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Abstract
The presence of amyloid-beta (Aβ) plaques, resulting from abnormal processing of
the amyloid precursor protein (APP), is thought to play a prominent role in the
development and pathophysiological effects observed in people that suffer from
Alzheimer’s disease. Nitric oxide (NO), a messenger found in the Central Nervous
System, has been found to be neurologically beneficial at low physiological
concentrations (10 pM – 10 nM) and one possible mechanism in the activation of
cyclic guanosine monophosphate (cGMP)-dependent protein kinase pathways,
specifically an isoform of protein kinase G (PKG) called PKG-I alpha (PKG-Ia). The
neuroprotective PKG-Iα pathway has been shown to cause the phosphorylation of
cAMP-response-element-binding protein (CREB) which in turn may play a role in
increasing the expression of other proteins within neuronal cells. This study
explored if a PDE9 inhibitor, BAY 73-6691, would have an increased effect on the
activation of the cGMP/PKG-Ia signaling pathway in neuronal cells thereby
increasing the expression/phosphorylation of CREB and the expression of APP.
Confocal microscopy and Western blotting were utilized to examine NG108-15
cholinergic neuron-like cells, a cell culture model expressing both APP and CREB, as
these proteins are potentially related to the pathological progression of Alzheimer’s
disease. Experimental qualitative data gathered from confocal microscopy suggests
that PKG-Ia and APP/Aβ are located within the cytosol of the NG108-15 cells.
Western blot semi-quantitative data indicates that a 3 µM treatment with a PDE9
inhibitor, BAY 73-6691, caused the greatest ratio of phosphorylation of CREB as
compared to total CREB, as well as the greatest increase in expression of APP.

Chapter 1
Background Information
Alzheimer’s disease, a form of dementia, is typically associated with the aggregation
of Aβ proteins into plaques that result in disruption of neural cell functionality and
increased neurodegeneration [1, 2]. Recent studies have suggested, though, that the
presence of Aβ oligomers are the cause of higher neurotoxicity and a loss of
synapses and neurons [3]. Aβ itself comes from the cleavage of the amyloid
precursor protein (APP) into smaller peptides that are usually 40 and 42 amino
acids in length [3]. Many studies have been done with the goal of determining the
exact nature of how Aβ causes neurodegeneration as well as recognizing that
regulation of Aβ is important for the pathogenesis of Alzheimer’s disease [2-6].
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Nitric oxide (NO), a chemical messenger that can be found in the central nervous
system, is known to be responsible for a variety of functions. One such function that
some NO studies have suggested is that NO, at low physiological levels (i.e. 10 pM –
10 nM), plays a key role in increased rates of cell survival and
proliferation/regeneration [7-9]. These studies have provided data that supports
the idea that low physiological concentrations of NO are beneficial for cells and
increase rate of survival, whereas higher concentrations (e.g. > 100 nM) have shown
to be neurotoxic and cause apoptosis [7, 10]. There have been some research
studies that have suggested that low physiological concentrations of NO are a part of
a pathway of events (see Figure 1) that lead to the production or
activation/inactivation of proteins important for promoting cell proliferation and
survival [7-11]. This proposed pathway of NO is involved in the cGMP/PKG
pathway, with the PKG-Iα isoform being the most sensitive to NO effects (i.e. being
activated at physiological levels (10 pM – 10 nM) concentration of NO) [7-11]. This
study is a focus on the cGMP/PKG pathway.
NO is formed by nitric oxide synthase (NOS), of which there are three known
isoforms in mammalian cells: endothelial NOS (eNOS), inducible NOS (iNOS), and
neural NOS (nNOS). The NO then stimulates, in one possible pathway, the catalytic
activity of soluble guanylyl cyclase (sGC), which then causes the production of cGMP
(from guanosine triphosphate) and elevation of intracellular cGMP levels, regulating
neural cell function [12]. The elevated cGMP can then activate PKG or is broken
down by phosphodiesterases, PDE-5 and PDE-9 [13, 14]. Specifically, low
physiological concentrations of NO (10pM–10nM) have shown to selectively activate
PKG-Iα, which in turn shows protective capabilities in various types of cells [7-10].
The R.R. Fiscus Lab has shown that this activation of PKG-Iα leads to the
phosphorylation of other proteins within mammalian cells, including BAD, c-Src,
VASP, and CREB, which results in an increase in cell survival [8-10]. Phospho-CREB
has also shown to increase the expression of certain inhibitor of apoptosis proteins
(IAPs), including Survivin as well as some of the members of the Bcl-2 family of
cytoprotective proteins, especially Mcl-1 [9]. Akt, another pro-cell-survival protein
kinase, is known to activate eNOS, which in turn produces physiological levels of NO.
Akt has been linked to increased expressions of another IAP, neuronal apoptosis
inhibitor protein (NAIP), which has shown protective capabilities for cell survival in
neurons [15]. Although it is not yet determined whether phospho-CREB is
responsible for the expression of NAIP, it may be a necessary link needed.

8

Figure 1. The healthy/physiological NO pathway involves the catalytic
activation of PKG-Iα, which leads to the phosphorylation of various
proteins, one of which is the nuclear transcription factor, CREB. PhosphoCREB has shown to possibly increase the expression of certain IAPs (e.g.
Survivin) and other cell survival proteins (e.g. Bcl-2 family proteins), which
have shown to increase cell survival in many types of mammalian cells.
While undetermined at the moment, phospho-CREB may also increase the
expression of a neural form of IAP, neuronal apoptosis inhibitor protein
(NAIP). Inhibitors of phosphodiesterase type-9 (PDE9) might synergistically
enhance the accumulation of cGMP within the cell, leading to increased
activation of PKG-Iα, increased expression of phospho-CREB, and possibly
affect the gene expression of APP.

Current Research
Recent studies have suggested that there is a link between Aβ, NO, and PKG
signaling. The toxic form of Aβ seems to inhibit the NO pathway and therefore
decrease the phosphorylation of CREB, which in healthy brain conditions is involved
in hippocampal long-term potentiation (LTP) and memory consolidation [16]. A
number of studies have already been completed as to possible therapeutic
opportunities for limiting the damaging effects of Aβ on the healthy-level/healthyform NO pathway and the neuronal damage this may cause, including the use of NO
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donors, cGMP analogs, and phosphodiesterase inhibitors to enhance the PKG-Iαmediated neuroprotection [16-20].

Chapter 2
Purpose of Study
The hypothesis for this thesis is if a PDE9 inhibitor, BAY 73-6691, is applied to
NG108-15 cells, then it would have a dose-responsive effect on the activation of the
cGMP/PKG-Ia signaling pathway in neuronal cells thereby increasing the
expression/phosphorylation of CREB and the expression of APP. This study tested
for the presence of PKG-Iα and APP in NG108-15 cells, as well as whether the PDE9
inhibitor, BAY 73-6691, would increase the phosphorylation of CREB. BAY 73-6691
was also used to test if PDE9 inhibition causes alteration in the expression levels of
APP, another Alzheimer’s disease-related protein. One molecular mechanism for
long-term potentiation, or memory storage, involves cAMP and activation of protein
kinase A (PKA) for the phosphorylation of CREB and further gene expression. One
possible pathway involving activation of PKG-Iα is by way of cGMP, with possible
phosphorylation of CREB followed by further gene expression of other proteins,
possibly including APP. This pathway may also play a role in long-term potentiation,
therefore likely to be important for Alzheimer’s disease.
NG108-15 Cells
NG108-15 cells were used as a model of cholinergic neuronal cells in culture,
determining the effects of PDE9 inhibitor on the phosphorylation of the
neuroprotective CREB and the expression of Alzheimer’s-related APP. The NG10815 cells are somatic cell hybrids from rat (glioma) and mouse (neuroblastoma),
representing a neural cell line commonly used to study the neuroprotective role of
cGMP and PKG [7, 10, 11]. The NG108-15 cells have been shown to be helpful
models when studying development as well as expression of neuronal qualities,
similar to neuronal cells [7, 10, 11, 21]. NG108-15 cells are also known to express
APP and Aβ, thus they provide a useful model for studying APP and Aβ production
and processing in neuronal-like cells in culture [21].
Cell Culture Preparation
The NG108-15 cells were obtained from American Type Culture Collection, or ATCC,
and were cultured in DMEM (Dulbecco’s Modified Eagle Medium), with added 2 mM
l-glutamine, 10% fetal bovine serum (FBS), and penicillin/streptomycin. Under
these culturing conditions, the NG108-15 cells have a morphology similar to
neuronal cells, with many of the cells possessing neurite outgrowths that resemble
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dendrites and axons. The medium was prepared in a sterile chemical hood. 500 mL
of medium was combined with 50 mL of FBS and 5 mL of penicillin. The NG108-15
cell line was thawed from a liquid nitrogen storage container. The cell tube was
placed in a 37-degree Celsius water bath for two minutes and then promptly
removed and taken to a sterile chemical hood. A T25 flask, two sterile 15 mL conical
tubes, and the growth media bottles were sterilized with 70% ethanol and kimwipes
and added to the chemical hood. 1 mL was drawn from the tube of NG108-15 cells
and deposited in one of the 15 mL conical tubes. 9 mL of growth media was then
added to the same 15 mL tube. This tube was run in a centrifuge at 1400 rpm for
five minutes to pellet the cells. After the five minutes, the tube was taken back to the
sterile hood and almost all the media was removed without disturbing the pellet.
250 mL of new media was added to the tube with the pellet. The media was pipetted
up and down multiple times to disperse the pellet. 9 mL of media was added to the
tube and it was agitated to disperse the cells throughout the media. In order to
agitate the tube, it was upended several times. The 10 mL of cell culture was
pipetted into the T25 flask which was pre-labeled with the date, cell line name, and
passage number. This flask was placed into an incubator set to 37 degrees Celsius.
The first cultured flask from the frozen NG108-15 cell line was the seventh passage
of the cell line.
Staining and Confocal Microscopy
The growth media was removed and 4 mL of phosphate buffer solution (PBS) was
used to wash the cells, with immediate removal by aspirator after 5 seconds of
swirling. This washing step was performed twice, with every subsequent PBS wash
step being performed in the same manner. 1 mL of trypsin was added to the flask
and left in there for five minutes to detach the cells. After the five minutes 4 mL of
growth media was added to the trypsin and cell mixture. Cell counts were
performed immediately to determine the necessary amounts for confocal
microscopy (Fiscus Lab cell counter). Two cell counts were performed every time
there was confocal microscopy preparation. NG108-15 cells were then adhered to
Poly-D-Lysine coated confocal dishes along with growth media and incubated at 37
degrees Celsius for 24 hours. After the incubation period, growth media was
removed from the dishes and two wash steps with PBS were performed. 125 µl of
4% paraformaldehyde was then applied for cell fixation at room temperature for 10
minutes. After cell fixation, two more PBS wash steps were performed followed by
an application of 0.2% Tween 20 for cell lysing. Two more PBS wash steps were
performed followed by the application of primary antibodies at 4 degrees Celsius
overnight. The next day the primary antibodies were removed through two PBS
washing steps, and secondary antibodies were applied for thirty minutes at room
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temperature while covered with foil. After the thirty minutes, two more PBS washes
were performed followed by the application of DAPI for nuclear staining. 400 µl of
DAPI dilution (495 µl PBS buffer and 5 µl DAPI) was applied to each dish for 5
minutes. After two more PBS washes were performed, the dishes were viewed using
confocal microscopy.
The session conducted that is discussed in the results section was testing for the
presence of PKG-Ia and APP/Aβ in the NG108-15 cells using special primary
antibodies. The primary antibodies used were: PKG-Ia (1:50) (Cell Signaling
Technology #3248) and APP/Aβ (1:50) (CST #2450). Corresponding secondary
antibodies were as follows: goat anti-rabbit FITC (1:400) (fluorescein
isothiocyanate) imaging and goat anti-mouse TRITC (1:400)
(tetramethylrhodamine) imaging (both from Santa Cruz Biotechnology).
Cell Lysing and Protein Harvesting
Prior to cell lysing for Western blotting, NG108-15 cells were plated and treated
using 1, 3, 10, and 30 µM treatments of BAY 73-6691 along with dimethyl sulfoxide
(DMSO), as well as a DMSO control plate, for 24 hours at 37 degrees Celsius. NG10815 cells were lysed to extract proteins after the 24 hours. Mammalian Protein
Extraction Reagent (Fiscus Lab), or M-PER, was used for lysis buffer as well as
protease inhibitors. Using a scraper, 100 mm petri dishes seeded with the cells were
gently wiped into 15 mL conical tubes. Tubes were centrifuged for five minutes at
210 x g at 4 degrees Celsius. Medium was discarded from the tubes without
disturbing the pellet. 5 mL of PBS was added and tubes agitated to break up the
pellet. Tubes were centrifuged for another five minutes at 4 degrees Celsius. This
wash step was performed twice, with most of the PBS removed after the second
wash. 100 µL of lysis buffer was added to the conical tube. Contents of the tube were
transferred to a 1.5 mL tube and agitated on a vortexer for 10 minutes. Tube was
centrifuged at 4 degrees Celsius at 14,000 RPM for 14 minutes. Fluorescent
standards and filter paper were set up for fluorescent-based quantitation testing
that was performed according to kit instructions (EZQ Protein Quantitation Kit,
ThermoFisher Scientific) . After centrifugation was complete, fluorescent testing
was performed and lysate went into an -80 degrees Celsius freezer until use.
Western Blotting
Once cell lysing and protein harvesting, as well as protein quantitation, were
completed, Western blotting was performed to visualize the extracted proteins.
Fluorescent-based quantitation testing was used to determine the necessary
proportioned amounts of the following to make 20 µl of loading volume per well of a
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NuPAGE Bis-Tris 4-12% protein gel (Invitrogen): lysate extracted from NG108-15
cells to have 20 µg of protein, M-PER, 5x Sodium dodecyl sulfate (SDS) loading dye,
and 1x SDS. Samples were boiled for 10 minutes in a digital dry bath partially filled
with distilled water. After boiling, the samples were centrifuged, mixed, and then
centrifuged again at 5900 rpm. Outside wells were not used to avoid migration
pattern issues and 4 µl of a molecular weight marker (Chameleon Pre-stained
Protein Ladder, LI-COR Biosciences) was utilized as a standard. 10 µl of each
prepared sample was loaded into separate wells and the gels were run at two
voltages for two time increments. The voltage was initially set to 80V for the first 25
minutes until the samples had migrated out of the wells and into the gel, and then
set at 130V for another 1 hour.
Once the electrophoresis was complete, filter paper and a nitrocellulose membrane
(Fiscus Lab) that had been soaked in 2x transfer buffer were used to make a
“sandwich” around the gel. This sandwich consisted of 2 pieces of soaked filter
paper, the membrane, the gel, and then 2 more pieced of soaked filter paper. The
sandwich was gently rolled to remove possible air bubbles and then loaded back
into the electrophoresis chamber which was now filled with transfer buffer. Blotting
sandwich was run at 20V for about 90 minutes.
After transfer from the gel, the membrane was separated into strips for testing for
various proteins. Strips were placed in a tray of blocking buffer (Fiscus Lab) for 1
hour on a shaker. Primary antibodies were then applied to the strips based on which
proteins were being targeted. Primary antibodies used were PKG-Ia/b (1:500) (CST
#3248), GAPDH (1:2000) (CST #97166), phospho-CREB (1:500) (CST #9196),
APP/Aβ (1:500) (CST #2450), total CREB (1:500) (CST #9197), and b-actin (1:2000)
(CST #3700). Strips and primary antibodies were incubated in a 4 degrees Celsius
refrigerator overnight.
Strips, once removed from overnight incubation, were washed three separate times
using 1x Tris-buffered saline and 0.1% Tween-20 (TBST). Secondary antibodies
labeled with infrared dyes (IRDye 680RD goat anti-rabbit and IRDye 800CW goat
anti-mouse, LI-COR Biosciences) were diluted in blocking buffer (1:10,000). Strips
were incubated at room temperature with secondary antibodies for 1 hour under
foil. After incubation, strips were washed three times with 1x TBST before imaging
and quantitation. Membranes were imaged using an Odyssey infrared imaging
system (LI-COR Biosciences). The LI-COR imaging system and antibodies allow for
two channels of imaging with Western blots, which allowed for the testing for two
proteins with each portion of the Western blot membranes. Each Western blot
membrane was treated with antibodies that would cause fluorescence either at 700
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nm or 800 nm when exposed to the NIRF detection. This allowed for more accurate
quantitation and detection of proteins present on the membrane.

Chapter 3
PKG-Ia and APP/Ab are both present in NG108-15 Cells, as determined by
confocal microscopy
The confocal microscopy represented in Figure 2 seems to indicate that PKG-Ia and
APP/Aβ are both located throughout the cytosol and present in NG108-15 cells. It is
unknown whether these proteins are actually near each other as confocal
microscopy is not able to achieve that level of detail and information. Whether these
are actually near each other and/or interact in some manner through the
cGMP/PKG-Ia signaling pathway in regulating the expression of APP and/or the
production of Aβ would have to be subject of future experiments.

Figure 2. Confocal microscopy images showing the fluorescence staining for
the presence of PKG-Ia (in Green) as well as for APP/Aβ (in Red) in NG108-15
cells. Images indicate that APP/Aβ and PKG-Ia are located throughout the
NG108-15 cells, and notably in the axon-like projection and the cytosol.

14
Figure 3 shows the staining of cells with only the secondary antibody in the PKG-Ia
and APP/Ab experiments, used as no-primary-antibody controls to test whether the
secondary antibody gives a fluorescent signal in the absence of the primary
antibody, which would indicate nonspecific binding of the secondary antibody.
These secondary-antibody-only control shows minimal non-specific staining with
the secondary antibody.
Staining for confocal microscopy using only the secondary antibody for
imaging of PKG-Ia and APP/Ab expression in NG108-15 cells

Figure 3. Qualitative images of NG108-15 cells stained for the expression and
of PKG-Ia and APP/Aβ, with and without the primary antibody, to determine if
there is non-specific staining by the secondary antibody.
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Effects of PDE9 Inhibitor, BAY 73-6691, on CREB expression/phosphorylation
and APP expression in NG108-15 Cells
Treatment with the PDE9 inhibitor BAY 73-6691 at 1, 3 and 10 µM appears to have
a concentration-dependent effect of promoting NG108-15 cell proliferation, as seen
in Figure 4. However, at the higher concentration of 30 µM this PDE9 inhibitor
appeared to be toxic, causing cells to round up and lose their neurite-like
projections.
BAY 73-6691 also increased the amount of CREB, both phosphorylated and total
forms, in the NG108-15 cells, as well as APP, when cells were exposed to lower
concentrations of the treatment (Figures 5 and 6). The higher concentration of 10
µM seemed to be less effective, possibly because of the beginning of a toxic effect.

Figure 4. Images in Figure 4 show five different plates of treatments, DMSO
control and BAY 73-6691 at 1 µM, 3 µM, 10 µM, and 30 µM. At 30 µM, BAY 736691 exhibited neurotoxic effects, while at 1 µM, 3 µM and 10 µM appeared to
enhance cell proliferation and/or survival.

The same primary antibody (APP/Ab, CST #2450) that was used in the confocal
microscopy experiments illustrated in Figures 2 and 3 was used again, this time for
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the Western blot analysis shown in Figure 5, with a semi-quantitative
representation of the band densities shown in Figure 6. The data indicates that the
total amount of APP expression (with the band that is shown being full-length APP)
in NG108-15 cells appears to be elevated by treatment with BAY 73-6691 at all of
the tested concentrations. This suggests that the elevation of cGMP levels and the
subsequent enhancement of PKG-Ia kinase activity may have a stimulatory effect on
overall expression of full-length APP. Because Ab is a much smaller fragment of fulllength APP, it would not be present within the band shown in the Western blot of
Figure 5 and would not be included in the determination of APP amount shown in
Figure 6.
Thus, the APP shown in Figures 5 and 6 does not necessarily represent an increase
in the toxic form of APP, since it does not include Ab. Rather, it may represent an
increase in another alternatively-processed form of APP, i.e. the
neuroprotective/neurotrophic form called sAPPa (secreted APP type-a), a product
of the (healthy) a-secretase-catalyzed processing of APP that normally
predominates in healthy neurons [7, 10, 22].

Figure 5. Using Western blotting, it appears that NG108-15 cells treated with
BAY 73-6691 at 1, 3, and 10 µM possibly had larger amounts of
phosphorylated and total CREB (a condition known to promote cell survival in
many other types of cells and enhance memory consolidation in neurons of
the brain), as compared to the control [7,8,10]. It also appears that there is
possibly a higher level of expression of APP/Ab in the three treatment groups.
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BAY 73-6691 Treatment vs. Relative Cellular Protein
Expression
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Figure 6. Semi-quantitative data gathered from a Western blot of BAY 73-6691
treated NG108-15 cells with the sample ratios of each protein compared, in
the form of a normalized ratio, of the loading control GAPDH.
The semi-quantitation data used to find the ratios listed in Figure 6 was found and
calculated using LI-COR’s Image Studio. The ratios were determined by dividing
each ratio determined for a sample to the loading control ratio of GAPDH. While the
bands for phospho-CREB and total CREB in the image of the Western blot appeared
to be darker and have a higher intensity based on what is seen for the 3 µM
treatment, semi-quantitation is necessary due to the inability to make a substantial
statement based on what is visually perceived. The data in Figure 6 seems to
indicate that the 1 µM treatment was effective in increasing the protein expression
levels of PKG-Ia, phospho-CREB, total CREB, and APP. However, elevated levels of
cGMP due to the application of a PDE9 inhibitor is not expected to greatly increase
PKG-Ia levels within the cells, but rather increase the activation of it. Therefore,
there’s a possibility the 1 µM treatment is not the most reliable, possibly due to the
fluorescence levels of the loading control, GAPDH. In regards to that aspect, analysis
of data may be better if done within each treatment group comparing expression
levels. According to the data, it appears that the 3 µM treatment had the greatest
effect on gene expression as the ratio of phospho-CREB, 2.24, to total CREB, 1.07, is
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greater than 2:1, and the amount of APP is at an increased level at 2.62. The 10 µM
treatment also had a greater than 1:1 ratio of phospho-CREB, 1.07, to total CREB,
0.76, at around 1.5:1, as well as a higher level of APP at 1.86.

Chapter 4
cGMP, a cyclic nucleotide, is thought to be involved in a similar manner in
comparison to the cAMP/PKA pathway that is capable of phosphorylating CREB and
furthering gene expression within a neuron for long-term potentiation. cGMP, in one
of its several functional aspects within a neuron, is thought to be neuroprotective by
way of the activation of PKG-Ia for one means of phosphorylating CREB as well as
further gene expression, possibly involving APP.
Early studies in 1995 by the R.R. Fiscus lab at the Sanders-Brown Center on Aging,
University of Kentucky, in collaboration with Mark Mattson and Steve Barger, had
shown that the healthy (normal) product of APP processing in neurons was the
sAPPa form, which was shown to have clear neuroprotective effects that counteracted the toxic effects of typical neurotoxins involved in Alzheimer’s disease, e.g.
sAPPa-stimulated protection of hippocampal neurons against the toxic effects of
excess glutamate [22]. Interestingly, this sAPPa stimulated mechanism of
neuroprotection was found to involve a special sAPPa-receptor-mediated activation
of the cGMP/PKG signaling pathway in hippocampal neurons, providing an early
incentive for later discoveries of new pharmaceutical agents that also activate the
neuroprotective cGMP/PKG signaling, such as PDE5 and PDE9 inhibitors, that could
potentially be used in Alzheimer’s therapy.
A PDE inhibitor would possibly limit the activity of phosphodiesterase, therefore
increasing the levels of cyclic nucleotides within a cell. This study explored the
possibility if a PDE9 inhibitor, BAY 73-6691, would elevate cGMP levels within
NG108-15 cells, and then there would be an increase in the levels of
phosphorylation of CREB in comparison to total CREB. Also, if gene expression of
APP is affected by the phosphorylation of CREB, a higher level of expression may be
possible as is seen in the Western blot quantitative data.
According to the data in these preliminary experiments, some initial conclusions
may be possible. Immunofluorescence indicated that PKG-Ia and APP can be found
in the cytosol of NG108-15 cells.
Confocal microscopy images of the cell cultures treated with the PDE9 inhibitor,
BAY 73-6691, seem to indicate a dose-responsive effect from the treatment. The 1,
3, and 10 µM treatments seems to show cell proliferation due to the existence of
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neurite outgrowths from the NG108-15 cells, whereas the 30 µM treatment seems to
indicate a toxic effect on the cells as they are rounded and fewer in number.
Western blot data from the treatment of the PDE9 inhibitor, BAY 73-6691, at the 1,
3, and 10 µM levels indicate that protein expression of PKG-Ia, phospho-CREB, and
APP all increased in comparison to the control, as well as the increased expression
of total CREB in every treatment except 10 µM. The 1 µM treatment data may not be
the most reliable, though, due to the high levels of PKG-Ia in comparison to the
control. PDE9 inhibition is expected to elevate cGMP levels thereby increasing the
activation of PKG-Ia, but not increasing the expression of PKG-Ia. It would also be
an expectation to see greater levels of phosphorylated CREB in comparison to the
total CREB. With that in consideration, the data indicates that the 3 µM treatment is
the most effective as the ratio of phospho-CREB, 2.24, to total CREB, 1.07, is the
greatest ratio of any of the treatment groups. This treatment also had the highest
expression of APP, 2.62, which may be affected in its expression due to the
phosphorylation of CREB.
Due to the data in this study, it is preliminarily concluded that NG108-15 neuronlike cells can have a dose-responsive effect due to a PDE9 inhibitor, BAY 73-6691, at
lower concentration levels, that leads to increased expression of phospho-CREB in
comparison to total CREB, as well as increased expression of APP. A higher
concentration of BAY 73-6691 at 30 µM appears to have a negative effect on cell
survival. The application of such inhibitors may one day be useful in developing
effective treatments for Alzheimer’s-diseased patients. It is necessary to state,
however, that the data used in this study are from preliminary experiments. Future
studies are vital and necessary to determine whether increased expression of
phospho-CREB actually leads to increased expression of APP and/or possibly to the
production of survival proteins, as well as whether these survival proteins will aid
in limiting and/or preventing the effects Alzheimer’s disease. It is further necessary,
to determine whether PDE9 inhibitors would have the same effect and application
within a human brain struggling from the damaging effects of Alzheimer’s disease. A
dose-response curve, probably from treatments of 1, 2, 3, 4, and 5 µM concentration,
is necessary to further determine the effectiveness of these treatments. Future
experiments may also include better quantitation methods, including a microarray
using a gene chip to test the levels of mRNA involved in response to the PDE9
inhibitor treatments as well as how these genes are associated with Alzheimer’s
disease. Finally, future studies will be needed to determine if BAY 73-6691’s ability
to elevate APP in NG108-15 cells may actually be an important part of the
neuroprotective effects of this PDE9 inhibition, potentially by promoting the
secretion and neuroprotective actions of the healthy form of APP, i.e. the sAPPa.
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However, this will require finding new primary antibodies that can distinguish
between the different forms, toxic versus neuroprotective forms, of the APPs.
Until those studies are performed, the preliminary conclusion from this study is
that the PDE9 inhibitor, BAY 73-6691, has a dose-responsive effect for the increase
in phosphorylation of CREB by way of the cGMP/PKG-Ia signaling pathway in
NG108-15 neuron-like cells, with increased gene expression of APP.
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