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Abstract

Polycomb group (PcG) proteins are epigenetic regulators that facilitate both embryonic 

development and cancer progression. PcG proteins form Polycomb repressive complexes 1 and 

2 (PRC1 and PRC2). PRC2 trimethylates histone H3 lysine 27 (H3K27me3), a histone mark 

recognized by the N-terminal chromodomain (ChD) of the CBX subunit of canonical PRC1. 

There are five PcG CBX paralogs in humans. CBX2 in particular is upregulated in a variety 

of cancers, particularly in advanced prostate cancers. Using CBX2 inhibitors to understand and 

target CBX2 in prostate cancer is highly desirable; however, high structural similarity among 

the CBX ChDs has been challenging for developing selective CBX ChD inhibitors. Here, we 

utilize selections of focused DNA encoded libraries (DELs) for the discovery of a selective CBX2 

chromodomain probe, SW2_152F. SW2_152F binds to CBX2 ChD with a Kd of 80 nM and 

displays 24–1000-fold selectivity for CBX2 ChD over other CBX paralogs in vitro. SW2_152F is 

cell permeable, selectively inhibits CBX2 chromatin binding in cells, and blocks neuroendocrine 

differentiation of prostate cancer cell lines in response to androgen deprivation.
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Prostate cancers survive androgen deprivation by going through a process called neuroendocrine 

differentiation (NED), which requires gene repression by CBX2, a histone methyllysine reader 

protein. Selective inhibition of the CBX2 chromodomain using a cell permeable ligand blocks 

NED and promotes prostate cancer cell death.
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Introduction

Chromatin regulators with fundamental functions in embryonic development are often 

also involved in cancer progression,[1,2] maintaining stem cell-like properties, enhancing 

metastatic potential, and promoting resistance to therapy.[3,4,5] Polycomb group (PcG) 

proteins are one such set of chromatin regulators that repress the transcription of 

differentiation genes in both progenitor cells and cancers. PcG proteins combinatorially 

assemble into two distinct complexes, Polycomb repressive complex 1 (PRC1) and 

Polycomb repressive complex 2 (PRC2) (Fig 1A).[6] Polycomb-mediated repression is 

initiated by non-canonical PRC1 and PRC2 that establish sites of Polycomb activity through 

H2AK119 ubiquitination and H3K27me3, respectively.[7,8] Canonical PcG-mediated 

compaction of these regions begins with allosteric activation of canonical PRC2 by 

H3K27me3 association with EED,[9] leading to the spread of H3K27me3 marks to 

nearby nucleosomes.[10,11] H3K27me3 is recognized by the chromodomain (ChD) of the 

CBX (chromobox homolog) subunit of PRC1, which compacts chromatin to promote 

transcriptional repression at target loci.[12,13] PcG CBX is represented by five paralogs 

(CBX2, CBX4, CBX6, CBX7, CBX8), which share a conserved N-terminal ChD that 

recognizes H3K27me3 and a conserved C-terminal domain Pc-box for incorporation into 

PRC1 complexes.[14]

EZH2, a subunit of PRC2, is frequently upregulated during cancer progression and 

metastasis,[15,16] and EZH2 inhibitors are currently under development in preclinical studies 

and phase 1/2 clinical trials.[17–19] Due to an essential role for EZH2/H3K27me3 mark 

in maintaining certain normal cell populations,[20] targeting downstream canonical PRC1 

(cPRC1) complexes in cancer is a desirable alternative for drug development. In particular, 
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emerging evidence indicates a critical function for individual CBX paralogs in cancer 

initiation[21,22,23,24,25] and progression.[26,27]

Selective inhibitors of individual CBX proteins would be immensely helpful in 

understanding paralog-specific function in cancer. The high flexibility and structural 

similarities (>67% conserved residues) of the PcG ChDs, as well as the shallow, extended 

binding site for “induced-fit” binding of H3K27me3, present significant challenges for 

the development of potent and selective inhibitors to individual CBX ChDs.[28,29] Small 

molecule inhibitors with weak affinity (Kd ~20 μM) have been developed for the CBX7 

ChD,[30,31] and peptidomimetic ligands (5–6-mers) with higher affinity (Kd <1 μM) have 

been developed with selectivity for CBX4/CBX7,[28,32] CBX6,[32] and CBX8[33] ChDs; 

however, no ligand has been developed to date with selectivity for the CBX2 ChD.

In this study, we identify the CBX2-specific chromodomain inhibitor SW2_152F from 

DNA-encoded libraries (DELs) of peptidic compounds.[33] This inhibitor exhibits high 

affinity (Kd ~80 nM), and selectivity (24 to 1000-fold over other paralogs) in vitro, and 

high selectivity for CBX2 in cells. Using this inhibitor, we demonstrate a role for the CBX2 

ChD in prostate cancer neuroendocrine differentiation (NED), and define the utility of using 

CBX2 inhibitors in the treatment of therapy-resistant prostate cancer.

Results

Bioinformatic Analysis of Canonical PRC Subunits in Cancer

Using Gene Expression Profiling Interactive Analysis (GEPIA),[34] and data from The 

Cancer Genome Atlas (TCGA), we determined the change in canonical PcG gene expression 

in tumors compared to matched normal tissue. In addition to EZH2, both CBX2 and 

CBX8 are upregulated in multiple cancers, while CBX7 is generally downregulated (Fig 

1B). CBX2 is the most highly and commonly upregulated CBX paralog in cancer and 

has recently emerged as a potential oncogenic target in multiple malignancies.[35,36,37,38] 

For example, CBX2 is upregulated in metastatic castration resistant prostate cancer (CRPC)
[39] as well as neuroendocrine prostate cancer (NEPC), a clinically advanced, highly 

treatment-resistant subtype.[40] Although NEPC can occur de novo, the majority of the 

NEPC patients arise from castration-resistant prostate cancer (CRPC) patients treated 

with hormone therapy, radiotherapy or chemotherapy. Long term treatment results in 

the trans-differentiation of adenocarcinoma cells into treatment-induced neuroendocrine 

prostate cancer (NEPC).[41,42] NEPC is characterized by decreased expression of androgen 

receptor (AR) and AR target genes, and increased expression of neuroendocrine markers 

synaptophysin (SYP), chromogranin A (CHGA) and neuron-specific enolase (NSE).[1,41,43] 

Neuroendocrine differentiation requires multiple epigenetic regulators, [41–44] including 

EZH2,[1,45] which cooperates with the oncogenic regulator N-Myc (MYCN)[43,46] to repress 

AR target genes during neuroendocrine differentiation (NED).[40,43,47]

Bioinformatic Analysis of PcG Genes in Neuroendocrine Prostate Cancer (NEPC)

Using publicly available clinical datasets, we confirmed a decrease in AR and AR-target 

genes (KLK3, TMPRSS2) in castration-resistant prostate cancer CRPC with neuroendocrine 
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characteristics (CRPC-NE), compared to CRPC with intact AR signaling (CRPC-Adeno) 

(Fig 2A).[44] Similar to EZH2,[44] CBX2 expression is upregulated in prostate cancer 

adenocarcinoma (PRAD) compared with normal tissue (Fig 1B). In fact, CBX2, is the 

most highly upregulated CBX subunit in NEPC compared to prostate cancer as a whole, 

using the clinical NEPC/PCa cohort and PDX samples (Fig 2B).[40,48] Across all TCGA 

prostate cancer samples, higher expression of EZH2 and CBX2 both correlate with lower 

rates of disease-free survival (Fig 2C) and correlate with each other (Fig 2D), providing 

initial evidence for CBX2 as the primary “reader” of EZH2-mediated H3K27me3 in prostate 

cancer.

Discovery of CBX2 Chromodomain Ligands via Focused DNA-Encoded Libraries

We recently reported the use of an on-DNA medicinal chemistry approach for the 

optimization of ligands to the CBX8 ChD. In this work, selections of focused DNA-encoded 

libraries against all five ChDs of the Polycomb CBX paralogs and the ChD of CBX5, a 

heterochromatin protein (HP1) were conducted to develop ligands with improved affinity 

and selectivity (Fig 3A).[33,49] While CBX2 was not our intended target, we observed 

several molecules with increased affinity and selectivity to CBX2 (relative to a parental 

ligand) from the DNA sequencing data (Fig 3B). These analogs have differing substitution at 

position [−3] (library member 18) or position [−4] (library members 52, 75, 76 and 77) (Fig 

3B).

Off-DNA CBX2 Hit Synthesis and Validation—To validate potential CBX2 inhibitors, 

the five enriched ligands were synthesized off-DNA using solid phase synthesis (Table 1). 

Instead of the DNA barcodes, an alkyne was incorporated at the C-terminus for conjugation 

chemistry. In addition, a diethyllysine was incorporated in the place of trimethyllysine to 

improve cellular activity.[28] Previous studies find that substituting the trimethyllysine with 

diethyllysine does not change the affinity of peptidic ligands to CBX chromodomains.[28] 

To measure Kd values, fluorescein conjugates were synthesized and used in fluorescence 

polarization (FP) assays with all five Polycomb CBX ChDs. Except for SW2_152C_FL, 

all the ligands bound with submicromolar affinity to CBX2 ChD and exhibited moderate 

to high selectivity for CBX2 ChD over the other paralogs (Table 1, SI1A). We selected 

SW2_152F, which displayed the highest affinity to CBX2 (~Kd = 80 nM) and highest 

selectivity over the other paralogs (at least 24-fold) (Fig 3C) for follow up studies. To verify 

that the fluorophore in SW2_152F_FL does not contribute to CBX2 binding affinity, we 

performed a competitive FP assay with unlabeled SW2_152F. The IC50 was 1.08 μM, which 

corresponds to an approximate Ki of 89 nM (SI1C).[50] In addition, thermal shift analysis 

with unlabeled SW2_152F resulted in a similar Kd of 110 nM (SI1C). We also performed 

the competitive FP assay with the trimethyllysine variant, SW2_152F_Kme3, and obtained 

an IC50 of 2.07 μM (Ki = 228 nM) (SI1D). This indicates that neither the addition of the 

fluorophore nor the substitution of the trimethyllysine with diethyllysine significantly alters 

binding affinity to CBX2 ChD.

Evaluation of Cytosolic Access using ChloroAlkane Penetration Assay (CAPA)

To quantify the cell permeability of SW2_152F, we used the chloroalkane penetration 

assay (CAPA).[51] This assay utilizes a HeLa cell line stably transfected with HaloTag 
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protein for a pulse-chase experiment. Cells are first incubated with chloroalkane (CA) 

conjugated ligands (pulse), which covalently react with the HaloTag protein when/if the 

ligand reaches the cytoplasm. The cells are then treated with excess chloroalkane-TAMRA 

(chase), which labels any remaining, unblocked HaloTag resulting in fluorescence in the 

cell. This fluorescence is inversely proportional to the CA-molecule cytosolic concentration 

and is quantified using flow cytometry. SW2_152F was conjugated to the chloroalkane via 

its alkyne (denoted SW2_152F-CA) and CAPA was performed. In comparison to the CP50 

value of 26 ± 1.0 μM for our previously reported chloroalkane-conjugated CBX8 ligand 

SW2_110A-CA,[33] SW2_152F has increased permeability, with CP50 value of 6.2 ± 1.0 μM 

(Fig 4A).

Cellular Selectivity and Activity Studies

Chemoprecipitations—A biotinylated derivative of CBX2 inhibitor SW2_152F, 

SW2_152F-B, was used to evaluate endogenous CBX protein enrichment from HEK293T 

nuclear lysates (Fig 4B). SW2_152F-B robustly enriched CBX2 and CBX8 with limited 

enrichment of other paralogs compared to streptavidin beads alone. In addition, RING1B, a 

subunit of PRC1 that interacts with the C-terminus of CBX, was also enriched, indicating 

that the compound binds to full-length CBX2 within PRC1 complexes. Furthermore, 

enrichment of CBX2, CBX8 and RING1B was reduced in the presence of excess SW2_152F 

added to the lysate, confirming that enrichment is a result of specific binding of CBX 

chromodomains to SW2_152F-B. As a non-specific control, BRG1 was not significantly 

enriched compared to input or beads alone. CBX6 and CBX7 were similarly not enriched, 

consistent with the in vitro FP assay results with recombinant chromodomains (Table 1).

Sequential Salt Extraction—Since SW2_152F binds to the ChD of CBX2, we next 

verified if it can disrupt CBX2 binding to chromatin. We adapted a sequential salt extraction 

(SSE) assay for evaluating the relative binding properties of chromatin-bound proteins 

with and without inhibitor treatment.[52,53] In this assay, bulk chromatin is sequentially 

resuspended in increasing concentrations of sodium chloride, and the proteins eluted with 

each wash are quantified using immunoblotting. From quantification of CBX paralogs in 

each fraction as a percent of total CBX protein amount (SI 2A), we confirmed that 10 

μM SW2_152F dramatically abrogated CBX2 binding to chromatin, while only a modest 

change was observed with the closest paralog CBX8. No effect was seen with CBX7 or the 

non-specific control, BAF155 (Fig 4C, SI 2A).

ChIP-qPCR—After validating selectivity using lysate and bulk chromatin, we wanted to 

determine whether the inhibitor can disrupt CBX2 binding to chromatin in live cells. We 

used chromatin immunoprecipitation (ChIP) followed by quantitative PCR (ChIP-qPCR) 

of sites with CBX2, CBX8 and H3K27me3 enrichment in K562 ChIP-Seq datasets in 

ENCODE.[54] We evaluated effects of compound treatment at both 10 μM and 100 μM 

SW2_152F. Treatment of K562 cells with 10 μM SW2_152F resulted in a significant 

reduction of CBX2 binding, but not CBX8 binding, (or H3K27me3 enrichment) at these 

sites (Fig 4D). Incubation of cells with 100 μM SW2_152F resulted in a significant 

reduction of both CBX2 and CBX8 binding at these sites, in agreement with the in vitro 
affinity to CBX8 (SI 2B). In order to evaluate SW2_152F activity against a paralog with 
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no binding to SW2_152F in vitro, CBX7 ChIP-qPCR was performed in Hs68 fibroblast 

cells, which have no detectable CBX2 expression.[55] Incubation of Hs68 cells with 100 μM 

SW2_152F resulted in a significant reduction of CBX8 binding, but not CBX7 binding, to 

shared genomic target loci (Fig 4E), consistent with the in vitro binding profiles.

Cellular Activity of CBX2 Inhibitor in Neuroendocrine Differentiation of Prostate Cancer

Generation of a Prostate Cancer Neuroendocrine Differentiation (NED) System
—To generate an in vitro model for NED, we cultured the androgen-sensitive prostate 

cancer cell line LNCaP in charcoal-stripped serum (CSS), which lacks androgens as well 

as other steroids. Upon treatment with CSS media, LNCaP cells adopted morphological 

characteristics of neuroendocrine-like cells (LNCaP_NED), which include dominant 

nucleus, limited cytoplasm, dendrites (Fig 5A) and a decreased proliferation rate. To 

monitor transcriptional changes during androgen deprivation, we quantified the changes 

in expression of two NED markers (ENO2 and CHGA) and two AR target genes (KLK3 
and TMPRSS2) by RT-qPCR during 15 days of androgen deprivation (SI 3A). After 6 

days of androgen deprivation, the expression of AR-target genes significantly decreased, 

and the expression of NED markers significantly increased (Fig 5B). To verify that 

LNCaP_NED cells become resistant to AR antagonists, we tested the effects of the AR 

antagonist enzalutamide (ENZA) on cell proliferation. LNCaP_NED showed no further 

decrease in proliferation with enzalutamide treatment, while LNCaP cells demonstrated 

highly decreased proliferation in response to ENZA treatment (SI 3B).

Cellular Activity of CBX2i during Neuroendocrine Differentiation of Prostate 
Cancer—To confirm that the CBX expression changes observed in NEPC patients also 

occurs in LNCaP_NED cells, we performed immunoblotting before and after 14 days of 

androgen deprivation. CBX2 and CBX8, but not CBX7, were upregulated in LNCaP_NED 

cells, in line with analysis of patient tumors (Fig 5C). Further, knockdown of CBX2 in 

LNCaP_NED cells using lentiviral-mediated shRNA resulted in a dramatic increase in the 

expression of AR target genes and a decrease in the expression of NED marker ENO2 and 

(SI 3C).

While SW2_152F treatment did not affect the viability of non-transformed prostate 

epithelial RWPE-1 cells or HEK293T cells (SI 3D), it significantly inhibited LNCaP_NED 

cell proliferation (Fig 5D). In addition, SW2_152F treatment significantly decreased average 

cell size and reduced dendrites in LNCaP_NED cells (Fig 5E), consistent with a loss in the 

neuroendocrine phenotype, and similar to reported effects of an EZH2 inhibitor.[56]

To assess how CBX2 inhibition modulates transcription during NED, LNCaP_NED cells 

were treated with SW2_152F at two different doses for 48 hours. Expression of AR and AR­

target genes (TMPRSS2 and KLK3) was significantly increased, while CBX2 expression 

remained unchanged (Fig 5F). To determine whether CBX2 inhibition can re-sensitize 

LNCAP_NED cells to ENZA treatment, LNCaP_NED cells were treated with SW2_152F 

and/or ENZA for 4 days. Cell viability was significantly decreased in cells treated with 

both compounds compared to SW2_152F or ENZA treatment alone (SI 3E). This indicates 
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that CBX2 inhibition can re-sensitize LNCaP_NED cells to AR signaling inhibition by 

enzalutamide.

In another androgen-sensitive prostate cancer cell line, VCaP, 6 days of androgen 

deprivation decreases AR protein expression and increases ENO2, N-Myc, H3K27me3 

and CBX2 protein expression (Fig 5G), similar to published findings.[40,47,56] Using this 

NED cell line (VCaP_NED), we tested how addition of EZH2 inhibitor GSK343 or CBX2 

inhibitor SW2_152F affects protein expression changes during NED. Consistent with the 

different mechanisms of inhibition, GSK343 reduces H3K27me3 levels while SW2_152F 

does not. Both inhibitors, however, similarly increase AR and decrease ENO2 and N-Myc 

expression in NED cells, compared to DMSO treatment alone. An unexpected effect was 

a decrease in CBX2 expression in VCaP_NED cells treated with GSK343 (Fig 5G). This 

could mean that CBX2 expression is dependent on EZH2 activity, or it could mean that the 

subset of cells with high CBX2 expression are selectively killed upon EZH2 inhibition. The 

high correlation between EZH2 and CBX2 expression could reflect either possibility.

To determine whether SW2_152F inhibits CBX2 binding at AR target genes repressed 

during NED, we used ChIP-qPCR in LNCaP_NED cells. Addition of SW2_152F abrogates 

CBX2 binding at the KLK3 (PSA)/TMPRSS2 enhancers and promoters. Interestingly, 

SW2_152F also reduces H3K27me3 enrichment specifically at these sites (Fig 5H), without 

affecting global levels of H3K27me3 in VCaP cells (Fig 5G), or H3K27me3 levels at CBX2 

binding sites in K562 cells (Fig 4D). Similar to the decrease in CBX2 with EZH2 inhibition 

this could reflect a feedback loop between PRC1 and PRC2 during the repression of AR 

target genes in NEPC[57] or reflect that the subset of cells with high H3K27me3 at AR target 

genes are dependent on CBX2 for viability.

Discussion and Conclusions

Previous studies have identified increased CBX2 in NEPC and implicated CBX2 as a 

potential target in therapy-resistant prostate cancers.[39,40] This evidence, confirmed with 

our own bioinformatic analysis, implicates CBX2 as the primary CBX paralog involved in 

polycomb-mediated transition of prostate cancer adenocarcinoma to neuroendocrine prostate 

cancer.[39,40,47,58] We developed the first CBX2-selective ChD ligand, and used it to confirm 

that the CBX2 ChD is critical for mediating CBX2 binding at AR target genes during NED. 

Treatment with the inhibitor also prevents CBX2-mediated repression of AR-target genes, 

and the subsequent induction of NE genes. As a result, CBX2 ChD inhibition increases cell 

death during androgen deprivation and restores prostate cancer sensitivity to AR antagonists, 

suggesting CBX2 inhibition as a promising strategy to both treat and prevent NEPC.

In addition to establishing CBX2 as a potential therapeutic target in NEPC, the development 

of our CBX2 inhibitor will facilitate in-depth understanding of how epigenetic regulators 

facilitate prostate cancer transition to a therapy-resistant state. While CBX2 is clearly 

important for NED, mechanistically it is still unclear whether CBX2 inhibitors revert 

neuroendocrine-like cells to an androgen sensitive state, or if they selectively inhibit survival 

of the subset of cells undergoing neuroendocrine differentiation at that time. The temporal 
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control CBX2 inhibitors provide will allow for mechanistic investigation of CBX2 function 

along specific time points during the differentiation process.

CBX2-selective inhibitors can also facilitate better understanding of CBX2 dependency 

in other cancers,[59,60] and in development, specifically sex-determination.[61] While there 

is substantial evidence that individual CBX paralogs have unique and non-overlapping 

functions in development and disease,[21,23] it is unclear what biochemical functions 

are important for CBX2’s unique roles. Considering the high homology between the 

chromodomain and Pc-box of CBX paralogs, the non-homologous sequence in between 

is likely responsible for non-redundant functions among paralogs.[62] CBX2 has a unique 

serine-rich patch region which contributes to nucleosome binding and phase separation.
[63,64] Additionally, CBX2 is unique in having a short chromodomain-containing variant 

missing the Pc box[65] indicating that CBX2 can function independently of PRC1. CBX2­

specific probes will be instrumental in dissecting the specific biochemical role for CBX2 in 

different cell types.

Lastly, this result demonstrates the potential in using DNA-encoding for the optimization of 

ligands in medicinal chemistry. In our prior efforts in developing CBX8 ChD ligands,[33] 

we showed how the DNA-encoded ligands can be used to greatly facilitate the testing 

of directed libraries in parallel against a panel of protein targets, which allowed for a 

concurrent optimization of both potency and selectivity. This yielded not only a potent and 

selective ligand to the intended target but also a wealth of structure activity relationship 

data useful for ligand development with off-target proteins. Additionally, this discovery of 

a potent, selective, and cellularly active CBX2 ChD inhibitor using DNA-encoded libraries 

provides further evidence that the development of effective and selective probes for all 

five CBX paralogs may be possible despite the high homology between the ChDs. Further 

optimization of ligands with DNA-encoded libraries will facilitate the discovery of improved 

CBX2 ChD inhibitors, as well as expedite the discovery of new inhibitors for the many 

unexplored chromatin binding domains in the human proteome.
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Figure 1. 
A). Canonical Polycomb-mediated transcriptional repression. EZH2 catalyzes the transfer 

of methyl group on H3K27, which can be recognized by CBX chromodomain, followed 

up with ubiquitylation on H2A119 by RING and downstream transcriptional repression. 

B). Polycomb group gene expression changes in tumor normalized to normal tissue. Using 

GEPIA, the gene expression fold changes across all tumor samples and paired normal tissues 

(T/N) were plotted as Log2 fold change in heatmap.
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Figure 2: CBX2 expression in patient samples
A) AR and AR target gene expression in castration resistant prostate cancer (CRPC)-Adeno 

and CRPC-NE using clinical patient data.[42]B) Average expression fold changes of CBX 

paralogs and EZH2 in clinical/PDX NEPC cells compared to localized prostate cancer.[38,46] 

C). Disease-free survival analysis of EZH2 and CBX2 expression in PRAD (GEPIA). D) 

Correlation analysis of EZH2 with CBX2 in PRAD (GEPIA).
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Figure 3: 
A) Preparation and selection of DNA-encoded chemical libraries for CBX ChD ligands. 

Positional scanning libraries (PSL) were prepared by parallel chemical modification of an 

amine-modified oligonucleotide immobilized on a solid support. Subsequent encoding was 

performed by parallel PCRs with unique templates. Libraries were pooled and selected 

against immobilized CBX ChDs. Enriched libraries were then additionally barcoded with 

index sequences, pooled, and sequenced. B) Representative monomers with increased 

affinity or selectivity are depicted and enrichment heat map from previous selections 

were illustrated. Enrichment was normalized to a non-ligand control. C). In vitro affinity 

determination of optimal CBX2 ligand SW2_152F using fluorescence polarization assay 

with fluorescein-conjugated ligand. Selectivity was calculated from Kd values (Table 1).

Wang et al. Page 14

Chembiochem. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4: Cellular Activity of CBX2 ChD Ligand
A) Relative cytosolic access of SW2_152F conjugated to a chloroalkane (SW2_152F­

CA) was evaluated using chloroalkane penetration assay (CAPA). The half maximal cell 

penetration value (CP50) of SW2_152F-CA was determined for SW2_152F-CA and CBX8 

inhibitor SW2_110A-CA. B) Chemoprecipitations from HEK293T nuclear lysates using 

biotinylated SW2_152F (SW2_152F-B) were analyzed using immunoblot analysis. C) 

Analysis and quantification of SW2_152F in abrogating bulk binding of endogenous CBX 

proteins to chromatin in HEK293T cells by Sequential Salt Extraction. D). Chromatin 

immunoprecipitation (ChIP) from K562 cells using antibodies against IgG, H3K27me3, 

CBX2 and CBX8 was followed by quantitative PCR of genomic regions near Tm9SF4 

(negative locus), TCF21, Fyn-2, and PAX7. Cells were treated with 10 μM SW2_152F 

for 4h prior to harvest. E) Chromatin immunoprecipitation (ChIP) in Hs68 fibroblast cells 
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using antibodies against IgG, CBX7, and CBX8 followed by quantitative PCR of genomic 

regions at LMNB2 (negative locus), CCND2, and RUNX3. Cells were treated with 100 μM 

SW2_152F for 4h prior to harvest. For all qPCR, error bars represent SEM n=3 biological 

replicates, p-values were calculated using two-tailed Student’s t-test, * = p < 0.05, ** = p 

<0.01, *** = p < 0.001, **** = p <0.0001.
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Figure 5: Targeting the CBX2 chromodomain in Neuroendocrine Prostate Cancer
A). Neuroendocrine differentiation (NED) of prostate cancer induced by androgen 

deprivation. Representative pictures of LNCaP cells treated with normal media or 

charcoal-stripped serum (CSS) media for 6 days to induce neuroendocrine differentiation 

(LNCaP_NED). B). Transcriptional fold changes of KLK3/TMPRSS2/ENO2/CHGA were 

quantified normalized to control gene YWHAZ upon CSS media treatment for 6 or 9 days. 

C). Western blotting of CBX paralogs in LNCaP and LNCaP_NED cells generated from 

14-day CSS treatment. D). Cell proliferation of LNCaP_NED following 5 days incubation 

with 2 or 10 μM SW2_152F. DMSO was used as negative control. E). LNCaP_NED 

cells were treated with 10 μM SW2_152F for 24h-96h. Cell morphology pictures were 

captured starting from 24h. Average cell size were plotted at 24h or 48h for both DMSO 

group and compound treated group. F). LNCaP_NED cells were treated with 10 μM or 50 

μM SW2_152F for 48 hours. Transcriptional fold change of genes (KLK3/TMPRSS2/AR/

CBX2) were normalized to YWHAZ in LNCaP_NED cells with SW2_152F treatment or 

DMSO. G). LNCaP cells were treated with DMSO. LNCaP_NED cells were treated with 

DMSO, 10 μM GSK343 or 10 μM SW2_152F for 48 hours. Whole cell lysates were 

extracted for western blotting. H). LNCaP_NED cells were treated with DMSO or 10 

μM SW2_152F for 4 hours before harvest. Binding of H3K27me3 and CBX2 at specific 

genomic sites (KLK3/TMPRSS2, e: enhancer, p: promoter) were evaluated using chromatin 

immunoprecipitation-qPCR. For all experiments in the figure, error bars represent SEM n=3 
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biological replicates, p-values were calculated using two-tailed Student’s t-test, * = p < 0.05, 

** = p <0.01, *** = p < 0.001, **** = p <0.0001.
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Figure 6: Overview of CBX2 inhibitor function during prostate cancer NED.
A) Androgen deprivation initiates the gradual repression of AR target genes by EZH2 

and CBX2, resulting in the emergence of a neuroendocrine phenotype that is resistant 

to anti-androgen therapy. B) Inhibition of CBX2 during androgen deprivation prevents 

neuroendocrine differentiation and maintains prostate cancer cell susceptibility to anti­

androgen therapy.
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Table 1:

Kd values of fluorescein-conjugated ligands to PcG CBX ChDs.
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