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ABSTRACT
OF THE THESIS OF

Miriam Ghassan El Barhoun for Master of Science
Major: Physiology

Title: Set7 Influences the Expression of Genes Implicated in Diabetic Endothelial
Dysfunction

The Set7 lysine methyltransferase catalyses mono-methylation of the histone H3 on
lysine residue 4 (H3K4mel) and has previously been shown to regulate gene
expression. The role of Set7 in diabetic endothelial dysfunction remains poorly
understood.

In this study, we examine the influence of Set7 on the expression of genes implicated in
diabetes. RNA expression was assessed using a Set7 knock-out animal model and a
specific pharmacological inhibitor of the enzyme. Gene set enrichment analysis of RNA
sequencing data showed changes in pro-inflammatory gene expression in diabetic
complications. To extend our in vivo findings, we examined the pharmacological
inhibition of Set7 in cultured human microvascular endothelial cells (HMEC-1) using
(R)-PFI-2 and TNFa. Set7-dependent gene expression was analysed by chromatin
immunoprecipitation (ChlP) to determine H3K4mel at gene targets associated with
diabetic endothelial dysfunction.

In response to Set7 inhibition, RNA-seq analysis indicated significant differential
expression of genes previously shown to be implicated in endothelial dysfunction. We
show that H3K4mel patterns on the selected gene VCAML1 were reduced using the Set7
inhibitor, (R)-PFI-2, which is consistent with its gene suppression. Assessment of
multiple genomic regions along VCAML1 revealed a possibly critical region, upstream
of the promoter, which was influenced by (R)-PFI-2. In conclusion, Set7 is an
epigenetic regulator that is involved in diabetic pathways, as characterized by its
regulation of genes implicated in endothelial dysfunction. While further validation of
these findings is required, we consider that targeting Set7 may have therapeutic
potential in management of diabetes and its complications.
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CHAPTER 1

LITERATURE REVIEW

1.1. Diabetes and Its Pathophysiological Manifestations

Type 2 diabetes mellitus (DM) is becoming an increasingly common diagnosis
among the global population. Chronic hyperglycaemia is the characteristic feature that
defines this metabolic disorder. The main driving factor of the progression of type 2
diabetes is metabolic stress, namely prolonged elevation of plasma glucose levels. The
aetiology of this disorder includes environmental contributors such as: improper dietary
nutrition, physical inactivity, and genetic factors that comprise the interactions within
the genome of the individual. Presence of metabolic derangements, induced by obesity
and sedentariness, initiate the pathophysiological cascade leading to the development of
this disease (Y. Zheng, Ley, & Hu, 2018). The key pathological defects are insulin
resistance and impaired insulin secretion. Alterations to environmental risk factors
result in elevated glucose levels thus resulting in excessive secretion of insulin to keep
up with the demand, ultimately leading to insulin resistance and ineffective action.
Compensation by B-cells causes them to further increase insulin and result in
hyperinsulinemia. Eventually this leads to the intermediary metabolic state: impaired
glucose tolerance (IGT). The cascade continues to reach B-cell dysfunction and failure,
causing impaired insulin secretion and hyperglycaemic conditions (Galicia-Garcia et al.,
2020). This shifted metabolic state renders the body incapable of maintaining glucose
homeostasis, thus ultimately resulting in damage to various organ systems. Diabetic

complications can be allocated into two prominent categories: microvascular
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(retinopathy, neuropathy, and nephropathy) and macrovascular (cardiovascular disease)

complications (Beckman & Creager, 2016).

1.2. Endothelial Dysfunction in Diabetes

The vascular endothelium is comprised of a single layer of endothelial cells that
function as a structural barrier between the lumen and surrounding vessel wall. Its basal
functions include modulation of vascular homeostasis, regulation of vascular tone
through secretion of various growth factors and cytokines, platelet adhesion and
aggregation, and regulation of vascular permeability (Heo, Berk, & Abe, 2016). To
maintain vascular homeostasis, the endothelium secretes various regulatory mediators
and molecules such as extracellular matrix components, nitric oxide (NO),
prostaglandin (I2), endothelin-1 (ET-1), angiotensin 11 (ANGII), tumour necrosis factor
(TNF), and adhesion molecules (e.g. VCAM1, ICAM1) (van den Oever, Raterman,
Nurmohamed, & Simsek, 2010). Blood flow is regulated by specific mediators that
modulate vascular tone, with the primary vasodilator being nitric oxide (NO) (Pober &
Sessa, 2007). The endothelium also plays a role in adaptation to certain stimuli such as
oxidative, mechanical, and metabolic stress. Imbalances in these regulatory roles lead to
endothelial dysfunction, and ultimately to the genesis of various vascular complications
and diseases, such as atherosclerosis (Forstermann, Xia, & Li, 2017; Godo &
Shimokawa, 2017). Endothelial dysfunction is characterized by a vasoconstrictive, pro-
inflammatory, pro-thrombotic, and oxidant-rich milieu (Sena, Pereira, & Seica, 2013).
Manifestations of the dysfunctional state of the endothelium include decreased nitric
oxide bioavailability, increased leukocyte migration and adhesion, increased production

of reactive oxygen species (ROS), and increased pro-inflammatory signalling (Takeda
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etal., 2020). In diabetic conditions, endothelial dysfunction is augmented by metabolic
disturbances, such as hyperglycaemia and insulin resistance thus promoting the
progression of vascular diseases (Takeda et al., 2020). These all contribute the onset and
progression of diabetic vascular complications. Of clinical significance, endothelial
dysfunction has been shown to be a possible prognostic approach to predicting future
cardiovascular events (Kolluru, Bir, & Kevil, 2012; Takeda et al., 2020). From a
clinical perspective, developing therapeutic strategies that target endothelial dysfunction
may provide a promising approach to reducing diabetes-associated cardiovascular

morbidity and mortality.

1.3. Epigenetics

Despite this disorder being extensively studied, scientists are yet to reach a
comprehensive understanding of the underlying mechanisms. Genetic risk factors have
been identified through genome-wide association studies (GWAS), which have been
able to distinguish certain genes that indicate involvement in the pathogenesis of
T2DM. However, in the past recent years, focus has begun to shift towards the
epigenome to further clarify GWAS findings (Rosen et al., 2018). The term
“epigenetics” has been defined as the modulation of genotypic expression thereby
reflecting a corresponding phenotype. In other words, it focuses on the changes in gene
expression, triggered by epigenetic modifications, without altering the DNA nucleotide
sequence (Dupont, Armant, & Brenner, 2009). These modifying mechanisms include:
(1) DNA methylation, (2) histone modifications, and (3) ncRNASs gene regulation.
Epigenetic alterations modulate gene expression, where these alterations may either

promote gene transcription or repress it (Choudhuri, Cui, & Klaassen, 2010).
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1.4. Chromatin Structure

Eukaryotic DNA is packaged into an instructive nuclear structure: chromatin.
Chromatin is composed of DNA and associated DNA-binding proteins, forming the
scaffold for DNA that can respond to cellular environmental prompts; thereby
governing gene regulation and the various ways DNA is utilized. Proteins associated
packaging of DNA into chromatin can be categorized into two principal groups: histone
and non-histone proteins. The histone proteins H2A, H2B, H3, and H4 comprise the
core of the nucleosome octamer which is constituted of two molecules of each histone
and 147 base pairs of two super-helical turns of DNA. An additional histone protein is
H1 and acts as a linker between adjacent nucleosomal cores (Fyodorov, Zhou,
Skoultchi, & Bai, 2018). Non-histone proteins include those that are involved in RNA
transcription, such as polymerases and transcription factors, structural proteins, and

histone-like proteins.

1.5. Histone Post-translational Modifications and Regulation of Gene Expression
Genomic expression of sequences is profoundly reliant on transcriptional
regulation. Transcription is the process that initiates the cascade to ultimately result in
specific gene expression respective to the transcribed DNA sequence. Chromatin
accessibility is the primary determinant of transcriptional regulation, whereby it either
permits or supresses accessibility of transcriptional machinery and transcription factors
(TFs) to the underlying DNA sequence (Keating & EI-Osta, 2013). Chromatin exists in
bidirectional alternating structural states: heterochromatin and euchromatin.
Euchromatin can be described as a loosened state of chromatin by which it advocates

transcriptional activation, whereas heterochromatin is a highly condensed conformation
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thereby restricting accessibility to transcriptional machinery (Bannister & Kouzarides,
2011). The conformational state of chromatin is primarily governed by posttranslational
modifications (PTMs) that include methylation, acetylation, phosphorylation to either
the DNA, histones, or both. Posttranslational modifications (PTMs) have been shown to
be profoundly influential upon regulation of gene transcription and therefore cell
identity. PTMs include transient histone modifications that involve acetylation,
glutathionylation, methylation, phosphorylation, sumoylation, and ubiquitination
(Choudhuri et al., 2010; Strahl & Allis, 2000).

Histone modifications play a central role in the regulation of transcriptional
machinery and chromatin structure, subsequently altering gene expression. Key
epigenetic players that are responsible for adding, removing, and recognizing these
PTMs have been referred to as writers, erasers, and readers respectively. ‘Writers’ are
enzymes that catalyse the addition of histone PTMs, ‘erasers’ are enzymes that remove
chemical tags on modified histones, and ‘readers’ are distinct effector proteins that
identify and interpret histone PTMs to mediate downstream signalling (Chan & Maze,
2020; Hyun, Jeon, Park, & Kim, 2017). Thus, histone PTMs exert their effects in two
distinctive ways, either by directly influencing the conformational structure of
chromatin or by regulation of the binding of effector molecules. Conversely, new
studies have demonstrated that nonenzymatic mechanisms, such as interaction of
histones with small, reactive molecules, for example metabolites and toxins, could
induce histone PTMs. Therefore, this negates the notion that histone modifications
require writers, readers, and erasers to be of biological significance (Chan & Maze,
2020; Q. Zheng, Prescott, Maksimovic, & David, 2019). The ability of modified core

histone proteins to regulate transcriptional gene expression has been demonstrated in
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several studies, with extensive emphasis on phosphorylation, methylation, and

acetylation (Hornbeck et al., 2012).

1.6. Lysine Methylation of Histone Proteins

Histone lysine methylation was first reported with the discovery of the histone
lysine methyltransferase (HKMT), Su(var)3-9 homologue 1 (SUV39H1), that
specifically methylates H3K9 (Rea et al., 2000). Since then, various methyltransferases,
demethyltransferases, and their respective inhibitors have been identified. Histone
lysine methylation occurs on the amino N-terminal of histones, where one or more
methyl groups are added to lysine residues. Lysines may be mono-, di-, or tri-
methylated, which adds a degree of complexity to the understanding of this
modification and its functional responses. In contrast to histone acetylation, which is
associated with transcriptional activation, histone methylation can either result in gene
activation or repression. For example, transcriptional activation is characteristic of
lysine methylation at H3K4, H3K36, and H3K79. On the other hand, methylated lysine
residues of H3K9, H3K27, and H4K20, are associated with transcriptional repression
(Sims, Nishioka, & Reinberg, 2003). The bidirectionality of the outcome of lysine
methylation is dependent on the specificity of the modified residue and the number of
covalently bonded methyl groups (Bannister & Kouzarides, 2011; Y. Zhang &
Reinberg, 2001). The versatility of lysine methylation may be an outcome of the site-
specificity of histone methylation; methyl groups may be transferred to histone tails,
linker histones, or globular domains (Bannister & Kouzarides, 2011). Additionally, the
degree of methylation on a lysine residue may result in various functional outcomes

pertaining to transcriptional regulation. Monomethylation of H3K27 has been shown to
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be associated with transcriptional activation, whereas tri-methylation of this same
residue indicates transcriptional repression (Barski et al., 2007; Ferrari et al., 2014).
Histone methylation of specific lysine residues appears to have a prominent influence
on transcriptional outcomes and assigning further biological significance is under

extensive study.

1.7. Histone Methyltransferases and Demethyltransferases

Histone lysine methyltransferases (HKMTSs) are the enzymes that catalyse the
methylation of lysine residues of histones. HKMTs mediate the transfer of a methyl
group from S-adenosylmethionine (SAM), a cofactor for lysine methylation reactions,
to the N-terminal of a lysine residue (Yu & Zhuang, 2019). HKMTs are further divided
into two families based on their catalytic domain: SET-domain containing HKMTSs,
which includes Su(var)3-9, Enhancer of zeste(E(z)), and trithorax, and non-SET-domain
containing HKMTs, such as Dot1L (Dillon, Zhang, Trievel, & Cheng, 2005; Jenuwein,
2006). HKMTs are relatively specific enzymes that modify specific lysines in varying
degrees. To illustrate, H3K9 is specifically tri-methylated by Neurospora crassa DIM5
whereas H3K4 is mono-methylated by SET7/9 (Tamaru et al., 2003; Xiao et al., 2003).
Histone methylation was initially thought to be an irreversible modification that was
involved in modulation of genome expression (Kouzarides, 2002), however the
discovery of histone demethyltransferases refuted this notion and revealed that lysine
methylation is dynamically regulated. Identification of the first histone lysine
demethyltransferase, lysine-specific demethylase 1 (LSD1), which is an amine oxidase
that demethylates H3K4, provided evidence that histone methylation is enzymatically

reversible (Shi et al., 2004). This discovery revealed an underlying mechanism for
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transient histone methylation marks and subsequent mediation of gene expression. It is
important to note that these enzymes also exhibit substrate and site specificity; some
enzymes are only able to demethylate mono- and demethylated lysine residues, while
other enzymes are capable of demethylating all states of methylated lysines (Bannister
& Kouzarides, 2011). For example, LSD1 is only capable of demethylating mono- or
demethylated H3 lysine 4, and not tri-methylated lysine 4 (Shi et al., 2004). Transient
histone modifications and their respective enzymes remain under investigation, as not

all have been discovered.

1.8. Set7 Lysine Methyltransferase and H3K4 Monomethylation

H3K4 methylation is a histone modification commonly associated with
transcriptional activation and it is prominently enriched at enhancer regions, promoter
regions and transcription start sites (TSS) (Hyun et al., 2017; Noma, Allis, & Grewal,
2001). Transcriptional gene regulation is dependent on the position of methylated lysine
residues and the degree of methylation and is a hallmark of specific chromosomal
structures and nuclear processes. (Hyun et al., 2017; Santos-Rosa et al., 2002). The
three methylated states of lysine 4 on H3, H3K4mel, H3K4me2, and H3K4me3, have
been shown to be differentially distributed along proximal and distal regulatory regions.
H3K4mel is predominantly localized at enhancer regions, H3K4me2 and H3K4me3 are
enriched at 5’ end of actively transcribing genes, and H3K4me3 enrichment has been
shown at promoter regions (Heintzman et al., 2007; Hyun et al., 2017; Santos-Rosa et
al., 2002).

Set7 (also referred to as Set7/9, Set9, or KMT7), is a lysine SET-domain

methyltransferase that catalyses the monomethylation of H3K4. The 41 kilo Dalton
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(kDa) protein was originally identified in HeLa cells and extensive analysis of its
structural components have revealed its functional contribution to H3K4
monomethylation (H3K4mel) (Veerappan, Avramova, & Moriyama, 2008; Wilson et
al., 2002). Additionally, chromatin immunoprecipitation (ChlIP) experiments have
reported the role of Set7 in H3K4mel enrichment at enhancer and promoter regions of
certain genes (Brasacchio et al., 2009; El-Osta et al., 2008). Conversely, several studies
have demonstrated that the histone H3 is not the sole primary substrate of Set7. For
instance, a previous study reported that Set7-deficient mouse embryonic fibroblasts
exhibited no fluctuations in H3K4 methylation levels (Lehnertz et al., 2011). This led
to the postulation that Set7 also potentially mediates the lysine methylation of certain
non-histone substrates and numerous substrates have been subsequently identified:
Rpl29, p53, DNMT1, sex hormone receptors, and NF-«B (Chuikov et al., 2004; Esteve
et al., 2009; Hamidi et al., 2018; Subramanian et al., 2008; X. Zhang, Huang, & Shi,

2015).

1.9. Set7 and Diabetes-Induced Inflammation

Several studies have demonstrated the association between Set7 activity and
inflammatory events in hyperglycaemic conditions. Monomethylation of H3K4 by Set7
regulates expression profiles of genes involved in inflammation (Brasacchio et al.,
2009). In diabetic mouse models, macrophages showed increased Set7 recruitment and
inflammatory gene expression. Loss of function studies using SiRNA exhibited reduced
TNFa-induced recruitment of NF-kB subunit p65 to inflammatory gene promoters (Li
etal., 2008; Yu & Zhuang, 2019). Another study has also demonstrated the Set7-

mediated transcriptional activation of inflammatory genes, such as NF-xB subunit p65,
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in transient hyperglycaemic conditions (El-Osta et al., 2008). Pertaining to the role of
Set7 in vascular endothelial dysfunction, it has also been demonstrated that Set7 may
activate the transcription of inflammatory genes via H3K4mel-independent
mechanisms in hyperglycaemic conditions (Okabe et al., 2012). These findings
collectively suggest the involvement of Set7 in regulation of inflammatory events
within a diabetic milieu. The use of selective pharmacological inhibitors could provide
a platform to target and modulate persistent inflammatory events and reduce the risk of

further macrovascular complications.

1.10. Set7 Inhibition

Development of a pharmacological therapeutic approach targeting the enzymes
responsible for post-translational modifications is on the rise. Set7 has been shown to be
of clinical significance in hyperglycaemic settings and targeting this methyltransferase
is a potential approach to reducing pathological complications (EI-Osta et al., 2008;
Okabe et al., 2012). Several Set7 inhibitors, specific and non-specific, have been
proposed and have demonstrated inhibition of the HKMT. Non-specific inhibitors that
are capable of inhibiting Set7 include specific protein arginine methyltransferases
(PRMTSs) inhibitors, such as arginine methyltransferase inhibitor (AMI) compounds. A
study using the compounds AMI-1 and AMI-5 investigated the impact on Set7 activity
in endothelial cells (Okabe et al., 2014). Additionally, a study utilized a selective
HKMT inhibitor, sinefungin, an antifungal agent, to investigate epigenetic changes in
the human kidney mediated by Set7 (Sasaki et al., 2016). Recently discovered Set7
inhibitors, (R)-PFI-2 and cyproheptadine hydrochloride (CYP), have been shown to

specifically inhibit Set7 and are potential candidates for therapeutic use through
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modulation of transcriptional changes mediated by Set7 (Barsyte-Lovejoy et al., 2014;

Takemoto et al., 2016).

1.10.1. (R)-PFI-2

High-throughput screening and optimisation of a library generated from an in
vitro methylation assay resulted in the synthesis of the first selective Set7 inhibitor, (R)-
PFI-2. Comparison of the structural binding to Set7 between the enantiomers of the
compound, (S)-PFI-2 and (R)-PFI-2, illustrated that (R)-PFI-2 inhibited human Set7 by
500-fold whereas (S)-PFI-2 was rendered the inactive form of the drug. The use of (R)-
PFI-2 to provide further insight into the regulatory roles of Set7 in disease settings
could prove to be useful as a platform for the use of selective inhibitors as therapeutic

agents.

1.11. Aims of This Study

The main aim of this study is to evaluate the gene expression changes in
response to Set7 inhibition using (R)-PFI-2 in human microvascular endothelial cells.
Additionally, we aim to assess the interaction between (R)-PFI-2 and Set7 on
differentially expressed genes implicated in TNFa-induced inflammation and examine
changes in histone methylation patterns. Attenuation of gene changes induced by
inflammation at a transcriptional level may enable the use of epigenetic inhibitors to be

used in a clinical setting.
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The specific aims of this study are as follow:
1. To analyse gene expression data from experimental models of Set7 inhibition
using (R)-PFI-2
2. To evaluate the effect of Set7 inhibition on the regulation of the endothelial
transcriptome in diabetic vascular inflammatory conditions
3. To investigate and identify the potentiality of Set7 inhibition using (R)-PFI-2 to
attenuate TNFa-mediated inflammation in human microvascular endothelial

cells (HMEC-1)
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CHAPTER 2

MATERIALS

2.1. Cell Lines

Cell lines

Supplier

Human microvascular endothelial cells
(CRL-3243)

American Type Culture Collection

(ATTC)

2.2. Pharmacological Drug Stimulants

Reagent

Supplier

PFI Cayman Chemical
Human Recombinant TNFa (#300-01A) Peprotech
2.3. Cell Culture Reagents
Reagent Supplier
0.5% Trypsin-EDTA (10x) Gibco
Antibiotic-Antimycotic (100X), liquid Gibco
Dimethylsulfoxide (DMSO) Sigma-Aldrich
Fetal bovine serum (FBS) Bovogen
GlutaMAX (100X) Gibco
MCDB 131 medium Gibco
Phosphate buffered saline (PBS) Gibco
2.4. Antibodies
Antibody Supplier
Donkey Anti-Mouse secondary antibody (800nm) Li-Cor
Goat Anti-Rabbit secondary antibody (680nm) Li-Cor
H3K4mel (8895) Abcam
RPL29 (88514) Abcam
RPL29me2 (D8T9P) Cell Signalling
Technology
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2.5. General Reagents

Reagent

Supplier

10X RT Random Primer

Applied Biosystems

Albumin standard (2mg/ml)

Thermo Scientific

Bradford reagent

Sigma Life Science

BSA standard (23209)

Thermo Scientific

Chloroform

Sigma-Aldrich

Dithithreiotol (DTT)

GE Health

DNA Wash Buffer

Zymo Research

dNTP mix (100mM)

Applied Biosystems

Dynabeads Protein A Invitrogen
EDTA (Ethylenediaminetetraacetic acid) Sigma-Aldrich
Ethanol (100%) Sigma-Aldrich
Formaldehyde 37% Sigma-Aldrich
Glycerol Amresco
Glycine Sigma-Aldrich
Hepes-KOH (pH 7.9) Amresco
Magnesium chloride (MgClz2) Sigma-Aldrich
NaCl Sigma-Aldrich
NP-40 Fluka
Nuclease-free H20 Zymo-Research
Phenylmethylsulfonyl (PMSF) Sigma-Aldrich
Potassium chloride (KOH) Fluka
Precision ® FAST 2X gPCR Master Mix with LR and SY Primer Design
Proteinase inhibitor cocktail Takara
Proteinase inhibitor Sigma-Aldrich
Proteinase K Sigma-Aldrich
Quant-iT 1X dsDNA HS Working Solution Invitrogen
Qubit dsDNA HS Standard #1 Invitrogen
Reverse Transcriptase Invitrogen
Reverse Transcriptase Buffer Applied Biosystems
Sodium dodecyl sulphate (SDS) Bio-Rad
Tris Base Formedium
Tris-EDTA (TE) buffer Sigma-Aldrich
TRIzol® Reagent (15596-026) Invitrogen
Tween-20 Sigma-Aldrich
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2.6. Consumables

Equipment Supplier
1.5 ml microtubes Sarstedt
100mm x 20mm cell culture dishes Corning
10mL stripette Costar
15 mL centrifuge tube Corning
150cm? cell culture flask Corning
lcc/mL syringe Terumo
2 ml microtubes Sarstedt
21G needle Terumo
25mL stripette Costar
2mL stripette Costar
50 mL self-standing centrifuge tube Corning
5mL stripette Costar
75cm? cell culture flask Corning
96-well Microtest Plate Sarstedt
Cell scraper Sarstedt
Cell strainer Falcon
Countess cell counting chamber slide Invitrogen
Microamp 96-well optical plate Applied
Biosystems
Mini-PROTEAN TGX Precast Gels Bio-Rad
NucleoSpin Gel and PCR Clean-up Columns (Ref: 740609.250S) Macherey-
Nagel
Trans-Blot Turbo Transfer Packs Bio-Rad
2.7. Kits
Product Supplier
Direct-zol RNA MiniPrep Zymo
Research
DNA Extraction (NTI Binding Buffer, NT3 Wash Buffer, and NE Macherey-
Elution Buffer) Nagel
MultiNA DNA-2500 Reagent kit Shimadzu
MultiNA RNA Reagent kit Shimadzu
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2.8. Western Blot Buffers

Buffer Constituents/ Supplier
10X Tris/Glycine/SDS Buffer Bio-Rad
Intercept Blocking Buffer LI-COR
NuPAGE LDS Sample Buffer Invitrogen

TBS

1M Tris Base + 5M NaCl

TBST (5X)

1M Tris Base + 5M NaCl + Tween-20

Whole cell protein extract lysis buffer

20mM Hepes-KOH (pH 7.9), 25%
Glycerol, 520mM KCI, 5mM MgClz,

0.1mM EDTA, 1ImM DTT, 0.5mM PMSF,
0.2% NP-40, Proteinase inhibitor P8340

2.9. Instruments and Equipment

Equipment Supplier
AirClean 600 PCR Workstation AirClean
Allegra X-12R Centrifuge Beckman Coulter
Biological Safety Cabinet Class 11 CCL Pty Ltd
Centirfuge 5427 R Eppendorf
Centrifuge 5415 D Eppendorf

CLARIOstar Microplate Reader

BMG LABTECH

CO2 Incubator

Thermo Scientific

Countess 11 Life Technologies
Mini Trans-Blot Cell Bio-Rad
MultiNA Shimadzu
Odyssey CLx LI-COR
Power-Pac Bio-Rad
QSonica Sonicator QSonica
QuantStudio 3 Real-Time PCR System Applied Biosystems
Qubit 3 Fluorometer Invitrogen
SimpliAmp Thermal Cycler Applied Biosystems
Suspension Mixer (Rotator) Ratek
Thermomixer comfort Eppendorf
Trans-Blot Turbo Transfer System Bio-Rad
Vortex Mixer Ratek
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2.10. ChlP Buffers

Buffer Constituents
ChIP dilution buffer 0.01% SDS, 1.1% Triton X-100, 1.2mM
EDTA, 16.7mM Tris-HCI ph 8.0, 167mM
NaCl
ChIP elution buffer 1% SDS, 5mM EDTA, 20mM Tris-HCI pH
8.1, 50mM NaCl
High Salt buffer 0.1% SDS, 1% Triton X-100, 2mM EDTA,
20mM Tris-HCI pH 8.1, 500mM NaCl
LiCl buffer 0.25M LiCl, 1% NP-40, 1% deoxycholic
acid sodium salt, ImM EDTA, 10mM Tris-
HCl pH 8.1
Low Salt buffer 0.1% SDS, 1% Triton X-100, 2mM EDTA,
20mM Tris-HCI pH 8.1, 150mM NaCl
Sodium dodecyl (lauryl) sulfate 1%SDS, 10mM EDTA, 50mM Tris-HCI ph
(SDS) lysis buffer 8.1
TE + 0.01% SDS 10mM Tris pH 8.1, ImM EDTA, 0.01%
SDS
TE buffer 10mM Tris pH 8.1, ImM EDTA

2.11. Primers

2.11.1. Human cDNA primers

Name Forward sequence Reverse sequence
VCAM1 CAAAGGCAGAGTACGCAAACAC GCTGACCAAGACGGTTGTATCTC
SOD2 TAGGGCTGAGGTTTGTCCAG GGAGAAGTACCAGGAGGCGT
MMP9 GCACTGCAGGATGTCATAGG ACGACGTCTTCCAGTACCGA

NOS3 ATGGAGAGAGCTTTGCAGCTGCC AGGACACCAGTGGGTCTGAGCA

ANGPTL4 TGCAAGATGACCTCAGATGGAGGC AGAACTCGCCGTGGGGATCCC

IL1B TGCACGCTCCGGGACTCACA CATGGAGAACACCACTTGTTGCTCC
CCL2 AGCAAGTGTCCCAAAGAAGC TGGAATCCTGAACCCACTTC
TIMP3 ACCGAGGCTTCACCAAGATG CCATCATAGACGCGACCTGT
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2.11.2. Human ChIP primers

Name

Forward sequence

Reverse sequence

h_VCAM1_R2_ChIP

GCTATGAGGATGGAAGATTCTGGA

CACTGACAGCACCTTTATCATTCC

h_VCAM1_R3_ChlIP TCATGTCAGCCTCCCAGTTC TGGATTCTTGGACAAGGGCT
h_VCAM1_R4_ChlIP CTGAGAGTGTCAAAGAAGGAGACA CTCCCGCATCCTTCAACTGG
h_VCAM1_R5_ChlIP TCAAGCACAGCTGCTTTATCC CCTCCCGGGAAAAGGTTTGA
h_VCAM1_R6_ChlIP ACACCCCTTGCACACCAATTA AATAGCCAAGTGCCAGACCTC

h VCAM1_R7_ChIP

TTGGTTGACCTCCAGTGATTAGA

AGCATCATGTGACCACACAAGTA

h VCAM1_U3(R1) _ChIP

AAGCCCCATCTGGACATAGTAAG

AATTTGGCATTTCAGGTGGACA

h_VCAM1_U2(R2) _ChIP

GCAAATTGCAAGCAAGCTTTTAG

GCCAACTAGATTCAAAAATTCCCTG

h VCAML D1(R2) ChIP

GATGTTAAGGAACCACCAGGGAT

GAACTCCTGATTAGAGGAAGTTGGA

VCAMZ1-H3k4m1 ChIP(R3) P2

ATTTCACTCCGCGGTATCTG

ACCCTTATTTGTGTCCCACCT

VCAM1-H3k4m1 ChIP(R2) P1

GCTTCATTCTGCAATCAGCA

AACCCCTTCAGTTGCTCTCA
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CHAPTER 3

METHODS

3.1. Tissue Culture Methods
3.1.1. Cell culture

The cell line used in this study is immortalized human microvascular endothelial
cells (HMEC-1). Cells were incubated at 37°C in a 5% CO2 humidified incubator. The
cells were cultured in MCDB 131(1X) media supplemented with Antibiotic-
Antimycotic, Glutamax and heat-inactivated foetal bovine serum (FBS). The table

below describes the proportion of media supplements used for the cell line.

Cell line Details Growth Medium Constituents
HMEC-1 cells Endothelial, adherent, MCDB 131(1X), FBS (5% v/v), GLutaMAX
transformed (100X), Anti-Anti (100X)

Table 1: Cell line and growth medium constituents used in this study

3.1.2. Passaging and splitting cells

To sub-culture, the cells were washed with PBS and detached from the tissue
culture flasks using trypsin-EDTA solution (1-2 ml depending on the flask size). The
action of trypsin was deactivated by adding 5X the volume of growth media. The cell
suspension solution was transferred to a Falcon conical centrifuge tube (15 ml or 50 ml)
and pelleted by centrifugation at ___rpm (300g) for 3 minutes at 4°C. The supernatant
was discarded, and the cells were resuspended in 10 ml of growth media. Cells were
reseeded at a specific density for either further culture or for in vitro experiments.

Volume of the cell suspension for reseeding was determined by performing a cell count.
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Using a cell counting chamber slide, 10ul of the cell suspension was added to the slide
which was then subsequently inserted into the Countess™ Il Automated Cell Counter.
Based on the estimated cell count, calculations were made to determine the volume
required to reseed the desired number of cells. The suspended cells were sub-cultured
into corresponding new tissue culture flasks, plates or dishes containing fresh growth

media.

3.1.3. Harvesting cells

The growth medium of the adherent cells was aspirated, and cells were
subsequently washed with 1 ml of refrigerated PBS (4°C). The first PBS wash was
followed by addition of 1 ml of PBS and scraping of the tissue culture dish or plate
using a standard cell scraper. Scraped cells were transferred to corresponding 1.5 ml

Eppendorf tubes for further analysis through additional in vitro experiments.

3.1.4. Cell stimulants

3.1.4.1. Pharmacological inhibition with TNFa-induced inflammatory response

To study gene expression in response to an inflammatory stimulus alongside

pharmacological inhibitory treatment, cultured HMEC-1 cells were treated with TNFo
and PFI. Cells were seeded at a density of 6x10° into 100 mm treated cell culture

dishes. Adherent cells were treated for a period of three days with a PFI concentration

of 15 uM, using a dilution factor of ﬁ . The constituents of each experimental
treatment condition are detailed in the table below. TNFo was added using a dilution

factor of ﬁ . Cells were harvested on the fourth day.
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Treatment Condition

Control TNFa PFI PFI+TNFa
TNFa - 2 ul - 2 ul
PFI (15 mM) - - 10 pl 10 pl
DMSO 10 ul - - -
Conditional media (1% FBS) 10 ml 10 ml 10 ml 10 ml

Table 2: Experimental conditions of HMEC-1 cell culture used in this study

3.1.4.2. Determination of optimal (R)-PFI-2 concentration to treat HMEC-1 cells

To examine and confirm the effectiveness of the pharmacological inhibitor PFI,
HMEC-1 cells were treated at different PFI concentrations to determine the threshold at
which inhibition would occur. Cells were seeded in 6-well plates. PFI was prepared in
mM at the desired concentrations by dissolving the PFI in DMSO and then performing
serial dilutions for the remaining concentrations. The PFI concentrations at which cells
were treated are OuM, 0.5uM, 1uM, 2.5uM, 5uM, 15uM, 25uM, 35uM. Conditional
media (2 ml of 1% v/v heat inactivated FBS, MCDB 131 (1X)) was added to each well

with each corresponding PFI treatment (2ul PFI (mM)) being added using a ﬁ
dilution factor. The PFI treatments were prepared and added to the corresponding wells

over a period of 3 days. Cells were harvested on the fourth day.

3.1.4.3. Pharmacological inhibition of Set7 reduces its ubiquitous activity in HMEC-1

cells

Dose-curve experiments were carried out to establish a relationship between

inhibition of Set7-mediated histone modifications and the molar concentration of (R)-
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PFI-2. Major methylation substrates of Set7 include histone H3 lysine residue 4 and the
non-histone substrate RPL29, an integral ribosomal protein of the 60S ribosomal
subunit (Hamidi et al., 2018). The molecular activity of Set7 is evident upon detection
of the presence of methylated substrates that include monomethylated histone
H3K4mel and di-methylated RPL29me2. Based on this information, immunoblotting
along with subsequent protein quantification, were completed to validate the association
of the substrate RPL29 with Set7, thus allowing us to determine an optimal effective
concentration of (R)-PFI-2 to use in treatment conditions and ensure appropriate
inhibition of Set7. The ratio of RPL29me?2 relative to total RPL29 with respect to PFI
(uM) was used to examine the extent of Set7 inhibition (Figure 1). As (R)-PFI-2
concentration increases, a gradual decrease in methylated RPL29me2 is observed, thus
indicating successful inhibition of Set7. The optimal concentration of (R)-PFI-2 appears
to range from 15uM to 25uM, however 15 uM (R)-PFI-2 was used in subsequent
experiments since the possible risk of (R)-PFI-2-induced cytotoxicity increases at
higher concentrations. The steep decrease at 35 uM in comparison to the gradual
decrements of the other molar concentrations serves as an indication of possible cell
death occurring at this specific concentration. Cell proliferation and viability could have

possibly been compromised at this high concentration.
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Figure 1: Set7 inhibition of non-histone modification RPL29me2 using (R)-PFI-2 in

HMEC-1 cells

HMEC-1 cells were treated with increasing incremental concentrations of PFI
(uM) over the course of a 3-day (72 hours) treatment period. The subsequent whole cell
protein extraction lysate was immunoblotted with the appropriate antibodies and further
analysed and quantified by Odyssey. A. Protein extracts from HMEC-1 cells were
immunoblotted with antibodies to RPL29 (loading control) and RPL29me2. B. Graph
illustrating the quantitative analysis of the immunoblotted proteins whereby a ratio was
established between the total RPL29 and dimethylated RPL29me?2 to illustrate the
gradual inhibition of Set7 by (R)-PFI-2 with increasing concentration of this

pharmacological inhibitory agent.
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3.2. Nucleic Acids Isolation
3.2.1. RNA extraction

Adherent cells were washed twice with ice cold PBS and subsequently scraped
and transferred to 2 ml Eppendorf tubes. 500ul of TRIzol was added followed by
incubation of the samples on a rotating wheel for 15 minutes at room temperature. 100
ul of chloroform (1:5 ratio) was then added to each sample and vortexed for 30 seconds.
Samples were then centrifuged for 15 minutes at 14000 rpm at 4°C. The clear
supernatant (upper aqueous phase), which contains the RNA, was the collected into a
new tube. Equal volume of 100% ethanol was added to the collected supernatant to
precipitate the RNA and thoroughly mixed. The isopropanol mixture was then
transferred to Zymo-spin 11C column tubes and centrifuged for 30 seconds at 12000 rpm
followed by removal of waste fraction. 400 ul of RNA wash buffer was added, and
samples were centrifuged again for 30 seconds at 12000 rpm and flowthrough was
discarded. DNase solution (5 ul DNase and 75 ul DNA digestion buffer) was prepared
and added to the samples which were then left to incubate at room temperature for 15
minutes. 400 ul of Direct-zol RNA Prewash was added to the column tubes and
centrifuged for 30 seconds at 12000 rpm. Flowthrough was discarded and 700 ul of
RNA wash buffer was added and centrifuged for 30 seconds at 12000 rpm. The waste
fraction was removed, and samples were centrifuged again for 3 minutes at 12000 rpm.
Column tubes were transferred to new 1.5ml Eppendorf tubes and left to dry for 5
minutes at room temperature. RNA was eluted with 35ul of nuclease free-water and
incubated for 1 minute at room temperature followed by centrifugation for 1 minute at
12000 rpm. RNA guantification and assessment of its quality was completed using

MultiNA.
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3.2.2. Complementary DNA synthesis

The reverse transcription master mix was prepared and is constituted of 2 ul of
Reverse Transcriptase buffer, 2 ul of random primer, 1 ul of deoxyribonucleic
triphosphate (ANTP), 1 ul of reverse transcriptase. For each sample, 1 ug of RNA was
added to the master mix alongside the addition nuclease-free water to result in a total
reaction volume of 20 ul for each RNA sample. The cDNA synthesis reaction was then
executed in a thermal cycler by firstly incubating the samples at 37°C for 2 hours and
then 85°C for 5 minutes. The cDNA samples were then diluted to 80 ul with RNase-

free water and either directly used for qPCR or stored at -20°C.

3.2.3. Measurement of DNA using Qubit Fluorometer

Quantification of DNA was performed by the Qubit Fluorometer and the
corresponding Quant-iT reagents using the Qubit dsSDNA High Sensitivity assay. Two
standards were prepared in 0.5 ml tubes where 190 ul of Qubit working solution was
added to 10 pl of each Qubit standard (provided in the kit). To quantify the DNA
samples, 200 ul of working solution was added to 1 ul of each sample and vortexed

briefly. Samples were then run on the Qubit Fluorometer and the computed

concentrations were collected.

3.3. Chromatin Immunoprecipitation Assay

3.3.1. Formaldehyde fixation of cultured cells
Adherent cells were washed twice with ice-cold PBS and were scraped using a

standard cell scraper and transferred to 2ml Eppendorf tubes. Cells were centrifuged at
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5000 rpm for 2 minutes and subsequently washed twice with ice-cold PBS. Fixation of
the cells consisted of adding 27 ul of 37 % formaldehyde (final concentration 1%
formaldehyde) in 1 ml of fresh PBS and were left to incubate for 6 minutes on rotating
wheel at room temperature. After incubation, cells were centrifuged at 5000 rpm for 2
minutes and were subsequently washed again with ice-cold PBS. Cells were centrifuged
once more at 5000 rpm for 2 minutes and the PBS wash was aspirated. The
formaldehyde reaction was quenched with 0.125M glycine in fresh PBS and the tubes
were placed on a rotating wheel to incubate for 6 minutes at room temperature. The
fixed cells were centrifuged at 1200 rpm for 3 minutes at 4°C to obtain a pellet. The
cells were washed twice with PBS. The supernatant was disposed of and the pellet was
resuspended in 300 ul of SDS lysis buffer supplemented with protease inhibitor (1X).

The fixated cells were either directly sonicated or frozen at -80°C until required use.

3.3.2. Sonication

Sonication was performed using the QSonica sonicator. The fixated lysed cells
were sonicated for 10 minutes (high power, interval: 30 seconds on, 30 seconds off) to
shear the chromatin to optimal lengths approximately between 200-300 bp. Each lysed
sample (300ul) was appropriately inserted in the QSonica tube holder apparatus in a
chilled water bath 4°C. After completing sonication, the samples were centrifuged at
13000rpm for 5 minutes at 4°C. The supernatant was transferred to a new Eppendorf
tube and the pellet of cell debris was disposed of. The effectiveness of the chromatin
shearing was assessed by MultiNA. Any samples that required additional shearing were
further sonicated for the appropriate duration. Following completion of sonication,

chromatin samples were centrifuged at 13000 rpm for 5 minutes and the supernatant
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was collected into new Eppendorf tubes for chromatin quantification using the Qubit

Flourometer.

3.3.3. Reverse crosslinking

To assess the effectiveness of sonication, 10ul of the sheared chromatin samples
was made up to 100ul with ChIP elution buffer with the addition of 2l of proteinase K.
The chromatin samples were incubated for 2 hours at 62°C on a thermomixer shaking at

1400 rpm to implement reverse crosslinking.

3.3.4. DNA column purification

After completion of reverse crosslinking, DNA column purification was
performed using the NucleoSpin extraction kit. The buffers and column tubes were all
provided in the kit. NTI binding buffer (300ul) was added and thoroughly mixed with
the eluted samples, which were then transferred to DNA purification column tubes. The
column tubes were centrifuged for 30 seconds at 13000 rpm and followed by disposal of
the waste fractions. NT3 washing buffer (700ul) was added to the column tubes and
centrifuged for 30 seconds at 13000 rpm. The waste fractions were discarded, and the
column tubes were centrifuged again for two minutes at 13000 rpm to remove any
remaining wash buffer. The column tubes were then transferred to Eppendorf tubes and
left open to completely dry for three minutes to ensure there are no remnants of the
wash buffer. NE elution buffer (60ul) was added to the column tubes which were left to
incubate for one minute prior to centrifugation at 13000rpm for one minute. The Qubit
Flourometer was used to quantify the DNA samples. The eluted DNA samples were

then stored at -20°C until further use in subsequent quantitative analysis.
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3.3.5. Assessment of chromatin sonication efficiency using MultiNA

Efficiency of chromatin shearing was evaluated using the MultiNA DNA2500
kit on the MultiNA for separation of DNA between 100-2500 bp based on the
manufacturer’s instructions. 5 pl of a size marker pGEM DNA ladder was diluted in
1:75 TE buffer. 3 ul of purified DNA from each sample was used. Computation of the
required volumes of DNA 2500 separation buffer, SYBR Gold nucleic gel stain, and
DNA 2500 markers were generated by the MultiNA control software. Sonication
efficiency was determined based on the optimal size range of 200-350 bp. Any samples

that did not fall in this range were re-sonicated.

3.3.6. Immunoprecipitation

Prior to immunoprecipitation, a preclearing step was implemented with the aim
of reducing any potential background noise that may interfere with the specific binding
of the antibody (Ab). 10ul of washed magnetic Dynabeads were added to the sonicated
chromatin samples and incubated for an hour at 4°C on a rotating wheel. Samples were
then centrifuged at 2000 rpm for 30 seconds followed by collection of the supernatant in
new 1.5ml Eppendorf tubes using a magnetic rack.

To prepare each ChIP, 5ug of soluble chromatin was used for the Ab and IgG
control tubes, whereas 10% of the IgG reaction volume was used for the input control
tubes. The volumes of the Ab and 1gG samples were made up to 500ul by adding ChIP
dilution buffer with proteinase inhibitor (1X). Each Ab sample was incubated with 20 pl
of washed magnetic Dynabeads and 3 pl of the anti-histone H3 monomethyl K4
antibody on a rotating wheel at 4°C overnight for approximately 17 hours. For each

sample, a negative control was also prepared, whereby a non-specific antibody (1gG
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control) was added to the corresponding samples and incubated overnight with the same
components as the Ab samples. An input control was also prepared whereby no
antibody was added to the chromatin and set aside until reverse crosslinking.

Following incubation, Ab and 1gG tubes were centrifuged at 2500 rpm for 30
seconds and placed on a magnetic rack. The supernatant containing the unbound
fraction was discarded and the Dynabeads were washed consecutively with 1 ml of the
following refrigerated buffers in this listed sequence: low salt wash buffer, high salt
wash buffer, LiCl wash buffer, TE wash buffer, and TE + 0.01% SDS wash buffer.
Each wash consisted of placing the samples on a magnetic rack, removing the previous
wash buffer, adding the new wash buffer, placing on rotating wheel for three minutes,
centrifuging for 30 seconds at 2500 rpm, and once again removing the wash buffer. This
sequence of steps was repeated for each wash buffer. After completion of the last wash,
the beads of Ab and IgG samples were resuspended with 100 ul of ChIP elution buffer,
which was also added to the input control samples. 2 ul of proteinase K was added to
the bound DNA (Ab and IgG) and input control samples, which were then incubated on
a thermomixer at 62°C for two hours with shaking at 1400 rpm to achieve reverse
crosslinking. DNA was recovered by DNA column purification (section__ ). Samples
were eluted with 60 pl of NE elution buffer. Downstream analysis by RT-gPCR was

then performed on purified samples.
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3.4. Real-Time Quantitative Polymerase Chain Reaction
3.4.1. Primer design
3.4.1.1. cDNA primers

Primers for RT-gPCR were designed using the NCBI Primer Blast software to
give a final length between 100-200 bp and have melting temperatures around 60°C.
Primers were designed in accordance with UCSC softwares (ENCODE and In-Silico

PCR) to ensure that the regions of interest are amplified.

3.4.1.2. ChlIP primers

Primers for RT-gPCR were designed using the NCBI Primer Blast software to
give a final length between 100-200 bp and have melting temperatures around 60°C.
Primers were designed in accordance with UCSC softwares (ENCODE and In-Silico
PCR) to ensure that the regions of interest are amplified. Selected regions were those
that had H3K4mel peaks along the span of the VCAM1 gene that would indicate an
increase in methylation. The array of designed primers included promotor, exonic,

intronic, and possible enhancer regions, where H3K4mel peaks were present.

3.4.2. RT-gPCR master mix preparation and run setup

Real-time quantitative polymerase chain reaction (RT-qPCR) amplification was
performed using the QuantStudio 3 Real-Time PCR System. To prepare the master mix
for each sample, 2ul of cODNA or ChIP sample, 6.5 ul of Precision ® FAST 2X gPCR
Master Mix, 0.25 ul of the forward primer, 0.25 ul of the reverse primer, and 3 ul of
nuclease-free water was added into each well of the 96-well plate. Reactions were

incubated for 10 minutes at 95°C, followed by 40 cycles of 95°C for 10 seconds and
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60°C for 30 seconds per cycle. Results were then analysed using the QuantStudio
Design and Analysis Software and relative fold changes were computed using the 2-4ACt

method for cDNA samples and the % input method for ChIP samples.

3.4.3. cDNA analysis

Normalization of expression levels was achieved by using H3F3A (H3.3
Histone A) as the housekeeping gene. Using the 2-24tmethod, first ACt was computed
to determine relative gene expression: ACt = Ct (Gene of interest) — Ct (H3F3A). Fold
change was then calculated by first calculating AACt = ACt (Experimental sample) -

ACt (Control average), followed by fold change in gene expression = 2-(AACH,

3.4.4. ChIP analysis

The method used to normalize the ChIP-gPCR data was the % input method.
ChIP-gPCR data was analysed using this method to account for normalization to the
amount of input chromatin. The input values were adjusted from 10% to 100% using

log base 2 of a dilution factor of 10.

% Input =100 x 2(Adjusted input — Ct of specific Ab)

3.4.5. Statistical analysis of RT-gPCR data

Results were plotted and visualized using GraphPad Prism (Version 8.3.1). The
mean + standard error (SEM) is presented, alongside the computed p-value where
p<0.05 is statistically significant. Comparison of the different groups was completed

using an ordinary one-way ANOVA test.
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3.5. Protein Expression Analysis

3.5.1. Whole cell protein extract

Cultured cells in 6-well plates were washed with ice-cold PBS and scraped with
a standard cell scraper. The contents of each well were transferred to 1.5 ml Eppendorf
tubes and centrifuged at 8000 rpm for 2 minutes to obtain the pellet. The supernatant
was discarded, and the pellet was resuspended with 100 ul of the whole cell protein
extract lysis buffer. The cells were then repeatedly lysed five times with a 21G needle
and then left incubate on a rotating wheel at 4°C for 20 minutes. Samples were then
centrifuged at 13500 rpm for 15 minutes at 4°C. The supernatants were collected and
transferred to new 1.5 ml Eppendorf tubes which were either used directly for further

analysis or stored at -20°C until further use.

3.5.2. Determination of protein concentration using Bradford’s assay

Protein concentration was measured by the means of the Bradford assay. 250 pl
of Bradford’s reagent was added to 5 pul of each of the BSA standards and 5 pl of each
protein sample in the wells of a 96-well assay plate. Absorbance readings were
measured at 595 nm using the Clariostar Microplate Reader. The relative protein
concentrations were determined by plotting the standard curve from the absorbance

values of the BSA standards.

3.5.3. Immunoblotting
Analysis of the expression of proteins of interest was completed using SDS-
PAGE. Whole cell lysates (30 pug) were combined with NUPAGE LDS sample buffer

(4X) and DTT (dithiothreitol) (50mM). Protein samples were then placed on a heating
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block at 95°C for 5 minutes to denature the proteins. Samples were then quickly loaded
into 4-15% Mini-PROTEAN® TGX™ precast protein gels, alongside the pre-stained
molecular weight size standard SeeBlue® Plus2. The gel was run in Bio-Rad
Tris/Glycine/SDS Buffer (1X) at 200 V for 30-45 minutes, until the marker dye had
reached the end of the gel. The separated proteins were transferred from the gel to a
Trans-Blot Turbo Mini 0.2 um PVDF Transfer membrane using the Trans-Blot®
Turbo™ Transfer system for 7 minutes at a constant current of 1.3A (up to 25 V).
Following the transfer, the membrane was first washed with TBS (1X) and then blocked
for 45 minutes with blocking buffer. The membrane was incubated overnight at 4°C
with the primary antibody RPL29me2 (rabbit), diluted in blocking buffer (1:2000
dilution). Following primary antibody incubation, the membrane was washed 4 times
for 5 minutes each in TBST(1X) on a rocker at room temperature. Secondary antibody
incubation was then performed by adding the secondary antibodies (listed in materials)
diluted in TBST (1X) (1:10,000 dilution) for one hour at room temperature. The
membrane was washed 4 times for 5 minutes each with TBST (1X). Scanned with LI-

COR Odyssey.

3.6. Bioinformatics Methodology
3.6.1. Analysis of RNA-Seq Data using Partek Flow
Fastq files from previously performed RNA-sequencing of Set7KO/ ApoE "/
diabetic kidney tissue of mice were imported into the bioinformatics software Partek
Flow and sample attributes were assigned accordingly to each group. Following STAR
alignment to the mus musculus genome (mmZ10) and quantification to an annotation

model (Partek E/M), the generated reads were filtered (maximum < 10) and the
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resultant gene transcripts were normalized by counts per million (CPM) and subjected
to differential gene specific analysis (GSA). Differentially regulated genes were
determined by applying the filter features FDR < 0.05 and p < 0.05. Enrichment scores

of gene sets were identified using gene set enrichment analysis (GSEA).
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CHAPTER 4

RESULTS

4.1. Overview of experimental study design

In order to highlight the role of Set7 inhibition, we adopted an experimental
study design to assess the function of Set7 in gene regulation (Figure 2). The foundation
of our study was based on the two experimental models, in vivo mouse model with
genetically inhibited Set7 and in vitro HMEC-1 cell culture models with
pharmacologically inhibited Set7. RNA-seq data sets of these two experimental models
were analysed and specific genes of statistical and biological significance in a diabetic
milieu were selected for functional analysis (VCAM1, SOD2, NOS3, ANGPTL4, MMP9,
TIMP3, IL1B, and CCL2). Differential gene expression changes were further validated
in vitro in HMEC-1 cells, stimulated with TNFa and treated with (R)-PFI-2 to inhibit
Set7 using gPCR. In order, to investigate the role of Set7 in regulating gene expression,
chromatin immunoprecipitation was performed to detect changes in H3K4mel

enrichment patterns, specifically along regions of the gene VCAML.
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Figure 2: Comprehensive overview of experimental study design and illustration of

experimental approaches implemented throughout the study

Experimental models were comprised of diabetic mouse models and HMEC-1
cell culture, where diabetes was induced using streptozotocin (STZ) and TNFa.
respectively. Set7 was inhibited by genetic knockout using a viral vector in the mouse
models and by a pharmacological agent (R)-PFI-2 in cell culture. Kidney dissection
followed by preparation protocols for RNA sequencing were completed. RNA-seq data
analysis revealed several genes of interest that are potential contributors to diabetic
complications. Gene expression changes were validated in Set7 inhibited HMEC-1 cell
culture treated with TNFa, using gPCR. H3K4mel enrichment patterns were
investigated across VCAM1 gene to assess the possible association between Set7

activity and gene regulation.

48



4.2. Comparison of experimental groups in RNA-seq dataset of diabetic mouse
kidney reveals patterns of differential gene regulation

Using the RNA-seq data set of the diabetic mouse kidney, differential gene
expression changes are shown in volcano plots (Figure 3. and 4.) to provide an
overview of differential gene activity between experimental groups. RNA-sequencing
detected a total of 19263 genes.

Comparative analysis of the Diabetic vs. Control group showed that 7483 genes
were statistically significant (p < 0.05), after the exclusion of the fold change (FC)
range -2 to 2, 887 genes were upregulated, and 316 genes were downregulated. The
DKO Diabetic vs. Diabetic group had 215 upregulated genes, and 160 downregulated
genes (p < 0.05; FC range -2 to 2). The DKO Control vs. Control group 156 upregulated
genes, and 170 downregulated genes (p < 0.05; FC range -2 to 2). The DKO Diabetic
vs. DKO Control group 533 upregulated genes, and 42 downregulated genes (p < 0.05;
FC range -2 to 2). Taken together, these differential gene expression changes are

indicative of the effects of diabetic conditions and Set7 inhibition, which were selected

for further analysis to establish biological significance.
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Figure 3: Genome-wide changes in gene expression in different comparative groups
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Volcano plots were generated in Partek Flow®. Significantly upregulated genes
are shown in red and downregulated genes are shown in blue (p < 0.05). The fold

change (FC) range of -2 to 2 was excluded when filtering for significant differentially

regulated genes.
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Figure 4: Patterns of gene dysregulation in the absence of Set7 between experimental
groups to demonstrate the role of Set7 in regulating gene expression profiles in the STZ

mouse models

Volcano plots were generated in Partek Flow®. Significantly upregulated genes
are shown in red and downregulated genes are shown in blue (p < 0.05). The fold
change range (FC) of -2 to 2 was excluded when filtering for significant differentially

regulated genes.
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4.3. Pathway analysis of RNA-Seq data of Set7KO in the diabetic mouse kidney
identifies significant genes associated with endothelial dysfunction

Previous studies have shown strong association of Set7 in gene regulation,
specifically in genes related to endothelial dysfunction in diabetes (Brasacchio et al.,
2009; Paneni et al., 2015). As an initial approach to exemplify the functionality of Set7
and its subsequent inhibition within diabetic endothelial dysfunction, we analysed
previously sequenced bulk RNA-Seq data of Set7-knockout (-/-) and ApoE-knockout (-
/-) diabetic mouse kidney using the software Partek Flow®. Genome-wide changes in
gene expression induced by Set7KO were analysed by GSEA to assign biological
functional significance to the data set. Briefly, using GSEA the gene expression data
from diabetic mouse kidney was intersected with a publicly available gene set
repository, Gene Ontology (GO), downloaded from the Molecular Signature Database
(MSigDB) (https://lwww.gsea-msigdb.org/gsea/msigdb). GSEA analysis identified gene
sets grouped based on their association with specific biological processes. Enrichment
scores (ES) are allocated to each gene set, reflecting the extent of overrepresentation or
underrepresentation of genes in a pathway.

A comprehensive figure was generated in RStudio to visualize the enrichment
score patterns of gene sets and the corresponding genes of interest in the experimental
conditions (Figure 5). Generated differential pathway results were based on the
contrasts between the experimental conditions, diabetic vs. control and double-knockout
diabetic (DKO) vs. diabetic (Figure 5A). Gene sets were ranked based on false
discovery rate (FDR < 0.05). The log fold changes of differentially regulated genes
were plotted within their corresponding gene sets and were ranked by statistical

significance (FDR < 0.05) (Figure 5.C).
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Computational analysis using GSEA was indicative of genome-wide changes
imposed by the knockout of Set7 in the diabetic mouse kidney tissue based on the DKO
Diabetic vs. Diabetic comparison, to highlight the activity of Set7 and its effects on
gene expression. Most importantly, we show pathways that are reversed by Set7 genetic
inhibition (Diabetic vs. Control and DKO Diabetic vs. Diabetic). Top pathways that
were upregulated in diabetic conditions and reversed in Set7 KO include cytokine
activity, carboxylic acid binding, inflammatory response, oxidoreductase activity,
regulation of peptidase activity, and negative regulation of hydrolase activity. Pathways
that were downregulated in diabetic mouse kidney and subsequently upregulated in Set7
KO include cell regulatory processes such as cellular response to growth factor
stimulus, regulation of MRNA metabolic process, transcription regulatory region DNA
binding, and cell projection assembly.

From these significant dysregulated pathways associated with diabetic
endothelial function, several genes including VCAM1, SOD2, NOS3, ANGPTLA4,
MMP9, TIMP3, IL1B, and CCL2, were assessed in human microvascular endothelial

cells (HMEC-1).
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Figure 5: Comprehensive overview of computational analysis of diabetic mouse
kidney bulk RNA-seq data

A. Colour-coded heat map of upregulated (white to red) and downregulated (white
to blue) gene sets based on filtering by statistical significance of p <0.05 and FDR <
0.05 in the comparison groups Diabetic vs. Control and DKO Diabetic vs. Diabetic. B.
The graph depicts the enrichment scores of the selected gene sets branching from the
heat map. Positive values indicate upregulation and negative values indicate
downregulation of gene sets C. The log fold change of differentially regulated genes
within the selected gene sets are plotted. Opposing directions (positive and negative)
indicate reversal of gene expression changes between the comparison groups. These
genes were empirically selected based on statistical parameters used for selection

criteria include p < 0.05 and FDR < 0.05.

4.4. HMEC-1 and diabetic mouse kidney show similar changes in endothelial-
specific genes associated with inflammatory response
Following the pathway analysis of the bulk RNA-seq of diabetic mouse kidney,
we analysed HMEC-1 RNA-seq for an endothelial cell-specific approach to examine the
correlation between the gene expression patterns of the two data sets.

The experimental groups that were compared include TNFa vs. Control and
PFI+TNFa vs. TNFa and expression are plotted (Figure 6). Comparison of the fold
changes (Log?2 scale) of the selected genes reveal that gene expression patterns are
similar in diabetic mouse and human endothelial cells.

In HMEC-1 cells treated with TNFa vs Control group, VCAM1, CCL2, IL1B,

MMP9, and SOD2 were upregulated; from this VCAM1, CCL2, and MMP9 showed
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similar patterns of gene with the bulk RNA-seq of diabetic mouse kidney. NOS3 was
downregulated in the TNFo vs Control group, however it was upregulated in the
diabetic mouse kidney. TIMP3, a key regulator of ECM showed no activity in HMEC-1
cells, however, it was significantly downregulated in the diabetic mouse kidney.

Next, we show gene expression changes caused by Set7 inhibition in the groups
DKO Diabetic vs. Diabetic and PFI+ TNFa vs. TNFa shows that CCL2 was
downregulated and IL1B was upregulated by Set7 inhibition in both genetic and
pharmacological models. Interestingly, VCAM1, MMP9, TIMP3, NOS3, SOD2 gene
expression profiles were inversely correlated between the two data sets.

Overall, differential gene expression patterns are similar between the two data sets

and this provides a foundation to investigate the functionality of Set7 and its role in

gene regulation within the scope of diabetic endothelial dysfunction.
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4.5. Pharmacological inhibition of Set7 in HMEC-1 cells attenuates gene
expression changes induced by TNFa

One of the primary causal contributors to diabetic endothelial dysfunction is
induction of inflammation characterized by the upregulation of inflammatory markers,
cytokines, and chemokines (Steyers & Miller, 2014). TNFa. is a recognized potent
stimulator of inflammation in various tissues and organs. To simulate diabetic
inflammatory conditions, HMEC-1 cells were exposed to TNFa and the Set7 inhibitor
PFI and gene expression profiles of VCAML1, SOD2, MMP9, NOS3, ANGPTL4, IL1B,
CCL2, and TIMP3 were evaluated by gPCR in the following experimental groups:
TNFa, PFI, and PFI+TNFa. We show significant upregulation of VCAM1, SOD2,
MMP9, NOS3, IL1B, CCL2, and TIMP3, whereas ANGPTL4 was downregulated in
response to TNFo compared the controls (Figure 7-10).

TNFa upregulated genes implicated in immune response signalling (Figure 7C).
VCAML, IL1B, and CCL2 were significantly upregulated in response to TNFo (**** p
< 0.0001). Gene expression profiles were consistent for inflammatory mediators
upregulated in diabetic conditions (Figure 7A and 7B). Next, we examined if (R)-PFI-2
could reverse changes in gene expression induced by TNFa. Interestingly, (R)-PFI-2
initiated changes in the endothelial transcriptome in normal conditions (PFI vs. Control)
and reversed the expression of inflammatory genes induced by TNFa (PFI + TNFa. vs.
TNFa.). The results observed in HMEC-1 cells are consistent the gene expression

profiles obtained from the RNA-seq data sets (Figure 7A-C).

58



Extracellular matrix regulation and oxidative stress mechanisms are also altered
in diabetic conditions; thus, we show the expression profiles of NOS3, SOD2, TIMP3,
and MMP9 (Figure 8A and Figure 9A).

Regulators of the extracellular matrix, TIMP3 and MMP9, showed increased
gene expression in the TNFa stimulated HMEC-1 RNA-seq, however (R)-PFI-2 did not
attenuate TIMP3 and MMP9 expression. Conversely, validation in the in vitro models
showed reduction in TIMP3 and MMP9 expression in response to (R)-PFI-2 in diabetic
inflammatory conditions (Figure 8B and 8C).

Genes implicated in vascular oxidative stress, NOS3 and SOD2, were
upregulated in response to TNFa. Addition of PFI to TNFa resulted in further
upregulation of gene expression relative to the TNFo group (Figure 9B and 9C).

Genes that are associated with lipid metabolism and cholesterol biosynthesis
were also further assessed. ANGPTL4 exhibited decreased expression in response to
TNFa (Figure 10B and 10C); these findings are not consistent with the bulk kidney
RNA-seq results (Figure 10A). Set7 inhibition using (R)-PFI-2 in the presence of TNFa
notably reversed ANGPTL4 expression in HMEC-1 cells (Figure 10C).

Taken together, expression profiles of genes associated with inflammation,
ECM regulation, vascular oxidative stress, and lipid metabolism (Figures 7-10) were
validated in RT-gPCR and showed similar signatures for several genes compared to the
RNA-seq. Further analyses would be required to gain an understanding of the
transcriptomic regulation of these individual genes, but for this study, we were

primarily interested in inflammatory markers, specifically VCAML.
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Figure 7: Set7 inhibition attenuates gene expression of inflammatory mediators

HMEC-1 cells were treated with 15 uM (R)-PFI-2 and stimulated with TNFa
for 72 hours. Quantification of mRNA levels was completed by RT-qPCR. H3F3A was
used as a reference gene. n=3 per group. * p < 0.05, ** p <0.01, *** p < 0.001 and
**** n < 0.0001 (C). Gene expression profiles of genes associated with inflammation in
three different data sets: bulk RNA-seq diabetic mouse kidney (A), RNA-Seq of
HMEC-1 treated with TNFa and (R)-PFI-2 (B), and in vitro validation of gene

expression changes conferred by Set7 inhibition in HMEC-1 cell culture (C).
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Figure 8: Gene expression profiles implicated in the extracellular matrix regulation

HMEC-1 cells were treated with 15 uM (R)-PFI-2 and stimulated with TNFo
for 72 hours. Quantification of mRNA levels was completed by RT-qPCR. H3F3A was

used as a reference gene. n=3 per group. * p < 0.05, ** p < 0.01, *** p < 0.001 and

**** p <0.0001 (C). Gene expression profiles of genes associated with inflammation in
three different data sets: bulk RNA-seq diabetic mouse kidney (A), RNA-Seq of
HMEC-1 treated with TNFa and (R)-PFI-2 (B), and in vitro validation of gene

expression changes conferred by Set7 inhibition in HMEC-1 cell culture (C).
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A. Bulk Kidney RNA-Seq Data B. HMEC-1 RNA-Seq Data C. In Vitro Validation in HMEC-1 by gPCR
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Figure 9: Gene expression profiles associated with vascular oxidative stress

HMEC-1 cells were treated with 15 uM (R)-PFI-2 and stimulated with TNFo
for 72 hours. Quantification of MRNA levels was completed by RT-gPCR. H3F3A was

used as a reference gene. n=3 per group. * p <0.05, ** p < 0.01, *** p < 0.001 and

**** n < 0.0001 (C). Gene expression profiles of genes associated with inflammation in
three different data sets: bulk RNA-seq diabetic mouse kidney (A), RNA-Seq of
HMEC-1 treated with TNFa and (R)-PFI-2 (B), and in vitro validation of gene

expression changes conferred by Set7 inhibition in HMEC-1 cell culture (C).
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A. Bulk Kidney RNA-Seq Data B. HMEC-1 RNA-Seq Data C. In Vitro Validation in HMEC-1 by qPCR
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Figure 10: Gene expression profiles associated with lipid metabolism and cholesterol

regulation

HMEC-1 cells were treated with 15 uM (R)-PFI-2 and stimulated with TNFo
for 72 hours. Quantification of mRNA levels was completed by RT-qPCR. H3F3A was

used as a reference gene. n=3 per group. * p < 0.05, ** p < 0.01, *** p < 0.001 and

**** p < 0.0001 (C). Gene expression profiles of genes associated with inflammation in
three different data sets: bulk RNA-seq diabetic mouse kidney (A), RNA-Seq of
HMEC-1 treated with TNFa and (R)-PFI-2 (B), and in vitro validation of gene

expression changes conferred by Set7 inhibition in HMEC-1 cell culture (C).
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4.6. Set7 inhibition alters patterns of H3K4mel enrichment at several loci across
VCAM1

VCAML is an inflammatory mediator that functions to regulate vascular cell
adhesion and migration. Knowing that inflammation is a hallmark of diabetic
endothelial dysfunction, we were prompted to further investigate this specific gene due
to the prominence of its gene expression profile among the analysed data sets. VCAM1
exhibited a significant increase in gene expression in both Diabetic vs. Control in the
diabetic mouse kidney and TNFa vs. Control groups in HMEC-1 cells (Figure 7).
Conversely, VCAM1 was significantly downregulated in response to genetic and
pharmacological inhibition of Set7. Our aim was to identify if the activity of the
methyltransferase Set7 was in fact responsible for the downregulation of VCAM1
expression in the experimental groups treated with the Set7-inhibiting agent, (R)-PFI-2.
We assessed H3K4mel using chromatin immunoprecipitation (ChIP), on chromatin
isolated from HMEC-1 cells treated with TNFa and (R)-PFI-2. The UCSC Genome

Browser (https://genome.ucsc.edu/cgi-bin/hgPcr) was used to identify H3K4

monomethylated regions along VCAML. Primers were designed accordingly, ensuring
that they were aligned with H3K4mel peak regions, as well as reported enhancer
regions. Our results showed significant decrease in H3K4mel enrichment at VCAM1
P2-region in response to (R)-PFI-2 (Figure 11). TNFa significantly increased
H3K4mel enrichment by 33% (*** p < 0.001) and treatment with PFI in the PFI +
TNFa group significantly reversed the H3K4mel enrichment (**** p < 0.0001) (Figure
11). Interestingly, this region is aligned with a reported enhancer region upstream of the
gene VCAML1 and is reported to interact with the promoter region of VCAM1. This

interaction between regulatory elements indicates that Set7 could be responsible for the
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alteration of the gene expression profile of VCAML1 in diabetic conditions. Furthermore,
no significant decrease in H3K4me1l enrichment had occurred in response to (R)-PFI-2
(Figure 12). Some regions showed decreased H3K4mel at VCAML1 (Regions - P3, P5,
P6, P8, P11), however, statistical analysis listed these changes as not significant.

Our results are promising and reveal that pharmacological Set7 inhibitors play a
role in the modulation of gene expression in human microvascular endothelial cells.
Manipulation of the enzymatic activity of Set7 could provide a platform for attenuating
TNFa-induced vascular inflammation via histone mechanisms and assessing

pharmacological anti-inflammatory therapeutics in diabetic complications.
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Figure 11:
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Figure 12: H3K4mel enrichment levels of genomic regions along VCAM1 computed from RT-qPCR data to investigate association

between Set7 inhibition and gene regulation
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Figure 11: Comprehensive overview of H3K4mel enrichment along VCAM1
Primers were designed along genomic regions of VCAML1 that display peaks in
H3K4mel enrichment. Computation of RT-gPCR data using the % input method was
reflective of the effects of Set7 inhibition and gene regulation of VCAML1 through
analysis of changes in H3K4mel enrichment. VCAM1 P2 showed significant reduction
in H3K4mel enrichment in the TNFa and (R)-PFI-2 treated group and this region is
reported to interact with the promoter region of VCAM1, hence leading to the possibility

of Set7 regulating the gene expression of VCAML in inflammatory conditions.

Figure 12: H3K4mel enrichment levels of genomic regions along VCAM1
computed from RT-qPCR data to investigate association between Set7 inhibition
and gene regulation

Extracted chromatin from HMEC-1 cells treated with TNFa and (R)-PFI-2 were
subjected to chromatin immunoprecipitation and incubated with a H3K4mel antibody.
The experimental setup consisted of the groups: input (control) and antibody
(H3K4mel). RT-gPCR was performed with primers specifically designed for genomic
regions along the gene VCAML1 and data was analysed using the % input calculation
method (% Input = 100 x 2(Adjusted input - Ctof specific Ab)) ‘n=2 per group. * p < 0.05, ** p <

0.01, *** p < 0.001 and **** p < 0.0001
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CHAPTER 5

DISCUSSION

The endothelium plays a crucial role in the maintenance of vascular
homeostasis. Physiological functions of the endothelium include leukocyte
extravasation, regulation of thromboresistance, and ensuring adequate blood flow via
modulation of vascular tone (Sena et al., 2013). However, imbalances in these
regulatory mechanisms can result in the genesis of endothelial dysfunction. Altered
physiological states that induce the cascade of events culminating to endothelial
dysfunction include altered glucose homeostasis, chronic inflammation, and increased
production of reactive oxygen species (ROS) (Hartge, Unger, & Kintscher, 2007).
Diabetes-induced endothelial dysfunction is a gateway to the genesis of diabetic
vascular complications and disease, such as cardiovascular disease (Gamrat, Surdacki,
Chyrchel, & Surdacki, 2020). Therefore, building an understanding and exploring
possible therapeutic approaches towards endothelial dysfunction is essential in the
prevention of vascular complications in a diabetic setting.

Histone lysine methylation is a key contributor to transcriptional regulation, and
consequently gene expression regulation. The histone methyltransferase, Set7, modifies
chromatin by monomethylation of the lysine residue 4 of histone 3 (H3K4mel).
Emergence of recent experimental evidence has established links between post-
translational modifications (PTMs) and gene deregulation within the scope of
pathological diseases, such as diabetes (Keating & El-Osta, 2013). Loss-of-function

studies have successfully demonstrated how Set7 directs changes in gene expression
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profiles in experimental models of human microvascular endothelial cells (HMEC-1)
where over 8,000 genes were differentially dysregulated (Keating et al., 2014).
Identification of pharmacological selective inhibitors of Set7 have aided the
investigation into the association of its molecular activity and regulating gene
expression. Recognition of the capability of (R)-PFI-2, a Set7 inhibitor, has improved
the feasibility to study the regulatory activity of this enzyme (Barsyte-Lovejoy et al.,
2014). To further our overall understanding of these mechanistic links and gain
additional insight into the underlying molecular mechanisms governing such epigenetic
modifications in endothelial dysfunction, we assessed the effects of Set7 inhibition on
the regulation of the endothelial transcriptome in diabetic inflammatory conditions.
Pathway analysis using RNA-sequencing in diabetic mouse kidney distinguished
gene expression patterns in Set7 genetic inhibition (Figure 5). GSEA showed
dysregulation in a wide array of biological pathways, where genes involved in
regulatory cell processes exhibited prominent changes. Genes in pathways associated
with endothelial dysfunction, which include vascular inflammation, extracellular matrix
(ECM) dysregulation, oxidative stress, and altered lipid metabolism, were assessed. In
diabetic mice, top pathways that were upregulated and subsequently reversed in Set7
KO include cytokine activity, carboxylic acid binding, inflammatory response,
oxidoreductase activity, regulation of peptidase activity, and negative regulation of
hydrolase activity. These pathways are fundamental contributors to the onset and
persistence of chronic systemic inflammation (Charlton, Garzarella, Jandeleit-Dahm, &
Jha, 2020; Fingleton, 2017). Gene-specific analysis of these pathways identified key

genes implicated in each of the pathways (VCAM1, IL1B, CCL2, TIMP3, MMP9, NOS3,
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SOD2, and ANGPTL4) and demonstrated the overall effect of Set7 inhibition on
genome-wide transcriptional regulation.

Analysis of the endothelial transcriptome in the HMEC-1 data set examined the
role of pharmacological Set7 inhibitors, specifically (R)-PFI-2, in the transcriptional
regulation of TNFa-dependent gene expression in HMEC-1 cells. Pathway analysis
revealed altered gene expression profiles in response to TNFa stimulation and the
subsequent ability of PFI to reduce TNFa-activated gene expression (Figure 6),
specifically of those involved in the inflammatory response such as cytokine and
chemokine signalling (Figure 7.B and C). GSEA and in vitro validation revealed that
TNFa upregulated gene expression of adhesion molecules and pro-inflammatory
cytokines. In standard physiological conditions, PFI significantly reduced the gene
expression of inflammatory mediators VCAM, IL1B, and CCL2. Moreover, in TNFa
stimulated conditions, (R)-PFI-2 was able to reverse TNFa-induced gene expression of
VCAML1 and CCL2, but not of IL1B as also observed in the diabetic mouse kidney. On
the other hand, the expression of TIMP3, MMP9, NOS3, SOD2, and ANGPTL4
implicated in endothelial dysfunction were also altered by TNFa and but responded in
unanticipated manner to pharmacological inhibition of Set7. Targeted pharmacological
Set7 inhibition showed attenuation of inflammatory signalling cascades and suggests
TNFa-mediated activation of inflammatory and immune responses in human
microvascular endothelial cells may be dependent on the activity of Set7. Importantly,
our findings demonstrated a degree of correlation between TNFo-mediated genome-

wide expression and diabetic mouse kidney RNA profiles.
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We also observed some inconsistency in response to (R)-PFI-2 inhibition
between HMEC-1 findings and mouse diabetic kidney. This could be attributed to
specific experimental conditions of each data set. Firstly, the RNA-seq data of the
diabetic mouse kidney is comprised of bulk kKidney tissue, meaning that numerous cell
types exist within the tissue extract. Gene expression changes are therefore
representative of the combination of cell subtypes rather than a single cell type. On the
other hand, the RNA-seq data of treated HMEC-1 cells solely reflects the gene
expression changes of one specific cell type. Also, the mode of induction of diabetic
conditions in animals could be a causal factor of variation between gene expression
trends. Mouse models were administered streptozotocin (STZ) which is toxic to
pancreatic B-cells that are responsible for producing insulin, whereas HMEC-1 models
were treated with TNFa to induce inflammation which is another pathophysiological
feature of diabetes. So, it can be clearly noted that each data set reflects two distinct
characteristic conditions of diabetes and perhaps could be explain the differences.
Lastly, the method used to inhibit Set7 also differs between both experiments; the
diabetic mouse kidney was subjected to Set7 knockout whereas HMEC-1 cells were
treated with the Set7-inhibiting drug, (R)-PFI-2. Recent studies have presented
experimental evidence showing that Set7 may be accompanied by other histone
methyltransferases in writing mono-methylation of H3K4 (Keating et al., 2014). This
raises the possibility of the involvement of compensatory enzymes in the complete
absence of Set7 in the genetic knock-out model. All things considered; the listed

reasons serve as limitation in comparing gene expression patterns among the data sets.
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Quantitative analysis of in vitro validation of gene expression in HMEC-1 cells
was completed and figures were generated from the previously analysed RNA-seq data
sets, bulk mouse kidney RNA-seq and HMEC-1 RNA-seq (Figures 7, 8, 9, and 10), to
conduct a comparative analysis and assess consistency of then data trends among the
three data sets. The set of genes selected from the RNA-seq data sets were grouped
according to their biological function: inflammation (Figure 7.), extracellular matrix
regulation (Figure 8.), oxidative stress mediators (Figure 9.), and lipid metabolism
(Figure 10.).

Inflammation is a hallmark of endothelial dysfunction in diabetes mellitus.
Pathophysiological mechanisms associated with the onset of diabetes trigger the release
of inflammatory mediators, such as cytokines, in response to the deviation from glucose
homeostasis. Prolonged activation of immune responses associated with inflammation
can be harmful to cells. For instance, persistent inflammation in a diabetic milieu is a
primary cause of endothelial dysfunction and cardiovascular disease (Castellon &
Bogdanova, 2016; Steyers & Miller, 2014). TNFa is a recognized cytokine that has
significant role in eliciting inflammatory responses and inducing robust immune
responses (Croft et al., 2012; Horiuchi, Mitoma, Harashima, Tsukamoto, & Shimoda,
2010). Responses stimulated by this pro-inflammatory cytokine are precursors of
endothelial dysfunction, thus it was ideal to use as a stimulant in our study
(Kleinbongard, Heusch, & Schulz, 2010; Mudau, Genis, Lochner, & Strijdom, 2012;

Steyers & Miller, 2014).
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GSEA of the RNA-seq data of the diabetic mouse kidney showed positive
enrichment of inflammatory response and cytokine activity pathways. Of clinical
significance, the overactivity of cytokines and inflammatory mediators is associated
with dysfunctional cellular activity. Genes exhibiting prominent roles in inflammatory
and immune responses included in the GSEA pathways are VCAM1, IL1B, and CCL2,
which were upregulated in inflammatory conditions (TNFa and Diabetic groups)
(Figure 7.)

Upregulation of the vascular cell adhesion molecule 1 (VCAML1) is a phenotypic
feature of endothelial dysfunction (Habas & Shang, 2018). VCAML1 is critical in
mediating leukocyte adhesion and trans-endothelial migration(Abdala-Valencia,
Berdnikovs, & Cook-Mills, 2011). Progression of atherosclerosis is closely linked to
mechanisms of vascular inflammation and endothelial dysfunction (Petrie, Guzik, &
Touyz, 2018). It has been reported that VCAML1 is highly expressed throughout the
formation of atherosclerotic plaque and plays a prominent role in the progression of
atherosclerosis via compromising the integrity of the endothelial lining of blood vessels
(Cook-Mills, Marchese, & Abdala-Valencia, 2011). Analysis of the TNFa.-stimulated
gene expression profile of VCAM1 in HMEC-1 cells exhibited a significant increase in
VCAML expression, as well as in the diabetic mouse model. This data corroborates a
previous report which showed the upregulation of VCAML1 in endothelial cells in the
presence of TNFa (J. X. Yang et al., 2016). In response to Set7 inhibition, VCAM1
expression was significantly attenuated in HMEC-1 cells. It is essential to understand
the underlying mechanisms pertaining to the function of VCAML1 signalling in
inflammation and disease progression to develop an approach to modulate VCAM1-

dependent inflammation in endothelial dysfunction. Our results suggest a role for Set7
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in gene regulation of VCAML1 and possibly lead to an anti-inflammatory therapeutic
approach in diabetic settings through pharmacological inhibition of Set7 using (R)-PFI-
2.

In addition to VCAML, increased gene expression of pro-inflammatory cytokines
is implicated in the genesis of vascular endothelial dysfunction and cardiovascular
disease. Substantial expression of IL1B is characteristic of atherosclerotic lesions and it
has been demonstrated that pharmacological intervention reduced development and
progression of atherosclerosis (Bhaskar et al., 2011; Chamberlain et al., 2006).
Interleukin 1-B (IL-7p) is a pro-inflammatory cytokine that is responsible for reinforcing
auto-inflammatory cellular signalling, thus further exacerbating development of
complications. The interleukin family is categorized based on their ability to either
augment or inhibit an inflammatory response. Pro-inflammatory interleukins include IL-
1, IL-2, IL-6, IL-7, IL-8, IL-15, IL-17, and IL-18, whereas anti-inflammatory
interleukins include IL-4, IL-10, IL-11, IL-12, and IL13 (Peiro, Lorenzo, Carraro, &
Sanchez-Ferrer, 2017). Mounting evidence has demonstrated the increased expression
of IL-7p in hyperglycaemic and inflammatory conditions (Holmes, 2017), which was
expectedly detected in our TNFa-stimulated HMEC-1 RNA-seq pathway analysis
(Figure 7.B). Malfunctioning of the vascular endothelium is an early manifestation and
precursor of vascular disease. Upregulation of pro-inflammatory cytokines have been
shown to be dominantly expressed in atherosclerotic lesions of in vitro and in vivo
models (Liu et al., 2014). Endothelial dysfunction evoked by IL-74 plays a key role in
the development of cardiovascular complications, hence establishing a therapeutic
approach that aims to reduce its expression and prevent progression of the disease is an

ideal objective. Pharmacological inhibition of IL-/ has been successfully achieved and
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approved for clinical use in recent years. These drugs include Anakira, an IL-1R«
receptor antagonist, Rilonacept, a soluble decoy receptor, and Canakinumab, a
monoclonal anti-1L- /4 that neutralizes soluble IL-74 (Dinarello, Simon, & van der
Meer, 2012). Our results show that Set7 inhibition could provide a novel alternative
approach through targeting epigenetic modifications, rather than intracellular signalling
mechanisms. Consistent with these reports, GSEA pathway analysis and in vitro
validation of gene expression profiles in HMEC-1 cells showed a reversal in IL-1p
expression in the Set7-inhibited models, using the pharmacological agent (R)-PFI-2.
Although further study would be required, our findings provide a possible approach in
attenuating diabetes-induced chronic inflammation by targeting this pro-inflammatory
cytokine and thus delaying the onset of atherosclerotic manifestations.

The pro-inflammatory chemokine, chemokine (C-C motif) ligand 2 (CCL2), is
also associated with endothelial dysfunction. It is also known as monocyte
chemoattractant protein (MCP-1). The CCL2/CCR2-axis is responsible for the
mediation of monocyte chemotaxis and extravasation upon exposure to inflammatory
stimuli, such as TNFa (Gschwandtner, Derler, & Midwood, 2019). Excessive monocyte
infiltration results in exacerbation of vascular diabetic complications. Recruitment of
monocytes to sites of inflammation, such as developing atherosclerotic lesions,
influences the progression of atherosclerosis (Noels, Weber, & Koenen, 2019). In this
study, diabetic settings increased CCL2 gene expression in both TNFa-stimulated
HMEC-1 cells and diabetic mouse kidney. We detected reduction of TNFa-induced and
STZ-induced gene expression of CCL2 by Set7 inhibition. Taken together, our data
highlights the competence of (R)-PFI-2 to regulate inflammation-induced gene

expression.
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In response to inflammatory insults to the endothelium, endothelial cells release
a wide array of inflammatory mediators and growth factors that could be a contributor
to ECM deposition and remodelling (Sziksz et al., 2015). MMPs are a family of
proteolytic enzymes that are responsible for the degradation of ECM components such
as collagen, proteoglycans, and elastin. MMPs play a key role in vascular remodelling,
in which they have the ability to alter blood vessel size and composition. These
regulatory processes are crucial in dictating vessel plasticity and repair. Excessive
secretion of these proteolytic enzymes can lead to dysregulated vascular remodelling
and atherosclerosis. Previous research has demonstrated the presence of MMPs in
atherosclerotic plaques and in regions proximal to foam cell clusters (Olson et al.,
2008). The modulation of MMP expression is critical to the regulation of their
overactivity and therefore cardiovascular disease progression. In a previous study,
overexpression of MMP9 has been shown to directly affect endothelial cells where it
exerts pro-apoptotic and pro-inflammatory properties through enzyme activation of a
classical thrombin receptor expressed on vascular endothelial cells, protease activated
receptor-1 (PAR-1) (Florence, Krupa, Booshehri, Allen, & Kurdowska, 2017).
Proteinase inhibitors, known as tissue inhibitors of metalloproteinases (TIMPS),
regulate the activity of MMPs. Overexpression of MMPs is postulated to be linked to
unbalanced expression of TIMPs. Imbalances in the MMP-TIMP ratio, that favour
increased ECM degradation, may promote the development of diabetic-induced
atherosclerosis. Reported findings have detected decreased expression of TIMP3 in
atherosclerotic plaques in patients with type 2 diabetes (Cardellini et al., 2009). We
aimed to investigate the capacity of (R)-PFI-2 to attenuate TNFa-activated gene

expression of genes implicated in ECM regulation, MMP9 and TIMP3. Set7 inhibition
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was able to attenuate MMP9 expression in the diabetic mouse model and the in vitro
validation in TNFa -stimulated HMEC-1 cells, however HMEC-1 RNA-seq reported
increased expression. RNA-seq data sets of both diabetic mouse kidney and TNFa-
stimulated HMEC-1 cells demonstrated decreased TIMP3 expression in diabetic
inflammatory conditions, consistent with published findings. On the contrary, in vitro
validation in HMEC-1 cells detected increased TIMP3 expression in the TNFa-
stimulated group. Previous research has demonstrated that overexpression of TIMP3
results in a decreased inflammatory response and progression of atherosclerotic plaques
in mice (Casagrande et al., 2012). Set7 inhibition using genetic knockout resulted in
upregulation of TIMP3 whereas pharmacological inhibition using (R)-PFI-2 did not
demonstrate the expected increase in gene expression. These results provide a
promising approach to reducing vascular complications of endothelial dysfunction,
however the exact effect of Set7 activity on the regulation of these genes remains
obscure based on obtained results. Interestingly, the concurrent attenuation of MMP9
and TIMP3 by Set7 inhibition could prove to be valuable in re-establishing normal
regulatory conditions of the extracellular matrix and restoring the MMP-TIMP ratio,
thus hindering progression of atherosclerosis. Additional study is required to solidify
this postulation and rule out possibilities of technical errors and data discrepancies.
Oxidative stress, resulting from an imbalance of the production and degradation
of reactive oxygen species (ROS), has been shown to be a possible contributor to
endothelial dysfunction and atherosclerosis. The endothelial NOS (eNOS) enzyme, also
known as nitric oxide synthase 3 (NOS3), is encoded by the NOS3 gene. It has been
reported to possess anti-atherosclerotic functions, such as the production of the

vasodilatory agent nitric oxide (NO), inhibition of platelet aggregation, and limits
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immune cell adhesion (Schulz, Gori, & Munzel, 2011). Reduced endothelium-
dependent relaxations (EDR), induced by NO, are present in atherosclerotic vessels due
to the likely cause of the reduced bioavailability of NO (Kawashima & Yokoyama,
2004). Decreased eNOS expression has been postulated to be a cause of endothelial
dysfunction, however several studies show the opposite (Forstermann & Munzel, 2006).
Studies have shown that eNOS deficiency accelerates the formation of atherosclerotic
lesions (Oemar et al., 1998). Conversely, in studied atherosclerotic animal models with
impaired EDR, an increased expression of eNOS was reported (d'Uscio, Smith, &
Katusic, 2001). This duplicitous nature of eNOS may result from tetrahydrobiopterin
(BH4) metabolism, a cofactor of eNOS (Kawashima & Yokoyama, 2004). A level of
ambiguity surrounds the exact role of eNOS in endothelial dysfunction and our findings
also exhibited contrasting results between the data sets. NOS3 gene expression was
upregulated in the diabetic mouse kidney and showed no significant change in response
to Set7KO. TNFa-stimulation in HMEC-1 cells resulted in decreased NOS3 expression
in the RNA-seq data set, however it was increased in RT-qPCR validation; (R)-PFI-2
augmented NOS3 expression in both HMEC-1 data sets relative to the control. We also
examined the gene expression of the superoxide dismutase 2 (SOD2), an antioxidant
enzyme involved in protecting the endothelium against oxidative stress. SOD2
functions as a ROS scavenger by degrading mitochondrial reactive oxygen species.
Based on experimental evidence, it has been reported that reduced SOD2 expression
results in endothelial dysfunction, however the exact nature and validity of this
association remains ambiguous (Ohashi, Runge, Faraci, & Heistad, 2006; Tseng et al.,
2017). Based on our computed results, SOD2 gene expression was increased in response

to TNFa and showed little to no change in the (R)-PFI-2 treated groups. A possible
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justification of the overexpression of SOD2 could be that it is eliciting a protective
reaction in response to TNFa to prevent further hyperglycaemic injury to endothelial
cells. Conversely, experimental error could be the culprit of the generated gene
expression profiles; nevertheless, further study is required to eliminate this ambiguity.
Moreover, a notable manifestation of endothelial dysfunction and cardiovascular
complications includes altered lipid metabolism. Dyslipidaemia and lipid-driven
chronic inflammation has been shown to induce endothelial dysfunction and thus
aggravate the pathological progression of atherosclerotic cardiovascular events (Ghosh,
Gao, Thakur, Siu, & Lai, 2017). In our study, we examined a key gene involved in the
regulation of lipid metabolism, angiopoietin-like 4 (ANPTL4). ANGPTL4 plays a vital
role in lipid metabolism through its inhibition of lipoprotein lipase (LPL) activity. LPL
is an enzyme that is responsible for mediating triglyceride hydrolysis, where its
activation results in lowered levels of circulating triglycerides-rich lipoproteins.
Evidence pertaining to the exact nature of the atherogenicity of this enzyme remains
inconclusive; it has been claimed to have both an anti-atherogenic and pro-atherogenic
effect, however further study is required to understand its functionality (Kobayashi &
Mabuchi, 2015). ANGPTLA4 has also been claimed to play a role in maintenance of
endothelial cell integrity by regulating vascular permeability. Loss of endothelial cell
integrity is a precursor of endothelial dysfunction and subsequent initiation of
atherogenesis (Xu et al., 2015). In spite of this, controversy surrounds whether its role is
beneficial or detrimental to endothelial cells. Studies have shown that it can be
destructive to the endothelium (Huang et al., 2011), whereas others have shown that it
exerts a protective role (Galaup et al., 2012). It has also been reported that ANGPTL4

expression is influenced by tissue-specificity and nutritional states; it is upregulated in
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fasted conditions and downregulated in obesity and consumption of a high-fat diet
(Dutton & Trayhurn, 2008; J. Yang, Li, & Xu, 2021). The role of ANGPTL4 in
endothelial dysfunction remains unclear. Our results illustrated a downregulation of
ANGPTLA4 expression in TNFa-stimulated conditions and an upregulation in both
standard physiological and TNFa-induced inflammatory conditions treated with (R)-
PFI-2. Our findings are consistent with the hypothesized downregulation of ANGPTL4
in a hyperlipidemic milieu.

As mentioned, gene expression trends are show a degree of inconsistently
between HMEC-1. The discrepancy between the HMEC-1 data set and the in vitro
validated gene expression profiles by RT-gPCR could possibly be because RNA-
sequencing reads the entire span of the gene, whereas the RT-gPCR data only exhibits
gene expression patterns of a specific primer region; however, this warrants further
investigation.

As previously discussed, the pro-inflammatory gene, VCAML, is of great
importance regarding its role in diabetes-induced inflammatory responses. Analysis of
the histone modification changes mediated by Set7, H3K4 monomethylation, along the
gene VCAM1 was assessed using chromatin immunoprecipitation (ChIP) to investigate
the effect of (R)-PFI-2 on H3K4mel enrichment in TNFa-stimulated conditions.
Interestingly, a region upstream of VCAML, labelled as VCAML1 P2 in our results
(Figure 11-12), showed a significant decrease in H3K4mel enrichment in response to
(R)-PFI-2. This specific genomic locus happens to be of proximity to a reported
regulatory enhancer region that interacts with the promoter region of VCAM1
(Fishilevich et al., 2017; Stelzer et al., 2016). Decreased H3K4me1l enrichment

correlates with transcriptional repression of VCAM1 as shown in RNA-seq and RT-
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gPCR results of the studied data sets. Thus, the observed interaction between regulatory
elements signifies that the alteration of the gene expression profile of VCAML1 in
diabetic inflammatory conditions is mediated by Set7. Moreover, no other significant
decreases in H3K4mel enrichment were not detected in response to (R)-PFI-2 (Figure
11.). These results provide evidence for Set7-dependent gene regulation occurring at
specific loci, rather than recurrently at multiple loci along the gene. Previous studies
examining VCAML inhibition directly and indirectly by targeting downstream signalling
proteins, NADPH oxidase, protein kinase Ca (PKCa), and protein tyrosine phosphatase
1B (PTP1B) has shown to attenuate transendothelial migration of leukocytes induced by
VCAML1 (Abdala-Valencia et al., 2011). In comparison to previous experimental
approaches to inhibit VCAML1 expression, our alternative approach through targeting
histone-dependent mechanisms could provide a direct therapeutic effect, prior to the
initiation of associated signalling cascades. Importantly, these findings demonstrate
Set7-mediated transcriptional regulation by modifying H3K4mel enrichment at distinct
loci along certain genes, consistent with past reports that have exemplified the
influential role of Set7 monomethylation on gene regulation (Brasacchio et al., 2009;
Keating & EIl-Osta, 2013). Overall, pharmacological inhibition of Set7 using (R)-PFI-2
could prove to be highly beneficial in attenuating the transcriptional activation of pro-

inflammatory VCAML1, thus opposing vascular inflammation in endothelial cells.
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CHAPTER 6

CONCLUSION

In conclusion, the present study highlights the role of Set7-mediated
transcriptional regulation and the effect of pharmacological Set7 inhibition on the
mediation of gene expression profiles in human microvascular endothelial cells. Robust
genome-wide changes were identified using RNA-sequencing in TNFa-stimulated
HMEC-1 cells and ApoE KO Set7 KO STZ-treated mice. GSEA analysis illustrated
significant genome-wide upregulation of pathways implicated in endothelial
dysfunction, such as the inflammatory response and cytokine activity pathways.
Reversal of these gene expression profiles was exemplified in genetically Set7-inhibited
groups.

TNFa stimulation resulted in gene dysregulation within the endothelial
transcriptome of HMEC-1 cells, expectedly due to the onset of inflammation and
consequent immune responses. On the contrary, pharmacological Set7 inhibition using
(R)-PFI-2 exhibited significant downregulation of gene expression profiles in HMEC-1
cells. We examined the role of Set7 in gene regulation in a variety of biological
responses essential to maintaining homeostatic vascular function and thus the integrity
of the endothelium. These include vascular inflammation, extracellular matrix
dysregulation, oxidative stress, and altered lipid metabolism. Gene-specific expression
profiles of VCAM1, IL-15, CCL2, MMP9, TIMP3, NOS3, SOD2, and ANGPTL4 were
experimentally assessed to identify alterations conferred by Set7 inhibition.
Examination of H3K4mel peaks at several loci along VCAML revealed an interaction

between regulatory gene elements, which provides a promising outlook to establishing a
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role for Set7 in suppressing the inflammatory activity of this gene, and potentially
others, through histone-dependent mechanisms.

Overall, results have emphasized the potential use of Set7 inhibition as a
platform for a pharmacological anti-inflammatory therapeutic approach to attenuating
vascular inflammation and diabetic endothelial dysfunction. Future experimental
research will be required to consolidate our findings and provide further insight into the
mechanistic links between Set7 activity and gene regulation in a diabetic inflammatory
setting. Investigation of Set7-dependent non-histone methylation at could provide
additional understanding of the functionality of Set7 and could perhaps be an alternative
mode of gene regulation. Additionally, this can further determine the extent of

involvement of histone-mediated regulation by Set7.
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