevate the level of endogenous GRP78 are likely to increase cellular survival and evidently this is not appropriate for eliminating cancer cells. Drug-induced over-expression of GRP78 may facilitate translocation of the protein to the surface of tumour cells, thereby promoting survival, metastasis, and resistance to therapy. By contrast, activation of a pro-survival pathway, and extended functional longevity, is appropriate in cases of diseases associated with cellular degenerative senescence. This is the reason why such GRP78 inducers might be useful to treat certain neurodegenerative disorders [START_REF] Gorbatyuk | The molecular chaperone GRP78/BiP as a therapeutic target for neurodegenerative disorders: a mini review[END_REF].

GRP78 inhibitors or suppressors

The search for GRP78 antagonists, or drugs capable of repressing this chaperone, is particularly important because many of the established drugs currently used to treat cancers stimulate GRP78 and as indicated above, this effect favours chemo-resistance. For example, the anti-estrogen receptor tamoxifen up-regulates the expression of GRP78 in various cancer cells. Similarly, the anthracyclines epirubicin and doxorubicin both elicit an ER response characterized by high levels of GRP78 expression. Up-regulation of GRP78 causes a down-regulation of topoisomerase IIα, thereby rendering cells resistant to etoposide [START_REF] Zhang | Upregulation of GRP78 and GRP94 and its function in chemotherapy resistance to VP-16 in human lung cancer cell line SK-MES-1[END_REF]. The case of taxol is also interesting because it increases the expression of several stem cell stress markers including GRP78 but this effect can be attenuated by co-treatment with the JAK 1/2 inhibitor ruxolitinib (Jakavi®) approved for the treatment of myelofibrosis [START_REF] Reeves | Ruxolitinib sensitizes ovarian cancer to reduced dose Taxol, limits tumor growth and improves survival in immune competent mice[END_REF]. Specific drug combinations can thus be designed to limit the capacity of cancer cells to adapt to stress. The co-administration of a GRP78 inhibitor with an antitumour agent may represent an efficient novel therapeutic method to attack various types of aggressive cancers. As reported below, there are numerous pharmacological tools and drugs available to target the suppression of GRP78 expression in tumours.

Several natural products down-regulating the activity of GRP78 have been reported. The polysaccharide fucoidan found in brown seaweeds (phaeophyceae) down-regulates GRP78 in the metastatic MDA-MB-231 breast cancer cells. The iridoid glycoside catalpol extracted from the roots of Radix rehmannia, acting as an antioxidant and anti-apoptotic agent in inflammatory disease, inhibits the activation of ER stress-associated sensor GRP78 in human aortic endothelial cells [START_REF] Hu | Catalpol inhibits homocysteineinduced oxidation and inflammation via inhibiting Nox4/NF-κB and GRP78/PERK pathways in human aorta endothelial cells[END_REF].

The pterocarpan medicarpin was found to effect down-regulation in osteoblast cells [START_REF] Kureel | Identification of GRP78 as a molecular target of medicarpin in osteoblast cells by proteomics[END_REF]. Kurarinone, an antitumour flavonoid isolated from Sophora flavescens Aiton, reduces the expression of GRP78 in a non-small cell lung cancer cell line [START_REF] Yang | Inhibitory effect of kurarinone on growth of human non-small cell lung cancer: an experimental study both in vitro and in vivo studies[END_REF]. Kaempferol, a flavonol isolated from Ginkgo biloba extracts, inhibits the expression of GRP78 to prevent cell death induced by diverse stimuli [START_REF] Abdullah | Kaempferol mitigates Endoplasmic Reticulum Stress Induced Cell Death by targeting caspase 3/7[END_REF]. Other plant products can demote the induction of GRP78, such as hydroxytyrosol which is one of the main constituents of olive leaf extract, and a terpene glycoside component of Moutan Cortex, the root bark of Paeonia suffruticosa Andr., a well-known traditional Chinese medicine. On the subject of Chinese medicinal plants, the most interesting GRP78 down-regulator is triptolide, the major bioactive component isolated from Tripterygium wilfordii Hook F, which can reduce the level of GRP78 in leukemia cells as well as radio-resistant nasopharyngeal carcinoma cells [START_REF] Li | Triptolide inhibits cell growth and GRP78 protein expression but induces cell apoptosis in original and radioresistant NPC cells[END_REF]. The downregulation of GRP78 by triptolide leads to cell death by apoptosis or autophagy depending on the cell type [START_REF] Chan | Triptolide induced cell death through apoptosis and autophagy in murine leukemia WEHI-3 cells in vitro and promoting immune responses in WEHI-3 generated leukemia mice in vivo[END_REF]. Triptolide is known as a potent anti-tumour, anti-inflammatory and immunosuppressive natural compound prescribed for the treatment of autoimmune diseases in China.

GRP78 is a direct target of isoliquiritigenin, a chalcone-type flavonoid isolated from liquorice root which reduces the expression of mRNA and membrane GRP78 [START_REF] Hu | Targeting oral cancer stemness and chemoresistance by isoliquiritigenin-mediated GRP78 regulation[END_REF]. Modelling studies suggest that this compound can fit into the ATP domain of GRP78 and thereby inhibit its ATPase activity, resulting in its dissociation from β-catenin [START_REF] Wang | Dietary compound isoliquiritigenin targets GRP78 to chemosensitize breast cancer stem cells via β-catenin/ABCG2 signaling[END_REF].

This natural product category also includes the green tea polyphenol epigallocatechin-3-gallate (EGCG) which inhibits pro-survival proteins such as GRP78 [START_REF] Le | Effects of the Green Tea Polyphenol Epigallocatechin-3-Gallate on Glioma: A Critical Evaluation of the Literature[END_REF]. But EGCG can also increase GRP78 expression in the ER while reducing expression of GRP78 at the cell surface in a mesothelioma cell line [START_REF] Martinotti | Epigallocatechin-3-gallate induces GRP78 accumulation in the ER and shifts mesothelioma constitutive UPR into proapoptotic ER stress[END_REF]. On this basis, the authors suggested the use of EGCG as an adjuvant drug able to abolish chemo-resistance to conventional anticancer agents. A modelling study indicated that EGCG binds directly to GRP78, interacting with amino acid residues in the ATPase domain of the protein, stabilising and folding the protein steadily [START_REF] Gurusinghe | Glucose-regulated protein 78 substrate-binding domain alters its conformation upon EGCG inhibitor binding to nucleotide-binding domain: Molecular dynamics studies[END_REF]. The binding affinity and selectivity of EGCG toward GRP78 was higher than that toward another HSP70 protein. Interestingly, inhibition of GRP78 activity by EGCG also enhances chemo-sensitivity of both glioma cells and human brain endothelial cells [START_REF] Virrey | Stress chaperone GRP78/BiP confers chemoresistance to tumor-associated endothelial cells[END_REF]. Madecassic acid, a triterpenoid from the medicinal plant Centella asiatica, attenuates hypoxiainduced ER stress in specific endothelial cells, again with reduced mRNA levels of GRP78 [START_REF] Yang | Madecassic Acid protects against hypoxia-induced oxidative stress in retinal microvascular endothelial cells via ROS-mediated endoplasmic reticulum stress[END_REF]. The last example in this category is the essential oil derived from Eupatorium adenophorum Spreng (containing sesquiterpenes) which reduces the expression of GRP78 and in turn relieves inhibition of certain caspases [START_REF] Chen | Essential Oil Derived From Eupatorium adenophorum Spreng. Mediates Anticancer Effect by Inhibiting STAT3 and AKT Activation to Induce Apoptosis in Hepatocellular Carcinoma[END_REF]. More natural products interfering negatively with GRP78 expression or activity are also cited in Table 1. Here again, the molecular diversity of GRP78 regulators is large. We draw particular attention to lignans, saponins, polyphenols, flavonoids, and pseudopeptides.

The case of resveratrol is puzzling. As discussed above, this stilbene derivative can exert up or down effects on GRP78, depending on the cell system and environment. Several studies indicate that resveratrol down-regulates expression of GRP78 induced by different stress factors, chemicals [START_REF] Li | Resveratrol alleviates FFA and CCl4 induced apoptosis in HepG2 cells via restoring endoplasmic reticulum stress[END_REF] and anticancer agents, such as doxorubicin. The protective potential of resveratrol against oxidative stress and apoptosis is well recognised. Another resveratrol analog, piceatannol, inhibits ER stress (and increased expression of GRP78) induced by homocysteine; yet vaticanol B, an anti-inflammatory tetramer of resveratrol, suppresses the induction of unfolded protein response-targeted genes such as GRP78 [START_REF] Tabata | Vaticanol B, a resveratrol tetramer, regulates endoplasmic reticulum stress and inflammation[END_REF]. Longistyline C, an antidepressant stilbene derivative isolated from the leaves of Cajanuscajan (L.) Millsp, with antidepressant activity, down-regulates GRP78 in a PC12 mouse pheochromocytoma cell line [START_REF] Liu | Longistyline C acts antidepressant in vivo and neuroprotection in vitro against glutamate-induced cytotoxicity by regulating NMDAR/NR2B-ERK pathway in PC12 cells[END_REF].

Certain natural extracts can also reduce GRP78. For example, Kursi Wufarikun Ziyabit (KWZ) is a traditional prescription used in folk tea-drinking to treat type 2 diabetes mellitus in central Asia; it reduces the expression of GRP78 in L6 muscle cells. Similarly, the neuroprotective Clematis terniflora extract decreased the expression level of GRP78 in rat pheochromocytoma PC12 cells. Bioactive compounds of kimchi -a traditional Korean fermented vegetable dish -can also lower GPR78 expression. DiDang Tang, a Chinese traditional medicine containing four substances, decreases ER stress through the blockade of GRP78.

Products isolated from microorganisms have also been characterized as GRP78 down-regulators. A typical example is the neoantimycin-type product prunustatin A, initially isolated from a soil sample collected in Japan, containing the actinomycete Streptomyces violaceoniger 4521-SVS3 [START_REF] Umeda | Prunustatin A, a novel GRP78 molecular chaperone down-regulator isolated from Streptomyces violaceoniger[END_REF]. Two years later, two analogues were also characterized as down-regulators of GRP78, JBIR-04 and JBIR-05, but they are about 100-and 10-times less potent than prunustatin A in the luciferase reporter gene assay used to characterise their GRP78-associated activity [START_REF] Izumikawa | Novel GRP78 molecular chaperone expression down-regulators JBIR-04 and -05 isolated from Streptomyces violaceoniger[END_REF]. Another analogue designated SW-163A, with immunosuppressive activity, was found to be only half as active as the parent compound prunustatin A. Etoposide-resistant cancer cells are sensitive to the GRP78 down-regulator piericidin A, also a microbial metabolite [START_REF] Hwang | Etoposide-resistant HT-29 human colon carcinoma cells during glucose deprivation are sensitive to piericidin A, a GRP78 down-regulator[END_REF], and the related Streptomyces product actinopyrone D was also shown to downregulate GRP78 [START_REF] Hayakawa | Actinopyrone D, a new downregulator of the molecular chaperone GRP78 from Streptomyces sp[END_REF]. The antibiotic questiomycin A produced by the fungus Penicillium expansum suppresses GRP78 protein expression by stimulating protein degradation without inducing an ER stress response and this GRP78 down-regulation stimulates the anticancer activity of sorafenib in hepatocarcinoma cells [START_REF] Machihara | Questiomycin A stimulates sorafenib-induced cell death via suppression of glucose-regulated protein 78[END_REF].

Numerous naturally-occurring GRP78 inhibitors have been described but, in most cases, the precise molecular target is not defined. In this respect, the case of the fungal metabolite verrucosidin is exemplary. It was initially described as a GRP78 inhibitor but a later study revealed that it acted in a GRP78-independent fashion, via inhibition of complex I of the electron transport chain in mitochondria [START_REF] Thomas | Repositioning of Verrucosidin, a purported inhibitor of chaperone protein GRP78, as an inhibitor of mitochondrial electron transport chain complex I[END_REF]. The macrocyclic compound versipelostatin, from Streptomyces versipellis, is considered a specific inhibitor of the expression of GRP78 [START_REF] Sasaki | Synthetic studies of the spirocyclic cyclohexene part of versipelostatin, a novel GRP78/Bip molecular chaperone downregulator[END_REF].

The lignan honokiol, isolated from magnolia trees, was also found to bind directly to GRP78, at least the unfolded form of the ATPase domain (not the folded GRP78 form) [START_REF] Martin | Inducing apoptosis of cancer cells using small-molecule plant compounds that bind to GRP78[END_REF] and to inhibit expression of GRP78 in a model of restraint stress-induced cognitive impairment and depressive-like behaviour in mice [START_REF] Jangra | Honokiol abrogates chronic restraint stress-induced cognitive impairment and depressive-like behaviour by blocking endoplasmic reticulum stress in the hippocampus of mice[END_REF]. But in various human gastric cancer cells, honokiol treatment led to the induction of GRP94 cleavage, without affecting GRP78. The effect is cell line-dependent because in human chondrosarcoma cells, honokiol was found to increase the expression and activities of GRP78 [START_REF] Chen | Honokiol induces cell apoptosis in human chondrosarcoma cells through mitochondrial dysfunction and endoplasmic reticulum stress[END_REF]. It also upregulated the expression of GRP78 in lung cancer cells. This example again illustrates the variability of the biological response that can be elicited in different models. The variability of intercellular responses may be related to variable conditions of drug treatment or different cell endowment as regards integrating effects on the target.

Another inhibitor OSU-03012 (also called AR-12) was also predicted to bind to GRP78 and a molecular model of OSU-03012 bound to the ATPase site of GRP78 has been proposed [START_REF] Bhattacharjee | Molecular docking and molecular dynamics studies reveal structural basis of inhibition and selectivity of inhibitors EGCG and OSU-03012 toward glucose regulated protein-78 (GRP78) overexpressed in glioblastoma[END_REF]. OSU treatment suppressed expression of GRP78, through reduced stability of the protein, thereby prolonging the survival of mice carrying glioblastoma tumours [START_REF] Booth | OSU-03012 suppresses GRP78/BiP expression that causes PERK-dependent increases in tumor cell killing[END_REF]. It can also interact with other chaperone and chaperone-associated proteins [START_REF] Booth | AR-12 Inhibits Multiple Chaperones Concomitant With Stimulating Autophagosome Formation Collectively Preventing Virus Replication[END_REF]. This celecoxib derivative has a broad spectrum of action, including activity against certain yeasts, moulds and fungi. It also acts as a broad-specificity anti-viral drug, notably active against the dengue virus. It inhibits multiple chaperone protein functions thereby reducing the expression of virus receptors. A related anticancer agent, 2,5dimethyl-celecoxib, also induces endoplasmic reticulum stress associated with a decreased expression of GRP78 leading to cell cycle alterations and apoptosis [START_REF] Sobolewski | 2,5-Dimethyl-celecoxib inhibits cell cycle progression and induces apoptosis in human leukemia cells[END_REF]. A somewhat similar action can be attributed to a thiophene-piperazinyl aniline derivative, designated compound 17# [START_REF] Huang | Disruption of the unfolded protein response (UPR) by lead compound selectively suppresses cancer cell growth[END_REF], which was identified as a pan-UPR blocker capable of down-regulating the expression of GRP78 in cancer cells cultured in a glucose-deprived state. Several other bioactive drugs, such as pyrvinium pamoate, biguanide, valinomycin, and rottlerin, can selectively suppress 2-deoxyglucose-induced GRP78 promoter activity. The casein kinase 2 inhibitor CX-4945 (silmitasertib) induces a significant decrease in the levels of GRP78 in T-cell acute lymphoblastic leukaemia [START_REF] Buontempo | Cytotoxic activity of the casein kinase 2 inhibitor CX-4945 against T-cell acute lymphoblastic leukemia: targeting the unfolded protein response signaling[END_REF], providing a good rationale to combine with the proteasome inhibitor bortezomib to buffer the bortezomib-mediated proteotoxic stress in ER lumen [START_REF] Buontempo | Synergistic cytotoxic effects of bortezomib and CK2 inhibitor CX-4945 in acute lymphoblastic leukemia: turning off the prosurvival ER chaperone BIP/Grp78 and turning on the pro-apoptotic NF-κB[END_REF]. The Rho kinase inhibitor and vasodilator fasudil (HA-1077) can also down-regulate GRP78 [START_REF] Wang | Fasudil inhibits neutrophil-endothelial cell interactions by regulating the expressions of GRP78 and BMPR2[END_REF].

One of the most interesting inhibitors of GRP78 is the synthetic thiazole benzenesulfonamide HA15 [START_REF] Cerezo | Compounds Triggering ER Stress Exert Anti-Melanoma Effects and Overcome BRAF Inhibitor Resistance[END_REF][START_REF] Ronco | Structure activity relationship and optimization of N-(3-(2-aminothiazol-4-yl)aryl)benzenesulfonamides as anticancer compounds against sensitive and resistant cells[END_REF]. This product directly targets GRP78 to induce an ER stress. Interestingly, HA15 seems to induce a much higher ER stress in cancer cells compared to normal cells, which are less sensitive to ER homeostasis perturbations compared to cancer cells. HA15 treatment induces ER stress, autophagy and apoptosis in a number of cancer cell lines, including cell lines resistant to chemotherapeutic agents [START_REF] Cerezo | New anti-cancer molecules targeting HSPA5/BIP to induce endoplasmic reticulum stress, autophagy and apoptosis[END_REF]. In particular, HA15 is able to kill melanoma cells and to overcome BRAF inhibitor resistance [START_REF] Yang | Madecassic Acid protects against hypoxia-induced oxidative stress in retinal microvascular endothelial cells via ROS-mediated endoplasmic reticulum stress[END_REF]. Further increasing the ER stress with a drug -such as the anticancer agent mitotane, which remains the only drug approved for the treatment of recurrent or relapsing adrenocortical carcinoma -reinforces the activity of HA15. HA15 and mitotane, acting via distinct mechanisms, boost the ER stress responses in cancer cells [START_REF] Ruggiero | The GRP78/BiP inhibitor HA15 synergizes with mitotane action against adrenocortical carcinoma cells through convergent activation of ER stress pathways[END_REF]. This supports the view that HA15 can be favourably combined with drugs which also activate ER stress pathways, such as proteasome inhibitors for example. And indeed, the stimulation of ER stress and autophagic flux can sensitise cancer cells to proteasome inhibitors [START_REF] Zhang | Mifepristone increases mRNA translation rate, triggers the unfolded protein response, increases autophagic flux, and kills ovarian cancer cells in combination with proteasome or lysosome inhibitors[END_REF]. In the same vein, metformin suppresses GRP78 thereby enhancing the anti-myeloma activity of bortezomib [START_REF] Jagannathan | Pharmacologic screens reveal metformin that suppresses GRP78-dependent autophagy to enhance the anti-myeloma effect of bortezomib[END_REF].

VER-155008 is an adenosine-derived (ATP mimetic) small-molecule HSP70 inhibitor which also inhibits GRP78. This compound displays a high affinity for the ATP site of GRP78. Treatment of canine osteosarcoma cells with VER-155008 resulted in over-expression of both HSC70 and GRP78, thus reducing the sensitivity of the cells to cytotoxic agents [START_REF] Asling | Targeting HSP70 and GRP78 in canine osteosarcoma cells in combination with doxorubicin chemotherapy[END_REF]. Inhibition of GRP78 by VER-155008 augments tamoxifen-induced apoptosis, and conversely over-expression of GRP78 rendered the cells resistant to tamoxifen-induced cell death [START_REF] Pujari | Tamoxifen-induced cytotoxicity in breast cancer cells is mediated by glucose-regulated protein 78 (GRP78) via AKT (Thr308) regulation[END_REF].

The clinically tested ruthenium complex IT-139 (formerly NKP-1339) is another compound that suppresses the stress induction of GRP78 in tumour cells, even in highly metastatic cancer cells. It represents an atypical, but promising anticancer drug capable of depleting key cellular chaperones including GRP78 [START_REF] Flocke | Molecular mode of action of NKP-1339 -a clinically investigated ruthenium-based drug -involves ER-and ROS-related effects in colon carcinoma cell lines[END_REF]. This ruthenium-based anticancer agent can restore sensitivity to cytotoxic drugs in chemo-resistant cancers. Combined with gemcitabine, it may prove useful to treat pancreatic adenocarcinoma [START_REF] Gifford | Expression of GRP78, master regulator of the unfolded protein response, increases chemoresistance in pancreatic ductal adenocarcinoma[END_REF]. Compound PHOS with a cholesterol-based scaffold represents another GRP78 inhibitor, capable of inhibiting the proliferation of colorectal cancer cells and inducing apoptosis [START_REF] Mhaidat | Potassium-3-beta-hydroxy-20-oxopregn-5-en-17-alpha-yl sulfate: a novel inhibitor of 78 kDa glucose-regulated protein[END_REF]. The DNA methyltransferase inhibitor zebularine also down-regulates GRP78. The AMPK inhibitor dorsomorphin (also known as compound C) inhibits GRP78 induction during glucose deprivation. The bisimidazoacridone derivative HKH40A also markedly reduces the level of GRP78 in different cancer cells lines so as to impair its diverse functions and to activate the UPR pathways, possibly via steric interference at the ATP site of GRP78 [START_REF] Kosakowska-Cholody | HKH40A downregulates GRP78/BiP expression in cancer cells[END_REF].

Metal complexes targeting GRP78 have been designed. The ruthenium(II) triazine complex [Ru(bdpta)(tpy)] 2+ targets directly GRP78 and causes its ROS-mediated ubiquitination, so as to reduce significantly the GRP78 protein level in cells and this effect may account for its antitumour efficacy observed using a CD133 + HCT-116 cancer stem cell-derived tumour xenograft model [START_REF] Purushothaman | Novel ruthenium(II) triazine complex [Ru(bdpta)(tpy)] 2+ co-targeting drug resistant GRP78 and subcellular organelles in cancer stem cells[END_REF].

A variety of well-established drugs used to treat diverse types of human pathology also inhibit GRP78 expression. Atorvastatin inhibits expression of the ERS-related factor GRP78 in response to alcohol exposure. The estrogen receptor antagonist fulvestrant decreases the expression levels of GRP78 in prolactinoma GH3 cells. The anaesthetic sevoflurane also inhibits the expression of GRP78 and this effect contributes to relieve hepatic ischaemia-reperfusion injury. Dexmedetomidine, a selective α2adrenergic receptor agonist used for sedation in intensive care units, decreases the expression of GRP78 in brain cells. The polyamine biosynthesis inhibitor DFMO (difluoromethylornithine) also down-regulates the expression of GRP78. The local anaesthetics bupivacaine and levobupivacaine can decrease the expression of GRP78 in colon cancer cells. As for activators, compounds capable of blocking or attenuating GRP78 expression and function present very diverse structures and origins.

There are other approaches to incapacitate GRP78, notably via the use of antisense oligonucleotides or siRNA. We can briefly cite a few examples here, to highlight their potential use in combination with various established anticancer drugs. Silencing of GRP78 in LoVo colon cancer cells by utilising a specific siRNA enhanced susceptibility to 5-FU via the induction of ER stress-dependent apoptosis [START_REF] Yun | Enhanced Susceptibility to 5-Fluorouracil in Human Colon Cancer Cells by Silencing of GRP78[END_REF]. Silencing GRP78 increased the radiosensitivity of oropharyngeal carcinoma cells and abrogated resistance to cetuximab. Overexpression of both GRP78 and EGFR -the target of cetuximab -is associated with poor prognosis in oropharyngeal carcinoma patients [START_REF] Sun | Inhibition of GRP78 abrogates radioresistance in oropharyngeal carcinoma cells after EGFR inhibition by cetuximab[END_REF]. Knockdown of GRP78 with siRNA sensitises glioma cells to a variety of antitumour agents including temozolomide, 5FU, CTP-11, and bortezomib. The link between temozomolide anticancer activity and GRP78 is relatively well documented. Knockdown of GRP78 enhanced temozolomide cytotoxicity in U87MG glioblastoma cells. Similarly, down-regulation of ER stress response could overcome resistance to temozolomide treatment in melanoma cells. GRP78 silencing also improved the effects of cisplatininduced apoptosis in SiHa cervical cancer cells, and suppression of GRP78 sensitizes HT29 colorectal cancer cells to oxaliplatin [START_REF] Xi | Suppression of GRP78 sensitizes human colorectal cancer cells to oxaliplatin by downregulation of CD24[END_REF]. Inhibition of GRP78 is thus clearly worth consideration to improve response to drug treatment, and thus patient outcome.

Cancer-cell delivery using GRP78-binding peptides

Numerous peptides that bind to cell surface GRP78 on endothelial and tumour cells have been described. They could find useful application in several pharmacological areas: (i) binding at the surface of cardiomyocytes to prevent apoptosis of ischaemic heart cells, (ii) binding to neuronal and astrocyte cell surface GRP78 to protect from hypoxia-induced apoptosis, and (iii) binding to cellexposed GRP78 to prevent tumour growth.

In oncology, GRP78-binding peptides have been exploited in two modalities as anticancer agents: short naked peptides to induce cell death and conjugated peptides to deliver an anticancer agent into cells. In the first case, GRP78 mediates the internalization of the peptide which can then modulate various pathways. This is the case for the peptide GMBP1 which specifically binds to GRP78 exposed at the surface of MDR gastric cancer cells and acts as a reversal agent to re-sensitize these MDR cells towards a variety of chemotherapeutic agents [START_REF] Wang | Mechanism study of peptide GMBP1 and its receptor GRP78 in modulating gastric cancer MDR by iTRAQ-based proteomic analysis[END_REF]. The 13-mer cyclic peptide Pep42 also binds to GRP78 and internalizes into cells; it can be utilized as a carrier for cytotoxic drugs to target human cancer cells [START_REF] Liu | Mechanistic studies of a peptidic GRP78 ligand for cancer cell-specific drug delivery[END_REF]. Another interesting drug candidate in this category is the peptidomimetic BMTP78 (for bone metastasis targeting peptide 78), composed of the GRP78-binding peptide WIFPWIQL fused to the proapoptotic enantiomer D(KLAKLAK)2 which disrupts the mitochondrial membrane causing cell death. BMTP78 inhibits primary tumour growth and prolongs overall survival by reducing lung and bone micrometastases [START_REF] Miao | Inhibition of established micrometastases by targeted drug delivery via cell surface-associated GRP78[END_REF]. BMTP-78 has shown potent activity in cells from patients with acute myeloid leukaemia and in a panel of human leukaemia and lymphoma cell lines, where it induced dose-dependent cytotoxicity. However, it revealed an unacceptable toxicity profile in non-human primates, preventing its clinical evaluation in patients. Nevertheless, it remains a potentially useful tool for diagnostic applications [START_REF] Staquicini | Therapeutic targeting of membrane-associated GRP78 in leukemia and lymphoma: preclinical efficacy in vitro and formal toxicity study of BMTP-78 in rodents and primates[END_REF].

Various peptide-based constructs have been described [START_REF] Wang | Structure-based design for binding peptides in anti-cancer therapy[END_REF], such as a hybrid between a GRP78binding peptide and a subunit of subtilase providing a recombinant that induces cancer cell apoptosis. Similarly, a fusion protein composed of the GRP78 binding peptide WIFPWIQL coupled to the active fragment of mung bean trypsin inhibitor inhibited growth and induced apoptosis in colorectal cancer cells in vitro and suppressed the growth of xenografted human colorectal carcinoma cells in vivo. Peptide BC71 harbouring an isthmin-derived RKD motif preferentially binds to the N-terminal portion of ATP-bound GRP78 and triggers apoptosis via cell-surface GRP78. Intravenous administration of BC71 suppressed xenograft tumour growth in mice [START_REF] Kao | Proapoptotic Cyclic Peptide BC71 Targets Cell-Surface GRP78 and Functions as an Anticancer Therapeutic in Mice[END_REF]. We can cite also the synthetic nonapeptide leuprolide, acting as a GnRH agonist, which inhibits the expression of GRP78 in endometrial cells [START_REF] Weng | GnRH agonists induce endometrial epithelial cell apoptosis via GRP78 down-regulation[END_REF].

The GRP78-binding peptide can serve as a delivery vector for an anticancer agent. This is the case of L-VAP (SNTRVAP), a 7-residue prostatic tumour-homing peptide identified by in vivo phage display, binding specifically to GRP78, which has been incorporated into paclitaxel-loaded polymeric micelles providing an efficient glioma-targeted drug delivery system [START_REF] Ran | GRP78 enabled micelle-based glioma targeted drug delivery[END_REF]. Similarly, the GRP78-binding peptide WIFPWIQL was incorporated into HPMA copolymers for the delivery of geldanamycin to prostate cancer tumours. The GIRLRG peptide specifically binds to the ATPase domain of GRP78, and a radiolabelled variant could be used to target various cancers [START_REF] Kapoor | Tumor-Specific Binding of Radiolabeled PEGylated GIRLRG Peptide: A Novel Agent for Targeting Cancers[END_REF]. A GRP78-targeting doxorubicin prodrug (containing a 16-mer peptide with a WIFPWIQL GRP78-binding motif adjacent to a nuclear localization signal) efficiently transports doxorubicin to the tumour cell nucleus. It displays a much stronger inhibitory efficacy against the growth of colorectal cancer xenografts in mice than free doxorubicin as well as a superior safety profile in vivo [START_REF] Ding | A Novel Doxorubicin Prodrug with GRP78 Recognition and Nucleus-Targeting Ability for Safe and Effective Cancer Therapy[END_REF]. GRP78 peptide-conjugated liposomes containing doxorubicin have also been described, providing another efficient drug delivery system [START_REF] Wang | Structure-based optimization of GRP78-binding peptides that enhances efficacy in cancer imaging and therapy[END_REF]. It can be envisaged that a variety of molecular constructs based on GRP78 will be designed, considering that several GRP78-targeting peptides have been isolated from different tumours and they generally display remarkable specificity.

Conclusion and future directions

The frequent over-expression of GRP78 at the surface of cancer cells compared to normal cells and its multifunctional implications in tumour cell proliferation, angiogenesis, protection against apoptosis and drug resistance make GRP78 an attractive target for cancer chemotherapy. Repressing GRP78 can lead to direct anticancer effects. Inhibition or down-regulation of GRP78 also frequently increases sensitivity to anticancer drugs (which generally appear to induce expression of GRP78). It is therefore generally worth considering whether to shut down GRP78 to promote the anticancer effects of drugs. But the targeting of GRP78 is also a challenge because the protein can activate transcription of genes involved in both survival and apoptosis.

As presented here, there is a large structural diversity of molecules to up or down-regulate GRP78, using natural products, small (semi)synthetic molecules, peptides, monoclonal antibodies and conjugates. Most of the cited compounds interfere with GRP78 expression or functions indirectly, through different molecular mechanisms. But interestingly, this can also be done by direct interference with the chaperone. A handful of molecules (Figure 2) are known to bind to GRP78, generally via its ATP site, more rarely via another domain. EGCG, OSU-03012, VER-155008 and isoliquiritigenin act as GRP78 repressors, through binding to the ATP site. In contrast to ritterostatin GN1N binds to the C-terminal portion and acts as a promoter of GRP78. Salvianolic acid A, which also binds close the C-terminal part, is a unique blocker of GRP78 secretion. A panel of peptides has also been characterised as controlling the activity of the chaperone or to serve as a vehicle for bioactive molecules. Several anti-GRP78 monoclonal antibodies have been engineered; they may be useful as diagnostic tools to characterise tumour tissues over-expressing surface GRP78 by immunohistochemistry or as therapeutic tools to block GRP78-mediated signalling pathways. As far as we know, none of these anti-GRP78 mAbs has been used as a carrier to deliver an antitumor agent (ADC approach). However, an attempt to conjugate small antibody fragments (scFv) targeting membrane GRP78 with semiconductor quantum dots (Qdot) to visualize cells by multi-colour fluorescence imaging has been reported. Qdot-GRP78 scFv bioconjugates can be efficiently internalised by cancer cells and can exhibit anti-tumour activity in a breast cancer xenograft model [START_REF] Xu | Quantum dot-conjugated anti-GRP78 scFv inhibits cancer growth in mice[END_REF]. The fact that up-regulation of GRP78 tends to favour resistance to chemotherapy speaks strongly for the deployment of diverse approaches to repress GRP78, with small or large molecules. Most interestingly, the direct targeting of GRP78 with repressors does not seem to be associated with the development of any specific GRP78-associated resistance mechanism.

The use of anticancer molecules activating GRP78 is more challenging because this up-regulation can surely restrict the activity of other anticancer drugs used in combination. Up-regulation of GRP78 is generally associated with chemoresistance. But activation of GRP78 and subsequent induction of the unfolded protein response (UPR) may serve to eliminate preferentially cancer cells that critically depend on UPR signalling to survive. This is the case with the natural product betulinic acid which critically depends on a persistent activation of GRP78 to express its anticancer activity [START_REF] Cai | Betulinic acid chemosensitizes breast cancer by triggering ER stress-mediated apoptosis by directly targeting GRP78[END_REF]. In this case, GRP78 seems to represent the molecular switch to control the anticancer activity of the natural product. However, betulinic acid is an atypical case. The use of inducers or stimulators of GRP78 is probably better adapted to treat cardiovascular, neurodegenerative, metabolic and immunological diseases rather than cancers [START_REF] Casas | GRP78 at the Centre of the Stage in Cancer and Neuroprotection[END_REF]. In most cases, down-regulation of GRP78 is the most promising strategy to promote an anticancer effect and to overcome resistance to chemotherapy.

Another interesting facet of the role of GRP78 concerns its multiple intra-and extra-cellular localisations, which also afford different options for pharmacological intervention. The intra ER form or the extra membrane-bound form reflect the multiple functions of the chaperone protein and provide distinct opportunities to control its effects with small molecules or peptides/mAbs. The use of drugs capable of interfering with the cell trafficking of the protein may represent a novel anticancer strategy. Drugs like obatoclax and AG1024 promoting the translocation of GRP78 from ER to the plasma membrane can be adequately combined with drugs targeting a protein partner of GRP78, like IGF1R. The screening of drugs targeting GRP78 dynamics, to limit its navigation between multiple cell compartments, would be a potentially rewarding approach to identify novel GRP78 regulators. In this context, the case of salvianolic acid A is exemplary and its antitumor activity in vivo augurs well for the development of this strategy. Similar approaches to correct the routing of proteins have been designed with other targets, for example the use of pharmacoperone drugs targeting misfolded or well-folded but destabilized proteins [START_REF] Hou | Pharmacoperone drugs: targeting misfolded proteins causing lysosomal storage-, ion channels-, and G protein-coupled receptors-associated conformational disorders[END_REF].

These disparate aspects support the idea that GRP78 deserves to be seriously considered as a target for drug development in oncology. Quite possibly in other areas of therapeutics as well. The use of GRP78 inhibitors or repressors could also be investigated to treat infections with the malarial parasite [START_REF] Chen | Repurposing drugs to target the malaria parasite unfolding protein response[END_REF]. Moreover, membrane GRP78 can also act as a novel host factor involved in the entry of viruses into cells. By that token, inhibition of GRP78 may also prove of therapeutic utility for treating certain bacterial and viral infections [START_REF] Lewy | BiP: Master Regulator of the Unfolded Protein Response and Crucial Factor in Flavivirus Biology[END_REF]. ] and small molecules and antibodies known to interact with GRP78, either with the ATPase domain (in blue) or with the β-sandwich subdomain (in yellow) or the helix subdomain (in pink). The cited small molecules can up (+) or down (-) regulate GRP78. Chemical structure of seven selected GRP78-interacting compounds.

Table 1. Products known to modulate mRNA or protein expression or function of GRP78, including natural substances and (semi)synthetic products. 
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 1 Figure1: Schematic representation of the cellular localisation and trafficking of GRP78 and modalities to interfere with its functions. GRP78 mainly located in the ER can translocate to the plasma membrane prior to being secreted. The circulating form is implicated in various cell functions. GRP78 can also translocate to the nucleus and mitochondria. Different types of molecules interfere with the various forms of GRP78.
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 2 Figure 2: Structural model of GRP78 [from 108] and small molecules and antibodies known to interact with GRP78, either with the ATPase domain (in blue) or with the β-sandwich subdomain (in yellow) or the helix subdomain (in pink). The cited small molecules can up (+) or down (-) regulate GRP78. Chemical structure of seven selected GRP78-interacting compounds.
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