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EXPLORATION OF PROTECTIVE PATHWAYS IN LIVER DISEASE

TALHA WAHID
ABSTRACT

Obesity is increasing worldwide. The addition of excess calorie intake and
unhealthy human behavior leads to also other diseases such as metabolic syndromes and
liver disease such as non-alcoholic fatty liver disease. Furthermore, the accumulation of
fat triggers specific mechanisms that, if prolonged, can cause tissue damage. For instance,
the innate immune system becomes agitated in patients with NAFLD or obesity due to
excessive fat accumulation. This leads to inflammation in specific tissues and infiltration
of other immune cells. One of the main immune cells are neutrophils, which secrete a
protease enzyme called protease neutrophil elastase. Interestingly, there have been studies
conducted that have shown that when neutrophil elastase is knocked out in mouse models
that mimic NAFLD, there seems to be a protective effect occurring in the body and lessen
tissue scarring. A possible explanation, and the aim of this thesis, is to explore if
autophagy is regulated and thus plays a role in protecting liver from inflammation and
fibrosis. Western blotting approach was used to test this hypothesis. The protein samples
that are used are extracted from neutrophil elastase knockout mice that have been fed a
high-fat high-fructose diet and compare them to samples from wild-type control mice that
have been fed a normal chow diet, high-fat diet, and high fat high fructose diet. The
results indicated that potential upregulation of the autophagy pathway in the liver of

neutrophil elastase knockout mice and more studies would need before accurately and



reliably acknowledging the alternation of the autophagy pathway in the liver from mouse

model of NAFLD and when neutrophil elastase is knocked out.
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INTRODUCTION

Obesity is a disease that is associated with large amounts of body fat and is
defined by a person’s Body Mass Index (BMI). BMI is a measurement tool based on a
person’s weight and height, and a person is classified as obese when the BMI is greater
than or equal to 30 kg/m”2 [!l. There are many causes for obesity such as: genetic,
behavioral, metabolic, and hormonal influences but at the core of obesity is that there is
intake of more calories than there are calories that are burned off. Hence, the excess
calories are stored as fat [, This disease has become prevalent all across the globe,
especially in the West, due to fast food and high-calorie beverages. In 2016, more than
650 million people who are 18 years and older were obese in the world Bl. This trend is
predicted to increase. In fact, obesity levels in America alone will continue to rise for
another 40 years before reaching a pleating at which 42% of adults in America will be
obese . The risk of increasing obesity in the U.S. and around the world, is that other
diseases associated with obesity will also increase. For instance, obesity is a risk for the
development of non-alcoholic fatty liver disease (NAFLD). NAFLD refers to fatty liver,
also known as hepatic steatosis, and it is defined by excessive fat accumulation in the
absence of high alcohol consumption. This has become a serious issue and more than
83.1 million people in the United States are diagnosed with NAFLD P!, The excess fat
and high calorie diet associated with NAFLD puts people more at risk to develop insulin
resistance and systemic inflammation. Without insulin being able to properly function in
the body, more insulin needs to be produced in order to maintain normal blood glucose

levels, which is the first step in developing diabetes 61,
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Furthermore, the reason why NAFLD occurs is because of the imbalance between
lipogenesis and lipolysis, which is regulated by the mitochondria. There are many
mitochondria in the liver parenchyma cells and the major purpose of the mitochondria is
to produce adenosine triphosphate (ATP) through oxidative phosphorylation (OXPHOS)
(7], Mitochondria is also a major site for reactive oxygen species (ROS) and regulates
apoptosis. So similar to other metabolic syndromes, in NAFLD, the hepatic mitochondria
are altered ®1. Additionally, the progression of NAFLD leads to nonalcoholic
steatohepatitis (NASH). NASH is associated with hepatocyte inflammation and can lead
to liver cirrhosis or liver scarring. Liver scarring is due to damage to hepatocytes and
causes major hindrance to important liver functions. Further progression in the spectrum
of NAFLDs is hepatocellular carcinoma °l, NASH is also a component of metabolic
syndromes such as obesity and type 2 diabetes. As mentioned before, a common feature

of these metabolic syndromes is insulin resistance.

Development of NAFLD

To further explore the development of NAFLD, it is important to understand that
the liver plays an important role to ensure the human body remains healthy through
various functions such as: detoxification, biosynthesis, and metabolism of substances.
Likewise, the liver is constantly exposed to substances that can induce an immune
response due to bacterial products, toxins, and food derived antigens. Therefore, if the
liver is damaged or inflamed it can cause many clinical complications. One of the clinical

complications that result from chronic damage to the liver is fibrosis, which is the result
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of excessive accumulation of extracellular matrix (ECM) proteins such as collagen. This,
in fact, is a characteristic of most types of chronic liver diseases 1%, If the liver gets
further damaged, the liver fibrosis can result in cirrhosis, which produces hepatocellular
dysfunction and increased intrahepatic resistance to blood flow. This results in hepatic
insufficiency and portal hypertension, which at that point a liver transplant would be
needed.

Luckily, after an acute injury, the liver is able to return to normal function after
proliferation and remodeling of the remaining cells. This is helped through the interaction
of innate immune liver cells such Kupffer cells, dendritic cells, neutrophils, and innate-
like lymphocytes with parenchymal cells (i.e. hepatocytes and liver sinusoidal endothelial
cells) ', This is a normal response and is followed by an inflammatory response and
limited deposition of ECM. However, if this injury is chronic, continues for a longer
period of time, the liver eventually will fail to respond by regenerating cells. Instead, this
can lead to parenchymal scarring and organ failure by the activation of hepatic stellate
cells (HSCs), which is characteristic of liver cirrhosis [!2]. As mentioned before, many
metabolic diseases are caused by overnutrition and in the case of NAFLD, high calorie
intake leads to insulin resistance. This decreases the antilipolytic effect on adipose tissue;
therefore, there is more breakdown of triglycerides. With the increase of breaking down
stored fat, there is more circulation of free fatty acids and glycerol. With an increase in
free fatty acids, there is higher uptake of free fatty acids by the liver, which leads to
increase accumulation of lipids in hepatocytes [!*). Additionally, dysfunctional adipose

tissue lowers production of adiponectin, which is hormone that regulates fatty acid
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breakdown, and there is an increase in adipokines released such as leptin leading a low-
grade pro-inflammatory state 141,

Although not all dietary lipids have cytotoxic effects, accumulation of toxic lipids
in the liver is correlated with organelle dysfunction, specifically the endoplasmic
reticulum (ER) and mitochondria. This is known as lipotoxicity. The result of lipotoxicity
related to ER stress, which is caused by deregulation in its reaction to misfolded proteins
and response of intracellular pathways of the ER ['%). One of the pathways involves the
overactivation of RNA-dependent protein kinase-like ER eukaryotic initiation factor-2a
kinase (PERK) and activation of transcription factor 6 (ATF6). This pathway leads to
more secretion of pro-inflammatory cytokines via nuclear factor-kf (NFxf) pathway. The
other pathway of the ER is involved is called inositol-requiring enzyme 1 (IRE1), which
helps release proinflammatory cytokines as well 161,

There is also mitochondrial stress that is caused by lipotoxicity, but this leads to
increased acetyl-CoA synthesis, which is important for the tricarboxylic acid (TCA)
cycle. The TCA cycle occurs in the mitochondrial matrix. The disruption of the normal
TCA cycle function increases reactive oxygen species (ROS) formation 17, Also, since
-oxidation happens in the mitochondrial matrix, mitochondrial stress also alters this
process and leads to formation of toxic lipid intermediates like ceramides 13,

With the combination of lipotoxicity and inflammation established in NAFLD,
there will be an immune response to activate the innate immune cells to lessen the

inflammation and repair the damage. However, too much response by immune cells can

lead to the development of NASH.



Liver Inflammatory Response

It has been known that obesity can lead to the progression of NAFLD and insulin
resistance. The augmented levels of free fatty acids in the liver and adipose tissue leads to
activation of inflammatory pathways that are related to activation and attraction of the
immune system. For instance, neutrophils recruited to the liver are mediated by
interleukin (IL) — 8 and growth-related oncogene (GRO) alpha [, Although neutrophils
are initially entering the inflamed site to help alleviate damage, increased infiltration of
neutrophils can lead to severe stages of NAFLD, such as: NASH and cirrhosis.

The damage to the liver by neutrophils can be related to two enzymes that are
associated with neutrophils. One of the enzymes is called myeloperoxidase (MPO). Since
MPOs are expressed in neutrophils, they are as used as a neutrophil marker in many
studies. MPOs can further damage sites of inflammation by reacting with hydrogen
peroxide to form oxidizing species like hypochlorous acid/hypochlorite 29, The
oxidizing species can damage biological substrates, such as: DNA, lipids, and protein
amino groups. MPOs have also been found in a subtype of Kupffer cells, which are liver
macrophages. A study found that MPOs that contain a specific kind of macrophage, M1,
could play a role in NAFLD since M1 macrophages were prevalent in obese adipose
tissues [2!1. Therefore, M1 macrophages are associated with obesity and insulin resistance.
M1 macrophages are known to produce reactive oxygen and nitrogen species 22,

Neutrophils also secrete neutrophil elastase (NE). This protease is released in
response to inflammation and promotes enhancing the chronic inflammatory state %1, A

recent study demonstrated that obese mice that had a deletion of NE causes a reduction in
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tissue inflammation and was associated with decreased adipose tissue neutrophil and

24,251 The results also indicated that there was improved glucose

macrophage levels [
tolerance and increased insulin sensitivity. Both MPO and NE genes were shown to be
elevated obese patients and is also associated with BMI and markers of cardiovascular

disease (CVD) 261, Likewise, the improved function of bodily function after NE was

knocked out, could be explained by the upregulation of autophagy.

Autophagy

Autophagy derives from the Greek language, where “auto” means self and
“phagy” means eating [?7], Therefore, autophagy is a “self-eating” mechanism. The
autophagy process removes materials that are not functional via lysosomal degradation in
cells in order to produce nutrients and energy for the maintenance of cellular homeostasis
(28] For example, autophagy would clear cells of misfolded proteins and damaged
organelles such as the mitochondria. In addition to removal of material, autophagy also
plays a role in promoting cellular senescence, protects against genome instability, and
prevents necrosis. Autophagy is activated by stresses that occur such as nutrient
starvation, organelle damage, protein misfolding, and pathogen infection [?°!. Therefore,
without the autophagy process, many diseases can ensue such as diabetes, liver diseases,
and autoimmune diseases.

Autophagy can either be non-selective or selective. For instance, mitophagy is a

selective autophagy for the mitochondria. Mitophagy is a specific kind of process and

subset of a broader mechanism called “organellophagy”, which eliminates damaged
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organelles and induces the promotion of new organelles. Therefore, mitophagy clears
damaged mitochondria and promotes new ones to be made %, Mitophagy and other
specific kinds of autophagy will be discussed further later in the thesis.

There are three types of autophagy: macroautophagy, micro-autophagy, and
chaperone-mediated autophagy (CMA). These all promote proteolytic degradation of
cytosolic components at the lysosome. Macroautophagy, which is typically referred to as
“autophagy” in most papers, involves an autophagosome, which is a double membrane-

(311 Macroautophagy serves as the

bound vesicle, from the cytoplasm to the lysosome
guardian of human health because it is triggered when there is nutrient starvation,
damaged organelles, aggregated protein, and infections so that the cells can be saved
from harmful effects and can maintain homeostasis [*2. The second type of autophagy is
called microautophagy. Microautophagy is a process that allows for cytosolic
components to be taken up by the lysosome via rearrangement and invagination of the
lysosomal membrane into the lumen B3], Both macro- and micro-autophagy are able to
engulf large structures through both selective and non-selective mechanisms. The third
type of autophagy is CMA. This is a process that allows for materials to be degraded by
recognizing substrates that contain the pentapeptide “Lys-Phe-Glu-Arg-Gln” (KFERQ)
by a chaperone protein, such as Hsc-70, and translocate these substrates into the lumen of

lysosomes through docking of lysosomal membrane receptor lysosomal-associated

membrane protein 2A (LAMP-2A) resulting in their unfolding and degradation 4],



Autophagy Mechanism

The process of autophagy starts with the rearrangement of the membrane for
nucleation of the phagophore **. An isolation membrane or phagophore is derived from
various organelles such as the ER, trans-Golgi, mitochondria, plasma membrane, and
endosomes *%. The cup-shaped phagophore then elongates and matures into a double-
membraned autophagosome P71, The autophagosomes, which now have enclosed
substances that will be degraded, mature through fusion with the lysosome, thus leading
to the degradation of autophagosomal contents by lysosomal acid proteases. There are
permeases and transporters that let amino acids and other by products of degradation
back out to the cytoplasm, where they can be re-used for building macromolecules and
for metabolism. Therefore, the autophagy process is nick-named as a recycling process
for the cell and can mediate damage control by removing non-functional proteins and
organelles. This process will further be explained in depth next and can be visualized in

Figure 1.

Autophagy Pathway

Autophagy related proteins (ATG) are arranged into functional complexes to
initiate autophagy. In eukaryotic cells, starvation inhibits the activity of mammalian
targets of rapamycin (mTOR), which is a serine/threonine protein kinase that is involved
in cellular metabolism [*3]. Therefore, when mTOR is inhibited due to starvation, this
leads to translocation of the unc-51 like kinase (ULK) complex, which contains ULK1/2,

ATG13, RB1-inducible coiled-coil 1 (RB1CC1 or FIP200), and ATG101, from the
8



cytoplasm to a membrane enclosed compartment. At the same time, the ULK complex
recruits phosphatidylinositol-3-OH kinase (PI3K) complex to the nucleated domain from
the ER and stimulates PI3K complex. The PI3K complex includes vacuolar sorting
protein 34 (Vps34)/PI3KC3, Vpsl5, Beclinl, and ATG14. This promotes autophagosome
synthesis. Furthermore, Vps34 is a class III PI3K and is required to generate of

phosphatidylinositol 3-phosphate (PI3P) 3],
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Figure 1. Autophagy Pathway!4'!

Additionally, phagophores are regulated by two ubiquitin-like conjugation system

involving the generation of Atg5-Atgl2-Atgl6L complex and phosphatidylethanolamine
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(PE)-conjugated microtubule-associated protein 1 light chain 3 (LC3) 4!, The first part
of this pathway is that Atg7 activates Atgl2, which is then transferred to Atgl0. Lastly,
this complex then covalently binds to Atg5. With the addition of Atgl6L1, the Atg5-
Atgl2 forms a large complex and localizes to the phagophore. This complex, then,
influences the second pathway. The second pathway involves LC3 to be synthesized as a
cytosolic protein and cleaved by Atg4, which then transforms LC3 into LC3-1. LC3-1
becomes LC3-II when it conjugates with PE by Atg7 and Atg3. The LC3 protein can now
be recruited onto the expanding phagophore and will remain on the autophagosome for
the rest of the pathway [*?!. Along the maturation process, the autophagosomes engulfs
material in the cytoplasm that are to be degraded due to potential toxins or damaged
substances. Autophagic substrates are also targeted for degradation by adaptors such as
sequestosome-1 (SQSTM1/p62) (431, Autophagosomes are then transported along the
microtubule network to the microtubule organizing center (MTOC). Along the path to
MTOC and before fusing with the lysosomes, autophagosomes can also fuse with
endosomes to form amphisomes, which increase during starvation state (4. The fusion of
autophagosomes with lysosomes results in the generation of autolysosomes where
degradation of material occurs, such as autophagy substrates, and amino acids are
recycled to be reused.

Since mTOR plays a vital role in the regulation of autophagy, further explanation
is needed. mMTORC1, which contains mTOR, is one of two complexes but compared to
mTORC2 complex, mTORCI1 complex contains Raptor. In order to regulate mTORC1

complex, PI3K/Akt phosphorylates subunit tuberous sclerosis complex (TSC), which
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consists of TSC2 and TSC1 **], The TSC2 subunit has a GTPase activating protein
(GAP) domain, and when this enzyme is active it inhibits Rheb 6], However, Rheb
activates mTORCI1 and resides on the intracellular membranes (e.g. lysosomes). So,
when Rheb is inactive, mMTORC1 complex is also inactive. Rheb can be activated when
bound to GTP, which in turn activates mTORC]1 #7]. Hence, when Rheb is inactive,
mTOR is inactive and autophagy pathway is activated.

Autophagy can also be regulated through ATP:AMP ratio by cell homeostasis
kinases such as AMP-activated protein kinase (AMPK) and serine/threonine protein
kinase (STK11 or LKB1). This pathway is positively stimulated when there is low
cellular energy. Furthermore, LKB1 activates autophagy through AMPK via inhibition of
mTORCI due to activation of TSC2 subunit. TSC2 is regulated by WIPI3 and FIP200;
therefore, the LKB1-AMPK-TSC2 complex plays a role in autophagy induction and
autophagosome formation ¥, AMPK can stimulate the autophagy pathway by directly
phosphorylating ULK1, Vps34, and Beclinl 1,

Lastly, autophagy can also be regulated at the transcription level through the
regulation of the transcription factor EB (TFEB) by mTORC1 complex. TFEB stimulates
the expression of genes that regulate lysosome biogenesis and autophagy by binding to
coordinated lysosomal expression and regulation (CLEAR) motif in the promoter region
in the nucleus of cells [*°1. Recent research has demonstrated that phosphorylation of
TFEB by mTORC1 complex inactivates TFEB under nutrient rich conditions. This
phosphorylation occurrence allows for TFEB to interact with cytosolic chaperone

proteins which makes TFEB to remain in the cytosol P!, In starving condition, nTORC1
12



is inactivated and therefore allows for TFEB to translocate to the nucleus where it causes
the expression of multiple lysosomal and autophagy related genes including p62 and

LC3B P2,

Mitophagy in Liver Disease

Mitochondrial function and homeostasis are important in many different
processes in the body. Antioxidant systems are the primary way to ensure mitochondrial
function stays intact and prevent oxidative damage [*31. So, when the mitochondria or the
OXPHOS complex has been damaged, they are degraded by the mitophagy pathway [>4],
This pathway is widely regarded as a protective cover in the NAFLD progression.

In a healthy mitochondrion, phosphatase and tensin homolog-induced putative
kinase 1 (PINK1) is degraded by the matrix processing peptidase (MPP) and the

[33] Therefore, when the

presenilin-associated rhomboid-like (PARL) protease
mitochondrial is depolarized, PINK1 recruits Parkin onto the outer mitochondrial
membrane (OMM) %61, One of the most studied Parkin substrates in the OMM is the
voltage-dependent anion channel (VDAC), also known as mitochondria porin 7],
Therefore, when Parkin ubiquitinates VDAC, soluble autophagy receptors, such as p62,

(58], These mitophagy proteins contain ubiquitin binding

is recruited to the mitochondria
domain and a LC3-interacting region. Likewise, this means LC3 is involved in
mitophagy. Since there are several LC3 receptors located on the mitochondria, LC3 can

bind directly on the receptors and recruit autophagosomes to engulf mitochondria. In

NAFLD patients, mitochondria are enlarged and swollen with a loss of cristae %), In
13



NAFLD model mice, it has been shown that PINK 1 and Parkin have been significantly

downregulated and associated with the activation of mitochondrial-related apoptosis [6%,

Lipophagy in Liver Disease

As mentioned previously, the main feature of NAFLD is steatosis or high levels
of lipids in the form of lipid droplets (LDs). And lipophagy, also known as LD
autophagy, is the process responsible for lipid breakdown in the liver. The pathway starts
with protein-mediated engulfment of substance (i.e. portion or whole LD) within the
cytosolic double membrane of the vesicle, then there is tracking and transport of
autophagosome to the lysosome where the autophagosome and lysosome fuse together to
form an autophagolysosome. After the completion of the fusion, the substances that were
initially sequestered are degraded by lysosomal enzymes (i.e. lipases) such as lysosomal
acid lipase (LAL). LAL is active in acidic pH and mediates lysosomal degradation of
triglycerides, lipoproteins, and lipids 6],

Furthermore, lipophagy begins with cytosolic LC3 (LC3-I) being conjugated to
PE by Atg-7 and Atg-3 during the formation of autophagosomal membrane. This forms
LC3-II. And when the autophagosome fuses with the lysosome in the last steps, LC3-II is
degraded by lysosomal proteases. The degradation of LC3-II is used as a marker to show
reduced autophagy since an increase of LC3-II level is connected with an impairment in
the pathway (621, Also, p62/ SQSTMI1 is an autophagy receptor that is required for
selective macroautophagy (e.g. lipophagy) connecting polyubiquitinated cargo with

autophagosomes. Therefore, p62/SQSTMI1 represents another marker for autophagy. So,
14



if there is a buildup of this marker, it represents that the selective autophagy pathway has

not been properly functioning (31,

Apoptosis in Liver Disease

Apoptosis, or programmed cell death, is a cellular mechanism that leads to cells to
change morphology and eventually leads to its death. Caspases have apoptotic function.
And in NASH patients, active (i.e. cleaved) caspase 3 and 7 have been strongly correlated
with hepatocyte apoptosis and the progression of NASH 4. Caspase 3 in the liver is
known to cleave cytokeratin-18 (CK-18) which is a major intermediate fragment protein.
The generation of CK-18 is an indicator of patients with NAFLD and can lead to further
progression to NASH 931, Mallory-Denk bodies (MDBs) are also characteristic of NASH
and can help distinguish between relatively benign simple steatosis and more serious
progression NASH. Mice studies have shown that mice that have genetic overexpression
of CK-8 and consumption of high-fat diet triggered hepatocellular injury, ballooning,
apoptosis, inflammation, and MDB development (¢!, Furthermore, apoptosis in the liver
is associated with miR-34a/Sirtuinl (SIRT1)/p53 signaling in NASH [¢7], And the p53
and its transcriptional miR34a target have been shown to be involved in the pathogenesis
of fatty liver. So, if p53 is inhibited, there has been an increase in steatosis, associated
oxidative stress, and apoptosis in mice models of NAFLD [®8], Lastly, increased vimentin
fragments have been found in NASH patients and indicate apoptosis in the liver as well

[69]
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The aim of the thesis is to investigate a possible autophagy pathway that provides
a protective effect in mice models that have neutrophil elastase knocked out. It has been
shown in previous studies that inhibition of neutrophil elastase results in reduction in
insulin resistance but to explain why this occurs maybe due to upregulation of the
autophagy pathway. Some of the other pathways being looked at as mentioned in the
introduction include ER stress, mitophagy pathway, apoptosis pathway, mitochondrial

makers, and fibrosis marker
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METHODS
Both big and small gels of Western Blots have similar protocol, but the main

contrast is the initial steps.

Small Western Blot Gels

In order to prepare small gels, two 1.5mm gel plates are rinsed and cleaned to get
rid of any debris. One plate should be taller and have BIO-RAD 1.5mm written on it
while the other plate should be shorter with no writing. In order to hold the two pieces of
glass together, a green clamp is used with the shorter plate in the frontmost position. It is
important to make sure that the sides and bottom edge of the plates are lined up prior to
closing the clamp to prevent leakage. The green clamp is then placed on top of the clean
rubber strip. Furthermore, to test for leaks, pipette ~0.5mL of isopropyl alcohol between
the two plates. The next step is to prepare resolving gel and stacking gel solutions in two
separate beakers. The amount of each substance depends on what percentage-type of gel
is being run and how large the gel is. Table 1 is an example for 8% resolving gel, which
is typically run for the small gels in this thesis. 7mL is usually used for each gel. It is
important to note that TEMED should only be added right before the solutions are ready
to be poured in between the glass pieces. Using a pipette and moving from side to side,
pour water or 100% alcohol on the top of the resolving gel solution to even out the top
part of the solution. The resolving gel solution will take 30 minutes to solidify. The next
step will be to make stacking gel solution (Table 3). Once the solution has become solid,

pour off the water or alcohol into a tissue. Choose an appropriate comb with the
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appropriate number of wells, rinse it, and insert it between the two glass pieces. After
making the stacking gel solution, then add TEMED to the mix and pipette the solution
from one corner up the top of the glass. It is important to make sure that there are no
bubbles in the solution. Lastly, wipe off the excess solution and save the remaining

stacking gel solution to check when it gets.

Table 1. One 10mL 8% resolving gel solution

30 % Acrylamide 2.7mL

Resolving Gel Buffer 2.5mL

Water 3.8 mL
1% APS 1 mL
TEMED 12 uL

Big Western Blot Gels

In order to prepare big gels, two glass plates are rinsed and cleaned to get rid of
any debris. One plate should be taller while the other plate should be shorter. In order to
hold the two pieces of glass together, two white clamps are used with the shorter plate in
the frontmost position. It is important to make sure that the sides and bottom edge of the
plates are lined up prior to closing the clamp to prevent leakage. The whole structure is
then placed on top of the clean rubber strip. Furthermore, to test for leaks, pipette 1-2 mL

of isopropyl alcohol between the two plates. The next step is to prepare resolving gel and
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stacking gel solutions in two separate beakers. The amount of each substance depends on
what percentage-type of gel is being run and how large the gel is. Table 2 is an example
of 5% and 15% gradient gel, which is typically run for the big gels in this thesis. 17mL is
usually used for each gel. To mix the 5% and 15% solutions into the same gel, a mixture
apparatus is needed in order to ensure that the bottom part of the gel is 15% while the top
portion is 5%. It is important to note that TEMED should only be added right before the

solutions are ready to be poured in between the glass pieces.

Table 2. One 17 mL for 5% and 15% resolving gel solutions

5% 15%
30% Acrylamide 2.83 mL 8.50 mL
Resolving Gel Buffer 4.25 mL 4.25 mL
Water 9.4 mL 3.73 mL
1% APS 0.56 mL 0.56 mL
TEMED 8 uL 8 uL
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Table 3. Stacking gel solution for one big gel or two small gels. This amount should
provide stacking gel solution for two small gels and one big gel.

30 % Acrylamide 1.6 mL

Stacking Gel Buffer 2.5mL

Water 3.24 mL
1% APS 0.66 mL
TEMED 15ul

Then pipette and move from side to side. Next, pour water or 100% alcohol on the
top of the resolving gel solution to even out the top part of the solution. The resolving gel
solution will take one hour to solidify. The next step will be to make stacking gel solution
(Table 3). Once the solution has become solid, pour off the water or alcohol into a tissue.
Choose an appropriate comb with the appropriate number of wells and rinse it. After
making the stacking gel solution, then add TEMED to the mix and pipette the solution
from one corner up the top of the glass. Then add the comb. It is important to make sure
that there are no bubbles in the solution and to wipe off the excess solution.

The remaining portion of the protocol for both small and big gels will be the
same.

After the stacking gel has set, which will take about 30 minutes, the next step is to
rinse the glasses with water and set them up in the appropriate running buffer container.
Afterwards, gently take off the combs and pour 1x Running Buffer between the two glass

plates until it reaches the top. The next step is to load the samples. Make sure prior to
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loading the samples have been fully defrosted and have recorded how the gels will be
loaded. Also, it important to add 1x Running Buffer in the container so that the lower
portion of the glass pieces have been covered and that there are no leakages from the top
of the glasses as well. Then use the tips from the blue/white box and pipette the desired
amount of marker into the well. In order to prevent air bubbles when pipetting, pull the
tip out of the gel when there is only a few of the sample left in the tip. This still will be
repeated for all the samples and loading markers. The starting voltage for the gels can be
35V. In order to speed up the running time, the voltage can be increased. Once the
samples are as close as possible to the bottom edge of the plate without spilling into the
running buffer, turn off the machine.

The next part will be to transfer the samples to the nitrocellulose membrane. Grab
two pieces of paper, a tray, the 1x transfer buffer, the transfer cassette with the black and
white fabric, and nitrocellulose membrane. The first step will be to cut the membrane and
paper to the appropriate size. For a small gel, the membrane and paper should measure
Scm x 9cm. For a big gel, it should measure 13cm x 17cm. There will be four pieces of
paper (two on each side of the membrane) and one membrane will be used for one small
gel. As for big gels, two pieces of paper (one for each side) and one membrane will be
used. The next step will be to fill a tray halfway with the transfer buffer, carefully
separate the gel from the glass plates, and place the gel in the transfer buffer. The pieces
of paper will go behind the gel and then on top of the gel, the nitrocellulose membrane is
placed. The remaining paper will be used to cover the membrane. It is important to use a

rolling type of tool to remove all air bubbles between each layer. Afterwards carefully
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transfer the layers all together onto the black and white mesh. The gel should be on the
black side while the membrane should be on the white side. The black and white mesh
should be put in the appropriate transfer box and in the right direction (i.e. red to red and
black to black). Then 1x transfer buffer is poured into the container until the cassette is
submerged. Cover the box and put it into the fridge. For two big gels, the the current is
set to 400 mA for five hours while for small gels current is set the current to 400mA for
one gel or 500-600mA for two gels. This process for small gels can either be ran for 2-3
hours or for overnight at 160 mA.

Once the transfer period is over, pour back the transfer buffer into its appropriate
container and place the membranes on a clean glass surface to cut the membrane(s). First,
remove the membrane from the transfer cassette. Cut the sides of the membrane off,
leaving only a little space between the edge of the cut membrane and the protein markers.
Using a pencil, write over the makers and cut the membrane into strips corresponding to
the appropriate molecular weight (kDa) that the antibodies appear. It’s important to write
the antibody on the edge of the strip and cut the right corner off to denote the left side and
right side of the membrane. Use forceps to transfer the strip into the appropriate container
and make sure that the membrane doesn’t dry out. Repeat these steps for all the
membranes. The next step is to make 4% BSA solution for blocking, which for 300mL of
blocking solution it is 300 ml of 1x TBST plus 12g (4%) of BSA powder and 0.3 grams
(0.1%) of sodium azide. Once the blocking solution is made, pour the 4% of BSA

solution into the container so each membrane is covered. Put the membrane on the shaker
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in for thirty minutes. After thirty minutes pour out the 4% BSA solution and rinse the
membranes with water.

Next, pour the desired primary antibody solution over the membrane. Put the
container on the shaker in the 4° fridge for overnight. Once that step is completed, pour
the primary antibody solution back in their appropriate falcon tube to be stored in the
fridge for re-use. Wash the membranes with IxXTBST 3 times for 10 minutes each and
then rinse the membrane with water. Then pour secondary antibodies in the appropriate
container with membranes. The secondary antibody is made up of 1xTBST and
secondary antibody. So for example, if the primary antibody is goat, anti-goat secondary
antibody will be needed. The anti-goat secondary has a dilution of 1:10,000 and 0.1% of
BSA powder needs to be added as well. As for the other secondary antibodies, the
dilutions are: anti-rabbit is 1:7,500 dilution, and anti-mouse is 1:10,000 dilution. After
pouring the secondary, place the membranes on shaker for 1 hour and 30 minutes.
Afterwards, pour out the secondary into a sink and rinse the membranes in water. Pour 1x
TBST back on to the membrane for 10 minutes for 3 times and then rinse in membrane in
water.

The next step is about imaging. The first thing to do is get a cassette sheet
protector and cut off the top, bottom, and left of the sheet protector. Make the ECL
solution using equal amounts of stable peroxide and luminol/enhancer into a falcon tube.
It is necessary to cover the falcon tube with aluminum foil to protect from light. Then
place wrapping paper on a table and pipette ECL solution enough to cover each

membrane. Pick up membrane, dab the membrane out on tissue to remove excess liquid,
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and place the membrane face down on the plastic wrap so that the ECL solution touches
side of the membrane where the sample is located. This step will need to be repeated for
all membranes. After placing all membranes down, set a 3-minute timer before picking
up the membrane and placing the membranes with the protein side faced-up on the sheet
protector and in the proper molecular weight order. Then place the sheet protector in the
cassette.

Lastly, take the cassette to the imaging room and click on ImageQuant 4000
machine icon. Then make sure the lights are off and open the cassette. Afterwards place
the sheet protector into the machine. It is important to wipe the sheet protector to get rid
of air bubbles that maybe around the membrane. If the bands are too dark, use a lesser
exposure time. If the bands are too light, use a higher exposure time. Then finally make
sure to save each membrane in a file labeled with its antibody, sample date, and exposure

time.
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RESULTS

Mouse models were used to demonstrate the effects of neutrophil elastase on
obesity related tissue damage. The mice were split into 4 conditions. The 4 conditions
were wild-type normal control diet (WT-NCD), wild-type high-fat diet (WT-HFD), wild-
type high-fat high-fructose diet (WT-HFHF), and neutrophil elastase knockout mice high
fat high fructose diet (NEKO-HFHFD). Each experiment had between 6-7 mice. NCD
mice were fed a normal chow diet pellet. HFD mice were fed a high fat diet pellet. HFHF
mice were fed a high-fat and high-fructose pellet. NEKO-HFHFD mice were ones that
had the NE gene knocked out and were subsequently fed a high-fat high-fructose pellet.

As mentioned previously, mTOR is a master regulator of the autophagy pathway.
When mTORCI1 complex is activated, then autophagy is inhibited. Another master
regulator is AMPK, and when this is activated so is autophagy. However, downstream
both AMPK, which activates, and mTOR, which inhibits, ULK1 by phosphorylation.
ULK1 is involved in initiation stages of autophagy. In figure 2, the HFD group shows
significant greater intensity than the NCD group on the p-ULK1 S317 membrane. The
HFHFD group also shows significant greater intensity than the NCD group on the p-
ULK1 S317 membrane as well. This may suggest there is upregulation of autophagy in
certain diets that are high in fat or high in fat and high in fructose to provide a
maintenance effect. Lastly, the NEKO-HFHFD group shows significant greater intensity
than the HFHFD group on the p-ULK1 S317 membrane. This may point to the fact that
there is a significant increase in autophagy, or at least in its initial stages, when neutrophil

elastase in knocked out in diets that are high in fat and high in fructose. This aligns with
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the hypothesis that there is upregulation of autophagy in NEKO-HFHFD groups in order

to provide a protective effect against scarring and further progression of liver disease.
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Figure 2. p-ULK1 and ULK1 Western Blot Data. 35 pL of each sample from each
group loaded onto gel. The sample groups include NCD, HFD, HFHFD, NEKO-
HFHFD from mice sample collected on 07/26/19. Both primary antibodies, p-ULK1
(S317) and ULK1, are from Cell Signaling and is Rabbit antibody (1:1000 dilution).
(a) top membrane shows p-ULK1 Serine 317 phosphorylation site cell signaling in
the four different groups, and bottom membrane shows ULK1 protein level in the
four different groups. (b) shows quantified measurement of p-ULK1 S317 band
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based on average area of intensity for each group. (c) shows quantified
measurement of ULK1 band based on average area intensity for each group. * p <
0.05 based on two-tailed t-test.

Also shown on figure 2, is the ULK1 membrane and its quantification. The same pattern
is shown compared to its phosphorylated counterpart. The HFD and the HFHFD groups
compared to the NCD group each shows significant increase of intensity. This may
suggest increase of protein levels of ULK1, hence increase of autophagy markers, in diets
that are high in fat or high in fat and in fructose as a maintenance effect. Lastly, the
NEKO-HFHFD group has a significantly higher intensity in the ULK1 band when
compared to the HFHFD group. This could mean that there is a higher protein level when
neutrophil elastase in knocked out in high fat and high fructose diets. This boosts the
hypothesis that there is upregulation of autophagy in NEKO-HFHFD groups in order to

provide a protective effect against scarring and further progression of liver disease.
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Figure 3. p-ATG14 and ATG14 Western Blot Data. 35 pL of each sample from each
group loaded onto gel. The sample groups include NCD, HFD, HFHFD, NEKO-
HFHFD from mice sample collected on 07/26/19. Both primary antibodies, p-ATG14
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and ATG14, are from Cell Signaling and is Rabbit antibody (1:1000 dilution). (a)
top membrane shows p-ATG14 cell signaling in the four different groups, and
bottom membrane shows ATG14 protein level in the four different groups. (b)
shows quantified measurement of p-ATG14 band based on average area of intensity
for each group. (c) shows quantified measurement of ATG14 band based on average
area intensity for each group. (d) shows ratio of p-ATG14 (P) over ATG14 (T) based
on average area of intensity for each group. * p < 0.05 based on two-tailed t-test.
Along with the activation of the ULK1 complex (includes ULK1, ATG101,
ATGI13, and FIP200), PI3K complex is also needed to be activated in order for
phagophore formation to occur. The PI3K complex includes ATG14, Beclin-1, Vps34,
and Vpsl5. ATG14 is a downstream target of ULK1. ATG14 can be activated by when it
is phosphorylated by ULK 117%, As shown in Figure 3, the HFD group shows lesser
amount of intensity than the NCD group on the p-ATG14 membrane; however, this
comparison is not significant and has a p-value greater than 0.05; therefore, the data
comparison suggests that there is no relationship between the two groups and is due to
chance. The HFHFD group also shows lesser intensity than the NCD group on the p-
ATG14 membrane as well. This may suggest, again, that there is no relationship between
the two groups since the p-value is also greater than 0.05. Lastly, the NEKO-HFHFD
group shows lesser amount of intensity than the HFHFD group on the p-ATG14
membrane. This data comparison is also not significant to conclude any valuable
information on autophagy and whether or not it is upregulated when neutrophil elastase is
knocked out. Also shown on figure 3, is the ATG14 membrane and its quantification. The

same pattern is shown compared to its phosphorylated counterpart. The HFD and the

HFHFD groups compared to the NCD group each shows lesser amount of intensity. Since
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this data comparison is not significant (i.e. p-value greater than 0.05), this may suggest
that the comparison between the groups draws no significant conclusion and that there
may not be an increase of ATG14 protein levels in in diets that are high in fat or high in
fat and in fructose as a maintenance effect. Lastly, the NEKO-HFHFD group has a lesser
intensity in the ATG14 band when compared to the HFHFD group. This data
comparison, again, is not significant and no certain conclusion can be drawn. Since the p-
value is greater than 0.05 between the HFHFD and the NEKO-HFHFD group, it cannot
be concluded that that PI3K pathway, at least at the protein level of ATG14, is
upregulated when neutrophil elastase is knocked out in HFHFD group. Despite the lack
of significance in the previous data related to p-ATG14 and ATG14, the quantified ratio
of p-ATG14 and ATG14 shows a slightly different story. In fact, when looking at the P/T
ratio when comparing the HFHFD group to the NCD group, there is a significant increase
in the HFHFD group. This may suggest that there is more p-ATG14 occurring in the
HFHFD group relative to its protein level when compared to the NCD group; therefore,
this groups may experience more upregulation of autophagy. However, when comparing
P/T ratio of the NCD group to the HFD group, there is no significant different so this may
suggest, as previously, mentioned any real difference between the groups. Lastly, the P/T
ratio of the NEKO-HFHFD group and the HFHFD group also has a p-value greater than
0.05. This means no significant difference between the groups was found and the null
hypothesis is not rejected.

Furthermore, the next part of autophagy pathway is the transformation of a

phagophore to an autophagosome, which involves LC3 and ATG12-ATG5-ATG16L
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complex. This part of the pathway begins with LC3-I being formed when ATG4 binds
with LC3. Then LC3-I and ATG4 bind with ATG7 to form LC3-II. Both LC3-I and LC3-
IT are shown in figure 4. LC3-I is the top band, and the bottom band is LC3-I1.
Furthermore, figure 4 also notes the quantification of LC3-I and LC3-II in all four
groups. The HFD group shows greater amount of intensity than the NCD group on the
LC3-I bands; however, this comparison is not significant and has a p-value greater than
0.05. Therefore, the data comparison suggests that there is no relationship between the
two groups and is due to chance. The HFHFD group also shows greater amount of
intensity than the NCD group on the LC3-I bands as well. This may suggest that there is
no relationship between the two groups since the p-value is greater than 0.05. Lastly, the
NEKO-HFHFD group shows greater amount of intensity than the HFHFD group on the
LC3-I bands. This data comparison is also not significant to conclude any valuable
information on autophagy and whether or not it is upregulated when neutrophil elastase is
knocked out. Also shown on figure 4, is the LC3-II bands and its quantification. The
same pattern is shown when comparing the HFD group and the NCD group. There is an
increase in intensity in the HFD group but it’s not significant. However, the HFHFD
group compared to the NCD group is shown to be significant. The HFHFD group shows
greater intensity compared to the NCD group. This may suggest a maintenance
mechanism related to autophagy in the HFHFD group due to high fat and high fructose.
Lastly, when comparing the NEKO-HFHFD and HFHFD group, there is a significant
difference between the intensity. The NEKO group has a significantly higher intensity

compared to the HFHFD group. This may suggest that there is upregulation of autophagy
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pathway and autophagosome formation when neutrophil elastase is knocked in HFHFD.
This further supports the hypothesis that there is upregulation in the NEKO-HFHFD

group.
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Figure 4. LC3-1 and LC3-11 Western Blot Data. 35 pL of each sample from each
group loaded onto gel. The sample groups include NCD, HFD, HFHFD, NEKO-
HFHFD from mice sample collected on 07/26/19. Both primary antibodies, LC3-I
and LC3-11, are from Cell Signaling and is Rabbit antibody (1:1000 dilution). (a) top
band shows LC3-I in the four different groups, and bottom band shows LC3-II in
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the four different groups. (b) shows quantified measurement of LC3-I band based
on average area of intensity for each group. (c) shows quantified measurement of
LC3-11 band based on average area intensity for each group. * p < 0.05 based on
two-tailed t-test.

Along with LC3-1II being formed in order to create an autophagosome, ATGS is
also important component for that process. As mentioned previously, the transformation
of a phagophore to an autophagosome, involves LC3 and ATG12-ATG5-ATG16L
complex. As shown in figure 5, the HFD group shows greater amount of intensity than
the NCD group on the ATGS membrane; however, this comparison is not significant and
has a p-value greater than 0.05. Therefore, the data comparison suggests that there is no
relationship between the two groups and is due to chance. The HFHFD group also shows
greater amount of intensity than the NCD group on the ATGS band membrane as well.
This may suggest that there is no relationship between the two groups since the p-value is
greater than 0.05. Therefore, no conclusion can be drawn on autophagy upregulation in
HFD and HFHFD groups. Lastly, the NEKO-HFHFD group shows significant greater
amount of intensity than the HFHFD group. This data comparison is significant since the
p-value is less than 0.05. This data comparison may suggest upregulation of autophagy, at
least autophagosome formation, when neutrophil elastase is knocked out in HFHFD

group. This further supports the hypothesis that autophagy, in order to protect cells and

maintain homeostasis, is increased in the NEKO-HFHFD group.

33



(a) NEKO- NEKO-
NCD HFD  HFHFD HFHFD NCD  HFD HFHFD HFHFD
L A A 1 A A

r Ll pr—

ATGS ..0."""."--.-.0.“‘

(b)

2
-

"~
H
-
—

ATGS Avg Areaof Intensity
ks
-

1000

S0

NCD HFD HFHFD NEKO-HFHFD

Groups

Figure 5. ATGS Western Blot Data. 25 pL of each sample from each group loaded
onto gel. The sample groups include NCD, HFD, HFHFD, NEKO-HFHFD from
mice sample collected on 07/26/19. The primary antibody, ATGS, is from Cell
Signaling and is Rabbit antibody (1:1000 dilution). (a) shows ATGS membrane in
the four different groups. (b) shows quantified measurement of ATGS membrane
based on average area of intensity for each group. * p < 0.05 based on two-tailed t-
test

Vimentin is an intermediate filament and a fibrosis marker. As shown in figure 6,
the liver samples from NCD and HFD groups have no difference in vimentin protein
levels. However, the HFHFD group shows greater amount of intensity compared to the
NCD group. Statistically, the two groups are significantly different since the p-value is
less than 0.05. Therefore, it is possible that fibrosis is increased in HFHFD group. Data
obtained by other members in our lab support this conclusion. Lastly, the NEKO-HFHFD

group shows significant less amount of vimentin protein than the HFHFD group. This
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data comparison is significant since the p-value is less than 0.05 and supports the notion
that NEKO mice are resistant to diet-induced liver fibrosis. This data comparison may
suggest upregulation of autophagy upstream leading to less fibrosis in the NEKO-
HFHFD group. The HFHFD group (i.e. when NE is not knocked out) shows greater
amount of intensity on the Vimentin antibody which may suggest that autophagy might

not be functioning properly or there is another upstream issue in HFHFD group.
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Figure 6. Vimentin Western Blot Data. 35 pL of each sample from each group
loaded onto gel. The sample groups include NCD, HFD, HFHFD, NEKO-HFHFD
from mice sample collected on 07/26/19. The primary antibody, Vimentin, is from
Cell Signaling and is Rabbit antibody (1:1000 dilution). (a) shows Vimentin
membrane in the four different groups. (b) shows quantified measurement of
Vimentin membrane based on average area of intensity for each group. * p <0.05
based on two-tailed t-test
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DISCUSSION

In brief recap, obesity has become a worldwide issue as calorie intake exceeds
calorie burn-off. Increase in prevalence of obesity in the population, increases the risk of
liver diseases such as NAFLD. The progression of NAFLD can lead to NASH and,
eventually to an irreversible step, cirrhosis. Benign liver injury is not an issue; however,
more chronic liver injury, as in the case of NAFLD, can lead to overexposure to the
immune system, which can cause damaging effects to the liver. The increased levels of
neutrophils, and therefore neutrophil elastase, in the liver can cause liver cells to become
dysfunctional. Likewise, autophagy has been known to provide protection to the body by
getting rid of harmful and leftover substances in cells in order to maintain cellular
homeostasis. The autophagy pathway begins with upstream signaling from master
regulators such as AMPK and mTOR. Next, a phagophore is formed from other
organelles in the body such as the ER or Golgi. After further activation by the ULK1
complex and PI3K complex, an autophagosome can be assembled. LC3 and ATG
complex are then required in order for the autophagosome to be completely assembled.
The final steps include a lysosome fusing with the autophagosome. This creates the
autolysosome, which will then degrade and recycle the material that was engulfed earlier
from the cytosol. There are also specific kinds of autophagy such as mitophagy and
lipophagy which are important in mitochondrial and lipid maintenance in the body.
However, for the purposes of this thesis, the main focus was on the autophagy pathway.

Furthermore, in order to explain this protective phenomenon several western blot

experiments were completed using liver samples collected from four different mice
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models. The four conditions were WT-NCD, WT-HFD, WT-HFHF, and NEKO-HFHFD.
Although any conclusion for determining autophagy upregulation when neutrophil
elastase is knocked out for protective effects or in certain diet group for maintenance
effects, some suggestions can be made for further investigation. Based on the results, p-
ULK1 (S317), LC3-11, and ATGS5 showed significantly higher levels of intensity in the
NEKO-HFHFD group when compared to the HFHFD group. This does suggest that the
autophagy pathway was activated and significantly upregulated when neutrophil elastase
was knocked out. Also, protein level of vimentin, a biomarker of fibrotic activation in the
liver, is also inhibited in NEKO mice. Our data suggested that activation of autophagy
pathways in NEKO mice may lead to the protective effect on diet-induced liver fibrosis.
Further studies will need in order to reproduce same results and to explain the protective

effect seen when NE is not present.

Limitations

Some of the limitations in the experiments and getting the results out was due to
technical issues of making sure the bands on the membrane were clear and reliable.
Although many primary antibodies were used, not all data and antibodies were able to
make it onto to thesis in order to ensure scientific integrity and to place reliable and
reproducible data. For example, during the earlier days of running western blots,
sometimes the primary antibody for overnight incubation did not fully cover the
membrane, which caused uneven amount of primary antibody to spread. This error made

the final image of the membrane lopsided with one side of the membrane having a signal

37



and the other side not having a signal, or at least a weak signal. Another technical issue
was making sure the gradient gel actually was a gradient gel. The purpose of the gradient
gel is to have the higher concentration, which was 15% concentration of the resolving
gel, to be at the bottom while lower concentration, which was the 5% concentration, to be
at the top of the gel. Unfortunately, many of the times when the big gel was running, the
top portion of the gel didn’t produce good results. The top portion of the resolving gel is
important for high molecular weight antibodies such as p-mTOR and p-ACC. The p-
mTOR antibody was particularly an important marker since it is a master regulator of the
autophagy pathway. Another limitation on top of the technical issues was time constraint.
Big western blot gels take three days to complete from making the gel to taking images.
Every day of those three required patience and delicate skills in order to ensure decent
results. If a mistake was made during any of those three days, further delays would ensue.
Repetition of the same experiments also put constrain on the sample, since the sample
was limited. The experience has been a great learning experience in terms of learning
technical skills in the lab but also soft skills such as researching about the antibodies that
are being used, how the antibodies connect in the autophagy pathway, and

communication skills.

Future Directions
To further move this project along, more cell-signaling pathways will need to be

explored and more antibodies will need to be used. For example, one of the pathways that

is important in connecting with autophagy and liver disease would be exploring
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mitophagy pathway. As mentioned in the introduction, mitophagy is a specific type of
autophagy related to the mitochondria, and in order for cells to remain healthy and to
control mitochondrial health, mitophagy is stimulated so that the mitochondria can be
recycled and can preserve ATP production 7Y, Mitophagy markers that can be further
explored are: VDACI, p62/SQSTM1, PINK1, and Parkin. The other pathway that can be
explored to help explain the hypothesis and prove upregulation of autophagy is
lipophagy. Lipophagy is another specific type of autophagy that leads to the degradation
of intracellular lipid droplets. One of the lipophagy markers to further explore would be
LAMP2. LAMP2, as mentioned before, is a component of lysosomal membranes,
involved in lysosomal stability, and is another regulator in the autophagy pathway.
Another lipophagy marker would be LAL. So, when LDs are engulfed by the lysosome,
they are broken down by lipases such as LAL. LALs can catabolize triglycerides and
cholesteryl esters. Additionally, more western blots will need to be to solidify data on
both those mentioned in this thesis and data that has been mentioned in other studies.
Some of those antibodies include p-mTOR, mTOR, p-ACC, ACC, p-PERK, PERK,
PARP, p-AMPK, AMPK, p-Beclinl, Beclinl, p-AKT, AKT, PARP alpha, TFEB, Sirtl,
Leptin Receptor, Caspase 3, ATG13, p-P70S6K, P70S6K, p-S6RP, and S6RP.

Besides western blots, different sample groups might be used to study this
autophagy phenomenon in hepatic stellate cells. Also, tissue staining using
immunohistology to further examine tissue morphology changes among groups. Electric
microscopy is another direction that can be taken to provide a better visual on organelles

in the cell such as mitochondria and lysosomes.
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