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Abstract 

The progression of breast cancer has been linked to a splice variant of DLX4 homeobox 
transcription factor called BP1, which is overexpressed in 81% of primary breast cancer. Our 
ChIP-on-chip and bioinformatic analysis studies showed that VEGFA is a potential target of BP1, and 
it is upregulated in cells overexpressing BP1. VEGFA has been implicated in tumor generation 
because it stimulates angiogenesis, proliferation, and migration. This study aims to decipher the 
functional roles of BP1 in VEGFA-PI3K/AKT pathways in tumorigenesis, using an estrogen receptor 
(ER) negative breast cancer cell line, Hs578T. QPCR and Western blots were performed on three 
overexpressing and two vector control cell lines to assess and compare the transcriptional and 
translational expression. Our findings illustrate the increased expression of VEGFA, pPI3K, and pAkt 
when BP1 is overexpressed. Therefore, BP1 may play an important role in regulating the PI3K/Akt 
pathway through VEGFA. 
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Introduction 
Homeobox gene is composed of a highly 

conserved 180 base pairs of DNA fragment and 
involved in cell differentiation, growth, and 
embryonic development, encompassing many 
species. Homeobox genes encode transcription factors 
that regulate downstream targets. Those encoded 
homeodomains bind DNA through a helix-turn-helix 
structure and are about sixty amino acids in length. 
Typically these homeodomain proteins along with 
other transcription factors activate or repress genes by 
simultaneously targeting the promoter region in 
complexes. This is due to the lack of DNA binding 
specificity of a single homeoprotein, which becomes 
much more effective when combined with additional 
transcription factors.  

At least 300 human homeobox genes have been 
described, resulting in 253 functional genes and 65 

pseudogenes(1). They are classified into 11 homeobox 
gene classes and further subdivided into 102 
homeobox gene families(1). The largest homeobox 
gene family is the HOX gene family and the human 
genome contains 39 HOX genes divided into four 
clusters(1). Other families include Dlx, Evx, Msx, Nkx, 
Pax, Cdx, En, Otx, Pitx, and Emx and many others(1).  

Since HOX genes play an important role in 
embryogenesis, alterations in the expression of those 
genes can cause major developmental disruptions. 
The deregulated expression of homeobox genes has 
been described in many solid tumors and derivative 
cell lines. Homeobox genes are expressed in 
carcinoma cell lines, as well as the corresponding 
embryonic tissues from which these tumor cells are 
derived (2) (3). Deregulation of homeobox genes in 
breast cancer clearly indicates a role for these genes in 
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cellular transformation, alterations in cell cycle and 
apoptosis, and progression to a metastasis. Some of 
the classes involved in promoting cellular 
transformation in breast cancer include HOX, HSIX1, 
and PAX(2) (4) (5). A HOX gene detected in breast 
cancer lesions and surrounding tissues is HOXA1(6). 
While HOX genes like HOXA5 (7) and HOXA9 (10) 
have been implicated in breast cancer because of loss 
of function. Also within the distal-less (DLX) family of 
homeobox genes, including DLX4, there is evidence of 
overexpression in 81% of primary breast cancers (8). 
There are at least seven members in the DLX family 
and DLX4 has at least two isoforms, including variant 
1, also called BP1, and variant 2, sometimes refer to as 
DLX7, and each has its own distinct functions (9).  

BP1, as an isoform of DLX4, functions as a 
transcription factor that binds to two silencer 
sequences upstream of the β-globulin gene (9) (10). In 
cancer cell lines BP1 mRNA and protein are expressed 
at increased levels (11). Also its expression has been 
correlated with the progression of breast cancer (12), 
possibly providing those cancer cells with a survival 
advantage (11). Current studies also showed that 
overexpression of BP1 presents a more aggressive 
phenotype in both MCF7 and Hs 578T cells (12). 
Furthermore, there is correlation between increased 
BP1 expression and tumorigenic potential in breast 
cancer cell lines (8). BP1 is also linked to increased 
expression of integrins, which have also been 
implicated in contributing to inducing angiogenesis 
(13, 14). 

In preceding experiments to discover possible 
markers in pathways relevant to BP1 expression, a 
BP1 ORF-carrying plasmid was transfected into 
Hs578T cells and three stable cell lines were 
established along with two empty vector-containing 
cell lines as controls. After the microarray study and 
data mining, we have identified a number of a 

number of relevant pathways that are associated with 
BP1 overexpression. Figure 1 depicts that BP1 binds to 
its target, VEGF and impacts cell proliferation. 

DLX4 has also been shown to induce expression 
of vascular endothelial growth factor (VEGF), which 
is a heparin binding homodimeric glycoprotein, in 
ovarian carcinomas (16). VEGF acts through 
endothelial specific receptor tyrosine kinases, 
VEGFR1, VEGFR2, and VEFGR3. Among those, 
VEGFR2 is the major signal transducing receptor for 
angiogenesis of endothelial cells. Also VEGFA is 
shown to be a direct target of BP1 and is upregulated 
by BP1 expression (15). These findings indicate that 
further analysis of BP1 regulation of VEGFA is 
required in the search for a therapeutic target that 
possesses both clinical usefulness in terms of 
prognostic prediction in cancer and clear functional 
relevance for studying cancer biology in relation to 
tumorigenesis and metastasis. 

VEGFA is integral to the formation of 
vasculature in response to wounds and tumors. As 
endothelial cells are activated to form new blood 
vessels, by the binding of angiogenic growth factors to 
their receptors, they require the aide of integrins in 
the extension of the newly formed blood vessels (17). 
VEGFA has been shown to be a direct ligand of 
integrin α9β1 and mediate cell interactions with 
integrins α3β1 and αvβ3 (13, 18). VEGFA can induce 
angiogenesis in tumor cells as well as surrounding 
cells, generating an increased proliferative ability. The 
unbalanced secretion of these cytokines results in the 
creation of blood vessels that are disorganized and 
abnormal in their structure and function (19, 20). 
Tumor suppressors and oncogenes mediate tumor 
growth by their ability to induce overexpression of 
VEGFA (21, 22). In the majority of carcinomas, 
tumors, sarcomas, and even some pre-malignant 
lesions VEGFA is overexpressed (19, 23-25). These 

expression levels increase as the 
cancer progresses (17).  

VEGFA is regulated in many 
ways, including the MAPK pathway, 
hypoxia, hormones, and oncogenes. 
Hypoxic areas develop during tumor 
growth leading to the increased 
expression of VEGF. This expression 
is mediated through HIF-1α, which is 
driven by the hypoxic conditions, 
resulting in an increase in VEGF 
transcription (17). Hormones, like 
estrogens and progestins, activate 
VEGF transcription by binding to 
estrogen response elements (26, 27). 
Also its transcription can be induced 
by prolactin in a MAPK and Jak2 

 

 
Figure 1. Cascade between VEGFA, a direct target of BP1, and its downstream target genes in 
cell proliferation by Pathway Studio 5.0. Gene network showing the direct binding of BP1 to VEGF, 
activating cascades to promote cell proliferation. Upregulated genes are in red, while downregulated genes are 
in green. (15) 
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dependent manner (27, 28). Increased expression of 
VEGF has been noted from oncogenes such as Ras, 
Src, HER2/neu, and Bcr/Abl(27, 29, 30). The 
downstream progression of the VEGF pathway is 
shown in Figure 1, with emphasis on signaling and 
interactions promoting angiogenesis. The cascade to 
the far left is of particular interest, as cell survival is 
mediated through PI3K (phosphatidylinositol 
3-kinasae) and Akt/PKB (Protein Kinase-B) among 
others. Akt/PKB is a kinase that engages in many cell 
signaling avenues, including those promoting cell 
growth, inhibition of apoptosis, metabolism, and 
angiogenesis. ADAM17, a shedding enzyme, has been 
shown to promote breast cancer through the 
stimulation of PI3K and Akt (31). While in an ER 
positive cell line, MCF-7, studies have shown 
keratinocyte growth factor (KGF) to upregulate 
mRNA expression and increase Akt phosphorylation 
(32). Conversely the expression was blocked by 
inhibiting the PI3k/Akt pathway with LY, a PI3 
kinase inhibitor (32).  

In view of the fact that VEGFA plays a critical 
role in tumor biology, it along with its receptors has 
been identified as targets for cancer therapy. At 
present there are several drugs available to block 
VEGFA or inhibit its receptors. Bevacizumab is an 
anti-VEGF drug, while sunitinib and sorafenib are 
anti-VEGF receptor (17). Many tumors do not respond 
well to anti-VEGF treatment because there are other 
angiogenic pathways (33). Thus looking for upstream 
targets is warranted.  

Since VEGFA has shown to be upregulated in 
breast cancer cells by BP1 and in ovarian cancer cells 
by DLX4, there is vast potential for reducing 
angiogenesis by targeting players upstream of 
VEGFA (15, 16). The purpose of this study is to better 
define the tumorigenic relationship of BP1 with its 
target VEGFA and thusly a connection to the 
PIP3/Akt pathway. Further investigation of this 
pathway at the transcriptional and translational level 
is essential to discovering how to possibly decrease 
angiogenesis, proliferation, and tumor metastasis 
through suppression of BP1 to obstruct the connection 
between them. Characterization of this interaction 
could lead to unearthing new targets for breast cancer 
intervention and early detection.  

Materials and Methods 
Cell culture 

BP1-transfected Hs578T breast cancer stable 
lines, previously established in our lab, were cultured 
in DMEM medium (Invitrogen Corporation, 
Carlsbad, CA, USA) with 10% fetal bovine serum 
(Atlanta Biologicals, Lawrenceville, GA, USA), 
penicillin 50 unit/ml-streptomycin 50µg/ml 

(Invitrogen Corporation, Carlsbad, CA, USA), and 
G418 sulfate added (Invitrogen Corporation, 
Carlsbad, CA, USA). They were incubated at 37°C 
humidified incubator supplemented with 5% CO2.  

RNA Isolation, cDNA Synthesis and 
Quantitative Real-time PCR 

Total RNA was extracted from Hs 578T cell 
pellets using Trizol reagent (Invitrogen Corporation, 
Carlsbad, CA, USA) and the concentration 
determined by an ultra violet spectrophotometer at 
260nm (Model DU 640B, Beckman, Fullerton, CA, 
USA). There are total of five samples, three BP1 
overexpressing cell lines (O3, O6 and O7) and two 
vector control cell lines (V1 and V2). The iScript 
cDNA synthesis kit (Bio-Rad Laboratories, Hercules, 
CA, USA) was used and 1ug of total RNA for each 
sample, 4µl of 5x reaction master mix, 1µl of iScript 
reverse transcriptase brought to a total volume of 20µl 
with nuclease free water. The incubation conditions 
using a thermal cycler (Model 2720, Applied 
Biosystems, Foster City, CA, USA) were as follows: 5 
min. at 25°C, 30 min. at 42°C, 5 min. at 85°C, and hold 
at 4°C. The synthesized cDNA was diluted (1:5) 
before amplifying the gene targets using the Power 
SYBR Green PCR Master Mix kit (Applied 
Biosystems, Foster City, CA, USA). Diluted cDNA, 
1µl, was added to 12.5µl of master mix, 1µl of each 
forward and reverse primers (Integrated DNA 
Technologies, Coralville, IA, USA) for a total volume 
of 25µl in nuclease free water. Samples were run in 
triplicate on a 7300 Real-Time PCR system (Applied 
Biosystems, Foster City, CA, USA) with the following 
parameters: stage one 2 min. at 50°C, 10 min. 95°C; 
stage two 15 sec. at 95°C, 1 min. at 60°C; stage three 15 
sec. at 95°C, 1 min. at 60°C, 15 sec. at 95°C, 15sec. at 
60°C. Primers were designed using 
NCBI/Primer-BLAST and the sequences are shown in 
Table 1. Expression was normalized against ribosomal 
18S and the average Ct values were used to calculate 
expression levels based on the log2 transformation 
values. 

Protein Isolation 
Cells were harvested by adding 0.25% 

trypsin-EDTA (Mediatech Incorporated, Manassas, 
VA, USA) and incubated for 2 minutes at 37°C when 
reached 75-95% confluence. The cells were then 
washed with 1x PBS before being pelleted for 5 
minutes at 3,000 rpm. Pellets were resuspended in 
300µl of a protease inhibitor / tissue protein 
extraction agent (T-PER) combination (Pierce, 
Rockford, IL, USA). After centrifuging for another 5 
minutes at 10,000 rpm the protein rich supernatant 
was stored at -80°C.  
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Table 1. Primer Sequences used for QPCR. 

Target Gene Sequence 
VEGFA Forward 5’-CTACCTCCACCATGCCAAGT-3’ 

Reverse 5’-GCAGTAGCTGCGCTGATAGA-3’ 
VEGFR2 Forward 5’-GACTTGGCCTCGGTCATTTA-3’ 

Reverse 5’-ACACGACTCCATGTTGGTCA-3’ 
Src Forward 5’-ACTGAGCTCACCACAAAGGG-3’ 

Reverse 5’-CACTGGCACATGAGGTCGT-3’ 
PI3K Forward 5’-GAAAAACGAGGAATCCGACA-3’ 

Reverse 5’-TCAAAGGCAGGGTTACTCCA-3’ 
Akt1 Forward 5’-AGAAGCAGGAGGAGGAGGAG-3’ 

Reverse 5’-CCCAGCAGCTTCAGGTACTC-3’ 
Akt2 Forward 5’-CCGAGGTCGACACAAGGTA-3’ 

Reverse 5’-CTGGTCCAGCTCCAGTAAGC-3’ 
Akt3 Forward 5’-CGTGGCAAAATGAACACATC-3’ 

Reverse 5’-TGATCCCAAGAAACACACCA-3’ 
 

Western Blot Assays 
For gel electrophoresis, a total of 30ug of the 

protein sample was loaded for each sample. The 
samples were brought to 20µl with T-PER and 
combined with 4µl of 6x SDS dye, for a total of 24µl 
per well. They were then incubated at 98°C for 5 min. 
before loading onto a 4-15% Tris-HCl ready gel 
(Bio-Rad Laboratories, Hercules, CA, USA) along 
with 5µl of PageRuler Plus Prestained Protein Ladder 
(Fermentas Incorporated, Glen Burnie, MD, USA). 
The gel was run at 90V for two hours in 1x running 
buffer, which contains Tris-HCL/Glycine/SDS in a 
liter of deionized water (Fisher Scientific, Fair Lawn, 
NJ, USA). Upon completion the gel was removed and 
incubated in the transfer buffer. Polyscreen PVDF 
transfer membrane (PerkinElmer Life Sciences, 
Boston, MA, USA) was soaked in methanol (Fisher 
Scientific, Fair Lawn, NJ, USA), while the sponges and 
filter paper (Sigma-Aldrich, St. Louis, MO, USA) were 
soaked in 1x Tris/Glycine transfer buffer (Bio-Rad 
Laboratories, Hercules, CA, USA). The transfer 
sandwich was then set up. The transfer was 
completed overnight at 4°C with 80 mAmp of current. 
After transfer, the membrane was washed twice for 15 
min. each in 1x PBS with 1% Tween 20 (Fisher 
Scientific, Fair Lawn, NJ, USA) with shaking. The 
membrane was blocked in 5% non-fat dry milk 
(Nestle Carnation, Vevey, Switzerland) in 1x PBST for 
two hrs. at room temperature with shaking. Again the 
membrane is washed twice for 15 min. in 1x PBST. 
Primary antibody in 1x PBST is then added at the 
appropriate dilution and incubated overnight at 4°C 
with shaking. The blots were probed with four 
different antibodies, including actin. The two 
phosphorylated antibodies were incubated with 5% 
non-fat dry milk in 1x PBST. The membrane is washed 
twice for 15 min. each in 1x PBST and then the 
secondary antibody is added using the appropriate 
dilution in 1x PBST for two hrs. at room temperature 
with shaking. After another set of washes the next 

step is visualization with SuperSignal West Pico 
Maximum Sensitivity Substrate (Thermo Scientific, 
Rockford, IL, USA). The A and B solutions are mixed 
in equal parts, 700µl each, and then applied to the 
membrane, which is then incubated in the dark for 
five minutes before exposure with a Kodak 2000MM 
Image System (Kodak, Rochester, NY, USA). Lastly 
the membrane was stripped at 60°C with shaking 
using a solution of Tris-HCL/SDS/β- 
mercaptoethanol. The blot was then reused starting 
over from the first set of washes.  

Statistical analysis 
Gene expression was analyzed by the student 

t-test. P-values less than 0.05 were considered 
statistically significant. 

Results 
To determine the level of gene expression in the 

Hs 578T cells at the transcriptional level, qPCR was 
performed for five different genes in the cascade for 
the PI3k/Ak pathway, including VEGFA, VEGFR2, 
Src, PI3K, and 3 transcript variants of Akt. All data 
was normalized against 18S and analyzed to 
determine differences in fold changes.  

In Figure 2A, the expression level for BP1 is 
provided for reference and shows a 15 fold increase in 
overexpressing cell lines by average. Data analysis for 
VEGFA shows a marked increase in expression in the 
BP1 overexpressing cell lines compared to the vector 
controls, an average change of 5.74 (Figure 2B). While 
vascular endothelial growth factor receptor two 
(VEGFR2) gives a difference in fold change of 4.14 
between overexpressors and controls (Figure 2C). 
There is no significant change in Src expression, with 
a fold change value of 0.987 (Figure 2D). All three 
transcript variants of the Akt gene show little 
difference in their mRNA expression between the BP1 
overexpressing cell lines and the vector controls. 
However the expression levels for Akt1 are more even 
keeled, save for O3, than that of Akt2 and Akt3.  

Those two transcripts actually show the control 
cell lines with higher expression than that of the BP1 
overexpressing lines (Figure 2E). For Akt1, there is a 
difference in fold change of 1.01, while for Akt2 the 
difference is .754. Lastly Akt3 shows a fold change of 
.80. Thus there’s no statistical significance for the 
expression of Src and the Akt transcripts. The 
overexpressors show greater expression compared to 
the vector controls for the PI3K gene, with a fold 
change of 1.93 (Figure 2F). 

In addition to the transcripts analysis, Western 
blot assays were performed for three of the genes in 
the PI3K/Akt pathway to assess the protein 
expression. All protein expression levels were 
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normalized with actin (Santa Cruz Biotechnology 
Incorporated, Santa Cruz, CA, USA). VEGF 
expression is clearly elevated by average fold change 
of 5.9, as shown in Figure 3, with the expected band 
size of 23kD for VEGF. Protein levels in the 
overexpressors were higher than those of the vector 
controls. Next phosphorylated PI3K was probed for 
and bands were noted at 55kD as expected (Figure 3). 
However no bands were seen at 85kD, which the 
antibody used could also detect. The overexpressing 
cell lines showed increased PI3K expression by 1.41 
fold. Finally phosphorylated Akt was detected at 
60kD. While the overexpressors showed an increase 
over V1 one but not V2, differing by a fold change of 
1.59. The protein expression levels are in consistent to 
their respective transcript levels, although they are 
not necessarily always in agreement. 

Discussion 
It has been shown that BP1, a splice variant of 

DLX4 transcription factor, is overexpressed in breast 
cancer cells and that its expression is associated with 
breast cancer progression(12). VEGFA has been 
implicated in tumor generation because it stimulates 
angiogenesis, proliferation, and migration(20). Also of 
note is that BP1 directly binds to VEGFA, which is 
subsequently upregulated(15) (Figure 4). VEGF, along 
with its receptors have been linked to angiogenesis 

through the PI3K/Akt pathway(17) (34, 35). Whereas 
angiogenesis is considered to be an important target 
for breast cancer therapy(36). These findings strongly 
suggest that BP1 may play an important role 
upstream of the PI3K/Akt pathway, which has a 
significant role in cell survival and angiogenesis, thus 
presenting BP1 as a possible candidate as a 
therapeutic target in breast cancer. 

 

 
Figure 3. Western Blot analysis of VEGF, pPI3K and pAkt in Hs 587T BP1 
overexpressors compared to vector controls. Three overexpressing cell lines 
(O3, O6 and O7) and two vector control cells lines (V1, V2) were analyzed by 
Western blot with VEGF, pPI3K and pAkt antibody respectively. Actin was used to 
normalize protein expression levels. VEGF and pPI3K expression was increased in the 
overexpressing cells by a difference in fold change of 5.9 and 1.41 respectively 
compared to the vector controls. pAkt expression was increased in the 
overexpressing cells compared to O1 by 1.59, but O2. 

 
Figure 2. qPCR Analysis for BP1, VEGFA, VEGFR, Src, PI3K, Akt1, Akt2, and Akt3 expression (y-axis) in Hs 578T transfected cell lines (V1, V2 vs. O3, O6 
and O7). The expression data was normalized with 18S. The fold change is about 15 for BP1, 6 for VEGFA, 4 for VEGFR2 and 2 for PI3K. For Akt1 the vector controls and 
overexpressors are fairly equal, with a difference of 1.01. There were no significant change between overexpressors and controls in Akt1, Akt2 and Akt3 expression. 
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Figure 4. Direct binding site of BP1 to VEGFA obtained from the UCSC 
Genome Browser. Transcript variant six of VEGFA is shown with BP1 binding 
downstream of the coding region, 3313bp away from the transcription start site. The 
binding site is in the untranslated region (UTR) at 43849244. (15) 

 
Three BP1-overexpressing cell lines and two 

vector controls of the Hs578T cell line were used for 
the current study. Quantitative RT-PCR showed 
differing accounts of the level of mRNA expression 
among the genes assayed. The data for VEGFA 
showed the greatest potential with results confirming 
that the expression levels of the overexpressors are 
increased, with a difference in fold change of 5.74, 
while VEGFR2 showed a 4.14 fold difference. 
However, we noticed that O6 cell line showed an 
exceptionally high VEGFR2 expression, which is 
worth further analysis. The other five transcripts, Src, 
pPI3K, Akt1, Akt2, Akt3, show virtually no change 
between the overexpressors and the controls, which 
indicates that BP1 does not directly regulate their 
expression at least at the transcriptional level. 

The major players in the PI3K/Akt pathway 
were chosen to be scrutinized for their protein 
expression, alongside of the key connector VEGF. The 
Western analysis shows VEGF protein levels in the 
overexpressing cell lines to be notably higher than 
those of the vector controls, a difference in fold 
change of 5.9, which is consistent with our qPCR data. 
For phosphorylated PI3K, the overexpressors show 
higher expression than the controls. The protein 
expression levels between the overexpressors and the 
vectors differ by a fold change of 1.41 although we did 

not see the same level of changes in mRNA. The 
expression for phosphorylated Akt was increased in 
all three overexpressors as compared to V1. However 
V2 had the highest yield of all, unexpectedly. This 
could be an anomaly to what was predicted or due to 
a concentration discrepancy or a gel loading error. 
The difference in fold change between the 
overexpressors and V1 is 1.59. This could be due to 
the complexity or effect of other components or 
mechanisms along the pathway not evaluated. In 
addition, the correlation between mRNA and protein 
abundances in the cell has been reported to be 
notoriously poor due to the complex biology. 

These results showcase how BP1 upregulates 
VEGF, which in turn upregulates key members of the 
PI3K/Akt pathway (Figure 5). Additional members 
not surveyed in this study, such as Bad and Caspase9, 
should be investigated in future studies to give a 
complete analysis of the relationship between BP1, 
VEGF, and its downstream targets, including the end 
products. The activation of this pathway contributes 
to cell survival and angiogenesis. These are both 
factors in the progression and development of breast 
cancer. Since BP1 is an upstream transcriptional 
regulator, it could be considered as a new target in the 
treatment and prevention of breast cancer. 

Conclusions 
This study demonstrates the relationship 

between BP1 and its downstream target VEGF, and 
VEGF-related PI3K/Akt pathway. Analysis of key 
elements at the transcriptional and translational level 
illustrates the increased expression of VEGFA, pPI3K, 
and pAkt when BP1 is overexpressed. Our findings 
implicate BP1 plays an important role in the 
PI3K/Akt pathway in increased cell survival and 
angiogenesis. Further analysis of this pathway and its 
components would solidify BP1, possibly through its 
suppression, as a contender for therapy in breast 

cancer treatment. 
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Figure 5. Diagram of BP1 regulating Akt/PI3K pathway through VEGFA. BP1 binds to the 
3’-UTR of VEGFA and upregulates its expression. VEGFA in turn activates the PI3K/Akt pathway to 
promote cell proliferation. 
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