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1. Introduction
1.1 Characteristics of Alzheimer’s disease

Alzheimer’s disease (AD) is the most common form of dementia and the sixth
leading cause of death in the United States (Tarawneh and Holtzman, 2012). Itis
estimated that more than 24 million people worldwide suffer from the disease.
Furthermore, the rate of prevalence for AD rises exponentially with age. With
advancements in modern medicine significantly increasing the life expectancy for
humans, the number of adults with AD is expected to double in twenty years (Mayeux
and Stern, 2012). As the disease progresses, mental function begins to deteriorate until
eventually patients are completely unable to take care of themselves and require
fulltime care. As a result, most AD patients reside in long-term care facilities for the last
few years of their lives, until the disease progresses so far that their bodies can no
longer function at all. The substantial amount of care that AD patients require, and the
sheer number of patients we could be facing in the near future, will create an incredibly
costly public health burden. It is estimated that AD healthcare will cost the nation $259
billion in 2017, and these costs are predicted to rise to as much as $1.1 trillion by 2050
(Alzheimer’s Association, 2017).

Alzheimer’s disease is usually diagnosed in a clinical setting, and begins with
mild short term memory deficits. Patients experience difficulty remembering recent
events and conversations, and this progresses to an inability to remember close friends
and family members (Heneka and O’Banion, 2007). As the disease advances, severe
dementia develops and patients exhibit multiple cognitive and behavioral deficits, with

most eventually becoming bedridden. Basic motor functions such as swallowing and



walking become impaired and death typically occurs five to ten years after diagnosis
(Tarawneh and Holtzman, 2012).
1.2 Amyloid beta

One devastating issue facing patients is that AD is difficult for health
practitioners to diagnose. The disease can only conclusively be diagnosed through
autopsy, when pathologists can examine a patient’s brain and determine the presence
of AD pathology (Murphy and LeVine, 2010). In living patients, physicians must apply
an approximate diagnosis, and there is currently no single definitive test. Instead
doctors use a variety of approaches for a clinical diagnosis, including cognitive and
psychiatric tests, examination of family history, and brain imaging. Tragically, diagnosis
typically comes much too late. While patients do not seek medical help until they start
experiencing memory loss, actual onset of the disease typically begins as many as 15
years prior to clinical symptoms (Tarawneh and Holtzman, 2012). Many non-demented
individuals exhibit AD pathology at autopsy, and this condition of early histopathology
without detectable cognitive impairment is categorized as preclinical AD (Goldman et
al,, 2001).

One of the main pathologies associated with AD are amyloid beta (AB) plaques,
which aggregate in the brains of patients. Af is a small peptide that is a product of the
cleavage of amyloid precursor protein (APP). APP is a transmembrane protein found in
high levels in the brain, and while its specific physiological function is as yet
undetermined, it has been suggested to play a role in various cellular processes
including cell adhesion and neuronal protein transport (Zhang et al.,, 2011). APP is

processed rapidly in neurons, and it undergoes proteolysis during this processing. It



can be cleaved through multiple different enzymatic pathways, and some of these
pathways lead to AP production while others do not. For example, cleavage by the
proteases BACE1 and y-secretase results in the production of A, but cleavage by a-
secretase followed by y-secretase does not (O’Brien and Wong 2011). Soluble AP is
secreted by neurons and other cell types, and it can be detected at low levels circulating
in the blood and cerebrospinal fluid of non-demented individuals (Bates et al., 2009;
Bateman et al,, 2006). Though the precise function of the protein is unknown, at low
levels AP has been found to be important to learning and memory (Hardy and Selkoe,
2002). In healthy individuals AB1-40 is the predominant form that is produced, but
mutations in one of three different genes (APP, PSEN1, and PSENZ) causes
overproduction of A and accumulation of the longer, more toxic AB1.42 form of the
protein (Bateman et al,, 2006). These mutations cause early-onset Alzheimer’s disease,
usually developing in individuals before the age of 65. However, these instances of AD
with a strong genetic link are incredibly rare, accounting for less than 1% of cases of the
disease (Alzheimer’s Association, 2017; van der Flier et al., 2011). Most cases of AD are
spontaneous, and the underlying reasons for this sudden overproduction of amyloid
beta are not fully understood. For the vast majority of patients living with Alzheimer’s,
the cause of the disease remains undetermined.
1.3 Inflammation

Though the causes of AD are not fully understood, certain lifestyle factors and
conditions are known to increase a person’s risk of developing the disease.
Furthermore, many of these risk factors have an underlying inflammatory component.

Several risk factors for AD such as obesity, sedentary lifestyle, and systemic infection



increase levels of pro-inflammatory cytokines in the blood over a person’s lifetime. The
elevated inflammatory state can also affect the brain, and this neuroinflammation
accelerates cognitive decline and brain atrophy (Heneka et al., 2014). The link between
AD and inflammation has been studied extensively. Just as inflammation has been
shown to increase the risk of AD, Alzheimer’s pathology is also well understood to cause
inflammation. The presence of AD pathology in the brain initiates multiple different
inflammatory mechanisms, including the recruitment of microglia which localize
around plaques (McGeer et al., 1987). These microglia then enter an activated state in
order to phagocytose the plaques, causing an upregulation of inflammatory cytokines
and chemokines (McGeer and McGeer 2003; Solito and Sastre, 2012). Furthermore, this
elevated inflammatory state in the brain has been shown to aggravate AD pathology
and accelerate neurodegeneration (Craft et al., 2006). Treatment with non-steroidal
anti-inflammatory drugs (NSAIDS) helps to alleviate some of this neuroinflammation
and has even been found to delay the onset of the disease, lending further support to
the fundamental link between inflammation and AD (Breitner et al., 1995).

In rodent studies, lipopolysaccharide (LPS) is frequently used to induce an
inflammatory response. LPS is a bacterial endotoxin found on the outer membrane of
Gram-negative bacteria. Itis recognized by Toll-like receptor 4 (TLR4) and initiates
systemic inflammation in the exposed host (Juskewitch et al., 2012; Qureshi et al,,
1999). LPS induces production of pro-inflammatory cytokines including TNF-q, IL-6,
and IL-1B (Li et al,, 2015). In AD mouse models, LPS administered directly into the
brain causes a neuroinflammatory state sufficient to aggravate AD pathology.

Transgenic mice carrying mutations in APP exhibited increased AP deposition in brain



tissue after chronic intracerebroventricular (i.c.v.) administration of LPS over a period
of two weeks (Qiao et al., 2001). This exacerbated AP pathology has been seen with
intraperitoneal (i.p). administration of LPS in a similar transgenic model (Sheng et al.,
2003). The effects of LPS have also been studied in the absence of AB, in a transgenic
mouse model exhibiting a different form of AD pathology. These mice develop
intracellular pathology known as tau tangles, and LPS similarly aggravates pathology in
this mouse model (Lee et al., 2010; Kitazawa et al,, 2005). Previous studies, including
recent work in our lab, have shown that i.p. injection with LPS causes significant
memory and behavior deficits, as well as increases in hippocampal Af, in non-
transgenic mice (Lee et al,, 2008 and Kahn et al,, 2012). These studies support the
notion that inflammation can exacerbate, and possibly even initiate, the progression of
AD.

Though inflammation undoubtedly has an important role in the progression of
Alzheimer’s disease, there is also evidence of a beneficial role of inflammation in AD.
Microglia enter an activated, pro-inflammatory state in AD that increases phagocytic
activity and reduces pathology (Wyss-Coray, 2006). A single intrahippocampal
injection with LPS has been shown to reduce the AB load in AD transgenic mice, and
microglia have been implicated in this A} clearance as well (DiCarlo et al.,, 2001; Herber
atal., 2007). It may be that the effect LPS has on AD pathology depends on the duration
of exposure. Acute inflammation, as seen with a single exposure to LPS, may initiate an
immune response that helps to clear AD pathology, while exposure to LPS over a longer
period of time appears to create a chronic state of inflammation that worsens

pathology.



Our lab further investigated the effects of chronic LPS-induced inflammation. In
2015 a previous graduate student, Amy Hardy, conducted a study to investigate the
length of time required for A levels to return to baseline in non-transgenic mice
administered a week of LPS injections. She found that A remained elevated after 16
days, but was no longer significantly different from controls after 23 days. A second
study was then conducted to determine if a second 7-day course of LPS injections,
beginning 15 days after the first round of injections, would induce even higher levels of
AB. Interestingly, soluble Af in these mice returned to levels as low as that of control
mice who had never been exposed to an LPS stimulus (Hardy 2015). The results of the
second study indicated that an initial exposure to LPS protected the mice from the
effects of a second course of injections.
1.4 B cells and anti-amyloid beta therapy

One potential explanation for the results of Hardy’s work is that the immune
system, after initial priming with LPS, mounts an adaptive immune response in which B
cells generate antibodies capable of quickly eliminating the foreign antigen upon a
second exposure. Antibodies bind to a specific antigen, allowing for neutralization or
destruction of that foreign antigen upon antibody binding. We hypothesize that the
immune system may be producing antibodies against either LPS or the A that is
produced as a result of LPS stimulation. Immune system cells residing in the peritoneal
cavity are of particular interest because this is the site where we administered LPS
injections. The peritoneal cavity is host to a wide variety of immune cells including
macrophages, T cells, and B cells. There is a unique subset of antibody-producing B

cells, called B1 cells, that are present in relatively high concentration in the peritoneal



cavity, and these cells will be the focus for the majority of this study. While B1 cells are
only a minor subset of B cells, they are responsible for the production of more than 80%
of circulating IgM (Moon et al., 2012). IgM, secreted as a pentamer, is the initial isotype
to appear during immune challenge (Ehrenstein and Notley, 2010). Antigen-specific B
cells secrete low-affinity pentameric [gM at a natural, baseline level prior to antigen
exposure, providing a line of defense against pathogen invasion. When a B cell
encounters its antigen during an immune challenge, it increases secretion of IgM that is
specific for that antigen.

Self-reactive IgM and IgG autoantibodies circulate at higher levels compared to
other antibody isotypes, and these autoantibodies may play a role in debris clearance of
endogenous proteins (Nagele et al,, 2013). Because of this important property, some
naturally circulating antibodies have the ability to recognize endogenously produced
proteins such as amyloid beta. In fact, previous studies have demonstrated that even
people who do not have AD naturally produce IgM and IgG autoantibodies that are
specific for amyloid beta (Szabo et al.,, 2008; Lindhagen-Persson et al., 2010). AD
patients have a significantly higher amount of these anti-Ap autoantibodies than non-
demented individuals (Nath et al., 2003). IgG can also be found concentrated around A
plaques in the brains of AD patients, helping to alleviate the plaque burden (Kellner et
al.,, 2009).

Anti-amyloid beta immunotherapy has been investigated as a way of treating AD
early on, before pathology and cognitive deficits become too advanced.

Immunotherapy involves the manipulation of the natural immune system to either

induce or repress a specificimmune response. With respect to AD, immunotherapy



research encompasses two different types of vaccination. One approach is active
immunization, where patients are injected with a form of Ap peptide. Immunization
with AP in transgenic mice overexpressing APP prevented plaque formation and the
development of other AD pathology (Schenk et al., 1999). A clinical trial with AB in
humans showed promise, but the trial was halted when a small percentage of patients
developed meningoencephalitis (Gilman et al., 2005). Future studies with active
immunization hope to achieve similar clearing of A} pathology without causing
autoimmune inflammation (Lambracht-Washington and Rosenberg, 2013).

A second approach to AD immunotherapy is passive immunization in which
manufactured anti-Af} antibodies, rather than the A protein itself, are injected into the
patient. Transgenic mice passively immunized against Ap exhibit cognitive
improvements, as well as microglial changes and reduced A deposits in the brain
(Wilcock et al, 2004). Several clinical trials of anti-A3 immunotherapy have yielded
success in reducing A} burden in AD patients, but many of these drugs do not
significantly improve cognitive function (Lambracht-Washington and Rosenberg 2013;
Salloway et al., 2014; Doody et al., 2014).

The problem may be that these immunotherapy drugs are not being
administered to patients early enough. By the time AD is clinically diagnosed, the
pathology caused by the disease has usually been wreaking havoc on a patient’s brain
for decades. Furthermore, it is crucial to differentiate between the multiple different
forms AP can take, especially in the context of immunotherapy. It is well understood
that the aggregation of AP} causes neurotoxicity and cognitive impairment, but there has

been a lack of evidence of similar neurotoxicity as a result of AR monomers (Cleary et



al,, 2005; Benilova et al,, 2012). In fact, it has been suggested that monomeric AP has an
important role in normal neuronal function and memory (Lindhagen-Persson et al.,
2010; Giuffrida et al,, 2009). In order to effectively improve the cognitive deficits seen
in AD without disrupting the natural function of amyloid beta, immunotherapy must
target oligomeric A and maintain AP in its monomeric form (Lindhagen-Persson et al.,
2010; Lambracht-Washington and Rosenberg 2013).

1.6 Objectives

Lindhagen-Persson and colleagues in 2010 found that naturally secreted anti-Af}
IgM has a stronger affinity for oligomeric rather than monomeric AB. Since peritoneal
B1 cells secrete such high levels of IgM, this makes them an ideal target for study of
anti-amyloid beta therapy. Furthermore, since the B cell-rich peritoneum is the site
where LPS injections were administered in Hardy’s thesis work, we will investigate B1
cells more thoroughly in order to fully understand the protective mechanism implicated
in these studies.

There are two main objectives of the present study: to investigate the activation
of mouse B1 cells in response to LPS stimulation, and to study antibody production in
the 5xFAD transgenic mouse model. We hypothesize that B cells traffic to the brain in
Alzheimer’s disease, localizing around Af plaques and producing antibodies on site.
These studies may provide evidence for a way to exploit naturally produced anti-Af}
antibodies, particularly IgM, and use it for a natural, more effective form of

immunotherapy in AD.



2. Materials and Methods
2.1 Mice

C57BL/6] mice were used, as used previously by Kahn et al. and by Hardy (Kahn
et al. 2012, Hardy 2015). For the second part of the study, the 5xFAD mouse model was
used. This is a transgenic mouse strain commonly used to model Alzheimer’s disease,
and is especially considered a useful Alzheimer’s model because of the rapid
development of amyloid pathology in the mouse (Oakley et al., 2006; Lee and Han,
2013). All mice used in these studies were bred in the TCU vivarium and housed and
cared for in accordance with the Guide for the Care and Use of Laboratory Animals
(National Research Council 2010), and in accordance with animal care protocols
approved by the Institutional Animal Care and Use Committee (IACUC) of Texas
Christian University. Food and water were made available ad libitum and mice were
kept on a 12-hour light/dark schedule.
2.2 Cell isolation

After mice were euthanized via CO; asphyxiation, peritoneal cells were isolated
using a protocol modified from Ray and Dittel, 2010. Briefly, cells were washed out of
the peritoneal cavity with ice cold phosphate-buffered saline (PBS), and the cells were
isolated from the collected cell suspension by centrifugation. After spinning, the
supernatant was discarded and the cell pellet was resuspended in cell culture media.
To isolate non-adherent B cells from the adherent peritoneal macrophage population,
the total peritoneal cell collection was plated overnight on a 10-cm culture dish. The

next day, the plate was gently washed with media, leaving adherent macrophages on
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the bottom of the culture dish and aspirating the non-adherent B cells off of the plate.
The non-adherent cells were again centrifuged and resuspended in culture media.

Spleen was also removed, and splenic cells isolated from tissue. Spleen tissue
was ground and rinsed in Hanks’ Balanced Salt Solution (HBSS, Sigma-Aldrich, St. Louis,
MO), followed by filtration through a cotton filter pipet. Cells were then centrifuged at
300 rcf for 10 minutes. ACK solution (0.15M NH4CI, 1 mM KHCO3, EDTA 0.1 mM) was
applied to cells for 1 minute for lysis of red blood cells. The remaining cell suspension
was rinsed twice more before cells were ready for antibody staining for flow cytometry.
2.3 LPS in vitro administration

Peritoneal B cells were collected, as described above, from C57BL/6] mice. After
collection, cells were plated in a 96-well culture dish with 50,000 cells per well. Cells
were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma-Aldrich, St. Louis,
MO) with 1% Pen/Strep, 1% L-glutamine, and 10% FBS. LPS was administered to the
cells at concentrations of 100 ng/ml, 500 ng/ml, 1 ug/ml, 5 pg/ml, and 10 pg/ml. Time
points of 12, 24, and 36 hours of LPS exposure at each concentration were tested. LPS
concentrations and time points were chosen based on previous LPS in vitro studies (Xu
et al,, 2008 and Enghard et al., 2010).
2.4 Cell viability assay

To determine B cell proliferation in culture, CellTiter-Glo Luminescent Cell
Viability Assay (Promega, Madison, WI) was used in accordance with manufacturer
instructions. Briefly, after LPS administration, 100 pl of assay buffer was added per
well to a 96-well plate of B cells. The plate was mixed on an orbital shaker for 2

minutes to induce cell lysis and then incubated in the dark at room temperature for 10
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minutes. Luminescent signal was recorded using a plate reader (BMG LabTech
FLUOstar Omega, Cary, NC).
2.5 LPS in vivo administration

5xFAD or C57BL/6] mice were randomly assigned to treatment groups for each
experiment. 250 pg/kg of LPS (Escherichia coli serotype: 055:B5, Sigma-Aldrich, St.
Louis, MO) or saline were administered via intraperitoneal (i.p.) injection. This LPS
dosage was chosen because it is commonly used in inflammation studies and has
previously been used in our lab (Kahn et al,, 2012 and Lee et al., 2008).
2.6 CellTrace CFSE

For tracking of B cell proliferation in vivo, CellTrace CFSE Cell Proliferation Kit
was used (Thermo Fisher Scientific, Waltham, MA). The CFSE stock solution was
prepared according to manufacturer instructions. For this experiment, C57BL/6] mice
were administered 5puL of CFSE solution via i.p. injection with either saline or LPS,
according to randomly assigned treatment group. Peritoneal and spleen cells were
collected and centrifuged at 300 rcf and resuspended in flow staining buffer (PBS with
2% FBS and 0.1% Sodium Azide). Cells were counted using a hemocytometer. 100pL
per well of the appropriate antibodies were plated on a 96-well round bottom dish, and
10uL of cells were added to each well for a total concentration of 200,000 - 300,000
cells per well. Antibodies used were anti-CD19 APC and anti-CD5 PE (eBioScience, San
Diego, CA). The plate was incubated on ice for 45 minutes, then centrifuged and
washed with flow staining buffer 3-4 times before cells were resuspended in buffer and

transferred to polystyrene flow cytometry tubes.
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2.7 Immunohistochemistry

All mice were euthanized via transcardial perfusion with PBS, and brains were
removed for fluorescent immunohistochemical analysis. A series of three equally
spaced sagittal brain sections (10 um) were randomly selected from each animal.
Sections were rinsed three times in phosphate buffered saline + 0.05% Tween-20
(PBST), then placed in blocking solution overnight (PBST + 2% donkey serum).
Primary antibodies used were anti-6e10 (1:1000, Covance, Princeton, NJ), anti-IgM
(1:1000, Jackson ImmunoResearch Laboratories, West Grove, PA), anti-IgG (1:2000,
Jackson ImmunoResearch Laboratories, West Grove, PA), and anti-CD19 (1:500,
BioLegend, San Diego, CA). Tissue sections were incubated overnight in primary
antibody at 4°C. Appropriate cyanine-conjugated secondary antibodies (for 6e10:
donkey anti-mouse Cy2, 1:500; for IgM and IgG: donkey anti-goat Cy3, 1:500,
eBioscience, San Diego, CA) were applied for 4 hours at room temperature. Sections
were then mounted on slides and coverslipped using Aqua Polymount (Polysciences,
Warrington, PA).
2.8 qRT PCR

Total RNA was isolated from hippocampal tissue using Maxwell 16 LEV
simplyRNA Tissue Kit (Promega, Madison, WI). After analyzation for purity with
NanoDrop, RNA stock was standardized so that equal amounts of each sample were
used for cDNA synthesis using Invitrogen SuperScript III kit. Quantitative RT-PCR was
performed on a thermal cycler using SsoAdvanced SYBR green reaction mix
(ThermoFisher Scientific, Waltham, MA). All kits were used following manufacturer

protocols. Two targets were chosen, purchased from Integrated DNA Technologies
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(Coralvile, [A): CD19 (Primer 1: 5’-CCACCAGAGAAACCATACAGAA-3’; Primer 2: 5’-
CACGTGAAGGTCATTGCAAG-3’) and HPRT (Primer 1: 5’-AACAAAGTCTGGCCTGTATCC-
3’; Primer 2: 5’-CCCCAAAATGGTTAAGGTTGC-3’). HPRT was chosen to act as the
housekeeping gene. qPCR mixtures contained 0.36 pL of forward and reverse primers,
5 pL of SYBR green, 3.64 uL nuclease-free water, and 1 pL of cDNA. Samples were run
in triplicate with a negative control, which contained 1 pL of nuclease-free water in
place of cDNA. In accordance with the AACr method, an optimization step was
performed to determine optimal annealing temperatures for each primer. PCR
efficiency was then determined by performing qPCR reactions on five serial dilutions of
a solution containing cDNA from each sample. A modification of a method previously
described by Pfaffl was used to account for differences in PCR efficiencies between the
target gene and the house-keeping gene (Pfaffl, 2001). The relative quantification for

each group was calculated using the following equation provided by Pfaffl:

ACT control-sample
(Etarget) target( ple)

(Eref)ACTref(control—sample)

Ratio =

2.9 Detection of immunoglobulins

Following transcardial perfusion with PBS, hippocampal tissue was removed and
lysed with protein extraction solution (PRO-PREP, Boca Scientific, Boca Raton, FL).
Protein levels were determined using DC Protein Assay (Bio-Rad Laboratories,
Hercules, CA). Arterial blood was also collected and centrifuged at 2000g for 10
minutes. Plasma was isolated from blood for analysis. IgM and IgG levels were

assessed both in plasma and in hippocampal tissue using Affymetrix mouse total ELISA
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kit (Thermo Fisher Scientific, Waltham, MA). Kits were used according to manufacturer
instructions.
2.10 Statistical Analysis

Statistical analyses were performed using one-way analysis of variance (ANOVA)
following each ELISA, cell proliferation assay, and qRT-PCR. A general linear model was
used for analysis of IgG co-localization, with mean intensity of IgG determined for each
group and 6E10 used as a covariate. Alpha level was set at 0.05 for all statistical

analyses.
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3. Results
3.1 B Cell Proliferation in culture

Peritoneal B cells were treated with increasing doses of LPS, from 500 ng/ml to
10 pg/ml, in culture to measure proliferative response. A dose-dependent response
was not measured, as there were no significant differences in proliferation between any
of the treatments (Figure 1A). Multiple time points were tested, and proliferation
depended on duration of exposure to LPS. Regardless of dose, cells that were exposed
to LPS for a longer amount of time exhibited increased proliferation, with a significant
difference between amount of cells present after 12 hours of exposure and after 36

hours (Figure 1B).
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Figure 1. Proliferative response of peritoneal B cells after LPS exposure.

Numbers shown are luminescence readings from Fluostar Omega plate reader after Cell
Glo assay, corresponding to amount of proliferation in vitro. One-way ANOVA revealed
no effect of dose on proliferation, with no significant differences between any of the
doses at a given time point (A). Results indicate a significant difference in luminescence
between 36 hours and 12 hours of LPS exposure (B). Values are expressed as mean *
SEM. *p=0.008.
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3.2 Cell migration after LPS exposure

The CellTrace CFSE kit is optimized for in vitro use. Therefore, a protocol for in
vivo use was established to determine if the kit was viable for use in a B cell migration
study. C57BL/6] mice were administered i.p. injections of 250 pg/kg of LPS or saline, in
addition to CFSE. 24 hours after injection with LPS and CFSE, there was a distinct
population of CFSE-labeled B cells in the peritoneum, but not in the spleen (Figure 24,
2B). After 48 hours, there is still a high percentage of CFSE-positive B cells in the
peritoneum, though the population is not as distinct (Figure 2C). Additionally, there are
a small amount of CFSE-positive cells starting to appear in the spleen at this time point
(Figure 2D). Interestingly, when mice were administered CFSE with saline instead of
LPS, CFSE signal was never detected by flow cytometry, both at the 24-hour time point

and at 48 hours (Figure 2E, 2F).
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Figure 2. CFSE detection in B cells. 24 hours after injection with LPS and CFSE, there
is a distinct population of CFSE+/CD19+ cells in the peritoneum (A), but this is
population is not seen in the spleen (B). After 48 hours there are still CFSE+/CD19+
cells in the peritoneum and appears to be a small, less distinct population of CFSE+ cells
in the spleen (C,D). Injection with saline and CFSE did not yield any CFSE+ B cells at 24
hours (E,F) or at 48 hours (data not shown).
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Cells from these mice were also labeled with anti-CD5 antibody, to distinguish B-
1 cells from conventional B cells. 24 hours after exposure to LPS, the B-1 cell
population in the peritoneum was present at a much higher percentage than it typically
is under natural conditions (73.59% of total lymphocytes, compared to 10-15% in
saline and untreated animals, Figure 3A). Measurements were also taken 72 hours after
exposure to LPS in order to detect LPS-induced changes in the B-1 cell population. After
72 hours, this population decreased substantially in the peritoneum (Figure 3B). This
suggested an exodus of B-1 cells from the peritoneal cavity, and the spleen was
investigated as a potential migration target for these cells. However, no changes in the
B-1 cell population in the spleen were observed at either time point (Figure 3C, 3D).
Furthermore, this splenic B-1 cell population remained unchanged from the percentage
typically seen in saline and untreated animals, where B-1 cells are typically 1-2% of

total lymphocytes (data not shown).
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Figure 3. Changes in B-1 cell population after exposure to LPS. 24 hours after LPS
injection, the B-1 cell population in the peritoneum is in relatively high concentration,
with 73.59% of total peritoneal lymphocytes identified as CD5+/CD19+ B-1 cells (A)
compared to saline controls with 10% of lymphocytes as B-1 cells (data not shown).
After 72 hours this population has decreased (B). No changes in the spleen B-1 cell
population were observed at these time points (C,D).
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3.3 Antibody co-localization around amyloid beta plaques

Confocal microscopy showed IgG closely associated with amyloid beta plaques in
the hippocampus of 5xFAD transgenic mice, both with and without exposure to LPS
(Figure 4). We verified that our secondary antibody for IgG was not nonspecifically
sticking to plaques with a control stain (Figure 5). In order to quantify this observed
co-localization, mean intensity of IgG at each plaque was measured and determined for
each treatment group. A significant effect of treatment was seen overall for amyloid
beta, but not for IgG. There were also no significant differences in IgG intensity
between treatment groups (Figure 6). Plasma and hippocampal IgG levels were further
quantified by ELISA, and no significant differences were observed between groups

(Figure 7).
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Amyloid

Amyloid f/

Figure 4. IgG co-localization around amyloid beta plaques in 5xFAD mouse
hippocampus. Amyloid beta plaque is shown in green in panel A (6E10), and panel B
shows the same plaque area with IgG stain in red. Panel C shows both images overlaid,
with panel D demonstrating the outlining of the plaque area on confocal software,
excluding IgG that is not directly on the plaque.

Amyloid B

Figure 5. IgG control. Sections were stained for amyloid beta with secondary antibody,
and for secondary antibody for IgG without the primary. No fluorescence was detected
with the IgG secondary alone.
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Figure 6. Factorial plot of mean IgG intensity. Figure shows mean intensity for each
treatment group, and the central dashed line represents the grand mean. Using a
general linear model, mean intensity of IgG was determined for each group, using 6E10
as a covariate. With IgG as the response variable, a significant effect was observed for
6E10 (p<0.001) but there were no significant differences in IgG between treatment
groups.
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Figure 7. Plasma and hippocampal IgG levels. One-way ANOVA reveals no significant
differences in plasma IgG or hippocampal IgG between treatment groups (p=0.468 and

p=0.474, respectively).
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Amyloid B

Figure 8. IgM co-localization on amyloid beta plaques in 5xFAD hippocampus.
Staining demonstrates the presence of IgM antibody co-localization, similar to that of
IgG. Panel A is staining for amyloid beta plaque alone, and panel B shows the same
plaque area with IgM staining alone. Image shown is of a plaque from a mouse of the
LPS/LPS treatment group, but IgM was observed in all treatments.

Immunohistochemistry was used to detect IgM presence in the hippocampus,
following the same method previously described to measure IgG co-localization.
Confocal images show IgM in close association with A plaques regardless of treatment
group, similar to what was seen with IgG but at a lower intensity (Figure 8).
3.4 CD19 detection in the brain

5xFAD mice were administered LPS or saline for one week, and sagittal sections
of the brain were stained for CD19, a marker that is specific for B cells. Transcardial
perfusion was performed on these mice prior to tissue collection, to ensure that CD19
fluorescence in the brain was due to CD19 presence in the tissue and not in the
vasculature. Confocal microscopy images demonstrated CD19 expression in the brain
tissue of 5xFAD mice, regardless of treatment (Figure 9A). Images suggested that this

CD19 expression was present throughout the tissue and not localized around amyloid

plaques (Figure 9B). Furthermore, closer inspection suggested the presence of CD19-
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labeled cells (B cells) that aggregated in clusters (Figure 9C). A control stain confirmed
that our CD19 antibody was not staining nonspecifically, as this effect was only visible
when tissue was stained with anti-CD19 and not antibody against total-IgG (Figure 9D).
In order to further investigate and quantify CD19 levels, qRT-PCR was conducted on
hippocampal tissue of 5xFAD mice, as well as 5xFAD-negative mice. Mice were given
i.p. injections of either LPS or saline for one week, after which hippocampus was
collected for analysis. CD19 was found at detectable levels in all mice, with no

statistical difference between treatment groups or genotype (Figure 10).
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.
Figure 9. CD19 expression in 5xFAD hippocampus. Sagittal sections of 5xFAD mouse
brain were stained with anti-CD19 antibody. Panel A shows CD19 expression in the
hippocampus. Circles indicate non-specifically labeled amyloid plaques, and arrows
indicate CD19 expression throughout the tissue. Panel B shows a similar image at
higher magnification, suggesting CD19 expression is not centered around amyloid beta
plaques. Images taken at the highest magnification suggest that each CD19 spot in

tissue is actually a cluster of multiple CD19-positive cells (C). Panel D is a control stain
with total IgG to rule out nonspecific staining.
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Figure 10. Quantification of CD19 in hippocampal tissue. qRT-PCR was use to
analyze levels of CD19 in hippocampus. Values shown are CD19 expression divided by
HPRT expression (used as a control). One-way ANOVA reveals no significant
differences between LPS and saline-treated animals, or between 5xFAD-positive and
negative mice.
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4. Discussion

The first part of this study was designed to determine whether peritoneal B cells
in our mouse model were binding and responding to LPS. Previous studies have
established that LPS binds to TLR4 receptor on B cells to induce an inflammatory
response, accompanied by cell proliferation and migration out of the peritoneal cavity
(Haetal,, 2006; Barrio et al,, 2013). Therefore, we expected to see this proliferative
response when peritoneal B cells were isolated and administered LPS in vitro. Contrary
to results reported in a previous study, a dose-dependent response to LPS was not
observed (Xu et al,, 2008). Rather, a time-dependent response was detected, with
higher amounts of proliferation the longer cells were exposed to LPS. One explanation
for the lack of dose-dependency seen in these results may be that the aforementioned
study used splenic rather than peritoneal B cells. Moreover, the proliferative response
of peritoneal B cells is known to be less robust than that of conventional B cells, which
may make it difficult to measure substantial differences in cell counts (Sindhava and
Bondada, 2012). Nevertheless, the time-dependent proliferative response observed
confirmed that LPS activated peritoneal B-1 cells.

The next set of experiments studied the B cell response to LPS in vivo using CFSE
Cell Trace dye. It has previously been established that i.p. administration of LPS
induces B-1 cells to migrate out of the peritoneal cavity (Moon et al.,, 2012). The spleen
has been implicated as one of the targets of this migration, so we investigated cell
populations in the spleen as well as in the peritoneum (Pfau et al,, 2013). 24 and 48
hours after injection with LPS and CFSE, there was a distinct B cell population labeled

with CFSE in the peritoneum. This population was not observed in the spleen, but after
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48 hours there was a small population of CFSE-labeled cells appearing in the spleen.
Interestingly, CFSE was never detectable when it was administered with saline, both in
the spleen and in the peritoneum at all time points measured. It is possible that the
CFSE was actually binding to LPS. When LPS bound to its TLR4 receptor on B cells, it
may have brought the CFSE with it, making it appear that our CFSE successfully labeled
B cells. If CFSE had actually labeled B cells, the signal would have been detected for our
saline animals, too. If CFSE is to be successfully used in the future for in vivo migration
studies, other concentrations and methods of administration would need to be
attempted.

Flow cytometry was also used to distinguish the B-1 cell population from
conventional B cells, and to study the response of these cells to LPS in vivo without the
use of CFSE. B-1 cells are native to the peritoneal cavity, and they are distinguishable
from conventional B cells by their expression of CD5 (Baumgarth 2011). Therefore,
these cells were labeled with anti-CD5 antibodies in addition to anti-CD19, the
traditional B cell marker. 24 hours after injection with LPS, we observed a marked
increase in the B-1 cell population in the peritoneum compared to saline controls. After
72 hours, this population had decreased substantially, from 73.59% of total
lymphocytes to 4.55%. This suggests that i.p. injection with LPS induced B-1 cells to
migrate out of the peritoneal cavity. However, the B-1 cell population in the spleen did
not change. These cells remained about 1% of total lymphocytes for the duration of the
experiment, and were in fact at the same percentage as saline controls.

The CFSE Cell Trace dye used for these experiments is optimized for in vitro use,

and there were complications with using the dye in vivo that need to be addressed if
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these experiments are to be repeated. Additionally, the data for these flow cytometry
experiments were collected on separate days. Ideally, these experiments would be
redone so that all of the collection events ended on the same day. This would help
control for instrument settings and compensation settings, which can potentially vary
each time the flow cytometer is used.

The second half of this study investigated antibody production and B cell
migration within the 5xFAD transgenic mouse. It has previously been established that
IgG aggregates around amyloid beta plaques in AD patients (Kellner et al.,, 2009). These
experiments sought to determine if an LPS-induced inflammatory response would
increase the amount of IgG decoration of AP plaques. Unfortunately, due to genotyping
issues, many of the original 5xFAD-positive animals in this experiment turned out to be
negative and did not exhibit any amyloid plaques after immunohistochemistry. This
brought the sizes of some treatment groups down substantially, and we were unable to
observe any significant differences in IgG co-localization between any of our groups.
Interestingly, we compared our data to that of untreated 5xFAD-positive control
animals and did see significantly more IgG at each plaque in our LPS/LPS treatment
group compared to these controls. It may be that the stress of the injection itself is
enough to significantly increase the IgG response for these mice, or that our saline was
not sufficiently sterilized before injection and contained a low amount of endotoxin.
These experiments are currently being repeated with much larger treatment groups to
verify if our SAL/SAL control group will have lower IgG co-localization, similar to the

untreated animals, than the LPS/LPS group.
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Antibody trafficking into the brain is restricted by the blood brain barrier (BBB),
consisting of tightly assembled endothelial cells and membranes that separate
systemically circulating blood from the central nervous system. In fact, it is often
assumed that larger antibodies such as IgM are unable to cross the BBB at all (Banks et
al, 2002; Elahy et al,, 2015). Most studies of antibody interaction with the BBB focus on
IgG, and find that while IgG is capable of diffusing across the BBB at a relatively slow
rate, it is not typically able to freely do so and must instead utilize certain extracellular
pathways (Banks et al., 2007; Banks 2004). IgM is a much larger molecule than IgG, and
the pentameric form of naturally circulating IgM further adds to the challenge of getting
it into the brain. However, as recent studies have demonstrated, it is possible for
certain forms of peripherally administered IgM to cross the BBB (Banks et al., 2007).
Our observation of IgM in the hippocampus was novel in that this [gM was
endogenously produced rather than manufactured and injected, and its mechanism of
transport across the BBB needs to be investigated further. Additionally, the specificity
of both IgG and IgM that was observed in the hippocampus needs to be determined. It
was assumed for our purposes that because these antibodies appeared to directly bind
to the amyloid plaques, they were specific for AB. In the future, this specificity needs to
be confirmed with an ELISA.

B cell presence in the brain was investigated as a potential explanation for the
hippocampal presence of I[gM. B-1 cells have been shown to preferentially migrate to
sites of inflammation (Geherin et al., 2016). As stated previously, the brain is in a
heightened state of inflammation in AD (McGeer et al., 2003; Solito and Sastre, 2012).

This makes the brain a site of inflammation and a potential migration target for B-1
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cells. Previous studies have demonstrated that T cells, which are a type of lymphocyte
similar to B cells, infiltrate the brain during AD (Ferretti et al, 2016). However, less is
known about B cell infiltration. In order to investigate whether B cells were migrating
into the brain in our 5xFAD mice, we administered LPS or saline to 5xFAD mice for one
week, then collected and stained brain tissue with anti-CD19, a marker that is only
expressed on B cells. CD19 was observed in the brains of all 5xFAD mice, regardless of
treatment. Since CD19 is unique to B cells, this suggested the presence of B cells in the
brain. Confocal microscopy suggested that these B cells were present throughout the
brain, and were not localizing to a specific area or to the AP plaques. In order to further
quantify this observation, qRT-PCR was conducted on hippocampal tissue from 5xFAD-
positive mice, as well as 5xFAD-negative mice, that received similar injections. CD19
was detected in all treatment groups, with no significant differences between groups.
However, these qRT-PCR results are likely confounded by the presence of B cells in the
hippocampus. There are multiple arteries which supply blood to the hippocampus, and
this blood is home to a number of naturally circulating B cells. Transcardial perfusion
was performed on the tissue that was used for immunohistochemistry, ensuring that
the CD19 we observed with confocal microscopy was being expressed in the tissue and
not the vasculature. Future studies need to repeat this CD19 qRT-PCR using animals
that have also undergone transcardial perfusion with RNAse-free saline. Furthermore,
CD19 expression was observed throughout the brain tissue after
immunohistochemistry, but qRT-PCR was only conducted on hippocampal tissue. Areas
other than the hippocampus need to be investigated to determine where the majority of

these B cells are present in the brain.
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Flow cytometry results suggested that B cells migrated out of the peritoneal
cavity when mice were injected with LPS. These B cells were suspected to migrate to
the spleen, but no significant increase in CD5+ B cells, which are of peritoneal origin,
was observed in spleen. Therefore, other potential targets for B cell migration in our
inflammation model need to be further investigated. A recent study demonstrated that
a subcutaneous inflammatory stimulus causes peritoneal B cells to preferentially
migrate to skin (Geherin et al,, 2016). Intraperitoneal injection with LPS likely causes
inflammation of many organs within the abdominal cavity. Future studies should
investigate targets such as mesenteric lymph nodes and small intestines as potential
sites for LPS-induced B cell migration. These i.p. LPS injections also cause elevation of
pro-inflammatory cytokines, as well as increased A, in the hippocampus (Kahn et al,,
2012). It may be that B cells are stimulated in the peritoneal cavity upon contact with
LPS, and then migrate from there to the site of inflammation in the brain. Future
studies will need to investigate the origin of the B cells seen in the hippocampus in
these experiments, and to further investigate anti-Ap IgG and IgM presence in the brain.
A link between peripheral inflammation and trafficking of AB-specific antibodies to the
brain would help scientists understand how the immune system of AD patients works
to combat the disease. These studies may have a significant impact on the development

of immunotherapy drugs, and even vaccinations, for AD.

35



References

Alzheimer’s Association. 2017 Alzheimer’s Disease Facts and Figures. Alzheimers
Dement 2017;13:325-373.

Banks WA. Are the extracellular pathways a conduit for the delivery of therapeutics to
the brain? Curr Pharm Des 2004;10(12):1365-70.

Banks WA, Terrell B, Farr SA, Robinson SM, Nonaka N, Morley ]. Passage of amyloid 3
protein antibody across the blood-brain barrier in a mouse model of Alzheimer’s
disease. Peptides 2002;23(12):2223-6.

Banks WA, Farr SA, Morley JE, Wolf KM, Geylis V, Steinitz M. Anti-amyloid beta protein
antibody passage across the blood-brain barrier in the SAMP8 mouse model of
Alzheimer’s disease: An age-related selective uptake with reversal of learning
impairment. Exp Neurol 2007;205(2):248-256.

Barrio L, Saez de Guinoa J, Carrasco YR. TLR4 signaling shapes B cell dynamics via
MyD88-dependent pathways and Rac GTPase. ] Immunol 2013;191(7):3867-75.

Bateman R], Munsell LY, Morris JC, Swarm R, Yarasheski KE, Holtzman DM. Human
amyloid-beta synthesis and clearance rates as measured in cerebrospinal fluid in
vivo. Nat Med 2006;12(7):856-61.

Bates KA, Verdile G, Li QX, Ames D, Hudson P, Masters CL, Martins RN. Clearance
mechanisms of Alzheimer’s amyloid-beta peptide: implications for therapeutic
design and diagnostic tests. Mol Psychiatry 2009;14(5):469-86.

Baumgarth N. The double life of a B-1 cell: self-reactivity selects for protective effector

functions. Nat Rev Immunol 2011;11(1)34-36.

36



Benilova I, Karran E, De Strooper BD. The toxic AP oligomer and Alzheimer’s disease:
an emperor in need of clothes. Nat Neurosci 2012;15(3):349-57.

Breitner JC, Welsh KA, Helms M], Gaskell PC, Gau BA, Roses AD, Pericak-Vance MA,
Saunders AM. Delayed onset of Alzheimer’s disease with nonsteroidal anti-
inflammatory and histamine H2 blocking drugs. Neurobiol Aging
1995;16(4):523-30.

Cleary JP, Walsh DM, Hofmeister JJ, Shankar GM, Kuskowski MA, Selkoe D], Ashe KH.
Natural oligomers of the amyloid-beta protein specifically disrupt cognitive
function. Nat Neurosci 2005;8(1):79-84.

Craft JM, Watterson DM, Van Eldik LJ. Human amyloid beta-induced neuroinflammation
is an early event in neurodegeneration. Glia 2006;53(5):484-90.

DiCarlo G, Wilcock D, Henderson D, Gordon M, Morgan D. Intrahippocampal LPS
injections reduce Abeta load in APP+PS1 transgenic mice. Neurobiol Aging
2001;22(6):1007-12.

Doody RS, Thomas RG, Farlow M, Iwatsubo T, Vellas B, Joffe S, Kieburtz K, Raman R, Sun
X, Aisen PS, Siemers E, Liu-Seifert H, Mohs R. Phase 3 trials of Solanezumab for
mild-to-moderate Alzheimer’s disease. N Engl ] Med 2014;370:311-321.

Ehrenstein MR and Notley CA. The importance of natural IgM: scavenger, protector and
regulator. Nat Rev Immunol 2010;10:778-786.

Elahy M, Jackaman C, Mamo JCL, Lam V, Dhaliwal SS, Giles C, Nelson D, Takechi R. Blood-
brain barrier dysfunction developed during normal aging is associated with
inflammation and loss of tight junctions but not with leukocyte recruitment.

Immun Ageing 2015;12:2.

37



Enghard P, Humrich JY, Chu VT, Grussie E, Hiepe F, Burmester GR, Radbruch A, Berek C,
Riemekasten G. Class switching and consecutive loss of dsDNA-reactive Bla B
cells from the peritoneal cavity during murine lupus development. Eur ]
Immunol 2010;40:1809-18.

Ferretti MT, Merlini M, Spani C, Gericke C, Schweizer N, Enzmann G, Engelhardt B, Kulic
L, Suter T, Nitsch RM. T-cell brain infiltration and immature antigen-presenting
cells in transgenic models of Alzheimer’s disease-like cerebral amyloidosis. Brain
Behav Immun 2016;54:211-25.

Gilman S, Koller M, Black RS, Jenkins L, Griffith SG, Fox NC, Eisner L, Kirby L, Rovira MB,
Forette F, Orgogozo JM. Clinical effects of Abeta immunization (AN1792) in
patients with AD in an interrupted trial. Neurology 2005;64(9):1553-62.

Goldman WP, Price JL, Storandt M, Grant EA, McKeel DW, Rubin EH, Morris ]JC. Absence
of cognitive impairment or decline in preclinical Alzheimer’s disease. Neurology
2001;56:361-367.

Guiffrida ML, Caraci F, Pignataro B, Cataldo S, De Bona P, Bruno V, Molinaro G,
Pappalardo G, Messina A, Palmigiano A, Garozzo D, Nicoletti F, Rizzarelli E,
Copani A. Beta-amyloid monomers are neuroprotective. ] Neurosci 2009;
29(34):10582-7.

Hardy A. Do repeated bouts of inflammation lead to sustained elevation of amyloid beta
in the brain? (Master’s thesis). 2015;Retrieved from TCU Library database.

Hardy ], Selkoe D]. The Amyloid hypothesis of Alzheimer’s disease: progress and

problems on the road to therapeutics. Science 2002;297:353-56.

38



Heneka MT, O’Banion MK. Inflammatory processes in Alzheimer’s disease. |
Neuroimmunol 2007;184:69-91.

Heneka MT, Kummer MP, Latz E. Innate immune activation in neurodegenerative
disease. Nat Rev Immunol 2014:14:463-477.

Herber DL, Mercer M, Roth LM, Symmonds K, Maloney ], Wilson N, Freeman M], Morgan
D, Gordon MN. Microglial activation is required for AP clearance after
intracranial injection of lipopolysaccharide in APP transgenic mice. ]
Neuroimmune Pharmacol 2007;2:222-231.

Juskewitch JE, Knudsen BE, Platt JL, Nath KA, Knutson KL, Brunn GJ, Grande JP. LPS-
induced murine systemic inflammation is driven by parenchymal cell activation
and exclusively predicted by early MCP-1 plasma levels. Am ] Pathol
2012;180(1):32-40.

Kahn MS, Kranjac D, Alonzo CA, Haase JH, Cedillos RO, McLinden KA, Boehm GW,
Chumley M]. Prolonged elevation in hippocampal AP and cognitive deficits
following repeated endotoxin exposure in the mouse. Behav Brain Res
2012;229(1):176-184.

Kellner A, Matschke |, Bernreuther C, Moch H, Ferrer I, Glatzel M. Autoantibodies
against B-amyloid are common in Alzheimer’s disease and help control plaque
burden. Ann Neurol 2009;65(1):24-31.

Kitazawa M, Oddo S, Yamasaki TR, Green KN, LaFerla FM. Lipopolysaccharide-induced
inflammation exacerbates tau pathology by a cyclin-mediated pathway in a

transgenic model of Alzheimer’s disease. ] Neurosci 2005;25(39):8843-53.

39



Lambracht-Washington D, Rosenberg RN. Advances in the development of vaccines for
Alzheimer’s disease. Discov Med 2013;15(84):319-326.

Lee DC, Rizer ], Selenica MB, Reid P, Kraft C, Johnson A, Blair L, Gordon MN, Dickey CA,
Morgan D. LPS-induced inflammation exacerbates phospho-tau pathology in
rTg4510 mice. ] Neuroinflamm 2010;7:56.

Lee JE and Han PL. An update of animal models of Alzheimer disease with a
reevaluation of plaque depositions. Exp Neurobiol 2013;22(2):84-95.

Lee JW, Lee, YK, Yuk DY, Choi DY, Ban SB, Oh KW, Hong ]JT. Neuro-inflammation induced
by lipopolysaccharide causes cognitive impairment through enhancement of
beta-amyloid generation. ] Neuroinflamm 2008;5:37.

Li YP, Yu SL, Huang Z], Huang ], Pan |, Feng X, Zhang XG, Wang JH, Wang ]. An impaired
inflammatory cytokine response to gram-negative LPS in human neonates is
associated with the defective TLR-mediated signaling pathway. ] Clin Immunol
2015:35(2):218-26.

Lindhagen-Persson M, Brannstrom K, Vestling M, Steinitz M, Olofsson A. Amyloid-f3
oligomer specificity mediated by the IgM isotype - implications for a specific
protective mechanism exerted by endogenous auto-antibodies. PLoS One
2010;5:e13928.

Mayeux R, Stern. Epidemiology of Alzheimer disease. Cold Spring Harb Perspect Med
2012;2(8).pii:a006239.

McGeer PL, Itagaki S, Tago H, McGeer EG. Reactive microglia in patients with senile
dementia of the Alzheimer type are positive for the histocompatibility

glycoprotein HLA-DR. Neurosci Lett 1987;79(1-2):195-200.

40



McGeer EG, McGeer PL. Inflammatory processes in Alzheimer’s disease. Prog
Neuropsychopharmacol Biol Psychiatry 2003;27(5):741-9.

Minguet S, Dopfer EP, Pollmer C, Freudenberg MA, Galanos C, Reth M, Huber M, Schamel
WW. Enhanced B-cell activation mediated by TLR4 and BCR crosstalk. Eur ]
Immunol 2008;38(9):2475-87.

Moon H, Lee ]G, Shin SH, Kim TJ. LPS-induced migration of peritoneal B-1 cells is
associated with upregulation of CXCR4 and increased migratory sensitivity to
CXCL12.] Korean Med Sci 2012;27(1):27-35.

Murphy MP, Levine III H. Alzheimer’s disease and the 3-amyloid peptide. ] Alzheimers
Dis 2010;19(1):311.

Nagele EP, Han M, Acharya NK, DeMarshall C, Kosciuk MC, Nagele RG. Natural IgG
autoantibodies are abundant and ubiquitous in human sera, and their number is
influenced by age, gender, and disease. PLoS One 2013;8(4):e60726.

Nath A, Hall E, Tuzova M, Dobbs M, Jons M, Anderson C, Woodward ], Guo Z, Fu W,
Kryscio R, Wekstein D, Smith C, Markesbery WR, Mattson MP. Autoantibodies to
amyloid beta-peptide (Abeta) are increased in Alzheimer’s disease patients and
Abeta antibodies can enhance Abeta neurotoxicity: implications for disease
pathogenesis and vaccine development. Neuromolecular Med 2003;3(1):29-39.

O’Brien R], Wong PC. Amyloid precursor protein processing and Alzheimer’s disease.

Annu Rev Neurosci 2011;34:185-204.

41



Oakley H, Cole SL, Logan S, Maus E, Shao P, Craft ], Guillozet-Bongaarts A, Ohno M,
Disterhoft ], Van Eldik L, Berry R, Vassar R. Intraneuronal -amyloid aggregates,
neurodegeneration, and neuron loss in transgenic mice with five familial
Alzheimer’s disease mutations: potential factors in amyloid plaque formation. |
Neurosci 2006;26(40):10129-40.

Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR.
Nucleic Acids Res 2001;29(9):e45.

Pfau JC, Hurley K, Peterson C, Coker L, Fowers C, Marcum R. Activation and trafficking of
peritoneal Bla B-cells in response to amphibole asbestos. ] Immunotoxicol
2014;11(1)90-8.

Qiao X, Cummins D], Paul SM. Neuroinflammation-induced acceleration of amyloid
deposition in the APPV717F transgenic mouse. Eur | Neurosci 2001;14(3):474-
82.

Qureshi ST, Lariviere L, Leveque G, Clermont S, Moore K], Gros P, Malo D. Endotoxin-
tolerant mice have mutations in Toll-like receptor 4 (TiIr4).] Exp Med
1999;189(4):615-625.

Ray A and Dittel BN. Isolation of mouse peritoneal cavity cells. ] Vis Exp 2010(35):
1488.

Salloway S, Sperling R, Fox NC, Blennow K, Klunk W, Raskind M, Sabbagh M, Honig LS,
Porsteinsson AP, Ferris S, Reichert M, Ketter N, Nejadnik B, Guenzler V,
Miloslavsky M, Wang D, Lu Y, Lull ], Tudor IC, Liu E, Grundman M, Yuen E, Black
R, Brashear HR. Two phase 3 trials of Bapineuzumab in mild-to-moderate

Alzheimer’s disease. N Engl ] Med 2014;370:322-333.

42



Scheff SW, Price DA, Schmitt FA, DeKosky ST, Mufson EJ. Synaptic alterations in CA1 in
mild Alzheimer disease and mild cognitive impairment. Neurology
2007;68:1501-1508

Schenk D, Barbour R, Dunn W, Gordon G, Grajeda H, Guido T, Hu K, Huang |, Johnson-
Wood K, Khan K, Kholodenko D, Lee M, Liao Z, Lieberburg I, Motter R, Mutter L,
Soriano F, Shopp G, Vasquez N, Vandevert C, Walker S, Wogulis M, Yednock T,
Games D, Seubert P. Immunization with amyloid-beta attenuates Alzheimer-
disease-like pathology in the PDAPP mouse. Nature 1999;400(6740):173-7.

Serrano-Pozo A, Frosch MP, Masliah E, Hyman BT. Neuropathological alterations in
Alzheimer disease. Cold Spring Harb Perspect Med 2011;1:a006189.

Sheng ]G, Bora SH, Xu G, Borchelt DR, Price DL, Koliatsos VE. Lipopolysaccharide-
induced-neuroinflammation increases intracellular accumulation of amyloid
precursor protein and amyloid beta peptide in APPswe transgenic mice.
Neurobiol Dis 2003;14(1):133-45.

Sindhava V] and Bondada S. Multiple regulatory mechanisms control B-1 B cell
activation. Front Immunol 2012;3:372.

Solito E, Sastre M. Microglia function in Alzheimer’s disease. Front Pharmacol
2012;3:14.

Szabo P, Relkin N, Weksler ME. Natural human antibodies to amyloid beta peptide.

Autoimmun Rev 2008;7(6):415-20.

43



Tarawneh R, Holtzman DM. The clinical problem of symptomatic Alzheimer disease and
mild cognitive impairment. Cold Spring Harb Perspect Med 2012;2(5):a006148.

van der Flier WM, Pijnenburg YA, Fox NC, Scheltens P. Early-onset versus late-onset
Alzheimer’s disease: the case of the missing APOE €4 allele. Lancet Neurol
2011;10(3):280-8.

Wang WY, Tan MS, Yu JT, Tan L. Role of pro-inflammatory cytokines released from
microglia in Alzheimer’s disease. Ann Transl Med 2015:3(10):136.

Weintraub S, Wicklund AH, Salmon DP. The neuropsychological profile of Alzheimer
disease. Cold Spring Harb Perspect Med 2012;2:a006171.

Wilcock DM, Rojiani A, Rosenthal A, Levkowitz G, Subbarao S, Alamed ], Wilson D,
Wilson N, Freeman M], Gordon MN, Morgan D. Passive amyloid immunotherapy
clears amyloid and transiently activates microglia in a transgenic mouse model
of amyloid deposition. ] Neurosci 2004;24(27):6144-51.

Wyss-Coray T. Inflammation in Alzheimer disease: driving force, bystander or beneficial
response? Nat Med 2006;12(9):1005-15.

Xu H, Liew LN, Kuo IC, Huang CH, Goh DL, Chua KY. The modulatory effects of
lipopolysaccharide-stimulated B cells on differential T-cell polarization. Immuno
2008;125: 213-228.

Zhang Y, Thompson R, Zhang H, Xu H. APP processing in Alzheimer’s disease. Mol Brain

2011;4:3.

44



Personal Background

Education

Experience

Professional
Memberships

VITA

Morgan Alexandra Thompson
Bossier City, Louisiana
Daughter of Buddy and Susan Thompson

Diploma, Lovejoy High School, Lucas, Texas, 2010
Bachelor of Science, Biology, Baylor University,
2014

Laboratory Technician, UT Pathology, Houston,
Texas, 2014-2015

Teaching Assistant, Texas Christian University,
Fort Worth, Texas, 2015-2017

Society for Neuroscience



ABSTRACT
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Alzheimer’s disease (AD) is characterized by the over-production of amyloid
beta (AB), which aggregates into plaques in the brain. Our lab has previously
demonstrated that intraperitoneal (i.p.) injection of lipopolysaccharide (LPS) for 7
consecutive days leads to a significant elevation of hippocampal AP in mice. However,
mice given a two-week break after the first injections and administered a second 7-day
course of LPS injections had reduced levels of AP, suggesting a protective effect of the
immune system following the first exposure to LPS. Antibody-producing B cells were
investigated as a potential mechanism for this protection. Peritoneal B-1 cells were
activated by LPS, and data suggests that these cells migrate out of the peritoneal cavity
after activation. The brain was investigated as a potential target of this migration and
CD19 expression was detected in brain tissue. Antibody presence in the brain was
analyzed and evidence of IgM co-localization at AP plaques was found in the
hippocampus of 5xFAD transgenic mice. Together, these data suggest that B-1 cells may
migrate to the brain in AD in response to neuroinflammation, and these cells may

produce AB-specific antibodies that target amyloid plaques.



