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METHODS 
Transwell Migration Assay— 
•Invasion properties of MDA-231-BR and MDA-231-P lines were 
assessed in a Boyden chamber  using a 24-well Transwell filters 
obtained from Corning (Cambridge, MA).  Cell were seeded and allowed 
to migrate for 7 hours.  Following select time-point, inner layer of cells 
was scraped with q-tip and outer layer was fixed with 4% PFA and 
nuclear stained with Hoechst.  Multiple fields were then viewed and 
image captured using UV filter and average nuclear count tabulated for 
each cell line. 
 
Array CGH— 
•DNA From the BR and P cell lines were isolated using standardized 
protocols. 
•Samples were then restriction enzyme digested (BR, P, and reference) 
and labeled with fluorescent Cy3 and Cy5 dyes and hybridized to array, 
scanned, and feature extracted performed. 
 
Gene Expression Profiling— 
•RNA from BR and P lines was isolated following standardized 
protocols.   
•Experimental and reference samples were fluorescently labeled and 
hybridized onto 244K chip and feature extraction software employed to 
export raw data. 
 
Pathway Analysis— 
•Gene Spring software was used to identify >2 absolute fold change 
between BR and P cell lines.  Fold-change data was Log2 transformed 
and then input into Ingenuity Software to identify statistically meaningful 
pathways. 

ABSTRACT 
This research project aims to identify unique candidate genes 
involved in breast cancer metastatic invasion into the central 
nervous system.   The goal of this study focuses on interrogating 
the genomes of two distinct breast cancer cell lines.  These cell 
lines, which model a primary breast cancer and a CNS metastatic 
isolate, were initially established by employing six serial rounds of 
tumor injection into mice followed by CNS isolation to select a 
unique clonal cell line that consistently metastasizes to the CNS.  
Denoted MDA MB-23-BR and MDA MB-231-P by their predilection 
for CNS metastasis and normal primary breast tumor growth 
patterns, respectively, this unique cell line pair represents  a unique 
functional model for interrogation of  primary breast cancer and a 
CNS metastatic clone.    
Hypothesis:  We hypothesized that the BR clone's predilection for 
CNS metastasis is likely due to unique genetic alterations either at 
a chromosomal or gene expression level that differ from the primary 
breast tumor line.  The goals of this study aimed to interrogate the 
genomes of the MDA MB-23-BR and MDA MB-231-P to identify 
these potential differential chromosomal patterns and distinct gene 
expression profiles between the Br and P lines by employing array 
CGH and gene expression array analyses on the two select cell 
lines. 
Results:   Initial studies to assess the invasive properties of the BR 
and P lines showed an approximate five-fold increase in invasion of 
the BR line compared to the P line by employment of a modified 
Boyden chamber invasion assay.   
  
Results of the array CGH analysis did reveal small regions of 
chromosome loss of the BR line on chromosome 1 and 
chromosome 10.  The gene expression array analysis revealed 138 
genes with either 2-fold overexpression or underexpression 
between the BR and P lines. 
 
 

DISCUSSION 

As suspected, the array CGH and expression profiling 
experiments did identify differential genomic and gene 
expression profiles between the BR and P cell lines.  The 
relative copy number loss of the BR line on chromosomes 1 
and 10 could possibly confer a migratory or survival 
advantage. 
 
Additionally, the gene expression profiling data sets identified 
several genes that exhibited differential expression between 
the BR and P line.  Two genes, GAB1 and ADAM19 were 
particularly interesting due to their known associations with 
migration and cell survival.  
 
ADAM19—is a member of the ADAM (disintegrin and 
metallproteinase) family. 
• ADAMs are multifuntional proteins involved in the 
proteolytic processing of other transmembrane proteins, cell 
adhesion, and cell signaling.  Transmembrane proteins 
involved include EGF, TGF-alpha, TNF-alpha, Erb4/HER4. 
•ADAMs, in general, have multiple functions.  The MMP 
component enables them to degrade ECM components and 
facilitates migration and metastasis (6). 
•Wildeboer et al showed that ADAM19 was overexpressed in 
primary gliomas and that levels of expression correlated with 
invasiveness of gliomas and consequent poor patient 
prognosis.  Invasion assays of glioma cells cultured in 
matrigel showed increased migratory potential when 
ADAM19 was overexpressed (7). 
 
GAB1—is a scaffolding factor protein involved in Met and 
VEGF signaling.  It has been shown to the be the key 
regulator and downstream activator of PI3K/AKt and 
SHP2/ERK 1 & 2 (8). 
•Overexpression of GAB1, in conjunction with VEGF 
activation, leads to increased cellular migration and silencing 
via siRNA inhibits motility in Boyden Chamber assays (9) 
 

 
 

RESULTS 
Transwell Migration Data— 
•7 hours post seeding, there exhibited a 4.9 fold increase in migration 
of BR line compared to P 
 
Array CGH data— 
•There were several regions of relative chromosome loss of BR line 
compared to P line 
•Regions of chromosome 1 and chromosome 10 were selected due to 
the largest relative loss in copy number of the BR line when compared 
to the P line. 
 
Gene Expression Data— 
•There were 138 genes which exhibited > a 2-fold change in 
overexpression or underexpression of the BR line when compared to 
the P line. 
•Of the 138 genes, 42 genes exhibited pattern of overexpression and 
92 genes exhibited pattern of underexpression.  
 

Canonical Pathway Analysis— 
•Ingenuity pathway analysis highlighted a list of pathways that 
integrated the gene expression BR:P data.  However, each pathway 
contained only a single gene from the expression data set, therefore 
no true pathways could be elucidated.  Because of this, we were 
forced to choose single genes with significant differential expression 
for further analysis. 
•Two genes which exhibited significant overexpression of the BR to 
the P line were identified. 
•GAB1 has been linked to cell migration 
•ADAM19 has been implicated in glioma cell migration 

CONCLUSION 
We successfully identified unique chromosomal and 
gene expression differences between the BR and P 
cell line.  Such differences may play a role in BR’s 
selective ability to migrate with a predilection for CNS 
metastasis.   

Background 
Despite significant advances in breast cancer treatment, CNS metastasis 
of primary breast cancer lesions represents a significant hurtle in the 
successful long-term treatment of many breast cancer patients.  The 
second leading cause of metastatic CNS lesions arise from primary breast 
tumors, and 30% of women who die of breast cancer are found to have 
CNS involvement at the time of autopsy (1-4).  Of women diagnosed with 
primary breast cancer that later encounter the unfortunately complication 
from CNS metastasis, the median time for survival is approximately 4 
weeks without treatment.   Survival remains relatively dismal even with 
current treatments, resulting in 4-6 month prognoses with whole-brain 
radiotherapy and stereotactic radiosurgery, and up to 16 months if solitary 
metastases are successfully removed surgically (5).    
 
To effectively elucidate the mechanisms that drive primary breast cancer 
metastatic invasion in the CNS, our plan involved employing  array 
comparative genomic hybridization and microarray expression profiling on 
the MDA MB-231-BR and MDA MB-231-P lines to identify differential 
chromosomal patterns and distinct gene expression profiles that exist 
between the BR and P lines.  Such information can be invaluable in serving 
as unique bio-markers for patient stratification into high-risk and low-risk 
CNS involvement.  Additionally, gene candidates successfully identified can 
also serve as unique drug targets to aid in the prevention of CNS 
metastasis in high-risk individuals and as a hopeful sensitizers for 
individuals who present with secondary CNS involvement. 
 
 
 

Figure 2.  Schematic of relative copy number change of BR (green)  
and P (grey) cell lines across all chromosomes. 

Figure 1.  Transwell Migration Data showing differential 
migration potential of BR compared to P cell lines 

Figure 3.  Relative Copy # 
on Chr 1, showing relative 
copy # loss in BR line, 
represented by green 
region outlined in box 

Loss in Brain Loss in Brain 

Figure 4.  Relative Copy # 
on Chr 10, showing relative 
copy # loss in BR line, 
represented by green 
region outlined in red box 

Table 1.  Select genes from gene expression array   

Gene Name Log2 Fold-change BR:P Direction of Expression  Gene Description 

GAB1 1.786125 up Homo sapiens GRB2-associated binding protein 1 (GAB1), transcript variant 1, mRNA 
[NM_207123] 

ADAM19 1.8318255 up Homo sapiens ADAM metallopeptidase domain 19 (meltrin beta) (ADAM19), mRNA 
[NM_033274] 

PIP5K1B -2.1408646 down Homo sapiens phosphatidylinositol-4-phosphate 5-kinase, type I, beta (PIP5K1B), 
transcript variant 2, mRNA [NM_003558] 

RND2 -1.9783885 down Homo sapiens Rho family GTPase 2 (RND2), mRNA [NM_005440] 
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Table 1.  Select gene list from gene expression data set 
highlighting several gene candidates potentially implicated 
in cell migration and survival 

Future Directions 
•To employ QRT-PCR techniques to validate GAB1 and ADAM19 overexpression in the BR cell line.   
•Perform functional studies of QRT-PCR confirmed candidates using siRNA and small molecule 
inhibitors in a transwell migration assay format 
•Additionally, further analyze aCGH data sets by comparing gene lists from Chr 1 and 10 to known 
tumor suppressors.  Such candidates could represent important tumor suppressors which consequent 
loss could confer a survival and migratory advantage. 
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