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Lay Summary 
 
Mortality from breast cancer has recently declined, however, the impact of conventional 
cytotoxic treatment has contributed little to breast cancer survival rates, particularly in advanced 
stages of this disease. Recent studies have demonstrated that multiple epigenetic programs 
creating abnormal gene function contribute to the development of breast cancer. Epigenetics is 
the study of heritable chromatin traits that are not encoded in the DNA sequence and epigenetic 
mechanisms are a critical factor in the regulation of many cellular processes, including gene 
expression and DNA replication. As in the long-established case with gene mutations, 
epigenetic changes are a driving force in carcinogenesis. In contrast to gene mutations, 
however, epigenetic modifications can be manipulated by targeting factors that are responsible 
for their establishment and maintenance. This reversibility of potentially harmful epigenetic 
changes has made the development of drugs targeting these modifications, so-called epidrugs, 
an attractive avenue of research in cancer therapeutics. 
 
Triple negative breast cancer (lacking receptors for estrogen, progesterone and Her2) accounts 
for 10-20% of the overall total of breast cancer cases. This particular type of breast cancer, 
which generally has a poor prognosis, is more common in young African American and Hispanic 
women. In triple negative cancer there is a group of epigenetically silenced genes essential for 
normal growth, function and death control and switching off these genes makes a key 
contribution to the prognostically unfavorable basal phenotype that characterizes this disease. 
Thus far, there has been modest clinical response from drugs designed to correct these 
abnormal epigenetic defects and restore essential gene function in breast cancer. We believe 
that more specific epigenetic targets that contribute to the development of breast cancer, 
once identified, will lead to novel approaches to the treatment of triple negative breast 
cancer and potentially other cancers. To this end Dr. Zelent in collaboration with Drs. 
Waxman and Farias (Mount Sinai School of Medicine) designed a targeted disruption of a small 
group of proteins that contribute to gene silencing in breast cancer using a small decoy, which 
we call SID, to restore essential gene function. The proposed collaborative multi-disciplinary 
research (also involving the teams of Waxman and Farias as well as a collaboration with Prof. 
Alan Ashworth at the Institute of Cancer Research) is to develop small molecule inhibitors with 
the biological properties of SID and evaluate their therapeutic potential in a large number of 
breast cancer cell lines. Dr. Ming-Ming Zhou has now developed a number of small molecules 
that mimic SID action and are being tested both in vitro and in vivo with aim to develop the most 
promising agents for therapeutic intervention. The basic mechanisms of SID decoy action and 
small molecular SID mimics are also being studied. Results of these more basic studies should 
offer new insights into the epigenetic bases of breast cancer development and help in the 
optimization of small molecular SID decoys for anticancer therapy. Successful SID decoy 
development will offer novel therapeutic options for triple negative breast cancer. 
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Technical Summary  
Significance 
Results from Drs. Zelent’s, Waxman’s and Farias’s studies recently published in PNAS 
demonstrate that a decoy peptide corresponding to Sin3 interaction domain (SID) of MAD 
causes epigenetic reprogramming of targeted genes, characterized by loss of promoter DNA 
methylation and a dramatic increase in H3K4 methylation.1 This leads to a basal to luminal 
phenotypic transition in triple-negative MDA-MB-231 breast cancer cells that is characterized by 
the re-expression of key epithelial markers such as ERα and E-cadherin.1 We anticipate that 
characterization of the mechanisms/pathways that underlie the activity of SID decoy in triple-
negative breast cancer will lead to the identification of further druggable targets and provide 
rationales for combination treatments that will potentially improve patient outcome in this breast 
cancer subtype in which survival rates remain unacceptably low. This initial work forms a 
platform for the identification of specific factors (such as Pf1, for example) that may be primary 
targets of SID decoys and the development of small molecule mimics of SID decoy using 
structure-function based computational strategies. 
 
Innovation 
In the PNAS study Drs. Zelent, Waxman and Farias utilized a SID decoy peptide (and in this 
research proposal Dr. Zelent will test small molecules developed by Dr. Zhou) that specifically 
blocks interactions between the PAH2 domain of Sin3 and partner proteins.1 This strategy of 
blocking specific interactions between oncoproteins and factors required for their transforming 
activites has thus far only been employed by several groups in hematological malignancies.2-6 
Interference with recruitment of specific transcriptional repressor complexes by SID decoy 
leading to epigenetic reprogramming represents a conceptually novel approach to therapy in 
breast cancer. 
 
 

Summary of the Collaboration 
 

This SWCRF-funded collaborative grant has enabled the continuation of a long-standing 
collaboration between the groups of Drs Farias, Waxman and Zelent. This relationship has been 
particularly successful due to the complementary nature of the expertise that both groups 
possess: Farias and Waxman have great experience in the field of breast cancer research, the 
use of animal models and cell-based assays, and Zelent has expertise in biochemical and 
epigenetic techniques. As mentioned above, this resulted in a publication in PNAS and the 
collaboration with Prof. Zhou (an expert in structure-based ligand design using combined 
structural/chemical and molecular biology methods) over the last 12 months has enabled this 
work to move forward with the development of small-molecule mimetics of SID. Furthermore, in 
addition to the high degree of complementarity between the three groups involved in this 
collaborative effort, the different perspectives and expertise available foster a climate of 
intellectual exchange that is very useful for the research process. 
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Progress'Report'–'Dr.'Arthur'Zelent!
To#determinethe#mechanisms#of#epigenetic#reprogramming#that#underlie#the#

biological/therapeutic#effects#of#SID#decoy#interference#in#triple:negative#breast#cancer#models!

 
During the past year of this grant we continued to test in vitro by GST pull-down and in 
vivo by DuoLink II assay (Olink Bioscience) candidate SMI of PAH2-SID interaction 
identified by computational by Ming-Ming Zhou’s group. Both in vitro and in vivo results 
showed MS6048905  (compound 16 in FIGURE 3 below) to have the optimal activity. In 
addition to MAD1 SID this compound was as effective as SID peptide in disrupting Sin3A 
interaction with Jarid1B and Pf1 proteins. Compound MS6241743 has not been tested 
yet. Based on its stability, solubility and binding affinity data this compound appears to 
be most promising and we plan to test it’s activity in vivo and in vitro using the DuoLink II 
and GST pull down assays. Using the above systems we have also tested a number of 
modified SID peptides to evaluate whether the effects could be improved due to 
modification, enhanced stability and/or cell/nuclear membrane permeability. However, 
the original peptide remained to be most active and we continue using it in all 
subsequent experiments.  
 

 
!
FIGURE 3. Representative images of Sin3A and MAD1 interactions with or without C14 and C16 treatment for 24 hours as 
indicated. Interactions were visualized with DuoLink assay (Olink Bioscience) according to manufacturer’s instructions. 
Cells were stained with the following antibodies: monoclonal Sin3a (Santa Cruz, sc-5299) and polyclonal Mad (Santa Cruz, 
sc-222). Images of Sin3A+MAD interactions with or without compound treatment were analyzed with Duolink ImageTool 
software (Right). Treatments were performed in quadruplicate and errors bars represent standard deviations. 
!
Using the SID peptide we have now carried out gene expression and preliminary ChIP-
seq analyses. The ChIP-seq data indicate that both Sin3A and Jarid1B are associated 
with genomic regions that are consistent with previous reports. We are now carrying on 
with in depth analysis of the array data and performing ChIP-seq experiments with anti-
Sin3A antibody +/- the SID peptide. In order to be able to carry on with ChIP-seq 
analysis of Jarid1B and Pf1 proteins we needed to purchase custom made/affinity 
purified antibodies from Eurogentec. Once the ChIP-seq analysis is completed both the 
gene array expression data and genome wide binding data for the above factors will be 
correlated. Should RE-ChIP experiments be required we will use a novel technique 
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developed in the Zelent’s lab that eliminates the need for RE-ChIP as only when two 
target epitopes are in direct proximity can the cross-linked DNA-protein fragments be 
immunoprecipitated. 
!
TABLE 1. Gene Ontology analysis was carried out on the array data highlighting 
modulations of genes involved in biological processes such as metabolism, apoptosis, 
development and growth. Top scoring apoptosis associated genes are listed in the 
above table. Underlined genes were confirmed with qRT-PCR. 
 
      
Apoptotic 
Process 
 

Enrichment 
Factor 
7.53938 

p-value 
 
0.000531728             

         

Gene 
Symbol RefSeq 

p-
value(Treatment)  

Fold-
Change(24h vs. 
control) 

p-value(24h 
vs. control)  

Fold-
Change(72h vs. 
control) 

p-value(72h 
vs. control) 

IL24 AY641440 0.000447958  34.5308 0.000285009  24.7599 0.000418654 

PIM1 AK301158 0.00436338  4.4072 0.0029271  4.03504 0.0036708 

MAGED1 AF124440 0.00252409  3.99873 0.00126724  2.86901 0.00353763 

NGF CR541855 0.000339451  2.68977 0.000128217  1.51686 0.00355565 

GSN AK092797 0.00417218  2.63968 0.00203738  2.04923 0.00618679 

KLF11 AF272830 0.0013162  2.4617 0.000754973  2.1451 0.00142373 

SRGN BC015516 0.0456467  2.3596 0.0215077  1.80059 0.066063 

DNASE2 AB004574 0.00331352  2.33889 0.00148827  1.77056 0.00644629 

TNFSF10 AK296085 0.00534753  2.33304 0.00206824  1.34413 0.0680729 

DRAM2 AL833098 0.00107626  2.27697 0.000585081  1.95385 0.00128929 

TNFRSF1B AY148473 0.000595819  2.05693 0.000288638  1.7013 0.000942508 

SATB1 ENST00000475083 0.0490115  2.03602 0.0611102  2.63878 0.0243275 

FKBP8 AK300571 0.00375472  2.00104 0.00194056  1.71792 0.00486291 

LITAF AB034747 0.00255705  1.95918 0.0012202  1.62626 0.00410376 

DFNA5 AF073308 0.00661557  1.95656 0.00447434  1.8883 0.00544831 

MAGEH1 AF143235 0.00111686  1.92794 0.00054895  1.63241 0.00168179 

MFSD10 BC001502 0.0190456  1.879 0.0102869  1.66455 0.0210328 

PPARD AK296425 0.00437508  1.83199 0.0019824  1.50806 0.0081657 
 
 
Initial analysis of the gene array data has indicated greatest level of expression changes 
among genes associated with cell growth, apoptosis and metabolism. Interestingly, 
among the apoptosis associated genes, the top-scoring gene (and the top scoring gene 
for the entire analysis) is IL24. IL24, also called MDA-7 for melanoma differentiation 
associated antigen-7, possesses ubiquitous tumor cell pro-apoptotic activity and causes 
breast cancer cells to arrest in G2/M phase, ultimately leading to apoptosis. List of top 
scoring apoptosis associated genes is presented in the above table. 
 
In Collaboration with Alan Ashworth and Chris Lord (ICR, London) we have carried out a 
drug sensitization screen as well siRNAdrug sensitivity scree using primarily compound 
16. Both sensitizing and desensitizing hits were identified. Analysis is still in progress but 
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it is encouraging that C16 (as well as other compounds and peptide) sensitized TNBC 
cells to tamoxifen effects, which is consistent with our earlier funding. siRNA results on 
the other hand have indicated both compound specific targets and those common to all 
compounds. For example ARID1A, a gene encoding chromatin-remodeling protein thus 
fitting our view of epigenetic mechanisms of action, was a common hit to all the 
compounds. Further analysis of the siRNA screens and validation experiments are now 
in progress. 
!
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Progress Report – Dr. Ming-Ming Zhou 

 
To Determine the Molecular Basis of Small Molecule Recognition by the Sin3A PAH2 

Domain 
 
The goal of our collaborative project is to develop small molecules to modulate the Sin3 co-
repressor complex function in epigenetic control of gene transcriptional silencing. In Aim 2, we 
proposed to conduct target structure-guided computational screening to identify small molecule 
compounds that bind to the PAH2 domain of Sin3. Our new small molecule compounds are 
being evaluated in vitro for their ability to block Mad Sin3-interaction domain (SID) binding to the 
PAH2 domain. Further, Our collaborator, Dr. Arthur Zelent is assessing the consequence of 
chemical disruption of Mad-Sin3 interactions in Sin3 co-repressor function in repression of its 
target genes (see Aim 1). We expect that the emerging small-molecule mSin3A inhibitors will 
help validate it as a new therapeutic target for treatment of breast cancer. Below, we provide a 
brief update on the progress of our study. 
 
(A) Structure-Activity Relationship Study of Lead Compounds – We have discovered 
several promising small molecule compounds using structure-guided approaches that are 
capable of inhibiting the mSin3A-PAH2 domain binding to MAD SID peptide. Among them are 
MS6048905 and MS6241743, as well as selamectin, which show to inhibit Sin3A transcriptional 
activity in various cell-based experiments (see above Aims 1 and 2). However, unlike the former 
small molecules, selamectin, a much larger cyclic molecule, has very low solubility in aqueous 
solution, thus preventing us from determining its binding affinity to mSin3A-PAH2 domain using 
our fluorescence anisotropy binding assay using a FITC-conjugated SID peptide as the assay 
probe. In an effort to address this problem, we have conducted extensive solvent optimization 
and developed a solvent system for NMR binding study that consists of 50 mM Tris-HCl buffer 
of pH 8.0, 150 mM NcCl and 20% DMSO. Because of high content of DMSO, this solvent 
system is still not suitable for our fluorescence anisotropy binding assay, but it allowed us to 
conduct NMR binding study to assess compound binding to the protein. Indeed, we used this 
NMR method to study mSin3A PAH2 domain binding to ivermectin, a chemical analog of 
selamectin, which shows slight better solubility in aqueous solution (see Figure 1). As shown in 
2D NMR HSQC spectra of the 15N-labeled mSin3A PAH2 domain, many NMR resonance 
signals of the protein exhibited major chemical shift perturbation upon addition of ivermectin, 

PAH2 + IvermectinmSin3A-PAH2

� ���������


���������  

Figure 1. Chemical inhibitors 
for the mSin3A-PAH2 domain. 
2D 1H-15N-HSQC spectra of the 
15N-labeled mSin3A-PAH2 
domain spectra showing 
chemical shift perturbations of 
the protein NMR resonances 
(black) upon addition of 
ivermectin (red). Left, chemical 
structures of ivermectin and 
selamectin. 
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indicting direct interactions of the compound with the protein. Given the structural similarity 
between ivermectin and selamectin, it is likely that selamectin can also interact with the protein, 
which explains its similar inhibitory effects as ivermectin in our cell-based study (see Aims 1 and 
2). 
 
 (B) Determination of the structural basis of ligand recognition by mSin3A PAH2 domain - 
To study the structure-activity relationship (SAR), we have recently determined 3D structures of 
the mSin3A PAH2 domain in complex with MAD SID peptide, as well as our lead compounds 
MS6048905 and MS6241743 (see Figure 2A-C). New insights into the detailed molecular basis 
of ligand recognition emerged from these new structures have allowed us to better understand 
how the PAH2 domain is engaged in interactions with its biological ligand, as well as small 
molecule inhibitors. Notably, the new structures reveal that the C-terminal α-helix plays an 
important role in ligand recognition through conformational change upon binding to different 
ligands. Specifically, the very C-terminal segment of the protein showed an extended α-helical 
conformation in the absence of a ligand (free state, data not shown), of which side chains of 
amino acid residues cover the peptide binding site. Unlike the peptide-bound form, in the small 
molecule-bound forms, the extended C-terminal α-helix retains its conformation, and residues in 
this segment are engaged in direct interactions with the small molecule compound of 
MS6048905 or MS6241743. It is such new detailed structural insights that enable us to perform 
rational ligand design to optimize affinity as well as selectivity of our small molecule lead 
compounds through exploring additional unique interactions with the target protein through 
chemical modifications. This is the focus of our research going forward in this project. 

 
 
ONGOING WORK FOR 2014-2015: 
 
1. Generating new structure-activity relationship knowledge of MS6048905 and MS6241743 

lead series to guide lead optimization. 
2. Determining structural/molecular basis of new ligand recognition by the mSin3A-PAH2 

domain. 
!
!

A B
MS905SID

C
MS743

 
Figure 2. Structure-guided design of small molecule inhibitors for the mSin3A-PAH2 domain. 
(A), (B), (C) New 3D solution structures of the mSin3A-PAH2 domain bound to MAD SID peptide, small 
molecule compound MS905 (MS6048905), or MS743 (MS6241743), respectively, as determined using 
NMR spectroscopy. 
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