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			ABSTRACT

		

		
			Anterior gradient 2 (AGR2), initially discovered as an estrogen-responsive gene in breast cancer cell lines, is a developmentally regulated gene belonging to the protein disulfide isomerase (PDI) gene family. AGR2 exists in both intracellular and secreted form, it is overexpressed in many types of cancer cells and also detected in extracellular space of solid tumor interstitial fluids. The intracellular AGR2 is critical in protein folding while secreted AGR2 function as a paracrine signal promoting tumor microenvironment formation. Beside cancer progression and drug resistance, the abnormal expression of AGR2 is also involved in diseases like asthma and inflammatory bowel disease. Studies on the role of AGR2 in tumor micro-environment can help potential therapeutic development. Here, we report the generation of a fluorescent functional AGR2 fusion protein as a powerful visual tracking tool to trace the external function of AGR2. This bioactive and auto-fluorescent his-tag recombinant AGR2-DsRed (hAD) protein was constructed by linking human AGR2 C-terminus with the red fluorescent protein derived from Discosoma sp. (DsRed) through a flexible linker. It was expressed successfully in Escherichia coli (E. coli) with optimized strain and cultivation parameters. This protein was expressed and purified by Nickel-nitroacetic acid (Ni-NTA) affinity chromatography. The bioactivity of AGR2 was tested by cell proliferation and wound healing assays, while the auto-fluorescent property of DsRed was confirmed by fluorescence microscopy and immunofluorescence. The potential application of his-AGR2-DsRed was demonstrated by its internalization in fibroblasts. Therefore, the purified recombinant fluorescent protein would be a very useful tool for further investigation of AGR2’s extracellular function and molecular mechanism.
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			Introduction

			The human anterior gradient-2 (AGR2) is an orthologue of the Xenopus Anterior Gradient-2 (XAG-2) protein which is predominantly found in tissues with endocrine cells or mucus-secreting cells, such as colon, rectum, stomach, breast, and prostate (Fritzsche  et al., 2006; Brychtova  et al., 2011). AGR2 belongs to the protein disulfide isomerase family (PDI), which is physiologically localized in endoplasmic reticulum (ER). AGR2 has been discovered to regulate the body appendages regeneration in amphibian and regulation of limb and tail regeneration in Xenopus laevis tadpoles and limb regeneration in salamander (Kumar  et al., 2007; Ivanova  et al., 2013). In context of cancer, AGR2 was originally studied in human breast cancer (Kuang  et al., 1998). AGR2 contains both the ER retention sequence KTEL, and the secretory signal-peptide which has been investigated to be over expressed in various human cancer types (Brychtova  et al., 2011; Chevet  et al., 2013). Cancer-related functions of intracellular AGR2 have been investigated intensively (Higa  et al., 2011; Chevet  et al., 2013; Brychtova  et al., 2015). 

			It has been reported that AGR2 secreted by Gastric signet-ring carcinoma cells mediates the paracrine effects on stromal fibroblasts that promote invasion (Tsuji  et al., 2015). This ER-resident protein secreted in cancer microenvironment triggers novel signaling pathways that exhibit pro-oncogenic gain-of-functions in cancer (Ramachandran  et al., 2008; Dumartin  et al., 2011). Previously, it has been investigated that tumor-secreted AGR2 binds to VEGF and FGF2 and enhances their functional activities by promoting homodimerization (Guo  et al., 2017). Another study showed that secreted AGR2 promotes colorectal cells invasion via Wnt11-mediated non-canonical Wnt signaling (Tian  et al., 2018). Whereas, role of extracellular AGR2 in tumorigenesis and molecular mechanism remains poorly understood. The lack of well-designed bioactive recombinant AGR2 makes it difficult to discover the paracrine signaling mechanism for in vitro and in vivo studies. To investigate the paracrine signaling of AGR2 and study the molecular mechanism in tumor microenvironment, it is necessary to design and construct a bioactive recombinant fluorescence AGR2 protein.

			Fluorescent proteins are easily imaged reporters crucial in biology and biotechnology (Tsien, 1998; Zhang  et al., 2002), and recent studies has shown the tremendous advantages of the newly cloned red fluorescence protein DsRed from the Discosoma genus: bright red fluorescence and high resistance against photo bleaching (Baird  et al., 2000; Lounis  et al., 2002). However, when a protein is fused to a fluorescent protein, interactions between fluorescent proteins may undesirably disturb targeting or function (Lauf  et al., 2001). Since all wild-type yellow-to-red fluorescent proteins reported so far are obligately tetrameric and often toxic or disruptive (Matz  et al., 1999; Baird  et al., 2000), the red fluorescent monomer, which derived from DsRed by directed evolution first to increase the speed of maturation (Bevis  et al., 2002), was chosen in this study.

			AGR2 is located on chromosome 7p21, a region known to have frequent genetic alterations (Petek  et al., 2003). In recent years, the researchers focus on developing bioactive recombinant protein secreted by cancer cells to investigate signaling mechanism of these onco-proteins for betterment of therapeutics. For these purpose, we aimed to design a bioactive recombinant AGR2 fluorescent protein. 

			We cloned, expressed, purified, and characterized his-AGR2-DsRed. We successfully optimized expression of novel recombinant hAD fluorescent protein using Escherichia coli plasmid expression system. We characterized hAD to check its bioactivity showing migration of NIH3T3 cells increased by hAD and its internalization by A549 as well as NIH3T3 cells. Thus, this recombinant hAD fluorescent protein can potentially be used to study paracrine signaling mechanism in context of cancer development which will lead to design most effective cancer treatment. 

			 

			Materials and methods

			Molecular cloning of human AGR2

			Total RNA was isolated from human breast  adenocarcinoma cell line MCF7, then reverse transcription

			[image: ]

			 

			Fig. 1. Construction and cloning of his-AGR2-DsRed plasmid. (A) Flowchart for the construction of his-AGR2-DsRed plasmid. (B) A schematic representation of his-AGR2-DsRed plasmid map. Essential elements include a poly-histidine tag, human AGR2 gene without signal peptide, a (GGGS)3 flexible linker, DsRed monomer gene as well as genes encoding the LacI repressor (lacR), ampicillin resistance (AmpR) and origins of replication.

			was performed using a ReverTra Ace qPCR RT Kit (TOYOBO). Native human AGR2 open reading frame was PCR amplified from MCF7 cDNA using hAGR2-AMP-F (5’-GGATCCATGGAGAAAATTCCAGTGTC-3’) and hAGR2-AMP-R (5’-TTACAATTCAGTCTTCAGCA-3’). Here, the signal peptide (amino acids 1–20) was truncated to mimic the mature secreted protein. A modified pMAL-his-△MBP plasmid, where the MBP (maltose binding protein) tag in pMAL-c2x (NEB, USA) was delated and replaced by a 6×his (histidine) tag, was generated by our lab. The resulting PCR product was cloned into the modified pMAL-his-△MBP plasmid, by restriction enzyme cutting and ligation, resulting in an N-terminal 6-histidine-human AGR2 protein expression construct named as pMAL-his-AGR2. 

			Cloning of DsRed into pMAL-his-AGR2 plasmid

			DsRed gene was preceded by human AGR2 gene fused at the N-terminus to a 6×his tag (Fig.1). To make sure the recombinant hAD protein can be expressed efficiently, a flexible linker (GGGS)3 was designed between human AGR2 and DsRed monomer region. 

			The insert DsRed gene fragment from pDsRed-monomer-N1 (Clontech, Takara Bio, USA) and vector fragment containing his-AGR2 from pMAL-his-AGR2 plasmid described above was PCR amplified with KOD -Plus- 1207 (TOYOBO, Japan), using “chimeric” primers, characterized by sequences that overlap with each other, and regions complementary to the template (Table I).

			The PCR products were then purified through DNA gel extraction kit (Solarbio, China) and checked by agarose gel electrophoresis. The vector and insert fragments were mixed with a molar ratio of 1:5 respectively, and linked by overlap PCR. After digesting the residual template for 1h at 37°C with Dpn I (TOYOBO, Japan), the DNA was then transformed into DH5α (#CB101, TIANGEN, China) and BL21 (DE3) (#CB105, TIANGEN, China) E. coli competent cells. Successful cloning was confirmed by sequencing (Personalbio, China). 

			Expression of hAD in E. coli

			A single colony of transformed cells was inoculated into 2mL of Luria-Bertani (LB) broth media and grown at 37℃ and 150 rpm overnight. Then the overnight culture was inoculated with a ratio of 1:100, cultured at 37℃ with 150 rpm agitation until reaching OD600 = 0.6~0.8, induced with 1 mM isopropyl β-D-thiogalactoside (IPTG) (SolarBio, China) and grown for a further 4h. Different strains, IPTG concentrations and inducing time were tested to get the optimized condition. 300μl aliquots were centrifuged at ~10000×gfor 1minute (min), the bacteria pellet was resuspended in 100μl phosphate buffered saline (PBS) as induced samples. 1ml aliquots were centrifuged at ~10000×gfor 1min, the bacteria pellet was resuspended in 300μl BugBuster® Protein Extraction Reagent (Novagen, Germany), shook for 15 mins at room temperature, centrifuged at ~10000×gfor 5min. 100µL supernatant was collected as supernatant samples, producing the soluble fraction. After removing all the supernatant, the pellet remained was resuspended in 300µL PBS and 100µL of the solution was collected as pellet samples. Recombinant protein expression in the soluble and insoluble fractions was analyzed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blot (WB) as described below.

			Large scale expression and Ni-NTA agarose affinity chromatography purification

			Large cultures were produced by inoculating 500 ml LB broth with 5 ml overnight cultures using the expression parameters described above. Cultures were subsequently

			Table I.- Primers used in construction. The primers were synthesized by Personalbio.
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			centrifuged at 4°C for 10 min at 10,000×g. The resulting pellet was frozen until use. Prior to purification, every 1g bacteria pellet was thawed, resuspended in 10mL PBS, with 1mL 100mg/mL lysozyme for cell lysis, 100µL 100mM PMSF to inhibit protein degradation and 400µL 25% TritonX-100 to partially dissolve inclusion body. The mixture was left to incubate in ice bath for 30min, sonicated at 400W power, 3 sec on then 6 sec off for in total 10 min and centrifuged at 4°C for 20 min at 10,000×g. The supernatant containing the soluble fraction (crude extract) was decanted, filtered through a 0.2 μm filter and purified as below.

			The supernatant containing hAD was loaded onto a Ni-NTA column (SMART Lifesciences, China) pre-incubated with charge buffer and binding buffer. The loaded column was washed with 20 mL of binding buffer and 25 mL of wash buffer containing 60 mM imidazole to remove weakly bound nonspecific proteins. Recombinant hAD was eluted with 6 to 10 mL of elution buffer containing 1M imidazole. Imidazole was then removed by buffer exchanging, and the protein was concentrated by centrifugation in Amicon Ultra 35,000 MWCO concentrators (Millipore, Merck, Germany). Concentration and quality were assessed mainly by SDS-PAGE.

			SDS-PAGE and western blot analysis

			Protein purity was assessed by SDS-PAGE gels and western blots using an anti-AGR2 antibody. Protein samples were separated on standard 12% Tris-glycine SDS-PAGE with β-mercaptoethanol and 5 min heating at 95℃. Samples were run on SDS-PAGE for 35 min at 80V first and separated for 40 min at 120V followed by Coomassie blue staining.

			For WB, proteins were separated using SDS–PAGE and transferred onto nitrocellulose membrane and blocked for 1h prior to 2h incubation with primary antibody (1:1000 dilution, monoclonal mouse anti-AGR2, Santa Cruz Biotechnology, USA). Unbound antibody was removed by 3 × 10 min washes with TNE-T before 45min incubation at RT with secondary antibody (1:20000 dilution, goat anti-mouse IgG, LI-COR, USA) and the membrane washed as previously. Antibody detection was performed using Odyssey® CLx Imaging System (LI-COR, USA).

			Fluorescence microscopy

			10µL bacteria culture was dropped on a glass slide, and let stand for 10 min to dry the edge. Then pictures were taken using Epi-Fluorescence microscope (Olympus Inverted Microscopes Models IX71, Japan), Canon digital camera DS126311 and Canon EOS Utility 600D (Canon, Japan).

			Wound healing assay

			NIH3T3 cells (ATCC/CCL-185) were grown till 80~90% confluence reached. After 24h serum starvation, physical gaps were created within a cell monolayer. After given hAD treatment, the process of cell migration into the gap was captured by taking photos at different time points. To ensure that the similar wound areas were compared, the produced wound area was traced and measured by using Image J software (version 1.8.0, http://imagej.nih.gov/ij/; provided in the public domain by the National Institutes of Health, USA) for the multiple positions within each well (Schneider  et al., 2012). Time-lapse images for each position in the wells were analyzed and the wound areas were measured to determine the percentage of wound closure at several time points throughout the course of the assay. The wound closure by NIH3T3 cells in response to hAD at various concentrations was compared to that of medium containing PBS as a vehicle control.

			Cell proliferation assay

			The bioactivity of recombinant hAD was tested on NIH3T3 fibroblast cells using cell counting kit-8 assay. Around 5000 cells per well were seeded in 96-well plates and subjected to different treatments for 24 hours. 10 µL CCK-8 (Beyotime, China) was added to each well. The plates were then incubated for 4 hours in 37°C. The absorbance value at the wavelength of 6000 nm was measured using a microplate reader (Thermo Fisher Scientific, USA). The cell proliferation percentage was calculated by the ratio of the reported value and the control value.

			The internalization of hAD

			Around 5×105 NIH3T3 or A549 cells (ATCC/CRL-1658) were seeded in 6-well plates and cultured in DMEM complete media till completely attached. After 24h serum starvation, they were treated with 2 or 5µg/mL hAD for another 24h. Whole cell lysate was prepared using NP-40 lysis buffer added with protease inhibitor (Sigma-Aldrich, Merck, Germany). Proteins were separated using SDS–PAGE and transferred onto nitrocellulose membrane for antibody detection. Mouse monoclonal antibodies against AGR2 and β-actin were purchased from Santa Cruz.

			Immunofluorescence assay

			NIH3T3 cells were grown on coverslips, serum starved for 24h and treated with different concentrations of hAD for 24h. They were then fixed with 4% formaldehyde for 10 min and blocked with goat serum for 30 min. Nuclei were counterstained using DAPI (Invitrogen, USA). The fluorescence was observed and captured with laser confocal microscopy (Leica Camera, Wentzler, Germany).

			Statistical analysis

			All values are expressed as mean ± standard deviation (SD). The GraphPad Prism program (version 7.00, GraphPad Software Inc., USA) was used for all statistical analyses, P value determination and graph drawing. A two-tailed Student’s t-test was used to compare measurements of groups of samples if appropriate.

			Results

			Construction of hAD recombinant protein eukaryotic expression plasmid

			The open frame region of human AGR2 consists of 175 amino acids, including a signal peptide (1-20) and a mature peptide (21-175) (Gene accession: NP_006399). Based on the cDNA sequence of human AGR2 mature peptide region and DsRed monomer gene, a set of “chimeric” primers were designed (Table I) to amplify the insert and vector fragments. The amplification of the PCR product, as well as the constructed plasmids were primarily confirmed by an electrophoresis (Fig. 2). The successful cloning was confirmed by sequencing of plasmids extracted from different colonies obtained.
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			Fig. 2. Agarose gel electrophoresis results of (A) Purified vector and insert fragments and their templates (B) the sequenced right his-AGR2-DsRed plasmids extracted from transformed E.coli. Line 1 to 4 were respectively pDsRed-Monomer-N1 plasmid, DsRed insert fragment PCR product, pMAL-his-AGR2 plasmid, his-AGR2 vector fragment PCR product, pMAL-his-AGR2-DsRed plasmid. L represented DNA Leader.
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			Fig. 3. SDS-PAGE analysis of hAD expression in the BL21 (DE3) and DH5α E.coli strains. (A) Expression of hAD tested in DH5α E.coli, samples labeled as U were uninduced culture while I represented 1mM IPTG 4-hours induced culture. (B) Expression of hAD tested in BL21 (DE3) E. coli. (C) SDS-PAGE result of hAD recombinant protein expression bacteria strains B3 and D1 uninduced-induced samples and expression formats. Recombinant hAD expressed well, with considerable amount of protein being retained in the soluble fractions. (D) Purification results of hAD yielded from 250mL culture under the same conditions and compared with BSA protein standard.
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			Fig. 4. Optimization of expression condition compared by SDS-PAGE. Samples collected and prepared directly using bacteria culture as well as the expression formats were analyzed by SDS-PAGE. B3 hAD expression strain was cultured and induced under induction of 3 concentrations of IPTG, for 2 hours (A) or 4 hours (B), as well as D1 strain cultured and induced for 2 hours (C) and 4 hours (D). U, uninduced; I, induced; S, supernatant; P, pellet; I-a, 0.1mM IPTG induced; I-b, 0.5mM IPTG induced; I-c, 0.5mM IPTG induced; M, protein marker.

			Comparison of hAD expression in two different E.coli strains

			The resulting plasmid from the construction, pMAL-his-AGR2-DsRed, was transformed into two E.coli strains - BL21 (DE3) and DH5α, which originate from different ancestors (B and K12 strain, respectively) and show differences in some metabolic pathways (Pinske  et al., 2011) and hAD expression was compared. The aim was to compare expression in the eukaryotic protein expression adapted strain BL21 with the DH5α strain lacking this property. In DH5α strain, less hAD expressed without IPTG induction, and the expression was increased with IPTG induction (Fig. 3A). However, in BL21 (DE3) strain, hAD merely expressed without induction, and after induction the soluble form expressed more than DH5α did (Fig. 3B). From the 14 single colonies, 3 clones were selected for further testing the capacity of hAD expression by SDS-PAGE analysis (Fig. 3C). The expression level in DH5α strain D1 was less than BL21 (DE3) strains B1 and B3, but the supernatant contained less truncation products (also indicated in Figures 4A,B,C,D). D1, B1and B3 strains were cultured in larger scale then followed by Ni-NTA affinity chromatography purification and compared by SDS-PAGE (Fig. 3D). While comparable levels of hAD yielded from 250ml culture under the same conditions were observed between 40 to 55kDa, expression in BL21 (DE3) B3 strain resulted in  higher amount of soluble protein, suggesting a higher capability of expression in this host. However, expression in DH5α D1 strain resulted in high purity of hAD protein. For this reason, subsequent analyses were conducted using bacteria or protein produced from D1 strain.

			Optimization of hAD expression conditions in E.coli 

			To investigate better conditions for protein expression, samples collected under different IPTG concentrations and induction time points were tested by SDS-PAGE. Our results revealed that a relatively longer induction time gave better protein production when compared to two hours induction results with four hours’ (Fig. 4 A vs B, C vs D). When compared the whole expression of hAD in BL21 (DE3) and DH5α strains (Fig. 4 I-a, I-b and I-c columns under bacteria culture, B vs D), it showed that BL21 (DE3) strain was yielding more than DH5α strain, but the latter also gave a higher soluble expression ratio which might be due to the lower inclusion body formation led by slower expression. Regarding the effect of IPTG concentration, no significant difference was observed between 0.5 mM IPTG and 1 mM IPTG group according to SDS-PAGE bands density (Fig. 4 D, I-b vs I-c). But the red fluorescence observed under microscopy indicated that 1mM IPTG induction gave high fluorescence implying better expression (Fig. 5 I-b vs I-c).

			Characterization of hAD recombinant protein

			Fluorescence microscopy analyses were performed directly on hAD expression bacteria D1 strain, taking advantage of the fluorescence of DsRed fused at the C-terminal of the fusion protein (Fig. 6A). Compared to
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			Fig. 5. Optimization of expression condition of hAD in D1 strain compared by fluorescence microscopy. (A&B) D1 hAD expression strain was cultured and induced with 3 different concentrations of IPTG, for 2 hours or 4 hours. The bacterial culture of hAD expression D1 strain were induced for 2 hours or 4 hours aliquoted, observed and recorded under bright field and red fluorescence in 40×magnification. Scale bar, 50μm for 40×magnification and 50μm for 100×magnification. I-a, 0.1mM IPTG induced; I-b, 0.5mM IPTG induced; I-c, 0.5mM IPTG induced.

			his-AGR2 expression bacteria culture, the culture drop of D1 strain showed significantly strong red fluorescence under green excitation light, giving obvious visual of bacterial density and distribution. The auto-fluorescence property also allowed the purified protein solution representing crystal red color, while purified his-AGR2 protein solution of the same concentration showed normal colorless solution. 

			SDS-PAGE analyses were performed to assess the purity (Fig. 6C left). Relatively, an average 2 mg of total purified his-AGR3-DsRed was yielded from 250 ml of D1 strain culture. The same group of samples were loading in the same gel, running together and performing for a western blot analysis on purified hAD recombinant protein, then stained with a mouse anti-AGR2 monoclonal antibody (Fig. 6C). The main band was detected at the expected molecular weight, confirming the nature and purity of the protein samples.

			Recombinant hAD showed enhanced NIH3T3 cell proliferation and migration 

			Through the fluorescence microscopy (Figs. 5, 6A), we have shown the similar auto-fluorescence property of DsRed monomer in hAD recombinant protein. To study the functional properties of AGR2 in hAD, wound healing and CCK-8 assays were performed. Recombinant hAD increased the migration of cells significantly near the wound area compared to untreated group (Fig. 7A). Quantitative analysis showed 1.89 and 2.65 fold increased migration at 24h and 2.0 and 2.69 fold enhanced migration at 48h when treated with 500ng/mL and 1μg/mL of hAD respectively (Fig. 7B). The impact of hAD on cell proliferation was studied using a CCK-8 assay. We treated NIH3T3 cells with different concentrations of hAD and
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			Fig. 6. Recombinant hAD characterized by fluorescence microscopy and Western blot. (A) Bright field and red fluorescence of bacteria culture of his-AGR2 expression strain and hAD expression D1 strain in both 40× and 100× magnifications. Scale bar, 50μm for 40×magnification and 50μm for 100×magnification. (B) Purified his-AGR2 (up) and hAD (down) protein solution, representing different colors. (C) SDS-PAGE and Western blot result of purified hAD, compared with his-AGR2, along with its original expression in bacteria samples. U, uninduced; I, induced; S, supernatant; P, pellet; hA, his-AGR2; hAD, his-AGR2-DsRed; M, protein marker.

			detected OD450 after 24 hours of incubation, and the result showed that the proliferation rate of cells treated with hAD was increased significantly but no difference between different concentration treatments (Fig. 7C).

			Internalized hAD detected in NIH3T3 and A549 cells

			Extracellular AGR2 plays an important role in tumor microenvironment. We and others have recently reported about the interaction of extracellular AGR2 with various growth factors in tumor microenvironment which affects the intracellular signaling pathways (Guo  et al., 2017; Jia  et al., 2018). This could be achieved either by direct or indirect ways.

			NIH3T3 cells were treated with hAD in a dose-dependent manner for 24h. Internalization of hAD was detected in the western blot results (Fig. 8A). A549 cells were used to show the intracellular AGR2 expression as a positive control. As hAD’s molecular weight is different from native AGR2, this protein can be used for paracrine signaling studies even in the cell lines that express AGR2. We confirmed the fluorescence emission by confocal microscopy which demonstrated the red fluorescence emitted by internalized hAD (Fig. 8B). All these results indicate that hAD is a potential tool to investigate paracrine signaling effect of AGR2 in context of cancer development.
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			Fig. 7. Recombinant hAD promotes NIH3T3 cell proliferation and migration. (A) Representative images from wound healing assays of NIH3T3 cell cultures treated with hAD demonstrating that cell migration into the cell-free region (outlined) is significantly accelerated in the presence of hAD when compared to controls. Images were captured at 24h and 48h after wounding (magnification, ×100). (B) Bar graph illustrating percentage wound closure at indicated time points during the scratch wound assay in the presence of varying concentrations of hAD (*P = 0.040, *P = 0.020, *P = 0.018, **P = 0.008 versus control). (C) NIH3T3 cell proliferation detected using the Cell Counting Kit-8 assay following treatment with hAD (0, 100, 500 and 1000 ng/mL) after 24h (****P<0.0001, versus the control group).
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			Fig. 8. hAD helps to detect extracellular AGR2 internalization in NIH3T3 cell line which does not have internal AGR2 expression as well as in A549 which express internal AGR2. Cells were treated with different concentrations of hAD for 24h. Internalization of hAD was shown by (A) Western blot analysis. (B) Immunofluorescence assay. Scale bar, 25μm.

			Discussion

			Prior work has documented the emerging roles for the pro-oncogenic AGR2 in cancer development, as well as roles involved in asthma, inflammatory bowel disease, cell transformation, cancer drug resistance and metastatic growth (Zheng  et al., 2006; Li  et al., 2015, 2016; Fessart  et al., 2016; Jia  et al., 2018), and researchers developed a bioactive recombinant AGR2 to investigate the signaling mechanism of this onco-protein. However, various means, especially visualized tools to study the molecular mechanisms and localization of extracellular AGR2 are still main focus in context of the tumor microenvironment. In this study, we designed and obtained a bioactive recombinant AGR2 auto-fluorescent protein successfully. 

			We performed the construction, expression, purification and characterization of this novel recombinant his-AGR2-DsRed protein using Escherichia coli expression system. For the hAD expression and purification, we found that DH5α expression system is more suitable giving better purity than BL21 (DE3) strain. Experimentally both strains showed nearly similar expression of hAD. However, the purification of hAD from both strains using immobilized metal ion affinity chromatography gave different purity profile. We observed the purified protein emitting red fluorescence indicating its potential use for the paracrine signaling studies of AGR2. The hAD’s auto-fluorescence might be useful for the live cell imaging and in in vivo xenograft model for molecular mechanism studies. 

			In previous studies, we reported AGR2 enhances proliferation and migration of fibroblasts and keratinocytes (Zhu  et al., 2017). During the characterization of hAD, the activity check using NIH3T3 cells showed significantly increased proliferation and migration of the fibroblasts indicating hAD as a bioactive recombinant fluorescent protein. In addition, the immunofluorescence emission of the hAD protein observed by immunofluorescent microscopy during prokaryotic expression monitoring indicated the potential applications of hAD for the extracellular AGR2 internalization and cellular localization research. Thus, this study indicates that the properties of recombinant his-AGR2-Dsred auto-fluorescent protein can potentially be utilized to study paracrine signaling mechanism in context of cancer development which will lead to more effective cancer therapies. 

			However, some limitations are worth noting. DsRed monomer was fused to a location in the C-terminus of human AGR2 in this constructed plasmid, which has been reported to contain ER retention motif, although a linker was inserted, there is a possibility of undesirably functional disturbance. Thus, comparison of DsRed monomer fused at N-terminus of AGR2 needs further investigation. In addition, for the hAD expression in prokaryotic E.coli cells, the signal peptide of human AGR2 was deleted. So, further study of recombinant human AGR2 red fluorescent protein obtained from mammalian expression system needs to be done to examine the advantages in native human protein expression.

			Although, the potential application of the hAD for the internalization study was shown by immunoblotting and immunofluorescent assays, it needs further experiments to investigate the molecular mechanisms for this phenomenon. Thus, the hAD was expressed successfully in both DH5α and BL21 (DE3) strains, and purified auto-fluorescent hAD bioactive protein showing its novel applications to explore the molecular signaling studies of AGR2.

			Conclusion

			We have constructed the recombinant hAD fluorescent protein and investigated specific parameters affecting its production to ensure its optimal expression and purification. Using these parameters, hAD was expressed and purified, and the harvested pure protein of high concentrations were checked for the bioactivity and auto-fluorescent. Thus, hAD demonstrates a promising AGR2-DsRed fluorescent recombinant onco-protein that can be applied for the further cancer research. 
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ABSTRACT

and SBM conducted the research
and analyzed data. BZ and HBM
wrote the paper with the inputs from
SBM and YF. ZW and DL obtained

Anterior gradient 2 (AGR2), initially discovered as an estrogen-responsive gene in breast cancer cellfundlng for this work.

lines, is a developmentally regulated gene belonging to the protein disulfide isomerase (PDI) gene family.

AGR2 exists in both intracellular and secreted form, it is overexpressed in many types of cancer cells andKey words

also detected in extracellular space of solid tumor interstitial fluids. The intracellular AGR?2 is critical
in protein folding while secreted AGR2 function as a paracrine signal promoting tumor microenviron-
ment formation. Beside cancer progression and drug resistance, the abnormal expression of AGR2 is

Anterior gradient homolog 2, Red
fluorescent protein, Recombinant

also involved in diseases like asthma and inflammatory bowel disease. Studies on the role of AGR2 inexpression, Escherichia coli
tumor micro-environment can help potential therapeutic development. Here, we report the generation of pQI: https: / /dX.dOi.Ol‘g /10.17582/
a fluorescent functional AGR2 fusion protein as a powerful visual tracking tool to trace the external func- journal. pj7 90190514070541

tion of AGR2. This bioactive and auto-fluorescent his-tag recombinant AGR2-DsRed (hAD) protein was’ %
constructed by linking human AGR2 C-terminus with the red fluorescent protein derived from Discosoma

Corresponding author: daweili@

sp. (DsRed) through a flexible linker. It was expressed successfully in Escherichia coli (E. coli) with op-sjtu.edu.cn;

timized strain and cultivation parameters. This protein was expressed and purified by Nickel-nitroaceticwuzhenghua@)/sj tw.edu.cn

acid (Ni-NTA) affinity chromatography. The bioactivity of AGR2 was tested by cell proliferation andoog 0-9923 /262 1/0006-2021 $
wound healing assays, while the auto-fluorescent property of DsRed was confirmed by fluorescence mi- = N

croscopy and immunofiuorescence. The potential application of his-AGR2-DsRed was demonstrated by9'00/ 0

its internalization in fibroblasts. Therefore, the purified recombinant fluorescent protein would be a veryCopyright 2021 Zoological Society

useful tool for further investigation of AGR2’s extracellular function and molecular mechanism.

of Pakistan

INTRODUCTION

he human anterior gradient-2 (AGR2) is an orthologue

of the Xenopus Anterior Gradient-2 (XAG-2) protein
which is predominantly found in tissues with endocrine
cells or mucus-secreting cells, such as colon, rectum,
stomach, breast, and prostate (Fritzsche et al., 20006;
Brychtova ef al., 2011). AGR2 belongs to the protein
disulfide isomerase family (PDI), which is physiologically
localized in endoplasmic reticulum (ER). AGR2 has been
discovered to regulate the body appendages regeneration
in amphibian and regulation of limb and tail regeneration
in Xenopus laevis tadpoles and limb regeneration in
salamander (Kumar ef al., 2007; Ivanova et al., 2013).
In context of cancer, AGR2 was originally studied in
human breast cancer (Kuang ef al., 1998). AGR2 contains
both the ER retention sequence KTEL, and the secretory

signal-peptide which has been investigated to be over
expressed in various human cancer types (Brychtova et
al., 2011; Chevet et al., 2013). Cancer-related functions
of intracellular AGR2 have been investigated intensively
(Higa et al., 2011; Chevet et al., 2013; Brychtova et al.,
2015).

It has been reported that AGR2 secreted by Gastric
signet-ring carcinoma cells mediates the paracrine effects
on stromal fibroblasts that promote invasion (Tsuji et
al., 2015). This ER-resident protein secreted in cancer
microenvironment triggers novel signaling pathways
that exhibit pro-oncogenic gain-of-functions in cancer
(Ramachandran et al., 2008; Dumartin et al., 2011).
Previously, it has been investigated that tumor-secreted
AGR2 binds to VEGF and FGF2 and enhances their
functional activities by promoting homodimerization (Guo
et al., 2017). Another study showed that secreted AGR2
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