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Abstract
The Yee Lab has previously demonstrated that a drug combination designed to inhibit Wnt
signaling (epigallocatechin 3-gallate (EGCG), a compound isolated from green tea, and
decitabine (DAC), a chemotherapeutic DNA demethylating agent), effectively decreases
incidence of metastases and tumor size in xenograft mouse models of high Wnt signaling/triple
negative breast cancer (TNBC). These compounds only demonstrated efficacy in combination,
suggesting synergy. EGCG/DAC treatment works in part by stabilizing HBP1, a transcriptional
repressor of Wnt signaling down regulated in TNBC. This result was confirmed multiple times
with gene expression and protein levels studies investigating HBP1, β-catenin and other Wnt
target genes. Using RNA sequencing, a transcriptomic bioinformatic analysis was employed to
examine other pathways impacted by EGCG/DAC treatment. Our molecular analyses support the
conclusion that apoptosis was induced and EMT was reversed by EGCG/DAC treatment. In
addition, the antigen presentation pathway was upregulated by treatment, suggesting the
potential future application of combining EGCG/DAC with immunotherapy. The studies here
also partially examined the methylation of the promoter and 1st intron regions of the HBP1 gene,
and ultimately conclude that there is no promoter methylation in the regions examined in either
EGCG/DAC treated or saline treated samples. No conclusions can be made from the 1st intron
data.

Introduction
According to the National Cancer Institute, about 12.3% of women are diagnosed with
breast cancer during their lifetime. New early detection methods and therapeutics have helped
improve the prognosis of women with breast cancer. However, once a woman’s breast cancer
metastasizes, her chances of survival drop. Of the 12.3% of women who are diagnosed with
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breast cancer, 20% develop triple negative breast cancer (TNBC), a type of invasive breast
cancer where the cancer cells are not classified by HER2 overexpression, or loss of estrogen and
progesterone receptors (Pal et al., 2011; Carey et al., 2010). Effective treatments are available to
treat the other classes of breast cancer by targeting either Her2 overexpression (Herceptin) or
normal expression of ER/PR (Tamoxifen, aromatase inhibitors). However, the treatment options
for a woman diagnosed with triple negative disease are standard chemotherapy and radiation.
These cytotoxic treatments unfortunately have both a poor 5-year relapse-free and survival rates
due to the subsequent development of metastatic disease or local relapse.
Elevated Wnt signaling has previously been observed in triple negative disease and many
other cancers. In addition, preliminary studies have demonstrated that decreased levels of HBP1
or mutated versions of the gene in TNBC tumors have been correlated with increased
proliferation rates and invasiveness of cancer cells (Zhang et al., 2006; Xiu et al., 2003; Shih et
al., 2001; Xu et al., 2014; Paulson et al., 2007). HBP1 prevents the downstream effect of Wnt
signaling, transcription of genes that encourage cell survival and proliferation, by binding to the
LEF/TCF transcription factor complex. This prevents β−catenin from binding to the complex,
therefore blocking transcription initiation (Figure 1).
The Yee Lab has shown that the combination of EGCG (epigallocatechin 3-gallate), and
DAC (decitabine), which increases the transcription of Wnt inhibitors HBP1 and SFRP1,
reduced the size of human triple negative tumors in mice and reduced active Wnt signaling
(Chow et al., 2003; Pisters et al., 2001; Mukhtar et al., 2000; and unpublished) (Figure 2). The
drug was originally designed to increase HBP1 by both the demethylation of the HBP1 gene by
decitabine and the stabilization of HBP1 mRNA transcripts by EGCG. This drug combination
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also has the ability to cross the blood brain barrier, which is important in advanced TNBC as the
brain is a common site for metastases.
The next step to the xenograft mouse study was to determine the other pathways by
which EGCG/DAC decreases the size and metastatic potential of TNBC tumors. To do this, an
unbiased approach to identify functional pathways that are altered by treatment of triple negative
breast cancer with EGCG/DAC was conducted, with a focus on pathways related to metastases.
RNAseq was used to generate expression data from target tissues (i.e. untreated and treated triple
negative tumors). Ingenuity Pathway Analysis (IPA) was used to identify EGCG/DACdependent alterations of signaling pathways and potential downstream processes (Figure 3 and
4). After analyzing the IPA data set, it was hypothesized that EGCG/DAC functions to decrease
cancer metastases by altering the expression of genes involved in a variety of cellular processes,
such as the epithelial to mesenchymal transition (EMT), apoptosis, and the antigen presentation
pathway (Figure 3 and 4).
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Methods
Mouse Models
For the xenograft experiments, NOD-SKID mice were implanted with 100-300 K MDMBA-231 triple negative breast cancer cells. Before injection, these cells were suspended in
matri-gel and a 1:1 mix of serum free medium (DMEM). 30 mL was injected into the mammary
fat pad of each mouse. Next, the mice were treated with intra-peritoneal DAC (0.5mg/kg) twice
per week and EGCG 16.5mg/kg three times per week for 1 month. The control group was treated
with 100µL saline every day for 6 to 8 weeks. After 1 month or when the primary tumor reached
approximately 0.4-0.6 cm3, the tumor was surgically resected. These tumors were used for all
RNA, DNA, and protein experiments.
RNA Extraction
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RNA extraction was done with the Qiagen RNeasy kit according to the fibrous tissue
protocol. A pistol and mortar was used to break up the tissue in the first step. RNA concentration
was measured with a Nanodrop UV spectrophotometer.
DNA Extraction
DNA was extracted from EGCG/DAC treated and saline treated tumors using the Qiagen
DNeasy kit for blood and tissue samples. The Qiagen protocol was followed. Approximately 0.40.6 cm3 of each tumor sample was used for extraction. DNA concentration was measured with a
Nanodrop UV spectrophotometer.
cDNA
cDNA was made from the RNA extracted from both EGCG/DAC treated tumors and
saline treated tumors. Bio-Rad cDNA Iscript kits and protocols were used. cDNA with 500 ng of
RNA was used for most qRTPCR reactions. In some reactions with lower expression of the
given gene, cDNA with 1 ug of RNA was converted to cDNA and used for the qRTPCR
reactions.
qRTPCR Reactions
qRTPCR was used to quantify all mRNA levels. Bio-Rad 2x SYBR green was used as
the fluorophore in all reactions. All reactions contained 10 uL of 2x SYBR, either 1 or 0.6 uL of
5uM forward and reverse primer, 1 to 2 uL of cDNA, and RNase free water up to 20 uL.
Reactions were performed in triplicate and the three Ct values were averaged to calculate fold
change. 18s was used as a control for each batch of cDNA. To set up the control reactions, 0.6
uL of 18s primer and 1 uL of 1/1000 cDNA were added to the SYBR green and water. The P-
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value was calculated in excel using a paired T-test.
Protein Extraction
Protein was extracted from the tumors with a mixture of phosphatase+protease inhibitor
(1:100 dilution) and approximately 300 uL of RIPA buffer. The Thermo Fisher Quant-it protein
assay kit was used for protein concentration calculation.
Western Blot
To prepare samples for western blots, 2x sample buffer (diluted from 4X sample buffer;
40% glycerol, 240mM Tris/HCl pH 6.8, 8% SDS, 0.04% bromophenol blue, 5% betamercaptoethanol) was added to 50ug of protein extracts (this number was adjusted according to
protein loading after the first blot). This mixture was then heated at 100°C for 5 minutes. SDSPAGE was performed on Bio-Rad gradient polyacrylamide (4-15%) gel. Next, proteins were
transferred onto a PDVF membrane at 100 volts for 60 minutes. Following transfer, the blot was
washed with PBST (1XPBS, 0.1% Tween) and blocked with 5% BSA for one hour. After
blocking, the primary antibody (1:5,000) was incubated with the blot at overnight at 40°C. The
next day, blots were washed for 10 minutes with 5% BSA three times and then incubated with
secondary antibody (1:20,000) for 1 hour. Following secondary antibody incubation, blots were
washed three times. Blots were developed and quantitated with the Thermo Fisher Supersignal
West Femto Chemiluminescent substrate and the Bio-Rad Chemidoc MP Imaging System. To
strip, membranes were incubated at 50°C for 25 minutes with stripping solution (10% SDS 80ml,
Tris-Cl 1M 25ml, beta mercaptoethanol 2.8ml and ddH2O up to 400ml).
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Table 1: Antibodies used in western blot experiments are listed below.
Antibody/ Dilution

Company

Caspase 3 (1:2000)

Cell Signaling

N-Cadherin (1:2000)

BD Biosciences

E-Cadherin (1:2000)

Cell Signaling

Vimentin (1:2000)

Cell Signaling

Immunohistochemistry
IHC staining was performed at the Tufts University Core facility.
DNA Bisulfide Treatment
Bisulfite treatment was performed using the Zymo DNA Methylation Gold Kit. All Zymo
included protocols were followed. 500 ng of DNA were used for each conversion reaction.
Following bisulfite conversion, PCR was done using the first round of primers at for 45
cycles at 95° for 30 sec, 56° for 30 sec, and 72° for 30 sec. For purification following the PCR,
Invitrogen’s Pure Link PCR Purification kit was used and all protocols were followed as written.
For the next round of PCR, nested primers were designed and used. By using nested PCR, the
DNA yield was increased and produced better sequencing results.
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To examine the DNA sequencing data, the Finch TV and Snap Gene programs were used.
If the forward strand had all of its CpG’s converted to TpG’s and the reverse strand had all of its
CpG’s converted to CpA’s then there was no methylation. However, if any of the CG’s
remained, that would indicate methylation.
Primers were designed to not contain any CpG islands to allow for DNA sequencing.
Table 1: Primers used for promoter bisulfite sequencing
Experiment

1
2

Primer Sequence
GATTGGGTGTTGTAAGAGGTTTGGGT
TCTCAAACCTTAATCCTTAACTATAAAAAACTACTAAC
GTTAGTAGTTTTTTATAGTTAAGGATTAAGGTTTGAGA
TCCCCTCAACCCCCTAAAAATTAAAC

Table 2: Primers used for first intron bisulfite sequencing
Experiment

Primer Sequence

1

F

GTTTAATTTTTAGGGGGTTGAGGGGA

1

R

ATTAACTACCCCCACCCCAAAAACAACC

1

Nested F

AATTTTTAGGGGGTTGAGGGGA

1

Nested R

ATTAACTACCCCCACCCCAAAA

3

F

GCTTGAAAGACTTGGTAATGG

3

R

ATTAACTACCCCCACCCCAAAAACAA

TA Length (BPs)
F
257
R 55.7
F
302
R 57.1
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3

Nested F

TTGAAAGATTTGGTAATGG

3

Nested R

ATTAACTACCCCCACCCCAAAA

DNA and RNA Sequencing
RNA and DNA were both sequenced at the Tufts University Medical Campus’s core
facilities. For RNA sequencing, RNA from three EGCG/DAC treated tumors and three saline
treated tumors were submitted and 25-28 million reads were analyzed for each sample. For DNA
sequencing, the two treated and two untreated samples were submitted and analyzed.

Results
I. EGCG/DAC increases E-Cadherin protein levels.
Due to the increase in epithelial adherins junction signaling on the IPA dataset and
the changes in many EMT related genes, a western blot was done to investigate the changes
in E-Cadherin protein levels in treated vs. untreated tumors. Tumors treated with
EGCG/DAC had a significant increase in protein levels when compared to control tumors
(Figure 5). To follow this up, an immunohistochemical assay was done to estimate how
many cells expressed Ecad. Furthermore, when compared to the saline tumors, the
EGCG/DAC treated tumors had distinct islands of largely upregulated Ecad protein (Figure
6). This is consistent with the western blot data, as protein extracts isolated from different
parts of the tumor did not always produce similar results (data not shown). In addition, a
western blot was done for vimentin, a protein associated with increasing EMT, and no
change in protein was observed (Supplementary Figure 1). Increased Ecad is a mark of less
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invasive cancer cells, as they are held together in an epithelial sheet and are less likely to
migrate away from the primary tumor and intravastate the blood vessels, while a decrease
of Ecad and the more mesenchymal phenotype that goes along with it is referred to as a
hallmark of cancer (Hanahan and Weinberg, 2011; Kalluri and Weinberg, 2009).
Furthermore, this increase in Ecad suggests that the epithelial to mesenchymal transition
(EMT) is down regulated.
Although Zeb2, Twist1, and Sox4 appeared on the IPA dataset as significantly
changed by EGCG/DAC treatment, they all displayed little change when tested using
qRTPCR (Supplementary Figure 2). Although Ecad is thought to be regulated by the
changes in the levels of these Wnt target genes, there are many different signaling
pathways that also can impact their levels. Also, there are several different genes that Wnt
signaling controls that are also responsible for regulating Ecad levels. This could explain
why there appears to be little change in the levels of the genes listed above. In addition, this
could also be because the piece of tumor that the RNA was isolated from did not contain an
Ecad island (tumor heterogeneity). For future experimentation, gene and protein analysis
could be performed on the tumor pieces that contain Ecad islands.
Another mechanism by which Ecad could be upregulated by is demethylation. Since
Ecad is a methylated gene, EGCG/DAC could be acting to demethylate it, causing the
significant increase in Ecad protein. For future experimentation, an Ecad methylation study
using bisulfite treatment could be performed to further investigate this hypothesis.
Currently in the process of being examined are the differences in the numbers of
circulating tumor cells in the EGCG/DAC treated and control mice. A higher amount of
circulating tumor cells often leads to the formation of more micro-metastases that could
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turn into macro-metastases in the future. Since EGCG/DAC increases the levels of Ecad, we
would hypothesize that the levels of CTC’s would decrease.
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II. EGCG/DAC increases apoptosis of tumor cells by elevating the expression of FasL and
decreasing the expression of Terc.
Because of the increase in cellular death as displayed by the IPA data (Figure 3), FasL,
one of the genes largely increased by EGCG/DAC treatment, was investigated using qRTPCR
(Figure 7). As seen on the IPA dataset, FasL expression was significantly increased by
approximately 3.2 fold with a p-value of 3.97*10-5 (Figure 7). In addition to quantitating the fold
change in FasL expression, Fas receptor expression was also examined. Although this gene did
not appear changed in the RNAseq dataset, it is the receptor necessary for the external death
pathway to proceed. There was no significant change found in Fas receptor expression (Figure
7). This result was somewhat surprising given that Konkankit et al. (2011) found a modest
increase in surface levels of Fas receptor in decitabine treated cells; however, they used FACS
instead of qRTPCR. In this regard, they found that decitabine treated cells had increased
sensitivity to the external death pathway. In addition, they found that the Fas/FasL was necessary
to for the NYESO mediated killing by cytotoxic T cells, which will become more relevant in the
next section.
After exploring Fas-L and Fas receptor levels, a caspase 3 western blot was done to see if
detection of the activated (cleaved) caspase 3 could be seen in the protein extracts of
EGCG/DAC treated and saline treated tumors. However, only detection of the un-cleaved form
of the enzyme could be detected (Supplementary Figure 3). This is likely because activated
caspases are transient species (Elmore, 2007).
For future studies involving the impacts of EGCG/DAC treatment on the Fas/FasL
mediated death pathway, a flow cytometry analysis could be performed to look for an
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increase in Fas receptor on the surface of tumor cells, as performed by Konkankit et al.
(2011).
Aside from the upregulation of the external death pathway, Terc, the RNA
component of the telomerase complex, is also significantly decreased as a result of
EGCG/DAC treatment (Figure 7). With a decrease in the RNA component of telomerase,
theoretically the TNBC cells would lose some of their replicative immortality, another
hallmark of cancer (Hanahan and Weinberg, 2011).
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III. EGCG/DAC treatment reverses tumor immune-editing by increasing the
expression of cancer testes antigens (CTA’s), MHC class I molecules, and interferon
gamma.
The cancer hallmark of tumor immune-editing is the process by which cancer cells
edit their genomes in an attempt to avoid immune recognition. One of these pathways, the
antigen presentation pathway, was the second most upregulated pathway on the IPA
dataset (Figure 4). With this, one of the most upregulated genes as a result of EGCG/DAC
treatment was CTA, NYESO. NYESO is a tumor-associated antigen (TAA) as it is a protein
expressed early in development that is often re-expressed in tumors. As a mechanism to
avoid recognition by the immune system, tumors often methylate these genes that code for
TAA’s. Here, EGCG/DAC likely acts to demethylate the NYESO gene, resulting in its reexpression.
Another way by which tumors evade the immune system is by decreasing their
expression of MHC class I molecules. With less MHC class I molecules, less antigens that
would be recognized by cytotoxic T cells are presented on the cancer cell surface. On the
IPA data, many MHC class I and class II genes were upregulated by EGCG/DAC treatment.
HLA-B, which codes for the MHC Class I molecules that are recognized by cytotoxic T cells,
was increased by treatment (Figure 8).
Many cancer cells lose interferon gamma signaling by methylating important genes
involved in the signaling pathway in order to avoid its anti-tumor effects. For instance,
interferon gamma often plays a role in activating cytotoxic T-cells, enhancing macrophage
activity, decreasing tumor associated macrophage activity, and recruiting other immune
cells (Sharma et al., 2017). Here, decitabine could be potentially acting to upregulate the
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interferon gamma-signaling pathway causing the increase in interferon gamma on the IPA
dataset. This is in the process of being tested as interferon gamma primers are currently
being optimized.
As the mouse models used in the pre-clinical study of EGCG/DAC treatment are
NOD-SCID mice, they only have an innate immune system to prevent the rejection of the
human cells that are orthotopically implanted. Therefore, of the immune processes
mentioned, only the induction of interferon gamma could affect the tumors in these mice.
However, all of the factors of immune-editing that EGCG/DAC reverses will be important in
human patients, which is significant as EGCG/DAC is moving toward a phase I clinical trial.
This data has been produced by many others (Li et al., 2014, Klar et al., 2015), who were
doing a similar analysis as conducted in this study except with decitabine alone. It was
important to re-capitulate their data as the decitabine treatment used in this study is
combined with EGCG. To determine if EGCG enhances the changes in gene expression seen
in this section, the mRNA from tumors isolated from mice that were treated with decitabine
only will be assayed. Again, there were no anti-tumor effects seen in mice treated with DAC
only.
There have also been pre-clinical studies demonstrating an enhancement of
immunotherapy by combination with decitabine. For example, there have been CAR-T cells
with engineered T cell receptors specific for NYESO (Rapoport et al., 2015). Klar et al.
(2015) suggested that these CAR-T cells be used in combination with decitabine in order to
increase their efficacy. Although there have not been a plethora of studies done
investigating the impact of treating TNBC with immune therapy, it is the sub type of breast
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cancer most poised for these types of treatments as it has a higher degree of immune
involvement.
For future experimentation, protein studies and FAC’s analyses (when applicable)
should be completed for NYESO, MHC class I, and interferon gamma molecules. Another
possible experiment is to examine the amount of tumor infiltrating lymphocytes at the
primary tumor before and after treatment. It’s hypothesized that since INF gamma
expression increases with EGCG/DAC treatment, that treated tumors may have a higher
level of immune infiltration, a characteristic often associated with a better prognosis. This
experiment could be potentially done in mice with an immune system and with mouse
triple negative breast cancer. Alternatively, this could be done in the new xenograft mouse
models that have human immune systems.
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IV. Bisulfite treatment of EGCG/DAC treated and control tumor DNA reveals HBP1
promoter is un-methylated.
It is hypothesized that one of the ways in which EGCG/DAC is effective in treating
TNBC is by de-methylating the HBP1 gene, thereby restoring its activity. According to
methylation studies done by Tseng et al. (2014) the HBP1 promoter is methylated in TNBC.
However, here we conclude that a large region of the HBP1 promoter is not methylated.
To examine the methylation status of the HBP1 promoter region, the area 302 base
pairs upstream of the first exon was analyzed (Figure 9). After the Data was analyzed for
two treated and three untreated samples, it was concluded that the HBP1 promoter is not
methylated (Figures 10 and 11).
CAAACTTCGTCTTCCCCCTCCCCTCAACCCCCTAAAAATTAAACCCCGCCCAACTCTTTCGCCC
TCTTATTATTCTACAAAACTACCATTCGTTTCTTCCCCTTTCCCATTAAATAATACCGAAATCC
GTCTCGTAAAACGAACATATATTAACTTTTATATTATATTTACTAAAAAAAATAACATATCAAT
CACAAAAATAAATACTTCGAATTAAACTATTACCGAAAATCCGAAAACCCAAACCAAACTTTAT
CCCCGAAATAAATTATAAATTATTTCACAAACCTTAATCCTTAACTATAAAAAACTACTAAC
Figure 9: The HBP1 promoter region 302 base pairs upstream of the first exon with
highlighted CpG islands.
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Then, the CpG rich region 559 base pairs upstream of the first exon was examined
using a new set of primers. Again, no methylation was observed (data not shown).
After the promoter region was largely concluded to have no methylation in treated
and untreated tumors, the first intron region was examined. This region was examined
with three different sets of primers and none of them worked (Supplementary Figure 4).
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Therefore, there are no conclusions about the methylation of the first intron region of
HBP1 yet. For future experimentation, the region can be examined using methyl-specific
PCR.
GGGGAGGGGAAGACGAAGCTTGAAAGACTTGGTAATGGCGACGGGTTTGGTAAGTAGGAAAGTT
TCGGTTGAGGAGTAAGAGCTGCCGCGGGAGCAGTAACCCGCGCGGGGGAGGCCGACGTCGGTCG
GAGAGGGGGTACGAGAGCTGCTGGTGGTGTTGTCGTGGCCGGAGCGGCCCGCGCCTGGGCTGCC
GGCACTTCGCGGCAGGTTTGTTGTCTTTCAGTTAGGGAAGAGGTGGGGGTGGGGAAGGGAGGGG
CAGGAGCGCGGGGGATTGGGCAGACTGGAGGGCTCGGGTCCTCGTTCCTTCTTCTCGGAGGGTT
GCCCTTGGGGTGGGGGCAGTTAACCGTTCGATTGGTGCCCGCGGCGAGCCCACCGGAGCAGCGT
CTCCCGCGAGCTCACCTGGGCTTCGGGGCGGCGGCGCTAGGGGGTCTCGGGCGGGGGCCGGGAG
GAGGCAGGGGGAGGGCGAAGTTCCGGGCCAGGTCGCGCGGTGGGTGGCCGGGCCGGGTGTGGAG
ATGGGGCGGGCCAGGGCGGGGGAAGGGGCCGACGCAGCGCCGGGGCTGCCCAGGAAAGTTTGAC
TTCAACTCCCCGTTTGTGGGCGGAGGGTCGGAGCTTGGCCAGGGGTGGGGGGCTGGCCGGAGGT
GGGGGACCCCAGTGAGGCGCCGCCTCCTTCTGGACTGAGGGGGATTCTGGCTGAGCTGAGGAGC
TCGCGGAGCCGCTGGGCCCCGGGGCTCATTGTTACGCAGTTCGAATGAATGGGCTCCCAGGCGC
CTGCGCGCTGGGGCTGAGCCGAGGGGAAAAACAAGCCCGGAGTCCGGGCTGCGGTCACATGATG
GGGGGAAGGGAGGGGAACGCGATGAATGGCGAAAGAGGGTGGGGGATGGACTTGGCGTGAACCG
GGAGGCACCG
Figure 12: The first intron of HBP1 with highlighted CpG islands.

Discussion
TNBC presents a high level of clinical need as it is an extremely invasive cancer and
lacks targeted therapy. Therefore, it is important that new targeted therapies are developed to
combat the disease. An increasingly popular trend in cancer biology is to devise treatments that
target multiple hallmarks of cancer with the hopes that the cancer cell will die or at least lose its
metastatic potential. This is characteristic of the drug combination presented in this study,
EGCG/DAC. As the targets of EGCG/DAC are common to many cancers (wnt signaling,
apoptosis, adherins junctions, antigen presentation pathway, DNA methylation), it could
potentially be used to treat cancers other than TNBC as well.
The results showing that EGCG/DAC treatment increases Ecad further supports the
notion that EGCG/DAC suppresses Wnt signaling. This is because Wnt signaling negatively
regulates Ecad, along with many other genes that contribute to initiating EMT (Heuberger,
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2014). Therefore, the suppression of Wnt signaling by EGCG/DAC decreases the invasiveness of
TNBC cells by favoring the expression of a more epithelial-like phenotype.
It is also suspected that Wnt signaling plays a role in the degree of immune infiltration of
tumors. Spranger et al. (2015) displayed that stabilized β−catenin is highly correlated with the
decreased presence of T cells at the tumor site in melanoma. This is shown to result from beta
catenin preventing the priming of naïve T cells against tumor antigens. Furthermore, the degree
of T cell infiltration of the tumor is a high predictor of the effectiveness of immune checkpoint
therapies, such as anti-PD1L, anti-PD1, and anti-CTLA4. Indeed, Spranger et al. (2015)
demonstrated high Wnt signaling as a potential mechanism of immune therapy resistance. As
EGCG/DAC decreases Wnt signaling as well as up-regulating the antigen presentation pathway,
it has great potential to be combined with multiple types of immune therapy. To test this
hypothesis, future studies could combine EGCG/DAC with a checkpoint therapy in CD34+
humanized NOD SCID gamma mice (Jackson Laboratories) with TNBC.
Another interesting facet of the immunotherapy data involves the involvement of
NYESO in Fas/FasL mediated cytotoxic T cell killing. Konkankit et al. (2011) found that upon
decitabine treatment, NYESO was upregulated on glioma cells causing them to be recognizable
to the immune system. Not only that, the recognition and killing depended on the Fas/FasL
pathway. They found a modest increase in the Fas receptor on glioma cells as a result of
decitabine treatment, but did not investigate whether there was a change in FasL.
In conclusion, EGCG/DAC is effective in treating TNBC by down regulating Wnt
signaling by increasing the expression of HBP1. In addition, the drug combination acts to
increase apoptosis by up regulating the external death pathway as well as hindering the
replicative immortality of TNBC cells. Also, EGCG/DAC partially reverts the basal phenotype
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of TNBC tumors to an epithelial phenotype by increasing the protein levels of E-Cadherin to
decrease the overall invasiveness of the cancer. EGCG/DAC works to make the TNBC tumors
more visible to the immune system by up regulating the expression of tumor associated antigens
and MHC class I molecules resulting in an increase in the antigen presentation pathway. All of
these factors together sum to make EGCG/DAC an effective treatment for TNBC in xenograft
mouse models and a promising treatment for human patients afflicted with TNBC and potentially
other cancers as well.

Supplementary Information and Figures
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The mRNA of the CXCL12 cytokine was also examined, as it is the ligand
of CXCR7, a G-coupled protein receptor often highly expressed in invasive breast
cancer. This signaling cascade enhances the activity of matrix metalloproteinases
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and angiogenesis factors. The mRNA of CXCL12 was found unchanged, and the
primer design for CXCR7 was unsuccessful (Supplementary Figure). In future
studies, the protein levels of CXCR7 should be investigated with western blot. In
addition, the mRNA of MMP2 was investigated with qRTPCR, and no change was
observed (Supplementary Figure).
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