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Anterior Gradient proteins in gastrointestinal cancers: from cell biology to pathophysiology

Most of the organs of the digestive tract comprise secretory epithelia which require specialized molecular machines to achieve their functions. As such Anterior GRadient (AGR) proteins, which comprise AGR1, AGR2 and AGR3 belong to the Protein Disulfide Isomerase family, and are involved in secretory and transmembrane protein biogenesis in the endoplasmic reticulum (ER). They are generally expressed in epithelial cells with high levels in most of the digestive tract epithelia. To date, the vast majority of the reports concerns AGR2, which has been shown to exhibit various subcellular localizations and to exert pro-oncogenic functions. AGR2 overexpression has recently been associated to a poor prognosis in digestive cancers. AGR2 is also involved in epithelial homeostasis. Its deletion in mice results in severe diffuse gut inflammation, whereas in inflammatory bowel diseases, the secretion of AGR2 in the extracellular milieu participates to the reshaping of cellular microenvironment. AGR2 thus plays a key role in inflammation and oncogenesis and may represent a therapeutic target of interest. In this review, we summarize the already known roles and mechanisms of action of the AGR family proteins in digestive diseases, their expression in the healthy digestive tract and in digestive oncology. At last, we discuss the potential diagnostic and therapeutic implications underlying the biology of AGR proteins.

Introduction

The digestive system is composed of organs with specific differentiated cells, each of which having specific functions in the digestion process. Beyond these differences, all these organs show common secretory properties essential for homeostasis.

Alterations in the secretory pathway have been implicated in oncogenesis. Digestive cancers, like most cancers, often result from a chronic inflammation that dysregulates the cell metabolism, gene expression and epigenetics. Chronic inflammation can be responsible for precancerous lesions, before the evolution toward invasive cancer, like in Barrett metaplasia in the esophagus, inflammatory bowel diseases (IBD) in the gut or pancreatic intraepithelial neoplasia (PanIN) in the pancreas. Among the cellular dysregulations that favor carcinogenesis, alterations of endoplasmic reticulum (ER) homeostasis and the subsequent adaptive mechanisms activated to cope with it were shown to significantly contribute to these processes. The ER is the first compartment of the secretory pathway that enables the proper biogenesis, folding, and maturation of secretory and transmembrane proteins [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF]. Beyond its role in protein homeostasis, the ER also maintains calcium and lipid homeostasis. As part of the ER folding and quality control machinery, the Protein Disulfide Isomerase (PDI) family is involved in the formation of inter and intra-molecular disulfide bridges in client proteins, productive protein folding, redox activity, and disulfide exchange through their thioredoxin-like domain [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF][START_REF] Määttänen | Protein quality control in the ER: the recognition of misfolded proteins[END_REF][START_REF] Kemmink | The folding catalyst protein disulfide isomerase is constructed of active and inactive thioredoxin modules[END_REF]. Although the roles of most PDI family members in protein folding have been well characterized, their function in ER homeostasis control and proteostasis maintenance is still unclear [START_REF] Matsusaki | The Protein Disulfide Isomerase Family: from proteostasis to pathogenesis[END_REF]. Along with glutaredoxins and thioredoxins, PDI are members of the thioredoxin (TRX) superfamily which are characterized by the presence of a thioredoxin fold [START_REF] Lemaire | The thioredoxin superfamily in Chlamydomonas reinhardtii[END_REF]. So far, 20 PDIs have been identified [START_REF] Matsusaki | The Protein Disulfide Isomerase Family: from proteostasis to pathogenesis[END_REF][START_REF] Matsuo | Introducing Thioredoxin-Related Transmembrane Proteins: Emerging Roles of Human TMX and Clinical Implications[END_REF]. Most of them are located in the lumen of the ER, while others are transmembrane proteins (TMX 1 to TMX 5) [START_REF] Matsuo | Introducing Thioredoxin-Related Transmembrane Proteins: Emerging Roles of Human TMX and Clinical Implications[END_REF]. PDI are defined as "proteins that can react with cysteine side chains", but it includes also "proteins that contain non-thiol-reactive thioredoxin-like domains with chaperone-like activities for ER folding and secretion of proteins" [START_REF] Kozlov | A structural overview of the PDI family of proteins[END_REF].

Therefore, the PDIs can be divided between thiol-non reactive (ERp27 and ERp29) and thiol-reactive proteins.

The AGR family is composed of three PDI-like proteins: AGR1 (also known as Thioredoxin domain-containing protein 12 (TXNDC12)), AGR2 (protein disulfide isomerase family A member 17 (PDIA17)), and AGR3 (Protein disulfide isomerase family A, member 18 (PDIA18)) [START_REF] Kozlov | A structural overview of the PDI family of proteins[END_REF][START_REF] Ivanova | Agr genes, missing in amniotes, are involved in the body appendages regeneration in frog tadpoles[END_REF]. AGR1 is expressed in the ER and plays a role in the formation of mixed disulfide bounds with proteins [START_REF] Fessart | Anterior Gradient-2 (AGR2) overexpression in colon cancer: a potential prognostic biomarker[END_REF]. The expression of AGR2 is induced upon disruption of ER homeostasis, through the activation of the ATF6 and IRE1 arms of the unfolded protein response (UPR) [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF]. AGR2 is shown to contribute to protein folding and maturation [START_REF] Higa | Role of pro-oncogenic protein disulfide isomerase (PDI) family member anterior gradient 2 (AGR2) in the control of endoplasmic reticulum homeostasis[END_REF][START_REF] Hatahet | Protein Disulfide Isomerase: A Critical Evaluation of Its Function in Disulfide Bond Formation[END_REF] and to participate in the elimination of misfolded proteins through ER-associated degradation (ERAD) [START_REF] Ni | ER chaperones in mammalian development and human diseases[END_REF]. Several studies in the last decade have shown that AGR2 expression is associated with poor prognosis in solid cancers and may play pro-oncogenic roles through yet uncharacterized mechanisms. AGR3 is also an ER resident protein involved in the formation of disulfide bonds but its expression is independent of ER stress [START_REF] Fessart | Integrative analysis of genomic and transcriptomic alterations of AGR2 and AGR3 in cancer[END_REF]. Compared to AGR2, less is known about the functions and regulations of both AGR1 and AGR3 as well as their respective roles in the digestive tract. In this review, we cover the most recent data on the AGR family from biochemical and cell biology perspectives; we next connect these properties to the functions of these proteins in both normal and pathological gastrointestinal tract and lastly discuss the potential theranostic aspects related to the AGR family.

The AGR family

Genes, structures and regulators

AGR2 is the most documented member of the AGR family. It was initially identified in the anterior region of the ectoderm of Xenopus laevis as XAG-2 [START_REF] Aberger | Anterior specification of embryonic ectoderm: the role of the Xenopus cement gland-specific gene XAG-2[END_REF][START_REF] Park | The protein disulfide isomerase AGR2 is essential for production of intestinal mucus[END_REF][START_REF] Shih | Characterization of the agr2 gene, a homologue of X. laevis anterior gradient 2, from the zebrafish, Danio rerio[END_REF]. XAG-2 plays important roles in the endodermal patterning and in forebrain maturation by anteroposterior migration of the cement gland (mucus-secreting organs) during embryogenesis [START_REF] Aberger | Anterior specification of embryonic ectoderm: the role of the Xenopus cement gland-specific gene XAG-2[END_REF][START_REF] Bradley | Positive and negative signals modulate formation of the Xenopus cement gland[END_REF]. In human, AGR2 is also expressed during embryonic development in the endoderm derived tissues like esophagus, trachea, lung, liver, stomach, and in the gut [START_REF] Jach | From development to cancer -an ever-increasing role of AGR2[END_REF]. In adult human tissues, the highest levels of AGR2 expression are observed in the gastrointestinal tract from the stomach to the rectum, in the genitourinary tract (urinary bladder), and in the respiratory system (see Figure 3). Human AGR2 is located on chromosome 7 [START_REF] Petek | Localization1 of the human anterior gradient-2 gene (AGR2) to chromosome band 7p21.3 by radiation hybrid mapping and fluorescencein situ hybridisation[END_REF] and is composed of 8 exons and 7 introns. Seven different AGR2 transcripts are reported in the Ensembl database. In cancer, the most recurrent AGR2 anomaly is amplification; only few mutations or deletions were described (20). AGR2 predominant isoform is 175 amino acid long resulting in a molecular weight of ~20 kDa. Three other isoforms have been described

[B5MC07, C9J3E2 and H7C3Z9 (UniProt)] but so far, there is no information on their functions. Its structure is composed of an N-terminal cleavable signal peptide, a noncanonical thioredoxin domain CXXS, a peptide binding loop and a C-terminal domain ER-retention (KTEL) motif (Figure 1a,b) [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF]. AGR1 has a high similarity with the thioredoxin domain CXXC motif in invertebrates, but is lost in higher vertebrates where it is replaced by the CXXC containing protein TXNDC12 [START_REF] Knoblach | ERp19 and ERp46, New Members of the Thioredoxin Family of Endoplasmic Reticulum Proteins*[END_REF][START_REF] Williamson | Functional Characterization of ERp18, a New Endoplasmic Reticulum-located Thioredoxin Superfamily Member*[END_REF][START_REF] Ivanova | The secreted factor Ag1 missing in higher vertebrates regulates fins regeneration in Danio rerio[END_REF][START_REF] Alanen | Functional characterization of ERp18, a new endoplasmic reticulum-located thioredoxin superfamily member[END_REF][START_REF] Jeong | ERp16, an endoplasmic reticulum-resident thiol-disulfide oxidoreductase: biochemical properties and role in apoptosis induced by endoplasmic reticulum stress[END_REF]. It is a 18kDa ER resident protein composed of 146 amino-acid in its mature sequence (Human Protein Atlas - [START_REF]TXNDC12 protein expression summary -The Human Protein Atlas[END_REF]). AGR1 gene is located on chromosome 1 unlike AGR2 and AGR3. Similar to other PDI, it is involved in disulfide bond formation [START_REF] Alanen | Functional characterization of ERp18, a new endoplasmic reticulum-located thioredoxin superfamily member[END_REF]. AGR2 and AGR3 are present in both amphibians and higher vertebrates [START_REF] Ivanova | Agr genes, missing in amniotes, are involved in the body appendages regeneration in frog tadpoles[END_REF]. AGR proteins ER retention motifs differ (i.e. EDEL for AGR1, KTEL for AGR2, QSEL for AGR3) as do their thioredoxin-like motifs (Figure 1a, b) [START_REF] Raykhel | A molecular specificity code for the three mammalian KDEL receptors[END_REF]. Even though both proteins are very similar (>90% identity) and highly conserved in mammals (e.g. mouse and human -Figure 1b), the role of AGR3 is less documented than AGR2 but its expression seems correlated with AGR2 and plays similar roles in some aspects, for instance promoting migration and metastasis [START_REF] Obacz | The role of AGR2 and AGR3 in cancer: Similar but not identical[END_REF]. However, expression of AGR3 is independent of ER stress suggesting that the regulation of the two proteins differs each of another. AGR3 gene is located on chromosome 7p21.1, it is composed of 10 exons and can produce three different transcripts (AGR3-201, AGR3-202, AGR3-203). The molecular weight of AGR3-201 is 19.2 kDa and contains 166 amino acids (Human Protein Atlas -(29)).

AGR3 was first identified in breast cancer cell membrane and in breast tumors, where its expression correlates with estrogen receptor expression [START_REF] Adam | Comprehensive Proteomic Analysis of Breast Cancer Cell Membranes Reveals Unique Proteins with Potential Roles in Clinical Cancer*[END_REF][START_REF] Fletcher | hAG-2 and hAG-3, human homologues of genes involved in differentiation, are associated with oestrogen receptor-positive breast tumours and interact with metastasis gene C4.4a and dystroglycan[END_REF]. It is expressed in airway epithelium where it is required for muco-ciliary clearance and for regulation of ciliary beat frequency [START_REF] Bonser | The Endoplasmic Reticulum Resident Protein AGR3. Required for Regulation of Ciliary Beat Frequency in the Airway[END_REF]. It is also expressed in prostate, as well as stomach and liver tissues of the digestive tract [START_REF] Nguyen | Crystal structure of human anterior gradient protein 3[END_REF].

AGR2 exists in monomeric or homodimeric forms [START_REF] Maurel | Control of anterior GRadient 2 (AGR2) dimerization links endoplasmic reticulum proteostasis to inflammation[END_REF]. AGR2 dimerizes through E60 and K64-dependent salt bridges, far from the thioredoxin domain [START_REF] Patel | Metastasis-Promoting Anterior Gradient 2 Protein Has a Dimeric Thioredoxin Accepted manuscript / Final version Fold Structure and a Role in Cell Adhesion[END_REF][START_REF] Delom | The anterior gradient-2 interactome[END_REF] (Figure 1c). It was also reported that AGR2 could form cysteine 81-dependent dimers but the precise functions of these dimers remain elusive [START_REF] Clarke | Mass spectrometry analysis of the oxidation states of the pro-oncogenic protein anterior gradient-2 reveals covalent dimerization via an intermolecular disulphide bond[END_REF]. AGR2 was also found to form hetero dimers with AGR3 in vitro, but again the functions associated with this complex are unknown (38) (Figure 1d). AGR2 thioredoxin-like domain is found at position 81-84 (CXXS) and is conserved in mouse and human. It may be involved in the formation of mixed disulfide bridges with client proteins [START_REF] Fomenko | CxxS: Fold-independent redox motif revealed by genome-wide searches for thiol/disulfide oxidoreductase function[END_REF]. ER stress conditions were shown to induce AGR2 monomerization, which was correlated with its secretion to the extracellular milieu [START_REF] Maurel | Control of anterior GRadient 2 (AGR2) dimerization links endoplasmic reticulum proteostasis to inflammation[END_REF][START_REF] Gray | Anterior Gradient-3: A novel biomarker for ovarian cancer that mediates cisplatin resistance in xenograft models[END_REF]. Interestingly, AGR3 thioredoxin-like domain is not conserved in human and mouse, exhibiting a CXXS sequence in human and a canonical CXXC site in mouse (Figure 1b). This might reflect a difference in AGR3 redox functions between the species. The AGR2 peptide binding loop (VDPSL, conserved in AGR3, Figure 1b) interacts with proteins such as the AAA+ protein RuvBL2/Reptin [START_REF] Maslon | A Divergent Substrate-Binding Loop within the Pro-oncogenic Protein Anterior Gradient-2 Forms a Docking Site for Reptin[END_REF]. The AGR2 C-terminal domain contains a non-canonical ER retention motif (KTEL), that enables a partial retention of AGR2 in the ER through KDEL receptors [START_REF] Raykhel | A molecular specificity code for the three mammalian KDEL receptors[END_REF].

AGR proteins functions and subcellular locations

AGR proteins exhibit various sub-cellular locations, associated with different roles (Figure 2). So far most if not all functions of AGR1 were associated with the ER localization [START_REF] Alanen | Functional characterization of ERp18, a new endoplasmic reticulum-located thioredoxin superfamily member[END_REF] and in particular in the regulation of the ATF6 arm of the UPR [START_REF] Oka | Activation of the UPR sensor ATF6α is regulated by its redox-dependent Accepted manuscript / Final version dimerization and ER retention by ERp18[END_REF][START_REF] Oka | ERp18 regulates activation of ATF6α during unfolded protein response[END_REF].

Even though AGR2 and AGR3 show all the features of ER-resident luminal proteins (i.e. signal peptide and ER-retention motif), both proteins are released in the extracellular environment and AGR2 was also found in the cytosol [START_REF] Sicari | Reflux of Endoplasmic Reticulum proteins to the cytosol inactivates tumor suppressors[END_REF]. In the ER, AGR2 (erAGR2) participates in protein folding, maturation and secretion. It is also involved in ER-associated protein degradation [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF]. In particular, erAGR2 contributes to the productive folding of i) mucins (MUC2, MUC5A/C) most likely through the formation of mixed disulfide bonds [START_REF] Fessart | Integrative analysis of genomic and transcriptomic alterations of AGR2 and AGR3 in cancer[END_REF], ii) low affinity, Ca2+-binding, multiple EF-hand proteins such as CALU and RCN1 [START_REF] Dumartin | AGR2 Is a Novel Surface Antigen That Promotes the Dissemination of Pancreatic Cancer Cells through Regulation of Cathepsins B and D[END_REF][START_REF]Homo sapiens (human)] -Gene -NCBI[END_REF][START_REF]Homo sapiens (human)] -Gene -NCBI[END_REF][START_REF] Honoré | The CREC family, a novel family of multiple EF-hand, lowaffinity Ca2+-binding proteins localised to the secretory pathway of mammalian cells[END_REF], iii) proteases such as Cathepsins B and D (45), iv) adhesion molecules such as EpCAM [START_REF] Mohtar | The Sequence-specific Peptide-binding Activity of the Protein Sulfide Isomerase AGR2 Directs Its Stable Binding to the Oncogenic Receptor EpCAM[END_REF] or v) other PDIs [START_REF] Bouchalova | Characterization of the AGR2 Interactome Uncovers New Players of Protein Disulfide Isomerase Network in Cancer Cells[END_REF]. In contrast to AGR2, the ER functions of AGR3 remain to be fully characterized. The contribution of AGR2 to the productive folding of proteins whose functions are associated with cancer development, thereby sustaining their functions upon overexpression might represent Accepted manuscript / Final version a pro-oncogenic feature (Table 1). In addition to the "canonical" ER localization of AGR2 and AGR3, both proteins were also found to be secreted extracellularly (eAGR2, eAGR3). Although the underlying mechanisms have not been studied for AGR3, it appears that ER stress is a driver of AGR2 secretion. Indeed, we demonstrated that upon ER stress induction either overexpression of AGR2 or dimer disruption (or both) correlated with enhanced AGR2 secretion [START_REF] Maurel | Control of anterior GRadient 2 (AGR2) dimerization links endoplasmic reticulum proteostasis to inflammation[END_REF]. AGR2 dimer regulation was found to depend on the p24 cargo receptor family member TMED2 [START_REF] Maurel | Control of anterior GRadient 2 (AGR2) dimerization links endoplasmic reticulum proteostasis to inflammation[END_REF]. It was also shown that the Cys81Ser mutation in the CXXS domain also prompted AGR2 secretion [START_REF] Bergström | AGR2, an Endoplasmic Reticulum Protein, Is Secreted into the Gastrointestinal Mucus[END_REF].

Moreover, AGR2 KTEL motif binds to KDEL-R in a non-canonical manner, enabling an easier secretion of AGR2 compared to other proteins KDEL-containing motifs [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF][START_REF] Moidu | Secretion of prooncogenic AGR2 protein in cancer[END_REF][START_REF] Gray | Engineering a synthetic cell panel to identify signalling components reprogrammed by the cell growth regulator anterior gradient-2[END_REF]. This was confirmed upon replacement of KTEL by KDEL in AGR2 which led to its ER sequestration [START_REF] Moidu | Secretion of prooncogenic AGR2 protein in cancer[END_REF]. The extracellular AGR2 (eAGR2) as well as eAGR3 plays multiple pathophysiological roles in inflammation, cell proliferation, angiogenesis, cell migration and metastasis, through autocrine, paracrine and maybe endocrine secretion (Table 1). The third sub-cellular localization in which AGR2 was detected is the cytosol.

The mechanism by which AGR2 might relocate from the ER lumen to the cytosol was identified to be an ER stress-induced reflux of properly folded proteins initially identified in yeast and also found in mammalian cells [START_REF] Sicari | Reflux of Endoplasmic Reticulum proteins to the cytosol inactivates tumor suppressors[END_REF]. Although not demonstrated yet for AGR3, this phenomenon is likely to occur in the same manner as for AGR2 as suggested by the large number (12 out of 39) of cytosolic/nuclear proteins found associated with AGR3 in large scale protein-protein interaction experiments [START_REF] Stark | BioGRID: a general repository for interaction datasets[END_REF].

These observations remain however to be confirmed experimentally with minimized experimental biases. Thus far the most important studies on the role of cytosolic AGR2 (cAGR2) have focused on its capacity to inhibit p53 protein tumor suppressor activity.

Indeed, beyond the demonstrated genetic alterations associated with alterations of p53

Accepted manuscript / Final version functions, AGR2 could exert a non-genetic inhibition of p53 [START_REF] Sicari | Reflux of Endoplasmic Reticulum proteins to the cytosol inactivates tumor suppressors[END_REF][START_REF] Pohler | The Barrett's Antigen Anterior Gradient-2 Silences the p53 Transcriptional Response to DNA Damage[END_REF]. Indeed, AGR2-p53 co-immunoprecipitation experiments performed on the cytosolic fraction extracted from A549 cells, showed that inhibition of p53 phosphorylation and activity resulted from interaction of p53 with AGR2 consecutive to a reflux of AGR2 into the cytosol in response to treatment with tunicamycin, thapsigargin, Brefeldin-A, or etoposide, a Topoisomerase II inhibitor [START_REF] Sicari | Reflux of Endoplasmic Reticulum proteins to the cytosol inactivates tumor suppressors[END_REF][START_REF] Pohler | The Barrett's Antigen Anterior Gradient-2 Silences the p53 Transcriptional Response to DNA Damage[END_REF]. Moreover, preventing the association of cAGR2 with p53 by using specific AGR2 nanobodies expressed in the cytosol, resulted in the restoration of p53 activation upon stress [START_REF] Sicari | Reflux of Endoplasmic Reticulum proteins to the cytosol inactivates tumor suppressors[END_REF][START_REF] Pohler | The Barrett's Antigen Anterior Gradient-2 Silences the p53 Transcriptional Response to DNA Damage[END_REF]. Cytosolic p53-dependent prooncogenic roles of AGR2 might also be mediated indirectly, for instance through the Dual Specificity Phosphatase 10 (DUSP-10) (56), Tumor-Susceptibility-Gene 101 (TSG-101) [START_REF] Gray | Engineering a synthetic cell panel to identify signalling components reprogrammed by the cell growth regulator anterior gradient-2[END_REF] or RuvbL2/Reptin [START_REF] Maslon | A Divergent Substrate-Binding Loop within the Pro-oncogenic Protein Anterior Gradient-2 Forms a Docking Site for Reptin[END_REF], but the underlying mechanisms remain to be identified. Cytosolic roles of AGR2, and possibly AGR3 might as well (as for p53) be associated to pro-oncogenic gains-of-functions which need to be experimentally validated in relevant models (Table 1).

3.

AGR family proteins expression in the gastrointestinal tract

Organ specificity

Analyses of the literature and databases (Human Protein Atlas -( 57), ( 58)) showed that AGR2 mRNA and protein is expressed from the stomach to the rectum in healthy human digestive tract with the highest expression detected in the ileum and colon [START_REF] Zhao | Disruption of Paneth and goblet cell homeostasis and increased endoplasmic reticulum stress in Agr2-/-mice[END_REF]. It is mostly found in luminal mucosal cells, witnessing its secretion with mucins in the intestinal lumen [START_REF] Bergström | AGR2, an Endoplasmic Reticulum Protein, Is Secreted into the Gastrointestinal Mucus[END_REF]. We confirmed that the AGR2 protein is not detected in the liver and in the two malpighian tissues of the digestive tract which are the esophagus and the anus, while it is strongly expressed in all the other parts of the digestive system including pancreas and gallbladder (Figure 3a).

The highest expression of AGR2 is observed in both stomach, colorectal and ileum epithelia (Figure 3a,b). AGR1 is ubiquitously expressed in all human tissues and, in the gastrointestinal
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tract it is particularly abundant in the liver and rectum (Human Protein Atlas -( 26), ( 22)). In contrast, AGR3 is highly and almost exclusively expressed in the digestive tube, liver, respiratory system and female organs (Human Protein Atlas -(29)).

Cell specificity

AGR2 is expressed in epithelial cells from various tissues. It is essential in the production of gel-forming mucins and for the protection of the gastrointestinal tract.

Cells exhibiting the highest expression of AGR2 throughout the entire gastrointestinal tract, and especially in the rectum, colon, ileum, and stomach, are mucus-secreting cells, namely goblet cells and gastric mucocytes. Undifferentiated cells, Paneth cells and enterocytes are other specialized cells with high expression of AGR2 in the digestive tube. Both Paneth and goblet cells deregulation, especially downregulation, are involved in inflammatory bowel diseases. Indeed, the loss of protective mucus layer participates to the aggression of the intestinal epithelium by pathogens and is involved in the genesis and maintenance of these diseases [START_REF] Schroeder | AGR2 Is Induced in Asthma and Promotes Allergen-Induced Mucin Overproduction[END_REF]. AGR2 expression is also reported in intestinal enteroendocrine cells. In the gallbladder, biliary tract and liver, AGR2 is specifically expressed by cholangiocytes. AGR1 is ubiquitously expressed in all organs; single cell analysis show highest expression for exocrine pancreatic cells, ductal cells and pancreatic endocrine cells among all the digestive cells from a RNA single cell analysis. Regarding AGR3 mRNA expression, proximal enterocytes are the highest expressers, followed by Paneth cells, goblet cells and distal enterocytes. There is a low expression of AGR3 in enteroendocrine cells, gastric mucocytes, exocrine glandular cells. A very weak signal is found for ductal cells, cholangiocytes and pancreatic endocrine cells, while there is no expression in hepatocytes (Human Protein Atlas, Single cell -(26,57,57)).

Roles in the gastrointestinal tract

AGR2 is essential for the maintenance of homeostasis and the protection of the digestive tract, as it has a key role in mucus production, secretion, proliferation, and differentiation. AGR2 is known to interact with different mucins of the intestinal epithelial layer (MUC1, MUC2, MUC5AC, MUC5B) and is indispensable for their proper folding and secretion through its PDI-like domain [START_REF] Park | The protein disulfide isomerase AGR2 is essential for production of intestinal mucus[END_REF]. AGR2 could be secreted with MUC-2, but its role within the mucus layer in the intestinal lumen remains obscure [START_REF] Pelaseyed | The mucus and mucins of the goblet cells and enterocytes provide the first defense line of the gastrointestinal tract and interact with the immune system[END_REF]. In the stomach, AGR2 participates to calpain production and secretion, which is indispensable for mucosa protection [START_REF] Obacz | The role of AGR2 and AGR3 in cancer: Similar but not identical[END_REF]. It is also involved in mucus production in other organs such as lung [START_REF] Schroeder | AGR2 Is Induced in Asthma and Promotes Allergen-Induced Mucin Overproduction[END_REF] or pancreas [START_REF] Norris | AGR2 is a SMAD4-suppressible gene that modulates MUC1 levels and promotes the initiation and progression of pancreatic intraepithelial neoplasia[END_REF]. Mice knock-out for Agr2 show a large intestinal hyperplasia, from the antrum to the colon, causing multiple nutrient deficiencies and a shorter lifespan compared to Agr2 +/+ mice (median survival 20 weeks vs. 60 weeks) [START_REF] Gupta | Loss of Anterior Gradient 2 (Agr2) Expression Results in Hyperplasia and Defective Lineage Maturation in the Murine Stomach[END_REF]. In the stomach of Agr2 -/-mice, parietal and enteroendocrine cells are slightly present, and goblet cells expressing different gastric mucosal cell markers such as Trefoil factor family 2 (TFF2) and Griffonia Simplicifolia II (GSII)+ are overexpressed. As TFF2 and GSII marker normally disappear at birth, it is thought that AGR2 plays a key role in the maturation of gastric goblet cells. The gastric cells from Agr2 -/-mice showed increased Ki67 expression and overexpressed SOX9 responsible for the maintenance of stem cell pluripotency. All these gastric features of Agr2 -/-mice correspond to preneoplastic lesions known as spasmolytic protein expressing metaplasia [START_REF] Gupta | Loss of Anterior Gradient 2 (Agr2) Expression Results in Hyperplasia and Defective Lineage Maturation in the Murine Stomach[END_REF]. In the intestine, goblet cells of Agr2 -/-mice lose their normal morphology and functions, likely associated with defects in the production of mucus and MUC-2 [START_REF] Zhao | Disruption of Paneth and goblet cell homeostasis and increased endoplasmic reticulum stress in Agr2-/-mice[END_REF]. A dramatic expansion of the Paneth cell compartment and abnormal Paneth cell localization were observed in their small intestine. Mice developed a severe terminal ileo-colitis with neutrophil infiltration in the lamina propria, hyperplasic submucosa and crypt base, Peyer's patch hyperplasia, and granulomatous inflammation. Paneth, goblet, and progenitor cells experienced ER stress [START_REF] Park | The protein disulfide isomerase AGR2 is essential for production of intestinal mucus[END_REF][START_REF] Gupta | Loss of Anterior Gradient 2 (Agr2) Expression Results in Hyperplasia and Defective Lineage Maturation in the Murine Stomach[END_REF][START_REF] Li | AGR2 is controlled by DNMT3a-centered signaling module and mediates tumor resistance to 5-Aza in colorectal cancer[END_REF].

In conclusion, these experiments provide important information on the key roles of AGR2 in the digestive tract and especially its protective and anti-inflammatory roles.

AGR proteins in digestive cancers

AGR2 is overexpressed in numerous digestive solid cancers such as pancreas [START_REF] Dumartin | ER stress protein AGR2 precedes and is involved in the regulation of pancreatic cancer initiation[END_REF], biliary tract [START_REF] Lepreux | Differential expression of the anterior gradient protein-2 is a conserved feature during morphogenesis and carcinogenesis of the biliary tree[END_REF], esophagus [START_REF] Nancarrow | Whole genome expression array profiling highlights differences in mucosal defense genes in Barrett's esophagus and esophageal adenocarcinoma[END_REF], stomach [START_REF] Zhang | AGR2 is associated with gastric cancer progression and poor survival[END_REF], and colon (70,71) cancers. Analysis using the pan-cancer TCGA data from cBioportal data sets reports mainly amplifications of AGR2, but also AGR3 and AGR1 in cancers, whereas few deletions are observed [START_REF]cBioPortal for Cancer Genomics: AGR2, AGR3 and 1 other gene in Pan-cancer analysis of whole genomes (ICGC/TCGA[END_REF]. From a meta-analysis of 3,285 cases of different solid tumors, AGR2 is associated with the occurrence of metastasis and to a poor prognosis [START_REF] Barraclough | The metastasis-associated anterior gradient 2 protein is correlated with poor survival of breast cancer patients[END_REF][START_REF] Tian S Bo | The prognostic value of AGR2 expression in solid tumours: a systematic review and meta-analysis[END_REF].

Analysis of both the Human Protein Atlas and Cancer Genome Atlas [START_REF]AGR2 protein expression summary -The Human Protein Atlas[END_REF] shows an overexpression of AGR2 at both mRNA and protein levels in most digestive neoplasia, especially gastric, colorectal, pancreatic, and biliary tract adenocarcinoma with the highest overexpression in stomach cancer. Cholangiocarcinoma (CCA) data have been grouped with those of the hepatocellular carcinoma, in which RNA and protein expression are poorly to not detected. However, a case per case analysis shows that for CCA, AGR2 is highly expressed. As AGR2 and AGR3 have similar roles in some aspects, we have compared their differential protein expression (tumors with high to moderate expression of proteins) in digestive cancers from the Human Protein Atlas (Figure 4a,b). [START_REF] Chevet | Emerging roles for the pro-oncogenic anterior gradient-2 in cancer development[END_REF] In intestinal and pancreatic cancers, high and moderate expression of AGR2 and AGR3 is noted in 80 to 70% of the cases, respectively. In stomach cancer, 100% of tumors have high or moderate expression of AGR2, and 80% of tumors express AGR3. Among the liver tumors of the Human Protein Atlas, one third expresses AGR2 whereas only 1 tissue sample out of 11 express AGR3. In the liver, all tumors expressing AGR2 and AGR3 are emanating from the biliary tract (Figure 4a,b).

i. Esophagus adenocarcinoma

Although anomalies are very unlikely, amplification is the most recurrent anomaly in AGR2 and 3 genes in esophagus adenocarcinoma and only one mutation in AGR1

gene was observed in this cancer subtype. Regarding esophageal squamous cell carcinoma, no alterations of AGR1, 2 and 3 have been observed (20). AGR2 is overexpressed in esophagus adenocarcinoma and in Barrett metaplasia [START_REF] Pohler | The Barrett's Antigen Anterior Gradient-2 Silences the p53 Transcriptional Response to DNA Damage[END_REF][START_REF] Pizzi | Anterior gradient 2 profiling in Barrett columnar epithelia and adenocarcinoma[END_REF].

Overexpression of AGR2 in Barrett metaplasia may be a consequence of chronic ER stress secondary to a permanent reflux of bile acid. Furthermore, immunohistochemical analysis of AGR2 has been found positive in 68 out of 69 esophagus adenocarcinoma but only focally in 15 out of 41 cases of squamous cell carcinoma, making it a marker to differentiate them in combination with other markers in the context of esophageal carcinoma of uncertain differentiation [START_REF] Dimaio | Immunohistochemical panel for distinguishing esophageal adenocarcinoma from squamous cell carcinoma: a combination of p63, cytokeratin 5/6, MUC5AC, and anterior gradient homolog 2 allows optimal subtyping[END_REF]. Interestingly, in a whole genome array, Barrett metaplasia and esophagus adenocarcinoma tissues showed an increase of AGR2 mRNA, among other functional elements of the ER and Golgi apparatus and among secreted glycoproteins like MUC2B and MUC6, compared to healthy esophagus tissue. Among these genes, some of them are involved in the formation of a protective mucous membrane to protect the esophagus tissue against acidity. This indicates an increase of the glycosylation capacities of Barrett and esophagus adenocarcinoma compared to normal esophagus mucosa, and the potential implication of AGR2 in this increased glycosylation capacity [START_REF] Nancarrow | Whole genome expression array profiling highlights differences in mucosal defense genes in Barrett's esophagus and esophageal adenocarcinoma[END_REF].

ii. Gastric adenocarcinoma

Analysis of the pan-cancer TCGA data indicates that amplification of AGR2 and 3 genes is the most common observed alteration with very few deletions or missense mutations, while nearly no missense mutations and no amplification anomaly are found for AGR1 (20). Gastric adenocarcinoma cell lines, particularly SNU-520, HUG-1N, MKN-45 and IM-95 are the cancer cell lines with highest expression of AGR2 in cbioportal.org (20) and Depmap.org [START_REF]DepMap Data Explorer[END_REF]. A proteomic analysis comparing two gastric cancer cell lines with differential potential of metastasis showed that AGR2 was the most differentially overexpressed protein, supporting the capacity of AGR2 to predict the risk of developing metastasis in gastric cancer [START_REF] Lee | Identification of Proteins Differentially Expressed in Gastric Cancer Cells with High Metastatic Potential for Invasion to Lymph Nodes[END_REF]. In vitro analyses carried out on the gastric cancer cell line Tu-Kato III (TP53 deleted) showed that AGR2 favors cell growth and resistance to apoptosis under stress or hypoxia [START_REF] Tsuji | Agr2 Mediates Paracrine Effects on Stromal Fibroblasts That Promote Invasion by Gastric Signet-Ring Carcinoma Cells[END_REF]. In a murine xenograft model of Tu-Kato-III treated with an AGR2 targeting miRNA, tumor growth was 8 fold lower and there was much less mice with peritoneal metastases than in the control group, suggesting AGR2 could contribute to gastric cancer aggressiveness and metastasis [START_REF] Tsuji | Agr2 Mediates Paracrine Effects on Stromal Fibroblasts That Promote Invasion by Gastric Signet-Ring Carcinoma Cells[END_REF]. Expression of AGR2 has a prognostic value in gastric adenocarcinoma, especially in the early stages of the disease. In a retrospective study of 436 gastric cancer and 92 non-cancerous gastric samples (69) patients with low expression of tumor AGR2 had a longer survival than those with high expression of tumor AGR2 in TNM stages I, II and III groups, but not for those at stage IV. In this study, 46,8% of gastric cancer samples had a correlation between high expression of AGR2 and Cathepsin-D, a marker of tumorigenesis associated to the process of metastasis [START_REF] Chen | Cathepsins in digestive cancers[END_REF]. Increased tumor size, depth of invasion, tumor stage (based on UICC TNM classification) and positive vessel invasion and lymphatic metastasis were also significantly associated with high expression of AGR2 [START_REF] Zhang | AGR2 is associated with gastric cancer progression and poor survival[END_REF]. However, another immunohistochemistry analysis performed on 145 biopsies of patients with gastric adenocarcinoma didn't find a prognostic value of AGR2 [START_REF] Bai | Proteomics-based identification of a group of apoptosis-related proteins and biomarkers in gastric cancer[END_REF]. There was even a tendency for a poorer prognosis for patients with low expression of AGR2. This may be due to a difference in the proportion of patients with stages I-II-III vs IV. AGR1 might act as a pro-oncogenic protein in gastric cancers. Its expression was measured by immunohistochemistry and qPCR in GC tissues of patients and found to be significantly more expressed in tumor tissues than in normal tissues. Moreover, AGR1 expression was found to be correlated with tumor size and poor clinical prognosis [START_REF] Wu | ERp19 contributes to tumorigenicity in human gastric cancer by promoting cell growth, migration and invasion[END_REF].

iii. Primary liver cancers

Neither AGR2 nor AGR3 are expressed in hepatocytes and reports describing their roles in hepatocellular carcinoma (HCC) or models of HCC might be due to specificities of the samples studied. A recent study based on the analysis of transcriptomic profiles of tissue specimen of patients with HCC or intrahepatic cholangiocarcinoma (iCCA) demonstrated the existence of 4 liver cancer (LC) subtypes (LC1-LC4) showing distinct genetic variations. LC1 was a typical HCC, whereas LC2 were iCCA-like HCC, LC3

were HCC-like iCCAs and LC4 corresponded to iCCAs. Gene expression of AGR2 was absent in LC1 and appeared with the iCCA component, AGR2 being a marker of intrahepatic CCA-like HCC associated with TP53 mutation, ER stress and unfavorable prognosis [START_REF] Jeon | Molecular and radiopathologic spectrum between HCC and intrahepatic cholangiocarcinoma[END_REF]. In the normal biliary tract, AGR2 is expressed in the mucus secreting tall cells that covers the large bile ducts, and its expression was found enhanced in 100% of hilar and extra-hepatic cholangiocarcinoma (eCCA) and in 50% of the iCCA [START_REF] Lepreux | Differential expression of the anterior gradient protein-2 is a conserved feature during morphogenesis and carcinogenesis of the biliary tree[END_REF]. No data about the type of alteration are available in cbioportal.org. In addition, a cancer specific isoform of AGR2 (AGR2vH) has been identified in metastatic CCA, conferring migrating and adhesion ability to metastatic cells [START_REF] Yosudjai | An aberrantly spliced isoform of anterior gradient-2, AGR2vH promotes migration and invasion of cholangiocarcinoma cell[END_REF]. The expression of iCCA by immunohistochemistry. A negative or very weak heterogeneously expression of AGR3 was observed in HCC patients, whereas AGR3 expression was moderate or strong in iCCA tissues. Thus, AGR3 was proposed to be used as a complementary marker in liver cancers to distinguish between HCC and iCCA for diagnosis [START_REF] Brychtova | Differential expression of anterior gradient protein 3 in intrahepatic cholangiocarcinoma and hepatocellular carcinoma[END_REF].

Fibrolamellar carcinoma (FLHCC), is a rare liver cancer that can arise in young patients without any previous liver disease. AGR2 was found often overexpressed in FLHCC [START_REF] Simon | Transcriptomic characterization of fibrolamellar hepatocellular carcinoma[END_REF]. At last, 75% of primary FLHCC and 75% of metastatic FLHCC were positive for AGR2 [START_REF] Vivekanandan | Anterior gradient-2 is overexpressed by fibrolamellar carcinomas[END_REF]. At last, AGR1 protein expression was evaluated in 106 human HCC tissues by immunohistochemistry and was significantly higher compared to corresponding adjacent normal tissues. In addition, its expression was correlated with HCC metastasis and AGR1 was found to promote metastasis through the induction of the epithelial-mesenchymal transition process [START_REF] Yuan | TXNDC12 promotes EMT and metastasis of hepatocellular carcinoma cells via activation of β-catenin[END_REF], however the precise underlying molecular mechanisms remain unclear.

iv. Pancreatic cancer

Few amplifications of AGR2 and AGR3 genes (<1%) have been demonstrated in pancreatic adenocarcinoma as well as very few missense mutations (<1%) have been observed for AGR2 (20). So far, no alterations have been demonstrated for the AGR1 gene. Prolonged chronic ER stress induces the overexpression of AGR2 in normal Human Pancreatic Duct Epithelial (HPDE) cell line (66), and may be involved in development of pancreatic adenocarcinoma. In LSL-Kras G12D ;Pdx1-Cre (KC) mouse, the induction of AGR2 expression precedes the formation of PanIN, whereas PanIN do not develop in Agr2 -/-mice, suggesting the involvement of AGR2 in the development of pancreatic neoplasms [START_REF] Dumartin | ER stress protein AGR2 precedes and is involved in the regulation of pancreatic cancer initiation[END_REF]. In human, AGR2 is highly expressed in PanIN compared to normal pancreatic tissue, and its expression is higher in PanIN than in invasive pancreatic adenocarcinoma [START_REF] Dumartin | AGR2 Is a Novel Surface Antigen That Promotes the Dissemination of Pancreatic Cancer Cells through Regulation of Cathepsins B and D[END_REF][START_REF] Mizuuchi | Anterior gradient 2 downregulation in a subset of pancreatic ductal adenocarcinoma is a prognostic factor indicative of epithelial-mesenchymal transition[END_REF][START_REF] Riener | Prognostic significance of AGR2 in pancreatic ductal adenocarcinoma[END_REF][START_REF] Brychtova | Anterior gradient 2 and mucin 4 expression mirrors tumor cell differentiation in pancreatic adenocarcinomas, but aberrant anterior gradient 2 expression predicts worse patient outcome in poorly differentiated tumors[END_REF]. According to a retrospective analysis of 57 biopsy samples, AGR2 mRNA expression is 14 times higher in pancreatic adenocarcinoma than normal pancreatic or pancreatitis tissues, with similar tendency for AGR2 protein expression [START_REF] Ramachandran | Anterior Gradient 2 Is Expressed and Secreted during the Development of Pancreatic Cancer and Promotes Cancer Cell Survival[END_REF]. These data thus suggest that AGR2 overexpression caused by ER stress is an early event in pancreatic cancer genesis and may be important for the progression from normal pancreas tissue to invasive pancreatic cancer. The prognostic value of AGR2 in pancreatic cancer is debated, with discordant results [START_REF] Mizuuchi | Anterior gradient 2 downregulation in a subset of pancreatic ductal adenocarcinoma is a prognostic factor indicative of epithelial-mesenchymal transition[END_REF][START_REF] Riener | Prognostic significance of AGR2 in pancreatic ductal adenocarcinoma[END_REF]. A high expression was found to correlate with poor prognosis in one study [START_REF] Mizuuchi | Anterior gradient 2 downregulation in a subset of pancreatic ductal adenocarcinoma is a prognostic factor indicative of epithelial-mesenchymal transition[END_REF], whereas in another study, a low expression related to poor prognosis only using univariate analysis, but could not be confirmed using multivariate analysis [START_REF] Brychtova | Anterior gradient 2 and mucin 4 expression mirrors tumor cell differentiation in pancreatic adenocarcinomas, but aberrant anterior gradient 2 expression predicts worse patient outcome in poorly differentiated tumors[END_REF]. However, a high expression of AGR2 may be correlated to poor differentiation of pancreatic ductal adenocarcinoma, and therefore to pancreatic cancer aggressiveness [START_REF] Brychtova | Anterior gradient 2 and mucin 4 expression mirrors tumor cell differentiation in pancreatic adenocarcinomas, but aberrant anterior gradient 2 expression predicts worse patient outcome in poorly differentiated tumors[END_REF]. In pancreatic cancer cell line MPanc-96, AGR2 is involved in cell proliferation and invasion, resistance to gemcitabine and to apoptosis. In an in vivo murine orthotopic pancreas tumor model, the silencing of AGR2 resulted in a 4 fold reduction of tumor volume compared to control, tumor sensitization to gemcitabine, and fewer metastases in the group treated with gemcitabine and silenced for AGR2 [START_REF] Ramachandran | Anterior Gradient 2 Is Expressed and Secreted during the Development of Pancreatic Cancer and Promotes Cancer Cell Survival[END_REF]. Interestingly, cell proliferation, migration and chemoresistance in different cultured pancreatic cells may be favored by the soluble form of AGR2 [START_REF] Arumugam | New Blocking Antibodies against Novel AGR2-C4.4A Pathway Reduce Growth and Metastasis of Pancreatic Tumors and Increase Survival in Mice[END_REF]. All these data suggest AGR2 is involved in pancreas cancer proliferation and chemoresistance.

v. Colorectal cancer

AGR2 is one of the most overexpressed proteins in human colorectal cancer (CRC), especially in mucinous forms [START_REF] Kim | Genomewide molecular characterization of mucinous colorectal adenocarcinoma using cDNA microarray analysis[END_REF]. In CRC, the expression and prognostic role of AGR2 remains to be fully understood. Indeed, Tian et al. [START_REF] Tian S Bo | The prognostic value of AGR2 expression in solid tumours: a systematic review and meta-analysis[END_REF], performed a comprehensive meta-analysis using data of 2 colorectal cancer studies [START_REF] Riener | Loss of Anterior Gradient-2 expression is an independent prognostic factor in colorectal carcinomas[END_REF][START_REF] Valladares-Ayerbes | Evaluation of the adenocarcinoma-associated gene AGR2 and the intestinal stem cell marker LGR5 as biomarkers in colorectal cancer[END_REF] selected based on their high methodological quality (Newcastle-Ottawa Scale (NOS) scores between 8 and 9).

For the first study, blood samples of 54 stages I-IV CRC patients were collected and AGR2 expression was analyzed by qPCR. High and low AGR2 expressers were defined based on the mean relative AGR2 mRNA expression (high expressers > mean expression level and low expresser ≤ mean expression level). Independently, this study found that AGR2 expression was correlated with stage III and high-grade tumors.

In addition, progression-free survival (PFS) of patients with high AGR2 expression was decreased (Hazard Ratio: 2.32; p = 0.037) [START_REF] Valladares-Ayerbes | Evaluation of the adenocarcinoma-associated gene AGR2 and the intestinal stem cell marker LGR5 as biomarkers in colorectal cancer[END_REF]. For the second study, AGR2 expression was measured by immunohistochemistry in 432 CRC cases and a scoring system was used to make the classification based on the staining intensity: negative (0), weakly (1), moderately (2) and strongly positive (3). Low and high expressers were defined according to their AGR2 expression as either low (score 0 or 1) or high (score 2 or 3). Low expression of AGR2 in CRC tissue samples was significantly associated with high tumor grade, left primary tumor localization as well as shorter patient survival times. 78% of patients had a lower AGR2 tumor expression compared to normal colonic mucosa [START_REF] Riener | Loss of Anterior Gradient-2 expression is an independent prognostic factor in colorectal carcinomas[END_REF]. Interestingly, when combined together, pooled hazard ratio between the two studies, AGR2 overexpression could not predict poor outcomes in colorectal cancer: Hazard Ratio 0.80, 95% Confidence Interval: 0.41-1.53 [START_REF] Tian S Bo | The prognostic value of AGR2 expression in solid tumours: a systematic review and meta-analysis[END_REF]. CRC cell proliferation and metastatic process may be favored by the secreted form of AGR2 (71), For example, mice injected with CRC cell line HT-29 Agr2 -/-developed significantly more metastases after treatment with eAGR2 than control. In different CRC cell lines, it has also been shown that eAGR2 can inhibit the canonical Wnt/bcatenin pathway (involved in proliferation) and stimulate the non-canonical Wnt/ bcatenin CAMKII-JNK pathway by promoting Wnt11 overexpression, which is a regulator of cell polarity and motility, stimulating the metastatic process [START_REF] Tian | Secreted AGR2 promotes invasion of colorectal cancer cells via Wnt11-mediated non-canonical Wnt signaling[END_REF]. In induced CRC stem cells, the canonic Wnt/b-catenin pathway stimulates AGR2 expression through b-catenin binding to the AGR2 promoter [START_REF] Dahal Lamichane | AGR2 is a target of canonical Wnt/β-catenin signaling and is important for stemness maintenance in colorectal cancer stem cells[END_REF]. AGR2 could also be involved in maintaining stem cells stemness potential since its silencing using shRNA induced the loss of their stem cell characteristics [START_REF] Dahal Lamichane | AGR2 is a target of canonical Wnt/β-catenin signaling and is important for stemness maintenance in colorectal cancer stem cells[END_REF]. The implication of AGR2 in maintaining cancer stem cell potential has also been reported in head and neck squamous-cell carcinoma cells [START_REF] Ma | Anterior gradient protein 2 expression in high grade head and neck squamous cell carcinoma correlated with cancer stem cell and epithelial mesenchymal transition[END_REF]. AGR2 might act as a tumor suppressor in CRC tumors however, future experimental verifications in bigger sample size studies are required. The functional role of AGR3 in CRC was investigated in 8 CRC tissue samples by immunohistochemistry and 24 CRC tumor tissues by western blot. AGR3 was significantly more expressed in CRC tumors tissues than in the adjacent normal tissues for the 8 patients. In addition, western blot results highlighted higher expression of AGR3 in cancer tissue in 13 out of 24 tumors compared with matched adjacent normal tissues. High expression of AGR3 was also significantly associated with poorer overall survival and AGR3 expression was identified as an independent prognostic factor for poor survival [START_REF] Chi | AGR3 promotes the stemness of colorectal cancer via modulating Wnt/β-catenin signalling[END_REF]. Although the results regarding the role of AGR3 in CRC are quantitatively insufficient and need further experimental validation, they suggest an overexpression of AGR3 in CRC which is associated with poor prognosis.

AGR proteins in IBD and colitis associated cancer

IBD are characterized by deficiencies in mucus layer that is part of the intestinal epithelial barrier leading to incomplete protection against microbial aggression.

Consequently, excessive immune responses are triggered which results in chronic inflammation. AGR2 has been shown to be crucial for the protection of the mucus barrier in several studies. Whole genome sequencing performed in two siblings presenting infantile IBD, revealed a new AGR2 variant which results in AGR2 loss of function. AGR2 deficiency leaded to increased ER stress and a decrease of MUC2 processing which impairs the proper formation of the mucus barrier and thus induces intestinal inflammation [START_REF] Motal | Human AGR2 Deficiency Causes Mucus Barrier Dysfunction and Infantile Inflammatory Bowel Disease[END_REF]. AGR2 expression was measured by qPCR in small and large bowel biopsies of 56 Crohn's disease (CD) and 57 ulcerative colitis (UC) patients and shown to be significantly lower in both disease groups compared to 25 healthy controls. Unfortunately, this study does not specify if the patients were undergoing treatment at the time of the study (100). In contrast, AGR2 gene expression was significantly upregulated in rectal biopsies of active patients with UC compared to both the remission and control groups. However, AGR2 gene expression might be modulated with the use of anti-inflammatory drugs and AGR2 higher expression in active patients could be a consequence of therapeutic improvement (101). In addition, AGR2 monomers homodimers ratio homeostasis was shown to be altered in CD. This imbalance results in AGR2 secretion leading to monocytes recruitment and inflammation [START_REF] Maurel | Control of anterior GRadient 2 (AGR2) dimerization links endoplasmic reticulum proteostasis to inflammation[END_REF]. Patients with IBD are 2 to 3 times more likely to develop CRC cancer than the general population. They are also at increased risk for CRC death (102,103).

Mice genetically deficient in Muc2 developed tumors in the small and large intestine including the rectum (104). AGR2 is essential for the production of intestinal MUC2

(61) indicating a critical role of AGR2 expression for protection to colitis associated cancer. To our knowledge, the contribution of AGR1 and AGR3 in IBD has never been demonstrated.

Theranostic perspectives

AGR2 has a physiological role in ER and interacts with a number of cellular partners depending on the cell type considered. Fourteen AGR2-interacting proteins overlapped in three independent studies [START_REF] Bouchalova | Characterization of the AGR2 Interactome Uncovers New Players of Protein Disulfide Isomerase Network in Cancer Cells[END_REF]105,106). These proteins are involved predominantly in processes into the ER which contribute to maintaining of intracellular metabolic homeostasis and/or to responses to ER stress (UPR, protein folding, changes in cellular metabolism, and redox state). Given the importance of the AGR2 interaction network in maintaining cellular homeostasis, the specific targeting of ER-resident AGR2 by potential therapeutic tools is difficult to envisage, as demonstrated by the deleterious effects observed in mice invalidated for this gene. On the contrary, secreted or cytosolic forms of AGR2 that play pro-oncogenic and pro-inflammatory functions appear to be more relevant to consider and open new avenues from a therapeutic point of view.

i Development of monoclonal antibodies and immunotherapies

Monoclonal antibodies (mAbs) directed against AGR2 have already been experimented in animal models with promising results. The main therapeutic objective is to specifically target the extracellular AGR2, without impacting the ER-resident protein. Promising results have been reported in experimental models. 18A4Hu, an anti-AGR2 mAb, reduced tumor volume and tumor weight as much as Bevacizumab, without significant side effects, in a mammary breast cancer xenograft model (107).

However, the combination with Bevacizumab was not studied, which would have been interesting as we already know that AGR2 and VEGF-A act in synergy [START_REF] Tian | Secreted AGR2 promotes invasion of colorectal cancer cells via Wnt11-mediated non-canonical Wnt signaling[END_REF](108)(109)(110).

The 18A4Hu mAb is also effective on lung cancer (A549 and H460) and melanoma ii AGR2 and AGR3 as biomarkers?

The identification of biomarkers using non-invasive sampling in digestive cancer is crucial to improve efficacy of diagnostic, predict prognosis and treatment outcome (or clinical management of patients). AGR2 gene expression has been assessed in whole blood of CRC patients before therapy by qPCR. AGR2 mRNA expression was significantly increased in the blood of patients with CRC compared to controls. In addition, the level of AGR2 gene expression was correlated with some invasive and high-grade tumor prognostic factors [START_REF] Valladares-Ayerbes | Evaluation of the adenocarcinoma-associated gene AGR2 and the intestinal stem cell marker LGR5 as biomarkers in colorectal cancer[END_REF]. Thus, high AGR2 gene expression in the blood of CRC patients might be a sign of poor patient outcome. However, this would need to be confirmed with a longitudinal study, while its relevance in therapeutic strategy would remain to be defined. AGR2 protein level has been measured in the plasma of pancreatic cancer patients before treatment using ELISA and is significantly higher compared to healthy controls (114). A diagnostic score comprising CA19.9, AGR2 and Regenerating islet-derived 1 beta (REG1B) serum levels was shown to be more efficient than CA19.9 dosage alone in differentiating pancreatic ductal adenocarcinoma (PDAC) from benign pancreatic tumor or healthy controls, making it a potential interesting score to avoid systematic biopsies in pancreatic tumor, of which are often difficult to perform with a diagnostic performance not optimal, which often necessitates to perform additional biopsies. However, this score has not been confirmed by a prospective study. In addition, AGR2 was significantly more elevated in the serum of patients with PDAC than in other tumors, while AGR2 alone was the best marker for pancreas cancer diagnostic after CA19.9 (114). Although these results need to be validated in larger cohorts of samples, AGR2, in combination with other biomarkers, could be used for better patient management through early disease detection. To improve cancer diagnosis (/for early cancer detection), several research teams have developed high sensitive assays for rapid and ultrasensitive detection of AGR2 protein (115,116). Nevertheless, the application of these highly sensitive assays to plasma samples needs to be evaluated for non-invasive early detection of cancer.

However, as AGR2 is not specific to one of the digestive organs, it cannot be used alone for early cancer detection as a serum biomarker, and it needs to be integrated in diagnostic scores. Overall, very few studies have investigated AGR2 protein level in the serum of digestive cancer patients. AGR2 might be a good candidate to predict clinical outcome such as metastatic potential or relapse but it needs to be demonstrated with longitudinal studies in cohort of patients. There is no data regarding AGR2 efficacy as treatment outcome predictor in digestive cancers. Moreover, the presence of AGR3 in the serum of patients with digestive cancer has never been explored. There are also limited data on AGR3 expression in healthy and digestive cancer tissues. Only one study investigated the potential role of AGR3 as a diagnostic biomarker to distinguish between iCCA and HCC in digestive cancer (as previously described in the primary liver cancers part of this review). AGR3 expression was measured in tissues of iCCA and HCC patients by immunohistochemistry and AGR3 was found to be expressed only by intrahepatic bile duct cholangiocytes but not hepatocytes [START_REF] Brychtova | Anterior gradient 2 and mucin 4 expression mirrors tumor cell differentiation in pancreatic adenocarcinomas, but aberrant anterior gradient 2 expression predicts worse patient outcome in poorly differentiated tumors[END_REF]. Thus, AGR3 could be used as a new biomarker for differential diagnosis between these two cancers.

Conclusion

The AGR2 protein has gained significant interest in oncology during the last years.

This holds to its multiple pro-oncogenic properties and to the particularity that its pathological roles mostly depend on its cellular or extracellular localization. AGR2 is highly expressed in the digestive system. It is overexpressed at early stages in most cancer lesions and adenocarcinoma of the digestive tube and is often associated to a poor prognosis. Less studied than in cancer, AGR2 deregulation may also play an important role in inflammation, particularly in inflammatory bowel diseases (100,117).

However, the role of extracellular AGR2 in the tumor microenvironment, its influence on the immune infiltrate, its autocrine and paracrine roles remain to be more clearly 

(

  B16F10) cell lines by inhibiting tumor cell growth and migration, disrupting cell morphology and junctions, and increasing p53 and p21 expression(111). A murine xenograft model of A549 and H460 cells treated with 18A4Hu showed a 3 times fold reduction of tumor volume and tumor weight compared to untreated mice. Tumor analysis of treated mice showed an increase in apoptotic markers and p53 expression, and a reduction of tumor blood vessels compared to untreated mice, suggesting that 18A4Hu has antiangiogenic properties. Similarly, mice with lung metastasis of melanoma cell line B16F10, treated with 18A4Hu exhibits 10 times less metastasis in lungs, and their survival was significantly improved (24 vs. 20 days). Again, it was well tolerated, and there was neither reduction of intestinal mucus nor occurrence of intestinal inflammation. P1G4 and P3A5 are two other anti-AGR2 humanized mAbs.P1G4 is not efficient in monotherapy on a xenograft model of pancreatic adenocarcinoma (112). However, its association with gemcitabine decreased significantly tumor volume and increased survival compared to gemcitabine alone. P3A5 is not efficient alone or combined with gemcitabine to reduce tumor volume but it increased survival in combination with gemcitabine. A combination of mouse mAbs directed against AGR2 and C4.4A in a murine xenograft model of pancreatic cancer resulted in a 50% objective response rate, a 50% reduction of the occurrence of metastasis, and an increase in OS. Their efficacy was similar or better than gemcitabine alone or combined with the two mAbs[START_REF] Arumugam | New Blocking Antibodies against Novel AGR2-C4.4A Pathway Reduce Growth and Metastasis of Pancreatic Tumors and Increase Survival in Mice[END_REF]. These preliminary results are promising as they prove that mAbs anti-AGR2 have in vivo effects in diverse cancers, and should be investigated further. Therapeutic progresses in digestive oncology remains challenging since, with the exception of immunotherapy in microsatellite instability (MSI) or deficient MisMatch Repair (MMR) CRC and oeso-gastric cancers, most of the targeted therapies currently used have been developed more than ten years ago and no other important progresses in terms of survival have been made. In addition to the development of anti-AGR2 therapeutic antibodies, dendritic cell (DC) vaccines with AGR2 as a potent antigen could improve cancer immunotherapy. DCs were transduced with a recombinant adenovirus encoding AGR2 and these engineered DCs both increased the number of T cells secreting IFN𝛾𝛾 and induced the lysis of AGR2-expressing colorectal cancer cell lines through the activation of potent AGR2-specific cytotoxic T cells (113). Although limitations persist and impede the application of DCs vaccines immunotherapy, these in vitro experiments highlight the potential of AGR2 to trigger efficient immune responses against some cancers. Further research in animals is required to validate the therapeutic relevance of these findings.

  characterized. The development of anti-AGR2 therapies has already shown interesting results in animals and plasma/serum AGR2 could serve as prognostic/diagnostic biomarker. In the future, their development may have prospects in diverse pathologies like cancer and inflammatory diseases and may enter into the therapeutic arsenal of the treatment of these patients. , EOD and CP wrote the first draft of the manuscript, made the figures and finalized the document. LAE carried out the structural analyses presented in Figure1.CP, FDM, JE, RH, AM, CC, FD, XT, LAE, AL critically read the manuscript and worked on it.
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