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Abstract:

Background: Alzheimer’s disease (AD) is a neurodegenerative disease that causes irreversible cognitive decline and
memory loss. The disproportionate effect of AD on postmenopausal women prompts investigation into the role of
hormonal changes in disease pathogenesis. However, previous studies on estrogen replacement therapies have shown
inconsistent results. Therefore, further confirmation is needed to ensure the independent effects of luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) on AD pathology. Our study will 1) focus on microglial activation
pathway 2) focus on the LH-C/EBPB-AEP pathway and its potential influence on AD progression.

Methods: Using cell lines to investigate whether microglial activation is present. HMC3 cells will be treated with LH
or control phosphate buffered saline (PBS). Carry out Western Blot (WB) and qPCR to confirm presence of cytokines,
which is the product of microglial activation. Using 3xTg-AD mice treated with LH or control PBS. To identify AD
progression, immunofluorescent (IF) micrograph will be used to quantify amyloid-beta (Ap) load. WB and qPCR
will be used to identify cytokines. Morris water maze (MWM) will be carried out for cognitive testing. Using an
ovariectomized mice model to investigate the LH-C/EBPB-AEP pathway. Mice will be treated with LH antibodies or
control IgG, followed by assessments using VIS imaging and MWM test to measure spatial memory. IF, WB and gPCR
will be used to quantify Ap and Tau protein levels and gene expression changes. Furthermore, the study will explore the
precise relationship between LH and C/EBPJ expression through inhibition experiments targeting AKT and ERK1/2
signaling pathways.

Expected results: Our hypothesis is that LH activates microglia, with both pro-inflammatory and anti-inflammatory
cytokine released. This change in microglia function suggests LH has an effect on microglia and hence removal of
AP plaques. Another hypothesis is that LH antibody manages to cross the blood-brain barrier. The cognitive ability
will be improved in LH-Ab treated mice with reduced AP and Tau protein levels and downregulation of the C/EBPB—
AEP/d-secretase pathway. Simultaneously, we expect that there will be a positive correlation between LH levels and
expression of C/EBPf-related pathways, suggesting the involvement of AKT and ERK1/2 signaling pathways in AD
progression.

Conclusion: This study aims to provide evidence for the link between LH activation of the C/EBPp pathway and AEP
production, promoting our understanding of AD pathogenesis. The insights gained may implicate therapeutic strategies
targeting LH mechanisms in postmenopausal women at risk of AD.
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1. Introduction

1.1 The Impact of Hormonal Changes on AD
Risk in Postmenopausal Women

According to existing evidence, AD disproportionate-
ly affects women, with two-thirds of the patients being
female. [1] At the same time, post-menopausal women
frequently experience cognitive impairment and memory
loss. [2] This can be due to the fact that after menopause,
women undergo significant hormonal and gonadotropin
alterations. [3] The reduced ovarian function results in di-
minished follicular production and lower estrogen levels,
giving negative feedback on gonadotropin-releasing hor-
mone (GnRH), thereby increasing the secretion of LH and
FSH. [4]

Given the significantly higher incidence of AD in post-
menopausal women, our investigations stem from whether
decreased estrogen or elevated LH and FSH levels could
potentially trigger Alzheimer’s disease.

1.2 Limitations of previous studies

In our literature review, we explored the impact of hor-
mone replacement therapy (HRT) using estrogen on AD
pathology. However, it turned out to be variable outcomes,
the Women’s Health Initiative Memory Study (WHIMS)
suggested increased risk of AD with HRT [5] while
Multi-Institutional Research in Alzheimer’s Genetic Epi-
demiology (MIRAGE) study showed that HRT in younger
women was associated with reduced risk of AD. [6] To-
gether, they suggest that the protective role of estrogen in
the development of AD remains uncertain.

However, apart from estradiol, there are emerging re-
search investigating the influence of FSH, revealing its
role in activating CCAAT/enhancer binding protein beta
(C/EBPB) pathway and subsequently enhancing asparag-
ine endopeptidase (d-secretase/AEP) production, contrib-
uting to AD-like pathology. [7] [8]

Despite these findings, independent influence of FSH on
modifying microglial function and the specific impact of
LH on AD pathology remain inadequately studied. Exist-
ing literature highlights LH’s potential role to contribute
to AD [9] [10], yet comprehensive underlying mecha-
nisms need to be further explored.

1.3 Addressing the limitations

To investigate the acute relationship between LH and Alz-
heimer’s disease, as well as the underlying mechanism,
our research is structured into two primary parts. One fo-
cuses on explaining LH’s influence on microglial function.
With reduced cleaning capacity of microglia, LH could
potentially lead to increased amyloid-beta plaque accu-
mulation. The other part examines whether LH activates

the C/EBPp-3-secretase pathway, which could increase
amyloid-beta production and precipitate irreversible Alz-
heimer’s pathology.

1.4 The Impact of Microglial Activation on
AD Risk

Microglia activation determines if AP plaques are being
removed effectively.

To investigate whether LH has an impact on activation of
microglia and therefore AD, we would like to see whether
cytokines are released as the product of activation. If cyto-
kines are identified, it is verified that LH does have effect
on microglia.

Increased rate of AD progression is characterised by a
build-up of amyloid B plaques. This is mainly caused by
stimulations activating the pro-inflammatory M1 microg-
lia. Traces of proteins released by M1 will therefore be
present, for example, inflammatory cytokines and chemo-
kines, such as tumur necrosis factor alpha (TNF-a), in-
terleukin (IL)-6, IL-1p, IL-12, and CC chemokine ligand
(CCL) 2. [11] It is likely that LH is associated with acti-
vating M1 microglia.

As LH receptors (LHR) are present on microglia [12],
the aim of our investigation would be to confirm whether
LHR becomes activated through a particular pathway.

1.5 The function of C/EBPp in cellular biolo-
gy

C/EBPf is a known multifaceted transcription factor that
binds to specific DNA sequences, such as those in the
promoter region of genes like Lgmn. [13] The Lgmn gene
encodes for legumain, an enzyme that processes inactive
pro-AEP into its active form, AEP.[14]

In addition, C/EBPp influences a variety of processes in-
cluding cell differentiation (e.g., adipocytes, hepatocytes,
immune cells), metabolic regulation (e.g., gluconeogen-
esis, lipid metabolism), and immune responses through
cytokine modulation and inflammation pathways.[15] In
addition, C/EBP plays a crucial role in embryonic devel-
opment, tissue-specific differentiation and stress response,
contributing to cellular adaptation and survival mecha-
nisms.

1.6 AEP/o-secretase and Alzheimer’s disease

AEP is a type of endopeptidase within cells, which pro-
cesses key proteins involved in AD pathology, including
amyloid precursor protein (APP) and Tau protein.[16]
By cleaving them into smaller, potentially neurotoxic
fragments, plagues and tangles may be formed in the
brain and inhibit normal activity of neurons. This process
contributes to the neurodegenerative cascade observed in
AD with declined cognitive abilities. Additionally, AEP’s
involvement in activating pro-inflammatory cytokines [17]
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may exacerbate neuroinflammation, which further leads to
neuronal damage.

Consequently, AEP emerges as a potential therapeutic
treatment in AD, where targeting its activity could miti-
gate the accumulation of toxic protein and prevent damp-
ened neuroinflammatory responses.

1.7 Signaling ways between LH and C/EBPf

A series of intracellular events is triggered by the bind-
ing of LH to its receptor LHR. Activation of LHR leads
to the production of cyclic adenosine monophosphate
(cAMP), which in turn activates protein kinase A(PKA).
Upon phosphorylation by PKA, CREB is then activated
and able to bind to CRE sequences in the promoters of
target genes [18], including C/EBPp. This binding stim-
ulates the transcription of C/EBP mRNA, which is then
translated into C/EBPJ protein. The activity and nuclear
translocation of C/EBPf can be influenced by post-trans-
lational modification. [19] Once modified, C/EBPp binds
to CCAAT/enhancer elements on DNA within the nucleus,
thereby controlling the expression of genes involved in
cellular processes. Simultaneously, this process interacts
with other signaling pathways, such as MAPK/ERK [20],
to enhance cellular responses to LH stimulation, ensuring
coordinated and effective cellular functions.

2. Objective 1

To confirm whether microglia is activated with the pres-
ence of LH.

2.1 Cell line experiment

Experiment groups: 4 groups

- human microglial cell line HMC3 [21] with/without LH
treatment (N=4)

- mouse microglial cell line EOC 13.31 with/without LH
treatment (N=4)

After preparing the cell culture, treat microglia cells with
LH (2, 5, 10 IU) and PBS (5 IU). Collect the supernatant
after centrifugation and identify cytokine released. Then
carry out SDS-PAGE gel electrophoresis. Proteins will
then be transferred to a membrane, incubated with prima-
ry and secondary antibodies, and analyzed for protein ex-
pression levels using chemiluminescence. Cytokines that
will be tested include tumor necrosis factor alpha (TNF-a),
interleukin (IL)-6, IL-1pB, IL-12, and CC chemokine li-
gand (CCL).

To confirm the presence of the cytokines, gPCR can be
carried out.

Expected outcomes

plot results as a fold change in a bar graph. Cytokines are
predicted to be present and demonstrate significant fold
change when compared to PBS group. As IL-6 is known

to be involved in ovulation with the presence of LH, this
cytokine can further activate microglia.

2.2 Mice model experiment

Experiment groups: 4 main groups, each containing iden-
tical sub-groups for mice to be tested at different ages 2-4,
6-8, 12-14 months (in a sub-group N=7)

1.3XTG-AD female mice with LH injection, without C/
EBPp knockout

2.3xTG-AD female mice with LH injection, with C/EBPf
knockout

3.3XTG-AD female mice without LH injection, without C/
EBPp knockout (control)

4.3xTG-AD female mice without LH injection, with C/
EBPp knockout

Establish a dosing regimen daily for 3.5 months for new-
born female transgenic mice. To knockout C/EBPJ path-
way, CRISPR/Cas9 techniques will be employed.

To test for AD progression, 3 different types of experiment
will be carried out.

2.3 Testing for cytokine presence

Similar to the experiment in 2.1, WB will be carried out
followed by gPCR. Prepare brain sections by homogeniz-
ing in lysis buffer after euthanizing the mice (overnight,
4°C), followed by protein extraction and SDS-PAGE gel
electrophoresis. gPCR can be carried out with extracted
RNA from the brain tissue.

Expected outcomes

similar to experiment 2.1

2.4 Testing for AP load

With IF staining, all brain sections will be removed
and incubated with primary anti-Ap (1:400) antibodies
once the mice have been euthanized. After washing with
Tris-buffered saline, the sections will be incubated with
a mixture of labelled secondary antibodies for detection.
DAPI (1 pg ml—1) will be used for staining nuclei. The
cleavage of mouse APP will be shown in the IF micro-
graphs. Calculate AP load and plot in a bar graph.
Expected outcomes

Compare experiment 2 and 4, LH will have an effect on
microglia function, where 2 > 4.

Compare experiment 1 and 3, LH will have an overall
effect on transgenic mice, where AP load in 1+3 > 2+4, as
C/EBPp exists as an additional pathway.

Compare mice that sacrificed at different ages, LH will
accelerate AP load accumulation over the time frames.

2.5 Testing for cognitive decline

When mice reach different points in age, the Morris water
maze test will be carried out, indicating the spatial memo-
ry and cognitive ability of mice. Mice will be trained in a
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round water-filled tub with extra maze cues before probe
trials, receiving 4 trials daily for 5 days. Each trial lasts a
maximum of 60 seconds. Those mice unable to reach the
platform in time will be guided manually. After the train-
ing, a probe trial will remove the platform, measuring the
percentage of time spent in the previously platform-con-
taining quadrant over 60 seconds. Record distance trav-
elled by mice and time spent to locate platform.

Expected outcomes

Groups treated with LH will spend longer time and dis-
tance locating the platforms, with a reduced percentage of
time spent in the ‘correct” quadrat, suggesting a worse AD
symptom and progression.

Additionally, groups without C/EBPp pathway will per-
form better.

Overall, declining cognitive abilities will be observed as
mice ages. Groups treated with LH will show a faster rate
of cognitive decline through the time frames.

Ovx
LH-ab
= VIS imaging
VX
lgG

o | immunoflucrescent
micrograph
Cognitive test - qPCR
ol Western
Blot

3. Objective 2

To confirm the existence of the LH-C/EBPB-AEP-AD
pathway.

3.1 Ovariectomized mice model establishment

Carry out ovariectomy or sham operations on female 3x-
Tg mice aged 3.5 months (N=15) that will be depleted of
endogenous estrogen and will therefore have a higher ex-
pression of LH. After ovariectomy or sham operations, all
the female 3xTg-AD mice will then be weaned at 3 weeks
of age and housed with littermates of the same-sex in con-
ventional cages at 20-25°C condition with free access to
food and water until sacrifice at age 10 mo.

3.2 Grouping of mice model

4 days after the ovariectomy or sham operation. Each
mouse will receive either LH antibodies or goat 1gG (200
ng) every 2 days, intraperitoneally for 2 months.

Figure 1: Specific experimental process of the models

(Figure 1) A group shows the setup of 4 groups of 3x-Tg
mice with different treatments: (1) ovariectomized mice
with 1gG injection; (2) ovariectomized mice with LH an-
tibodies injection ;(3) sham-operated mice with 1gG injec-
tion ;(4) ovariectomized mice with LH-Ab injection.

3.3 IVIS imaging of LH-Ab injected mice

24 hours after the initial LH-Ab or IgG injections, the
mice (N=3 per group) will then be injected with AlexaFlu-
or750- labelled monoclonal LH-Ab (200 pg) or AlexaFlu-
or750- labelled 1gG intraperitoneally. The VIS imaging
will be performed 24 hours after the AlexaFluor750- la-
belled monoclonal LH-Ab or AlexaFluor750-labelled 1gG
injection. Typically, mice are fasted for a short period (4-6
hours) before imaging to reduce gut autofluorescence. The
fluorescent signal following the injection of AlexaFlu-
or750- labelled monoclonal LH-Ab or AlexaFluor750-
labelled IgG will be quantified in dissected tissues using
the IVIS Spectrum In Vivo Imaging System, showing

localization of LH-Ab and IgG in the brain.
3.4 AD phenotype in LH-Ab treated mice

When mice are 5.5 months old, the Morris water maze test
will be carried out, implicating the spatial memory and
cognitive ability of mice. The cleavage of mouse APP and
Tau will be shown in the Immunofluorescent micrographs.

3.5 Confirming the existence of the LH-C/EB-
PB-AEP-AD pathway

When mice are 10-months old, use WB to compare the
concentration of C/EBPB, AEP, APP, Tau and AP frag-
ments inside the brain of mice. Using gPCR to quantify
the gene expression levels (C/EBPB, Lgmn, APP and
Mapt) inside the mice brain.

Expected outcomes

IVIS imaging of LH-AD injected mice

We expect that the Epifluorescence graph can show label-
ling in the brain, implicating that AlexaFluor750-labelled
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monoclonal LH-Ab or AlexaFluor750-labelled 1gG have
entered the blood-brain barrier, thus providing the prereg-
uisite for the following further experiments. (Figure 2)

Figure 2: VIS imaging of tissues from
mice injected with AlexaFluor750-labelled
monoclonal LH-Ab

AD phenotype in LH-AD treated mice

Water maze

Knowing that ovariectomy will induce a marked deficit in
spatial learning and memory retrieval, we expect that the
percentage of time spent in the water maze for those ova-
riectomized mice will be higher than that spent by those
sham-operated mice. Furthermore, ovariectomized LH-
Ab treated mice will show significantly lower percentage
of time compared to those ovariectomized mice with IgG,
implicating that LH-Ab are able to reverse the cognitive
decline in ovariectomized 3xTg mice. (Figure 3)

Figure 3: Different percentages of time spent
in the platform(%b6) by (1) ovariectomized
mice with 1gG injection; (2) ovariectomized
mice with LH antibodies injection ;(3)
sham-operated mice with 1gG injection ;(4)
ovariectomized mice with LH-AD injection.

For Immunofluorescent micrographs

We expect that the immunofluorescent labelling of Ap and
Tau"**® of those ovariectomized mice will be enhanced
compared to sham-operated mice. Furthermore, ovariec-
tomized LH-Ab treated mice will show reduced labelling
compared to those ovariectomized mice with 1gG, impli-
cating that LH-Ab are able to inhibit plaque and neuro-
fibrillary tangle formation in ovariectomized 3xTg mice.
Confirming the existence of the LH- C/EBPB-AEP-AD
pathway

Western Blot and gPCR

Same as the results in water maze and immunofluorescent
micrographs, we expect that treatment with LH-Ab will
cause an impressive reduction in ovariectomy-induced in-
creases in gene expression and activation of the C/EBPf—
AEP/6-secretase pathway, APP, AB and Tau cleavages in
Western Blot. Also, we expect that in qPCR, C/EBPS,
Lgmn, APP and Mapt gene levels will be reduced with
LH-Ab treatment. (Figure 4)

51
* CEBPB

c
% 4 = LGMN
e Q“‘x\ v APP
g \
X \ -+ MAPT
g =
-
s
2"

0 i

0 20 4 48 60
hours

Figure 4: The relative expression of CEBPB,
LGMN, APP and MAPT gene in LH-Ab
treated mice
Together, these results can provide clear evidence for a
role of LH in activating C/EBPP and through production

of AEP, leading to AD pathogenesis.

4. Objective 3

To identify the potential signaling pathway between LH
and C/EBPp with LH injection

Experiment 3.1

To identify whether LH can cross the blood brain barrier.
Samples

Ovariectomized female 3xTg mice aged 2.5 months (N=4,
8 group). After 4 days, inject LH (N=4, 4 groups) and
PBS (N=4, 4 groups) respectively to mentioned mice 5
IU per mouse daily for 3 months. 24 hours after injection,
use AlexaFluor 750-labelled LH injection and AlexaFluor
750-labelled PBS injection.
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Methods

Use IVIS imaging to observe fluorescent signal to deter-
mine whether LH crosses the blood brain barrier.
Expected results

There is likely to be a significantly higher Average Radi-
ant Efficiency in the brain in the LH injection group than
PBS injection group which means LH can cross blood
brain barrier.

Experiment 3.2

To identify that there is a close relationship between LH
and C/EBPp

Sample

Ovariectomized female 3xTg mice aged 2.5 months (N=4,
8 groups). After 4 days, inject LH (N=4, 4 groups) and
PBS (N=4, 4 groups) respectively to mentioned mice 5 1U
per mouse daily for 3 months.

Methods

Western blot

Rat cells will be washed with PBS and lysed in Radio-
immunoprecipitation Assay buffer (RIPA), the resultant

lysate will be centrifuged to get supernatant which will
experience SDS-PAGE. After that, samples will be trans-
ferred to blotting membrane which will develop using
chemiluminescent detection system. It will be used to
confirm expression of C/EBPB, AEP, APP, and Tau.

gPCR

mRNA levels of C/EBPB, AEP, APP, and Tau will be ana-
lyzed using qPCR. Briefly, RNA will be isolated and rel-
ative quantification of gene expression will be calculated
using the AACt method.

Expected results

It will indicate an increased level of C/EBPB, AEP, APP,
and Tau in LH injection group than PBS injection group
(Figure 5), which means there is a positive correlation
between LH and C/EBPp as increases in LH level is as-
sociated with higher level of C/EBPP expression. At the
same time, we expect to see some key proteins in different
signaling ways increase their concentration verses time,
which will be used in the next experiment, such as AKT,
ERK1/2, and PERK1/2, etc.

Figure 5: The protein levels of CEBPB, AEP, APP and Tau in PBS treated mice and LH
treated ovariectomized mice

Experiment 3.3

To identify the exact signaling pathway between LH and
C/EBPJ

Samples

Ovariectomized female 3xTg mice aged 2.5 months (N=8,
4 groups). After 4 days, inject LH (N=8, 4 groups) to
mentioned mice 5 IU per mouse daily for 3 months. For
the first group, inject 50ng/ml PTX as control group; for
second group, inject 10uM AKTi-1/2 which inhibits AKT;
for the third group, inject 10uM MEK1 which inhibits
ERK1/2, for the last group, inject both 5SuM AKTi-1/2 and

5uM MEKI.

Methods

Western blot and gPCR will also be employed.

Expected results: As for the first group, it will show the
highest expression of C/EBPB, AEP, APP, and Tau. How-
ever, as for the second and the third group, there will be
similar decreases in the expression. And the last group
will show greater decrease in expression than the second
and the third group. (Figure 6) These data will indicate
there are two exact signaling ways between LH and C/
EBPp through ATK and ERK1/2 respectively.
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Figure 6: The protein levels of CEBPB, AEP, APP and Tau in LH treated ovariectomized mice
with injection of (1) PTX;(2) AKTi1/2;(3) MEK1;(4) AKTil/2 and MEK1

5. Conclusion

Objective 1: An elevated level of LH will result in reduced
microglial clearance of amyloid-f.
Objective 2: The existence of the LH - C/EBPf - AEP -

AD pathway will be confirmed.

Objective 3: There will be two specific signaling ways
between LH and C/EBPp apart from the fastest cAMP
pathway. (Figure 7)

Figure 7: Potential signaling pathways between LH and C/EBPJ

6. Discussion

Reasonability of experiments

The level of LH will be investigated in wild type and
transgenic mice to confirm transgenesis will not affect
level of LH. As a result, there will be a small difference
between wild type and transgenic mice. What’s more, in
order to confirm dosage of LH injection, a single dose of
21U, 51U OR 10 IU of recombinant human LH will be
injected into female 3xTG mice. The elevation of LH at 5
IU will be similar to observed post-ovariectomy, as well
as during the human menopausal transition.

Limitations

For objective 1

Cell lines are often treated with tumour cells to allow

them to gain longer preservation time. This can alter the
cell structure of microglia and reduce its credibility to
represent normal human brain microglia cells. In addition,
this cellular level experiment can be seen as inadequate
as it does not take into account the complexity of human
or mice brains. However, the benefit of cell line would be
that its result directly shows how LH impacts microglia
without the interference of other pathways. Therefore,
once the results indicate activation of microglia cells, fur-
ther experiments with mice model are carried out.
CRISPR/Cas9 can also be used to knock out LH receptors
to further confirm the correct pathway is taking place in
experiment 1.1.

For objective 2 and 3

C/EBPp will only be focused on objective two and three,
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yet other transcription factor with the C/EBP family will
also influence AD progression through some unknown
pathways [22]. Moreover, C/EBPJ will also regulate cy-
tokine expression [23]. Therefore, distinguishing whether
IL-6 is produced by microglia or by C/EBPP in experi-
ment one will be difficult. And it will also be hard to judge
is it microglial removal function or C/EBPJ production
function make the increased accumulation of plaques.
Future trajectories

It has already been known that women with one copy of
APOE ¢4 allele show a 4-fold increased risk. Moreover,
women with two copies of APOE &4 allele exhibit a 15-
fold increased risk [24]. Therefore, the next step should
be taken is to explore the relationship between LH and
APOE ¢€4. Specifically, we can investigate whether there
is an additive influence when both APOE €4 and LH are
present compared to participants with only LH by using
APOE g4-targeted replacement. What’s more, the effect of
LH on microglia will be confirmed through objective one.
However, the exact pathway between LH and CatC which
will lead to activation of microglia can be explored in the
future.
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