








82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

123

Shiraishi, H., Okamoto, H., Yoshimura, A., and Yoshida, H. (2006) ER stress-induced
apoptosis and caspase-12 activation occurs downstream of mitochondrial apoptosis
involving Apaf-1. Journal of cell science 119, 3958-3966

Urano, F., Wang, X., Bertolotti, A., Zhang, Y., Chung, P., Harding, H. P., and Ron, D.
(2000) Coupling of stress in the ER to activation of JNK protein kinases by
transmembrane protein kinase IRE1. Science 287, 664-666

Chen, L., Xu, S., Liu, L., Wen, X., Xu, Y., Chen, J., and Teng, J. (2014) Cab45S inhibits
the ER stress-induced IRE1-JNK pathway and apoptosis via GRP78/BiP. Cell Death Dis.
5,e1219

Kim, J. H., Gurumurthy, C. B., Band, H., and Band, V. (2010) Biochemical
characterization of human Ecdysoneless reveals a role in transcriptional regulation. Biol.
Chem. 391, 9-19

Dash, S., Chava, S., Aydin, Y., Chandra, P. K., Ferraris, P., Chen, W., Balart, L. A., Wu,
T., and Garry, R. F. (2016) Hepatitis C Virus Infection Induces Autophagy as a
Prosurvival Mechanism to Alleviate Hepatic ER-Stress Response. Viruses 8

Cao, S. S., and Kaufman, R. J. (2014) Endoplasmic reticulum stress and oxidative stress
in cell fate decision and human disease. Antioxidants & redox signaling 21, 396-413
Bhandary, B., Marahatta, A., Kim, H. R., and Chae, H. J. (2012) An involvement of
oxidative stress in endoplasmic reticulum stress and its associated diseases. International
journal of molecular sciences 14, 434-456

Bunpo, P., Dudley, A., Cundiff, J. K., Cavener, D. R., Wek, R. C., and Anthony, T. G.
(2009) GCN2 protein kinase is required to activate amino acid deprivation responses in
mice treated with the anti-cancer agent L-asparaginase. J. Biol. Chem. 284, 32742-32749
Dey, P., Rachagani, S., Chakraborty, S., Singh, P. K., Zhao, X., Gurumurthy, C. B.,
Anderson, J. M., Lele, S., Hollingsworth, M. A,, Band, V., and Batra, S. K. (2012)
Overexpression of ecdysoneless in pancreatic cancer and its role in oncogenesis by
regulating glycolysis. Clin. Cancer Res. 18, 6188-6198

Claudius, A. K., Romani, P., Lamkemeyer, T., Jindra, M., and Uhlirova, M. (2014)
Unexpected role of the steroid-deficiency protein ecdysoneless in pre-mRNA splicing.
PLoS genetics 10, €1004287

Visioli, F., Wang, Y., Alam, G. N., Ning, Y., Rados, P. V., Nor, J. E., and Polverini, P. J.
(2014) Glucose-regulated protein 78 (Grp78) confers chemoresistance to tumor
endothelial cells under acidic stress. PloS one 9, 101053

Fu, Y., Li, J., and Lee, A. S. (2007) GRP78/BIiP inhibits endoplasmic reticulum BIK and
protects human breast cancer cells against estrogen starvation-induced apoptosis. Cancer
Res. 67, 3734-3740

Wang, M., Ye, R., Barron, E., Baumeister, P., Mao, C., Luo, S., Fu, Y., Luo, B., Dubeau,
L., Hinton, D. R., and Lee, A. S. (2010) Essential role of the unfolded protein response
regulator GRP78/BIiP in protection from neuronal apoptosis. Cell Death Differ. 17, 488-
498

Lee, H. K., Xiang, C., Cazacu, S., Finniss, S., Kazimirsky, G., Lemke, N., Lehman, N. L.,
Rempel, S. A., Mikkelsen, T., and Brodie, C. (2008) GRP78 is overexpressed in
glioblastomas and regulates glioma cell growth and apoptosis. Neuro-oncology 10, 236-
243

Chang, Y. J., Chen, W. Y., Huang, C. Y., Liu, H. H., and Wei, P. L. (2015) Glucose-
regulated protein 78 (GRP78) regulates colon cancer metastasis through EMT biomarkers
and the NRF-2/HO-1 pathway. Tumour biology : the journal of the International Society
for Oncodevelopmental Biology and Medicine 36, 1859-1869

Xing, X., Li, Y., Liu, H., Wang, L., and Sun, L. (2011) Glucose regulated protein 78
(GRP78) is overexpressed in colorectal carcinoma and regulates colorectal carcinoma cell
growth and apoptosis. Acta histochemica 113, 777-782



98.

99.

100.

101.

102.

124

Daneshmand, S., Quek, M. L., Lin, E., Lee, C., Cote, R. J., Hawes, D., Cai, J., Groshen,
S., Lieskovsky, G., Skinner, D. G., Lee, A. S., and Pinski, J. (2007) Glucose-regulated
protein GRP78 is up-regulated in prostate cancer and correlates with recurrence and
survival. Human pathology 38, 1547-1552

Xing, X., Lai, M., Wang, Y., Xu, E., and Huang, Q. (2006) Overexpression of glucose-
regulated protein 78 in colon cancer. Clinica chimica acta; international journal of
clinical chemistry 364, 308-315

Fernandez, P. M., Tabbara, S. O., Jacobs, L. K., Manning, F. C., Tsangaris, T. N.,
Schwartz, A. M., Kennedy, K. A., and Patierno, S. R. (2000) Overexpression of the
glucose-regulated stress gene GRP78 in malignant but not benign human breast lesions.
Breast cancer research and treatment 59, 15-26

Wang, M., and Kaufman, R. J. (2014) The impact of the endoplasmic reticulum protein-
folding environment on cancer development. Nature reviews. Cancer 14, 581-597
Nagelkerke, A., Bussink, J., Mujcic, H., Wouters, B. G., Lehmann, S., Sweep, F. C., and
Span, P. N. (2013) Hypoxia stimulates migration of breast cancer cells via the
PERK/ATF4/LAMP3-arm of the unfolded protein response. Breast Cancer Res. 15, R2



126

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-elF2a 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-elF2a signaling while PERK-elF2a 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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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) .
Tet(O)-Flag- hECD Tet(O)-Flag- hECD
-IRES eGFP -IRES eGFP; rtTA
Tun: - 3h 6h 12h 24h - 3h 6h 12h 24h

GRP78

RUVBL1

racin. - - - - - - - - - -

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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