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Chapter 1

Aging, Inflammation, and Cellular Senescence



Introduction

The aging population and chronic disease

Advancements in science and technology have extended human lifespan
significantly over the last century alone. The average lifespan in the United States is
approaching 74 years in men and 79 years in women, an increase from 48 and 50
years respectively at the turn of the century (National Center for Health Statistics,
2004). In a report published by the U.S. Census Bureau, it is projected that by the
year 2030, the U.S. population over the age of 65 will constitute 19.6% of the total
population. This shift is unprecedented when one considers that this age group only
constituted 12.4% of the total population in 2010 (U.S. Census Bureau, 2010). This
change in demographics ushers in new challenges and complications, many of which
revolve around the increased prevalence of chronic disease.

While biological aging is not considered a disease, advancing age
significantly increases the risk for chronic diseases. The Centers for Disease Control
reports that in 2010, seven of the top ten leading causes of death in the U.S. were
chronic illnesses, such as cardiovascular disease, cancer, respiratory disease, stroke,
Alzheimer’s, and diabetes. Both the transition in demographics and increase in
chronic disease occurrence together pose an immenint threat on the United States’
health care system, especially since it is estimated that 25% of individuals over the
age of 65 have two or more chronic diseases (Death and Mortality, 2016).

Considering that treatments for said chronic diseases accounts for nearly two-thirds of
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the nation’s health care spending, the significant increase in the aging population will
place an ever-increasing burden on the national public healthcare costs and
infrastructure (Public Health and Aging, 2010). As chronic illness is both debilitating
to the nation’s healthcare budget and reduces the quality of life of millions of
Americans, it is pertinent that steps must be taken to better understand the

mechanisms responsible for the pathogenesis of chronic diseases.

Chronic Inflammation

A major hallmark of aging is an overall decline of bodily functions. For
mammals, this degeneration may lead to heart failure, neurodegeneration, muscular
atrophy, and several other disorders (Campisi, 2013). Moreover, aging is one of the
greatest risk-factors for chronic diseases (L6pez-Otin, 2013). While there is no
definitive cause for aging and chronic disease acquisition, several theories exist that
attempt to explain both of these phenomena. Chronic inflammation is one such
process that may play a significant role in tissue damage and disease. Chronic
inflammation should not be confused with acute inflammation, which is the immune
response that is characterized by a rapid infiltration of macrophages at a wound or
infection (Diegelmann, 2004). This acute response contributes to wound healing,
pathogen clearance, and is essential for survival (Feghali, 1997). Chronic
inflammation, which is known as “sterile inflammation” occurs in the absence of
pathogens (Kubes, 2012). Furthermore, chronic inflammation is a low-grade form of

inflammation that accompanies advanced age and may play a critical role in tissue
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fibrosis, dysfunction, and death (Baylis, 2013). The mechanism responsible for tissue
death is attributed to inadequate clearance of both damaged cells and immune cell
from the tissue, leading to an increased deposition of dysfunctional cells, destructive
factors, and reactive oxygen species (Deigelmann, 2004). Additionally, the factors
released by immune cells as part of the chronic inflammation response can
manipulate the microenvironment of the tissue, resulting in further cellular
dysfunction by disrupting nearby healthy cells (Rodier, 2011). Previous investigations
have elucidated a correlation between chronic inflammation and several chronic
diseases such as heart disease, cancer, neurodegeneration, and diabetes (Salminen,
2012). Although it has been established that chronic inflammation accompanies the
aging process and may play a part in its onset, it is still unknown as to which factors

contribute the most to the promotion of age-related inflammation.

Cellular senescence

One process that may exacerbate chronic inflammation is cellular senescence.
Cellular senescence was first described by Hayflick, who found that there is a finite
number of cellular divisions before cells would cease dividing in vitro (Hayflick,
1961). While cellular senescence was first thought to only be a cell culture artifact, it
has been since shown to occur in vivo. Cellular senescence is one cell fate that can
occur in response to a stressor such as oxidative stress, DNA damage, genotoxic

stress, and mitochondrial dysfunction among other things (Coppé, 2010). A major
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hallmark of cellular senescence is the essentially permanent arrest in cellular
proliferation (Nair, 2015). Once a cell is in this non-replicative state, it remains
metabolically active, and can release pro-inflammatory agents as part of its Senescent
Associated Secretory Phenotype, or SASP (Coppé, 2010). Chemicals released as part
of the SASP (which includes peptide hormones, exosomes, cytokines etc.) helps
recruit immune cells to the site of the damaged tissue (Re, 2009). This response has
been shown to not only speed up wound repair, but also promote tissue formation in
young, healthy organisms (Demaria, 2014). It is hypothesized that cellular senescence
is a mechanism that suppresses cancer proliferation by inhibiting cellar division and
by promoting inflammation at the site of tissue damage, which, supposedly, should
result in clearance of the potentially cancerous cells (Coppé, 2008). While this
mechanism is important for the survival of an organism, particularly in young
organisms, it seems apparent that senescent cells are not cleared as efficiently as an
organism ages, thus they have been observed to accumulate in certain tissues with
increasing age (Nair, 2015). For instance, it has been previously determined that
human fibroblasts are capable of undergoing cellular senescence and have been found

to accumulate with advanced age (Dimri, 1995).

Markers for cellular senescence

One hallmark of cellular senescence is increased lysosomal activity at sub-
optimal pH levels (Rayess et al, 2015). Lysosomes of most cells contain -

galactosidase, an enzyme that normally participates in the catabolism of complex
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carbohydrates. In normal, non-senescent cells, this enzyme has an optimal pH
between 4.0-4.5. However, in senescent cells, this enzyme is able to fully function at
pH levels around 6.0 (Kurz, 2000). A staining solution at a pH between 5.9 and 6.1
can be applied to a sample of cells; if senescent cells are present, the B-galactosidase
in these lysosomes will cleave a substrate in the staining solution within this pH
range, producing a blue precipitate (Kurz, 2000). While -galactosidase is commonly
used as a marker for senescence, it has also received criticism for not being highly
specific for senescent cells (Severino, 2000). For the purposes of this investigation, [3-
galactosidase will serve as an acceptable marker of senescence. This investigation
also examined components of the SASP response as a marker of senescence and
inflammation.

Additional markers for cell senescence that were not employed in our studies
includes elevated levels of p53 and p16 (proteins involved in cell cycle regulation),
telomere shortening, pro-inflammatory agents (such as cytokines and interleukins)

and senescence-associated heterochromatic foci (Jesus, 2012).

Exosomes and miRs 146a and 155

Exosomes are small vesicles (40-100 nm) that are released via endocytosis by
various cell types including but not limited to: immune cells, tumor cells, epithelial
cells, and dendritic cells (Xu, 2013). It has also been found that senescent cells
release a variety of contents as part of the SASP response, and one of these released

products includes exosomes (Lehmann, 2008). Exosomes are formed intracellularly
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and are released by the inward budding of the endosomal membrane, which can then
fuse to the plasma membrane of nearby cells (Esser, 2010). Furthermore, exosomes
are believed to play a role in cell-signaling (Xu, 2013) and have also been found to be
released during the early stages of apoptosis (Mathivanan, 2010). Prior studies have
found that exosomes released by macrophages and dendritic cells can contain
enzymes that contribute to the synthesis of leukotrienes, which are a class of
proinflammatory lipid mediators (Esser, 2010). Additionally, exosomes are known to
contain a variety of different types of cargo, including but not limited to: cytosolic
proteins (such as tubulin and actin), intracellular membrane fusion and transport
proteins (such as annexins and Rab proteins), metabolic enzymes (such as
peroxidases, pyruvate kinases, and lipid kinases), heat shock proteins (HSPs, such as
HSP70 and HSP90), tetraspanins, integrins, mMRNA, and miRNA (Thery, 2002). The
last component listed, miRNA, is of particular interest to this thesis project.
miRNAs are short (approximately 19 to 22 nucleotides long), non-coding
segments of RNA that serve a variety of regulatory functions (Doxaki, 2014).
Exosomes have been shown to contain large quantities of miRNAs and are believed
to play a role in preventing the degradation of miRNAs and to help facilitate their
transport to neighboring cells (Han, 2015). Two specific miRNAs were of particular
interest to our endeavors: 146a and 155. miR-146a is known to be involved in the
negative feedback loop that prevents overexpressing and secretion of
proinflammatory agents (Olivieri, 2015). miR-146a also plays an important part in
macrophage activation (Vergadi, 2014). miR-155 is known to regulate T-cell fitness

and acts as an anti-inflammatory factor (Huffaker, 2012).
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Using QPCR, it is possible to detect relative levels of the miRs 146a and 155
from exosomes found in young and old rat hepatocytes. These miRs will not only
serve as additional markers of cellular senescence in the liver, but will also give
insights as to what pro-inflammatory products are being released by aged liver cells.
We hypothesize that there is an upregulation of both miR-146a and miR-155 in the

aging rat liver.

Objectives

It is unknown at this time as to what factors contribute the most to chronic
inflammation. We suspect that cellular senescence plays a pivotal role in chronic
inflammation and the aging process. While it is known that senescent cells
accumulate in human skin fibroblasts, there is still relatively little evidence on
senescent cells accumulating in metabolic organs. The primary objective of this
investigation was to determine if cellular senescence occurs in the liver, a highly
metabolic organ. The liver is an appropriate organ system to study in the context of
aging, since it is known to have a progressive decline in functionality with age. Our
studies suggest that there is indeed not only senescent cells present in the rat liver, but
that senescent cells accumulate in the liver with age. The next objective was to
determine if two important pro-inflammatory agents, miR-146a and miR-155, were
elevated in the aging rat liver. After exosome and miRNA isolation, it was
determined that there was an elevation in both of those miRNAs in the exosomes

from old rat hepatocytes compared to levels found in exosomes isolated from young
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rats. The final objective was to evaluate the effectiveness of a potential therapy for

cellular senescence.
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Chapter 2

Cellular Senescence and the Aging Liver



Introduction

The liver as a model for aging

Prior investigations have suggested that the liver experiences several drastic
changes with age, many of which lead to damage and loss of function (Sersté, 2006).
We chose to study aging in the context of the liver because the liver is such an
essential organ that serves may vital functions. These functions, which include
metabolism, glucose storage, detoxification, medication clearance, bile production,
and protein synthesis, are known to decline with age. Given this known patter of
decline and the significance of the liver for maintaining overall health and wellbeing,
it becomes necessary to investigate the liver in the context of aging in order to better

understand the mechanisms that leads to its inevitable decline in functionality.

The liver and its microanatomy

The liver is organized in functional units known as lobules (Fig. 1). At the
center of each lobule is the central vein. Branches leading to the central vein are
called sinusoids, and are designed to channel blood from the portal veins and hepatic
artery to the central vein (Bowen, 2003). At the periphery of the lobules are portal
triads, which contain a hepatic artery, portal vein, bile duct, lymphatic vessels, and a
branch of the vagus nerve (Bowen, 2003). The structures listed above are illustrated

in Figure 1.
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Lobule of the Liver

Hepatic sinusoid

Hepatocyte
Interlobular vein

Interlobular artery

Central vein

Figure 1: View of a single lobule, the functional unit of the liver. Hepatocytes (parenchymal
cells) reside peripherally to the sinusoids, which are lined with endothelial cells. Prior
studies have found increased infiltration of immune cells around the areas near the
interlobular and central veins associated with age. Image Courtesy of Fontana et al., 2015.

Lobules are composed of two major cell types: parenchymal and non-
parenchymal cells (Krishna, 2013). Parenchymal cells (hepatocytes) constitute nearly
80% of the cell volume of the liver and have several functions including bile
production, protein synthesis, and detoxification (Kmie¢, 2001). In addition to the
lobule, there is also the microvascular unit of the liver is known as the acinus (not
shown in Fig. 1). This unit is a collection of parenchymal cells that are grouped
around the terminal branches of arterioles and the portal venule. It is through this
region that oxygen and nutrients are exchanged between the blood vessels and the
liver (Lautt, 2009).

Non-parenchymal cells includes Kupffer cells, sinusoidal endothelial cells,
stellate cells, and pit cells (Knolle, 1995). Among their many functions, non-
parenchymal cells play an important role in the inflammatory response in the liver by

releasing a large amount of cytokines (Hasmall, 2000). Cytokines are inflammatory
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mediators that have been found to influence hepatocyte functions (Ramadori, 2001)
and are associated with the development of chronic liver diseases such as alcoholic
liver disease (Seo and Jeong, 2016). Additionally, prior studies have also shown that
there are significant immune cell clusters located primarily near the central and portal
veins and appear to accumulate with age (Singh, 2008). This infiltration supports the
idea that the mammalian liver is under an inflamed state that can potentially lead to
cell dysfunction and apoptosis.

We chose to focus primarily on hepatocytes in the context of aging in the
liver. It is known that the liver has decreased functionality with age and this loss of
functionality may be attributed to the dysfunction and death of hepatocytes (Sersté,
2006). This investigation aims at determining if hepatocytes are capable of
undergoing cellular senescence. While non-parenchymal cells are important for liver
function and immunity, our current model of isolation only allows for obtaining
hepatocytes. Future studies could be pursued if we developed a model for non-
parenchymal cell isolation, however, that was beyond the scope of this thesis project.
For the purposes of this investigation, cellular senescence was only investigated in the

context of parenchymal cells.

Inflammation in the mammalian liver

The Hagen Lab has previously shown that there is a significant change in
hepatic gene expression within the aging rat liver. Specifically, they have found that

there is at least a twofold difference in expression of almost 700 distinct genes with
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advanced age (Finlay, 2012). The Hagen Lab has also shown that of all the gene
changes that occur in the liver with age, nearly 44% are necroinflammatory in nature.
The lab has also shown that Nrf2, a protein that regulates the expression of many anti-
oxidant and anti-inflammatory genes, is decreased in the aging liver, suggesting that
the organ is more prone to damage (Smith, 2015).

These changes in gene expression and levels of Nrf2 can drive increased
immune cell infiltration and inflammation. Chronic inflammation is associated and
implicated in the overall decrease in liver function with age due to an increased
release of proinflammatory agents, which can then lead to hepatic cell death (Baylis,
2013), as well as cirrhosis of the liver and the subsequent deterioration of normal
liver functions (Brenner, 2013). It is still relatively unknown as to what major forces
are driving the decline of functionality in mammalian livers with age. It does appear,
however, that the liver experiences age-related inflammation, and this inflammation
may contribute to the overall decline of liver function with age (Braylis, 2013). The
exact cause of this inflammation response is still unknown.

The purpose of this study is to answer two questions: do liver cells undergo
cellular senescence, and if they do, is there an accumulation of senescent cells with
age? We hypothesized that not only do mammalian liver cells undergo cellular
senescence, we postulate that there is an accumulation of senescent cells in liver
tissue, leading to increased inflammation and tissue death. To test this, we used rat
hepatocytes as a model and used B-galactosidase activity (which is active at a sub-
optimal pH in senescent cells), as well as miRNA isolated from exosomes for markers

of senescence and tissue stress.
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Objectives

The first part of this investigation has two primary questions: do mammalian
liver cells undergo cellular senescence, and if so, is there a discern accumulation that
Is associated with aging? The second part of this investigation focuses on the result of
such accumulation on the liver. Specifically, is there a relationship between an
increased presence of senescent cells in the liver and an increased pro-inflammatory
state. In order to determine this, we will look at two miRs that will serve as markers

for inflammation: miR-146a and miR-155.

Methods

Hepatocyte isolation and culture

Six well plates were treated with a collagen solution consisting of 975 ul PBS
and 25 pl of 2 pg/ml collagen dissolved in 0.1 M hydrochloric acid one day prior to
isolation. Hepatocytes were isolated by collagenase perfusion from young (3 months)
and old (24-26 months) Fischer 344 rats were isolated as described by Shenvi et al.
After the isolation, 200,000 cells per well were plated in 2 ml of William’s E full
media: 500 ml William’s E, 25 ml FBS, 5 mL antibiotics (100 U/ml penicillin, 100
ug/ml streptomycin), 5 ml L-glutamine, 5 ul insulin, and 2 pl 0.25 M dexamethasone,
and incubated at 37 °C in 5% carbon dioxide. Media was changed four to six hours

after the initial plating.
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Determination of Cell Senescence with S-galactosidase

Isolated hepatocytes were cultured as described above and were stained for -
galactosidase the day following isolation. The protocol provided by Cell Signaling
was followed with only one adjustment: cells were incubated for twenty three hours.

After incubation, cells were counted and a percent senescence was determined.

Exosome isolation

Hepatocytes were isolated as described above. Cells were plated on three
collagen-coated, T-175 flasks. 15 million cells were added to 35 mL of William’s E
Full media. Media was changed four to six hours after the initial isolation and the
cells were incubated overnight. The day following isolation, media from all three
flasks was pooled. The media was briefly spun at room temperature at 500 x g for
five minutes and pellets were discarded. The media was then sterile filtered. After the
filtration, the media were spun at 9,000 x g at 4 °C for 10 minutes. Any pellets were
then discarded. The media was carefully massed in Beckman ultracentrifuge tubes
and were then spun at 100,000 x g for ninety minutes at 4 °C. Pellets were collected
and pooled into a single tube, and were then spun again at 100,000 x g for ninety
minutes at 4 °C. Pellets were collected and resuspended in exosome buffer provided

by Life Technologies and stored at -20 °C.
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miRNA isolation and QPCR

After exosomes were isolated, miRNA was extracted using the Total Exosome
RNA and Protein Isolation kit provided by Life Technologies (catalog number:
4478545). The protocol provided by the kit was followed. miRNA yield was
determined via nanodrop.

Real time quantitative polymerase chain reaction (QPCR) was conducted on
the exosomes obtained from the young and old rat hepatocytes in order to determine
the relative amounts of miR-146a and miR-155 present in the exosome samples.
TagMan primer probes for mir-146a (UGAGAACUGAAUUCCAUGGGUU) and
mir-155 (WUAAUGCUAAUUGUGAUAGGGGU), which were provided by Thermo
Fisher, were used for QPCR. The protocol for the TagMan MicroRNA Assay was

followed.

Results and Discussion

For this investigation, we chose to utilize the cellular senescence marker 3-
galactosidase. While many other markers exist, we chose this one specifically
because of its convenience due to time constraints. The [3-galactosidase staining
revealed that hepatocytes do indeed undergo cellular senescence. Furthermore, the
staining elucidated that cellular senescence was seen in both the young and the old rat
livers. Furthermore, the results of the B-galactosidase staining showed that there is a

difference between the senescent cell populations of young and old rats (Fig. 2). It
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was determined that senescent cells composed 6.135 percent of the total young rat
hepatocytes (+0.7989, n=6). In contrast, the old rat hepatocytes had more than double
the senescent cells present at 13.53 percent (£1.097, n=3). A Student’s t-test yielded a
p-value of 0.001.

Closer examination of Figure 2B and 2C shows that many cells are mildly
stained for [3-galactosidase. However, these cells were not counted as being senescent.
Since p-galactosidase is present in all cells, there is a chance the enzyme may still be
functioning at a non-ideal pH. Arrows in Figure 2B and 2C show deep blue staining,
which was interpreted as a positive senescent cell. Given the subjectivity of this
method, there is potential room for error in calculating percent senescence. It is
because of this subjectivity that additional markers should be utilized to confirm the
presence of senescent cells.

These findings answer two big questions: do mammalian liver cells undergo
cellular senescence, and if so, is there a noticeable accumulation with age? The (-
galactosidase exhibits a correlation between advanced age and senescent cells
presence in the mammalian liver. Given that senescent cells promote inflammation,
ultimately leading to tissue damage, it is intuitive that the increase in senescent cells
with age coincides with the chronic inflammation and subsequent decrease in liver
functionality. There is still uncertainty as to what extent senescent cells play a role in
the decreased liver functionality with age, and future studies should be designed to

answer this question.
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B-galactosidase staining shows an accumulation of senescent

hepatocytes in aging rat livers
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B-galactosidase staining images show an increased presence
of senescent hepatocytes in old rats
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Figure 2: B-galactosidase staining was used as a marker for cellular senescence. (A) B-
galactosidase staining reveals that 6.135% of young rat hepatocytes are senescent (£0.7989,
n=6). This is nearly half the population of senescent cells found in old rat hepatocytes, which
was found to be 13.53% senescent (£1.097, n=3). A Student’s t-test yielded a p-value of 0.001.
(B) Images taken after staining of young rat hepatocytes and (C) old rat hepatocytes. Arrows
pinpoint the positive p-galactosidase stains.

QPCR analysis revealed that both miR-146a and miR-155 were significantly
elevated in exosomes isolated from old rat hepatocytes (Fig. 3). These findings
reinforce our previous findings regarding an increase in senescent cells in the liver.
Analysis showed a significant difference in levels of both miR-146a and miR-155
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between young and old rats (a seven fold and a forty-five fold change respectively).
The reason why these miRs are elevated may be because there is a significant
immune response that is ongoing within the liver, thus increased levels of these miRs
are released in an attempt to reduce the inflammation. These findings are still
preliminary as there is only a single n-value, thus replications of this experiment are
warranted. A microarray on exosomes collected may also be beneficial in order to
ascertain a broader sense of the contents of senescent hepatocyte exosomes.

To reiterate, the findings thus far have found three key findings: senescent
cells are present in rat livers, there is an accumulation of senescent cells with age in
the rat liver, and there is a significant elevation of miR-146a and miR-155 released
via exosomes in old rat hepatocytes compared to young rat hepatocytes. Together,
these findings suggest that the rat liver is under a state of stress and inflammation and
hepatocytes are releasing miRs in an attempt to reduce the inflammation. Now that it
is firmly established that the rat liver is experiencing stressors that can be attributed to
senescent cells, the next question that must be addressed is: what can be done to

combat the effects of cellular senescence?
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Both miR-146a and miR-155 levels are elevated in exosomes isolated
from old rat hepatocytes compared to exosomes from young rat
hepatocytes
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Figure 3: QPCR analysis reveals that old rat hepatocytes release exosomes that contain larger quantities
of both miR-146 and miR-155 compared to levels found in young rat hepatocytes (seven fold and forty-
five fold difference). There are no additional statistical data on these findings, as there is only a single n-

value.
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Chapter 3

Dasatinib as a Potential Therapy for Cellular Senescence



Introduction

Reducing cellular senescence

Thus far, we have established three important conclusions: the rat liver
undergoes cellular senescence, there is an accumulation of senescent cells with age in
the rat liver, and old rat hepatocytes release exosomes containing larger quantities of
both miR-146a and miR-155. These findings support the idea that cellular senescence
may play a critical role in chronic inflammation and therefore chronic disease. Our
next question therefore becomes: what, if any, treatment options are there to combat
cellular senescence? This question ultimately lead us to investigate a drug that may

potentially reduce senescent cell populations.

Dasatinib as a possible treatment for cellular senescence

The chemotherapy drug known as dasatinib (Fig. 4) is a multikinase inhibitor
that is currently being employed to treat resistant chronic myeloid leukemia and
resistant Philadelphia Chromosome positive acute lymphoblastic leukemia (Lindauer,
2010). Dasatinib has been shown to inhibit cell proliferation as well as promote cell
death in various tumor cells by suppressing the Src family nonreceptor kinases
(Johnson, 2005). Previous studies have found that dasatinib is a relatively safe drug
for human use, eliciting some reversible and non-life-threatening side effects, such as

headaches, diarrhea, peripheral edema, effusions (which were managed with
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diuretics), and temporary abnormalities in liver function tests (Talpaz, 2006).
Dasatinib is of particular interest to studies in cellular senescence since it has been
found to preferentially induce apoptosis in senescent human preadipocytes and
endothelial cells (Zhu, 2015). Dasatinib is believed to induce senescent cell death in a
similar fashion to how it induces cancer apoptosis: by interfering with anti-apoptotic
and pro-survival mechanisms, mechanisms that are overexpressed in both senescent
and cancer cells (Zhu, 2015). No studies to date have attempted to examine if
dasatinib can reduce cellular senescence in rat hepatocytes or in HepG2 cells,
therefore it is uncertain if dasatinib can be utilized as a means to slow down or inhibit

chronic inflammation in the liver.

Objectives

This investigation aims at answering whether the chemotherapy drug dasatinib

can be used to effectively reduce senescent cell populations in the metabolically

active liver.

Methods

Young rat hepatocyte dasatinib treatment

Hepatocytes from a young rat were harvested via collagenase perfusion as

outlined in Shenvi et al (see Chapter 2). Cells were plated on a collagen-coated, six
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well plate (200,000 cells per well) in William’s E full media (see Chapter 2). Media
was changed four to six hours after the initial isolation. The day after isolation, media
was changed and a dasatinib gradient of 0 nM, 200 nM, 400 nM, 600 nM, and 800
nM was added to the wells. Cells were incubated for twenty-four hours. After the
incubation period, the media was removed and a B-galactosidase stain was conducted

(see Chapter 2).

Results and Discussion

The dasatinib treatments for the young rat hepatocytes (Fig. 4) shows a
decrease in senescent cells after a one day treatment. The control hepatocytes were
4.79% senescent. All hepatocytes from the same rat treated with dasatinib exhibited
decreased levels of cell senescence. The 200 nM treatment hepatocytes were 2.69%
senescent, the 400 nM treatment hepatocytes were 2.91% senescent, the 600 nM
treatment hepatocytes were 2.78% senescent, and the 800 nM treatment hepatocytes
were 3.54% senescent. At this time, there is no way of knowing if these results are
significant, as no statistical analysis could be conducted since there is only one n-

value.
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Young rat hepatocytes treated with dasatinib
show a decrease in senescent cell populations
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Figure 4: Young rat hepatocytes treated with dasatinib. Percent senescence was
determined using B-galactosidase staining. The percent of hepatocytes found to be senescent
were as follows: 4.79% in the control, 2.69% in the 200 nM treatment, 2.91% in the 400 nM
treatment, 2.78% in the 600 nM treatment, and 3.54% in the 800 nM treatment. Since there is only
a single n-value, statistical analysis could not be conducted.
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Conclusion

The liver is an essential organ that has a known loss of functionality
associated with aging. This loss of functionality may be linked to chronic
inflammation. One hypothesis regarding the cause of this inflamed state is the
accumulation of senescent cells. This study provided insight on senescent cell
accumulation in rat livers. Specifically, it has shown that there is an accumulation of
senescent hepatocytes with age. Our studies found that 6.135% of young rat
hepatocytes are senescent, whereas 13.53% of old rat hepatocytes are senescent. This
accumulation leads to an increased release of pro-inflammatory agents via exosomes,
specifically miR-146a and miR-155 (seven fold and forty-five fold changes
respectively), both of which are known to exacerbate cell senescence and subsequent
liver tissue damage. An important unanswered question regarding this accumulation
is: to what extent do senescent cells contribute to the chronic inflammation
phenomena? One way to elucidate this answer is by selectively removing senescent
liver cells and to observe what effects, if any, this has on the overall health of the
organism.

Next, we investigated abilities of the drug known as dasatinib in killing
senescent cell populations. Dasatinib, which is normally implemented as a
chemotherapy agent, was found to reduce senescent liver cell populations in a young
rat. The hepatocytes treated with 200 nM, 400 nM, 600 nM, and 800 nM dasatinib
exhibited 2.69%, 2.91%, 2.78%, and 3.54% senescence respectively. This was a

reduction from 4.79% in the control hepatocytes. This shows a mild decline in
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senescent cell populations. However, since there is only one n-value, no statistical
analysis could be performed, thus there is currently no way of determining if this
decline in senescent cell populations is significant.

Since it has been shown that senescent cells accumulate in the liver with age,
it seems that the most important future study regarding these findings are in vivo
studies with dasatinib. Using a rat model, supplements containing dasatinib can be
administered both to young and old rats. This will help further demonstrate the
potential benefit of dasatinib reducing, and maybe even preventing, chronic
inflammation. Similarly, this drug may one day be used in humans as a way to
potentially reduce the likelihood of obtaining age-related liver diseases, any maybe
even other chronic illnesses. While many studies are still needed at this time, this
project helped establish future research endeavors that may lead to treatments to slow

down the aging process in humans.
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