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Inappropriate expression and activation of ErbB2 in Autosomal Dominant Polycystic Kidney Disease (ADPKD): a potential therapeutic target?
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Autosomal Dominant Polycystic Kidney Disease (ADPKD) is characterized by abnormal, persistent tubular epithelial cell proliferation and luminal fluid secretion due to ion transport abnormalities. Our previous studies have shown an autocrine/paracrine mechanism of proliferation in ADPKD epithelia due to apical secretion of EGF and related peptides; the mis-polarisation of activated EGF receptor (R) complexes to the apical plasma membrane; and, an atypical dimeric receptor complex comprising EGFR (ErbB1)/ErbB2 compared to the homodimeric receptor EGFR/EGFR (ErbB1/ErbB1) seen in normal epithelia where it is exclusively restricted to the basal membrane. In addition to its mitogenic activity, EGF exerts effects on Na+ transport, via the amiloride-sensitive Epithelial Sodium Channel (ENaC). Based on these observations we asked whether inhibition of ErbB2 might alleviate the ADPKD phenotype.  
Combined in vitro and in vivo analyses were carried out using human and mouse normal fetal and adult collecting tubule and ADPKD kidney cells and tissues from human patients and Pkd1 knock-out mice. In vivo, immunohistochemistry detected strong staining for activated, phosphorylated (p)-EGFR and p-ErbB2 on the apical cell membranes of ADPKD cyst lining cells, which was absent in normal adult kidneys. In vitro, EGF-related peptides hierarchically activated EGFR (ErbB1) phosphorylation on pY1068, HB (heparin binding)-EGF > EGF > TGF-alpha > Amphiregulin (Amp), with a similar pattern of activation of the MAPK, Erk1/2. In contrast, the hierarchy of activation of ErbB2 on pY877 or pY1221/2 was TGF-alpha > EGF > HB-EGF > Amp, a pattern mimicked by the activation of JNK kinase 1/2. 

Differential effects of ErbB2 inhibition on the ADPKD phenotype were also detected. Specific, selective inhibition of p-ErbB2 by Tyrphostin AG825 rescued the ADPKD epithelial cell motility and matrix adhesion defects completely, while selective inhibition of EGFR (ErbB1) by AG1478 brought about only partial rescue. Furthermore, inhibition of ErbB2 (AG825, ErbB2 Inhibitor I or Mubitrinib) also abolished EGF ligand-dependent ENaC activity which was unaffected by EGFR (ErbB1) inhibition (AG1478).  
Finally, inhibition of ErbB2 in vivo (by addition of AG825 to the drinking water of post-natal) in heterozygous Pkd1 mutant mice inhibited the cystic dilation of renal tubules. 

Taken together our studies suggest that inappropriate expression, activation and downstream signaling of ErbB2 contributes to the pathological phenotype of ADPKD and that inhibition of this pathway represents a promising therapeutic target in this disease.


