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Abstract 

 This research project aims to identify unique candidate genes 

involved in breast cancer metastatic invasion into the central nervous 

system (CNS).   The goal of this study focuses on studying and 

comparing the genomes of two distinct breast cancer cell lines that 

model a primary breast cancer and a CNS metastatic variant.  These 

cell lines were established by Yoneda et al.  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 primary breast tumor growth patterns, 

respectively, this cell line pair represents a unique functional model for 

comparing a 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 probe the genomes 

of the MDA MB-23-BR and MDA MB-231-P using array CGH and 

microarray gene expression profiling to identify these potential 
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differential chromosomal patterns and distinct gene expression profiles 

between the Br and P 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 

relative chromosome loss of the BR line on chromosome 1 and 

chromosome 10.  Results of the gene expression array analysis 

revealed 138 genes with either 2-fold overexpression or 

underexpression between the BR and P lines.  Canonical Pathway 

analysis revealed two genes, ADAM19 and GAB1, that may play a role 

in cell survival and metastasis. 

 Significance:  This study successfully identified unique 

chromosomal and gene expression differences between the MDA MB-

231 P and, BR cell lines.  These differences, though preliminary, may 

represent unique genetic regions and genes that facilitate breast 

cancer metastasis to the CNS and could serve as novel candidates for 

both biomarker development and chemotherapeutic intervention.   
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Introduction 

 

 Background:   The majority of CNS tumors arise not from the 

brain itself, but instead from metastatic invasion of cells originating 

from tumors found outside the brain.  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).  In 2011, approximately 39, 520 women are 

expected to die from primary breast cancer.  With the aforementioned 

30-40% CNS involvement, we can expect an estimated 11,800 to 15,800 

women to encounter the likely complications from CNS involvement in 

2011 (5).   Recent advances in the management of primary breast 

cancer lesions have afforded physicians the ability to effectively control 

and, in many cases, eliminate the primary breast cancer lesion.   

Unfortunately, even with effective primary disease control, physicians 

are finding that secondary metastatic invasion into the CNS remains 

primarily unresponsive to pharmacological and radiological 
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interventions (7).  Additionally, as primary disease management is 

progressively advancing, physicians are finding that the proportion of 

CNS involvement due to pharmacologic selective pressures is likely 

increasing.  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 (8). 

 The molecular processes that drive primary tumor invasion into 

the CNS remain poorly understood and a complex genetic interplay 

between specific genes likely mediates this process.  Due to these 

poorly understood mechanisms,  it is difficult to identify patients who 

may be at risk for CNS dissemination; additionally, without such 

knowledge, it remains difficult to provide effective prophylactic 

treatments to prevent metastatic spread and to effectively treat those 

individuals who present with CNS involvement.  It is hypothesized 

that specific genetic aberrations  dictate breast cancer metastasis and 

preferential invasion into the CNS.  Currently there remain few in 
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vitro models that can aid in identifying specific genetic pathways that 

drive this process.  The goal of this study focuses on evaluating the 

genome of two distinct breast cancer cell lines.  These cell lines, which 

model a primary breast cancer and a CNS metastatic isolate, were 

established by Yoneda et al. (16) using serial breast cancer cell-line 

injections and CNS isolations 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 exclusive CNS metastasis and 

more general primary growth with generalized metastasis, 

respectively, this unique cell line pair are poised to serve as a novel 

functional model for interrogation of  primary breast cancer and a CNS 

metastatic clone pair. 

 To effectively elucidate the mechanisms that drive primary 

breast cancer metastatic invasion in the CNS, our plan involved 

employing  array comparative genomic hybridization (aCGH) and 

microarray gene 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.  
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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 hopeful sensitizers for individuals who 

present with secondary CNS involvement. 
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Material and Methods 

 

 Cell Culture:  Cell lines MDA MB-231-BR and MDA MB-231-P 

were obtained from the Yoneda lab and the development of the MDA 

MB-231 BR line is described in detail by Yoneda et al. (16).  Briefly, 

MDA MB-231 P cells were injected into the mammary fat pad of mice 

and allowed to grow and migrate.  Mice were then sacrificed and 

metastatic tumors from the mice brain tissue were isolated, grown, 

and then re-implanted into the mammary fat pad of a new mouse.  

This process of injection, growth, and CNS isolation was repeated six 

times with serial rounds of injection/isolation until a clonal cell line, 

denoted MBD MB-231 BR,  which selectively and consistently 

migrated to the CNS, was isolated.   Both the MBD MB-231 BR and P 

were maintained in RPMI 1640 with 10% fetal bovine serum and 

grown at 37 degrees C with 5% CO2 at constant humidity. 

 RNA Isolation/Array hybridization:  Cells were washed twice 

with PBS and lysed using TRIzol reagent (Invitrogen).  Total RNA was 

extracted from TRIzol as recommended by the manufacturer, then 

further purified by addition of an equal volume of 70% ethanol, 

followed by RNeasy column extraction (Qiagen).  A DNase I digestion 
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step was included to eliminate DNA contamination.  RNA integrity 

and purity were measured using a 2100 Bioanalyzer (Agilent 

Technologies) and a NanoDrop ND-1000 Spectrophotometer 

(NanoDrop).  cDNA from the BR and P cell lines was generated in 

duplicate, and labeled cDNA probes were prepared and hybridized to 

Agilent 4 X 44K Human 1A (V2) Oligo Microarrays according to the 

manufacturer's protocols and washed in an ozone-controlled 

environment (<0.1 ppb). Slides were scanned using the Agilent 

Microarray Scanner (model G2505B). Data were extracted, processed, 

and normalized using Agilent Feature Extraction software (v8.1.1.1).  

Protocol obtained from and followed as previously described (12-13). 

 DNA isolation/aCGH sample preparation:  DNA from the MDA 

MB-231 P and BR cell lines was extracted using Qiagen QIAamp DNA 

Micro Kits (Qiagen).  An ND-1000 spectrophotometer (NanoDrop, 

Wilmington, DE, USA) was used to calculate the volume of each 

experimental sample needed to obtain 2 μg of DNA per sample for 

digestion. For each experimental sample, one reference sample was 

prepared using 2 μg of commercially available male genomic DNA 

(Promega, Madison WI). Each sample (experimental and reference) 

was partially digested with DNase I, and a 1% agarose gel was run to 
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ensure successful DNA digestion. Experimental and reference samples 

were then labeled with Cy-5 dUTP and Cy-3 dUTP, respectively, using 

a BioPrime labeling kit (Invitrogen). Each labeled reaction was 

evaluated using a NanoDrop assay, which measured the total template 

DNA as well as the amount of dye incorporated into each sample of 

interest. The specific activity of each reaction was calculated as the 

ratio of incorporated dye (pmol/μL) to total template DNA (ng/μL). 

Reactions that showed specific activities >25 (pmol/μg) were considered 

successful. The successful reference samples were pooled, and then de-

pooled to eliminate variation, then combined with an experimental 

sample.  Protocol obtained from and followed as previously described 

(11). 

 Array CGH Hybridization:  This study utilized Human Genome 

244K CGH Microarrays (Agilent Technologies, Santa Clara, CA, USA). 

Prior to hybridization to the array, the 500-μL hybridization mixtures 

were denatured at 95 °C for 3 min and incubated at 37 °C for 30 min.  

Each mixture was centrifuged at ≥14 000 × g for 2 min to remove any 

precipitate that may have formed.  Each sample was applied to the 

array using an Agilent microarray hybridization chamber, and 

hybridization was carried out for 40 h at 65 °C in a Robbins Scientific 
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rotating oven at 20 rpm. The arrays were then disassembled and 

washed for 5 min at room temperature in 0.5× SSPE/0.005% NLS, 

followed by 3 min at 37 °C in 0.1× SSPE/0.005% NLS.  Slides were air-

dried and scanned using an Agilent 2565C DNA microarray scanner. 

The resulting images were analyzed using Agilent Feature Extraction 

software version 10.1. Default settings for CGH arrays were used 

according to the manufacturer's insert protocol recommendations.  

Protocol obtained from and followed as previously described (11). 

 Microarray Data Filtering :  Gene expression data were filtered 

using the P value of the ratio as calculated by Agilent Feature 

Extraction software (v8.1.1.1).   

 Microarray Data Analysis:  Following initial feature extraction, 

as described above, data was input in GeneSpring for further analysis.  

Using GeneSpring basic analytics, absolute fold-change of ratio of 

BR:P with threshold of >2 or <2  was applied to generate gene lists of 

upregulated and downregulated genes.  Once select genes were 

identified that fit these criteria, data was transformed to log2 ratios 

and further analyzed using GeneSpring software.  A final gene list of 

upregulated and downregulated genes was generated that exhibited > 

2 fold change in expression between BR and P.  Following generation 
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of the gene list, the data sets were exported for downstream canonical 

pathway analysis using Ingenuity software. 

 Array CGH Data analysis:  Log2 ratios of fluorescence signals 

and corresponding log2 ratio errors calculated from the log10 output of 

Feature Extraction Software for each of the hybridizations were 

analyzed using DNA Analytics 4.0 (Agilent Technologies). To 

determine if any aberrant regions in individual samples were present, 

the  Aberration Detection Module 2 (ADM2) algorithm with a 

threshold of 10.0 was employed (9). In addition, centralization was 

invoked with a threshold of six and bin size of 10, and the fuzzy zero 

filter was applied.  Protocol  and analysis obtained from and followed 

as previously described (10-11).  Following initial feature extraction, 

data was analyzed to identify regions of chromosomal loss of BR line 

compared to P line.  Gene lists were then generated to identify all 

genes within any regions of relative chromosome loss or gain. 

 Canonical Pathways Analysis:  Initial gene lists indicating >2 

fold underexpression or overexpression of BR compared to P were 

generated using GeneSpring software.  To identify what canonical 

pathways may be associated with the BR vs P expression data, the 

initial expression gene lists were then input into Ingenuity software. 
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This software then identified statistically significant pathways that 

incorporated the GeneSpring gene lists.  Additionally, gene lists from 

the array CGH data indicating genes located in regions of relative 

chromosomal loss for BR compared to P were also generated, as 

described above.  These aCGH gene lists were then overlayed onto 

specific pathways to identify if any regions of chromosomal loss could 

be linked to areas of differential gene expression. 

 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).  Briefly, 

cells were resuspended at 1,000,000 cells/mL in Invasion Buffer 

(comprised of DMEM with 1% BSA/0.5% FBS) and seeded at 200,000 

cells/well onto an 8 µM 24-well format PET membrane (Falcon 35-

3097) , and the lower chamber was loaded with 0.8 mL medium 

containing 10% SFS.  Cells were placed in a humidified incubator with 

5% CO2 and permitted to invade for 7 and 16 hours. Assay was 

performed 2X total, first with 16 hour time point and second at 7 hour 

time point to determine maximal difference in migration potential 

between the BR and P cell lines. At select time-points, noninvasive 

cells were removed by thoroughly scraping the inner membrane with a 
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sterile Q-tip, thus ensuring that only cells that had successfully 

migrated through the membrane remained for staining and counting.  

Cells on the outer membrane were then fixed in 4% Paraformaldehyde 

for 20  minutes at RT, washed in 1X PBS, and nuclear stained with 

Hoechst 33342 [10µM] for 30 minutes at RT.  Membranes were then 

washed, removed, and placed on a microscope slide.  Stained nuclei 

were imaged at 10X magnification with five fields per condition and 

average nuclear count tabulated using Image J software. 
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Results 

 

 Array CGH analysis:  Results of aCGH analysis revealed several 

regions of BR chromosome loss relative to the P cell line.  Three 

regions, located on chromosome 1, 4-5, and chromosome 10, were 

identified to show apparent genomic  loss of BR when compared to P.  

Two of the regions, on chromosome 1 and 10 were further analyzed to 

determine which genes were located in these regions.  Figure1 below 

represents the relative copy number of the BR line (green) and the P 

line (grey).  The regions on chromosome 1 and 10 are outlined by the 

red boxes and indicate relative loss of copy number of the BR cell line 

compared to the P cell line. 
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Figure 1.  Schematic of relative copy number change of BR (green) and P 
(grey) cell lines across all chromosomes. 
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These two regions  on chromosome 1 and 10 outlined by Figures 2 and 

3 where then further analyzed to identify the genes that are located in 

each region. 

 Further analysis of chromosome regions 1 and 10 revealed select 

gene lists that represent genes that are located within these regions 

(data not included).   Chromosome 1 region contained 658 genes and 

Chromosome 10 region contained 132 genes.   

 Gene expression Profiling:  Fold-change analysis of the gene 

expression profiling data sets revealed 138 genes that exhibited a 2-

fold change of overexpression or underexpression of the BR cell line 

compared to the P cell line.  A breakdown of the gene list revealed  46 

genes with relative overexpression and 92 genes with relative 

underexpression.  Figure 4 below represents a Volcano Plot generated 

from the gene expression array data set.  To analyze this gene list and 

identify candidate genes that may play a role in cell survival and 

metastasis, the entire gene list was imported into Ingenuity for 

canonical pathway analysis. 
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 Since the aCGH data sets indicated relative loss of the BR clone 

compared to the P, we next chose to cross-reference the gene list from 

the underexpressed genes from the gene expression array data set to 

the aCGH data set to determine if any cross-over existed.  Of the 92 

genes from the underexpression gene list, only 2 genes, C10orf111 and 

LYZ,  matched with the aCGH data set that was generated.   

 Canonical Pathway Analysis:  Analysis of the gene expression 

profiling data sets and aCGH data sets was performed to identify 

significant and meaningful pathways between these two groups of 

data.  Ingenuity software was employed to construct pathways that 

linked significant overexpressed or underexpressed genes from the 

expression profiling experiment.   Ingenuity pathways analysis 

generated a list of significant pathways further designated by the 

primary molecular processes that each pathway is involved in.   

Overall, a list of pathways was generated from the expression array 

data set.  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 
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 Though a wide variety of targets showed relative overexpression 

or underexpression of the BR compared to P line, only several 

appeared to be related to cell migration and metastasis.  Two specific 

targets of interest were identified.  One target of interest is GAB1, 

which showed absolute/ Log2 fold-change of BR:P of(+ 3.4/ +1.8), 

respectively.  The second target of interest is ADAM19, which showed 

absolute/Log2 fold-change of BR:P of (+3.6/+1.8).  Table 1 below 

outlines these two genes along with a general description of each gene. 
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Transwell Migration Assays:  Transwell migration assays were 

successfully modified and employed to show significant differential 

migration rates for the BR and P lines, indicating significantly 

increased migration potential of the BR line when compared to the P 

line.  Initial protocol involved staining entire cells with a crystal violet 

stain.  However, after initial employment of this protocol, it was 

decided that accurate cell count was difficult to assess due to limitation 

in the ability to discern individual cells when the Boyden Chamber 

membrane was densely populated.  Due to this, it was decided to 

assess cell number by abandoning cytoplasmic staining and instead 

stain the nuclei with Hoechst stain.  This method proved to be superior 

in that it still enabled accurate cell counts regardless of sparse or 

dense membrane field density.  Data from both 7 hour and 16 hour 

time point was collected and both indicated a significant increase in 

migratory potential of the BR line when compared to the P line.  

However, only 7 hour time point data is presented below in Figure 5 

and Table 2, as this time point revealed the greatest difference in 

migration between the BR and P cell lines. 
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MDA-231 P MDA-231 BR 

Avg Cell Count 11.87 57.93 

St. Dev 5.17 11.01 

SEM 1.32 2.84 

CI (p .05) 2.55 5.57 

Range 9.32 to 14.42 52.36 to 63.5 

 

Table 2.  Average cell count of the MDA-231 P and BR following 7-

hour incubation in the Transwell Migration Assay. 
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Discussion 

 Primary breast cancer remains a deadly disease and yet 

advances in treatment are affording women a more favorable prognosis 

than ever before.  As primary breast cancer becomes an increasingly 

manageable , in many cases, curable disease, the proportion of women 

who can expect to encounter complications from secondary CNS 

disease will likely increase.  This is possibly due to a number of factors, 

which primarily include systemic chemotherapeutic-induced selection 

of tumor clones that are a) resistant to systemic treatment, b) 

selectively migrate to the CNS.  The prognosis for such individuals 

remains very poor even with aggressive radiotherapy and surgical 

intervention.  With this truth, the need for more effective tools to 

provide early identification of patients who are at risk for CNS 

metastasis becomes very apparent.  Alongside this, the need for new 

targets for chemotherapeutic sensitization of secondary breast cancer 

CNS tumors is also at hand if we hope to offer patients who present 

with late CNS involvement more effective options to eradicate these 

secondary metastatic tumors. 

 Array comparative genomic hybridization and array gene 

expression analysis are well established modalities that have been 
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employed to aid in the identification of important chromosomal regions 

and specific genes that mediate cancer growth, progression, and 

metastasis (22).  Many studies have relied on these technologies and 

have successfully identified key chromosomal regions and novel gene 

targets that modulate such parameters.  In one particular melanoma 

study, Kim et al. developed an inducible in vivo melanoma mouse 

model that characterized metastatic variants.  Through  aCGH 

modalities, this study identified a novel chromosomal amplifications 

and consequent gene candidate, NEDD9, that proved to be a key 

regulator in melanoma migration and metastasis (23).  In another 

melanoma study, Clark et al. developed a mouse model system very 

similar to the model we are using by performing serial rounds of 

melanoma cell injection, metastasis, and isolation to select a clonal cell 

population that metastasized to the lungs.  Following establishment of 

this cell line, the study then employed gene expression array 

modalities to identify genes that exhibited significant changes in gene 

expression between the parental and lung metastatic clone, resulting 

in the discovery of the overexpression of RhoC in the metastatic 

melanoma clone (24).  These studies illustrate the power that aCGH 

and gene expression profiling possess to identify novel genomic 
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amplifications/deletions and specific genes of interest in cancer 

metastasis.  Therefore employing these same modalities to aid in the 

identification of unique chromosomal amplifications/deletions and 

important genes implicated in breast cancer metastasis to the CNS 

remains a reasonable approach. 

 Prior to beginning the aCGH and gene expression array 

analysis, we felt it important to investigate the migratory potential of 

the BR and P lines to determine if any difference existed.  As evidence 

by the transwell migration data, the BR line possessed a significantly 

greater capacity for migration when compared to the P cell line.  This 

should come as no surprise, however, when viewed through the process 

by which this cell line was established.  The BR line was isolated 

through a serial selection process that preferentially isolated cells that 

were able to migrate away from the primary tumor.  Therefore we 

would expect the BR line to possess increased migratory potential 

when compared to the P line.  

 In the context of breast cancer migration to the CNS, it may 

seem logical to incorporate brain-specific chemotactic factors into the 

migration assay.  Though this would be an interesting and likely 

valuable adjunct to the basic transwell assay, we felt that first 
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identifying a baseline migration profile for the BR and P lines was first 

in order.  Despite the basic nature of this assay and the lack of any 

brain-specific chemotactic factors to enhance migration, the BR line 

still exhibited a significant increase in migratory potential when 

compared to the P line.  Though employing additional experiments 

with and without specific brain chemotactic factors would be 

interesting, we did not feel it was necessary initially. 

 The results of the array comparative genomic hybridization 

revealed several regions of chromosomal loss in the MDA MB-231 BR 

line when compared to the P line.   Gene lists generated from these two 

regions on chromosomes 1 and 10  represented 658 genes and 132 

genes, respectively.   The apparent acquired loss of copy number in the 

BR clone is interesting when viewed within the manner in which this 

line was generated via serial injections and isolations.  Other studies 

comparing parental and metastatic isolates of select tumor types have 

shown significant differential chromosome patterns between the two 

lines (21).  Different hypotheses have been proposed to explain this 

differing pattern between the parental and metastatic clones.  Some 

authors have proposed that the amplifications and/or deletions 

spontaneously occur during the selection process and lead to a survival 
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or metastatic potential.  However others propose and have successfully 

shown that a parental tumor cell population is actually comprised of a 

heterogeneous population of cells with differing chromosomal 

signatures.  As the selection process is performed, clones with favoring 

genetic signatures are naturally selected out as others are lost, thus 

amplifying an already present genomic signature that was actually 

present in the parental population (21).  We believe that the apparent 

copy number losses of the BR line on chromosomes 1 and 10, if real,   

were likely present as a small portion of a true heterogeneous 

population in the P cell line .  Through the serial selection process, the 

clones that possessed the relative copy number loss on Chromosomes 1 

and 10 were then selected out.  It is also possible that the relative loss 

of these chromosomal regions selectively disabled the normal contact 

inhibition and promoted a more migratory phenotype, creating the BR 

line from the parental MDA MB-231 P strain. 

 When the aCGH data set was cross-referenced to the 

downregulated gene list from the gene expression array data set, only 

two targets were identified.  These targets, C10orf111 and LYZ, were 

both located within the relative loss on chromosome 10.  If the relative 

chromosomal loss of the BR:P on chromosomes 1 and 10 were real, we 
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would have expected to see more corroboration with the downregulated 

gene list from the gene expression array.  C10orf111 is an unspecified 

open reading frame with unknown significance (25).  LYZ encodes 

human lysozyme protein, which primarily functions in an 

antimicrobial fashion by degrading beta(1-4)glycosidic linkages 

between N-acetylmuramic acid and N-acetylglucosamine.  No apparent 

links have been made between loss of function and neoplastic 

progression, but missense mutations have been linked to hereditary 

renal amyloidosis (26).  Neither target appears to have any significant 

link to cancer cell metastasis. 

 The gene expression array data set, in conjunction with the 

Ingenuity software, identified 2 unique genes of interest that have 

been shown to be implicated in cell survival in other studies.  These 

two genes, ADAM19 and GAB1, both showed a Log2 relative 

expression of BR:P of +1.8.   

 ADAMs (a disintegrin and metallproteinase) are cell surface and 

extracellular multidomainproteins implicated in cell-cell signaling, cell 

adhesion, and cell migration. ADAM proteins contain conserved 

domains that are required for proteolysis and adhesion (17).  ADAMs, 

in general, have multiple functions.  A portion of their function is 
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facilitated by the MMP component, which enables them to degrade 

ECM components and promote migration and metastasis (18). 

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 (17).   Studies of other ADAM 

family members have shown association of increased expression and 

proliferation. ADAM 9 expression has been shown to correlate with 

HER2 levels and ADAM17 has been overexpressed in breast tumors 

and inhibition leads to decreased cell proliferation(19).   

 Though we cannot make any firm connections or conclusions, it 

is interesting that our study, which focused on identifying genes that 

promote breast cancer metastasis to the CNS, has consequently 

identified a target that is linked to glioma invasion and migration.  It 

is possible that ADAM19 is unique in that it preferentially promotes 

cellular migration in a CNS microenvironment. 

 GAB1 is a scaffolding factor protein with pleckstrin homology 

domains that mediates interactions with membrane lipids including 

phosphatidylinositol 3,4,5-triphosphate from upstream PI3K activity. 



37 

 

(20-21). It has been shown to be a profound player in Met and VEGF 

signaling as well as a key regulator and downstream activator of 

PI3K/AKt and SHP2/ERK 1 & 2 (20). Overexpression of GAB1, in 

conjunction with VEGF activation, leads to increased cellular 

migration and silencing via siRNA inhibits motility in Boyden 

Chamber assays (21).  

 Again, it is encouraging that in the search for genes that 

promote breast cancer metastasis we have found a candidate which 

has been associated with cell survival and migration.  Recent literature 

searches suggests that ADAM19 and GAB1 are novel targets that have 

not before been implicated in breast cancer CNS metastasis. 

 A study of the MDA MB-231 BR by Palmieri et al. in 2007 

indicated that EGFR was overexpressed.  Our recent microarray 

expression array did not indicate that EGFR was overexpressed, thus 

indicating conflicting results of their studies versus our recent analysis 

(27).  It is puzzling why our analysis did not indicate an increased level 

of expression of EGFR and further analysis of the data is in order to 

confirm that the microarray expression results are valid.  Another 

explanation is that the MDA MB-231 BR has slowly drifted away from 
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its original expression profile through serial passages and no longer 

fully reflects the original clone that was tested in the 2007 studies.  

 The results of these studies are very preliminary and further 

validation is needed to confirm the true upregulation of these gene 

candidates in the MDA MB-231 BR cell line.  If these two candidates 

do prove to be truly overexpressed in the BR line, the power of such 

findings lies in the potential to provide new candidates for biomarker 

creation.  Novel biomarkers could be invaluable in aiding in successful 

and more accurate stratification of patients into low-risk and high-risk 

CNS metastatic potential of primary breast cancer lesions.  

Additionally, such targets may serve as pharmacological targets for 

novel chemotherapeutic sensitization to aid in decreasing the risk of 

metastasis for patients that are at increased risk and to treat patients 

that may already have acquired secondary CNS metastatic lesions. 
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Future Directions 

 Future plans involve validation of the ADAM19 and GAB1 

targets by employing quantitative RT-PCR to verify that a true 

upregulation of gene expression exists in the BR cell line.  Once 

validation of these gene targets is performed, we would perform 

downstream functional studies using the transwell migration assay 

format.  Ideally, we would like to show that inhibition of ADAM19 and 

GAB1 by siRNA or small molecule inhibitors blunts the BR's migratory 

potential to more closely resemble the migration profile of the P cell 

line.  Additionally, we would determine what effect overexpression of 

these targets would have on the MDA MB-231 P cell line by stably 

transfecting and consequently establishing a constitutively 

overexpressing ADAM19 and GAB1 cell lines.  Following 

establishment of such lines, we would perform additional transwell 

migration assays to determine if overexpression increases the 

migratory rate. 

 Further clinical evaluation of these gene targets would involve 

obtaining surgical specimens from surgical resection of CNS derived 

breast cancer metastases.  Following specimen acquisition, analysis of 

relative gene expression profiles of ADAM19 and GAB1 would be 
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employed.  Additionally, IHC analysis using specific ADAM19 and 

GAB1 antibodies on tissue microarrays (TMA's) of primary breast 

tumors and paired CNS metastatic isolates would be employed to 

determine if increased expression of these targets is observed. 

 Additionally, further analysis of the aCGH data sets is in order.  

Specifically, a comparison of the gene lists from Chr 1 and 10 to known 

tumor suppressors should be performed.  Any candidates that have 

been shown in other studies to function as tumor suppressors could 

represent important gene candidates, which consequent loss could 

confer a survival and migratory advantage.  
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Conclusions 

 This study successfully identified unique chromosomal and gene 

expression differences between the MDA MB-231 P and BR cell lines.  

These differences, though preliminary, may represent unique genetic 

regions and genes that facilitate breast cancer metastasis to the CNS.  

Further analysis is needed to determine the relevance of these 

findings.  If validation proves to show that ADAM19 and/or GAB1 are 

truly upregulated in the MDA MB-231 BR cell line, these candidates 

could serve as promising new targets for biomarker evaluation and 

pharmaceutical intervention. 
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