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Chapter 1 Introduction

ABSTRACT

Breast cancer has the highest mortality rate among women, owing to its late diagnosis.
Determining its susceptibility genes might lead to better outcomes. Several studies reported
dysregulation of PKC9 in a variety of cancers. Therefore, variant rs1703863535 has also
been linked to breast cancer. Thus, the study's primary purpose was to investigate the
association of variant rs1703863535 with breast cancer and to analyze its impact on protein
structure and function. Genotyping by ARMS PCR was done to study the variant
association with breast cancer (cohort size =100). ENSEMBLE browser for data retrieval
was used, and then filtering out the pathogenic variants based on scores of different tools,
i.e., CADD, Mutation Accessor, Polyphen, SIFT, MetaLR, and Revel. To study the effect
of missense mutation on PKCd structure, DynaMut was used to determine the protein
flexibility and interatomic interactions, HOPE and FATHMM were carried out to study the
structure-functional analysis and protein stability, and in situ, mutagenesis was done by
PyMOL. The molecular dynamic simulation was also done to study the impact of variant
rs1703863535 on protein structure, i.e., wild and mutant. Protein stabilization, structure,
and function were highly affected due to nsSNP. According to the MD results, RMSF,
RMSD, and Rg values differed in wild and mutant. After the genotyping analysis, the
variant showed highly significant results, which indicated that TT and TC genotypes were
significantly associated with breast cancer as a significant risk factor. After accessing the
results, variant rs1703863535 can be a potential diagnostic and prognostic marker for

breast cancer and develop novel and successful therapeutic targets in clinical trials.
Keywords:

Breast cancer, PKC9, variant rs1703863535, Genotyping, Molecular dynamic simulation,

Diagnostic marker.
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CHAPTER 1
INTRODUCTION

Globally cancer is a significant concern and a degenerative, irreversible, non-transmissible,
and fatal illness caused by the abnormal growth of cells (Shewach & Kuchta, 2009). These
non-communicable diseases have increased the health burden (Ghoncheh et al., 2016)
effecting the patient’s life (Ashiqg et al., 2017). Over 2 million lives have been lost to cancer
in Asia, and it is predicted that over 3 million new cancer reports are diagnosed each year
in the region (Park et al., 2008). Half of all cancer patients are often found in third-world
countries. That is because the lack of adequate funding and support for cancer research,
treatment, and care in underdeveloped countries is a significant factor in the global cancer
incidence and mortality (Parkin et al., 1993).

Cancer can be malignant (metastasize to other areas of the body) or benign (refined to one
location), in which malignant tumors fall correctly under the category of cancers. Diverse
types of cancers are classified depending on the type of cell or from which they arise,
including sarcomas, leukemia, carcinoma, and lymphoma. More than seventy-five percent
of this overall cancer incidence may be attributed to malignancies in ten specific body
areas. More than half of all cases of cancer are caused by colon/rectum, lung, breast, and
prostate cancers, which collectively account for more than half of all occurrences of cancer
(Cooper, 2000). After analyzing the statistical data on cancer, the risk of developing breast
cancer is currently the second highest among all cancers (Mahmood et al., 2011). Even
though lung cancer accounts for the highest of cer-related deaths, breast cancer remains a
significant public health concern (Ghoncheh et al., 2016).

In advanced and emerging countries, breast cancer incidences are very high, so a significant
number of women, i.e., since breast cancer accounts for one out of every ten occurrences
of the disease (Ferlay et al., 2010; Ginsburg et al., 2017). Various treatments are used for
breast cancer in which most patients undergo chemotherapy harming patient’s health due
to renal failure that can further develop co-morbidity conditions (Tanveer et al., 2019).
Progression in the etiology of breast cancer happens due to a variety of detrimental factors,

including diet, environment, genetic factors, and chemicals (Banning et al., 2009), estrogen
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stimuli upregulation (Cheung, 2007), leptin overexpression in adipose tissues (Majeed et
al., 2014) and genetic predisposition of cancer (Hankinson, 2008). On the other hand, 5-
10% of cases of breast cancer are caused by autosomal dominant gene mutations due to

genetic predisposition.

Null mutations in tumor suppressor genes and proto-oncogenes with gain-of-function
mutations contribute to breast cancer's onset by triggering unchecked cell growth, an
impairment in DNA repair processes, and a cell cycle check point failure. If a woman has
a familial loss-of-function mutation and is under the age of seventy, her lifetime risk of
developing breast cancer is 70% (Loman et al., 1998) . Most common genes responsible
for the development of breast cancer are BRCA 1 and 2 that account for 16% of the
malignancy of breast cancer (Van der Groep et al., 2011), TP53 and Estrogen receptors

(ESR) are also responsible for breast cancer development (Amir et al., 2010).

People have less awareness about lack of knowledge for early diagnosis and treatment due
to less access to medical facilities, lack of screening centers, expensive cancer treatments
and unavailability of trained medical practitioners. With the progression of breast cancer
chances of survival and prognosis decreases. If the diagnosis is made later, the survival rate
becomes lowest (Asif et al., 2014). Treatment of breast cancer involves chemotherapy,
radiotherapy and endocrine therapy for underarms lymph nodes and mastectomy
(Papanikolaou et al., 2019). According to the recent machinery for screening of breast
cancer exposure of radiation is less which can reduce sensitivity and specificity (false
positive and false negative results) and in case of women with dense breasts they will be
needed another biopsies and imaging techniques for diagnosis which can be costly
(Dilaveri et al., 2019). The limited number of institutions in Pakistan that offer early and
multimodality procedure therapy for breast cancer is supported by studies of the disease's

incidence among women.

Since this is the case, many breast cancer patients receive inadequate care. The country’s
low health budget makes it difficult to provide modern infrastructure for cancer care. It
also reveals how little Pakistani women are aware about breast cancer (Khan et al., 2021).
Chemotherapy has many issues while treating breast cancer it can damage healthy cells,

developing resistance to drug while using broad spectrum drugs, higher toxicity due to
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inefficiency of anticancer drugs, influx and efflux of drugs and inability to reach the target
(Selwood, 2008). Drug resistance is a difficult clinical condition that can develop in breast
cancer patients as a result of a wide array of different mutations in their genes (DeMichele
etal., 2015). Patients whose has an ER+ or HER-2+ subtype of breast cancer are frequently
treated with chemotherapy in combination with targeted therapies, although resistance to
targeted therapy can be a contributing factor in chemoresistance (Martin et al., 2014; Zhang
etal., 2008). Other factor in contributing to the drug resistance is the heterogeneity of breast

cancer cells (Wang et al., 2010).

Variable expression of specific macromolecules in tumor cells is a hallmark of the cancer
development. These include cell surface receptor proteins, altered genes expression, micro
RNAs, and others (Diaconu et al., 2013; Vidi et al., 2013). Two types of classification
come under breast cancer biomarkers i.e., biomolecules based and stage dependent. For
diagnostic purposes biomarkers based on biomolecules have significant role as compared
to prognostic and diagnostic biomarkers (ER, HER2 and PR) (Misek & Kim, 2011). In
order to make therapeutic decision-making play an important role in order to individualize
treatment, they depend on the tumor type and characteristics of the patient (Weigel &
Dowsett, 2010).

Wide range of tumors vary depending on their histological classification which includes
morphology, behavior and presentation, all fall under the category of invasive breast cancer
and according to the WHO report in histological classification there are 18 different types
of breast cancer (Tavassoli & Devilee, 2003). Because earlier biomarkers have not shown
promise in the treatment of breast cancer. That's why we need these new types of markers.
This problem can be solved by Protein Kinase C and its isozymes as they are effective
against this issue. These KPC isozymes have been demonstrated to have elevated
expression in cancer, making them a valuable biomarker for diagnosing the disease. The
normal and cancerous tissue expression will be compared for the diagnosis. There is a lack
of research on KPC as a diagnostic marker at present (Motegi et al., 2005; Wang et al.,
2013). High levels of the KPC biomarker suggest the existence of cancer and have been
linked to treatment resistance, increased mortality, and difficulties in identifying the
disease (Noti, 2000).
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1.1.Molecular classification of breast cancer

1.1.1. Invasive ductal carcinoma

Invasive breast cancer is also known as invasive ductal carcinoma and its prevalence is 40-
80% (Weigelt et al., 2008). Invasive breast cancers account 25% and they are classified
into various subtypes which includes invasive lobular carcinoma, neuroendocrine,
neuroendocrine, mucinous A, and mucinous B on the basis of cytological features and

unique growth patterns (Erber & Hartmann, 2020).

1.1.2. Luminal Breast Cancer

70% of the breast cancers are luminal and they are ER positive tumors (Howlader et al.,
2014). There are two subtypes of luminal breast cancer that are Luminal A and B that are
classified depending on the two biological processes i.e., pathways for Luminal regulation
and proliferation related, luminal A tumors are ER+/PR+ and HER2- (Prat et al., 2013;
Weigelt et al., 2010). As a result of the increased malignancy of Luminal B lesions, the
prognosis for individuals with these tumors is particularly poor. They may also be
HER2+/ER+ and PR-negative (Ades et al., 2014).

1.1.3. HERZ2 + Breast Cancer

10-15% of all cases of breast cancer are distinguished by significant concentrations of the
protein HER2. This subtype of cancer accounts for 10% of all cases. In addition, there is
lack of ER and PR (Raj-Kumar et al., 2019).

1.1.4. Triple-Negative Breast Cancer

It is collection of all breast cancers constituting about 20% of the cases i.e., ER negative,
HER2 negative and PR negative (Plasilova et al., 2016). As in case of BRCAL mutations

that are also included in triple negative breast cancer which is nearly 80%, and BRCA1
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and 2 constitute 11 to 12% of the TNBC cases and they show poor prognosis because they

are highly malignant as mentioned in figure 1 (Newman et al., 2015).

[ Breast Cancer ]

3/4/7"%, vimentin®,
E-cadherin'®¥, Zeb1* (12-14%)

ER;, PR, Her2,| | Basal Like
K5/14*EGFR" | | (15-20%)

ER, Claudin- Claudin Low ;
Luminal B [ER‘DW, Herz‘OW,J
n

(~20%) proliferationhie

Luminal A ERMieh,
(~40%) Herzlow

Her2 enriched Normal Breast
(10-15%) Like

[ Her2*, J [Adipose ﬁssue]

ER gene signature*
Figure 1. Subtypes of breast cancer at molecular level (Perou et al., 2000; Sarlie et al.,
2001; Sgrlie et al., 2003).

Previous targeted genes are present that have involved or showed high deleterious effect in
breast cancer i.e., ATM, CDH1, BRCA1, BRCA2, PTEN, TP53, PABL2 and STK11.
These genes after target did not show any promising results and ultimately treatment failed
(Goidescu et al., 2018). Conversely, specific genes or targets have given us unsatisfactory
results by increasing chemoresistance through activating alternative pathways via
interaction with other genes. This is why therapeutic options have not yet been successful.
The key to curing cancer is an early diagnosis; if an individual is detected with cancer at
an early stage, there is a more significant possibility of recovery. Therefore, another target
KPCD (KPC9), can be used as the molecular target or solution for early cancer diagnosis,

leading toward improved and rapid prognosis.

As there are many genes from same family of KPC to which KPCD belongs their genetic
variants have already been identified i.e., PRKCI and PRKCE (Khan et al., 2022; Shah et
al., 2022). Since the beginning of the field of genetics, one of the most important goals has
been to identify genetic variations that play a role in the progression of complex diseases
such as cancer, therefore in pre-diagnosis of disease and its prognosis, alleles of various
risk factors have given us various advantages but it is costly and time taking (Singh et al.,
2021). As 99.9% of DNA sequence of human genome globally is identical, and rest of
0.1% due to random mutations shows genomic variations (Forsberg et al., 2000). Single

nucleotide changes in alleles also known as single nucleotide polymorphism is the most

6
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common form of mutation (Collins et al., 1998). Most of the SNP occurs in the coding
region of the genome and rate of change is 1 in 1000 base pairs (Forsberg et al., 2000).

And number of SNPs enlisted in the coding region is 500,000 (Collins et al., 1998). Two
types of SNPs are the most common and essential, i.e., non-synonymous and synonymous
SNPs; synonymous SNPs result in no alteration of amino acid sequence, whereas non-
synonymous SNPs, also known as a missense mutation, will change the amino acid
sequence and variations in protein (Lander, 1996), therefore due to these mutations 50%
of genetic diseases (Radivojac et al., 2010) including inflammatory and autoimmune

diseases occur (Azad et al., 2012).

Genomic segments or genes having SNPs or different variants playing a role in the
progression of diseases can be easily screened with the help of computational analysis.
These SNPs are divided into various types, such as splice sites, UTRs, missense/non-
synonymous, promoter regions, nonsense, and frameshift. Non-sense SNP and nsSNP are
also known as coding variants, so that they can affect proteins' structure/function and
folding. Other remaining are considered regulatory variants. Changes in the expression of
genes happen due to UTRs, incorrect protein translation occurs due to splice variants and

a frameshift mutation (Mooney, 2005).

In silico methods for assessing the potential impact of SNPs often based on the
evolutionary properties and conserved amino acids and nucleotides sequences, properties
of wild and mutant type residues, and protein structure (Selga et al., 2020). Scientists have
used functional bioinformatics tools for the disease-causing variants that can be further
explored based on sequencing and genotyping. Other genes have also been investigated as
disease-causing variants, such as Human leukocyte antigen G (HLA-G) and RASSF (tumor
suppressor gene), with bioinformatics tools to study their effect on protein structure and
function (Emadi et al., 2020; Hossain et al., 2020). As deleterious impacts due to variants
can result in the change in sequence of protein that further cause alterations in protein
charge, protein dynamics, inter protein interaction, hydrophobicity and geometry (Arshad
et al., 2018; Kucukkal et al., 2015). These types of variations and molecular mechanisms
behind various diseases can be studied with the help of in silico analysis on various SNPs
(Rajendran et al., 2018).
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Many cancers related to endocrine, such as those of thyroid, ovary, pancreas, and breast
have been linked to alterations in KPC expression, which have been shown to affect
metastasis, survival and cell proliferation (Vucenik et al., 2005). In the case of the PRKCI,
it has a unique role in regulation and cell cycle activities. So, the changed expression of
PRKCI leads to the progression and development of various diseases. 9 SNP or variants
have already been identified through in silico analysis, which includes F66Y, R130H,
G581V, G34W, Y169H, G165E, G398S, and R130C; these variants have deleterious
effects on protein conformation, dynamics, and stability. Variants were present in the
kinase domain of the protein, which resulted in post-transcriptional modifications, and
phosphorylation sites were concentrated in this domain; this means it affected the
phosphorylation method of the protein. Overexpression of PRKCI can lead to fewer
chances of survival; the overall connection between mutants and normal protein was
studied (Shah et al., 2022).

11 SNPs (R500C, R268W, Y626C, E14K, G52V, D672H, I578N, R236Q, Y488C, D39H,
and E599K) of PRKCE showed deleterious effects in different domains, and the kinase
domain of PRKCE gene was concentrated with 45% of the deleterious SNP in which they
were close to the active site and ATP binding site. These SNPs were investigated to
determine whether or not they have the potential to influence the structure and function of
the protein (Khan et al., 2022). Initial evaluation of the pathogenicity of genetic variants of
KPCD by applying insilico tools and then by further proceeding them in wet lab can save

a lot of time and money and could help in investing scientific efforts.

1.2. Aims and Objectives

e To study the association of KPC delta’s non-synonymous variants with Breast cancer

risk factors and pathological characteristics.

e Analyzing the impact of variants on the structure and function of KPC delta.
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CHAPTER 2
LITERATURE REVIEW

Nearly 8 million people were died due to cancer from all over the world in 2013, making
it the second biggest cause of death globally, behind only cardiovascular disease. In 1990,
cancer was the third leading cause of death (Abubakar et al., 2015; Lozano et al., 2012;
Murray & Lopez, 1997). An expanding and aging global population, together with other
risk factors, including smoking, eating habits, and obesity, are all contributing to an
increase in the burden of cancer. It is vital to have up-to-date knowledge about the burden
of cancer in each country in order to devote resources to prevention, screening, diagnosis,
treatment, and palliative care in an effective manner and to assess their effectiveness
(Abubakar et al., 2015).

Cancer possesses some basic features which can cause diseases of almost one hundred
diverse types. Our all-body tissues can become malignant; the thirty trillion cells that make
up a healthy, functioning human body are like residents of a high-rise, interconnected
complex that controls its growth. These cells work in collaboration with each other, so
when they have to reproduce, they are instructed to do so by the cells present nearby
(Weinberg, 1996). Cancer cells is the irregular growth of cells having ability to differentiate
or alter and proliferate and developing the cells into different cell types this makes the cells
easier to travel to different sites and then developing tumor genesis, cells become invasive
and metastasize it these left untreated then can cause morbidity and death of host (Ruddon,
2007). A cell also becomes cancerous by accumulating mutations in specific gene groups
by changes in the levels of activity or the total amount of a protein product can be caused
by mutations. These genes explain how human cancer develops which can then disturb a
cell (Weinberg, 1996).

Mutations causing changes in the genes may be somatic or hereditary mutations that can
result in either loss of function gain of function or effecting the tumor suppressor genes
due to mutational effect in the proto-oncogenes (Frei & Emil). There are at least 350 gene
on human that have been linked to cancer present on every chromosome except Y existing

in the mutant form either through nonsense, deletion, missense, and frameshift or
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translocate in one or more than one type of the cancer, these mutations may arise as a result
of the epigenetic variations (Yoo & Jones, 2006). In order to understand behavior of cancer
linked to mutation, knowledge of the signaling pathways is important contributing to the
hallmarks of cancer (Hanahan & Weinberg, 2000). So, the hallmarks or properties of
cancer cells involve angiogenesis, limitless replicative potential, invasion, resisting
growth-inhibiting signals, metastasis, and avoidance of apoptosis. Some of these properties
are related to cancer cells, but others depend on the communication between cancer cells
and their interaction with the components of the surrounding environment (Pao & Miller,
2005). Cancer cells survive in their specific environment create by them termed as tumor
microenvironment, so they have main factors that alter the pathways to maintain the
viability of the cell (Castells et al., 2012; Muranen et al., 2012). The cancers most common
in men in high-income countries include prostate, lung, colorectal, and bladder cancer. In
contrast, the most common cancer types in women include breast, colorectal, lung, and
endometrium cancer. Conversely, the types of cancer that are most common in men in low-
income countries include prostate, liver, esophagus, and lung cancer, while the types of
cancer that are most common in women include breast, cervical, and ovarian (Whiteman
& Wilson, 2016).

2.1.Breast Cancer

Breast commonly diagnosed cause of cancer-related death in women all over the world,
and it is amongst the most common types of cancer, It is responsible for 23 percent of all
cancer cases in the worldwide (Jemal et al., 2011). Breast cancer is a threat that faces all
women, regardless of their race, ethnicity, or country of origin or background (Naeem et
al., 2008). Annually, over than 1.2 million people across the globe are given a diagnosis of
breast cancer, as reported by the World Health Organization (WHO) (ZAHRA et al., 2013).
It is possible for men to develop breast cancer, although it is extremely uncommon
(McPherson et al., 2000). The Pakistani population has a higher rate of breast cancer than
that of the West (Mahmood et al., 2006). Pakistan has one of the highest incidences of
breast cancer in Asia, with one in every nine women being diagnosed (Sohail & Alam,
2007).
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Emergence, grade, prognosis, and receptor activity are the four criteria for categorizing
breast tumors into subtypes. The most significant risk factors for breast cancer are
reproductive and menstrual factors, often known as hormonal imbalances. Research has
shown that the likelihood of developing breast cancer increases with factors such as early
onset of menarche, never having children, having an older age of first live delivery, and
never breastfeeding.

2.2.KPC family

KPC expressed and conserved in various species belongs to the family of serine and
threonine. KPC's function in the body has been studied extensively, both in healthy
contexts and in the context of a wide range of diseases. Further, KPC enzymes are involved
in various signal transduction networks that translate extracellular inputs into cellular
responses. These investigations demonstrated that KPC enzymes are involved in numerous
cellular metabolic activities across various cell types (Nishizuka, 1984). Protein kinases
can phosphorylate a small number of protein substrates or their richness to control various
cellular responses. KPC isozymes belong to the second group of kinases that phosphorylate
serine and threonine residues on various proteins; these enzymes of KPC as kinases were
discovered about 30 years before and were activated through proteolysis (Takai et al.,
1977). Protein Kinase C has been classified into three forms on the basis of the DAG and
calcium as follows (MELLOR & PARKER, 1998).

1. Conventional (a, 3, )

2. Novel (3, &, 1, 0)

3. Atypical ({ and 1)

KPC isoforms, as mentioned in Figure 2 (A), have four conserved (C) domains separated
by five variable (V) domains, including the carboxy-terminal, a catalytic domain, an ATP
binding domain, and an amino-terminal region. The catalytic domain is connected to the
amino-terminal region regulatory region via the hinge region of variable region 3, having
a pseudo substrate sequence (House & Kemp, 1987; Nishikawa et al., 1997). C1 domain is

the DAG/phorbol ester binding domain and before that is the pseudo substrate region,

11
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calcium binds on the C2 domain, C3 is ATP binding domain and substrate binding domain
is C4 (Garg et al., 2014; Newton, 1995).

Regulatory Catalytic

Activation
Ca** and phospholipid binding \b"
&
¢ @ —

Conventional & & o Ras/
(o, B1,B2.y) & F & Raf/
Erk

+ + +

Phorbol ester, DAG, protein binding ATP and substrate binding
Akt
Novel | STAT3
(8.€.n.6) : -+ =
\_T_J L , | . J

Phospholipid binding Phorbol ester, DAG, protein binding ~ ATP and substrate binding NF-xB
Apoptotic
pathways

Atypical JRa

typica

v NH2 i 4 Other
; ] ) L ' J pathways

PARG, CDCA2 binding Lipid binding ATP and substrate binding

Figure 2. Illustration of the general structure of all three subfamilies or classes of KPC
(Lim et al., 2015) and the activation of KPC results in activating other cellular pathways
(Garg et al., 2014).

Extracellular agonists result in activation of KPC by interacting with it, these agonists
include growth factors, cytokines and hormones resulting in the phosphorylation of specific
substrates for the cellular functions after translocation of the agonists to different
subcellular compartments (Parker, 2003). Regulation of various cellular processes by the
help of KPC includes cell shape alteration, receptors and ion channel regulation,
proliferation, transcription, translation, cell death and regulation of secretory products and
cell to cell contact. This involve in neurodegenerative diseases, cancer, psychiatric
diseases, heart failure, autoimmune diseases and stroke (Mochly-Rosen et al., 2012). But
the expression of KPC varies in cancer depending on the cell type, genes of KPC family is
mostly mutated in human cancer (Antal et al., 2015). Lung squamous cell carcinoma,
colorectal cancer and melanoma contain 20-25% of the KPC mutations whereas breast

12
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cancer, glioblastoma and ovarian cancer contain 5% less than mutations of KPC (Gao et
al., 2013).

2.3.Target gene (KPC delta)

2.3.1. Discovery

Discovery of KPC6 was in 1986 (Gschwendt et al., 1986; Ono et al., 1987) and localized
on the chromosome 3 (Huppi et al., 1994) while doing the experiment it as observed that
KPCd was obtained from three different species mouse, rat and human with amino acid
residues of 673, 674 and 676 encoding protein and thus they are homologous and identical
with each other with the molecular weight of 77.5KDa. According to the KPC isoforms
phylogenetic tree it was observed that there was similarity between the primary structure
of KPCs and KPC®6. In one of the reviews, it was reported that KPC3 is universal so rather
being specific role in cells of mammals it is widely distributed in cells and tissues (Altman
& Villalba, 2002). KPC? has catalytic and regulatory region in which catalytic domain has
C3 and C4 domain just like the in other KPC forms (Hanks & Hunter, 1995). Thr-505 is
the phosphorylation site in the C4 region whereas Ser-643 and Ser-662 are the two
phosphorylation sites which are conserved in the carboxy terminal (Parekh et al., 2000).
KPC5 has no real C2 domain but has C2 like domain instead, and it has only C1 domain,
S0 a pseudo substrate region is located between C2 like domain and C1 domain serving as
the recognition site for the substrate to keep it in inactive conformation as discussed in
figure 3 (Pappa et al., 1998; Zhang et al., 1995).

13
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Figure 3. KPCs structure showing regulatory domain on the NH2 terminal having C2 like
domain, pseudosubstrate and C1 domain (C1A and C1B), and catalytic domain on the
COOH terminal with C3 and C4 domain having phosphorylation motif sites (Miao et al.,
2022).

Cell proliferation and differentiation happens due to KPC& phosphorylation at the tyrosine,
which results in the activation of KPCs by G protein coupled receptors by ATP (Ohmori
et al., 1998). KPCd may also be activated in diverse ways by proteolytic processes and UV
light. Phosphorylation at serine and threonine motif site by DAG result in KPC3 activation,
which triggers enzyme activation and yields a catalytic fragment (Kikkawa et al., 2002).
KPC6 phosphorylation of tyrosine residues and enzymatic activity can also be regulated
by growth factor receptors, Src kinase family members and PYK2 (Basu & Pal, 2010;
Kikkawa et al., 2002). Distinct isoforms interactions with the scaffolding proteins can be
determined by the conformational change which happens during the inactive and active
state in the KPC3, so the functional selectivity, specific substrates accessibility and
subcellular location of the various isoforms of the KPC can be determined by these

interactions (Poole et al., 2004).

2.3.2. Cellular localization

When diverse substrates are phosphorylated at cellular level with different locations, so
when same stimulus was applied in the same cell type KPCs is involved directly in diverse

responses (Murriel et al., 2004). Due to phosphorylation of tyrosine (Steinberg, 2004),
translocation of KPCd happen after its activation that move to plasma membrane from
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cytosol in catalytically competent and mature form and then toward various subcellular
compartments such as the Golgi apparatus, endoplasmic reticulum, caveolae and
mitochondria (Gomel et al., 2007; Kajimoto et al., 2001; Page et al., 2003; Qi & Mochly-
Rosen, 2008; Rybin et al., 1999). At nuclear level, localization of KPCd results in the
apoptotic regulation, in which the nuclear localization sequence is present in KPC delta
catalytic domain (DeVries et al., 2002). As a result of genotoxic stress, apoptosis can be
triggered by p53 due to phosphorylation of KPC delta at Ser46 (Yoshida et al., 2006). By
raising the p53 gene's basal transcription, level of p53 is controlled by KPC delta (Abbas
et al., 2004). Translocation of KPC delta to ER as result of ER stress interacting with the
cAbl then the complex KPC-cAbl trigger apoptosis by further translocating to
mitochondria (Qi & Mochly-Rosen, 2008).

Unphosphorylated KPC delta will be in the cytoplasm in case of normal development that
depends on the regulatory domain, so phosphorylation will result in accumulation in the
nucleus of the KPC delta that will help in apoptotic regulation. This will result in the
accumulation of the active caspase three that will cleave KPC delta in the nucleus and
activate Delta CF (3CF); this will localize in the nucleus to help regulate the cell damage
response proteins as shown in Fig.3. Phosphorylation, subcellular localization, and
subcellular targeting of KPC$ is affected by the increase in the level intracellular zinc,
Thr505 phosphorylation site will be inhibited, which results in KPCd translocation from
cytosol to Golgi complex. His-Cys3 is the zinc-binding site or pocket in the KPCd that
sense and responds to the presence of free zinc ions concentration intracellularly in the
below figure 4. There may be chances that there are other metals that can help in the
regulation of ‘novel kinases’ activity to study the metal ion protein interactions by
investigating cellular processes (Slepchenko et al., 2018). The C1A domain is essential for
directing the localization of different KPC isoforms within the cell (Colon-Gonzélez &
Kazanietz, 2006; Gallegos et al., 2006).
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Figure 4. Phosphorylation of the KPC delta resulting in the proapoptotic regulation
(Reyland, 2009).

2.3.3. KPCd role in cell and cell cycle

In health and diseases, KPCd has an unique and important role so in sepsis in case of the
inflammatory response it act as an import regulator (Kilpatrick et al., 2002; Kilpatrick et
al., 2000; Kilpatrick et al., 2011; Kilpatrick et al., 2010; Mondrinos et al., 2013). Multiple
types of cells have different expression of proinflammatory mediators and KPC5 for the
activation of kinases (Page et al., 2003). Proinflammatory signaling of endothelial and
neutrophils is regulated by the KPCo (Kilpatrick et al., 2010; Kilpatrick et al., 2006;
Mondrinos et al., 2014). In neutrophils, regulation of production of Reactive oxidation
species, transcription factor NfkB activation, secretion of the chemokines, inflammatory
signaling and proinflammatory gene expression occurs by KPCs (Kilpatrick et al., 2010;
Kilpatrick et al., 2006). In endothelial cells, endothelial cell permeability regulation,
expression of the adhesion molecules, transmigration of the neutrophils due to
inflammatory mediators and NfkB activation is the result of KPC3 (Mondrinos et al., 2014;
Soroush et al., 2016). KPCd plays an important part as an signaling element for the

regulation of many processes such as crosstalk of neutrophil- endothelial, damage of
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vascular endothelial and adherence, rolling, migration of neutrophils (Kilpatrick et al.,
2011; Kilpatrick et al., 2006; Mondrinos et al., 2013; Soroush et al., 2019).

As KPC delta was found to be involved in a variety of cellular processes in multiple cell
types, it has also exerted its effect on proliferative and anti-apoptotic activity. So KPC delta
activation has a spatiotemporal expression that is specified according to cell type and
stimulus. Evidence suggests that KPC's varied subcellular localization contributes to its
wide range of functional effects, much like p21Cip1l/WAF1. Redistribution of the KPC
delta happens between cytosol, membrane-bound organelles, and compartments associated
with the cytoskeleton under the stimulus of phorbol ester and fatty acids (Knutson &
Hoenig, 1994). And the nuclear accumulation is linked with KPC delta pro apoptotic effect
(DeVries et al., 2002; Eitel et al., 2003). Emerging research reveals that p21Cipl/WAF1
also regulates other biological processes, such as cell differentiation and survival, in
addition to controlling the cell cycle. Extended nuclear accumulation of p21Cipl/WAF1
may be what causes the poor replication and increased apoptosis seen in -cells of
p21Cipl/WAF1 transgenic animals and in insulin-secreting cells with lower KPC activity
(Yang et al., 2009).

As KPC5 is present or located on chromosome number 3p, therefore when it lost it results
in development of many cancers. Colonic cancers were likewise linked to decreased KPCd
expression, and KPC3d overexpression inhibited the neoplastic phenotype of colon cancer
cells by way of the tumor suppressor p53 (Perletti & Terrian, 2006). As with breast cancer
cells, KPC has been demonstrated to reduce cell migration, whereas in mouse embryo
fibroblasts, elimination of the KPC gene boosted cell migration (Jackson et al., 2005). KPC
is responsible for arresting G1/S and G2/M. The expression of cyclin D1, the activity of
cyclin-dependent kinase 1, and the levels of cyclin-dependent kinase inhibitors p21 and
p27 may all be suppressed by KPC, suggesting that this kinase can block cell cycle
progression (Jackson & Foster, 2004; Perletti & Terrian, 2006). Phoshphorylation of the
CDK1of Tyr15 residue by catalytic fragment of KPC delta in response to UV exposure is
important for maintaining G2/M DNA damage checkpoint (LaGory et al., 2010).

According to one of the study, activation of G2/M checkpoint occurs after the initiation of
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apoptosis so for the induction of apoptosis production of catalytic fragment by KPC5 is
required (Basu & Pal, 2010).

2.3.4. KPCJd dysregulation in cancer

Anchorage-independent growth capabilities are conferred and the resistance to apoptosis
stimuli is increased by the ectopic expression of KPCS in mammary cells (Grossoni et al.,
2007). Several forms of cancer have been shown to lack KPCS expression (Reno et al.,
2008) but this down-regulation cannot be definitively related to carcinogenesis. KPC5 is
up-regulated in several forms of cancer (Tsai et al., 2000; Yu et al., 2011) in normal
epithelial cells of prostate KPC5 is hardly detectable, whereas pre-cancerous lesions and
carcinomas of the prostate have significant expression of KPCé (Kharait et al., 2006; Villar
et al., 2007). In specimens of breast cancer, the levels of KPC6 mRNA are noticeably
greater in ER-positive tumours, and researchers have found a positive link between high
levels of KPC3 mRNA and less chances of surviving the disease overall (McKiernan et al.,
2008). Breast cancer cells survived by KPCs through the activation or inhibition of many
signalling pathways, including the suppression of TNF-related apoptosis-inducing ligand
(TRAIL)-induced caspase activation (Yin et al., 2010; Zhang et al., 2005). KPC5 through
activation of MAPKs and Akt shows increased TAM-induced MCF-7 cells and
antiestrogen resistance in estrogen (Nabha et al., 2005). High levels of KPCo expression
promote cell motility and invasion through blocking the small GTPase Cdc42 in highly
metastatic breast cancer (Zuo et al., 2012). In addition, KPCd activation and MMP-9
overexpression, platelets have the ability to encourage the invasion of MCF-7 cells
(Alonso-Escolano et al., 2006).

KPC6 has also been linked to a tumorigenic effect in a pancreatic cancer model.
Furthermore, human ductal malignancies have shown that overexpressing KPC$ increases
anchorage-independent growth and carcinogenesis in vivo (Alonso-Escolano et al., 2006).
Activation of KPCd encourages tumour growth and enhances angiogenesis in a PC-3
xenograft model through a process that involves reactive oxygen species (ROS), reduced
glutathione (NADPH), and HIF-1 (Kim et al., 2011). Positive effects of KPCd have been

shown during migration and invasion (Li et al., 2013; Miyazawa et al., 2010; Razorenova
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et al., 2011). KPCd has been shown to regulate collagen release and promote invasion in
prostate cancer cell lines through overexpression of PCPH oncoprotein (Villar et al., 2007).
In the mouse mammary breast cancer model MTLn3, lung colonisation was inhibited due
to down-regulation of KPCs without impacting the growth of the original tumor (Kiley et
al., 1999).

Increased APC phosphorylation (Hernandez-Magqueda et al., 2013), p21Wafl/Cirl activity
(Perletti et al., 2005), cyclins (Kim et al., 2007), p53 expression (Perlett et al., 2004),
decrease in stabilization of B-catenin (QIN et al., 1995) by protein kinase C delta (KPC) in
colon cancer cells mediates alterations in multiple cellular signalling pathways that
suppress cell growth and proliferation (Hernandez-Maqueda et al., 2013). It has come to
light that KPC5 is a novel regulator of the progression of pancreatic cancer; however, this
control appears to be driving tumour growth rather than inhibiting it. KPCd is
overexpressed in the cells that make up ductal pancreatic cancer when compared to normal
tissues. In addition, KPC3 is responsible for the induction of the production of PI3K, which
is a protein that controls the progression of cancer, as well as ERK, which is a crucial
chemical in the mitogenic pathway. PI3K and ERK, results in a considerable rise in the
development of cancer cells in conjuction with Increased expression of KPC3, in
conjunction with in a manner that is independent of anchoring, which is a characteristic of
carcinoma (Mauro et al., 2010). STAT3 controls the activity of cance cells invasion and
their survival as a result of this it also needs KPC3, KPC6 increases STAT3 activity by
phosphorylating it at Tyrosine 705, which helps tumour cells survive and invade (Sorescu
et al., 2012). Lower levels of KPC are linked to increased cancer cell lymphovascular

invasion via boosting proteases release (Jackson et al., 2005).

Depending on the context, KPC5 may either promote or inhibit tumour growth, making it
a key regulator in the study of cancer's dynamic development (Jackson & Foster, 2004).
Overexpression of fibroblasts due to Src acquire a malignant character when subjected to
extended treatment with phorbol esters, which results in the down-regulation of KPC3 (Lu
et al., 1997). KPCS/ERK pathway is involved in two signaling pathways that have
tumorigenic role sonic hedgehog and Wnt signalling (Riobo et al., 2006). Downregulation

of KPCs observed in endometrial tumors, malignant gliomas and bladder carcinoma while
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overexpression was noticed in colon cancers (Griner & Kazanietz, 2007; Reno et al., 2008).
Autoimmune diseases like systemic lupus erythematosus (SLE) are defined by
abnormalities in the body's immune system that cause the creation of autoantibodies in an
unhealthy manner (Tsokos et al., 2000), so patients with systemic lupus erythematosus
have been shown to have dysfunctional T cells and monocytes/macrophages (Yang et al.,
2007). Clinical research has shown that people with SLE had lower levels of KPC5 in their
monocytes than the general population. Thus, it has been proposed that the disease's
progression is aided by monocytes' ability to live longer and accumulate macrophages
(Biro et al., 2004). Mice with defects in T cell-ERK pathway signalling develop an illness
similar to lupus, and this sickness is accompanied by a reduction in the production of DNA

methyltransferases, which in turn induces epigenetic alterations (Gorelik et al., 2007).

2.3.5. Molecular Targets of KPC$ in Cancer

Upregulation of the cell cycle inhibitor p21 happens when KPC3 has a detrimental effect
on the G1/S and G2/M transitions of the cell cycle in vascular smooth muscle, glial and
endothelial cells (Nakagawa et al., 2005). It has also been hypothesised that KPC4 can
induce an autocrine apoptotic cycle by leading to the release of TNFa and TRAIL in
prostate cancer cells (Griner & Kazanietz, 2007). In mammary cells, KPCs may potentially
have a prosurvival role and stimulate cell proliferation. According to reports, KPCS
stimulates a mitogenic response by activating the ERK-MAPK pathway, which increases
cyclin D1 production and causes Rb to become hyperphosphorylated (Grossoni et al.,
2007). KPCs also makes cells less likely to die from apoptotic signals by turning on the
Akt pathway and changing how NF-B controls gene expression (Diaz Bessone et al., 2011,
Grossoni et al., 2007).

KPCs has the ability to trigger survival signals and increase drug resistance in response to
chemotherapy. Inducing cell survival via activating survival pathways such as the Akt, NF-
B, and MEK pathways can be accomplished with its help. In response to treatment with
TNF, KPC moves to the nucleus and interacts with NF-B, despite the fact that it prevents
apoptosis caused by TRAIL. Hyper phosphorylation of Rb by KPCé and the resulting
elevation in cyclin D1 levels both contribute to increased cellular proliferation. Invasion

and metastasis are aided by its ability to activate claudin 1 and 3 integrin. As a result of
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inducing tissue transglutaminase and activating NF-B, KPCS also plays a role in
suppressing autophagy. To do this, it either degrades proapoptotic Bim or stabilises

antiapoptotic Mcl-1, both of which work to prevent cell death as shown in figure 5.

Figure 5. Function of KPC$ as prosurvival of cancer cells (Basu & Pal, 2010).

In response to phorbol esters that promote tumour growth, such as TPA, KPCd has the
potential to serve as a tumour suppressor, It can trigger apoptosis in response to DNA
damage by activating the p53 pathway or c-Abl. Contrastingly, caspase-3 Besides being a
target for KPCdé-mediated phosphorylation, which can lead to its proteolytic cleavage, in
which information is fed back towards itself. It is possible for the catalytic fragment (CF)
of KPC5 to hasten apoptosis by stimulating the phosphorylation and subsequent destruction
of the antiapoptotic Mcl-1 protein, which is a member of the Bcl-2 family. Cell cycle arrest
can be induced by KPC¢ via altering the amounts of cyclins, cyclin dependent kinases
(cdks), and cdk inhibitors. t halts Akt from working when a cell is stressed, which makes
it harder for the cell to live. It can also control autophagy through the JNK pathway by
phosphorylating Bcl-2, which makes it separate from Beclin-1. Cancer can be inhibited by

sending KPC5 to various organelles, where it can activate diverse signals. KPC modulates
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mitochondrial Bcl-2 family members through its interaction with c-Abl, and it can also link

with a variety of proteins in the nucleus (Basu & Pal, 2010).
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Figure 6. RIPK4-KPCd interacting protein in differentiation of keratinocytes and
Carcinogenesis (Xu et al., 2020).

One of the major factor in KPC$ signaling pathway is RIPK4 as modulator (Béhr et al.,
2000) , involucrin (IVVL) is the differentiation associated gene expression is increased due
to Kruppel-like factor 4 (KLF4) increased transcription as a result of activation of KPCd
as shown in above pathway in figure 6 (Chew et al., 2013). It is plausible that transcription
of KLF4-mediated IVL is regulated by KPCs through the RIPK4-IRF6 regulatory module.
This is a possibility due to the fact that it has been demonstrated that KLF4 is a promising
target for the IRF6 protein (Botti et al., 2011; De La Garza et al., 2013).

An essential function of RIPK4 is in the differentiation of keratinocytes, the cells that make
up the skin. Abnormal epidermal differentiation, brought on by RIPK4 dysregulation, has
the potential to have a major impact on the emergence and progression of Squamous Cell
Carcinoma (SCC) (Li et al., 2015; Pickering et al., 2014). To drive epidermal
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differentiation, RIPK4 of desmosome protein plakophilin-1 (Pkp1) is phosphorylated at the
N-terminal region of the). SHOC2 interaction with Pkpl may be stimulated by the new
RIPK4-Pkp1 signalling axis (Lee et al., 2017). To some extent, this suggests that RIPK4
functions as a tumour suppressor, as its knockdown increased the invasion and migratory
ability of tongue cancer cells (Wang et al., 2014). NF-B signalling may be related to
RIPK4's function as a tumour suppressor implicated in the development of HCC (Luedde
et al., 2007), acquiring oxidative stress-induced genomic alterations and a growing pre-
malignant subclone were both exacerbated by the downregulation of NF-B signalling
caused by RIPK4 (Heim et al., 2015). Two kinases that are frequently elevated in lung
adenocarcinoma are known as nuclear factor kappa B (NF-B) and STAT3 (Gao et al., 2007;
Meylan et al., 2009). They also facilitated differentiation process, which has been
associated to numerous aspects of the progression of cancer, such as invasion, metastasis,
and angiogenesis of cancer cells. This was another characteristic of cancer that they
stimulated (Kopparam et al., 2017).
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Figure 7. Mechanisms involved in the regulation of autophagy by KPCé (Wang et al.,
2018).
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KPC5 activation results in the activation and upregulation of INK epxression, which helps
in the release of Beclin-1 by dissociating Bcl2 so Beclin-1 is activated thus promoting
autophagy. On the other side Mcl and Belcin-1 combined due to activation of STAT so
McL-Beclin-1 complex inhibit autophagy, formation or maturation of p62 and
autophagosome helps in the identification of ubiquitinated protein when TG2 is activated
by KPCS3. Phosphorylation and activation of Akt/mTOR results in the inhibition of
autophagy, inhibiton of autophagy also gets inhibited by activation or phosphorylation of
Akt/mTOR/ULK pathway. Via NADPH dependent pathway induction of autophagy and
inhibition of HO-1 inhibits autophagy due to phosphorylation and activation of GSK3af3
by KPC4 (Wang et al., 2018). In case of cancer, autophagy promotes tumour growth in
some cases while inhibiting it in others, and it also aids in the expansion and survival of
cancer cells (Lim & Staudt, 2013; Salminen et al., 2013). To some extent, oncogene or
tumour suppressor protein expression is influenced by autophagy control. Induction of
autophagy and initiationi of cancer is suppressed, mTOR and AMPK are negatively
regulated by tumor supressor proteins (Comel et al., 2014). Inhibition of autophagy and
increase in the cancer formation happens due to activation of oncogenes by AKT, PI3K
and mTOR (Choi et al., 2013). Oxygen deprivation and a lack of nutrients are two
incredibly demanding conditions tumors must endure. Autophagy is a process that assists
cells in overcoming the effects of stress. In the central zone of solid tumors, where cells
are found to be living in an oxygen-depleted environment, autophagy becomes active.
Increasing cell death is achieved by inhibiting autophagy through the inactivation of Beclin
1 in Figure 7 (Degenhardt et al., 2006; White & DiPaola, 2009)

24



Chapter 3

Retrieval of protein
sequence
(Ensemble Genome
Browser)

In situ Mutagenesis
(PyMOL)

MD Simulations
(GROMACS)

CHAPTER 3
METHODOLOGY

nsSNPs Selection

Flexibility analysis of
KPCD

(DynaMut)

Primer Designing
(Primer 1)

Pathogenic SNPs

(CADD, REVEL,

MetalLR, Mutation

accessor, Polyphen,
SIFT)

Structural and
Functional Analysis of
KPCD

(HOPE, FATHMM
and I-Mutant)

Methodology

Structure Prediction
(AlphaFold)

Structural Validation
(InterPro)

Figure 8. Schematic representation of in silico work in this study.

3.1.Retrieval of protein sequence

Protein sequence was retrieved from the ENSEMBL database with transcript ID: KPCD-
201 ENSTO00000330452.8 in Fasta format containing 676 amino acids. Data is incorporated
from different databases in ENSEMBL which includes EXAC, COSMIC, dbSNP and
gnome AD (Cunningham et al., 2019). Data retrieved from the database consists of SNPs

and variants related to genes, sequence retrieval and disease association.

3.2.SNPs collection and processing
SNPs data was retrieved from ENSEMBL on 2" August, 2022 (Hubbard et al., 2002). The

retrieved data gave us information about amino acid coordinates, residues, genomic

coordinates, variants IDs, and mutated bases. Only missense variants were further

considered, which were 2773 according to the data retrieved. They were later analyzed to

predict the pathogenicity and then mapped on protein exons and domains.
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3.3.Analyzing the effect of coding SNP

Missense SNPs obtained from the database were further analyzed, and pathogenicity scores
were calculated through six tools, i.e., CADD, Mutation Accessor, Polyphen, MetalLR,
SIFT, and REVEL. These tools helped to perform the severely accurate screening of
pathogenic SNPs, and out of 2773 nsSNPs, seven non-synonymous SNPs were predicted
and selected based on average and percentage through these tools that crossed the 75%
threshold level. Seven SNPs were further used for the final study that can alter the structure
and function of KPCD’s gene.

3.4.Structural validation of KPCD delta

In order to analyze the structure of KPC delta three tools were used i.e., AlphaFold,
InterPro and PyMOL. To obtain the structure first AlphaFold was used that gave the file in
the pdb format that file was further analyzed by PyMOL that was used for 3D molecular
visualization of structure (DeLano, 2002). InterPro that gave the detailed information about

structure using amino acid sequence as input in FASTA format (Hunter et al., 2012).

3.5.Determining the stability of Protein structure
The I-Mutant tool was used to determine the stability of protein structure of KPCD gene
on the basis of DDG value (free energy change values) and RI value. This tool gave the

output in which 5 out 7 nsSNPs had shown decreased stability (Capriotti et al., 2005).

3.6.Point mutation’s impact on the structure and function of KPCD gene

Due to the presence of nsSNPs in protein at a particular position, it induces an amino acid
change. Protein structure and function can be affected depending on the accessibility of the
protein surface and domain. Alterations of structure and function due to seven nsSNPs were
evaluated, then, with the help of Project HOPE, estimated effects due to mutated amino
acids were calculated. Three out of seven variants that brought amino acid substitution
were more prominent in size than wild-type ones. Six out of seven nsSNPs had shown

higher hydrophobicity (Venselaar et al., 2010).

3.7.Insilico mutagenesis
For insilico mutagenesis, PyMOL was used to analyze the protein sequence and to replace
the amino acid of wild type in the original KPC$ structure with variant amino acid. So

PyMOL was used for the substitution of amino acids. The variant amino acid has been
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presented with different colors after a change in the amino acid residue than the wild type.
From the PyMOL wizard option was selected, then mutagenesis, and finally clicked on the
protein. The further mutant residue of interest was placed, and the “no mutation” option
was selected. At this point, a change has been made, and now this one is saved in pdb
format; later on, this mutant and the wild type of structure will be used for molecular

dynamics simulations (Liu et al., 2023).

3.8.Analysis of protein flexibility

Seven nsSNPs resulting in the alteration in protein structure and flexibility were analyzed
by DynaMut tool (Qiu et al., 2019). This tool, depending on the ENCom values, estimates
the effect of mutations on molecular motions of protein and vibrational entropy resulting

in the destabilizing effect.

3.9.Molecular dynamics simulations

Molecular dynamics simulations are run on supercomputers so in order to run molecular
dynamics simulations of wild and mutant variant GROMACS software was used to check
the effect of mutation on KPC3 structure. PUTTY, WinSCP and SFTP are used to transfer
data between PC and supercomputer. 20ns simulation was run for wild and mutant variants
and different matrices were observed such as root mean square deviation (RMSD), radius
of gyration, solvent accessible surface area (SASA), root mean square fluctuation (RMSF)

and number of hydrogen bonds.

3.10. Primer designing

Primer 1 was used to design the primers computationally for tetra ARMS PCR, genome
sequence was mapped from ensemble from its chromosomal assembly in order to use it as
input in Primer 1. In this tool only two parameters were changed i.e., allele difference and
SNP position and other conditions were set as default.

Primers Sequence

Forward inner CCCCTTCTTCAAGACCATAAACT
Reverse inner CGCTTTTCCAGCAGAGTCCG
Forward outer GGATTTGCTGAAGCTCCAATTT
Reverse outer AACATGCTATGGAGATTGCTGG
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Figure 9. Schematic representation of experimental work in this study.

3.11. Sample collection

Collection of blood samples were done from the patients in Combined Military Hospital
(CMH), Rawalpindi, after getting approval from Institutional Review Board of Atta ur
Rahman School of Applied Biosciences and Combined Military Hospital. Patients were
asked to sign the patient history form and patient consent form for their input in study.
While collecting samples different criteria were kept under consideration including sample
size that was nearly 200 i.e., control (n=100) and breast cancer (n=100), only females above
18 years were selected, absence of co morbidity. Then according to Declaration of Helsinki

principles protocol or study was carried out.

3.12. DNA extraction

The collection of blood samples was done and from each sample 500ul of blood was
extracted and added to 1.5ml of ependorf tubes. Then 500ul of solution was added to the
tube containing blood of equal amount and mixed it well. The tubes were kept at room
temperature for 10 minutes and after that centrifuged for 1 minute at 13000 rpm. Solution
A is lysis buffer so in order to lyse the membrane properly this step was repeated twice.
Supernatant was discarded and resuspension of pellet was done in 400ul of solution B,

dissolved the pellet well and centrifuged it again for 1 minute at 13000 rpm. Supernatant
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was discarded again, and resuspension of pellet was again done. in 400ul of solution A,
12ul of SDS and 5ul of proteinase K. Samples were then kept on incubation overnight at
37°C.

Samples were then further treated with solution C and solution D both were added of 250ul
and centrifuged for 10 minutes at 13000 rpm. DNA was present in the upper layer (aqueous
layer) so this layer was carefully separated into another ependorf and lower layer
containing protein and debris was discarded. Later on, 55ul of sodium acetate and 500l
of ice chilled isopropanol was added in the tube having aqueous layer and tube was inverted
several times to precipitate the DNA. Sample was again centrifuged for 10 minutes at 1300
rpm and after discarding the supernatant 200ul of 100% chilled ethanol was added and
centrifuged it for 8 minutes at 13000rpm, ethanol was discarded from tube and in order to
evaporate the ethanol completely tube sample was air dried. After this DNA was diluted in
200ul of PCR water of TE buffer.

3.13. Polymerase Chain Reaction

Point mutation was detected in DNA extracted from blood samples by using tetra
amplification refractory mutation system polymerase chain reaction (ARMS-PCR). Two
sets of primers i.e., two outer primers (forward and reverse) and two inner primers (forward
and reverse) are used to amplify the whole gene and to detect SNP and these inner primers
are allele specific. 20ul of PCR reaction was prepared with 6l of PCR water, 1ul of all the
four primers and 8ul of master mix. Samples were sort spun to mix all the reagents
properly. Annealing temperature was optimized at 60°C. All samples were carried out at
different temperatures simultaneously, each row has different temperature by using

Gradient PCR machine. For almost 1.5 to 2 hours a total of 35 cycles was run.

3.14. Gel electrophoresis

The quality of the extracted DNA was analyzed on agarose gel electrophoresis. For this
purpose, 1% agarose gel was used, to prepare 50ml of agarose gel, 5ml 10X TAE
(Tris-acetate-EDTA) buffer was mixed with 45ml of distilled water. Then 0.5g of
agarose was added to the above solution in a beaker. This mixture was microwaved

for 1-2 minutes and 5ul of ethidium bromide was then added, the gel mixture was
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poured to the gel tank and after removing the bubbles the comb was placed in the

tank. The gel was placed at room temperature for 30 minutes to solidify.

The next step after the solidification of gel was to load the DNA samples in the wells.
3ul of DNA was mixed with 5ul of the loading dye. 8ul of the sample was added to the
wells in the gel that was placed in the electrophoresis tank containing the 1X TAE buffer.
The gel was run at 100V for 15 minutes. The gel was visualized under the UV

Transilluminator.

3.15. PCR Mixture Preparation
A reaction mixture was prepared in a single tube containing all the reagents with volume

of up to 20ul per reaction i.e., 6ul of PCR water, 1ul of all the four primers, 8l of master
mix and 2pul of DNA.

3.15.1. PCR steps and conditions
Step 1: In initial step PCR reaction denaturation happened at 95°C for 5 minutes in which
hydrogen bonds of all DNA molecules breaks. This step was not repeated at stage 2 instead

temperature was kept at 95°C for 30 seconds.

Step 2: In this step annealing occurs so as this PCR is gradient so multiple temperatures

were set so temperature was kept at 60°C for 30 seconds.

Step 3: In final step extension of DNA occurred at 72°C for 30 seconds and then the final

extension was kept at 72°C for 7 minutes.

3.15.2. 2% agarose gel electrophoresis

Amplified PCR products were analyzed on 2% agarose gel. The agarose gel was prepared
as described above. Analysis was carried out to search for the SNPs present or absent in
the DNA samples.

3.16. Statistical Analysis

After performing genotypic analysis, genotypic data of patient and control sample was
further analyzed using GraphPad Prism (Mavrevski et al., 2018). In order to analyze the
distribution of genotypes Chi square test was applied. This gave the values of relative risk,
odd ratio and p-value with 95% confidence intervals. The data with less than 0.005 p-value

was considered statistically significant
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CHAPTER 4
RESULTS

4.1. Identification of Missense SNPs of KPCd

SNPs of KPC4 were retrieved from ENSEMBLE (Yates et al., 2020), total 2773 SNPs
were obtained which contained 576 3° UTR variant, 28 frameshift variant, 748
synonymous variant, 1409 5 UTR variant and 1453 missense variant. So only non-
synonymous variants or missense variants were selected and analyzed for further analysis
as they were mostly associated with the disease. Following are the various types of variants

in KPCd mentioned in Figure 10.

Sprime UTR variant [ 1409
Synonymous variant [N 748
Missense variant [ 1453
Frameshift variant | 28
Stop Gained JI 42
3 prime UTR variant [N 567
0 500 1000 1500 2000

Number of Variations

Figure 10. KPC delta SNP genomic variation analysis using ENSEMBL database.

4.2. Deleterious effect of nsSNP in KPCo

Detailed information on missense SNPs in KPCo was collected from the ENSMEBLE
including the identities of the variants, their positions on the chromosomes, the changes in
their alleles, and the amino acid changes that resulted from these variants mentioned in the
table 1. Data was collected using a variety of insilico methods to find SNPs that might have
the most impact on the protein's structure and function. Seven tools (CADD, Mutation
Assessor, Polyphen, MetalLR, SIFT and REVEL) were used in order to identify the
deleterious effect of missense variants, out of 2773 nsSNPs total seven non-synonymous
SNPs were predicted and selected on the basis of average and percentage through these
tools that crossed the 75% threshold level as mentioned in figure 11. Seven SNPs were
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further used for final study that can alter the structure and function of KPCD’s gene. All of

the tools produced outcomes based on their distinct evaluation criteria, subjecting the SNP

to varying levels of damaging effects. The scores of different tools i.e., SIFT; deleterious
(0), Polyphen; probably and possibly damaging (0.9-1), CADD; likely deleterious (30-32),
REVEL; likely disease causing (0.5-0.9), MetaLR; damaging (0.5-0.9), and Mutation

Assessor; medium and high (0.5-0.9) as mentioned in table 2.

Table 1. Details of 7 non-synonymous variants with their IDs, genomic and Amino acid

coordinates (coord).

~N o o1 B W N

Variant ID
rs1201489693
rs782555227
rs1553668239
rs369078144
rs372295257
rs1703863535
rs1575535582

Location
3:531817
3:531817

21
27

3:53183465

3:531860

22

3:53186620
3:53189951
3:53181232

Alleles
AlG
G/A
G/A
G/A
TIA
T/IC
TIG

AA
Y/C
ClY
R/H
G/R
VIE
W/R
VIG

AA coord
187
189
224
361
426
608
114

Table 2. KPCD’s gene scores of seven deleterious variants through multiple tools.

Sr.

1

Variant ID

rs1201489693

rs782555227

rs1553668239

rs369078144

rs372295257

rs1703863535

rs1575535582

SIFT

Del
©)
Del
©)
Del
©)
Del
©)
Del
(0)
Del
(0)
(Del)
(0)

Polyphen CADD

PD
1)
PD
(0.999)
PD

(0.985)
PD

)
PD
1)
PD
(0.999)

PD
(0.917)

LDel
(32)
LDel
(32)
LDel
(32)
LDel
(30)
LDel
(31)
LDel
(31)
LDel
(31)

32

REVEL

LD
(0.936)
LD
(0.963)
LD
(0.663)
LD
(0.937)
LD
(0.773)
LD
(0.727)
LD
(0.908)

MetaLR

D
(0.876)
D
(0.996)
D
(0.774)
D
(0.814)
D
(0.543)
D
(0.554)
D
(0.734)

Mutation
Assessor
M
(0.702)
H
(0.978)
H

(0.94)

H
(0.993)
M
(0.825)
H

(0.995)
M
(0.649)
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Figure 11. Prediction of 38 non-synonymous variants by in silico tools showing deleterious
effect after crossing the 75% threshold.

More stringent criteria were applied to obtain highly deleterious variants among these 38
nsSNPs which resulted in 7 non-synonymous variants through multiple tools. After
filtration of data SNP with variant 1D rs1703863535 was selected for further validation in
insilico wet lab process.

Within each relative abundance analysis was performed for variants in which exon 2 has
the highest number of variations whereas exon 11 has also high variations mentioned in
figure 12 (A). Lowest number of variations were observed in exon 13 and exon 5, highest

number of variations at 94 and 561 residue position were observed mentioned in figure 12

(B).
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Figure 12. Mutational landscape of missense variants across protein residues and number
of exons of KPCs.

4.3. Structure of KPC Delta and mapping of variants

The protein structure of KPC delta was predicted through AlphaFold, and the 3D structure
was downloaded in pdb format, which was further analyzed using PyMOL, the most
efficient and reliable approach to predict the protein structure. And further information of
the protein domains including regulatory and catalytic domain and hinge region was

obtained from InterPro.
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Figure 13. KPCD domains; KPCg regulatory and catalytic domains. C1A, C1B, and C2
domains corresponding calcium and diacylglycerol (DAG) binding in the regulatory
domain (RD). The catalytic domain has the ATP-binding site and substrate-binding groove.
The hinge region allows conformational changes when activated. Variants were mapped
on different regions and domains of KPC.

V114G resides close to the C2 like domain, two variants i.e., Y187C and C189Y resides in
the C1A domain whereas fourth variant R224H is present near C1B domain. G361R and
V426E is found in ATP binding domain and the one selected for the study W608R resides

in activation site as mentioned in figure 13.

4.4. Structure and functional analysis

HOPE and I-Mutant were used to analyze the structure and function of SNP rs1703863535,
DDG value of SNP was generated using I-Mutant showing its effect on the stability of
protein structure. DDG value below zero indicates the decrease in stability of protein as
mentioned in figure 14. 5 out of 7 showed decreased stability in which RI value of the SNP
(W608R) is 8 with -1.4 DDG value so due to the induction of mutation it also shows the
decreased stability of protein. Other variants that are bringing destabilization in protein
structure are R224H, G361R, V426E, and V114G.
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Table 3. Using I-Mutant to predict the stability of KPCg variants
Variant Wildtype Mutant Stability DDG
Position Residue Residue
187 Y C Increase 0.61
189 C Y Increase 0.99
224 R H Decrease  -2.38
361 G R Decrease  -0.78
426 V E Decrease  -2.06
608 W R Decrease -1.4
114 V G Decrease  -3.62
2
0.99
1 0.61

... m BN

>

3 [] I

ot 0.78

8 -2 -1.4

3 238 -2.06
-4 -3.62

Y187C C189Y R224H G361R  V426E

Variants

WG608R V114G

Figure 14. I-Mutant for the stability analysis of KPCd variants. Increase or positive DDG

value (Y187C and C189Y) indicates increase in stability and decrease or negative DDG
value (R224H, G361R, V426E, W608R and VV114G) indicates decrease in stability.

While doing analysis with the help of HOPE the following results were obtained mentioned

in Table 4. Mutant residues W608R showed positive charge having higher hydrophobicity

which can result in repulsion with other residues and mutation was present in AGC kinase

domain present at C terminal and most importantly location of mutation is very conserved

which can be damaging for protein and remaining variants have also higher

hydrophobicity.
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Table 4. Characterizing KPC4 nsSNPs using Project Hope

Variants Mutant amino acid Mutation location
Size Charge Hydrophobicity Domain Conservation

Wwild Mutant

Y187C  Smaller - - More Zinc- Near a highly
finger conserved
domain position

C189Y Bigger - - More Zinc- Highly
finger conserved
domain

R224H  Smaller Positive  Neutral - Cl-Like Very
domain conserved

G361R Bigger  Neutral Positive More Protein  Near a highly
Kinase conserved

position

V426E Bigger  Neutral Negative More Protein  Near a highly
Kinase conserved

position

W608R  Smaller Neutral Positive More AGC- Very
kinase conserved
C-
terminal

V114G Smaller - - More C2 Very

domain conserved

Variants association with cancer was observed with the help of FATHMM, results were
obtained in the form of scores. 5 out of 7 variants mutations (Y187C, R224H, G361R,
V426E, W608R) are predicted as passenger while the remaining two variants (C189Y and
V114G) predicted oncogenicity mentioned in the table 5.
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Table 5. Pathogenicity prediction of KPC nsSNPs using FATHMM

Variants FATHMM
Prediction Score

Y187C Passenger -0.41
C189Y Cancer -5.02
R224H Passenger 0.63
G361R Passenger -04
V426E Passenger 0.43
WG608R Passenger 0.21
V114G Cancer -1.19

4.5. Flexibility analysis

In order to analyze the change in flexibility analysis due to variants DynaMut was used.
The outcome was in the form of ENCom values that tells whether there is increase or
decrease in flexibility. Variants (V114G, W608R and Y187C) with increase in flexibility
has increased hydrogen bonds, their bond length and type of bonding as well as their
interatomic interactions. So, their vibrational entropy will also increase. On the other hand,
variants (C198Y, R224H, G361R and V426E) with decrease in flexibility has decreased
the vibrational entropy and their interatomic interactions have also decreased. W608R has
vibrational entropy of 1.164 kcal.mol?. K that indicates the increase in molecular
flexibility because Arginine was more involved in interatomic interactions as to compared

to the wild type of amino acid Tryptophan as mentioned in the figure 15.
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Figure 15. DynaMut analysis of the interatomic interactions of the 3D W608R and wild-
type KPC& models.
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Figure 16. Illustration of molecular flexibility of wild and mutant type PKCd through

DynaMut.
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4.6. In situ mutagenesis

PyMOL was used to create the mutated model of KPC$ by inducing the mutation at 608
positions in amino acid sequence in which Tryptophan (W) was replaced by Arginine (R)
and this was the mutagenesis done by the PyMOL in figure 16, later on it was saved in the

pdb format for further in silico analysis.
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Figure 17. PyMOL-based in situ mutagenesis of KPC¢ variants. Highlighted spherical
shaped regions indicate structural changes induced by the mutation.
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4.7. Molecular dynamics simulations

After 20ns molecular dynamics simulations has been run for wild and mutant variant i.e.,
WG608R, data was generated in the form of several files. This data is further inferred in the
form of graphs, so to differentiate between wild and mutant four different matrices were
used i.e., root mean square deviation (RMSD), root mean square fluctuation (RMSF),

radius of gyration, number of hydrogen bonds and solvent accessible surface area (SASA).

4.7.1. Root Mean Square Fluctuation (RMSF)

It is the difference or fluctuation of amino acid residues of wild and mutant protein. It tells
us the individual difference or fluctuation in amino acid, so it does not give the positional
difference of entire structure. Graph against RMSF and residues were plotted of wild and
mutant structure. Highest RMSF value i.e., 1.2nm was observed at 317 residue position,
overall fluctuation from mean point was observed from 300-330 residue position as shown
in figure 17 (A).

4.7.2. Root Mean Square Deviation (RMSD)

Root Mean Square Deviation is the quantitative representation of the deviations between
two structures i.e., wild and mutant. Higher RMSD value indicates greater deviation or
difference between two structures or lower the RMSD value indicates less deviation and
therefore both structures will show greater similarities. According to RMSD graph, mutant
protein gradually showing increase in deviation from Ons, first highest RMSD value was
0.7nm at 5ns, other structural changes or deviations were observed at 7.2ns, 9.5ns, 16ns
and 20ns. This indicates that mutant structure is less stability as compared to wild structure

as shown in figure 17 (B).

4.7.3. Radius of Gyration (Rg)

The degree of compactness or how tightly a protein structure packed, is calculated on the
basis of radius of gyration. Protein started to become extended, and the highest Rg value
was 3.15nm at 2.4ns and 3.12nm at 3.6ns. Afterwards, the Rg value went down to 2.9nm
at 5.6ns and then back up to 3.1nm at 6.6ns. But after, there was a big drop until 16ns, and
then it went back up until the end, which was 20ns. Overall, by observing the trend, protein

mutant structure was affected as compared to wild structure as mentioned in figure 17 (C).
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4.7.4. Number of Hydrogen Bonds

Stability of protein structure also depends on the number of hydrogen bonds. Increase or
decrease in the number of hydrogen bonds make the protein unstable. According to the
graph there was no significant difference in the increase or decrease in number of hydrogen
bonds, as there was only one amino acid change due which there was overlapping between
wild and mutant KPCg so there was no significant change observed shown in figure 17
(D).

4.7.5. Solvent Accessible Surface Area (SASA)

SASA means how much surface area of protein is accessible to the solvent molecules.
According to the graph obtained after running simulation of about 20ns, there was not any
significant trend observed as mutant protein peaks was consistently below peaks of wild
protein in SASA graph which means mutant protein structure was not exposed, structure
was compact and buried. Overall, the structure was stable as shown in graph (E) of figure
17.
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Figure 18. KPC5 Molecular dynamics simulation recorded at Ons and 20ns. (A) Root Mean
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of Hydrogen Bonds (E) Solvent Accessible Surface Area.

4.8. Wet Lab Analysis for Pathogenic SNP

4.8.1. KPCD variants association with Breast Cancer

The Phenol chloroform DNA extraction method was used in order to study the association
of KPCD rs1703863535 with breast cancer. rs1703863535 was further analyzed by
Genotyping assay that is responsible for the substitution of Tryptophan with Arginine at
608 positions. Genotyping analysis was done by Tetra ARMS PCR, so to amplify the target

gene sequence four primers were used giving outer band of control and inner band of

genotype.
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Genotype frequency distribution was calculated in control and breast cancer samples of
KPC5 variant rs1703863535. Frequency distribution, odd ratio, relative risk and p value of
patient and control are mentioned in the table. Frequency distribution of heterozygous

genotype TC with 0.0202 p-value indicated that it is also statistically significant and is

related with breast cancer risk factor whereas TT and CC genotype showed non-significant

results according to the p-value mentioned in table 6.

Table 6. Association of patient and control genotypic data of KPCg variant rs1703863535

with breast cancer.

Frequency . .
Genotype distribution Odd ratio Relative risk P value
Control Patient | Value Cl 95% Value Cl 95%
0.3381to 0.5920 to
TT 42% 48% 0.5833 0.9933 0.7778 1.001 0.0551
1.153to 1.081to
TC 38% 22% 2.173 4118 1.43 1856 0.0202
0.3088 to 0.5045 to
CcC 20% 30% 0.5833 1112 0.75 1054 0.1412
s 60%
5 50%
=
= 40%
2
O 30%
%)
c 20%
(5}
e
o 0%
TT TC cC
Genotype
= Control m Patient
Figure 19. Genotypic data association of KPCD variant rs1703863535 with breast

cancer.
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4.8.2. Association of KPCD variant rs1703863535 with treatment

Results

The data shown in table 7 concluded that the heterozygous genotype TC is highly

significant with p-value of <0.0001, high significant results were also obtained from

homozygous genotypes TT with 0.0024 p-value and CC have also shown deleterious role

in treated state in breast cancer with p-value of 0.097.

Table 7. Genotypic data association of rs1703863535 with treated breast cancer patients.

TT

TC
Genotype

® Treated ®m Untreated

CC

Figure 20. Genotypic association analysis of variant with treatment.
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Genotype Frequency Odd ratio Relative risk P value
distribution
Treated | Untreated | Value | CI195% | Value Cl1 95%
1T 29% 11% 3.305 | 1.554to | 1.634 1.230 to 0.0024
7.350 2.084
TC 32% 8% 5412 | 2.313to | 1.882 1.453 to <0.0001
11.67 2.370
CcC 14% 6% 2.55 1.000to | 1.465 | 0.9826to 0.097
6.793 1.918
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4.8.3. Association of KPCD variant rs1703863535 with metastatic breast cancer

patients.

In case of genotypic data for metastatic and non-metastatic and family history data none of

the genotypes were found to be related to metastatic breast cancer.

Table 8. Genotypic data association of rs1703863535 with metastasis and family history.

Metastasis Family history

Genotype Odd ratio Relative risk P Odd ratio Relative risk | P value

value

Value Cl Value Cl Value Cl Value Cl
95% 95% 95% 95%

TT 0.7783 | 0.3929 | 0.878 | 0.5842 | 0.5963 | 1.285 | 0.6434 | 1.128 | 0.7914 | 0.5963
to to to to
1.554 1.229 2.545 1.512

TC 0.8824 | 0.4323 | 0.9383 | 0.6333 | 0.8599 | 1.285 | 0.6434 | 1.128 | 0.7914 | 0.5963
to to to to
1.769 1.297 2.545 1512

CC 1.25 | 05013 | 1.112 | 0.6787 | 0.8143 1 0.3873 1 0.5881 | >0.9999
to to to to
2.987 1.573 2.582 1.461
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CHAPTER 5

DISCUSSION
It is estimated that there are approximately 2.26 million new cases of breast cancer
diagnosed around the world in the year 2020. Additionally, breast cancer is the leading
cause of cancer death among females. these make breast cancer a significant threat to the
health of people all over the world (Wilkinson & Gathani, 2022). According to the
GLOBCAN data, breast cancer with 2.3 million cases and 6.9% mortality rate was reported
from the 185 countries (Bray et al., 2018). Breast cancer has various subtypes depending
on its pathological features and molecular profiling i.e., HER2, luminal A and luminal B,
basal like receptor and triple negative breast cancer (Eliyatkin et al., 2015). High rates of
cases of breast cancer and fatalities in underdeveloped nations are mostly attributable to a
lack of education about the illness, ineffective screening procedures, late diagnosis, and

inadequate healthcare infrastructure (da Costa Vieira et al., 2017).

Various factors are responsible for the late diagnosis of breast cancer as there is not any
proper awareness, there are not enough proper treatments and if available, yet they are still
expensive ones and not everyone can afford such expensive treatments. And there are more
difficulties in diagnosing breast cancer, most of the time it is diagnosed at the later stage.
There are many diagnostic procedures and they are not successfully operational making it
impossible to treat breast cancer at early stages (Jafari et al., 2018). Many genes are
involved for the development of breast cancer i.e., BRCAL1 and BRCA2, CHECK, PTEN,
ATM, p53 but when these genes are targeted, they have not given any successful results.
Instead, they have developed chemoresistance or resistance to other therapies (Goidescu et
al., 2018). So, another target have been identified i.e., KPCd belongs to the KPC family
also responsible factor for breast cancer. KPC$ involved in the multiple pathways in cell
with proliferative and anti-apoptotic properties in case of dysregulation. In case of
dysregulation KPCo expression is upregulated in cellular pathways, its expression also
depends on the cell type, subcellular localization and stimulus (Knutson & Hoenig, 1994).
Various studies have been done on the genetic association with high risk factor genetic
variants with breast cancer, but study on the genetic association on KPC$ variants with

breast cancer development still remains unclear.
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So, the purpose of the study is to study the association of KPC delta’s non-synonymous
variants with breast cancer risk factors and pathological characteristics through genotyping
analysis to investigate the KPC3 variants as prognostic marker for breast cancer of control
and patients’ samples to analyze the impact of variants on the structure and function of
KPC delta. After the selection of SNP, the effect of the variant on protein function and

structure was evaluated and studied by molecular dynamics simulations.

SNP through various modifications and regulations can affect the different characteristics
of genome and then contributing their role in complex diseases (Zhang et al., 2019).
Because of their important role in determining disease pathogenicity and therapeutic
strategy, only missense variations were selected for this detailed analysis (Ferrer-Costa et
al., 2002). To examine the process and approach for these modifications, bioinformatics
methods is used to analyze a large group of functionally significant SNPs in a disease
(Chitrala & Yeguvapalli, 2014). A 3-dimensional structure was obtained from PDB
database in order to study the effect the of missense variant on KPCd shape and
composition. This structure was further predicted and visualized by the AlphaFold and
PyMOL (DeLano, 2002). Ensemble genome browser was used to retrieve total 1453
missense variants and then one nsSNP rs1703863535 was further used in order to
determine its role against breast cancer, either it is protective or pathogenic. In this study
mutation discussed was present in activation site or C4 domain at 608 position, in which
tryptophan was converted to arginine. Characterization of KPC3 was done and then
mutational hotspots of nsSNPs were found in KPC3 protein. Exon 2 had the highest number
of mutations while exon 3, 5 and 13 had the lowest number of mutations or variations.
Protein effected by the SNP depends on the domain or region in which it is located.
According to the tools, that checked the deleteriousness of the SNPs with threshold greater
than 75% filtered the total 7 nsSNPs i.e., V114G, W608R, Y187C C198Y, R224H, G361R
and V426E. 4 out seven SNPs fall under the regulatory domain while the remaining 3 SNPs
fall under the catalytic domain. Activity of C1 domain of KPCd is enhanced by the binding
of the DAG and phorbol esters (Dashzeveg & Yoshida, 2016; Livneh & Fishman, 1997;
Watanabe et al., 1992). Alterations to protein functionality may come from the SNPs'
potential effects on activation. W608R radius of gyration has increased in overall trend in

the mutant structure of protein that cause the gain of compactness in structure of protein.
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The greater the radius of gyration the more the structure will fold and therefore lose
compactness. Therefore, protein compactness has indirect relationship to the folding of
protein (Mlu et al., 2008). Interaction between domains also seemed to be disturbed while
doing the analysis from Project HOPE and I-Mutant, so with the one amino acid change in
protein has affected the hydrophobicity, charge and sizes of residues making it bigger and
smaller. The selected variant for the study was very conserved located in the AGC kinase
domain which reduces the stability along with the entire protein as well as its flexibility
based on its DDG value according to the I-Mutant analysis. The size of the mutant protein
was smaller with positive charge and higher hydrophobicity. Kinase domain present in
every member of the KPC family is identical to the each other (Ono et al., 1989).
FATHMM was used to validate the pathogenic association of variants with cancer. And 2
variants (C189Y and V114G) were predicted to be cancer while other 5 variants were

predicted as passenger.

Prediction of molecular dynamics were done after performing molecular dynamics
simulations on KPCs wild and mutant variants. MD simulations gave us the idea of the
protein behaviour when mutation is exposed to it (Chitrala & Yeguvapalli, 2014). MD
analysis gave the RMSD, RMSF, radius of gyration, number of hydrogen bonds and SASA.
RMSD results gave insight on the deviation of mutant structure from the wild type. 0.7nm
highest RMSD value was observed indicating the decreased stability of mutant structure.
Analysis on the difference in amino acid residues and their fluctuations was recorded
during 20ns simulations and gave the RMSF graph. 300-330 residue positions seemed to
be highly fluctuated and high fluctuation was observed at 317 amino acid residue.
According to the given results, fluctuation rate was higher in the hinge region due to the
mutation as compared to the wild type. Graph was plotted on the basis of radius of gyration
determining the compactness and folding of the protein by comparing the wild and mutant
variant. According to the results, a high radius of gyration was recorded from 3.1nm to
3.15nm at this Rg value structure was extended, overall results indicated that mutant
structure had gained compactness toward 20ns simulation as compared to wild type.
Intermolecular interactions were also analyzed to determine their number of hydrogen
bonds in mutant and wildtype structure. A small change was observed in the number of

hydrogen bonds that can be considered not a significant one, because one amino acid
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change did not affect the intermolecular interactions. Surface accessibility surface area was
also recorded during 20ns simulation, according to the results the mutant trend was below

from wild type throughout the simulation, surface area was not affected from the mutation.

Genotyping analysis was done for rs1703863535 in vivo to identify their pathogenic role.
Variant against the breast cancer as a risk factor was genotyped using Tetra ARMS PCR.
Genotype frequency distribution was calculated in control and breast cancer samples of
KPCs variant rs1703863535 according to the calculated frequency, heterozygous genotype
TC genotype was associated with breast cancer and homozygous genotypes TT and CC
showed non-significant results. These outcomes were similar to the findings of previously
published studies, which indicated that modified genotypes had a correlation with the
disease development, whereas reference genotypes were not associated with the disease
against disease (Khan et al., 2022; Wang et al., 2010).

Genotyping analysis was also done in treated and non-treated patients, and none of the
genotypes in case of treatment. Genetic variants associated with family history and
metastasis were also studied and according to the analysis none of the genotypes showed

association.

5.1. Future prospectives

Novel pharmacological strategies can be developed by identifying the new genetic variants
and then helping develop treatments that can reduce the recurrence and occurrence of
cancer. Identified SNP can be used as a potential therapeutic target, a prognostic marker
for early breast cancer diagnosis. After identifying the damaging effect of the SNP,
expression analysis can be done to explore more strategies for cancer therapy. Besides
cancer, this study can also help treat and diagnose various metabolic and neurological
diseases. This study can be further explored at the clinical level and for a comprehensive
study of interactions of various molecules in breast cancer. By studying the SNPs, the
development of drugs can be more effectively explored with less toxicity and fewer side
effects. SNP identification can help in understanding the genetic profile of a person, which
can help in developing personalized treatments related to cancer. Knowing the person’s

genetic makeup can identify a person’s response to a specific drug.
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5.2.Conclusion

Single nucleotide polymorphisms have been linked to various diseases' progression and
development, including malignancies, according to the results of different
experimentations. In silico identification of SNPs was retrieved in order of their association
with diseases, and potentially damaging ones were selected. In this study, rs1703863535
(W608R) of KPC9, the harmful genetic variant, was selected. Further analysis was done to
investigate the effect of nsSNPs on protein structure, flexibility, and function, which
confirmed that mutation had disrupted the regular activity of the protein. MD simulations
showed a change in mutant protein compared to the wild type depending on the hydrogen
bonds, RMSF, the radius of gyration, and RMSF. To evaluate or reveal its association with
the incidence of breast cancer as a risk factor, genotyping analysis with the help of Tetra
ARMS PCR was done; this confirmed the deleteriousness of the variant. Further validation
needs to be done through in vitro and in vivo means to check the expression of the protein
and then intermolecular interactions with other proteins so it can help in the development
of a new approach for cancer therapy. In-depth, studies must be done to study the effect of
the variant and other variants related to breast cancer in multiple populations and different

ethnic groups because, in this study, data collection was from one specific area.

52



References

Abbas, T., White, D., Hui, L., Yoshida, K., Foster, D. A., & Bargonetti, J. (2004).
Inhibition of human p53 basal transcription by down-regulation of protein kinase
Cd. Journal of Biological Chemistry, 279(11), 9970-9977.

Abubakar, 1., Tillmann, T., & Banerjee, A. (2015). Global, regional, and national age-sex
specific all-cause and cause-specific mortality for 240 causes of death, 1990-2013:
a systematic analysis for the Global Burden of Disease Study 2013. Lancet,
385(9963), 117-171.

Ades, F., Zardavas, D., Bozovic-Spasojevic, 1., Pugliano, L., Fumagalli, D., De Azambuja,
E., Viale, G., Sotiriou, C., & Piccart, M. (2014). Luminal B breast cancer:
molecular characterization, clinical management, and future perspectives. Journal
of clinical oncology, 32(25), 2794-2803.

Alonso-Escolano, D., Medina, C., Cieslik, K., Radomski, A., Jurasz, P., Santos-Martinez,
M. ]., Jiffar, T., Ruvolo, P., & Radomski, M. W. (2006). Protein kinase Cd mediates
platelet-induced breast cancer cell invasion. Journal of Pharmacology and
Experimental Therapeutics, 318(1), 373-380.

Altman, A., & Villalba, M. (2002). Protein kinase C8 (PKCB8): A key enzyme in T cell life
and death. The journal of biochemistry, 132(6), 841-846.

Amir, E., Freedman, O. C., Seruga, B., & Evans, D. G. (2010). Assessing women at high
risk of breast cancer: a review of risk assessment models. JNCI: Journal of the
National Cancer Institute, 102(10), 680-691.

Antal, C. E., Hudson, A. M., Kang, E., Zanca, C., Wirth, C., Stephenson, N. L., Trotter, E.
W., Gallegos, L. L., Miller, C. J., & Furnari, F. B. (2015). Cancer-associated protein
kinase C mutations reveal kinase’s role as tumor suppressor. cell, 160(3), 489-502.

Arshad, M., Bhatti, A., & John, P. (2018). Identification and in silico analysis of functional
SNPs of human TAGAP protein: A comprehensive study. PloS one, 13(1),
e0188143.

Ashig, K., Rehman, K., Ashiq, S., & Sundus, A. (2017). Influence of osteoporosis on
quality of life and current strategies for its management and treatment. GSC

Biological and Pharmaceutical Sciences, 1(2), 34-40.

53



Asif, H. M., Sultana, S., Akhtar, N., Rehman, J. U., & Rehman, R. U. (2014). Prevalence,
risk factors and disease knowledge of breast cancer in Pakistan. Asian Pacific
journal of cancer prevention, 15(11), 4411-4416.

Azad, A. K., Sadee, W., & Schlesinger, L. S. (2012). Innate immune gene polymorphisms
in tuberculosis. Infection and immunity, 80(10), 3343-3359.

Bahr, C., Rohwer, A., Stempka, L., Rincke, G., Marks, F., & Gschwendt, M. (2000). DIK,
a novel protein kinase that interacts with protein kinase Co: cloning,
characterization, and gene analysis. Journal of Biological Chemistry, 275(46),
36350-36357.

Banning, M., Hafeez, H., Faisal, S., Hassan, M., & Zafar, A. (2009). The impact of culture
and sociological and psychological issues on Muslim patients with breast cancer in
Pakistan. Cancer Nursing, 32(4), 317-324.

Basu, A., & Pal, D. (2010). Two faces of protein kinase Co: the contrasting roles of PKCd
in cell survival and cell death. The Scientific World Journal, 10, 2272-2284.

Biro, T., Griger, Z., Kiss, E., Papp, H., Aleksza, M., Kovacs, I., Zeher, M., Bodolay, E.,
Csepany, T., & Szucs, K. (2004). Abnormal Cell-Specific Expressions of Certain
Protein Kinase C Isoenzymes in Peripheral Mononuclear Cells of Patients with
Systemic Lupus Erythematosus: Effect of Corticosteroid Application.
Scandinavian journal of immunology, 60(4), 421-428.

Botti, E., Spallone, G., Moretti, F., Marinari, B., Pinetti, V., Galanti, S., De Meo, P. D. O.,
De Nicola, F., Ganci, F., & Castrignano, T. (2011). Developmental factor IRF6
exhibits tumor suppressor activity in squamous cell carcinomas. Proceedings of the
National Academy of Sciences, 108(33), 13710-13715.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018).
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. a cancer journal for clinicians, 68(6),
394-424.

Capriotti, E., Fariselli, P., & Casadio, R. (2005). I-Mutant2. 0: predicting stability changes
upon mutation from the protein sequence or structure. Nucleic acids research,
33(suppl_2), W306-W310.

54



Castells, M., Thibault, B., Delord, J.-P., & Couderc, B. (2012). Implication of tumor
microenvironment in chemoresistance: tumor-associated stromal cells protect
tumor cells from cell death. International journal of molecular sciences, 13(8),
9545-9571.

Cheung, K. (2007). Endocrine therapy for breast cancer: an overview. The Breast, 16(4),
327-343.

Chew, Y. C., Adhikary, G., Xu, W., Wilson, G. M., & Eckert, R. L. (2013). Protein kinase
C & increases Kruppel-like factor 4 protein, which drives involucrin gene
transcription in differentiating keratinocytes. Journal of Biological Chemistry,
288(24), 17759-17768.

Chitrala, K. N., & Yeguvapalli, S. (2014). Computational screening and molecular
dynamic simulation of breast cancer associated deleterious non-synonymous single
nucleotide polymorphisms in TP53 gene. PloS one, 9(8), €104242.

Choi, A. M., Ryter, S. W., & Levine, B. (2013). Autophagy in human health and disease.
New England Journal of Medicine, 368(7), 651-662.

Collins, F. S., Brooks, L. D., & Chakravarti, A. (1998). A DNA polymorphism discovery
resource for research on human genetic variation. Genome research, 8(12), 1229-
1231.

Colon-Gonzélez, F., & Kazanietz, M. G. (2006). C1 domains exposed: from diacylglycerol
binding to protein—protein interactions. Biochimica et Biophysica Acta (BBA)-
Molecular and Cell Biology of Lipids, 1761(8), 827-837.

Comel, A., Sorrentino, G., Capaci, V., & Del Sal, G. (2014). The cytoplasmic side of p53’s
oncosuppressive activities. FEBS letters, 588(16), 2600-2609.

Cooper, G. M. (2000). The Cell: A Molecular Approach. Sunderland (MA) Sinauer
Associates. Structure and Organization of Actin Filaments.

Cunningham, F., Achuthan, P., Akanni, W., Allen, J., Amode, M. R., Armean, |. M.,
Bennett, R., Bhai, J., Billis, K., & Boddu, S. (2019). Ensembl 2019. Nucleic acids
research, 47(D1), D745-D751.

da Costa Vieira, R. A., Biller, G., Uemura, G., Ruiz, C. A., & Curado, M. P. (2017). Breast

cancer screening in developing countries. Clinics, 72, 244-253.

55



Dashzeveg, N., & Yoshida, K. (2016). Crosstalk between tumor suppressors p53 and
PKC&: Execution of the intrinsic apoptotic pathways. Cancer letters, 377(2), 158-
163.

De La Garza, G., Schleiffarth, J. R., Dunnwald, M., Mankad, A., Weirather, J. L., Bonde,
G., Butcher, S., Mansour, T. A, Kousa, Y. A., & Fukazawa, C. F. (2013). Interferon
regulatory factor 6 promotes differentiation of the periderm by activating
expression of Grainyhead-like 3. Journal of investigative dermatology, 133(1), 68-
7.

Degenhardt, K., Mathew, R., Beaudoin, B., Bray, K., Anderson, D., Chen, G., Mukherjee,
C., Shi, Y., Gélinas, C., & Fan, Y. (2006). Autophagy promotes tumor cell survival
and restricts necrosis, inflammation, and tumorigenesis. Cancer cell, 10(1), 51-64.

DeLano, W. L. (2002). Pymol: An open-source molecular graphics tool. CCP4 Newsl.
Protein Crystallogr, 40(1), 82-92.

DeMichele, A., Clark, A. S., Tan, K. S., Heitjan, D. F., Gramlich, K., Gallagher, M., Lal,
P., Feldman, M., Zhang, P., & Colameco, C. (2015). CDK 4/6 inhibitor palbociclib
(PD0332991) in Rb+ advanced breast cancer: phase Il activity, safety, and
predictive biomarker assessment. Clinical Cancer Research, 21(5), 995-1001.

DeVries, T. A., Neville, M. C., & Reyland, M. E. (2002). Nuclear import of PKC3J is
required for apoptosis: identification of a novel nuclear import sequence. The
EMBO journal, 21(22), 6050-6060.

Diaconu, I., Cristea, C., Harceaga, V., Marrazza, G., Berindan-Neagoe, I., & Sandulescu,
R. (2013). Electrochemical immunosensors in breast and ovarian cancer. Clinica
Chimica Acta, 425, 128-138.

Diaz Bessone, M. I., Berardi, D. E., Campodonico, P. B., Todaro, L. B., Lothstein, L., Bal
de Kier Joffé, E. D., & Urtreger, A. J. (2011). Involvement of PKC delta (PKC53)
in the resistance against different doxorubicin analogs. Breast cancer research and
treatment, 126, 577-587.

Dilaveri, C., Klassen, C., Fazzio, R., & Ghosh, K. (2019). Breast cancer screening for
women at average risk. Current Breast Cancer Reports, 11, 123-128.

Eitel, K., Staiger, H., Rieger, J., Mischak, H., Brandhorst, H., Brendel, M. D., Bretzel, R.
G., Haring, H.-U., & Kellerer, M. (2003). Protein kinase C & activation and

56



translocation to the nucleus are required for fatty acid-induced apoptosis of insulin-
secreting cells. Diabetes, 52(4), 991-997.

Eliyatkin, N., Yal¢in, E., Zengel, B., Aktas, S., & Vardar, E. (2015). Molecular
classification of breast carcinoma: from traditional, old-fashioned way to a new
age, and a new way. The journal of breast health, 11(2), 59.

Emadi, E., Akhoundi, F., Kalantar, S. M., & Emadi-Baygi, M. (2020). Predicting the most
deleterious missense nsSNPs of the protein isoforms of the human HLA-G gene
and in silico evaluation of their structural and functional consequences. BMC
genetics, 21(1), 1-27.

Erber, R., & Hartmann, A. (2020). Histology of luminal breast cancer. Breast Care, 15(4),
327-336.

Ferlay, J., Héry, C., Autier, P., & Sankaranarayanan, R. (2010). Global burden of breast
cancer. Breast cancer epidemiology, 1-19.

Ferrer-Costa, C., Orozco, M., & de la Cruz, X. (2002). Characterization of disease-
associated single amino acid polymorphisms in terms of sequence and structure
properties. Journal of Molecular Biology, 315(4), 771-786.

Forsberg, L., de Faire, U., Marklund, S. L., Andersson, P. M., Stegmayr, B., &
Morgenstern, R. (2000). Phenotype determination of a common Pro-Leu
polymorphism in human glutathione peroxidase 1. Blood Cells, Molecules, and
Diseases, 26(5), 423-426.

Frei, E., & Emil, F. The New Era in Cancer Research.

Gallegos, L. L., Kunkel, M. T., & Newton, A. C. (2006). Targeting protein kinase C activity
reporter to discrete intracellular regions reveals spatiotemporal differences in
agonist-dependent signaling. Journal of Biological Chemistry, 281(41), 30947-
30956.

Gao, J., Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O., Sun, Y.,
Jacobsen, A., Sinha, R., & Larsson, E. (2013). Integrative analysis of complex
cancer genomics and clinical profiles using the cBioPortal. Science signaling,
6(269), pl1-pll.

Gao, S. P., Mark, K. G., Leslie, K., Pao, W., Motoi, N., Gerald, W. L., Travis, W. D.,
Bornmann, W., Veach, D., & Clarkson, B. (2007). Mutations in the EGFR kinase

57



domain mediate STAT3 activation via IL-6 production in human lung
adenocarcinomas. The Journal of clinical investigation, 117(12), 3846-3856.

Garg, R., Benedetti, L. G., Abera, M. B., Wang, H., Abba, M., & Kazanietz, M. G. (2014).
Protein kinase C and cancer: what we know and what we do not. Oncogene, 33(45),
5225-5237.

Ghoncheh, M., Pournamdar, Z., & Salehiniya, H. (2016). Incidence and mortality and
epidemiology of breast cancer in the world. Asian Pacific journal of cancer
prevention, 17(S3), 43-46.

Ginsburg, O., Bray, F., Coleman, M. P., Vanderpuye, V., Eniu, A., Kotha, S. R., Sarker,
M., Huong, T. T., Allemani, C., & Dvaladze, A. (2017). The global burden of
women’s cancers: a grand challenge in global health. The Lancet, 389(10071), 847-
860.

Goidescu, I. G., Caracostea, G., Eniu, D. T., & Stamatian, F. V. (2018). Prevalence of
deleterious mutations among patients with breast cancer referred for multigene
panel testing in a Romanian population. Clujul Medical, 91(2), 157.

Gomel, R., Xiang, C., Finniss, S., Lee, H. K., Lu, W., Okhrimenko, H., & Brodie, C.
(2007). The localization of protein kinase Co in different subcellular sites affects
its proapoptotic and antiapoptotic functions and the activation of distinct
downstream signaling pathways. Molecular Cancer Research, 5(6), 627-639.

Gorelik, G., Fang, J. Y., Wu, A, Sawalha, A. H., & Richardson, B. (2007). Impaired T cell
protein kinase Co activation decreases ERK pathway signaling in idiopathic and
hydralazine-induced lupus. The Journal of Immunology, 179(8), 5553-5563.

Griner, E. M., & Kazanietz, M. G. (2007). Protein kinase C and other diacylglycerol
effectors in cancer. Nature Reviews Cancer, 7(4), 281-294.

Grossoni, V. C., Falbo, K. B., Kazanietz, M. G., de Kier Joffé, E. D. B., & Urtreger, A. J.
(2007). Protein kinase C & enhances proliferation and survival of murine mammary
cells. Molecular Carcinogenesis: Published in cooperation with the University of
Texas MD Anderson Cancer Center, 46(5), 381-390.

Gschwendt, M., Kittstein, W., & Marks, F. (1986). A novel type of phorbol ester-dependent
protein phosphorylation in the particulate fraction of mouse epidermis. Biochemical

and biophysical research communications, 137(2), 766-774.

58



Hanahan, D., & Weinberg, R. A. (2000). The hallmarks of cancer. cell, 100(1), 57-70.

Hankinson, S. E. (2008). Circulating levels of sex steroids and prolactin in premenopausal
women and risk of breast cancer. Hormonal Carcinogenesis V, 161-169.

Hanks, S. K., & Hunter, T. (1995). The eukaryotic protein kinase superfamily: kinase
(catalytic) domain structure and classification 1. The FASEB journal, 9(8), 576-
596.

Heim, D., Cornils, K., Schulze, K., Fehse, B., Lohse, A., Brimmendorf, T., & Wege, H.
(2015). Retroviral insertional mutagenesis in telomerase-immortalized hepatocytes
identifies RIPK4 as novel tumor suppressor in human hepatocarcinogenesis.
Oncogene, 34(3), 364-372.

Hernandez-Maqueda, J. G., Luna-Ulloa, L. B., Santoyo-Ramos, P., Castafieda-Patlan, M.
C., & Robles-Flores, M. (2013). Protein kinase C delta negatively modulates
canonical Wnt pathway and cell proliferation in colon tumor cell lines. PloS one,
8(3), e58540.

Hossain, M. S., Roy, A. S., & Islam, M. S. (2020). In silico analysis predicting effects of
deleterious SNPs of human RASSF5 gene on its structure and functions. Scientific
reports, 10(1), 14542,

House, C., & Kemp, B. E. (1987). Protein kinase C contains a pseudosubstrate prototope
in its regulatory domain. Science, 238(4834), 1726-1728.

Howlader, N., Altekruse, S. F., Li, C. I., Chen, V. W., Clarke, C. A., Ries, L. A., & Cronin,
K. A. (2014). US incidence of breast cancer subtypes defined by joint hormone
receptor and HER2 status. JNCI: Journal of the National Cancer Institute, 106(5).

Hubbard, T., Barker, D., Birney, E., Cameron, G., Chen, Y., Clark, L., Cox, T., Cuff, J.,
Curwen, V., & Down, T. (2002). The Ensembl genome database project. Nucleic
acids research, 30(1), 38-41.

Hunter, S., Jones, P., Mitchell, A., Apweiler, R., Attwood, T. K., Bateman, A., Bernard,
T., Binns, D., Bork, P., & Burge, S. (2012). InterPro in 2011: new developments in
the family and domain prediction database. Nucleic acids research, 40(D1), D306-
D312.

59



Huppi, K., Siwarski, D., Goodnight, J., & Mischak, H. (1994). Assignment of the protein
kinase C & polypeptide gene (PRKCD) to human chromosome 3 and mouse
chromosome 14. Genomics, 19(1), 161-162.

Jackson, D., Zheng, Y., Lyo, D., Shen, Y., Nakayama, K., Nakayama, K. I., Humphries,
M. J., Reyland, M. E., & Foster, D. A. (2005). Suppression of cell migration by
protein kinase Cd. Oncogene, 24(18), 3067-3072.

Jackson, D. N., & Foster, D. A. (2004). The enigmatic protein kinase Cd: complex roles in
cell proliferation and survival. The FASEB journal, 18(6), 627-636.

Jafari, S. H., Saadatpour, Z., Salmaninejad, A., Momeni, F., Mokhtari, M., Nahand, J. S.,
Rahmati, M., Mirzaei, H., & Kianmehr, M. (2018). Breast cancer diagnosis:
Imaging techniques and biochemical markers. Journal of cellular physiology,
233(7), 5200-5213.

Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E., & Forman, D. (2011). Global
cancer statistics. CA: a cancer journal for clinicians, 61(2), 69-90.

Kajimoto, T., Ohmori, S., Shirai, Y., Sakai, N., & Saito, N. (2001). Subtype-specific
translocation of the & subtype of protein kinase C and its activation by tyrosine
phosphorylation induced by ceramide in HelLa cells. Molecular and Cellular
Biology, 21(5), 1769-1783.

Khan, K., Shah, H., Rehman, A., Badshah, Y., Ashraf, N. M., & Shabbir, M. (2022).
Influence of PRKCE non-synonymous variants on protein dynamics and
functionality. Human Molecular Genetics, 31(13), 2236-2261.

Khan, N. H., Duan, S.-F., Wu, D.-D., & Ji, X.-Y. (2021). Better reporting and awareness
campaigns needed for breast cancer in Pakistani women. Cancer Management and
Research, 2125-2129.

Kharait, S., Dhir, R., Lauffenburger, D., & Wells, A. (2006). Protein kinase Co signaling
downstream of the EGF receptor mediates migration and invasiveness of prostate
cancer cells. Biochemical and biophysical research communications, 343(3), 848-
856.

Kikkawa, U., Matsuzaki, H., & Yamamoto, T. (2002). Protein kinase Cd (PKCJ):
activation mechanisms and functions. The journal of biochemistry, 132(6), 831-
839.

60



Kiley, S. C., Clark, K. J., Goodnough, M., Welch, D. R., & Jaken, S. (1999). Protein kinase
C 6 involvement in mammary tumor cell metastasis. Cancer research, 59(13),
3230-3238.

Kilpatrick, L. E., Lee, J. Y., Haines, K. M., Campbell, D. E., Sullivan, K. E., & Korchak,
H. M. (2002). A role for PKC-8 and PI 3-kinase in TNF-a-mediated antiapoptotic
signaling in the human neutrophil. American Journal of Physiology-Cell
Physiology, 283(1), C48-C57.

Kilpatrick, L. E., Song, Y.-H., Rossi, M. W., & Korchak, H. M. (2000). Serine
phosphorylation of p60 tumor necrosis factor receptor by PKC-3 in TNF-a-
activated neutrophils. American Journal of Physiology-Cell Physiology, 279(6),
C2011-C2018.

Kilpatrick, L. E., Standage, S. W., Li, H., Raj, N. R., Korchak, H. M., Wolfson, M. R., &
Deutschman, C. S. (2011). Protection against sepsis-induced lung injury by
selective inhibition of protein kinase C-3 (6-PKC). Journal of leukocyte biology,
89(1), 3-10.

Kilpatrick, L. E., Sun, S., Li, H., Vary, T. C., & Korchak, H. M. (2010). Regulation of
TNF-induced oxygen radical production in human neutrophils: role of &-PKC.
Journal of leukocyte biology, 87(1), 153-164.

Kilpatrick, L. E., Sun, S., Mackie, D., Baik, F., Li, H., & Korchak, H. M. (2006).
Regulation of TNF mediated antiapoptotic signaling in human neutrophils: role of
3-PKC and ERK1/2. Journal of leukocyte biology, 80(6), 1512-1521.

Kim, J., Koyanagi, T., & Mochly-Rosen, D. (2011). PKCo activation mediates
angiogenesis via NADPH oxidase activity in PC-3 prostate cancer cells. The
prostate, 71(9), 946-954.

Kim, Y. H., Lim,J. H,, Lee, T. J., Park, J. W., & Kwon, T. K. (2007). Expression of cyclin
D3 through Spl sites by histone deacetylase inhibitors is mediated with protein
kinase C-6 (PKC-9) signal pathway. Journal of Cellular Biochemistry, 101(4), 987-
995.

Knutson, K. L., & Hoenig, M. (1994). Identification and subcellular characterization of
protein kinase-C isoforms in insulinoma beta-cells and whole islets.
Endocrinology, 135(3), 881-886.

61



Kopparam, J., Chiffelle, J., Angelino, P., Piersigilli, A., Zangger, N., Delorenzi, M., &
Meylan, E. (2017). RIP4 inhibits STAT3 signaling to sustain lung adenocarcinoma
differentiation. Cell Death & Differentiation, 24(10), 1761-1771.

Kucukkal, T. G., Petukh, M., Li, L., & Alexov, E. (2015). Structural and physico-chemical
effects of disease and non-disease NsSNPs on proteins. Current opinion in
structural biology, 32, 18-24.

LaGory, E. L., Sitailo, L. A., & Denning, M. F. (2010). The protein kinase Cd catalytic
fragment is critical for maintenance of the G2/M DNA damage checkpoint. Journal
of Biological Chemistry, 285(3), 1879-1887.

Lander, E. S. (1996). The new genomics: global views of biology. Science, 274(5287),
536-539.

Lee, P., Jiang, S., Li, Y., Yue, J., Gou, X., Chen, S. Y., Zhao, Y., Schober, M., Tan, M., &
Wu, X. (2017). Phosphorylation of Pkpl by RIPK 4 regulates epidermal
differentiation and skin tumorigenesis. The EMBO journal, 36(13), 1963-1980.

Li, N., Du, Z., Zong, Z., Liu, B., Li, C., Zhang, Q., & Wang, H. (2013). PKC3-mediated
phosphorylation of BAG3 at Serl87 site induces epithelial- mesenchymal
transition and enhances invasiveness in thyroid cancer FRO cells. Oncogene,
32(38), 4539-4548.

Li, Y. Y., Hanna, G. J, Laga, A. C., Haddad, R. I., Lorch, J. H., & Hammerman, P. S.
(2015). Genomic Analysis of Metastatic Cutaneous Squamous Cell
CarcinomaGenomics of Metastatic Cutaneous Squamous Carcinomas. Clinical
Cancer Research, 21(6), 1447-1456.

Lim, K.-H., & Staudt, L. M. (2013). Toll-like receptor signaling. Cold Spring Harbor
perspectives in biology, 5(1), a011247.

Lim, P. S., Sutton, C. R., & Rao, S. (2015). Protein kinase C in the immune system: from
signalling to chromatin regulation. Immunology, 146(4), 508-522.

Liu, H., Jin, Y., & Ding, H. (2023). MDBuilder: a PyMOL plugin for the preparation of
molecular dynamics simulations. Briefings in bioinformatics, 24(2), bbad057.

Livneh, E., & Fishman, D. D. (1997). Linking protein kinase C to cell-cycle control.
European Journal of Biochemistry, 248(1), 1-9.

62



Loman, N., Johannsson, O., Bendahl, P. O., Borg, A., Fernd, M., & Olsson, H. (1998).
Steroid receptors in hereditary breast carcinomas associated with BRCAL or
BRCA2 mutations or unknown susceptibility genes. Cancer: Interdisciplinary
International Journal of the American Cancer Society, 83(2), 310-319.

Lozano, R., Naghavi, M., Foreman, K., Lim, S., Shibuya, K., Aboyans, V., Abraham, J.,
Adair, T., Aggarwal, R., & Ahn, S. Y. (2012). Global and regional mortality from
235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for
the Global Burden of Disease Study 2010. The Lancet, 380(9859), 2095-2128.

Lu, Z., Hornia, A., Jiang, Y. W., Zang, Q., Ohno, S., & Foster, D. A. (1997). Tumor
promotion by depleting cells of protein kinase C delta. Molecular and Cellular
Biology, 17(6), 3418-3428.

Luedde, T., Beraza, N., Kotsikoris, V., van Loo, G., Nenci, A., De Vos, R., Roskams, T.,
Trautwein, C., & Pasparakis, M. (2007). Deletion of NEMO/IKKYy in liver
parenchymal cells causes steatohepatitis and hepatocellular carcinoma. Cancer cell,
11(2), 119-132.

Mahmood, K. T., Ghafoor, S., & Tanveer, S. (2011). Risk factors contributing to hirsutism.
J Biomed Sci and Res, 3(1), 347-352.

Mahmood, S., Rana, T. F., & Ahmad, M. (2006). Common determinants of Ca breast-a
case control study in Lahore. Annals of King Edward Medical University, 12(2).

Majeed, W., Aslam, B., Javed, I., Khalig, T., Muhammad, F., Ali, A., & Raza, A. (2014).
Breast cancer: major risk factors and recent developments in treatment. Asian
Pacific journal of cancer prevention, 15(8), 3353-3358.

Martin, H. L., Smith, L., & Tomlinson, D. C. (2014). Multidrug-resistant breast cancer:
current perspectives. Breast Cancer: targets and therapy, 1-13.

Mauro, L. V., Grossoni, V. C., Urtreger, A. J., Yang, C., Colombo, L. L., Morandi, A.,
Pallotta, M. G., Kazanietz, M. G., de Kier Joffé, E. D. B., & Puricelli, L. L. (2010).
PKC delta (PKCo) promotes tumoral progression of human ductal pancreatic
cancer. Pancreas, 39(1), e31-e41.

Mavrevski, R., Traykov, M., Trenchev, ., & Trencheva, M. (2018). Approaches to
modeling of biological experimental data with GraphPad Prism software. WSEAS
Trans Syst Control, 13(1), 242-247.

63



McKiernan, E., O'brien, K., Grebenchtchikov, N., Geurts-Moespot, A., Sieuwerts, A.,
Martens, J., Magdolen, V., Evoy, D., McDermott, E., & Crown, J. (2008). Protein
kinase Cd expression in breast cancer as measured by real-time PCR, western
blotting and ELISA. British journal of cancer, 99(10), 1644-1650.

McPherson, K., Steel, C., & Dixon, J. (2000). Breast cancer—epidemiology, risk factors,
and genetics. Bmj, 321(7261), 624-628.

MELLOR, H., & PARKER, P. J. (1998). The extended protein kinase C superfamily.
Biochemical Journal, 332(2), 281-292.

Meylan, E., Dooley, A. L., Feldser, D. M., Shen, L., Turk, E., Ouyang, C., & Jacks, T.
(2009). Requirement for NF-xB signalling in a mouse model of lung
adenocarcinoma. nature, 462(7269), 104-107.

Miao, L.-n., Pan, D., Shi, J., Du, J.-p., Chen, P.-f., Gao, J., Yu, Y., Shi, D.-Z., & Guo, M.
(2022). Role and mechanism of PKC-6 for cardiovascular disease: Current status
and perspective. Frontiers in Cardiovascular Medicine, 9, 92.

Misek, D. E., & Kim, E. H. (2011). Protein biomarkers for the early detection of breast
cancer. International journal of proteomics, 2011.

Mlu, L., Bogatyreva, N., & Galzitskaia, O. (2008). Radius of gyration is indicator of
compactness of protein structure. Molekuliarnaia biologiia, 42(4), 701-706.
Miyazawa, Y., Uekita, T., Hiraoka, N., Fujii, S., Kosuge, T., Kanai, Y., Nojima, Y., &

Sakai, R. (2010). CUB Domain—Containing Protein 1, a Prognostic Factor for
Human Pancreatic Cancers, Promotes Cell Migration and Extracellular Matrix
DegradationTyrosine Phosphorylation of CDCP1 in Metastasis. Cancer research,

70(12), 5136-5146.

Mochly-Rosen, D., Das, K., & Grimes, K. V. (2012). Protein kinase C, an elusive
therapeutic target? Nature reviews Drug discovery, 11(12), 937-957.

Mondrinos, M. J., Kennedy, P. A., Lyons, M., Deutschman, C. S., & Kilpatrick, L. E.
(2013). Protein kinase C and acute respiratory distress syndrome. Shock (Augusta,
Ga.), 39(6), 467.

Mondrinos, M. J., Zhang, T., Sun, S., Kennedy, P. A., King, D. J., Wolfson, M. R., Knight,
L. C., Scalia, R., & Kilpatrick, L. E. (2014). Pulmonary endothelial protein kinase

64



C-delta (PKC9) regulates neutrophil migration in acute lung inflammation. The
American journal of pathology, 184(1), 200-213.

Mooney, S. (2005). Bioinformatics approaches and resources for single nucleotide
polymorphism functional analysis. Briefings in bioinformatics, 6(1), 44-56.
Motegi, A., Sakurai, S., Nakayama, H., Sano, T., Oyama, T., & Nakajima, T. (2005). PKC
theta, a novel immunohistochemical marker for gastrointestinal stromal tumors
(GIST), especially useful for identifying KIT-negative tumors. Pathology

international, 55(3), 106-112.

Muranen, T., Selfors, L. M., Worster, D. T., lwanicki, M. P., Song, L., Morales, F. C., Gao,
S., Mills, G. B., & Brugge, J. S. (2012). Inhibition of PI3K/mTOR leads to adaptive
resistance in matrix-attached cancer cells. Cancer cell, 21(2), 227-2309.

Murray, C. J., & Lopez, A. D. (1997). Mortality by cause for eight regions of the world:
Global Burden of Disease Study. The Lancet, 349(9061), 1269-1276.

Murriel, C. L., Churchill, E., Inagaki, K., Szweda, L. I., & Mochly-Rosen, D. (2004).
Protein kinase Cd activation induces apoptosis in response to cardiac ischemia and
reperfusion damage: a mechanism involving BAD and the mitochondria. Journal
of Biological Chemistry, 279(46), 47985-47991.

Nabha, S. M., Glaros, S., Hong, M., Lykkesfeldt, A. E., Schiff, R., Osborne, K., & Reddy,
K. B. (2005). Upregulation of PKC-d contributes to antiestrogen resistance in
mammary tumor cells. Oncogene, 24(19), 3166-3176.

Naeem, M., Khan, N., Aman, Z., Nasir, A., Samad, A., & Khattak, A. (2008). Pattern of
breast cancer: experience at Lady Reading Hospital, Peshawar. J Ayub Med Coll
Abbottabad, 20(4), 22-25.

Nakagawa, M., Oliva, J. L., Kothapalli, D., Fournier, A., Assoian, R. K., & Kazanietz, M.
G. (2005). Phorbol ester-induced G1 phase arrest selectively mediated by protein
kinase Cd-dependent induction of p21. Journal of Biological Chemistry, 280(40),
33926-33934.

Newman, L. A., Reis-Filho, J. S., Morrow, M., Carey, L. A., & King, T. A. (2015). The
2014 Society of Surgical Oncology Susan G. Komen for the cure symposium:

triple-negative breast cancer. Annals of surgical oncology, 22, 874-882.

65



Newton, A. C. (1995). Protein kinase C: structure, function, and regulation. Journal of
Biological Chemistry, 270(48), 28495-28498.

Nishikawa, K., Toker, A., Johannes, F.-J., Songyang, Z., & Cantley, L. C. (1997).
Determination of the specific substrate sequence motifs of protein kinase C
isozymes. Journal of Biological Chemistry, 272(2), 952-960.

Nishizuka, Y. (1984). The role of protein kinase C in cell surface signal transduction and
tumour promotion. nature, 308(5961), 693-698.

Noti, J. D. (2000). Adherence to osteopontin via alphavbeta3 suppresses phorbol ester-
mediated apoptosis in MCF-7 breast cancer cells that overexpress protein kinase C-
alpha. International journal of oncology, 17(6), 1237-1280.

Ohmori, S., Shirai, Y., Sakai, N., Fujii, M., Konishi, H., Kikkawa, U., & Saito, N. (1998).
Three distinct mechanisms for translocation and activation of the & subspecies of
protein kinase C. Molecular and Cellular Biology, 18(9), 5263-5271.

Ono, Y., Fuji, T., Ogita, K., Kikkawa, U., lgarashi, K., & Nishizuka, Y. (1987).
Identification of three additional members of rat protein kinase C family: gd-, e-and
&-subspecies. FEBS letters, 226(1), 125-128.

Ono, Y., Fulll, T., Ogita, K., Kikkawa, U., Igarashi, K., & Nishizuka, Y. (1989). Protein
kinase C zeta subspecies from rat brain: its structure, expression, and properties.
Proceedings of the National Academy of Sciences, 86(9), 3099-3103.

Page, K., Li, J., Zhou, L., lasvoyskaia, S., Corbit, K. C., Soh, J.-W., Weinstein, I. B.,
Brasier, A.R., Lin, A., & Hershenson, M. B. (2003). Regulation of airway epithelial
cell NF-kB-dependent gene expression by protein kinase C3. The Journal of
Immunology, 170(11), 5681-5689.

Pao, W., & Miller, V. A. (2005). Epidermal growth factor receptor mutations, small-
molecule kinase inhibitors, and non-small-cell lung cancer: current knowledge and
future directions. Journal of clinical oncology, 23(11), 2556-2568.

Papanikolaou, I., Dimitrakakis, C., Zagouri, F., Marinopoulos, S., Giannos, A., Zografos,
E., Zografos, C., Kritikou, D., Rodolakis, A., & Zografos, G. (2019). Paving the
way for changing perceptions in breast surgery: a systematic literature review
focused on oncological and aesthetic outcomes of oncoplastic surgery for breast
cancer. Breast Cancer, 26, 416-427.

66



Pappa, H., Murray-Rust, J., Dekker, L., Parker, P., & McDonald, N. (1998). Crystal
structure of the C2 domain from protein kinase C-8. Structure, 6(7), 885-894.

Parekh, D. B., Ziegler, W., & Parker, P. J. (2000). Multiple pathways control protein kinase
C phosphorylation. The EMBO journal, 19(4), 496-503.

Park, S., Bae, J., Nam, B.-H., & Yoo, K.-Y. (2008). Aetiology of cancer in Asia. Asian Pac
J Cancer Prev, 9(3), 371-380.

Parker, P. J. (2003). Protein kinase C phosphorylation: an introduction. Protein Kinase C
Protocols, 159-162.

Parkin, D., Pisani, P., & Ferlay, J. (1993). Estimates of the worldwide incidence of eighteen
major cancers in 1985. International journal of cancer, 54(4), 594-606.

Perlett, G., Marras, E., Osti, D., Felici, L., Zaro, S., & De Eguileor, M. (2004). PKCd
requires p53 for suppression of the transformed phenotype in human colon cancer
cells. Journal of Cellular and Molecular Medicine, 8(4), 563-569.

Perletti, G., Marras, E., Dondi, D., Osti, D., Congiu, T., Ferrarese, R., De Eguileor, M., &
Tashjian Jr, A. H. (2005). p21Waf1/Cipl and p53 are downstream effectors of
protein kinase C delta in tumor suppression and differentiation in human colon
cancer cells. International journal of cancer, 113(1), 42-53.

Perletti, G., & Terrian, D. (2006). Distinctive cellular roles for novel protein kinase C
isoenzymes. Current pharmaceutical design, 12(24), 3117-3133.

Perou, C. M., Sarlie, T., Eisen, M. B., Van De Rijn, M., Jeffrey, S. S., Rees, C. A., Pollack,
J. R., Ross, D. T., Johnsen, H., & Akslen, L. A. (2000). Molecular portraits of
human breast tumours. nature, 406(6797), 747-752.

Pickering, C. R., Zhou, J. H., Lee, J. J., Drummond, J. A., Peng, S. A., Saade, R. E., Tsali,
K. Y., Curry, J. L., Tetzlaff, M. T., & Lai, S. Y. (2014). Mutational Landscape of
Aggressive Cutaneous Squamous Cell CarcinomaSequencing of ¢cSCC. Clinical
Cancer Research, 20(24), 6582-6592.

Plasilova, M. L., Hayse, B., Killelea, B. K., Horowitz, N. R., Chagpar, A. B., & Lannin, D.
R. (2016). Features of triple-negative breast cancer: analysis of 38,813 cases from

the national cancer database. Medicine, 95(35).

67



Poole, A. W., Pula, G., Hers, I., Crosby, D., & Jones, M. L. (2004). PKC-interacting
proteins: from function to pharmacology. Trends in pharmacological sciences,
25(10), 528-535.

Prat, A., Cheang, M. C. U., Martin, M., Parker, J. S., Carrasco, E., Caballero, R., Tyldesley,
S., Gelmon, K., Bernard, P. S., & Nielsen, T. O. (2013). Prognostic significance of
progesterone receptor—positive tumor cells within immunohistochemically defined
luminal A breast cancer. Journal of clinical oncology, 31(2), 203.

Qi, X., & Mochly-Rosen, D. (2008). The PKCd-Abl complex communicates ER stress to
the mitochondria—an essential step in subsequent apoptosis. Journal of cell science,
121(6), 804-813.

QIN, Y., Tang, Y., Schally, A., & Beckman, B. (1995). Dexniguldipine hydrochloride
inhibits growth of human ht-29 colon-carcinoma cells and expression of protein-
kinase-C-delta and protein-kinase-C-zeta. International journal of oncology, 7(5),
1073-1077.

Qiu, W., Xu, C., Xiao, X., & Xu, D. (2019). Computational prediction of ubiquitination
proteins using evolutionary profiles and functional domain annotation. Current
genomics, 20(5), 389-399.

Radivojac, P., Vacic, V., Haynes, C., Cocklin, R. R., Mohan, A., Heyen, J. W., Goebl, M.
G., & lakoucheva, L. M. (2010). Identification, analysis, and prediction of protein
ubiquitination sites. Proteins: Structure, Function, and Bioinformatics, 78(2), 365-
380.

Raj-Kumar, P.-K., Liu, J., Hooke, J. A., Kovatich, A. J., Kvecher, L., Shriver, C. D., & Hu,
H. (2019). PCA-PAMS50 improves consistency between breast cancer intrinsic and
clinical subtyping reclassifying a subset of luminal A tumors as luminal B.
Scientific reports, 9(1), 7956.

Rajendran, V., Gopalakrishnan, C., & Sethumadhavan, R. (2018). Pathological role of a
point mutation (T3151) in BCR-ABL1 protein—a computational insight. Journal
of Cellular Biochemistry, 119(1), 918-925.

Razorenova, O. V., Finger, E. C., Colavitti, R., Chernikova, S. B., Boiko, A. D., Chan, C.
K., Krieg, A., Bedogni, B., LaGory, E., & Weissman, I. L. (2011). VHL loss in
renal cell carcinoma leads to up-regulation of CUB domain-containing protein 1 to

68



stimulate PKCd-driven migration. Proceedings of the National Academy of
Sciences, 108(5), 1931-1936.

Reno, E. M., Haughian, J. M., Dimitrova, I. K., Jackson, T. A., Shroyer, K. R., & Bradford,
A. P. (2008). Analysis of protein kinase C delta (PKCd) expression in endometrial
tumors. Human pathology, 39(1), 21-29.

Reyland, M. E. (2009). Protein kinase C isoforms: multi-functional regulators of cell life
and death. Frontiers in bioscience (Landmark edition), 14, 2386.

Riobo, N. A., Haines, G. M., & Emerson Jr, C. P. (2006). Protein kinase C-6 and mitogen-
activated protein/extracellular signal-regulated kinase-1 control GLI activation in
Hedgehog signaling. Cancer research, 66(2), 839-845.

Ruddon, R. W. (2007). Cancer biology. Oxford University Press.

Rybin, V. O., Xu, X., & Steinberg, S. F. (1999). Activated protein kinase C isoforms target
to cardiomyocyte caveolae: stimulation of local protein phosphorylation.
Circulation research, 84(9), 980-988.

Salminen, A., Kaarniranta, K., & Kauppinen, A. (2013). Beclin 1 interactome controls the
crosstalk between apoptosis, autophagy and inflammasome activation: impact on
the aging process. Ageing research reviews, 12(2), 520-534.

Selga, C., Koc, A., Chawade, A., & Ortiz, R. (2020). A bioinformatics pipeline to identify
a subset of SNPs for genomics-assisted potato breeding. Plants, 10(1), 30.
Selwood, K. (2008). Side effects of chemotherapy. Cancer in Children and Young People:

Acute Nursing Care, 35-71.

Shah, H., Khan, K., Khan, N., Badshah, Y., Ashraf, N. M., & Shabbir, M. (2022). Impact
of deleterious missense PRKCI variants on structural and functional dynamics of
protein. Scientific reports, 12(1), 3781.

Shewach, D. S., & Kuchta, R. D. (2009). Introduction to cancer chemotherapeutics.
Chemical reviews, 109(7), 2859-2861.

Singh, A. K., Olsen, M. F., Lavik, L. A. S., Vold, T., Drablgs, F., & Sjursen, W. (2021).
Detecting copy number variation in next generation sequencing data from

diagnostic gene panels. BMC Medical Genomics, 14(1), 214.

69



Slepchenko, K. G., Holub, J. M., & Li, Y. V. (2018). Intracellular zinc increase affects
phosphorylation state and subcellular localization of protein kinase C delta (9).
Cellular Signalling, 44, 148-157.

Sohail, S., & Alam, S. N. (2007). Breast cancer in Pakistan-awareness and early detection.

Sorescu, G. P., Forman, L. W., & Faller, D. V. (2012). Effect of inhibition of protein kinase
C delta (PKCd) on pancreatic cancer cells. In: American Society of Clinical
Oncology.

Sarlie, T., Perou, C. M., Tibshirani, R., Aas, T., Geisler, S., Johnsen, H., Hastie, T., Eisen,
M. B., Van De Rijn, M., & Jeffrey, S. S. (2001). Gene expression patterns of breast
carcinomas distinguish tumor subclasses with clinical implications. Proceedings of
the National Academy of Sciences, 98(19), 10869-10874.

Sarlie, T., Tibshirani, R., Parker, J., Hastie, T., Marron, J. S., Nobel, A., Deng, S., Johnsen,
H., Pesich, R., & Geisler, S. (2003). Repeated observation of breast tumor subtypes
in independent gene expression data sets. Proceedings of the National Academy of
Sciences, 100(14), 8418-8423.

Soroush, F., Tang, Y., Guglielmo, K., Engelmann, A., Liverani, E., Langston, J., Sun, S.,
Kunapuli, S., Kiani, M. F., & Kilpatrick, L. E. (2019). Protein kinase C-delta
(PKC9) tyrosine phosphorylation is a critical regulator of neutrophil-endothelial
cell interaction in inflammation. Shock (Augusta, Ga.), 51(5), 538.

Soroush, F., Zhang, T., King, D. J., Tang, Y., Deosarkar, S., Prabhakarpandian, B.,
Kilpatrick, L. E., & Kiani, M. F. (2016). A novel microfluidic assay reveals a key
role for protein kinase C § in regulating human neutrophil-endothelium interaction.
Journal of Leucocyte Biology, 100(5), 1027-1035.

Steinberg, S. F. (2004). Distinctive activation mechanisms and functions for protein kinase
Cd. Biochemical Journal, 384(3), 449-459.

Takai, Y., Kishimoto, A., Inoue, M., & Nishizuka, Y. (1977). Studies on a cyclic
nucleotide-independent protein kinase and its proenzyme in mammalian tissues. .
Purification and characterization of an active enzyme from bovine cerebellum.
Journal of Biological Chemistry, 252(21), 7603-7609.

70



Tanveer, S., Ashfag, M., Parveen, R., Ashig, K., Qayyum, M., Bajwa, M., Ashiqg, S., &
Arshad, A. (2019). Assessment of the risk factors and various patient related
attributes influencing hemodialysis. Int J Biosci, 14(4), 238-247.

Tavassoli, F. A., & Devilee, P. (2003). Pathology and genetics of tumours of the breast
and female genital organs. larc.

Tsali, J.-H., Hsieh, Y.-S., Kuo, S.-J., Chen, S.-T., Yu, S.-Y., Huang, C.-Y., Chang, A.-C.,
Wang, Y.-W., Tsai, M.-T., & Liu, J.-Y. (2000). Alteration in the expression of
protein kinase C isoforms in human hepatocellular carcinoma. Cancer letters,
161(2), 171-175.

Tsokos, G. C., Wong, H. K., Enyedy, E. J., & Nambiar, M. P. (2000). Immune cell
signaling in lupus. Current opinion in rheumatology, 12(5), 355-363.

Van der Groep, P., Van Der Wall, E., & Van Diest, P. J. (2011). Pathology of hereditary
breast cancer. Cellular oncology, 34, 71-88.

Venselaar, H., Te Beek, T. A., Kuipers, R. K., Hekkelman, M. L., & Vriend, G. (2010).
Protein structure analysis of mutations causing inheritable diseases. An e-Science
approach with life scientist friendly interfaces. BMC bioinformatics, 11(1), 1-10.

Vidi, P.-A., Leary, J. F., & Leliévre, S. A. (2013). Building risk-on-a-chip models to
improve breast cancer risk assessment and prevention. Integrative Biology, 5(9),
1110-1118.

Villar, J., Arenas, M. ., MacCarthy, C. M., Blanquez, M. J., Tirado, O. M., & Notario, V.
(2007). PCPH/ENTPDS5 expression enhances the invasiveness of human prostate
cancer cells by a protein kinase Cd—dependent mechanism. Cancer research,
67(22), 10859-10868.

Vucenik, 1., Ramakrishna, G., Tantivejkul, K., Anderson, L. M., & Ramljak, D. (2005).
Inositol hexaphosphate (IP 6) blocks proliferation of human breast cancer cells
through a PKCd-dependent increase in p27 Kipl and decrease in retinoblastoma
protein (pRb) phosphorylation. Breast cancer research and treatment, 91, 35-45.

Wang, B.-S., Yang, Y., Yang, H., Liu, Y.-Z., Hao, J.-J., Zhang, Y., Shi, Z.-Z., Jia, X.-M.,
Zhan, Q.-M., & Wang, M.-R. (2013). PKCt counteracts oxidative stress by
regulating Hsc70 in an esophageal cancer cell line. Cell Stress and Chaperones, 18,
359-366.

71



Wang, B., Rosano, J. M., Cheheltani, R. e., Achary, M. P., & Kiani, M. F. (2010). Towards
a targeted multi-drug delivery approach to improve therapeutic efficacy in breast
cancer. Expert opinion on drug delivery, 7(10), 1159-1173.

Wang, T., Liu, C., & Jia, L. (2018). The roles of PKCs in regulating autophagy. Journal of
Cancer Research and Clinical Oncology, 144, 2303-2311.

Wang, X., Zhu, W., Zhou, Y., Xu, W., & Wang, H. (2014). RIPK4 is downregulated in
poorly differentiated tongue cancer and is associated with migration/invasion and
cisplatin-induced apoptosis. The International journal of biological markers, 29(2),
150-159.

Watanabe, T., Ono, Y., Taniyama, Y., Hazama, K., Igarashi, K., Ogita, K., Kikkawa, U.,
& Nishizuka, Y. (1992). Cell division arrest induced by phorbol ester in CHO cells
overexpressing protein kinase C-delta subspecies. Proceedings of the National
Academy of Sciences, 89(21), 10159-10163.

Weigel, M. T., & Dowsett, M. (2010). Current and emerging biomarkers in breast cancer:
prognosis and prediction. Endocrine-related cancer, 17(4), R245-R262.

Weigelt, B., Bachner, F. L., & Reis-Filho, J. S. (2010). The contribution of gene expression
profiling to breast cancer classification, prognostication and prediction: a
retrospective of the last decade. The Journal of Pathology: A Journal of the
Pathological Society of Great Britain and Ireland, 220(2), 263-280.

Weigelt, B., Horlings, H., Kreike, B., Hayes, M., Hauptmann, M., Wessels, L., De Jong,
D., Van de Vijver, M., Veer, L. V. t., & Peterse, J. (2008). Refinement of breast
cancer classification by molecular characterization of histological special types.
The Journal of Pathology: A Journal of the Pathological Society of Great Britain
and Ireland, 216(2), 141-150.

Weinberg, R. A. (1996). How cancer arises. Scientific American, 275(3), 62-70.

White, E., & DiPaola, R. S. (2009). The Double-Edged Sword of Autophagy Modulation
in CancerAutophagy in Cancer Therapy. Clinical Cancer Research, 15(17), 5308-
5316.

Whiteman, D. C., & Wilson, L. F. (2016). The fractions of cancer attributable to modifiable
factors: A global review. Cancer epidemiology, 44, 203-221.

72



Wilkinson, L., & Gathani, T. (2022). Understanding breast cancer as a global health
concern. The British Journal of Radiology, 95(1130), 20211033.

Xu, J., Wei, Q., & He, Z. (2020). Insight into the function of RIPK4 in keratinocyte
differentiation and carcinogenesis. Frontiers in Oncology, 10, 1562.

Yang, C.-D., Wang, X.-D., Ye, S., Gu, Y.-Y., Bao, C.-D., Wang, Y., & Chen, S.-L. (2007).
Clinical features, prognostic and risk factors of central nervous system infections
in patients with systemic lupus erythematosus. Clinical rheumatology, 26(6), 895-
901.

Yang, J., Zhang, W., Jiang, W., Sun, X., Han, Y., Ding, M., Shi, Y., & Deng, H. (2009).
P21 cip-Overexpression in the Mouse 3 Cells Leads to the Improved Recovery from
Streptozotocin-Induced Diabetes. PloS one, 4(12), e8344.

Yates, A. D., Achuthan, P., Akanni, W., Allen, J., Allen, J., Alvarez-Jarreta, J., Amode, M.
R., Armean, I. M., Azov, A. G., & Bennett, R. (2020). Ensembl 2020. Nucleic acids
research, 48(D1), D682-D688.

Yin, S., Sethi, S., & Reddy, K. B. (2010). Protein kinase Cé and caspase-3 modulate
TRAIL-induced apoptosis in breast tumor cells. Journal of Cellular Biochemistry,
111(4), 979-987.

Yoo, C. B., & Jones, P. A. (2006). Epigenetic therapy of cancer: past, present and future.
Nature reviews Drug discovery, 5(1), 37-50.

Yoshida, K., Liu, H., & Miki, Y. (2006). Protein kinase C 0 regulates Ser46
phosphorylation of p53 tumor suppressor in the apoptotic response to DNA
damage. Journal of Biological Chemistry, 281(9), 5734-5740.

Yu, L., Lv, J., Jin, L., Ding, S., Ma, X., Wang, J., & Zhu, X. (2011). Over-expression of
protein kinase C isoforms (a, 9, 0 and {) in squamous cervical cancer. Neoplasma,
58(6), 491-498.

ZAHRA, F., HUMAYOUN, F., YOUSAF, T., & KHAN, N. A. (2013). Evaluation of risk
factors for carcinoma breast in Pakistani women. Journal of Fatima Jinnah Medical
University, 7(1).

Zhang, D., Pal, A., Bornmann, W. G., Yamasaki, F., Esteva, F. J., Hortobagyi, G. N.,
Bartholomeusz, C., & Ueno, N. T. (2008). Activity of lapatinib is independent of

73



EGFR expression level in HER2-overexpressing breast cancer cells. Molecular
cancer therapeutics, 7(7), 1846-1850.

Zhang, G., Kazanietz, M. G., Blumberg, P. M., & Hurley, J. H. (1995). Crystal structure
of the Cys2 activator-binding domain of protein kinase Co in complex with phorbol
ester. cell, 81(6), 917-924.

Zhang, J., Liu, N., Zhang, J., Liu, S., Liu, Y., & Zheng, D. (2005). PKC5S protects human
breast tumor MCF-7 cells against tumor necrosis factor-related apoptosis-inducing
ligand-mediated apoptosis. Journal of Cellular Biochemistry, 96(3), 522-532.

Zhang, S., He, Y., Liu, H., Zhai, H., Huang, D., Yi, X., Dong, X., Wang, Z., Zhao, K., &
Zhou, Y. (2019). regBase: whole genome base-wise aggregation and functional
prediction for human non-coding regulatory variants. Nucleic acids research,
47(21), e134-e134.

Zuo, Y., Wu, Y., & Chakraborty, C. (2012). Cdc42 negatively regulates intrinsic migration
of highly aggressive breast cancer cells. Journal of cellular physiology, 227(4),
1399-1407.

74



- Wrnitin{J)
- Digital Receipt

This receipt ac
information re

The fi

Submission author:

File name:

File size:

Page count:
Word count:
Character count:
Submission date:
Submission 1D:

knowledges that Tu
garding your submission,

Assignment title:
| Submissjon title:

rnitin received your paper. Below you will find the receipt

rst page of yoyr Submissions is displayed below.

Somia Khan

Analyzing the Association of KPCD Gene’s Non-Synonymous ...

Analyzing the Association of KPCD Gene’s Non-Synonymous ...
Somia_Khan.docx

117.15K
34
13,061
69,829

02-Jun-2023 03:31AM (UTC-0700)
2107389063

Nt Summs Wi (i)
Sapervhar: O ¥ svms Bataan

Mhhu—ﬂ-dm&u\m—
Vertants wih Bovet Camesr,
Anw ot

i I T —
e e e bt B B b b e ey Sy e Ty
St of AN oo wowry o maon. Digt el A ITEWE e s
R e T T NP A ——p—
e e g g g —
Comarany % ML R vo om0 Snd B e s e 4 e oy (o
- - l\ii‘h‘_ﬂh'—n“.b.—‘-‘hﬁq - e
o bt wewe d Eeen e, o T Maem Asnas, Pt WY
R R e e L i L 73 ST O,
L e P penm lawB )y an) e — v e, BT gt | 4T 0 e
R et S ) S5 6 S——
e VL L R A Rl e de s @ s e epus o
B R e e T Fp—
- A b B e el ] O W e 8 D e
By v w0 e e A B e ey e . S e sy
B et e e wle i D e TL R S e
e s By e e AR e ey e el e ol WYY e
- e TR W g, S b W R W @Y B e

Argran Wy # chmsd V.




3 AC
el . '
f ARt
( \
A
(el

Anaflyzing the Association of KPCD Gene's Non-Synonymous
%t Cancer

ORIGINALITY REPORT

5 % % 5 % %

SIMILARITY INDEX

INTERNET SOURCES ~ PUBLICATIONS STUDENT PAPERS
—‘;;:umsowczs
Protein Kinase C in Cancer Signaling and 1%
Therapy, 2010,
Publication
"Molecular Pathology of Breast Cancer", 1%
Springer Science and Business Media LLC,
2016
Publication

Alakananda Basu, Deepanwita Pal. "Two Faces <'l "
of Protein Kinase C8: The Contrasting Roles of ’
PKCS in Cell Survival and Cell Death", The
Scientific World JOURNAL, 2010

Publication
"Abstract", Breast Cancer Research and <1 "
0
Treatment, 2005
Publication
F5 Purohit, Rituraj. "Role of ELA region in auto- <1 o
=1 5ctivation of mutant KIT receptor o inolecular
dynamics simulation insight", jounat oi
Biomolecular Structure and Dyiianiics, 2014,

publication




Felicia Ranta, Johannes Leveringhaus,
Dorothea Theilig, Gabriele Schulz-Raffelt et al.
"Protein Kinase C Delta (PKC&8) Affects
Proliferation of Insulin-Secreting Cells by
Promoting Nuclear Extrusion of the Cell Cycle
Inhibitor p21Cip1/WAF1", PLoS ONE, 2011

Publication

<1%

Yong Xin, Fan Jiang, Chunsheng Yang, Qiuyue
Yan, Wenwen Guo, Qian Huang, Longzhen
Zhang, Guan Jiang. "Role of autophagy in
regulating the radiosensitivity of tumor cells",
Journal of Cancer Research and Clinical
Oncology, 2017

Publication

<1%

Hiral Chaudhary, Jalpa Patel, Nayan K. Jain,
Sonal Panchal, Naresh Laddha, Rushikesh
Joshi. "Association of FTO Gene Variant
rs9939609 with Polycystic Ovary Syndrome
from Gujarat, India", Research Square
Platform LLC, 2023

Publication

<1%

Raminderjit Kaur, Jatinder Singh, Manpreet
Kaur. "Structural and functional impact of
SNPs in P-selectin gene: A comprehensive in
silico analysis", Open Life Sciences, 2017

Publication

<1%

10

Kainat Zahra, Maria Shabbir, Yasmin Badshah,
Janeen H. Trembley et al. "Determining KLF14

<1%



tertiary structure and diagnostic significance
in brain cancer progression", Scientific
Reports, 2022

Publication

Kavya Vinil Kaladan, Narmadhaa
Sivagurunathan, Rajesh Parsanathan.
"Molecular Docking and Dynamics Simulation
revealed the Potential Inhibitory Activity of
Piomozide against Kynurenine metabolism
targeting the Kynurenine 3-monooxygenase",
Research Square Platform LLC, 2023

Publication

<1%

Faizan Ahmad, Umme Abiha, S Rehan Ahmad,
Nandan Patel. "Ebelin lactone as the most
promising neuroprotective compound from
Bacopa monnieri extract targeting
microtubule affinity regulation kinase-4
involved in Alzheimer's disease: A
Computational Study", Research Square
Platform LLC, 2023

Publication

<1%

K.J. Rickards, C.P. Page, A.S. Hamblin, N.T.
Goode, F.M. Cunningham. "Biochemical and
functional assessment of equine lymphocyte
phosphodiesterases and protein kinase C",
Veterinary Immunology and
Immunopathology, 2004

Publication

<1%




14

Mohaddeseh Habibzadeh Mashatooki, Alireza
Rastkar Ebrahimzadeh, Jaber Jahanbin
Sardroodi, Amirali Abbasi. " Investigation of
TiO anatase (10 1), (1 00)and (1 1 0) facets as
immobilizer for a potential anticancer RNA
aptamer: a classical molecular dynamics
simulation ", Molecular Simulation, 2019

Publication

<1%

Mohaddeseh Habibzadeh Mashatooki, Jaber <1 o
Jahanbin Sardroodi, Alireza Rastkar °
Ebrahimzadeh. "Molecular Dynamics

Investigation of the Interactions Between RNA
Aptamer and Graphene-Monoxide/Boron-

Nitride Surfaces: Applications to Novel Drug

Delivery Systems", Journal of Inorganic and
Organometallic Polymers and Materials, 2019

Publication

Youssef A. Kousa, Tamer A. Mansour, <1 y
Haitham Seada, Samaneh Matoo, Brian C. °
Schutte. "Shared molecular networks in

orofacial and neural tube development", Birth

Defects Research, 2017

Publication

Safayat Mahmud Khan, Ar-Rafi Md. Faisal, <1 y
Tasnin Akter Nila, Nabila Nawar Binti, Md. °
Ismail Hosen, Hossain Uddin Shekhar. "A
computational in silico approach to predict



high-risk coding and non-coding SNPs of
human PLCG1 gene", PLOS ONE, 2021

Publication

A Bunker, PT Mannisto, J.-F. St. Pierre, T ROg, <1 o
P Pomorski, L Stimson, M Karttunen.
"Molecular dynamics simulations of the
enzyme Catechol-O-Methyltransferase:
methodological issues1", SAR and QSAR in
Environmental Research, 2008
Publication

Khushbukhat Khan, Atia Gulzar, Yasmin <1 o
Badshah, Naeem Mahmood Ashraf et al.
"Determining KLF13 structure, uniqueness,
and possible molecular crosstalk in Prostate
Cancer", Research Square Platform LLC, 2022
Publication

Kijak, G.H.. "Distinguishing molecular forms of <1 o
HIV-1 in Asia with a high-throughput, ’
fluorescent genotyping assay, MHAbce v.2",
Virology, 20070205
Publication

Sima Biswas, Sreekanya Roy, Angshuman <1 o

Bagchi. " An approach to study the molecular
interaction of the PINK1 kinase domain with
Parkin Ubl domain ", Cold Spring Harbor
Laboratory, 2023

Publication




9] de Oliveira, T.C.. "Interfacial activation of <1
. %
snake venom phospholipases A"2 (svPLA"2)
probed by molecular dynamics simulations”,
Journal of Molecular Structure: THEOCHEM,
20070930
Publication
News", European Journal of Cancer Care, <1 o
7/2007
Publication
Joanne E. Johnson, Rosemary B. Cornell. <1 o
"Amphitropic proteins: regulation by ’
reversible membrane interactions (Review)",
Molecular Membrane Biology, 7/1/1999
Publication
Christina F. Sandall, Justin A. MacDonald. <'] o
"Structural Insights into the ATP-dependent ’
Activation of NOD-like Receptor with Pyrin 3
(NLRP3) Protein by Molecular Dynamics
Simulation", Cold Spring Harbor Laboratory,
2023
Publication
Wang, Q... "PKD at the crossroads of DAG <1 o

and PKC signaling", Trends in Pharmacological
Sciences, 200606

Publication




