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ABSTRACT
Breast cancer is a complex disease that continues to haunt women and their loved ones around the
world. It is currently the leading cause of cancer-related mortality among women. While most
breast cancer patients can catch the disease before progression, others are less fortunate. The
prognosis of those whose disease has advanced to metastatic or invasive breast cancer (IBC) is
grim. Metastasis occurs when cancer cells undergo epithelial to mesenchymal transition (EMT),
migrate to distant body tissues, then form new tumors. It is imperative to better understand the
process of EMT to develop superior ways to detect breast cancer before becoming metastatic.
Recently, post-transcriptional modifications have been implicated in the regulation of EMT in
different cancer types. Previous studies lead us to believe that N4-actylcytidine may be involved
in the process of EMT in human breast cancer. N4-actylcytidine (ac4C) is produced by the enzyme
N-acetyltransferase 10 (NAT10). To establish an understanding of ac4C’s role, we conducted
several experiments while altering the expression of NAT10 in Human Mammary Epithelial
(HMLE) cells. In this study, we show that the overexpression of NAT10 in HMLE cells induces
certain characteristics of the mesenchymal phenotype. We also confirm a proposed method of
ac4C-seq by confirming one N4-acetylcytidine site (C-1842) on the 18S ribosome of HMLE cells.
These results help us to better understand the role of ac4C in the process of EMT in human breast
cancer which may help to pave the way for better preventative interventions and treatments for

patients with metastatic breast cancer.



INTRODUCTION

Overview and rationale

Breast cancer is the leading cause of cancer-related mortality among women (DeSantis et
al., 2015). Survival rates are dependent on many factors, including time of detection, subtype,
morphology, etc. Regardless of the subtype, effective treatments for patients whose disease has
been detected early and remains localized within the mammary glands/ducts involve surgical
interventions, such as mastectomy (removal of breast) or breast-conserving surgery (removal of
tumor only). For instance, standard treatment for early-stage breast cancers, such as ductal
carcinoma in situ (DCIS), involves breast-conserving surgery followed by radiation therapy
(Maughan et al., 2010). Contrarily, if the disease has advanced to later stages and/or has become
metastatic, treatment methods become limited to chemotherapy and radiation therapy (Moo et al.,
2018). Both of which can be debilitating to the patient.

Prior to becoming metastatic, or malignant, tumorous tissue is made up of cells that exert
the epithelial phenotype. Epithelial cells are characterized by having cell-cell interactions that are
held together by extracellular components, such as E-cadherin and B-catenin, at intercellular
junctions (Gennari, 2011). In living systems, epithelial cells compose the linings of organs and
other structures (Blanpain et al., 2007). In contrast, malignant tumors contain cells that display the
mesenchymal phenotype. These cells are not obligated to maintain cell-cell interactions; therefore,
they are able to freely travel throughout the body (Kalluri et al., 2009).

In a process called epithelial to mesenchymal transition (EMT), cells within cancerous
tumors branch from the original tumor site and spread to another site within the body. Cells that

have undergone EMT (EMT-positive cells) display the mesenchymal phenotype which gives them



the ability to travel throughout the body via blood and lymphatic vessels. While EMT is associated
with cancerous metastasis, it plays a crucial role in normal physiology.

There are three distinct types of EMT. The first, type I, occurs during early embryonic
development. During this process, some cell types must acquire migratory properties (a hallmark
of the mesenchymal phenotype) to travel to different areas of the embryo (Potenta et al., 2008).
Another important role of EMT, type II, is the process of wound healing. This process involves
three steps: inflammation, proliferation, and maturation. During these processes, surrounding
tissue is preserved by phagocytosis of infected cells, angiogenesis occurs to rebuild lost blood
vessels within the wound, and new extra cellular matrix (ECM) is deposited. Terminating this
process is the re-epithelialization of this new tissue (Barriere et al., 2015). The process of EMT is
sometimes referred to as a “double-edged sword.” While types I and II fulfill imperative biological
functions, this process can go awry.

The occurrence of type III EMT yields the other end of the figurative “double-edged
sword” — the production of malignant cancer cells. The process of cancerous tissue undergoing
EMT and becoming malignant is known as metastasis. Migratory EMT-positive cells circulate in
the body until they reach distant tissue and revert to their epithelial phenotype, by the reverse
process mesenchymal to epithelial transition (MET), to form tumors in distant body tissues. This
process is also responsible for relapse (Luo et al., 2015). It is important to understand the role that
EMT plays in cancer as 90 % of cancer-related mortality results from metastasis (Chaffer et al.,
2011). Currently, it is unknown what drives cancer cells to undergo EMT and become metastatic;
however, there is a growing body of evidence that suggests that post-transcriptional modifications

are involved.



Increasing attention has been given to post-transcriptional modifications due to their
potential implications in the progression of cancer. N6-methyladenosine (m6A), for example, is
known to be the most abundant in eukaryotes (Machnicka et al, 2013) and has been shown to be
upregulated in several cancer types. It also has been implicated in EMT-like characteristics such
as invasiveness and increased proliferation (Dong and Cui, 2020).

Understanding that m6A and other post-transcriptional modifications play essential roles
in EMT in breast cancer, we are interested in studying the significance of others. For instance,
little is known about the roles of 5-methylcytosine (m5C) and N4-acetylcytidine (ac4C) in human
breast cancer. N4-acetylcytidine (ac4C) has been shown to increase the efficiency of translation
and drive certain hallmarks of epithelial to mesenchymal transition (EMT) in HeLa cells (Arango
et al., 2018). N4-acetylcytidine is produced by the N-acetyltransferase 10 (NAT10) (Ito et al.,
2014). By knocking-out this gene, researchers were able to reverse phenotypes associated with
EMT in HelLa cells (cervical cancer) (Arango et al., 2018). The experiments conducted in this
thesis help us move closer to understanding the roles that the post-transcriptional modifications
m5C and ac4C play in EMT in human breast cancer and aim to uncover the potential link between
the two.

Several experiments, including immunoprecipitations, were performed in EMT model cell
lines to get a better understanding of the role of m5C in EMT. To better understand the role of
ac4C in EMT, we perform NATI10 knockdowns and develop a NAT10 overexpression cell line
using Human Mammary Epithelial (HMLE) cells. Using this cell line, we conduct a series of
experiments whose outcomes we expect to observe in cells that have undergone EMT.
Recognizing the significance of post-transcriptional modifications, such as m5C and ac4C, can

allow us to better understand their roles in the process of epithelial to mesenchymal transition in



breast cancer, paving the way for the development of targeted treatments for patients whose disease
has progressed to metastatic breast cancer. Ideally, we will have the capability to prevent
metastasis.

Forms of breast cancer

Breast cancer is a complex disease and the most frequently diagnosed cancer type among
women in almost every region of the world (Ferlay et al., 2019). According to the American Cancer
Society, 12.8 % (approximately 1 in 8) of women will develop breast cancer in their lifetime and
3 % will die from it. It is estimated that 20 — 30 % of localized breast cancers reoccur and eventually
become metastatic. It is estimated that up to 90 % of cancer-related mortality is caused by
metastatic cancers (Chaffer et al., 2011). Unmistakably, metastatic breast cancer can be
devastating.

There are several subtypes of breast cancer HER2+, luminal A, luminal B, and triple
negative breast cancer (TNBC). The latter of which is the most difficult to treat and has the worse
prognosis of all. To define these subtypes, it is important to understand that the terms positive and
negative are relative to normal, and therefore, refer to overexpression and decreased expression
respectively.

Patients whose cancer displays the HER2+ subtype exhibit an increase in the human
epidermal growth factor receptor 2 (HER2). It is estimated that 20 — 30 % of patients’ tumors are
HER2+. Therapies for this subtype include blocking these receptors which prevents the cells from
obtaining sufficient epidermal growth factor (EGF) signal. A widely used example of a HER2
blocker is the monoclonal antibody trastuzumab (Mitri et al., 2012). This essentially starves the

cancer cells as they require more resources to thrive.



Tumors of the luminal A subtype are estrogen receptor (ER) and progesterone receptor
(PR) positive. Patients with this subtype respond very well to hormone therapies and have the best
prognosis. The luminal A and B subtypes are both estrogen receptor (ER) positive (Gao and Swain,
2018).

Finally, patients whose cancer displays the TNBC subtype lack HER2, ER, and PR which
renders hormone or HER2-targeted therapy ineffective (Anders and Carey, 2008).
Consequentially, this subtype is the most difficult to treat and has the worse prognosis of all the
subtypes. Treatment for this subtype is limited to radiation therapy and chemotherapy (Moo et al.,
2018). Due to the low survival rate of women whose cancer has become metastatic; we are
interested in elucidating the mechanisms that drive epithelial to mesenchymal transition (EMT) in
breast cancer.

Epithelial to Mesenchymal Transition (EMT)

In order to understand EMT, it is necessary to define and understand the differences
between epithelial and mesenchymal cells. Epithelial cells are polarized cells that can
communicate intercellularly through adherens junctions, tight junctions, and desmosomes
(Blanpain et al., 2007). This allows the cells to function as a sheet forming epithelium. Contrarily,
mesenchymal cells are those that have lost their cell polarity and ability to form intercellular
connections. As a result, these cells display an increased capacity for migration and invasiveness.
Mesenchymal cells also display an elevated resistance to apoptosis and increase in the production
of extra cellular matrix (ECM) components (Kalluri et al., 2009). Hence, epithelial to
mesenchymal transition (EMT) is the process by which epithelial cells undergo biochemical

changes that drive cells to exert the mesenchymal phenotype.



EMT is imperative for embryonic development. During development, several rounds of
EMT and the reverse process, mesenchymal to epithelial transition (MET), occur before final cell
differentiation. These rounds (primary, secondary, and tertiary EMT) are responsible for the
creation of complex cellular structures such as internal organs (Thiery et al., 2009). In order to
create some of these complex structures in distant parts of the embryo, it is necessary for some
cells to acquire migratory properties- a hallmark of the mesenchymal phenotype.

Another important role of EMT is the process of wound healing. This process is a three-
step process: inflammation, proliferation, and maturation. During these processes, tissue is
preserved by phagocytosis of infected cells, angiogenesis occurs to rebuild lost blood vessels,
deposition of new extra cellular matrix (ECM), then re-epithelialization (Barriere et al., 2015).

While EMT plays crucial roles in embryonic development and other important biological
processes, it also plays a role in diseases such as cancer. When cancer cells undergo EMT, the
cancer becomes metastatic. It is important to understand the role that EMT plays in cancer as 90 %
of cancer-related mortality is the result of metastasis (Chaffer et al., 2011). Currently, it is unknown
what drives cancer cells to undergo EMT and become metastatic; however, there is a growing body
of evidence that suggests that RNA modifications are involved.

Post-Transcriptional Modifications

RNA modifications are chemical changes in ribonucleic acid molecules that occur post-
transcriptionally. Additions include, but are not limited to methylation, acetylation, and the
addition of amino acids. One example of a post-transcriptional modification is m6A. This
modification emerges from a methylation at the N6 position of adenosine. N6-methyladenosine
(m6A) is the most abundant RNA modification in humans (Zhao et al., 2017). Since the discovery

of the first modified nucleoside — pseudouridine () — in 1957 (Grosjean, 2015), many other RNA



modifications have been discovered and implicated in various diseases. Currently, over 170 post-
transcriptional modifications have been identified (Dong and Cui, 2020).

Mutations in nearly half of the enzymes responsible for producing post-transcriptional
modifications have been associated with human diseases (Jonkhout et al., 2017). This implies that
RNA modifications play a significant role in many diseases. For instance, a mutation in the
methyltransferase NSun2 gene, which produces 5-methylcytosine (m5C), is associated with
microcephaly in mice and humans. When NSun2 is knocked out in mice, neurological
abnormalities occur as a result of the lack of m5C in tRNA (Blanco et al., 2014).

RNA Modifications in Cancer and EMT

N6-methyladenosine (m6A) and 5-methylcytosine (m5C) have been implicated in
tumorigenesis and increase in cancer cell proliferation. For example, m6A and m5C expression
have been implicated in the progression and aggressiveness of glioblastoma (Dong and Cui, 2020).
N6-methyladenosine (m6A) has also been found in other types of cancer, such as colorectal cancer.
Overexpression of the METTL3; the methyltransferase responsible for producing m6A, has been
found to be negatively correlated with survival rates in patients with colorectal cancer (Peng et al.,
2019). While m6A and m5C are well known to play a role in several cancer types, we suspect that
other post-transcriptional modifications are involved.

Previous mass spectrometric data from our lab shows an abundance of N4-acetylcytosine
(ac4C) in a mesenchymal cancer cell line when compared to an epithelial cell line. Compared to
MDA-MB-231 cell line; derived from a 51-year-old Caucasian female, we see an increase in the
relative abundance of ac4C in the SUM159 cell line; a triple negative breast cancer cell line that
displays the mesenchymal phenotype. This data leads us to believe that ac4C is implicated in

epithelial to mesenchymal transition. Since we are particularly interested in EMT in breast cancer,



we look closer at this modification. To study the role of ac4C in EMT, we used Human Mammary
Epithelial (HMLE) cell lines; a model for cells that have undergone EMT.
HMLE cell line

Experiments were conducted using the Human Mammary Epithelial (HMLE) cell line. The
HMLE cell lines that were used had been transfected with the pWZL plasmid harboring GFP along
with one of the following EMT-inducing genes: Snail, Twistl, and TGF-B1. The emerging cell
lines: HMLE-pWZL-Snail, HMLE-pWZL-Twist, HMLE-pWZL-TGF-J3 display overexpression
of their respective EMT-inducing gene resulting in EMT-positive model (mesenchymal) cell lines.
All HMLE cell lines were cultured as described in Mani et al., 2008.

According to the information displayed in table 1, Snail (Snail) is a transcription factor
that directly downregulates the CDH1 (E-cadherin) (M.A. Nieto, 2002), Twist1 (Twist) is a master
regulator of morphogenesis associated with activation of mesenchymal markers (Yang et al.,
2004), and TGF-B1 (TGF-B) activates Snail, Twistl, and other EMT-promoting transcription
factors such as Snai2 (Slug), Zebl, Zeb2, ect (Hao et al., 2019). E-cadherin is a key component of
adherens junctions, which are crucial for cell-cell adhesion in epithelial tissues. Loss of E-cadherin
results in the detachment of individual cell from the epithelial layer (Hugo et al., 2011).

Overexpression of Snail, Twistl, and TGF-f1 causes HMLE cells to display the
mesenchymal phenotype. Compared to the control HMLE cell line, pWZL-GFP, the EMT-
inducing gene overexpression cell lines show decreased levels of E-cadherin, and increased
expression of vimentin (Mani et al., 2008), which are markers of EMT-positive cells. Since
overexpression of these genes has been confirmed to transform the cells from the epithelial to the

mesenchymal phenotype, we used these cell lines as models for cells that have undergone EMT.



METHODS:
Generation of NAT10-overexpressing cell line (HMLE-pLenti-NAT10)

HMLE cells were transduced with pLenti-NAT10 to generate a stable overexpression cell
line (Figure 4) that we designated “HMLE-pLenti-NAT10.” To generate this cell line, human
embryonic kidney cells (HEK293T) were transfected with pLenti-NAT10 (2 pg), pDelta8.2 (2 ng),
and pVSVG (200 ng) using X-tremeGENE™HP from Millipore Sigma (Burlington, MA) in a 3:1
ratio according to manufacturer instructions. Following overnight incubation, the transfected
HEK293T cells’ media - Dulbecco's Modified Eagle Medium (DMEM; ThermoFisher Scientific)
supplemented with 10 % FBS (Fetal bovine serum) - was replaced with that of its target cell line -
Human Mammary Epithelial Cell Basal Medium supplemented with Mammary Epithelial Growth
Supplement (Gibco™) - “HMLE media.” Virus-infected HEK293T cells were allowed to populate
the replaced media with viral particles for 24 hours. Virus-containing HMLE media was then
removed and filtered through a 0.45 pm syringe filter. To the filtered media, polybrene (1:100;
ThermoFisher Scientific) was added to enhance efficiency of transduction. The target cell line
(HMLE) was then incubated with virus-containing media overnight. Transduced cells were
selected via incubation with 1 pg/mL puromycin yielding HMLE-pLenti-NAT10. This protocol
was performed using the empty pLenti vector to serve as our control to produce HMLE-pLenti.
Cell growth, harvest, and RNA extraction

Cell lines were grown in 15 cm dishes with HMLE media and incubated at 37 °C and
5 % CO> until plates reached approximately 80 % confluency. When ready for harvest, cells
were washed twice with PBS then collected from the plates using a cell scraper. Cells were
resuspended in cold PBS, then spun down into cell pellets. Pellets were then flash frozen by

ethanol-dry ice bath and then stored at -80 °C until later use.



Total RNA was extracted from the flash-frozen cell pellets using Omega Bio-Tek’s
“E.Z.N.A.® Total RNA Kit I.” Since we are only interested in analyzing the transcripts, and to
maximize our immunoprecipitation efficiency, ribosomal RNA (rRNA) was depleted from the
samples using Invitrogen’s “RiboMinus™ Human/Mouse Transcriptome Isolation Kit.” The
rRNA-depleted RNA was then concentrated using the RiboMinus™ Concentration Module.”
mSC RNA Immunoprecipitation (mSC-RIP)

To each sample of rRNA-depleted RNA, 5 pg of anti-m5C [5-methylcytosine (5-mC)
Antibody, Clone 33D3 — Diagenode]| monoclonal antibody along with an RNase inhibitor were
added to m5C-RIP buffer. This solution was incubated overnight at 4 °C. As a control, the same
amount of rRNA-depleted RNA from the same cell lines was incubated with 5 pg IgG monoclonal
antibody under the same conditions. After incubation of RNA and antibody, 30 pl of prewashed
Thermo Scientific™ Pierce™ Protein G Magnetic Beads were added to each sample. Once the
beads were added, the samples were allowed to rotate at 4 °C for 2 hours to capture the m5C-
bound antibodies.

To elute the methylated RNA sample from the beads, 500 ul of Qiazol (from Qiagen’s
RNeasy Plus Universal Mini Kit) were added to each sample m5C-selected RNA-bound beads.
After incubating this mixture at room temperature for 10 minutes, 100 ul of chloroform were added
to separate unwanted products from the desired water-soluble products. The mixture was
centrifuged for 15 minutes at 4 °C. After centrifugation, the aqueous layer was removed and
transferred to another tube. As per the RNeasy Plus Universal Mini Kit (Qiagen) protocol, 1.5
volumes of ethanol were added to the RNA solution and RNA isolation was performed following
steps 6 — 14 of the protocol. The eluent was passed twice through the membrane to maximize yield.

The final volume of each sample was 30 pul.
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Sample preparation for qPCR analysis

From all samples, including our controls, 10 ul were removed for reverse transcription
(RT). The RT reaction was carried out using the MultiScribe Reverse Transcription Kit
(Invitrogen™) which consists of 10X buffer, random hexamers, dNTPs, and reverse transcriptase.
All components were added to each 10 pl sample for a final volume of 20 pl, then placed into a
thermocycler to complete the reaction. Upon completion of RT, samples were diluted accordingly
using RNase-free water. Diluted RT products were stored at 4 °C until ready for analysis. Samples
were prepared for qPCR analysis using the “PowerUp™ SYBR® Green Master Mix,” mixed with
the gene-specific primer. Differences in methylated transcripts between HMLE pWZL-GFP and -
Snail cell lines were noted.
RNA immunoprecipitation (RIP) buffer

To prepare the RIP buffers for m5C and ac4C containing RNA, a solution containing 10
mM Tris-HCI, 150 mM NacCl, and 0.1 % Ipegal, was brought to a pH of 7.4. To create the buffer,
2 ml of 1M Tris-HCI was added to 30 ml of 1 M NaCl. This solution was adjusted to a pH of 7.4.
To the pH 7.4 solution, 20 ml of 1 % Ipegal were added along with enough water to reach 200 ml.
The complete buffer was then sterile filtered and stored at 4 °C.
qPCR analysis

2 ng of total RNA (from all cell lines used) were reverse transcribed. Samples were diluted
to 50 ng/ul. 5 pul of each cDNA sample were added to a 384-well plate. To each sample, 5 pul of
PowerUp™ SYBR® Green Master Mix green power up master mix and 1 pl of primer mixture (5
uM forward primer and 5 uM reverse primer) (Table S2) were added. Plates were sealed, briefly

centrifuged, then read using QuantStudio 12 K Flex (Thermo Fisher Scientific).
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CTG proliferation assay

To determine the difference in proliferation rates between the HMLE pLenti and HMLE
pLenti-Nat10 cell lines, a CellTiter-Glo® (CTG) Luminescent Cell Viability Assay was
performed. The assay uses a reagent which reacts with ATP to produce luminescence. The
magnitude of luminescence is directly proportional to the amount of live cells. To perform this
assay, two thousand cells per well were plated into 5 wells of 96-well plates. Cells were allowed
to incubate at 37 °C and plates were set up to be analyzed at the following time-points: 24 hours,
48 hours, 72 hours, and 96 hours. For each time-point, plates were removed from incubator and
allowed to cool to room temperature for 15 minutes. Once cool, 50 ul of the CTG reagent were to
each well to be read. The plates were then allowed to incubate at room temperature for 10 minutes
in darkness. After incubation, luminescence was analyzed using a plate reader.
Mammosphere assay

To visualize the mesenchymal phenotype caused by the overexpression of Natl0, a
mammosphere assay was performed using the HMLE pLenti-NAT10 cell line and comparing it to
the HMLE pLenti (control) cell line. For each cell line, ten thousand cells per well were plated into
three wells of a six-well plate. Cells were plated in media containing: 20 ng/ml Fibroblast Growth
Factor — Basic (bFGF), 10 ng/ml Epidermal Growth Factor (EGF), 4 ug/ml heparin sulfate, and
0.5 % methylcellulose in MEGM media (LONZA, product # CC-3150). Cells were allowed to
incubate at 37 °C for 10 days. After ten days, plates were removed from incubator and pictures
were taken using EVOS FL Auto Imaging System (Thermo Fisher Scientific). Mammospheres
were individually counted, and the average number of mammospheres for all three wells of each

cell line were recorded.
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Future directions: N4-acetylcytosine sequencing (ac4C-seq)

Total RNA from HMLE pWZL-Twist was used as a template for human 18S rRNA. To
confirm the acetylation sites, total RNA was treated with 100 mM sodium cyanoborohydride
(Sigma-Aldrich) (with 100 mM HCI) to reduce N4-acetylcytidine (ac4C) to N4-acetyl-
tetrahydrocytidine. Reduction of ac4C leads to a nucleotide misincorporation (from C to T) upon
reverse transcription (RT) of the chemically manipulated RNA. After treatment with sodium
cyanoborohydride, primer-specific reverse transcription was performed using primers (Table S1)
that were designed to capture the two expected ac4C sites on the 18S ribosomal subunit — C-1337
and C-1842 (Sharma et al., 2015). The cDNA obtained from RT was then amplified by PCR. The
amplicons associated with each ac4C site, located at positions C-1337 and C-1842 of the human
18S rRNA subunit, were predicted to be 175 and 214 base pairs respectively. The size of each
amplicon was confirmed by gel electrophoresis. Bands were excised from gel and gel purified. To
determine the presence or absence of acetylation at C-1337 and C-1842, samples were prepared
for sanger sequencing.

Once we confirmed the validity of this method for differentiating between canonical
cytidine (C) and N4-acetylcytidine (ac4C), we performed the reduction method introduced by Sas-
Chen et al. (2020). Sodium cyanoborohydride (NaCNBH3) treatments were performed on all poly-
A-selected RNA obtained from all three of our EMT-positive HMLE model cell lines. Treated and

untreated RNA samples were stored at -80 °C to be sequenced in the future.
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S-METHYLCYTOSINE (mSC) EXPERIMENTS

According to bisulfite conversion data, displayed in figure S1, the following transcripts:
GNB4, EIF2AK?2, PRR11, EEF1A, and the IncRNA, OPI5-AS1 show an increase in methylation
in all three EMT model cell lines when compared to the control cell line. The greatest difference
in methylation was noted in the HMLE pWZL-Snail cell line. Consequently, this cell line was used
to perform 5-methylcytosine-specific RNA Immunoprecipitation (m5C-RIP) using Diagenode’s
anti-mouse “5-methylcytosine (5-mC) Antibody — Clone 33D3.”

We confirm hypermethylation in GNB4, EIF2AK2, PRR11, EEF1A, and the IncRNA,
OPI5-AS1 by immunoprecipitation. Immunoprecipitation was performed on rRNA-reduced
HMLE pWZL-Snail RNA samples described in the “methods” section. As presented in figure 1,
relative the control cell line, the selected transcripts show higher amounts of m5C in the EMT-
positive cell line HMLE pWZL-Snail.

When performing qPCR on our m5SC-RIP product to verify the presence of predicted
hypomethylated genes (Table S2) results were inconsistent. Several immunoprecipitation
conditions were attempted; however, each condition yielded contradictory results. As displayed in
figure S1, most of the genes were found to be hypomethylated in the EMT model cell lines. We
tested over 20 different genes where hypomethylation was expected based on bisulfite conversion
data; however, all gave conflicting results. This could be attributed to there being fewer 5-

methylcytosine sites, limiting the anti-m5C antibody’s ability to bind to targets.
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N4-ACETYLCYTOSINE (ac4C) EXPERIMENTS

GO Analysis and gene selection

Previously obtained mass spec data from our lab (Figure S2) shows that ac4C is greatly
upregulated in certain cancer cell-lines that exert the mesenchymal phenotype. This preliminary
data prompted us to study the role that ac4C plays in EMT. In preparation for investigating ac4C’s
role in EMT, gene ontology (GO) analysis using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID) was performed on acetylated genes found in HeLa cells by Arango
et al (2018). From this analysis, we obtained seven genes that are putatively differentially
acetylated as well as involved in EMT (Table 3).

NAT10 knockdown

Using siRNA (small interfering RNA), N-acetyltransferase 10 (NAT10) knockdown was
performed on HMLE pWZL-Twist to determine the effect that it has on the differentially
acetylated genes. As illustrated by figure 2, NAT10 was successfully knocked down decreasing
its expression to approximately 20 — 25 % of normal. This cell line was used since previous mass
spec data (Figure S3) suggests that HMLE pWZL-Twist shows a high level of ac4C.

Since NAT10 was successfully knocked down, we sought to determine the effect that the
knockdown has on the differentially acetylated genes that we found by gene ontology analysis. As
with NATI10 expression, TGF-f2, NOTCH1, BMP2, CUL7, FGFR2, LOXL2, and GSK3p
expression was analyzed by SYBR Green qPCR. As presented in figures 3a and 3b, we observed
a difference in expression between siRNAs, which may be indicative of non-specific binding. For
instance, siNAT10 #1 (Figure 3a) appears to decrease the expression of BMP2 while siNAT10 #2
(Figure 3b) appears to increase its expression. Neglecting the possibility of non-specific binding;

however, Figure 3a shows that using siNAT10 #,1 NOTCHI1 and TGF-2 seem to have had the
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most dramatic differences in expression resulting from NATI10 knockdown. Expression of both
genes decreases. This result, however, is not corroborated in figure 3b, where expression of only
TGF-B2 decreases.
NAT10 overexpression

In order to explore the effect of increased acetylation in the HMLE cell line, we produced
an HMLE cell line overexpressing N-acetyltransferase 10 (NAT10); the acetyltransferase
responsible for producing ac4C (Figure 4). As described in the “methods” section, HMLE cells
were transduced using lentiviral tranduction with pLenti harboring NAT10 resulting in our NAT10
overexpression cell line — HMLE pLenti-NAT10.

Since we obtained results following the knockdown of NAT10 in our EMT-positive model
HMLE cell line (HMLE- pWZL-Twist), we were interested in contrasting these results with our
NAT10-overexpressing cell line (HMLE pLenti-NAT10) and analyzing the difference. Expression
of the differentially acetylated genes were compared between HMLE pLenti and HMLE pLenti-
NATI10 by qPCR analysis. For the majority of the genes, we noted little difference in gene
expression between the NAT10 overexpression (Figure 5) cell line and NAT10 knockdown
(Figures 3a and 3b).
Proliferation Assay

To compare the difference in proliferation rate between HMLE pLenti and HMLE pLenti-
NATI10, a CellTiter-Glo® (CTG) Luminescent Cell Viability Assay was conducted. Cells were
allowed to grow for 96 hours. Figure 6 shows two replicates of a CTG assay that was conducted
to compare the growth of HMLE pLenti-NATI10 to that of the empty vector control cell line

(HMLE pLenti). Although only two replicates had been completed, after the 72-hour time point,
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we were able to see escalated proliferation in the HMLE pLenti-NAT10 cell line relative to the
HMLE pLenti cell line.
Mammosphere formation

HMLE pLenti-NAT10 and HMLE pLenti (control) were plated in a 6-well ultra-low
attachment (ULA) dish containing 2 ml of media. Each plate was able to accommodate three
technical replicates for each cell line. Plates were incubated at incubated for 10 days. After this
incubation period, plates were imaged and mammospheres from each well were manually counted
using ImageJ] software. This experiment was repeated three times yielding three biological
replicates.

Across the three replicates (Figure 7) the average number of mammospheres formed by
the HMLE pLenti-NAT10 cell line (mean: 160.7, 207.7, and 165 respectively) were higher than
those formed by the control cell line (mean: 97.7, 122, and 172.7 respectively). Furthermore,
mammospheres formed by the HMLE pLenti-NAT10 cell line (Figure 8b) appeared slightly larger
and were generally more abundant than those in control cell line (Figure 8a).

This data suggests that overexpression of NAT10 in HMLE cells increases the number of
mammospheres which suggests an increase in the cells’ abilities to evade anoikis - apoptosis that
is induced by inadequate cell-cell interactions (Frisch and Screaton, 2001). In conclusion, these
results suggest that NATI10 overexpression in HMLE cells may encourage epithelial to
mesenchymal transition by increasing N4-acetylcytossine (ac4C) levels.
ac4C-seq

Our initial strategy for isolating ac4C-containing RNA for experiments involving ac4C was
to perform RNA immunoprecipitations (RIP) on mRNA using Abcam’s anti-rabbit “Anti-N4-

acetylcytidine (ac4C) antibody [EPRNCI-184-128].”. We intended to perform ac4C-RIP on
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rRNA-reduced or poly-A-selected RNA samples from our EMT model cell lines to isolate ac4C-
containing transcripts. The results would then be compared to those collected from our control cell
line. These transcripts would later be used for ac4C-sequencing.

We performed immunoprecipitation using total RNA extracted from HMLE pWZL-Twist
to determine the utility of the anti-ac4C antibody. After several failed attempts, we finally observed
an approximate 3-fold increase in immunoprecipitated ac4C-containing RNA (Figure S4);
however, this result was not replicable. As a result, we determined that isolating ac4C-containing
transcripts using this antibody was not sufficient for our purposes; thus, attempts at isolating
acetylated transcripts by immunoprecipitation were discontinued.

As an alternative to performing immunoprecipitation on total RNA to isolate ac4C-
containing transcripts, transcripts will be isolated by poly-A selection using the
NEBNext® Poly(A) mRNA Magnetic Isolation Module. The poly-A-selected RNA will be treated
with sodium cyanoborohydride as per the methods described by Sas-Chen et al. (2020). Treatment
of ac4C-containing RNA using the reducing agent sodium cyanoborohydride (NaCNBH3) under
acidic conditions reduces N4-acetylcytidine (ac4C) to N4-acetyl-tetrahydrocytidine. Reduction
results in a nucleotide misincorporation upon reverse transcription of NaCNBHj3-treated RNA. The
method alluded to above was tested for efficacy using 18S rRNA from HMLE pWZL-Twist as
described thoroughly in the “methods” and “discussion” sections.

After reverse transcription of NaCNBH3-treated samples, amplification, followed by next
generation sequencing (NGS) will be performed on cDNA of the poly-A-selected EMT model cell
lines. reverse transcription products. cDNA from untreated RNA will be compared to that of
treated RNA to determine the presence or absence of ac4C. Thus, the presence of ac4C can be

detected. Before conducting the sodium cyanoborohydride treatments on poly-A-selected RNA;
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however, it was necessary to confirm whether the treatment could successfully reduce ac4C which
could be verified by Sanger sequencing.
Sodium cyanoborohydride treatment of acetylated RNA

The methods described by Sas-Chen et al. (2020) were applied to total RNA which was
used as a template for 18S rRNA. As previously stated, there are two confirmed ac4C sites on the
18S ribosomal subunit; C-1337 and C-1842, (Sharma et al., 2015) and reduction of ac4C leads to
a nucleotide misincorporation by the reverse transcriptase enzyme which causes the read-out to
change from C to T (Sas-Chen et al., 2020). To reduce N4-acetylcytidine (ac4C) to N4-acetyl-
tetrahydrocytidine, 100 mM sodium cyanoborohydride (in 100 mM HCI) was added to 1 pg of
total RNA from HMLE pWZL-Twist.

Using the primers listed on table S1 referenced in the “methods” section, we were able to
amplify both expected ac4C sites which were confirmed by Sanger sequencing performed at the
Center for Functional Genomics using the ABI 3730XL. Although both ac4C sites were
successfully amplified, only the ac4C site at C-1842 was observed to have been successfully
reduced by sodium cyanoborohydride. As expected, based on findings from Sas-Chen et al. (2020),
we detected acetylated C-1842 on the central “C” within the “CCG” motif. As a result of reduction
by sodium cyanoborohydride, the “CCG” motif was read as “CTG” by Sanger sequencing,

confirming the presence of ac4C (Figure 9).
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DISCUSSION

The results introduced in these experiments provide us with preliminary evidence of a
change in RNA profile upon epithelial to mesenchymal transition. We see that 5-methylcytosine
levels are upregulated in several transcripts in EMT model cell lines (Figure 1), and although not
confirmed, are likely to be downregulated in other transcripts (Figure S1). As previously
mentioned, we believe that there were inconsistent results for the predicted hypomethylated
transcripts due to the lack of m5C sites on the transcripts.

We also show evidence that N4-acetylcytosine is involved in EMT. Figure 4 confirms
successful overexpression of NATI10 in HMLE cell line. Consequently, we postulate that our
NATI10-overexpressing cell line (HMLE pLenti-NAT10) expresses increased levels of ac4C
compared to the parental cell line (HMLE pLenti). To determine whether this presumed increase
in ac4C translated to EMT-positive phenotypes, we conducted a CellTiter-Glo® (CTG)
Luminescent Cell Viability Assay to determine this cell line’s difference in proliferation rate.
According to figure 6, it appears as though an increased production of ac4C in HMLE cells
increases their proliferation rate. Although more replicates of the CTG assay need to be done to
confirm, this provides preliminary evidence of ac4C’s involvement in EMT in breast cancer.

To further support our hypothesis that ac4C is associated with EMT, we performed a
mammosphere assay. The mammosphere assay is useful for determining a cell’s ability to evade
anoikis or essentially “death by isolation.” When epithelial cells are isolated from surrounding
cells, critical cell-cell interactions are non-existent. This signals apoptosis in the isolated epithelial
cells. Contrarily, mesenchymal cells do not require these cell-cell interactions for survival. As a
result, they are able to proliferate. In the context of this assay, the survival of isolated epithelial

cells is represented by the formation of mammary epithelial cell aggregates called
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“mammospheres.” As illustrated by figures 7, and 8b, we observed more mammosphere
formation in the NAT10 overexpression cell line (HMLE pLenti-NAT10) compared to the empty
vector control cell line (HMLE pLenti). These results support our hypothesis as the ability to evade
anoikis and increased proliferation rate are hallmarks of EMT.

To better understand which genes could be affected by increased ac4C resulting from
NATI10 overexpression, we obtained a list of differentially acetylated genes presented by Arango
et al. (2018). Using this list, differentially acetylated genes involved in EMT (Table 3) were
uncovered by gene ontology (GO) analysis using the Database for Annotation, Visualization, and
Integrated Discovery (DAVID). When these genes were analyzed by qPCR in HMLE pLenti-
NATI10, some notable changes were observed particularly in NOTCH1 and TGF-2. According
to the data displayed in figure S (NAT10 overexpression), the expression of NOTCH1, CUL7,
BMP2, and LOXL?2 decrease. As displayed in table 3, NOTCHI1 is involved in cell proliferation
and metastasis, CUL7 promotes evasion of apoptosis by ubiquitination of caspases, BMP2
promotes cell invasion and migration, and LOXL2 increases the stability of Snail. According to
the sources of the information presented in table 3, the data displayed in figure 5 is inconsistent
with our hypothesis that NATI0 overexpression increases the exertion of EMT-positive
phenotypes. Contrarily, while insignificant, there is a trend toward significance showing an
increase in TGF-B2. According to the information regarding TGF-B2 by Hachim et al. (2018)
displayed in table 3, TGF-B2 is implicated in matrix remodeling and evasion of immune
surveillance; therefore, the trend toward significance of increased TGF-B2 resulting from NAT10
overexpression is consistent with our hypothesis.

Noting these differences resulting from NAT10 overexpression, we were interested in the

effect that knocking-down NAT10 using siRNA would have on the genes displayed in table 3.
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Underwhelmingly, the results obtained from each siRNA (siNAT10 #1 and siNAT10 #2) were
significantly different (Figures 3a and 3b). For instance, as depicted in figure 3a, NOTCHI,
TGF-B2, and BMP2 were significantly decreased resulting from NAT10 knockdown. Furthermore,
there was a trend toward significant decrease in the expression of LOXL2 and GSK3. In contrast,
figure 3b, depicts only a significant decrease in expression of TGF-B2 and a significant increase
in BMP2. Based on the data presented in table 3, the majority of the data obtained using siNAT10
#1 (Figure 3a) is consistent with our hypothesis. We expected that a decrease in NAT10
expression would result in a decrease in the expression of these EMT-associated differentially
acetylated transcripts. While more research is required, the results obtained from these experiments
provide further preliminary evidence of ac4C’s involvement in EMT in breast cancer.

Assuming the data from figure 3a (using siNAT10#1) is correct, the decrease in expression
of NOTCHI1, TGF-B2, and BMP2 are consistent with our hypothesis. As inferred from the
information presented in table 3, a decrease in expression of NOTCH1, TGF-2, and BMP2 would
reduce a cell’s ability to proliferate and metastasize, evade the immune surveillance, and facilitate
EMT respectively.

Since acetylation of all the genes listed in table 3 are described to promote tumor
progression, metastasis, or immune surveillance evasion, we anticipated that knocking down
NATI10, would decrease the promotion of these genes. Conversely, we anticipated that the
overexpression of NAT10 in the HMLE cell line would increase acetylation; therefore, promoting
the expression of the genes listed in table 3. Unimpressively, we only observed this for TGF- 32.
Expression of TGF-B2 decreased as result of NAT10 knockdown (Figures 3a and 3b), while it

increased in the NAT10-overexpressing HMLE cell line (Figure 5).
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As previously described, as we accomplished for m5C-containing transcripts, we intended
to perform RNA immunoprecipitations (RIP) of ac4C-containing transcripts using rRNA-reduced
or poly-A-selected RNA extracted from our EMT model cell lines. Using total RNA extracted
from HMLE pWZL-Twist, we attempted several ac4C-RIP attempts; however, we were
unsuccessful in replicating our best immunoprecipitation which was accomplished using a tRNA
block. We observed a 3-fold increase in immunoprecipitated ac4C-containing RNA (Figure S4).
Since we were unable to replicate this result, attempts at isolating ac4C-containing transcripts by
ac4C-RIP were abandoned. Although we observed significant immunoprecipitation of ac4C-
containing RNA, we determined that further attempts at using tRNA as a block should be
abandoned as tRNA contains ac4C. The presence of ac4C in the tRNA block could have potentially
produce false positive results.

In an effort to validate and sequence ac4C-containing transcripts in our EMT model cell
lines, we implemented a method of determining ac4C sites proposed by Sas-Chen et al. (2020).
This method involved chemical manipulation of poly-A-selected RNA extracted from HMLE
pWZL-Snail, Twist, and TGF- 3 as well as the vector control, HMLE pWZL-GFP.

The method involved reducing N4-acetylated cytidine (ac4C) to N4-acetyl-
tetrahydrocytidine using sodium cyanoborohydride (NaCNBH3) under acidic conditions. After
reduction, reverse transcription was performed on the reduced product. Reverse transcription of
canonical cytidine (C) yields complimentary DNA (cDNA) containing guanidine (G) at the
corresponding ac4C site. Contrarily, reverse transcription of N4-acetyl-tetrahydrocytidine
(reduced ac4C) is read as uridine (U) by DNA polymerase as opposed to C. This yields cDNA
containing the mis-incorporated base pair, adenosine (A) rather than G, at that site. After chemical

manipulation, and reverse transcription, the cDNA template from the reduced ac4C-containing
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RNA is amplified by PCR. The resulting amplified cDNA will yield thymine (T) in place of C as
indicated in figure 9b.

To accomplish this amplification, primers were designed to amplify sections containing
both ac4C-containing sites of the human 18S rRNA subunit (C1337 and C1842 with predicted
sizes of 175 and 214 base pairs respectively) (Table S1). After amplification, gel electrophoresis
of each amplicon was performed to isolate and validate the size of each ac4C-containing section.
Bands were excised and gel purified. Finally, gel purified samples of each amplicon were Sanger
sequenced to determine whether reverse transcription mis-incorporation of the ac4C sites was
accomplished; thereby, confirming the utility of this method for discovery of ac4C-containing sites
of RNA.

Future directions

After confirming the efficacy of this method of determining ac4C sites using 18S rRNA, it
was performed on the poly-A-selected RNA extracted from our EMT model cell lines. The samples
were stored at -80 °C for future analysis. Poly-A-selected RNA reduced by NaCNBHj3 treatment
will then be amplified using random hexamer primers (oligonucleotides). The amplified product
of which will be used for the discovery of new ac4C sites on several transcripts.

For future experiments, it may be worth performing ac4C-RIP using different antibodies
under several conditions. While we were able to isolate or concentrate mRNA (transcripts) by
performing Ribo-reduction or Poly-A selection, it would be ideal to isolate transcripts containing
ac4C as we were able to accomplish with m5C-containing transcripts. Furthermore, as previously
indicated, this study was mainly focused on experiments involving ac4C. As a result, future
experiments would involve altering the expression of m5C by performing knockdowns and

producing overexpressing cell lines of its “writers” NSUN2 and TRDMT]1. As presented in this
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study, alteration of NATI10, the “writer” of ac4C, allows us to get a functional understanding of
the phenotypic effects of altering the expression of this post-transcriptional modification in the
HMLE cell line.

In conclusion, this study provides a foundation of evidence for our hypothesis that the
abundance of the post-transcriptional modifications m5C and ac4C are correlated with epithelial
to mesenchymal transition in human breast cancer. While it is unknown whether changes in post-
transcriptional modifications are responsible for driving EMT or result from EMT, there seems to
be an association between the two. As a result, there is a need for more investigation into unveiling
the roles that post-transcriptional modifications may play in EMT and metastasis. Furthermore, we
validate a method of determining ac4C-containing RNA sites discovered by Sas Chen et al. (2020)
by replicating it using 18S rRNA, which has been confirmed to contain two ac4C sites (C1337 and
C1842). We hope that the results and trends presented in this study will provide encouragement to
future investigators who hope to add to the growing body of knowledge in the determination of
the functions of post-transcriptional modifications in cancer. These findings provide steps toward

elucidating the causal factors contributing to metastatic breast cancer.
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TABLES

Gene Full gene name Gene function / implications in cancer
Snail Zinc-finger transcription factor. Directly
Snail downregulates E-cadherin (CDH1).
(M.A. Nieto, 2002)
Twist A master regulator of morphogenesis associated with
Twistl activation of mesenchymal markers.
(Yang et al., 2004)
Transforming growth factor | Promotes EMT through the expression of E-cadherin
TGF-p1 beta 1 transcriptional repressors (SNAIL, ZEB, and
TWIST).
(Hao et al., 2019)
E-cadherin Responsible for the formation of adherens junctions
CDH1 and desmosomes.
(Neel et al., 2022)
Epithelial cellular adhesion | Involved in cell signaling, proliferation, and
EpCAM molecule differentiation.
(Gires et al., 2020)
Vimentin Major cytoskeletal component of mesenchymal cells.
VIM Marker of EMT+ or mesenchymal cells.
(Battaglia et al., 2018)

Table 1. EMT-associated genes.

Gene Full gene name Gene function / implications in cancer
Guanine nucleotide binding Promotes cancer cell infiltration by immune
GNB4 protein subunit-4 cells.
(Liu et al., 2022)
Eukaryotic Translation Initiation | Implicated in the suppression of metastatic
EIF2AK2 Factor 2 Alpha Kinase 2 capabilities.
(Kim et al., 2017)
Proline rich 11 Involved in cell cycle regulation.
PRR11
(Han et al., 2022)
Eukaryotic elongation factor 1- Modulates proliferation, migration, and
EEF1A delta invasion.
(Klopfleisch et al., 2010)
Opa-interacting protein 5- Has been shown to promote breast cancer
OIPS5-AS1 | antisense RNA 1 metastasis.

(Meng et al., 2020)

Table 2. Hypermethylated transcripts determined by bisulfite conversion data obtained from
Chris Mason's team (Figure S1).
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Gene

Full gene name

Gene function / implications in cancer

Transforming growth

Evasion of immune surveillance and matrix

TGF-$2 factor beta 2 remodeling.
(Hachim et al., 2018)
Notch receptor 1 Cancer cell proliferation and metastasis.
NOTCH1
(Zhong et al., 2022)
Bone morphogenetic Member of the TGF-B superfamily. Facilitates EMT
BMP2 protein 2 and metastasis in bone and breast cancer.
(Huang et al., 2017)
Cullin 7 Member of the cullin family of E3 ubiquitin ligases.
CUL7 Evasion of apoptosis by caspase ubiquitination.
(Kong et al., 2019) (Qiu et al., 2018)
Fibroblast growth factor Suppresses BRCA1 and promotes tumor progression.
FGFR2 receptor 2
(Lei et al., 2021)
Lysyl oxidase-like 2 Increases stability of Snail.
LOXL2
(Hollosi et al., 2009)
Glycogen synthase kinase | Promotes cell invasion and migration via AKT-
GSK3p 3 beta GSK3pB-Snail pathway.

(Zhang et al., 2017)

Table 3. Proposed differentially acetylated EMT-associated genes obtained from gene ontology
(GO) analysis of "gene list" presented by Arango et al.
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SUPPLEMENTARY TABLES

Target Forward primer Reverse primer Amplicon size
site sequence sequence (base pairs)

C-1337 5’-GGAGCCTGCGGCTTAATTTG-3 | 5°>-AGCATGCCAGAGTCTCGTTC-3” 175

C-1842 | 5-GGGTCATAAGCTTGCGTTGAT-3 | 5-TAATGATCCTTCCGCAGGTT-3’ 214

Table S1. Primers used to amplify the two ac4C sites of 18S rRNA.

Gene name | Forward primer Reverse primer

GNB4 5’- TCCTATCCAAAGGCATCCACA-3’ 5’- TGTTCAGTTGACCACGAGTGT-3’
EIF2AK2 5’-CTTCCATCTGACTCAGGTTTGC-3” 5’-ACTCCCTGCTTCTGACGGTA-3’
PRR11 5’-TCACTGAGAATAAAGCAGTTGAGT-3’ 5’-TCCCACAAGAATGGTCAAGTCA-3’
EEF1A 5’-GAGGCCCTGCCACGATTAAA-3’ 5’-AGGAAATGACCAGGACGGAG-3’
OIP5-AS1 5’-AAGCAGAGGGCTGTGCTAAA-3’ 5’- AGGTGGTTTAGGGGGATGGT-3’
TGF-$2 5’-CTCCGAAAATGCCATCCCGC-3’ 5’-GCTCAATCCGTTGTTCAGGC-3’
NOTCH1 5’-GGACGTCAGACTTGGCTCAG-3’ 5’-ACATCTTGGGACGCATCTGG-3’
BMP2 5’-ACTCGAAATTCCCCGTGACC-3’ 5’-CCACTTCCACCACGAATCCA-3
CUL7 5’-TCCGCAGACATGCTCAATCA-3’ 5’-CTTGAGGACCCCTCCTGGTA-3
FGFR2 5’-CGAGCAAAGTTTGGTGGAGG-3’ 5’-TCGGATTTGGGGAACGAGAG-3’
LOXI1.2 5’-CCAGTGTGGTCTGCAGAGAG-3’ 5’-CCTGTGCACTGGATCTCGTT-3’
GSK3p 5’-GCTTCAACCCCCACAAATGC-3’ 5’-CCAAACGTGACCAGTGTTGC-3’

Table S2. SYBR Green primers used for qPCR analysis.
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Figure 1. m5C-RIP in both control (HMLE-GFP) and
EMT induced (HMLE-Snail) cell lines was performed
to determine if target genes become hypermethylated
following EMT. Three replicates. +/- standard deviation
is graphed. * indicates p<0.05.
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Figure 2. 50nM of the indicated siRNA

were transfected into 2.0 xlO5 HMLE-
Twist cells. Total RNA was extracted
72h later and assessed for NATI10
expression. **** indicates p<0.0001
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Figure 3a. Expression of NAT10 target genes following 72-hour
siRNA knockdown. Three replicates. +/- standard deviation is
graphed. * indicates p<0.05. *** indicates p<<0.001.
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Figure 3b. Expression of NAT10 target genes following 72-hour
siRNA knockdown. Three replicates. +/- standard deviation is
graphed. * indicates p<0.05 . ** indicates p<0.01.
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Figure 4. Overexpression of NAT10 by
lentiviral transfection in HMLE. Three
replicates. +/- standard deviation is
graphed. ** indicates p<0.01.
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Figure 5. Expression of putative NAT10 target genes in either
control (black) or NAT10 overexpressing (red) cells. Three
replicates. +/- standard deviation is graphed. * indicates p<0.05.
** indicates p<0.01
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Figure 6. 5,000 cells of the indicated cell lines were seeded in 96-well
plates on day 1. Cell proliferation was assessed by CellTiter-Glo®
(CTG) Luminescent Cell Viability assay at indicated time points.
Mean +/- range is graphed.

35



250

200

150

100

50

mammospheres

Number of

Figure 7. Mammosphere formation in
control and NAT10 overexpressing HMLE
cells. Three replicates. +/- standard
deviation is graphed. * indicates p<0.05.
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Figure 8. Representative composite photos obtained from EVOS FL Auto
Imaging System (Thermo Fisher Scientific) displaying mammospheres.
50,000 cells/well plated on 6-well Ultra-Low Binding Culture Plate left
undisturbed for 10 days in incubator at 37°C and 5% CO,. a. HMLE pLenti,

and b. HMLE pLenti-NAT10.
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Figure 9. Sanger sequencing representative spectra highlighting the “CCG”
motif at C-1842 of the reverse transcription product of 18S rRNA extracted
from HMLE-Twist. a. Untreated. b. Sodium cyanoborohydride
(NaCNBH,)-treated. The change in read-out from “CCG” to “CTG”

indicates successful reduction of ac4C by NaCNBH..
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SUPPLEMENTARY FIGURES
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Figure S1. Bisulfite conversion data of differentially methylated Cs in EMT model cell lines
(Unpublished data from Dr. Christopher Mason’s team at Weill Cornell Medical College)
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Figure S2. Relative N4-acetylcytos1ne levels in various breast cancer cell lines

(epithelial and mesenchymal morphologies) obtained by mass spectrometry
(Unpublished data from our lab)
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Specific LC-MS/MS Data from EMT Cell Model
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Figure S3. Concentrations of m5C, m6A, ac4C, and m1A in
each of the HMLE pWZL (GFP, Snail, Twist, and TGF-p1)
cell lines. (Unpublished data from our lab)
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Figure S4. Best ac4C-RNA immunoprecipitation (ac4C-RIP)
result. 18S rRNA samples were immunoprecipitated using
anti-ac4C antibody (Supplied by Abcam). ac4C-RIP
enrichment was compared to that of IgG control. Samples
were blocked with tRNA. (n=1)
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