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Abstract

Drosophila as a preclinical model

Breast cancer is the second most common cancer diagnosed in women with
268,600 invasive and 62,930 non-invasive cases resulting in over 41,000
deaths per year. For the more aggressive triple negative breast cancer
(TNBC), which accounts for up to 20% of breast cancers, treatment options
are limited, metastasis occurs often, and relapse rates are high. Because
TNBC cells lack the receptors targeted for treatment of common breast
cancers, there is an urgent need for novel therapeutics to combat TNBC.
The dual-specificity tyrosine phosphorylation kinase 1A (DYRK1A) gene is
an established regulator of cancer-associated proteins and has significant
deregulation in TNBC tissue samples. Attempts have been made to
modulate DYRK1A activity using chemotherapeutics, however a non-toxic,
selective inhibitor remains elusive. In efforts to identify a molecular scaffold
that can be optimized to identify a viable TNBC chemotherapeutic, here we
report:
• Novel DYRK1A inhibitors were constructed using molecular dynamics
simulations based on a known, toxic DYRK1A inhibitor.
• The 2-series and 5-series synthesized scaffolds provide the most
promise for inhibition of DYRK1A activity in vitro and in vivo.
• Increased therapeutic applicability and increased throughput of the
drug screen are under development using machine learning
approaches to predict optimal molecular structures and increase the
rate of in vivo data collection.

Keying in on a TNBC target
A
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• Five different core compound structures have been generated as scaffolds as potential DYRK1A inhibitors using
molecular simulation dynamics based on harmine, a toxic DYRK1A inhibitor due to its planar structure.
• R-groups attached to the compounds indicate modification sites to the scaffolds that will allow different assembly
combinations.
• The nonplanar structure of the scaffolds and assembly combinations aim to provide a more selective fit for the DYRK1A
binding pocket to reduce toxicity and increase inhibitor potency.
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Novel DYRK1A inhibitors have in vitro/vivo correspondence
A

A) Approximately 75% of human disease-related genes have homologs in
Drosophila melanogaster.3 (Figure from Tejedor et al.1)
B) Drosophila have a fast generation cycle, low genetic redundancy, an
abundance of genetic tools, are low-cost, and are low maintenance.
C) Sequence alignment shows minibrain (mnb), the Drosophila DYRK1A
homolog, has 82% protein identity with DYRK1A. Red boxes indicate
critical regions of the protein sequence that confer DYRK1A activity.
165-173 and 238-241: ATP binding sites, 287: Proton acceptor site, 188:
Catalytic activity site

In vivo experimental design
• The GAL4-UAS system is a binary gene expression system allows for
tissue-specific overexpression or knockdown of a gene of interest.4
• The system consists of a tissue-specific promoter (GAL4), and a
transcriptional activator called the upstream activation sequence
(UAS).

B

Adapted from
Eswaran et al. (2013)2

A) DYRK1A has many phosphorylation targets that have roles in
proliferation, differentiation, cell cycle, apoptosis, tumor cell senescence,
neurogenesis, and synaptic function.1
B) There is a core set of genes that are “consistently and significantly
deregulated” in their primary transcript abundances, promoter
usage/switching, and post-transcriptional splicing in TNBC tissue
samples compared to non-TNBC and HER2-positive tissue samples.2

Drosophila overexpression of DYRK1A/mnb
results in a
significant increase in wing size.
• Overexpression of mnb/DYRK1A increased wing size by 21.63% (p <
0.001, via Mann-Whitney U Test)
• Synthesized DYRK1A inhibitors were then administered to developing
larvae to test if the small molecules could rescue the overexpression
phenotype.
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A) In vitro evaluation of synthesized DYRK1A
inhibitors.
• Synthesized molecules were tested in their ability to
reduce DYRK1A activity using an ELISA assay with
recombinant human DYRK1A.
• Well-plates were treated with DMSO (negative
control), harmine (positive control), or the various
DYRK1A inhibitors. All drug concentrations were
administered at a dosage of 10 µM aside from one
experiment utilizing harmine at 5 µM.
• Success of inhibition is indicated by a decrease in
percent transmittance of absorbance.
• The five core scaffolds have been color-coded for
comparison, with the 2-series and 5-series
demonstrating consistent DYRK1A inhibition.
B) In vivo phenotypic evaluation of DYRK1A
inhibitors validates in vitro positive hits.
• mnb was either overexpressed (UAS-mnb) or
knocked down (UAS-mnbRNAi) in the Drosophila
wing disc with adult male wings being measured.
• Drosophila exhibiting overexpression in the wing
(MS1096-Gal4 x UAS-mnb) were fed with 10 µM of
DMSO (negative control), harmol (positive control),
or synthesized DYRK1A inhibitors.
• Positive hits selected from the in vitro assay
significantly rescued the overgrowth phenotype (p <
0.05 *, p < 0.01 **, p < 0.001 *** via Mann-Whitney
U Test)
• ND5002 performed better than harmol in rescuing
the overgrowth phenotype (p < 0.05 †, via MannWhitney U Test).

Conclusion, future direction, and significance

• Five different core architectural scaffolds for DYRK1A inhibition were generated based on molecular dynamic simulations of
the DYRK1A binding pocket, wherein the scaffold assembly modifications allow for potential increases in potency and
decreases in toxicity.
• Synthesized DYRK1A inhibitors were tested in vitro using recombinant human DYRK1A and in vivo via overexpression of a
DYRK1A homolog, minibrain, in Drosophila. Both assays revealed the 2-series and 5-series scaffolds provide consistent and
significant inhibition of DYRK1A.
• Future direction: Optimization of the drug screen aims to: 1) Utilize machine learning for predictive modeling of optimal
molecular structures that bind to DYRK1A via support vector machines. Identified molecular signatures can then be placed
on scaffold assembly modification sites. 2) Automate data analysis of raw phenotypic data using statistical learning to
include a high-dimensional fingerprint of many morphological features caused by DYRK1A/mnb overexpression, not just
wing area. 3) Use molecular biology strategies to develop Drosophila overexpressing human DYRK1A.
• Long-term goal: Develop and identify a viable chemotherapeutic to treat TNBC through DYRK1A inhibition.
• Significance: While specifically targeting DYRK1A, the genetic tools available in Drosophila and the machine learning
advancements in the project provide a platform for rapid identification and testing of small molecule inhibitors in a
preclinical in vivo model for any gene-related disease.

