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AKCIGER KANSERI HUCRE HATTINDA, KNOCKDOWN
TIGAR’IN PROGRAMLI HUCRE OLUMUNUN
DUZENLENMESINDEKI ROLUNUN DESIFRE EDILMESI

OZET

Kiiciik hiicreli olmayan akciger kanseri Olimciil bir malignite ile yiiksek mortalite
oranina sahiptir. siRNA, gen ifadesinin negatif duzenleyicileri olarak transkripsiyon
sonrasi siirecte protein kodlayan genlerin kisa siireli susturulmasini indiiklemek i¢in en
yaygin kullanilan RNA interferens aracidir. TIGAR proteini,glikoz metabolizmasi
sirasinda Fru-2, 6-P2 seviyelerini kontrol eder ve NADPH dizeyini devam ettirerek hiicre
ici 6nemli birantioksidan olan GSH'nin geri doniistiirmesine yardimci olur. TIGAR'm
islevlerinden biri, hiicrelerdeki Fru-2, 6-P2 seviyelerini diisiirmek ve sonug olarak hiicre
olimiine kars1 daha yiliksek direngle korele olan ROS'un baskilamak ve glikolizi
azaltmaktir. Bununla birlikte, siRNA'nin hiicre canliligi, oksidatif stres ve programlanmis
hicre 6limleri tizerindeki etkileri veya siRNA'nin akciger kanseri hiicrelerinde TIGAR
ile nasil etkilestigi hakkinda pek az sey bilinmektedir. Bu ¢alisma, A549 hiicre hattinda
TIGAR'!n susturulmasinin altinda yatan molekiiler mekanizmalar1 arastirmak icin
tasarlanmistir.siRNA-TIGAR'!n  A549 akciger kanseri hiicreleri iizerindeki etkisini
saptamak icin hiicre canliligini, koloni olusumunu, ROS ve NADPH'nin oksidatif stres
seviyelerini ve hiicre canliligini 6lgmek i¢in sirasiyla hiicre proliferasyonu, koloni
olusumu, ROS ve NADPH analizleri gerceklestirdik. Ek olarak, protein ve mRNA
ekspresyon seviyelerini 6lgmek igin sirasiyla western blot ve real-time PCR analizleri
kullanildi.A549 hiicre hattinda TIGAR inaktif edildikten sonra ¢esitli parametreler analiz
edildi ve TIGAR'm down regiilasyonunun canlilig1 inhibe ettigi ve koloni olusumunu
azalttig1 gosterildi. Ayrica TIGAR inaktivasyonunun apoptozis ve otofajiyi tetikledigi
goriildii. Artmis ROS seviyeleri ve azalmis NADPH seviyelerine bagli olarak oksidatif
stres belirteclerinin indiiksiyonu gozlemlendi. Ozetle, siRNA TIGAR hiicre canliligin
inhibe edip programlanmis hiicre 6liimlerini (I, II) arttirmistir ve ROS seviyesini artirarak
yiiksek oksidatif stres markirlarint yiiksek diizeylere cikarmigtir. Bulgular, TIGAR’1
susturmanin hiicre canlilig1 inhibisyonunu indiikledigini, ROS seviyelerini artirdigini,
NADPH diizeylerini azalttigini, otofaji, apoptosis ve oksidatif stres belirteclerini
indiikledigini gosterdi. Genel olarak, bu calisma kanser tedavisinde terapotik bir hedef
olarak kullanilmak tizere akciger kanseri hiicrelerinde programlanmis hiicre 6liimii I, II'yi
arttirmak i¢in TIGAR susturmanin muhtemel roliiniin anlasilmasini1 desteklemektedir.

Anahtar Kelimeler: Tigar, akciger kanseri, apoptoz, otofaji, oksidatif stres markerleri.
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DECIPHERING THE ROLE OF KNOCKDOWN TIGAR IN THE
LUNG CANCER CELL LINE THROUGH REGULATION
PROGRAMED CELL DEATH

ABSTRACT

Non-small cell lung cancer has a high mortality rate with a lethal malignancy. siRNA is
the most-commonly used RNA interference tool for inducing short-term silencing of
protein-coding genes in the post-transcriptional process as negative regulators of gene
expression. The TIGAR protein controls Fru-2, 6-P2 levels during glucose metabolism
and helps maintain NADPH levels to recycle GSH, a key intracellular antioxidant. One of
TIGAR’s functions is to lower Fru-2, 6-P2 levels in cells, consequently decreasing
glycolysis and suppressing ROS, which correlate with higher resistance to cell death.
However, little is known about the effects of sSIRNA on cell viability, oxidative stress, and
programmed cell deaths, or about how siRNA interacts with TIGAR in lung cancer cells.
The present study was designed to investigate the molecular mechanisms underlying
TIGAR knockdown in the A549 cell line.

To detect the influence of SIRNA-TIGAR on A549 lung cancer cells, we performed cell
proliferation, colony formation, ROS, and NADPH assays to measure cell viability,
ability of cells to form colonies, and oxidative stress levels of ROS and NADPH,
respectively. In addition, western blotting and real-time PCR assays were used to
measure protein and mRNA expression levels, respectively.

After TIGAR-knockdown in A549 cell lines, various assay parameters were analyzed and
showed that down regulation of TIGAR inhibited viability and decreased colony
formation. We also demonstrated that TIGAR knockdown induced apoptosis and
autophagy. Furthermore, increased ROS levels and decreased NADPH levels were
observed, followed by an induction of oxidative stress marker expression. In summary,
SiIRNA TIGAR inhibited cell viability, enhanced programmed cell deaths (I, II), and
elevated oxidative stress markers by increasing ROS levels.

The data showed that TIGAR knockdown induced inhibition of cell viability; increased
ROS levels; and decreased NADPH levels, induction of autophagy and apoptosis, and
oxidative stress markers. Overall, this study supports our understanding the possibility of
using TIGAR knockdown in lung cancer cells to enhance programmed cell death I, 11 for
further use as a therapeutic target in cancer treatment.

Keywords: Tigar, lung cancer, apoptosis, autophagy, oxidative stress markers.
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1. INTRODUCTION

1.1. Lung

Breathing in higher living organisms mainly involves lungs which serve as an important
organ of the respiratory system. Besides lungs, mouth, nose, trachea (windpipe) and
airways or tubes to both lungs are also parts of the respiratory system. As shown in
Figure 1.1, the airways comprise of bronchioles (small airways) and bronchi (large
airways). In appearance, the lungs look like two large, spongy cones. Sections in the
lungs are termed as lobes. The right lung and left lung has three and two lobes.
Diaphragm offer support to the lungs and is actually a thin and wide muscle which
facilitates breathing. Mediastinum refers to the space between two lungs and carries

structures like esophagus, lymph nodes, trachea, heart and blood vessels.

Two layers of pleura envelop the lungs. Pleura are tissue sheets with thickness of plastic
wrap. Outer layer of pleura is known as parietal layer and it layers the diaphragm and
chest wall. On the other hand, inner layer is termed as visceral layer which is linked to
lungs. Pleural space between these two layers is called pleural cavity which carries a little
quantity of fluid. Due to this fluid the two pleural layers slide over one another thereby
allowing smooth movement of lungs against the wall of chest while breathing. Inhalation
involves passage of air into mouth or nose to trachea and then into bronchi and
bronchioles. Very small sized air sacs are present at the end of bronchioles which are
termed as alveoli. These structures serve as site for the exchange of oxygen and carbon
dioxide. Oxygen is delivered to blood and carbon dioxide is taken from the blood.
Exhalation involves removal of carbon dioxide by breathing out (John 2005; Mothoneos
2016).
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Figure 1.1. It shows anatomy of the upper and lower parts of human respiratory system(Kara Rogers Senior
Editor 2010)

1.2. Cancer

““Cancer cells are defined by two heritable properties: (1) reproduce in defiance of the
normal restraints on cell division and (2) invade and colonize territories normally
reserved for other cells. It is the combination of these actions that makes cancers
peculiarly dangerous’” (Alberts 2002). It may have an effect on almost any a part of the
body. The growth regularly invades surrounding tissue and might metastasize to distant
sites. New cells are produced in living systems for growth, healing and for replacing old
cells. Production and death of cells generally takes place in an organized manner. Yet, in
some cases, cells do not grow, divide and die as they are meant to be. Consequently, a
lump is formed due to collection of abnormal blood or lymph fluid. This lump is termed
as tumor. Tumors can be malignant or benign. Malignant tumors comprise of cancerous
cells demonstrating the capability to spread to other areas via lymphatic system or
bloodstream. On the other hand, benign tumors comprise of cells which remain confined

to a specific area (Mothoneos 2016).



When cancer develops in an organ or tissue, it is termed as primary cancer. Malignant
tumors are mostly named according to the cells or organ involved. Localized cancer
refers to a malignant cancer which has not yet spread to other regions in the body.
Surprisingly, a tumor can get deep into nearby tissues and can form its blood vessels by a
process known as angiogenesis. When cancerous cells grow, travel to other parts and
form tumor in other sites, it is termed as metastasis or secondary cancer as shown in
Figure 1.2. Still, the name of original cancer retains even if it is spread to other parts of
body. For instance, when lung cancer spreads to bones, it is termed as metastatic lung
cancer even if the patient is only demonstrating symptoms of tumor in bones (John 2005;
Mothoneos 2016).

Normal cells Abnormal cells /Cancerinsmx \ KAngiogenesis \

—

Boundary
Lymph
Blood vessel :
0 N I N
Normal cells Abnormal cells Abnormal cells Malignant or

multiply invasive cancer

Figure 1.2. Schematic diagram shows the development and spread of cancer (Mothoneos 2016)
1.2.1. Lung Cancer

At present, lung cancer has proven to be the main cause of cancer related deaths all
around the world. Every year, over 1.59 million deaths occur due to lung cancer. Only in
2012, around 1,590,000 individuals died of lung cancer. Mortality rates vary for males
and females. This is because males tend to smoke more than females and smoking is
major cause of lung cancer. The other reasons for lung cancer are include genetic factors,
particle prolusion, hazardous chemicals and radon exposure. The reason behind high
mortality rate of lung cancer is the fact that it is mostly diagnosed at advanced stage of
the disease (Islami et al 2015; Sanchez-Valle et al 2017; Yagi et al 2017).



Lung cancer has proven to be a malignancy during which cancer grows in one or two
lungs in uncontrolled manner. When cancer starts developing in the lungs, it is termed as
primary lung cancer. However, it is capable of invading other regions like bones, liver,
adrenal glands, brain and lymph nodes. It is also possible that cancer from any other part
of the body invades the lungs. In this case, the disease is known as metastatic or
secondary lung cancer (Mothoneos 2016). In particular, lung cancer initially develops due
to unchecked multiplication of cells because of genetic damage in the cells. Distant parts
of the body can also be affected by the lung cancer. Lung cancer may end up in death if
not treated for example in the final stagetrouble the breathing and shortness of breath is
very commonplace in people with advanced cancer, but it is able to be managed on the
quit of lifestyles. The patient can feel short of breath and want to respire faster and
tougher than ordinary. The patient might feel like that has liquid in his lungs and it makes
him want to cough. In some cases, lung cancer is termed as bronchiogenic carcinoma or
bronchiogenic cancer indicating cancer of bronchi which are airways to lungs. Majority
of lung cancers start developing in cells that layer the bronchi (John 2005; Kalemkerian
et al 2016).

1.2.2. Types of Lung Cancer

Site of origination of lung cancer is the epithelial cells present in the bronchi. In general,
epithelial cells constitute the covering for free surfaces in the living system like airways.
On the basis of their appearance under microscope, lung cancers are divided into some
groups namely small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC),
squamous cell carcinoma and adenocarcinoma. Around 80% lung cancers in the United
States are NSCLC, this is just as an example. SCLC and NSCLC are two main types of
lung cancers and differ in growth and spreading. Treatments for these two are also
different (John 2005; Kalemkerian et al 2016).

1.2.2.1. Small Cell Lung Cancer

In case of SCLC, the cancerous epithelial cells are unusually small. For that reason, this
cancer is also known as oat cell carcinoma indicating resemblance with the oat grains. It
is also known as undifferentiated carcinoma. The term carcinoma generally indicates

malignant tumors arising from epithelial cells. In some cases, SCLC cells appear as



spindle or polyglonal (multisided). Moreover, SCLC has been strongly related with
tobacco smoking. Only 1% of SCLC patients are non-smokers. Growth of SCLC is
quicker as compared to the NSCLC. SCLC usually metastasizes to different organs in the
initial stages of the disease. Initially, SCLC proves to be responsive to radiation therapy
and chemotherapy. SCLC usually develops in one of the two bronchi and tumors are
mostly found at the center of the lung. The disease has mostly metastasized when it is
diagnosed (John 2005; Kalemkerian et al 2016).

1.2.2.2. Non-Small Cell Lung Cancer

NSCLC has proven to be the common type of lung cancer as more than 80% of lung
cancer patients have NSCLC. Owing to the efficient and advanced treatment approaches,
prognosis and survival rate of NSCLC patients has demonstrated improvement in recent
years. Still, treatment is challenged by the metastatic nature of the tumor. For that reason,
researchers aim for studying the mechanisms involved in development of NSCLC and for
identifying pharmaceutical agents which can impede with progression of cancer (Zhao et
al 2017). NSCLC has been divided further into four kinds namely large cell carcinoma,
Broncho-alveolar carcinoma, squamous cell carcinoma and adenocarcinoma. All these
types of NSCLCs demonstrate similar growth and also have similar treatments. All these
types of NSCLCs have variants or subtypes. Variants are named after peculiar growth
pattern visible through microscopy (John 2005; Mothoneos 2016; Patient and Centre
2017).

1.2.3. Classification Pathological Staging and Grading in Lung Cancer

Identification of the exact stage of lung cancer is quite complicated. This is because the
signs and symptoms of different stages tend to mix or overlap. Staging of cancer or
finding out the extent to which cancer has spread is quite important for deciding the
treatment strategy for a particular patient. Staging of SCLC and NSCLC is performed in a
similar manner. The TNM system is used to determine the stage of cancer. Where T
stands for tumor (site of origination and size of cancer); N stands for lymph node (filters
in the living system that can allow spreading of cancer) and M stands for metastasis (sites
invaded by cancer through mostly through blood stream). Based on these data, lung

cancers are staged as I, I, 111 or IV. First two stages are referred to as early stage cancer



and usually include T1-2 NO-1 MO tumors. Third stage is termed as locally advanced lung
cancer and includes TN2-3 MO tumors. Finally, fourth stage is known as advanced or
metastatic cancer and includes any T N M1 tumors. In case of advanced cancer, the
cancer has spread from lung and lymph nodes nearby (Mothoneos 2016; Patient and
Centre 2017).

1.3. Programmed Cell Death

Programmed cell death (PCD) is an essential cellular process which is crucial not only for
removal of worn out cells but also for maintenance of tissue homeostasis and
development. It is because of this process that a balance is maintained between
multiplication and death of cells. Diseases like cancer can be encountered if this balance
is disturbed. Moreover, fate of cancer cell is also affected by this process. Cells with
variable phenotypes are seen during this process which influences the nucleus, cellular
membranes and organelles. Researchers have developed numerous nomenclature systems
for classification of PCD. Three main cell morphologies for PCD have been illustrated in
a well-established classification system. In this system, PCD is classified as Type |
(apoptosis), Type Il (autophagy) and Type Il (programmed necrosis). These types can be
identified simply on the basis of morphological features (Ouyang et al 2012; Sun and
Peng 2009).

In case of multicellular living systems, each cell is a member of a cellular community
which is quite complicated but very organized. Population of cells is strictly controlled
not only by regulating division of cells but also the death of cells. When certain cells are
not required any more, they trigger intracellular death program to commit suicide. For

that reason, this phenomenon is termed as programmed cell death (Alberts 2002).

1.3.1. Apoptosis

Apoptosis refers to a process during which a cell itself decides that it is going to die. This
process takes place in multicellular organisms and is mostly for the betterment of the
organism on the whole. This often occurs for the greater good of the whole organism,
such as when the DNA of cell has become damaged and it may become cancerous (Lowe
and Lin 2000). Apoptosis can be considered as a repair and quality control strategy as

senescent cells, genetically damaged or unwanted cells get eliminated. Accordingly,



apoptosis is of crucial importance for the growth and development of higher organisms.
This mechanism of cell death is highly conserved in animals as well as plants and is
thoroughly studied biochemically as well as genetically. During apoptosis, intracellular
proteases including caspases and internucleosomal DNA fragmentation are activated.
Besides these, molecules expressed on cell surface get altered thereby allowing quick
recognition and phagocytosis of cells. In this way, several cells are quickly eliminated
from a tissue. Hence, apoptosis can be seen as a mechanism for organized removal of

cells without causing inflammation (Su et al 2013; Sun and Peng 2009).

Kerr et al. (Kerr et al 1972) illustrated the process of type | PCD i.e. apoptosis for the first
time. The researchers characterized the process with peculiar changes in the morphology
and biochemistry of the cells undergoing apoptosis. Morphological changes include
shrinkage of cell, fragmentation and condensation of nucleus, loss of adhesion with
extracellular matrix (ECM) or nearby cells and dynamic membrane blebbing (Nishida et
al 2008). Biochemically, chromosomal DNA gets cleaved into internucleosomal
fragments, cleavage of numerous intracellular substrates through proteolysis occurs
specifically and phosphatidylserine is externalized (Ouyang et al 2012).

1.3.1.1. Apoptosis and Cancer

Apoptosis has been found to be involved in preventing and causing certain clinical
conditions. Cancer in humans is prevented by apoptosis as it makes the cells carrying

defected DNA to die prior to development of cancer.

The chief role played by apoptosis is elimination of cells which can be harmful for the
entire living system. Apoptosis usually occurs as soon as a cell finds that its DNA is
damaged to the extent that it cannot be repaired. DNA damage in such cases causes
activation of apoptotic mechanism thereby preventing development of cancer. Yet, this
may not occur in all cases and activation of apoptosis may fail. In particular, this occurs
when genes needed for apoptosis are affected by the DNA damage. Designing and
development of drugs for cancer is challenged by the fact that the drug should induce
apoptosis only in cancerous cells. A drug that makes both cancerous and normal cells to
die can be very hazardous. It is worth mentioning that cancer may not necessarily occur

due to failure of apoptotic pathway. Researchers have found that cancers may develop in



cells which are more prone to apoptosis; however, it seems that these cells are made to
ignore signals for apoptosis and continue to live with the damaged DNA. It has also been
found that cancerous cells which are eliminated through medication usually die through
apoptotic pathway implicating that cells which can ignore apoptotic signals and make
themselves apoptosis resistant are also resistant to treatment. However, treatment of
cancer is the subject yet to be studied further and exploration of apoptosis can bring to

light new opportunities for cancer treatment (Lowe and Lin 2000; Ouyang et al 2012).

1.3.1.2. Apoptosis Pathway

Apoptosis occurs through two main pathways. These pathways have different means for
activation of the process and both have their own significance.

1.3.1.2.1. Extrinsic Pathway

Extrinsic pathway for apoptosis is characterized by reception of an extracellular signal
which induces PCD in the cell. Diseased or unwanted cells can be eliminated through this
pathway. This complicated pathway can be divided into following steps shown in Figure
1.3. Certain molecules or expression of certain genes can cause down regulation or
upregulation of these steps. Step 1: The extrinsic pathway initiates when an external
signal entity binds with the receptor expressed on the cell surface. FAS and TNF-Related
Apoptosis-Inducing Ligand (TRAIL) have been reported to be the most common
molecules which stimulate the activation of extrinsic pathway. It is possible that nearby
cells release these molecules when certain cells are not required or damaged. FAS binds
specifically with the FAS Receptor (FASR) and TRAIL binds with the TRAIL receptor
(TRAILR). Just like other receptors of signaling mechanisms, the FASR and TRAILR
tend to bind with the ligand as soon as they encounter them. Binding of the receptor with
the ligand is followed by changes in the intracellular domain of the receptor. Step 2: An
intracellular protein the Fas-associated death domain adapter protein (FADD) gets
changed when the intracellular domain of FASR or TRAILR is changed. Intriguingly,
FADD means FAS-Associated Death Domain protein Activation of the FADD protein is
followed by its interaction with two other proteins that cause initiation of the PCD. Step
3: The Pro-caspase-8 and the pro-caspase-10 are found inside the cell in inactive form.

When activated FADD interacts with these proteins, they get activated. However, when



an activated FADD faces the abovementioned two molecules, the protein component
which retains inactivity of these proteins include the cleaved or cut away parts.

The pro-caspases then become caspase-8 and caspase-10 that have been referred to the
beginning of the end cell due to their role in starting apoptosis. The Caspase-8 and
Caspase-10 spread in the cytoplasm and cause many other cellular molecules to get
changed. For instance, messengers which initiate breakdown of DNA are triggered by
Caspases. Step 4: Activated Caspases also cause activation of BID molecule to give rise
to tBID molecule. When a particular component of BID is removed from the BID, it is
converted into tBID. Once tBID is formed, it travels to the mitochondria where it causes
activation of BAK and BAX. This is the step which is common in extrinsic and intrinsic
pathway of apoptosis. Steps 1-4 described above only occur in the extrinsic pathway.
Steps after the activation of BAK and BAX are same in both pathways. Accordingly,
steps 3-7 of the intrinsic pathway can be considered as steps 5-9 of the extrinsic
mechanism (Elmore 2007; Sun and Peng 2009).

1.3.1.2.2. Intrinsic Pathway

Step 1: Any damage to cell or stress stimulates the intrinsic pathway of apoptosis.
Deficiency of oxygen, DNA damage and other stress factors negatively influence the
capability of the cell to perform its activities. Accordingly, a cell under stress decides to
discontinue its survival. Consequently, a group of proteins known as BH3-only proteins
are activated. Step 2: BH3-only proteins refer to a protein group that comprises of
numerous pro and anti-apoptotic proteins. Activation of these proteins determines
whether apoptotic pathway is activated or inactivated. Step 3: A state termed as
Mitochondrial Outer Membrane Permeabilization (MOMP) is induced by activation of
BAX and BAK. The term MOMP means mitochondrial outer membrane permeability
and is viewed as the point of no return for apoptosis. Although the changes resulting in
MOMP activation can be halted by using inhibitors; however, once this state has been
induced, the cell will eventually die. This condition results in cell death by permitting
discharge of cytochrome C in cytoplasm. Step 4: The cytochrome C performs crucial
part in the mitochondrial electron transport chain under normal physiological conditions.
Nevertheless, the cytochrome C molecule can be released from mitochondria during

MOMP and inside the cytoplasm it may behave as a signaling entity. In particular, the
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cytochrome-C present in cytoplasm stimulates the development of the ominous-sounding
apoptosome. A set of proteins, APAF1, form this apoptosome and these proteins cause
initiation of the breakdown of the cell. Step 5: As soon as the apoptosome is formed, the
pro-caspase-9 is converted to form Caspase-9. The Caspase-9 can cause several changes
in the cell just like the Caspase-8 and Caspase-10 cause in the extrinsic pathway. Step 6:
The protein Caspase-9 is capable of performing numerous activities leading to apoptosis.
An important activity performed by this molecule is that it activates Caspases 3 and 7.
Step 7: As soon as the Caspases 3 and 7 are activated, they cause dissociation of different
cellular structures. For instance, Caspase-3 condenses and results in dissociation of DNA
of the cell (EImore 2007; Sun and Peng 2009).
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Figure 1.3. Schematic representations of apoptotic events. The two main pathways of apoptosis are
extrinsic and intrinsic pathway. Each requires specific triggering signals to begin an energy-dependent
cascade of molecular events. Each pathway activates its own initiator Caspase (8, 9, 10) which in turn will
activate the executioner Caspase-3 (Lowe and Lin 2000)
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1.3.2. Autophagy

Autophagy has proven to be the main catabolic mechanism in eukaryotic cells for
recovering basic molecules and for sustaining sufficient quantities of amino acids for
protein synthesis especially during food deficiency. Researchers have found that this
process is crucial for turnover of different macromolecules and proteins (Maiuri et al
2007b). The term “Autophagy” is derived from Greek word that means “self-ecating”.
Christian deDuve used this term for the first time about 40 years ago. His description of
the term was mainly due to the observation that when rat liver was perfused with
glucagon (pancreatic hormone), the mitochondria and other intra-cellular components are
degraded inside the lysosome (Deter and De Duve 1967; Glick et al 2010). In general,
autophagy signifies breakdown of cytoplasmic structures inside the lysosomal
compartment (Klionsky 2005; Mizushima 2007). It is worth mentioning that autophagy is
totally different from the breakdown of extracellular and membranous structures inside
the lysosome after endocytosis. Autophagy is carried out by a peculiar structure known as
autophagosome. Since a part of cytoplasm is engulfed by the autophagosome, autophagy
seems to be a nonselective mechanism for degradation (Mizushima 2007; Su et al 2013).
Surprisingly, this catabolic phenomenon is conserved in the evolutionary tree. It starts
with the development of autophagosome which is a structure enveloped by two
membranes. This structure carries organelles and macromolecules which are meant for
degradation (Chen et al 2010; Huett et al 2010; Li et al 2011; Liu et al 2011).
Characteristic features of autophagy include dilation of mitochondria, detailed
remodeling of intracellular membrane and development of autophagosomes. Fusion of
autophagosomes with the lysosomes results in formation of autolysosomes — structure
demonstrating digestion of sequestered parts of cell (Reggiori and Klionsky 2005).
Degradation of cellular components leads to production of amino acids and fatty acids
which can be utilized for protein synthesis or oxidized by electron transport chain
resulting in generation of ATP especially under conditions of nutrient deficiency (He and
Klionsky 2009; Levine and Yuan 2005). Still, reports indicate that cells demonstrating
autophagy can undergo death and this differs from programmed necrosis and apoptosis.
In contrast to apoptosis that involves Caspases activation resulting in dissociation of
proteins (Luthi and Martin 2007), death of autophagic cell involves buildup of autophagic
vesicles in huge numbers. During initial stages of the process, organelles are degraded. In
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contrast to this, structural and functional integrity of cytoskeleton is retained till later
stages (Reggiori and Klionsky 2005). Death of autophagic cell may also involve
morphological changes like membrane blebbing or condensation of chromatin. However,
this particular pathway of cell death lacks development of apoptotic bodies and DNA
fragmentation (He and Klionsky 2009). Researchers have detected more than thirty ATG
genes in yeast. Orthologs of at least 11 of these genes (ATG1, 3, 4, 5, 6, 7, 8, 10, 12 and
16) are found in mammals. In case of mammals, ATG6 and ATG8 are known as BECN1
and LC3 (Bialik et al 2010; Eisenberg-Lerner et al 2009; Ouyang et al 2012; Sun and
Peng 2009).

There are three different types of autophagy. These are microautophagy, macroautophagy
and chaperone mediated autophagy (CMA). These are classified on the basis of means of
cargo delivery to lysosomes (Sun and Peng 2008). Chief autophagic pathway is the
macroautophagy which involves transportation of cytoplasmic contents to the lysosome
via autophagosome. The autophagosome is an intermediary entity surrounded by two
membranes. Fusion of autophagosome with the lysosome results in formation of
autolysosome. Conversely, in case of microautophagy, the cytoplasmic structure meant
for dissociation is directly taken in by the lysosome via an invagination. This particular
mechanism plays crucial role in sustaining size of organelle, membrane homeostasis and
endurance of cell during nitrogen deficiency (Li et al 2012). During chaperone-mediated
autophagy (CMA), cytoplasmic proteins are transported directly to the lysosomal
membrane through a complex containing chaperone proteins. The lysosomal membrane
receptor LAMP-2A (lysosomal-associated membrane protein 2A) recognizes the
chaperone proteins and binding of these two leads to unfolding and degradation of the
complex (Glick et al 2010; Klionsky 2005).

1.3.2.1. Basic Autophagy Machinery

The process of autophagy starts with an isolation membrane as shown in figure 1.4. This
membrane isolation membrane is also termed as phagophore which probably originates
from the lipid bilayer given by the trans-Golgi complex and/or endoplasmic reticulum
and endosomes (Axe et al 2008; Simonsen and Tooze 2009). Yet, the source of
mammalian phagophore still needs to be confirmed. Expansion of phagophore allows

engulfment of cytoplasmic cargo like ribosomes, organelles and protein aggregates. In
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this way the unwanted components are sequestered in a double-membrane structure
(Mizushima 2007). This autophagosome carrying the cargo fuses with the lysosome
permitting the dissociation of cargo contents by acid proteases from lysosome. The amino
acids and other products generated by the dissociation of cargo are sent to cytoplasm for
usage by permeases and transporters found in lysosome (Mizushima 2007). Hence,
autophagy is not only significant because it causes elimination of damaged or unwanted
components but also plays the role of recycling factory by recovering the basic building
blocks which can be used for synthesis of biochemical entities or for metabolism(Glick et
al 2010).

Certain signaling pathways regulate the process of autophagy. For instance, stress-
signaling kinases like JNK-1 encourage autophagy through Bcl-2 phosphorylation and in
this way facilitate interaction between VPS34 and Beclin-1 (Wei et al 2008). The main
signaling entity regulating the extent of autophagy in cells is possibly the mTOR kinase
which probably influences autophagy by inhibiting the ATG1/UIk-1/-2 complexes during
initial phases of formation of phagophore (Xie and Klionsky 2007). Surprisingly, mTOR
is the entity which regulates the processes of autophagy as well as growth. Down
regulation of autophagy is mediated by mTOR during conditions with nutrient
sufficiency. mTOR also triggers growth promoting processes like translation of proteins
(Diaz-Troya et al 2008). Reduced concentration of ATP in cytoplasm and hypoxia
induces the process of autophagy while the mTOR activity is inhibited via decreased
activity of Rheb GTPase. On the other hand, the process of autophagy is prevented by
amplified growth factor signaling using insulin receptor plus its adaptor IRS1 and other
growth factor receptors which cause activation of PI3-kinases Class | and Akt in order to
encourage mTOR activity by inhibiting TSC1/TSC2 and amplifying activity of Rheb
GTPase (Diaz-Troya et al 2008; Sabatini 2006).
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Figure 1.4. Molecular entities and mechanisms that regulate autophagy. Autophagy can be viewed as a
complicated self-degradative phenomenon which involves steps described below. Induction and
Nucleation: Regulated development of phagophore at ER and other membranes by Beclin-1VPS34 under
stress conditions; conjugation of Atg5-12 followed by association with Atgl6L and multimerization;
Expansion: processing of LC3 followed by its insertion in the extended membrane of phagophore. Closure:
Engulfment of specific or random entities meant for degradation while the LC3-11ATG8 gets recycled by
ATG4. Maturation: Joining of the autophagosome and lysosome resulting in degradation of inserted
components by lysosomal proteases (Birgisdottir et al 2013)

1.3.2.2. Autophagy and Cancer

The main catabolic mechanism which demonstrates connections with the phenomena
taking place in cancerous cells is autophagy. It is highly regulated process controlled by
certain autophagy-related genes (ATGs). This important pathway occurs in response to
intra- or extra-cellular stress and may end up with continuation of cell survival. Yet,
when over-activated, autophagy leads to death of cell (Wang et al 2011). A considerable
challenge encountered while examining the link between autophagy and cancer is to find
out if autophagy is promoting survival of cell or playing its role in death of cell. Role of
autophagy in protecting survival of cell under stress conditions has been established.
Under nutrient depleted conditions, breakdown of different cytoplasmic components
serve as a source of basic molecules and energy which is needed for cell survival (White

2012). For that reason, activation of autophagy can contribute in protecting survival of
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cell during initial stages of cancer (Kundu and Thompson 2008). Conversely, autophagy
may act as a tumor suppressor as it causes blockage of anti-autophagic genes and
activation of pro-autophagic genes during the course of oncogenesis. In contrast to this, it
can also play pro-tumor role through regulation of several mechanisms that involve p53,
MTORC1C2, Class Ill and I PI3K, Beclin-1 and Bcl-2 (Ouyang et al 2012). It is worth
mentioning that this complex process involves contribution of several upstream
regulatory signaling mechanisms (Morselli et al 2009). Even though the regulatory
pathways for autophagy are not completely deciphered; the exact role of this process in
cancer remains questionable. This is because it is hard to analyze if autophagy is playing
its role for death or survival of cell (Gozuacik and Kimchi 2004; Liu et al 2013).

1.3.2.2.1. Autophagy as Tumor Suppressor

Any disturbance in autophagy causes buildup of damaged or unwanted entities especially
mitochondria thereby causing genome instability, DNA damage and oxidative stress
which are already established as factors leading to initiation and progression of cancer
(Chen and Karantza 2011; Levine and Klionsky 2004; White 2015). Accordingly,
researchers have found association between autophagic defects and the accumulation of
oncogenic mutations and increase vulnerability for tumor (Choi 2012; Karantza-
Wadsworth et al 2007; Mathew et al 2007).

Earlier, autophagy was considered to be a tumor-suppressing pathway. This has been
strongly supported by the reports concerning Bcl-2-interacting protein Beclin 1 (BECN1
or ATG6). Researchers have frequently found monoallelic deletion of Beclin 1 in various
cancers like human breast cancer (Futreal et al 1992), ovarian cancer (Aita et al 1999)
and prostate cancer (Gao et al 1995). Similarly, increased rate of liver cancer, lung cancer
and lymphoma has been found in mice having disrupted Beclin 1 gene (Qu et al 2003;
Yue et al 2003).

It has been demonstrated that several tumor suppressor proteins promote autophagy.
These include Atg4c (Marino et al 2007), Bax interacting factor-1 (Bif-1) (Takahashi et
al 2007), BH3-only proteins (Maiuri et al 2007a) DAPKkinase (Bialik and Kimchi 2010),
LKB1(Liang et al 2007), ultraviolet radiation resistance-associated gene (UVRAG)
(Liang et al 2006), PTEN (Arico et al 2001), TSC (Zhou et al 2009), nuclear p53 (Maiuri
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et al 2010) and AMPK (Luo et al 2010). Taken together, these evidences point towards
tumor-suppressing role of autophagy and indicate that autophagy can be viewed as a

characteristic feature of cancer overcome (Choi 2012; Hanahan and Weinberg 2011).

1.3.2.2.2. Autophagy as Tumor Promoter

Main function of autophagy in cancerous cells is to make cell tolerant to stress thereby
promoting survival of cell (Degenhardt et al 2006). Owing to greater rate of cellular
division, cancer cells demonstrate greater metabolic demands (Mathew et al 2009).
Autophagy can be activated by metabolic and cytotoxic stress factors like nutrient
deficiency and hypoxia so that macromolecules could be synthesized and energy could be
generated. In hypoxic tumor cells, induction of autophagy occurs from parts which are at
distance from blood vessels. Moreover, this autophagy can be amplified by expression of
HIF-1a expression. Expression of angiogenic factors like nitric oxide synthase (NOS),
platelet derived growth factor (PGDG) and vascular endothelial growth factor (VEGF) is
also amplified by HIF-1a (Egan et al 2011). Researchers have demonstrated inhibition of
cell growth by suppression of important autophagy proteins in a group of these cells
implicating that autophagy is involved in sustaining survival of tumor cell (Yang et al
2011).

Physiological role played by autophagy concerns with the preservation of the cellular
homeostasis when cell is experiencing any stress. In agreement with this is the fact that
cancerous cells may use autophagy as a strategy for survival in response to stress factors
like acidic and hypoxic microenvironment. Similarly, certain cancerous cells can utilize
autophagy for adapting themselves with the metabolically stressful, nutrient deficient and
hypoxic microenvironment and also with the stress induced the therapeutics (Rouschop
and Wouters 2009). Researchers have reported induction of autophagy in human cancer
cell lines in response to antiestrogen hormonal therapy (like tamoxifen), radiation
therapy, chemotherapy (like etoposide, temozolomide, doxorubicin) histone deaceltylase
inhibitors, rapamycin, imatinib, arsenic trioxide, TNFo and TNFy (Kondo et al 2005).
Such evidences are in favor of the proposition that these therapies cause induction of
autophagy which is pro-survival and protective thereby amplifying the resistance of cell
to such therapies. Accordingly, discontinuation of autophagy can result in amplified cell

death and cessation of growth of tumor (Dalby et al 2010).
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A crucial requirement of cancerous cells is that their metabolism is adapted in a way that
it can fulfill the requirements of increased cell division. Accordingly, signaling
mechanisms that regulate metabolism are influenced by oncogenes thereby promoting
proliferation and cancer growth (Jiang and DeBerardinis 2012). During progression of
cancer, activation of autophagy occurs as a consequence of several stress factors like ER
stress, nutrient deficiency and hypoxia (Mathew and White 2011). If somehow autophagy
is inhibited when cell is experiencing metabolic stress, apoptosis will be amplified
resulting in decreased progression of tumor. This section describes the effect of
regulating autophagy on growth of tumor (Janku et al 2011). Owing to insufficient blood
supply and defected angiogenesis, tumor cells experience increased metabolic stresses
like scarcity of oxygen and nutrient deficiency. Amplified hypoxia causes changes in
metabolism, resistance to therapies and improved invasiveness. Tumor cells experience
metabolic stress largely due to the fact that they have increased metabolic requirements
for cell division (Vander Heiden 2011). In such stressed cells, autophagy serves as a
source of nutrients and energy thereby supporting survival of tumor cell in hypoxic
conditions. According to researchers, activation of autophagy is one of the most
prominent activities of tumor cells in response to stress (Lum et al 2005; Mathew et al
2009; White and DiPaola 2009).

1.3.2.3. Autophagy as a Program Cell Death

It has been established that anticancer therapies induce cell death mainly through necrosis
and apoptosis (PCD-type-1). Necrosis is the dying of most or all the cells in an organ or
tissue because of disease, damage, or failure of the blood deliver (Edinger and Thompson
2004). Apoptosis has largely been viewed as a synonym for programmed cell death and
was considered to be the main pathways causing death of cells treated by radiation and
chemotherapy. Researchers have recently established that programmed cell death may
occur through mechanism other than apoptosis. These days, autophagic cell death is
known as programmed cell death type Il. Unlike apoptosis, cell death through autophagy
lacks DNA laddering, is independent of Caspases and involves increased autophagic
breakdown of damaged or unwanted cellular components (Dalby et al 2010; Kirisako et
al 1999). In particular, researchers have described autophagic cell death as a type of PCD
in which cell death occurs only through autophagy. According to reports, cell death is

said to be autophagic only if:
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1. Cell death is caused in absence of apoptosis.
2. Dying cell demonstrates amplified autophagic flux instead of autophagic markers
only.
3. The dying cell can be rescued through inhibition of autophagy by genetic and
pharmacological inhibitors.
Besides the cell protective role played by autophagy which has been reported by
significant research, occurrence of cell death through autophagy has also been studied
and autophagy has been established as a mean for cell death provided that the dying cells
demonstrate the autophagic characteristics. Researchers have demonstrated autophagy
leading to non-apoptotic cell death in cancer cells (Kanzawa et al 2005; Shao et al 2004;
Shen and Codogno 2011). As mentioned earlier, long-lasting stress together with
increased autophagy can end up with cell death provided the turnover of organelles and
proteins is less than the requirement of cell. Type of cell and its genetic makeup
determines whether anticancer drugs will or will not induce the autophagic cell death.
Autophagy has been shown to be induced by STF-62247 (a novel small molecule) in
VHL deficient renal cell carcinoma cells leading to cell death (Turcotte et al 2008).
Nevertheless, there is scarcity of in vivo studies regarding this and researchers need to
determine if autophagic cell death can be induced in tumor cells through anticancer
therapeutics (Yang et al 2011).

1.3.3. Crosstalk between Apoptosis and Autophagy

Apoptosis and autophagy are well-controlled processes, and they have a complex
crosstalk together because they may cooperate antagonise or help each other. They are
activated in response to energy metabolism, growth factor depletion, starvation
(Nikoletopoulou et al 2013). They have a distinct morphological characteristic and
physical process, but they existcomplicated interrelationships together. They able to exert
synergetic effects or autophagy activated only when apoptosis suppressed (Ouyang et al
2012). For example, in gliomas cells the pro-survival effects of autophagy against
apoptotic cell death were identified (Chang et al 2014).

The autophagy may withstand during the loss of extrinsic signals that maintain nutrients
and energy metabolism for extracellular matrix (ECM)-disrupted cells, results to delay

the apoptosis and providing the additional time to cells re-attach to a suitable ECM. The
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autophagy may support the survival of hepatocellular carcinoma (HCC) through the
activation of mitochondrial B-oxidation and intracellular ATP production under hypoxic
condition. Accumulating evidence proposes that autophagy also supplies a mechanism for
matrix-detached pre-metastatic tumor cells to avoid die (Su et al 2015). Briefly,
Apoptosis is a closely regulated process of removing damaged and unwanted cells, while
autophagy is a pathway of cellular catabolic process that is included in lysosomal
degradation and recycling of organelles and proteins, and pointed as an important role for
survival / protective mechanism for cancer cells in response to chemotherapy or
metabolic stress. Whereas, the relationship between autophagy and apoptosis has not
been characterized in detail and not well understood (El-Khattouti et al 2013).

1.4. TP53-Induced Glycolysis and Apoptosis Regulator

Expression of the c12orf5 gene results in production of TIGAR protein. Jen and Cheung
found this gene during their computerized search for the novel p53-regulated genes that
get switched on in response to ionizing radiation (Jen and Cheung 2005). Karim Ben
Saad and his colleague (2006) carried out a research on structural and functional
characteristics of c12orf5 gene and named it as TIGAR gene where TIGAR stands for
TP53-induced glycolysis and apoptosis regulator. This gene is located on chromosome
12p13-3. There are two potential binding sites for P53. BS2 is within the first intron and
BS1 is located upstream of the first exon. BS1 demonstrate high binding affinity for p53
whereas BS2 demonstrates low binding affinity. Besides these, there are six coding exons
in this gene (Bensaad et al 2006).

The TIGAR protein protects the cell from the harsh effects of reactive oxygen species
especially the DNA damage as it reduces the concentration of ROS. It also offers
protection against apoptosis induced by DNA damage. Production of TIGAR protein
results in reduction in concentration of fructose-2, 6-bisphosphate (Fru-2, 6-P2) and
amplification of glucose-6-phosphate dehydrogenase (G6PD) levels leading to pentose
phosphate shunts resulting in generation of ribose-5-phosphate and NADPH. This causes
glycolysis to be inhibited which is important for DNA repair and synthesis of nucleotides
(Bensaad et al 2006; Cheung et al 2012; Li et al 2014; Lui et al 2011; Xie et al 2014; Yin

et al 2014). Researchers have found increased levels of TIGAR protein in different
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cancers like breast (Won et al 2012) and colorectal cancers and human glioblastoma
(Wanka et al 2012; Xie et al 2014).

According to previous study by Bensaad and his colleagues, fall in TIGAR protein levels
was shown to accompany the switch to apoptosis in cells. So this is a good evidence that
provide an important role of TIGAR protein in apoptosis (Bensaad et al 2006).In another
study, there results demonstrated that TIGAR inhibits both apoptosis and autophagy after
silencing that protein in human hepatocellular carcinoma (Xie et al 2014). Taken
together, these studies are a good evidence for role TIGAR in apoptosis and autophagy.

1.5. Oxidative Stress and Cancer
1.5.1. NADPH Oxidase

NADPH oxidase is a membrane bound enzyme complex present in cell membrane and in
phagosomal membrane utilized by neutrophils for engulfing microbes. NOX1, NOX2,
NOX3 and NOX4 are the isoforms of this enzyme. It is responsible for transporting
electrons across the boundary of phagocytic vacuole constituting superoxide in the
lumen. It has been established that this enzyme complex causes death of microbes by
producing reactive oxygen species and via myeloperoxidase activity (Sahoo et al 2016).
Superoxide is produced by NADPH oxidase when it transfers intracellular electrons
across the membrane and donating these electrons to molecular oxygen resulting in
formation of superoxide anion. This reactive radical can be generated in phagosomes
carrying engulfed fungi and bacteria; alternatively, it can be generated outside the cell.
Superoxide can produce hydrogen peroxide inside the phagosome which will eventually
produce reactive oxygen species after certain reactions (Skonieczna et al 2017).

1.5.2. Reactive Oxygen Species

ROS refer to a group of reactive molecules containing oxygen. These include oxygen
anions, hydrogen peroxide and free radicals of oxygen. In general, these small short lived
species are extremely reactive (Li et al 2015; Rahal et al 2014). ROS are produced from
two main sources. These are NADPH oxidase (NOX) and mitochondria. Mitochondria
generate ROS as respiratory by-product; whereas NADPH oxidase generates superoxide

via membranes of neutrophils and phagosomes (Li et al 2015; Scherz-Shouval and Elazar
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2011). These reactive oxygen species are capable of oxidizing and damaging
mitochondrial products like lipids, amino acid precursors and nucleic acids. As a result,
mitochondrial dysfunction can be induced leading to oxidative stress (Li et al 2015;
Scherz-Shouval and Elazar 2007). Under normal physiological conditions, moderate
concentrations of ROS act as signals required for cell survival and proliferation.
However, amplified levels of ROS may cause cell death. For that reason, the cell

maintains a balance between production and removal of these reactive species.

ROS are being continuously produced in the living system as they are needed for
regulatory mechanisms. They may also cause certain clinical conditions like cancer.
Researchers have reported that ROS may work for promotion and suppression of cancer
cell survival. 1) ROS act as regulators working for all steps of tumor development like
transformation, survival, proliferation, invasion, metastasis and angiogenesis. 2) ROS
also regulates chronic inflammation which is one of the main mediators of cancer. 3)
Signaling molecules needed for progression of cell cycle are also regulated by ROS. 4)
ROS control the expression of different tumor suppressor genes. 5) Increased
concentration of ROS may cause suppression of tumor growth via prolonged activation of
inhibitors of cell cycle. 6) Majority of the radio therapeutic and chemotherapeutic agents
in use these days kill tumors through amplifying ROS. Considering these evidences,
different cancer treatment strategies have been devised that involve amplification or
elimination of ROS (Prasad et al 2016).

1.5.3. NFkB Pathway

It was discovered by Sen and Baltimore since 1986 (Siomek 2012). NF-kB incorporates a
central importance in immunity and inflammation, additionally plays necessary roles in
different processes, such as cell growth, survival and development, and proliferation, and
features a role in several pathological conditions (Morgan and Liu 2011). Rift valley
fever virus (RVFV) infected animal tissue cells and ends up in a rise in ROS that related
with activation of NFxB (p65) and p53 responses (Narayanan et al 2014). While, in
another study recommended raised ROS levels and reduced NF-kB activity after
knockdown of termed thioredoxin-like 2 (TXNLZ2) in human carcinoma cell lines (Qu et
al 2011). These are telling us there is interference between reactive oxygen species

expression and NF-«B signaling.
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NF-kB pathway could be activated via two main ways named the canonical and the
noncanonical pathway, respectively (Oliver et al 2009) as shown in the figure 1.5. Some
studies have demonstrated another way, so that we can also consider three ways of NF-
kB activation: the classical, atypical and alternative pathway (Siomek 2012). The
canonical NF-kB pathway has been outlined primarily in response to TNFa and
interleukin(lL-1) signaling, prototypal pro-inflammatory cytokines that have necessary
roles within the pathologic process of chronic inflammatory diseases for example
inflammatory bowel disease (IBD), chronic obstructive pulmonary disease (COPD),
asthma, and rheumatoid arthrtitis (RA) (Lawrence 2009). The alternative NF-xB pathway
is identified by the inducible phosphorylation of p100 by Inhibitory Kappa B Kinase o
(IKKa), resulting in activation of Nuclear Factor Kappa-Light-Chain-Enhancer of
Activated B Cells (RelB/p52) heterodimers. The upstream kinase that activates IKKoa
during this pathway has been known as associate degree NIK (NF-kB causing kinase)
(Senftleben et al 2001).

TNF, IL-1, TLR LT, CD40L, BAFF

|1
L/

IxB kinase
(IKK)

innate immunity ¢
Cell survival
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p CSt
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/ T

Figure 1.5. NF-xB pathways. This figure shows both of the pathways for NF-kB activation canonical and
alternative (Lawrence 2009)



23

1.5.4. HO-1 Pathway

It was discovered since 1968 (Tenhunen et al 1969).The inducible variety of Heme
Oxygenase-1(HO-1) could be a major endoplasmic reticulum (ER) associated heme
protein and identified to plays necessary roles in protection against chemical and
oxidative stress by degrading free heme discharged from degradation of heme proteins
(Bansal et al 2014). Studies recommend the contribution of chemical stress, oxidative
stress and ROS inducement the expression of HO-1 (Bindu et al 2011). And it is raised to
stop DNA harm caused by the ROS, HO-1 down regulation results in the rise of DNA
damage and ROS in cells (Lin et al 2013).

Signaling pathway of HO-1 is induced by oxidative stress for example green arrows show
an elevation of HO-1 expression as shown in the figure 1.6. Red blocked lines show
decreased level of expression. Several nitric oxide (NO) in different biological systems
and can control the increased production of HO-1 as highlighted in the green box, are
known inducers of HO-1, as well as hemoglobin/heme via the cluster of designation
(CD163) receptor and lipopolysaccharide (LPS)via the toll-like receptors (TLR4)
receptor. Anti-inflammatory cytokines are identified in blue; pro-inflammatory cytokines
are highlighted in red. There are many cytokine signaling loops that include HO-1
activity, including a negative feedback loop between HO-1 and TNF-o (pro-
inflammatory) and a positive feedback loop between HO-1 and IL-10 (anti-
inflammatory). HO-1 can also bind to some transcription factors promoter (HMOX1 is
the gene symbol for HO-1), alsonuclear factor erythroid 2—related factor 2(NRF2) at the
antioxidant response element (ARE) site, but notably activator protein 1 (AP-1), CAMP
response element binding (CREB), and NF-kB can bind to the promoter at independent

binding sites and enhance HO-1 activity and expression (Ambegaokar and Kolson 2014).
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Figure 1.6. It shows the HO-1 pathways (Ambegaokar and Kolson 2014)
1.5.5. Oxidative Stress and Apoptosis

For the normal functioning and survival of most multi-cellular organisms, apoptosis is
necessary. It is recently observed that apoptosis can be divided into at least three
functionally distinct phases, i.e. induction, effector and execution phase. Recent studies
have illustrated that ROS and the resulting oxidative stress play an important role in
apoptosis. Different types of antioxidants can delay or block apoptosis. So, oxidative
stress can be part of signal transduction pathway during apoptosis. Several essential
players of apoptosis, including cytochrome C, pro-caspases, apoptosis-inducing factor
(AIF), and APAF-1 are released into the cytosol during mitochondrial dysfunction. Taken
together, elevating evidences give a support that oxidative stress and apoptosis are highly
linked physiological phenomena and some disease such as diabetes mellitus, cancer
autoimmunity, Alzheimer’s and Parkinson’s and ischemia of brain and heart (Kannan and
Jain 2000; Ryter et al 2007).

The mechanisms by which ROS/RNS cause or regulate apoptosis typically include
receptor activation, caspase activation, Bcl-2 family proteins, and mitochondrial
dysfunction (Ryter et al 2007).
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1.5.6. Oxidative Stress and Autophagy

The tight interactions between oxidative stress and autophagygave in two aspects: the
reduction of ROS byautophagy and the induction of autophagyby oxidative stress.
Autophagy can contribute to decrease oxidative damages by engulfing and degradating
oxidized substance. For example; ROS can induce the process of autophagy and, at the
same time, are also controlled by autophagy. The consequences of those interactions
between ROS and autophagy may have related with varied pathological conditions like
ischemia/reperfusion (I/R), traumatic brain injury (TBI), tumor, and starvation.
Autophagy contributes to clearing the cells of all irreversibly oxidized biomolecules
(DNA, proteins and lipids), this is often all the additional reason why it may be included
within the antioxidant and DNA damage repair systems (Filomeni et al 2014; Li et al
2015).

1.5.7. The Antioxidant Activities of TIGAR

TIGAR function that lowered fructose 2,6-bisphosphate levels during glucose
metabolism in cells because TIGAR act as a fructose-2,6-bisphosphatase domain of
Phosphofructokinase-2 or Fructose Bisphosphatase-2 (PFK-2 / FBPase-2) enzyme
(Bensaad et al 2006). Additionally, FBPase-2 domain showed that the inhibition of PFK-
1 resulted in the accumulation of fructose-6-phosphate; thereby the F6P is isomerized to
glucose-6-phosphate. Finally, G6P is diverted into PPP. The PPP, which converts
glucose-6-phosphate to ribose-5-phosphate for synthesis of nucleotides and NADPH to
reduce DNA damage caused by ROS was reported to be activated in DNA damage
response (Jackson and Bartek 2009; Yu et al 2015a). Regarding to these, TIGAR is
requirement for NADPH produced by the PPP to generate GSH (key intracellular
antioxidant) and decrease of antioxidant activates of ROS levels.

1.6. Aims and Objectives

This research aims to decipher the biological outcomes of the knockdown of TIGAR gene
in A549 cell line utilizing the siRNA molecules followed by analysis of association
between gene silencing of TIGAR and expression of certain markers linked with
apoptosis (PCD-type-1) and autophagy (PCD-type-II).



2. MATERIALS AND METHODS

2.1. General

All chemical reagents were either of analytical or tissue culture grade, as appropriate for
the experiment and were supplied some companies. A list of all the manufactures used for
materials can be found in (Table 2.1) and for the kits can be found in (Table 2.2). A list of
all the machines were used for the experiments can be found in (Table 2.3). Solutions for
all practical work were prepared with ultra-pure water in a sterile condition (see table
2.4). Heat stable solutions and plastic ware (e.g. microcentrifuge tubes, pipette tips and
other plastic wares) were sterilized by autoclaving at 121°C (1 bar) for 15 min.

Table 2.1. All chemicals, reagents and materials were used in the experiments

. . Company Country
Chemical, reagent and material o
name of origin
RPMI 1640 w/ L-Glutamine Bio West USA
) Gibco by life
Fetal bovine serum (FBS) USA
technology
. ) Gibco by life
Penicillin-streptomycin USA
technology
] Gibco by life
0.25% Trypsin EDTA USA
technology
Tween-20 MERCK Germany
Glycin MERCK Germany
Trichloroacetic acid (TCA) MERCK Germany
B-Mercaptoethanol MERCK Germany
NP-40 MERCK Germany
EDTA MERCK Germany
EGTA MERCK Germany
B-glycerophosphate MERCK Germany
H,0, MERCK Germany




Table 2.1. (CONT.): All chemicals, reagents and materials were used in the experiments

NaOH MERCK Germany
Sodium dodecyl sulfate MERCK Germany
Phosphate buffer salt (PBS) Sigma-Aldrich USA
Bovine serum albumin (BSA) Sigma-Aldrich USA
Dimethyl sulfoxide (DMSO) Sigma-Aldrich USA
HCL Sigma-Aldrich USA
KCL Sigma-Aldrich USA
TEMED Sigma-Aldrich USA
Tris HCL Sigma-Aldrich USA
Tris (Trizma) base Sigma-Aldrich USA
Acetic acid Sigma-Aldrich USA
NaCl Sigma-Aldrich USA
Sodium deoxycholate Sigma-Aldrich USA
NazVO, Sigma-Aldrich USA
NaF Sigma-Aldrich USA
Commasie Blue (G250) Sigma-Aldrich USA
NaN; Sigma-Aldrich USA
2-thiobarbituric acid (TBA) Sigma-Aldrich USA
Malondialdehyde bis Sigma-Aldrich USA
Glycerol Sigma-Aldrich USA
Ethanol Sigma-Aldrich USA
Methanol Sigma-Aldrich USA
Trypan blue Sigma-Aldrich USA
Crystal violet dye Sigma-Aldrich USA
Ponceau S Sigma-Aldrich USA
HsPO, Sigma-Aldrich USA
Skim milk powder Sigma-Aldrich USA
P-Coumaric acid Sigma-Aldrich USA
PMSF Sigma-Aldrich USA
DTT Sigma-Aldrich USA
Benzamidine Sigma-Aldrich USA
Chloroform Sigma-Aldrich USA
Primers Sentegen Turkey
Antibodies Santa Cruz USA
Abcam USA
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Table 2.1. (CONT.): All chemicals, reagents and materials were used in the experiments

siRNA TIGAR Santa Cruz USA
Transfection medium Santa Cruz USA
Transfection reagent Santa Cruz USA
PVDF Membrane (0.45 um) Millipore USA
X-ray film Konica x ray USA
film
75 cm? T flask Greiner Germany
Cryotube Greiner Germany
5 and 10 ml serological pipettes Greiner Germany
15 and 50 ml centrifuge tubes ISOLAB Germany
0.2, 0.5 and 1.5 ml Eppendorf tubes ISOLAB Germany
6-well plates Sigma-Aldrich USA
96-well plates Sigma-Aldrich USA

Table 2.2. All kits were used for the experiments
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Kits Company name Country of origin

RNA isolation kit [Quick-RNA™ MiniPrep] Zymo research USA
cDNA synthesis kit Bioline UK
Quantitative real-time PCR [2x gPCRBIO SyGreen Mix] PCR Biosystems UK
WST-1 cell proliferation and cytotoxicity assay Kit Boster USA
DCFDA - Cellular reactive oxygen species detection

assay kit Abcam USA
NADPH assay kit (Colorimetric) Abcam USA

Table 2.3. All devices and equipment’s were used in the experiments

Devices and equipment’s name

Company name

Country of origin

Autoclave Hirayama Japan
Deep freeze Nuaire USA
Refrigerator Arcelik Turkey
Electrophoresis tank systems Bio-Rad USA
Incubator Jeno Tech Korea
CO, incubator Nuaire USA




Table 2.3. (CONT.): All devices and equipment’s were used in the experiments

Light microscope Olympus USA
Spectrophotometer Shimadzu Japan
Laminar air flow cabinet Esco USA
Micropipette sets Eppendorf USA
Water bath Nive Turkey
Magnetic mixer lka Germany
Pure water device Human China
Quantitative real-time PCR Rotor-Gene Q Qiagen Germany
Thermal cycler Sensoquest Germany
labcycler

Trans-blot system Bio-Rad USA
SpectraMax plus 384 microplate reader Molecular Devices USA
Sensitive balance Denver Instrument Germany
Spin vortex Scientific Industries USA
UV-Spectrophotometer Shimadzu Japan
X Ray film stabilization Carestream USA
pH meter Thermo USA
PCR thermal-cycler SensoQuest Germany
Shaker Gerhardt Germany
Ice machine Hoshizaki Japan
Table top centrifuge Hermle Germany
Fluorescence spectrometer Perkin-Elmer Ls55 USA

Table 2.4. Solution names and their components were prepared for the experiments
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Solution name

Constituent of the solution

RPMI complete medium - 1 L

store at +4°C.

Take 900 mL of RPMI medium 1640 complete media.
Add 100 mL FBS and 10 mL penicillin (1000 1U/mL)-
streptomycin (10 g/mL) solution. Mix them and then

Freezing medium — 100 mL

Mix 10 mL DMSO with 90 mL FBS, then store at -20°C.
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Table 2.4. (CONT.): Solution names and their components were prepared for the experiments

Bradford solution - 1 L

Weight 100 mg coommasie blue (G250). Dissolve at 50
mL ethanol, mix and wait 30 min. Then add 50 mL
H3PO,4 (85%) drop by drop. Add 100 mL ddH,O and add
40 mL H3PO, (85%) again. Fix to final volume till 1 L

and then store at +4°C.

30% Acrylis bis solution - 1 L

Weight 292 g acrylamide and 8 g N, N’-
methylenebisacrylamide. Dissolve in 100 mL ddH,O by
heating and mixing. Fix to final volume till 1 L then
filtrated and then store at +4°C.

10xPBS-1L

Weight 90 g NaCl, 11.45 g Na,HPO,, 2 g KCI, 2 g
KH,PO, Dissolve in about 0.5 L ddH,O, adjust pH to
7.4. Fill up to 1 L and autoclave. Then store at room

temperature.

10 x SDS Running buffer - 1 L

Weight 144.8 g glycine and 30.3 g tris base. Mix with 50
mL of 20% SDS solution-add this after dissolving the
above two dissolve in about 0.5 L ddH,O. Fillupto 1L

and store at room temperature (do not autoclave!).

10 x Western blot transfer buffer - 1 L

Weight 144.1 g glycine and 30.3 g tris base. Dissolve in
about 0.5 L ddH,O. Fill up to 1 L and store at +4°C (do
not autoclave!).

1 x Western blot transfer buffer - 1 L

Mix 700 mL cold ddH,O with 100 mL 10 x transfer
buffer. Add 200 mL methanol, then use it.

10xTBS-1L

Weight 87.66 g NaCl and 60.57 g tris base. Dissolve in
0.5 L ddH,0O and fill up to about 1 L. Add 37.5 mL of
HCI and then adjust pH to 7.4. Autoclave it and store at

room temperature.

1M Tris-HCIl (pH 7.4topH 8.0) -1 L

Dissolve 121.1 g of tris base with 700 mL of ddH,O by
stirring. Add HCI in the following volumes to reach the
desired pH: pH 7.4 =70 mL of HCI; pH 7.6 = 60 mL of
HCI; pH 8.0 = 42 mL of HCI. Fine adjust to the desired
pH (7.4 - 8.0) with concentrated HCI. Add ddH,O until
final volume is 1 L. Autoclave to sterilize and store at

room temperature.




31

Table 2.4. (CONT.): Solution names and their components were prepared for the experiments

1.5MTris-HCIpH6.8-1L

Dissolve 181.65 g of tris base with 700 mL of ddH,0 by
stirring. Adjust the pH by adding the concentrated HCI.
Begin by adding 118 mL and then fine adjust if needed.
Add ddH,O until final volume is 1 L. Autoclave to

sterilize and store at room temperature.

20% SDS - 100 mL

Dissolve 20 g of SDS into 80 mL of ddH,O by stirring.
Add ddH,O until final volume is 100 mL. Store at room

temperature.

1% Bromophenol blue - 10 mL

Dissolve 100 mg of bromophenol blue with 10 mL of
ddH,O and mix. Store at room temperature.

1x TBST -500 mL

Add 50 mL of 10 x TBS to the 447.5 mL of ddH,0. Add
2.5 mL of 20% Tween-20 and mix. Store at room

temperature.

20% Tween-20 (Polysorbate 20) - 100

mL

Mix 20 mL of tween-20 with 80 mL of ddH,O by

stirring. Store at +4°C.

Coomassie stain - 1 L

Add 100 mL of glacial acetic acid to 500 mL of ddH,O.
Add 400 mL of methanol and mix. Add 1 g of Coomassie
R250 dye and mix. Filter to remove particulates. Store at

room temperature in a sealable container.

Fixing solution - 1 L

Mix 600 mL absolute ethanol with 75 mL glacial acetic
acid. Bring up the volume to 1 L with ddH,O. Store at

room temperature.

5 x Laemmli buffer - 10 mL

Mix 2.5 mLof 20% SDS with 5 mL of glycerol. Add 0.01
g bromophenol blue. Then add 2.5 mL of 1 M tris-HClI,

pH 6.8. Store in dark place at room temperature.

10% SDS-1L

Dissolve 100 g SDS in 1000 mL ddH,O. Store at room
temperature.

10% APS - 10 mL

Dissolve 1 g ammonium persulfate in 10 mL ddH,0.
Store at +4°C.

Blocking buffer - 10 mL

To 10 mL of T-TBS 1 x, add 0.5 g of non-fat dry milk or

0.5 g bovine serum albumin. Store at +4°C.

Stripping buffer - 1 L

Mix 10 mL B-mercaptoethanol with 200 mL SDS 10%.
Add 137 mL tris-HCI 0.5 M, pH 6.8. Complete to 1 L

with ddH,0. Store at room temperature.

5MNaCl-1L

Dissolve 292.3 g NaCl in 1000 mL ddH,O. Store at
+4°C.
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Table 2.4. (CONT.): Solution names and their components were prepared for the experiments

10% NP-40 - 250 mL Mix 25 mL NP-40 with 225 mL ddH,0. Store at +4°C.
10% NaN3 - 100 mL Dissolve 10 g NaN; in 100 mL ddH,O. Store at +4°C.
10 N NaOH - 500 mL Dissolve 200 g NaOH in 500 mL ddH,O. Store at +4°C.

Dissolve 19.2 g EGTA in 100 mL ddH,O. Adjust the pH
by adding NaOH. Store at room temperature.

Dissolve 146.12 g EGTA. 1000 mL ddH,O. Adjust the
pH by adding NaOH. Store at room temperature.
Dissolve 10.5 g NaF in 500 mL ddH,O. Store at room
temperature.

Dissolve 1.107 g luminol in 25 mL DMSO. Store at
+4°C.

0.5 M EGTA (pH 8.0) - 100 mL

0.5 M EDTA (pH8.0) - 1 L

0.5 M NaF - 500 mL

250 mM Luminol - 25 mL

Dissolve 0.37 g p-coumaric acid in 25 mL DMSO. Store
at +4°C.

Mix 15 mL tris-HCI (1 M, pH 8.5) with 135 mL ddH,0.
ECL solution 1 - 150 mL Add 1.5 mL luminal and 660 uL p-coumaric acid. Store
at +4°C.

Mix 15 mL tris-HCI (1 M, pH 8.5) with 135 mL ddH,O.
Add 115 pL hydrogen peroxide (H,0,). Store at +4°C.
Mix the following together: 20 mL 1 M tris-HCI (pH
8.0). 30 mL 5 M NaCl. 100 mL glycerol. 100 mL 10%
NP-40. 10 mL 0.5 M EDTA (pH 8.0). 1 mL 0.5 M EGTA
150 mM Standard lysis buffer - I L (pH 8.0). 100 mL 0.5 M NaF. 432 g 20 mM B-
glycerophosphate. 5 mL 1 mM NagVO,. Fix to final

volume till 1 L of autoclaved ddH,O then filtrated in to

90 mM P-coumaric acid - 25 mL

ECL solution 2- 150 mL

autoclaved bottle. Store at +4°C.

2.2. Thawing and Recovering Cell

Human A549 lung cancer cells were supplied by Bingol University Cancer Research
Centre (BUCR). Vial was removed from the liquid nitrogen, immediately placed at 37°C
water bath and stirred up vial continuously until the medium thawed approximately in 60
seconds. The top of the vial was wiped with 70% ethanol. Then, cell suspension was
transferred to sterile 15 mL falcon tube that contain 5 mL pre-warmed complete growth
RPMI 1640 medium, which contain 10% FBS and 1% Pen/Strep (10 unit/mL, 10

Mg/mL). The cell suspension was centrifuged 3 min at 1500 rpm at +4°C. Supernatant
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was discarded, and then re-suspended cell gently with 3 mL fresh growth medium and
transferred to 75-cm? with appropriate amount of medium. The cells were incubated in
humidified incubator with supply 5% CO, at 37°C. After 24 h, cells were checked to
ensure that the cells attached to the plate and the medium was changed every two days or

when the color of indicator (phenol red) changed.
2.3. Cell Splitting and Maintenance

The cells were splitted after the confluences of cells reached to approximately 80% in the
flask. The medium was removed by sterile serologic pipette inside the biosafety cabinet.
Then, 3 mL PBS was added in to the flask and agitate the flask till the cover all the
surface of the cells for removing the dead cells and washing the attached cells from
remained medium which contain FBS. The PBS was removed by sterile pipette, to detach
the cells, 0.25% Trypsin-EDTA added to cover the surface of attached cells, incubated
for two to five min in 5% CO, humidified incubator at 37°C. The cells were checked
under inverted microscope to observe if they detached completely. To deactivate the
trypsin action, growth medium was added to the flask inside the biosafety cabinet, and
then the cell suspension was mixed by sterile serologic pipette and collected within sterile
15 mL falcon tube, then centrifugation was done at 1500 rpm, +4°C for 3 min. Inside the
cabinet, supernatant was removed and the cell pellet was resuspended with new pre-
warmed fresh growth medium (RPMI) and they were poured into two new culture flasks.
After that, the flasks were incubated in humidified incubator with 5% CO, at 37°C for 24
h. After 24 h, they were checked under inverted microscope to sure the cells attached and
then the medium was changed one time in two days or when the changing of phenol red
color. This process was continued until the confluence of cells reached 80%.

2.4. Transfection with Small Interfering RNAs (SiRNA)

SiRNA TIGAR Kit, transfection medium, and transfection reagent were purchased from
Santacruz biotechnology company. Untreated A549 cells, growing exponentially, were
plated in 6-well plates at a density of 1x10° cells and allowed to attach overnight in a 5%
CO; incubator set to 37°C. Once cells surpassed 50% confluency, transfection was
performed according to the manufacturer’s instructions. Briefly, the transfection mixture

(30 nM siTIGAR RNA and 6 pL transfection reagent in each well) was diluted in 500 pL
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transfection medium, gently mixed, and incubated for 30 min at room temperature. Next,
the mixture was poured into the plate and incubated in a 5% CO, incubator at 37°C. After
6 h, 1 mL of complete RPMI medium was added to each well without discarding the
transfection mixture. 24 h after transfection, cells were trypsinized in 0.25% Trypsin-
EDTA, re-suspended in fresh media, and re-plated for cell viability and ROS, NADPH,
and clonogenic cell survival assays. The harvested cells were also used for western

blotting and qRT-PCR assays.
2.5. Measurement of Cell Viability

The short-term effects of TIGAR silencing on tumor cell growth were assessed using a
WST-1 assay kit. For siRNA transfection, as described in previous section, 5,000 of
transfected cells were cultured in each well of 96-well plates in 100 uL growth medium.
After 24 h of incubation, 10 puL of WST-1 was added to each well and incubated for 4 h,
after which a WST-1 assay was performed. The percentage of growth inhibition was
calculated as (OD vehicle-OD treatment), where ODs were measured using a SpectraMax
plus 384 microplate reader at 420 and 480 nm, respectively (Molecular Devices LLC,
USA).

2.6. Clonogenic Survival Assay

The long-term effects of TIGAR silencing on tumor cell proliferation were analyzed
using a colony-formation assay. 24 h after siRNA transfection, 1x10> A549 cells were
plated in triplicate in 6-well plates. The media was changed every 3 days for 12 days,
then discarded; cells were washed once by PBS, then fixed by adding methanol: acetic
acid (3:1) and incubated for 5 min, after which the fixing solution was removed. Staining
was performed using 0.5% crystal violet in methanol for 15 min; cells were then gently
washed with distilled water and left to dry at room temperature. During microscopic
observation of cells, colonies consisting of 50 cells were counted as single colonies (Chen
et al 2015).

2.7. Total Cellular ROS Levels

The ROS effects of TIGAR knockdown on tumor cell growth were assessed using a

DCFDA assay kit. In 96-well plates, transfected cells were cultured (25,000 per well) in
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200 pL growth medium and incubated for 24 h at 37°C in a 5% CO, incubator. Following
incubation, the medium was discarded for each well and washed with 100 pL of 1 x
buffer; 100 uL DCFDA was then added to each well, followed by 45 min of incubation at
37°C in dark conditions (5% CO, incubator). DCFDA was then discarded and 100 pL of
1x buffer added, after which the plate was measured using a fluorescence spectrometer
plate reader at ExX/Em=485/535 nm using the end point mode (Perkin-Elmer LS-55,
USA).

2.8. Measurement of NADPH Levels

The effects of TIGAR silencing on tumor cell growth was assessed using an NADPH
assay kit to determine NADPH levels. In 96-well plates holding 10,000 of transfected
cells per well, cells were cultured in 100 pL growth medium. Cell lysate was then
extracted by lysis buffer (provided by kit), 50 uL of which was added to each well for
each sample. After adding 50 pL of reaction mixture to each well, an NADPH assay was
performed. NADPH percentage levels were calculated as (OD vehicle-OD treatment),

where ODs were measured using a SpectraMax plus 384 microplate reader at (460 nm).
2.9. Protein Extraction and Western Blot Analysis
2.9.1. Cell Lysate

After approximately 80-90% of their confluency, the medium of cells from each well of
well plate was aspirated by aspiration, then washed by PBS and then aspirated again.
Cells were trypsinized by adding enough trypsin-EDTA for 5 min and then added growth
medium to deactivate trypsin activation, after that cells suspension were collected in the
falcon tube and then centrifuged at 4000 rpm / +4°C for 5 min, then discarded
supernatant. Finally enough protein lysate (Standard lysis buffer) was added and left at
room temperature for 30 min. Protein lysate was extracted from cells using a lysis buffer.
After 30 min, the lysates were centrifuged at speed 14000 rpm for 30 min and then the
supernatants were collected, the pellets were discarded, and the lysates preserved at -
20°C.
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2.9.2. Bradford Protein Assay

To determine the total protein concentration of a sample, the Bradford protein assay is a
method most routinely used. Protein concentrations were determined manually using
Bradford solution. The principle of detection is a binding of the Coomassie blue dye with
the proteins in a sample. The more protein is present, the more Coomassie dye binds to
them. This assay is colorimetric; the color of the examined samples will turn from brown
to blue as the protein concentration increases and vice versa. Absorbance is measured at a

specific wavelength which is 595 nm.

Bovine serum albumin (BSA) was used as a protein standard, the initial concentration of
which was 2000 pg/mL. It was serial diluted in deionized water by using the Eppendorf
tubes at concentrations of 1000, 750, 500, 250, 125, 50 and 25 pg/mL. Upon preparation
using ultra-pure water, standards were mixed by vortex machine to ensure solutions are
homogeneous and 10 pL of each was added in triplicate into the Eppendorf tube
(triplicates were used to obtain more accurate results). Also, 10 pL of deionized water
were used as a control sample. Then, a 1.5 mL of Bradford solution was added to each
one of them. They were briefly shaken just before absorbance of all samples by shaker,
and then they were measured by using UV-1800 spectrophotometer at 595 nm. The
absorbance readings obtained were used to obtain a standard curve, so the protein
concentration of the samples were determined by comparison to that series standard
protein concentration in linear curve, and finally extrapolation is used to determine their

concentrations (Ernst and Zor 2010).

2.9.3. Sample Preparation for Loading

Cell lysates were mixed with Laemmi buffer (5x) as in 5:1 ratio. Sample buffer contains
Coomassie blue, allowing visualization of the protein bands and contains SDS also,
which denature protein’s disulphide bonds and make them negatively charged. These
were then mixed well by vortex machine and samples collected by a brief spin on a
micro-centrifuge in tube. Samples were then boiled at 95°C in a heat-block for 5 min (this
denatured the proteins, to make sure that the proteins do not have a secondary, tertiary or
quaternary structure). Finally, following quick mixing by vortex machine, samples were

by brief centrifugation (as above).



37

2.9.4. SDS-PAGE

SDS-PAGE is an abbreviation for Sodium Dodecyl Sulphate Poly Acrylamide Gel
Electrophoresis. It is a technique for separating proteins based on their polypeptide length
chains or on their molecular weights; proteins have ability to move within an electrical
current because of an overall negative charge. This is achieved by adding SDS detergent
to allow protein migration and to maintain their polypeptide chains. Protein structures are
coated by SDS and move proportionally to their molecular weight, i.e. small molecular
weight migrates through SDS quicker than high molecular weights because of their sizes,
after applying electrical charges across all proteins in the sample (Sambrook et al
1989)12% SDS-PAGE gel was prepared by the Bio-Rad mini protean system.
Tris/glycine sodium dodecyl sulfate polyacrylamide gel electrophoresis 12% was used for
this work (see table 2.5). The gel was prepared within 30 min. Then, the comb was gently
removed and then rinsed with deionized water. The cassette was placed and fixed on the
tank of the Bio-Rad system; the false cassette was then added. After this, 200 mL of fresh
running was added to the inner chamber and also 600 mL to the outer chamber. 5 pL of a
set of protein molecular weight standards (Denoted marker) was loaded into first well of
the gel by using a gel tip. Following this, 20 pL of each sample was added to the other
wells, and the location of each sample loaded was noted to ensure it was clear which well
corresponded to which protein lysate (and the amounts loaded). The lid of the system was
put in place, the positive and negative electrodes were connected to a power pack and the
electrophoresis was performed. The gel was running by giving electricity 20 mA for 30
min at first, raised the electricity to 40 mA by using power supply (Bio-Rad, USA) until

loaded protein reached the last destination of a polyacrylamide gel.

Table 2.5. Solutions were used for tris/glycine sds-polyacrylamide gel electrophoresis

Reagents Resolving gel (5 mL) Stacking gel (2 mL)
Deionized water 1.7 mL 1.4 mL
30% acrylamide: bis-acrylamide 2mL 330 uL
1.5 M Tris-HCI, pH 8.8 1.3mL
1 M Tris-HCI, pH 6.8 250 uL
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Table 2.5. (CONT.): Solutions were used for tris/glycine sds-polyacrylamide gel electrophoresis

10% SDS 50 uL 20 uL
10% APS (catalyst) 50 pL 20 uL
TEMED (catalyst) 2 uL 2 uL

2.9.5. Immunoblotting (Western Blot)

The western blot is an analytical procedure used to select specific proteins in a sample.
This technique uses the gel electrophoresis to resolve denatured or native proteins by
their sizes of the polypeptides or by the 3-D structure of the proteins, followed by protein
detection using antigen-specific antibodies. In this project, proteins were separated by
SDS-PAGE electrophoresis. The protein bands were transferred onto a membrane to
allow visualization and analysis, by the addition of primary antibodies that were
specifically for those protein bands; secondary antibodies were used to visualize primary
antibody binding. Resolved proteins were transferred to a strong, competent PVDF
membrane (Polyvinylidene Fluoride). The western blot technique is based on the fact that
cellular proteins will strongly bind to PVDF (and nitrocellulose membranes), and the
membranes are used to subsequently detect proteins of interest such as (TIGAR, Caspase-

3, Beclin-1, LC 3 | and Il, NFkB, HO-1 and GAPDH.

2.9.6. Blotting Procedure

The process followed is a modification of the manufacturer’s recommendations (Bio-
Rad). After running gel, in preparation for blotting, the blotting pads and filter papers cut
to the same size of the gel were all soaked in transfer buffer. This was done gently by
using tweezers because the integrity of the filter papers was lost when it is wet. The
PVDF membrane was also cut to the same size and soaked for 30 seconds in methanol
and subsequently rinsed in distilled water. The gel cassette was then gently removed and
excess gel was removed as well using a gel knife. A piece of filter paper was placed on
top of the gel, and then gently removed from the cassette and placed onto the blotting
pads on the contrary. A transfer membrane was placed on the gel followed by another
piece of filter paper. To avoid any air bubble, gentle rolling was done and then other

blotting pads were put (see figure 2.1). The western blot apparatus was placed in the Bio-
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Rad system. The inner and outer chamber was filled with transfer buffer until 2 cm from
the top. The device system was kept in a box of ice to make sure it did not overheat.
Then, it was connected to the power supply and run at180 mA for 2 h. Once complete the
device was disconnected and opened. The transfer membrane was gently placed into a
square petri dish containing TBS. The membrane stained with a reversible stain like
Ponceau stain to be sure there were the protein bands on the membrane and there was not
any air bubble during protein transformation. In all movement, tweezers were used

instead of fingers (this might create ‘noise’ on the blot).
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Figure 2.1. Making western blotting by Bio-Rad System. A diagram shows how the gel, transfer membrane,
filter papers and blotting pads are used for blotting as a single sandwich during a typical western blotting
experiment

2.9.7. Blocking the Membrane

For western blotting, primary and secondary antibodies are used to visualize the target
protein bands. However, antibodies may bind to the membrane in a non-specific fashion.
To reduce this problem, membranes had to be blocked to avoid non-specific antibody

interactions.

Once the transfer process (blotting) was completed, the PVDF membrane was removed
and placed directly in TBS in a square-shape Petri dish to wash any excess of solution
from the blotting procedure. The TBS was removed and the membrane incubated with 10
mL of blocking buffer 5% BSA in TBST. The membrane was soaked in the blocking
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buffer for 1 h with gentle shaking on a rock shaker at room temperature. After that, the
blocking buffer was removed and the membrane was washed briefly using the TBST.

2.9.8. Membrane Labeling

Protein detection on membranes is performed using antibody-mediated labeling. For
detecting the effect of SiRNA-Tigar on apoptosis, autophagy and oxidative stress pathway
in A549 cells, some protein markers were analyzed by the different primary antibodies in
different dilution factor. Antibodies were diluted within 5% BSA solution, according to
the manufacturers’ recommendations, then incubated PVDF membrane overnight with
primary antibodies (see table 2.6) solution with gentle agitation. After primary antibody,
the membranes washed 5 times with TBS-T solution for 5 min except first time were 10
min, and then incubated 1 hr with secondary antibody (see table 2.7) diluted in 5% BSA
solution. Membranes washed 5 times with TBS-T solution for 5 min, first time were 10
min.

Table 2.6. The primary and secondary antibodies were used for detection in immunoblotting that used for

detecting the amount of desired protein inside the cells. It contains the primary antibodies names,
concentrations and the companies of origin

Name of antibody Dilution Obtained from Secondary antibody
Anti Tigar Anti-mouse
Anti Caspase-3 Anti-rabbit
Anti Beclin-1 1:500 Santacruz biotechnology Anti-mouse
Anti Lc3a Anti-rabbit
Anti GAPDH Anti-mouse
Anti NF-xB P65 1:2000 Abcam Anti-rabbit
Anti Heme
Oxygenase-1 1:2000 Abcam Anti-rabbit

Table 2.7. The secondary antibodies were used in Immunoblotting assay

Name of antibody Dilution Obtained from

Anti-mouse 1:5000 Santacruz biotechnology

Anti-rabbit Abcam
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2.9.9. Detection

The PVDF membrane incubated with ECL solutions (solution 1 and 2) for 2 min, and
then the membrane placed on the film-developing system with x-ray film (Konica, USA)
in dark place side by side by using cassette, exposure times were 3 seconds to 5 min
according to different types of antibodies, and then washed film by developer and fixer
solutions inside x-ray machine (Carestream, USA). Finally, the bands analyzed by
scanning the film and using (Adobe Photoshop CS5) software to check their densitometry
levels (Mahmood and Yang 2012).

2.10. RNA Extraction and gRT-PCR
2.10.1. Total RNA Isolation

Total RNAs from cells were extracted using (Quick-RNA™ MiniPrep) kit. The cells
were transfected as described in section 2.4. Then, they were trypsinized and centrifuged
to have a cell pellet, after that they washed once by cold PBS and centrifuged again, then
added 300 pL RNA lysis buffer (provided by the kit), followed by centrifugation at
14000 rpm for 1 mint. The supernatant was transferred into a (Spin-Away™ Filter -
yellow one in the kit) in a collection tube and centrifuged at 14000 for 1 minute to
remove the majority of gDNA, and then the flow-through was saved. Ethanol (95-100%)
was added to the sample in a ratio (1:1). Then, mixed well and the mixture was
transferred to a (Zymo-Spin™ IIICG Columnl1 - green one in the kit) in a collection tube
and centrifuged for 30 seconds. The flow-through was discarded. To remove trace DNA
removal, the column was washed with 400 uL RNA wash buffer. Then, centrifuged for
30 seconds and the flow-through was discarded. For each sample to be treated, 80 pL
(DNase | Reaction) was added directly to the column matrix and incubated at room
temperature (20-30°C) for 15 min, then centrifuged for 30 seconds. After that, 400 pL
(RNA Prep Buffer) was added to the column and centrifuged for 30 seconds. The flow-
through was discarded and 700 uL (RNA Wash Buffer) was added to the column and
centrifuged for 30 seconds. The flow-through was discarded and 400 pL. (RNA Wash
Buffer) was added again and centrifuged the column for 2 min to ensure complete
removal of the wash buffer. Finally, the column was carefully transferred into an (RNase-

free) tube and 100 pL (DNase/RNase-Free Water) was added directly to the column
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matrix and centrifuged for 30 seconds to get elute RNA. The eluted RNA was checked,
by SpectraMax plus 384 microplate reader, for quality to know if there is any
contamination in the sample. The A260/A280 ratio is an indication of the level of protein
contamination in the sample. Our sample values were between 1.8-2.0 and considered
acceptable. The 260/230 ratio is an indication of the level of guanidine salts and phenol

contamination in the sample.
2.10.2. cDNA Synthesis

cDNA synthesis was performed from 1 pug of RNA using a cDNA synthesis kit (Bioline,
UK); a thermal cycler (Sensoquest labcycler, Germany) machine was used. The
mastermix was prepared on ice and mix gently by pipetting. 4 pL (TransAmp Buffer-5x)
was mixed with 1 pg of isolated RNA, then 1 uL (Reverse Transcriptase) was added to
the mixture. Finally, the volume was fixed till 20 puL by adding (DNase/RNase free-
water). The sample was put in to the thermal cycler and the program was set up: [25°C
for 10 min for primer annealing, 42°C for 15 min for reverse transcription, 85°C for 5

min for inactivation step, and finally +4°C to hold the sample till use it].
2.10.3. Real Time PCR

Real-time PCR amplification was performed by using (2x gPCRBIO SyGreen Mix) kit
(PCR Biosystems, UK) and using a Rotor Gene PCR system (Qiagen, Germany). Real-
time RT-PCR mastermix was prepared like the following: [10 puL of 2x gPCRBIO
SyGreen Mix, 0.8 pL forward primer 10 uM, 0.8 pL reverse primer 10 uM, 4 pL cDNA
template, and finally fixed the total volume till 20 uL by PCR grade dH,O]. The PCR
components were mixed briefly and placed the tube into the real-time cycler. The real-
time cycler was set up according to the following table (Table 2.8), depending on the
real-time cycler and running the program that were used. Expression mRNA was
quantified by using a primer. The primers were purchased from (Sentegen Company-
Turkey) and their sequences were designed previously via NCBI website (see table 2.9).
The CT (threshold cycle) value of TIGAR and others amplification were normalized to
that of the GAPDH control. Gene expression was quantified relative to the housekeeping
gene GAPDH according to the comparative AACt, Livak method (Livak and Schmittgen
2001).
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Table 2.8. The real-time cycler was set up according to the manufacture’s instruction

Cycles | Temp. Time Notes
1 45°C 10 min Reverse transcription
1 95°C 2 min Polymerase activation
40 95°C | 5seconds Denaturation
60°C | 10 seconds Annealing
72°C | 5seconds | Extension (acquire at end of step)

Table 2.9. It shows the sequences of primers and their accession numbers. These websites were used for
design the primers and check for their specify {https://www.ncbi.nlm.nih.gov/nuccore,
http://bioinfo.ut.ee/primer3-0.4.0/primer3/}

No. | Name of Genes Primer Sequence (20)Base pair per each GenBank Accession No.
CASP 3 Forward: ATTGTGGAATTGATGCGTGA
1 NM_004346
(Capsase-3) Reverse: GGCAGGCCTGAATAATGAAA
BECN1 Forward: TCACCATCCAGGAACTCACA
2 ) NM_001313998
(Beclin-1) Reverse: TTCAGTCTTCGGCTGAGGTT
MAP1-LC3A Forward: TCAACATGAGCGAGTTGGTC
3 NM_032514
(LC31andIl) Reverse: AAGCCGTCCTCGTCTTTCTC
C120RF5 Forward: CGGCATGGAGAAACAAGATT
4 NM_020375
(TIGAR) Reverse: CATGGTCTGCTTTGTCCTCA
GAPDH Forward: CCACCCAGAAGACTGTGGAT
5 NM_001256799
(GAPDH) Reverse: TTCTAGACGGCAGGTCAGGT
NF«B1 Forward: CCTGGATGACTCTTGGGAAA
6 NM_001165412
(NF«xB) Reverse: TCAGCCAGCTGTTTCATGTC
HMOX1 Forward: ATGACACCAAGGACCAGAGC
7 NM_002133
(HO-1) Reverse: GTGTAAGGACCCATCGGAGA

2.11. Statistical Analysis

All data were expressed as means + standard deviation. Statistical testing was performed
using the GraphPad Prism 5.01 software statistical package (GraphPad Software). A
paired t-test was used for comparing the two groups. Significant differences at p< 0.05,
0.01 and 0.001 are indicated by *, **, and ***, respectively.


https://www.ncbi.nlm.nih.gov/nuccore
http://bioinfo.ut.ee/primer3-0.4.0/primer3/

3. RESULTS

3.1. siRNA and BPA

In order to study in the lung cancer, A549 cell line was used. The cells were seeded and
prepared as described in the materials and methods sections 2.2 and 2.3. To silence the
TIGAR protein in the A549 cell line, siRNA assay was performed. Transfection with
small interfering was performed as described in section 2.4. As shown in figure 3.1, the
cells morphology was examined under light microscope to check the rate of healthy with
adherent cells inside of the plate and wells. As expected, the rates of attached cells were
decreased after transfection the cells with siRNA (see figure 3.1.A), this is compared with
control cells that were not transfected with sSiRNA (see figure 3.1.B). The cells look more
shrinkage rather that oval shape, and the cell death markers that increased after
knockdown TIGAR, so the viability of the cells were decreased. The analysis about cell

viability will be discussed in the next section.

Figure 3.1. It shows the A549 cells under microscope 40x. (A) A549 cells before transfection, 24 h after
seeding with siTIGAR. (B) A549 cells after transfection, 24 h after seeding
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Following transfection, the samples were assayed by western blot. For this reason, the
lysates were checked their concentration by Bradford Protein Assay. As explained in the
section 2.9.2. The lysate analyzed by taking absorbance and read their measurements at
595nm by the spectrophotometer. Figure 3.2 is a composite image of excel software that
collected all absorbance data, subtracted background, produced average readings.
Moreover, the excel software produced a calibration curve based on the protein standards
(serial dilutions), which allowed quantification of the lysate samples concentrations on

the basis of the calibration (standard) curve.
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Figure 3.2. Protein standard assay curve showing the absorbency of the Bovine serum albumin standards,
which the unknown proteins (lysates) concentrations can be extrapolated from the standard curve. R? value
=0.99

3.2. TIGAR-siRNA Down-Regulates TIGAR Expression in A549 Cells

TIGAR was the first protein that was evaluated by western blot in our experiments.
Lysate of 25 pg from A549 cells were loaded into a gel, separated by SDS and then
analyzed by western blotting; these procedures were described in section 2.9. The protein
bands were labeled by using primary and secondary antibodies as mentioned in section
2.9.8. Figure 3.3.B illustrates the results of the GAPDH and TIGAR by western blot.
Labeling was carried out on the same membrane to ensure the validity of the TIGAR
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result by confirming correct loading. The molecular ladder weight marker was used. The

membrane was visualized by ECL solution.

Before the presence of TIGAR, GAPDH protein was detected, it was essential to first
carry out a western blot for this protein because GAPDH is a housekeeping protein
presents in most the cell lines. Detecting this protein generated visual bands as proof that
all loading and antibody tagging were efficient and reliable, so the results later derived by
the TIGAR in western blot would be reliable and true. GAPDH has a predicted molecular
weight of 37 kda, as clearly shown by the bands in the figure 3.3. The size of the bands
increases when the amounts of the lysate increase, clearly shown by the bands in the

figure 3.3. The analysis TIGAR knockdown will be discussed in the discussion section.

The mRNA level of GAPDH and TIGAR were also evaluated by gRT-PCR. As describes
in section 2.10, the total RNA for both control and transfected cells were isolated. The
eluted RNA was checked, by SpectraMax plus 384 microplate reader, for quality and to
know if there is any contamination in the sample. Then, cDNA was synthesized from 1
png of RNA using a cDNA synthesis kit. Finally, real-time PCR amplification was
performed by using kit and primers for GAPDH and TIGAR.

Previous studies have reported that SIRNA TIGAR down-regulated TIGAR expression in
glioblastoma cells, hepatocellular carcinoma, and prostate cancer (Huang et al 2017; Tai
et al 2016; Wanka et al 2012; Xie et al 2014; Yu et al 2015a). As expected, TIGAR
expression levels were markedly down-regulated in the A549 cell line; we checked the
expression status of TIGAR mRNA and protein by using a qRT-PCR and western blot
analysis, respectively, after normalization by the housekeeping protein GAPDH. RNAI
was performed by transient transfecting siRNA to silence TIGAR expression in A549
cells. Western blotting was used to measure TIGAR expression. We treated A549 cells
with a three target-specific of siRNAs targeting TIGAR (Santa cruz biotechnology Kkit).
Based on western blot data from the 24 h treatment sample, sSiRNAs reduced TIGAR
expression by approximately 55% relative to control cells (Figure 3.3.B). Next, we
examined inhibition of TIGAR mRNA by performing a qRT PCR on samples from 24 h
after transfection. Similar to the western blot, the qRT PCR result as in (Figure 3.3.A)
also demonstrated that siRNA had interference efficiency (nearly 50%) of down

regulation of the TIGAR relative to the control cells.
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Figure 3.3. siRNA TIGAR knockdown in A549 cells. Transfection of siRNAs was performed to
knockdown TIGAR expression for 24 h. Expression of TIGAR was detected using western blotting and
gRT PCR. For loading control, GAPDH, a housekeeping protein was used. Protein band intensity analysis
was performed with Image J software and graphs were plotted using GraphPad Prism 5.01 software. (A)
Expression of TIGAR mRNA levels was down regulated compared with its level in the control-A549 cell
line without transfection by siTIGAR. (B) Expression of TIGAR protein level was down regulated
compared with its level in the control-A549 cell line without transfection by siTIGAR. Data were expressed
as mean + SD with three independent experiments. (* p< 0.05 vs cont., ** p<0.01 vs cont. and *** p<0.001
Vs cont.)

3.3. TIGAR Knockdown Affects A549 Growth Rate and Colony Formation

In the first and second experiments, A549 cells were transfected by siRNA TIGAR, then
assayed by cell viability and clonogenic assays; these procedures were described in
sections 2.5and 2.6. In the first experiment, growth rate of TIGAR-silenced cells was
monitored of WST-1 kit. It had a yellow color that was reduced to formazan dye as a
purple color by some enzymatic activities from the cells during their growths, and then
was quantified, such enzyme like NAD(P)H-dependent cellular oxido reductase enzymes.
The percentage of growth inhibition was calculated as (OD vehicle-OD treatment), where
ODs were measured using a SpectraMax plus 384 microplate reader at 420 and 480 nm,
respectively. The second experiment was to check the cell survival based on the ability of
a single cell to grow into a colony. The colony is defined to consist of at least 50 cells.
After two weeks past of seeding, the cells were fixed by methanol: acetic acid (3:1) to
avoid detaching the cells from the plates. Then, the cells were stained by crystal violet to

visualize the colonies by naked eye.

In accordance with the scope of this study, we aimed to explore the biological
consequences of specific silencing of TIGAR in the A549 cell line. We evaluated both

short- and long-term cell viability via clonogenic assay and cell proliferation assay,
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respectively. We investigated TIGAR inhibition by siRNA and the results showed the
inhibition both cell growth and colony formation in A549 cells. A WST-1 assay indicated
that treating A549 cells using SiTIGAR inhibited cell viability. Reduced A549 cell
viability was strongly related to silencing of TIGAR following SiTIGAR treatment. After
TIGAR was down-regulated by RNAIi for 24 h, cell viability decreased noticeably
compared to an untreated control (Figure 3.4.A). A549 TIGAR-silenced cells also
showed a clear reduction of colony formation when compared to control cells (Figure
3.4.B).
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Figure 3.4. siRNA TIGAR knockdown inhibited cell viability and colony formation of A549 cells.
Transfection of sSiRNAs was performed to knockdown TIGAR expression for 24 h. The graphs were plotted
using GraphPad Prism 5.01 software. (A) Short-term effects of cell growth were assayed by WST-1 assay,
which shows that nearly 28 % of cell viability decreased compared to a control from the A549 cell line
without transfection by siTIGAR. (B) Long-term effects of cell growth were assayed by a colony formation
assay, which shows the colony decreased by nearly 35% compared with colony formation in a control from
the A549 cell line without transfection by siTIGAR. Data were expressed as mean + SD with three
independent experiments. (* p< 0.05 vs cont., ** p<0.01 vs cont. and *** p<0.001 vs cont.)

3.4. TIGAR Knockdown Induces an Decreasing NADPH Level via ROS

In the third and fourth experiments, A549 cells were transfected by siRNA TIGAR, then
assayed by ROS and NADPH assays; these procedures were described in sections 2.7 and
2.8. In these experiments ROS and NADPH levels in silenced cells were monitored by

DCFDA and NADPH colorimetric assay Kits respectively.

The redox state was evaluated by assaying total ROS and NADPH levels. TIGAR is

reported to inhibit glycolysis, subsequently increasing NADPH levels and decreasing
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intracellular ROS levels, and thus protecting the cells from intracellular ROS associated
with apoptosis. To determine whether silencing TIGAR was associated with increased
ROS levels, we measured ROS levels in cells transfected with TIGAR siRNA. Results
indicated that ROS levels were slightly increased in A549 cells after TIGAR knockdown
(Figure 3.5.A). Also, NADPH levels were evaluated to determine whether decreasing
viability and increasing cell death induced by silencing TIGAR was related to NADPH
levels, we checked the NADPH levels in the cells transfected with TIGAR siRNA.
Results showed that NADPH levels decreased slightly in A549 cells after TIGAR
knockdown (Figure 3.5.B). Down regulation of NADPH and upregulation of ROS levels
coincided with a decrease in TIGAR protein and increased cell deaths in other associated

proteins as a consequence of TIGAR knockdown.
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Figure 3.5. siRNA TIGAR knockdown enhances an increasing ROS and decreasing NADPH levels.
Transfection of siRNAs was performed to knockdown TIGAR expression for 24 h. Graphs were plotted
using GraphPad Prism 5.01 software. (A) ROS levels were detected by DCFDA assay, and were shown to
have increased by nearly 12% compared to ROS levels in the control-A549 cell line without transfection by
SITIGAR. (B) NADPH levels were detected, showing that NADPH levels decreased by nearly 20%
compared to NADPH level in the control-A549 cell line without transfection by SiTIGAR. Data were
expressed as mean + SD with three independent experiments. (* p< 0.05 vs cont., ** p<0.01 vs cont. and
*** n<0.001 vs cont.)

3.5. TIGAR-Specific siRNA up-Regulates Apoptosis Markers

Following detection of TIGAR the next protein of interest was Caspase-3, as apoptotic
marker. This experiment was done by the same procedures as mentioned earlier. Lysates
were loaded at 25 pg per well for control and sample into a new gel, separated by SDS
and then analyzed by western blotting; these procedures were described in section 2.9.
The protein bands were labeled by using primary and secondary antibodies as mentioned
in section 2.9.8. Figure 3.6. illustrates the results of the GAPDH and Caspase-3 by
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western blot. They produced on the same membrane to confirm the validity of the result
of Caspase-3 expression by ensuring accuracy when loading could be determined and
visualized. The molecular ladder weight marker was used. The membrane was visualized
by ECL solution. Before the presence of Caspase-3, GAPDH protein as housekeeping
protein was detected by the same procedures as mentioned earlier (see figure 3.6). The
primary antibody was used for Caspase-3 that has a predicted molecular weight of 35
kda, clearly shown by the bands in the figure 3.6. The analysis of Caspase-3 will be
discussed in the discussion section. The mMRNA level of GAPDH and Caspase-3 were also
evaluated by gRT-PCR by the same procedures as mentioned earlier. To identify
apoptotic cell death mechanism in A549 cells occurred in TIGAR-silenced cells, we first
observed silencing of TIGAR expression by siRNA, which can activate cell death
signaling in A549 cells. Then, the cells were used in both western blots and gRT PCR
assays to check the levels of Caspase-3 as apoptotic marker. Caspase-3 as a cell death
marker was indicated in the transfected and control A549 cells, which was triggered by
the silencing of TIGAR expression by RNAI. Results indicated that cell growth was
inhibited, with evidence of apoptotic cell death after TIGAR silencing in A549 cells.
Results showed that the mMRNA and protein expression levels of apoptotic marker,

Caspase-3, had significantly increased after silencing of TIGAR (Figure 3.6.A and B).
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Figure 3.6. siRNA TIGAR knockdown induced apoptosis of A549 cells. Transfection of siRNAs was
performed to knockdown TIGAR expression for 24 h. Expression of Caspase-3 as apoptotic marker was
detected using western blotting and gRT PCR. For loading control, GAPDH, a housekeeping protein was
used. Protein band intensity analysis was performed with Image J software and graphs were plotted using
GraphPad Prism 5.01 software. (A) Expression of Caspase-3 mRNA levels was upregulated compared with
its level in the control-A549 cell line without transfection by siTIGAR.(B) Expression of Caspase-3 protein
level was upregulated compared with its level in the control-A549 cell line without transfection by
SiTIGAR. Data were expressed as mean + SD with three independent experiments. (* p< 0.05 vs cont., **
p<0.01 vs cont. and *** p<0.001 vs cont.).
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3.6. TIGAR-Specific sSiRNA up-Regulates Autophagy Markers

The next proteins that were studied in the A549 cell line were LC3 I, 1l, and Beclin-1, as
autophagic markers. This experiment was done by the same procedures as mentioned
earlier. Lysates were loaded at 25 pg per well for control and samples into a new gel,
separated by SDS and then analyzed by western blotting; these procedures were
described in section 2.9. The protein bands were labeled by using primary and secondary
antibodies as mentioned in section 2.9.8. Figure 3.7 illustrates the results of the GAPDH,
LC3 I, I, and Beclin-1 by western blot. They produced on the same membrane to
confirm the validity of the result of LC3 I, II, and Beclin-1 expression by ensuring
accuracy when loading could be determined and visualized. The molecular ladder weight

marker was used. The membrane was visualized by ECL solution.

Before the presence of LC3 I, Il, and Beclin-1, GAPDH protein as housekeeping protein
was detected by the same procedures as mentioned earlier (see figure 3.7). The primary
antibodies were used for LC3 I, I, and Beclin-1 (Anti LC3a and Beclin-1, 1:500
dilution); LC3 I, Il has a predicted molecular weight of 18 and 16 kda respectively, while
Beclin-1 has a predicted molecular weight of 51 kda , clearly shown by the bands in the
figure. The analysis of LC3 I, Il, and Beclin-1 will be discussed in the discussion section.
The mRNA levels of GAPDH, LC3 I, 11, and Beclin-1 were also evaluated by gRT-PCR
by the same procedures as mentioned earlier.

To identify autophagic cell death mechanism in A549 cells occurred in TIGAR-silenced
cells, A549 cells were transfected with siRNAs targeting TIGAR. 24 h after transfection,
the cells were used in both western blots and qRT PCR assays to check the levels of
autophagy markers. LC3 I, Il, and Beclin-1 as cell death markers were indicated in the
transfected A549 cells, which were triggered by the silencing of TIGAR expression by
RNAI. Results indicated that cell growth was inhibited, with evidence of autophagic cell
death after TIGAR silencing in A549 cells. Results showed that the proteins expression
and mRNA levels of autophagic markers LC3 I, I, and Beclin-1 had significantly
increased after silencing of TIGAR (see figure 3.7).
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Figure 3.7. siRNA TIGAR knockdown enhances autophagy by repressing TIGAR expression. Transfection
of siRNAs was performed to knockdown TIGAR expression for 24 h. The expression of LC3 I, Il and
Beclin-1 as autophagy markers were detected with qRT PCR and western blotting. For loading control,
GAPDH, a housekeeping protein was used. Protein band intensity analysis was performed with Image J
software and graphs were plotted using GraphPad Prism 5.01 software. (A) and (B) Expression of LC3 |
and 11 mMRNA and protein levels increased compared to their levels in the control-A549 cell line without
transfection by siTIGAR. (C) and (D) Expression of Beclin-1 mRNA and protein levels increased
compared to their levels in control-A549 cell line without transfection by siTIGAR. Data were expressed as
mean + SD with three independent experiments. (* p< 0.05 vs cont., ** p<0.01 vs cont. and *** p<0.001 vs
cont.)

3.7. TIGAR-Specific siRNA up-Regulates Oxidative Stress Markers

The last proteins that were studied in the A549 cell line were NF-xB and HO-1, as
oxidative stress markers. This experiment was done by the same procedures as mentioned
earlier. Lysates were loaded at 25 pg per well for control and samples into a new gel,
separated by SDS and then analyzed by western blotting; these procedures were
described in section 2.9. The protein bands were labeled by using primary and secondary
antibodies as mentioned in section 2.9.8. Figure 3.8 illustrates the results of the GAPDH,
NF-kB and HO-1 by western blot. They produced on the same membrane to confirm the
validity of the result of NF-xB and HO-1 expression by ensuring accuracy when loading
could be determined and visualized. The molecular ladder weight marker was used. The

membrane was visualized by ECL solution.
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Before the presence of NF-kB and HO-1, GAPDH protein as housekeeping protein was
detected by the same procedures as mentioned earlier (see figure 3.8). The primary
antibodies were used for NF-kB and HO-1 (Anti NF-kB P65 and HO-1, 1:500 dilutions);
NF-kB has a predicted molecular weight of 64, while HO-1 has a predicted molecular
weight of 32 kda, clearly shown by the bands in the figure 3.8. The analysis of NF-xB
and HO-1 will be discussed in the discussion section. The mRNA levels of GAPDH, NF-
kB and HO-1 were also evaluated by gRT-PCR by the same procedures as mentioned
earlier. To determine whether a link exists between cell death markers and oxidative
stress markers, oxidative stress markers were observed. Similarly to apoptosis and
autophagy markers, expression levels of both NF-kB and HO-1 increased in their proteins

and mRNA levels compared with control cells (see figure 3.8).
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Figure 3.8. sSiRNA TIGAR knockdown enhances oxidative stress markers by repressing TIGAR expression.
Transfection of siRNAs was performed to knockdown TIGAR expression for 24 h. The expression of NF-
kB and HO-1 as oxidative stress markers were detected with gRT PCR and western blotting. For loading
control, GAPDH, a housekeeping protein was used. Protein band intensity analysis was performed with
Image J software and graphs were plotted using GraphPad Prism 5.01 software. (A) and (B) Expression of
NF-kB mRNA and protein levels increased compared to their levels in the control-A549 cell line without
transfection by siTIGAR. (C) and (D) Expression of HO-1 mRNA and protein levels increased compared to
their levels in control-A549 cell line without transfection by siTIGAR. Data were expressed as mean + SD
with three independent experiments. (* p< 0.05 vs cont., ** p<0.01 vs cont. and *** p<0.001 vs cont.)



4. DISCUSSION

Lung cancer is the most malignant type of cancer worldwide and is responsible for high
death rates (Yagi et al 2017). NSCLC accounts for nearly 85% of lung cancer cases
(Molina et al 2008). Recently, the survival and prognosis rate of NSCLC patients has
improved significantly as a result of effective and advanced treatment strategies;
however, metastasis of this cancer still poses a major challenge in clinical settings (Fandy
et al 2014). TIGAR proteins control glucose metabolism flux from glycolysis into the
PPP-oxidative branch, generating NADPH, GSH, and ribose-5-phosphate, neutralizing
intracellular ROS levels, and inducing DNA repair (Kumar et al 2015). TIGAR can
control Fru-2, 6-P2 levels during glucose metabolism in cells, and also helps to maintain
NADPH levels to recycle GSH, a key intracellular antioxidant. Therefore, silencing of
TIGAR expression leads to increased ROS levels, which correlate with greater resistance
to cell death. This occurs by enhancing the PPP, which directly contributes to DNA repair
by generating ribose-5-phosphate and NADPH, two key precursors of DNA repair and
synthesis (Bensaad et al 2009; Bensaad et al 2006; Cheung et al 2016; Lee et al 2014;
Pena-Rico et al 2011).

The aim of the project was to use a SIRNA TIGAR in vitro model to study the viability of
the cells and the expression of key program cell death proteins in tumor-derived cell line
A549, which would allow correlations to be made between protein expression levels and
degree of viability. In particular, some of the parameters examined are common that are
known to be differentially regulated during cellular changes associated with siRNA
transfection such the inverse correlation between ROS and NADPH levels. Specifically,
in order to investigate expression of apoptosis, autophagy and oxidative stress proteins in
the human A549; cell viability, clonogenic, DCFDA, NADPH, western blot, and qRT

PCR assays were performed as detailed in the methodology and results section
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Our results indicate that the SIRNA TIGAR gene is capable of inhibiting transcription of
TIGAR RNA, causing upregulation of oxidative stress markers and inducing cell death in
the A549 cell line. Additionally, we investigated whether the specific silencing of TIGAR
by siRNA could provide a new strategy to enhance A549 cells to trigger programmed cell
death via oxidative stress markers. There is a fact that might be better for more efficiency
our data, both positive and negative control had to be used during transfection of TIGAR.
This new strategy has the potential to be a molecularly targeted new way in gene
silencing in NSCLC.

Previous studies have reported that sSIRNA TIGAR down-regulated TIGAR expression in
glioblastoma cells, hepatocellular carcinoma, and prostate cancer (Huang et al 2017; Tai
et al 2016; Wanka et al 2012; Xie et al 2014; Yu et al 2015a). Therefore, this study is a
new attempt to evaluate the siTIGAR down-regulate in a lung cancer cells. To examine
how siRNA TIGAR could affect cell growth and cell survival, we designed several
experiments and observed their results. For this reason, A549 cell growth was studied 24
h post-transfection by cell viability assay, WST-1 kit. Cells transfected with TIGAR-
SIRNA showed a decrease of growth significantly less than the control cells.
Consequently, colony formation was markedly lower than in the control condition (see
figure 3.4).

It has been indicated that TIGAR allows cancer cells to survive by repairing gene damage
after exposure to moderate levels of stress. Normally, ROS is released in low
concentrations during cellular metabolism, and can be compensated for by TIGAR and
other cellular antioxidant mechanisms (Pena-Rico et al 2011). The primary function of
ROS participates in most cell responses, including DNA damage and cell death. Based on
ROS function, inhibition and induction of intracellular ROS have been related with
cancer therapy. Our results also indicated that ROS levels were slightly increased in
A549 cells after TIGAR knockdown (Figure 3.5.A). TIGAR is able to maintain NADPH
levels to regenerate GSH by controlling glucose metabolism; GSH is a key intracellular
antioxidant. Loss of TIGAR expression leads to inhibition of the PPP and increased ROS
levels (Okar et al 2001; Zhang et al 2017). Additionally to ROS level, our results also
indicated that NADPH levels decreased slightly in A549 cells after TIGAR knockdown
(Figure 3.5.B).
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A number of studies of cancer cells have shown that TIGAR silencing is related to
decreased levels of NADPH (Lui et al 2010; Lui et al 2011; Yin et al 2012) and lower
levels of reduced GSH (Wong et al 2015; Ye et al 2013; Yin et al 2012), and is
consequently followed by an increase in ROS (Qian et al 2016). Pen™a-Rico and
colleagues showed that TIGAR knockdown resulted in radio-sensitization of glioma cells
with increased levels of Fru-2, 6-BP, lactate, and ROS, and reduced GSH levels (Pena-
Rico et al 2011). Our data have shown quite same results like these studies regarding to
the ROS and NADPH levels after silencing TIGAR protein.

The PPP-also known as the phosphor-gluconate pathway due to its role in supplying
cancer cells with ribo-nucleotides and NADPH for intracellular anabolic processes-plays
a pivotal role in apoptosis, tumor proliferation, resistance to immune-radiation and
chemotherapy, angiogenesis (Patra and Hay 2014). High levels of PPP flux are known to
result in more proliferative, invasive, and drug-resistant phenotypes in cancer cells
(Riganti et al 2012) and may be critical for cancer treatment, if the PPP is inhibited.
According to previous studies, programmed cell death | and Il may also occur when
TIGAR-silencing is combined with certain drugs, including adriamycin, rapamycin,
epirubicin, cisplatin or an external factor such as hypoxia or radiotherapy (Huang et al
2017; Pena-Rico et al 2011; Wanka et al 2012; Xie et al 2014; Yu et al 2015b). To
determine whether the decrease in cell numbers following TIGAR knockdown occurred
due to cell death, we examined several mechanisms. First, we analyzed protein
expression and mMRNA levels of Caspase-3, an apoptotic marker that significantly
increased after silencing of TIGAR 24 h post-transfection (Figure 3.6). The studies
indicate that TIGAR can prevent apoptosis and autophagy by reducing ROS levels.
Furthermore, the data showed that TIGAR can govern ROS accumulation and inhibit
apoptosis. A previous study stated that both types of programmed cell death-autophagy
and apoptosis-could occur in mammalian cells, and the induction of autophagy has been

shown to enhance the apoptotic response (Zhao et al 2017).

We also examined type Il programmed cell death, autophagy markers, because in
response to anticancer therapies, different types of cancer cells undergo autophagy
though whether autophagy in cancer protects or kills cells remains a subject of debate

(Zhuang et al 2009). Furthermore results in our study, it is the upregulation of protein and
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MRNA levels occurred in both autophagy markers, LC3 I, 11, and in Beclin-1 (see figure
3.7). The researchers in their studies indicated that autophagy and apoptosis play dual
roles in cell death (Ye et al 2013), demonstrating that differentiation malignancy of
NSCLC is closely correlated with TIGAR expression. By inducing the PPP, TIGAR can
limit fructose-2, 6-bisphosphatase levels. Moreover, recent studies have also illustrated
TIGAR’s relationship to autophagy and apoptosis, showing that TIGAR’s silencing
ability is strongly related to upregulation of ROS, resulting in higher intracellular
NADPH levels (Xie et al 2014).

NF-kB incorporates a central importance in immunity and inflammation, additionally
plays necessary roles in different processes, such as cell growth, survival and
development, and proliferation, and features a role in several pathological conditions
(Morgan and Liu 2011). While, in another study recommended raised ROS levels and
reduced NF-kB activity after knockdown of termed thioredoxin-like 2 (TXNL2) in
human carcinoma cell lines (Qu et al 2011). These are telling us there is interference
between reactive oxygen species expression and NF-«kB signaling. It was necessary for
the purposes of this study to correlate the oxidative stress markers to SIRNA TIGAR. So,
to understand the relationship of oxidative stress markers to cell death types such as
autophagy and apoptosis, we indicated that the expression of NF-kB was up-regulated 24
h post siTIGAR transfection (see figure 3.8 A and B), when the effect of siTIGAR of
there expression were measured by western blotting and gRT PCR analysis.

The inducible variety of Heme Oxygenase-1 (HO-1) could be a major endoplasmic
reticulum (ER) associated heme protein and identified to plays necessary roles in
protection against chemical and oxidative stress by degrading free heme discharged from
degradation of heme proteins (Bansal et al 2014). Studies recommend the contribution of
chemical stress, oxidative stress and ROS inducement the expression of HO-1 (Bindu et
al 2011). And it is raised to stop DNA harm caused by the ROS, HO-1 down regulation
results in the rise of DNA damage and ROS in cells (Lin et al 2013). Additionally to
checking NF-xB, we indicated also the expression of HO-1 that was up-regulated 24 h
post siTIGAR transfection (see figure 3.8 C and D), when the effect of SiITIGAR of there
expression were measured by western blotting and gRT PCR analysis.
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Our findings show that TIGAR has a role in programmed cell death apoptosis and
autophagy. As far as we are aware of, this study provides the first evidence that
knockdown of TIGAR expression provides the induction of markers of both apoptosis
and autophagy levels in A549 cells via oxidative stress markers. These findings provide
the possibility that TIGAR may act as an important role in protecting A549 cells from
dying through apoptosis and autophagy. In addition, our data show that ROS levels may
are likely to play a role in siTIGAR-induced apoptosis by expression of Caspase-3
(Figure 3.6), while expression of LC3 I and Il and Beclin-1 are accountable for cell death
in A549 cells as autophagy markers (Figure 3.7). However, increased ROS levels also
increased levels of the oxidative stress markers NF-kB and HO-1 (Figure 3.8), which

may be responsible for induction of both autophagy and apoptosis.

Furthermore, this study would allow better understanding of the process of silencing
protein by siRNA and checking some more parameters to support the results. Also, it is
necessary to use siRNA transfection technique in normal cell line and using animal model
as well rather than cell culture model. Further experiments like (Flow cytometry,
Immunofluorescence, Mitochondrial membrane potential, Comet)could be designed to
test the hypotheses of this project in a more advanced manner to further understanding on
the impact role of siTIGAR on the Caspase-3, Beclin-1, LC3 I, Il, NF-kB and HO-1

express and correlation with program cell death.



5. CONCLUSION

This study has successfully investigated the effect of down regulation of TIGAR in A549,
a representative cell line for NSCLC. For this purpose, we evaluated cell viability, colony
forming activities, and the level of ROS, NADPH. Also, gRT PCR and western blot
techniques were used to measure the changes in the levels of the molecule mentioned
above. The success of the experiments allowed us to transfect the cell line and analyzed
their behavior in relation to TIGAR molecule in malignant cells. As expected, the results
of the experiments demonstrated that TIGAR loss in a cell may lead to apoptosis and

autophagy by increasing ROS.

Targeting TIGAR with siRNA caused specific and efficient inhibition of endogenous
TIGAR expression in A549 lung cancer cells. TIGAR silencing inhibits cell viability and
colony formation and induces the implication of intracellular ROS and then reducing
NADPH levels. These data suggest that TIGAR-regulated ROS induce cell death and it
may be used as a potential strategy in cancer therapy, opening a new window in gene

silencing therapy in lung cancer cells.
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