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1. Introduction

Ovarian cancer (OCa) is the deadliest of all gynecologic cancers in the United States. The overall survival for 
metastatic OCa is dismal (<20% 5-year survival) and has not changed significantly for several decades. 
Intratumoral and intertumoral heterogeneity of OCa at the molecular, cellular, and tissue levels drives tumor 
resistance to standard therapies and represents a significant clinical challenge. There is a desperate and unmet 
need for new therapeutic approaches to target fundamental and critical pathways in OCa that will effectively 
cause OCa cell death and improve survival of OCa patients. 

OCa cells have a high growth rate and have a sustained and enhanced demand for de novo protein synthesis, 
folding and maturation. Since proper folding and post-translational maturation of most cellular proteins occurs 
in the endoplasmic reticulum (ER), OCa cells have a high basal level of ER stress (ERS). Several genome‐scale 
genetic screens with short hairpin RNAs (shRNAs) identified components of the ERS and unfolded protein 
response (UPR) pathways as targets of vulnerability in OCa. While activation of UPR enables the OCa cells to 
compensate for higher levels of ERS and maintain OCa cell viability, sustained unresolved ERS can be lethal to 
OCa cells via induction of the CCAAT-enhancer binding protein homologous protein (CHOP) pathway and 
apoptosis. We thus reasoned that the enhanced basal level of ERS in OCa represents a critical vulnerability and 
drugs that further aggravate this already engaged system can exhaust the protective features of UPR and cause 
apoptosis.  

We identified a small molecule, ERX-41, that enhances ERS and apoptosis in OCa cells. Using a whole genome 
CRISPR knockout screen, we identified lysosomal acid lipase A gene (LIPA) as critical for ERX-41 activity in 
inducing ERS and apoptosis. Depletion of LIPA abrogates the ability of ERX-41 to induce ERS or cell death in 
OCa cells. However, the precise molecular mechanism of how ERX-41 interaction with LIPA causes ERS and 
cell death is not known. Successful completion of these proposed studies will fill the knowledge gap as to how 
the novel therapeutic agent ERX-41 targets LIPA and causes ERS, and establish the preclinical data needed for 
further clinical translation.  

The overarching hypothesis that the high basal ERS in OCa represents a critical and targetable vulnerability. 
The objective of this proposal is to conduct mechanistic studies that define how ERX-41 targeting of LIPA 
contributes to ERS in OCa models. Our studies will establish the preclinical rationale to enable rational lead 
optimization for drugs targeting LIPA and inducing ERS, and for advancing ERX-41 to clinical trials to treat 
OCa. 

2. Keywords

Ovarian cancer, LIPA, ER stress, UPR, ERX-41

3. Accomplishments

3-1. What were the major goals of the project?

Aim 1. Determine the molecular mechanisms by which LIPA contribute to ERS in OCa. 

Aim 2:  Establish ERX-41 as a novel therapeutic using preclinical and patient derived OCa models in vitro, 
in vivo and ex vivo. 

3-2. What was accomplished under these goals?
We have achieved great progress in the proposed experiments, as described below, over the first 12 months of
the project, from May 1, 2022, to April 30, 2023, and we are on track to finish the remaining experiments.
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Figure 2. OCa cells were treated with ERX-41 for indicated time points and the status of 
splicing of XBP1, a well-established ER stress induced gene was measured by agarose gel 
electrophoresis (n=3) 

Figure 3. A. LIPA KO in SKOV3 cells was confirmed using Western blotting. B, SKOV3 WT 
and LIPA KO cells were treated with ERX-41 for indicated time points and the status of 
splicing of XBP1, a well-established ERS induced gene was measured by agarose gel 
electrophoresis (n=3). 
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Figure 1. OCa cells were treated with ERX-41 (1 µM, 6h) and the status of ERS induced genes 
were measured by RT-qPCR (n=3). **p<0.01; ***p<0.001; ****p<0.0001 

Major   Task   1: Determine the molecular mechanisms by which LIPA contribute to ERS in OCa. 

Subtask 1: Define which UPR compensatory pathway is critical for ERX-41 mediated OCa cell death. 
(Timeline 1-24 months) 

ERX-41 treatment promoted activation of genes activated by UPR pathway sensors (PERK, IRE1a, 
ATP6). For these 
experiments, we used 
three OCa cells (OCa39, 
OCa30, and OVCAR3). 
For RT-qPCR analysis, 
total RNA from OCa cells 
treated with or without 
ERX-41 was extracted.  
The results demonstrated 
that ERX-41 treatment 
promoted a considerable 
induction of the three UPR sensory pathways (PERK, IRE, and ATF6) as measured by their downstream target 
genes including XBP1, ATF3, DDIT3 (CHOP), ATF4, and HSPA5. 

ERX-41 treatment enhances splicing of XBP1 in a time dependent manner. To examine the possibility that 
the IRE1a-XBP1 pathway 
contributes ERX-41 
mediated cell death of OCa 
cells, we have treated three 
different OCa cells and 
profiled the splicing of 
XBP1 using agarose gel 
electrophoreses.  
Specifically, we have 
amplified the spliced and 
unspliced XBP1 mRNA 
using XBP1 primers. PCR 
products were separated on 2.5% agarose gel. GAPDH primers were used as control. Results showed time 
dependent splicing of XBP1 with earliest changes seen in 3h after ERX-41 treatment. Collectively, these studies 
suggest that ERX-41 treatment activates IRE1a-XBP signaling.  

LIPA is needed for ERX-
41 mediated splicing of 
XBP1. Our earlier studies 
using genome-wide 
CRISPR library screen 
identified LIPA as a 
potential target for ERX-
41. To confirm the role of
LIPA in ERX-41 mediated
splicing of XBP1, we have
utilized control and LIPA
KO cells (Fig. 3A). In
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Figure 5. Effect of increasing doses of ERX-41 on the viability 
of OCa cells (ES2, SKOV3, OV90, OVSAHO, and OVCAR3), 
primary OCa cells (OCa30, OCa39, and OCa49) measured by 
MTT assay after seven days of ERX-41 treatment.  

Figure 4. OCa cells were treated with ERX-41 
for indicated time points and the status of the 
activation of UPR components in OCa cells 
analyzed by western blotting. 

control cells, we observed splicing of XBP1 in a time dependent manner upon ERX-41 treatment, while in 
LIPA KO, ERX41 treatment did not result in splicing of XBP1 (Fig. 3B). These results suggest that LIPA is 
critical for the ERX-41 mediated induction of stress.  

ERX-41 treatment promotes activation of PERK downstream target ATF4.  Here, we examined that ERX-
41 treatment promotes activation PERK-ATF4 axis using 
Western blotting. The results showed that ERX-41 treatment of 
ovarian cancer cell line (OCa39) enhanced the expression of 
ATF4 in a time dependent manner (Fig. 4A). We also confirmed 
ATF4 activation using the second OCa model cell line (ES2).  
Further, we also observed increased expression of CHOP and 
phosphorylation of pEIF2a in ERX-41 treated cells (Fig. 4B). 
Collectively, these results imply that ERX-41 also activate 
PERK-ATF4 axis in addition to IRE1a-XBP signaling.  

Multi-PI contributions: The above work was jointly performed by 
Dr. Vadlamudi and Dr. Raj labs. Dr. Raj lab generated CRISPR KO 
cells, provided needed ERX-41 and profiled the expression changes 
by ERX-41. Dr. Vadlamudi’s lab conducted XBP1 splicing, Western, and RT-qPCR assays. 

Subtask 2: Define ultra structurally how ERX-41 binding to LIPA causes ERS. (Timeline 13-36 
months) 

These studies will be initiated during second year. 

Subtask 3:  Define molecularly how ERX-41 binding to LIPA causes ERS. (Timeline 21-48 months) 

These studies will be initiated during third year. 

Subtask 4: Unbiased transcriptomic and proteomic approaches to understand how LIPA causes ERS in 
OCa cells. (Timeline 21-48 months) 

These studies will be initiated end of second year. 

Major   Task   2. ERX-41 as a novel therapeutic using preclinical and patient derived OCa models in 
vitro, in vivo and ex vivo. 

Subtask 1: 
2.1.1 Test the utility of ERX-41 using in vitro 
biological assays. 2.1.2 Test the utility of ERX-41 
using OCa orthotopic xenograft studies. 2.1.3. 
Test the utility of ERX- 41 using OCa Syngeneic 
models. 2.1.4. Test the utility of ERX-41 in 
combination with standard care chemotherapy. 
(Timeline 1-36 months) 

ERX-41 reduced the cell viability of OCa cells.  
Here, we examined the efficacy of ERX-41 on cell 
viability of five established and three primary OCa 
cells. Treatment with ERX-41 resulted in a 

significant dose dependent reduction in the cell viability of OCa cells (IC50 of ~200 nM) (Fig. 5).  
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Figure 6. Effect of ERX 41 on the clonogenic colony formation following long-term 
treatment with indicated doses of ERX-41. *p<0.05; **p<0.01; ****p<0.0001 

Figure 7. A, Effect of LIPA KO on the activity of ERX 41 in 
blocking the long-term colony formation. B, Quantitation of 
colonies were shown. ****p<0.0001 
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Figure 8. Effect of ERX-41 on apoptosis of OCa cells was measured using Annexin V Assays. ***p<0.001; ****p<0.0001 

ERX-41 reduced clonogenic 
cells. Here, we examined the 
efficacy of the ERX-41 using 
four different OCa cells. In 
clonogenic survival assays, 
ERX-41 significantly reduced 
the colony formation ability of 
OV90, OVCAR3, OVSAHO, 
OCa39 cells in a dose dependent 
manner (Fig. 6). 
However, ERX-41 failed to 
reduce colony formation ability 
of LIPA KO cells (Fig. 7).  
Collectively, these results 
suggest that LIPA is needed for 
ERX-41 mediated reduction in 
colony formation. 

ERX-41 treatment induced apoptosis of OCa cells. The 
Annexin V assay was then used to determine if ERX-41 
caused apoptosis in five distinct OCa cells. The death of 
OCa cells was markedly accelerated by ERX-41 treatment 
(Fig. 8). These findings collectively imply that ERX-41 
promotes apoptosis. 

Multi-PI contributions: The above work was jointly performed by Dr. Vadlamudi and Dr. Raj labs. Dr. Raj lab provided 
ERX-41, established the initial IC50 using OCa cells and was involved in the design and analyses of assays conducted in 
Dr. Vadlamudi labs. Dr. Vadlamudi lab established the primary OCa cells, conducted cell viability, colony formation and 
apoptosis assays. 
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Subtask  2: Test the efficacy of ERX-41 in inducing ERS in OCa patient-derived organoids (PDOs) 
in vitro, patient derived explants (PDEs) ex vivo. (Timeline 1-36 months) 

We have successfully procured tissues from ObGyn tissue core and frozen these tissues. These tissues will be 
used in the second and third year to establish organoids and to test the utility of ERX-41 for treating organoids. 

Subtask 3: Test the efficacy of ERX-41 in preventing progression of OCa using PDXs in vivo. (Timeline 
25-48 months)
These studies will be initiated during the third and fourth years.

3-3. What opportunities for training and professional development has the project provided?

Four students received training opportunities through this project during the first year: one graduate student, one 
post-baccalaureate student, one post-doctoral fellow, and one high school student. All the trainees/students 
received training in designing/analyzing research experiments, evaluating data, and conducting cancer research 
utilizing OCa model cells. Additionally, the post-doctoral fellow was given the chance to supervise graduate 
and undergraduate students, which gave him the chance to hone his mentoring abilities. The chance to assist 
high school kids was given to graduate students. All students took part in the weekly project meetings, and once 
a month they gave an oral presentation of their findings. Additionally, students and fellows were given 
numerous possibilities for professional growth, such as taking part in journal clubs, attending grand rounds, and 
attending an ethics seminar. 

3-4. How were the results disseminated to communities of interest?
The results were presented as a poster presentation in April 2023 AACR annual meeting.

3-5. What do you plan to do during the next reporting period to accomplish the goals?

We will start performing the following tasks during second year: 
Subtask 1: Define which UPR compensatory pathway is critical for ERX-41 mediated OCa cell death. 
Subtask 2: Define ultra structurally how ERX-41 binding to LIPA causes ERS. 
Subtask 3: Define molecularly how ERX-41 binding to LIPA causes ERS. 
Subtask 2: (2.1.2) Test the utility of ERX-41 using OCa orthotopic xenograft studies. 
Subtask 2: Test the efficacy of ERX-41 in inducing ERS in OCa patient-derived organoids (PDOs) 

4. Impact

4-1. What was the impact on the development of the principal discipline(s) of the project?

Our findings showed that ERX-41 is very effective at reducing the viability of OCa cells. Additionally, ERX-41 
potently stimulates ER stress in a variety of OCa cell subtypes, which results in cell death.  Mechanistic 
investigations verified ERX-41's capacity to cause ERS by turning on several UPR arms. To fully comprehend 
ERX-41's potential, however, more preclinical, and mechanistic investigations that were suggested in years two 
through four need to be finished. 

4-2. What was the impact on other disciplines?
Considering the expression of LIPA in multiple tumors, ERX-41 may have utility in treating other solid tumors
such as endometrial cancer.

4-3. What was the impact on technology transfer?
Nothing to Report.

4-4. What was the impact on society beyond science and technology?
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Nothing to Report. 
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Nothing to Report.
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