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Brief introduction:
The ultimate goal of this proposal is to identify “druggable” gene networks and inhibitors that
attenuate Alzheimer’s Disease (AD) pathogenesis by reducing the steady-state levels of the tau
protein.
Our specific aims are:
Aim-1. Perform a druggable genome screen using a behavioral assay in Drosophila.
Aim-2. Conduct a FACS-based siRNA screen to ascertain which suppressor genes decrease tau
levels in human cells.
Aim-3. Validate top candidates on endogenous tau levels and mouse primary cultures.
The modifier screen is performed in an in vivo model (fruit fly). The subsequent cell-based
screen has two functions: 1- pin point which of the suppressor genes can decrease tau protein levels
and 2- validate the fruit fly hits in human cells. The genes passing these two filters will have high
translational value and will be ready for preclinical assessment using pharmacological inhibitors.
Major activities
The major activities of the funding period have conformed to the proposed timeline. We have
performed most of the Drosophila based RNAi screen to identify genes that can ameliorate tauinduced neurodegeneration (aim-1) and we also are well advanced in identifying which mammalian
homologs of the Drosophila hits can decrease tau levels in human cells (aim-2) using a combination
of fluorescence activated cell sorting (FACS) followed by confirmation using anti-tau Elisa.
Importantly, we have already identified four potentially druggable genes whose knockdown
suppresses tau-induced behavioral deficits in Drosophila and lowers tau levels in two different
mammalian cell types and in vivo in the fruit fly.
In this funding period we have focused on validating our results in primary neuronal
cultures from a tauopathy mouse model. For one of the identified hits we have very
encouraging results showing that genetic as well as pharmacologic inhibition of the targeted
gene results in reduction of tau protein levels in tauopathy primary cultured neurons. We are
now gearing up to begin testing the inhibition of this hit in our mouse tauopathy model using
behavioral and electrophysiological outputs.
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Specific objectives and significant results
Aim-1
Objective: to perform an RNAi screen targeting ~3,700 Drosophila genes considered
potentially druggable (based on in silico curation) to identify those whose knockdown ameliorates tauinduced neurodegeneration in vivo.
Significant results: at the moment I write this report we have screened ~3,700 genes and have
identified 222 primary hit genes that when knocked down can attenuate tau-induced degeneration
(two examples of hit genes identified using our automated behavioral screening platform are shown in
Figure 1A).

Figure 1. Two modifier genes identified in our screen whose knockdown ameliorates tau-induced
behavioral deficits and causes a decrease in tau levels in all the endpoints we have established in
our platform. (A) Expression of human tau in the Drosophila nervous system leads to motor performance
deficits that can be quantified using our automated data acquisition platform. One of the outputs measured
is speed. Notice the decreased speed of fruit flies expressing tau (black line) compared to age matched
controls (blue line). Knockdown of two Drosophila genes identified as modifier-1 and modifier-2 (red lines)
leads to an improved motor performance and increased climbing speed compared to animals expressing
tau alone. Error bars indicate s.e.m and stars p<0.05 compared to “tau/no modifier”. (B) Knockdown of the
human homologs of the genes shown in A, leads to a decrease in tau levels measured by anti-tau Elisa in
HEK293T cells. KHB0041 total tau elisa kit (ThermoFisher) was used. BCA was used to control for loading
and quantification was normalized to scramble-sh1. An shRNA targeting tau was used as positive control.
Error bars are s.e.m. and stars indicate p<0.05. (C) Knockdown of the same two genes as A and B in
Drosophila causes a decrease in tau levels. Quantification in (D). Error bars are s.e.m and stars indicate
p<0.05 compared to control. Significant differences in A, B and D where established using Anova followed
by Tukey-Kramer’s hsd.
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Aim-2
Objective: to ascertain which suppressor genes from the Drosophila screen decrease tau
levels in human cells. Using lentiviral-shRNAs we have began targeting the human homologs of the
hits from Goal-1 to identify those whose reduction lowers the levels of tau in human cells.
In order to strengthen our confidence in the modifiers identified in this goal, we developed a
two tier approach. First we screened using FACS analysis, to identify which of the candidate shRNAs
could decrease the levels of a tau:EGFP reporter (DsRed-IRES-tau-EGFP) in a human cell line of
neuronal lineage (Daoy cells) as described in our research plan. Second, we tested the hits from the
primary FACS screen for their ability to decrease endogenous tau levels by Elisa in HEK293T cells.
Significant results: At the moment this report is written, we have targeted the first 100 hits that
resulted from Goal-1. We have identified 51 genes whose knockdown decreases the levels of the
tau:EGFP reporter in Daoy cells by FACS analysis. Next we tested the ability of these 51 genes to
decrease the levels of endogenous tau in HEK293T, and uncovered 25 genes that when knocked
down where able to decrease endogenous tau levels by Elisa (examples shown in Figure 2B). As an
additional confidence measure, we asked whether knockdown of these 25 genes could decrease tau
levels also in Drosophila. Interestingly, inducible RNAis targeting four of these genes were also able
to lower tau in Drosophila by western blot (Figure 1C and D shows two of these genes), thus
providing us very high confidence targets, due to the robust cross-species validation level.
Aim-3.
Objective: to validate the most promising candidates from aims 1 and 2 using primary neuronal
cultures from the FTDP-17 tauopathy mouse model tau-P301S-PS19 . This will be carried out using
both genetic (lenti-shRNA) as well as pharmacologic inhibition of the targeted genes in primary
neuronal cultures from the P301S mice and then assessing tau levels by western blot.
Significant results: we have identified a highly promising druggable target t for which both the
genetic and pharmacologic inhibition results in the decrease of tau levels in tauopathy primary
neurons and in human cells. Figure 2 shows a summary of the data obtained with this modifier.
Given the high degree of validation that we have obtained with this modifier, we are now
confident to begin its validation in vivo in mice, looking at behavioral (Morris water maze and
Contextual fear) as well as electrophysiological outputs, as we have previously done (PMID:
27720485).
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Figure 2. Knockdown of our top hit gene suppresses tau-induced degeneration and decreases tau
levels in the Drosophila CNS and in mouse primary neurons. A) Expressing tau in the Drosophila
CNS causes motor impairments (compare grey line with negative control blue line). Knocking down the
levels of our top hit gene either by an shRNA (red line) or by a heterozygous mutant (green line)
ameliorates the tau-induced degeneration. B) Western blot and quantification showing that knockdown of
our top hit gene by means of shRNAs results in a decrease in tau levels in the Drosophila CNS. C)
Western blot and quantification showing that knocking down the levels of our top hit gene in primary
cultured neurons from the P301S mice results in decreased mutant tau levels. D)Western blot and
quantification showing that pharmacological treatment of primary neurons from P301S mice, with a drug
that targets our top hit gene, results in a decrease in mutant tau levels. *p<0.05.
Key outcomes
1- We have completed the Drosophila based genetic screen. The 222 modifiers we have
identified so far are providing the backbone for advancing aims 2 and 3. In addition, these 222
modifiers can be mined beyond the goals of this proposal to learn about the complex biology of tau
and uncover additional therapeutic avenues and causative mechanisms for AD and tauopathies.
2- Our second goal has resulted in the identification of four highly validated genes (full
datasets for two of these genes shown in Figure 1A-D) that exemplify the standard for therapeutic
targets that we seek in this project: 1- they suppress a phenotype based on neuronal function (Figure
1A), 2- they decrease the levels of the causative protein tau, but they do not completely eliminate it
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(Figure 1B-D), thus avoiding potential secondary effects from tau complete loss of function. 3- they
target the wild type tau holoprotein, therefore offer the potential to treat the most common sporadic
AD cases. Our focus on the potential druggable genome increases the chances that we will find
pharmacological inhibitors for our hits.
3- We have identified a gene whose knockdown suppresses tau-induced degeneration,
decreases tau levels in Drosophila, human cells and mouse tauopathy primary cultures and we are
very excited to begin testing in this gene in vivo in the mouse P301S tauopathy model using neuronal
functional outputs.

Publications acknowledging DKR funding:
High-Throughput Functional Analysis Distinguishes Pathogenic, Nonpathogenic, and Compensatory
Transcriptional Changes in Neurodegeneration.
Al-Ramahi I, Lu B, Di Paola S, Pang K, de Haro M, Peluso I, Gallego-Flores T, Malik NT, Erikson K,
Bleiberg BA, Avalos M, Fan G, Rivers LE, Laitman AM, Diaz-García JR, Hild M, Palacino J, Liu Z, Medina
DL, Botas J.
Cell Syst. 2018 Jul 25;7(1):28-40.e4. doi: 10.1016/j.cels.2018.05.010. Epub 2018 Jun 20.
PMID: 29936182
Inhibition of PIP4Kγ ameliorates the pathological effects of mutant huntingtin protein.
Al-Ramahi I, Giridharan SSP, Chen YC, Patnaik S, Safren N, Hasegawa J, de Haro M, Wagner Gee AK,
Titus SA, Jeong H, Clarke J, Krainc D, Zheng W, Irvine RF, Barmada S, Ferrer M, Southall N, Weisman LS,
Botas J, Marugan JJ.
Elife. 2017 Dec 26;6. pii: e29123. doi: 10.7554/eLife.29123.
PMID: 29256861 Free PMC Article
A Druggable Genome Screen Identifies Modifiers of α-Synuclein Levels via a Tiered Cross-Species
Validation Approach.
Rousseaux MWC, Vázquez-Vélez GE, Al-Ramahi I, Jeong HH, Bajić A, Revelli JP, Ye H, Phan ET, Deger
JM, Perez AM, Kim JY, Lavery LA, Xu Q, Li MZ, Kang H, Kim JJ, Shulman JM, Westbrook TF, Elledge SJ,
Liu Z, Botas J, Zoghbi HY.
J Neurosci. 2018 Oct 24;38(43):9286-9301. doi: 10.1523/JNEUROSCI.0254-18.2018. Epub 2018 Sep 24.
PMID: 30249792
Reduction of Nuak1 Decreases Tau and Reverses Phenotypes in a Tauopathy Mouse Model.
Lasagna-Reeves CA, de Haro M, Hao S, Park J, Rousseaux MW, Al-Ramahi I, Jafar-Nejad P, VilanovaVelez L, See L, De Maio A, Nitschke L, Wu Z, Troncoso JC, Westbrook TF, Tang J, Botas J, Zoghbi HY.
Neuron. 2016 Oct 19;92(2):407-418. doi: 10.1016/j.neuron.2016.09.022. Epub 2016 Oct 6.
PMID: 27720485

5

