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Abstract of Thesis 
 
 

Potential Prognostic Value of Exosomal BP1 in Breast Cancer 
 

Beta protein 1 (BP1) is an isoform protein of the DLX4 gene that is a member of 

the homeobox gene family. Previous work showed BP1 was activated in 80% of invasive 

ductal breast (IDC) tumors, where 100% of estrogen receptor (ER) negative tumors and 

73% of ER positive tumors were BP1 positive. Moreover, the intensity of BP1 levels was 

associated with tumor cell survival, breast cancer aggressiveness and metastasis. It was 

also observed that BP1 protein could be released from tumor cell lines via small membrane-

bound vesicles called exosomes. In addition, exosomal proteins have shown their unique 

characteristics compared to traditional biomarkers for carcinoma diagnosis and prognosis 

in previous research. Therefore, we hypothesized that analysis of serum exosomal BP1 

protein may provide a novel biomarker for diagnosis or prognosis of breast cancer. 

Exosomes were isolated from serum of women with metastatic breast cancer and 

normal controls using the commercially available Exosome Precipitation Solution. In 

addition, three different antibodies targeting the different peptides of BP1 were designed 

to find the most effective BP1 protein antibody to be used in this project. Then, entire 

exosomal protein levels in serum were analyzed using BCA assay and exosomal BP1 

protein levels were determined using Western blot. In order to develop a method that could 

be easily used in the clinic, an ELISA assay was also designed to assess the exosomal BP1 

protein concentrations in the serum from metastatic breast cancer patients and normal 

controls. 

 It was observed that the entire exosomal protein levels have no significant 

differences between that in breast cancer patients and in controls while the higher-grade 

breast cancer patients tend to have more exosomal proteins. The results of Western blot 
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and ELISA both showed that exosomal BP1 protein levels were significantly higher in the 

breast cancer samples compared to normal controls (P < 0.05). Moreover, Western blot 

results suggested that the ER positive patients have much more (P < 0.05) exosomal BP1 

protein in the serum compared to ER negative groups. 

In this study, it was showed for the first time that BP1 protein is exosomally 

packaged in the breast cancer patients’ serum. The significant difference in the exosomal 

BP1 protein levels between the serum from women with metastatic breast cancer and that 

from normal controls indicated that exosomal BP1 protein in the serum could be a potential 

prognostic biomarker for breast cancer. Furthermore, the ELISA assay designed to be 

easily used for exosomal BP1 protein quantification may have many uses in the clinic 

through aiding in prognosis, monitoring therapy and early detection.
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Introduction 

 

Breast Cancer 

Breast cancer has been shown to be the second most common cancer in women 

after skin cancer and it represents 15.3% of all new cancer cases in the United States 

according to the National Cancer Institute in 2018 (NCI, https://www.cancer.gov/). The 

regimen of therapies for breast cancer is usually directed by the hormone receptor status. 

Estrogen (17β-estradiol) plays an important role in the initiation and the progression of this 

hormone-dependent cancer (Chang, 2012). Tamoxifen (a selective estrogen receptor 

modulator) or fulvestrant (an estrogen receptor downregulator) which can target the 

estrogen receptor (ER) or its pathway is successfully used to treat breast cancer (Reinert et 

al., 2015). However, the drug resistance caused by loss of ER expression or selection of an 

ER-negative population is still the major challenge in this treatment. In addition, breast 

cancer can be staged in different ways based on the tumor size, lymph node involvement 

and histological grade. The ER-negative breast cancers are usually associated with higher 

histologic grade, faster proliferation and poorer prognosis. Moreover, the prognosis can 

vary even at the same stage of cancer (Pennati et al., 2008). Therefore, it is important to 

find biomarkers for predicting the likelihood of recurrence and estimating the probability 

of developing breast cancer in the women with different hormone receptor statuses. 

 

BP1 Protein 

Beta protein 1 (BP1) is an isoform protein of the DLX4 gene that is a member of 

the homeobox gene family due to alternative mRNA splicing. Homeobox genes are usually 

implicated in early development and differentiation. The DLX4 gene was first found in a 
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human cDNA placenta library and is located on chromosome 17q21.23 which is a DNA 

region that is frequently amplified in breast cancer (Quinn et al., 1997). There are three 

functionally different protein isoforms of the DLX4 gene: BP1, DLX7 and an unidentified 

DLX4 protein isoform (Berg et al., 2011). The differences in RNA sequence from the same 

gene lead to these different isoforms. Thus, in UniPro database (UniProt release 2017_01), 

there are three isoforms in the DLX4 protein (Q92988) entry: Isoform-1 (Q92988-1) is BP1 

protein, Isoform-2 (Q92988-2) is DLX7 protein and Isoform-3 (Q92988-3) corresponds to 

the unknown DLX4 isoform protein. However, the amino acid sequence alignment result 

of these different isoform proteins of DLX4 gene is somewhat confusing (Figure 1). 

 

 
Figure 1. Amino acid sequence alignment between BP1 (Q92988-1), DLX7 (Q92988-
2) and an unidentified isoform protein of DLX4 gene (Q92988-3) in UniPro Database 
(UniProt release 2017_01).  
In this sequence alignment from the UniProt database, BP1 protein (Q92988-1) sequence 
is incorrectly identified as DLX4 protein (Q92988). Hence, the number Q92988 in this 
figure actually should be Q92988-1. 
 
 

BP1 protein has 240 amino acids including a 116 amino acid N-terminal domain, a 

64 amino acid C-terminal domain and a 60 amino acid homeobox domain. It is calculated 

to have a molecular weight of 26 kDa while its observed molecular weight may vary due 

to post-translational modifications and post-translation cleavages (Berg et al., 2011). BP1 
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cDNA was first identified and cloned by Dr. Patricia Berg’s laboratory. This protein is 

normally expressed during erythropoiesis in adult kidney and placenta, and in low levels 

in fetal liver (Chase et al., 2002). It was found that BP1 protein is a repressor of the human 

β-globin gene in normal erythroid cells via two upstream silencers inhibiting β-globin gene 

expression during embryonic and fetal hemoglobin expression (Fu et al., 2001).  

 

BP1 Protein in Breast Cancer 

In an earlier study, where BP1 expression was evaluated by semiquantitative 

reverse transcription polymerase chain reaction (RT-PCR), it was shown that BP1 was 

activated in 80% of invasive ductal breast (IDC) tumors, where 100% of estrogen receptor 

(ER) negative tumors and 73% of ER positive tumors were BP1 positive (Fu et al., 2003). 

This indicated that there is a strong correlation between BP1 expression and the estrogen 

receptor status. Moreover, this study also showed that 89% of African American women 

with breast cancer were BP1 positive while 57% of the tumors in Caucasian women 

patients expressed BP1. A study in Chinese breast cancer patients by Yu et al. found that 

the BP1 mRNA expression rates in near and far adjacent tissues were 16.67% and 0% 

respectively, while the expression rate in the breast cancer group was 64.63% (Yu et al., 

2004). In addition, those authors further confirmed that ER negative breast tumors 

expressed higher levels of BP1 mRNA but did not identify a significant association 

between BP1 expression and HER2 status (Yu et al., 2008). Moreover, in this study, a 

significant association between high BP1 mRNA level and positive lymph node metastasis 

in invasive ductal breast tumors (IDC) was observed. It also showed that women with grade 

III tumors overexpressing BP1 had decreased survival compared to those women with 

grade III tumors expressing low BP1, which suggested that the intensity of BP1 levels is 
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associated with survival.  

Furthermore, it was observed that BP1 levels increase with the progression of tumor 

development, which was determined through immunostaining experiments. In 0% of 

normal adult breast tissue, 21% of ductal hyperplasia, 46% of ductal carcinoma in situ 

(DCIS), 81% invasive ductal carcinoma and 100% of inflammatory breast cancers, BP1 

was positive (Figure 2) (Man et al., 2005). In this study, the association between BP1 

positivity and increased proliferation was also demonstrated. Further study in ER-negative 

Hs578T cells confirmed that BP1 overexpression correlates with increased cell 

proliferation and enhances the in vitro invasive activity (Fu et al., 2010). Experiments in a 

mouse model showed that overexpression of BP1 also could increase tumor size and lead 

to estrogen-independent tumor formation (Fu et al., 2016).  
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Figure 2. BP1 positivity increases with progression (normal→intraductal 
hyperplasia→ductal carcinoma in situ→invasive ductal carcinoma) by 
immunostaining (Man et al., 2005).   
(A) Normal reduction mammoplasty. 100×.  
(B) Intraductal hyperplasia (IDH). Duct with BP1 expression is identified by arrow (red 
color indicates BP1 positive staining). 200×.  
(C) Ductal carcinoma in situ (DCIS). Expression of BP1 in DCIS is heterogeneous. Cells 
in one duct are homogeneously immunoreactive, while the other two ducts contain many 
BP1 negative cells (arrows). 150×.  
(D) Invasive ductal carcinoma. The infiltrating cancer cells are strongly BP1 positive (red 
color), while the normal (N), typical intraductal hyperplasia (IDH), and atypical intraductal 
hyperplasia (AIDH) are either negative or weakly positive. 100×.  
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Since BP1 protein has been suggested to play an important role in breast carcinoma, 

understanding more about BP1 functions is crucial. As mentioned before, BP1 acts to 

inhibit embryonic and fetal β-globin gene expression during early development but is 

repressed during normal adult erythropoiesis. As a transcription factor, BP1 protein also 

has been shown to have effects on the activation and inhibition of tumor oncogenes and 

suppressors. For instance, BP1 overexpression was able to increase Bcl-2 expression, 

which causes a decrease in apoptosis (Stevenson et al., 2007). Moreover, BP1 acts as a 

repressor of BRCA1, which is a tumor suppressor gene, through direct binding to the 

BRCA1 first intron (Kluk et al., 2010). A study also showed that BP1 protein blocks c-Myc 

transcriptional repression mediated by TGF-β and independently induces c-Myc levels. 

Thus, high BP1 expression can lead to increased proliferation and increased differentiation 

(Trinh et al., 2011). In an ovarian cancer cell model, BP1 overexpression increases the 

levels of vascular endothelial growth factor (VEGF) and fibroblast growth factor-2 (FGF-

2), which stimulates angiogenesis and leads to increased microvessel density in tumors 

(Hara et al.,2007). 

The high level of BP1 found in breast cancer highlights its possible role as a 

diagnostic or prognostic biomarker. Since BP1 is a homeoprotein and transcription factor, 

it is crucial to investigate its signaling pathways to evaluate the possibility of BP1 as a 

potential biomarker in breast cancer. 
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Exosome & Exosomal Protein 

Exosomes are small bilayered extracellular vesicles (EVs) with a characteristic 

diameter of 40-100 nm measured by electron microscopy (Raimondo et al., 2011). As 

Figure 3 (Merchant et al., 2017) shows, the first step of exosome formation is initiated by 

internalization of the membrane protein to form early endosomes (step 1). After 

endocytosis, these early endosomes mature to late endosomes (step 2), then inward budding 

of their membrane produces intraluminal vesicles (ILVs) (step 3). These late endosomes 

containing ILVs are named multivesicular bodies (MVBs). Through fusion of MVBs with 

plasma membrane, exosomes enriched in nucleic acid and proteins are released into the 

extracellular space (step 4). Alternatively, MVBs also can fuse with lysosomes to induce 

the degradation of their cargo (step 5). The secreted exosomes can participate in molecular 

signaling by being internalized by recipient cells (step 6). Exosomes contain large amounts 

of proteins, lipids and nucleic acids, which suggests their complexity. In recent years, many 

studies have demonstrated that cancer released exosomes play a crucial role in oncogenesis 

and progression (Bebelman et al., 2018). 

Exosomal proteins have shown their unique characteristics compared to traditional 

biomarkers for carcinoma diagnosis and prognosis in previous research. First, exosomal 

proteins are more sensitive than the proteins directly detected in liquid biopsy (Arraud et 

al., 2014; Nolan, 2015). Second, exosomal proteins are easy to be obtained for clinical 

detection, because exosomes are widely existing in various body fluids (Boukouris et al., 

2015). Moreover, the lipid bilayer structure prevents exosomal proteins from being 

degraded by enzymes, which makes them very stable (Chen et al., 2017). The above 

features highlight the feasibility and advantages of developing exosomal proteins as 

biomarkers for cancer early detection, monitoring and prognosis prediction. 
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Figure 3. Extracellular 
vesicle formation and 
structure of exosomes 
(Merchant et al., 
2017).  
(a) Exosome (40-100 
nm in diameter) 
Formation 
 
(b) Release of 
Microvesicles (100-
1,000 nm in diameter)  
 
(c) Apoptotic bodies 
(800-5,000 nm in 
diameter) Formation 
 
(d) Composition of an 
exosome 
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Exosomal Protein in Breast Cancer 

Some recent discoveries have suggested the possibility of exosomal proteins as 

novel diagnostic and prognostic indicators for breast cancer. It was found that the epithelial 

cell adhesion molecule (EpCAM)-positive exosomes levels in the plasma from breast 

cancer patients were significantly higher compared to healthy controls. In addition, the 

level of exosomal human epidermal growth factor receptor 2 (HER2) expression was 

almost consistent with that in the tumor tissues (Fang et al., 2017). The levels of exosomal 

fibronectin (FN) and developmental endothelial locus-1 (Del-1) in plasma were 

significantly elevated in the women with breast cancer while returned to normal after tumor 

removal, indicating that both of these exosomal proteins have potential value for diagnosis 

and prognosis of breast cancer (Moon et al., 2016; Moon et al., 2016). In serum, exosomal 

survivin levels and exosome amounts were both significantly increased in all the breast 

cancer samples (Khan et al., 2014). 

It has been found by Dr. Patricia Berg’s laboratory that BP1 protein is secreted from 

breast cancer tumor cells (unpublished data). According to previous studies, there are two 

potential methods of the BP1 secretion: direct secretion and indirect secretion via 

exosomes. In this regard, it was confirmed that BP1 protein was present in the isolated 

exosomes from breast cancer cell lines via Western blot experiments, thus indicating 

exosomes are vehicles for secreting BP1 protein out of the cells.  

The high level of BP1 protein found in breast cancer and the confirmation that 

exosomes contain BP1 protein, made it is reasonable to think that exosomal BP1 protein 

in the serum could be a potential prognostic biomarker for breast cancer in the clinical 

test. Therefore, an assay to quantify exosomal BP1 protein in serum was developed in 

this thesis project. Then, in the serum samples collected from women with breast cancer 
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and the normal groups, the whole exosomal protein levels and exosomal BP1 levels were 

both determined to find out the potential association between exosomal BP1 and the 

presence of breast cancer.  
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Materials and Methods  

 

Clinical Serum Samples  

Human serum from women with metastatic breast cancer and normal control serum 

samples were purchased from Capitol Biosciences. According to the datasheet from 

Capitol Biosciences, all of these serum samples were collected from women after fasting. 

The metastatic breast cancer samples were taken from Caucasian patients before treatment. 

The clinical and pathological characteristics of the patients are described as Table 1. The 

characteristics of normal control groups are listed in Table 2. When the serum samples 

were received, all of them were aliquoted into 0.5mL aliquots in 1.7mL microcentrifuge 

tubes and stored in the -80 °C freezer. 

 

Caucasian Breast Carcinoma Patients’ Clinical and Pathological Characteristics 
Characteristic ER Positive (n=18)  ER Negative (n=18) All (n=36) 
Median age (range) 55.2(35-68) 54.8(36-67) 55.0 (35-68) 
Stage, n (%) 
  II 
  III 
  IV 

 
1 (5) 
7 (39) 
10 (56) 

 
2 (11) 
3 (17) 
13 (72) 

 
3 (8) 
10 (28) 
23 (64) 

HER2 Status, n (%) 
  0 
  2+ 
  3+ 

 
3 (17) 
4 (22) 
11 (61) 

 
13 (72) 
3 (17) 
2 (11) 

 
16 (45) 
7 (19) 
13 (36) 

PR Status, n (%) 
  Positive 
  Negative 

 
14 (78) 
4 (22) 

 
6 (33) 
12 (67) 

 
20 (56) 
16 (44) 

HER2: human epidermal growth factor receptor 2; PR: Progesterone Receptor 
Table 1. Caucasian patients’ clinical and pathological characteristics. 

Characteristics of Normal Control Groups 

Characteristic Caucasian 
(n=5) 

Hispanic 
(n=14) 

African 
(n=11) 

All  
(n=30) 

Median age 
(range) 

51.4 
(43-57) 

36.5 
(21-58) 

35.2 
(24-53) 

38.5 
(21-58) 

Table 2. Control groups characteristics. 
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Designing Anti-BP1 Antibodies 

In order to find the most effective BP1 protein antibody to be used in the project, 

three different antibodies targeting the different peptides of BP1 were designed according 

to the whole sequence of BP1 protein obtained from Uniprot database (Table 3). Then, all 

of these antibodies were produced by Rockland Immunochemicals Company and stored in 

the -20°C freezer upon receipt.  

 

BP1 Protein Sequence (Q92988-1) The Peptides Targeted by 
Different Designed Antibodies 

>sp|Q92988|DLX4_HUMAN Homeobox protein 
DLX-4 OS=Homo sapiens OX=9606 GN=DLX4 
PE=1 SV=4 
MTSLPCPLPGRDASKAVFPDLAPVPSVAAAYP
LGLSPTTAASPNLSYSRPYGHLLSYPYT 
EPANPGDSYLSCQQPAALSQPLCGPAEHPQEL
EADSEKPRLSPEPSERRPQAPAKKLRKP 
RTIYSSLQLQHLNQRFQHTQYLALPERAQLAA
QLGLTQTQVKIWFQNKRSKYKKLLKQNS 
GGQEGDFPGRTFSVSPCSPPLPSLWDLPKAGT
LPTSGYGNSFGAWYQHHSSDVLASPQMM 

Peptide1: 
QHHSSDVLASPQMM 

Peptide2:  
GPAEHPQELEA 

Peptide3:  
YTEPANPGDSYLS 

Table 3. BP1 protein sequence and the peptides targeted by different anti-BP1 
antibodies.  
 

Determining the Ideal Method of Exosome Isolation (Performed by Samuel Seong) 

First, ultracentrifugation was tested as a potential method to isolate exosomes from 

serum as described by Witwer et al. (2013). In brief, 3ml of each serum sample was 

centrifuged at 10,000xg for 20 minutes at 4°C to remove cellular debris. Next, the 

supernatant was collected after being filtered using a 0.22 um filter (MilliporeSigma, Cat# 

SLGP033RS), followed by an ultracentrifugation step of 100,000xg for 70 minutes at 4°C. 

Then, the supernatant was discarded and the pellet was resuspended in 2mL of 1X PBS. 

After another ultracentrifugation step of 100,000xg for 70 minutes at 4°C, the supernatant 

was discarded and the collected pellet was resuspended in 100uL of 1X PBS and stored at 
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-80°C. However, this method resulted in very low yields of exosomes and was deemed 

insufficient for our purposes. Another method suggested in the literature for exosomes 

isolation is using Exosome Precipitation Solution (ExoQuick, System Biosciences, Cat# 

EXOQ20A-1) (Caradec et al. 2014). The experiment result was congruent with what found 

by Caradec et al., which showed using Exosome Precipitation Solution was a more efficient 

method for isolating exosomes from serum. Moreover, exosomes were also effectively 

purified from different breast cancer cell lines using this reagent (Figure 4).  

 

 
Figure 4. Electron microscope image of exosomes isolated from different cell lines by 
Exosome Precipitation Solution (Performed by Samuel Seong). 
 

Isolation of Exosomes 

Exosomes from serum were isolated by Exosome Precipitation Solution 

(ExoQuick, System Biosciences, Cat# EXOQ20A-1). According to the manufacturer’s 

instructions, 0.5ml of each serum sample was used in this process and firstly centrifuged 

at 3000xg for 15 minutes at 4°C to remove cell debris and larger vesicles. Next, the cell-
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free supernatants were mixed with 100uL of Exoquick Solution and incubated at 4°C for 

30 minutes. Then, centrifugation at 1500xg for 30 minutes at 4°C was performed to obtain 

the exosomes which may appear as a beige or white pellet at the bottom of the vessel. After 

aspirating supernatant, the pellet was resuspended with 400uL of sterile 1X PBS and stored 

at -20°C.  

 

Quantification of Exosomal Protein  

To quantify the amount of exosomal protein, the commercial BCA protein assay 

kit (ThermoScientific, Cat# 23225) was employed. First, the BSA stock (ThermoScientific, 

Cat# 23209) was serially diluted with water to create a standard curve to give a range of 

2mg/mL to 0.03125mg/mL. 10uL of each standard and 10uL of water as a blank (0ng/mL) 

were added in triplicate to a new 96 well sterile plate (Corning, Cat# 3595). 10uL of diluted 

isolated exosome samples were then added to other wells in triplicate, followed by mixing 

200uL of the Working Reagent (50 parts of BCA Reagent A: 1 part of BCA Reagent B) to 

each well. After shaking the plate on a rocker for 30 seconds, it was incubated at 37°C for 

30 minutes. Then, the absorbance at 562nm was measured on the plate reader and analyzed 

by the Gen5 1.1 program. 

 

Western Blot 

After quantifying the protein concentration of the isolated exosomes, the samples 

were mixed with 2X SDS loading buffer and heated at 100°C for 10 minutes to lyse. After 

10 minutes, the samples were taken out of the heating block and kept on the bench until 

they reached room temperature. 200ng exosomal protein of each sample and 2ng BP1 

standard protein were loaded on a 4-20% Tris-glycine precast gradient gel (BioRad, Cat# 
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4561095) and were separated by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

for about 45 minutes at 150V ensuring that the bands of the ladder (BioRad, Cat# 1610375) 

were separated. When the run was complete, the cassette was opened and the gel was 

placed on top of a nitrocellulose membrane (BioRad) that was first soaked in 1X Trans-

Blot Turbo transfer buffer (BioRad) containing 20% ethanol. Transfer cassettes were 

prepared and the proteins were transferred to the nitrocellulose membrane using the Trans-

Blot Turbo Transfer System (BioRad). Membranes were blocked in PBST containing 5% 

dry milk (w/v) for 1 hour at 37°C on a shaking platform, followed by overnight incubation 

at 4°C with the primary antibodies. The next day, the membranes were washed with PBST 

three times, 10 minutes each and incubated with secondary antibody solution for 2 hours 

at 37°C on the rocker followed by three more PBST washing steps. After that, SuperSignal 

West Dura Extended Duration Substrate (ThermoScientific, Cat# 34075) was used for 

detecting bands. Equal parts of each reagent were mix in a 15ml centrifuge tube and added 

in a dropwise fashion evenly onto the membrane (0.1ml Working Solution per cm2 of 

membrane). After incubation shielded from light for 5 minutes, the blots were then 

developed on a Bio-Rad Chemi Doc Imager and quantified using Image Lab software. All 

of the antibodies used in this process are described in Table 4.  

 

ELISA 

To quantify the exosomal BP1 levels in different samples, exosomes were lysed 

with RIPA buffer (ThermoScientific, Cat# 89900) containing protease inhibitor 

(TheromoScientific, Cat# 87786) at 4°C for 15 minutes before being loaded on the ELISA 

plate (Corning, Cat# 3595). This ELISA procedure was designed as Figure 5. First, capture 

antibody (Rockland) was coated onto the wells of the microplate with incubation overnight 
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at 4 °C. After washing the plate three times with PBST (0.05% Tween-20 in PBS), 200ul 

blocking solution (5% BSA in PBST) was added to each well followed by incubation on 

the shaker for 1 hour at 37°C. The plate was then washed five times with PBST. 

Recombinant BP1 protein (rBP1) (Novus Biological, Cat# H00001748-P01-2ug) was 

serially diluted onto the plate ranging from 4ng/mL to 0ng/mL to be used as a standard 

curve on the plate. Lysed exosomes isolated from serum were added in a final volume of 

50uL/well at a final concentration of 250ug/well and incubated at 37°C. After three washes 

with 1X PBS containing 0.05% Tween20, diluted unconjugated anti-BP1 antibody 

(Rockland) was added in 50uL/well followed by incubation at 37°C for 1 hour. After three 

washes with PBST, the plate was incubated with 50uL/well of diluted HRP-conjugated 

anti-rabbit secondary antibody for 1 hour at 37°C. Three more PBST washing steps were 

done before 50uL of TMB substrate solution (KPL Inc, Cat# 5120-0047) was added to 

each well. After incubating at room temperature for 30 minutes, 50ul of 1N HCl (Sigma, 

Cat# H1758) was added to stop the reaction and optical densities were recorded at 450nm. 

Readings were analyzed with Gen5 1.1 program and all of the antibodies used in this 

process are summarized in Table 4.  
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Figure 5.  ELISA designed for determining the exosomal BP1 concentration in the 
serum. Reproduced from ThermoFisher Scientific (2016). 
 
 
 
Antibody and 
Reagents 

Supplier  
(Catalog No.) Western Blot ELISA 

Recombinant 
Human BP1 Protein 

Novus 
(H00001748-P01-
2ug) 

2ng/well 
Series Dilution 
From 5ng/ml 
to 0.078 ng/ml 

Anti-BP1 Peptide 1 
(QHHS) Rockland 

Efficacy Evaluationa: 
1/200; 1/1000; 1/5000  
 

 

Anti-BP1 Peptide 2 
(GPAE) Rockland 

Efficacy Evaluationa: 
1/200; 1/1000; 1/5000 
 

 

Anti-BP1 Peptide 3 
(YTEP) Rockland 

1) Efficacy Evaluationa: 
1/200; 1/1000; 1/5000 
 
2) Quantification: 
1/2000 

1/1000 

Anti-Rabbit IgG  
HRP-Linked  

GE Healthcare 
(NA934-1ML) 1/2000 1/2000 

Table 4. Antibodies and reagents. Usage conditions per application. 
a. A serial dilution of antibodies was used in Western blot to evaluate their efficacies. 

 

Statistical Analysis 

All results were expressed as the mean ± SD form. Means were calculated from at least 

three independent experiments. Two-tailed unpaired Student’s t-test was used for the 

Capture Antibody:
Anti-BP1 Antibody

Target Antigen:
Exosomal/ 
Recombinant BP1
Protein

Detection Primary
Antibody:
Anti-BP1 Antibody

Detection Secondary 
Antibody:
HPR-Linked Anti-Rabbit 
IgG Antibody TMB



 

18 

comparison of different groups. Analyses were performed using GraphPad Prism 7.0 

(GraphPad Software). A value of P < 0.05 was considered to be statistically significant. In 

this study, * P < 0.05, **P < 0.01, ***P < 0.001. 
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Results 

 

Efficacy Evaluation of BP1 Antibodies Targeting Different Peptides of BP1 from 
Rockland 
 

In order to find the most effective anti-BP1 antibody, the efficacies of the three BP1 

antibodies targeting different peptides of BP1 protein (Peptide1: QHHSSDVLASPQMM; 

Peptide2: GPAEHPQELEA; Peptide3: GPAEHPQELEA) were evaluated by Western blot 

(Figure 6A). Recombinant BP1 protein (rBP1) was used as the standard protein. The same 

detection antibody (GE Healthcare, Cat. #NA934-1ML) was employed in the same dilution 

factor (1:2000) in all of the groups. The intensity of each band in the results was analyzed 

using Image Lab software (Figure 6B). It was observed that the BP1 antibody targeting 

peptide3 always had the strongest band compared to the antibodies targeting peptide 1 and 

peptide 2 with the same dilution factor. This suggested the BP1 antibody targeting peptide3 

is most effective and this antibody therefore was used in the next related experiments.  
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Figure 6. Efficacy evaluation of different BP1 antibodies from Rockland.  
(A) Western blot results of efficacy evaluation for BP1 antibodies using rBP1 protein.  
(B) The intensity analysis of each band in Western blot by Image Lab. 
 

  

1:200   1:1000  1:5000

α Peptide1 α Peptide2 α Peptide3

rBP1

Primary Ab

Dilution 1:200   1:1000  1:5000 1:200   1:1000  1:5000

A

B
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Whole Exosomal Protein Quantification in Women’s Serum 

The exosomal protein levels detected by the BCA assay have no significant 

differences between that in breast cancer patients and in controls (Figure 7A). In addition, 

the different ethnic groups seem to have similar levels of exosomal protein. Moreover, the 

exosomal protein levels were analyzed in the context of different tumor stages (G2, G3, 

G4). There were no significantly statistical differences while the higher-grade breast cancer 

patients tend to have more exosomal proteins (Figure 7B). The levels of exosomal protein 

were next correlated with the status of estrogen receptor in metastatic breast cancer groups 

(Figure 7C). No significant difference was identified in the exosomal protein levels of ER 

positive patients and ER negative patients. These ER positive and ER negative samples 

were also analyzed in the context of different carcinoma grades (Figure 7D). The exosomal 

proteins levels of these two groups with different ER statuses had no significant difference 

in each stage.  
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Figure 7. Whole exosomal protein levels in women’s serum. 
All data were obtained using the same samples. The details of their characteristics are listed 
in Table 1 and Table 2. Normal Controls (NC), n=30; Metastatic Breast Cancer (MBC), 
n=36. 
(A) Exosomal protein levels in serum from MBC and NC (including different ethnic 
groups). 
(B) Exosomal protein levels in serum from NC and MBC (including different tumor 
grades). 
(C) Exosomal protein levels in serum from NC and MBC (including different estrogen 
receptor status). 
(D) Exosomal protein levels in serum from ER positive and ER negative breast cancer 
patients in different tumor stages (G2, G3, G4).  
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Confirming the Presence of Exosomal BP1 Protein in Serum Collected from Women 

Previous studies showed BP1 protein is present in the exosomes isolated from 

different breast cancer cell lines, such as MCF-7 and T47D (unpublished data). To verify 

if the same result would be demonstrated with the exosomes isolated from women’s serum 

with these new reagents, a Western blot was performed using the most effective BP1 

antibody (anti-BP1 peptide3) whose efficacy was evaluated in the earlier experiment. The 

commercially available recombinant human BP1 protein (Novus, Cat. #H00001748-P01-

2ug) was employed as positive control. Some bands whose molecular weights closely 

match the value of rBP1, 52.7kDa, were observed (Figure 8). As mentioned in the 

Background, the calculated molecular weight of BP1 protein is 26kDa. What makes the 

difference between the observed molecular weight and calculated value is not fully known. 

Possible explanations could be post translational modifications, post translation cleavages 

and relative charges. This Western blot result indicated that BP1 is present in the exosomes 

isolated from serum of women with metastatic breast cancer and normal controls. 

Moreover, it confirmed these new reagents and the BP1 antibody (anti-BP1 peptide3) 

worked well and could be employed in the next steps.  

 

 
Figure 8. Presence of BP1 protein in exosomes isolated from serum. 
BP1 protein bands were observed around 50kDa, which indicated that BP1 protein existed 
in the exosomes isolated from serum of women with metastatic breast cancer (MBC) and 
normal controls (NC). rBP1 was employed as standard and positive control.  
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Exosomal BP1 Protein Levels in the Women’s Serum 

After confirmation of the presence of exosomal BP1 protein in serum and 

verification of the efficacy of different reagents, exosomal BP1 levels in the serum samples 

were evaluated using Western blot and the results were analyzed by Image Lab software. 

In general, exosomal BP1 concentrations in the serum of metastatic breast cancer patients 

(N=36) were significantly (*P < 0.05) higher than the normal controls (N=30) (Figure 9A). 

These levels were also correlated with cancer stages and estrogen receptor status. There is 

no significant difference in exosomal BP1 levels in the serum among the patients in 

different carcinoma grades (Figure 9B). The ER positive patients have much more (*P < 

0.05) exosomal BP1 protein in their serum compared to ER negative groups (Figure 9C). 

In addition, the BP1 levels in the exosomes isolated from serum of the patients in the 

different estrogen receptor statuses were examined in the context of different tumor stages 

(Figure 9D). In each stage, the ER positive patients tended to have much more exosomal 

BP1 in the serum. In stage IV disease, exosomal BP1 protein concentration in sera taken 

from ER positive patients is significantly higher (*P < 0.05) compared to that in serum 

form ER negative patients.  

Furthermore, according to the exosomal protein levels in the serum of breast cancer 

patients and control groups (Figure 7), the percentages of BP1 protein in the whole 

exosomal protein were also analyzed (Figure 10). In general, MBC serum groups have 

much higher (**P < 0.01) proportion of BP1 protein in the exosomal protein compared to 

normal controls (Figure 10A). These levels do not correlate with the different carcinoma 

grades (Figure 10B). In breast cancer patients, ER positive patients have significantly 

higher (*P < 0.05) BP1 percentage levels in the whole exosomal protein than ER negative 

groups (Figure 10C). Moreover, these levels in ER positive patients showed no significant 
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change compared with ER negative groups in breast cancer stage II to IV (Figure 10D). 

 

 
Figure 9. Exosomal BP1 concentrations in the serum. 
All data were obtained using the same samples. The details of their characteristics are listed 
in Table 1 and Table 2. Normal Controls (NC), n=30; Metastatic Breast Cancer (MBC), 
n=36. *P < 0.05. 
(A) Exosomal BP1 concentrations in the serum from MBC and NC (including different 
ethnic groups). 
(B) Exosomal BP1 concentrations in the serum from NC and MBC in different tumor 
grades (G2, G3, G4). 
(C) Exosomal BP1 concentrations in the serum from NC and MBC in different estrogen 
receptor statuses. 
(D) Exosomal BP1 concentrations in the serum from ER positive and ER negative breast 
cancer patients in different tumor stages (G2, G3, G4). 
 
 

A B

C D

NC
M

BC

ER Pos
itiv

e

ER N
eg

ati
ve

0

50

100

150

Ex
os

om
al

 B
P1

 C
on

ce
nt

ra
tio

n 
in

 S
er

um
 (n

g/
m

l)

* *

NC
M

BC G2 G3 G4
0

50

100

150

200

Ex
os

om
al

 B
P1

 C
on

ce
nt

ra
tio

n 
in

 S
er

um
 (n

g/
m

l)

*



 

26 

 
Figure 10. BP1 percentage levels in the whole exosomal protein in serum.  
All data were obtained using the same samples. The details of their characteristics are listed 
in Table 1 and Table 2. Normal Controls (NC), n=30; Metastatic Breast Cancer (MBC), 
n=36. *P < 0.05, **P < 0.01. 
(A) BP1 percentage levels in the whole exosomal protein in serum from MBC and NC 
(including different ethnic groups). 
(B) BP1 percentage levels in the whole exosomal protein in serum from NC and MBC in 
different carcinoma grades (G2, G3, G4).  
(C) BP1 percentage levels in the whole exosomal protein in serum from NC and MBC in 
different estrogen receptor statuses. 
(D) BP1 percentage levels in the whole exosomal protein in serum from ER positive and 
ER negative breast cancer patients in different tumor stages (G2, G3, G4).  
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Exosomal BP1 Levels Determined by ELISAs in Women’s Serum 

In order to develop a method that could be easily used in the clinic for various 

purposes including early detection, monitoring treatment and prognosis, an ELISA was 

designed to assess the exosomal BP1 concentration in the serum from metastatic breast 

cancer patients and normal controls (Figure 5). Because ELISA can be used to detect much 

more sample with one plate in one time, it would be the much more reasonable clinical 

detection method. The exosomes were isolated, lysed and the ELISA was performed to 

look at the exosomal BP1 protein concentrations in women’s serum. The most effective 

BP1 antibody (anti-BP1 peptide3) was used as capture antibody and detection primary 

antibody. All of the samples used in this experiment were loaded on the same ELISA plate 

and operated as described in the Materials and Methods. 

This amount was quantified based on the standard curve generated from 

recombinant BP1 protein (Novus, Cat. # H00001748-P01-2ug) (Figure 11A). Exosomal 

BP1 levels were significantly higher in the serum from patients with breast cancer than 

normal control groups (Figure 11B). Because time is limited in this thesis project, only 10 

MBC samples and 10 NC samples were randomly selected from the corresponding group 

(Table 1 & Table 2) in this step. In order to confirm these results, this ELISA experiment 

needs to be repeated with more samples in the future. 
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Figure 11.  Exosomal BP1 levels determined by ELISAs in women’s serum. 
Statistical analysis was performed. All samples were loaded on the same assay plate. 
Normal Controls (NC), n=10; Metastatic Breast Cancer (MBC), n=10. *P < 0.05. 
(A) Standard curve generated from recombinant BP1 protein in a serial dilution  
(B) This ELISA result indicated that exosomal BP1 levels were significantly higher in the 
serum from patients with breast cancer (MBC) than normal control groups (NC).  
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Discussion 

 

BP1 protein has been recognized as an isoform protein of the DLX4 homeobox 

gene family functioning as a transcription factor (Quinn et al., 1997). In previous studies, 

RT-PCR was employed to evaluate BP1 expression. It was shown that BP1 is upregulated 

in 80% of invasive ductal breast tumors (IDC) and is present in 100% of ER negative and 

73% of ER positive tumors (Fu et al., 2003). It was also observed that BP1 levels increase 

with the progression of tumor development (Man et al., 2005). These findings suggested 

that BP1 protein could be a potential diagnostic or prognostic biomarker for breast cancer.  

Exosomes are bilayered nano-sized vesicles produced by various cell types (Théry 

et al., 2002). It has been demonstrated that tumor-derived exosomes play a crucial role in 

oncogenesis and progression (Bebelman et al., 2018). In addition, due to their presence and 

unique characteristics in the exomes in most body fluids, exosomal proteins from cancer 

cells are becoming new biomarkers for carcinoma diagnosis and prognosis in researches 

(Li et al. 2017). It was confirmed by by Dr. Patricia Berg’s laboratory that BP1 protein 

existed in the isolated exosomes from breast cancer cell lines via Western blot experiment, 

which suggested exosomes are vehicles for releasing BP1 protein from cells (unpublished 

data). The high level of BP1 protein found in breast cancer and the confirmation that 

exosomes contain BP1 protein, made it is reasonable to think that exosomal BP1 protein in 

the serum could be a potential prognostic biomarker for breast cancer in the clinical test.  

In this study, in order to evaluate the potential prognostic value of exosomal BP1 

protein in the serum of patients with breast cancer, a quantitative assay to detect exosomal 

BP1 protein in the women’s serum was first developed. Different approaches were taken 

to optimize this method in the process. First, the ideal method of isolation of the exosomes 
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from the serum samples was determined. Ultracentrifugation was the common method used 

in the literature report (Witwer et al., 2013). However, this method resulted in very low 

yields of exosomes and production was insufficient for our purposes. Based on the 

experiments performed by Samuel Seong, it was shown that using Exosome Precipitation 

Solution was a more efficient method for isolating exosomes from serum. This finding was 

congruent with the conclusion in Caradec et al.’s literature (2014). Furthermore, because 

this quantitative method was expected to detect a specific protein, BP1 protein, three BP1 

antibodies specifically targeting different peptides of BP1 protein (Peptide1: 

QHHSSDVLASPQMM; Peptide2: GPAEHPQELEA; Peptide3: GPAEHPQELEA) were 

designed. Western blot was employed to evaluate their efficacies and to find the most 

effective anti-BP1 antibody to optimize this quantitative assay. It was observed that the 

BP1 antibody targeting peptide3 (GPAEHPQELEA) always had the strongest band in the 

results of Western blot with different antibody concentrations (Figure 6), which suggested 

this BP1 antibody is most effective and thus was used in the next experiments of this 

project. 

Previous research showed BP1 protein existed in the exosomes isolated from 

different breast cancer cell lines and women’s serum (unpublished data). The same result 

was obtained in this report using the new reagents and BP1 antibody targeting peptide3 

(Figure 8). The exosomes isolated from women’s serum were run on a Western blot to 

screen for exosomal BP1. The commercially available recombinant human BP1 protein 

(Novus, Cat. #H00001748-P01-2ug) was employed as positive control. The presence of 

bands around 50kDa indicated the existence of BP1 protein in exosomes. The discrepancy 

between the 26kDa which is the calculated molecular weight of BP1 protein and the 

52.7kDa that appears for exosomal BP1 protein in this project could be attributed to post 
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translational modifications, post translation cleavages and relative charges. This hypothesis 

has yet to be tested in the future. 

Exosomes’ concentration is reportedly increased in the blood of patients with 

ovarian and pancreatic cancer when compared with normal controls (Taylor et al., 2008; 

Melo et al., 2015). Moreover, the cargo of tumor-derived exosomes can change according 

to the patient’s health status (Kalluri, 2016). In this report, it was found that the whole 

exosomal protein levels of patients with breast cancer and normal healthy women had no 

significant difference. However, the patients with more aggressive breast cancer tend to 

have more exosomal proteins in the serum (Figure 7B), which indicated the entire 

exosomal protein level may be related to tumor grade in breast cancer patient serum. A 

larger patient population in different breast cancer grades need to be followed up to verify 

this conclusion.  

It was observed that ER negative breast tumors expressed higher levels of BP1 

mRNA but did not identify a significant association between BP1 expression and HER2 

status (Yu et al., 2008). However, BP1 negatively regulates Breast Cancer Type 1 

susceptibility protein (BRCA1) that acts as the inhibitor of ER signaling in sporadic breast 

cancer, suggesting that overexpression of BP1 might be a potential activator of ER (Kluk 

et al., 2010). Moreover, it was found that BP1 can active p300 which shares a dynamic 

relationship with BRCA1 and ER, which confirmed that BP1 protein increases ER protein 

levels (Fu et al., 2016). This project showed that the exosomal BP1 concentrations and the 

BP1 percentage levels in the whole exosomal protein were both significantly higher in the 

serum from patients with ER positive breast cancer (Figure 9C & Figure 10C). In addition, 

in late stage breast cancer (G4), the ER positive breast cancer patients had significantly 

higher exosomal BP1 concentrations in serum compared to ER negative groups (Figure 
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9D). This may indicate an unfavorable role of exosomal BP1 protein in ER positive breast 

tumor development and thus exosomal BP1 protein may be a good prognostic biomarker 

or therapeutic target in breast cancer, especially in ER positive cases.  

In this report, all of the Western blot results suggested the exosomal BP1 protein 

levels significantly increased in the serum from patients with metastatic breast cancer 

(Figure 9 & Figure 10).  However, Western blot could not be easily used in the clinic. Thus, 

in order to develop a much easier method to investigate the clinical samples for various 

purposes including early detection, monitoring treatment and prognosis, an ELISA was 

designed to assess the exosomal BP1 concentration in the serum from metastatic breast 

cancer patients and normal controls (Figure 5). Because ELISA can be used to detect much 

more samples with one plate in one time compared to Western blot, it would be the much 

more reasonable clinical detection method. Although only 10 MBC samples and 10 NC 

samples were detected in this work because of limited time, the same statistical result as 

Western blot was obtained, which showed that exosomal BP1 levels were significantly 

higher in the serum from patients with metastatic breast cancer (MBC) than normal control 

groups (NC). This result confirmed the potential prognostic value of exosomal BP1 protein 

in the serum. Moreover, in order to accomplish the development of this ELISA method, a 

larger amount of breast cancer patients in different stages and with different ER status 

would need to be analyzed. It may be of great interest to explore the prognostic value of 

exosomal BP1 protein using ELISA in breast cancer, especially in ER positive cases. 

This is the first report of BP1 protein in exosomes purified from serum of women 

with breast cancer and normal healthy women. In addition, the evaluation of this important 

family of transcription factors, DLX4, in the treatment and understanding of breast cancer 

is also quite novel. In further studies, it may be desirable to develop new model systems to 
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unravel the mechanism for the functions of exosomal BP1 protein in tumorigenesis. 

Furthermore, a more thorough understanding of the relationship between exosomal BP1 

protein and estrogen receptor protein in the serum may lead to the confirmation of the role 

of exosomal BP1 protein as a potential breast cancer prognostic marker and to the 

development of potential therapeutics of breast carcinoma. Therefore, it is important to 

follow up with much more breast cancer samples in different stages and with different ER 

status. In addition, more experiments are needed to be done before making a definitive 

conclusion, such as quantification of exosomes in the serum and exploration of the ER 

signaling pathway in exosome. 
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