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Abstract

Alzheimer’s disease (AD) is an abhorrent disease that robs people of their
memories and personalities. Researchers have yet to develop an effective disease-
modifying treatment for this multifaceted disease. Inflammation is one of the main
hallmarks of AD and is caused by the over-activation of the main immune cells of the
brain: neuroglial cells. High concentrations of nitric oxide (NO) associated with this
heightened immune response have been known to cause neuronal damage and cellular
loss. The aim of this study was to develop a viable co-culture system in which placental
derived stem cells (PDSCs) and neuroglial cells are cultured together in systems
involving transwells and cover slips for further analysis. A transwell co-culture system
resulted in no effect of PDSCs on the NO concentration mediated by LPS stimulation or
the modulation of NGF in glia cultures. This suggests that NGF may not necessarily be
the neurotrophin causing the decrease of NO in activated glia. A second co-culture
system, a cell-to-cell contact cover slip system in which glia were grown in a welled plate
and PDSCs grown on cover slips, revealed a decrease in NO concentration in LPS
stimulated glia when compared to controls. There were several problems with this model
however, including cell disruption stemming from execution flaws. Using
Immunocytochemistry, this study also qualified and quantified the morphological
differences in activated glial cells that had been treated with stem cells visualized through
an induced nitric oxide synthase antibody (iNOS). LPS stimulated glia showed a
shrunken, shriveled appearance typical of apoptosis with a high intensity of iNOS stain
and a high area percentage covered by stain. Control glia, however, showed healthy
spread and flattened glial formations with a minor but widespread intensity of iNOS.
These studies, though preliminary, offer a platform on which to conduct further
experiments in glia and PDSC co-culture as well as clues about how iNOS gets activated
in glial inflammation in a model of AD.

Common Abbreviations: AD- Alzheimer’s disease; AB- Amyloid Beta; NFT-
Neurofibrillary Tangles; NO- Nitric Oxide; FBS- Fetal Bovine Serum; LPS-
Lipopolysaccharide; IFN-y- Interferon-y; PDSC- Placental Derived Stem Cells; SCCM-
Stem Cell Conditioned Media; BDNF- Brain Derived Neurotrophic Factor; NGF- Nerve
Growth Factor.
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1. Introduction
1.1 Early History

In 1906, Alois Alzheimer began work with a 51 year old female who was
suffering from a strange psychological manifestation (Strassnig and Ganguli, 2005;
Moller and Graeber, 1998). Auguste’s symptoms began with an unwarranted jealousy
towards her husband which expanded to include paranoia about her surroundings and
hallucinations. Her memory declined rapidly and she became violent because of her
complete “disorientation to time and place.” Though she was largely able to recognize
objects presented to her, she appeared to have lost the ability to use them correctly.
Eventually, she lost all mental function and died after a four and a half year decline in
health and intellect. A histological examination of her brain revealed “macroscopic foci”
and “a bundle of fibrils... which had formerly been occupied by a ganglion cell” as well
as brain atrophy and arteriosclerosis. In 1911, Alzheimer reported another patient named
Johann who presented with similar symptoms (Strassnig and Ganguli, 2005). Just like
Auguste, Johann experienced a similar rapid decline in memory with intact object
recognition. He had a pleasant demeanor but, throughout the course of the disease he
became increasingly uncooperative. Johann died after three years of hospitalization and
decline in mental status. Alzheimer’s examination of Johann’s brain came up with similar
features that were present in Auguste’s with some significant differences that required
further investigation and distinction.

Alzheimer observed the same plague-like formations in Johann and Auguste, but

found that there was an absence of neurofibrillary tangles (NFT) in Johann’s brain



(Strassnig and Ganguli, 2005). Alzheimer investigated the similarities and differences
between his two patients as well as clinically and histologically similar patients who had
been studied by other scientists. Senile dementia was ruled out as a possible diagnosis for
each patient based on their symptoms, however, molecular differences such as the
presence or absence of NFT also distinguished the cases from each other. It was difficult
to distinguish these cases as presenile dementia or just an atypically severe case of senile
dementia. Alzheimer himself struggled with differentiating the symptoms and pathologies
in each of his subjects despite Emil Kraepelin’s classification of the findings as
“Alzheimer’s Disease” (Berrios, 1990). There remained a controversy about the true
differences among senile dementia, presenile dementia and the newly dubbed
Alzheimer’s disease (AD) (Berrios, 1990; Holstein, 1997). In the years following
Kraepelin’s naming and Alzheimer’s case report, there was confusion as to how a case of
dementia should be classified. Many seemed to distinguish senile dementia and
Alzheimer’s disease by the severity and the age of onset. Others distinguished it by the
types of plaques found in the post-mortem brain. Without many of the modern research
techniques that exist today, there were more questions than answers when it came to
Alzheimer’s disease. What causes it? How is it different from other dementias? Is it

different from other dementias at all?

1.2 Modern Nosology
Today, it is well documented that amyloid-beta plaques, neurofibrillary tau

tangles, loss of synaptic connections, inflammation, and cell death are all hallmarks of



Alzheimer’s disease (Alzheimer’s Association, 2013). These are normally accompanied
by profound changes in personality, memory loss and difficulties in behavioral and
bodily functions. Many people who go on to develop Alzheimer’s disease start off
showing mild disturbances in mental ability. This is also known as mild cognitive
impairment (MCI). About 10 to 20% of adults have MCI, and 15% of those who report
their symptoms to a doctor go on to develop dementia. Several magnetic resonance
imaging (MRI) studies have shown that although the symptoms of the disease often
appear at around the age of 65, changes manifest in the brain many years prior to
diagnosis (NIH, 2012; Drzezga et al., 2003). The changes then become concentrated in
the hippocampus, one of the most important brain structures for memory, which leads to
symptoms such as confusion, forgetfulness, and some personality changes (NIH, 2012;
Wang et al., 2003). Late in the disease, there are widespread atrophy, numerous plaques,
and tangles throughout (Thompson et al., 1998; NIH, 2012). At this stage in the disease,
those afflicted are left with the inability to communicate and are completely dependent on
others. Because the only confirmation of an Alzheimer’s disease diagnosis can come
from a postmortem analysis of the brain, doctors must rely solely on memory assessments
and tests that rule out other diseases that present similarly to AD (Alzheimer’s
Association, 2013).

Though dementia is often an underlying cause, Alzheimer’s disease is currently
the 6™ leading cause of death in the United States with the immediate cause of death
stemming from pneumonia, cerebrovascular, or cardiac disease (Alzheimer’s

Association, 2013; Thomas et al., 1997). There are currently 5 million people over the



age of 65 living with the disease. This number will increase to an estimated 13.8 million
people by 2050. With age being the highest risk factor of the disease and a population
that is getting older, there is going to be a higher demand for care if trends persist (Social
Security, 2013). People who are 85 and over are 5.4 times more likely to die from AD
than those that are between the ages of 75 and 84 (Tejada-Vera, 2013). Care for the
people currently living with the disease costs the United States $203 billion which, if the
increase in prevalence continues, will turn into a $1.2 trillion cost of care by 2050
(Alzheimer’s Association, 2013).

Less than 3% of the AD population is afflicted with early onset Alzheimer’s
disease which normally presents around the age of 55 or even earlier (Bird, 1999). There
are several gene mutations associated with this type of Alzheimer’s disease. These
include a mutation in the gene for presenilin 1 on chromosome 14, a mutation in the gene
for presenilin 2 on chromosome 1, and a mutation in the gene for amyloid precursor
protein (APP) on chromosome 21 (Borchelt et al 1996). Presenilin 1 is a protein that is
involved in the cleavage of APP into smaller sizes of soluble complexes, including
soluble amyloid precursor protein and amyloid beta complex (U.S. National Library of
Medicine). A mutation in the PSEN1 gene leads to an overproduction of the amyloid
beta peptide, which leads to a toxic accumulation of plaques in the brain. This mutation
accounts for about 70% of the early onset Alzheimer’s disease cases. Presenilin 2 works
in a very similar way to presenilin 1, but only account for about 5% of early onset cases.
APP can cause early-onset Alzheimer’s disease through 50 different mutations the most

common of which changes valine to isoleucine at position 717. This results in a longer,



stickier form of amyloid beta and an overall increase in the peptide. A mutation
associated with any of these genes results in a highly probable development of early-
onset Alzheimer’s disease.

Over 95% of Alzheimer’s cases are considered to be of the sporadic type or late-
onset (NIH, 2012). There is no known cause for this type of Alzheimer’s disease, though
scientists have found a gene that correlates to a person’s risk of developing the disease
later in life. The apolipoprotein E (APOE) gene has several different alleles with APO €2,
APO €4, and APO &3 being the most common (Isbir et al., 2001). Each allele has a
different correlation with one’s risk of developing the disease. The rarest form, APO €2,
can actually have a preventative and/or protective effect on the person’s susceptibility to
developing Alzheimer’s disease. The most common form, APO €3, is thought to have no
effect or a neutral effect on the risk of developing the disease. APO &4, however, has
been associated with 40% of late onset cases (NIH, 2012). The APOE gene is normally
involved in creating proteins that carry and transport cholesterol and fat through the
bloodstream and is thought to be correlated with an increase in vascular and cerebral AB
plaques (Schmechel et al, 1993). It is possible that the degree of pathology that is
associated with different forms of the APOE proteins could have to do with the degree to
which amyloid beta adheres to the proteins during transport (Saunders et al, 1993). Even
though having the APO €4 allele can mean an increased risk of developing the disease, it
is not a definitive indicator of imminent development of the disease(Schmechel et al,

1993).



Amyloid beta (AB) plagues are one of the most prominent structural hallmarks of
Alzheimer’s disease (Kowall and Budson, 2011). A popular hypothesis that has
dominated AD research for over twenty years is the amyloid cascade hypothesis. It is
predicated on the idea that amyloid beta is the main culprit in the development of
Alzheimer’s disease. It is thought that in familial Alzheimer’s disease, the accumulation
of AB is due to a direct mutation of APP, PSEN 1 or PSEN 2, while in sporadic
Alzheimer’s disease, the amyloid plaques appear as a result of a malfunction in the
normal clearance mechanisms or a defect in the vascular transport proteins. According to
the hypothesis, APP is first cleaved by either a-secretase or B-secretase (Galimberti and
Scarpini, 2011). Cleavage by these proteolytic secretases causes shedding of the
ectodomain of APP and results in o and B C-terminal fragments. The a-secretase cleaved
C-terminal end is an 83-residue membrane-associated or a C86 while the [3-secretase
cleaved fragment is a 99-residue membrane associated or a C99 (Wolfe, 2001). These C-
terminal fragments are then cleaved by y-secretase which releases two proteins into the
extracellular space, p3 from C89 and Ap from C99. PSEN 1 and/or PSEN 2 are thought
to be catalytic subunits of y-secretase and cause cleavage of A resulting in the variants
AB40 and AB42. AB42 is oligomerized and deposited in diffuse plaques throughout
cortical areas (Kowall and Budson, 2011). These oligomers cause a disruption in synaptic
communication and function which leads to an altered ionic homeostatic state which
causes kinases and proteases associated with the cell’s microtubules to become impaired,
aiding in the formation of tau tangles. Toxic inflammation from activated microglia also

begins to cause damage as a result of the AB deposits. Over time, damage becomes



widespread and atrophy results from a loss of neurons and the symptoms of dementia
begin to appear.

There are several problems with this model of AD pathology. One would expect
that amyloid plaques would have a higher prevalence in the limbic system since that
would correlate with the early symptoms; however, amyloid plaques are found in the
frontal cortex in the early stages of the disease while the neurofibrillary tangles are more
prevalent in the limbic system (Pimplikar, 2006). Also, the amount of amyloid beta seen
in postmortem brains does not often correlate to the severity of the symptoms seen
clinically. Even patients who were cognitively normal can have a high number of Ap
plaques in their brains whereas patients who were diagnosed with severe Alzheimer’s
disease may have no plaques at all. This suggests that there is more to the disease than
just amyloid beta. One of the most important aspects of memory is the synaptic
connectivity that allows our neurons to communicate with each other and form the
connections responsible for memory (Selkoe, 2002). There are a multitude of avenues
being explored by scientists in order to come up with effective treatments, though it is
likely that the disease involves multiple factors and is not caused by one single
mechanism.

Despite the dominating prevalence of the amyloid cascade hypothesis in research,
there has been a significant amount of research done that explores the other hallmarks of
the disease and how they may contribute to the cause and perpetuation of symptoms. As
previously mentioned, one of the other main hallmarks of AD are neurofibrillary tangles

(NFTs). NFTs are made up of a protein called tau (Galimberti and Scarpini, 2011). In



normal cells, tau is part of the microtubule network that not only allows for transport of
nutrients, mitochondria and other cellular components, but also allows for the
stabilization and destabilization of neurites. This growth and retraction of neurites comes
as a result of the phosphorylation and dephosphorylation of the tau protein by kinases
which allow tau to attach and detach from the tubulin of the microtubules in a cell’s
axons and dendrites (Mandlekow and Mandelkow, 1995). In AD, the tau protein becomes
hyperphosphorylated and aggregates into paired helical filaments, causing an extended
state of destabilization and accumulation of the protein in the neurites (Ballatore et al.
2007). Not only does the destabilization of the microtubules cause a loss of
communication between neurons, but the paired helical tau filaments disrupt
communication and transportation even further, eventually resulting in the cell’s death.
Research has shown that tau becomes phosphorylated at serine-proline or threonine-
proline sites which suggest that the hyperphosphorylated tau could be a result of proline
directed kinases, though these results are inconclusive (Steinhilb et al., 2007). With so
many conflicting results on the forefront of AD research, finding a cure or even an
effective treatment has been made rather difficult.

One of the biggest obstacles in the way of treatment of AD is the fact that there is
no accurate way to predict if and when someone will develop the disease (Galimberti and
Scarpini, 2011; Lawrence and Sahakian, 1998). Treatment, therefore, can only be given
once the disease has already caused a significant amount of damage. Consequently, most
of the treatments available today are aimed at treating the symptoms of AD and stalling

the progression, but not targeting the underlying pathology causing cell death (Mayo



Clinic, 2013). One of the first attempts at a pharmacological treatment of AD was
through a drug called Physostigmine, an acetylcholinesterase inhibitor (Lawrence and
Sahakian, 1998). The development of this intravenous and orally administrated drug was
predicated on the correlation of acetylcholine (Ach) depletion in the brains of AD
patients. Not only did studies show that correlation between Ach depletion and severity
of AD symptoms was strong, but they also found that cognitively normal patients that
were given an intravenous Ach receptor antagonist showed many of the same memory,
language, and other deficits seen in AD patients (Blokland, 1996). However, despite
these parallels, clinical trials presented mixed results due to only a slight increase in
cognition with a high number of side effects as well as variability in the bioavailability of
the drug.

The first drug approved by the FDA for clinical treatment of AD was Tacrine in
1993 (Davis and Powchik, 1995). This acetylcholinesterase inhibitor showed promising
cognitive improvements in 14 of 17 AD patients in a study done by Summers et al in
1986 which led to its eventual FDA approval. This drug works by binding to the active
enzymatic site of acetylcholinesterase which prevents the breakdown of Ach thereby
prolonging the activity of Ach. Tacrine causes a large increase of serum alanine
aminotransferase (ALT) in about half of all users, with some patient’s levels reaching 20
times the normal limit. This high increase in ALT can result in hepatotoxicity which
makes it a less commonly used drug in today’s market. Donepezil, also an
acetylcholinesterase inhibitor (AChEI), was the second drug approved by the FDA for

treatment of AD and is now approved for severe and mild cases of AD (Galimberti and
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Scarpini, 2011). Galantamine and rivastigmine have also joined the AChEI class of AD
drugs all with similar efficacies.

N-methyl-D-aspartate (NMDA) antagonists, specifically the drug memantine,
have been FDA approved and instituted as a treatment for moderate to severe AD
(Galimberti and Scarpini, 2011). NMDA receptors are plentiful the hippocampus; over
activation of these receptors can cause an overabundance of calcium in the cell which
causes it to release free radicals and die (Martinez-Coria et al., 2010). Research shows
that AB can latch on to the NMDA receptors and cause this chain of events which is why
some researchers have turned to NMDA antagonists to decrease the over activation of
receptors caused by Ap accumulation. Increased NMDA receptor activation has been
shown to also cause hyperphosphorylation of tau, further justifying the use of the NMDA
receptor antagonist as a treatment. However, as with the AChEIls, NMDA receptor
antagonists only help to improve cognition to a point and do not treat the underlying
cause of the disease; there are no cures or disease-modifying drugs that actually target the
cause of the disease.

Because the amyloid cascade hypothesis has been dominating research for many
years, there have been several attempts to target AP in order to develop a disease-
modifying drug. Vaccines have been looked at as one way to attack AP, by strengthening
a patient’s immune system so that it may clear out the over accumulation of AP} or
prevent the plaques from forming at all (Mayo Clinic, 2013). In phase 11 trials of a
vaccine using Ap42 plus adjuvant, 60% of the 300 patients showed antibody activity;

however, the trial was stopped after only 2 or 3 injections because a significant number of
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patients developed aseptic meningo-encephalitis (Galimberti and Scarpini, 2011; Mayo
Clinic, 2013). Also, despite the antibody activity found in the trial subjects, there was no
significant difference in cognition (Galimberti and Scarpini, 2011). After these initial
trials, the vaccine was modified to act as a passive immunization rather than active. This
vaccine, monoclonal anti-Ap antibody bapineuzumab, entered phase Il clinical trials
followed by phase 111 trials, which started before the phase |1 trials ended. This vaccine
had mixed results, with those who were non-carriers of the APOe4 allele showing the
most significant cognitive improvement. Imaging analysis of the AD patients who
participated in this clinical trial showed a reduced retention for plaques. There are several
other vaccines that are currently in clinical trials in the US, but none have passed phase
I11 clinical trials. Scientists have looked at blood donors for possible treatments. The
natural anti-amyloid antibodies found in human intravenous immunoglobin have shown
to slow or stop cognitive decline in 7 patients in phase I clinical trials, 6 of whom not
only showed a halt in decline, but actually showed improvement.

Selective AB42 lowering agents have also been explored as potential treatments
for AD (Galimberti and Scarpini, 2011). The first of these types of drugs was Tarenflurbil
which altered y-secretase activity in order to reduce the amount of Ap42 plaque
formation (Galimberti and Scarpini, 2011; Imbimbo, 2009). Tarenflurbil could alter y-
secretase activity at the active site that causes production of AB42 without interfering
with other y-secretase substrates. This drug reached phase 111 clinical trials, but led to
little to no cognitive improvement in non-placebo control groups and in some cases,

cognitive decline was greater for those given the drug as compared to those on placebo.
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Tau has also been targeted in the battle against AD. Inhibitors of kinases such as
GSK3 and ERK2 have been explored in order to reduce the number of tangles
intercellularly (Mazanetz and Fischer, 2007). Though many of the drugs and treatments
that have been tested have been promising, there are currently no FDA-approved disease-
modifying drugs for AD. Scientists are constantly looking at potential pathways that may
lead to a drug that can target the disease in a way that will not just treat symptoms, but

may actually lead to a cure.

1.3 Neuroglia

Neuroglia are the most abundant cells in the brain making up 90% of the cells
within the brain (Stork et al. 2012). There are three main types of glia, including
astrocytes, oligodendrocytes and microglia each of which has a particular and important
role (Heneka et al. 2010). Many functions of neuroglia are yet to be understood, but
several have been outlined by extensive scientific research (Stork et al. 2012). Their
functions range from structural support, maintenance, development, as well as roles in
immunity. Oligodendrocytes are primarily the insulators of the brain (Nagelhus et al.
2013). They serve as the myelin sheath or covering around the axons of neurons and
allow for quick transmission of action potentials. Astrocytes provide support for the brain
along with other functions, and microglia have a significant role in the brain’s immune
system. The roles of neuroglial cells have been explored for several neurodegenerative
diseases, including amyotrophic lateral sclerosis (Lou Gehrig’s disease), Parkinson’s

disease, and Alzheimer’s disease (Heneka et al. 2010).
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Astrocytes are the greatest in number not only of neuroglia but of all cells in the
brain (Nagelhus et al. 2013; Heneka et al. 2010). Astrocytes hold the brain together by
filing in the spaces between neurons and blood vessels. They also help regulate
homeostasis in the brain, including water homeostasis, ion concentration, and pH
balance. Astrocytes are known for their role in synaptic communication between neurons.
Neurons and astrocytes create a cross-talk in which neurotransmitters signal different
glial processes and gliotransmitters to regulate neuronal processes. Degradation,
clearance of material, and damage repair are also important roles of astrocytes. Damage
repair is often coupled with the signaling and recruiting of astrocytes resulting in
neuronal inflammation and scarring. Chronic inflammation has been known to cause
neuronal loss and other damage including astrogliosis or scarring.

Microglia are considered to be the main immune cells in the brain and therefore
contribute the most to the inflammation seen in an AD brain (Heneka et al. 2010).
Microglia are constantly surveying the brain for pathogens, bacteria and neuronal damage
in order to activate and release inflammatory mediators that protect neurons from further
damage (Van Eldik, 2001). Microglia can be found in two states: one of rest or, more
accurately, surveillance, or one of response (Hanisch and Kettenmann, 2007). The
response state is caused by a shift from the resting state through either a change in the
naturally occurring chemical environment of the brain or the introduction of a factor that
is abnormal to the brain’s environment. Receptors on the surface of the cells cause an

inhibition in activity in the normal cellular environment. When a change in the chemical



14

environment occurs, the receptors on the surface of the microglial cells respond to

specific factors causing them to shift to an activated state resulting in inflammation.

1.4 Nitric Oxide

Nitric oxide (NO), a molecule for which one of the major sources is glial cells,
has been identified as an important substance for brain health (Law et al., 2003). NO is
made when nitric oxide synthase (NOS) enzymes convert L-arginine to L-citrulline.
There are three different types of NOS species. Type | is found in neurons and is Ca**
dependent. Type Il is found in glial cells while Type 111 is found in the endothelium and
is membrane bound. The NOS species found in glial cells, iINOS, is induced by
inflammatory cytokines, causing the conversion of L-arginine to intermediates that lead
to L-citrulline, which then leads to the production of NO.

Though NO has many benefits and physiologically normal functions, it has also
been well documented as one of the main toxins found in an AD brain (Law et al. 2003;
Heneka and O’Banion, 2007). Prolonged activation from glial cells can produce NO
concentrations in the brain that end up causing damage rather than fixing it. Damage
from NO comes from the combination of superoxide anions and the NO molecule, which
creates a reactive oxygen species (ROS). ROS can cause DNA damage and change the
function of some proteins, wreaking havoc on the cell and eventually leading to cell death
(Law et al., 2003). There have also been several associations found between active glia
and AB. Accumulations of active glia have been found around groups of tau tangles that

mark the area of an apoptotically disintegrated neuron (McGreer and McGreer, 1995).
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Active glia have also been found to accumulate around AB plaques. AB can activate
CD4+ T cells, which have been known to produce certain inflammatory cytokines,
including interleukin-1p, interleukin-6, tumor necrosis factor a, and interferon-y. A high
microglial activation has even been associated with the APO €3 and APO &4 genotypes,
further presenting evidence for the connection between the damage of inflammation and
AD.

Several routes have been explored in an attempt to quell the over activation of
glial cells in the AD brain. Protease inhibitors have been used in order to try and prevent
the detrimental changes made in the proteins from ROS (McGreer and McGreer, 2001).
Prostaglandins, (fatty acid chains that contribute to inflammation) can be reduced by non-
steroidal anti-inflammatory drugs (NSAIDs). NSAIDs were found to not only reduce
cognitive impairment and delay the severity of disease progression, but they were also
found to reduce the accumulation of AB by up to 50% using the NSAID ibuprofen
(Heneka and O’Banion, 2007; Lim et al, 2000). Ibuprofen was also found to reduce the
amount of interleukin-1B as well as glial fibrillary acidic protein (Lim et al., 2000).
However, NSAIDs carry many gastrointestinal side effects and do not eradicate the
disease, which have made them a less popular choice for treatment (McGreer and

McGreer, 2001).
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1.5 Laboratory Models

Developing a viable model with which to research Alzheimer’s disease has been
an ongoing process for many years. Human models are difficult to work with for a
number of reasons including a high number of confounding variables and ethical issues
that animal models do not possess. Mice and rats are often used in research in order to
manipulate desired variables. Transgenic mouse models have been used in a vast majority
of Alzheimer’s research (Spires and Hyman, 2005). The earliest transgenic model came
from a manipulation of the APP peptide, which is altered in both the familial and
sporadic type of AD. A 1991 study conducted by Kawabata et al. reported a significant
increase in AP plaques through the manipulation of the C-terminus of APP through the
Thy-1 gene (Kawabata et al., 1991). Importantly, this study did not report concurrent
behavioral studies which are essential in creating a new model because the appearance of
plaques does not necessarily indicate that the subject will show memory deficits, as
previously stated. Hsaio et al. (1996) conducted an experiment using a human APP
peptide that was double mutated and inserted it into a hamster prion protein cosmic
vector for use in mice. This group conducted behavioral tests on transgenic mice and
non-transgenic mice aged 3, 6, and 9 months. Though the 9 month transgenic mice
showed longer escape latencies in the Morris water maze at the start, they were still able
to perform just as well as non-transgenic mice after several trials. Though these models
were able to mimic some of the deficits of AD, there were ultimately missing some

aspects of the disease that could only be found with further research.
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Because AB is only one of the hallmarks of AD, a model that induced the
formation of tau tangles was the next logical step in the development of a transgenic
animal model. Gotz and colleagues took the first steps in creating a transgenic model that
expressed the tau pathology found in AD. They used three different promoters, the best of
which, Thy-1 promoter, yielded the highest human tau expression in mice. After analysis
of distribution of the human tau protein using in situ hybridization, tau was found
throughout the cortex, including areas known to accumulate tau tangles in an AD brain.
However, the expression of the human mRNA was not distributed as uniformly
throughout the mouse brain with some areas expressing higher mRNA than other areas;
the severity of plague accumulation also seemed to favor female mice. Though their
model was not perfect, it provided a stepping stone to the next generation of transgenic
models which crossed AB expressing mice and tau expressing mice (Lewis et al., 2001).

Oddo et al. (2003) introduced a triple-transgenic (3x-Tg) mouse model in which
mutations for AB, tau, and PSEN 1 lead to a model that presented with both plaques and
tangles. The 3x-Tg model not only equally favored both male and female, but the
appearance of the plaques and tangles were much quicker than previous models. The 3x-
Tg also showed an increased severity of plagues and tangles compared to previous
models, with plaques having an earlier prominence and tangles appearing later, similar to
the pathology in humans. Transgenic models are invaluable to AD research as they allow
for the investigation of new treatments and allow us to better understand the pathology of

AD.
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Cell culture is an efficient and popular model to use in AD research as well. They
allow for the manipulation of variables at the molecular level and can provide insight into
cellular mechanisms of which animal models are incapable. Glial cells and neurons
cultured from mice or rats serve as a template for manipulation in order to model the
disease state seen in AD. In order to mimic the neuroinflammatory response of neuroglial
cells, scientists often use lipopolysaccharide (LPS). Bacterial LPS works by activating
inflammatory mediators such as interleukin-18 which then in turn causes upregulation of
inflammatory cytokines and an increase nitric oxide (Raetz and Whitfeild, 2002). This is
often used in conjunction with interferon-y in order to potentiate the immune response
initiated by LPS activation (Jeohn et al., 2000). Together these factors produce the

deleterious cellular environment found in AD.

1.6 Stem Cells

Stem cells have been used as a treatment for several different diseases including
neurological diseases. They are particularly useful because they have the ability to
proliferate and can differentiate into different types of cells in the body (NIH, 2002).
There are two main types of stem cells that are used for treatments and are currently
being looked into as treatments for diseases such as AD: embryonic stem cells and adult
or body stem cells. Both embryonic and adult stem cells have their advantages and
disadvantages.

Adult stem cells are cells that are isolated from organs in the body that already

contain differentiated cells (NIH, 2002). Adult stem cells can be isolated from bone
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marrow, skin, or even areas in the brain. These cells can be used to differentiate into
different kinds of tissue, but only into tissue that is related to their origin organ. Adult
stem cells also secrete factors that help promote cell health and growth factors such as
brain derived neurotrophic factor (BDNF) or nerve growth factor (NGF) which
encourages neuronal growth. A study by Burlton-Jones et al. (2011) found that the
transplantation of neural stem cells caused an improvement in cognitive function in a
triple transgenic mouse model through elevation of BDNF. Although there are few
ethical issues associated with adult stem cells, they are found in small quantities in their
origin organs and can be difficult to grow in culture, unlike embryonic stem cells which
are grown with relative ease in culture (Strauer and Koronowski, 2003). Recently,
scientists have found that adult stem cells can be manipulated in order to make them
function more like embryonic stem cells by changing their gene expression (NIH, 2002).
These are called induced pluripotent stem cells (iPSC). iPSCs can be induced to form any
type of cell in the body, though their practical use in medicine is still under review. Both
IPSC and tissue derived adult stem cells require a blood match to prevent rejection from
the recipient, creating another hurdle in their practical clinical use (Bradely et al., 2002).
Embryonic stem cells have been used as a treatment for neurological diseases
because of their proliferation and differentiation power. They can also be easily expanded
in culture although they are difficult to isolate (Strauer and Koronowski, 2003). Once
isolated, however, embryonic stem cells can grow indefinitely, an invaluable quality
when working in the lab. Embryonic stem cells are controversial because they require the

termination of a pregnancy prior to isolation and can often times become tumerogenic
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(NIH, 2002; Strauer and Koronowski, 2003). Also, if embryonic stem cells are implanted
into a non-related patient, they have a high risk of being rejected by that patient (Bradley
et al., 2002).

Though embryonic stem cells and adult stem cells have been explored through
extensive research, placental derived stem cells have not received as much attention.
Placental derived stem cells (PDSCs) have many benefits, including the ease in which
they can be isolated and the beneficial neurotrophins they secrete (Fauza, 2004; Parolini
et al., 2008). PDSCs can be taken from the post-partum afterbirth, which means they do
not require termination of the pregnancy to be isolated (Evangelista et al., 2008). It has
been shown however that cells isolated earlier in the gestation process tend to proliferate
at an accelerated rate as compared to those that are isolated later in the gestational period
(Parolini et al., 2008). Placental or amniotic stem cells can be easily isolated through
mechanisms similar to normal prenatal testing in humans (Fauza, 2004). PDSCs have
been used in various ways in research for potential treatments of neurological diseases
including AD. Transplanted PDSCs in mouse or rat models have shown to have
regenerative properties that lead to improved cognition, decreased AB deposits, and
prevention of disease progression (Nikolic et al., 2008; Reimann et al., 2009).

Stem cells have been found to mediate immunosuppressive effects through the
secretion of neurotrophic factors. Neurotrophins in culture with immune cells can allow
for a decrease in the production of inflammatory cytokines (Miki, 2011). The mechanism
by which this works is still unknown, but the evidence for the immunomodulatory

benefits of stem cells is mounting. A study by Yun et al. (2013) revealed that in mice
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infused with AB-42, several inflammatory cytokines such as TNF-a, IL-10, and IL-17
were reduced when treated with PDSCs. Reduction of inflammatory cytokines was paired
with a reduction in INOS and COX-2 expression as well. Another study by Yan et al
(2013) showed a similar reduction in NO and inflammatory cytokines using bone marrow
derived stem cell conditioned media. Immunomodulation of NO through stem cell
neurotrophins can be largely beneficial in the search for an AD treatment. Although the
fundamental mechanisms surrounding the cause of AD are still unknown, an effective
disease-modifying treatment may provide insight into the molecular workings of an AD

brain.

1.7 Present Study

The development of an effective disease-modifying treatment for AD has eluded
researchers for decades. When dealing with a multifaceted disease such as AD, finding a
treatment and viable model to test it on is one of the main goals of scientists on the
forefront of research. As previously discussed, neuroglial cells contribute to neuronal
death and brain atrophy through chronic inflammatory processes. If this inflammation can
be reduced, it is possible that we can quell the disease state by slowing neuronal loss,
protecting the brain from damage, or even halting the disease process altogether. The
medical and research world have been finding more and more benefits of stem cell
therapy, from cell replacement to neurotrophic therapy. Although in vivo studies using
transgenic rat or mouse models can be a very effective resource in research, cell culture

can offer certain benefits that in vivo studies are incapable of producing. In vitro cell
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cultures allow for a closer look at morphological differences between cells and more
controlled parameters in which the experiments are conducted. Cells in culture can be
monitored for changes and can be manipulated with molecular specificity.

Recent studies conducted in the Drew University neuroscience lab showed that
media conditioned by placental stem cells can effectively lower the NO content of
neuroglia in vitro (Frese, 2012). LPS and IFN-y were used in order to stimulate the glial
cells to release toxic amounts of NO typical of AD. The Griess reaction was used to
quantify NO by the detection of nitrite, a stable byproduct of NO breakdown, and causing
a colorimetric change in solution (Promega, 2009). The detection of nitrite in glial
samples represents the relative amount of NO in the samples. Therefore form this point
forward, even though the Griess reaction detects the amount of nitrite in samples, we will
refer to the results of the Griess reaction as NO concentration or NO content. The aim of
this past study was to determine if the neurotrophic factors produced a change in the
immunological response of activated glial cells. This study aims to refine the methods
used in the previous study and develop an effective co-culture system for glial cells and
stem cells in order to asses any interactions that may occur between them. Current
effective stem cell treatments have been applied through a transplantation injection into
the patient’s brain (Lindvall and Kokaia, 2006). Developing a viable co-culture system
will more closely resemble the cellular environment in a hypothetical patient who was to
receive stem cell treatment for AD. It was hypothesized that neurotrophic factors from rat

placental derived stem cells would cause a decrease in NO content produced by
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neuroglial cells in co-culture models such as transwells and a direct-contact cover slip
model.

Another aim of this study is to use immunocytochemistry for analysis of glial cell
structure and INOS content to better understand the mechanism by which inflammation
occurs. In order to visualize iINOS distribution in photos of glial samples, an INOS
monoclonal antibody was used. It was hypothesized that the percent area and average
intensity of iINOS stained glial cells would be significantly higher in those stimulated
with LPS and IFN-y. Also, it was predicted that treatment with SCCM will reduce the
percent area and average intensity of the stain in LPS stimulated glia. From this we
should be able to learn about the morphology of LPS and IFN-y stimulated neuroglial
cells in terms of distribution of iNOS within a cell and throughout the culture as well.
Doing so can help direct future studies and may provide insight into mechanisms of iNOS

and NO in activated glia.

2. Materials and Methods
2.1 Isolation of Placental Derived Stem Cells

Placentas of E17 rats were isolated and rinsed in ice cold, sterile phosphate
buffered solution (PBS) for removal of excess blood. Maternal deciduas, umbilical cord
and amniotic sac of each placenta were removed. The placentas were minced using
forceps in stem cell growth media (SCGM) containing 10% fetal bovine serum (FBS).
The placentas were further dissociated with a glass pipet and plated in 25cm? pre-coated

tissue culture flasks. Flasks were maintained in a humidified incubator at 37°C, 5% CO,
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for 48 hours or until 70-80% confluency was reached. Once optimal confluency was
reached, the media was removed and the flask was rinsed with sterile PBS to remove
residual FBS, which has been known to prevent trypsin activity. The flasks were then
incubated for five minutes in 37°C, 5% CO, with trypsin to release the cells from the
bottom of the flask. A small amount of SCGM equal to half of the amount of trypsin
contained in the flask was added to neutralize trypsin. All of the media in the flask was
then removed and transferred into a centrifuge tube. Media containing stem cells was
then centrifuged at 1000RPM for five minutes until a pellet of cells formed at the bottom
of the tube. The supernatant was removed and the cell pellet was resuspended in new
SCGM. The resuspended cells were then plated in either new tissue culture flasks or
welled plates for further experimentation. Those that were replated in tissue culture flasks

had their media removed and replaced with new SCGM every 4-5 days.

2.2 Isolation of Neuroglial Cells

Brains of 11 day old rats were isolated in dishes containing Hank’s Buffered
Saline Solution (HBSS). The meninges of the brains were removed as blood vessels in
culture can affect glial health. Using forceps, the brains were minced. Minced brain tissue
was then trypsinized for five minutes in a 37°C water bath. The cells were then rinsed in a
series of two HBSS washes for two to three minutes each to remove residual trypsin.
Cells were subsequently added to plating media (PM) containing Neurobasal media, 10%
FBS, and 1% pen-strep antibiotic. The cells were then dissociated and plated in 75 cm?

cell culture flasks, then incubated for 48 hours at 37°C and 5% CO, in a humidified
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environment. After an optimal confluency of about 80% was reached, the media was
removed from the flasks and the cells were rinsed with sterile PBS to remove residual
FBS to prevent trypsin deactivation. Trypsin was added to the flasks and subsequently
incubated for five minutes. Media equal to about half of the amount of trypsin contained
in the flask was then added to neutralize the trypsin. All of the media was removed and
transferred to a centrifuge flask for centrifugation at 1000RPM for five minutes until a
pellet of cells was formed. The supernatant above the pellet was aspirated off without
disturbance of the pellet. The pellet was then re-suspended in new PM and plated in new
cell culture flasks or welled plates for further experimentation. Those that were re-plated

in cell culture flasks were fed with new PM after removal of old media every 4-5 days.

2.3 Treatment of Neuroglia with Stem Cell Conditioned Media

Dulbecco’s Modified Eagle Medium (DMEM) containing 10% FBS was added to
stem cell cultures and incubated for 24 hours in a humidified environment at 37°C and
5% CO,. The supernatant deemed stem cell conditioned media (SCCM) was collected for
use on glial cultures. SCCM was added to half of a welled plate containing glia with the
remaining wells receiving plain DMEM for control conditions. After 24 hours of pre-
treatment, media was removed from each well. Half of the SCCM treated wells and half
of the DMEM treated wells received 1ng/mL lipopolysaccharide (LPS) and 500ug/uL
interferon-y (IFN-y). Going forward when referring to LPS/IFN-y stimulated conditions,

it will instead be referred to as simply LPS. The remaining wells in each condition
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received plain DMEM. After 48 hours of stimulation, the supernatant of each well was

collected for analysis.

2.4 Co-culture of Placental Stem Cells and Glial Cells in a Transwell System

Cultured glial cells were plated in a welled plate and allowed to attach and settle
for 24 hours. In a separate welled plate, stem cell cultures were added to small, porous
transwells (0.4um polyester membrane) and allowed to attach and settle for 24 hours with
SCGM in the large well underneath to prevent drying. The transwell stem cell cultures
were then added to half of the wells of the plate containing glia and then incubated for 24
hours for pre-treatment. Half of the pre-treated wells and half of the non-pre-treated wells
were then stimulated with 1ng/ml LPS in PBS and 500 pg/uL IFN-y to cause activation
of glial immune responses. The remaining wells were stimulated with plain DMEM as
controls. Cells were incubated in these conditions in humidified 37°C and 5% CO, for 48

hours. The supernatant of the glial cells were then collected for analysis.

2.5 Quantifying NGF in Glial Supernatant: ELISA Assay

Samples from the transwell co-culture system were collected and stored in a
-80°C freezer. Once samples and reagents reached room temperature, a rat NGF standard
was serially diluted 1:2 to provide a standard curve. The NGF standard and the samples
were loaded into a microplate pre-coated with NGF antigen and shaken at room
temperature for 45 minutes. Solutions were discarded and wells were rinsed with a 1X

wash buffer. Microplate was shaken for 30 minutes with a NGF detection antibody and
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subsequently washed with 1X wash buffer. Streptavidin-HRP conjugate was added to
each well and shaken for another 30 minutes at room temperature. After another series of
washed with 1X wash buffer, 3,3”,5,5’-Tetramethylbenzidine (TMB) was added to each
well and incubated for 15 minutes in the dark. A stop solution was used to prevent the

TMB reaction from progressing and the plate was read at 450nm in a microplate reader.

2.6 Co-culture of Placental Stem Cells and Glial Cells in Cover Slip System

Cover slips were bathed in 0.5M HCI for 24 hours and were subsequently
removed. They were then rinsed with distilled H,O followed by 70% ethanol and allowed
to dry. Cover slips were then autoclaved on a dry setting. Parafin wax beads were then
added on one face of each cover slip providing space to handle cover slips with forceps in
culture. Cultured glial cells were plated in a welled plate and allowed to attach and settle
for 24 hours. Cultured stem cells were also plated in a welled plate and allowed to attach
and settle for 24 hours. Simultaneously in separate welled plates, glial cultures and stem
cell cultures were allowed to settle for 24 hours in wells containing prepared cover slips.
After 24 hours, cover slips containing stem cells were flipped over into glial culture wells
such that the face of the cover slip containing cells was in direct contact with the glial
culture surface. The same procedure was performed for the cover slips containing glia
and wells containing stem cells. These cover slip co-culture systems were incubated for
24 hours for pre-treatment. Half of the wells in each glia-stem cell culture were
stimulated with 1ng/mL LPS in PBS and 500ug/pL IFN-y to cause activation of glial

immune responses and the remaining wells were treated with plain DMEM as a control.



28

The cultures were incubated for 48 hours followed by collection of the supernatant of

each of the wells for analysis.

2.7 Analysis of Nitric Oxide Content Using the Griess Reaction

A sample of the supernatant from experimental conditions was placed in a 96 well
plate. A serial dilution from 100% down to 0% was made from plain DMEM and 10mM
sodium nitrite as a comparative control for the samples. A solution containing 50% of
0.2% naphthylethylenediamine dihydrochloride and 50% sulphanilamide in phosphoric
acid were mixed in order to create the Griess reagent which was added to each of the
wells causing a color change to purple. Nitrite content was assessed using a microplate
reader set to read at 540 nm. Data was collected and exported to Microsoft Excel and

SPSS for analysis.

2.8 Fixing and Staining Glial Cells

The media in each of the wells on a plate was carefully aspirated off. 4%
paraformaldehyde was then added to each well and allowed to sit for about 20 minutes to
preserve the cells in their current state. A series of PBS washes was used to remove
excess paraformaldehyde from the cells. Cells were then exposed to Triton-100X for 10
minutes in order to permeate the cell membranes. Subsequent washes with PBS were
performed three times. A primary antibody, inducible nitric oxide synthase (iNOS)
(produced in mouse), was then applied to each well and allowed to shake for one hour at

room temperature. The primary antibody was removed and the cells were washed three
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times again with PBS. A secondary antibody, Anti-mouse IgG F(ab’), fragment-Cy3
antibody produced in sheep, was applied to each well and allowed to shake at room
temperature for one hour. The secondary antibody was removed and wells were washed

with PBS with the final wash left on the cells to keep them moist for later analysis.

2.9 Immunocytochemistry

Wells to be analyzed were selected visually based on number of visible cells in
both auto exposure and fluorescent settings. Photos were taken as a representative sample
for each condition. All photos were taken at the same exposure of 15 seconds. Percentage
of photo area stained and average stain intensity were analyzed for each photo. Intensity
parameters were set by choosing a representative picture from a control condition and
then adjusting the threshold at which the fluorescence would be read. As the threshold
was shifted, the photo area changed the amount of area and range of intensity that
appeared around each visible cell. Once the area and range of visible fluorescence
matched the shape of the pictured cells, in this case an intensity of <581, this same
threshold was used to quantify percent area and average intensity of stain for every image
thereafter. Mean for image intensity was calculated by subtracting the background signal

or minimum intensity.
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3. Results
3.1 Developing and testing novel methods

Developing a viable model in which to test stem cell and glial interactions is vital
to the advancement of research in this area. Once parameters such as pre-treatment and
stimulation timeline are mapped out, other manipulations can occur including new
treatment therapies. One of the ways in which interactions can be analyzed is with a co-
culture system. A co-culture system allows for cell-to- cell interactions so that any and all
secreted factors can exact their effect on the surrounding cells which could have effects
on morphology or in this case immunity. This also more closely models the type of
treatments being used as current therapies for neurological diseases. Using previous
studies and culture models from the Drew University neuroscience lab, | refined the
original model which utilized stem cell conditioned media and also expanded the model

to include co-culture designs.

3.1a. Manipulating Stem Cell Conditioned Media

Glial cells were cultured and pre-treated with SCCM for 24 hours followed by
stimulation with LPS for 48 hours. Nitric oxide (NO) content in culture supernatant was
inferred through the quantification of nitrite through the application of the Griess reagent.
NO concentration of samples was normalized based on a 0-100% nitrite curve. There
was a significant increase of LPS in both stimulated groups (Two-way ANOVA:
F(1,68)= 6.937, p=0.010) but there was no significant effect of SCCM (p>0.05) (Figure

1). There was, however, a significant interaction between SCCM and LPS
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(F(1,68)=73.81, p<0.001). In conditions that were stimulated with LPS and treated with
SCCM, there was a significant decrease in activation (p<0.001). There was also,
however, a significant increase in activation in non-LPS stimulated conditions that were
treated with SCCM (p<0.001). Despite this increase in activation, there was still a
significant difference between (+)SCCM/(-)LPS and (+)SCCM/(+)LPS conditions

(p<0.001).
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Figure 1: Nitric oxide concentration for neuroglia treated with SCCM- Neuroglial cells
were grown for 1 day and then pre-treated with SCCM [(+)SCCM]or without SCCM [(-)
SCCM] as a control. Cells within each of the (-)SCCM and (+)SCCM conditions were
stimulated with LPS [(+)LPS] or without LPS [(-)LPS]. N=18/condition. Data are mean
+SEM.




33

Glial activation in the brain of an Alzheimer’s patient would hypothetically
continue even during stem cell treatment. In order to model this, glia were pre-treated
with SCCM both before and during LPS activation (Ptx/Stm) then compared to glia only
pre-treated with SCCM before stimulation (Ptx) (Figure 2). There was a significant main
effect of SCCM (Three-Way ANOVA: p=0.001) and LPS (p<0.001) in both Ptx/Stm and
Ptx conditions. There was also a significant main effect of adding SCCM to the
stimulation phase (Ptx/Stm) (p<0.001). A significant interaction between (+)LPS and
SCCM also occurred (p<0.001). There was a significant increase in NO concentration for
LPS stimulated conditions for both (+)SCCM and (-)SCCM conditions (p<0.001,
p<0.001). There was also a significant difference in LPS for both Ptx and Ptx/Stm
conditions (p<0.001, p<0.001). There was no difference in activation for non-LPS
stimulated conditions for either Ptx or Ptx/Stm, but there was difference in activation for

LPS stimulated cells between Ptx and Ptx/Stm (p<0.001).
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Figure 2: Nitric oxide concentration for neuroglia treated before and during stimulation-
Neuroglial cells were grown for 1 day and then pre-treated with SCCM [(+)SCCM] or
without SCCM [(-)SCCM] as a control. Cells within each of the (-)SCCM and (+)SCCM
conditions were stimulated with LPS [(+)LPS]containing SCCM [PTx/Stm] or with LPS
containing DMEM [Ptx]. The remaining cells in each condition were stimulated without
LPS [(-)LPS]. N=6/condition. Data are mean +SEM.
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3.1b. Transwell Co-Culture System

Glia cells were grown in a co-culture transwell system in which stem cells were
cultured in smaller membranous wells atop glia cultures. Control wells were not
stimulated with LPS and either received no pre-treatment, or pre-treatment with stem
cells. A positive control consisted of glia that were stimulated with LPS but no stem cell
pre-treatment. There was a significant increase in NO concentration for LPS stimulated
glia [(+)LPS] in either stem cell condition [(+)SC and (-)SC] (Two-way ANOVA:
p<0.001). There was no significant effect of stem cell treatment [(+)SC] (p>0.05) and
there was also no interaction between LPS stimulation and stem cell treatment (p>0.05).

Glial supernatants were collected and analyzed for presence of neuronal growth
factor (NGF). Optical density was measured in a microplate reader after execution of an
ELISA assay on glial supernatants. There was a significant increase of NGF in LPS
stimulated conditions (Two-way ANOVA: p<0.001). There was not a main effect of
stem cell treatment (p>0.05) and no interaction between stem cell treatment and LPS

stimulation (p>0.05).
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Figure 3: Nitric oxide concentration for neuroglial cells in a transwell co-culture system-
Glia were pre-treated with stem cell [(+)SC] cultures or with plain DMEM [(-)SC] in a
transwell system for 24 hours followed by stimulation with LPS [(+)LPS] for 48 hours.
Controls were not stimulated with LPS [(-)LPS] but with plain DMEM. NO
concentration normalized to 100% control. N=24/condition. Data are mean +SEM.
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Figure 4. NGF content in glia supernatant of transwell co-culture- Glia stimulated with
LPS [(+)LPS] and without LPS [(-)LPS] were each treated with transwells containing
PDSCs [(+) Transwell] or without transwells containing PDSCs [(-) Transwell]. An
ELISA assay was performed in order to assess the relative NGF content in each sample.
N=8/condition. Data are mean +SEM.
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3.1c. Cover Slip Co-Culture System

A cell-to-cell contact co-culture system was developed for stem cells and
neuroglia. Cells were grown for either one day or two days before pre-treatment. Model
A consisted of glia grown on cover slips which were subsequently turned over onto stem
cells grown in a welled plate for treatment (Figure 5A). According to the results of a 2 x
2 x 2 Three-Way ANOVA, there was no significant difference between cells grown for 1
day or 2 days. There was a significant main effect of stem cell treatment [(+)SC]
(F(1,16)=12.122, p=0.003) and LPS [(+)LPS] (F(1,16)= 52.565, p<0.001). There was a
statistically significant interaction between stem cell treatment and LPS stimulation as
well as one between stem cell treatment and number of days grown. A third interaction
was also observed between LPS stimulated conditions and number of days grown. These
interactions qualify the main effects of stem cell treatment and LPS stimulation.

In model A, there was no significant increase in NO concentration from LPS
stimulation for (-)SC conditions. There was, however, an increase in NO concentration
from LPS stimulated conditions for (+)SC conditions (p<0.001). In (-)LPS conditions,
there was no significant difference between conditions treated with [(+)SC] and without
[(-)SC] stem cells. A significant increase was observed, however, for (+)LPS conditions
that were treated with and without stem cells (p<0.001). In terms of number of days cells
were grown, there was a significant difference between days grown for (+)SC conditions
(p=0.011). There was also a significant difference between (+)SC and (-) SC conditions
for cells grown for 1 day (p<0.001), but not for 2 days. In conditions stimulated with LPS

[(+)LPS] and without LPS [(-)LPS], there was a significant effect of number of days
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grown for both 1 day (p<0.001) and 2 days (p=0.006). Also, for LPS stimulated
conditions [(+)LPS], there was a significant difference between number of days grown
(p=0.014).

A second model, model B, included glia grown in a welled plate which were
subsequently treated with stem cells grown on cover slips (Figure 5B). There was a
significant main effect of LPS stimulation (Three Way ANOVA: F(1,16)= 3357.642,
p<0.001). There was also a significant main effect of number of days grown (F(1,16)=
248.503, p<0.001). In model B, there was an interaction between stem cell treatment,
LPS stimulation, and number of days grown. This three-way interaction qualifies the
main effects LPS stimulation and number of days grown.

In model B, there was no significant difference in NO content by the number of
days grown for control conditions [(-)SC/(-)LPS]. There was a significant difference by
the number of days grown for (-)SC conditions stimulated with LPS [(+)LPS] (p<0.001).
There was also a significant difference in number of days grown for (+)SC treated
conditions both stimulated with LPS [(+)LPS](p<0.001) and non-LPS stimulated
conditions [(-)LPS](p<0.001). For conditions without LPS stimulation [(-)LPS] grown for
1 day, there was a significant difference between (+)SC treatment and (-)SC treatment
(p<0.001). There was not, however, a significant difference between (+)SC and (-)SC
treatment for (-)LPS conditions grown for 2 days. There was a significant difference
between (+)SC and (-)SC treatment conditions for conditions with LPS stimulation [(+)
LPS] grown for both 1 day and 2 days (p<0.001, p=0.013). In (-)SC conditions grown for

both 1 day and 2 days, there was a significant difference in LPS stimulation



(p<0.001,p<0.001). The same significance was found for (+)SC treatment conditions as

well: difference in LPS stimulation for both 1 and 2 days grown (p<0.001,p<0.001).
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Figure 5: Nitric oxide concentration for neuroglia in a cover slip co-culture system- (A)
Glia were grown on a cover slip followed by exposure to stem cells or plain DMEM
(control). (B) Stem cells were grown on a cover slip then used as a treatment for glial
cells. “1 Day” and “2 Day” refer to the number of days cells were grown prior to pre-
treatment. Following pre-treatment cells were stimulated with LPS or DMEM (control).
N= 3/condition. Data are mean +SEM.
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3.2 Analysis of stem cell and glial interactions

Along with the several culture models developed in this study, morphological
differences between SCCM treated and LPS stimulated glial cells were observed through
immunocytochemical fluorescent staining. In the current study, an iNOS antibody
fluorescent stain allowed for visualization of iINOS in activated glia. Analyzing the
distribution of iINOS in each condition through stain intensity and quantification of

percent area stained can reveal answers to how NO can cause damage in AD conditions.

3.2a Qualification of iNOS stain in neuroglia

Glial cells were stained with an iNOS antibody in order to visualize iINOS
distribution and cell morphology. Control glia that were not treated with SCCM or
stimulated with LPS [(-)SCCM/(-)LPS] showed normal flattened and spread glial
formation and presented with a diminished but widespread distribution of iINOS in over
50% of the cells (Figure 6A). Glia that were stimulated with LPS and treated with SCCM
in both stimulation and pre-treatment [(+)SCCM/(+)LPS/(Ptx/Stm)] showed normal glial
morphology and little to no iNOS distribution in about 75% of the cells (Figure 6B). Glia
were stimulated with LPS and did not receive SCCM treatment [(-)SCCM/(+)LPS/]
showed a high concentration of iNOS with a shriveled, shrunken appearance in about
35% of the cells (Figure 6C). Glia were stimulated with LPS and contained SCCM only

in pre-treatment and not stimulation [(+)SCCM/(+)LPS/(Ptx)] showed a low
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concentration and distribution of INOS, but some morphological shriveling and shrinking

in about 25% of the cells (Figure 6D).
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Figure 6: INOS staining of neuroglia- Glia were fixed and stained with iNOS
monoclonal anti-body to visualize iNOS in the cell bodies. All glia pictured were imaged
with same exposure of 15s. (A) Control glia without SCCM treatment or LPS stimulation
[(-)SCCM/(-)LPS]. (B) Glia that were stimulated with LPS and treated with SCCM in
both stimulation and pre-treatment [(+)SCCM/(+)LPS/(Ptx/Stm)]. (C) Glia that were
stimulated with LPS but not treated with SCCM at all [(-)SCCM/(+)LPS]. (D) Glia that
were stimulated with LPS and treated with SCCM only in pre-treatment
[(+)SCCM/(+)LPS/(PtX)].
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3.2b. Quantification of iNOS stain in neuroglia

Glia were pre-treated with SCCM [(+)SCCM] or plain DMEM as a control [(-)
SCCM] for 24 hours. They were then stimulated with LPS [(+)LPS] or without LPS [(-)
LPS]. Half of the cells were stimulated with LPS containing SCCM (Ptx/Stm) and the
other half were stimulated with only LPS (Ptx). After another 48 hours of stimulation,
glia were stained with iNOS antibody in order to visualize activation within the cells.
Images were collected for each condition and the percent area stained as well as the
average intensity were recorded for each image.

In quantifying percent area of image stained, there was no significant main effect
of SCCM using a Two-Way ANOVA. There was, however, an interaction between LPS
and SCCM (F(1,19)= 23.941, p<0.001) (Figure 7). For average stain intensity there was a
significant effect of SCCM (p<0.05) but not of LPS (p>0.05)(Figure 8). There was,
however, an interaction between LPS and SCCM (p<0.001). For conditions without LPS
stimulation [(-)LPS] there was a significant increase in percent area stained with the
addition of SCCM [(+)SCCM] (p=0.005). For conditions stimulated with LPS [(+)LPS],
there was a significant decrease in percent area stained with iNOS with the addition of
SCCM treatment [(+)SCCM] (p<0.001). There was also a significant increase in percent
area stained for (+)LPS/(-)SCCM conditions compared to (-)LPS/(-)SCCM conditions
(p<0.001). Percent area stained decreased significantly in (+)LPS/(+) SCCM conditions
compared to (-)LPS/(+)SCCM conditions (p=0.023).

In quantifying the average intensity of staining, there was an interaction between

SCCM and LPS (p<0.001). For both (+)SCCM and (-)SCCM conditions, the effect of
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LPS was significant (p<0.001, p<0.001). There was a slight but significant increase in
intensity between (-) LPS conditions with and without SCCM treatment (p=0.007). There
was a significant decrease in average stain intensity for (+)LPS/(+)SCCM conditions

compared to (+)LPS/(-)SCCM conditions.
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Figure 7: Percent area quantification of iNOS staining of glial cells- Neuroglial cells
were grown for 1 day and then pre-treated with SCCM [(+)SCCM)] or without SCCM [(-)
SCCM] as a control. Cells within each of the (-)SCCM and (+)SCCM conditions were
stimulated with LPS [(+)LPS]containing SCCM [PTx/Stm]. The remaining cells in each
condition were stimulated without LPS [(-)LPS]. Immunofluorescent images of glia
stained with iNOS antibody were collected. The percentage of the image area with stain
was recorded for each condition. N=8-25. Data are mean +SEM.
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Figure 8: Average intensity quantification of iNOS staining of glial cells- Neuroglial
cells were grown for 1 day and then pre-treated with SCCM [(+)SCCM] or without
SCCM [(-)SCCM] as a control. Cells within each of the (-)SCCM and (+)SCCM
conditions were stimulated with LPS [(+)LPS]containing SCCM [PTx/Stm]. The
remaining cells in each condition were stimulated without LPS [(-)LPS].
Immunofluorescent images of glia stained with iNOS antibody were collected. Average
intensity of the stain in each image was recorded. N=8-25. Data are mean +SEM.
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4. Discussion

Molecular mechanisms underlying AD phenotypes are not well understood
despite continuous research efforts. One such mechanism that has been explored for
answers to the AD puzzle is the heightened immune responses and inflammation that are
observed in a typical AD brain. Though an active immune system is typically beneficial,
in AD, the inflammation that occurs is chronic and severe which leads to more damage
than protection. There are many pathways that could give rise to this inflammation and
therefore many possibilities for treatment. Stem cells have been cited as a potential
treatment for various neurological disorders such as Parkinson’s disease, stroke, and
Alzheimer’s disease (Momin et al., 2010). Stem cell treatments for these various
neurological diseases and disorders are typically done through cell replacement therapies
in which stem cells are differentiated into neural cells in order to replace cells lost to
damages. Several different types of stem cells have been used in research for these
therapies (NIH, 2012). Adult stem cells, such as bone marrow derived stem cells, have
been used for their innate ability to secrete neurotrophic factors while embryonic stem
cells proliferate indefinitely and are easy to grow in culture. Neurotrophic factors have
been found to cause a decrease in the immune response of neuroglial cells typical in an
AD brain (Burlton-Jones et al., 2011). Each of these types of cells has their drawbacks
with both adult stem cells and embryonic stem cells requiring a blood match to use in a
patient among other disadvantages. Placental derived stem cells (PDSCs) can be isolated

from a post-partum placenta, have the same proliferation power as embryonic stem cells
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and secrete the same factors as adult stem cells making them highly suitable for research
(Fauza, 2004; Parolini et al., 2008; Evangelista et al., 2008).

Based on past methods used in the Drew University neuroscience lab, stem cell
conditioned media (SCCM) was found to decrease NO content, a product of neuroglial
cells that were stimulated with LPS (Frese, 2012). An interest of this study was to refine
the previous SCCM model and find a system in which neuroglial cells and stem cells
could be cultured together in order to provide a platform on which to investigate
morphological and response differences. Culturing cells together will serve as a more
realistic model because current stem cell therapies use a direct injection of stem cells
rather than a treatment with conditioned media. Another aim of this study was to analyze
the morphological differences of neuroglia when stimulated with LPS to induce NO
secretion in order to evaluate how over-activation of the immune response affects cell
morphology and iINOS. The morphology and iNOS distribution within glial cells were
also observed for stimulated cells that were then treated with SCCM to explore the effects

PDSC treatment.

4.1 Evaluation of novel culture models

AD is a disease that can last decades which is why it is important to find a
treatment that can attenuate the effects of the disease on a long-term basis. In order to
emulate this, the time at which SCCM was added to culture was manipulated to include
the SCCM in both pre-treatment and stimulation. Other novel culture methods were also

tested including several co-culture systems. It was hypothesized that a co-culture system
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can cause a greater decrease in NO acting as a long term treatment and eventually allow
for other manipulation and observations. Co-culture systems such as a transwell system
and a cell-to-cell contact cover slip system were developed in order to test this. It was

hypothesized that stem cell neurotrophins, such as NGF, would be increased in cultures

that received stem cell treatment.

4.1a. Stem Cell Conditioned Media

Studies previously performed at Drew University used media conditioned from
PDCSs as a pre-treatment for LPS stimulated glial cells (Frese, 2012). The conditions and
parameters set by these previous experiments were re-created in this study to use as a
baseline from which a new co-culture system could be compared. A replication of the
SCCM experiment yielded similar results to previous experiments with a significant
increase in NO concentration in glia stimulated with LPS (Figure 1). Though there was
no significant main effect of SCCM, there was a significant interaction between LPS and
SCCM with a significant decrease in NO concentration for LPS stimulated cells treated
with SCCM. This supported the original hypothesis that SCCM causes a decrease in NO
content in LPS stimulated glia. Unexpectedly, however, there was also an increase in NO
concentration for glia treated with SCCM without LPS stimulation. This could be due to
a trace amount of contaminants that could have caused an increased immune response in
the glial cells or it could be pointing to a mechanistic effect of the SCCM on the cellular

responses of the glia.
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In order to more closely model in vivo treatment with SCs, SCCM was used for
both pre-treatment phase and during stimulation with LPS (Ptx/Stm) and compared to the
previous model in which SCCM was only applied as a pre-treatment (Ptx)(Figure 2). As
expected, there was a significant increase in LPS induced NO production in glia for both
Ptx and Ptx/Stm conditions as well as a significant main effect of SCCM for these
conditions. For control glia not stimulated by LPS, there was a no difference in activation
between Ptx/Stm and Ptx conditions which was the expected result. Glia stimulated with
LPS in the Ptx/Stm condition had a significantly lower NO concentration as compared to
glia stimulated with LPS in the Ptx condition for both (+) SCCM and (-) SCCM
treatment. As hypothesized, prolonged exposure to SCCM through both the pre-treatment
and stimulation phases caused a more dramatic decrease in NO. This significant decrease
of NO indicates that treating with SCCM both before and during stimulation with LPS
suggests that this would be a reasonable modification to the protocol. This also suggests
that treating with SCCM during only the stimulation phase may be enough to attenuate a
decrease in NO content in activated glia. Future experiments should include a timeline

study in which glia are treated before, during, and after stimulation.

4.1b. Transwell Co-Culture System

A transwell system in which stem cells were cultured in porous transwells on top
of wells with glia was assessed as a viable model for a stem cell-glia co-culture. The
bottoms of the transwells were porous in order to allow for the exchange of factors

released by the glia and stem cells. Results of this experiment showed the expected
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elevation in NO concentration due to LPS stimulation (Figure 3). This elevation in NO
was observed for both (+)SC and (-)SC conditions which was not the desired or expected
because SC treatment was expected to decrease the effect of LPS stimulation. A possible
reason for this unexpected effect may include the small pore size of the transwells which
could have prevented exchange of factors in the co-culture. To assess this possibility, an
ELISA assay was performed in order to determine if there were sufficient amounts of
neurotrophins to exert a suppressive effect on LPS stimulated glia.

The supernatants of glia cells were collected and analyzed for presence of NGF
(Figure 7). It was hypothesized that NGF would be increased in conditions that received
stem cell treatment, however, this was not the case. Samples that were not stimulated
with LPS showed an insignificant amount of NGF in both transwell and non-transwell
treated conditions [(+) SC and (-) SC]. On the other hand, NGF levels were comparably
high in both LPS stimulated conditions (both [(-) SC and (+) SC]). NGF is naturally
produced by both glial cells and stem cells for neuronal growth and protection (Lu et al.,
1991; NIH, 2002). It is reasonable to surmise that because NGF content was high in both
of the stimulated conditions but not the stem cell treated control, the glia responded to the
LPS activation by releasing NGF as normal inflammatory response. Inflammation in
controlled, normal levels is actually beneficial to cell health. In these conditions,
however, the high levels of NO counter balance the cells attempt at neuroprotection
through NGF. If we could find a way to decrease the NO content released by the glial
cells, but keep the increase in NGF they produce, we may be able to prevent damage

more efficiently with the help of high NGF concentrations. On the other hand, because
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NGF was high in both LPS stimulated conditions, but NO was not decreased by any
significant amount with stem cell treatment, this could suggest that NGF may not be the
main stem cell neurotrophin attenuating the inflammatory response of glial cells. It was
originally hypothesized that an insignificant decrease of NO in LPS stimulated glia
treated with stem cells may suggest a pore size too small for exchange of factors. Because
the molecular size of NGF is 16 x 25 x 18A and the pore size of the transwells is 0.4um,

the possibility of a pore size too small can be ruled out (McDonald et al., 1991).

4.1c. Cell-to Cell Contact Cover Slip System

Sterilized cover slips treated with HCI were used as culturing surfaces for stem
cells or glial cells. Welled-plates were prepared, one plate for stem cells (model A) and
one plate for glial cell cultures (model B). Glia in wells were exposed to either blank
cover slips, or cover slips with stem cells. Glia grown on cover slips were exposed to
wells either with or without stem cells. Sets of glia and stem cells were grown for either 1
day or 2 days. Each of these systems was tested in order to ensure an optimal set up for a
cover slip co-culture system.

Overall, the activation of glial cells that were grown on cover slips was much
lower than glia grown in wells (Figure 8). Within model A, there was no significant
difference between cells that were grown for 1 day versus those grown for 2 days though
there was a significant main effect of both SCCM and LPS (Figure 8A). The main effect
of LPS was due to an increase in NO concentration in LPS stimulated conditions which

would normally be the hypothesized result, however, in this case LPS activation was
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higher in (+)SC/(+)LPS conditions which is not the expected result. There was also an
interaction between SC treatment and LPS stimulation which is qualified by the main
effects which, as just mentioned, were not the main effects that were expected. Because
this was a novel co-culture system, several problems arose in the culturing process of
these cells. First, tweezers were used in order to remove cover slips from the wells they
were grown in to the experimental wells. During this transfer process, many cover slips
broke which may have caused cell disruption and cell loss contributing to the low amount
of activation seen in Figure 8A. Further cell disruption may have been caused by the
insufficient stabilization of the wax beads used to create a buffer space between the stem
cell surface and glial cell surface. These wax beads would often come off during the
incubation period which left them floating on the surface of the supernatant. The higher
activation seen in (+)SC/(+)LPS conditions as compared to (-)SC/(+)LPS conditions
could be due to a larger number of surviving glia in those conditions just by chance of
fewer broken cover slips and/or more stable wax beading.

Glial cells and stem cells were grown for either 1 day or 2 days before pre-
treatment in order to determine if a shorter or longer growth period would affect
activation or response to treatment. In model A, there was a significant difference in
activation for (+)SC treated conditions between 1 day or 2 days with 2 day growth
showing a higher NO concentration than 1 day growth for LPS stimulated conditions.
This could also be due to a higher number of cells surviving in the 2 day growth
condition because they had more time to proliferate and therefore more cells were

available for LPS activation. There was also a significant difference between (+)SC and
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(-)SC conditions for cells grown for 1 day, but not for 2 days. In (+)LPS and (-)LPS
conditions, there was a significant effect on activation for both 1 day and 2 days, but once
again, activation for (+)LPS conditions treated with stem cells was higher than (+)LPS
conditions without stem cell treatment, the opposite of the hypothesis and once again
most likely due to random variations in cell survival.

In model B, there was a significant effect of LPS and number of days grown
which was qualified by a three way interaction between LPS, SC, and days grown (Figure
8B). Control conditions [(-)SC/(+)LPS] showed no significant difference in activation
which was expected. LPS stimulated glia without stem cell exposure [(-)SC/(+)LPS]
showed a significant increase in NO concentration for 1 day compared to 2 day growth.
Glia grown in a welled plate may become slightly insensitive to LPS activation after
more than one day of growth. Evidence for this possibility can also be seen in the (+)SC
conditions. In the (+)SC/(+)LPS condition, there was a significant difference between 1
and 2 day growth with 1 day growth having a higher activation than 2 day. There was
also a difference in NO concentration for (+)SC treated conditions without LPS
stimulation.

The question of interest, does PDSC treatment cause a decrease in the NO
concentration of LPS stimulated glia, was found to be supported for both 1 day and 2 day
growth. There was a significant decrease in NO concentration for glia pre-treated with
stem cells and stimulated with LPS [(+)SC/(+)LPS] compared to glia only stimulated
with LPS [(-)SC/(+)LPS]. This was true for both 1 day and 2 day growth, though 2 day

growth had an overall lower activation than 1 day.
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Glia were able to grow on a larger surface undisturbed by breaking cover slips or
loose wax beads, which could account for the overall increase in activation in Figure 8B
compared to Figure 8A. Cells grown for 1 day had an overall higher NO concentration
than cells grown for 2 days in the model B. Future studies should include an MTS assay
in order to assess the number of viable glia in 1 and 2 day cultures. There was a
significant difference in LPS stimulated glia treated with stem cells compared to those
that were not treated in both models, though the difference was much greater in model B
compared to model A. Without a sufficient number of surviving cells, a heightened
amount of NO for LPS stimulated glia similar to the environment in AD cannot be

achieved.

4.2 Morphological and Immunocytochemical Analysis

Glial cells were stained with iNOS antibody in order to visualize INOS
distribution and cell morphology. Control glia [(-)SCCM/(-)LPS] showed normal
flattened and spread glial formations and presented with a minor widespread distribution
of INOS (Figure 6A). The trace amounts of fluorescence in these glia are most likely
indicative of physiologically normal iNOS activation. In the same conditions for the
assessment of NO concentrations measured through the Griess reaction, there were
baseline levels of NO which correlates to their appearance (Figure 2). Glia stimulated
with LPS and were treated with SCCM in both stimulation and pre-treatment
[(+)SCCM/(+)LPS/(Ptx/Stm)] showed normal glial morphology and little to no iINOS

distribution (Figure 6B). This could suggest that SCCM reduces the number of cells
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expressing iINOS rather than the amount of iNOS expression within each cell after
prolonged exposure to SCCM. There were still cells expressing iINOS in the Ptx
condition, but there were far fewer in the Ptx/Stm condition. Evidence for cells
expressing iINOS can be seen in Figure 2, where the NO concentration was heightened,
and in Figure 7 where there was percent area stained comparable to the baseline
conditions. Glia that did not receive SCCM in any phase [(-)SCCM/(+)LPS] showed a
high concentration of NO with a shriveled, shrunken appearance (Figure 6C). This
shrinking and shriveling could be indicative of apoptosis which is characterized by the
shriveling and condensing of the cell (Johnson et al., 2002). A study by Hu and Van
Eldik (1996) showed an increase in apoptosis with the increase of iNOS expression in
glial cells. In this study, a similar effect was observed. Also, the morphological shrinkage
is also supported by the significantly high percent area covered by activated glia found in
Figure 7. Glia that contained SCCM only in pre-treatment [(+)SCCM/(+)LPS/(Ptx)]
showed a low concentration of NO and low distribution of iNOS, but some
morphological shriveling and shrinking was still present (Figure 6D). This is consistent
with the percentage of area seen covered by activated glia also represented in Figure 7.
There was a significant difference in average intensity of stain as an effect of SCCM but
not an effect of LPS on stain intensity, thought, there was an interaction between the two
(Figure 8). This could be indicating that there is a decrease in number of cells and
intensity of stain when activated by LPS in the presence of SCCM, but an increase in
number and intensity when SCCM is applied alone. This is once again evidence for

SCCM causing an increase in immunity when applied to glia, but can also cause a
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decrease in activation when the immune response is highly induced causing a
neuroprotective effect.

There were several problems with the execution of the cover slip model including
the transfer of the cover slips to wells for treatment, and choosing the number of day for
which to grow the cells. Going forward, perhaps larger cover slips and larger wells
should be used to decrease the chance of breaking. Also, another medium other than
paraffin wax should be used to create a separation between the cover slip surface and the
surface of the bottom of the well. This execution of the novel cell-to-cell contact cover
slip co-culture system did indicate, however, that glial cells should be grown in wells and
stem cells grown on cover slips and not the other way around. As previously stated, an
MTS assay should also be included in future experiments of this type in order to verify
the number of living glia in culture. Also, inclusion of a stain for a cellular marker such
as actin will allow for visualization of all cells including those with activated iNOS and
provide a comparative measurement of iNOS. Since many of the cells in the (-)
SCCMI/(+)LPS condition showed signs of apoptosis, staining for an apoptotic marker

within the cells would provide measurable evidence for apoptosis.

4.3 Future Studies

Going forward, similar studies to the present one should include some
modifications. Many of these modifications including the addition of an MTS assay and
testing a different neurotrophin other than NGF have been outlined in previous sections.

Further modifications must be considered as well. In treating an AD patient, the disease is
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on its course well before treatment is administered or a diagnosis is even made. So, in
order to better represent the environment of an AD brain, future studies should switch the
order of pre-treatment and stimulation putting stimulation before treatment with stem
cells. A time course experiment in which stem cell treatment is applied 24 hours before,
simultaneously, and 24 hours after glial stimulation would provide a valuable
comparative experiment. This will more closely model disease conditions and indicate
whether stem cell therapy is a feasible treatment for AD.

A co-culture system in which glia are grown directly with stem cells before
stimulation may be a practical model to look into in the future. This will allow for cell-to-
cell contact without the possible drawbacks of a transwell or cover slip system. Stem
cells will then be present not only in the pre-treatment period but also through the
stimulation period which could hopefully further decrease NO content through the effect
of stem cell neurotrophins and once again more closely model actual treatment
conditions. An unfortunate drawback to this system would be the inability to isolate glia
once the experiment is complete. This can make it difficult to do immunocytochemical
analysis of the glia and act as an obstacle in viewing the morphological differences in
stimulated versus non-stimulated glia. Therefore, staining for different types of glia in
these conditions will not only allow for the differentiation between glia and stem cells,
but also show what types of glia are becoming activated by LPS.

Further in vitro models should include the introduction of neurons in culture.
Obviously, a human brain consists of more than just glial cells and it is therefore

important to explore the interaction between glial cells and neurons together in culture
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when treated with stem cells. A possible experiment could include a direct co-culture of
glia and neurons and pre-treatment followed by stimulation with LPS. Though there are
many benefits to in vitro models, another way to observe this interaction would be
through in vivo studies. These would be an important compliment to in vitro studies since
in vivo studies allow for experimental conditions that more closely model the
environment observed in AD and can provide behavioral reinforcement as well as cellular

evidence for stem cells as a viable treatment.
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