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Abstract
Planaria (Dugesia dorotocephala) are being utilized as a model system to test the effectiveness of ARV-825. ARV-825
belongs to the drug class proteolysis targeting chimeras (PROTACs), which targets and degrades the protein
Bromodomain-containing protein 4 (BRD4) via the proteasome. To examine the impact of ARV-825 on the planaria,
planaria viability was tested at different ARV-825 concentrations. This demonstrated a concentration-dependent reduction
in viability, 91.7% survival with 1µM ARV-825 reduced to 25% survival in 10 µM ARV-825. This suggests ARV-825 has
an effect on Dugesia dorotocephala, and indicates that this may be a suitable model organism for studying ARV-825.

Figure 1. Study data investigating the viability of Dugesia dorotocephala planaria with the senolytic drug ARV-825:

 A) ARV-825-mediated degradation mechanism for BRD4. When introduced, ARV-825 binds to the BRD4 protein
complex and the E3 Ligase Substrate Adapter Cereblon. Once the ubiquitin (Ub) is attached to the BRD4 protein,
successfully marking it for degradation, the ARV-825 detaches from the BRD4 and the E3 Ligase Substrate Adapter
Cereblon. The ubiquitinated BRD4 protein then moves through the proteasome, where it is degraded, (Liao et al., 2021).
B) The molecular structure of ARV-825, IUPAC name 2-((S)-4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[3,2-f]
[1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N-(4-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
4yl)amino)ethoxy)ethoxy)ethoxy)ethoxy)phenyl)acetamide. C) Worms incubated in 0 µM, 1 µM, and 10 µM ARV-825
were photographed at 24, 48, and 72 hours. Worms were imaged using a cellphone camera under ambient lighting
conditions. D) Planaria survival throughout a 72-hour incubation. This data is the percent survival of the worms incubated
with various concentrations of ARV-825. The data was collected over three days at 24-hour intervals and was conducted in
triplicate, with 4 worms per replicate (n=4), for a total of 12 worms (n=12) per concentration tested.  Worms were scored
as dead in the event of autolysis or if the worm exhibited a complete lack of movement when prodded. E) Final planaria
survival after 72-hour incubation. Only data collected at 72 hours is presented. Error bars represent the standard error of
the mean of the dataset. F) Dugesia dorotocephala as supplied from Carolina Biological (Brown Planaria). Worms were
imaged using a TOMLOV DM401 digital microscope with LED illumination.

Description
As individuals age, they face an increased risk of chronic diseases and a range of geriatric syndromes (Kirkland and
Tchkonia, 2020; Wissler Gerdes et al., 2020; Kirkland et al., 2016; Kirkland, 2013a, 2016b). Aging is a major risk factor
for conditions such as cardiovascular diseases, dementia, cancer, diabetes, and metabolic disorders. Complications in the
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lungs, kidneys, bones, and joints are also significant risk factors associated with aging (Kirkland and Tchkonia, 2020a,
2017b; Lewis-Mcdougall et al., 2019; Kennedy et al., 2014; Kirkland et al., 2002). These health conditions are a strong
research topic as they are difficult to prevent and treat (Kirkland and Tchkonia, 2020; Wissler Gerdes et al., 2020;
Kirkland et al., 2016; Kirkland, 2013a, 2016b). In tandem with chronic conditions, aging is linked to a decreased recovery
rate from natural stressors such as cardiovascular events, dehydration, and infections. Reduced recovery rates are also
observed in patients undergoing medical interventions like chemotherapy or surgery (Kirkland and Tchkonia, 2020;
Wissler Gerdes et al., 2020; Kirkland et al., 2016; Kirkland, 2013a, 2016b). This strongly suggests that the aging process
itself may be the root cause of these conditions (Wissler Gerdes et al., 2020; Kennedy et al., 2014). This aging process
may also be influenced by cellular senescence. 

Cellular senescence produces a near-irreversible cessation of replication with corresponding changes to apoptosis
resistance and increased metabolic activity (Kirkland and Tchkonia, 2020; Wissler Gerdes et al., 2020; Kirkland et al.,
2016; Kirkland, 2013a, 2016b; Kennedy et al., 2014). While these cells have limited reproduction, they are still
metabolically active (Wissler Gerdes et al., 2020; Kennedy et al., 2014). The intra- and extracellular signals linked to cells
becoming senescent include signals associated with tissue damage, cellular damage, and cancer development (Kirkland
and Tchkonia, 2020; Wissler Gerdes et al., 2020; Kirkland et al., 2016; Kirkland, 2013a, 2016b). Similar to cancer cells,
senescent cells are commonly shifted from fatty acid utilization to glycolysis. This metabolic change not only supports the
senolytic cell’s survival but also leads to many dysfunctional consequences, such as an increase in reactive oxygen species
(ROS) generation. This ROS increase contributes to oxidative stress and cellular damage. Additionally, it promotes lipid
accumulation within the cells, overwhelming their metabolic capacity and resulting in lipotoxicity (Wissler Gerdes et al.,
2020; Kirkland et al., 2002). 

In tandem, a high concentration of senescent cells in the body can lead to local and systemic inflammation, tissue damage,
and immune system suppression. This is due to senescence-associated secretory phenotypes (SASPs) (Wissler Gerdes et
al., 2020; Kirkland, 2013; Kirkland et al., 2002). The SASP that develops depends on the type of senescent cell and the
underlying cause of senescence. Senescent cells attract and activate immune cells, allowing the immune cells to become
anchored to the senescent cells. If left untreated, a buildup of senescent cells can disrupt normal tissue function by
triggering fibrosis, damaging DNA, impairing mitochondria, and contributing to harmful protein aggregation (Wissler
Gerdes et al., 2020; Kirkland et al., 2002). 

Dugesia dorotocephala is a freshwater planarian species native to North America and has been widely used as an
experimental model for studying regeneration and stem-cell biology (Almazan et al., 2018). D. dorotocephala exhibits
tissue functions shared across metazoans, making it a powerful model system for studying the fundamental biological
processes of tissue maintenance and repair (Reddien & Sánchez Alvarado, 2004; Elliott & Sánchez Alvarado, 2013). Its
regenerative capacity is driven by a population of adult pluripotent stem cells known as neoblasts, which are capable of
giving rise to all differentiated cell types required for regeneration (Reddien et al., 2005; Wagner et al., 2011). Following
injury or amputation, neoblasts proliferate and migrate to the wound site to form a blastema, enabling complete and
correctly patterned tissue restoration. Due to its experimental tractability, low maintenance cost, and regenerative
response, D. dorotocephala remains an important model for studying stem-cell regulation and regeneration mechanisms
(Elliott & Sánchez Alvarado, 2013).

Beyond regeneration biology, planarians have a long and significant history in pharmacological, toxicological, and
neurobiological studies. Early studies used planarians as models in behavior, neuropharmacology, and drug screening
studies, as their simple yet functionally complex nervous system exhibits drug responses comparable to those observed in
humans (Pagán, 2014; Pagán, 2017). More recently, planarians have been proven valuable alternatives for studying
developmental neurotoxicity, brain regeneration, and aging (Hagstrom et al., 2016; Wu and Li, 2018; Holtze et al., 2021;
Collins et al., 2024). 

The combination of planarians’ high sensitivity to environmental and chemical exposures, their conserved
neurotransmitter systems, and quantifiable behavioral responses makes them an effective model for toxicology and
pharmacology research (Holtze et al., 2021; Pagán, 2017; Wu and Li, 2018). Additionally, recent reviews state that
planarians continue to serve as a paradigm-shifting model in regeneration biology (Elliott and Alvarado, 2018; Newmark
and Sánchez Alvarado, 2022). Their regenerative capacity not only highlights the fundamental principles of stem cell
biology but also makes them a powerful model system for predicting pharmacological and toxicological effects (Hagstrom
et al., 2016; Holtze et al., 2021; Pagán, 2017; Wu and Li, 2018).

Neuroblastoma (NB) is a common solid childhood tumor. Previously, the inhibition of bromodomain and extra-terminal
(BET) protein showed potential in treating these tumors (Kennedy et al., 2014). ARV-825, IUPAC name (2-((S)-4-(4-
chlorophenyl)-2,3,9-trimethyl-6H- thieno[3,2-f][1,2,4]triazolo[4,3-a][1,4]diazepin-6-yl)-N-(4-(2-(2-(2-(2-((2-(2,6-
dioxopiperidin-3-yl)-,3-dioxoisoindolin-4yl)amino)ethoxy)ethoxy)ethoxy) ethoxy)phenyl)acetamide) is a novel senolytic
BET inhibitor that uses proteolysis-targeting chimera technology. This targets proteins for degradation via the proteasome
(Li et al., 2020). When introduced, ARV-825 binds to the BRD4 protein complex and the E3 Ligase Substrate Adapter
Cereblon. Once the ubiquitin is attached to the C-terminal domain of the BRD4 protein, successfully marking it for
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degradation, the ARV-825 detaches from the BRD4 and the E3 Ligase Substrate Adapter Cereblon. The ubiquitinated
BRD4 protein then moves through the proteasome, where it is degraded (Liao et al., 2021). Manipulation of modifiers,
like inhibiting the bromodomain and proteins that link chromatin markers to activate transcription, has also been proven to
be an effective way to block cell expression (Li et al., 2020). 

The BET family, which includes BRD2, BRD3, BRD4, and BRDT, can recognize and bind acetylated lysine
modifications of histones, which facilitates chromatin remodeling and transcriptional activation (Li et al., 2020). This
activity is particularly important in cancer and inflammation, making BET proteins a therapeutic target. ARV-825
specifically degrades BET proteins to suppress tumor growth and modify transcription (Li et al., 2020). BRD4 has been
shown to promote resistance to apoptosis in cancer cells by sustaining the expression of pro-survival genes (Zuber et al,
2011). Therefore, targeted degradation of BRD4 by ARV-825 may enhance apoptotic sensitivity, making it an attractive
strategy for eliminating tumor cells. This experiment examines the effect of ARV-825, a BET inhibitor, on planaria
(Dugesia dorotocephala) to evaluate its potential in senolytic treatment by promoting apoptosis in senescent cells.

Dimethyl sulfoxide (DMSO) is a widely used solvent in toxicology and pharmacology studies involving planarians.
However, multiple reports indicate that it can independently cause significant behavioral effects. For example, exposure to
0.1–3% DMSO causes reversible, dose-dependent reductions in motility and antioxidant enzyme activity, with full
recovery only at the lower end of this range. (Yuan et al., 2012). Similarly, non-lethal concentrations of DMSO impair
motility and other behavioral responses (Stevens et al., 2015). Even at concentrations considered nontoxic, behavioral
changes such as reduced locomotor activity and altered phototaxis have been seen (Pagán et al., 2006; Pagán et al., 2009).
While 0.9% DMSO used in this study is generally regarded as nonlethal in planarians, earlier studies show it can still
affect behavior in ways that might interact with or enhance the apparent toxicity of additional treatments (Yuan et al.,
2012; Stevens et al., 2015; Pagán et al., 2006). Thus, 0.9% DMSO was employed to satisfy the solubility requirements of
ARV-825, and because prior studies indicate that planarians generally tolerate concentrations below 1–2% without causing
irreversible effects (Yuan et al., 2012; Stevens et al., 2015).

Figure 1A denotes the ARV-825-mediated degradation mechanism for BRD4. When introduced, ARV-825 binds to the
BRD4 protein complex and the E3 Ligase Substrate Adapter Cereblon. Once the ubiquitin (Ub) is attached to the BRD4
protein, successfully marking it for degradation, the ARV-825 detaches from the BRD4 and the E3 Ligase Substrate
Adapter Cereblon. The ubiquitinated BRD4 protein then moves through the proteasome, where it is degraded. Figure 1B
denotes the chemical structure of ARV-825. 

Figure 1C shows photos of worms treated with 0 µM, 1 µM, and 10 µM ARV-825 at 24, 48, and 72 hours. DMSO control
appears to experience little to no change, while the 1 µM and 10 µM ARV-825 samples exhibit visible changes. Beginning
at 48 hours for both 1 µM and 10 µM ARV-825 samples, the worms became more “blurry” or “transparent,” possibly the
result of various apoptosis events causing tissue death. The 1 µM ARV-825-treated worms experienced significantly less
of the “blurry” phenotype over time when compared to the 10 µM ARV-825-treated worms. By the conclusion of the 72-
hour incubation, the 10 µM ARV-825-treated worm in Figure 1B only retained approximately 60% of its body while
maintaining the ability to move throughout the well. As the DMSO Control worms showed no change throughout the
incubation, these changes may be due to apoptosis events attributed to ARV-825. 

Figure 1D highlights the overall planaria survival at each concentration of ARV-825, ranging from 1 µM to 10 µM. The
data was collected at 0, 24, 48, and 72-hour intervals. Increasing concentrations of ARV-825 resulted in higher mortality,
as a 100% survival rate was observed in the DMSO control, 91.7% survival with 1µM ARV-825, 75.0% survival in 5 µM
ARV-825, 58.3% survival in 7µM ARV-825, and 25.0% survival in 10 µM ARV-825 was observed. Looking at Figure 1E,
which shows the final planaria survival after the 72-hour incubation, it is seen that the DMSO control worms had the
highest survival rate, in which all of the worms survived, and 10 µM had the lowest survival rate, in which only 25.0% of
the worms survived. Since all samples contained the same concentration of DMSO and no mortality was observed in the
DMSO control worms, DMSO was not a contributing factor in worm death. As the drug concentration and time increased,
the worm mortality increased, showing the potency of the drug. The error bars in Figure 1E represent the standard error of
the mean of the data set. Both Figures 1D and 1E were performed as a triplicate, with 4 worms per replicate (n=4), for a
total of 12 worms (n=12) per concentration tested. Finally, Figure 1F depicts the Dugesia dorotocephala worms as
supplied from Carolina Biological (Brown Planaria). Worms were imaged using a TOMLOV DM401 digital microscope
with LED illumination.

This data provides valuable insights into the planaria Dugesia dorotocephala’s mortality in ARV-825. There was a great
difference in the final mortality of the lowest (1 µM) and highest concentration (10 µM) incubations: 91.7% vs 25.0%,
respectively. The blurry phenotype rates also varied between the concentrations, with 10 µM samples having the highest
level of observed visual degradation to the worm body. This may be due to drug-induced apoptosis in several regions of
the worm. 

Future studies should determine the mechanism of action underlying ARV-825-induced mortality in Dugesia
dorotocephala planaria. These studies will focus on identifying whether apoptosis or other stress pathways are responsible
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for the observed degradation in Figure 1B. Clarifying the drug’s mode of action will help determine its therapeutic
specificity, efficiency, and potential.

Methods
Planaria Housing and Care: The worms (Brown Planaria) were obtained from Carolina Biological and were housed in
containers consisting of Instant Ocean mix: 0.5 g of Instant Ocean salt per 1 L of deionized water (King and Newmark,
2018). Worms were fed blended calf liver paste for at least one hour (King and Newmark, 2018). After feeding, the water
was changed to remove excess liver paste. Worms were stored in a dark, minimally disturbed place and fed at least once
per week until used. They were housed in these conditions for a minimum of 2 weeks before drug incubation.

Drug Incubation: ARV-825 powder was dissolved in DMSO to create a stock of 108 µM. Using the 0.5g/L Instant Ocean
mix, the ARV-825 was administered at the following concentrations: 1.0µM, 5.0µM, 7µM, and 10µM. All samples were
adjusted to have the same final percentage of DMSO, 0.9% (v/v). Using a 24-well plate, the worms were incubated in 1
mL of solution for 72 hours in a dark, undisturbed place, with data taken every 24 hours. The experiment was conducted
in triplicate, with 4 worms per replicate (n=4), for a total of 12 worms (n=12) per concentration tested. Worms were
scored as dead in the event of autolysis or if the worm exhibited a complete lack of movement when prodded.
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