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Abstract

Frontotemporal dementia with Parkinsonism linked to
chromosome 17 (FTDP-17) is a neurodegenerative
disease resulting in altered personality, memory
impairment, and executive dysfunction. Currently, two
genes, MAPT and PGRN, have been linked to FTDP-17.
Several mutations in PGRN lead to a null allele and
subsequently produce FTDP-17 symptoms without tau-
positive inclusions. C-terminally cleaved TDP-43 was
determined to be the major component of the inclusions
in PGRN induced FTDP-17. Although PGRN and TDP-43
both have a role in pathogenesis, the relationship
between the two is not clear. We propose that a
knockdown of PGRN expression will increase the
amount of caspase dependent cleavage of TDP-43
through a signal transduction pathway. We propose two
possible candidate signal transduction pathways that
PGRN may be using to regulate TDP-43. We will evaluate
the involvement of TNF-R1 and MAPK/ERK signal
transduction pathways in caspase dependent cleavage
of TDP-43. We will also evaluate the relationship
between PGRN and TDP-43 through PGRN knockout
mice. This study will contribute to understanding the
molecular mechanisms of FTDP-17, possible early
diagnosis, and possible preventive methods for FTDP-
17.

Background

Frontotemporal Dementia with Parkinsonism linked to
Chromosome 17 (FTDP-17) is a devastating and complex
neurodegenerative disease named in 1996 during a
conference called to differentiate this dementia from others
(Foster et al., 1997). Symptoms of FTDP-17 include
executive dysfunction, altered personality and behavior,
aphasia, Parkinsonism, and memory impairment (Boeve and
Hutton 2008, Snowden et al., 2001). FTDP-17 varies from
other dementias by its high prevalence in younger
populations. It is the second most common form of dementia
in people under 60 years old (Brun et al., 1994), which is
about 10 years younger than the average sporadic onset of
dementia from Alzheimer's disease (AD) (Go6tz and lttner
2008). FTDP-17 can be either sporadic or familial, with
about 35-50% being familial (Chow et al., 1999). Through
studies of families with high prevalence of FTDP-17, a
mutation on chromosome 17 was found to be linked to the
onset of dementia (Foster et al., 1997). This mutation was
tracked to the MAPT gene, encoding the protein tau (Hutton
et al., 1996). This discovery led to further research of the tau
protein, also associated with AD, and the mutations that
altered the function of tau.

The tau protein is found primarily in neurons of the
central nervous system and help to stabilize microtubules
through two mechanisms: isoforms and phosphorylation
(Zhou, Yu, and Zou 2008). Tau has six isoforms with either
three binding domains (3R) or four binding domains (4R)
(Hong et al., 1996). 4R isoforms have a greater affinity for
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binding microtubules, though the ratio of 4R to 3R isoforms
is about 1 (Goedert & Jakes, 1990). 3R and 4R isoforms are
determined by the alternative splicing of exons 2, 3, and 10
in the MAPT gene (Zhou, Yu, & Zou 2008).
Hyperphosphorylated tau has been found in intracellular
inclusions in the neurons of the central nervous system (Lee,
Goedert, & Trojanowski, 2001). These inclusions are a result
of mutations in the MAPT gene causing self-assembly of the
tau protein or a high 4R to 3R isoform ratio (Hong et al.,
1998). Over forty FTDP-17 causing mutations have been
discovered in MAPT (Goedert et al., 2005, Hutton et al.,
1998). While the role of tau in FTDP-17 helps to understand
the pathology, tau-positive FTDP-17 only accounts for 40%
of familial FTDP-17 and does not fully explain the cause of
FTDP-17 (Baker et al., 2006).

Another cause of FTDP-17 was later determined
to be caused by mutations of the PGRN gene encoding
progranulin, a growth factor known to be involved in several
other neurodegenerative diseases (Baker et al., 2006).
Mutations in PGRN generate tau-negative inclusions in the
frontotemporal  cortex, temporal neo cortex, and
hippocampus (Shankaran et al., 2008), but these inclusions
do not contain the protein progranulin either, suggesting that
progranulin is not being synthesized (Baker et al., 2006).
Discovery of over thirty-five mutations in PGRN have
determined that PGRN mutations result in a null allele and
the resulting mRNA is degraded by nonsense-mediated
decay (Baker et al., 2006, Maquat, L. 2004). Investigation
into the components of PGRN related inclusions revealed
the Transactive response DNA-binding Protein (TDP-43) as
a major component (Neumann et al., 2006).

TDP-43 is encoded in the gene TARDBP and is
involved in several neurodegenerative diseases including
Amyotrophic Lateral Sclerosis (ALS) and FTD (Li et al,
2004). Over-expession of TDP-43 alone has been shown to
cause toxicity (Zhang et al., 2009). TDP-43 is cleaved by a
caspase resulting in ~25 kDa c-terminal fragments, which
aggregate to form inclusions (Neumann et al., 2006, Igaz et
al., 2009). This relationship suggests that increased caspase
will increase the cleavage of TDP-43, causing more
aggregates (Zhang et al., 2007). In addition, evidence
suggests PGRN regulates caspase, and therefore indirect
regulates TDP-43 (Zhang et al.,, 2007). However, other
studies have reported contradictory findings, suggesting that
PGRN levels do not regulate caspase activity and therefore
does not regulate TDP-43 cleavage and accumulation
(Dormann et al., 2009). Therefore, more evidence is required
to understand the correlation between PGRN and TDP-43.

PGRN is an extracellular anti-apoptotic factor that
protects neurons from premature death (Bateman & Bennet,
2009). Growth factors like PGRN use cell-signaling
pathways to control cellular mechanisms. Therefore, We
hypothesize that PGRN regulates TDP-43 cleavage in
FTDP-17 through a signal transduction pathway. Tumor
Necrosis Factor- receptor 1(TNF-R1) and MAPK/ERK are
two possible pathways for PGRN to utilize in cell signaling
(He et al., 2002, Zhang et al., 2002, Bateman & Bennet,
2009). Tumor necrosis factor (TNF) is a major moderator of
apoptosis, inflammation and immunity. The interaction of
TNF with TNF- receptor-1(TNF-R1) is found to activate
several signal transduction pathways (Chen & Goeddel,
2002). This interaction triggers the release of an inhibitory
protein silencer from TNF-R1’s intracellular domain (ICD),
leading to the recruitment of many proteins including fas
associated death domain (FADD). FADD activates caspases
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to cleave proteins, causing apoptotic cell death (Chen &
Goeddel, 2002), thus making this signaling pathway a
possible candidate for further investigation under PGRN
deficient conditions. MAPK/ERK pathway recruits the G-
protein Ras, Raf, MEK and the ERK kinases (Kolch, 2000).
Activation of these kinases turns on many transcription
factors including c- myc (Zhang et al., 2002). C-myc controls
Bcl-12 family proteins (Eichen et al., 2001). Bcl2 family
consists of both anti -apoptotic and pro-apoptotic proteins.
Bax, which is a pro-apoptotic Bcl2 family member promote
cell death by protein cleavage and gets activated when anti-
apoptotic Bcl2 levels, are too low. Therefore, it is possible
that in the absence of PGRN, c-myc indirectly increase Bax
activation thus protein cleavage by caspases, making MAPK
pathway an interesting area of focus in the absence of
PGRN.

We predict that in the absence of PGRN, one or
both of these signaling pathways becomes activated to
regulate the TDP-43 cleavage, eventually leading to cell
death by apoptosis. Studies will be done both in vitro and in
vivo. Our study will advance the understanding of the
underlying molecular mechanisms of the relationship
between PGRN levels and TDP-43 as well as present a
possible therapeutic approach.

Significance

Broader Relevance

Dementias are a major health and social concern in our
aging society. According to the World Alzheimer report for
2010, the global cost of Alzheimer’s and related dementias is
estimated to be $604 billion USD (World Alzheimer report,
2010). Frontotemporal dementia and Parkinsonism linked to
chromosome 17 is considered to be the second most
common neurodegenerative disease among people less
than 60 years old (Baker et al., 2006). Advances in the field
over the past decade have expanded our knowledge about
FTDP-17. Nonetheless, the prevalence and incidence still
remain unknown (Wszolek et al., 2006). It is possible that
requirement of characteristic clinical and pathological
features and molecular genetics analysis make identification
of the disease more challenging. Therefore, it is necessary
to examine molecular mechanisms and pathological features
underlying FTDP-17, which might help to develop
therapeutic approaches to FTDP-17.

Our study will also help train undergraduate and
graduate researchers by exposing them to experiments
ranging from smaller molecular projects to complex
experiments. This study will attract a diverse range of young
researchers and train them to be competent scientists in the
field.

Intellectual Merit

Our study focuses on understanding both general pathology
and molecular mechanisms underlying FTDP-17. This study
will also support or refute contradictory evidence (Zhang et
al., 2007, Dormann et al., 2009) that is presented in the field
regarding the relationship between PGRN and TDP-43.
Furthermore, insight into the exact molecular mechanism will
illustrate the relationship between PGRN and TDP-43. This
study will also provide further evidence to distinguish the
connection between PGRN and TDP-43 in vertebrate and
invertebrate models and link them to human pathology. An
intellectual perceptive of these pathways may lead to the
development of clinical diagnosis methods in the future.

Specific Aims

The ultimate goal of our study is to advance the clinical
diagnosis of FTDP-17 by understanding molecular
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mechanisms and pathology. We propose the hypothesis that
PGRN levels regulate TDP-43 cleavage through signal
transduction pathways in FTDP-17.

Our aims for our hypothesis are as follows.

1. Evaluation of PGRN dependent TDP-43 cleavage by
caspases using TNF-R1 signal transduction pathway:
Using H4 neuroglioma cell line, we will measure the caspase
8 activation followed by caspase 3 activation in the absence
of PGRN. We will also determine the change in levels of
TNF, which will indicate the activation of TNF pathway
leading to apoptosis (Chen, G. et al., 2002). We will evaluate
if other signal transduction molecules such as FADD and
Fas involved in TNF-R1 pathway, get activated due to the
inflammation response caused by absence of PGRN.
Subsequently, we will also assess how inhibition of those
specific signal transduction molecules will affect TDP-43
cleavage by caspase 3.

2. Evaluation of PGRN dependent TDP-43 cleavage by
caspases using MAPK/ERK signaling pathway:

The caspase 9 and caspase 3 activation in the PGRN
deficient H4 nueroglioma cells will be analyzed. Then, we
will be assessing the reduced phosphorylation of MAPK/ERK
pathway due to lack of PGRN, which we predict will promote
apoptosis by activating Bax and cause TDP-43 cleavage,
thus apoptotic cell death. The involvement of signal
transduction molecules and how their absence might reverse
or affect TDP-43 cleavages by caspase 3 will also be
assessed.

3. To demonstrate that PGRN knockout mice show
caspase dependent accumulation of TDP-43 fragments:
We will assess the accumulation of caspase cleaved TDP-43
fragments by means of immuno-electron microscopy and
western blotting using sections taken from the frontal cortex
and hippocampus of the model organism for both
progranulin and TDP-43 to determine the interaction
between the proteins in a mouse model. By using a mouse
model, we will determine if factors, not seen in the cell
model, affect the levels of PGRN and TDP-43. As the mouse
model is more complex than a cell model, the mouse model
will more accurately represent FTDP-17 in humans.

Research Design and Methods

1. Evaluation of PGRN dependent TDP-43 cleavage by
caspases using TNF-R1 signal transduction pathway.

Rationale: Progranulin is capable of inhibiting the
inflammation in cells by TNF-alpha mediated TNF activation
(Zhu et al., 2002). Previous studies have shown an increase
in TNF levels in PGRN deficient mice (Ying et al., 2009).
Therefore, we believe that the absence of PGRN activates
the TNF signaling pathway, thus caspase activation, which
leads to cleavage of TDP-43 and apoptosis respectively.

Design and Method

The activation of TNF-R1 pathway in PGRN deficient H4
neuroglioma cells:

PGRN deficient H4 neuroglioma cells: H4 neuroglioma cells
will be grown in Opti-Mem plus 10% FBS and 1% penicillin-
streptomycin and will be passaged every 3-5 days based on
confluence of a 95% (Zhang et al., 2007). The lysates will be
prepared 48 hours after PGRN small interfering RNA
(siRNA) transfection for western blot analysis unless
mentioned specifically. Rabbit polyclonal anitibody for PGRN
(Zhang, et al., 2007) will be used to detect the presence or
absence of progranulin.

The activation of TNF pathway:
The activation of TNF pathway will be detected by several
methods. First, we will identify whether cells express higher
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levels of TNF as an indication of activation of TNF pathway
that leads to apoptosis by cleavage of TDP-43. TNF levels
will be detected from 0-48 hrs within intervals of 6hrs after
siRNA transfection, using western blot analysis. Secondly,
as cleavage of caspases will provide evidence for their
activation we will identify the activation of caspases by
comparing western blot analysis of cleaved caspases in H4
cells and that of control H4 cells. We will also detect cleaved
TDP-43 in the absence of PGRN. Antibodies, rabbit
polyclonal anti-caspase-3 and rabbit polyclonal anti-
caspase-8 (Dormann et al., 2009) for full length and cleaved
caspase 3 and 8 will be used respectively. Rabbit polyclonal
antibody for TDP-43 (Zhang, et al., 2007) and TDP-43
fragments will be used to detect the cleavage of TDP-43. §3-
actin will serve as protein loading control and be recognized
by mouse monoclonal anti- B-actin antibody.

TDP-43 localization changes:

Using immunocytochemistry (ICC) we will also assess any
changes in localization of TDP-43 under PGRN knockdown
conditions in H4 cells. The cells will be grown on cover slips
and then will be then exposed to primary antibody, rabbit
polyclonal antibody to TDP-43 and secondary antibody
respectively (Dormann et al., 2009). After staining with
molecular probe, TOPRO-3 iodide (Dormann et al., 2009),
the nuclear localization changes or any changes in
localization, will be detected by confocal microscopy.

Nuclear changes and apoptotic body formation:

Next, we will also quantify apoptotic cells after PGRN knock
out using ethidium bromide and acridine orange (EB/AO)
with 96-well plates staining method (Ribbel et al., 2005) to
visualize characteristics of apoptosis such as nuclear
changes and apoptotic body formation (Spector et al., 2006)
We will count cells under a fluorescence microscope and
quantify cells that have undergone apoptosis.

FADD dependent activation of caspases and apoptosis:
Finally, we will demonstrate the activation of TNF-R1 signal
transduction pathway by inhibiting FADD associated
apoptosis (Rosenthal et al., 2003) by expressing dominant
negative FADD (FADD-DN) and assess the effects on
caspase activity and TDP-43 cleavage. Also, changes in
localization of TDP-43 using immunocytochemistry and cells
that have undergone apoptosis will be assessed by methods
described earlier.

Prediction: We anticipate that TNF pathway gets activated
as a result of PGRN knockdown. This will be demonstrated
by activation of TNF, caspases 3 and 8 and also cleavage of
TDP-43. We also expect to see localization changes in
fragmented TDP-43 in H4 cells. By blocking signal
transduction molecules in the TNF-R1 pathway we expect to
see opposite results from the above. The inhibition of FADD
should prevent recruitment of caspase 8 thus proteolysis of
caspase 3 and cleavage of TDP-43 that leads to apoptosis.
If evidence will not support our hypothesis that, TDP-43
cleavage occur through activation of TNF-R1 signal
transduction pathway under PGRN deficient conditions, then
it can be concluded that another pathway like MAPK/ERK
signal transduction pathway is used to activate caspases
thus cleavage of TDP-43 and apoptosis.

2. Evaluation of PGRN dependent TDP-43 cleavage by
caspases using MAPK/ERK signaling pathway:

Rationale: MAPK/ERK pathway is a chain of proteins in the
cell that communicates a signal from a receptor on the
surface of the cell to the DNA in the nucleus of the cell
(Kolch, W., 2000, Zhang et al., 2002). When the growth
factors like, PGRN is present it binds to the receptor in cell
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membrane thus activation the MAPK/ERK pathway that will
promote cell proliferation by phosphorylation of transcription
factor c-myc (Schonwasser et al., 1998). C-myc is also
known to phosphorylate Bcl-2 family proteins like Bcl-2 and
Bcl-XL thus suppress apoptosis (Nunez, G. et al., 1990,
Eischen C. et al., 2001). Deposhphorylation of myc and
deactivation of Bcl-2 can lead to activation of pro-apoptotic
agents like Bax and Bad (Nunez, G. et al., 1990). Apoptosis
can be induced by absence of growth factors (Nunez, G. et
al., 1990). We believe that the absence of PGRN prevents
the phosphorylation/activation of c-myc thus down regulate
Bcl-2 and up-regulate Bax activity leading to TDP-43
cleavage and apoptosis.

Design and Method

The activation of MAPK/ERK pathway in PGRN deficient H4
neuroglioma cells:

PGRN deficient H4 neuroglioma cells: Cells will be created
as described earlier in aim 1.

Involvement of MAPK/ERK pathway and Bcl-2 family
proteins:

We will be measuring the involvement of MAPK/ERK
pathway in several ways. First, we will identify the activation
of caspases and cleavage of TDP-43 by comparing western
blot analysis of caspase activity in PGRN knockout H4 cells
and control H4 cells as described above. Other than
caspase3 activation, Rabbit anti-caspase-9 antibody (Hu Y.
et al., 1998) will be used to detect caspase9 activation
(Knudson et al., 1997, Hu Y. et al., 1998, Janssen et al.,
2007).

Apart from that we will also be using antibodies to
detect signal transduction molecules such as c-myc and
MAPK using western blot analysis. In the absence of PGRN,
phosphorylated c-myc should not be detected. We will also
measure the Bcl-2 levels and Bax protein levels to determine
Bax dependent activation of caspases and cleavage.

We will also evaluate how alteration of MAPK
pathway molecules will affect cleavage of TDP-43 if PGRN is
using this pathway for molecular signaling by inhibiting
MAPK pathway signaling molecules in several ways. First,
Bax will be inhibited by over-expressing Bcl-XL (Yin et al.,
1993, He, L. et al., 2003) and we expect to see no TDP-43
cleavage by caspase 3, no caspase 9 activation and no
change in TDP-43 localization and lower apoptotic cell
death. Secondly, RNAi (small interefereing RNA) will be
used to inhibit MAPK, ERK and Ras, in the presence of
PGRN, and we expect to see higher Bax levels, cleaved
TDP-43, cleaved caspases and apoptotic cell death. This will
further confirm the usage of MAPK pathway by PGRN.

TDP-43 localization and apoptotic cell death:

Thirdly, using confocal microscopy we will measure
localization changes of TDP-43 using the molecular probe,
TOPRO-3 iodide, as described above. Quantification of
apoptotic cells will also be done as described in aim 1a.

Prediction: We predict that the absence of PGRN prevents
up-regulation of anti apoptotic Bcl-2 by MAPK pathway and
cause cleavage of TDP-43 protein and eventually apoptotic
cell death. If evidence will not support our hypothesis that
MAPK/ERK molecules do not get phosphorylated thus
prevent bcl-2 anti-apoptotic actions and activate Bax
promoting apoptosis, it can be predicted that another
pathway is being used or compromised.

These studies will further help our understanding about the
relationship between PGRN and TDP-43 or support/refute
already available explanations in the field.
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3. To demonstrate that PGRN knockout mice show
caspase dependent accumulation of TDP-43 by means
of western blot analysis of PGRN, and TDP-43.
Rationale: Previous research has shown contradictory data
regarding PGRN levels’ affect on the caspase cleavage of
TDP-43 into 25 kDa fragments (Zhang Y. et al., 2007,
Dormann et al., 2009). We believe that TDP-43 aggregation
will be regulated indirectly by PGRN through caspase
cleavage. To test this hypothesis in a way comparable to the
human condition of FTDP-17, we will produce mice PGRN
knockout models. If TDP-43 cleavage is regulated by PGRN
levels, then an increase in aggregation of TDP-43 fragments
will be seen in the frontal cortex and hippocampus neurons,
producing toxicity and FTDP-17 like symptoms. These
symptoms can then be compared to previous literature of
FTDP-17 mice models (Tatebayashi, Y. et al., 2002)
Western blot analysis, immuneflorescence and immuno-
electron microscopy will be used to quantify and visualize
PGRN and TDP-43. Understanding of the relationship
between PGRN and TDP-43 may help to establish methods
to determine FTDP-17 pathogenesis during earlier stages of
disease progression.

Design and Method

Knockout mice will be generated by replacing the PGRN
gene with a null allele. Since many of the common mutations
seen in FTDP-17 patients create null alleles, a mutation of
PGRN will be used. Q125X is a nonsense mutation found in
familial FTDP-17 patients and produces a null allele of
PGRN, compromising the full production of progranulin
protein (Baker et al., 2006). The cDNA construct that will be
used to produce the transgenic mice will use myc to bind the
vector to DNA in the Xhol site, FLAG as a protein tag in the
Notl site, alpha-calcium-calmodulin-dependent kinase |l
(CaMKIl) as the promoter (Tatebayashi et al., 2002), and
Q125X PGRN. This vector will be used to transfect mouse
embryonic stem cells. The resulting mice will then be cross
bred to produce homozygous Q125X PGRN mice and
heterozygous Q125X PGRN mice. To ensure that the
expressed levels of progranulin are in fact lowered in the
transgenic mice, northern blot analysis will be used as
described by Baker et al., 2006. We expect to see less
PGRN mRNA produced in the Q125X heterozygous and
homozygous mice than the WT mice. This would support
preexisting findings and allow our procedure to continue.
Alternative findings would suggest that the transfection did
not work properly.

After confirming the levels of progranulin
expressed in each mouse model, the relative levels of TDP-
43 can be evaluated through immuno-electron microscopy
using rabbit anti-PGRN and rabbit polyclonal anti-TDP-43 for
determining if TDP-43 aggregation has increased and anti-
CD68 as a control to ensure that equal loading has taken
place. Brain sections will be taken from the frontal cortex and
hippocampus. These procedures follow as outlined by Baker
et al.,, 2006. The brain sections can then be visualized by
electron microscopy.

In addition to microscopy, western blot analysis
will be used to more accurately quantify the levels of TDP-
43. Procedures will follow those outlined by Tatebayashi et
al.,, 2002. Western blots can then be analyzed by a
computer-linked LAS-1000 Bio-Imaging Analyzer (Fuiji) using
the program IMAGE GAUGE 3.0 (Fuji) to quantify the
amounts of TDP-43 and progranulin in the frontal cortex and
hippocampus cells. TDP-43 will also be analyzed to be either
cleaved (25 kDa) or non-cleaved (43 kDa).

Prediction: Mice with lower levels of PGRN mRNA will
produce less progranulin and in turn have less caspase-
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dependent cleavage of TDP-43. This will be evident if TDP-
43 immunohistochemistry and western blot show an
increase in the amount of intracellular inclusion of TDP-43 in
microscopy or an increase in the amount of insoluble 25 kDa
TDP-43 fragments in western blotting. If we do not see an
increase in the levels of TDP-43 mRNA, then progranulin
may not be the protein causing the caspase to cleave TDP-
43. If no 25 kDa TDP-43 is found by the western blot, then
no cleavage occurred, though progranulin may still regulate
levels of TDP-43.

These studies will further our understanding about the
relationship between PGRN and TDP-43 in a vertebrate
model and may provide possible methods for early diagnosis
of FTDP-17. This study will also support/ refute contradictory
findings from the field.

Note: Eukaryon is published by students at Lake Forest
College, who are solely responsible for its content. The
views expressed in Eukaryon do not necessarily reflect
those of the College. Articles published within Eukaryon
should not be cited in bibliographies. Material contained
herein should be treated as personal communication and
should be cited as such only with the consent of the author.
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