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Abstract 

Alzheimer’s disease (AD) is one of the most significant social and scientific challenges nowadays, 
characterized by the progressive decline in remembering past recent events and recognize 
familiar objects. This condition is the result of the accumulation, in the brain, of amyloid-beta 
plaques (Aβ) extracellularly, and Tau protein intracellularly.   
Drosophila melanogaster can be used as an AD model to study the role of Cell Competition in 
this disease. In homeostatic conditions, cells can compare their fitness status by the expression 
of the flower fingerprints. Less fit cells express Flower lose isoforms that mark them as losers 
and, if the surrounding cells exhibit better fitness conditions, Azot – a cell fitness checkpoint - 
activates a cascade of events leading to their apoptosis. It was already studied the expression of 
Flower and Azot in AD flies overexpressing hAβ42. In this scenario, the elimination of unfit 
neurons, by Cell Competition, was proved to be beneficial [1]. 
In this study, I used the Aβ model as a scenario of Cell Competition to test a set of candidates 
known to interact with Flower. The genes CG6647 (Porin) and CG2252 (fs(1)h) reduced the levels 
of apoptosis when silenced.  
Also, here, I studied another model of the AD, overexpressing hTau instead of hAβ42, during 
retina development. I showed that hTau overexpression, in the eye imaginal disc of larvae, is not 
sufficient to induce cell death by caspase activation, neither specifically by fingerprints-dependant 
Cell Competition.  
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1. Introduction 

The use of Drosophila melanogaster is 
emerging due to several factors: they are easy 
and relatively inexpensive to culture, and 
maintain, they have a short lifecycle, females 
produce many eggs during their life and, they 
can be simply genetically modified [2], [3]. 
Depending on the approach, the gene 
expression can be manipulated over time, 
intensity and/or tissue/cell specificity.  
Downregulation or overexpression of genes 
can be achieved through the use of an 
inducible system like UAS-GAL4 [2]. In the 
UAS-GAL4 system, downstream of UAS can 
be inserted a gene of interest that will be 
transcribed only when GAL4 protein binds to 
UAS. GAL4 expression is controlled by a 
specific tissue promotor/enhancer according to 
the tissue/cell type where the expression of the 
gene of interest is desired [4]. Another 
inducible system is the LexA-lexAop, also a 
binary system, in which the LexA domain 
controls the expression of a construct 
downstream of the lexAop domain. It is also 

used to overexpress or downregulate genes, 
with the advantage that can be combined with 
the UAS-GAL4 for simultaneous gene 
manipulations [5].   
Neurodegenerative diseases and other 
disturbances, besides studied in the 
Drosophila brain, are also studied in the eye 
because even small changes, during 
development or adult homeostasis, affect the 
regular hexagonal organization of the eye. 
During the eye development, the maturing 
photoreceptors, direct a wave of differentiation 
from the posterior to anterior part. The crest of 
this wave is denominated morphogenic furrow 
(MF) and defines the boundary between 
developing photoreceptors, and 
undifferentiated cells [6]. 

Cell Competition is transversal to many 
species, including Drosophila, and is 
characterized by the elimination of viable cells 
due to the presence of neighboring cells with 
better fitness status. Ensuring, in this way, that 
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viable but suboptimal cells do not accumulate 
during development or aging [7], [8]. So far, 
there are three types of Cell Competition 
already described: Competition for survival 
factors, fitness comparison and limited space 
and mechanical constrains. Herein is studied 
the second type, in which the model can be 
described as an interaction between two 
distinct types of cells: winner cells and loser 
cells. Cells with different fitness status 
compare their fitness fingerprints by the 
Flower code, and the loser cells activate 
caspase-dependent mechanisms, resulting in 
their apoptosis. This process is vital to prevent 
tissue malformations and maintains tissue 
fitness in aging adults [9]. 
Flower is a cell membrane protein that is 
conserved in multicellular animals and is 
predicted to be a Ca2+ channel [10]. 
Structurally, Flower has three transmembrane 
domains and three isoforms differing only in 
their C-terminal part - the portion exposed 
extracellularly [10]–[12]. The isoforms are then 
named Flower-ubi (Fweubi), Flower-lose-A 
(FweLose-A) and Flower-lose-B (FweLose-B). 
Expressing Flower lose does not mean that 
cells will die: if the neighbor cells express the 
same lose isoform, there is no competition, and 
consequently, no apoptosis. Neurons are a 
particular subtype of cells in which it is only 
needed FweLose-B isoform to mark them as  
loser and trigger apoptosis [13], [14]. In the 
specific case of neuronal death, when 
downregulating all Fwe isoforms, only 46,5% of 
the normal cell death still occurs [13]. 
After determination of the levels of Flower, the 
cells have another protein that acts as a "cell 
fitness checkpoint" - Azot (CG11165) -, 
detected in loser cells that are going to be 
eliminated. Elimination of loser cells is not 
possible without this protein [15]. azot consists 
only in one exon and encodes a cytoplasmic 
protein with four EF-hand domains [15], 
characteristic of calcium-binding proteins [16].  

A microarray realized in a Cell Competition 
scenario identified several potential players in 
this mechanism [10]. Also, a protein-protein 
interaction study, in Drosophila S2R+ cells, 
identified proteins that interact with Flower [17]. 
Altogether, these studies were the base for a 
project in the Lab regarding Flower interacting 
genes [18]. In the pupal retinas, 42-44h APF 
(After Pupal Formation), some cells are 
eliminated from the periphery of the retina by 
the phenomenon of Neuronal culling (Cell 
Competition based) [13]. Under this 
competition scenario, Flower-interacting 
candidates were silenced and studied the 
levels of apoptosis. CG10960 (SLC2), CG6647 

(Porin), CG7047 (Vdup1) and CG2252 
(fs(1)h)  showed less apoptosis when 
downregulated [18]. 
Female Sterile (1) Homeotic (fs(1)h) is a key-
protein in the fly development. The gene is 
localized in the chromosome X and encodes 
for a chromatin-binding transcription factor 
belonging to the BET (Double-bromo and 
extra-terminal) proteins group [19]. 
Solute Carrier Family 2 (SLC2) protein has 
transport activity – transporting sugars by 
facilitated diffusion –, and it is a positive 
regulator of JAK-STAT cascade [20].  
Vitamin D3 up-regulated protein 1 (VDUP1), is 
a negative regulator of gene expression, 
expressed throughout the nervous system, at 
all stages of development. VDUP1 has one 
functional domain – Arrestin C -. In the signal 
transduction, GPCR (G protein-coupled 
receptors) activate G proteins which activate a 
cascade of events ending in a response to that 
signal. To turn off the response, the GPCRs 
are phosphorylated and, in this form, Arrestin 
domains bind to the receptors, blocking the G 
protein-mediated signaling and target GPCRs 
for internalization [21]. 
Porin 1 belongs to the group of the porins 
which are catalyzers of the transfer of 
substances less than 1000 Da through a 
membrane [22]. This porin, in particular, is 
localized in the outer membrane of the 
mitochondria and it is ubiquitously and equally 
expressed in males and females [23].  

Alzheimer's disease is a neurodegenerative 
disease in which a person loses the ability to 
remember past recent events and recognize 
familiar objects [24]. Is characterized by the 
existence of amyloid-beta plaques, in the 
extracellular matrix, and intracellular 
neurofibrillary tangles (NFTs). Plaques are 
composed of amyloid-beta peptides resulted 
from the proteolytic cleavage of Amyloid 
Precursor Protein (APP). The cleavage 
products are Aβ40 and Aβ42. However, Aβ42 
is the main form because it forms fibrils more 
easily [25]. Tau protein is a microtubule-binding 
protein, it binds to tubulin and, thereby, 
promotes its polymerization. Its binding 
depends on the phosphorylation of the 
serine/threonine residues of the protein [26]. In 
neurons, when it is phosphorylated (or 
hyperphosphorylated), tends to detach from 
the microtubules and aggregate in the 
cytoplasm of the axons, forming structures 
known as neurofibrillary tangles (NFTs) [25]. 
The detachment from the microtubules does 
not mean that Tau becomes neurotoxic. In fact, 
the attachment/ detachment process is 
dynamic and explained by the “kiss-and-hopp” 
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mechanism, which describes that, the 
interaction with microtubules lasts less than 
40ms. But, in every time point, more than 80% 
of Tau is bound to microtubules [27]. Disease 
states are characterized by an increase in the 
ratio of Tau phosphorylated / Tau non-
phosphorylated, rather than an increase in the 
number of residues phosphorylated in each 
protein [28].  
Around 70% of the human disease genes have 
a fly homolog, so it is expected to find a Tau 
homolog in the fly (dtau). The aminoacid 
sequence of this protein is 46% identical and 
66% similar to the corresponding hTau [4]. In 
Drosophila, dTau and hTau co-localize in 
microtubules when hTau is artificially 
expressed. However, dTau binds strongly 
because it is less phosphorylated, contrary to 
the hTau which is more phosphorylated and 
tend to bind less to the microtubules [29]. 
Nevertheless, dTau and hTau interact in a 
phosphorylation-dependent context, which 
may mean that hyperphosphorylated hTau can 
sequester endogenous dTau [30]. It was 
already studied the depletion of dtau from the 
fly genome. The absence of dTau has no 
significant functional impact on flies [31]. From 
now on, whenever is mentioned Tau 
protein/gene, it is always referred to hTau. 
Drosophila Tau will always be addressed as 
dTau.  
Although most of the Drosophila models 
overexpress the wild-type (WT) hTau, there are 
also mutated forms of this protein. Some of 
these mutated forms have the predisposition to 
became neurotoxic, like the R406W, where a 
tryptophan replaces the arginine 406, in the C-
terminal region. This R406W mutation is not 
associated with AD, but with Frontotemporal 
dementia and Parkinsonism linked to 
chromosome 17 [32]. Its higher toxicity is the 
result of conformational changes that lead to 
an increase in phosphorylation at the epitopes, 
and reduced capability of binding to the 
microtubules, compared to the WT [29], [33]. 

This project aims to solve two biological 
problems: 1) Test the Flower-Interacting 
candidates in the Aβ42 model. Test four 
genes, known by interacting with Flower [10], 
in the Amyloid-beta model of AD, using eye 
imaginal discs. 2) Test if Azot is also 
activated in loser neurons in a Drosophila 
Tau model. Replicate the model obtained by 
Wittmann et al. (2001) [34] with flies expressing 
hTauwt and hTauR406W, and study if Cell 
Competition occurs in this context. 

2. Materials and methods  

2.1 – Fly stocks 

The Tau flies w; ; UAS-TauWT/TM3,ss and w; 
; UAS-TauR406W/TM3,ss were kindly given by 
Dr. M. Feany.  The UAS-RNAi’s used to silence 
the genes   fs(1)h, SLC2, VDUP1 and Porin 
belong to the VDRC collection, numbers  
108662, 8359, 15203 and 101336, 
respectively. All the other stocks used with the 
drivers, Azot, Flower and Amyloid-Beta42 
belong to the Lab. Collection.  

2.2 – Eye imaginal discs dissection  

Third instar larvae were selected and dissected 
in PBS 1x. The larval brains were fixed with 
PFA 3.7%, with agitation, for 30 minutes. Then, 
the samples were washed 3x with PBT 0,4% 
for 15 minutes, with agitation. The primary 
antibody was incubated overnight at 4°C. Then 
the samples were rewashed 3x for 15 minutes 
in PBT 0,4% and incubated overnight at 4°C 
with the secondary antibody. Finally, the 
samples were rewashed 3x for 15 minutes in 
PBT 0,4%, the medium was replaced by PBS 
1x, and the samples were mounted in 
Vectashield with DAPI.   

 2.3 – Pupal retina dissection 

Zero-hour pupae were collected and 
maintained on a plate for 42-44 hours, at 25 °C. 
The pupae were dissected in PBT 1x and the 
brains collected were fixed. The remaining 
procedures were similar to the ones already 
described in the case of the eye imaginal discs.  

2.4 – Adult brain dissection 

Flies 3 and 10 days old were collected and 

immobilized, by the wings, in Vaseline. The fly 

scalp was removed, and the brain cleaned by 

removing the retina and trachea attached. The 

brain was finally detached from the body and 

fixed in PFA 3.7%. The fixation in PFA lasted 

one overnight at 4°C and for the washes (and 

antibodies dilution), was used PBT 1%, due to 

the higher density of this tissue. The remaining 

procedures were similar to the ones already 

described in the case of the eye imaginal discs.  

2.5 – Antibodies  

The primary antibody used was Rabbit anti-

Dcp1 (1:50), from Cell Signaling Tech (9578). 

The secondary antibody was Goat Anti-Rabbit 

Alexa-488 (1:1000), from Invitrogen (A-11008).   
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2.6 – Confocal Microscopy 

Confocal microscopy was performed using the 

equipment Zeiss LSM 880 and the objective 

Zeiss Plan-Apochromat 40x/1.4 Oil DIC M27 

with a zoom of 0.6x, resolution of 1024x1024, 

and Pixel time of 0.77 µs. The pictures were 

acquired and processed in the software ZEN 

2.3.  

2.7 – Image Analysis 

Signal quantification was made using Fiji and 
the statistical analysis and graph 
representation performed by GraphPad Prism. 
The statistical analysis was done using one-
way analysis of variance (ANOVA) followed by 
the Bonferroni post-test. 
  

3. Results and Discussion 

3.1 - Flower interacting candidates in an Aβ 

Model 

Flies overexpressing Aβ42 in the differentiation 
domain (GMR), were used to study the effect 
of fs(1)h (CG2252), SLC2 (CG10960), VDUP1 
(CG7047), and Porin (CG6647) blockage in the 
eye imaginal discs.  
The eye imaginal discs were stained with Dcp1 
to evaluate the levels of apoptosis, and DAPI 
to show cell nuclei. Control genotypes are 
shown in Figure 1.1. The negative control, 
expressing Aβ42 alone, exhibited higher levels 
of apoptosis as visible from the Dcp1 presence, 

while, as expected, coexpression of Aβ42 with 
Flower silencing resulted in almost no 
apoptotic episodes (Figure 1.1A and Figure 
1.1B). Similarly, when Aβ42 was coexpressed 
with UAS-RNAi CG2252 and UAS-RNAi 
CG6647, the apoptosis levels were very low 
(Figure 1.1C and Figure 1.1F) while silencing 
CG10960 and CG7047 resulted in higher 
expression of Dcp1 and thus apoptosis (Figure 
1.1D and Figure 1.1E). Dcp1 levels were 
quantified in order to compare the apoptosis 
levels among genotypes (Figure 1.2).  
In summary, this experiment showed that 
silencing CG2252 (fs(1)h) and CG6647 (Porin) 
results in a reduction of the number of Dcp1 
positive cells, suggesting that silencing these 
genes reduce the levels of apoptosis.  The 
other proteins previously identified and studied 
in the Lab (SLC2 and VDUP1) [18] showed 
non-significant results compared to the control, 
in this model.  
Up to this date, the link between fs(1)h and 
Flower is unknown and not even predicted. On 
the other hand, the link between Porin and 
Flower seems to be Ca2+ related. In mammals, 
Porin has a key role in homeostasis. Together 
with adenine nucleotide translocase (ANT), in 
the inner membrane, and cyclophilin D (CyD), 
in the matrix, it forms a complex denominated 
permeability transition pore (PTP) [35]. This 
complex is important because, under certain 
conditions – Ca2+ overload, or oxidative stress-
, allow the release of cytochrome c to the 
cytoplasm, which then leads to caspase 
activation and apoptosis [36]. 

 

 
Figure 1 – (1) Test the Flower interacting candidates in the Aβ42 model. GMR-Gal4, UAS-Aβ42 and UAS LacZ (A), UAS 
fweloseA/B RNAi (B), UAS-RNAi CG2252 (C), UAS-RNAi CG 10960 (D), UAS-RNAi CG7047 (E) and UAS-RNAi CG6647 
(F). Maximum intensity projections of the Z-stacks of the eye imaginal discs of third instar larvae. Cell death is measured 
by Dcp1 staining (green) and DAPI (blue) highlights the nucleus. All these pictures were taken with the 40x/1.4 objective. 
The broken line represents the morphogenic furrow. Scale bar = 100 µm. (2) Scatter plot (Mean with SD) representation 
of the quantification of the Dcp1 signal, in the eye imaginal discs of third instar larvae. All the larvae express Aβ42 as an 
inductor of neurodegeneration. In the statistical analysis, all the samples were compared against LacZ – the negative 
control. N-number of eye discs analyzed, ns-non-significant, ‘*’ - p≤0.05, ‘**’ - p≤0.01, ‘***’ - p≤0.001 and ‘****’ p≤0.0001. 



5 
 

However, this study needs to be made with 
caution because, the idea that Porin triggers 
apoptosis, and is why apoptosis is reduced 
when porin is blocked, is not necessarily true. 
Silencing porin in Drosophila does not mean 
the blockage of the passage of cytochrome c. 
In fact, that was already proven that neither 
Porin, neither ANT, are essentials for this 
phenomenon, but CyD [36], [37]. 
Even if it not by Flower or Porin, it was already 
proven that mitochondria are involved in Cell 
Competition. In a supercompetition context 
p53, a tumor suppressor, is induced to regulate 
mitochondria respiration [38]. Also, when loser 
cells are surrounded by normal cells, the 
mitochondrial membrane potential is 
diminished due to the blockage of the Krebs 
cycle [39]. 
 
3.2. - Tau model  

To overexpress hTau, first it is important to 
choose the driver that is going to determine, in 
which cells/tissues, the protein is going to be 
overexpressed.  Drivers for the cholinergic 
neurons (Cha), early eye development (ey) and 
Central nervous system differentiated cells 
(GMR) were tested (data not shown).  GMR 
was the driver chosen for the subsequent 
experiments, because it was the only one that 
showed clearly apoptotic cells in the 
expression domain (Figure 2.1).  
The quantification of the Dcp1 signal when 
overexpressed TauWT and TauR406W is 
represented in Figure 2.2. Flies harboring GMR 
alone and GMR driving the expression of Aβ42 
were used as a negative, and positive control, 
respectively.  
Qualitative and quantitative analysis (Figure 2) 
showed that there were no significant 
differences between overexpression of Tau 
(TauWT and TauR406W), in the eye imaginal 
discs, compared with the control, suggesting 
that overexpression of Tau is not necessary to 
trigger apoptosis. According to the literature 
[34], [40], it was expected to have higher 
apoptotic levels in flies overexpressing Tau, 
indeed, in flies overexpressing TauR406W. In 
order to elucidate this inconsistency, additional 
experiments were perform using adult flies. 
This decision was taken since it should be 
considered that neurodegenerative diseases 
are frequently dependent on the age of the 
individuals. So, advanced age flies were 
hypothesized to be a better model for such 
studies. This hypothesis was tested 
overexpressing Tau in adult brains (10 days 
old) - Figure 3.  
Analysis of the optic lobe of adult brains 
revealed Dcp1 positive cells in flies 
overexpressing TauR406W (Figure 3C) while the 

absence of Dcp1 signal was observed in the 
control and in flies overexpressing TauWT 
(Figure 3A-B). However, this was a qualitative 
observation since the number of brains 
analyzed was not enough to perform relevant 
and robust statistical analysis.   

 

Figure 2 – (1) Overexpression of Tau, in the eye imaginal 
discs, using the driver GMRGal4. GMR-Gal4 (A), GMR-
Gal4; UAS-TauWT (B), GMR-Gal4; UAS-TauR406W (C) 
Maximum intensity projections of the Z-stacks of the eye 
imaginal discs of third instar larvae. Cell death is measured 
by Dcp1 staining (green) and TUNEL staining (red). DAPI 
(blue) highlights the nucleus. All these pictures were taken 
with the 40x/1.4 objective. The broken line represents the 
morphogenic furrow. Scale bar = 100 µm. (2) Scatter plot 
(Mean with SD) representation of the quantification of the 
Dcp1 signal in the eye imaginal discs of third instar larvae 
overexpressing TauWT and TauR405W under the control 
of the GMR driver. In the statistical analysis, all the 
samples were compared against GMR> – the negative 
control. N-number of eye discs analyzed, ns-non-
significant, ‘*’ - p≤0.05, ‘**’ - p≤0.01, ‘***’ - p≤0.001 and ‘****’ 
p≤0.0001.  
 
Overexpression of TauWT or TauR406W does not 
increase the apoptotic levels, in the eye 
imaginal discs. However, in the optic lobes of 
the adult brains, it seems to have more Dcp1 
positive cells when overexpressing TauR406W, 
compared to the control. The 
neurodegeneration in the adult flies 
overexpressing Tau is also supported by the 
REP (Rough eye phenotype) observed in the 
eye, and characteristic of disease states 
(Figure 4).  This points to the direction that the 
Tau model is neurotoxic in later stages of the 
development as hypothesized.  
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Is now relevant to understand why the Aβ42 
model is neurotoxic since initial stages of the 
development, and the Tau model is not. The 
Aβ42 plaques deposit in the extracellular 
space. In this way, the neurodegeneration is 
cell autonomous, but can also be non cell 
autonomous. This is different from Tau, which 
accumulates intracellularly, leading to a cell 
autonomous neurodegeneration.  
Note that the most important studies cited 
about Tau are done in adults [34], [40], [41]. 
This may mean that Tau toxicity is a result of 
gradual accumulation of Tau protein that just 
becomes neurotoxic above a certain 
concentration inside the cells. This threshold-
for-neurotoxicity hypothesis can also be related 
to the fact that Tau’s effect is just cell 
autonomous, unlikely Aβ42 has non cell 
autonomous neurotoxicity effect.  

 
Figure 3 - Test if the overexpression of Tau controlled by 
GMR induces apoptosis, in the adult brain of 10 days old 
flies. GMR-Gal4 (A), GMR-Gal4; UAS-TauWT (B), GMR-
Gal4; UAS-TauR406W (C). Maximum intensity projections 
of the Z-stacks of the adult brains of flies 10 days old. Cell 
death is measured by Dcp1 staining (green) and DAPI 
(blue) highlights the nucleus. The red squares are 
delimitating the optic lobe, where we are interested in see 
Dcp1 positive cells. All these pictures were taken with the 
40x/1.4 objective. Scale bar = 100 µm. 

 

Figure 4 - Detail of the eyes of Drosophila when GMR is 
not driving the expression of a gene (A) (left) or is driving 
TauWT (B) (right). The phenotype of GMR > TauR406W is 
the same as shown in B, that is why it is not represented. 

Although Tau model has not shown an 
increase in cell death in the eye imaginal discs, 
it was also tested if there was some azot 
activation, using Azot reporters. The first 
reporter used was the 6xmCherry, taking 
advantage of the the system LexA-lexAop. The 
pictures of the representative eye discs, 
respective quantification of the Azot signal and 
pictures of the adult brains of 3 days old flies 
are in Figure 5. 
The images of the eye imaginal discs (Figure 
5.1), or the quantification of the Azot signal 
(Figure 5.2), point in the direction that there is 
an activation of Azot when overexpressed 
TauR406W.  On the other hand, in the adult 
brains of 3 days old flies, Azot expression was 
observed, and this appeared to be increased in 
the flies overexpressing TauR406W (Figure 
5.3C). Nevertheless, the number of samples 
are not enough to take statistically significant 
conclusions. 
Meanwhile these experiments were being 
done, Andrés Gutiérrez and Dr. Dina Coelho 
(Lab members), discovered that the 
6xmCherry line produces an unspecific signal 
in the adult brain, being replaced by one 
equivalent line in which the reporter is 
26xCD8::GFP. The representative pictures of 
the eye imaginal discs, and quantification of 
GFP positive cells is in the Figure 6.  
In the case of Figure 5.2, the expression is 
followed with 6xmCherry that, as discussed, 
can have unspecific signal. Nevertheless, 
particularly in the case of the adult brains 
(Figure 5.3), the results are close to the 
expected, in the way of having more Azot 
expression when overexpressed TauR406W 
protein. Contrary, Figure 6.1 shows that 
overexpressing TauR406W protein, followed with 
GFP, the cells express less levels of Azot. 
The most important here is to evaluate the 
biological sense behind these results. In Figure 
5.2 or Figure 6.2, the numbers of Azot positive 
cells are so low that is more correct to consider 
that is no Azot being expressed. Thus, this 
validates the hypothesis that the Drosophila 
eye imaginal discs might be not a good model 
to test Tauopathies and/or Azot is not, required 
for Tau-induced neurodegeneration.  
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Figure 5 – (1) Test of the Cell Competition scenario in the Tau model by Azot signal expression (6xmCherry). GMR-Gal4 
(A), GMR-Gal4; UAS-Aβ42 (B), GMR-Gal4; UAS-TauWT (C), GMR-Gal4; UAS-TauR406W (D). Maximum intensity 
projections of the Z-stacks of the eye imaginal discs of third instar larvae. Azot signal is measured by mCherry signal (red) 
and DAPI (blue) highlights the nucleus. All these pictures were taken with the 40x/1.4 objective. The broken line represents 
the morphogenic furrow. Scale bar = 100 µm. (2) Scatter plot (Mean with SD) representation of the quantification of Azot 
signal (with mCherry), in the eye imaginal discs of third instar larvae, in flies overexpressing Tau under the control of the 
GMR driver and harboring an Azot reporter. In the statistical analysis, all the samples were compared against GMR> – 
the negative control. N-number of eye discs analyzed, ns-non-significant, ‘*’ - p≤0.05, ‘**’ - p≤0.01, ‘***’ - p≤0.001 and ‘****’ 
p≤0.0001. (3)  Test of the Cell Competition scenario in the Tau model by Azot signal expression (6xmCherry), in adult 
brains of flies 3 days old. GMR-Gal4 (A), GMR-Gal4; UAS-TauWT (B), GMR-Gal4; UAS-TauR406W (C). Maximum 
intensity projections of the Z-stacks of the pupal retinas 42-44h APF. Azot signal is measured by mCherry signal (red) 
and DAPI (blue) highlights the nucleus. The red squares are delimitating the left optic lobe, where I am interested in see 

Azot positive cells. All these pictures were taken with the 40x/1.4 objective. Scale bar = 100 µm. 
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Figure 6 – (1) Test of the Cell Competition scenario 
in the Tau model by Azot signal expression (GFP-
Green Fluorescent Protein). GMR-Gal4 (A), GMR-
Gal4; UAS-Aβ42 (B), GMR-Gal4; UAS-TauWT (C), 
GMR-Gal4; UAS-TauR406W (D). Maximum 
intensity projections of the Z-stacks of the eye 
imaginal discs of third instar larvae. Azot signal is 
measured by GFP signal (green) and DAPI (blue) 
highlights the nucleus. All these pictures were taken 
with the 40x/1.4 objective. The broken line 
represents the morphogenic furrow. Scale bar = 100 
µm. (2) Scatter plot (Mean with SD) representation 
of the quantification of Azot signal (with GFP), in the 
eye imaginal discs of third instar larvae, in flies 
overexpressing Tau under the control of the GMR 
driver and harboring an Azot reporter. In the 
statistical analysis, all the samples were compared 
against GMR> – the negative control. N-number of 
eye discs analyzed, ns-non-significant, ‘*’ - p≤0.05, 
‘**’ - p≤0.01, ‘***’ - p≤0.001 and ‘****’ p≤0.0001. 

 

4. Conclusions and Future work 

The overall conclusion of this work is that the 
Aβ42 model is robust and consistent. On the 
other hand, the Tau model did not work in eye 
imaginal discs of Drosophila but is early to 

exclude it as a potential neurodegeneration 
model.  

Regarding the studies on the Aβ42 model, only 
porin and fs(1)h proved to reduce apoptosis, 
when silenced. To understand if these proteins 
are really important players in Cell 
Competition, future studies need to be done. 
First, it is important to use other equivalent 
RNAi lines, because the conclusions should be 
robust, even when different RNAi lines for the 
same gene are used. Then should be used 
reporters for Flower and Azot to understand if 
the blockage of fs(1)h and Porin interferes with 
Flower and Azot expression, and thus 
conclude if these genes are missing-pieces of 
the Cell Competition mechanism. Can be used, 
for example, Flower{KO;KI-
FlowerLoseB::mCherry} in which all the 
isoforms of Flower were KO, rescued with the 
KI of all the isoforms, but FlowerLoseB fused with 
mCherry to track its expression. Regarding 
Azot, can be used the flies with the LexA-
lexAop system in which Azot is KO and, 
instead, there is a KI of LexA that activates a 
sequence of 26xCD8-GFP. The same 
approach needs to be applied to pupal retinas 
(to confirm the results obtained in previous 
studies [18]), and adult brains.  

About the Tau model, the results show that 
when GMR drives Tau overexpression, there is 
no increase in apoptosis in the eye imaginal 
discs. However, the few adult brains analyzed 
of the Tau model, and with Azot reporter, 
suggest an increase in apoptosis when 
overexpressed TauR406W, followed by TauWT.  
In the literature, the studies have used adult 
brains as a model of neurodegeneration using 
Tau, which makes sense because, in humans, 
these diseases occur mainly older people [34], 
[40].  
To confirm that Tau toxicity is concentration 
dependent, some studies can be done to 
increase Tau concentration is the eye imaginal 
discs and, in this way, have the degeneration 
in that state of development. Regarding the tau 
gene, instead of one copy inserted in the 
construct, can be a multiple-copy insertion to 
have several copies of the transgene in the 
flies. The driver regulates the levels of 
transcription so, a stronger driver can also be 
used. Stronger driver does not necessarily 
mean a different one, can just be the insertion 
of the driver gene in another chromosome. For 
this project, the GMRGal4 driver used is in the 
second chromosome, but there is also one in 
the Lab with this construct in the first 
chromosome, that can also be used. To 
increase the Tau toxicity, zinc can be added to 
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the flies’ diet. It was already shown, that zinc 
can promote the aggregation of the hTau 
overexpressed protein, increasing its toxicity in 
the Drosophila model [40].    
The fly model should also be reviewed. 
Drosophila has endogenous Tau expression, 
dTau, that can be interfering with the 
experiments. The hTau and dTau interact in a 
way that the human protein can sequester 
dTau [26] and it was already proved that the 
KO dTau flies are viable [31]. To avoid the 
interference of dTau, KO flies can be 
generated with the KI of the htau transgene.  
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