EXAMPLE PROJECT PROPOSAL

Background/Significance: Keloids are common fibrotic skin tumors that appear firm and rubbery. Although a
keloid is classified as a benign dermal lesion, it mimics certain malignant cell characteristics such as invasion
and hyper-proliferation (Bailey et al. 2007; Mari et al. 2015). Keloids can occur in predisposed individuals upon
loss of skin integrity following any injury such as due to scratches, body piercings, surgical incisions, insect bites,
or spontaneously after allergic reactions (Bailey et al. 2007; Hochman et al. 2015; Mari et al. 2015). They can
be pruritic, painful and can become ulcerated or infected, causing great discomfort and adversely affect the
patient’s quality of life. Keloids form due to aberrant wound healing leading to excessive dermal fibroblast
proliferation at the injury site and deposition of types | and Il collagen (Nakaoka, Miyauchi, and Miki 1995;
Murray, Pollack, and Pinnell 1981; Teofoli et al. 1999; Butler, Longaker, and Yang 2008; Bran et al. 2009). During
normal wound healing, homeostasis is maintained between the collagen production and degradation; however,
in keloids, this balance is lost, leading to abnormal scarring. The incidence of keloids and their severity is much
higher among people of African descent (~15%) and people of color compared to their white counterparts (less
than 0.1%), suggesting contributions from genetic and epigenetic factors (Al-Attar et al. 2006; Andrews et al.
2016; Barrett 1973; Bloom 1956; Gauglitz et al. 2011; Glass 2017; Halim et al. 2012; He et al. 2017; Marneros
et al. 2001; Smith et al. 2008). However, the genetic alterations and epigenetic mechanisms involved in keloid
formation are unknown. Studies suggest epigenetic factors such as DNA methylation (Jones et al. 2015) and
post-translational modifications (PTMs) on histone proteins (that package genomic DNA and thereby modulate
all DNA functions) are involved in keloid pathogenesis (Son 2022a).

Given that keloids primarily affect people of color, they remain understudied compared to other dermatologic
disorders and are thus one of the most challenging dermatological conditions to treat. Since the 1960s,
intralesional corticosteroid (or simply “steroid”) injections have been used widely for keloid therapy (Jalali and
Bayat 2007). Steroids soften and flatten keloids by diminishing collagen synthesis and inhibiting keloid fibroblast
proliferation (Boyadjiev, Popchristova, and Mazgalova 1995; Reish and Eriksson 2008). However, recent studies
have demonstrated that only ~34% of keloid patients benefit from steroid therapy, while ~49% see no benefits
and ~17% of patients exhibit a worsening of their keloids following steroid therapy (Tirgan 2013; Tirgan 2017;
Ud-Din et al. 2013). Hence, in most cases, keloid treatment involves surgical removal. Unfortunately, in almost
100% of the cases of keloid removal surgery without any adjuvant therapy, the keloid reappears, making it difficult
to provide long-term relief (Arno et al. 2014; Sclafani et al. 1996; Shaffer, Taylor, and Cook-Bolden 2002).
Adjuvant post-surgical therapies including intralesional corticosteroids (Berman and Bieley 1996; Jung et al.
2009; Kiil 1977; Ledon et al. 2013; Ogawa 2010; Shin et al. 2016; Shons and Press 1983), radiation therapy
(Emad et al. 2010; Flickinger 2011; Gauglitz 2013; Kim and Lee 2012; Lee and Park 2015; Ogawa et al. 2013;
Ragoowansi et al. 2003; Son et al. 2020) and other adjuvants (Wilson 2013) can significantly reduce the risk of
recurrence following surgery. However, currently there is no gold standard or approved therapy for keloids and
they are treated by physicians largely empirically, leading to highly variable outcomes.

A long-term goal of the host lab is to use a comprehensive set of genomic tools to identify the molecular
mechanisms of keloid formation and use this information to establish an effective standard for the clinical
management of keloids. As a first step towards this goal, the host lab has just completed DNA methylation
sequencing (methyl-seq) and RNA sequencing (RNA-seq) analyses, including microRNA sequencing (miRNA-
seq), to characterize the DNA methylome and transcriptome of patient-derived normal and keloid fibroblasts
(before and after steroid treatment) to understand the molecular pathways involved in keloid formation and their
response to steroid therapy (Son 2022a; Son 2022b). These data are already providing great insight into the
transcriptomic and DNA methylation changes that drive the molecular pathways involved in keloid formation and
response to therapy. However, genomic and epigenomic profiling of keloids have not been attempted so far, and
so our understanding of the upstream genomic/epigenomic changes that are likely driving the observed
transcriptomic changes in keloids is incomplete.

Hypothesis: My central hypothesis is that the genome and/or the epigenome of keloid cells differ from normal
skin cells in their genomic alterations and epigenetic modifications that determine keloid formation and response
to therapy. This hypothesis has been formulated based on preliminary data from the host lab's published (Son
et al. 2020) and unpublished work (Son 2022a; Son 2022b), and recent literature reviews, which strongly suggest
that susceptibility to keloids and response to steroid therapy are likely to be determined genetically and/or
epigenetically. The overall objective of this study is to analyze genetic and epigenetic alterations contributing to
keloid pathogenesis, especially among individuals of African descent. This information will be crucial for
developing improved therapeutic options for keloids. Using patient derived normal skin and keloid dermal
fibroblasts, | plan to test the central hypothesis through the following two specific aims:



Aim 1: To determine the genomic changes in keloids using whole-genome sequencing (WGS). | propose
to identify genetic alterations such as point mutations, single nucleotide variations (SNVs), structural variations
(SVs) including insertions/deletions (INDELs), inversions, translocations and copy number variations (CNVs)
that may be involved in determining susceptibility to keloid disease, or response to therapy.

Aim 2: To establish the epigenetic determinants of keloid formation by performing epigenomic profiling
of multiple histone modifications. For this, | will use the recently developed "Cut & Tag" technology (Kaya-
Okur et al, 2019, 2020) to determine patterns of 8 different activating and repressive histone PTMs.

Rationale: Despite keloids being common, currently there are no comprehensive studies using modern genomic
sequencing techniques. In the past two decades, only studies on transcriptomic profiling of keloids in response
to either steroid treatment (Smith et al. 2008) or radiation (Tosa et al. 2005) using the now obsolete microarray
technology have been performed and have provided limited datasets. Although there have been some recent
next-generation sequencing (NGS) based transcriptomic analysis of keloids (Jumper et al. 2017; Lee et al. 2019;
Son et al. 2020), there are still no data on the genomic and epigenomic determinants of keloids. Additionally, the
published studies on genomic analysis of keloids have only identified a few SNVs that are limited to Asian
populations (Chung et al. 2011; Fuijita et al. 2019; Nakashima et al. 2010; Ogawa et al. 2014; Zhu et al. 2013).
Since race may contribute to a higher incidence or greater severity of keloids, applying the findings from one
racial group to another such as African Americans is very challenging. Finally, although genetic predisposition
may be critical in keloid pathogenesis, several studies have suggested that environmental factors that alter
epigenetic marks may also trigger abnormal gene expression in genetically susceptible individuals during the
wound healing process (Butler, Longaker, and Yang 2008; Chevray and Manson 2004; Niessen et al. 1999;
Phan et al. 2003), although these epigenetic marks are not known. Not surprisingly, these studies have not
resulted in any significant clinical advances in over a decade, suggesting that additional factors and pathways
that play key roles in keloid formation and response to therapy are yet to be identified. Hence, the application of
unbiased genomic sequencing-based approaches to keloids from people of different skin color to understand
their genomic and epigenomic differences will be crucial in identifying the molecular mechanisms involved in
keloid formation, as well as developing new therapies.

Innovation: The proposed research is innovative because it will be the first comprehensive set of genomic and
epigenomic analyses of keloids primarily from African Americans. This will help improve our understanding of
keloid biology, establish the molecular determinants of effective therapy, and uncover additional molecular
pathways that can be targeted for potential new treatments for keloids in the future.

Preliminary Studies: There are no approved standard keloid therapies and clinical management remains
suboptimal, resulting in frequent keloid recurrence. Since keloids are known to occur only in humans and
appropriate animal models are lacking, to address this issue, the host lab has been using keloid-derived primary
fibroblasts and tissue explants cultured in vitro to assess the effectiveness of adjunctive post-excision keloid
treatments. So far, their results have shown that a single dose of superficial (i.e., skin deep) radiation following
surgical removal of keloids is sufficient to block recurrence (Son et al. 2020) . Additionally, steroid treatment
alone resulted in either a modest reduction in proliferation (50% of samples, steroid-sensitive), no significant
effects on proliferation (40%, steroid insensitive), or hyperproliferation of some keloid samples (10%) in vitro,
similar to what is observed in keloid patients (Tirgan 2013; Tirgan 2017). Remarkably, radiation was also effective
in eliminating steroid-resistant keloid fibroblasts. Finally, in addition to novel therapeutic targets and a few
biomarkers for steroid resistance, the recent transcriptomic and DNA methylome analysis of keloid samples
completed by the host lab also suggest that the differential transcriptional and DNA methylation patterns that
determine the responses of keloids to steroid therapy are likely to be encoded genetically or epigenetically (Son
2022a; Son 2022b), although these mechanisms have not been studied so far.

Approach: Here, | propose to greatly expand the previous studies from the host lab by identifying the genetic
and epigenetic drivers of the transcriptional changes observed previously in keloids (Son 2022a; Son 2022b).
For this, | will use the same set of patient derived keloid and normal skin samples that were obtained by the host
lab following FSU IRB approval for their transcriptomic/DNA methylome profiling, and include both steroid
responsive and resistant keloids. | will perform WGS to identify genetic alterations, while Cut & Tag technology
will be carried out to determine the genome wide patterns of specific histone modifications. Cells cultured from
a total of 8 samples (five-keloid tissue samples derived from 3 African Americans, 1 Caucasian and 1 Hispanic
patient respectively, as well as 3 race-matched normal skin tissue samples), will be used for the experiments in
the two proposed Aims. Additional samples may be included as they become available, especially if sequencing
costs drop further at the time the experiments are actually being performed.



Aim 1 - Methods. To uncover any genetic alterations that may contribute to keloid pathogenesis and response
to steroid therapy, WGS will be performed on the 8 samples listed above. For this, DNA will be extracted and
sequencing libraries will be prepared targeting a 350bp insert size. 150bp paired-end WGS will be performed on
the lllumina NovaSeq 6000 sequencer available at the FSU College of Medicine. We aim to obtain a 40X
coverage of the genome, which is sufficient for obtaining information on almost all SNVs, SVs and CNVs. Reads
will be aligned to the latest reference human genome using the Burrows-Wheeler Aligner, flagged for duplication
and recalibrated using the Genome Analysis Toolkit. For calling the potential somatic SNVs and small INDELSs,
we will use MutTeck and SvABA respectively. Somatic mutations will be analyzed using ANNOVAR. We will
measure CNVs using Patchwork. We will also perform other analyses using packages such as Meerkat and
SVABA to predict somatic SVs and their breakpoints.

Aim 2 - Methods. Epigenetic factors such as histone PTMs may contribute to keloid formation and response to
therapy (Son 2022a). Given the vast array of epigenetic modifications, we will focus only on eight site-specific
histone modifications involving trimethylation (me3) and acetylation (ac) of histones H3 and H4: H3K4me3 and
H3K36me3 (both gene activating methylation marks); H3K27me3 and H3K9me3 (both repressive methylation
marks); H3K27ac, H3K9ac, H3K14ac and H4K8ac (all generally activating acetylation marks). Together these
modifications would provide a fairly comprehensive coverage of the most important histone modifications that
are known to impact transcription. Highly specific, Cut & Tag validated monoclonal antibodies are already
available in the lab for all these histone modifications. For Cut & Tag, we will use reagents from a commercial
vendor (Epicypher) and follow the protocol established by the Henikoff lab (Kaya-Okur et al. 2020). Briefly,
patient-derived keloid or normal skin fibroblasts will be collected from the samples listed above. They will be
processed using Cut & Tag’s novel protein A fused to the Tn5 transposase enzyme that is conjugated to NGS
adapters. After tagmentation and DNA purification, 50bp single-end sequencing will be performed to achieve a
sequencing depth of ~5 million reads per sample. Reads will be aligned to the human genome (hg38) using
Bowtie2. Duplicates will be removed using Picard. Macs2 will be used for peak calling. Our data will also be
compared to epigenomic data from normal and diseased cells publicly available through the ENCODE project.

Expected results, potential problems, and alternative approaches: Given the host lab’s recent work on
transcriptomic and DNA methylome profiling of keloid cells (Son 2022a; Son 2022b), we do not expect technical
challenges with the proposed NGS experiments. WGS data should reveal any genetic alterations that are specific
to keloid samples and the most interesting of these will be confirmed using PCR based targeted sequencing,
followed by functional assays to further study the role of such alterations in keloid biology. Cut & Tag should
reveal the location of any differential histone modifications between keloid and normal cells. Since Cut & Tag is
new to the host lab, if it fails for any reason, we will perform traditional chromatin immunoprecipitation sequencing
(ChlP-seq) to explore changes in epigenetic histone modifications between normal skin and keloid cells. The
locations of the genomic alterations in keloids uncovered by WGS, as well as the epigenomic differences
determined by Cut & Tag will then be correlated with the genes exhibiting altered expression or methylation
patterns in keloid cells that were previously determined by the host lab using RNA-seq, miRNA-seq and methyl-
seq data (Son 2022a; Son 2022b). This will provide mechanistic insights into how the upstream genomic or
epigenomic alterations in keloids maybe be driving the downstream gene expression changes, which in turn
drive keloid formation and determine their response to therapy. Such data may reveal novel molecular targets
for keloid therapeutics, as well as keloid biomarkers that can be utilized to screen and counsel individuals
susceptible to keloid formation on ways to mitigate keloid risk following surgeries, and to predict the response of
keloid patients to available therapies, as has been done recently for steroid therapy of keloids (Son 2022b).
Comparing our keloid epigenomic data to the ENCODE data may shed light on its propensity to affect people of
color. Overall, we expect that the WGS and Cut & Tag datasets will add significantly to the list of novel therapeutic
targets and potential diagnostic markers uncovered previously by the host lab. Together, these will form the most
comprehensive set of genomic data on keloids to date, especially for African American patients, that will serve
as a valuable resource for the entire research community, thereby accelerating the pace of keloid research.

Project Timeline: During the first six months, patient-derived normal and keloid fibroblasts will be cultured and
harvested for WGS and Cut & Tag. | will perform Cut & Tag assays, isolate DNA, prepare sequencing libraries,
run quality control assays on them and then sequence them. | will also learn the computational and bioinformatics
data analysis pipelines during this period to get ready for handling the large volume of sequencing data. In the
next nine months, | will analyze all the sequencing data to determine genetic and epigenetic differences
between keloids and normal skin in steroid-sensitive and steroid-resistant samples among different ethnic
groups, and perform statistical analyses. In the final six months, | will prepare manuscripts for publication, apply
for independent faculty positions, which will likely also include writing grant proposals for my independent career.
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