
 

  



Nevertheless, she persisted. 
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N.B.  Abbreviations for genes appearing only in high-density figures and tables appear 

in Appendix 3.







DEVELOPMENT OF CANCER 





GENETIC AND EPIGENETIC FACTORS DRIVING CANCER 

Inappropriate activation of oncogenes.  



Genetic inactivation or epigenetic silencing of tumor suppressor and genomic stability 

genes.  



via



cis

trans



CANCER STEM CELLS 



BREAST CANCER 



in situ





in situ



Clinical classification of breast cancer.  





Molecular classification of breast cancer. 



CURRENT THERAPY FOR BREAST CANCER. 

Hormone therapies. 





Cytotoxic chemotherapies. 

Immunotherapy. 



Targeted therapies. 





MODELING BREAST CANCER  

in vitro



in vitro

in vivo

in vitro



Table 1-1  Selected characteristics of human breast cancer cell lines. 

N.B. deposited with 
ATCC, 1978 
(Coutinho & 
Lasfargues)

MDA-MB-435 - - Claudin-low 
*see note

(Cailleau et al., 
1978) 





N.B. misidentified



in vitro



in vitro

in vitro in vivo

in vitro

IMMUNOCOMPROMISED MODELS OF BREAST CANCER 

in vitro

scid



scid

scid

scid

scid

scid

scid

scid IL2Rg-/-

scid







IMMUNOCOMPETENT MODELS FOR BREAST CANCER 

Mus musculus Rattus 

norvegicus



in vitro in 

vivo

in vivo

in vivo

in vitro



loxP



In vitro in vivo 

cis

de novo



in vivo trans cis cis



RETINOID METABOLISM AND CATABOLISM 



Retinaldehyde dehydrogenases. 

cis

Aldh1a1-/- 

Aldh1a2-/-

Aldh1a3-/-





GENOMIC EFFECTS OF ATRA 

via

trans





RARRES1: a classical retinoid responsive gene. 

INTERACTIONS WITH OTHER TRANSCRIPTION FACTORS 



Peroxisome proliferator-activated receptor.  

Activator protein 1. 



Estrogen receptor. 

NON-GENOMIC EFFECTS OF ATRA 



INTRACELLULAR RETINOID SIGNALING 





in vivo



RETINOID SIGNALING IN THE TUMOR MICROENVIRONMENT 

Cancer-associated fibroblasts. 



Cells of the immune system. 



RETINOIDS IN CANCER PREVENTION 





ATRA IN CANCER THERAPY 

atRA for acute promyelocytic leukemia. 



The use of retinoids for neuroblastoma. 



in vitro

Retinoid treatment for glioblastoma. 

in vitro



Retinoids in breast cancer. 

DETERMINANTS OF RETINOID SENSITIVITY 

in vitro in vivo 



in vitro



in vivo





in vitro







trans 

ETHICS STATEMENT 



CELL LINES, VECTORS, AND REAGENTS 

QUANTITATIVE PCR 



Table 2-1  Cell line subtypes and cell culture conditions. 







Table 2-2  Primers utilized for qPCR and ChIP. 



CELL PROLIFERATION ANALYSES 

TUMOR TISSUE HISTOLOGICAL ANALYSIS BY IMMUNOFLUORESCENCE MICROSCOPY 

RARRES1 IMMUNOHISTOCHEMICAL STAINING FOR LOCALIZATION 



TUMOR XENOGRAFT STUDIES 

scid



Table 2-3  Patient cohort details. 



METHYLATION PROFILING 

CBIOPORTAL DATA ANALYSIS 

CHROMATIN IMMUNOPRECIPITATION 



PROTEIN ANALYSES AND MASS SPECTROMETRY 

STATISTICAL ANALYSES 



BASAL-LIKE BREAST CANCER TUMORS EXPRESS HIGHER LEVELS OF RARRES1 











RARRES1 EXHIBITS TUMOR SUPPRESSIVE EFFECTS IN TNBC 

in vitro

in vitro





in vitro in vivo

in vitro

scid



in vitro in vivo



FUNCTIONAL ANALYSIS OF RARRES1 

















  



RARRES1 IS HYPOMETHYLATED IN BASAL-LIKE BREAST CANCERS IN THE CONTEXT OF 
GENOME-WIDE HYPERMETHYLATION 

de novo

de novo



n.s.





METHYLATION CONTRIBUTES TO DIFFERENTIAL SUBTYPE-SPECIFIC RARRES1 
EXPRESSION 















ALDH1A3 IS A SECONDARY FACTOR THAT DETERMINES RARRES1 EXPRESSION IN 
TNBC 















DNA METHYLATION AND ALDH1A3/RA CO-REGULATE EXPRESSION OF RARRES1 



trans 











TRANS











CELL LINES, VECTORS, AND REAGENTS 

QUANTITATIVE PCR 



GENE EXPRESSION PROFILING 



Table 3-1  Primers used for qPCR. 





METHYLATION PROFILING 

TRANSCRIPTION FACTOR LOGOS 

CBIOPORTAL DATA ANALYSIS 

STATISTICAL ANALYSES 



DATA AVAILABILITY 



ALDH1A3 AND ATRA ACTIVATE DIFFERENT TRANSCRIPTIONAL RESPONSES 



n.s. n.d.

 





n.s. n.d.
 









TRANSCRIPTIONAL REGULATION BY ALDH1A3 AND ATRA IS LARGELY RARE-
INDEPENDENT 

in silico







Table 3-2 RARE sequences associated with ALDH1A3-upregulated genes. 

Associated with ALDH1A3-upregulated genes in MDA-MB-231

Associated with ALDH1A3-upregulated genes in MDA-MB-468



Table 3-3 RARE sequences associated with atRA-upregulated genes. 

Associated with atRA-upregulated genes in MDA-MB-231

Associated with atRA-upregulated genes in MDA-MB-468



Associated with atRA-upregulated genes in MDA-MB-468



EPIGENETIC SILENCING RESTRICTS TRANSCRIPTIONAL RESPONSE TO ATRA 





Table 3-4  Putative methylated atRA-inducible genes. 











IRF1 IS ASSOCIATED WITH ATRA-UPREGULATED GENES IN MDA-MB-231 AND MDA-
MB-468 CELLS 













n.s.



IRF1 EXPRESSION IS NECESSARY FOR ATRA INDUCTION OF CTSS EXPRESSION 













trans







TRANS



trans

in vitro

in vivo

in vitro



Table 4-1  Literature summary details varied responses of TNBC cell lines to 
retinoids.  



  
(13-cis RA) 

In vivo  (Halter et al., 1988) 

 
(retinol, 
retinyl 
palmitate)

In vivo (Fraker et al., 1984; 
Halter et al., 1988) 

No evidence

N.B. ‘Intermediate’ refers to a classification of intermediate sensitivity 





ETHICS STATEMENT 

CELL CULTURE AND REAGENTS 

CELL-LINE XENOGRAFTS 

scid



PATIENT-DERIVED XENOGRAFTS 

scid

scid

QUANTITATIVE PCR 



Table 4-2  Primers utilized for qPCR. 



PREPARATION OF CELLS FROM PDXS 

PREPARATION OF CELL LINE SAMPLES FOR OLIGONUCLEOTIDE ARRAYS AND ANALYSIS 



PREPARATION OF PATIENT-DERIVED XENOGRAFTS FOR OLIGONUCLEOTIDE ARRAYS AND 
ANALYSIS 

SUBTYPING OF PATIENT-DERIVED XENOGRAFTS 

via



CBIOPORTAL ANALYSES 

STATISTICAL ANALYSES 



BREAST CANCER CELL LINES DISPLAY A WIDE RANGE OF  RESPONSES TO ATRA 

in vivo

in vivo 









EXPRESSION OF RETINOID PATHWAY GENES DOES NOT CORRELATE WITH ATRA 
SENSITIVITY 





in vitro

n.d.





DIFFERENTIAL GENE EXPRESSION IS IDENTIFIED IN ATRA-SENSITIVE CELL LINES 

data to be submitted





Table 4-3  174 transcripts differentially expressed following atRA treatment of TNBC 
cell lines. 













Table 4-4  177 transcripts differentially expressed at basal levels in TNBC cell lines. 











DNA METHYLATION CONTRIBUTES TO DIFFERENTIAL GENE EXPRESSION BETWEEN ATRA-
RESPONSIVE AND -RESISTANT TNBC CELL LINES 











DNA METHYLATION PREDICTS SENSITIVITY OF 4 TNBC PDXS 

in vivo









in vitro

in 

vivo in vivo

scid









in vitro 

in vivo

in vitro  



in vivo

in vitro in vivo ex vivo







IN VIVO
TRANS

In vivo





in vivo

in vivo



ETHICS STATEMENT 

CELL LINES AND REAGENTS 

GENERATION OF SHRNA LIBRARY IN MDA-MB-231 CELLS 



 SHRNA SCREEN  

scid



LENTIVIRAL VECTORS, ASSEMBLY, AND INFECTION 



Table 5-1  Lentiviral vectors utilized 





 TUMOR GROWTH ASSAYS 

scid

METASTASIS ASSAYS 

QUANTITATIVE PCR 



Table 5-2  Primers utilized for qPCR. 







METABOLOMICS SCREEN 

PATIENT COHORT AND SURVIVAL ANALYSIS 



STATISTICAL ANALYSES 



RNAI SCREEN IDENTIFIES 135 POTENTIAL EFFECTORS 



in vivo

scid



scid



 GENE-LIST PRIORITIZATION 

n.d.

in vivo



Table 5-3  Average fold depletion for 50 prioritized genes. 





n.d.



KNOCKDOWN OF SCN1A OR GABRA3 DIMINISHES PRO-TUMOR EFFECT OF ATRA IN 
MDA-MB-231 

scid

in vivo





in vivo



in vivo



GABAERGIC SIGNALING IN MDA-MB-231 



n.d.



EXPRESSION OF SCN1A AND GABRA3 ARE ASSOCIATED WITH EXPRESSION OF 
ALDH1A3  







CHARACTERIZATION OF CELL LINES FOR FUTURE WORK 

in vivo



n.d. 



in vivo 

in vivo

in vivo



Vm

Vm

in vivo



in vivo





in vivo 

in vivo

EPIGENETIC FACTORS ARE SECONDARY DETERMINANTS OF RETINOID SIGNALING 



ATRA-INDUCED TRANSCRIPTIONAL RESPONSE IS LARGELY RARE-INDEPENDENT 

TNBC EXHIBITS A RANGE OF CELLULAR RESPONSES TO ATRA 

in vivo

in vitro



PREDICTING THE RESPONSE OF TNBCS TO ATRA 

in vivo

IDENTIFICATION OF FUNCTIONAL EFFECTORS 

RETINOID SIGNALING IS A COMPLEX HIERARCHICAL NETWORK 



in vitro  





HIERARCHICAL SIGNALING ENABLES HETEROGENEITY IN TRANSCRIPTION 





DNA METHYLATION CONTRIBUTES TO CELLULAR RESPONSES TO ATRA 





SIGNALING CROSS-TALK: FABP5/CRABP2 





in vitro in vivo



TUMOR HETEROGENEITY 

in vitro in vivo in silico





Immune function. 

scid in vivo



Cancer associated fibroblasts. 

in vitro



in vitro in vivo

in vivo in vitro

Clonal heterogeneity. 



NON-CLASSICAL EXPLANATIONS FOR RETINOID SENSITIVITY 



Non-coding RNAs. 



 MODELING 

in vivo

in vivo



in vivo

PHARMACOKINETICS OF ATRA 

In vitro

in vivo

in 

vivo

in vitro

in vivo 

Mus musculus



APPLICATION OF PREDICTIVE PROFILE 

in vitro



SIGNALING COMPLEXITY IMPLICATES POTENTIAL COMBINATION THERAPIES 

Interferon signaling. 



in vivo

GABAergic signaling. 

APPLYING THIS APPROACH TO OTHER CANCERS 



In vitro

in vivo



CLASSICAL RETINOID SIGNALING 

in vivo in vitro

in vivo

in vitro



 MODELING 

scid

in vivo

in vivo

in vivo



scid

CLINICAL FACTORS 



































In vivo





Scn1a+/





































TP53





































IN VIVO

in vitro 



trans



in vivo



A1.2.1 CELL LINES AND CELL CULTURE 

A1.2.2 GENERATION OF SHRNA LIBRARY IN MDA-MB-468 CELLS 



A1.2.3 IN VIVO SHRNA SCREEN  

scid



A1.2.4 LENTIVIRAL VECTORS, ASSEMBLY, AND INFECTION 



Table A1-1  Lentiviral vectors. 



A1.2.5  PROLIFERATION ASSAYS 

A1.2.6 QUANTITATIVE PCR 

A1.2.7 STATISTICAL ANALYSES 

in vitro



Table A1-2  qPCR primers utilized. 





A1.3.1 GENOMIC SHRNA SCREEN REVEALS NOVEL PUTATIVE EFFECTORS OF ALDH1A3 
SIGNALING 



In vivo



Table A1-3: Genes prioritized for further validation. 







n.s. n.d.



CYP26A1, MYB, AND PIGX MEDIATE ANTI-PROLIFERATIVE EFFECTS OF ATRA 

in vitro

In vitro

in vitro

A1.3.3 SCREEN-IDENTIFIED EFFECTORS ARE ALTERED BY THE PRESENCE OF ATRA AND/OR 
ALDH1A3 



in vitro 



A1.3.4 SCREEN HIT MYB IS A PUTATIVE SIGNALING HUB 





A1.3.5 SCREEN-IDENTIFIED GENES ARE ALSO REGULATED BY ATRA IN ATRA-SENSITIVE 
LUMINAL CELL LINES 





in vivo



scid

in vivo
















































































































