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ECD protein has been known for many years as an important cell growth regulatory 

protein. The overexpression of ECD in cancer, including breast, prostate and pancreatic 

cancers, strongly suggests oncogenic roles for ECD. In this study, we presented evidence 

for an involvement of ECD in ER stress in cancer. Normal or cancer cell lines with low 

levels of ECD exhibited increased ER stress and cell death upon ER stress induction. 

Conversely, ECD overexpressing cells exhibited a decreased ER stress and cell death upon 

ER stress. Together, these distinct effects of ECD knock down or overexpression on cells 

argue that ECD may be functioning as a buffering protein against stress in cells and as a 

regulator of sensitivity of cells to ER stress. The increase in ECD mRNA upon ER stress 

indicates a transcriptional induction of ECD and further suggests an ER stress-related role. 

The functional connection of ECD to the PERK-eIF2α arm of the ER stress signaling 

further argues in favor of the pro-survival roles for ECD in stress conditions, since that axis 

mediates cell death during ER stress signaling via CHOP induction (1-8). ECD inhibits 

PERK-eIF2α signaling while PERK-eIF2α inhibits ECD protein translation, thus 

establishing a negative feedback loop between ECD and the PERK arm of the ER stress 

signaling.  

Mechanistically, ECD may be exerting its effects by multiple ways. Particularly, 

the ECD-GRP78 axis is a novel pathway for regulating ER stress. ECD enhances the level 

of GRP78, a key chaperone and inhibitor of PERK signaling. As increased expression of 

GRP78 and other chaperones is known to promote the clearing of ER stress-causing 

unfolded protein load and reduce the activation of UPR sensors (9-12), this increase in 

chaperones’ levels in the presence of ECD upon ER stress induction argues that ECD may 

be attenuating stress by elevating chaperone levels and enhancing the folding capacity in 
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CHAPTER 4: Future Directions 
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• Characterize ER stress elements (ERSE) in ECD gene promoter 

             The increase in ECD mRNA upon ER stress induction suggests existence of        

              ERSE in ECD gene promoter. A follow-up study to characterize these ERSE  

              would be interesting. 

 

• Assess potential roles of ECD in autophagy through GRP78 

           In addition to further examining the ECD-GRP78 connection in tumor context, it   

           would also be interesting to assess whether ECD pro-survival effect upon ER stress  

           is via GRP78-mediated autophagy.  The rationale is that ECD enhanced GRP78   

           while GRP78 has been implicated in autophagy. Although a clear mechanism was  

           not presented, it was reported in numerous studies that GRP78 was required for  

           autophagy induction and that inhibition of GRP78 inhibited autophagy induction      

           (1-3).  

   

• Assess potential ECD-R2TP connection in regulating ER stress 

            The R2TPcomplex, composed of RUVBL1, RUVBL2, PIH1D1 and RPAP3 is a  

             multi-protein complex which regulates the assembly and stability of many  

             complexes (4). A study identified a role for RUVBL2 in the regulation of ATF2 in  

             response to stress through direct interaction with ATF2 (5). ECD is a component  

             of the R2TP complex (6,7). ECD interacts with the RUVBL1 component of the  
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             R2TP complex, an interaction required for ECD roles in cell growth (33). It is  

             reported that knock of RUVBL1 affected cellular level of GRP78 an induced ER  

             stress (8). Therefore, it would be curious to examine the potential ECD-R2TP  

             connection in ER stress regulation, especially as ECD overexpression correlated   

             with enhanced of both GRP78 and RUVBL1 upon ER stress induction (Figure 4.1  

             below) . 

 

 

 

 

 

 

 

 

Figure 4.1: ECD overexpression correlates with enhancement with RUVBL1 and 

GRP78. ECD overexpressing and their control MEFs were treated with Tunicamycin and 

protein lysate was prepared at indicated time points followed by western blot with indicated 

antibodies. 
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• Assess the requirement of ECD in chaperone (GRP78, GRP94)-mediated ER 

calcium regulation.  The ER is well known as a site for calcium storage in cells. 

ECD regulates the levels of the critical chaperone proteins (GRP78 and GRP94) 

that mediate that function of the ER (9,10). 

  

• Assess the roles of ECD in protein translation through GRP78. GRP78 is 

known to be involved in protein translation not only by binding nascent protein in 

the ER but importantly by forming the translocation channel in complex with Sec61 

(11,12). 

 
• Explore in vivo studies of the ECD-GRP78 axis in regulating oncogenesis-

induced ER stress in mouse models. Works in the lab indicated potential 

oncogenic roles of ECD, as its overexpression induced tumors. Tumor initiation 

and progression are complex processes characterized by ER stress as a result of the 

increased bioenergetics demands in the tumor. Overcoming this early ER stress is 

paramount for tumor progression. It would be interesting to assess whether the 

ECD-mediated upregulation in the levels of GRP78 is required for tumor initiation 

and progression. 
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