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ABSTRACT

! The causes of Amyotrophic Lateral Sclerosis, a fatal neurodegenerative disease 
that results in skeletal muscle paralysis, are not clear; however, the nuclear RNA-
binding protein TDP-43 has been suggested to play a critical role in ALS pathology.  A 
previous drug screen that demonstrated lethality rescue in flies administered anti-
diabetic drugs hinted that perhaps the Insulin signaling pathway in motor neurons might 
be mediating TDP-43 toxicity.  Therefore, our original hypothesis was simple in that we 
reasoned that the insulin pathway was interacting with TDP-43.  Eventually, our larval 
turning, lethality and eye phenotype assays have allowed us to further hypothesize that 
insulin resistance in motor neurons is contributing to TDP-43 neurotoxicity.  

INTRODUCTION

! As the population’s life expectancy increases, so too does the prevalence of 
neurodegenerative diseases.  All aging individuals will eventually manifest symptoms of 
one or a combination of neurodegenerative disorders, one disorder being Amyotrophic 
Lateral Sclerosis (ALS).  Our laboratory specifically focuses on studying the underlying 
mechanisms of ALS, which is the third most common neurodegenerative disorder after 
Alzheimer’s and Parkinson’s diseases.  ALS is a fatal neurodegenerative disease that is 
characterized by deterioration of motoneurons (neurons that innervate skeletal 
muscles), ultimately culminating in paralysis and death within 3-5 years of disease 
onset1.  
! A hallmark feature of neurodegenerative diseases including ALS is the presence 
of cytoplasmic and nuclear protein aggregates in the nervous system. Postmortem 
brains and spinal cords harbor cytoplasmic aggregates containing the RNA binding 
protein TDP-43. Biochemical fractionations show that hyperphosphorylated TDP-43 is 
sequestered in insoluble protein aggregates. While only 2-3% of both sporadic and 
familial ALS patients have mutations in TDP-43, aggregates containing this protein are 
found in the vast majority of ALS cases.  These findings suggest that TDP-43 is a 
central molecular player in ALS and subsequently gained much interest in the ALS 
pathology1.
! The Zarnescu lab developed a Drosophila melanogaster (fruit fly) model of ALS 
to manipulate and study the effects of the RNA binding protein in ALS.  Drosophila 
expressing human TDP-43 in motor neurons or glial cells exhibit several phenotypes 
that mimic ALS features in humans including motor neuron death, locomotor dysfunction 
and reduced survival.  Additionally, fruit flies harbor several genes involved in 
neurodegeneration in humans, suggesting that the pathways involved in neuronal 
function and disease are conserved in Drosophila2.
! Currently, there is no cure for ALS. A drug screen of 1200 FDA approved drugs 
previously conducted in the lab identified several classes of anti-diabetic drugs that can 
rescue TDP-43 induced lethality in a Drosophila model of ALS.  Since these anti-
diabetic drugs are known to act on components of the insulin signaling pathway (Fig. 1), 
the results of the screen suggest that the insulin pathway contributes to TDP-43 
neurotoxicity.  My project focused on the relationship between TDP-43 neurotoxicity and 



the insulin signaling pathway in motor neurons.  The overall purpose of this present 
study was to determine whether components of the insulin signaling pathway interact 
genetically with TDP-43 and modulate neurodegeneration in motor neurons.

Figure 1: The insulin signaling pathway down the PI3K-Akt axis.
The downstream Insulin cascade is activated when Insulin, a hormone that is excreted by the pancreas, 
binds to the Insulin receptor (InR) causing receptor-tyrosine autophosphorylation and subsequent 
recruitment of other proteins to the membrane in the P13K-Akt (PKB) axis.  The activity of some of the 
peripheral membrane proteins, such as phosphoinositide 3-kinase (PI3K) is negatively regulated through 
dephosphorylation by the tumour suppressor, Phosphatase and Tensin homolog (PTEN)3,4.  Further 
downstream of PTEN in the PI3K-Akt axis, the componentPhosphoinositide-dependent protein kinase 1 
(PDK1) phosphorylates and activates Akt (PKB) at the Threonine 308 position.  This activation 
subsequently recruits Akt to the plasma membrane5.  Once at the membrane, Akt mediates multiple 
downstream targets such as Glycogen Synthase Kinase 3 (GSK3β), the Forkhead box protein O1 and O3 
transcription factors (FoxO) as well as recuits the GLUT-4 transporter proteins to insert into liver and 
muscle cell membranes for glucose endocytosis3,5.  When Akt phosphorylates the FoxO 
transcription factors, these transciption factors are prevented from translocating to the nucleus and 
activating gene expression for other cellular processes.  Furthermore, when Akt phosphorylates and 
inhibits GSK3β, the glycogen synthase enzyme is activated to upregulate glycogen synthesis and halt 
gluconeogenesis.  Lastly, one of the targets of another downstream Akt target (which is not a component 
that we have tested yet), is S6-Kinase (S6K).  This component, upon nutrient overload, may be involved 
in a negative feedback loop that suppresses Insulin signaling to contribute to Insulin resistance.  
Additionally, S6Kinase upregulates protein synthesis upon nutrient overload to induce anabolism5.  



The insulin signaling pathway is present in all cells and is necessary for glucose 
metabolism.  When blood glucose levels are elevated after a meal, insulin, which is a 
pancreatic hormone, is released into the blood and binds to the receptor tyrosine 
kinases at the plasma membrane of liver and skeletal muscle cells.  Consequently, an 
entire downstream signaling cascade is initiated to allow glucose to be endocytosed and 
metabolized to provide energy for cells3.  The results of the previously mentioned drug 
screen that somewhat rescued lethality associated with TDP-43 mediated toxicity, 
enabled us to hypothesize that the Insulin pathway is contributing to TDP-43 toxicity.  
However, the manner in which the pathway is contributing to TDP-43 toxicity was not 
clear.
! We performed a series of experiments to test several insulin pathway 
components to observe how the insulin pathway is mediating TDP-43 toxicity.  We 
began by using the GAL4-UAS system (Fig. 2) to drive expression of TDP-43 
specifically in motor neurons while simultaneously modulating expression of insulin 
signaling pathway components, such as the Insulin receptor, Phosphatase and Tensin 
homolog (PTEN),	  Phosphoinositide-dependent protein kinase 1 (PDK1), Akt, Glycogen 
Synthase Kinase 3 (GSK3β), FoxO, and S6Kinase (Fig.1). We measured the effects of 
these different insulin pathway components on TDP-43-dependent effects on locomotor 
function and lethality.  The larval turning behavioral assay was used to determine 
whether the components of the insulin signaling pathway rescue, exacerbate, 
or had no effect on TDP-43 dependent locomotor defects in 3rd-instar larvae.  Survival 
of adult flies was measured to determine whether modulating the insulin pathway had 
an effect on TDP-43 dependent lifespan reduction.  Lastly, we observed TDP-43 
expression in the retina to understand if the results of interactions between insulin 
pathway components and TDP-43 were consistent with larval turning experiments.  
Overall, our results have allowed us to further hypothesize that, perhaps, the insulin 
signaling pathway is being dysregulated; furthermore, it is possible that insulin 
resistance, desensitivity of the insulin receptors to insulin, is contributing to ALS 
pathology in motor neurons.  



Figure 2: The yeast Gal4-UAS system is used to drive TDP-43 expression in motor neurons of 
Drosophila larvae.  A tissue specific promotor for motor neurons (D42) is used to drive transcription of 
the GAL4 transcription activator.  Upon GAL4 transcription occuring, GAL4 binds to the UAS binding site 
of the reporter construct and initiates transcription of the gene of interest in motor neurons.  After larvae 
develop, the Green-Fluorescent protein is used to identify TDP-43’s presence in motor neurons.  

MATERIALS and METHODS

Gathering female Drosophila melanogaster to generate crosses
! To generate progeny, crosses were set up by combining male and female 
drosophila.  Importantly, the females that were used to make crosses to generate 
progeny were required to be virgins that just hatched from pupae in the 18 degree 
Celsius incubator.  To identify virgin females that were still young, a drosophila 
meconium had to be visible.  Female virgins were collected at either 10:00 am or 3:00 
pm and stored at 18 degrees Celsius.  

Generating progeny from crosses
! To enable expression of TDP-43 protein in the motor neurons of fly progeny, 
TDP-43 male crosses were set up.  TDP-43 male fly crosses were made by mating 
virgin females with the D42-GAL4 genotype, the genotype of a motor neuron driver, with 
male flies that had one of 2 TDP-43 variant genotypes: either TDP-43Wt or TDP-43G298S8 
variants.  Over the course of ten days, the original crosses were flipped into vials every 
three days.  These vials were stored in a 22 degrees Celsius incubator.  Meanwhile, 
virgin female drosophila were collected that possessed the genotypes of several Insulin 
pathway components.  
! After ten days, adult male flies from the F1 generation hatched from their pupae 
consisting of a genotype with one of the UAS-TDP-43 variants on the second 
chromosome and the D42-GAL4 driver on the third chromosome (TDP-43/+; D42/+).  
These F1 TDP-43 variant males were crossed to virgin females positive for Insulin 
pathway component genotypes. The genotypes of the female virgins were determined 
from the Bloomington Flybase database.  A list of the Insulin pathway components 
tested are as follows:
1) UAS-PTEN RNAi (BL# 8549)
2) UAS-S6Kinase (BL# 6914)
3) UAS-S6KinaseDN (BL# 6911)
4) UAS-Akt1(BL# 31701)
5) UAS-Akt1 RNAi (BL# 8191)
6) UAS-InRCA (BL# 8263)
7) InR/TM3 (BL# 11661)
8) UAS-Sgg RNAi (BL# 31308)
9) UAS-Pdk1 RNAi (BL# 27725)

! The yeast GAL4-UAS system was used to drive expression of TDP-43 variants 
specifically in motor neurons while simultaneously regulating expression of the various 
Insulin pathway component mentioned above.  



Measuring TDP-43 affects on locomotor function
! Once the crosses between the females positive for the Insulin pathway 
component and the males positive for the TDP-43 variants were created and had 
mated, drosophila larvae were born after five to seven days.  The larvae were screened 
using Green-Fluorescent Protein (GFP) and microscopy to identify whether drosophila 
were positive for TDP-43 in the motor neurons.  If larvae were positive for TDP-43, 
larvae would fluoresce in the salivary glands.  The GFP-positive larvae were collected 
and used for larval turning behavioral assays.
! Larval turning assays were used to measure how the Insulin pathway 
components modulated TDP-43 with regards to locomotor function.  Thirty third-instar 
larvae from each of the genotypes listed above that were positive for TDP-43 were 
identified based on their ventral ganglia and were subsequently lipped from their ventral 
to dorsal side on a petri dish.  The duration of time it took for each of these thirty larvae 
to rotate ventrally to dorsally was recorded with a stopwatch and averaged to 
understand whether the components of the Insulin signaling pathway rescued, 
exacerbated or did not effect TDP-43 dependent locomotion.  Locomotion phenotypes 
were deemed statistically significant if P < 0.05.

Visualizing TDP-43 affects on eye phenotype
! Another assay employed to understand the affects of TDP-43 in ALS involved 
observing how the two TDP-43 variants affected the drosophila eye phenotype in adult 
drosophila. Instead of the D42-GAL4, the gmr-GAL4 driver was used to drive TDP-43 
expression in drosophila eyes. Three GMR genotypes were used: 1)gmr, 2) 
gmrhG298S9/CyO, and 3)gmrHWT2/CyO to drive expression of TDP-43 in the 
drosophila eye.  Male drosophila with the three previously mentioned gmr-genotypes 
were mated with virgin female drosophila that possessed the genotypes of the Insulin 
pathway components (see above).  
! On the first day the adults hatched from the pupae, three male flies and three 
female flies of each genotype were collected.  Male and female flies that did not 
possess the balancer chromosome with the curly wing (CyO) phenotype were collected.  
At day 15 of the lifecycle, all three flies of each sex of every genotype had three pictures 
taken of both eyes to understand how the eye phenotype changed with age when 
TDP-43 was present.  Eye phenotypes were observed to understand whether the 
components of the Insulin signaling pathway rescued, exacerbated or did not affect the 
ALS phenotype.  Eye phenotypes were compared to larval turning times to observe 
genotypic and phenotypic consistencies.  

Drosophila lifespan 
! Lifespan was measured to see if the genotypes of the flies produced from 
crossing TDP-43 positive males with females that possessed the Insulin pathway 
components had a significant effect on survival of progeny. Fifteen male and female 
progeny from each cross had to be positive for the Green-Fluorescent Protein based on 
larvae that were collected from larval turning assays.  Upon pupa-hatching the GFP-
positive drosophila were monitored over time to see how long the flies survived.  Fly 
vials were counted every three days to see how many flies died since the previous 



recording.  Vials were recorded until all the flies in each vial had died.  Graphs were 
made based on the lifespan of each genotype.  

RESULTS

A B

C D



Figure 3: Larval turning times quantify  how Insulin pathway components interact with TDP-43 and 
affect locomotor function A-H corresponds to the order of components in the pathway, beginning to 
end.  Student’s T-test was used to determine significance. * = Pvalue < 0.05, ** = Pvalue < 0.01, *** = Pvalue 
<0.001. 
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! Expressing constitutively active Insulin receptor (UAS-InRCA) alongside TDP-43 
variants (TDP-43Wt, TDP-43G298S) leads to larval turning times that are significantly 
increased (Pvalue = 0.001 and 0.0015 for TDP-43Wt and TDP-43G298S, respectively) 
compared to larvae that express either TDP-43 variant alone or InRCA.  Furthermore, 
InRCA overexpression, alone, increased larval turning times compared to the baseline 
control, w1118 (Fig. 3A).   Similarly, overexpression of Phosphatase and Tensin homolog 
RNAi (UAS-PTEN RNAi) significantly increased larval turning times compared to the 
baseline control with a Pvalue = 0.02.  Work is in progress for UAS-PTEN RNAi and the 
TDP-43 variants (Fig. 3B).  Knock down of Pdk1 (UAS-Pdk1 RNAi) expression alone did 
not significantly change larval turning times when comparing the UAS-Pdk1 RNAi 
control with w1118 and UAS-Pdk1 RNAi significantly rescued the TDP-43Wt variant back 
to normal w1118 (Pvalue = 0.022).  Furthermore, UAS-Pdk1 RNAi did not significantly 
increase TDP-43G298S larval turning times (Fig. 3C).  Overexpression of Akt (UAS-Akt1) 
almost significantly decreased the TDP-43Wt variant larval turning times (Pvalue = 0.0556) 
while it did not significantly change the larval turning times of the TDP-43G298S variant; 
perhaps, more larvae are needed to reach significance (Fig. 3D).  When compared with 
the w1118 control, knocking down Akt1 expression (UAS-Akt1 RNAi), by itself, 
significantly enhanced larval turning time (Pvalue = 0.024).  Akt1 RNAi in the context of 
TDP-43Wt but not TDP-43G298S led to significantly increased (Pvalue = 0.045) larval 
turning times (Fig. 3E).  Larvae expressing UAS-Sgg RNAi, had significantly increased 
larval turning times (Pvalue = 0.033) when compared to w1118 baseline controls.  
Furthermore, UAS-Sgg RNAi significantly rescued larval turning times of larvae with the 
TDP-43Wt variant (Pvalue = 0.025) while it had no effect on the larval turning times of the 
TDP-43G298S variant (Fig 3F).  Expression of constitutively active UAS-S6Kinase (UAS-
S6KCA) alone did not significantly change larval turning times; however, it did 
significantly decrease TDP-43Wt larval turning times (Pvalue = 0.0007). There was no 
significant change in the larval turning times for the TDP-43G298S variant when crossed 
to UAS-S6KCA (Fig 3G).  Expression of dominant negative UAS-S6 Kinase (UAS-
S6KDN), alone, significantly increased larval turning times relative to the w1118 baseline 
control (Pvalue = 0.003).  However, there were no significant changes in larval turning 
times of either TDP-43 variant (Fig. 3H).  



Figure 4: Degenerative eye phenotypes 15 days post-eclosion, corresponding to interactions 
between TDP-43 and Insulin pathway components. 

! Data is uninterpretable for the eyes in the UAS-InRCA column because all the 
eyes seem to display proliferation.  Just by looking at the data, no conclusions can be 
made regarding enhancement or suppression of phenotypic characteristics (Fig. 4A).  
For both female fly variants (as well as male flies, which are not shown), UAS-PTEN 
RNAi seems to be rescuing both the TDP-43G298S and TDP-43Wt eye phenotypes (Fig. 
4B).  UAS-Pdk1 RNAi seems to rescue the eye phenotypes in both female (shown) and 
male TDP-43 variants (not shown) (Fig. 4C).  UAS-Akt1 rescued both male and female 
degenerative eye phenotypes (Fig 4D).  UAS-Akt1 RNAi seems to rescue in female 
Drosophila eyes while not having much of an effect on male degenerative eye 
phenotypes (Fig 4E).  UAS-Sgg RNAi rescues both male and female eye phenotypes in 
the TDP-43G298S variant and rescues eye phenotypes in the female TDP-43Wt variant 
(Fig. 4F).  UAS-S6KCA seems to be enhancing eye phenotypes in both TDP-43 variants.  
The eye phenotypes are inconsistent with the larval turning times (Fig 4G).  
Furthermore, UAS-S6KDN, when compared to the eye controls, seems to enhance both 
TDP-43 variant eye phenotypes (Fig 4H).  See Table 1 for a conclusion of all eye 
interactions.



Table 1: Summary of eye phenotypes based on interactions between insulin components and 
TDP-43 

Genotype/
Phenotype

Compared to w1118 With TDPWt

 vs. TDPWt
With TDPG298S vs. 

TDPG298S

UAS-InRCA Enhancement Uninterpretable Uninterpretable

UAS-PTEN RNAi Enhancement Suppression Suppression

UAS-Pdk1 RNAi no change Suppression Suppression

UAS-Akt1 no change Suppression Suppression

UAS-Akt1 RNAi Enhancement Suppression in 
females

Suppression in 
females

UAS-Sgg RNAi Enhancement Suppression in 
females

Suppression

UAS-S6KCA no change Enhancement Enhancement

UAS-S6KDN Enhancement Enhancement Enhancement

CONCLUSION and DISCUSSION

! Originally, we hypothesized that the insulin signaling pathway, in some way, was 
contributing to ALS pathology; however, the manner in which the pathway is contributing 
to TDP-43 toxicity was not clear. We began by performing a series of genetic interaction 
experiments in our Drosophila model to better understand how different insulin pathway 
components mediated TDP-43 toxicity in motor neurons.  We either overexpressed or 
knocked down individual insulin pathway components in motor neurons in the context of 
TDP-43 overexpression, and evaluated whether TDP-43 toxicity was significantly 
rescued, enhanced or remained unchanged.  Phenotypes that were associated with 
TDP-43 neurotoxicity that were of interest were, 1) locomotor function as measured by 
larval turning assays 2) degenerative eye phenotypes, and 3) lifespan (data not shown).
! After performing these experiments, our results have enabled us to further 
hypothesize that the insulin signaling pathway might be contributing to TDP-43 toxicity 
through insulin desensitivity in motor neurons.  For the most part, our data is consistent 
with the idea that insulin resistance might be contributing to TDP-43 neurotoxicity in 
motor neurons in ALS pathology.  Insulin resistance occurs when the insulin receptors 
fail to respond to insulin and can no longer efficiently use glucose.  The main idea is that 
genetic manipulations that are expected to increase insulin sensitivity would rescue 
TDP-43 induced locomotor and neurodegenerative phenotypes and genetic 
manipulations that decrease insulin sensitivity would enhance neurodegenerative 
phenotypes.  



! Insulin resistance occurs when receptor tyrosine kinases on the cellular 
membrane do not respond efficiently upon insulin binding to the receptor site.  At the 
molecular level, insulin resistance occurs when serine phosphorylation increases and 
tyrosine phosphorylation is not as prevalent.  Increased serine phosphorylation 
negatively regulates downstream signaling.  Serine phosphorylation of IRS1 decreases 
downstream signaling by downregulating Akt activity causing less GLUT4 translocation 
to the plasma membrane to endocytose glucose.  Therefore, less glucose is taken up 
into the cytoplasm and more remains in the blood stream which can be toxic, especially 
in neurons6.  Furthermore, S6K is also associated with the insulin-resistant state in that 
it might be causing a negative feedback loop during times of nutrient overload.  
Perhaps, chronically active S6K causes increased IRS1 serine phosphorylation, 
subsequently leading to inhibition of Akt signaling and less insulin sensitivity5.  !
! Knocking down PTEN activity through RNA interference (UAS-PTEN RNAi) 
results in a rescue of TDP-43 toxicity, which seems to support the insulin resistance 
hypothesis.  Since PTEN usually inhibits downstream insulin signaling, knocking down 
PTEN with RNAi would be expected to increase insulin signaling.
! Overexpression of Akt1 (UAS-Akt1) in motor neurons almost significantly rescues 
larval turning times while it significantly rescues degenerative eye phenotypes.  This 
indicates that Akt activity might be protective, especially since Akt is a signal for survival.  
Perhaps, upregulating protein synthesis through Akt increases pathway signaling and 
insulin sensitivity.  Results show that TDP-43 might be inhibiting Akt activity and 
exacerbating phenotypes which is consistent with the idea of insulin resistance.  
Knocking down Akt activity using RNA interference (UAS-Akt1 RNAi) seems to enhance 
larval turning times, especially in the TDP-43Wt variant.  This finding is consistent with 
the idea of insulin resistance whereby TDP-43 toxicity might potentially be decreasing 
Akt activity.  When Akt activity is decreased as in the UAS-Akt RNAi line, there is an 
enhancement which indicates that perhaps Akt is protective for the TDP-43Wt variant to 
rescue TDP-43 toxicity.  In the pathway, Akt activity directly inhibits GSK3β, a 
component that is responsible for differentiation, plasticity, axonal growth and other 
processes7, and indeed, further depletion of GSK3β through RNA interference seemed 
to rescue both larval turning and eye phenotypes.  Together, the UAS-Akt RNAi and 
UAS-GSK3β RNAi data suggest that underactivation of Akt might downregulate 
inhibition of GSK3β and consequently lead to insulin resistance and increase toxicity in 
the context of TDP-43 overexpression.  
! Along with regulating GSK3β activity, Akt also regulates S6 Kinase.  Insulin 
signaling dictates S6 Kinase activity in that increased insulin signaling increases S6 
Kinase activation. The larval turning data indicates that constitutively active S6Kinase is 
rescuing larval turning times in the TDP-43Wt variant; this could be because increased 
protein synthesis caused by activated S6K is protective. Indeed, other studies in the 
Zarnescu lab have shown that translation is inhibited in the context of TDP-43.  
However, the phenotypes in the eye are inconsistent with the larval turning times in that 
TDP-43 toxicity is enhanced in the eye. This may reflect intrinsic differences between 
different types of neurons, namely photoreceptors and motor neurons.  These 
inconsistent observations for S6KCA could suggest that insulin signaling requires a 
balance to drive S6Kinase activity so that proper downstream signaling can occur.  
While increased insulin signaling might be protective by increasing protein synthesis, 



perhaps too much signaling can lead to activation of the S6Kinase negative feedback 
loop to inhibit Insulin Receptor Substrate (IRS-1) ultimately downregulating the 
downstream insulin cascade and leading to insulin resistance8,9.  The importance of 
maintaining balance in the insulin pathway is exemplified in the insulin paradox.  For 
instance, when dietary restriction (DR) occurs, reduced insulin signaling leads to 
decreased S6Kinase activity and an increase in longevity; however, overactivation of 
the insulin pathway and subsequent S6Kinase activity can cause insulin receptor 
desensitivity.  Furthermore, reducing insulin signaling can be neurotoxic since high 
glucose concentrations can be harmful, yet overactivation of the pathway can be neuro-
protective against proteotoxicity9.  It seems that too much or too little insulin signaling 
can be harmful.  Importantly, conflicting S6KCA results might be explained by tissue 
specific differences in the effects of S6Kinase in that S6Kinase activity in motor neurons 
might behave differently from S6Kinase in retinal tissue.  More confounding results with 
regards to tissue specific differences in phenotypes are present in UAS-Akt RNAi data 
since unlike in larval turning, reducing Akt expression in the eye rescues toxicity in the 
TDP-43Wt variant.  It is also important to notice that there is no effect of UAS-Akt RNAi 
on larval turning times in the TDP-43G298S mutant.  In fact, when considering 
significance in larval turning, insulin signaling does not seem to be having a significant 
effect on TDP-43G298S toxicity compared to TDP-43Wt toxicity.  Maybe Akt levels, and 
other pathway component levels only really affect the TDP-43Wt variant dependent 
toxicity compared to the TDP-43G298S.
! Another confounding variable in the results is the data for UAS-Pdk1 RNAi which 
rescues larval turning times in the TPD-43Wt variant and in the retina of both TDP-43 
variants.  If there is a rescue of TDP-43 toxicity when Pdk1 activity is downregulated 
with RNA interference then it would counter what we would expect to happen.  We 
would normally expect that knocking down Pdk1 activity would lead to enhanced 
TDP-43 toxicity through decreased insulin sensitivity (increased insulin resistance) since 
Pdk1 drives activation of Akt to increase insulin signaling; however, the results show 
that decreasing Pdk1 activity has a protective effect.  Additionally, the RNAi line to 
knock-down Pdk1 we used could have off target effects, thus in the future we will test 
additional Pdk1 reagents.  
! The results for constitutively active insulin receptor (InRCA) are difficult to interpret 
due to the ehancing effect of InRCA alone.  The larval turning data shows enhancements 
in TDP-43 toxicity in both TDP-43 variants.  However, the control and conditional eye 
phenotypes for constitutively active insulin receptor all show increased size, likely 
caused by overproliferation making it difficult to interpret TDP-43 toxicity changes.  A 
constitutively active insulin receptor could potentially follow one of two pathway nodes: 
1) an increase protein synthesis through S6Kinase, or 2) activation of the S6Kinase 
negative feedback loop to hyperphosphorylate and inhibit IRS1/2 and reduce insulin 
receptor signaling.  Either way, our results do not suggest that any one node is favored.  
Additional reagents for manipulating InR will be tested in the future.
! So far, the PTEN, Akt, GSK3β, AND S6Kinase data support partially our 
hypothesis that insulin resistance could potentially by contributing to TDP-43 
neurotoxicity.  Not all the components that we tested thus far support this idea, but the 
idea of insulin resistance is a work in progress and will be the topic of future research in 
our lab.  In the future, we plan to continue testing other components of the insulin 



signaling pathway as well as doing molecular experiments to measure protein and 
transcript levels of interactors, phosphorylation state of these interactors and glucose 
uptake and metabolic regulation.  
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