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ABSTRACT
The contemporary landscape of cancer treatment has witnessed significant progress with FDA-approved 
targeted drugs. The FDA's Project Optimus has underscored the growing need for innovative 
pharmacodynamic endpoints to determine the optimal biological dose in clinical development. Flow 
cytometry, a potent analytical tool in clinical and preclinical labs, now plays a leading role in cancer 
research, enabling the evaluation of new drug effects on cell cycle regulation and consideration of rational 
drug combinations with approved drugs.  At TD2, we strive to enhance the translatability of in vitro induced 
cell cycle arrest studies to in vivo biomarker proof of concept and efficacy. We employ a comprehensive 
approach, utilizing flow cytometry to assess cell cycle dynamics in cultured cells and in vivo tumor models 
after treatment with approved and novel drugs. This abstract focuses on the translational relevance of 
combined in vitro and in vivo testing of well-known drugs that disrupt the cell cycle, laying the foundation for 
optimized treatment strategies and potentially personalized cancer therapies. Human A549 non-small cell 
lung carcinoma cells were treated with either thymidine (2.0mM) or the microtubule-depolymerizing drug 
nocodazole (100ng/ml) for 18 hours, then examined by flow cytometry. Thymidine induced a >85% S-phase 
arrest, while nocodazole induced a >88% G2/M-phase arrest. A549 cells (5x106 cells/mouse) were 
subcutaneously implanted in SCID mice, followed by treatment with an FDA-approved cell cycle inhibitor, 
Palbociclib, or cisplatin chemotherapy. Palbociclib, a CDK4/6 inhibitor, and low-dose cisplatin treatment 
resulted in an increased accumulation of cells in the G0/G1 phase, >80% for each. Both treatments exhibited 
promising anti-cancer activity, with tumor growth inhibition (TGI) of 69% and 87%, respectively.  Our findings 
highlight flow cytometry's multifaceted utility in assessing cell cycle arrest, providing a comprehensive view 
of agent effects on cancer cells in culture and within the complex in vivo tumor microenvironment. 
Determining the impact of any new drug on specific cell cycle checkpoints could allow for a more strategic 
plan for combination therapy. Integrating flow cytometry could enable early biomarker monitoring of tumor 
cell cycle changes, offering insights into the therapeutic potential of new agents alone or in combination. This 
multidimensional evaluation contributes to understanding cancer biology and has the potential to guide the 
development of novel therapeutic strategies, optimize treatment regimens to identify optimal biological 
doses, and improve patient outcomes in the era of precision medicine.

Cell Cycle Arrest Assessment in A549 Cells In Vivo Flow Cytometry Assessment of Cell Cycle Modulator in A549 
Human Non-small Cell Lung Carcinoma Xenograft

• Cell based cell cycle flow analysis results in a clear S phase arrest >86% (Thymidine) and G2 phase arrest >89% 
(Nocodazole).


• In vivo treatment with Palbociclib, Thymidine, Nocodazole (cell cycle modulators) and Cisplatin (DNA damaging) was 
tolerated at the dosage level tested. 


• Treatment with Palbociclib consistently produced ~40% TGI (tumor growth inhibition), but no tumor regressions. The 
remaining treatment (Thymidine, Nocodazole and Cisplatin) were not effective at the dosage level tested against A549 
human NSCLC.


• Cell cycle arrest assessment of tumor samples following treatment Palbociclib resulted in reproducible G1 arrest of 
80%.


• Treatment with Thymidine resulted in a slight increase in the G2 phase arrest (>15%) and Nocodazole treatment 
produced a slight increase in G2 phase arrest (>14%), when compared to the control. 


• Treatment with Cisplatin failed to impact the cell cycle based on flow cytometry analysis.

MATERIAL AND METHODS

• A549 cells were implanted subcutaneously on the right upper flank in female IcrTac:ICR-
Prkdcscid mice (Taconic). Mice were staged into treatment groups when the mean tumor volume 
was ~100mm3. Tumor growth changes were tracked by caliper measurements. Palbociclib, 
Cisplatin, Thymidine and Nocodazole were acquired from SelleckChem (Houston, TX) or 
Pharmachemie B.V (Haarlem, Netherlands).


• For cell cycle arrest assessment, tumors were collected and dissociated into single cell 
suspensions using the Human Tumor Dissociation Kit and gentleMACS™ (Miltenyi), samples were 
stained with FITC anti-mouse CD45 (Miltenyi), fixed with 70% ethanol, then stained in Propidium 
Iodide Solution (BioLegend), and analyzed by the MACSQuant® Analyzer 16 Flow Cytometer 
(Miltenyi). Analysis was performed using FlowJo software (FlowJo, LLC, Ashland, OR)..


• The univariate cell cycle platform on FlowJo was used to calculate the percentage of cells in each 
phase of the cell cycle using the Watson Pragmatic Model. Statistical analysis was performed 
using a Student’s t-test. 


• Animal care and use was conducted in alignment with animal welfare regulatory requirements in 
an AAALAC-accredited facility.
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