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Introduction 

Lineage plasticity has been postulated to contribute to the failure of targeted- and immuno-therapies2, 3. In 
prostate cancer (PCa), the discovery that metastatic castration-resistant PCa (CRPC), classified as 
adenocarcinoma (CRPC-Ad), remains fueled by the androgen receptor (AR) has ushered the development of 
potent androgen receptor pathway inhibitors (ARPIs). This includes enzalutamide (ENZ)4, abiraterone (ABI)5, 
and Apalutamide (APA)6 which have undoubtedly benefited the survival of patients with advanced disease. 
However, a subset of patients (~20%) relapse with tumours that are no longer dependent on androgen receptor 
activity and, instead, exhibit activation of alternative lineage programs, including stem cell and neuronal 
pathways7, 8. These tumours, termed treatment-emergent neuroendocrine PCa (NEPC), are particularly 
aggressive and, due to no targeted therapeutic strategies, the prognosis is poor with an overall survival of 1 year. 
Managing NEPC patients and developing novel therapeutic strategies have so far proven challenging. Our group 
and others point to an epigenetic basis for treatment-emergent NEPC9-13. However, there is still much to be 
known about the fundamental cellular and molecular interactions that bias lineage specification following ARPIs. 

Using innovative PCa models coupled with state-of-the-art technologies, a series of ENZ-resistant (ENZR) 
including t-NEPC9, 10, 14 and a large cohort of PCa patient-derived xenografts8.Targeted treatments for this deadly 
disease are desperately needed.  We previously identified that the neuronal transcription factor (TF) BRN2 
(POU3F2) is a crucial regulator of NEPC 14 and is highly expressed in NEPC tumors7, 14. Moreover, BRN2 is 
significantly upregulated in small cell lung (SCLC) and bladder cancers15, 16. Targeting BRN2 in SCLC models 
reduced cell proliferation and neuroendocrine marker expression17. As a key developmental TF for neuronal cell 
lineage in the hypothalamus18, BRN2 has been extensively studied for its ability to induce neurons in both mouse 
and human lineages in co-operation with other TF like ASCL1 and SOX219, 20. Furthermore, BRN2’s expression 
is paramount for maintaining the tumor-initiating potential of glioblastoma cells21 and it is a critical driver of 
invasive and metastatic melanoma22. We have since developed a highly specific and potent small molecule 
BRN2 inhibitor (BRN2i). This project is centered on testing a new paradigm that epigenetic reprogramming, 
driven by BRN2, represents a molecular “conduit” to aggressive NEPC.  

Our research posits that blocking the ability of cells to acquire a plastic phenotype via BRN2 inhibitor may 
delay/inhibit lineage transformation and extend the durability of clinically beneficial ARPIs and/or treat NEPC. 
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Key Research Accomplishments  

 We conducted RNA-seq, ChIP-seq, ATAC-seq on NEPC cell lines following BRN2 inhibition using 
our lead small molecule inhibitor. 
 

 We generated BRN2 ChIP-seq replicates in our NEPC cell line model to validate our biological 
observations.  

 
 We performed ATAC-seq on CRPC cell lines following BRN2 overexpression to gain access to both 

accessible DNA and nucleosome positioning data influenced by BRN2.  
 

 We performed ChIP-seq for histone marks to assess BRN2 influence on the histone map and 
lineage plastic program in CRPC following BRN2 overexpression. 

 
 We generated a BRN2 signature to assist with patient’s identification and segregation. 

 
 We conducted in vivo studies to evaluate activity of the lead BRN2 18-94 inhibitor as monotherapy 

or in combination with carboplatin using PDX models and conducted RNA-seq on the generated 
tumors. 
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In order to better characterize the observed BRN2 chromatin remodelling, we focused on NEPC cell line 42DENZR 
and conducted ChIP-seq for histone marks for transcriptionally active marks H3K27ac along with H3K27me3 for 
transcriptional inactivity and mapping them to our ATAC-seq data from 16DCRPC control and following BRN2 
overexpression. Loci possessing active histone mark H3K27Ac were higher in shared accessible regions in 
signal intensity following BRN2 overexpression in CRPC cell line or in NEPC cell line compare to CRPC control. 
While we observed the active histone mark H3K27Ac in regions lost following BRN2 overexpression in CRPC 
and in NEPC cell lines, the gained accessible regions lacked any signal. Of note, these regions were depleted 
from H3K27me3 mark suggestive of an active transcription (Fig. 2). 

Figure 1: A) Heatmap shows chromatin accessibility in 16DCRPC following overexpression of BRN2 for 72 hours. B) 
Histogram shows peak intensity in regions lost after BRN2 overexpression (top), regions remained accessible (middle), 
and regions gained following BRN2 overexpression (bottom). C) Chromatin accessible annotations to promoter or non-
promoter (enhancer) in regions lost after BRN2 overexpression (top), regions remained accessible (middle), and regions 
gained following BRN2 overexpression (bottom). D) Motif analysis comparing regions lost after BRN2 overexpression 
compared to shared regions (top), and regions gained compared to regions lost after BRN2 following BRN2 
overexpression (bottom). Motifs are ranked based on p-value. E and F) Histogram and heatmap show lost regions in 
16DCRPC following overexpression of BRN2 for 72hours in CRPC cell line following inhibition of androgen receptor (AR) 
using 10uM enzalutamide for 10 days (10d ENZ) and NEPC cell lines 42DENZR and NCI-H660. G) Gene set enrichment 
analysis on genes up-regulated in NEPC (42DENZR) compared to CRPC (16DCRPC) (top) or down-regulated in NEPC 
(42DENZR) compared to CRPC (16DCRPC). p-value<0.05.  
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To further investigate BRN2’s role in epigenetic remodelling resulting in the transformation from adenocarcinoma 
to NEPC we compared the chromatin accessibility of 16DCRPC following BRN2 overexpression to NEPC cell line 
42DENZR to assess the extent of neuronal differentiation influenced by BRN2. We observed a significant number 
of regions (40,446 regions) that were shared between 16DCRPC BRN2 overexpressing cells and 42DENZR (Fig. 
3A). One-third of shared accessible regions were annotated to promoters (Fig. 3B), while the accessible regions 
that were unique to each condition were mostly within enhancers (intron and intergenic) (Fig. 3B). These results 
suggest that, distal regulatory elements appeared to be most significantly affected by BRN2 presence, while 
promoters experienced only a few significant alterations in accessibility. Importantly when we compared the 
genes accessible in 16DCRPC BRN2 overexpressing cells to 42DENZR we observed 90% overlapped (Fig. 3C), 
suggesting that the chromatin remodelling reconstructed by BRN2 significantly resembles that of NEPC. 
Interestingly, pathways enriched in accessible regions mapped to common genes between 16DCRPC BRN2 
overexpressing cells and 42DENZR belonged to plasticity-related pathways (Fig. 4D). Next to better characterize 
the extend of similarities observed between BRN2-dependent chromatin remodelling and NEPC cell line 
42DENZR, we conducted ChIP-seq for histone marks for transcriptionally active marks H3K27ac along with 
H3K27me3 for transcriptional inactivity and mapping them to our ATAC-seq data from 16DCRPC following BRN2 
overexpression, and overlaid them with histone marks in 42DENZR (Fig. 3E). Loci possessing active histone mark 
H3K27Ac were present in both cell lines, although higher in 42DENZR in signal intensity compared to 16DCRPC 
following BRN2 overexpression. Suggesting that while BRN2 is remodelling the chromatin accessibility in favour 
of NEPC phenotype, it also influences the depositing of active histone mark similar to NEPC. While we observed 
the active histone mark H3K27Ac influenced by BRN2 overexpression, it seems that the deposition of H3K27me3 
is not dependent on BRN2, since we did not observe any signal following BRN2 overexpression in regions where 
H3K27me3 is present in 42DENZR (Fig. 3F). Moreover, to identify possible co-activators or transcription factors 
influenced by BRN2 overexpression with a role in NEPC we performed motif enrichment analysis on the regions 
unique to 16DCRPC BRN2 overexpression, shared regions between 16DCRPC BRN2 overexpression and NEPC, 
and regions unique to NEPC cell line. We ranked the motifs based on their log10 p-value and observed significant 
enrichment of CTCF, BORIS (or CTCFL is a paralog of CTCF) and FOX family motifs in each of regions (Fig. 
3G).  

Figure 2: Heatmap shows lost regions in 16DCRPC following overexpression of BRN2 for 72 hours in CRPC cell 
line and NEPC cell lines 42DENZR chromatin accessibility overlaid with H3K27me3 and H3K27ac ChIPseq.  
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Figure 3: A) Heatmap shows lost regions in 16DCRPC following overexpression of BRN2 for 72 hours in CRPC cell 
line and NEPC cell lines 42DENZR. B) Chromatin accessible annotations to promoter or non-promoter (enhancer) in 
regions lost after BRN2 overexpression (top), shared accessible regions between 16DCRPC BRN2 overexpression and 
42DENZR (middle), and accessible unique regions of 42DENZR (bottom). C) Common genes between 16DCRPC BRN2 
overexpression and 42DENZR D) Gene set enrichment analysis on genes up-regulated in NEPC (42DENZR) compared 
to CRPC (16DCRPC) (top) or down-regulated in NEPC (42DENZR) compared to CRPC (16DCRPC). p-value<0.05. E) 
Heatmap shows accessibility (ATAC-seq) and histone H3K27me3 and H3K27ac ChIP-seq in 16DCRPC following 
overexpression of BRN2 for 72 hours in CRPC cell line and NEPC cell lines 42DENZR. F) Histogram shows H3K27me3 
(left) and H3K27ac (right) peak intensity in regions unique to BRN2 overexpression for 72 hours in 16DCRPC (top), 
shared accessible regions (middle), and regions unique to NEPC cell lines 42DENZR (bottom). G) Motif analysis 
comparing regions unique to 16DCRPC overexpressing BRN2 (left), shared accessible regions (middle), and regions 
unique to NEPC cell lines 42DENZR (right). Motifs are ranked based on negative log10 of p-value. 
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Subtask 3: Interrogate the global effect of BRN2 inhibition on the chromatin structure in t-NEPC.  
Zoubeidi 

As a member of the POU-domain family transcription factors, BRN2 contains the POUS and POUH DNA binding 
domains (DBD) held together by a small but flexible linker sequence25, which provides an attractive pocket for a 
small molecule. Herein, we generated a small molecule with enhanced potency and promising pharmacokinetic 
properties named 18-94, creating a potent chemical biology tool to study BRN2 inhibition in NEPC. In order to 
evaluate the on-target effect of the BRN2 inhibitor (BRN2i), we compared the effect to BRN2 knockout (BRN2-
/-) using an inducible CRISPR/Cas9 system (Fig. 4A) to effects of BRN2i in both 42DENZR and 22RV1 cells. With 
the knockout confirmed by western blot, quantitative RT-PCR results showed that change in NEPC marker 
expression was comparable in 42DENZR and 22RV1 cells treated with BRN2i to that of the BRN2-/- cells (Fig. 4B-
C). Overall, treatment with B18-94 downregulated both protein and mRNA levels of BRN2 itself and several of 
the known NEPC drivers/targets, e.g., ASCL19, 11, SOX226, EZH227, PEG1028 and the NEPC marker CHGA in all 
3 models (Fig.4B-E). We next performed RNA-seq using 42DENZR cells treated with BRN2i or with BRN2-/- and 
plotted the fold-change (FC) versus control for both conditions. We observed a significant correlation between 
the directionality of relative gene expression changes (up- or down-regulation) upon inhibition of BRN2 by B18-
94 or BRN2-/- (Fig. 4F). Out of 1984 genes with -1 > log2FC > 1, the expression 1654 (84%), genes were 
concordant between both conditions. Upregulated genes (Q1) were enriched for epithelia development and 
apoptosis pathways, while downregulated genes (Q3) were enriched for cell cycle and neurogenesis pathways 
(Fig. 4G). Taken together, these data reveal a consistent reduction in cell proliferation as well as a switch from 
a neuronal to an epithelial phenotype upon either method of BRN2 inhibition. This high concordance led to a 
large overlap in biological clusters across gene sets. For example, there was a consistent downregulation of cell 
cycle/proliferation pathways, cell plasticity pathways related to neuronal differentiation, cancer stem cell (CSC) 
phenotype as well as the up-regulation of apoptosis and stress response pathways (Fig. 4H and I). Notably, 
RNA-seq further demonstrated the comparable downregulation of NEPC drivers/targets (e.g. ASCL1, SOX2, 
EZH2) (Fig. 4J) and NEPC markers (NCMA1, CHGA, CEACAM5/6) (Fig. 4J and K) by both BRN2i treatment 
and BRN2 knockout (Fig. 4J) mirroring the transcriptional changes induced by chemically distinct parental 
compounds (Fig. 4L). As expected for cells treated with a small molecule inhibitor, discordant genes (Q4) 
upregulated by BRN2i and not in BRN2-/- cells belong to small molecule metabolism pathways (Fig. 4M). Overall, 
these data clearly demonstrate that inhibition of BRN2 by BRN2i or genetic knockout affect the same biological 
pathways involved in cell plasticity and proliferation.  
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To interrogate this hypothesis, we analysed BRN2 binding to the chromatin using fractionation and ChIP-seq. 
We found that BRN2 inhibition using 18-94 drastically reduces the BRN2 bound to chromatin in a dose-
dependent manner within 16 hours of treatment, without altering BRN2 nuclear localization. Importantly, overall 
transcription remained unaffected as RNA polymerase II (POL2RA) binding to the chromatin was unchanged 
(Fig. 5A). ChIP-seq analysis at the same time-point also confirmed that that BRN2i 18-94 significantly reduced 
BRN2 binding to chromatin (Fig. 5B). Moreover, upon analysis of the control (DMSO) ChIP-seq data, we can 
report for the first time, the BRN2 cistrome in both 42DENZR and NCI-H660 cells. We observed a strong 
consistency in biological pathways enriched in the genes with BRN2 binding sites, including neurogenesis and 
nervous system development (Fig. 5C and D). Within these pathways, specific loci of ASCL1 and SOX2, genes 
strongly correlated with BRN2 expression in multiple PCa datasets (Fig. 5E), and demonstrated a large reduction 
in BRN2 binding in the promoter region of both genes upon BRN2i B18- 94 treatment (Fig. 6F). This pattern was 
y observed in the NEPC marker PEG10 and BRN2 itself, further supporting the hypothesis for BRN2 auto-
regulation21, 29 (Fig. 5G). Importantly, the lack of BRN2 binding also significantly reduced the expression of 
ASCL1, SOX2 and BRN2 itself in both models by qRT-PCR prior to any observed reduction in BRN2 protein 
levels (Fig. 5H), suggesting that the transcriptional downregulation is due to inhibition of BRN2-chromatin 
interactions and not via translational and post-translational BRN2 protein modifications. These results were 
further confirmed by an unbiased approach of RNA-seq in both 42DENZR and NCI-H660 cells, as PEG10, ASCL1 
and SOX2 were downregulated while enzymes implicated in small molecule metabolism like CYP1A223 and 
AKR1C224 were upregulated (Fig.5I). Similar to the data observed for 42DENZR cells, NCI-H660 cells also 
exhibited significant downregulation of NEPC drivers/targets/markers that are important for tNEPC progression 
(Fig. 5J). Biological similarity clustering of gene-set revealed consistent downregulation of cell proliferation, cell 
plasticity and DNA-repair pathways (a recently reported role of BRN2 in melanoma cells30), and upregulation of 
apoptosis (Fig. 5J and K). Cross-analysis of ChIP-seq and RNA-seq data revealed that the pathways enriched 
in the BRN2 cistrome like neurogenesis, nervous system development and EZH2/PRC2 targets, were all 
downregulated upon treatment with 18-94 in both 42DENZR and NCI-H660 cells (Fig. 5L). In concordance with 
loss of PRC2 activity, the consistently activated pathway included genes upregulated by siEZH2 treatment in 
PCa cells31. Altogether, these data indicate that BRN2i 18-94 halts BRN2 recruitment to chromatin and 
subsequently inhibits BRN2 transcriptional program that support the maintenance of NEPC and cell survival. 

 

 

 

 

Figure 4: A) 42DENZR cells stable expressing rtA-eSpCas9-FLAG are treated with Doxycycline and with increased 
concentration of gRNA targeting Exon 1 of BRN2. B) Left: WB for BRN2 and Actin in 42DENZR cells treated with 5µM B18-
94 or 2µg of gBRN2. Right: qRT-PCR comparing relative expression of BRN2 target genes upon treatment with B18-94 
or BRN2 knockout via Cas9/gRNA. The results were reported as mean ± SD C) Left: WB validating BRN2 knockout in 
22RV1 cells. Right: qRT-PCR comparing relative expression of BRN2 target genes upon treatment with B18-94 or BRN2 
knockout via Cas9/gRNA. The results were reported as mean ± SD. D) Western blot for indicated genes in time-course 
of NCI-H660, 42DENZR and 22RV1 cells treated with 5µM of B18-94. E) qRT-PCR comparing relative expression of BRN2 
target genes upon treatment with B18-94 in NCI-H660. F) RNA-seq comparing log2 (Fold Change vs. Control) between 
BRN2-/- and B18-94 treated 42DENZR cells. G) Pathways enriched in each quadrant with concordant and discordant 
regulation of genes between BRN2-/- and B18- 94. H) Biological clustering of GSEA up and downregulated in 42DENZR 
cells upon BRN2 inhibition via CRISPR/Cas9 or B18-94. I) Individual GSEA pathways for Apoptosis, Neuronal and Cell 
Cycle pathways upon inhibition of BRN2 by B18-94 or Cas9 mediated knockout. J) Change in expression of specific genes 
in 42DENZR cells with Cas9 mediated knockout of BRN2 compared to treatment with B18-94 for 48 hours. K) Heatmap of 
GSEA NES values comparing 22RV1, 42DENZR and NCI-H660 to 16DCRPC cells. L) Change in expression of specific genes 
in 42DENZR cells with parental inhibitors B7 and B18 for 48 hours. M) Pathways enriched in Q2 and Q4 containing 
discordantly regulated genes between BRN2-/- and B18-94. * denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001. 
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Figure 5. A) Predicted model on the effect of 18-94 binding to the DBD of BRN2. 42DENZR cells treated with BRN2i (18-
94) 20μM for indicated time points and subject to sub-cellular fractionation. B-D) NCI-H660 and 42DENZR cells treated 
with BRN2i (18-94) 20μM. B) Heatmap for BRN2 binding -10000 to +10000 base pairs relative to transcription start sites. 
C) Annotated tracks from BRN2 ChIP-seq for ASCL1 and SOX2 loci in NCI-H660 and 42DENZR cells. D-E) RNA-seq 
analysis on NCI-H660 and 42DENZR cells treated with BRN2i (18-94). D) Volcano plot showing up-regulated and down-
regulated genes. E) Biological clustering of upregulated and downregulated pathways upon BRN2 inhibition. F) Effect 
on BRN2 bound pathways in 42DENZR and NCI-H660 cells observed in (B) upon treatment with BRN2i 18-94 for 48 hours 
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To interrogate the global effect of BRN2 inhibition on the chromatin structure, we treated 42DENZR with our lead 
inhibitor 18-94 for 72 hours and performed ATAC-seq to measure global chromatin accessibility. We observed 
a significant number of regions gaining accessibility following BRN2 inhibition (86,642 BRN2i unique accessible 
regions), while only 7,656 regions were lost (CTL unique accessible regions) (Fig. 6A). Complementing our 
results that overexpression of BRN2 in 16DCRPC decreases accessibility, we observed significant opening of the 
chromatin in NEPC treated with BRN2i. Notably, even within regions that were shared between BRN2i and 
control condition (66,289 BRN2i and CTL shared accessible regions) we observed an increase in ATAC-seq 
signal (Fig. 6B). Majority of altered regions were annotated to enhancer regions. However, there were more 
promoters associated with shared regions compared to regions gained accessibility following BRN2 inhibition 
(Fig. 6C). Investigating this further, we performed gene set enrichment analysis and identified both regions to be 
associated with pathways involve in regulating cell proliferation, differentiation and stemness (Fig. 6D). To better 
characterize the observed BRN2 dependent altered chromatin and the transcriptomic output of this remodelling, 
we integrated our RNA-seq data in NEPC following treatment with our lead compound and segregated genes 
into up- or down-regulated (Fig. 6E), followed by pathway enrichment analysis (Fig. 6F). Both BRN2 dependent 
and independent accessible regions were heavily associated with proliferation and cell cycle as well as plasticity 
pathways (Fig. 6F), supporting the hypothesis that targeting BRN2 in NEPC, using our small molecule, may 
decreases cell proliferation in vitro and tumor growth in vivo and abrogate the NE phenotype.  
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Subtask 4: Identify the epigenetic, transcriptional and co-activator network downstream of BRN2 that confers the 
reprogramming from Adenocarcinoma to NEPC.   
Zoubeidi 
Next, to identify BRN2 epigenetic and transcriptional co-activators, we performed large-scale integrated genome 
analysis (GIGGLE)32 to pinpoint loci highly correlated with BRN2. Specifically, we aimed to understand co-factors 
which assist BRN2 in regulating chromatin accessibility and deposition of histone marks. Therefore, we 
overlapped the genomic coordinates of BRN2-dependent inaccessible regions with those identified in publicly 
available ChIP-seq datasets (n= 13,976) Cistrome DB. We segregated our hits into transcription factors and 
epigenetic factors (Fig. 7A). We observed a correlation between BRN2-dependent inaccessible regions and 
CTCF. On the other hand, among the epigenetic factors we observed a correlation between members of 
SWI/SNF complex (ARID1A and SMARCC1), an ATPase-dependent chromatin remodeller and EP300, histone 
acetyltransferase. These observation observations are in alignment with BRN2 pioneering activity. Our data 
suggests that BRN2 may cooperate with CTCF and SWI/SNF complex to reorganize the chromatin structure, 
while in concert with EP300 deposit histone acetylation. This observation was in alignment with our data showing 
that BRN2 overexpression remodels the chromatin structure and increases H3K27ac, similar to NEPC.  

SWI/SNF complex is a highly conserved multi-protein ATP-dependent chromatin remodeling complex33, 34 
implicated in the control of transcriptional programs mediating cell differentiation and lineage specification35, 36. 
It contains one of the two catalytic subunits, SMARCA2 or SMARCA4, that possess DNA-stimulated ATPase 
activity for chromatin remodeling37-40. Distinct assemblies of the SWI/SNF complex have been identified, 
including the neural progenitors and post-mitotic neurons36. During the differentiation of neural progenitor cells 
to neurons, the SWI/SNF complex undergoes a dynamic compositional switch from neural progenitors 
(containing specific subunits: ACTL6A, PHF10, and SS18) to post-mitotic neurons (containing specific subunits: 
ACTL6B, DPF1, and SS18L1)41. Alterations of SWI/SNF subunits occur in approximately 20% of cancer cases42, 

43, including PCa44, 45, and can confer tumour-suppressive42, 46-48 or tumour-promoting49-51 functions. In PCa 
adenocarcinoma, SWI/SNF co-operates with AR to support the luminal phenotype by binding to and activating 
AR52, 53 and cell proliferation54, 55. Targeting SWI/SNF by dual degradation of SMARCA2 and SMARCA4 reduces 
chromatin accessibility at the enhancers and decreases tumour growth in PCa adenocarcinoma56. Interestingly, 
the expression SMARCA4 is higher in NEPC compared to PCa adenocarcinoma 44. However, SWI/SNF function 
in ARPI-induced NEPC is not yet explored. Our data suggest that BRN2 may function in collaboration with 
SWI/SNF to exert its pioneering activity, orchestrating chromatin remodeling and transcriptional rewiring to 
facilitate lineage plasticity and NEPC differentiation.  To this end, we performed rapid immunoprecipitation mass 
spectrometry of endogenous proteins (RIME)57 in NEPC cell lines 42DENZR and NCI-H660 using BRN2 as bait. 
Proteins with <2 peptide spectrum matches or zero unique peptides were filtered out. Proteins with at least 10-
fold abundance in the samples compared to IgG, and identified in at least 2 out of 3 replicates were considered 
as interactors as previously described58. Specifically, we segregated proteins common between the two NEPC 

Figure 6. A) Heatmap for BRN2 ChIP-seq in 42DENZR CTL and following BRN2 inhibition using 18-94 compound for 
72 hours. B) Histogram shows shared accessible regions (top) and regions unique to 42DENZR BRN2 inhibition (bottom) 
signal peak intensity. C) Chromatin accessible annotations to promoter or non-promoter (enhancer) in regions unique 
to 42DENZR BRN2 inhibition (top), and shared accessible regions between 42DENZR CTL and following BRN2 inhibition 
using 18-94 compound for 72 hours (bottom). D) Gene set enrichment analysis on genes accessible in 42DENZR CTL 
and following BRN2 inhibition using 18-94 compound for 72 hours (top) and genes unique to 42DENZR BRN2 inhibition 
(bottom). p-value<0.05. E) Volcano plot shows expression of accessible common genes (left) and genes unique to 
42DENZR BRN2 inhibition (right) in 42DENZR following BRN2 inhibition using 18-94 compound for 72 hours compared to 
control. Each dot represents one gene. F) Gene set enrichment analysis on genes accessible and downregulated in 
42DENZR following BRN2 inhibition using 18-94 compound for 72 hours (top) and genes unique to 42DENZR BRN2 
inhibition (bottom) compared to control. p-value<0.05. G) Tracks showing chromatin accessibility surrounding 
CEACAM5 promoter in 42DENZR CTL and following BRN2 inhibition using 18-94 compound for 72 hours as well as in 
16DCRPC CTL and following BRN2 overexpression for 72 hours. 
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cell lines (Fig. 7B). In further support of this hypothesis that BRN2 may cooperate with chromatin remodeler 
SWI/SNF in modulating the chromatin structure, our RIME experiment identified that BRN2 interacts with many 
components of the SWI/SNF complex (Fig. 7C). The interaction between BRN2 and ARID1A was validated by 
co-immunoprecipitation (Fig. 7D). Overall, we can hypothesize that as BRN2 expression increases upon 
treatment with anti-androgens due to AR suppression, it co-operates with powerful epigenetic elements such as 
the SWI/SNF complex and remodels the chromatin leading to increased expression of genes involved in cell 
plasticity. 

 

To identify the transcriptional networks downstream of BRN2 that confers the reprogramming from 
Adenocarcinoma to NEPC, we performed in depth analysis of BRN2 ChIP-seq. We started by defining a 
consensus set of BRN2 DNA binding locations (peaks) using MACS2 (q<0.5) in 42DENZR cells replicates. Next, 
to define a robust, reproducible set of BRN2 peaks across multiple cell types, BRN2 peaks shared by at least 3 
out of 4 of the following 4 cell lines were identified: 42DENZR (consensus peaks, as above), NCI-H660 (one BRN2 

Figure 7: A) GIGGLE analysis using BRN2-dependent inaccessible regions lost in CRPC following BRN2 
overexpression as query showing transcription factors (left) and epigenetic factors (right). B) RIME using 
BRN2 as bait in NEPC cell lines 42DENZR and NCI-H660 shows BRN2 interactome unique to each cell line 
and common between the two. C) Members of SWI/SNF complex identified in RIME experiment as 
abundance over IgG. D) Co-immunoprecipitation using BRN2 as bait and blotted for BRN2 and ARID1A 
(member of the SWI/SNF complex). IgG was used as a control.  
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ChIP-seq performed by the Zoubeidi Lab), and the neural-like lung squamous cell carcinoma (LUSC) cell lines 
LK2 and NCI-H520 (one publicly available BRN2 ChIP-seq peak set each16). 

To identify a set of putative BRN2 target genes corresponding to the reproducible set of BRN2 ChIP-seq peaks 
defined above, we annotated that set of BRN2 peaks using UROPA59 with the following strategy: peaks in the 
promoter region (-1 kb to +100 bp) of a known protein-coding gene were annotated with that gene only; 
otherwise, peaks were annotated with any gene that overlapped the peak and with any gene whose 5’ end was 
within 25 kb of the peak. To determine which putative BRN2 target genes are likely to be positively or negatively 
regulated by BRN2, we computed expression correlations of all genes with POU3F2 in publicly available RNA-
seq data from 4 PCa patient cohorts8, 60, 61. Specifically, for all genes with available expression data, their 
Spearman and Pearson correlations with POU3F2 expression (after log2 transformation) were computed 
separately for each dataset and the resulting left- and right-sided p values were combined across datasets using 
Liptak’s weighted “inverse normal” method (in the metaRNAseq R package). The combined p values were then 
adjusted for multiple hypothesis testing using the Benjamini-Hochberg (BH) method. Genes were considered to 
have expression significantly positively correlated with POU3F2 if either (1) their Spearman correlation was ≥0.3 
with right-sided p value ≤0.05/2 and their Pearson correlation was ≥0.1 or (2) their Pearson correlation was ≥0.3 
with right-sided p value ≤0.05/2 and their Spearman correlation was ≥0.1. Significantly negatively correlated 
genes were defined analogously (using left-sided p values and negative correlations). As a result, we defined a 
positive and a negative BRN2 signatures (scores) (Table 1 and 2) as the sets of putative BRN2 target genes 
positively and negatively correlated, respectively, with POU3F2 expression. 

 

 

 

 

 

 

 

 

 

To validate our signature, we use the signature to compare enrichment in 16DCRPC and NCI-H660. We observed 
enrichment of BRN2 positive score in NCI-H660, while BRN2 negative score was enriched in 16DCRPC (Fig. 8A). 
Further validating our generated BRN2 signature, we observed enrichment of BRN2 positive score in both 
42DENZR and NCI-H660 DMSO compared to treatment with BRN2i (Fig. 8B). 

 

 

 

 

 

Table 1: BRN2 positive score  Table 2: BRN2 negative 
score  

Figure 8: BRN2 positive and negative score in A) 16DCRPC and NCI-H660 and B) 42DENZR, and C) NCI-H660 
treated with BRN2i 18-94 for 72 hours. Data is presented as normalized enrichment score (NES).  
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Milestone #1: Develop manuscript delineating BRN2’s role in epigenetic remodeling resulting in transformation 
from Adenocarcinoma to NEPC. 

This milestone has been successfully accomplished through the comprehensive development of a manuscript 
that elucidates the central involvement of the BRN2 transcription factor in epigenetic remodelling, resulting in the 
transformation of adenocarcinoma to NEPC. We are preparing a manuscript titled: "BRN2-Mediated Chromatin 
Remodeling in Neuroendocrine Prostate Cancer”. Our data generated within this aim advanced our 
understanding of NEPC progression and the role of BRN2 in influencing NEPC trans-differentiation.   

 
SPECIFIC AIM 2: EVALUATE PHARMACOLOGICAL AGENTS TARGETING BRN2 EXPRESSING CRPC 
PDX MODELS ALONE OR IN COMBINATION WITH CARBOPLATIN TO CONFIRM ANTI-TUMOR EFFECTS 
AND SUPPORT FURTHER CLINICAL EVALUATION. 
 
Subtask 1: Evaluate the BRN2 inhibitor alone and in combination with carboplatin in 4 PDX lines. Perform animal 
studies, measure tumor volumes, body weight, and survival and isolate frozen and paraffin embedded tissue in 
four BRN2+. 
Corey, Morrissey, Zoubeidi 

The pharmacokinetic and toxicity profile of our lead BRN2i 18-94 were characterized using the Nu/Nu murine 
model. We tested BRN2i B18-94 bioavailability with both intra-peritoneal (IP) and per os (PO) routes of 
administration. Interestingly, both methods converged in their serum concentrations at approximately 8 hours 
(Fig. 9A). With a calculated half-life of approximately 4.1 hours (Fig. 9B), we proceeded with PO dosing and 
conducted a multi-dose toxicity study. We discovered that BRN2i 18-94 is well tolerated even at 200 mg/kg 
without any weight loss or neurotoxicity symptoms (lethargy and repetitive actions) for up to 2 weeks of treatment 
(Fig. 9B). Taking the 50 and 200 mg/kg doses, we performed an in vivo dose response experiment with NCI-
H660 xenografts and found no significant advantage from the higher dose (Fig. 9C). Subsequent studies with 
larger number of animals per arm clearly demonstrated that 50 mg/kg dose of BRN2i 18-94 significantly reduced 
tumor volume of 42DENZR and NCI-H660 xenograft (Fig. 9D and E). Additionally, BRN2i 18-94-treated tumors 
had significantly reduced transcript levels of BRN2, SOX2, ASCL1 and PEG10 (Fig. 9D and E). Lastly, we 
compared the efficacy of BRN2i 18-94 to standard of care platinum-based chemotherapy using the NCI-H660 
xenografts. The 50 mg/kg dose of BRN2i 18-94 demonstrated comparable anti-tumor activity to 20 mg/kg dose 
of carboplatin, however in contrast to carboplatin without the toxicity induced weight loss (Fig. 9F).  
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Figure 9: Xenograft of 42DENZR and NCI-H660 injected into Nu/Nu mice. Mice were treated with indicated doses 
of 18-94 when tumor volume reached 100mm3. A) Tumor volume of 42DENZR xenografts treated with control (n=7) 
and 50mg/kg of 18-94 (n=10), IHC staining and qRT-PCR for indicated target genes.  The results were reported 
as mean ± SEM; * denotes p<0.05, ** denotes p<0.01, *** denotes p<0.001, **** denotes p<0.0001. B) Tumor 
volume of NCI-H660 xenografts treated with control (n=8) and 50mg/kg of B18-94 (n=9), IHC staining and qPCR 
for indicated target genes. The results were reported as mean ± SEM; * denotes p<0.05, ** denotes p<0.01, *** 
denotes p<0.001. C) Tumor volume and change in body weight of NCI-H660 xenografts treated with vehicle (n=5), 
carboplatin (n=5) and 18-94 (n=6). The results were reported as mean ± SEM; *** denotes p<0.001 
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To extend the preclinical testing, we set up to evaluate the efficacy of BRN2i 18-94 in NEPC PDX models. First, 
we interrogated BRN2 (POU3F2) expression in the NEPC PDX models to identify appropriate models for these 
studies. We identified BRN2 (POU3F2)-positive and negative NEPC PDXs by RNA-Seq (Fig. 10A) and 
immunohistochemistry (Fig. 10B).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

The first two PDX lines studied were LuCaP 93 (high expresser) and LuCaP 145.2 (little to no expression. 
Unfortunately, in these two studies we observed toxicity of the BRN2i 18-94, and had to decrease the BRN2i 
dose. Ultimately, we did not observe any significant change in tumor volume in either LuCaP 93 or LuCaP 145.2 
after treatment with the BRN2i 18-94 (Fig. 11). 

 

Figure 10: A) POU3F2 expression in LuCaP PDX models. B) IHC showing BRN2 and SOX2 expression in the NEPC 
LuCaP PDX models. 
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To interrogate potential factors involved in no efficacy of the BRN2i 18-94 in these two studies we set up to 
confirm BRN2 expression in both PDXs used and to evaluate whether BRN2 expression was altered after BRN2i 
18-94 treatment. We assessed all tumors from both studies for BRN2 expression by RNA-seq and IHC. As 
expected LuCaP 93 was positive for BRN2, whereas LuCaP 145.2 was not. We also did not observe any 
significant difference in BRN2 expression in tumors from BRN2i 18-94-treated compared to untreated animals 
(LuCaP 93 p=0.18). We hypothesized that the low dose of the inhibitor used due to observed toxicity might have 
been the reason for the negative results. We considered that the toxicity could be related to the specific batch of 
the inhibitor used or mice strain. To address this issue, we prepared a new batch of the BRN2i 18-94 and tested 
its toxicity. For the PDX studies we used CB17 SCID mice, a different mouse strain from the cell line xenograft 
studies, and therefore we tested potential BRN2i toxicity in CB17 SCID mice, with increasing dose from 30 to 50 
to 75 up to 100 mg/kg. In this experiment, all the doses were well tolerated in SCID mice. Thus, we proceeded 
and ran additional preclinical studies using five NEPC PDX models: LuCaP 49, 173.1, 208.4, 243, and 93. 
Unfortunately, even with the 100 mg/kg BRN2i 18-94 dose, our results showed that overall, the BRN2i 18-94 
treatment did not affect growth of these PDX models (Fig. 12).  As proposed, we also investigated whether 
combination of BRN2i 18-94 with carboplatin can provide improvement in efficacy of the BRN2i monotherapy. In 
these studies, we used LuCaP 93 and LuCaP 243. Treatment of LuCaP 93 with carboplatin inhibited tumor 
progression, and the combination treatment of BRN2i 18-94 and carboplatin exhibited similar effects to 
carboplatin monotherapy. Similar results were observed using LuCaP 243.  

 

 

 

 

 

 

 

 

 

 

Figure 11: Tumor volume (TV) change in vehicle control and BRN2i treated LuCaP 93 and LuCaP 145.2 NEPC PDX 
models. 
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Subtask 2: Evaluate the BRN2 inhibitor alone and in combination with Enzalutamide in 1-2 AR+ CRPC PDX 
lines. Perform animal studies, measure tumor volumes, body weight, and survival and isolate frozen and paraffin 
embedded tissue.  
Corey, Morrissey 
 

We have evaluated all of the AR-positive LuCaP PDX models available for POU3F2/BRN2 expression and did 
not detect any expression of POU3F2 mRNA or BRN2 protein and therefore we did not perform these 
experiments. Instead we increased number of PDX models in which we evaluated efficacy of BRN2i 18-94 as 
monotherapy (Fig 11 and 12).  

 

Figure 12: Tumor volume (TV) change in vehicle control and BRN2i treated LuCaP 173.1, LuCaP 49, LuCaP 208.4, 
and vehicle control, BRN2i, carboplatin, and carboplatin/BRN2i treated LuCaP 93 and LuCaP 243 NEPC PDX models. 
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Subtask 3: Assess molecular features of response and emergent resistance mechanism(s) from specimens 
obtained from the in vivo studies. RNA-seq, Western analysis, IHC. 

Zoubeidi, Corey, Morrissey 

RNA-seq was performed on end-of-study and on-study tumors for each of the animal studies. Differences in 
gene expression using gene set enrichment analysis for hallmark pathways are described for each of the BRN2i 
treated lines with an n=3 tumors / group (Fig. 13 through 14). No significant changes were consistently observed 
in the RNA-seq data from the end-of-study LuCaP PDX lines. However, significant consistent increases in 

HYPOXIA, IL6_JAK_STAT3_signaling, TNFASIGNALING_VIA_NFKB, and APOPTOSIS among other 
pathways were significantly changed in the NCIH660 and 42D lines (Fig. 13A). Mirroring the response of the 
changes in tumor volume in each of the lines. Changes in OXIDATIVE_PHOSPHORYLATION, 

Figure 13: A) GSEA Pathways with FDR<0.05 in at least one comparison for each in vivo study in vehicle control 
and BRN2i treated LuCaP 49, LuCaP 93, LuCaP 173.1, NCIH660, and 42D cells. B) GSEA Pathways with 
FDR<0.05 in at least one comparison for each in vivo study in vehicle control versus BRN2i, versus carboplatin, 
versus BRN2i plus carboplatin, carboplatin versus BRN2i plus carboplatin and BRN2i versus BRN2i plus 
carboplatin treated NCIH660 xenografts. 

A  B 
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MYC_TARGETS_V1, and MYC_TARGETS_V2 pathways were altered with carboplatin treatment in NCIH660 
xenografts. With a decrease in MITOTIC_SPINDLE in both BRN2i and carboplatin treated tumors, which was 
more pronounced in BRN2i plus carboplatin treated animals, consistent with an increased effect if dual 
BRN2i/carboplatin treatment of NCIH660 cells (Fig. 13B). 

RNA-seq was performed for LuCaP 93, 
LuCaP 208.4, and LuCaP 243 NEPC PDX 
lines (Fig. 14). In one model, LuCaP 243, 
we observed variability of the responses of 
the individual tumors, and identified 3 
animals in which the tumor progression 
was inhibited (Fig. 15A and B). RNA was 
extracted from control, BRN2i not inhibited 
and BRN2i inhibited LuCaP 243 tumors 
(Fig. 15B) and RNA-Seq was used to 
evaluate the differences in these tumors 
that could be responsible for the BRN2 
inhibition of the tumor progression or 
possible mechanisms of resistance in the 
non-responder groups.  We performed 
principal component analysis and could not 
observed distinctive clustering between 
control, BRN2i not inhibited and BRN2i 
inhibited LuCaP 243 tumors (Fig. 15C). 
Next, we performed differential gene 
expression analysis using edgeR, 
DESeq2, limma, and NOISeq programs in 
R. The median q value (BH-adjusted p 
value) from the 4 methods was used to 
measure significance of differential 
expression. A minimum absolute log2 (fold 
change) of log2(1.1) was built into the 
statistical testing for edgeR, DESeq2, and 
limma. For each of edgeR, DESeq2, and 
limma, a single generalized linear model 
that included all sample groups was fitted 
with the LuCaP identity, treatments, and 
response (encoded as “NA” when not 
known) all included as variables in the 
design matrix, and the desired contrasts 
were extracted from that model for different 
comparisons of interest. Comparison of 
BRN2i-treated-responders vs control 
LuCaP 243 PDXs yielded some 
differentially expressed genes. Performing 
gene set enrichment analysis, we 

observed a number of pathways to be affected by the inhibitor (Fig. 15D and E). Inflammation pathways were 
significantly increased in the responsive xenograft tumors and proliferation-associated pathways were 
significantly decreased upon treatment with BRN2i (Fig. 15D and E), which correlates with reduced proliferation 
rate of the responder group. Likewise, we compared BRN2i-treated-non-responders vs control LuCaP243 PDXs 
and observed several differentially regulated genes. We observed alteration of some of the similar pathways as 

Figure 14: GSEA Pathways with FDR<0.05 in at least one 
comparison for each in vivo study in control versus BRN2i in the 
LuCaP 208.4 PDX. Control versus BRN2 responsive (R) and non-
responsive (NR), BRN2i (R) versus (NR), four- day (on study) 
BRN2i (R) versus (NR) in LuCaP 243 PDX models.  Control 
versus BRN2i in the LuCaP 93 PDX. 
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in the responder groups vs control group (Fig. 15F and G). However, what was uniquely different between 
responders and non-responders when compared to control untreated tumors, was downregulation of cell cycle 
and increase of xenobiotic metabolism (related to small molecule metabolism) in responders. To further delineate 
the molecular features of responders, we performed comparison of BRN2i-treated LuCaP 243 responders vs 
non-responders. This analysis did not reveal any significantly differentially expressed genes at the 5% FDR level. 
This suggests that the post-treatment tumor cells sampled from the responder group may be the resistant cells 
selected for by the BRN2i treatment and the cell actually responded to treatment might have not been captured. 

 
 
 
 
 

Figure 15: (A) LuCaP PDX 243 treated with vehicle or BRN2i 18-94 100 mg/kg TV. (B) LuCaP PDX 243 treated with 
vehicle or BRN2i 18-94 100 mg/kg shows a group of responders (R) and non-responders (NR). (C and E) Principle 
component analysis (PCA) shows separation of each sample. (D) Gene set enrichment analysis comparing BRN2i 18-
94 responders to control. (F and G) Gene set enrichment analysis comparing BRN2i non-responders to control. 
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Subtask 4: Discuss the development of clinical trial concepts with institutional physicians based on positive 
preclinical results 
Zoubeidi, Corey, Morrissey 
 
Unfortunately, our in vivo PDX experiments did not yield the desired results. During these experiments, we 
encountered toxicity issues, which prompted us to reduce the administered dose of the treatment. However, 
despite this adjustment, we did not observe any discernible response in the experimental subjects. As a result, 
we are in the process to re-evaluate our approach, consider alternative strategies, and possibly explore 
modifications to the treatment regimen or compound itself in order to address the observed toxicity and lack of 
response. This setback, while disappointing, serves as a valuable learning experience as we continue our pursuit 
optimizing the inhibitors solubility and efficacy to meet the stringent criteria required for it to transition into a viable 
clinical candidate. As our preclinical results did not show efficacy of the BRN2i in multiple PDX models we have 
not pursued the development of clinical evaluation of this inhibitor. 

Milestone #2: Co-author manuscripts on targeting BRN2 in preclinical models of AR-null CRPC, predictors of 
response and mechanisms of resistance. 

We presented our findings through multiple oral and poster presentations: 

Oral presentation as a visiting lecturer 

1. Understanding Phenotypic Plasticity in Hormone Therapy Resistance. November 21st, 2022. Lady 
Davies Institute For Medical research, Regenerative Medicine Seminar, McGill University. Invited by Dr. 
Michael Witcher. 

2. Lineage plasticity in hormone therapy resistance. Life Science Institute, UBC. June 3rd, 2022. Invited 
by Dr. Moukhles 

3. Lineage plasticity in treatment resistance prostate cancer. University at Buffalo, CTSI Community of 
Scholars Seminars Series June 7th, 2022. Invited by Dr. Adelaiye-Ogala 

4. Cell Plasticity in Treatment Prostate Cancer Resistance. Dana Farber Cancer Institute, Prostate Cancer 
SPORE Seminar (January 11th, 2022). Invited by Dr. Balk  

5. Lineage Plasticity in Prostate Cancer Treatment Resistance. Cedars Sanai, BFG/Genomics Core 
Seminar Series, Los Angeles, CA (December 14th, 2021). Invited by Dr. Ellis 

6. Lineage Plasticity in Prostate Cancer Treatment Resistance. UT Southwestern Hamon Center for 
Therapeutic Oncology Research & Simmons Comprehensive Cancer Center Experimental 
Therapeutics Program (October 7, 2021). Invited by Dr Raj 

7. Cellular plasticity in treatment resistance prostate cancer. GU Oncology Lecture Series, Fred Hutch, 
Seattle (September 23, 2021). Invited by Dr. Nelson 

8. Mechanisms of hormone therapy resistance in prostate cancer. PCF-UK, July 2021 
9. Lineage plasticity as a mechanism of hormone therapy resistance in prostate cancer, Prostate Cancer 

Center of Excellence at Mount Sinai and the Tisch Cancer Institute, New York, NY, USA (February 3rd, 
2021). Invited by Dr. Kyprianou 

10. Cellular Plasticity in Prostate Cancer Treatment Resistance, Weill Cornell Medicine, New York, NY, 
USA (February 27, 2020). Invited by Dr. Rickman 

11. Phenotypic Plasticity in treatment resistance, BC Cancer Agency, Vancouver, BC, Canada, (February 
10, 2020). Invited by Dr. Krystal 

12. Cellular plasticity in treatment resistant prostate cancer, Queens University, Ontario, Canada, 
(November 21, 2019) Invited by Dr. Koti 

13. Tackling the new face of prostate cancer, Queens University, Ontario, Canada, (November 21, 2019) 
Invited by Dr. Koti 

14. Cellular plasticity in treatment resistant prostate cancer, UC Davis, Sacramento, California, USA, 
(October 10, 2019) Invited by Dr. Ghosh 

15. Cellular plasticity in treatment resistant prostate cancer, Cleveland Clinic, Cleveland, Ohio, USA, 
(October 2, 2019) Invited by Dr. Sharifi 

16. AR switch in treatment resistance, The Vancouver Prostate Centre, UBC, Vancouver, BC, Canada 
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17. Cellular plasticity in treatment resistant prostate cancer, Princess Margaret Cancer Centre, University of 
Toronto, Toronto, ON, (April, 2019) Invited by Dr. He 

18. Cellular plasticity in treatment resistant prostate cancer, Department of Cellular and Physiological 
Sciences, University of British Columbia, Vancouver, BC, Invited by Dr. Rideout 

19. Hormone therapy induces reprogramming to drive aggressive prostate cancer, Centre Hospitalier 
Universite de Montreal (CHUM), Montreal (November 27, 2018), Invited by Dr. Mass-Masson 

20. Cellular plasticity in treatment resistance prostate cancer, Institut de Recherche sur l’Immunologie et le 
Cancer (IRIC), Montreal (November 26, 2018), Invited by Dr. Mader 

21. Cellular Plasticity and Neuroendocrine Phenotype in Prostate Cancer, US National Institute of 
Health/NCI, Bethesda (November 1st, 2018), Invited by Dr. Sowalsky 

22. Cellular Plasticity in treatment resistance, Cedars Sinai & UCLA, Los Angeles, CA, USA (March 8, 
2018), Invited by Dr. Freeman 
 

Oral presentation at Conferences: 
1. Cellular Plasticity and Neuroendocrine phenotype in Prostate Cancer. 25th European congress of 

Endocrinology (ECE 2023). 13-16 May, Istanbul Turkey. Conference Faculty invitee 
2. Neuroendocrine Prostate Cancer. Prostate Cancer Academy. 18 April 2023, Netherland (virtual).  
3. Novel Therapeutic Developments in Targeting the AR Pathway. 42nd Congress of the societe 

International d’Urologie. Montreal, Qc, Canada. November 9-13, 2022. Invited by Dr. Klotz 
4. Studying NEPC, what are the best systems and what have we learnt by using them? EMBO Workshop: 

A 20/20 vision of the future of nuclear receptors. September 12 – 16, 2022 | Floriana, Malta. Invited by 
Dr. Carroll 

5. Activation of Neuronal Lineage Programs to Bypass Androgen Signaling Inhibition in Prostate Cancer. 
ENDO2022 Atlanta, Georgia (June 13, 2022). Invited by Dr. Frigo 

6. The role of AR in lineage plasticity. 3rd Annual conference on nuclear receptors. Cancun (May 4-7, 2022). 
Invited by Dr. Beavan  

7. Understanding and targeting cell plasticity in treatment resistance prostate cancer. Pfizer, Lajolla 
(January, 2022). Invited by Dr. Davies 

8. Things I learned during my scientific journey. Young Investigator Day, 28th Prostate Cancer Foundation 
Annual Retreat (October 22, 2021), Virtual meeting, Invited by Dr.  Soule 

9. Targeting Neuroendocrine transformed cells to overcome treatment resistance. 27th Prostate Cancer 
Foundation Annual Retreat (October 28, 2021), Virtual meeting, Invited by Dr.  Armstrong 

10. From target identification, validation to drug discovery. Annual Scientific meeting, Tetouan, Morocco (July 
5th, 2020), Virtual Meeting, Invited by Dr. kandouz 

11. AR switch in treatment resistance, 7th Coffey Holden Prostate Cancer Academy, Los Angeles, CA, USA 
(June 20-23, 2018). Invited by Dr Soule 

12. Cell plasticity in treatment resistant prostate cancer, 7th International PacRim Breast & Prostate Cancer 
Meeting (17-20 March, 2019) Barossa Valley, South Australia, Australia, Invited by Dr Tilley. 

13. Androgen Receptor Switch in treatment resistant prostate cancer. 3rd workshop on Reducing the Burden 
of bone metastatic prostate cancer (February, 2019), La Jolla, CA, USA. Invited by Dr. Jamieson 

14. Hormone therapy induces reprogramming to drive aggressive prostate cancer. 1st Workshop on cellular 
plasticity in androgen independent prostate cancer, US National Institute of Health. Bethesda, Maryland, 
USA (December 6-7, 2018). Invited by Dr. Beltran 

15. Cellular Plasticity and the Neuroendocrine Phenotype in Prostate Cancer. The 25th Scientific Retreat, 
Prostate Cancer Foundation. Carlsbad, California, USA (Oct 25-28, 2018). Invited by Dr Soule  

16. Targeting the AR regulated gene BRN2 in neuroendocrine prostate cancer. EMBO Workshop on Nuclear 
Receptors. Kolymbari, Crete, Greece (Sept 11-15, 2018).  

17. Cellular Plasticity in Treatment Resistance. Coffey Holden Prostate Cancer Academy, Los Angeles, CA, 
USA (June 21-24, 2018). Invited by Dr Carlo 

 
Title – “Selective inhibition of transcription factor BRN2 as a treatment strategy for Small Cell Prostate Cancer”  
Thaper D, Munuganti R, Aguda A, Ku S, Kumar S, Kim S, Vahid S, Sivak O, Puca L, Bishop JL, Morrissey C, 
Corey E, Beltran H and Zoubeidi A  

1. Poster presentation at AACR Virtual Annual Meeting II (2020)  
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2. Invited Talk at AACR Advances in Prostate Cancer Research (2020), Denver, CO, USA *cancelled due 
to COVID19*  

3. Poster presentation at Prostate Cancer Foundation Annual Retreat (2019), Carlsbad, CA, USA (2019)  
4. Poster presentation at the FEBS Workshop: Nuclear Receptors, Spetses Island, Greece (2019) 

 

Furthermore, we have taken steps to disseminate our work to a broader audience by publishing part of our 
findings on bioRxiv, a platform that facilitates early access to cutting-edge research. 

Title – “Discovery and characterization of a first-in-field transcription factor BRN2 inhibitor for the treatment of 
neuroendocrine prostate cancer. 
Thaper D, Munuganti R, Aguda A, Kim S, Ku S, Sivak O, Kumar S, Vahid S, Ganguli D, Beltran H, Morrissey C, 
Corey E and Zoubeidi A 
bioRxiv preprint doi: https://doi.org/10.1101/2022.05.04.490172 

 
 
SPECIFIC AIM 3: DEVELOPMENT OF IGFBP2 AND IGFBP5 AS COMPANION DIAGNOSTIC MARKERS 
FOR GUIDED PATIENT SELECTION. 
 
Subtask 1: Measure serum levels of NPTX1 in the NEPC PDX models during treatments suggested in Aim 2. 
Zoubeidi, Corey, Morrissey 

For this aim, our goal was to validate IGFBP5 as a pharmacodynamics marker for BRN2 activity as well as 
explore its potential as a marker for NE-trans-differentiation. We purchased over five different commercially 
available ELISA kits including some that were used in previous publications and some that were not. 
Unfortunately, all the kits failed to detect IGFBP5 efficiently; while they were able to detect positive control 
peptide, all the kits failed negative controls and demonstrated strong non-specific binding. We developed and 
optimized an assay in year 2 as indicated in our previous report. However, this IGFBP5 antibody lot is not 
available anymore and again we couldn’t detect IGFBP5 in the serum.  

Faced with these challenges we took a more comprehensive approach to identify another BRN2 serum marker. 
We analyzed new data generated in our labs and public data sets and used different approaches, and identified 
and validated NPTX1 as a serum marker for BRN2 expression/activity. Next, we evaluated patient’s serum 
samples and were able to detect NPTX1 in the serum of NEPC patients (details below). To identify candidate 
serum biomarkers of BRN2+ NEPC, we followed the workflow shown in Fig. 16A. We performed chromatin 
immunoprecipitation (ChIP) followed by sequencing (ChIP-seq) to identify sites of chromatin-bound BRN2 in the 
NEPC cell lines NCI-H660 and 42DENZR. MACS262 was used to identify peaks (genomic regions where the ChIP 
target protein, in this case BRN2, is enriched compared to background) in ChIP-seq data. We analyzed BRN2 
ChIP-seq peak sets from two independent NCI-H660 samples and one 42DENZR sample and identified a total of 
5,166 peaks that were shared by at least two of the three peak sets. We then annotated these shared peaks 
with nearby genes using UROPA59. Specifically, we identified all genes within 20 kb of a BRN2 peak. We 
additionally, located all peaks that overlapped any enhancer in the EnhancerAtlas 2.0 database having known 
regulatory links to genes (in any human cell type). All genes linked to enhancers overlapped by BRN2 peaks 
were subsequently included in our peak annotation. We considered the complete list of genes annotated to 
peaks (12,924 genes) to be genes that are potentially regulated by BRN2 in NEPC. Because we were specifically 
interested in finding a serum biomarker for BRN2+ NEPC, we then filtered the list of potential BRN2 target genes 
to retain only genes that encode secreted proteins listed in the Human Protein Atlas secretome database. This 
resulted in 507 candidate genes for a serum biomarker.  
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Figure 16: Identification of NPTX1 as a candidate serum biomarker for BRN2+ NEPC. A. Analysis workflow 
to identify and prioritize potential serum biomarkers of BRN2+ NEPC. Figure 1: B. Top: Spearman correlations, ρ, 
of mRNA expression of the top 10 serum biomarker candidates with POU3F2 expression in four publicly available 
PCa RNA-seq datasets. The p-values were combined for each gene using Fisher’s method, and adjusted for 
multiple hypothesis testing using the Benjamini-Hochberg procedure. Genes were ranked from most significant 
combined p-value to least significant. Bottom: scatter plots of NPTX1 vs POU3F2 mRNA expression in the four 
RNA-seq datasets. Linear trend lines are shown (red lines) with their 95% confidence intervals (shaded areas 
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To prioritize candidate genes for investigation, we ranked the 507 candidate genes by their correlations with 
BRN2 mRNA (POU3F2) expression in PCa patient specimens in publicly available RNA-seq datasets (Fig. 16B). 
For this, we used RNA-seq data from studies by Abida et al.60, Labrecque et al.8, and Beltran et al.61. The study 
by Abida et al. used two different RNA-seq methods – enrichment for polyadenylated RNA and exon capture – 
which we treated as two separate datasets, labeled “polyA” and “capture” respectively. In each of the four RNA-
seq datasets, we computed the Spearman correlation, ρ, of each candidate gene with POU3F2. We combined 
the p-values associated with the four correlation coefficients for each gene using Fisher’s method and 
subsequently ranked the genes from most significant to least significant correlation. Neuronal pentraxin 1 
(NPTX1) ranked second in this analysis, but its detected gene expression values (TPM values) were substantially 
higher than the top-ranked gene, NCAN, in POU3F2-high patients (Fig. 17), an important consideration for 
detection of the protein in serum.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Expression of BRN2 potential serum markers in 
patients: Violin plots of mRNA expression of POU3F2 (BRN2) 
and the top 20 serum biomarker candidate genes in PCa patient 
samples having POU3F2 expression > mean + standard deviation 
in RNA-seq datasets (n = 10 for Abida et al., n = 12 for Labrecque 
et al., n = 9 for Beltran et al.). 
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Subtask 2: Utilizing CRPC PDX lines or cell lines, examine the kinetics of IGFBP2 and IGFBP5 serum 
levels vs PSA during acquisition of ENZ resistance. 

Zoubeidi, Corey, Morrissey 

 

We also looked at the expression of NPTX1 in LTL331 PDX models28 that develop NEPC post castration (Fig. 
18A) and observed an increase in the expression of BRN2 (Fig. 18B) and NPTX1 (Fig. 18C) in NEPC. 
Accordingly, expression of PSA correlated negatively with BRN2 and NTX1 and was downregulated in NEPC 
(Fig. 18D). 

 
 
Interrogation of our BRN2 ChIP-seq data confirmed the presence of a robust BRN2 peak downstream of the 
NPTX1 gene in both, NCI-H660 and 42DENZR cell lines (Fig. 19, left). This peak coincided with marks of an active 
promoter element (H3K27ac and H3K3me3; Fig. 19, left) and in fact resided in the promoter of a long non-coding 
RNA (lncRNA) gene. H3K4me3 was also observed at the NPTX1 promoter in both NCI-H660 and 42DENZR, as 
was H3K27ac in NCI-H660 (Fig. 19, left). Intriguingly, the lncRNA promoter element was also highly active in 
16DCRPC, a PCa cell line that represents an earlier stage of the disease and does not express BRN2. 

Figure 19: Left panel: ChIP-seq tracks for BRN2, H3K27ac, and H3K4me3 around the NPTX1 locus in NCI-H660 
and MR42D cells, and for H3K27ac and H3K4me3 in V16D cells. The y-axis shows the ratio of ChIP signal to 
background. Right panel POU3F2 and NPTX1 gene expression from RNA-seq data for nine PCa cell lines: LNCaP 
(n = 2), V16D (16D; n = 3), 49C (n = 1), 49F (n = 2), MR42D (42D; n = 9), 42F (n = 2), 22Rv1 (n = 3), NCI-H660 (n = 
2), and LASPC1 (n = 1). Bar heights show mean expression values, error bars show 95% confidence intervals. 

Figure 18: A) Schematic present generation of LTL331 PDX model. Relative mRNA expression normalized to 
pre-castration (pre-CX) showing expression of B) BRN2 C) NPTX1 D) PSA 
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Nevertheless, across RNA-seq data from nine PCa cell lines, NPTX1 expression was high only in cell lines that 
highly expressed POU3F2 (Fig. 19, right). Furthermore, we recently found by Western blot that overexpression 
of BRN2 in 22Rv1 cells, which already express both BRN2 and NPTX1, increases the protein levels of NPTX1. 
Considering all of these data, we hypothesize that recruitment of BRN2 to an already active cis-regulatory 
element, the promoter of a lncRNA gene, causes upregulation of the nearby NPTX1 gene. 
 

To further evaluate NPTX1 regulation by BRN2, we downloaded publicly available BRN2 ChIP-seq data for LK2 
and NCI-H520, two lung squamous cell carcinoma (LUSC) cell lines of a neural subtype defined by BRN2 and 
SOX216, and performed a refined version of our analysis workflow shown in Fig 1. Using the peaks in the higher-
quality of our two NCI-H660 BRN2 ChIP-seq samples, plus the BRN2 peak sets from 42DENZR, LK2, and NCI-
H520, we identified 493 BRN2 peaks that were shared by at least three out of four peak sets. We then refined 
the first step of our peak annotation strategy to reduce the average number of genes per peak by annotating 
peaks in promoters of known protein-coding genes only to genes corresponding to those promoters, rather than 
all genes within 20 kb (annotation of all other peaks remained unchanged). Applying this refined analysis to the 
new set of 493 BRN2 peaks, and filtering the gene list to retain only secreted proteins resulted in identification 
of 51 genes. This list includes NPTX1, as the BRN2 peak downstream of NPTX1 in NCIH660 and MR42D cells 
as well as in both the LK2 and NCI-H520 cell lines (Fig. 20), even though only 302 non-blacklisted BRN2 peaks 
were detected in NCI-H520. After ranking the 51 BRN2 serum biomarker candidates, NPTX1 ranked as a top 
candidate (NCAN was lost from the list of candidates and no stronger candidates were gained), thus increasing 
our confidence in NPTX1 as the most promising candidate for a serum biomarker of BRN2+ NEPC. 

 

To test whether NPTX1 protein is secreted by cells at a detectable level, we performed Western blots using 
either cell lysate or culture media from NCI-H660 cells. As anticipated, we detected NPTX1 from both cell lysate 
and media, whereas BRN2 was only detected only in cell lysate (Fig. 21A). Using a commercially available ELISA 
Kit (R-PLEX Human NPTX1 Assay), we validated the presence of NPTX1 in culture media (Fig. 21B). 

Figure 20: BRN2 ChIP-seq tracks around NPTX1 in the NEPC cell lines NCI-H660 and 42DENZR and the neural-
type LUSC cell lines LK2 and NCI-H520. 
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Next, we performed an in-vivo experiment and collected the serum from mice bearing NCI-H660 xenografts over 
time. Our data showed that NPTX1 is present in the serum and that serum NPTX1 levels increased as NCI-H660 
xenograft tumors increased in volume (Fig. 22).  

Figure 21: Expression of NPTX1 in the media of NCI-H660 
cells. A) Western blots for NPTX1 and BRN2 from either cell 
lysate or culture media from cultured NCI-H660 cells. B) level of 
NPTX1 detected by R-PLEX Human NPTX1 Assay kit in control 
media, NCI-H660 cultured media, and NCI-H660 cell lysate 

Figure 22: Serum NPTX1 levels in vivo. NCI-H660 cells were injected subcutaneously into mice and serum from 
mice was collected over time. NPTX1 was measured using ELISA Kit (R-PLEX Human NPTX1 Assay). NPTX1 
correlates with tumor volume. 



35 
 

 

In search of more support for NPTX1 as a serum biomarker for BRN2 activity, we investigated expression of 
POU3F2 and NPTX1 in prostate cancer publicly available scRNA-seq data1. Overlaying POU3F2 and NPTX1, 
as well as ASCL1, expression on a UMAP visualization of the scRNA-seq data showed that NPTX1 expression 
was most evident in the two patients that clearly expressed POU3F2, one of whom had adeno histology and did 
not express ASCL1, which is a master regulator of many neuroendocrine tumors and may also positively regulate 
NPTX1 expression (Fig. 23). The highest NPTX1 expression was in a patient that co-expressed POU3F2 and 
ASCL1. Some NPTX1 expression could also be observed in one ASCL1+ POU3F2- tumor but not in another 
patient who had both ASCL1+ NEUROD1- POU3F2- and ASCL1- NEUROD1+ POU3F2- populations. These 
data suggest that, NPTX1 is associated more with POU3F2-expressing tumors than with the general 
neuroendocrine phenotype.  

 

To gain more insight into the potential importance of BRN2 in the wider regulation of NPTX1, we fitted linear 
models of NPTX1 expression to the expression of several potential upstream regulators in the scRNA-seq data. 
To reduce both data sparsity and pseudoreplication bias (the statistically incorrect treatment of multiple cells in 
the same state as biological replicates), we aggregated similar cells from the same patient into small clusters of 
cells called “metacells” (containing ~75 cells each or otherwise up to a maximum of 50 metacells per patient) 
using the SEACells method63 (DOI: 10.1038/s41587-023-01716-9). We then obtained a list of potential regulators 
of NPTX1 from the Toolkit for Cistrome DB (http://dbtoolkit.cistrome.org/), keeping transcription factors (TFs) 
with regulatory potential > 0.6 at a half-decay distance of 1 kb or 10 kb. Since c-Myc and MAX were in this list, 
we also added N-Myc and L-Myc (L-Myc is absent from Cistrome DB due to lack of ChIP-seq data). Adding 
BRN2 to this list, we eventually considered the following potential regulators of NPTX1: POU3F2, ASCL1, RNF2, 
RUNX1, ZNF467, ESR1, EGR3, SNAI2, MYC, MYCN, MYCL, MAX, IRF4, OTX2, SMAD3, SPI1, and GLIS1. 

Figure 23.  Single cell RNA-seq 1 analysis presented as UMPA. 
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We then performed a non-negative least squares (NNLS) linear regression with zero intercept to model NPTX1 
expression in the metacells as a linear combination of the expression levels of these genes, allowing the model 
to also consider library size and metacell size as confounding variables (an initial NNLS fit with nonzero intercept 
yielded an undesirable negative intercept term, so we refitted the model without an intercept term). This 
regression yielded the following model (coefficients are standardized) with an R2 score of 0.636:  NPTX1 = 
0.467*MYCL + 0.212*MYCN + 0.125*ASCL1 + 0.124*POU3F2. 

To gain more insight into the potential importance of BRN2 in the wider regulation of NPTX1, we fitted linear 
models of NPTX1 expression to the expression of several potential upstream regulators in the scRNA-seq data. 
To reduce both data sparsity and pseudoreplication bias (the statistically incorrect treatment of multiple cells in 
the same state as biological replicates), we aggregated similar cells from the same patient into small clusters of 
cells called “metacells” (containing ~75 cells each or otherwise up to a maximum of 50 metacells per patient) 
using the SEACells method63 (DOI: 10.1038/s41587-023-01716-9). We then obtained a list of potential regulators 
of NPTX1 from the Toolkit for Cistrome DB (http://dbtoolkit.cistrome.org/), keeping transcription factors (TFs) 
with regulatory potential > 0.6 at a half-decay distance of 1 kb or 10 kb. Since c-Myc and MAX were in this list, 
we also added N-Myc and L-Myc (L-Myc is absent from Cistrome DB due to lack of ChIP-seq data). Adding 
BRN2 to this list, we eventually considered the following potential regulators of NPTX1: POU3F2, ASCL1, RNF2, 
RUNX1, ZNF467, ESR1, EGR3, SNAI2, MYC, MYCN, MYCL, MAX, IRF4, OTX2, SMAD3, SPI1, and GLIS1. 
We then performed a non-negative least squares (NNLS) linear regression with zero intercept to model NPTX1 
expression in the metacells as a linear combination of the expression levels of these genes, allowing the model 
to also consider library size and metacell size as confounding variables (an initial NNLS fit with nonzero intercept 
yielded an undesirable negative intercept term, so we refitted the model without an intercept term). This 
regression yielded the following model (coefficients are standardized) with an R2 score of 0.636:  NPTX1 = 
0.467*MYCL + 0.212*MYCN + 0.125*ASCL1 + 0.124*POU3F2. 

A 5-fold cross-validated elastic net with zero intercept and non-negative constraint on coefficients selected the 
same 4 terms for the model with only modestly different coefficients. 

To allow for the possibility that a target gene requires TFs to work 
together for regulation, we then added all pairwise interactions of 
the above four genes to the model, used another 5-fold cross-
validated elastic net to select the most informative interaction 
terms, and then refitted the model with the above four genes and 
the selected interaction terms using NNLS with zero intercept. 
This resulted in the following fitted model with R2 = 0.807: NPTX1 
= 0.146*POU3F2 + 0.002*MYCN + 0.274*ASCL1*MYCL + 
0.040*POU3F2*MYCL + 0.009*ASCL1*MYCN +  0.027*metacell-
size. 

These results indicate that, although POU3F2 expression is not 
necessarily the strongest predictor of NPTX1 expression, it is 
nevertheless an important predictor. Notably, even with the 
allowance of pairwise interaction terms in the linear model, 
POU3F2 was still selected as an important main effect, 
suggesting that other TFs and their interactions are not sufficient 
to fully explain NPTX1 expression without BRN2. 

We observed NPTX1 to be downregulated in NEPC shBRN2 
compared to shCTL as well as in NEPC treated with BRN2i 
compared to DMSO (Fig. 24). Together our results support our 
hypothesis that NPTX1 is a suitable serum biomarker for BRN2+ 
NEPC, but more samples will need to be analyzed before 
conclusions can be drawn.  

Figure 24.  Comparing NEPC cell line 

(42D
ENZR

) shBRN2 to shCTL (y axis) as well 
as treated with BRN2i (18-94) for 72 hours 
compared to DMSO. Data is presented as 
log2FC, with each dot representing one 
gene. Dashed line is presenting the p-value 
of 0.05. NPTX1 shown as red dot.  
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Subtask 3: Validate the findings from the PDX in serum samples of patients undergoing anti-androgen 
therapies. 
 
Zoubeidi, Morrissey 
 

Having verified NPTX1 in culture media from NCI-H660 cells and serum from mice with NCI-H660 xenograft 
tumors, we next evaluated serum from LuCaP PDX models. We observed strong positive correlation between 
NPTX1 levels and mRNA NPTX1 expression multiplied tumor volume (r=0.96) (Fig. 25A). Finally, we measured 
serum NPTX1 level in samples from patients with metastatic PCa from the University of Washington under the 
Prostate Cancer Donor Program. Overall, serum NPTX1 levels were correlated with tumor NPTX1 mRNA 
expression in same patients (r=0.56) (Fig. 25B). Although we observed a positive correlation between POU3F2 
and NPTX1 mRNA expression in patients’ tumor (r=0.69), we observed a weak positive correlation between 
BRN2 mRNA expression in tumors and serum NPTX1 (r=0.22). We hypothesize that this is due to the end-stage 
patients having multiple metastasis and tumor heterogeneity.  

 
Our investigation yielded compelling results, as we observed a converse correlation between the levels of PSA 
and NPTX1 in PCa xenograft models (Fig. 18). To further investigate this observation, we used the DRANA 
study cohort64. We observed that patients post 3 months of enzalutamide treatment show significant reduction 
of PSA, while a subset of patients also show a significant increase of NPTX1 expression (Fig. 26). This 
convergence of evidence underscores the clinical relevance of our findings and reinforces the potential utility of 
NPTX1 as a valuable biomarker for PCa management and monitoring, particularly in the context of anti-androgen 
therapies. 
Validating our observation in clinical samples represents a pivotal aspect of our study, and we are committed to 
conducting it with the utmost scientific rigor to ensure the robustness and reliability of our findings.  

 
  
 

Figure 25: A) Correlation between serum NPTX1 level and NPTX1 mRNA expression in tumor multiplied tumor 
volume in LuCaP PDX models. B) Correlation between serum NPTX1 level and NPTX1 mRNA expression in human 
prostate cancer tissue. Tissue RNA-seq data (acquired after rapid autopsy) and serum from the corresponding 
patients were provided by the University of Washington under the Prostate Cancer Donor Program. 



38 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Subtask 4: Discuss the development of clinical trial concepts with institutional physicians based on positive 
preclinical results.  
 
Zoubeidi, Corey, Morrissey 
 

It is notable that, despite the promising preclinical outcomes, our lead inhibitor remains under active 
development. We are dedicated to the refinement and optimization of this inhibitor to meet the stringent criteria 
essential for it to be considered a viable clinical candidate. 

 

Milestone #3: Incorporation of NPTX1 within the BRN2i PDX manuscript.  

We are actively engaged in assessing the safety and efficacy of our lead inhibitor within in vivo settings. Once 
we proceed with the BRN2i PDX manuscript we will insure integrating our findings regarding NPTX1 in it. 

  

Figure 26: KLK3, and NPTX1 mRNA expression in DARANA study 
cohort. Each dot shows NPTX1 expression in pre and post-
Enzalutamide treatment patients Pair t-test 
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Conclusion  

BRN2 functions as a pioneer factor in NEPC: In NEPC 42DENZR model, BRN2 binds to both open and closed 
regions of chromatin. Moreover, the BRN2 cistrome is primarily linked to the transcriptionally active genes as 
81% of H3K4me3 and H3K27Ac (Hyper-active) and 81% of H3K4me3 and H3K27me3 (Bivalent) genomic loci 
are co-occupied by BRN2. Importantly, these exact genes/pathways are simultaneously downregulated by BRN2 
knockout or inhibition via small molecule. Inhibition of BRN2 in NEPC resulted in increase chromatin accessibility 
associated with neuronal, stemness and proliferation programs, which were lost following this inhibition. 
Inversely, overexpression of BRN2 in CRPC model 16DCRPC resulted in significant remodeling of chromatin with 
approximately closing of 60,000 regions. Investigating this further, we observed these regions to be enriched 
with motif of other neuronal transcription factors such as ASCL1 and LHX and associated with neuronal 
pathways. Altogether, support the important role of BRN2 in influencing the chromatin architecture to support 
the neuronal phenotype. 

BRN2 score: Using 5 BRN2 ChIP-seqs combined with correlation studies using public RNA-seq data, we 
developed and validated 2 BRN2 scores (positively and negatively correlated with BRN2 activity) to be used to 
measure and segregate samples based on BRN2 activity. 
 
NPTX1 as a marker for BRN2 activity and NE-differentiation: Through rigorous computational analysis of 
ChIP-seq and RNA-seq data sets, we identified NPTX1 as the strongest candidate as a serum biomarker of 
BRN2+ NEPC. We have also validated that NPTX1 is present in serum from patients with NEPC, but not BRN2− 
adenocarcinoma CRPC patients. Furthermore, upon BRN2 inhibition in tNEPC model, either using small 
molecule or shRNA, inhibition of BRN2 reduces NPTX1 mRNA and subsequent protein production and secretion 
as measurable by qPCR, WB and ELISA. 
 
  



40 
 

Inventions, Patents and Licenses 

 

None 
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