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Role of Specific Phosphorylations outside the Carboxyl-Terminus of Smad3 in the Collagen Response to TGF-beta
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BACKGROUND: Regulation of TGF-β/Smad3-mediated fibrogenesis involves a complex interaction of both canonical and non-canonical signalling pathways. Our group has reported several non-canonical pathways that interact with canonical TGF-β signalling to contribute to renal cell collagen expression. Initial studies characterised the importance of carboxyl terminal Smad3 phosphorylation by TGF-β, however the linker region (LR) of Smad3 can also be phosphorylated by the action of MAP kinase (non-canonical) signalling pathways. Here, we report the importance of several potential phosphoacceptor sites (Thr179, Ser204, Ser208, and Ser213) within the LR of Smad3. Some groups propose that LR phosphorylation inhibits Smad3 signalling. However, we have previously described phosphorylation of the LR by ERK MAP kinase, and that inhibiting ERK blocked both LR phosphorylation and the collagen response to TGF-β. Therefore, we and others believe that the effect of LR phosphorylation is cell-context dependent. We propose that specific phosphorylations could enhance, inhibit or have no effect on TGF-β-induced type-I collagen expression; and different sites could have different and even opposing effects.
EXPERIMENTAL DESIGN: To dissect these possibilities, we evaluated COL1A2-luciferase activity induced by TGF-β1 (2ng/ml, 24h) in Smad3-null murine embryonic fibroblasts (MEFs) transfected with Smad3 constructs, mutated at Thr8 or various LR sites (Thr179, Ser204 or Ser208). The role of ERK in growth-factor induced LR phosphorylation in wild type MEFs was tested using the MEK inhibitors, PD98059 and UO126. LR phosphorylation was also examined in human tubule epithelial cells (HKC), human mesangial cells and mouse podocytes.
RESULTS: A collagen response to TGF-β1 in wild type MEFs, but not in Smad3-null MEFs, was confirmed. Transfection of wild type Smad3 into Smad3-null MEFs reconstituted the collagen response. In contrast, reconstitution with Smad3 mutated at Ser204 or Ser208 showed a significantly reduced collagen response, similar to that seen with no transfected Smad3 construct. Surprisingly, Smad3-null MEFs transfected with Smad3 mutated at all 4 LR sites (Thr179, Ser204, Ser208 and Ser213) maintained COL1A2 activity. Smad3-null MEFs reconstituted with Smad3 mutated only at Thr179 showed enhanced basal promoter activity and a strong response to TGF-β1, suggesting that Thr179 phosphorylation inhibits Smad3 activity. TGF-β1-stimulated wild type MEFs showed phosphorylation at Thr179, Ser204, Ser208 and Ser213 of the Smad3LR. Smad3LR phosphorylation was also observed in HKC, human mesangial cells and mouse podocytes. LR phosphorylation of Ser204 by TGF-β was inhibited by PD98059 suggesting that Ser204 is an ERK target. PD98059 did not affect Thr179 phosphorylation by either TGF-β or EGF indicating Thr179 is not an ERK target.

CONCLUSIONS: These results suggest that an intact phosphoacceptor site at Ser204 and Ser208 is required for collagen promoter activation by Smad3, whereas the remaining sites such as Thr179 and Ser213 may have different and even opposing effects.  Surprisingly, mutation of all four LR sites is permissive, suggesting that the dominant effect is inhibition of the response by phospho-Thr179 or -Ser213, probably by a non-ERK mechanism, with phosphorylation of at least Ser204 overcoming that inhibition. Inhibition of LR phosphorylation at Ser204 but not at Thr179 by the MEK inhibitor is consistent with the notion that Ser204 is an ERK target while Thr179 is a non-ERK target. Further investigation of the role of the Smad3 linker region in renal cell function may offer new approaches to selectively modifying TGF-β1-stimulated responses in progressive kidney disease.









