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Abstract
Colorectal cancer (CRC) has the third highest amount of diagnosis 

among other cancer types in the world. It is also one the cancers with 
the worst prognosis, taking place as the second in terms of patient death 
from cancer annually. Although the cell signaling pathways and molecular 
mechanisms behind the CRC cancer types are poorly understood, study-
ing epigenetic modifications that potentially induce oncogenesis, such 
as DNA methylation, has been on the rise since it could potentially aid in 
identifying prominent targets of epigenetic therapy as similar DNA meth-
ylation patterns can be seen across multiple patients. Such methylated 
regions are called DMRs, differentially methylated regions. Research on 
high confidence DMRs is promising to uncover how gene silencing or ac-
tivating is achieved by methylation of cytosines on the CpG sites and how 
it impacts cells’ proliferation and survival. For this series of experiment, 
HCT-116 cell line from colorectal cancer was used to research the effects 
of a widely known demethylating cancer drug decitabine. Specifically, a 
DMR of interest was chosen for the study, located in the promoter region 
of PCDH17 gene. To prove demethylation characteristics of decitabine 
on HCT-116 cell line, methylation-sensitive restriction enzyme HpaII di-
gest assay was first performed on the cells treated with various doses of 
decitabine and 0.1% DMSO (negative control). Then, respectful gDNA was 
bisulfite converted, underwent a PCR reaction, and was sent for Sanger 
Sequencing to analyze the percent methylation of CpG sites before and 
after the treatment. Although PCDH17 DMR demonstrated to be highly 
resistant to decitabine treatment (2-5% difference in %mC), it did overall 
slowdown the HCT-116 cell growth. The experimental data was uploaded 
to the UCSC genome browser and, in comparison with the data from the 
ENCODE project, demonstrated newly found CpG sites. As future studies, 
PCDH17 gene expression could be stimulated to test if it is silenced by 
the overexpressed transcription factors. It would be also useful to study 
this DMR and different DKO phenotypes as it might be a commonly con-
served methylation that is crucial for cancer cell growth and development.
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Introduction
Colorectal cancer (CRC) is one of the leading cancerous tumors 

in the world. It is the third most common cancer diagnosed, affecting 1.9 
million people. It is also the second deadliest: it accounts for 10% of can-
cer mortality, counting an estimated 0.9 million deaths (Xi & Xu, 2021). 
Although incidence and mortality of CRC increases in adults after age 
of fifty, the early-onset cases, mainly of rectal cancer, have been on the 
increase in younger generations (Xi & Xu, 2021). Moreover, in line with 
predictions made by GLOBOCAN 2020, more countries are anticipated 
to rise in socio-economic development, leading to increase in colorectal 
cancer incidence as more sedentary lifestyle and change in diet take place. 
Thus, an outstanding 3.16 million new cases are expected to occur by 
2040 (Sung et al., 2021). On a cellular level, any cancer tissue differs from 
a healthy cell line in a variety of morphological and functional characteris-
tics. Such include but not limited to accelerated cell cycle, invasive growth, 
and cell immortality. These changes are caused by genetic mutations or 
epigenetics that influences gene expression without altering the DNA se-

quence (Cheng et al., 2019). To prevent the drastic increase in the number 
of cases, gene expression and its regulation in colon epithelial cells should 
be better understood and new screening approaches must be developed. 

One of the most common epigenetic modifications that has a poten-
tial to alter gene expression is DNA methylation. This modification is known 
for an addition of methyl group at the C-5 position of cytosines by DNA 
methyltransferase (DNMT) enzymes. A genomic site where methylation 
usually takes place is at C-G sequence, commonly abbreviated as CpG 
(Lao & Grady, 2011.). As carcinogenesis occurs in a mammalian organism, 
methylation of cytosines in CpG islands is often found in the promoter re-
gion of tumor suppressor genes. This phenomenon is found to be correlat-
ed with transcriptional silencing in some colorectal cancer types (Lao & 
Grady, 2011), hence avoiding cell defense mechanisms. As for the methyl-
ation of CpG islands outside of the promoter region, it has been correlated 
with rather transcription activation. Since cytosine methylation plays a sig-
nificant role in cancer development, it is commonly studied in the context 
of colorectal cancer development. According to De Carvalho et al. (2012,), 
cancer cells depend on DNA methylation of a few key regions for survival. 

In their study, such regions were hypothesized to maintain meth-
ylation when artificially reducing global DNA methylation, such as via the 
knockout of DNMT3B and DNMT1 (DKO). Hence, the patterns of DNA 
methylation may not be random. DKO1 phenotype, for instance, is known 
to retain only 5% of the HCT116 wild type global DNA methylation levels, 
counting 566 CpG sites for 490 genes across the promoter regions. The 
mechanisms behind global methylation were of interest for the study con-
ducted by Rhee et al. (2002,), where they created the DKO in the HCT-116 
CRC cell line. Once both genes were absent from the cell line, they revealed 
that a promoter region of p16INK4a gene had lower percentage of methyl-
ated alleles. In all, it was demethylated by more than 95%. This gene turned 
out to be a tumor suppressor gene that got re-activated as the promoter 
region had less methylation. It followingly resulted in inhibition of cancer 
cell growth. This study was referenced to design this following series of ex-
periments as HCT-116 cell line seemed to be sensitive to DNA methylation.

Such methylated region, a DMR, was chosen for further study on 
HCT-116 cells. PCDH17 gene, not known to have a role specifically in col-
orectal cancer, was chose for studying. The DMR is located in the promoter 
of the gene. It has a high confidence interval and shows to be hypermeth-
ylated in the promoter region (Simmer et al., 2012). The DMR was chosen 
among the 2687 frequently hypermethylated regions. As a member of pro-
tocadherin family of proteins, the role of this gene surround tumor suppres-
sion and cell to cell communication. Hence, it will be studied in the context 
of decitabine treatment on the HCT-116 cell line, a colorectal carcinoma 
cell line that was initially isolated from an adult male (“HCT116 Human Col-
orectal Carcinoma Reporter Gene Cell Lines - Imanis Life Sciences,” n.d.).

 Based on the literature information of decitabine role on the 
cancer cells, it was predicted to observe reduced cell growth of HCT-116 
cells post treatment and demethylation of the promoter region of PCDH17 
DMR. It was also anticipated to have the same effect on clonogenic sur-
vival of DKO cells as on WT based on literature from Rhee et al. (2002). 
The methylation sited of the gene of interest were first studied via UCSC 
genome browser. Then, genomic DNA (gDNA) was extracted from WT and 
DKO cells of HCT-116 cell line and treated with DMSO 0.1% as a nega-
tive control and various doses of decitabine as experimental conditions 
to identify the effect of the treatment on cell growth. Followingly, HpaII 
digest was performed as global demethylation assay, the gDNA was ex-
tracted, bisulfite converted, and sent for Sanger Sequencing to analyze 
CpG sites methylation state in PCDH17 DMR before and after treatment. 

As a result of the study, decitabine demonstrated itself as effec-
tive general demethylating agent and useful for cell growth inhibition. 
However, it showed very little (2-5%) demethylation of the PCDH17 
DMR. The Sanger Sequencing analysis revealed newly described 
hypermethylated CpG sites not previously included on the genome 
browser. Lastly, decitabine treated DKO cells showed the same pat-
tern of clonogenic survival as WT following decitabine treatment, 
contrary to the fact that more than 95% of its original hypermethyla-
tion had been removed as DKO phenotype was artificially created.
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Results
Decitabine treatment slows down HCT-116 cell growth

First, to determine whether a known anticancer drug decitabine de-
creases survival of the cells from HCT-116 cell line in colon cancer, DNA 
was isolated and extracted from genomic DNA (gDNA) of this cell line fol-
lowing the Lab 2 protocol (Conrad, 2022) and Zymo research Quick-DNA 
miniprep kit manufacturer instructions (Zymo Research). The detailed pro-
cedure is listed in the Methods section of this report. The respectful cells, 
Wild Type (WT) or Double-Knock out (DKO), were treated with decitabine 
(0.333ul, 0.667ul, or 1ul) or DMSO (0.1%) for two consecutive days. The 
cells were then counted using the hemocytometer, and the average count 
of cells per flask and their total volume per sample was used to estimate 
the total number of cells in that sample. The data displayed in Figure 1, 
was concluded for the WT cells treated with decitabine to have a signifi-
cantly lower cell count compared to the cells treated with DMSO. Hence, 
it was concluded that decitabine treatment decreased cell growth for WT 
cells from the HCT-116 cell line. However, the DKO cells did not exhibit 
the same expected pattern (Figure 2). Since the analysis was split among 
all the lab members and class data was used to plot it, it was discussed 
with the instructor and the rest of the class that some groups might have 
had calculation error, hence result for the DKO cells cannot be interpreted.

Figure 1. Decitabine at different dose (0.333ul, 0.667ul, 1.0ul) decreased 
WT cell growth from HCT-116 cell line. As the concentration of decitabine 
increased from 0 to 1.0ul, the total number of surviving cells decreased 
from 2633333 total cells per flask to 105000 cells. The average cells 
counted in a hemocytometer fluctuated from 24.5 cells to 1 cell. The cells 
treated with 0ul of decitabine were instead treated with DMSO (0.1%)

                                                                                                                                                      
                                                                                                                                                                         

Figure 2. Inconclusive effect of decitabine at different dose (0.333ul, 
0.667ul, 1.0ul) on DKO HCT-116 cell line cell growth. Due to the 
calculation error achieved by some of the lab members, the to-
tal number of surviving cells did not follow the expected decreas-
ing pattern as decitabine concentration increased. The cells treat-
ed with 0ul of decitabine were instead treated with DMSO (0.1%)

HCT-116 gDNA is demethylated after decitabine treatment
The first experiment of the series demonstrated inhibition of HCT-

116 cell growth after decitabine treatment. Decitabine is commonly used 
as an anti-cancer drug and referred to as an effective drug to decrease 
DNA methylation. Therefore, we tested if decitabine would demethylate 
DNA from previously isolated and extracted gDNA from HCT-116 cells ac-
cording to the Methods section. Isolated and extracted gDNA was first ran 
on BioTek Synergy Spectrophotometer to assess its presence, purity, and 
quantity. For each sample DNA was observed in sufficient quantity and 
concentration in appropriate referenced range of A260/280 (>1.8), which 
signified DNA purity. This DNA, treated with decitabine or DMSO (- con-
trol), was then treated with HpaII or MspI restriction enzymes and gel elec-
trophoresis was carried out with the samples to visualize demethylated 
bands. Among the two, HpaII is methylation sensitive, hence whether it cuts 
DNA or not depends on the presence of the 5-methyl group on a cytosine. 
Since decitabine is known to demethylate DNA, it was expected to observe 
more cleavage of the DNA in decitabine treated samples compared to the 
DMSO treated ones. Since the gel was shared among the two groups, the 
loading map was presented (Table 1). The loss of high molecular weight 
DNA in demethylated samples was observed in lanes 8 and 9 (Figure 3), 
which contained decitabine treated cells and HpaII enzyme. DNA degra-
dation by the enzyme also occurs in group 2 sample 3, and slightly less 
in group 1 sample 3, which demonstrated that DMSO treated DNA also 
showed a band of demethylated DNA diminished by HpaII digest. Sample 
3, DMSO treated cells, was not anticipated to show any DNA degradation 
for both groups since HpaII cannot cleave methylated DNA. Therefore, it 
could be assumed that group 2 sample 3 had contamination and group 
1 sample 3 had mild contamination with demethylated DNA respectfully.

Table 1. Loading map of samples in an agarose gel from Group 
1 and Group 2 at different conditions (DMSO/Decitabine treated), 
with or without HpaII enzyme treatment. Group 1 was Kateryna and 
Anait, Group 2 was Morgan and Anastasija. Gel electrophoresis was 
run at 110V for 45 minutes containing these samples in the wells.

                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                      

Table 2. Extracted gDNA from the WT and DKO cells from HCT-116 
cell line DMSO or Dectibine treated are pure (A260/280 > 1.8) and 
have sufficient concentration. For each condition and type of DNA, 
the samples were loaded and measured in BioTek UV-vis spectro-
photometer to obtain concentration and purity of extracted DNA.                                                                                                                                       
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Figure 3. Decitabine demethylated (0.6ul) and DMSO (0.1%) treated ge-
nomic DNA from DKO HCT-116 cell line. The image of the gel after gel 
electrophoresis (110V, 45 minutes) of 8 samples from group 1 and group 2 
under four unique conditions: DMSO gDNA (no HpaII), Decitabine gDNA 
(no HpaII), DMSO gDNA (HpaII), Decitabine gDNA (HpaII). The expected 
result for no enzyme present was band appearance above 20kb, seen at 
the lanes 2-5, estimated around 50kb. The band belove 20 kb was ob-
served for decitabine treated cells in the presence of HpaII enzyme (lanes 
8, 9) and a slight smear at DMSO treated DNA in line 7 due to possible 
contamination as HpaII enzyme should not be able to cut methylated DNA.
 
DKO cells are resistant to the effect of decitabine on clonogenic survival

According to Rhee et al. (2002), in their series of experiments 
they did not observe a difference in clonogenic survival between WT 
(parental) and DKO cells following a dose curve of decitabine. This is 
surprising because DKO cells have >99.9% reduced methylation com-
pared to WT, and decitabine, in part, targets DNA methylation. One 
possibility for why they failed to observe an effect is that decitabine has 
acute off-target effects and a long-term demethylating effect (Howell et 
al., 2010). For our set of experiments, it was decided to test if DKO cells 
resist the effect of decitabine on clonogenic survival when isolating the 
demethylating effect of decitabine. To isolate the demethylating effect of 
decitabine, 200 cells per well of WT and DKO cells were plated on a 
6-well dish, treated with DMSO or decitabine, and then had measured 
the effects on clonogenic survival (see the methods section). For the 
expected results, if decitabine has no effect on clonogenic survival of 
DKO cells, then we expect to see a small decrease in the number of 
cells following the increase in decitabine doze with some more drastic 
decrease in cell survival due to a higher toxic effect of decitabine on the 
cell growth. However, the result is expected to match the observation for 
the WT cells. In turn, if decitabine decreases clonogenic survival, then 
we expect to see a steady decrease of the of the surviving cells with 
each increased doze of decitabine. It is worth mentioning that we do not 
expect to see decitabine increase clonogenic survival over no treatment. 

As for the experimental result, we observed the first expect-
ed result, where there was some decrease in the cells post decitabine 
treatment as the dose of the drug increased. However, both for pre-
treatment and direct treatment there was a mild decrease around 100 
cells maximum at as high of the decitabine doze as 150 nM. More-
over, the change in average cell count (y axis) across different dos-
age of decitabine (nM, x axis) for DKO cells in Figure 4 visually resem-
bles the pattern for WT cells in Figure 5. Because we observed mild 
decrease in cell survival and visually similar result with the WT cells, 
we concluded that decitabine has no effect on clonogenic survival.

                                                                                                                                                      
                                                                                                                                              

Figure 5. WT cells resist the effect of decitabine on clonogenic sur-
vival of HCT-116 colon cancer cells. Decitabine at different dose 
(0, 5, 25, 50, 100, and 150 nM) resulted in mild decrease in aver-
age cell count, progressively achieving lower average cell count due 
to overall increase in toxicity of decitabine at higher concentrations.

No amplification of gDNA extracted from HCT-116 cell line by the 
known primer pair 
FIGN

From the previous experiment it was determined that decitabine 
negatively impacted the cell growth from HCT-116 cell line. It is known that 
decitabine demethylated DNA, however, it is not known what its behavior 
would be like with methylated DNA in our DMR of interest. Prior to design-
ing the primer pair specific to our DMR of interest, a positive control PCR 
was run on the extracted DNA with a set of primers, FIGN, know to amplify 
its region of interest from BIO322X course in 2020, to determine if this DNA 
can be amplified. The extracted DNA was first bisulfite converted and pro-
vided by the instructor to then conduct a bisulfite PCR reaction and visu-
alize the result via gel electrophoresis. Due to time contains we were only 
able to run PCR reactions and prepare the gel for the gel electrophoresis. 
The lab instructor WHC loaded the gel and ran gel electrophoresis with our 
samples. We observed no DNA band in any of the lanes and some contam-
ination on the gel around 1kb (Figure 6). Neither known DNA extracted in 
2020 nor newly bisulfite converted gDNA were successful in amplification.

Figure 6. The newly bisulfite-converted WT and DKO-treated gDNA 
samples alongside known DMSO(4-) and Decitabine(4+) treated bi-
sulfite-converted gDNA extracted in 2020 did not result in success-
ful amplification. All the lanes, including negative control without DNA 
showed contamination at the amplicon length (around 500 bp) and 
at approximately 1kb. Two ladders were used at 100kb and 1000kb.
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Promoter region of PCDH17 DMR is hypermethylated and has tran-
scription factor activity

After concluding from the reading in class that there exist regions 
of the colon cancer genome, called differentially methylated regions 
(DMR), that are consistently hypermethylated, it was decided to identify 
and choose such DMR to study in HCT-116 colon cancer cells to experi-
mentally determine if this DMR is lost after decitabine treatment. As a part 
of the analysis, PCDH17 gene was found nearest to a high confidence 
DMR. The DMR was found in the promoter region in the genome with co-
ordinates chr13:58,202,215-58,209,939 via UCSC genome browser. The 
ENCODE project helped find known methylation sites in and around the 
promoter region and analyze the transcription factors activity in that re-
gion. Since methylation is widely known to silence gene expression, it is 
expected to see fewer binding of the transcription factors in the region. 
PCDH17 is known to be a protein coding gene that functions as a tumor 
suppressor gene inhibiting Wnt/beta-catenin signaling and metastasis in 
breast cancer and it is also frequently methylated in various cancer types, 
including gastric cancer (PCDH17 Protocadherin 17 [Homo Sapiens (Hu-
man)] - Gene - NCBI, n.d.). Hence, it was decided to study methylation in 
the promoter region of this gene in the contest of colorectal cancer cells 
from HCT-116 cell line. With the visualization from the UCSC genome 
browser, it was observed 12 transcription factors bound. Relatively to 
each other, the transcription factors that are most distinguishably bound 
were GATA2, TAF1, POLR2A, and TBP. Overexpression of GATA2 tran-
scription factor is known to stimulate self-renewal, survival, and prolifer-
ation of cancer cells in prostate cancer (Rodriguez-Bravo et al., 2017). 
There is also some binding of EZH2, which is a gene function suppressor.

 

                                                                                                                                          

Figure 7. UCSC Genome Browser visualization of DMR in the promot-
er region of PCDH17 gene of interest with displayed transcription factors 
and known methylation sites. The UCSC genome browser screenshot of 
PCDH17 DMR of interest. From the top, there is a chromosome 13 po-
sition of the DMR followed by the scale of the image in nucleotide bas-
es. This is prior to the beginning of the gene hence the start of the gene 
is not seen. The CpG sites in the promoter region and their quantity are 
indicated in green. Transcription factors and their relative to each other 
presence is shown in white, grey, and black colors. The darker the color, 
the stronger the presence of the transcription factor. From the ENCODE 
project there are multiple cell lines and CpG methylation sites, where red 
color represents 100% methylation and green represents 0% methylation. 

Figure 8. UCSC Genome Browser condensed visualization of PCDH17 gene 
of interest with some view of the promoter region, present transcription factors 
and known methylation sites from the ENCODE project. The screenshot of 
the condensed view of the DMR of interest to display the location and orien-
tation of PCDH17 gene on the genome.The biggest amount of transcription  

factors bound next to each other, as well as known methylation sites, are lo-
cated at the promoter region of PCDH17 gene around 58,200,00 base pairs. 
Chromosome 13 position of PCDH17 followed by the scale of the image in 
nucleotide bases. The CpG sites in the promoter region and their quantity 
are indicated in green. The cell lines and CpG methylation sites in red 
color represents 100% methylation and green represents 0% methylation.

Optimized bisulfate PCR protocol for PCDH17 DMR amplification 
has twice the volume of the reverse primer and the annealing tem-
perature of 54° C 

The previous experiment aimed to amplify gDNA with a known set 
of primers did not result in DNA amplification as no band was seen on 
a gel after gel electrophoresis. Hence, for this experiment, a new set of 
gDNA was extracted and isolated. To study the effect of decitabine on 
PCDH17, the DMR of interest, forward and reverse primers were designed 
as a primer pair to amplify specifically this DNA region. UCSC genome 
browser was used to determine the coordinates of the region of interest 
on a chromosome that would include some of the known methylation sites, 
and the primer pair PCDH17 was created using the MethPrimer website 
accordingly (Figure 9). Once the primers were received from a manufac-
turer, the bisulfite converted DNA region PCDH17 was amplified with this 
primer pair at different annealing temperatures (52° C, 54° C, 56° C, 58° C) 
to determine the most suitable one for this primer pair as according to the 
manufacturer, the forward primer is best annealed at 52° C and the reverse 
at 56° C. Both WT and DKO DNA were used in this experiment, hence the 
most suitable temperature would ideally equally, or very similarly, amplify 
both DNA. The initial result showed a very faint band, that is amplification 
only in one well containing PCR product at 56° C annealing temperature of 
Wild Type DNA. In the rest of the wells, primers did not successfully align 
and bind to the DNA hence no amplification was observed (Figure 10).

Figure 9. PCD17 forward and reverse primer design on MethPrimer website. 
The amplicon size is labeled as product size of this primer pare at 177 nucleo-
tides. The sequence and the start position of the forward primer is described 
under the “Left primer” and of the reverse primer at the “Right primer”. There 
are 14 CpG sites in the amplicon. MethPrimer website was used to create 
the primer pair and obtain the detailed information displayed on the figure.
 

Figure 10. Successful PCDH17 region amplification of one PCR product of 
Wild Type gDNA with the designed forward and reverse primer pair at 56° C 
annealing temperature. A band at the expected amplicon size (500 bp) ob-
served in the 6th lane containing Wild Type DNA with annealing temperature 
56° C in PCR. No amplification is observed for the samples WT (52° C), DKO 
(52° C), WT (54° C), DKO (54° C), DKO (56° C), WT (58° C), DKO (58° C)
.

It was decided to adjust the reagents volume in the master mix to en-
courage primer binding to DNA (Table 3). It was suggested by the instructor 
to double the volume of the reverse primer keeping the final volume con-
stant – instead less water was added to the mix. On the second trial, all the 
samples except for DKO DNA at 58° C resulted in successful amplification. 
Successfully amplified DNA bands were observed in wells containing a PCR 
product of: WT (52° C), DKO (52° C), WT (54° C), DKO (54° C), WT (56° C), 
DKO (56° C), WT (58° C). WT at 56° C demonstrated the brightest band. 
The most evenly amplified gDNA from the Wild Type and DKO was at 54° C. 
There was no contamination in the negative control well containing no DNA. 
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Table 3. Adjusted reagent table used to prepare two separate mas-
ter mix solutions. For the Master Mix 1 DNA source: WT genomic DNA, 
Master Mix 2 DNA source: DKO genomic DNA. The temperatures test-
ed were kept the same at 52, 54, 56, and 58° C as well as gel electro-
phoresis set up. The rest of the reagents’ volume remained unchanged.

Figure 11. Successful amplification of PCDH17 region of gDNA using 
a designed primer pair in WT (52° C), DKO (52° C), WT (54° C), DKO 
(54° C), WT (56° C), DKO (56° C), WT (58° C). A band is seen at the 
expected size of approximate 177 bp in 7 out of 8 wells containing 
a DNA sample. The brightest band containing DNA product was ob-
served in the well containing a PCR product of WT at 56° C anneal-
ing temperature. Contamination is present at around 100 bp in the 
same well. The two most evenly amplified bands at the same tempera-
ture but for different DNA were for an annealing temperature 54° C.

Bisulfite-converted gDNA from HCT-116 cell line amplification using 
designed primer pair for PCDH17 gene

Since the previous experiment demonstrated bisulfite converted 
gDNA amplification at 54° C annealing temperature, it was decided to use 
this temperature and optimized PCR reagents volume to attempt and am-
plify bisulfite converted gDNA from HCT116 cell line from decitabine and 
DMSO treated cells using designed PCDH17 primer pair. Amplification of 
PCDH17 region for each treatment via PCR would allow us to obtain the 
necessary samples to send for DNA sequencing. The sequencing would 
allow to further study methylation of the untreated HCT-116 cells and the 
effect of decitabine on demethylation state of cytosines in the CpG sites 
of PCDH17 DMR. The WT and DKO DNA was provided by the instructor. 
The PCR conducted was aimed to be at 54° C annealing temperature and 
among the reagents consent, the reverse primer would be added twice as 
much as the forward primer (5.5ul). However, while preparing the master 
mix, an experimental error occurred and instead 3.25ul of the reverse prim-
er was added to the master mix 1. It was decided to keep it and rather make 
another master mix 2 with respectful volume of 5.5ul of the reverse primer. 
Gel imaging allowed to see the DNA amplicon bands occurrence at every 
lane, including a faint amplicon in the well containing the negative control 
at the expected 200bp as the amplicon size is 177bp (Figure 12). A possi-
ble source of error could be that the PCR product samples and the gel were 
stored over the weekend in a fridge in the laboratory, hence DNA degraded 
over that time. The samples could have been improperly loaded prior to gel 
electrophoresis hence the contamination in the no DNA well. It is challeng-
ing to make conclusions of this gel because degradation could have impact-
ed the quality of the results. For the ladder it was also challenging to esti-
mate the amplicon size as it was seemingly degraded.  However, it is vivid 

that gDNA was amplified the brightest in all the wells containing wild type 
DNA, which could suggest that the primers anneal to and amplify wild type 
DNA the best. From the previous experiment, the brightest band observed 
on the gel image was also for a well containing wild type DNA. These sam-
ples were sent for Sanger Sequencing to the University of Chicago to fur-
ther analyze CpG sites and %mC in decitabine treated and untreated cells.

Figure 12. Amplificon of WT and DKO gDNA from HCT116 cell lines, DMSO 
0.1% treated (0ul of decitabine) or decitabine treated (0.6ul) at the anticipat-
ed 200 bp amplicon size with contamination of the negative control. Lanes 
2-9 containing DNA were successfully amplified with the expected amplicon 
size at 200 bp. The 1kb ladder, along with the amplified samples, showed 
DNA degradation. Contamination of the negative control in lane 10 was ob-
served at the amplicon size 200 bp, which signifies contamination with gDNA.

Weak demethylation of PCDH17 DMR after decitabine treatment 
The DMR of interest in the promoter region of PCDH17 gene was 

successfully amplified (Figure 12) and the samples were sent for Sanger 
Sequencing to the University of Chicago. The remaining methylation of the 
cytosines in the DKO and WT cells from the HCT-116 cell line following 
decitabine treatment was analyzed using the received sequence. Bisul-
fite conversion methodology predisposes all unmethylated cytosines to 
change to uracils (U), showing on the sequence data as unrecognisable 
(N) or thymines (T). The peak height and of the cytosines (C) in relation 
to the Cs and Ts was looked at as an indicator of the percent methyla-
tion (%mC.) The sequence allowed to conclude that decitabine success-
fully demethylated very few regions of the amplified products, not more 
than 5% of the initially methylated Cs. Although the same DNA was used 
for decitabine and DMSO treatments, two separate samples were sent 
for sequencing due to previously described experimental error. Prior 
to bisulfite PCR, the Master Mix 1 contained 3.5ul of the reverse primer 
(PCDH17 R), whereas the Master Mix 2 contained 5.5ul of such primer. 
On Figure 13, the %mC of WT DMSO treated is at 67.3% , decreasing in 
%mC of WT decitabine treatment to 64.2%. The same DNA that under-
went the same treatment showed percent methylation of 93.2% go down 
to 91.2%. The reason behind different percent methylation is because hav-
ing more reverse primer added most likely resulted in higher sequence 
quality, which allowed us to compare almost the entire bisulfite convert-
ed amplicon base sequence to the original non-treated DNA sequence.
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Figure 16. CpG sites not previously described in the ENCODE project 
found ~250 base pairs away from the known methylated regions of PCDH17 
DMR for DKO gDNA. The screenshot was taken of the chromosome 13 
region viewed in UCSC Genome Browser with uploaded data of PCDH17 
DMR that was bisulfite-converted, amplified, and sequenced. The DNA 
was DMSO or decitabine treated. The warmer the color is (red, orange, yel-
low), the higher is the methylation percent of the cytosine at that site. More 
demethylated DNA (green, yellow) is observed compared to WT gDNA.

Discussion Part I
The known anti-cancer drug, decitabine, or 5-aza-2-deoxycytidine, 

has proven its important role in slowing down HCT-116 cell line colon can-
cer cell growth (Figure 1) and its ability to demethylate DNA (Figure 3). 
Based on the anticipated results from the early stages of the experiment, 
PCDH17 high confidence DMR found in the promoter region of this gene in 
the HCT-116 colon cancer cells was chosen for a close study. This investi-
gation allowed us to describe newly found hypermethylated CpG sites (Fig-
ure 15, Figure 16) that could be globally hypermethylated in colon cancer in 
this cell line. The DMR appeared to be resistant to demethylation with and 
without decitabine treatment, as we observe only 2-5% decrease in meth-
ylation both in WT and DKO cells. Because PCDH17 gene plays a crucial 
role as a tumor suppressor (PCDH17 Protocadherin 17 [Homo Sapiens 
(Human)] - Gene - NCBI, n.d.), its resistance to demethylation by high dos-
es of decitabine could be an important finding as we seek to “unsilence” 
the gene. Looking at the newly found methylated CpG sites (Figure 15), by 
zooming out it was found that their location coincides with the binding of 
RBBP5 and EZH2 transcription factors. This observation leads to conclu-
sion that if not by the methylation, this gene could still be silenced by a tran-
scription factor such as EZH2 (Figure 7) or RBP5 that regulates cell prolif-
eration (Saijo et al., 1995). Hence, this region of interest should be studied 
further as it has a total of 11 transcription factors bound to it in the promoter 
region and more methylation sites than we previously knew from the EN-
CODE project. As mentioned in the Introduction, DKO1 is known to retain 
about 5% of the HCT116 wild type global DNA methylation levels, which 
corresponds to 566 CpG sites for 490 genes across the promoter regions 
(Carvalho et al., 2012). In our experiment, 61.9% methylation cites of decit-
abine treated DKO cells retained its methylated state at almost all same 
methylation positions (Figure 16) as found in WT (Figure 15). Hence, it can 
be argued that DKO1 phenotype and HCT-116 cells might share the meth-
ylation sites. Their similarity can be crucial as resistance to both decitabine 
demethylation and engineered double knock out that leads to global de-
methylation may identify this as an important target for epigenetic therapy.

Since decitabine showed to be effective only in 2-5% of this DMR 
demethylation, further work should be centered around understanding 
the mechanisms that prevent binding of the 5 present crucial transcrip-
tion factors in this promoter region. According to Palii et al. (2008), the 
antitumor effects of 5-azadC are due to its “reactivation of aberrantly hy-
permethylated growth regulatory genes and cytoxicity resulting from DNA 
damage.” Because of its resistance to decitabine and the abundance of the 
transcription factors at the promoter region, possible mechanisms should 
be investigated that intervene with reactivation of the growth regulatory 
genes pathways and molecules that might help regulate the cytoxicity of 
decitabine. Further studies can include further exploration of the meth-
ylation sites for the entire PCDH17 gene and whether there are similar 
methylation sites observed at the binding sites of transcription factors 
with similar purposes. The methylation of the DMR of interest can also 
be looked at on different cell lines in cancers related to the digestion sys-
tem as this series of experiments was centered around the colon cancer.

Discussion Part II
The PCDH17 DMR of interest in the promoter region covers the bind-

ing area of twelve transcription factors (Figure 7). Relatively to each other, 
the transcription factors that are most distinguishably bound were GATA2, 
TAF1, POLR2A, and TBP. Besides the ones mentioned earlier, TAF1 sub-
unit binds to core promoter sequences encompassing the transcription start 
site. POLR2A encodes a DNA-directed RNA polymerase II subunit enzyme 
that transcribes all protein-coding genes. TBP is the TATA-binding protein. 
There is also some binding of TAF7, which controls the first steps of transcrip-
tion. When the PCDH17 gene is turned on, it produces a Protocadherin 17 
protein (Figure 17) with cytoplasmic and membranous expression in most   

Figure 13. Decitabine treated WT cells from HCT-116 cell line resulted in 
3.1% lower %mC compared to the DMSO treatment, whereas DKO decit-
abine treated cells showed 2.2% higher %mC that the DMSO treatment 
in the samples with 3.5ul of the reverse primer added. On the top of the 
bar graphs, calculated %mC is displayed after calculating such from the 
C’s and T’s signal strength for C’s at the CpG sites using ThermoFisher 
VA analysis for DMSO and decitabine WT and DKO treated cells. DKO 
decitabine show increase in methylation % possibly due to sequence of 
poorer quality hence being unable to recover most of the bisulfite convert-
ed amplicon sequence. DKO is of smaller relative %mC then WT since 
DKO mutation already accounts for the 99.9% reduction in methylation.

Figure 14. Decitabine treated WT cells from HCT-116 cell line resulted in 
2% lower %mC compared to the DMSO treatment. Same pattern observed 
for DKO cells, resulting in 5.4% lower %mC following decitabine treatment. 
The PCR samples had 5.5ul of reverse primer added. On the top of the 
bar graphs, calculated %mC is displayed after calculating such from the 
C’s and T’s signal strength for C’s at the CpG sites using ThermoFisher 
VA analysis for DMSO and decitabine WT and DKO treated cells. The WT 
%mC is initially higher compared to the data in Figure 13 due to higher 
quality sequencing data. DKO is of smaller relative %mC then WT since 
DKO mutation already accounts for the 99.9% reduction in methylation.

Figure 15. CpG sites not previously described in the ENCODE project 
found ~300 base pairs away from the known methylated regions of PCDH17 
DMR for WT gDNA. The screenshot was taken of the chromosome 13 re-
gion viewed in UCSC Genome Browser with uploaded data of PCDH17 
DMR that was bisulfite-converted, amplified, and sequenced. The DNA 
was DMSO or decitabine treated. The warmer the color is (red, orange, 
yellow), the higher is the methylation percent of the cytosine at that site.
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tissues (PCDH17 Protein Expression Summary - The Human Protein 
Atlas, n.d.). It is potentially a calcium-dependent cell-adhesion protein 
involved in cell adhesion and important cell-cell connections. If meth-
ylation is observed in this promoter region, the transcription would not 
be possible as polymerase II wouldn’t be made, TATA-binding protein 
would be made, and control exhibited by TAF7 on the primary steps of 
transcription would be disabled and no protein will be made (Figure 17)
.

Figure 17. PCDH17 gene turned off, part a, and PCDH17 tuned on, 
part b. In part a, methylation of CpG sites in transcription factor binding 
sites leads to transcription suppression and gene silencing by inhibit-
ing the binding of some transcription factors. In part b, transcription fac-
tor binding is possible, and protocadherin protein is synthesized, if the 
gene is not again silenced by the binding of EZH2 transcription factor.

Measuring gene expression is commonly achieved by quantifying 
levels of the gene product, and in the case of PCDH17 it would include 
measuring PCDH17 protein levels. One of many suitable laboratory tech-
niques to do that would be Enzyme-Linked Immunosorbent Assay (ELISA). 
First, we would coat the ELISA plate with capture antibody against the 
antigen of interest. Anything not bound to the plate would be then washed 
off.  Next the sample containing the cell supernatant, where protocadher-
in protein could be found after the cells were processed, is added to the 
plate. Any antigen of interest present in the supernatant would bind to the 
capture antibody and the rest would later be washed off the plate. Then, 
detection antibody labeled with an enzyme is added ready to bind to a 
target antigen. Finally, the substrate is added to the plate. These are com-
monly chromogenic and thus convert the substrate into a colored prod-
uct, the intensity of which is measured by a plate reader (Enzyme-Linked 
Immunosorbent Assay (ELISA) | British Society for Immunology, n.d.).

 Since PCDH17 promoter region has a variety of transcription fac-
tors added, including the ones that silence the gene on their own, it would 
be challenging to describe which signaling pathway should be activated to 
impact the gene expression. From literature, it is known that PCDH17 pro-
tein acts as a tumor suppressor gene inhibiting Wnt/beta-catenin signaling 
in some brain cancers (PCDH17 Protocadherin 17 [Homo Sapiens (Hu-
man)] - Gene - NCBI, n.d.). This signaling pathway is an evolutionary con-
served mechanism that plays a role in cellular homeostasis. WNT proteins, 
if present in the extracellular matrix, bind to the N-terminal extra cellular 
cytosine-rich domain of a Frizzled family receptor, which in turn disrupts the 
destruction complex of beta-catenin and even triggers its cytoplasmic ac-
cumulation (Pai et al., 2017). Beta-catenin is known to promote cell-to-cell 
adhesion by accumulating in cell-cell contact sites. On its own, the Wnt/
beta-catenin signaling is commonly overexpressed in colorectal cancers, 
leading to more greater tumor production (Pai et al., 2017) as beta-catenin 
accumulates in the cytoplasm. If the signaling pathway is de-activated in the 
colon cancer HCT-116 cells (Figure 18), it could result into decreased secre-
tion of beta-catenin leading to decrease of WNT-triggered gene transcrip-
tion that leads to cell proliferation. As mentioned earlier, our promoter region 
has overexpression of GATA2 transcription factor that is known to stimu-
late self-renewal, survival, and proliferation of cancer cells. If the PCDH17 
gene was not initially silenced and rather involved in gene transcription,.

reduced amount of beta-catenin could hypothetically prevent GATA2 tran-
scription factor binding and thus result in reduced cell proliferation.

Figure 18. Change in PCDH17 gene expression following the turn off of 
the Wnt Signaling, resulting to no cell proliferation induced by Wnt-trig-
gered gene transcription. If the PCDH17 wasn’t initially silenced, it is 
likely to have the Wnt signaling turned on as it is known to be overex-
pressed in CRC and a transcription factor GATA2 binding site is present 
that is known to stimulate cell proliferation. As the signaling pathway is 
turned off, carcinogenic cell proliferation is anticipated to decrease.

Due to the complicated nature of PCDH17 promoter region, there 
are multiple potential scenarios as to how expression at the DMR would 
change the trait. As mentioned earlier, the methylation cites observed 
seem to be consistent between WT and DKO DNA. Hence, it is possible 
that some DKO phenotypes would still have the same silencing methyla-
tion sites. If PCDH17 gene was expressed, there are few outcomes. First, 
with the overexpressed presence EZH2 transcription factor in colon cancer 
cells, the gene can still be silenced by this transcription factor. Next, if the 
gene is expressed, it could lead to overexpression of the proteins that allow 
survival and proliferation of the cancer cells (Figure 19). Lastly, if the two 
transcription factors GATA2 and EZH2 are absent, the gene would result in 
the production of protocadherin17 protein that way participate in turning off 
the WNT signaling and resulting the overall destruction of excess beta cat-
enin (Figure 18). As the result of extensive research, PCDH17 gene was 
found to be transcriptionally silenced across different cancer by a promoter 
methylation, but also inherited and somatic mutations (Berx & van Roy, 
2009). In gastric cancer, for instance, somatic mutations in protocadherin 
family of genes can cause skipping of exon 7 or 9, which results in in-frame 
deletions. As a part of literature research, PCDH17 specifically has not yet 
been found to exabit a certain mutation in cancer that would lead to gene si-
lencing. It is most commonly studied in the context of promoter methylation.

Figure 19. Three possible phenotypes as PCDH17 gene is expressed. 
Cancer cell proliferation (1). no effect as the gene is still silenced by the 
transcription factor EZH2, and normal cell growth as appropriate transcrip-
tion factor binding occurs allowing to proper regulation of the transcription 
start by TAF1, RNA polymerase II synthesis and TATA binding protein.
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Such variables as A260/280 and concentration (ng/uL) were collected per 
each condition. The cells from 0.333uM and 0.667uM decitabine treat-
ment were combined among the WT and separately among the DKO for 
the UV-vis spectroscopy as very few cells survived the treatment.

For further investigation of the demethylation state of a DNA re-
gion of interest after decitabine treatment, the DNA had to undergo bi-
sulfite conversion. This converted unmethylated cytosines to uraciles. 
EZ DNA MethylationTM Kit protocol was used to perform the conversion 
(Zymo Research). Based on the DNA concentration obtained with UV-vis 
spectroscopy, the volume of DNA needed for the DNA concentration of 
400ng was calculated and separated in a PCR tube. After the following 
addition of 5ul M-dilution buffer and ddH2O to bring the final volume to 
50ul, the solution was incubated for 15 minutes at 37oC. Then, 100ul of 
freshly prepared CT Conversion Reagent was added to the solution and 
it was place in a thermal cycler for incubation in the dark at 50oC for 12-
16 hours. It was followed by the second round of incubation at 0-4oC 
for 10-20 minutes. Afterwards the sample was places in Zymo-SpinTM 
IC column with 400ul of M-Binding Buffer and centrifuges at full speed 
(>10,000xg) for 30 seconds. Discarding the flow-through was followed 
by a total of alternative additions and centrifugation with M-Wash Buf-
fer, M-Desulphonation Buffer, M-Wash Buffer, and M-Elution buffer. 

Clonogenic Survival AssayClonogenic Survival Assay
To measure immortality of HCT-116 cells a clonogenic survival as-

say was performed according to Palii et al. (2008). Briefly, for direct treat-
ment approximately 200 HCT-116 WT and DKO cells were passaged into 
6-well tissue culture plates. After overnight incubation, cells were treated 
with the following doses of decitabine in 0.1% DMSO (final ; v/v) for 48 
hrs with one drug replacement (0, 5, 25, 50, 100, and 150 nM decitabine 
(sigma part# A3656.) After an additional 14days of growth, cells were fixed 
and stained (1x phosphate buffered saline (sigma part D1408); 6% glutar-
aldehyde (v/v; EMS part 16220); and 0.5% crystal violet (w/v; sigma part 
61135)) for one hour. Cells were immersed repeatedly in excess tap water 
until colonies were visible. Colonies were counted by eye (Conrad, 2022).

Global demethylation assay
To test for DNA demethylation of HCT-116 cells by decitabine 

treatment, a procedure with digest enzymes HpaII (NEB R0171S) and 
MspI (NEB R0106S) was performed according to the lab manual in 
Lab 3 (Conrad, 2022). A solution contained the necessary volume of 
400ng gDNA calculated using previously extracted gDNA concentra-
tion data, cutsmart buffer, 0ul (the negative control) or 0.5ul of one of 
the two restriction enzymes, and diH2O. The solution then underwent a 
bisulfite PCR reaction. PCR products were then analyzed by gel elec-
trophoresis. Out of the two restriction enzymes, HpaII enzyme is the 
only sensitive to methylation. Both recognize the CCGG sequence and 
cleave DNA, but cleavage by HpaII would be prevented by the pres-
ence of a 5-methyl group on a cytosine (Waalwijk & Flavell, 1978). 

Bisulfite Polymerase Chain Reaction (PCR)
A bisulfite PCR reaction was carried out according to the EpiMark 

Hot Start Taq DNA Polymerase Guidelines for PCR (M0490) (New En-
gland Biolabd inc.) and optimized protocol sourced from the Lab manu-
al (Conrad, 2022). PCR was used to examine amplification of the gDNA 
samples in each respectful experiment. The extracted gDNA samples, 
Wild Type and DKO, for both DMSO and Decitabine treatments were 
added to their respectful Master Mixes. The central components of a 
Master Mix for the PCR reactions contained: 5x epiTaq buffer, diH2O, 10 
mM dNTPs, bisulfite-specific forward and reverse primers (10uM each), 
and epiTaq 5 U/ ul enzyme that is a DNA polymerase. The PCR reac-
tions were set at different temperatures (Table 5) for about 1 hour run-
ning a total of 39 cycles. The reagents concentration is kept constant in 
the master mix to have sufficient reagents to perform 5.5x reactions. To 
achieve this, the initial volume of reagents needed for 1x reaction was 
adjusted accordingly preserving the initial concentration of the reagents. 
Each PCR reaction had either a different DNA sample, annealing tem-
perature, or the primer pair used. Each of the differences indicated in the 
figure legends in the Results section. The primer pair to amplify PCDH17, 
the DMR of interest, was designed using the MethPrimer website tools.

PCDH17 tumor suppressor protein is secreted, and it regulates cell 
proliferation.

Methods
Materials
Standard molecular biology lab bench equipment, such as pipets (P20, 
P200, P1000) and their tips, serological pipette and pipette-aid, biohazard 
tip waste, liquid waste beaker, bleach, 70% ethanol, conical centrifuge tubes 
in sizes 15ml and 50ml, 1.5ml microcentrifuge tubes, microcentrifuge, cen-
trifuge tube racks, kimwipes, paper towels, ultra-fine sharpies lab markers.
• Mid-log culture of HCT-116 cells
• T25 flasks
• McCoy’s 5A media (complete with antibiotic)
• PBS
• Trypsin
• Hemocytometers
• Cell counters
• Trypan blue
• Compound microscopes
• 96-100% ethanol
• Not sterile Trypan Blue solution, 0.4% filtered (Sigma T8154)
• SybrSafe or ethidium bromide
• Hemocytometers
• TE buffer
• ddH2O
• BioTEK plate reader
• EZ DNA Methylation Kit
• CT Conversion Reagent
• 5 µl o’generuler 1kb DNA ladder
• Parafilm
• Mold with lid for PCR
• Narrow comb (1.0mm thickness)
• Microscopes
• Bio Rad gel doc EZ imager
• Vortex

HCT-116 Cell Line culturing and Decitabine treatment
The cells from HCT-116 cell line were cultured in 50ml McCoy’s 5A 

media for the class by the lab instructor Dr. Conrad and the TA Laurel 
prior to the start of this series of experiments. At first, the pooled cells 
from four total mid-log cultures of HCT-116 cell line in T25 flasks were 
counted. Then 800,000 cells / well were transferred to 20 T25 flasks to 
achieve a total of 16 million cells. On the next day, either 0.1% DMSO, 
0.333uM, 0.667uM decitabine, or 1uM decitabine made from 10mM 
stock were added to each flask. The cells were treated for 48 hours 
with one drug and media replacement. On the fourth day the media 
was replaced with no drug present. Around 72 hours later the cells were 
used in the first experiment. In the meantime, they were incubating.

 
Genomic DNA isolation, extraction, and bisulfite conversion

Genomic DNA (gDNA) isolation and extraction procedures were 
carried out according to W. Conrad, 2022, adapted from PureLink Ge-
nomic DNA kit (Thermo Fisher Scientific), and Zymo research Quick-DNA 
miniprep kit (Zymo research), using the manufacturer protocol. Devi-
ating from the original protocol, each flask visibly containing more cells 
had the subsequent addition of 300ul of trypsin, whereas the ones with 
relatively less dense cell culture had 250uM of trypsin added to collect 
and count cells onwards. After tripsinizing, the cells were then counted 
with a hemocytometer, placing 20ul of the sample at a time in a count-
ing chamber. The number of counted cells was used to calculate the vol-
ume of cells needed to retrieve 4 million cells total per each treatment 
(0uM, 0.333uM, 0.667uM, or 1uM decitabine) and cell type (WT or DKO). 
Genomic DNA from those 4 million cells was then purified following the 
procedure from the Zymo research Quick-DNATM Miniprep Kit (Zymo re-
search). The optimized protocol had 500ul of Genomic Lysis Buffer added 
directly to the cell palette to meet the proportional amount 4:1 of buffer to 
the sample. Then extracted gDNA was eluted from the column in 100ul 
of the elution buffer and placed on the BioTEK plate reader to be quanti-
fied and had initial purity assessment via nanodrop UV-vis spectroscopy. 
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Table 4. Master Mix reagents table with indicated volume per each re-
agent to carry out 1x or 5.5x reactions.

Table 5. Annealing temperature conditions for each PCR reaction carried 
out in this set of experiments.

Gel Electrophoresis
Following the PCR reactions, gel electrophoresis was performed 

according to the adapted procedure from the DOE JGI “Genomic DNA QC 
Using Standard Gel Electrophoresis (for collaborators)” (Lin, 2012). It was 
used to visualize and assess the quality of gDNA amplification from DMSO 
and decitabine treated HCT-116 cells. Agarose gel was prepared in 250 mL 
Erlenmeyer flask weighing out 0.5g of agarose and 50 ml of 1x TBE buffer. 
Microwaving on the defrost setting for 30 seconds dissolved the agarose 
in the buffer. The solution was then cooled down with the water with the 
subsequent addition of 5uL ethidium bromide or SybrSafe and swirling to 
mix the solution. It was poured into a mold to solidify with a narrow 1.0mm 
thick comb creating 10 wells and left to solidify. In the meantime, 5ul of 
6x DNA loading buffer was added to the PCR samples. 1x TBE buffer 
was used to fill the rest of the space surrounding the gel and the samples 
were loaded in the gel. The gel electrophoresis run for around 45 minutes 
and imaged on a Bio Rad gel doc EZ imager to visualize amplified bands.

Quantifying DNA methylation
Analysis of the gDNA sequencing was performed according to 

the procedure listed in the SOP for Lab 11 (Conrad, 2022). The sam-
ples containing amplified gDNA with self-designed PCDH17 primer pair 
and experimentally determined optimum annealing temperature had 1ul 
ExoI and 2ul rSAP added and were submitted for Sanger sequencing at 
the University of Chicago. The sequence analysis was centered around 
methylated CpG sites and quantifying the percent methylation of the cy-
tosines (%mC) for these sites at previously chosen PCDH17 DMR. The 
data containing peaks at different nucleotides was first visualized via 
the Thermo Fisher Cloud Variant Analysis app. Then, Emboss Needle 
tool was used to align the nucleotide sequence data with the sequence 
from the initial amplicon of choice at the known nucleotide positions (EM-
BL-EMBI). This alignment was used to determine the CpG sites location. 
Using Microsoft Excel, %mC was calculated from the signal strength of 
cytosines in ratio with the sum of the signal strengths of cytosines and 
thymines at the CpG sites. The formula used was %mC=(C/(C+T))×100% 
to obtain the final value in percentage. The %mC of DMSO and decit-
abine treated samples were compared. Analyzed data was uploaded on 
the UCSC Genome Browser in alignment with PCDH17 DMR to com-
pare observed CpG sites with the known methylation regions this DMR.
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