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EGFR-SGLT1 interaction does not respond to EGFR modulators, but inhibition of SGLT1 sensitizes prostate cancer cells to EGFR tyrosine kinase inhibitors
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Abstract
BACKGROUND. Overexpression of epidermal growth factor receptor (EGFR) is associated with poor prognosis in malignant tumors. Sodium/glucose co-transporter 1 (SGLT1) is an active glucose transporter that is over-expressed in many cancers including prostate cancer. Previously, we found that EGFR interacts with and stabilizes SGLT1 in cancer cells. 
METHODS. In this study, we determined the micro-domain of EGFR that is required for its interaction with SGLT1 and the effects of activation/inactivation of EGFR on EGFR-SGLT1 interaction, measured the expression of EGFR and SGLT1 in prostate cancer tissues, and tested the effect of inhibition of SGLT1 on the sensitivity of prostate cancer cells to EGFR tyrosine inhibitors. 
RESULTS. We found that the autophosphorylation region (978-1210 amino acids) of EGFR was required for its sufficient interaction with SGLT1 and that this interaction was independent of EGFR’s tyrosine kinase activity.  Most importantly, the EGFR-SGLT1 interaction does not respond to EGFR tyrosine kinase modulators (EGF and tyrosine kinase inhibitors).  EGFR and SGLT1 co-localized in prostate cancer tissues, and inhibition of SGLT1 by a SGLT1 inhibitor (Phlorizin) sensitized prostate cancer cells to EGFR inhibitors (Gefitnib and Erlotinib). 
CONCLUSION. These data suggest that EGFR in cancer cells can exist as either a tyrosine kinase modulator responsive status or an irresponsive status.  SGLT1 is a protein involved in EGFR’s functions that are irresponsive to EGFR tyrosine kinase inhibitors and, therefore, the EGFR-SGLT1 interaction might be a novel target for prostate cancer therapy. 



Introduction
Epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that is over-active/overexpressed in the majority cancers of epithelial origin (1).  Inhibition of the tyrosine kinase activity of EGFR has been the principle strategy of EGFR based cancer therapies. However, targeting EGFR by small molecule inhibitors of receptor tyrosine kinase has produced disappointing response rates ranging between 10-20% across a variety of human malignancies (2-4).   For example, although EGFR is overexpressed in more than 80% of late stage prostate cancers and is negatively correlated with prognosis (5-8), in general, prostate cancer is resistant to EGFR inhibitors (9,10).
	Evidence indicates that EGFR has tyrosine kinase independent functions.  While EGFR knockout animals die soon after birth (11), mice with severely compromised EGFR tyrosine kinase activity are viable and display only some epithelial defects (12). Both a wild-type and a kinase-dead EGFR enhance the survival of EGFR-negative 32D hematopoietic cells (13).  Previously, we found that, independent of EGFR tyrosine kinase activity, EGFR participates in the maintenance of basal intracellular glucose level of cancer cells by interacting with and stabilizing the sodium/glucose co-transporter 1 (SGLT1) (14).  
SGLT1 is an active glucose transporter that relies on extracellular sodium concentration to transport glucose into cells independent of glucose concentration (15). SGLT1 plays a critical role in glucose absorption and retention in the body (16). One of the hallmarks of cancer is that cancer cells exhibit altered energy metabolism, i.e., cancer cells consume higher amounts of nutrients and energy substrates than their normal counterparts (17). This enhanced energy consumption demands a high rate of nutrient uptake, which is achieved by overexpression of plasma membrane transporters (18). SGLT1 is overexpressed in various types of cancers including ovarian carcinoma (19), oral squamous cell carcinoma (20), colorectal cancer (21), pancreatic cancer (22), and prostate cancer (23). Prostate cancers at late stages express elevated levels of EGFR (5-7) and uptake a high amount of glucose (24,25). Whether the relationship between EGFR and SGLT1 can be manipulated for therapy of prostate cancer remains unknown.   
	In this study, we characterized the critical domain of EGFR that is required for its sufficient interaction with SGLT1.  We also determined the effects of activation/inactivation of EGFR tyrosine kinase activity on EGFR-SGLT1 interaction, measured the expression of EGFR and SGLT1 in prostate cancer tissues, and tested the effect of inhibiting SGLT1 on the sensitivity of prostate cancer cells to EGFR inhibitors.


Materials and Methods
Cells and reagents
HEK293 cell lines, prostate cancer cell line PC3 and LNCaP, were originally purchased from the American Type of Culture Collection (ATCC) and maintained in DMEM supplemented with 10% fetal bovine serum and 1% Penicillin/Streptomycin under 5% CO2 at 37°C.  Mouse anti-Flag-tag antibody (F1804), proteasome inhibitor MG132, and phlorizin dihydrate were from Sigma-Aldrich (St. Louis, MO). AEE788, Gefitinib, and Erlotinib were purchased from Selleckchem (Houston, TX).  Antibody against pEGFR (Y1173) (cat. no. 2434L) was from Cell Signaling (Danvers, MA).  Monoclonal antibody against C225 was a gift from Dr. Lee Elis (M. D. Anderson Cancer Center, Houston, TX).  Rabbit anti-actin (cat. no. sc-7210), rabbit anti-HA-tag antibody (sc-805), secondary antibodies against rabbit and mouse labeled with horseradish peroxidase, and protein A/G conjugated agarose beads (cat. no. sc-2003) were from Santa Cruz Biotechnology (Santa Cruz, CA).  MTT kit (cat.no.30-1010K) was from ATCC. The plasmid expressing flag tagged human SGLT1 and the rabbit anti-human-SGLT1 polyclonal antibodies for immunohistochemical analysis (SGLT1-IHC), immunoprecipitation, and Western blotting analysis (SGLT1-WB) were described previously (23).
Plasmid constructions 
Human wild-type EGFR was cloned into a pcDNA3.1 vector (Clontech, CA), which was used as a parental vector to generate all the other EGFR constructs. The pRK5 expression plasmid (Clontech, CA) with a c-terminal HA tags was used for constructions of all the HA tagged EGFRs. The full-length human EGFR was amplified with a forward primer EGFR-F (ATTCTCGAGCGGGGAGCA GCGATG) and a reverse primer EGFR-R (CCTAAGCTTTGCTCCAATAAATTCACTG). DNA fragments were digested by Xho I and Hind III and cloned into the corresponding sites of the pRK5 vector.  Primers for cloning the EGFR with extracellular domain deletion (∆Extra, 1-644aa) are ∆Extra-F: ATTCTCGAGATGTCC ATCGCCACTGGGATG and ∆Extra-R: CCTAAGCTTTGCTCCAATAAATTCACTGC; primers for intracellular deletion (∆Intro, 671-1210 aa) are ∆Intra-F:  TATCTCGAGATGCGACCCTCCGGGACGGC  and ∆Intra-R: CCTAAGCTTCC TTCGCATGAAGAGGCC; primers for autophosphorylation domain deletion (∆Autophos, 978-1210aa) are ∆Autophospho-F: ATTCTCGAGATGTCCATCGCCACTGGGATG  and ∆Autophospho-R:  CCTAAGCTT GTAGCGCTGGGGGTCTCGG; primers for intracellular domain deletion (645-1210aa) are  ∆Intra-F:  TATCTCGAGATGCGACCCTCCGGGACGGC  and ∆Intra-R: CCTAAGCTTCCTTCGCATGAAGAGGC.  The kinase dead mutant of EGFR (KD-EGFR, R817M), transmembrane domain deletion (∆TM, 645-670aa), tyrosine kinase domain deletion (∆TK, 670-977aa) plasmids were constructed from pRK5-WT-EGFR-HA by site-directed mutagenesis using the QuikChange Lightning Site-Directed Mutagenesis Kit (Agilent, CA) according to the manufacturer’s protocol. The primers were: KD-EGFR-F: GCACCGCGACCTGGCAGCC ATGAACGTACTGGTGAAAACACC and KD-EGFR-R: GGTGTTTTCACCAGTACGTTCATGGCTGCCA GGTCGCGGTGC; ∆TM-F: CGAGACCCCCAGCGCTACCGGACTCCCCTCCTGAGC and ∆TM-R: CGAGACCCCCAGCGCTACCGGACTCCCCTCCTGAGC; ∆TK-F: CGCTGCGGAGGCTGCTGCAGTAC CTTGTCATTCAGGGGG and ∆TK-R: CCCCCTGAATGCAAGGTACTGCAGCAGCCTCCGCAGCG. All of the constructs yielded fusion proteins with a C-terminal HA tag. All plasmids were confirmed by sequencing. 
Transient transfection and immunoprecipitation
HEK293 cells were transfected with plasmids expressing flagged SGLT1 alone or with indicated HA-tagged EGFR constructs.  After 24 h of transfection, cells were washed in 1× phosphate buffered solution and lysed with RIPA buffer (50 mM Tris-HCl, pH 8.0, with 150 mM sodium chloride, 1.0% Igepal CA-630 (NP-40), 0.5% sodium deoxycholate, and 0.1% sodium dodecyl sulfate), supplemented with protease inhibitors cock tail, for 6 hours on a shaker at 4°C. The cell lysates were then centrifuged for 2 min at 12000× rpm. Supernatants were then incubated with sepharose protein A/G beads conjugated with anti-flag or anti-SGLT1 antibody overnight at 4°C. Samples were then centrifuged and washed with RIPA buffer three times before being boiled in Laemmle buffer (Biorad, CA) and subjected to Western blot analysis. To determine the role of EGFR’s tyrosine kinase in EGFR-SGLT1 interaction, HEK293 cells were transfected with SGLT1 with/or without wild-type EGFR.  After 18 h, cells were starved in serum-free medium for 6 h before treatment with EGF (10 ng/ml), or EGF plus AEE788 (5 μM) for 30-60 min. Control cells were treated with an equal volume of vehicle dimethyl sulfoxide (DMSO). Cell lysates were then subjected to immunoprecipitation as described above.
Western blot analysis 
For Western blot (WB) analysis, cells were lysed with RIPA buffer (150 mM NaCl, 50 mM Tris-HCl, pH 7.4, 0.1% SDS, 1% TritonX-100, 1 mM EDTA, 1 mM PMSF, 20 μg/ml aprotinin, 20 μg/ml leupeptin, 20 μg/ml pepstatine, 1% sodium deoxycholate, 1 mM NaF, 1 mM Na3VO4, in H2O).  Proteins separated by 8% SDS-PAGE were transferred to PVDF membrane followed by blocking with 5% nonfat dry milk and then incubation with primary antibodies at optimized concentrations for overnight at 4°C. The membranes were washed with 0.1% TBS/T (1XTBS, 0.1% Tween-20) 3 times, each time for 5 min before incubation with secondary antibody for 1 h at room temperature and signals were visualized by enhanced chemiluminescence.
Immunofluorescent co-staining
For immunofluorescent co-staining of SGLT1 and EGFR, slides of prostate cancer tissue array were deparrafinated, rehydrated before antigens were retrieved in boiling citrate buffer for 10 min.  Cooled tissue slides were then incubated in a blocking solution (5% donkey serum in PBS) for 1 h at room temperature and then overnight at 4°C with the rabbit polyclonal antibody against SGLT1 (SGLT1-IHC) (23) (1:200 dilution) and C225 (1:200 ) in PBS containing 10% donkey serum.  After being washed 3 times with PBS, tissues were incubated with a mixture of Alexa Fluor 488–conjugated donkey anti-rabbit IgG and Alexa Flour 594–conjugated donkey anti-mouse IgG dissolved in PBS containing 10% donkey serum for 30 min at room temperature. The stained samples were then washed 3 times (5 min per wash) with PBS at room temperature. Fluorescence images were captured and analyzed with a confocal microscope (Olympus). Cell nucleus was stained by 4',6-diamidino-2-phenylindole (DAPI).
Cell growth assay
Cell growth was determined by 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium Bromide (MTT) assay in 96-well plates according to the protocol provided by the manufacture. Briefly, 5000 cells suspended in 100 µL medium were seeded in each well of a 96-well plate. On the second day, medium was replaced by medium containing Phlozidin (50 µM) with/or without EGFR inhibitors (Gefitinib: 20 µM; Erlotinib: 20 µM).  After 24 or 48 h incubation with drugs, 10 µL MTT reagents was added to each well and incubated for 4 h.  After removal of the medium, the formazan precipitates in cells were dissolved in 100 µL DMSO.  Absorbance was measured by a MultiSkan plate reader (Thermo Fisher Scientific, NC) at 570 nm.  Triplicates of samples in each group were used.
Statistical analysis
The Student's t test was used to assess the difference in growth of cells treated with EGFR inhibitors in the presence/absence of SGLT1 inhibitor.  P values less than 0.05 were defined as statistical significance.


Results
The autophosphorylation domain of EGFR is critical for its sufficient interaction with SGLT1, which is independent of EGFR tyrosine kinase activity
Previously, we reported that the extracellular domain containing the transmembrane domain of EGFR interacted with SGLT1 and the intracellular domain without the transmembrane domain did not sufficiently interact with SGLT1(14).   To further determine the region in EGFR protein that is critically required for its interaction with SGLT1, we created flag-tagged SGLT1 (23) and HA-tagged EGFRs with a variety of mutations. These mutated EGFRs include a kinase dead form (R817M) (KD-EGFR), an extracellular domain deleted form (∆Extra), a transmembrane domain deleted form (∆TM), an intracellular domain deleted form (∆Intra), a tyrosine kinase domain deleted form (∆TK), and an autophosphorylation domain deleted form (∆AutoPhos) (Fig. 1A). We transiently co-transfected an equal amount of plasmids of the flagged SGLT1 and these HA tagged EGFRs into HEK293 cells, immunoprecipitated SGLT1 using anti-flag antibodies, and performed Western blot analyses for HA tagged EGFRs. It was found that deletion of the autophosphorylation domain of EGFR completely abolished its interaction with SGLT1 (Fig. 1B). Under these experimental conditions, the ∆Intra-EGFR was not co-precipitated with SGLT1, which might be due to the expression level of the ∆Intra-EGFR was much lower than the other forms (Fig. 1B). After increasing the amount of plasmid cDNA of ∆Intra-EGFR by 3 folds for co-transfection, we found that the ∆Intra-EGFR could be co-precipitated with SGLT1, however to a much less extent as compared with the WT-EGFR and the KD-EGFR that were expressed at a comparable level (Fig. 1C). These data indicate that the Autophos domain of EGFR is the major SGLT1 interacting domain, however the extracelluar domain containing the transmembrane domain of EGFR, the ∆Intra-EGFR, can weakly interact with SGLT1.
The autophosphorylation domain of EGFR is required to prevent proteasome-mediated SGLT1 degradation
To determine whether the SGLT1-interacting domain of EGFR is required to sustain the stability of SGLT1, we measured the expression level of SGLT1 co-transfected with the WT-EGFR, the KD-EGFR and the ∆AutoPhos-EGFR into HEK293 cells. As shown in figure 2A and 3B, the level of SGLT1 in the WT-EGFR and the KD-EGFR transfected cells is much higher than that in the control vector or ∆AutoPhos-EGFR transfected cells, suggesting the autophosphorylation domain of EGFR is needed to maintain the expression level of SGLT1. In addition, the level of SGLT1 in the ∆AutoPhos-EGFR transfected cells was also significantly lower than that of the control cells, suggesting that loss of interaction with EGFR may promote down-regulation of SGLT1. To determine whether proteasome is involved in loss of interaction with EGFR induced down-regulation of SGLT1, we treated SGLT1 and ∆AutoPhos-EGFR cotransfected HEK293 cells with a proteasome inhibitor, MG132. As shown in figure 3C and 3D, MG132 inhibited the down-regulation of SGLT1 in ∆AutoPhos-EGFR transfected cells, suggesting the proteasome machinery is involved in loss of interaction with EGFR induced SGLT1 down-regulation.
EGFR-SGLT1 interaction is irresponsive to modulators of EGFR tyrosine kinase 
Knowing that the tyrosine kinase activity of EGFR is not required for its interaction with SGLT1 (Fig. 1), we sought to determine the effects of EGFR ligand and its tyrosine kinase inhibitors on its interaction with SGLT1.  We treated WT-EGFR and SGLT1 co-transfected HEK293 cells with either EGF or an EGFR tyrosine kinase inhibitor, AEE788. We then immunoprecipitated SGLT1 and measured the levels of EGFR that were co-immunoprecipitated with SGLT1. As shown in Figure 3A, neither EGF nor AEE788 affected EGFR-SGLT1 interaction and the EGFR co-precipitated with SGLT1 was not phosphorylated. To further determine the effects of EGF and AEE788 on endogenous EGFR-SGLT1 interaction and the phosphorylation status of endogenous EGFR that interacts with SGLT1, we imunoprecipitated the endogenous SGLT1 of PC3 cells treated with EGF or AEE788 and measured the phosphorylation status of the EGFR co-precipitated with SGLT1. We found that neither EGF nor AEE788 affected the EGFR-SGLT1 interaction and the endogenous SGLT1 interacting EGFR was not phosphorylated either (Fig. 3B).  These results suggest that the EGFR-SGLT1 interaction is irresponsive to modulators of EGFR tyrosine kinase activity.  
EGFR and SGLT1 co-localize in prostate cancer tissues and inhibition of SGLT1 by a SGLT1 inhibitor sensitized prostate cancer cells to EGFR inhibitors 
To determine the clinical relevance of EGFR-SGLT1 interaction, we performed immunofluorescent co-staining of EGFR and SGLT1 on a tissue microarray of prostate cancers (n=44).  In all the EGFR-positive cancer samples (n=41), we found SGLT1 co-localized with EGFR in cancer cells but not the stromal cells (Fig. 4A).  These data suggest that EGFR-SGLT1 interaction may contribute to the pathogenesis of prostate cancer.
It is known that an increase in glucose levels can activate EGFR (26), that SGLT1 is over-expressed in prostate cancer tissues (23), and that prostate cancer is resistant to EGFR inhibitors (9,10).  We speculated that SGLT1 and EGFR may synergistically promote prostate cancer growth.  To test whether inhibition of SGLT1 can sensitize prostate cancer cells to EGFR inhibitors, we treated prostate cancer cell lines, PC3 and LNCaP (both positive for EGFR and SGLT1) (Fig. 4B), with EGFR tyrosine kinase inhibitors, Gefitnib and Erlotinib, in the presence/absence of a SGLT1 inhibitor, phlorizin (27), and determined the growth inhibitory effects of the treatments.  It was found that phlorizin was additive to the growth inhibitory effects of Gefitnib and Erlotinib (Figs. 4C and 4D). 


Discussion
Previously, using EGFR’s extracellular domain and intracellular domain that does not contain the TM domain of EGFR, we reported that SGLT1 interacted stronger with the extracellular domain of EGFR than the intracellular domain of EGFR (14). To further characterize the EGFR-SGLT1 interaction at the plasma membrane, we included the TM domain in to the constructs of truncated EGFRs. We found that the TM containing intracellular domain of EGFR, especially the autophosphorylation domain, interacted with SGLT1 much stronger than the extracelluar domain of EGFR. The discrepancy between current data and the data shown in the previous report (14) is likely due to the lack of TM domain in the intracellular domain construct of EGFR used in the previous study. The findings that the autophosphorylation domain of EGFR interacts with SGLT1 and this interaction is independent of activation/inactivation of EGFR (Figs. 1-3) have significant implications. It has been well characterized that, upon phosphorylation of tyrosines within the autophosphorylation domain, the autophosphorylation domain serves as a major docking site for recruitment of adaptor/effector proteins that transactivate downstream signalings (28).  Our present data indicate that the autophosphorylation domain of EGFR can also function as a protein-protein interacting domain independent of EGFR tyrosine kinase activity. These findings further support that EGFR owns pro-survival functions independent of its tyrosine kinase activity. In other words, EGFR may exist as a tyrosine kinase-responsive and a tyrosine kinase-irresponsive status.  Upon activation by EGFR’s ligands, the autophosphorylation domain of the kinase-responsive EGFR is phosphorylated and recruits effectors to trigger downstream signals. However, the kinase-irresponsive EGFR constantly interacts with proteins regardless of the presence of EGFR ligands and activation or inactivation of its tyrosine kinase. SGLT1 is one such protein that can bind to and keep EGFR in its kinase-irresponsive status.
The co-localization of EGFR with SGLT1 in prostate cancer tissues strongly indicates that the EGFR-SGLT1 interaction is relevant to cancer metabolism. In the clinic, EGFR tyrosine kinase inhibitors did not produce therapeutic effects for prostate cancer (9,10). Considering the fact that EGFR expression correlates with disease progression of prostate cancer and the clinical unresponsiveness of prostate cancers to EGFR tyrosine kinase inhibitors, we propose that EGFR may contribute to the disease progression of prostate cancer independent of its tyrosine kinase activity. Previously, we have found that prostate cancer tissues have increased expression of SGLT1 (23), loss of EGFR protein but not its tyrosine kinase activity sensitized prostate cancer cells to chemotherapeutic agent (29), and loss of EGFR-induced autophagic cell death was mediated by downregulation of SGLT1 protein (14). These data suggest that EGFR can promote prostate cancer progression via stabilizing SGLT1 to sustain the high demand of glucose by late stage cancer cells. This possibility is supported by our data that treatment of prostate cancer cells with a SGLT1 inhibitor sensitized cancer cells to EGFR inhibitors (Fig. 5), as well as data demonstrating that overexpression of SGLT1 protected renal epithelial cells (30) and intestinal epithelial cells (31) from apoptosis. 
The deletion of the SGLT1 interacting domain in EGFR promoted the down-regulation of SGTL1 via the proteasome machinery (Fig. 2), suggesting that disruption of EGFR-SGLT1 interaction in EGFR-positive cancer cells may lead to down-regulation of SGLT1.  Given that knocking down SGLT1 by shRNA resulted in autophagic cell death of prostate cancer cells (14), it is suggested that the EGFR-SGLT1 interaction might be a novel target to improve EGFR-based therapy for prostate cancer.
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Figure legends
Fig. 1.  The autophosphorylation domain of EGFR is required for its interaction with SGLT1.  A, Schematic diagram of constructs of human EGFR used in this study: WT, wild type EGFR; KD, kinase dead EGFR (R817M); ∆TM, transmembrane domain deletion (645-670aa); ∆Extra, extracellular domain deletion (1-644aa); ∆Intra, intracellular domain deletion (671-1210aa); ∆TK, tyrosine kinase domain deletion (670-977aa);  ∆Autophos, autophosphoralization domain deletion (978-1210aa).  B, Deletion of the entire intracellular domain or the autophosphorylation domain of EGFR significantly reduced its interaction with SGLT1.  C, By increasing the expression level of the ∆Intra–EGFR, the ∆Intra-EGFR was co-precipitated with SGLT1.  Immunoprecipitation coupled Western blot analysis of interactions between mutated EGFRs and SGLT1. IP, immunoprecipitation. IB, Immunoblot. Input, expression levels of indicated exogenous proteins in HEK293 whole cell lysates used for the IP. EGFR bands are indicated by arrowheads. Non-specific bands (NS) are indicated by arrows. 
Fig. 2. The autophosphorylation domain of EGFR is required to prevent proteasome mediated SGLT1 degradation.  A, Western blot analysis of expression levels of SGTL1 in HEK293 cells co-transfected with the WT-EGFR, the KD-EGFR and the ∆Autophos-EGFR. The same amounts of DNA plasmids of SGLT1 and EGFRs were used in each group of treatments. Control cells were transfected with the same amount DNA of the empty vector. Actin was used as loading control.  B, Densitometric quantification of bands in the Western blot of Figure 2A.  Asterisk marks indicate statistic significance between the linked representative group from triplicate experiments.  C, Proteasome inhibitor MG132 blocked the down-regulation of SGLT1 by ∆Autophos-EGFR. Actin was used as a loading control.  D, Densitometric quantification of bands in the Western blot of Figure 2A. Asterisk marks indicate statistic significance between the linked representative group from triplicate experiments. 
Fig. 3.  EGFR-SGLT1 interaction is irresponsive to modulators of EGFR’s tyrosine kinase.   A, Immunoprecipitation coupled Western blot analysis of interactions between EGFR-HA and SGLT1-Flag in HEK293 cells treated with EGF or AEE788. EGFR, total EGFR; pEGFR, phosphorylated EGFR; IP, immunoprecipitation; IB, immunoblot; Input; expression levels of indicated exogenous proteins in HEK293 whole cell lysates used for the IP.  B, Immunoprecipitation coupled Western blot analysis of interactions between endogenous EGFR and SGLT1 in PC3 cells treated with EGF or AEE788. EGFR, total EGFR; pEGFR, phosphorylated EGFR; IP, immunoprecipitation; IB, immunoblot; Input; expression levels of indicated exogenous proteins in HEK293 whole cell lysates used for the IP. 
Fig. 4.  Co-localization of EGFR and SGLT1 in prostate cancer tissues by immunofluorescent co-staining and inhibition of SGLT1 by a SGLT1 inhibitor sensitized prostate cancer cells to EGFR inhibitors.   A, Results of three representative prostate cancer tissues from a prostate cancer tissue array are presented. Co-localization of SGLT1 (green) and EGFR (red) are in colors of orange or yellow (arrows). H&E, hematoxylin and eosin staining.  Note:  The stromal cells (arrow heads) are positive for SGLT1 but negative for EGFR. Bar=100 µm.  B, Western analysis of the expressions of endogenous EGFR and SGLT1 in PC3 and LNCaP cells.  C, MTT assay for the effect of phlorizin on the growth inhibitory effect of Gefitinib and Erlotinib on LNCaP cells.  D, MTT assay for the effect of phlorizin on the growth inhibitory effect of Gefitinib and Erlotinib on LNCaP cells.  Cells were treated with SGLT1 inhibitor phlorizin (50 µM) with/without EGFR inhibitors (Gefitinib, 20 µM; Erlotinib, 20 µM) for 48 h before subjected to MTT assay.  The OD value of control cells was artificially set as 1.  All experiments were repeated at least 3 times. Asterisks indicate statistical significance between linked groups.

