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Abstract

Head and neck squamous cell carcinoma (HNSCC) is a disease of the head and neck derived
from the mucosal epithelium. ZNF154 has been previously shown to have tumour suppressive
properties in nasopharynx cancer cell lines. Investigation of the TCGA dataset reveals that
patients with low expression of ZNF132 and ZNF154 have statistically significant worse overall
survival rate when compared to patients with high expression of each gene. ZNF132 and
ZNF154 has been shown to be hypermethylated as well as have reduced gene expression in
HNSCC. Overexpression of ZNF154 in the oral cavity cancer cell line UM-SCCI1 appears to
cause the production of a truncated ZNF154 protein. Additionally, this causes the production of a
shortened ZNF154 transcript. Overexpression of ZNF154 in the immortalized kidney cell line
HEK293 causes a significant downregulation of both p53 and FOX01. Gene sequencing of
ZNF154 overexpressing UM-SCC1 shows a segment of the ZNF154 gene is missing in the
coding region of ZNF154. siRNA knockdown of KAP1 in keratinocyte cells causes a significant
increase in ZNF154 expression. These results appear to indicate a relationship between KAP1
and ZNF154. We expect that KAP1 is having a regulatory effect on ZNF154 in UM-SCCI1 cells,
binding downstream in the coding region of ZNF154 causing the production of a shortened
transcript. The silencing of ZNF154 likely involves two mechanisms, DNA methylation as well

as the KAP1-ZNF complex binding in the coding region of ZNF154.

i



General Summary

Head and neck squamous cell carcinoma are a cancer of the head and neck that are defined by
their aggressive nature and molecular heterogeneity. There has been a lack of progress on
reliable treatments and biomarkers for the diagnosis of these diseases. Investigation of The
Cancer Genome Atlas has revealed two target genes that affect HNSCC survival rate. Low
expression of ZNF132 and ZNF154 has been shown to be associated with a reduced survival rate
in patients, compared to those who have high expression of each gene. When ZNF154 is
overexpressed in the cancer cell line UM-SCCI1, it causes the production of a truncated ZNF154
protein. When ZNF154 overexpressing UM-SCC1 samples were sequenced, there was a coding
section of the ZNF154 gene missing. KAP1 knockdown in keratinocyte cells affected the
expression of ZNF154. We believe that KAP1 is regulating ZNF154 via its coding region,

causing a shortened gene to be produced.

1l



Co-Authorship Statement

As the primary author of this thesis, I was responsible for the majority of experiments conducted,
analyses completed, and preparing an initial draft. I would like to acknowledge and thank my
supervisor, Dr. Tom Belbin, my supervisory committee, Dr. Touati Benoukraf and Michael

Leitges, and Dr. Simon Kirby for their invaluable feedback and constructive criticism.

Figures from Chapter 1 were published in Head and Neck Oncology, Cancers, Translational

Oncology, Mobile DNA, and PLoS Genetics.

Additionally, a prior researcher, Nilita Sood, conducted preliminary research on the survival

analysis of ZNF132 and ZNF154 as seen in Chapter 2.

Kendra Smith and Elizabeth Chia assisted with cell culture and sample collection, genomic
sequencing, Western blot, and genomic PCR imagining in Chapter 3 where credited. Elizabeth
Chia completed the Western blot as seen in Figure 3.4A. Kendra Smith completed the genomic
PCR and genomic sequencing as seen in Figure 3.4B, Figure 3.5, and Figure 3.6B. I performed

all other experiments myself.

Appendix A is a published paper for which [ am a primary co-author, using data I completed
over the course of my Master’s degree. The paper is published in the Journal of Otolaryngology
— Head and Neck Surgery, expanding upon some of the topics covered in my thesis and
exploring others. Many people contributed to the publication of the paper including, Patrick

Pearson'’, Kendra Smith!*%, Nilita Sood?, Elizabeth Chia'?, Alicia Follett', Michael B.

v



Prystowsky*, Simon Kirby? and Thomas J. Belbin**". 1 denotes equal contribution and *

denotes correspondence.



Acknowledgements

First, I Would like to thank Dr. Tom Belbin for all the indispensable help he has provided
throughout my Master’s. He has been an excellent mentor, providing new knowledge and
techniques for how to best approach academic research. I would also like to thank all my lab
members, especially Kendra Smith and Elizabeth Chia for teaching new techniques and
answering any questions I have had throughout my degree. Additionally, I would like to thank all
of members of the Cancer and Development program for their advice throughout my seminar
sessions. I would like to thank J. D. Irving and the School of Graduate Studies at MUN for their
gracious contribution of funding, which was extremely helpful over the course of my Master’s. 1
could not have completed my degree without the continuous support of my family who have
been there for me at every stage, their encouragement has been tremendous. Finally, I would like
to thank my supervisory committee, Dr. Touati Benoukraf and Dr. Michael Leitges, and Dr.
Simon Kirby, for their suggestions and advice, which were very helpful in advancing my

research.

Vi



Table of Contents

N 113 T ii

General SUMMATY ...ccouiiiiiiies civtiiieiiiieiiieieieteiietetstiisstsestoesscsssssessossssssssssssonsns iii
Co-Authorship Statement.......ccoeviiiiniiiiiiiiiiiiiiiiiiiiiiierieiistisessstcsessscammessssssssessones iv
ACKNOWIEAZEMENTS...ccoouviiiniiiiniiiiiiiieiiinriieetiiateiesiseatossssssssosssssssssssssrmssssnssssss sone vi
List Of FIGUIeS.ccuuiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiittiieitiiteiaciaeesesisccnssscsacsnsscnasences X
I3 ] 1 1.0 N xii
ADDIeviationS.....cviiiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitititttietiettittttttattneciitasnsanes xiii
Chapter 1: INtroduction.......coviiuiiiieiiiiiiiniiiiieiiieiessesssstcssssssssssssssssssssssnssssssans 1
Section 1.1: Head and Neck Cancer......c.ccevieiiiiiiiiiiiiiiiiiiieiiiiiiiiecietieciiecieciaccecnann 3
Section 1.2: Incidence and RisK Factors.......ccceiviiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiieiiiecinecnnn 6
Section 1.3: Cancer Staging......ccceivieiiiiiiieiiiniiiieiiinriimmissstossscsssssesssssssssssssssssses 9

Section 1.4: Treatment.....oceieiieiiiiieiieriieiieriieeitiieeierieciesiacesessscssccsscsascsscsssnces 10
Section 1.5: PrognosiS..ccccieiieeiiiiieiiiiiiiiiiieriiiinniiiessrsessssisssssssosssssssssssssssssssssnnss 16
Section 1.6: Zinc Finger Proteins........ccovviiiiiiiiiiiiiiiiiiieiiiiiiiiiiieiiintcinesceascsnscsnnss 17
Section 1.7: HyPOtReSIS....ovuvieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiitiietietieeimneciaccscsasesccnsnn 20

Chapter 2: Expression of ZNF132 and ZNF154 in Patient Tumour Tissue and Adjacent

Non-Tumour Tissue from the Cancer Genome Atlas (TCGA) c.ccevvvinviiiiniiiiiencicsinnrnnn 22
Section 2.1: Overview of the Cancer Genome Atlas (TCGA) Database .........c.cccvvennnnne 24
Section 2.2: Hypothesis...cooveiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiietiiimiiestetstctnscsesrcssscsssonnses 25

vii



Section 2.3: Analysis of gene expression and DNA methylation from the Cancer Genome
Atlas (TCGA) dataset c...eviiiiiiiiineeiiiiiiiinnsesitiisssssssscesssssssssssscsssessssssscssssssssssssses 25
Section 2.4: Overview of the TCGA HNSCC cohort .....cccevuiiiniiiiiiiiiiiiiiiiiiiiiieninnen. 27
Section 2.5: ZNF132, ZNF154, and ZNF671 are epigenetically downregulated in HNSCC
primary tumour tissue compared to matched normal adjacent tissue .........ccceeeienenenn. 27

Section 2.6: ZNF132, ZNF154, and ZNF671 downregulation was significantly associated

with poor overall survival in HNSCC patients ........cccceiiiiiiiiniiiiiieiieiiieieriiecieciaeens 34
Section 2.7: Significant gene associations between ZNF132, ZNF154, and ZNF671......... 37
) 43

Chapter 3: In Vitro Over-Expression of ZNF132 and ZNF154 in Human Immortalized
Human Embryonic Kidney (Hek-293) Cells and Oral Squamous Cell Carcinoma (Um-Scc-
) T | 46
Section 3.1: Identifying the Mechanism behind ZNF132 and ZNF154.......ccccccvviiiinniene 48
Section 3.2: Growth of Cell Lines and Lentiviral Transduction of ZNF132 and ZNF154
eXPIresSiNG CONSTIUCES t.uuuiiiiiniiiiiieiiiienetesisroessseosessssssssssssssssosssssosssssssssssssssssssns 49
Section 3.3: Measurement of FLAG-Tagged Protein EXpression........cccceceeveineiiininnen. 53
Section 3.4: Screening for Cancer Related Targets of Interest Using Proteome Profiler
ANDOAY AT TAY touviiiniiiiniiiiiiieiiiniiieteterutetesssssssssssossssssssssssssssssssssssssssssssnsssns 54
Section 3.5: Attempts to Overexpress ZNF154 in Head and Neck Squamous Cell
Carcinoma Cell Line UM-SCC-1 and its Effect on Markers of Epithelial-Mesenchymal

Transition (EMT) . .uueiiiiiiiiiiieiiiieetieieneieosesstcssssscsssssscssssscosessssssssssossssscsssassonns 57

viil



Section 3.6: Overexpression of ZNF154 in Non-HNSCC Cell Line HEK293 Results in Full
Length Protein with Growth Suppressive Phenotype ......cccecvviiiiiiiiiniiiiiniiiiinnnicnnns 64

Section 3.7: ZNF154 Overexpression may Target PS3 and FOXO1 Expression in HEK293

KeratinoCytes .oeeeieeeeiiiieeiiiiereiiieeiiiieeeeeiseeciaceesssccsssssscsssssccssssscsssssssssssscssnscnses 81
Section 4.1: Using Keratinocytes to Elucidate the Effects of KAP1 on ZNFs.................. 83
Section 4.2: Experiment Methods.......cccvveiiiuiiiiiiiiniiiiiiiieiiiuieiniiieeiientcrssensscsnscens 83
Section 4.3: ReSUItS...coiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiietiiateiestenstcsnscsnscens 84
Section 4.4: DiSCUSSION...civeiiiriiiieiiiniiiieiiiaieietssatetseessssssssssssssssssssssssssssssssssssssses 86
Chapter 5: ConcluSION .....iiviieiiiiieiiiiieiiiimietiiisstosesstesssssesssssssssssssssssssssssssssssssens 89
) 3 5 1 L 95

Appendix A: Kruppel-family zinc finger proteins as emerging epigenetic biomarkers in

head and neck squamous cell carcinOmMA.........covveiiieiiiiiiiieiiiiiiieiiiniiiietieereenscnnn 105

X



List of Figures:

Figure 1.1: Anatomic tumour subsites in HNSCC (Mahmutovié ef al, 2021). Creative
COMIMONS LICEMSE...ueiniiniiniiiiiiiiiiiiiiiiiiiiiiiiittiieiittitiieeiatietetesistcnssscssssnscnnsensenas 5
Figure 1.2: Role of p53 in cancer onset (Moulder ef al., 2018). Creative commons license....7
Figure 1.3: Summary of TNM staging and pathologic stage (Oral and Oropharyngeal
Cancer - Stages and Grades, 2021; ULICC, 2021)....ccutiiuiiiiniiinriinnioinrcsnssossscsnsssssonns 11
Figure 1.4: Various treatment strategies used for HNSCC patients (Goel et al., 2022).
Creative Commons LICENSE.....cvieiiiiiiiiiiiiiiiiiiiiieiiitiiietiietiieteiieteistcsssccssccsscnnens 13
Figure 1.5: KRAB-ZNF complex binding to DNA and introducing inheritable silencing
(Wolf et al., 2015). Creative Commons liCeNnSe.....ccceviiiinriiiinniiiiintioienercsessecsnsssssnnes 19
Figure 2.1: Gene expression analysis (RPKM) of ZNF132, ZNF154, and ZNF671 in
HNSCC tumor and adjacent non-tumor tissue Samples......cccevveiiiiiiiiieiieiieiincinneeens 29
Figure 2.2: DNA methylation (M-score) analysis of ZNF132 and ZNF154 in HNSCC tumor
and adjacent non-tumor tissue samples. Specific CpG loci corresponding to each ZNF gene
are shown on the x-axis label.......cccoiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiis e ceieeees 31
Figure 2.3: Kaplan-Meier Plots of overall survival (OS) for HNSCC patients stratified by
ZNF154 expression, HNSCC patients stratified by ZNF132 expression, HNSCC patients

stratified by ZNF671 eXPressiOn....ccceeieeiieiierieeiieiieeiaeiieeiarieciesieccsessscssccsscsascsscnes 35

Figure 3.1A: Formula for calculating the doubling time of cells, where Td represents the
doubling time, t represents the time between plating and harvesting, and r represents the

e (1 1 1 51
Figure 3.1B: HEK293 cell growth assay over comparing parental HEK293, empty vector,

ANA ZINF 154 0VereXProSSOIS..ccceieetiiieetteieestestssstsssssssssssssosssssssssssssssssssssssssssssnsse 52


https://pubmed.ncbi.nlm.nih.gov/?term=Mahmutovi%C4%87+L&cauthor_id=34066342

Figure 3.3: qPCR of various EMT related markers in UM-SCC1 samples transduced with
empty vector and ZINF154......uviiiiiniiiiiiiiiiiiiiiiiieiieiinsicsissstosessscsssssisssssssossssscssns 58
Figure 3.4 A: Western Blot displaying UM-SCC1 samples transducted with empty vector
and ZNF154, taken at various passages (Elizabeth Chia, 2021)......ccccevieiiiiiniiiniinnnnnnn. 60
Figure 3.4B: Genomic PCR displaying UM-SCC1 samples transducted with empty vector
and ZNF154 (Kendra Smith, 2021)....ccciiieiiiiiniiiieiiiiieiioiessicssesscosssssossssscssesssssnnes 61

Figure 3.5: Sequencing of a UM-SCC1 sample transducted with ZNF154 (Kendra Smith,

Figure 3.6A: Western blot displaying HEK293 samples transducted with empty vector and
/20 0 T TR 64
Figure 3.6B: Genomic PCR displaying UM-SCC1 samples transducted with empty vector
and ZNF154 (Kendra Smith, 2021).....cciiieiiiiiieiiiieiieiineicsisasiossssscssssssssssssssscascssnes 65
Figure 3.8: Human XL Oncology Array Kit comparing HEK293 transducted with ZNF154
and parental HEK293. Bar graphs highlight the statistical significance of FOX01 and p53,
WO targets Of INTerest....ccviuiieiiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiitiietieteeeieciacenecsasenscneees 77
Figure 3.9: Diagram of KAP1 binding within the coding region of a KRAB-ZNF gene
(O’Green et al., 2007). Creative Commons liCense......ccceeviiiieiiiiineiieieericssenscosssscsnes 79

Figure 4.1: Fold change comparing KAP1 siRNA knockdown in keratinocyte cells relative

Xi



List of Tables:

Table 2.4A: Genes strongly associated between ZNF132 and ZNF154........ccccovvviiinnnen. 39

Table 2.4B: Genes strongly associated between ZNF132, ZNF154, and ZNF671. A strong
correlation is defined as having a Spearman correlation greater than 0.400................... 40
Table 2.5: HNSCC Patient characteristics by tumor site........c.cooviiiiiiiiiiiiiiiiiiiiiiiiicieieienn 43
Table 2.6: Patient characteristics for 50 HNSCC patients with adjacent tumor and non-
tumMOr and SAMPIES.....oiieiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiittiittiitistitattisttttnstestcnns 45
Table 3.2: 84 Cancer-related proteins on Human XL Oncology Array.......cccceevvuecnnnenes 55

Table 3.7: Table of Adjusted Integrated Density Measured from Antibody Arrays..........68

xii



List of Abbreviations

Computerized tomography — CT
Deoxyribonucleic acid - DNA

Epithelial mesenchymal transition - EMT
Eppstein-Barr Virus - EBV

Human Embryonic Kidney - HEK

Head and neck squamous cell carcinoma - HNSCC
Human papillomavirus - HPV

Kriippel associated box - KRAB

Magnetic resonance imaging - MRI

National Cancer Institute - NCI

National Human Genome Research Institute - NHGRI
Nasopharyngeal carcinoma - NPC

Oropharyngeal squamous cell carcinoma — OSCC
Polymerase chain reaction — PCR

Quantitative polymerase chain reaction- qPCR
P-Lenti-50 — PL50

P-Lenti-100 — PL100

Reads per kilobase per million mapped reads - RPKM
Ribonucleic acid - RNA

Small interfering RNA - siRNA

The Cancer Genome Atlas - TCGA

Zinc finger protein — ZNF

Xiii



CHAPTER 1: INTRODUCTION



Co-Authorship Statement

As the primary author of this thesis, I was responsible for drafting this chapter. I would like to
acknowledge and thank my supervisor, Dr. Tom Belbin, my supervisory committee, Dr. Touati
Benoukraf and Michael Leitges, and Dr. Simon Kirby for their invaluable feedback and
constructive criticism. They aided in revising the introduction, which served to strengthen my

thesis.

Figures from Chapter 1 were published in Head and Neck Oncology, Cancers, Translational

Oncology, Mobile DNA, and PLoS Genetics.



Section 1.1: Head and Neck Cancer

Head and neck squamous cell carcinomas (HNSCCs) are a group of cancers that present
in the oral cavity, pharynx, and larynx (Alsahafi et al., 2019; Johnson et al., 2020; Figure 1.1). It
is an extremely aggressive group of cancers that are characterized by their molecular and genetic
heterogeneity. The various subtypes of HNSCCs are molecularly distinct; however, they often
receive similar therapies, despite their uniqueness. Survival rates have improved only modestly
for HNSCC patients, primarily due to a lack of reliable biomarkers (Alsahafi et al., 2019;
Johnson et al., 2020). Five-year survival rates improved from 55% in the period of 1992-1996, to
66% in 2002-2006 (Johnson et al., 2020). Over 830,000 people are diagnosed with HNSCCs
worldwide each year, with over 430,000 people dying annually (Cramer, Burtness, & Ferris,
2019; Canadian Cancer Society, 2020). In Canada, it is estimated that there were approximately
6550 cases of HNSCCs, with over 1900 deaths occurring, in 2020.

Chapter one of this thesis will provide an overview on HNSCCs, cancer prognosis, and
treatment. Chapter two will examine the Cancer Genome Atlas for the effects of ZNF132 and
ZNF154 (zinc finger protein) expression on HNSCC. Chapter three will analyze how
overexpressing these genes in vitro affects various cell lines. Chapter four will explore the
effects of KAP1 knockdown on ZNF132 and ZNF154 in human epithelial keratinocytes. Finally,
chapter five will provide a conclusion summarizing the findings of the research.

HNSCC:s can be classified into two subtypes, those that are caused by human
papillomavirus (HPV) infection and those that are not (Cramer, Burtness, & Ferris, 2019;
“Cancer-specific stats 2020”). The majority of HNSCC cases, 75%, are associated with tobacco
and alcohol use. A minority, 25%, are associated with HPV infection (Cramer, Burtness, &

Ferris, 2019; “Cancer-specific stats 2020”). Current trends indicate that an increasing proportion



of HNSCCs are HPV-driven, due to a decreasing amount of tobacco use and tobacco related
cancer in these populations. There are differences between cases that are HPV-driven and non-
HPV-driven. For example, men, particularly young men, constitute the majority of diagnoses of
oropharyngeal squamous cell carcinoma (OSCC), a subtype of HNSCC (Cramer, Burtness, &
Ferris, 2019; “Cancer-specific stats 2020"). The time period between initial HPV infection and
the appearance of HPV-driven OPSCC is estimated to range from 10-30 years. Additionally,
geographic location is heavily implicated in the prevalence of HPV-driven OPSCC, constituting
70% of oropharyngeal cancers in the USA, whereas low and middle-income countries only
account for 10%. Females were identified as having poorer overall survival rates when compared
to males with HNSCCs (Mundi ef al., 2020). This can be attributed to a higher incidence of
HPV-driven HNSCCs in men. When controlling for HPV status in a univariate analysis of a
TCGA HNSCC cohort detailing overall survival rates for a 5 year period, there was no sex
difference (Mundi et al., 2020). The high rate of genetic mutations in HNSCCs can cause loss-
of-function mutations, activating oncogenes. This has caused the development of effective
targeted treatments to develop quite slowly.

The primary options for treating HNSCCs involve radiotherapy, chemotherapy, and
surgery (Goel et al., 2022). However, all of these options have had mixed success rates and
reduce the quality of life of the patient. Many factors can affect the success rate of treatments.
For example, the effectiveness of radiation treatment is severely restricted by tumour hypoxia,
which signifies an aggressive phenotype (Graham and Unger, 2018). Cancers with biomarkers
indicative of tumour hypoxia, hypoxia inducible factors, have shown higher rates of metastasis
and disease recurrence (Fares et al., 2020). There have been many attempts in recent years to

develop new treatments with greater efficacies that are not as impactful on patients’ wellbeing
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Figure 1.1: Anatomic tumour subsites in HNSCC (Mahmutovi¢ et al, 2021). Creative

commons license.

Common subsites for HNSCC onset and progression include the nasopharynx, oropharynx,

larynx, and oral cavity. The occurrence rate of HNSCC at each site varies by region.
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(Muzaffar et al. 2021). These efforts have had mixed success, demonstrating the continued need
for research and development into new and effective treatments, as well as the elucidation of

clinical biomarkers.

Section 1.2: Incidence and Risk Factors

HNSCC is one of the most prevalent forms of cancer worldwide, being the sixth most
common. Rates of HNSCC are expected to rise significantly in the near future, with an estimated
30% increase in cases by 2030 (Johnson et al., 2020). Different regions across the world have
varying rates of HNSCCs with unique causes. For example, in areas such as Southeast Asia and
Australia, the high frequency of cases of Epstein-Barr Virus (EBV) related nasopharyngeal
cancer is related to the significant usage of products containing carcinogens, such as chewing
tobacco (Johnson et al., 2020). In comparison, oropharyngeal infection and HPV have
contributed to increasing cases of HNSCC in the USA and Western Europe.

There are numerous factors that can cause an increased risk for HNSCC. Some of the
primary risk factors include alcohol and tobacco consumption, environmental pollutants, and
viral infections (Descamps et al., 2016; Johnson et al., 2020); many of these affect protein p53
(Figure 1.2). Notably, significant consumption of both tobacco and alcohol can lead to higher
than a 35-fold increased risk of HNSCC. Factors affecting HNSCC, such as these, are greatly
influenced by culture and geographical location (Johnson et al., 2020; Su et al., 2016). For
example, oral cavity cancer is of specifically high prevalence among Asia-Pacific populations.
This is due to a high rate of chewing areca nut derivatives that contain betel quid (Johnson et al.,
2020; Su et al., 2016). Betel quid is used to describe the combination of areca nut, betel leaf,

slaked lime/tobacco, and any spices that may be included. The usage of these mixtures has been
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p53 has a role as a tumour suppressor, which is caused by a variety of stress signals including
hypoxic conditions, activations of oncogenes, and DNA damage among others. p53 functions
include DNA repair, autophagy, and senescence. Non canonical cell cycle arrest include
ferroptosis, necrosis, and necroptosis. Normal bodily processes can lead to p53-induced cell

cycle arrest in which it acts as a switch for metabolic processes.



associated with a high prevalence of oral cavity cancer within the Asia-Pacific region,
particularly India, Taiwan, and some regions of China. Air pollutants common in the
aforementioned regions also contribute to an increased risk of HNSCC.

HPV infection has also contributed to an increased risk of developing HNSCC, especially
of the oropharynx and nasopharynx regions (Elrefaey et al., 2014). The HPV subtypes
responsible for these increased risks are the oncogenic types HPV 16 and 18. Despite similar
rates of anogenital HPV infection between men and women, the rate of oropharyngeal HPV
infection is much higher in men (Elrefaey et al., 2014). This causes the male to female ratio of
HPV-positive HNSCC to be as high as three to six times greater. HPV-positive HNSCC are
especially prevalent in populations that are unvaccinated for HPV (Elrefaey et al., 2014). The
rates of HPV induced HNSCC have been increasing in recent years. HPV subtypes, such as HPV
16 and 18, are high risk due to the immortalizing properties of HPV oncoproteins E6 and E7.
These target the p53 and pRB tumour suppressor pathways, leading to them having an increased
likelihood of mutation and cancer formation.

Genetic risk factors can also contribute to the risk of developing HNSCC (Errazquin et
al.,2021). Certain inherited genetic conditions or disease can greatly increase the risk of
developing HNSCC. For example, Fanconi anaemia is a rare disease in which mutations to the
FANC genes lead to improper DNA repair (Errazquin et al., 2021). It is thought that pathway
gene mutations in the FA/BRCA pathway are behind some complications of Fanconi anemia.
Cases of HNSCC with this disease have significantly high mortality rates. Polymorphisms in
CTLA4, 1110, cytochrome P450 1A1, and glutathione S-transferase pl have all been associated
with an increased risk of HNSCC (Johnson ef al., 2020; Niu et al., 2015). Somatic Variants to

DNA repair genes, such as 7P53, CDKN2A, and PIK3CA have been associated with the early



onset of HNSCC (Curry et al., 2021). Mutations in genes that influence the breakdown of
carcinogens and that are involved with immunity can contribute to the risk of developing
HNSCC (Johnson et al., 2020). These include polymorphisms to cytotoxic T lymphocyte antigen
4, cytochrome P450 1A1, IL10, and glutathione S-transferase pl. The decrease in effective
metabolism of carcinogens can weaken immunity and contribute to the onset of HNSCCs

(Johnson et al., 2020).

Section 1.3: Cancer Staging

Cancer is an incredibly complex group of diseases that requires multiple methodologies
to properly diagnose and stage (Journal of Cancer Diagnosis, n.d.; Oral and Oropharyngeal
Cancer - Stages and Grades, 2021). Initial suspicion of cancer onset may be due to an abnormal
mole, lump, or generalized pain or soreness. Preliminary assessment is usually conducted by
physical examination in an attempt to identify the presence of a lump or tumour. Following this,
imaging and laboratory tests are common involving techniques such as computerized
tomography (CT) scanning, magnetic resonance imaging (MRI), and biopsy examinations by a
pathologist.

Diagnosis of cancer occurs through multiple stages, the two primaries being clinical and
pathological diagnoses (Journal of Cancer Diagnosis, n.d.; Oral and Oropharyngeal Cancer -
Stages and Grades, 2021). A clinical diagnosis involves a physical examination of the tumour
and imaging. TNM staging is used to quantify the burden of disease and prognosticate. T
represents the size of a tumour, N represents if the cancer has spread to any lymph nodes, and M
represents if the cancer has undergone distant metastasis (Oral and Oropharyngeal Cancer -

Stages and Grades, 2021). Advancements in imaging technologies have improved the accuracy



of TNM staging, even having the ability to detect metastases in lymph nodes. However, errors in
staging can still occur. Pathologic staging requiring surgical resection is a much more accurate
methodology that involves a detailed histopathological analysis of tissue. The TNM system is the
standardized method for reporting cancer staging (Oral and Oropharyngeal Cancer - Stages and

Grades, 2021; UICC, 2021; Figure 1.3).

Section 1.4: Treatment

Treating HNSCC patients can present a multitude of problems for doctors due to the
variability and diversity of the disease (Johnson et al., 2020). Advanced or metastatic cancer can
present issues for developing an appropriate treatment plan. HNSCCs can derive themselves
from distinct anatomical sites, including the oral cavity, larynx, oropharynx, and hypopharynx.
The disease is heterogenous in its genetic composition, leading to complex treatment parameters
(Johnson ef al., 2020). The anatomical location for HNSCC dictates the cell of origin. In these
cases, stem or progenitor cells can transform into cancer stem cells. Approximately 40% of
HNSCC patients can be categorized as limited or early-stage disease, upon presentation (Lee et
al., 2020). These patients typically require only a single modality of treatment. However, patients
who present with locally advanced HNSCCs often require multidisciplinary treatments.

Many modalities of treatments exist for use against HNSCCs (Figure 1.4). Some of these
include anticancer drug therapies, cetuximab, and immune checkpoint inhibitors (Kitamura et al.,
2021). Treatment approaches are dictated by disease site and stage of the disease. Typically,
surgery is a first line treatment approach for oral cavity cancer. Conversely, organ preservation
approaches, such as surgery and radiation are considered common treatments for laryngeal and

oropharyngeal tumours. Anticancer drug therapies involve combining cisplatin and radiation are
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Figure 1.3: Summary of TNM staging and pathologic stage (Oral and Oropharyngeal

Cancer - Stages and Grades, 2021: UICC, 2021).
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Figure 1.3 summarizes the various levels of TNM staging for oral cabity cancer. Once a
patient’s TNM staging has been completed, the various stages can be combined to determine a

patient’s overall pathologic stage (Oral Cavity and Oropharyngeal Cancer Stages, n.d.).
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Main therapeutic approaches utilized in clinical trials for the

Immunotherapy

helps the
immune system
fight cancer, e.g.,
Pembrolizumab

Nivolumab
Ipilimumab
Relatlimab

treatment Head and Neck Cancer patients

Molecular
Targeted Therapy
uses drugs to
target specific
molecules involved
in the growth of
cancer cells , e.g.,
Cetuximab
Bevacizumab
Erlotinib

Head and Neck
Cancer Patient

Chemotherapy

uses powerful
chemicals to kill
fast-growing cells
in the body, e.g.,
Docetaxel

Cisplatin
5-Fluorouracil

Figure 1.4: Various treatment strategies used for HNSCC patients (Goel et al., 2022).

Creative Commons license.

Abstract image representing the main therapeutic approaches that are used in clinical trials to
treat HNSCC patients. These approaches can be used on their own or in combination with one

another.
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one example treatment for locally advanced HNSCC (Plavc & Strojan, 2020). Since 2000,
platinum based anticancer drugs are an extremely common choice in therapy, including cisplatin
and carboplatin (Baur et al., 2002; Caponigro et al., 2001; Glisson et al., 2002). Additionally,
taxane based anticancer drugs such as docetaxel and paclitaxel have begun to be used with
success since 2010.

Cetuximab is a chimeric human and mouse monoclonal antibody that targets epidermal
growth factor receptors (Kitamura ef al., 2021). Clinical studies have found that when combined
with radiation and chemotherapy, cetuximab has improved locoregional control and reduced
mortality (Bonner et al., 2006). Cetuximab has been shown to significantly improve survival
outcomes, as well as improve local disease control periods. HNSCC is a disease in which the
immune system becomes suppressed, noted by a decrease in the number of lymphocytes, a lack
of function in natural killer and T cells, and poor antigen presenting function (Ferris, 2015).
Immune checkpoint inhibitors function by preventing tumour cells from binding with checkpoint
proteins on immune cells, which inhibits an immune response (NCI dictionary of Cancer
TERMS, n.d.). Immune checkpoint inhibitors allow immune cells to function properly in the
presence of tumor cells and destroy them. Immune checkpoint inhibitors displayed higher overall
response rate and overall survival than historical controls for second line or beyond in treating
recurrent and metastatic HNSCCs (Pestana ef al., 2020).

HNSCC:s are usually treated by first surgically resecting the cancerous tissue, followed
by secondary treatments, such as radiation and/or chemotherapy (Head and neck cancer - types
of treatment, 2021). Anticancer drug therapies may be used when appropriate. The primary goal
of treatment is to remove the tumour, however another extremely important factor is preserving

the function of associated tissues and organs. The timeline by which HNSCCs are first identified
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can greatly influence the success of treatment and limit any potential negative effects (Head and
neck cancer - types of treatment, 2021). Depending on the genotypic and phenotypic
characteristics of a tumour, epidermal growth factor inhibitors, such as cetuximab, and immune
checkpoint inhibitors, such as nivolumab and pembrolizumab, may also be useful for treatment
(Kitamura et al., 2021). The frequency of such drugs is increasing in both usage and importance
in recent years. The type of treatments used in HNSCC therapy is highly individualized
according to the patient receiving treatment (Cohen et al., 2019). The progression of disease
upon primary diagnosis also has a large impact on both the type and number of treatments that
are used. Disease progression at diagnosis can determine whether a singular or multidisciplinary
treatment type is required.

A major factor of HNSCC treatments are the potentially devastating side effects
treatments can have on a patient's quality of life (Oosting & Haddad, 2019). Some of the
potential side effects include partial or complete loss of speech, and difficulty breathing,
chewing, and swallowing. New biological agents, such as cetuximab, can have systemic adverse
effects. This can include the development of gastrointestinal issues (Eisa & Omer, 2022).
Additionally, checkpoint inhibitors can cause symptoms similar to Rheumatoid arthritis (Ghosh
et al., 2021). The tumour site may also cause issues with daily activities such as eating, further
complicating treatment plans due to potential excessive weight loss. Notably, weight loss that is
greater than 5% is an independent factor for worse progression free survival (Oosting & Haddad,
2019). Additionally, some patients with HNSCCs can have obstructed airways requiring a of

individuals and can influence the types of treatments pursued (Johnson ef al., 2020).
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Section 1.5: Prognosis

The rate of occurrence of HNSCC:s is increasing, and by the year 2030, there is a
projected annual new case rate of 1.08 million (Johnson et al., 2020). That represents a 30%
increase based upon the prior mentioned cases. In a study published by Chang ef al. (2017), they
found that the locoregional rate and incidence rate of HNSCC was 14.44% and 40.73%
respectively. The rates of recurrence after disease free intervals of at least one and two years
were 60% and 85%, respectively. The age at which recurrence occurred in the study population
was less than 65 years for more than 85% of the population (Chang et al., 2017). Discovering
recurrent disease within a shorter period dramatically increases patient survival. Recurrent early
stage HNSCC had a 5-year survival rate of 54.95%. Aggressive treatments have been found to
significantly increase the rate of survival in those with recurrent disease.

The HPV status of OPSCC patients has been found to significantly affect the rate of
locoregional recurrence (Asheer et al., 2020). HPV positive OPSCC positive patients had a 9%
recurrence rate, whereas 26% of OPSCC negative patients had locoregional recurrence. The
difference in recurrence rate between HPV positive and negative OPSCC patients is possibly due
to the biological uniqueness of the disease. The increased survivability related to HPV positive
OPSCC cancers may be a result of the sensitivity of viral cancers to radiation and/or
chemotherapy (Asheer et al., 2020).

Distant metastasis is not common in HNSCCs, but nonetheless is significant due to its
severity when it does occur (Van der Kamp et al., 2020). Distant metastasis from HNSCCs can
severely worsen survival outcomes. A study published in 2020 by Kamp et al. displayed that
distant metastasis occurred in 9.3% of HNSCC patients. Of this subset, 1.9% were diagnosed

simultaneously with a primary tumour, 1.9% were diagnosed synchronously, and 5.4 % were
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diagnosed metachronously. The three most common sites of distant metastasis were the lungs,
bone and liver, respectively. Notably, age was not found to play a factor in the likelihood of
developing a distant metastasis. The state of the lymph node is one of the most important factors
when determining HNSCC prognosis (Pisani ef al., 2020). A single positive lymph node can
dramatically decrease survival odds by as much as 50%, as lymphatics facilitate metastasis.
Multiple factors can contribute to the risk of lymph node metastasis, including the size and depth
of the tumour. Additionally, locoregional recurrence of a tumour increases the risk of lymphatic
spread.

HNSCC:s are a genetically heterogeneous disease, and a multitude of factors contribute to
their onset and development (Cadoni ef al., 2017). Some of the various subtypes of HNSCCs
include cancers of the larynx, hypopharynx, oral cavity, and oropharynx. A dataset from Cadoni
et al. (2017) shows that when stratified by HNSCC site, median survival time for laryngeal
cancer was higher than for the other sites. Smoking and drinking chronically were both
associated with an increased risk of developing second primary cancer. The factors that were
most important in determining an individuals’ overall chance of survival are age of onset and

tumour stage.

Section 1.6: Zinc-finger Proteins

Zinc-finger proteins (ZNF) are one of the most numerous subtypes of proteins in cells
that have varying functions (Cassandri et al., 2017). Among these functions include the ability to
interact with other proteins, DNA, and RNA. ZNFs take part in a range of activities, many of
which have to do with the cell cycle (Cassandri et al., 2017). This includes events such as DNA

repair and apoptosis. ZNFs are part of a class of proteins known as transcription factors, and are
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suspected to have a role in cancer progression and metastasis (Figure 1.5). ZNFs have a
significant function in gene regulation, exhibited through the structural motifs by which they
bind to DNA, including C2H2 and Gag knuckle (L1 et al., 2022). One of the main features of
some ZNFs is the KRAB domain. These have been shown to have a significant role in
transcriptional regulation and silencing. KAP1 has been shown to interact with KRAB ZNFs,
including repressing both endogenous retroviruses and ZNFs (Tie et al., 2018). KAP1 interacts
with the NURD/HDAC repressor complex and histone methyltransferases after being recruited
by the KRAB domain (Wolf et al., 2015). This causes the removal of H3K9ac and the addition
of H3K9me3. DNA methyltransferases cause inheritable silencing via methylation of genomic
CpG sites. ZNFs have functions in lipid metabolism, cell differentiation, and immune response
(Liet al., 2022). ZNFs have been shown to have a role in a variety of cancers such as HNSCC,
lung, gastric, colorectal, and more through apoptosis, metastasis, and EMT. ZNFs can play both
oncogenic and tumour suppressive roles.

In a genome wide study of differential DNA methylation at different sites in HNSCC, 44
CpG sites showed significantly different DNA methylation in primary tumours compared to
matched adjacent normal tissue (Lleras, Belbin, ef al., 2013). Of these differentially methylated
CpG sites there was only a small number that had been previously studied in relation to HNSCC.
Of these genes, the most overrepresented were ZNF genes, specifically ZNF132 and ZNF154.
Both of these genes’ displayed heightened DNA hypermethylation, as well as reduced gene
expression in HNSCC tumours, when compared to non-cancerous adjacent tissue (Lleras, Belbin,
etal.,2013).

Hypermethylation of the ZNF154 CpG island promoter region has been found in 15

different solid epithelial tumour types originating from 13 different organs
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Figure 1.5: KRAB-ZNF complex binding to DNA and introducing inheritable silencing

(Wolf et al., 2015). Creative Commons license.

Protein and DNA interactions are primarily medicated by four amino acids. KAP1 interacts with
the NURD/HDAC repressor complex and histone methyltransferases after being recruited by the
KRAB domain. This causes the removal of H3K9ac and the addition of H3K9me3. DNA

methyltransferases cause inheritable silencing via methylation of genomic CpG sites.
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(Margolin et al., 2016). Differential methylation of this CpG across various tumour subtypes
reveals that this CpG island is frequently hypermethylated, when compared to normal tissue.
Hypermethylation of the ZNF154 CpG island has shown promise as a solid tumour biomarker, as
well as a universal pan-cancer biomarker from the DNA of circulating tumours. Additionally,
ZNF154 hypermethylation may have use as an early detection biomarker, as seen from the
voided urine of cancer patients (Margolin et al., 2016).

A cohort of seventy-four patients with advanced stage nasopharyngeal carcinoma (NPC)
were followed up for greater than five years (Hu et al., 2017). Individuals with ZNF154
hypermethylation have been found to have significantly poorer disease free and distant
metastasis free survival rates when compared to hypomethylation groups in nasopharyngeal
cancer patients. Those who had the highest levels of ZNF154 hypermethylation had the shortest
survival time (Hu ef al., 2017). Additionally, when investigating a TCGA cohort of
approximately 500 HNSCC patients, we observed that a small subset of patients presents with
higher levels of ZNF132 and ZNF154. These individuals who have higher expression of both
genes have significantly higher survival rates, when compared to people with low levels of those

Same genes.

Section 1.7: Hypothesis

Through these experiments we expect ZNF132 and ZNF154 to exhibit tumour
suppressive properties. Specifically, we hypothesize that these ZNF proteins inhibit the epithelial
to mesenchymal transition (EMT) by downregulating mesenchymal markers and upregulating
epithelial markers. These ZNFs likely inhibit the transition from an epithelial to a more

mesenchymal phenotype, as well as interfere with the motility of these mesenchymal-like cells.
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KAPI is suspected of interfering with ZNF132 and ZNF154 expression in HNSCC cell lines, so

knocking down KAP1 is expected to increase these ZNF’s expression.
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CHAPTER 2: EXPRESSION OF ZNF132 AND ZNF154 IN PATIENT TUMOUR TISSUE
AND ADJACENT NON-TUMOUR TISSUE FROM THE CANCER GENOME ATLAS

(TCGA)
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INTRODUCTION

Section 2.1: Overview of The Cancer Genome Atlas (TCGA) Database

The TCGA database was undertaken as a joint project between National Cancer Institute
(NCI) and the National Human Genome Research Institute (NHGRI) in 2006 (The cancer
genome atlas, n.d.). To date, the TCGA project has characterized greater than 20,000 primary
and matched cancer samples from more than 33 different cancer types. In the years since the
project’s inception, the TCGA project has produced more than 2.5 petabytes of genomic data
comprising genomic, epigenetic, transcriptomic, and even proteomic data. The huge amount of
biological data from these patient cohorts has allowed for the examination of associations
between ancestry, mRNA and miRNA expression, genomic DNA methylation, and genomic
mutations across various cancer types (Carrot-Zhang et al., 2020). These analyses are extremely
powerful as they allow for the detection of ancestry related molecular features among cancers, as
well as identification of molecular targets of interest across a wide population.

In the case of HNSCC patients, the TCGA project has collected data on 528 cases of
HNSCC; 279 of these cases were characterized in the initial paper to Nature in 2015 (Perdomo et
al., 2018; Krishnan et al., 2015, Lawrence, Nature 2015 PMID: 25631445). The TCGA-HNSCC
dataset contains data on various clinical and molecular variables, including age, sex, alcohol
consumption, history of tobacco consumption, HPV status, nodal status, gene methylation status,
and differentially expressed genes, among others. The status of HPV infection was characterized
from a 2015 TCGA network group classification. HPV status was taken from over 1000 mapped
RNA sequencing reads (Sayans ef al., 2019). Data collected from these patients have been

repeatedly verified, ensuring accuracy.
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Section 2.2: Hypothesis

The TCGA-HNSCC RNAseq dataset was used in our investigation of the levels of
ZNF132 and ZNF154 expression and DNA methylation in primary tumour and non-tumour
tissue samples. Secondly, we utilized the expression data to stratify patients based on ZNF132
and ZNF154 expression in order to test our hypothesis. We hypothesize that low expression of
ZNF132 and ZNF154 may be associated with poor patient outcome, specifically overall survival.

If true, these ZNFs might represent novel molecular markers for prognosis in this disease.

METHODS

Section 2.3: Analysis of gene expression and DNA methylation from the Cancer Genome

Atlas (TCGA) dataset

Data from 530 HNSCC patients were downloaded from the TCGA database. This data
was up to date as of December 2020. The dataset included both clinical and molecular data,
including gene expression, clinical features, overall survival data, as well as genetic and
epigenetic profiles. Overall survival time in this cohort was characterized as the period of time
between surgery and date of death or last followup, and the time of surgery. In furtherance of the
TCGA dataset, data including DNA methylation and gene expression was analyzed from tissue
samples taken from 50 primary HNSCC patients. Data of the samples from the 50 HNSCC
patients was also downloaded from the TCGA database. These samples included matched
tumour tissue as well as adjacent non-tumour tissue. HNSCC tumours were divided amongst

three categories. The oropharynx, larynx, and the oral cavity.

Analysis of data and figure development was completed using OncoLnc, R, and RStudio

(version 4.2.1). Data was presented as Mean + SD, unless otherwise stated. Gene expression and

25



DNA methylation data were categorized as continuous variables, while most clinical
characteristics were considered as categorical variables. Differences in expression and DNA
methylation measurements between tumour and matched adjacent non-tumour tissue samples
were assessed using a paired two tailed Student’s t-test. A p-value of >0.05 was considered to be
statistically relevant. Overall survival analysis of HNSCC patients stratified by high and low
expression of ZNF132, ZNF154, and ZNF671 were carried out using Kaplan-Meier analysis,
while the log-rank test was used to assess statistical significance. ZNF132, ZNF154, and
ZNF671 were stratified by multiple expression thresholds to determine statistically significant
separations in survival outcomes. Overall survive was characterized as the period of time
between surgery and date of death or last followup, and the time of surgery. High expression of
ZNF154 was defined as the top 26 percent of patients, high expression of ZNF132 was defined
as the top 52 percent of patients, and high expression of ZNF671 was defined as the top 83

percent of patients.

Gene associations were calculated between ZNF132, ZNF154, and ZNF671 to test for
correlations. A list of genes correlated with both ZNF132 and ZNF154, as well as ZNF132,
ZNF154, and ZNF671 were generated from the TCGA HNSCC dataset. This was achieved by
querying cBioPortal for each respective gene and analyzing the list of genes from the co-
expression tab. Significantly correlated genes were those that had a g-value < 0.05. These genes
were further categorized as having “moderate” and “strong” correlations determined by their
respective Spearman correlation. A Spearman correlation greater than 0.200, but less than 0.400
was defined as having a moderate correlation. A Spearman correlation greater than 0.400 was

defined as having a strong correlation.
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RESULTS

Section 2.4: Overview of the TCGA HNSCC cohort

Tumours from the TCGA-HNSCC cohort come from three primary locations, which are
the oral cavity (alveolar ridge, buccal mucosa, floor of mouth, hard palate, and oral tongue),
oropharynx (base of tongue, uvula, soft palate, and tonsil), and larynx (hypopharynx and larynx)
(Sayans et al., 2019; Krishnan ef al., 2015). The majority of these tumours are from the oral
cavity (n=310), followed by the larynx (n=124), and the oropharynx (n=82), respectively. Most
patients from the cohort are male (n=376), compared to female (n=140). 98 patients are HPV
positive, while 416 patients are HPV negative. 2 patients are of HPV status indeterminate 384
patients have smoked at some point in their life, while 119 patients have never smoked. The
majority of tumours are stage IV (n=367), followed by stage III (n=75), and stage II (n=78), and
stage I (n=25). 239 patients had a positive nodal status, while 177 patients had a negative nodal

status. 348 patients had a vital status of alive, while 148 patients had a vital status of deceased.

Section 2.5: ZNF132, ZNF154, and ZNF671 appear to be epigenetically downregulated in

HNSCC primary tumour tissue compared to matched normal adjacent tissue

We examined expression and DNA methylation data from fifty HNSCC patients from
which matched adjacent tumour and non tumour tissue were available. Of these, thirty patients
did not have DNA expression or methylation data for both the matched adjacent tumour and non
tumour tissue. Our analayses used the remaining twenty matched tumour and non tumour tissue
for which data was available. ZNF132, ZNF154, and ZNF671 methylation and DNA expression
data was analyzed for the sample. RNA sequencing data showed a significant downregulation of

ZNF154 in tumour tissue, compared to matched normal tissue (tumour 11.94+13.59 versus non-
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tumour 25.16+20.75, p<0.05; Figure 2.1). The reduced gene expression in ZNF154 tumour
tissue was also seen in ZNF132 expression, with ZNF132 expression also being reduced
[(tumour) 31.91£23.26 versus (non-tumour) 88.89+43.65, p<0.001]. Finally, this same trend was
also seen in another ZNF’s (ZNF671) expression, [(tumour) 34.99+28.62 versus (non-tumour)

80.04+63.17, p<0.001].

Global measurements of CpG DNA methylation in these same tissue samples was
measured using the [llumina Human Methylation450k beadchip. In a study by Lleras and Belbin
in 2013, 972 CpG loci were identified as being differntailly methylated in HNSCC. Four of these
were of specific interest to ZNF132 and ZNF154: cg08668790, cg21790626, cg13877915, and
cgl9776201. Two CpG loci within the promoter region of the ZNF154 gene showed
significantly increased DNA methylation (M-value) in primary tumour tissue compared to
adjacent normal tissue from the same patient [cg08668790: 1.01+0.91 (tumor) versus -2.22+0.90
(non-tumour) p<0.001], and [cg21790626: 0.38+0.83 (tumour) versus -3.98+1.50 (non-tumour)
p<0.001; Figure 2.2]. Similarly, for ZNF132, two CpG loci within the promoter region of the
ZNF132 gene showed significantly increased DNA methylation in primary tumour tissue when
compared to adjacent normal tissue from the same patient [cg13877915: 0.80+1.38 (tumor)
versus -1.67+1.21 (non-tumour) p<0.001], and [cg19776201: -1.01+1.14 (tumour) versus -

3.49+1.39 (non-tumour) p<0.001].

The gene expression and methylation data indicate that ZNF132, ZNF154, and ZNF671
appear to be epigenetically downregulated. DNA methylation is associated with downregulated
gene expression (Xu ef al., 2019). ZNF671, along with ZNF132 and ZNF154 are all associated
with epigenetic silencing in HNSCC, making them interesting candidates to investigate (Lleras,

Belbin, et al., 2013).
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Figure 2.1: Gene expression analysis (RPKM) of ZNF132, ZNF154. and ZNF671 in

HNSCC tumor and adjacent non-tumor tissue samples.

Gene expression (RPKM, Y axis) of ZNF132, ZNF154, and ZNF671 was conducted comparing
HNSCC tumour and adjacent non tumour tissue (X axis). Data was obtained from the TCGA

database containing information from 50 samples.
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Figure 2.2: DNA methvlation (M-score) analysis of ZNF132 and ZNF154 in HNSCC tumor

and adjacent non-tumor tissue samples. Specific CpG loci corresponding to each ZNF gene

are shown on the x-axis label.

DNA methylation (M-score, Y axis) of ZNF132 and ZNF154 was conducted comparing HNSCC
tumour and adjacent non tumour tissue (X axis). Data was obtained from the TCGA database
containing information from 50 samples. ZNF132 and ZNF154 each have two CpG loci being

analyzed from the dataset.
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Section 2.6: ZNF132, ZNF154, and ZNF671 downregulation was significantly associated

with poor overall survival in HNSCC patients

While the majority of HNSCC tumours display decreased ZNF132, ZNF154, and
ZNF671 expression, not all patients’ tumours showed this genotype. We therefore hypothesized
that expression levels of these ZNFs may have a significant association with disease prognosis.
Using data from the cohort of 530 primary HNSCC patients, we determined cutoff points for the
expression levels of the ZNFs through a percentile-based stratification. Log-rank tests were
conducted for various stratifications to determine a statistically significant cutoff point. In the
case of ZNF154, a subset of patients (n=124, top 25%) showed ZNF154 expression that was
similar to that observed in non-tumor tissue. Kaplan-Meier survival analysis stratifying patients
based on ZNF154 expression showed that those HNSCC patients who had higher expression of
ZNF154 in primary tumour tissue also had a significantly improved overall survival when
compared to the remaining patient cohort (Log-rank, p<0.05; Figure 2.3). The patient cohort in
the TCGA dataset displayed a wider range of expression for ZNF132. We identified 258 patients
as having high expression levels of ZNF132 (n=258, top 52%). Kaplan-Meier survival analysis
stratifying HNSCC patients based on expression of ZNF132 showed that, like ZNF154, those
with higher expression of ZNF132 in primary tumour tissue had significantly improved overall
survival when compared to the remaining patient cohort (Log-rank, p<0.05; Figure 2.3). And
finally, expression of ZNF671 was also varied widely. As with the previous examples, Kaplan-
Meier analysis showed that when patients were stratified based on ZNF671 expression, patients
with low expression of ZNF671 in primary tumour tissue (n=84, bottom 17%) showed a

significantly decreased overall survival when
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Figure 2.3: Kaplan-Meier Plots of overall survival (OS) for HNSCC patients stratified by

ZNF154 expression, HNSCC patients stratified by ZNF132 expression, HNSCC patients

stratified by ZNF671 expression.

Kaplan-Meier survival plots for ZNF132, ZNF154, and ZNF671 comparing the percentage of
group surviving over a period of time in days. Plots are stratified by high expressors and low
expressors, with the red line representing the high expressors and the blue line representing the

low expressors. These plots were also shown to be statistically significant.
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compared to the remaining patient cohort (Log-rank, p<0.05; Figure 2.3). These results indicate
that the expression of ZNF132, ZNF154, and ZNF671 are significantly associated with disease
prognosis, with their expression levels in primary tumours may be useful as potential prognostic

markers in this disease.

Section 2.7: Significant gene associations between ZNF132, ZNF154, and ZNF671

KRAB-ZNFs exert their function by acting as transcriptional repressors of target genes,
either by binding within the promoter region of a downstream target, or within the coding
sequence itself, as in the case of other ZNF target genes (Cassandri et al., 2017). We therefore
hypothesized that targets of each ZNF gene should show anti-correlative features in the TCGA
expression dataset of HNSCC patient primary tumours. We also wanted to evaluate any

commonality between genes targeted by these three ZNFs.

A list of genes correlated with both ZNF132 and ZNF154, as well as ZNF132, ZNF154,
and ZNF671 were generated from the TCGA HNSCC dataset. In this analysis, a gene is
considered to be mutually correlated if it is correlated for all of the listed genes after being cross-
referenced. 13,362 genes were significantly mutually correlated with ZNF154, 13,213 genes
were significantly mutually correlated with ZNF132, and 17,591 genes were significantly
mutually correlated with ZNF671. 10,413 genes were found to be significantly mutually
correlated between ZNF132 and ZNF154, while 7,329 genes were found to be significantly
mutually correlated between ZNF132, ZNF154, and ZNF671. Of these genes, 4219 were found
to be moderately mutually correlated between ZNF132 and ZNF154, and 2552 were found to be

moderately mutually correlated between ZNF132, ZNF154, and ZNF671. Finally, 127 genes
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were found to be strongly mutually correlated between ZNF132 and ZNF154, while 59 were
found to be strongly mutually correlated between ZNF132, ZNF154, and ZNF671 (Table 2.4A

and Table 2.4B).

DISCUSSION

Data from the TCGA patient dataset indicates that ZNF132 and ZNF154 are significantly
altered in expression and methylation between matched HNSCC tumour and non tumour tissue.
Additionally, expression levels of ZNF132, ZNF154, and ZNF671 were found to have a
significant correlation to overall patient survival. These genes have been shown to be associated
with overall survival and clinical outcomes, described in previous studies, in addition to our
analysis. (Liu ef al., 2021; Wiesmueller et al., 2018; Zhan ef al., 2020). ZNF154 methylation has
been shown to have potential as a multicancer biomarker (Miller, Petrykowska, and Elnitski,
2021). ZNF154 hypermethylation was seen in early-stage tumours throughout ten different
cancers and was not significantly associated with age or sex. By analyzing DNA from patient
plasma, these genetic markers hold the potential to identify tumours versus healthy tissue.

A study by Liu et al. (2021) displayed that downregulated ZNF132 via promoter
hypermethylation could be identified as a risk factor in breast cancer. This could hold promise

for use as a diagnostic biomarker. These results are similar to the trends we have seen in ZNF132
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Table 2.4A: Genes strongly associated between ZNF132 and ZNF154.

GPRASP1 (MICU3 NR2F2 ZIK1 TTC28
CUBN ZNF677 ZNF333 PWARSN PKP3
SNED1 CACNB2 |ACACB ZNF568 PPP1R3E
ZNF418 |[SH3BPS ZFP82 ZNF253 CACNAI1D
ZNF135 |FRZB NOVAL1 TRAK?2 ADAM22
SPARCL1 [ZNF583 ADGRG2 |ZNF780B FAXDC2
CARDS8 [KCTD7 FAMI171A1 |ZNF224 ZNF347
TNS2 GUCY1B1 |ZNF540 TRIMS2 ZNF280B
CMAHP [7ZNF610 MGAT3 ARMCX2 ZFP28
NRIP2 TSPAN12 |BCL2 ZNF280D TMEMS54
RAI2 SHE ZNF546 NR2F1 ZFP2
ZNF582 |ATM KL ZNF445

ZC3H12B |AFF3 NIPSNAP3B|DPY19L3

ZNF737 |ZNF439 PPMI1H TUBAIC

CD200 NBEA VASH?2 ZNF302

NOTCH4 |PLPP3 CCPG1 Z7FP14

SEMA3G [INSR PRKD1 YPEL1

RGS5 PTCH2 SLAIN1 SUGT1P4-STRAG6LP-CCDC180

ZNF486 |ZNF626 ZNF621 ZNF701

ZCCHCI18|HTR2B TNRC6C PHLDA2

ZNF43 NR3C2 PKD2 GPRCSB

CNTN4 [ZNF454 MCF2L KRBA2

FAT4 1KZF4 PARMI1 ZBED3

ZMAT1 |TMEMISO0C|ZSCANI18 |ZNF829

KIT MAP3K12 |CADPS2 CBX7

ZNFS578 |ZNF471 PDESA IL17REL

ZNF25 ZNF542P | ZNF417 CDC14A

CD302 ENPP4 CACNB4 SFN

ZNF415 |ZNF667 COL4A4 BANK1

A table of genes that have a strong association between ZNF132 and ZNF154. A strong

association was defined as having a Spearman correlation of greater than 0.400.
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Table 2.4B: Genes strongly associated between ZNF132, ZNF154, and ZNF671. A strong

correlation is defined as having a Spearman correlation greater than 0.400.

CARDS8 |ZNF583
ZNF582 |KL
ZCCHC18|SPARCL1
ZFP82 RGSS
ZNF418 |TNS2
FRZB ZNF439
ZNF43 BANK1
CMAHP |HTR2B
ZIK1 IKZF4
ZNF135 |MGAT3
SEMA3G |ZNF25
ZNF540 |ZNF677
AFF3 ZNF280B
YPELI1 ENPP4
CUBN ZNF542P
SNED1 CACNB2
SH3BPS |ZNF546
BCL2 COL4A4
ZMAT1 |NRIP2
RAI2 CADPS2
ZNF578 |ZNF667
ZNF737 |ACACB
PARM1 |NOTCH4
GPRASP1 |PLPP3
CD302 ZNF568
ZNF626 |KIT

SHE NOVA1
ZNF610 |ZNF486
CD200 ZNF454

SLAIN1

A table of genes that have a strong association between ZNF132, ZNF154, and ZNF671. A

strong association was defined as having a Spearman correlation of greater than 0.400.
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in HNSCC. We saw increased methylation of ZNF132, as well as a decreased expression of
ZNF132.

Additionally, research has shown that ZNF132 hypermethylation is indicative of
clinicopathological aggressiveness of ‘pan-negative’ lung adenocarcinomas (Hamada et al.,
2021). DNA methylation patterns were shown to have effects on gene expression, which may
contribute to clinicopathological features, such as tumour aggression (Hamada et al., 2021).
ZNF132, by methylation, was found to enhance cancer progression in esophageal squamous cell
carcinoma (Jiang et al., 2018). In that study, ZNF132 was found to have a role as a tumour
suppressor, significantly inhibiting cell growth, migration/invasion, and cell tumourigenicity.
This supports our findings that ZNF132 appears to be hypermethylated in tumour tissue,
compared to normal tissue. This hypermethylation seems to be associated with decreased gene
expression. The patients with hypermethylation of ZNF132 in the TCGA data also appeared to
display had lower gene expression, and were associated with a lower overall survival rate.

ZNF671 has previously been shown to significantly inhibit cell proliferation and
metastasis in non-small-cell lung cancer (Zhan et al., 2020). This occurs via the Wnt/B-Catenin
pathway, a pathway previously shown to be affected by other ZNFs (Hu et al., 2017). The
epigenetic downregulation of ZNF671 has also been shown to predict poor prognosis in patients
with solid tumours (Zhang ef al., 2019). The research indicates that ZNF671 could be a useful
predictive factor for multiple cancer types including lung adenocarcinoma, breast cancer, head
and neck squamous cell carcinoma, among many others.

The prior mentioned research highlights the various findings that ZNF132, ZNF154, and
ZNF671 appear to be affecting survival and other pathophysiological factors in cancers (Liu et

al., 2021; Miller, Petrykowska, and Elnitski, 2021; Zhan et al. 2020). Prior research established
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by Hu et al. (2017) displayed that ZNF154 had an effect on invasion and metastasis in NPC.
Prior research by Lleras, Belbin, ef al. (2013) identified ZNF132 and ZNF154 as potential targets
of interest. The ZNF132 and ZNF154 promoters displayed hypermethylation in human solid
epithelial tumours and cancer cell lines. These prior findings formed the basis upon our
investigation into the effects of these ZNF132 and ZNF154 in HNSCC.

Our data analysis has shown that ZNF132, ZNF154, and ZNF671 expression is
significantly downregulated in HNSCC tumour compared to matched normal tissue (Figure 2.1).
In addition ZNF132 and ZNF154 has been shown to be significantly hypermethylated in HNSCC
tumour tissue, compared to matched normal tissue (Figure 2.2). Finally, survival analysis has
indicated that low expression of ZNF132, ZNF154, and ZNF671 is associated with worse long-
term survival (Figure 2.3). These results lead us to believe that specifically ZNF132 and
ZNF154 are being hypermethylated in tumours to reduce their expression, as high expression of

these genes has been significantly associated with longer survival.
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Figures:

Table 2.5: HNSCC Patient characteristics by tumor site (Dr. Tom Belbin).

Oral Cavity | Oropharynx Larynx
N=310 N=82 N=124
N % N % N %
Gender
Male 206 = 66.5 69 84.1 101  81.5
Female 104 = 335 13 15.9 23 185
Race
White 266 = 85.8 76 92.7 99 | 79.8
Black or African American 20 6.5 6 7.3 19 153
Asian 10 3.2 0 1 0.8
American Indian or Alaska Native 1 0.3 0 1 0.8
Information not available 13 4.2 0 4 3.2
Ethnicity
Hispanic/Latino 16 5.2 3 3.7 5 4
Non-Hispanic/Latino 269 @ 86.8 76 92.7 | 109 87.9
Information not available 25 8.1 3 3.7 10 8.1
Smoking
Ever smoker 215 69.4 56 68.3 113 91.1
Lifelong non-smoker 86 27.7 25 30.5 8 6.5
Information not available 9 29 1 1.2 3 24
HPV Status
HPV + 31 10 56 68.3 11 8.9
HPV - 278 | 89.7 26 31.7 112 90.3
Indeterminate 1 0.3 0 0 1 0.8
Vital Status
Alive 197 = 63.5 69 84.1 82  66.1
Deceased 113 36.5 13 159 42 339
Nodal Status
Positive 147  47.4 34 41.5 58 | 46.8
Negative 119 384 16 19.5 42 339
Information not available 44 142 | 32 39 24 194
Pathologic Tumor Stage
Stage I 19 6.1 4 4.9 2 1.6
Stage 11 56 18.1 10 12.2 12 97
Stage 111 52 16.8 9 11.0 14 113
Stage IV 160  51.6 28 34.1 79 | 63.7
Information not available 23 7.4 31 37.8 17 | 13.7
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Table displaying data from the TCGA dataset of 516 HNSCC patients. It includes information
such as, gender, race, ethnicity, HPV status, vital status, and pathologic tumour status compared

against HNSCC subsites oral cavity, oropharynx, and larynx.
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Table 2.6: Patient characteristics for 50 HNSCC patients with adjacent tumor and non-
tumor and samples (Dr. Tom Belbin).
Oral Cavity Oropharynx Larynx
N=32 N=2 N=16

Gender

Male 21 2 15

Female 11 0 1
Race

White 28 2 12

Black or African American 2 0 4

Information not available 2 0 0
Ethnicity

Hispanic/Latino 4 0 4

Non-Hispanic/Latino 25 2 12

Information not available 3 0 0
HPYV Status

HPV + 6 0 2

HPV - 26 2 14
Vital Status

Alive 11 0 7

Deceased 21 2 9
Pathologic Tumor Stage

Stage 11 9 1 1

Stage 111 10 1 6

Stage [V 13 0 9

Table displaying data from the TCGA dataset of 50 HNSCC patients with matched tumour and
non tumour samples. It includes information such as, gender, race, ethnicity, HPV status, vital
status, and pathologic tumour status compared against HNSCC subsites oral cavity, oropharynx,

and larynx.
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CHAPTER 3: IN VITRO OVER-EXPRESSION OF ZNF132 AND ZNF154 IN HUMAN
IMMORTALIZED HUMAN EMBRYONIC KIDNEY (HEK-293) CELLS AND ORAL

SQUAMOUS CELL CARCINOMA (UM-SCC-1) CELLS
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INTRODUCTION
Section 3.1: Identifying the Mechanism behind ZNF132 and ZNF154

As shown in the previous chapter, ZNF132 and ZNF154 promoters appear to be
hypermethylated, reducing expression of each of these genes. Lower expression of these ZNFs is
associated with poorer overall survival rate. A related study by Hu ef al found that ZNF154
expression was frequently downregulated in NPC cell lines (2017). Promoter methylation of
ZNF154 was associated with poor survival in locoregionally advanced NPC. In cells that were
transduced with ZNF154, there was an increased expression of epithelial markers, such as E-
cadherin, and a decreased expression of mesenchymal markers, such as vimentin. They
suggested that ZNF154 is being downregulated in NPC, via promoter methylation, promoting
invasion and metastasis (Hu et al., 2017). They propose the use of ZNF154 promoter
methylation as a candidate biomarker for disease prognosis and a novel therapeutic target for
NPC.

While the effects of ZNF154 have been investigated in NPC as seen in the Hu et al study,
there is a lack of research on the effects of ZNF154 and similar ZNFs, such as ZNF132 in
HNSCC (2017). Using the HNSCC cell line UM-SCC1, we wanted to investigate the effects of
overexpressing ZNF132 and ZNF154 and how it affects EMT marker expression, cell growth
rate, and any potential targets of interest that may arise. From the TCGA data, we have seen the
increased methylation of ZNF132 and ZNF154 in HNSCC tumours, as well as a reduced gene
expression. Low expression of each gene was associated with a significantly reduced overall
survival rate. This data indicates there may be a mechanism by which ZNF132 and ZNF154

promoter methylation is being influenced by HNSCC.
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METHODS

Section 3.2: Growth of Cell Lines and Lentiviral Transduction of ZNF132 and ZNF154
expressing Constructs
Growth of Cell Lines

The HNSCC cell line, UM-SCCI1, (Cat.# SCC070, Millipore Sigma) was maintained at
37°C, 5% COs. UM-SCC-1 cells were cultured in DMEM/F12 (Cat.# SH30023FS, HyClone)
supplemented with 10% fetal bovine serum (FBS; Cat.# 081150, Wisent) and non-essential
amino acids (Cat.# TMS-001-C, Millipore Sigma). Isolation of total RN A was carried out using
the RNeasy total RNA kit (Cat.# 74104, Qiagen). The constitutive overexpression of ZNF132
and ZNF154 via lentiviral transductions in UM-SCC-1 and HEK-293 cells were carried out
using the pLenti-C-Myc-DDK-P2A-Puro lentiviral system. Central to this system was the use of
a CMV promoter expressing a FLAG-tagged ZNF154 or ZNF132 fusion protein, (Cat.#
RC219041L3, RC218278L3, Origene). Transduced clones were selected using 0.25-0.50 pg/mL
of puromycin. A negative control for each cell type contained only the empty pLenti-C-Myc-
DDK- P2A-Puro vector via transduction (Cat.# PS100092, Origene). Single clones were selected
for use in experiments. P-Lenti-50 (PL-50) and P-Lenti-100 (PL-100) represent the samples
numbers used in experiments.
Taqman Real-Time PCR

Tagman real-time PCR was used to determine expression of ZNF proteins, as well as the
EMT markers vimentin (Hs00985111 m1) and e-cadherin (Hs00170423 ml), at the RNA
transcript level, as per the manufacturer’s instructions (Thermo Fisher Scientific). The Tagman

probes used included the following: ZNF154 (Hs06618628 s1), ZNF132 (Hs01036387 ml),
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Vimentin, and E-Cadherin. Isolation of total RNA was carried out using the RNeasy total RNA
kit (Cat.# 74104, Qiagen). GAPDH (Thermo Fisher Scientific Cat.# 402869) was used as the
control probe. The guidelines for the real time PCR reaction are as follows: a reverse
transcription step (50°C, 5 minutes), followed by a RT inactivation/initial denaturation (95°C, 20
seconds), and finally 40 cycles of denaturation (95°C, 5 seconds) and annealing/extension (60°C,
15 seconds).
PCR Expression of Confirmation

The internal vector PCR primers V2 (5’-AGAGCTCGTTTAGTGAA-3") and LR50 (5°-
CAGAGGTTGATTATCGATAAG-3") were used for the amplification of viral DNA. Phusion
Green Hot Start II High Fidelity PCR master mix was used to conduct PCR reactions (Thermo
Fisher, Cat.#F-566S). The guidelines for the PCR reaction are as follows: an initial denaturation
(98°C, 30 seconds), followed by 35 cycles of denaturation (98°C, 10 seconds), annealing (56°C,
30 seconds) and extension (72°C, 2 minutes), with a final extension step (72°C, 10 minutes).
PCR products were then resolved on a 0.8% agarose gel. The expected amplifier size for
ZNF154 is 2340 bp.
Growth Measurements

For growth measurements, cells were grown and harvested in triplicate wells for each cell
type. Cells were counted using a haemocytometer and phase contrast microscope; Trypan Blue
exclusion was used to assess cell viability. Tumor cell numbers were expressed as mean + SD.
One way ANOVA was conducted using Microsoft Excel 2013 to calculate differences between
two independent groups. Doubling time was calculated using the formula as seen in Figure

3.1A. A p-value of less than 0.05 was considered to be statistically significant.
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Figure 3.1A: Formula for calculating the doubling time of cells, where Td represents the

doubling time, t represents the time between plating and harvesting, and r represents the

growth rate.
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Figure 3.1B: HEK?293 cell srowth assay over comparing parental HEK?293. empty vector,

and ZNF154 overexprossors.

A graph comparing the growth times between various HEK293 samples, including HEK293 cells

transduced with ZNF132, ZNF154, and empty vector.
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Section 3.3: Measurement of FLAG-Tagged Protein Expression

Measurement of ZNF154-FLAG and ZNF132-FLAG fusion protein expression was
carried out by Western blot. Cells were plated in six-well plates, washed with ice cold PBS, and
lysed with 200u1 RIPA buffer (50mM Tris pH7.4, 137mM NaCl, 2.7mM KCI, 11.9mM
phosphates, 1% TritonX, SmM EDTA, 0.5% Deoxycholic Acid, 0.1% SDS, 50mM -
glycerophosphate, 50mM sodium fluoride, ImM PMSF, 2mM sodium orthovanate, 10pg/ml
Aprotinin, 10pg/ml Leupeptin and 10pg/ml Pepstatin). To harvest, cells were scraped from the
six well plates using a cell scraper. Cell lysates were removed from the plate surface by cell
scraper and passed through a 25-gauge needle. Samples were then centrifuged at 11,000xg for 15
minutes at 4°C to remove cell debris. The Pierce BCA protein assay kit was used to determine
protein concentrations (Cat.# 2322S, Thermo Fisher Scientific) as per manufacturer’s
instructions using a BSA standard curve. 60pg of total protein were loaded onto a 10% SDS-
PAGE gel, and resolved proteins were transferred onto a nitrocellulose membrane (Cat.#
1620115, BioRad). Membranes were probed using a FLAG primary antibody (1:2000; Cat.#
TAS50011, Origene) and secondary antibody (goat anti-mouse HRP (1:5000) (Cat.# 115-035-071,
Jackson Immunoresearch). HRP signal was detected using Amersham ECL Select Western
Blotting Detection Reagent (RPN2235) and blots were imaged on a Biorad Chemidoc MP
Imaging System. The membranes were reprobed for B-actin (1:2000; Cat.# MABT523, Millipore
Sigma); secondary antibody goat anti-rabbit HRP (1:10000; Cat.# 65-6120, Invitrogen) as a
loading control. SuperSignal West Pico PLUS Chemiluminescent Substrate was used to detect
HRP signal (Cat.# 34579, Thermo Fisher Scientific). This was then imaged on a Biorad
Chemidoc MP Imaging System. All images were analyzed using Bio-rad Laboratories Image

Lab software (version 6.1).
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Section 3.4: Screening for Cancer Related Targets of Interest Using Proteome Profiler
Antibody Array

Proteome Profiler (R&D Systems, Inc., Minneapolis, MN, USA) antibody array was used
to screen HEK293 cells for changes in cancer related targets of interest. Specifically, the Human
XL Oncology (Cat.# ARY026) was used to detect differences in 84 cancer-related proteins
between samples. Selected capture antibodies were spotted in duplicate on nitrocellulose
membranes (Table 3.2). The Human XL Oncology antibody array was used according to the
manufacturer’s protocol. For each array, 200 pg of protein sample was used. Membranes were
blocked in Array Buffer 6 and incubated for an hour on a rocking platform. 0.5 mL of each
sample was added to 0.5 mL of Array Buffer 4. Final volume was adjusted to 1.5 mL with Array
Buffer 6. This was then incubated overnight at four degrees Celsius on a rocking shaker. After
washing each membrane with 1X Wash Buffer, 30 uL of Detection Antibody Cocktail was added
to 1.5 mL of 1X Array Buffer 4/6. 1.5 mL of this was added to each well and blots were
incubated for one hour on a rocking shaker at room temperature. After incubating and washing, 2
mL of 1X Streptavidin-HRP was added to each well and was incubated for 30 minutes on a
rocking shaker at room temperature. 1 mL of Chemi Reagent Mix was added to each well and
covered with a plastic sheet protector. This was incubated for one minute, and after excess
reagent was squeezed out. This was then imaged on a Biorad Chemidoc MP Imaging System.

The arrays were imaged using the ChemiDoc™ MP (Bio-rad, Hercules, CA, USA)
system. Prior to image analysis, image grayscale was inverted. Chemiluminescent spots were
measured using ImageJ image processing software and normalized to the array reference spots.

Integrated density for each spot was calculated. Statistical significance was determined using one
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Table 3.2: 84 Cancer-related proteins on Human XL Oncology Array

AFP ErbB4 MMP-2
Amphiregulin FGF basic MMP-3
Angiopoietin-1 Fox(C2 MMP-9
ANGPTLA4 FKHR MSP/MST1
ENPP-2/Autotaxin Galectin-3 MUC-1

AXL GM-CSF Nectin-4
BCL-X HCG Osteopontin
CAI125/MUC-16 HGF R/c-Met p27/Kipl
E-Cadherin HIF-1alpha p53
VE-Cadherin HNF-3beta PDGF-AA
CAP-G HO-1/HMOX1 CD31/PECAM-1
CA-9 ICAM-1/CD54 Progesterone R
Cathepsin B CD25/IL-2 R alpha Progranulin
Cathepsin D IL-6 Prolactin
Cathepsin S CXCLS/IL-8 Prostasin
CEACAM-5 IL-18 Bpa E-Selectin
Decorin KLK-3/PSA Maspin

DKK-1 KLK-5 PAI-1/Serpin El
DLL-1 KLK-6 SNAIL

EGF R/ErbB1 Leptin (OB) SPARC
Endoglin/CD105 Lumican Survivin
Endostatin CCL2/MCP-1 Tenascin-C
Enolase 2 CCL8/MCP-2 THBS-1

eNOS CCL7/MCP-3 TIE-2

EpCAM M-CSF UPA-1
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ER-alpha Mesothelin VCAM-1

ErbB2 CCL3/MIP-1alpha VEGF

ErbB3 CCL20/MIP-3alpha Vimentin

A list of cancer related proteins that were included in the Human XL Oncology Array Kit
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way ANOVA and significant results were verified use a post hoc Tukey test. Results are reported

as relative expression set as a ratio to a value of one, from one divided by the integrated density.

RESULTS

Section 3.5: Attempts to Overexpress ZNF154 in Head and Neck Squamous Cell
Carcinoma Cell Line UM-SCC-1 and its Effect on Markers of Epithelial-Mesenchymal
Transition (EMT)

ZNF154 has previously been identified as a candidate gene for investigation based upon
its epigenetic silencing in HNSCC (Lleras, Belbin, ef al., 2013) Our research attempts to
elucidate this further in identifying the potential tumour suppressive properties of ZNF154. This
was attempted by the overexpression of ZNF154 in the oral cavity cancer cell line UM-SCCI.
Overexpression of ZNF154 in this cell line was first investigated by qPCR to identify the effects
of how EMT related markers are affected by overexpression. A previous study by Hu et al.
demonstrated that ZNF154 overexpression in nasopharyngeal cancer cells lines caused a
decrease in mesenchymal markers such as vimentin and an increase in epithelial markers such as
E-cadherin (2017). These two proteins were chosen as markers of EMT for our investigation of
the effects of ZNF154 overexpression in HNSCC cell lines. Real-time qPCR results measuring
E-Cadherin and vimentin expression levels compared between empty vector UM-SCCI cells and
ZNF154 overexpressing UM-SCCI1 cells identified an increase in vimentin levels in the ZNF154
overexpressors and a decrease in E-cadherin levels in the ZNF154 overexpressors (Figure 3.3).
We hypothesized that the overexpression of ZNF154 would push the HNSCC cells towards a

more epithelial phenotype. However, these results contradict that by indicating a decrease in
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Figure 3.3: qPCR of various EMT related markers in UM-SCC1 samples transduced with

empty vector and ZNF154

A qPCR was completed of various EMT markers for UM-SCC1 samples transduced with
ZNF154 and empty vectors. This graph compares the empty vector samples (in red) to the

ZNF154 overexpressors (in green), and parental UM-SCCI (in blue).
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epithelial markers and an increase in mesenchymal markers. In order to further explain these
results, ZNF154 expression was investigated at the protein level by Western blot. In this
experiment, samples used include ZNF154 overexpressing UM-SCCI cells as well as UM-SCCI1
cells transduced with an empty p-lenti virus. Samples for both were taken at various cellular
passages. ZNF154 overexpressing samples contain a FLAG-tag protein tag to enable
identification of ZNF154 protein expression. Using this construct, complete ZNF154 protein
expression has an expected banding pattern of approximately 57 k. From the western blot results,
we see no banding patterns in the empty samples, as expected. However, in the ZNF154
overexpressing samples a banding pattern of approximately 35 k is present (Figure 3.4A). This
shorter banding pattern was not expected, and is possibly indicative of the production of a
truncated protein. Genomic PCR was then conducted to identify if a full-length gene for ZNF154
is present in the UM-SCCI1 overexpressors (Figure 3.4B). A full length ZNF154 gene has an
approximate size of 1067 bp. (control lane). Other samples tested include UM-SCCI1 cells
transduced with an empty p-lenti virus, as well as ZNF154 overexpressing UM-SCCI1 cells. The
results show that the empty transductions do not display any banding patterns. However, the
ZNF154 overexpressors show a smaller than expected genomic PCR product of approximately
900 bp in length. This suggests that an incomplete gene sequence may be present in the ZNF154
overexpressing cells. In order to test this hypothesis, genomic DNA samples from these cells
were sequenced to identify any possible alterations in the ZNF154 gene. Sequencing of the
ZNF154 overexpressing UM-SCC1 samples in the forward and reverse direction showed that
internal sections of the ZNF154 gene had been deleted in these clones (Figure 3.5). We
hypothesize that this shortened gene is causing the production of the truncated protein, as seen in

the Western blot.
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Figure 3.4A: Western Blot displaving UM-SCC1 samples transduced with empty vector

and ZNF154, taken at various passages (Elizabeth Chia, 2021).

A western blot comparing UM-SCC1 samples transduced with empty vector and ZNF154. The
empty samples are on the left of the blot and the ZNF154 samples are on the right side. The

various samples were taken at different passages during cell culturing.
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Figure 3.4B: Genomic PCR displaying UM-SCC1 samples transduced with empty vector

and ZNF154 (Kendra Smith, 2021).

A genomic PCR comparing stock ZNF154 transcript, UM-SCCI cells transduced with ZNF154,
and UM-SCCI1 cells transduced with an empty vector. This PCR is comparing the length of

ZNF154 transcript in various samples.
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Figure 3.5: Sequencing of a UM-SCC1 sample transduced with ZNF154 (Kendra Smith,

2021).

A genomic sequencing displaying a UM-SCCI1 sample transduced with ZNF154. In this figure
the missing sections of ZNF154 can be seen having been sequenced in the forward and reverse

directions.
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Section 3.6: Overexpression of ZNF154 in Non-HNSCC Cell Line HEK293 Results in Full
Length Protein with Growth Suppressive Phenotype

To test the effect of ZNF154 overexpression on a non-HNSCC cell line, HEK293 cells
were transduced with ZNF154. The overexpression of ZNF154 was confirmed by qPCR as well
as Western blot (Figure 3.6A). HEK293 cells overexpressing ZNF154, as well as HEK293 cells
transduced with an empty p-lenti virus, were measured by qPCR. The results indicate that there
is ZNF154 expression in the overexpressing cells, but not in the empty vector controls.
Additionally, Western blot analysis identified a 57 k protein in the overexpressing cells which is
not present in the empty vector controls, consistent with the molecular weight of ZNF154. This
suggests that the HEK293 ZNF154 overexpressing cells are capable of expressing a full length
ZNF154 protein. Genomic PCR was also performed to identify whether a complete ZNF154
gene was present in the HEK293 overexpressing cells (Figure 3.6B). PCR amplification of this
genomic DNA product containing both the ZNF154 gene and adjacent vector product would
produce a fragment of 1067 bp. ZNF154 overexpressing cells showed a PCR product of
approximately 1067 for the complete gene. These results indicates that HEK293 cells were able
to express full length ZNF154 product.

A growth assay was conducted on HEK293 cells transduced with an empty p-lenti virus,
cells overexpressing ZNF154, and cells overexpressing ZNF132 (Figure 3.1B). Cell counts were
completed over a period of five days for all cell types. While the difference in growth rates
between the samples were not statistically significant, the ZNF132 and ZNF154 overexpressors
trended towards an increase in doubling time, compared to the empty transductions. Statistical

analyses for cell growth were completed using one way ANOV A, however a post hoc Tukey
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Parental Empty ZNF154

HEK293 Vector Overexpressors
Hek Hek Hek Hek
Hek 293 293 293 293
293 PL-50 PL-50 154-50 154-100

Flag

Actin

Figure 3.6A: Western blot displaying HEK?293 samples transduced with empty vector and

ZNF154.
A western blot displaying parental HEK293 and HEK293 cells transduced with an empty vector

and ZNF154. This graph shows the expected banding pattern for ZNF154.
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ZNF154 ZNF154
Stock  Overexpressors

Hek293 154p-Lenti 100
Hek293 154p-Lenti 50

154 stock

1500
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Figure 3.6B: Genomic PCR displaying UM-SCC1 samples transduced with ZNF154 and a

stock ZNF154 control (Kendra Smith, 2021).

A genomic PCR comparing HEK293 samples transduced ZNF154 and the stock genomic
ZNF154 control . The ZNF154 overexpressors are notably showing the expected banding pattern

of a full length ZNF154 transcript.
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is not required as the result was not statistically significant. Figure 3.1A represents the formula

used to calculate doubling time.

Section 3.7: ZNF154 Overexpression may Target PS3 and FOXO1 Expression in HEK293
Cells

Knowing that HEK293 cells are capable of expressing a complete ZNF154 protein, we
wanted to identify any changes that may occur to target markers of interest. This was achieved
using the Human XL Oncology Array Kit, which identifies changes related to various EMT
markers (Table 3.7, Figure 3.8). Duplicate arrays for samples of ZNF154 overexpressors, as
well as parental HEK293 cells, were completed and analyzed via single factor ANOVA and
confirmed with a post hoc Tukey test. The results indicate that FOXO1 and p53 are significantly

down regulated in the ZNF154 overexpressors, compared to parentals.

DISCUSSION

The experiments show ZNF154 appears to produce a truncated gene and proteins when
transduced into the HNSCC cell line UM-SCC1. However, this does not appear to occur with the
cell line HEK293. This suggests that there is a mechanism preventing the expression of a
complete ZNF154 gene in the HNSCC cell line. There appears to be an inability of the virus to
insert a complete ZNF154 gene into the genome. The PCR and genomic sequencing highlight
deletions of the ZNF154 gene where the lentivirus inserted the gene into the genome. A possible
candidate mechanism to explain this phenomenon is KAP1 regulating the ZNF154 gene

(Cassandri ef al, 2017). KAP1 is a transcriptional repressor
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Table 3.7: Table of Adjusted Integrated Density Measured from Antibody Arrays

HEK293 HEK293 HEK293-ZNF154 HEK293-ZNF154

Marker Names Adjusted Integrated Density
Reference Spots 81 97 118 92
111 90 109 90
a-Fetoprotein 310 292 318 294
314 296 328 298
Amphiregulin 315 298 330 300
315 298 330 300
Angiopoietin-1 316 298 331 300
316 299 331 300
Angiopoietin-like 4 316 298 330 300
315 299 330 300
ENPP-2/Autotaxin 312 295 326 296
312 295 327 296
Axl 315 298 330 298
315 298 330 298
BCL-x 315 299 331 300
315 299 331 300
CA125/MUC16 317 300 332 302
317 300 332 302
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E-Cadherin 314 297 329 299
313 297 330 299

VE-Cadherin 308 292 325 295
304 287 323 291

Reference Spots 113 95 109 94
106 89 104 94

CapG 310 291 328 297

311 293 329 298

Carbonic Anhydrase IX 315 297 330 300
315 297 331 300

Cathepsin B 310 292 328 297
310 292 328 297

Cathepsin D 300 281 322 292
301 281 322 292

Cathepsin S 313 296 328 298
313 296 329 298

CEACAM-5 316 300 332 301
316 300 331 300

Decorin 314 297 328 298
313 296 328 298
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Dkk-1 313 297 328 298
313 297 328 298

DLL1 311 295 329 298
311 295 329 298

EGF R/ErbB1 278 261 311 281
277 261 310 281

Endoglin/CD105 315 298 330 300
315 298 331 300

Endostatin 312 293 331 300
311 292 331 300

Enolase 2 247 220 289 257
250 218 288 258

eNOS 315 298 331 300
315 298 331 300

EpCAM/TROP1 316 299 331 301
316 299 331 301

Era/NR3A1 317 300 333 302
317 300 332 301

ErbB2 305 289 324 293
305 289 325 292

ErbB3/Her3 315 299 331 300
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315 298 330 300

ErbB4 311 295 329 299
311 295 329 299

FGF basic 298 283 324 294
297 282 324 294

FoxC2 313 294 329 298
312 293 328 297

FoxO1/FKHR 271 246 306 275
272 247 309 274

Galectin-3 181 151 223 186
179 155 217 186

GM-CSF 306 290 321 294
311 295 326 298

CG a/B (HCG) 310 292 327 297
310 293 327 297

HGF R/c-Met 305 289 325 295
305 289 325 295

HIF-1a 313 297 329 299
313 298 330 299

HNF-3B 311 294 327 296
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311 294 327 296
HO-1/HMOX1 306 287 326 295
305 287 326 295

ICAM-1/CD54 316 299 331 301
316 299 331 301

IL-2 Ra 315 300 331 300
315 299 330 300

IL-6 313 297 328 298

313 297 328 298

CXCL8/IL-8 308 290 325 295
308 290 325 295

IL-18 Bpa 312 297 329 298
313 297 329 298

Kallikrein 3/PSA 313 297 326 296
313 297 326 296

Kallikrein 5 314 300 331 300
315 300 331 301

Kallikrein 6 315 298 330 300
314 298 330 300

Leptin 314 298 329 299
314 298 329 300
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Lumican 318 301 333 303
318 302 333 303

CCL2/MCP-1 316 300 332 301
317 300 332 301

CCL8/MCP-2 315 298 330 300
315 298 330 300

CCL7/MCP-3 317 300 332 302
316 300 332 302

M-CSF 310 293 328 297
310 294 327 297

Mesothelin 310 294 325 295
310 294 325 295

CCL3/MIP-1a 317 300 331 301
316 299 332 301

CCL20/MIP-3a 313 296 330 299
313 296 330 299

MMP-2 309 293 325 294
308 293 325 294

MMP-3 308 293 325 293
309 293 326 294
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MMP-9 317 300 332 302
317 301 332 302

MSP/MST1 315 299 330 300
315 299 330 300

MUC-1 316 299 331 301
316 299 331 301

Nectin-4 316 299 331 301
316 299 331 300

Osteopontin (OPN) 303 287 318 287
303 287 318 287

p27/Kipl 303 286 327 297
300 285 327 297

p53 237 202 282 251

229 196 280 245

PDGF-AA 312 295 328 301
313 297 330 301

CD31/PECAM-1 316 299 331 299
316 299 331 299

Progesterone R/NR3C3 314 297 329 276
314 297 330 275

Progranulin 263 245 304 298
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265 245 305 299

Prolactin 313 296 329 300

314 297 330 301

Prostasin/Prss8 316 299 331 302
316 299 331 302

E-Selectin/CD62E 317 300 332 302
317 301 332 302

Serpin B5/Maspin 317 301 332 298
317 301 332 299

Serpin E1/PAI-1 313 297 329 298
314 297 329 298

Snail 312 295 329 295

311 294 329 295

SPARC 307 291 326 257

306 291 326 252

Survivin 250 222 290 300

245 212 287 301

Tenascin C 313 297 329 299
314 299 331 298

Thrombospondin-1 313 295 329 297
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314 295 328 296

Tie-2 313 296 328 298

313 297 329 298

u-Plasminogen Activator/Urokinase 316 299 331 301
316 299 331 301

VCAM-1/CD106 316 300 332 301
316 300 332 301

VEGF 317 300 332 302

317 300 332 302

Vimentin 303 283 323 293
304 285 323 293

Reference Spots 100 91 122 101
107 91 117 105

This table displays a list of all 84 cancer related proteins on the Human XL Oncology Array Kit.
The integrated density has been captured as a method of measuring the difference between the
control array (HEK293) and the test array (HEK293 ZNF154). The integrated density has been
adjusted for background noise to ensure consistency between the arrays and is presented in this

chart as Adjusted Integrated Density. Each measurement was done in duplicate.
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Figure 3.8: Human XL Oncology Array Kit comparing HEK?293 transduced with ZNF154

and parental HEK?293. Bar graphs highlight the statistical significance of FOX01 and p53,

two targets of interest.
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that typically interacts with KRAB-ZNFs via the KRAB domain. However, in some
circumstances, instead of regulating ZNFs via the KRAB domain, it can bind downstream in the
coding region of a gene (Figure 3.9; O’Green ef al, 2007). We believe this is what is occurring
with ZNF154 in the UM-SCCI1 cell line. The UM-SCC1 samples transduced with ZNF154 have
been sequenced in the forward and reverse directions. This has revealed possible KAP1 binding
sites within the coding region of ZNF154 (Figure 3.5). These are possible regions where KAP1
is binding and regulating ZNF154 causing an incomplete gene to be produced. The inability of
UM-SCCI cells to express a complete ZNF154 transcript highlights a possible role of ZNF154 in
oral cancer cell death. FoxO1 was significantly downregulated in the ZNF154 HEK293
OVerexpressors.

As seen in Figure 3.8, there was a significant decrease in FoxO1 and p53 expression in
ZNF154 overexpressing HEK293 cells, compared to parental HEK293. FoxO1 has been shown
to have a role in the epithelial mesenchymal transition (Remadevi ef al., 2021). In the Remadevi
study, increased expression of FoxO1 was associated with an increase in epithelial markers in
HNSCC. Additionally, frequent mutations to the p53 gene have been associated with a shorter
survival period in HNSCC (Zhou et al., 2016). The status of p53 and the rate at which it is
mutated may show promise for the gene as a biomarker. These examples further highlight
potential relations between our markers of interest, FoxO1 and p53, and HNSCC.

Expression of ZNF154 has been linked to worse prognosis in multiple types of cancer (He
et al., 2022). Specifically, in a study be He et al., low expression of ZNF154 was significantly
associated with poor prognosis in gastric cancer. The demethylation of the ZNF154 promoter
region was associated with increased ZNF154 expression and decreased growth and migration

of esophageal squamous cell carcinoma (He et al., 2022). Further supporting its role in cancer,
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KRAB-ZNF gene (e.g. ZNF333, ZNF426, or ZNF554)

Figure 3.9: Diagram of KAP1 binding within the coding region of a KRAB-ZNF gene

(O’Green et al., 2007). Creative Commons license.

A diagram showing the ability of KAP1 to bind within the coding region of a gene.
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when overexpressed in HEK293 cells, a non-oral cancer cell line, a complete ZNF154 gene and
protein are seen, unlike with the HNSCC cell line UM-SCC1 (Figure 3.6A). This further
supports the hypothesis of ZNF154 having a role in oral cancer cell death. The process by which
KAPI may be regulating the ZNF154 coding region is unknown. It is possible that a different
ZNF gene may be acting as an intermediary in the KAP1. HEK293 cells incorporated the whole
ZNF154 gene, despite also expressing KAP1, however only one clone of UM-SCC1 was
analyzed. It is possible this is an artifact of selecting a single aberrant clone that had defective
integration. In future studies, other UM-SCCI1 clones could be tested to verify that this cell line

alters the lenti-virus integration into the genome.
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CHAPTER 4: EFFECTS OF KAP1 KNOCKDOWN ON EXPRESSION OF ZNF132 AND ZNF154

IN HUMAN EPITHELIAL KERATINOCYTES
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Introduction
Section 4.1: Using Keratinocytes to Elucidate the Effects of KAP1 on ZNFs
Genomic sequencing of UM-SCCI cells transduced with ZNF154 p-lenti virus reveal that

there are deletions within the ZNF154 gene. This indicates a possible inability of the virus to
insert itself in the cell genomes. KAP1 may be upregulated in UM-SCCI1 cells, as they are a
cancer cell line (Ferlier and Coulouarn, 2022). Cancer cell lines can show dysregulation in gene
expression and signaling pathways. This same issue may not be present in keratinocytes cells as
they are a non-cancerous epithelial cell line (Sciezynska ef al., 2019). This may allow for
observations that were not possible when using the UM-SCCI cell line. As an epithelial cell line,
keratinocytes are especially relevant in the study of HNSCC.

Keratinocytes will be cultured with the application of a KAP1 inhibiting siRNA in an effort to
knockdown the gene. This will allow us to test for the relative expression of KAP1, ZNF132, and
ZNF154 in comparison to control keratinocytes treated with only transfection reagent. This

experiment, if successful, will allow us to examine the effects of KAP1 on ZNFs of interest.

Section 4.2: Experiment Methods

Growth and Culturing of Human Epithelial Keratinocytes and UM-SCC1 Cells
Keratinocyte cells were obtained from Thermofisher (Cat.#C005CC) and were cultured

in Complete Keratinocyte Media. These cells were validated by STR genotyping. Isolation of

total RNA was carried out using the RNeasy total RNA kit (Cat.# 74104, Qiagen). A

concentration of 50 nM of siRNA were used for the knockdowns, in addition to 1uL of

Dharmafect Reagent #4 (Cat. T-2004-02, Fisher). siRNA concentration was based upon previous

work completed by Nilita Sood. Tagman real-time PCR was used to confirm whether there is an
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effect of mRNA expression at the transcript level, as per the manufacturer’s instructions (Thermo
Fisher Scientific).

UM-SCCI cells were transfected with the KAP1 knockdown siRNA by itself, a sample
that combined KAP1 siRNA and 5-azacytidine, and a sample that used solely 5-azacytidine. In
addition, a non-targeting siRNA as well as mock transfection were used as controls. The
treatments were added to the cells, which were then left to grow and harvested after a period of
two to three days for RNA. Culturing and plating techniques are the same as described in
Section 3.2. Keratinocyte cells used in knockdowns followed the same protocol, but were
transfected with KAP1 siRNA. The Tagman probes used included the following: ZNF132
(ACCTCACTTGGTTCTTGGCATGGAG), ZNF154 (CTCTTTTAACCTCTCTAGATGTTCA),
and KAP1. GAPDH was used as an endogenous control to normalize expression.

One way ANOVA was conducted using Microsoft Excel 2013 to calculate differences
between two independent groups and confirmed with a post hoc Tukey test. A p-value of less

than 0.05 was considered to be statistically significant.

Section 4.3: Results

qPCR analysis revealed that neither the KAP1 siRNA knockdown, 5-azacytidine
treatment, or a combination of both were sufficient to re-express ZNF154 or ZNF132 in the UM-
SCCI cells. ZNF132 and ZNF154 expression was not detected over any of these conditions.
Additionally, when the keratinocyte cells were knocked down with KAP1 siRNA ZNF132
expression was not marginally different. However, ZNF154 expression increased by 45%
compared to NTC control (Figure 4.1). This was statistically significant and confirmed with a

post hoc Tukey test.
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Figure 4.1: Fold change comparing KAP1 siRNA knockdown in keratinocyte cells relative

to NTC.
Graphs comparing the fold change between keratinocyte cells knocked down with KAP1 siRNA.
The graph in blue represents samples knocked down with an NTC siRNA and the graph in green

represents cells knocked down with KAP1.
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Section 4.4: Discussion

We hypothesized that KAP1 may be having a regulatory effect in the UM-SCCI1 cell line,
so we wanted to conduct a siRNA knockdown of KAP1 in the UM-SCC1 samples. In addition,
we wanted to also use the demethylating agent 5-azacytidine because methylation may have also
had a role in regulating ZNF132 and ZNF154 reexpression in the samples. The samples were
tested for ZNF132 and ZNF154 expression using qPCR analysis. Parental UM-SCCI1 cells have
little, if any, expression of these genes. The qPCR analysis revealed that neither the siRNA
knockdown, 5-azacytidine treatment, or a combination of both were sufficient to re-express
either gene. This suggests there may be additional mechanisms beyond KAP1 regulation and
DNA methylation that are suppressing the expression of these two genes.

Next, we wanted to test the effects of gene knockdowns on epithelial keratinocytes with
some expression of ZNF132 and ZNF154. These cells were treated with siRNA to knockdown
expression of ZNF132, ZNF154, ZNF671, and KAP1 under the conditions as described in
Section 4.2. qPCR analysis revealed that KAP1 knockdown caused a significant increase in
ZNF154 expression by 45%, compared to NTC (Figure 4.1). This suggests that KAP1 may have
a function in the co-regulation of ZNF genes. However, the mechanism that may be underlying
this is unknown.

Our prior experiments indicated the presence of an incomplete ZNF154 gene in the UM-
SCCI1 cells, whereas the HEK293 cells displayed a complete ZNF154 gene(Figure 3.4B, Figure
3.6 B). For these cells to have grown, the puromycin gene must have been retained. While the
entire construct was present in the HEK293 cells, the gene became truncated in the UM-SCC1
cells. We believe that the UM-SCCI1 cells truncate ZNF154 as a survival mechanism, possibly

through transcriptional repression. KAP1’s role as a transcriptional regulator may contribute to
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the ZNF154 becoming truncated in the UM-SCCI cells. Another possible explanation is that
aberrant splicing is causing a portion of the ZNF154 gene to be excluded, while retaining the
puromycin resistance. A truncated mRNA transcript could alter the function of the ZNF154
gene, which may normally be lethal to the UM-SCCI cells. Finally, another possibility is that the
transgene may have undergone degradation or recombination during integration. This could
allow the cell to retain the puromycin resistance gene, but alter the ZNF154 gene due to selective
pressure. Future research could focus on the elucidation of this mechanism and how KAP1
affects ZNF genes.

A previous study by Tie et al (2018) has indicated that KAP1 represses endogenous
retroviruses and ZNF genes. A loss of KAP1 caused a reduction of H3K9me3 enrichment at
endogenous retroviruses and ZNF genes in the study. Retroviruses such as HERV-T and HERV-
S and ZNF genes were shown to overlap with KAP1 binding sites and H3K9me3 in multiple cell
types (Tie et al., 2018). H3K9me3 is essential for chromatin repression and genome stability.
This indicates that the KAP1-KZNF pathway has a role in genome stability. Our results also
indicate a potential connection between KAP1 and ZNF genes. Our results also indicate a
potential connection between KAP1 and ZNF genes. In our results we see an increase in ZNF154
expression of approximately 40%. This signifies that there may be a connection between KAP1
expression and its ability to inhibit ZNF genes.

We acknowledge that our research in this area is some of the first of its kind. The effects
of ZNF154 and its relation to KAP1 in HNSCC has not been investigated as explored in our
research. As a result, it is difficult to draw comparisons between our work and what exists
currently in the literature. We hope that our contributions on this topic will engage future

investigations into the role of KAP1 in its interactions with ZNFs. Our lab is continuing research
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on some promising ZNF targets in HNSCC that may be able to build upon the data presented in

this thesis.
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CHAPTER 5: CONCLUSION
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Conclusion

In conclusion, my research focused on identifying the tumour suppressive properties of
ZNF154 in HNSCC. A study by Lleras and Belbin in 2013 previously found that ZNF154 was
frequently methylated and had decreased gene expression in HNSCC tumour tissue, compared to
adjacent normal tissue. They identified ZNF154 as a candidate for future study because of its
effects in HNSCC and reported tumour suppressive properties in other cancers. For example, a
study by Hu et al. in 2017 identified ZNF154 as significantly affecting EMT markers, cell
invasion, and other factors in nasopharynx cell lines (Hu ez al., 2017). These and other studies
provided the basis and reasoning for investigating ZNF154 and its effects in an HNSCC cell line.

First, we utilized HNSCC patient data from the Cancer Genome Atlas (TCGA) to assess
the expression of both ZNF132 and ZNF154 and their associations with patient clinical and
pathologic variables. From this, we observed that HNSCC patients with lower levels of ZNF132
and ZNF154 expression had significantly decreased overall survival rate compared to those with
higher expression (Figure 2.3). Additionally, the tumour tissue has increased ZNF132 and
ZNF154 methylation, as well as decreased gene expression, when compared to matched non-
tumour tissue from the same patient. ZNF132 gene hypermethylation has also been associated
with worse overall survival in lung adenocarcinoma (Hamada et al., 2021) HPV status can be
associated with hypermethylation because HPV can be associated with global methylation
(Camuazi et al., 2021).
Initial gPCR experiments to identify the effects of ZNF154 overexpression in UM-SCC1

oral cancer cells revealed increased expression of the mesenchymal marker vimentin and
decreased expression of the epithelial marker E-cadherin in UM-SCC-1 cells overexpressing

ZNF154. This was not our hypothesized result, as we expected the ZNF154 overexpressors to
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push the cells toward an epithelial phenotype. A Western blot and genomic PCR appeared to
indicate the production of a truncated protein as well as an incomplete ZNF154 genomic
transcript. The same PCR products were sequenced in the forward and reverse directions,
displaying missing internal segments of the ZNF154 gene. The missing ZNF154 gene segments
appeared to overlap with KAP1 binding sites, indicating a possible explanation for the shortened
gene, and a possible mechanism of transcriptional suppression of ZNF154 by the chromatin
regulator KAP1 whereby it prevents the insertion of a complete ZNF154 gene into the genome.
Given the difficulties in expressing ZNF154 in cancer cells, we wanted to identify
whether a non-HNSCC cell could express a complete ZNF154 gene. HEK293 cells
overexpressing ZNF154 were investigated in the same manner as the UM-SCC1 samples.
Western blot and genomic PCR appeared to indicate that there was complete protein expression,
as well as a complete ZNF154 genomic transcript present. Having confirmed ZNF154
overexpression in the HEK293 cells, we wanted to identify what effects the overexpression of
ZNF154 would have on EMT markers. To do this we used the Human XL Oncology antibody
array kit which contains various cancer related markers. p53 and FOXO1 were found to be
significantly expressed in the ZNF154 overexpressors. Growth assays conducted with the
HEK?293 ZNF132 and ZNF154 overexpressors displayed that the doubling time was not
significantly different in overexpressors compared to control, but they trended towards
significance. FOXO1 has been shown to have significant implications on invasion and the
epithelial mesenchymal transition (Remadevi et al., 2021). Increased FOXO1 expression was
associated with increased expression of epithelial markers. p53 mutations have been associated
with shorter survival in HNSCC, and has been argued to be a useful biomarker for HNSCC

(Zhou et al., 2016).
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Finally, siRNA knockdowns were conducted on UM-SCCI1 cells using both a KAP1
siRNA and the demethylating agent, 5-azacytidine. Neither of these treatments were sufficient in
enabling ZNF154 or ZNF132 expression in parental UM-SCC1 samples. Furthermore, a similar
knockdown was attempted with human epithelial keratinocyte (HEKn) cells. This included the
use of ZNF132, ZNF154, ZNF671, and KAP1 siRNA’s. When expression of ZNF154 was
knocked down by siRNA treatment, there was a significant increase in KAP1 expression. This
may support our theory of KAP1 being involved in the mechanism causing the insertion of an
incomplete ZNF154 gene. It may also support a mechanism by which ZNF154 plays a role in
regulating KAP1 itself. KAP1 typically binds within the promoter region of a gene, but with
ZNF genes it can sometimes bind downstream in the coding region of the gene. Under the
selective pressure of puromycin selection, we hypothesize that the ZNF genes are integrated
without the presence of this KAP1 binding site so as to permit expression of the polycistronic
transcript which includes puromycin resistance gene. This is what we believe is occurring with

ZNF154. However, the mechanism that may be causing this is unknown.

Limitations and Future Directions

Limitations of the research include the inability to express a full length gene of ZNF154
in an HNSCC cell line. However, expression of full length ZNF154 was possible in HEK-293
cells as a means to identify effects of ZNF154 overexpression on EMT markers. The changes in
EMT related markers may be different in an HNSCC cell line. The TCGA dataset is
heterogenous, meaning tumour samples can contain normal cells as well as immune-infiltrated
cells. This can introduce noise into the RNA-seq data. Another limitation of our study included

the possibility of another ZNF interacting with ZNF132 and ZNF154 in relation to our
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hypothesis. We believe that KAP1 is binding within the coding region of these ZNFs, but there is
also a possibility that an unknown ZNF is having a role in transcription regulation. This could
prove difficult to isolate if this is the case. Finally, the overexpression of ZNF132 and ZNF154
could affect cell viability differently when expressed in different cell lines. This could affect the
surviving cells in culture due to culture induced selection bias. This could affect results from
testing done on these cell lines.

Future studies related to this topic could also focus on identifying the mechanism causing
the production of an incomplete ZNF154 gene in HNSCC cell lines. Another ZNF may be acting
as an intermediary in KAP1 binding to the coding region of ZNF154. If this is true, isolating and
identifying that ZNF gene may be important to understanding the role of ZNF proteins in
HNSCC cells, and the potential role of ZNF154 in target gene regulation. Further research could
also use gene editing to induce a mutation or deletion within the suspected KAP1 binding site.
This could then be assessed to determine the effect on gene expression of the ZNFs. This could
be especially useful in helping to identify the reason we are not able to fully express ZNF154 in
UM-SCCI cells. If we are able to fully express ZNF154 in the UM-SCCI1 cells, we could
compare gene expression, profiles between cells able to express the gene, and those that are not.
This could allow us to identify downstream targets and pathways that are influenced by the
repression of ZNF154. Additionally, research is currently being undertaken by other lab
members within our group to expand upon the results of the research presented in the thesis. This
includes identifying other candidate ZNFs of similar interest to HNSCC, and determining how
they are affected by KAP1 binding. The goal is to determine whether other ZNFs are being

repressed by KAPI, and if able to be expressed, what are their effects in HSCC.
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Appendix A: Kruppel-family zinc finger proteins as emerging epigenetic biomarkers in

head and neck squamous cell carcinoma
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and neck squamous cell carcinoma
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Abstract

Background Krippel-type zinc finger protein genes located on chromosome 19q13 are aberrantly hypermethylated
with high frequency in all anatomic sub-sites of head and neck cancers as well as other epithelial tumours resulting in
decreased expression.

Methods We examined prognostic significance of ZNF154 and ZNF132 expression and DNA methylation in inde-
pendent patient cohort of about 500 head and neck cancer patients in the Cancer Genome Atlas (TCGA). We also
overexpressed these genes in HEK-293 cells, as well as the oral cancer cell line UM-SCC-1.

Results In 20 patients from the TCGA cohort of HNSCC patients where ZNF154 and ZNF132 DNA methylation and
RNA expression could be compared in tumor and adjacent normal tissue, there was increased DNA methylation and
decreased expression of both ZNF154 and ZNF132 in primary tumours. Low ZNF154 and low ZNF132 expression were
associated with shorter overall survival in both head and neck squamous cell carcinoma (HNSCC) and lung adenocar-
cinoma (LUAC patients). While expression of these proteins in HEK-293 cells produced full-length protein, only trun-
cated copies could be expressed in head and neck cancer cells (UM-SCC-1). The truncated version of ZNF154 protein
increased doubling time and reduced cell migration in UM-SCC-1 cancer cells.

Conclusions Both ZNF132 and ZNF154 represent novel clinically significant biomarkers in head and neck cancer
with potential tumour suppressive properties. Future studies will address the underlying molecular mechanisms by
which ZNF154 expression in HNSCC contributes to the control of cell growth and migration.

Keywords ZNF, Oral cavity, Squamous, Carcinoma
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KRUPPEL-FAMILY ZINC FINGER PROTEINS AS
EMERGING EPIGENETIC BIOMARKERS IN HEAD
AND NECK SQUAMOUS CELL CARCINOMA

Pearson P, Sood N, Chia E, Follett A, Prystowsky MB, Kirby S, Belbin TJ

OBJECTIVES

To examine the prognostic significance

of Kruppel-type Zinc Finger protein
genes (ZNF154 and ZNF132 ) and DNA
methylation in head and neck

squamous cell cancer (HNSCC) patients

METHODS

Examine 500 head
and neck cancer
patients in the Cancer
A Genome Altas (TCGA)

RESULTS

N
In 20 patients with HNSCC:

e Increased DNA methylation

e Decreased expression of
ZNF154 and ZNF132 in
primary tumors
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Introduction

Head and neck squamous cell carcinomas (HNSCCs)
rank among the 10 most common malignancies in men
and women worldwide. All have in common an etiologi-
cal association with tobacco and/or alcohol exposure [1].
Overall, 5-year survival rates are approximately 50%, but
there is substantial variability in response to treatment
and long-term prognosis that cannot be predicted based

KRUPPEL ZINC FINGER PROTEIN GENES

CH, CH, CH,

Low ZNF154 and low ZNF132 expression:

o Shorter overall survival in HNSCC and lung
adenocarcinoma

=M i
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on standard histopathology. That 5-year survival rate
has improved only marginally over the past several dec-
ades. Although treatment paradigms have evolved sig-
nificantly over time, there has been little change in 5-year
survival since the 1970s. Conventional treatment will
usually employ surgery and adjuvant radiation therapy,
with or without chemotherapy depending upon patho-
logic results. Any of these costly therapies can, and do,
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produce significant morbidities affecting speech, swal-
lowing, and overall quality of life. Despite these interven-
tions, recurrence of the disease is observed in about 50%
of patients with high rates of associated mortality.

The identification of genes specifically affected by DNA
methylation represent a way forward to the identification
of genes with relevance as potential clinical biomarkers.
In HNSCC, promoter methylation of tumour suppres-
sor genes appears to be a common mechanism of tran-
scriptional silencing. Numerous studies have identified
promoter methylation of CDKN2A (p16), DAP kinase
(DAPK), and DNA repair genes MGMT and MLH1 [2,
3]. Based on these and other studies, the identification of
epigenetically silenced genes has become an important
tool for identifying potential new tumour suppressors
and understanding their mechanisms of action.

With the potential for novel gene discovery in mind,
our group previously completed a genome-wide scan of
aberrant DNA methylation in DNA samples from 118
HNSCCs [4]. We hoped to identify novel genes affected
by aberrant DNA methylation that may play a role in
head and neck tumourigenesis but have not been previ-
ously identified in this disease. From these studies and
others, we identified a cluster of novel Kriippel-type
zinc finger protein (ZNF) genes located on chromosome
19q13 that are aberrantly hypermethylated with high
frequency in all anatomic sub-sites of HNSCC as well as
other epithelial tumours [4, 5]. These genes also showed
a significant reduction in gene expression in the primary
tumour compared to adjacent mucosa. Two interest-
ing examples of epigenetic silencing in primary HNSCC
tumours were the Kruppel family zinc finger proteins
ZNF132 and ZNF154 which showed both elevated DNA
hypermethylation as well as reduced gene expression
with high frequency in HNSCC tumours compared to
matching adjacent mucosa from the same patient [5].

Here, we examine the expression of these genes in
independent patient cohorts of the Cancer Genome Atlas
(TCGA). We also describe our attempts to re-express
these proteins in HEK293 cells, as well as an HNSCC cell
line (UM-SCC-1). Our results shed some light on possi-
ble downstream targets of ZNF154 expression, as well as
on additional mechanisms of silencing of these proteins
by the chromatin regulator TRIM28 in this disease.

Materials and methods

Analysis of global gene expression and DNA methylation
data from the Cancer Genome Atlas (TCGA)

Global gene expression, DNA methylation, clinical
characteristics, and overall survival data, current as of
December 2020, for 530 primary HNSCC patients was
downloaded from TCGA database [6]. Overall survival
was defined as the time between the date of surgery, and
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the date of death or the last follow-up date. In addition,
within the TCGA dataset, gene expression and methyla-
tion data for primary tumour and adjacent non-tumor
tissue samples were available for 50 primary HNSCC
patients. The HNSCC tumours were categorized based
on site into three categories—oral cavity (alveolar ridge,
buccal mucosa, floor of mouth, hard palate, and oral
tongue); oropharynx (base of tongue, uvula, soft pal-
ate, and tonsil); and larynx (hypopharynx, and larynx).
Tobacco smoking status was classified as ‘Ever smoker’
or ‘Lifelong non-smoker. In addition to HNSCC, gene
expression data was also downloaded for 492 primary
lung adenocarcinoma (LUAD) patients from the TCGA.

Data is presented as Mean+SD, unless otherwise
stated. Analyses were conducted using R3.2.1. Graph-
Pad Prism5 (GraphPad, San Diego, CA, USA) and R
scripts and Microsoft Excel were used to construct fig-
ures. Measurements of gene expression and DNA meth-
ylation profiles were represented as continuous variables,
whereas clinical data are represented as categorical vari-
ables. Comparisons between HNSCC based on primary
tumour site were performed using one-way analysis of
variance (ANOVA) with post-hoc Bonferroni correction.
Comparisons between HNSCC primary tumour and
adjacent non-tumor tissue samples were performed using
paired t-test, or the Wilcoxon signed-rank test, as appro-
priate. Overall survival curves for these patient cohorts
were assessed using Kaplan—Meier analysis and the log-
rank test to assess differences between curves. The asso-
ciation between ZNF154 or ZNF132 gene expression
and clinical characteristics were analyzed using the Chi-
square test. In all cases, a threshold p-value of p<0.05
was accepted as statistically significant.

Growth of cell lines and lentiviral transduction of ZNF154
and ZNF132 expressing constructs

Head and neck squamous cell carcinoma (HNSCC) cell
line UM-SCC-1 (Cat# SCC070, Millipore Sigma) was
maintained at 37 °C, 5%CO,. UM-SCC-1 cells were cul-
tured in DMEM/F12 (Cat# SH30023FS, HyClone) sup-
plemented with 10% fetal bovine serum (FBS) (Cat#
081150, Wisent) and non-essential amino acids (Cat#
TMS-001-C, Millipore Sigma). Isolation of total RNA
was carried out using the RNeasy total RNA kit (Cat#
74104, Qiagen).

Stable constitutive overexpression of ZNF154 and
ZNF132 protein in UM-SCC-1 and HEK-293 cells was
carried out by lentiviral transduction using the pLenti-
C-Myc-DDK-P2A-Puro vector expressing either the
tagged ZNF154 or ZNF132 fusion protein under the con-
trol of the CMV promoter (Origene Cat# RC219041L3,
RC218278L3), followed by selection of transduced clones
using 0.25-0.50 pg/mL of puromycin. Transduction
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using the empty pLenti-C-Myc-DDK-P2A-Puro vector
was used as a negative control for each cell type (Origene
Cat# PS100092). Expression of ZNF proteins were con-
firmed at the RNA transcript level by Tagman real-time
PCR using the protocol as described by the manufacturer
(Thermo Fisher Scientific). Tagman probes for meas-
urement of gene expression were as follows: ZNF154
(Hs06618628 s1) and ZNF132 (Hs01036387_m1). PCR
amplification of integrated viral DNA was carried out
using internal vector primers V2 (5-AGAGCTCGTTTA
GTGAA-3') and LR50 (5-CAGAGGTTGATTATCGAT
AAG-3'). PCR reactions were carried out using the Phu-
sion Green Hot Start II High Fidelity PCR master mix
(Thermo Fisher, Cat#F-566S). PCR parameters included
an initial denaturation (98 °C, 30 s), followed by 35 cycles
of denaturation (98 °C, 10 s), annealing (56 °C, 30 s) and
extension (72 °C, 2 min), with a final extension (72 °C,
10 min). PCR products were then resolved on a 0.8% aga-
rose gel.

For measurements of cell growth, cells were plated and
triplicate wells were harvested every 48 h. Cells counts
were obtained using a haemocytometer and phase con-
trast microscope; cell viability was confirmed by Trypan
Blue exclusion. All tumor cell numbers were expressed as
mean =+ SD. Differences between two independent groups
were assessed by single factor AVOVA using Microsoft
Excel 2013. A p-value of less than 0.05 was considered as
the threshold for statistical significance.

Measurement of FLAG-tagged protein expression

Expression of ZNF154 and ZNF132 protein in lentiviral
transductants was determined through quantification of
Flag fusion-proteins by Western blot. Transduced cells
plated in six well plates were washed with cold phosphate
buffered saline and lysed with 200 pul RIPA buffer (50 mM
Tris pH7.4, 137 mM NaCl, 2.7 mM KCI, 11.9 mM phos-
phates, 1% TritonX, 5 mM EDTA, 0.5% deoxycholic acid,
0.1% SDS, 50 mM B-glycerophosphate, 50 mM sodium
fluoride, 1 mM PMSE, 2 mM sodium orthovanate, 10 pg/
ml Aprotinin, 10 pg/ml Leupeptin and 10 pg/ml Pepsta-
tin) and removed from the plate surface by cell scraper.
Lysates were passed through a 25 gauge needle and soni-
cated three times for 30 s with 30 s incubation intervals
on ice. Samples were then centrifuged at 11,000x g for
15 min at 4 °C to remove cell debris. Protein concen-
trations were measured using the Pierce BCA protein
assay kit (Cat# 2322S, Thermo Fisher Scientific) as per
manufacturer’s instructions. Equal amounts of total
protein (60 pg) were loaded onto a 10% SDS-PAGE gel,
and resolved proteins were transferred onto a nitrocel-
lulose membrane (Cat# 1620115, BioRad). Membranes
were probed using a Flag primary antibody (1:2000)
(Cat# TA50011, Origene) and secondary antibody (goat
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anti-mouse HRP (1:5000) (Cat# 115-035-071, Jackson
Immunoresearch). HRP signal was detected using Amer-
sham ECL Select Western Blotting Detection Reagent
(RPN2235) and imaged on a Biorad Chemidoc MP Imag-
ing System. The membranes were reprobed for B-actin
(1:2000) (Cat# MABT523, Millipore Sigma) in the pres-
ence of 0.05% sodium azide; secondary antibody was goat
anti-rabbit HRP (1:10,000) (Cat# 65-6120, Invitrogen).
HRP signal was detected using SuperSignal West Pico
PLUS Chemiluminescent Substrate (Cat# 34579, Thermo
Fisher Scientific) and imaged on a Biorad Chemidoc MP
Imaging System. All images were analyzed using Bio-rad
Laboratories Image Lab software (version 6.1).

Measurement of tumor cell migration

Cell migration was measured using the Radius 96-well
cell migration assay (Cat# CBA-126, Cell Biolabs). Cul-
ture wells were pre-incubated with gel pre-treatment
solution at room temperature for 20 min. Cells were
harvested and incubated in assay wells at 37 °C, 5% CO,
until gel free area reached 90% confluence. Cells were
then starved with serum free media (1% FBS) for an addi-
tional 24 h, the gel was removed using gel removal solu-
tion. Cells were then washed three times with serum free
media (1% FBS). Images of cell migration were captured
at 0, 24 and 48 h post gel removal. Cell free area was
measured using Adobe Photoshop (version 23.2.2.325).

Screening of ZNF154 targets using antibody arrays
Changes in response to ZNF154 expression in HEK-
293 cells were screened using the Human XL Oncology
antibody array according to the manufacturer’s recom-
mended protocol using 200 pg of total protein extract.
An integrated density was measured using Image] image
processing software, and signals were normalized to array
reference spots on each array in the experiment. Results
were presented as relative expression as compared to the
parental HEK-293 cells.

Results

Epigenetic downregulation of ZNF154 and ZNF132
expression occurs with high frequency in HNSCC tumours
Our first objective was to validate the previous findings
that ZNF154 and ZNF132 were epigenetically silenced
in HNSCC tumors, and to test whether their expression
might be prognostically relevant in this disease. From
the original downloaded data for 530 HNSCC patients,
we excluded 11 patients that did not have any clinical
data available. We also excluded patients with primary
tumours originating from the lip (n=3), bringing our
cohort to 516 HNSCC patients. The characteristics of our
overall cohort of 516 HNSCC patients are presented in
Table 1. Characteristics of the 50 HNSCC patients with
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Table 1 HNSCC patient characteristics by tumor site
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Oral cavity N=310

Oropharynx N=82 Larynx N=124

N % N % N %
Gender
Male 206 66.5 69 84.1 101 815
Female 104 335 13 159 23 18.5
Race
White 266 85.8 76 92.7 99 79.8
Black or African American 20 6.5 6 7.3 19 15.3
Asian 10 32 0 0 1 0.8
American Indian or Alaska Native 1 03 0 0 1 0.8
Information not available 13 4.2 0 0 4 32
Ethnicity
Hispanic/Latino 16 5.2 3 37 5 4
Non-Hispanic/Latino 269 86.8 76 927 109 879
Information not available 25 8.1 3 37 10 8.1
Smoking
Ever smoker 215 69.4 56 68.3 113 91.1
Lifelong non-smoker 86 27.7 25 30.5 8 6.5
Information not available 9 29 1 1.2 3 24
HPV status
HPV + 31 10 56 68.3 11 89
HPV — 278 89.7 26 31.7 112 90.3
Indeterminate 1 03 0 0 1 0.8
Vital status
Alive 197 63.5 69 84.1 82 66.1
Deceased 113 36.5 13 15.9 42 339
Nodal status
Positive 147 474 34 415 58 46.8
Negative 119 384 16 19.5 42 339
Information not available 44 14.2 32 39 24 194
Pathologic tumor stage
Stage | 19 6.1 4 49 2 16
Stage ll 56 18.1 10 122 12 9.7
Stage lll 52 16.8 9 11.0 14 1.3
Stage IV 160 516 28 341 79 63.7
Information not available 23 74 31 378 17 13.7

matched primary tumour and adjacent non-tumour tis-
sue samples are presented in Table 2. Unfortunately,
ZNF154 and ZNF132 expression data was not available
for 30 non-tumour tissue samples, so those samples were
excluded from our analysis. An overview of the remain-
ing 20 patients are shown in Additional file 1: Table S3.
RNA sequencing data obtained from the TCGA con-
firmed that ZNF154 expression was significantly down-
regulated in HNSCC tumors compared with matching
non-tumour tissue from the same patient (tumour
13.80 +17.46 versus non-tumour 25.16+20.75, p<0.05)
(Fig. 1A). This reduced gene expression in primary tumors

was also observed for ZNF132 (tumour 26.38+122.76
versus non-tumour 88.89+43.65, p<0.001). We also
obtained data on DNA methylation measurements using
the Illumina HumanMethylation450k beadchip. Meas-
urements of DNA methylation (M-values) of two CpG
loci located within the ZNF154 promoter CpG island
showed significantly increased DNA methylation in
HNSCC tumours compared with matching non-tumour
tissue from the same patient (cg08668790: 1.02+0.92
(tumor) versus —2.22 +0.90 (non-tumour) p <0.001, and
¢g21790626: 0.38+0.83 (tumour) versus —4.18+1.29
(non-tumour) p<0.001) (Fig. 1B). In the case of ZNF132,
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Table 2 Patient characteristics for 50 HNSCC patients with
adjacent tumor and non-tumor samples

Oral cavity Oropharynx Larynx
N=32 N=2 N=16
Gender
Male 21 2 15
Female 1 0 1
Race
White 28 2 12
Black or African American 2
Information not available 2 0 0
Ethnicity
Hispanic/Latino 4 0 4
Non-Hispanic/Latino 25 2 12
Information not available 3 0 0
HPV status
HPV + 6 0 2
HPV — 26 2 14
Vital status
Alive M 0 7
Deceased 21 2 9
Pathologic tumor stage
Stage ll 9 1 1
Stage lll 10 1 6
Stage IV 13 0

methylation of two promoter CpG loci also showed sig-
nificantly increased DNA methylation in HNSCC tumors
compared with matching non-tumour tissue from the
same patient (cgl3877915: 0.80+1.38 (tumour) versus
—1.72+1.20 (non-tumour), p<0.001), and cgl9776201:
—0.93+1.18 (tumour) versus — 3.73 +0.67 (non-tumour),
p<0.001). Taken together, the results confirm our initial
findings of epigenetic downregulation of both ZNF132
and ZNF154 in a separate cohort of HNSCC patients.

Low expression of ZNF154 and ZNF132 proteins are
associated with a worse prognosis in both HNSCC

and LUAD patient cohorts

Not all HNSCC tumours showed epigenetic silenc-
ing of ZNF154 or ZNF132 expression. We therefore
tested whether ZNF154 or ZNF132 expression might
have prognostic significance in this disease. Utilizing
our TCGA cohort of 516 HNSCC patients, we excluded
eight HNSCC patients for which gene expression data
was not available. In the case of ZNF154, we identified
a subgroup of HNSCC patients (n=127, 25% of cohort)
where ZNF154 expression in their primary tumour was
not silenced, and was comparable to that observed in
non-tumor adjacent tissue. Survival analysis stratify-
ing patients based on this criterion demonstrated that
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patients whose primary tumours had higher ZNF154
expression showed a significantly better overall survival
when compared to the remaining cohort (Fig. 2A, Log-
rank, p<0.05). Given the increased range of expression
levels for ZNF132 in our patient cohort, we decided to
stratify these patients to identify a subgroup with low
ZNF132 gene expression (n=173, 33% of cohort). Sur-
vival analysis demonstrated that those HNSCC patients
with low ZNF132 expression had a significantly worse
overall survival compared to the rest of the patient cohort
(Fig. 2B). The patient characteristics of the ZNF154 and
ZNF132 subgroupings are shown in Additional file 1:
Tables S1 and S2. Expression of ZNF154 was significantly
associated with primary tumour site (Chi-square test,
p<0.05), while expression of ZNF132 was significantly
associated with primary tumour site (Chi-square test,
p<0.001), gender (Chi-square test, p=0.016), HPV status
(Chi-square test, p=0.005), and pathologic T stage (Chi-
square test, p=0.001). There appeared to be a statistically
significant association between low ZNF132 expression
and HPV positivity. However, the nature of HPV detec-
tion in the cohort leaves some uncertainty as to whether
this was accompanied by active expression of E6 and E7
oncoproteins. In order to assess the influence of HPV-
positivity as a confounding variable, we also removed the
HPV DNA positive cases from the cohort and re-assessed
the survival analysis using only HPV negative cases. The
significant association between high ZNF154 expression
and improved overall survival remained; interestingly,
the difference in overall survival between ZNF132 low
expressors versus the remaining cohort was no longer
significant (Additional file 2: Fig. S1). This implies that in
the case of ZNF132, HPV-positivity may be a confound-
ing variable in the association between patient survival
and ZNF132 expression. The association of high ZNF154
expression with improved overall survival was also vali-
dated in a cohort of 53 laryngeal squamous cell carci-
noma patients undergoing treatment with curative intent
as part of the earlier Albert Einstein College of Medi-
cine Head and Neck Cancer cohort (Log-rank, p<0.05)
(Additional file 2: Fig. S2). Unfortunately, we were unable
to validate the association of overall survival to ZNF132
expression in this cohort. This may have been due to the
much smaller size of this patient cohort when compared
to the TCGA.

The prognostic value of ZNF154 and ZNF132 expres-
sion was similarly observed in patients from the lung
adenocarcinoma (LUAD) TCGA patient cohort. Using
the same stratification criteria described above but
applied to a cohort of 492 LUAD patients, we found
that patients whose primary tumours expressed higher
ZNF154 levels (n=123, 25% of cohort) also had sig-
nificantly better overall survival compared to the
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remaining patient cohort (Fig. 2C, Log-rank, p <0.05).
And in the case of ZNF132, patients whose primary
tumours expressed low levels of ZNF132 (n=162, 33%)
showed a significantly decreased overall survival when
compared to the remaining cohort (Fig. 2D, Log-rank,
p<0.05). These observations were consistent with those
of the HNSCC patient cohort, and support a prognostic
role for ZNF154 and ZNF132 expression as a possible

prognostic biomarker in both lung and upper aerodi-
gestive malignancies.

Overexpression of ZNF154 and ZNF132 proteins

in HEK-293 and head and neck squamous cell carcinoma
cell line UM-SCC-1

To investigate the possible tumour suppressive proper-
ties of ZNF154 and ZNF132 proteins in head and neck
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B. ZNF132 HNSCC
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Fig. 2 Kaplan-Meier Plots of overall survival (OS) for A HNSCC patients stratified by ZNF154 expression, B HNSCC patients stratified by ZNF132
expression, C LUAD patients stratified by ZNF154 expression, D LUAD patients stratified by ZNF132 expression. The red lines indicate low expressors;
the green lines indicate high expressors. Difference in survival between patient groups were assessed by Log-rank statistic

cancer, we attempted to overexpress these proteins in a
head and neck squamous cell carcinoma cell line (UM-
SCC-1) by lentiviral transduction of a C-terminal Flag-
tagged fusion protein construct under the control of a
CMYV promoter. As a control to confirm functionality of
the vector constructs for stable overexpression, we also
overexpressed both ZNF fusion proteins using the same
lentiviral constructs in the human embryonic kidney 293
cell line (HEK-293).

We initially confirmed overexpression of the Flag-
tagged ZNF154 and ZNF132 fusion-constructs by both
real-time quantitative PCR (qPCR) and at the protein
level by Western blot. In HEK-293 cells, quantitation
of RNA transcripts by Tagman quantitative real-time
PCR (qPCR) revealed significant increase in transcript

abundance for ZNF154 and ZNF132 in the transduced
HEK-293 clones when compared to the empty vector
control (Fig. 3A). Similarly, significant expression of both
ZNF transcripts were observed in UM-SCC-1 cancer
cells that were both undetectable in empty vector UM-
SCC-1 control cells. At the protein level, Western blot
analysis demonstrated a similar over-expression of both
Flag-tagged ZNF proteins in HEK-293 cells, with molec-
ular weights of 50 kDa (ZNF154) and 82 kDa (ZNF132)
(Fig. 3B). These proteins were absent in the empty vector
control cells. While overexpression of Flag-tagged fusion
proteins were observed in UM-SCC-1 cancer cells, both
proteins were smaller in size then the expected molecular
weights, with molecular weights of approximately 34 kDa
in both transductants.
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In order to establish the basis for the reduced protein
sizes at the gene level, we checked whether complete
ZNF gene sequences were successfully integrated into
the host genomic DNA. PCR amplification using primers
internal to the vector sequence at each end of the ZNF
gene insert should produce PCR products of 2340 bp
(ZNF154), 3147 bp (ZNF132) and 1067 bp (empty vector
control). PCR amplification from host cell genomic DNA
showed that all lentiviral transduction of HEK-293 cells
resulted in stably integrated DNA sequences correspond-
ing to the expected sizes of 2340 bp (ZNF154), 3147 bp

ng a Flag antibody. Also shown are empty vector controls for HEK-293 (H)
on of integrated vector DNA constructs for ZNF154-Flag, ZNF132-Flag, and
vector DNA and a water blank were used as PCR positive and negative

d internal coding sequences for each ZNF gene in UM-SCC-1 transductants

(ZNF132) and 1067 bp (empty vector control) (Fig. 3C).
In contrast, transduction of the same constructs into
UM-SCC-1 cells resulted in stably integrated DNA
sequences of a length that was shorter than expected.
All empty vector controls produced PCR products of the
expected size (1067 bp). This same trend was observed
in all isolated clones. Sequencing of these truncated
PCR products from UM-SCC-1 cells for each construct
revealed a deletion of internal coding sequences for both
ZNF genes (Fig. 3D). From this, we suspect that other
regulatory mechanisms, in addition to aberrant promoter
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DNA hypermethylation, may play a role in the transcrip-
tional silencing of these genes in oral cancer cells that are
not a factor in HEK-293 cells.

Overexpression of partial ZNF154 construct affects HNSCC
tumor cell phenotypes
In spite of the fact that the HNSCC cell line produced
truncated ZNF154 and ZNF132 proteins, we wanted to
examine what effects these partial proteins might have on
tumor cell phenotype. We also wanted to test any effects
of the full-length ZNF proteins on HEK-293 growth. In
the case of HEK-293 cells, we measured growth of cells
overexpressing either the ZNF154 or ZNF132 protein
and compared each to cells containing the empty vec-
tor construct. In both cases, overexpression of either the
ZNF154 protein or ZNF132 protein resulted in a slight
increase in doubling time (23.5 and 23.8 h, respectively)
when compared to the empty vector control (19.9 h)
(Fig. 4A). For comparison, we also measured growth of
UM-SCC-1 cells expressing the truncated ZNF154 and
ZNF132 proteins (Fig. 4B). In this case, expression of
the truncated ZNF154 construct resulted in a significant
increase in UM-SCC-1 doubling time (40.4 h) when com-
pared to the empty vector control (33.4 h). This reduction
was not observed for cells overexpressing the ZNF132
partial construct (33.1 h). From these results, we con-
cluded that even when expressed as a partial sequence,
ZNF154 peptide reduced doubling time for UM-SCC-1
cancer cells while neither full length ZNF protein had
significant effect on growth of HEK-293 cells.

In addition to growth, migration of UM-SCC-1 cancer
cells was measured using the Radius 96-well cell migra-
tion assay. As with the growth assay, overexpression of
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the truncated ZNF154 protein resulted in a significant
decrease in tumor cell migration when compared to the
empty vector control cells (Fig. 5A, B). However,
this decrease in cell migration was not observed in UM-
SCC-1 cells overexpressing the truncated ZNF132 pro-
tein. From these and the previous results, it appeared that
even the truncated version of ZNF154 retained some bio-
logical activity resulting in the reduction in both growth
and tumor cell migration. However, the truncated version
of ZNF132 appeared to have neither a growth of migra-
tory effect in vitro, a result inconsistent with the survival
associations in Fig. 2.

We wanted to test whether we could identify potential
downstream targets of ZNF154 in its full-length form. To
do this, we compared total protein extracts from paren-
tal HEK-293 cells to those overexpressing the full-length
ZNF154 protein using the Proteome Profiler Human XL
Oncology Antibody Array. This array compares relative
expression levels of 84 human cancer-related proteins
in a single experiment (Fig. 6). Comparisons of pro-
tein extracts revealed a significant reduction in both the
levels of p53 and Forkhead box protein FOXOL1 in cells
overexpressing ZNF154 protein compared to the parent
HEK-293 cells. However, the relevance of these changes
to head and neck cancer cells is still not clear.

Discussion

Inactivation of tumour suppressor genes due to promoter
DNA hypermethylation is thought to be one of the most
common transcriptional gene silencing mechanisms in
human malignancies. In this current study, we found in
genomic datasets obtained from the TCGA that both
ZNF154 and ZNF132 were silenced and hypermethylated
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in a significant number of HNSCC primary tumour sam-
ples when compared to adjacent non-tumor samples
from the same patient. Our research group previously
identified six novel KRAB-ZNF genes (ZNF154, ZNF132,
ZNF542, ZNF545/ZFP82 and ZNF781) that were hyper-
methylated with high frequency in HNSCC tissue sam-
ples [4]. ZNF154 and ZNF132 were also observed to be
hypermethylated in a previous dataset of oral cavity SCC
cases [7].

The epigenetic silencing of ZNF154 and ZNF132
were not confined to head and neck cancers. In 2013,

Sanchez-Vega and coworkers found ZNF154 hyper-
methylation and downregulation to be one of the most
common epigenetic changes in ovarian and endometrial
cancers, and subsequently, across 15 distinct solid cancer
types from the TCGA [8]. The importance of ZNF154 in
cancer is further highlighted by recurring reports of its
hypermethylation in several other malignancies, includ-
ing bladder [9], breast [10], lung [11], ovarian [12], renal
[13] and prostate [14]. Hypermethylation of ZNF154 has
also been identified in hepatocellular carcinoma, and
as part of a panel of early detection biomarkers in DNA



Pearson et al. Journal of Otolaryngology - Head & Neck Surgery

12 FOXO01

0.8

0.6

0.4

Relative Expression

0.2

HEK293

HEK293 ZNF154

from voided urine of bladder cancer patients [9, 15].
ZNF154 methylation has most recently been documented
in plasma samples from early-stage cancer patients, sug-
gesting it as a promising target in liquid biopsy [16]. That
same study demonstrated that ZNF154 circulating-free
DNA (cfDNA) methylation discriminated cases from
healthy donor plasma samples and outperformed KRAS
mutation frequency as a biomarker in pancreatic can-
cer. In the case of ZNF132, it was observed to be down-
regulated in prostate cancer [17], breast cancer [18] and
esophageal squamous cell carcinomas [19].

Epigenetic regulation of ZNF154 and ZNF132 may also
have prognostic relevance for both HNSCC and LUAD
patients. Consistent with their roles as tumor suppres-
sors, we found that low expression of either ZNF154 or
ZNF132 were significantly associated with a worse overall
survival in 508 HNSCC patients. Those associations were
also observed in 492 LUAD patients with gene expres-
sion data from the TCGA database. Consistent with our
observations, Kaplan—Meier analysis also showed that
hypermethylation of the ZNF154 promoter was asso-
ciated with significantly poorer disease-free survival
(p=0.032) and distant metastasis-free survival (p =0.040)
among patients with locoregionally advanced naso-
pharyngeal carcinoma (NPC) [20]. Kaplan—Meier analy-
sis has also shown that ZNF154 methylation level was
associated with biochemical recurrence (BCR) (p =0.005)
in prostate cancer, and that ZNF154 could be an inde-
pendent factor for BCR prediction by using univari-
ate and multivariate Cox regression analysis (p=0.035,
HR=28.218) [21]. This association was observed despite
the fact that these cancers represent differing cancer biol-
ogies. Curiously, an opposite association was observed
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in pancreatic cancer patients who had undergone a pan-
creatic resection, where a silenced ZNF154 gene was
actually associated with a better patient survival [22].
The reason for this is unclear, but the investigators sug-
gest that silencing of ZNF154 might foster the growth of
more stable, less aggressive tumor clones [22]. In the case
of ZNF132, low protein expression was associated with
a higher Gleason score and advanced T stage in prostate
cancer patients, indicating more a aggressive and pro-
gressive disease phenotype [17].

While we were able to express full-length ZNF154
and ZNF132 constructs in HEK-293 cells without issue,
attempts to express these same constructs in head and
neck UM-SCC-1 cancer cells resulted in truncated pro-
teins lacking partial internal amino acid sequences. In
another HNSCC cell line (SCC-25), similarly transduced
cells showed no expression of either ZNF154 or ZNF132
despite their selection for puromycin-resistance (data not
shown). One explanation for this is the observation that
global chromatin regulator TRIM28 can suppress tran-
scription of some ZNF genes via binding to the internal
coding sequence of the gene, in a mechanism that itself
utilizes other ZNF proteins [23]. The absence of internal
sequences within the ZNF154 and ZNF132 constructs
of UM-SCC-1 supports this as a possible mechanism of
silencing that is in addition to promoter DNA hyper-
methylation. However, this mechanism is poorly under-
stood, and we have not yet identified a ZNF protein that
may involved in this specific silencing mechanism. More-
over, it is unclear why this mechanism differs between
HEK-293 and UM-SCC-1 cells. Experiments to knock-
down TRIM28 expression by siRNA, or inhibit DNA
methylation using 5-aza-cytidine, seemed to have little
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effect on ZNF154 or ZNF132 re-expression in parental
UM-SCC-1 cells (data not shown).

In HEK-293 cells, overexpression of ZNF154 resulted
in significant downregulation of tumor protein p53 and
Forkhead box protein FOXO1. FOXO1 has previously
been identified as a possible tumour suppressor in pros-
tate cancer cells and glioma cells by upregulating proap-
optotic factors [24]. In keratinocytes, nuclear localization
of FOXO1 has been shown to enhance the wound heal-
ing process by encouraging migration of keratinocytes
[25]. Other studies with hypopharynx cancers suggest
that ZNF154 has tumour-suppressive action by inhib-
iting the Wnt/B-catenin signalling pathway activation
and suppressing epithelial-mesenchymal transition [20].
And most recently, expression of ZNF154 in MGC-803
gastric cancer cells reduced cell proliferation, viability,
migration and invasion, and enhanced cell apoptosis and
arrested cell cycle in G2 phase [26]. This overexpression
of ZNF154 was associated with an increase in the expres-
sion of B-cell lymphoma-2 (Bcl-2), matrix metallopro-
teinase 1 (MMP-1), hepatocyte growth factor (HGF),
vascular endothelial growth factor-A/C (VEGF-A/C).
Little is known about potential targets of ZNF132. How-
ever, in analysis of breast cancer datasets, ZNF132 has
been identified by computational approaches as a poten-
tial transcriptional master regulator of several transcrip-
tional processes that are well-known hallmarks of cancer
[27].

The study as described suffers from several limitations.
First, it was not possible to express a full length ZNF154
or ZNF132 construct within oral cancer UM-SCC-1 cells
in order to identify possible downstream targets of these
proteins in the cancer cell environment. This is despite
the fact that the expression system is fully functional
within HEK-293 cells. Moreover, our observations are
derived from a single HNSCC cell line. UM-SCC-1 cells
were the only cell line identified to date that would pro-
duce ZNF154 or ZNF132, albeit in a truncated form. We
hypothesize that the global chromatin regulator TRIM28
can suppress transcription of ZNF154 and ZNF132 via
binding to the internal coding sequence of each gene.
Expression was not possible in SCC-25 or SCC-15 oral
cancer cells despite several attempts (data not shown).
We continue to screen HNSCC cell lines to identify
those that might express these as full length proteins. We
have expressed another KRAB-ZNF protein (ZNF671)
in UM-SCC-1 cells, but also found it was not possible
to express ZNF671 protein within other oral cancer cell
lines such as SCC-25 and SCC-15 (data not shown). The
exact mechanisms responsible for this selective expres-
sion is unknown but likely will have significance in head
and neck and other cancers. It is also not known what
effect these proteins would have on tumor cell phenotype
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in vivo. However, a recent support supporting a tumour
suppressive role for ZNF154 included data showing
that targeted expression of ZNF154 inhibited expres-
sion of esophageal squamous cell carcinoma cells in vivo
[28]. Our future studies include plans to evaluate in vivo
effects of ZNF overexpression in a floor of mouth mouse
model.

In conclusion, aberrant hypermethylation of ZNF154
and ZNF132 mediated their silencing in primary HNSCC
tumor tissue samples. Low ZNF154 and low ZNF132
expression were associated with shorter overall survival
in both HNSCC and LUAD patients. Future studies are
needed to address the underlying molecular mechanisms
regulating ZNF154 and ZNF132 expression in HNSCC
and other malignancies, their potential as diagnostic and
prognostic markers, and the downstream genes that are
possible targets for their suppression.
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