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Introduction 

 

15-20% of breast cancer patients present triple negative (Estrogen Receptor (ER)-/Progesterone Receptor 

(PR)-/Her2/neu-) breast cancer (TNBC).  Treatment options for patients with TNBC are limited to surgery, 

chemotherapies, and radiotherapy as a deficiency in these receptors greatly reduce targeted therapeutic 

alternatives. Generally, TNBCs are highly aggressive, metastatic and portend poorer prognoses and higher 

risks of recurrence [1]. Novel alternative therapies for TNBC patients are long overdue. One potential target 

for reducing the risk of metastases is the desmosome. Desmosomes are proteinaceous plaques, which line 

the inner membrane of epithelial cells and maintain cell-to-cell adhesion [3]. The major component of 

desmosome is desmoplakin (DSP), an anchoring protein which binds intracellular keratin cytoskeletal 

filaments and cadherin proteins extracellularly to yield strong adhesive junctions between cells, minimizing 

their migratory ability. Loss of DSP expression as tumors stage predicts a poor prognosis and increases risk 

of metastasis [4]. Using a novel small molecule inhibitor of oxygen-sensing prolyl hydroxylase-3 (PHD3), AKB-

6899, which in turn stabilizes hypoxia inducible factor (HIF)-2α, our data suggest that we can augment basal 

expression of DSP mRNA and protein in MDA-MB-231 human triple negative breast cancer cells. The 

mechanism of action is epigenetic in nature as AKB-6899 demethylates the DSP promoter CpG islands by 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

transcriptionally suppressing DNA Methyltransferases (DNMTs)-1, -3A, and -3B through HIF2α stabilization 

[5]. We demonstrate that DSP expression is functional as AKB-6899 treatment significantly increases MDA-

MB-231 tumor cell aggregation and reduces cell motility. Our data supports a potential for AKB-6899 as a 

novel therapy for metastatic breast cancers which lose DSP expression. 

Methods 

Cell Culture: 

MDA-MD-231 cell lines were grown adherently and maintained in DMEM 10% Fetal Bovine Serum (FBS), 1% 

Penicillin-Streptomycin at 37C in 5% CO2. Media was replaced every other day. 

Methyl-specific PCR: 

DNA was isolated from cells using QIAamp DNA Mini Kit (QIAGEN, Germany). 125ng of genomic DNA was 

subsequently subjected to methyl-specific PCR using EpiTect II DNA Methylation Enzyme Kit (QIAGEN, 

Germany) and primers specific for mouse or human DSP CpG islands.  

qRT-PCR: 

cDNA synthesis was obtained using SuperScript III First Strand Synthesis kit and qRT-PCR reaction was 

performed using SYBR green and primers specific for mouse or human DSP, DNMT-1, DNMT-3a. 

Scratch Cell Migration Assay: 

MDA-MB-231 human breast tumor cells were plated to confluence. A scratch was made a p200 pipet tip. in 

the cells and imaged in 6 different locations and imaged as 100% (t=0 hrs).  Cells were then treated with 

DMSO or AKB-6899 (0.025µm, 0.25µm, 2.5µm) . After 16 hours, the 6 locations in each sample were imaged. 

Migration was determined by analyzing the percentage of scratch remaining. 

Hanging drop and cell invasion assay: 

MDA-MB-231 human breast tumor cells were plated to confluence, re-suspended in complete media and 

seeded in 30ul drops on the inner surface of a 100mm dish for 24h, 48h and 72h. The lid was then turned 

upside down and placed on top of the plate filled with 10ml to humidify the culture chamber after distribution 

of the drops. At the end of each time-point, cells contained in each drop were imaged using an inverted 

microscope.  
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Results 
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Figure 1 ABK-6899 induces desmoplakin expression in murine breast tumors. (A) C57Bl/6 wild type bearing PyMT breast tumors were 
intraperitoneally administered vehicle or AKB-6899 3x/week for 3 weeks. After, the tumors were collected and subjected to microarray 
analysis. The highest regulated gene in response to AKB-6899 was desmoplakin. N=3 mice per group. (B) These data was confirmed in PyMT 
tumor cells using qRT-PCR, in vitro. (C) Western blot for desmoplakin from PyMT tumor cells in vitro illustrates an upregulation of the protein. 
(D) PyMT murine tumor cells were cultured for 24 with AKB-6899, DNA was collected and subjected to methyl-specific PCR for CpG island 
promoter methylation of the desmoplakin gene. AKB-6899 significantly inhibits promoter methylation vs. untreated or vehicle-treated cells. 
(E) PyMT tumor cells were cultured with increasing doses of AKB-6899 to observe effects on methylation machinery components, DNMT-1, 
and -3a. AKB-6899 inhibits transcription of DNMT-1 and -3a mRNA compared to untreated and vehicle-treated cells.  

A 

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

   

 

 

 

 

Results and Conclusions 

AKB-6899 inhibits CpG island methylation of the desmoplakin promoter in breast cancer cells by inhibiting 

transcription of the DNA methylation machinery, DNMT-1 and -3a in both mouse and human tumor cells by 

a pathway under investigation in our lab. As a result of de-methylation, we observe an increase of basal 

desmoplakin mRNA transcription and consequent reduction in tumor cell migration and increase in cell 

aggregation. These findings confirm the role of epigenetics in cancer and also the need of drugs that target 

specific enzymes involved in the epigenetic regulation of gene expression. DNA methyltransferase (DNMT) 

inhibitors such as 5-aza-2’-deoxycytidine (decitabine) is one of the most successful epigenetic drug to date 

and is still the most widely used as epigenetic modulator but It’s application for oncological diseases is 

restricted by it relative toxicity and poor chemical stability. Interestingly, by using AKB-6899, we suggest a 

new and safe way to treat metastatic breast cancers which lose DSP expression. Our next steps will be to 

explore the efficacy of HIF-2α stabilization by AKB-6899 in vivo in MDA-MB-231 human TNBC tumor-bearing 

SCID mice and compare our novel therapy alone or in combination with decitabine to decitabine alone for 

tumor metastasis in the blood and lungs.  
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Figure 2: ABK-6899 effects on human triple negative breast cancer cell migration. (A) MDA-MB-231 human breast tumor cells were 
plated to confluence. A scratch was made in the cells and imaged in 6 different locations as 100% (t=0 hrs).  The cells were then treated with 

DMSO or AKB-6899. After 16 hrs (t=16 hrs), the same 6 locations in each sample was imaged and percent scratch remaining was determined. 
Qualitatively (left), the DMSO-treated cells closed the scratch more than the cells with AKB-6899 treatment. Quantitatively (right), AKB-

6899 significantly slowed tumor cell migration and scratch closure at 0.25 and 2.5 uM compared to DMSO-treated cells (*p<0.05). (B) MDA-

MB-231 human breast tumor cells were plated to confluence, resuspended in complete media and seeded in 30ul drops on the inner surface of 
a 100mm dish for 24h, 48h and 72h.. At the end of each time-point, cells contained in each drop were imaged using an inverted microscope, 

RNA derived from same cells were collected, converted in cDNA and qRT-PCR was performed.  
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