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ABSTRACT

Alzheimer’s Disease (AD) is a neurodegenerative disease that primarily affects elderly
populations. AD engenders memory loss and cognitive decline, and its prevalence is rapidly
growing. It is estimated that 14 million Americans will have AD by the year 2050. Therefore, it
is imperative for researchers to examine the underlying biological mechanisms responsible for
AD. Previous research has demonstrated that chronic inflammation is linked to the hallmark AD
pathology, amyloid beta (AB). AP is a protein that disrupts neuronal communication and
increases the production of effector proteins called pro-inflammatory cytokines. Microglia
function like immune cells in the brain, and when they are activated by inflammatory triggers,
such as AP, they secrete pro-inflammatory cytokines. Although cytokine release is initially a
healthy response, excess cytokine production is harmful to the brain and exacerbates AD
pathologies. Prior research has demonstrated that pro-inflammatory cytokines are upregulated in
the serum of AD patients. Therefore, cytokines are a crucial target for AD therapeutics. This
project examined the temporal inflammatory response of microglial cells following
lipopolysaccharide (LPS) insult. LPS is a component of common bacteria and can induce
inflammation in microglial cells. We treated cells with several different concentrations of LPS
and assessed cytokine production at several different timepoints. Here we show that microglia
treated with LPS produce cytokines in a dose- and time-dependent manner. In addition, the
production of different cytokines does not follow the same temporal pattern. These data will help
us pinpoint proper testing procedures for therapeutic compounds that are currently under

development.
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INTRODUCTION

Alzheimer’s Disease (AD) is a neurodegenerative disease that is the primary cause of a
progressive decline in cognitive ability, known as dementia. It typically presents as episodic
short-term memory loss, and can progress to impaired judgement, loss of language skills, and
deficits in motor function. It is the sixth leading cause of death in the United States, with a global
prevalence estimated at 24 million, and is predicted to quadruple by 2050 (Kumar et al., 2021).
As the population ages, research into AD will become vital to enable more effective treatments
to reverse its effects. The hallmark pathologies of AD are extracellular plaques composed of
amyloid beta (Ap), and intracellular aggregates known as tau tangles. The tangles originate from
hyperphosphorylated tau protein that misfolds and impairs axoplasmic transport in neurons,
while A is generated during improper cleavage of the amyloid precursor protein (Fischer et al.,
2015). These aggregates appear to have neurotoxic properties and can interfere in synaptic
function, increase the rate of neuronal death and synaptic rarefaction, and promote chronic

inflammation (Lakhan et al., 2021).

Evidence indicates that AD pathologies are exacerbated by inflammation and oxidative
stress (Ahmed et al., 2017). Inflammation occurs as a natural response to harmful stimuli, such
as pathogens or cell damage, and is caused by immune cells and the small molecule mediators
they release, such as cytokines (Ahmed et al., 2017). However, constant production of these
cytokines leads to chronic inflammation, which is associated with AP plaque formation and tau
hyperphosphorylation, the two primary pathologies of AD (Wang et al., 2019). Meanwhile,
oxidative stress is a critical factor in the development of neuroinflammation. As immune cells
are recruited to the site, reactive oxygen species (ROS) are generated (Ahmed et al., 2017).

Although essential to the body because they act as intermediates in important cell functions, such



as cellular respiration, excess accumulation is harmful, and labeled as oxidative stress. Increased
levels of AP are associated with increased ROS in the hippocampus and cortex, two areas that

are targeted in AD (Cheignon et al., 2018).

Microglial cells, the resident immune cell in the brain, can be activated by substances
such as AP or lipopolysaccharide (LPS). LPS, derived from the cell wall of gram-negative
bacteria, is shown to be toxic to neurons in the presence of microglia, and triggers inflammation
in vivo and in vitro models (Block et al., 2005). LPS can induce the microglia to perform a
variety of functions, including the release of proinflammatory cytokines, like interleukin (IL)-1p,
IL-6, and TNF (tumor necrosis factor)-a (Wang et al., 2019). While they are important in brain
development and maintenance, chronic activation of microglial cells can become harmful (Dai et
al., 2014). Indeed, microglia may contribute to the mechanisms behind cognitive dysfunction and

neuronal damage in AD (Stansley et al., 2012).
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Figure 1. Signaling pathway involved inflammation, simplified for the purpose of this
study. This figure represents the stimulation of the TLR4 pathway by LPS. LPS binds to
the TLR4 receptor, which causes activation of MyD88. Then, NF-kB is activated by
MyDS88, then translocates into the nucleus. There, it acts as a transcription factor for
proinflammatory cytokines (Figure adapted from Zhang et al., 2020).




In order to study inflammation in microglia cells, BV2 microglia, a murine cell line
derived from C57BL/6 mice, were utilized in the current study (Blasi et al., 1989). BV2 cells
grown in vitro are optimal for studying neurodegenerative disorders because of their rapid
replication rate and ease of access vs. in vivo work (Stansley et al., 2012). Dai et al. also
demonstrated that an LPS treatment of BV2 cells results in increased NF-«xB, p-IkB, and IL-1p,
as well as decreased IkB. The first three molecules are important in transmitting information to
the cell to stimulate inflammation, while decreased IkB further indicates this trend. This
information together supports the presence of the TLR4 signaling cascade, described in Figure 1,

following LPS stimulation in microglial cells (Dai et al., 2014).

The primary purpose of this study is to identify the rate at which pro-inflammatory
cytokines, mainly IL-1B, TNF-a, and IL-6, are released in response to LPS. In this study, we
seeded BV2 microglial cells in 6-well plates and treated them with varying concentrations of
LPS, to stimulate an inflammatory response. The supernatants and cell lysates were collected at
five different timepoints following LPS treatment, to understand the temporal regulation of
cytokine production. An Enzyme Linked Immunosorbent Assay (ELISA) was performed to
quantify IL-1B, TNF-a, and IL-6. These data will provide important information to the
Neurobiology of Aging Collaborative when designing potential therapeutics that target
inflammation. This research will be beneficial for identifying pro-inflammatory cytokine
production in the brain and identifying potential anti-inflammatory therapeutics that may be used

to treat AD.



MATERIALS AND METHODS

BV2 CELL MAINTENANCE

BV2 microglial cells were cultured in a
cell incubator at 37° C and 5% CO?2. Cells were
grown in 10cm tissue culture plates in complete
medium, consisting of 10 mL of Dulbecco’s
Modified Eagle Medium (DMEM), 5%

Penicillin-Streptomycin, 5% L-glutamine, and

3% Fetal Bovine Serum. Cells were monitored : :
Figure 2. Image of a plate during LPS treatment showing

BV2 microglial cells

and passaged upon reaching 80% confluency.

The medium was aspirated off the dish, and cells were washed with 5 mL PBS. Then, 5 mL of
complete medium was added, and cells were scraped from the bottom of the dish, then

transferred to a new 10 cm dish with fresh complete medium and placed back in the incubator.

LPS CELL TREATMENT

To prepare for this experiment, the old medium was aspirated off the cells, then PBS was

added to wash the cells. Medium was added again, then cells were scraped and counted using a

hemocytometer. Cells were seeded in 6-well plates
0.0005 0.005
approximately 12 hours before treatment with LPS. Hg/ml pg/mi

Overnight, the cells adhered to the bottom of the plate.

Cells were treated with six different concentrations of

LPS, and supernatants were collected at five different

. . ) Figure 3. LPS concentrations in a 6-well
time points. LPS concentrations used were Spg/mL, plate (1 plate used per timepoint)
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0.5pug/mL, 0.05pg/mL, 0.005pg/mL, 0.0005pg/mL, and a control of Opg/mL. The supernatant of
each LPS concentration was collected at 2, 4, 8, 12, and 24 hours. Cell supernatants were

collected and aliquoted into microfuge tubes and stored in a -20° C freezer.

8 PM 8 AM 10 AM 12 PM 4 PM 8 PM 8 AM
(2 HRS) (4 HRS) (8 HRS) (12 HRS) (24 HRS)
Cells LPS L J
Plated  Treatment Supernatant Collection Timepoints

Figure 4. Time sequence of LPS treatment and supernatant collection

ENZYME LINKED IMMUNOSORBENT ASSAYS (ELISA)

Following cell removal, the cell supernatants were thawed on ice. From this supernatant,
the cytokines TNF-a, IL-1p, and IL-6 were measured using an ELISA in accordance with
instructions from the kit manufacturer (BioLegend, San Diego, California). The procedure was
performed in accordance with the protocol provided by the manufacturer. Briefly, 96-well plates
were coated overnight with 100uL of diluted capture antibody. The following morning, each
plate was washed four times using a wash buffer of PBS and 0.05% Tween-20. The wells were
then blocked with an assay diluent and incubated for one hour at room temperature on a plate
shaker set at 500 rpm. Samples were placed into a U-bottom plate in preparation for transfer into
the 96-well assay plate. The plates were then washed another four times, and loaded with 100pL
of either sample or standard, after which the plates were sealed and incubated on the plate shaker

for two hours. The plates were washed four times and treated with 100uL of detection antibody
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in each well, then sealed and incubated for
another hour on the shaker. After another
four washes, 100puL of Avidin-HRP was
placed in each well, and the plate was
sealed and incubated for thirty minutes. The

plate was washed five times, with a minute

in between each wash to allow the wash s . L ke Y

Figure 5. ELISA plate following
administration of colorimetric substrate

buffer to soak. Following this, 100uL of

substrate solution was added to each well,
and the plate was placed in the dark, unsealed, for fifteen minutes. Finally, 100uL of stop
solution (2N H2SO4) was added to each well. The plates were read on a microplate reader at an

absorbance of 450 nm.



12

RESULTS

TEMPORAL AND LPS DOSE-DEPENDENT TNF-4 PRODUCTION

In order to stimulate an inflammatory response in BV2 microglial cells, LPS was added at
increasing concentrations at increasing treatment durations. TNF-o and IL-6 production,
measured by ELISAS, both demonstrated a dose-dependent relationship with LPS concentration
and treatment duration. Analysis of Variance (ANOVA) revealed a significant main effect of
LPS treatment, F(5,90) = 25.76, p <0.001, and a significant main effect of treatment duration,
F(4,90) =9.686, p <0.001, such that TNF-alpha production elevated with increasing
concentrations of LPS and treatment time. Additionally, this was qualified by a significant
interaction, £(20,90) = 1.838, p = 0.036.

Post hoc analyses did not reveal any significant differences between treatment conditions after
2 hours of LPS treatment. However, post hoc analyses revealed a significant difference in TNF-alpha
production between cells treated with 0 ug/mL and 0.005 pg/mL (p = 0.046), and 0 ug/mL and 0.5
pug/mL (p = 0.048) LPS for 4 hours. Additionally, post hoc analyses revealed a significant difference
in TNF-alpha production between cells treated with 0 pg/mL and 0.005 pg/mL (p <0.001), 0 pg/mL
and 0.05 pg/mL (p <0.001), 0 pg/mL and 0.5 pg/mL (p = 0.008), 0 ug/mL and 5 ug/mL (p <0.001)
LPS for 8§ hours.

Furthermore, post hoc analyses revealed a significant difference in TNF-alpha production
between cells treated with 0 ug/mL and 0.0005 pg/mL (p = 0.002), 0 pg/mL and 0.05 pug/mL (p <
0.001), 0 pg/mL and 0.5 pg/mL (p <0.001), 0 pg/mL and 5 pg/mL (p <0.001), 0.005 pg/mL and 0.5
ug/mL (p =0.015), of LPS for 12 hours. Finally, post hoc analyses revealed a significant difference

in TNF-alpha production between cells treated with 0 pug/mL and 0.0005 pg/mL (p <0.001), 0 pg/mL
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and 0.05 pg/mL (p <0.001), 0 pg/mL and 0.5 pg/mL (p <0.001), 0 pg/mL and 5 pg/mL (p = 0.023),

0.005 pg/mL and 0.5 pg/mL (p = 0.015) of LPS for 24 hours. See Figure 6.
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Figure 6. TNF-a ELISA results following LPS treatment. BV2 microglial cells were treated with six
different LPS concentrations (5pg/mL, 0.5pg/mL, 0.05pug/mL, 0.005pg/mL, 0.0005pug/mL, & Opg/mL) for
five different treatment times (2hr, 4hr, 8hr, 12hr, & 24hr). Different letters (A, B, C) represent significant
differences at p< .05. Bars represent mean + SEM. N’s =3. Results are shown in pg/mL.

As shown in Figure 6., increasing concentrations of LPS significantly increased the
production of TNF-a, starting at 4 hours of treatment time. TNF-a production plateaued around 8
hours possibly indicating that maximal production has already occurred by that time point and

increasing the time or LPS concentration does not increase cytokine production.

TEMPORAL AND LPS DOSE-DEPENDENT IL-6 PRODUCTION

ANOVA revealed a significant main effect of LPS treatment, F(5,77) = 5.547, p <0.001,
and a significant main effect of treatment duration, F(4,77) = 4.773, p = 0.003, such that IL-6

production elevated with increasing concentrations of LPS and treatment time. See Figure 7. Post
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hoc analyses did not reveal any significant differences between treatment conditions following 2
or 4 hours of LPS treatment. However, post hoc analyses revealed a significant difference in IL-6
production between cells treated with 0.0005 pg/mL and 5 ug/mL (p = 0.047) of LPS for 8
hours. Additionally, post hoc analyses revealed a significant difference in IL-6 production
between cells treated with 0 pg/mL and 0.5 pg/mL (p = 0.006), 0 ug/mL and 5 pg/mL (p =
0.002), 0.0005 pg/mL and 0.5 pg/mL (p = 0.007), 0.0005 pg/mL and 5 pg/mL (p = 0.002), 0.005
pg/mL and 0.5 pg/mL (p = 0.014),0.005 pg/mL and 5 pg/mL (p = 0.004), 0.05 pg/mL and 0.5

ug/mL (p = 0.028), 0.05 pg/mL and 5 pg/mL (p = 0.008) of LPS for 12 hours.
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Figure 7. IL-6 ELISA results following LPS treatment. BV2 microglial cells were treated with six
different LPS concentrations (5pug/mL, 0.5ug/mL, 0.05ug/mL, 0.005ug/mL, 0.0005ug/mL, & Opg/mL)
for five different treatment times (2hr, 4hr, 8hr, 12hr, & 24hr). Different letters (A, B, C) represent
significant differences at p< 0.05. Bars represent mean + SEM. N’s =3. Results are shown in pg/mL.

Finally, post hoc analyses revealed a significant difference in IL-6 production between

cells treated with 0 pg/mL and 0.5 pg/mL (p = 0. 048), 0 ug/mL and 5 pg/mL (p <0.001), 0.0005
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pg/mL and 5 pg/mL (p <0.001), 0.005 pg/mL and 5 pg/mL (p = 0.004), 0.05 pg/mL and 5
ug/mL (p = 0.029) of LPS for 24 hours. These data demonstrate that LPS treatment did not have
a significant impact on IL-6 secretion until cells were treated with 5 pg/ml of LPS for 8 hours.

See Figure 7.

LIMITED LPS-INDUCED IL-1[ PRODUCTION IN BV-2 CELLS

As compared to the previous cytokines, there was no significant main effect of LPS
treatment on IL-1f. This cytokine, while produced in sufficient amounts in primary microglia, is

not readily released in BV2 microglial cells, as seen in previous literature (Stansley et al., 2012).
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Figure 8. IL-1p ELISA results following LPS treatment. BV2 microglial cells were treated with
six different LPS concentrations (S5pug/mL, 0.5pg/mL, 0.05pg/mL, 0.005pg/mL, 0.0005pg/mL, &
Opg/mL) for five different treatment times (2hr, 4hr, 8hr, 12hr, & 24hr). Results are shown in
pg/mL.
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DISCUSSION

As hypothesized, there was a significant main effect of LPS treatment and treatment time
on TNF-a and IL-6 production. TNF-a was produced rapidly after treatment, whereas 1L-6
production did not start to increase readily until the highest concentration of LPS in the 8-hour
time point. This is consistent with previous studies performed on rat microglia, which indicates
higher initial levels of TNF-q, and IL-6 taking longer to be produced (Ishijima et al., 2021).
Because of this, any future experiments focused on studying TNF-a and IL-6 will likely have
different timepoints. Additionally, seeing substantial TNF-a at a 4-hour time point indicates that
if we are to study the signal transduction pathway that leads to its upregulation, we would have
to look much earlier than the previous collection times. Considering that TNF-a production is
approaching significance at 0.05 pg/ml, this indicates that early signaling events, such as
activation of NFxB, could occur within minutes. At higher LPS concentrations, TNF- a would

likely be detectable after just one hour.

However, there was no significant effect on IL-1p production. As found in previous
literature, BV2 microglial cells have nearly undetectable levels of IL-1p (Stansley et al., 2012). .
This was consistent with our findings during this experiment. Because our BV2 cells do not
express significant amounts of IL-1f following LPS stimulation, there may be a defect in the cell
line, specifically in the NLRP3 inflammasome. Activation of this structure is required to cleave
pro-IL-1p, the compound made by these cells in response to LPS, into IL-18, the active cytokine.
To further investigate this, we can conduct experiments on NLRP3 activation to determine if this
is the issue. If that is the case, then a different microglial cell line that consistently produces IL-

1B may be more useful, or a macrophage cell line. Using a macrophage cell line could also
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simplify experiments on primary mouse macrophages, as the procedure to remove them from

animals is simpler than attempting to remove microglial cells in the brain.

These data will provide guidance for future projects within the Neurobiology of Aging
Collaborative as they continue to investigate anti-inflammatory therapeutics. This experiment
has provided valuable information that can be used to evaluate when a specific cytokine starts to
be produced in response to LPS. Following this, data can be collected on the efforts of a

compound at attenuating the inflammatory response in the microglia.
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