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ABSTRACT  
Acute myeloid leukemia (AML) progression and drug resistance are strongly shaped by 
interactions between leukemic cells and the extracellular matrix (ECM) within the bone 
marrow niche. These ECM-driven signals promote cell survival and reduce therapeutic 
sensitivity, contributing to treatment failure and relapse. Traditional two-dimensional 
polystyrene cultures do not recapitulate these microenvironmental cues, limiting their 
predictive value for preclinical drug screening. Scaffold-based culture systems offer a more 
physiologically relevant model by mimicking ECM architecture and enabling cell–matrix 
interactions. However, quantifying drug responses in these complex systems is challenging, 
as conventional assays including plate-based viability, flow cytometry and high-content 
imaging, have distinct limitations.  

In this study, we optimized and compared these methods to evaluate AML drug responses 
in both polystyrene and ECM-mimicking scaffolds. Flow cytometry enabled reliable 
assessment of cell viability and revealed clear differences in drug sensitivity between the 
two platforms. This comparative approach highlights the impact of the ECM 
microenvironment on therapeutic responses, improving the evaluation of candidate AML 
drugs. 
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1.1 Hematopoiesis and the Bone Marrow Niche 

1.1.1 The Hematopoietic System 

Hematopoiesis is a regulated biological process responsible for the continual renewal of an 

organism’s blood cellular constituents, sustaining tissue maintenance through the 

production of diverse, specialized blood and bone marrow cells118. Critical physiological 

roles such as oxygen transport, platelet-mediated coagulation and immune defence are 

mediated by diverse cell types including erythrocytes, monocytes, lymphocytes, 

granulocytes and platelets84. These functions occur predominantly within the bone marrow 

(BM), a specialized and highly vascularized tissue that provides the structural and 

biochemical niche for the hematopoietic stem cell (HSC)73. In this niche, HSCs reside in 

close proximity to the stromal and endothelial components, promoting mutual survival60.  

1.1.2 Bone Marrow Microenvironment 

The bone marrow microenvironment coined the “bone marrow niche” was conceptualized 

by Raymond Schofield in 1978 as important domain required for hematopoietic stem cell 

(HSC) maintenance. It is responsible for governing hematopoietic stem cell (HSC) fate by 

integrating structural, biochemical and mechanical cues that collectively maintain 

homeostasis74. Its role extends beyond serving as a physical habitat for the cells, as this 

complex framework provides a highly organized three-dimensional framework in which 

HSCs interact with stromal, endothelial, and bone-associated cells. Adhesion molecules, 

growth factors, and chemokines comprise this matrix and influence HSC behaviour through 

diverse signaling pathways, from these interactions HSC quiescence, self renewal, lineage 

commitment and mobilization are regulated116.  

The bone marrow microenvironment can be divided into the endosteal domain adjacent to 

bone-lining osteoblasts and the vascular domain enriched in sinusoidal endothelial and 

perivascular cells119. The endosteal niche is composed of osteoblasts, osteoclasts, 

sinusoidal endothelial cells, and stromal populations located along the bone surface. 

Together, these cells create a microenvironment that supports quiescent, long-term HSCs, 

with direct HSC–osteoblast interactions maintaining stem cell dormancy. Experimental 
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ablation of osteoblasts induces previously quiescent HSCs to enter the cell cycle, 

demonstrating their essential role in preserving stem cell quiescence and pool size. 

Expansion of osteoblast populations enhances hematopoiesis through Notch signaling, 

whereas osteoblast depletion disrupts marrow hematopoiesis and promotes 

extramedullary blood formation. Osteoblast-derived Wnt and BMP signaling pathways 

further contribute to HSC maintenance and long-term reconstitution capacity. Adhesion 

molecules such as N-cadherin, β-catenin, CD44, VCAM-1, cadherin-11, and ALCAM anchor 

HSCs within the niche and support stem cell preservation68. In addition, osteoblasts 

influence lineage production, including erythropoiesis and B-lymphopoiesis, while factors 

such as osteopontin can suppress HSC proliferation, indicating that the endosteal niche 

exerts both supportive and inhibitory regulation of hematopoiesis. 

In contrast, the vascular niche is formed by arterioles, capillaries, sinusoidal vessels and 

surrounded by specialized endothelial cells, CXCL12-abundant reticular (CAR) cells in 

specific77. This compartment supports HSC activation, proliferation and differentiation and 

is associated with hematopoietic regeneration following physiological stress or 

transplantation. Endothelial cells influence HSC fate through angiocrine signaling and direct 

homing and trafficking via CXCR4/CXCL12 and RANK/RANKL pathways. CAR cells, which 

highly express VCAM-1, selectins, CD44, cytokines, and platelet-derived growth factor52, 

additionally modulate HSC adhesion, migration, and vascular remodeling. Collectively, the 

endosteal and vascular compartments operate as a coordinated regulatory network in 

which HSC localization dictates functional state, maintaining hematopoietic homeostasis 

while enabling adaptive responses to stress. 

1.1.3 Hematopoietic Stem Cells (HSCs) 

At the apex of this hierarchical system reside hematopoietic stem cells (HSCs), first 

identified by Till and McCulloch for their defining capacities of self-renewal and to generate 

multiple hematopoietic lineages through multipotent differentiation107. Their work revealed 

HSCs are capable of fully restoring the hematopoietic system after sustaining damage by 

holding the capacity for transplantation and multilineage hematopoietic reconstitution.  
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Through asymmetric division, HSCs both preserve the long-term self-renewing stem cell 

pool and produce hematopoietic progenitor cells86. These progenitors undergo successive 

proliferative divisions and lineage commitment steps, forming precursor populations that 

ultimately mature into fully differentiated somatic blood cells. It encompasses the full 

spectrum of mature blood cells spanning both myeloid and lymphoid lineages. The myeloid 

lineage is comprised of (red blood cells), granulocytes, macrophages, and megakaryocytes 

whereas the lymphoid lineage generates T lymphocytes, B lymphocytes, and natural killer 

(NK) cells42. These properties allow for HSCs to regulate and maintain immune function 

while simultaneously recovering from injury regulating tissue regeneration and repair.  

Although the abilities of HSCs are remarkable, and considerable effort is given towards 

exploiting HSCs for therapeutic applications, research is constrained by progressive loss of 

stemness and cell viability over time. These challenges arise primarily from HSCs struggling 

to maintain themselves outside of their physiological microenvironment, the bone marrow 

(BM) niche129.  

1.2 Extracellular Matrix (ECM) and Its Components  

Within the bone marrow niche, the extracellular matrix (ECM) serves as a critical structural 

and regulatory component, providing both physical support and a reservoir of biochemical 

cues that influence hematopoietic stem and progenitor cell fate. This intricate network, 

composed of structural proteins, glycoproteins and signaling molecules56, governs 

processes such as cell adhesion, proliferation, differentiation, and survival. The ECM further 

regulates cell behaviour through its mechanical properties, including stiffness and 

elasticity, and by controlling growth factor availability via binding, sequestration, and 

presentation48. 

1.2.1 Collagen 

Extracellular matrix (ECM) components from all three major classes, collagen 

proteoglycans, and glycoproteins, are present within the bone marrow microenvironment 

and contribute to a variety of biological functions. These include the regulation of cell 

growth, mediation of cell adhesion and anti-adhesion processes, and the binding and 
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presentation of cytokines19. Within the bone marrow, two primary niches have been 

described: the endosteal (osteoblastic) niche, which supports hematopoietic stem cell 

quiescence and self-renewal, and the vascular or perisinusoidal niche, which is more 

closely associated with cellular proliferation and differentiation49. 

Collagen represents a major structural component of the bone marrow ECM and is 

predominantly localized within the endosteal osteoblastic niche. In addition to providing 

mechanical support, collagen contributes to the sequestration and presentation of growth 

factors within the niche. Analyses of ECM composition have identified Type VI collagen as 

the most abundant form (approximately 60% of total collagen), followed by Type I collagen 

(approximately 30%), while Types IV and V are detected primarily in bone marrow–derived 

ECM33. These collagen components have also been shown to influence mesenchymal 

stromal cell (MSC) differentiation toward osteogenic lineages57. 

Importantly, ECM collagen is significantly downregulated within the pre-leukemic bone 

marrow niche, suggesting that ECM remodeling is an early event in acute myeloid leukemia 

(AML) development. This remodeling is associated with reduced expression of several 

collagen genes, including Col1a1, Col1a2, Col3a1, Col4a1, and Col6a133. Such alterations 

to ECM composition are proposed to play a critical role in reshaping the bone marrow 

microenvironment in a manner that promotes leukemogenesis and therefore are one of the 

primary proteins utilized in our ECM mimicking scaffold. 

1.2.2 Hydroxyapatite  

Similar to collagen, hydroxyapatite is an inorganic mineral constituent of the bone marrow 

niche that contributes to the rigidity and mechanical stability of the endosteal surface, 

where hematopoietic stem cells (HSCs) and stromal cells reside. In addition to its structural 

role, hydroxyapatite can bind and localize proteins, growth factors, and cytokines, thereby 

influencing signaling within the microenvironment and regulating the activity of osteoblasts 

and mesenchymal stromal cells (MSCs). Stromal cell–derived ECM generated within a 

collagen–hydroxyapatite (Col/HA) scaffold designed to mimic the bone marrow niche has 

been shown to promote MSC proliferation while preserving their differentiation potential. In 
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this system7, MSCs synthesize ECM components that help reconstitute a tissue-specific 

three-dimensional microenvironment in vitro. This reconstructed environment has also 

been associated with enhanced angiogenic properties in vascularized bone tissue models, 

which is particularly important because a well-developed vascular network supports 

hematopoietic cell maintenance, migration, and signaling43. 

As hydroxyapatite can bind and present growth factors and cytokines that regulate stromal 

and osteoblastic cells, interactions within the niche can be modified in ways that favor 

leukemic cell survival. Through these interactions, leukemic cells can influence stromal and 

osteoblastic elements to generate an altered microenvironment that supports disease 

progression. For this reason, hydroxyapatite is frequently incorporated into biomaterial 

scaffolds to more accurately replicate the physical and biochemical properties of the bone 

marrow niche.  

1.2.3 Elastin 

Elastin is an extracellular matrix (ECM) protein that contributes to the elasticity and 

structural resilience of tissues, including those within the bone marrow (BM) niche. It is 

found within both the ECM and vascular structures, where it helps maintain tissue flexibility 

and mechanical integrity. These elastic properties are important for accommodating 

cellular movement, vascular expansion, and the dynamic remodeling that occurs within the 

niche76. Such flexibility is essential for regulating interactions between stromal and 

hematopoietic cells. However, during malignancy, these mechanical and structural 

properties can become altered in ways that favor leukemic cell survival and proliferation. 

Previous studies have suggested that reduced elastin levels within the bone marrow niche 

can promote cell proliferation in multiple myeloma, with proteomic and cell culture 

experiments demonstrating that decreased elastin correlates with increased proliferation, 

while supplementation with elastin can mitigate pro-myeloma effects134. Given its crucial 

role in maintaining the extracellular matrix and influencing cell behavior, elastin is often 

incorporated into scaffolds. 
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 In acute myeloid leukemia (AML), interactions between leukemic cells and ECM 

components, such as collagen, fibronectin, hydroxyapatite and elastin, are essential not 

only for maintaining the structural integrity of the niche but also for mediating cell–matrix 

interactions that regulate cell–cell contact, migration, and spatial organization111. The ECM 

influences cellular behavior through multiple mechanisms including the presentation of 

bound growth factors, cytokines and adhesion ligands that signal via cell surface receptors 

like integrins72.  AML cells can actively remodel the ECM by downregulating specific proteins, 

a process that contributes to disease progression. Even in the absence of niche cells, ECM 

characteristics such as mechanical stiffness, ligand availability and growth factor 

presentation131 can independently modulate cell survival and responses to 

chemotherapeutic agents. 

These ECM-mediated signals are particularly relevant in AML, where they can alter 

sensitivity to chemotherapeutic agents and contribute to therapy resistance80. 

Understanding how AML cells interact with the bone marrow ECM is therefore essential for 

developing physiologically relevant in vitro models and enhancing the predictive accuracy 

of drug screening platforms18. 

1.3 Hematopoietic Malignancies 

1.3.1 Acute Myeloid Leukemia (AML) 

Acute myeloid leukemia (AML), an aggressive hematologic malignancy characterized by the 

rapid expansion of abnormal myeloid cells in the bone marrow and peripheral blood. Acute 

myeloid leukemia (AML) is the most common acute leukemia in adults, comprising 

approximately 80% of cases in this population. Disease occurrence rises markedly with age, 

increasing from roughly 1.3 per 100,000 in individuals younger than 65 years to more than 

12 per 100,000 among those older than 6553. The disease arises from somatic mutations in 

HSCs or early progenitor cells, which impair regular differentiation and results in an 

uncontrolled proliferation of immature myeloid blasts. Anemia, thrombocytopenia and 

increased susceptibility to infections are common symptoms of AML and present similarly 

to bone marrow failure, reflecting its disruption of hematopoiesis85.  
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Current therapeutic approaches for AML include chemotherapy, radiation therapy, targeted 

therapies, and stem cell transplants. However, despite advancements in treatment, the 

disease remains associated with high relapse rates and limited overall survival, partially due 

to the malignancy’s heterogeneity. Genetic alteration such as FLT3-ITD, NPM1, or TP53 

mutations directly influence treatment response and overall survival40. Variability in 

molecular alteration and cytogenetic abnormalities contributes to disease presentation, 

progression, and treatment response38. To understand the complexity, a classification 

system based on genetic, morphologic, immunophenotypic, and clinical features was 

constructed worldwide by different countries to categorize patients into risk and outcome 

probabilities. These classifications are critical to guide diagnosis and therapeutic course of 

action.  

Despite classification and treatment efforts, AML remains challenging to treat due to 

persistence of leukemic stem cells (LSCs) which can not be targeted by most existent 

chemotherapeutics. These LSCs possess stem cell-like properties including quiescence 

and self renewal, therefore repopulating the bone marrow with therapy resistant cells and 

driving relapse16. The heterogeneous nature of AML combined with LSCs ability to evade 

standard therapies through interactions with the bone marrow niche, emphasizes their 

central role in disease persistence and highlights the need to better understand their 

biology106. 

1.3.2 Leukemic Stem Cells (LSCs) 

Leukemic stem cells (LSCs) are a functionally critical population in acute myeloid leukemia 

(AML) that drive disease initiation, progression, and relapse. LSCs are thought to originate 

through the stepwise accumulation of somatic mutations in HSCs or early progenitor cells, 

they possess a unique self-renewal capacity and block normal myeloid differentiation. 

These LSCs undergo clonal expansion and overcrowd the bone marrow with immature 

myeloid blasts that suppress hematopoietic stem and progenitor cell production and 

function (Fig. 1). In vivo studies show that LSC-enriched fractions defined by a CD34⁺CD38⁻ 

phenotype possess elevated stemness characteristics and survive chemotherapy, 

contributing to poor patient survival5.  
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Studies exhibited phenotypic characterization of LSCs to typically express high levels of 

CD33 and CD45RA, expressing themselves as CD43+CD38-CD90- correlating to a unique 

profile that distinguishes them from normal HSCs45. They demonstrate developmental 

plasticity underlying leukemogenesis, however as the links between specific mutation 

profiles to leukemia manifestations cannot be defined clearly, they require further 

investigation.  

 

Figure 1. Comparison of normal hematopoiesis and leukemic transformation in acute myeloid 

leukemia (AML). Under normal conditions (left), hematopoietic stem cells (HSCs) in the bone marrow 

differentiate through tightly regulated lineage pathways into lymphoid and myeloid progenitors. In AML 

(right), genetic and molecular alterations disrupt this hierarchical differentiation process, leading to the 

formation of leukemic stem cells (LSCs). These cells exhibit uncontrolled self-renewal and give rise to an 

accumulation of immature leukemic blasts while impairing normal hematopoietic development.  
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1.3.3 The Leukemic Niche 

In addition to genetic dysregulation, numerous studies show that the pathologically altered 

bone marrow microenvironment substantially contributes to leukemogenesis in AML128. 

Leukemic blasts and adjacent stromal components dynamically influence one another via 

interconnected signaling pathways. The leukemic niche contains several important 

components that contribute to the interplay between LSCs and their microenvironment 

such as metabolism, hypoxia, inflammation, secreted factors, cellular components and the 

extracellular matrix.  

LSC behaviour is sustained through both intrinsic oncogenic signaling and external 

microenvironmental influences that mirror those governing HSCs. Regulatory pathways 

such as those responsible for Wnt/β-catenin signaling preserve LSC quiescence, self-

renewal, and proliferative potential and can promote the conversion of HSCs and its 

progenitors into leukemia-initiating cells133. Genetic abnormalities frequently observed in 

AML, such as Mixed-Lineage Leukemia (MLL) rearrangements, can reprogram mutated 

progenitor cells towards stem-like states, strengthening LSC maintenance and highlighting 

their significance in chemoresistant relapse81. Through this interaction between LSCs and 

the bone marrow microenvironment, the niche can be remodelled into a specialized 

leukemic niche that aids in protecting LSCs, promotes survival signaling, and contributes to 

therapeutic resistance and relapse. Xenograft transplantation experiments reveal that LSCs 

rely on niche-derived cues, which direct their engraftment, resistance to chemotherapy, and 

regulation of cell cycle activity59. 

1.4 Niche Remodeling and Hijacking in AML 

Chemotherapy resistance, leukemic survival and disease relapse in AML are increasingly 

attributed to the capacity of leukemic stem cells (LSCs) to remodel and exploit the bone 

marrow (BM) microenvironment. By reprogramming niche components, LSCs establish 

conditions that preferentially support leukemic survival and self-renewal while suppressing 

normal hematopoietic stem and progenitor cells (HSPCs)112. In healthy hematopoiesis, 

vascular and endosteal niches regulate HSC fate through coordinated chemokine, growth 
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factor and adhesion signaling55. During leukemogenesis, however, stromal, osteoblastic, 

and endothelial cells adopt a leukemia-supportive phenotype, while LSCs manipulate local 

signaling networks through cytokine secretion, receptor engagement and activation of pro-

survival pathways. These interactions modulate key signaling proteins and confer protection 

from cytotoxic stress, limiting therapeutic efficacy.  

1.5 Drug Resistance 

As therapeutic agents target distinct receptors, kinases, and intracellular signaling 

pathways, their resistance mechanisms and interactions with the BM niche differ 

substantially51. This highlights the need to evaluate drugs with diverse mechanisms of action 

and compare their preliminary research data to their clinical outcome to characterize BM-

mediated chemoresistance in AML. 

1.6 Resistance Mechanisms and Clinical Relevance of Chemotherapeutics  

1.6.1 5-Flourouracil  

5-Flourouracil (5-FU) is an antimetabolite chemotherapeutic agent widely used in the 

treatment of a diverse array of cancers that is especially effective in treating breast and 

gastrointestinal cancers113. 5-FU is reputed as being most effective when administered 

through prolonged intravenous infusions against advanced, slow-growing tumors 

characterized by low proliferation fractions and extended doubling times36. Despite its 

established role in improving response rates and survival in other malignancies, 5-FU is not 

a first-line treatment for AML because its therapeutic ability is hindered by challenges such 

as off-target toxicities, lack of selectivity, and the development of chemoresistance66. 

Efforts to characterize tumor specificity may help determine genes, microRNAs, and 

cytokines involved in 5-FU toxicity and therapeutic response, however, these mechanisms 

are not yet fully defined due to tumor heterogeneity and variability in patient responses21. 

Elucidating the mechanism of action of 5-FU is essential for understanding its therapeutic 

effects and improving clinical outcomes. 

5-Flourouracil exerts its anticancer effects by disrupting nucleic acid synthesis following 

intracellular conversion to active metabolites. These metabolites inhibit thymidylate 
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synthase (TS), leading to thymidine depletion and impaired DNA synthesis and are 

incorporated into RNA and DNA thus interfering with transcription and replication130. These 

actions inhibit cell proliferation, promote cell death and selectively target rapidly dividing 

cancer cells.  

Although 5-fluorouracil (5-FU) is widely used as a standard chemotherapeutic agent in the 

treatment of several solid malignancies, its application in acute myeloid leukemia (AML) 

remains limited104. Due to a lack of robust clinical evidence demonstrating efficacy against 

AML, it has not been incorporated into standard treatment regimens. While early 

experimental studies reported reductions in leukemic growth in animal models of myeloid 

leukemia, suggesting potential antileukemic activity under certain conditions, these 

findings have remained preclinical and have not translated into clinical use27. Within 

laboratory settings, 5-Flourouracil has been utilized primarily as a research tool to 

investigate chemotherapy resistance including selection and characterization of primitive 

or stem-like leukemic subpopulations that exhibit intrinsic drug tolerance. While 

established AML treatment protocols primarily rely on cytarabine-based combination 

regimens, additional antimetabolite agents such as fludarabine, may be incorporated for 

selected patients with high-risk or relapsed disease105. Such studies contribute to 

understanding leukemic cell hierarchies and resistance mechanisms rather than serving as 

a foundation for therapeutic application.  

1.6.2 Daunorubicin  

Daunorubicin is a cornerstone anthracycline chemotherapy agent commonly used in the 

treatment of acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL) and 

Kaposi’s sarcoma. In AML, Daunorubicin is frequently administered in combination with 

Cytarabine as part of the standard “7+3” induction regimen, in which Cytarabine is given as 

a continuous infusion for seven days while Daunorubicin is delivered as short intravenous 

infusions on each of the first three days91. Using this regimen, complete remission is 

achieved in 70-80% of patients however this varies depending on patient age, disease stage 

and cytogenic risk35. These factors highlight the importance of understanding the 
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mechanisms underlying daunorubicin’s cytotoxic activity, as such insight may guide 

optimization of dosing strategies and therapeutic efficacy. 

Daunorubicin exerts antimitotic and cytotoxic effects through multiple mechanisms 

including intercalation into DNA and topoisomerase II inhibition, with additional 

mechanisms involving transcription suppression and pathway modulation via production of 

DNA- damaging free radicals14. The agent halts DNA replication and transcription by causing 

double stranded breaks via topoisomerase IIα inhibition108. Additionally, it has been 

suggested there may be interactions between daunorubicin and cell membranes altering 

membrane fluidity and impacting signaling protein activity6.  These diverse mechanisms 

contribute to its antileukemic effect and emphasizes its continued clinical use as a central 

component of AML therapies. 

Recent advancements in remission rates and overall survival have largely relied on dose 

intensification of established chemotherapeutic agents rather than the introduction of novel 

therapies. Several clinical studies suggest that increasing Daunorubicin dosing during 

induction therapy may enhance therapeutic outcomes. In a randomized trial of younger 

patients with AML (17–60 years), high-dose daunorubicin significantly improved complete 

remission rates (70.6% vs. 57.3%) and prolonged overall survival (23.7 vs. 15.7 months) 

compared with standard dosing28. Similarly, dose escalation to 90 mg/m² has been 

associated with improved remission and survival outcomes relative to lower-dose regimens 

(45 mg/m²), with remission rates increasing from 54% to 64% in older patients without 

additional toxicity67. Although dose intensification of Daunorubicin has been associated 

with improved remission rates in specific AML patient populations, the benefits of high-

versus-low dose administration needs to be weighed against the well-established risk of 

cumulative anthracycline-associated cardiotoxicity93, which may limit tolerability and long-

term outcomes. Therefore, defining the optimal Daunorubicin dose remains a clinical 

challenge and reaffirms the need for individualized treatment strategies based on patient 

age, comorbidities and genetic risk factors. 
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1.6.3 Sorafenib 

Sorafenib, an oral multikinase inhibitor, was developed as a targeted anticancer agent by 

exhibiting antiproliferative and antiangiogenic effects. It is currently only FDA approved for 

the treatment of patients with advanced or progressive renal cell carcinoma, hepatocellular 

carcinoma, and differentiated thyroid carcinoma30; however, sorafenib is being investigated 

in hematologic malignancies particularly in FLT3-mutated acute myeloid leukemia, where 

kinase signalling contributes to leukemic progression.  It functions by inhibiting several 

intracellular and receptor tyrosine kinase pathways that are frequently dysregulated in 

malignancy, notably the Raf-Ras signalling cascade, the vascular endothelial growth factor 

(VEGF) pathway, and FMS-like tyrosine kinase 3 (FLT3)39. Through the blockade of these 

signaling pathways, sorafenib suppresses cellular proliferation, induces apoptosis and 

impairs tumor-associated angiogenesis. To understand these inhibitory effects, the 

molecular mechanisms underlying therapeutic activity and its role in AML can be further 

examined. 

Sorafenib targets signaling pathways critical for cellular proliferation, survival and 

angiogenesis. It inhibits key upstream kinases within the Ras/Raf/MEK/ERK (MAPK) 

pathway, including wild-type and mutant B-Raf and C-Raf, thereby reducing downstream 

MEK and ERK phosphorylation and suppressing proliferative signalling2. In AML, particularly 

in FLT3-mutated cases, constitutive activation of kinase signaling pathways plays a critical 

role in disease progression. In addition, Sorafenib inhibits multiple receptor tyrosine kinases 

frequently dysregulated in AML, including FLT3, VEGFR-1, -2, and -3, PDGFR-β, FGFR1, c-

KIT, and RET, contributing to impaired angiogenic and growth factor-mediated signaling. In 

AML, MAPK pathway suppression has been shown to promote activation of intrinsic 

mitochondrial apoptotic pathway through upregulation of pro-apoptotic proteins such as 

Bim and downregulation of anti-apoptotic regulators including MCL-1, thereby facilitating 

leukemic cell death 132.  

Sorafenib has advanced through phase I and phase II clinical trials in combination with 

Cytarabine and Idarubicin for younger patients with acute myeloid leukemia (AML), 

demonstrating successful complete response (CR) rates, particularly in individuals 
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harboring FLT3 mutations87. In FLT3-ITD–positive AML, Sorafenib has been shown to 

effectively reduce bone marrow myeloblasts however resistance frequently develops 

through the emergence of mutant subclones expressing genes such as ALDH1A1, JAK3, and 

MMP1570. Studies have identified aberrant activation of alternative survival pathways, 

including PI3K/Mtor signaling, in both resistant cell lines and blasts derived from Sorafenib-

resistant patients, suggesting pathway activation as a contributor to therapeutic failure64. 

Additionally, Sorafenib has been associated with activation of the JAK-STAT3 pathway, 

leading to upregulation of the anti-apoptotic protein BCL2 further promoting resistance. 

Targeting these adaptive mechanisms has shown promise, inhibition of BCL2 with 

Venetoclax has restored treatment sensitivity in resistant AML models126. Given the 

molecular heterogeneity of AML, Sorafenib resistance is still frequently observed in clinical 

settings and the mechanisms underlying this resistance present itself in diverse signaling 

pathways therefore developing uniformly effective strategies to overcome it remain difficult 

to determine. 

1.6.4 Filanesib (ARRY-520) 

Filanesib is a selective inhibitor of kinesin spindle protein (KSP/Eg5), a motor protein 

responsible for mitotic spindle assembly and chromosome segregation during cell division. 

Inhibition of KSP by Filanesib disrupts bipolar spindle formation, inducing mitotic arrest at 

the metaphase stage and subsequent activation of apoptotic pathways (programmed cell 

death)102. Filanesib has demonstrated clinical efficacy in multiple myeloma (MM), 

proceeding to phase III clinical trials with its mechanism of action prompting investigation 

in other hematological malignancies31. Cancers that depend on the short-lived anti-

apoptotic protein myeloid cell leukemia-1 (MCL-1), as observed in MM shows marked 

sensitive to KSP inhibition in preclinical models98. Given that AML is characterized by rapid 

proliferation of leukemic blasts and reliance on survival signaling, disruption of mitotic 

progression provides a strong rationale for evaluating Filanesib as a therapeutic treatment 

for AML.  

Filanesib exerts its effects through selective inhibition of KSP/EG5, leading to the disruption 

of mitotic spindle assembly and the formation of abnormal monopolar spindles. This 
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spindle defect induces cell cycle arrest at the G2/M phase, the prolonged mitotic arrest 

results in loss survival signaling and initiation of apoptosis124. In AML models, Filanesib-

induced apoptosis proceeds via the intrinsic mitochondrial pathway, marked by 

upregulation of the pro-apoptotic protein Bim, independent of p53 activation or extrinsic 

death receptor signaling. As KSP expression is restricted to actively dividing cells, this allows 

for targeting against proliferating leukemic cells, providing for selectivity for malignant over 

normal tissues3.  

In AML cell models such as HL-60, Filanesib treatment demonstrated mitotic arrest 

followed by mitochondrial apoptosis, exhibited by increased Bim expression, and 

suppressed leukemic blast growth with the exclusion of normal hematopoietic colony 

formation22. These findings supported a therapeutic rationale and led to early-phase clinical 

evaluation in AML. In a Phase I study in relapsed or refractory disease, preclinical analyses 

confirmed target engagement consistent with KSP inhibition; however, patient response did 

not reflect the preclinical success as dose-limiting mucosal and hematologic toxicities had 

arisen46. As a result, further single-agent development of Filanesib in AML was discontinued. 

Its ability to enhance apoptotic priming in leukemic cells is further explored in combination 

regimens99 to administer in lower doses to minimize toxicity while increasing susceptibility 

to other therapeutic agents, although these studies have been largely restricted to multiple 

myeloma. 

1.6.5 Zosuquidar Hydrochloride  

Zosuquidar hydrochloride is a third-generation potent inhibitor of P-glycoprotein (P-

gp/ABCB1) developed to combat chemotherapeutic resistance. P-glycoprotein, a drug 

efflux transporter encoded by the MDR1/ABCB1 gene, is overexpressed in AML with nearly 

30-50% of AML patients displaying increased P-gp expression characterizing it as a hallmark 

of multidrug resistance100. Lower complete remission rates and poor survival following 

standard treatment are associated with the transporter, making it a therapeutic resistance 

target. First generation and second generation of P-gp inhibitors caused adverse effects 

following induction, and thus the third generation of the drug was developed to posses’ 

specific affinity for P-gp, lacking the off-target toxicities and avoiding pharmacokinetic 
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interactions103. By restoring drug sensitivity and retention of chemotherapeutic agents in 

resistant leukemic cells, Zosuquidar can be administered alongside conventional AML 

chemotherapy and enhance the efficacy of the regimen, especially in P-gp-expressing cells. 

Due to these factors, it has been primarily investigated as an adjunct to standard induction 

chemotherapy rather than as a standalone anticancer agent. 

For Zosuquidar to increase the efficacy of chemotherapeutic agents it must inhibit P-

glycoprotein (P-gp), a transmembrane efflux pump that is responsible for transporting 

cytotoxic substrates out of malignant cells. By binding to P-gp and blocking its ATPase-

driven transport, drug efflux across the cell membrane is prevented92. Retention of 

chemotherapeutic agents such as anthracycline and cytarabine increase in efficacy by 

accumulation89, thereby re-establishing effective intracellular drug–target engagement and 

promoting apoptosis in leukemic blasts while maintaining minimal pharmacokinetic 

interference.  

While Zosuquidar is not considered as a standalone chemotherapeutic agent induction in 

AML, it has been investigated as a chemosensitizing agent to standard anthracycline-

cytarabine chemotherapy. In a Phase I/II clinical study involving older patients with P-gp 

positive AML, intravenous infusion of Zosuquridar for 72 hours in combination with the “7+3” 

regimen was well tolerated and produced a response rate of approximately 48%58. 90% of P-

gp inhibition occurs within 2 hours of Zosuquidar administration at an effective dose of 700 

mg/day71. The clinical evidence supports that modulation of drug efflux is significant in 

improving sensitivity in resistance AML and the drug can be utilized as a resistance-targeting 

adjunct, even if it does not function effectively independently. 

1.6.6 Thioridazine  

Thioridazine (TDZ) is a dopamine receptor D2 (DRD2) antagonist that was originally used as 

an antipsychotic but has been repurposed into an anti-leukemic agent due its cytotoxic 

effects. It selectively acts against leukemic stem and progenitor cells by disrupting survival 

signalling and differentiation pathways8. Thioridazine demonstrates a particular efficacy 

against AML harboring an MLL-AF6 rearrangement, a poor-prognosis molecular subtype, 
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where DRD2 antagonism induces differentiation on malignant cells capable of being 

leukemia-initiating while sparing hematopoietic steam cells94. This approach suppresses 

leukemic clonogenicity and capacity to produce leukemic blasts.  

Its therapeutic activity is exerted by disruption of cytoskeletal integrity and targeting 

dopamine receptor-mediated survival signaling in diseased cells. Thioridazine negatively 

impacts maintenance and survival signaling pathways in leukemia stem cells. One of the 

mechanisms by which Thioridazine acts is through cytoskeletal remodeling to promote an 

intracellular Ca²⁺ influx, mitochondrial depolarization, and reactive oxygen species 

accumulation, activating apoptotic pathways110. This impacts the clonogenic capacity and 

stem-cell potential of leukemic stem cells. This mechanism to have specific selectivity is 

associated to cytoskeletal regulation in MLL-AF6 positive AML, where the protein is unable 

to stabilize the cytoskeleton and renders malignant cells vulnerable to apoptosis and other 

chemotherapeutic agents.   

Thioridazine, in particular, is a compound of interest due to earlier research from our group 

that established its capacity to target and effectively eliminate drug-resistant AML 

populations. As Thioridazine displayed promise in preliminary studies, in vivo phase I 

clinical studies validated its selective toxicity with a 19-55% blast reduction at a 50 mg dose 

in patients with DRD2 expressed-leukemic cells10, when given alongside Cytarabine. 

Thioridazine differs from other chemotherapeutics because it is able to target cancer stem 

cells that give rise to blasts across multiple malignancies including glioblastoma and breast 

cancer, through cell cycle modulation and regulation of signaling pathways121. 

Dopaminergic signaling has been increasingly implicated in cancer stem cell (CSC) biology 

with evidence indicating the dopamine receptor may be a biomarker and a therapeutic 

vulnerability across other cancers as well23. Although these studies demonstrate promising 

therapeutic activity for thioridazine, their conclusions are constrained by small patient 

cohorts and the predominance of early-phase clinical trial data. Even so, with Thioridazine’s 

unique ability to target cancer stem cells, its potential to be utilized in aggressive stem-cell 

driven AML subtypes or other cancers makes it significant to investigate.  
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1.6.7 Cytarabine 

Cytarabine (cytosine arabinoside, Ara-C) is an antimetabolite pyrimidine analogue that 

undergoes intracellular activation to compete with deoxycytidine, thereby disrupting DNA 

synthesis69. Cytarabine remains the gold standard therapy in both induction and 

consolidation settings120. As noted previously, Cytarabine is administered as a standalone 

or incorporated in combination regimens with anthracyclines such as Daunorubicin or 

Idarubicin79. For decades, it’s been used as a first line treatment for AML due its selective 

nature against myeloid blasts and its ability to accumulate to high intracellular 

concentrations. While most chemotherapeutic compounds may target specific 

manifestations of AML, Cytarabine is able to work across multiple AML risk groups and age 

categories making it the primary chemotherapeutic to utilize and develop combination 

approaches with.   

Cytarabine disrupts DNA synthesis during the S-phase of the cell cycle by incorporating into 

the DNA of the leukemic cell114. Following nucleotide transporter uptake, Cytarabine 

undergoes phosphorylation to form an active metabolite cytarabine triphosphate (Ara-CTP). 

Ara-CTP competes nucleotide deoxycytidine triphosphate to incorporate into newly 

synthesized DNA by DNA polymerase54. This results in termination of production of the DNA 

strand. Thus, hindering DNA replication, damaging DNA and inducing apoptosis in leukemic 

cells. Due to its fast proliferation rate, leukemic cells uptake Cytarabine at higher rates than 

its healthy counterpart and suffer cell death in the malignant population. 

Although the standard “7+3” induction regimen achieves complete remission rates of 

approximately 65–80%, relapse or refractory disease frequently develops within two years 

indicating the cancer evolves to become resistant to treatment24. One study associated 

resistance in AML to a defect in the expression of deoxycytidine kinase (Dck), the enzyme 

required for cytarabine activation97, whereas other studies implicate metabolic adaptations 

such as increased oxidative phosphorylation47. Due to the heterogeneous nature of AML, 

even though cytarabine is employed across all AML subtypes, resistance mechanisms vary 

amongst patients. Increased cytarabine dosing has not consistently restored 
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responsiveness, suggesting that intrinsic cellular mechanisms rather than drug exposure 

alone drive resistance.  

Table 1. Summary of Chemotherapeutic Agents Selected for Drug Screening. A table of small 

molecule compounds selected for dose response assay highlighting the class of drug, mechanism of action, 

its relevance to AML and the clinical phase the drug is currently in.  

 

1.7 Translating Chemotherapeutic Efficacy from Preclinical Models to Clinical 

AML 

A study reported that only 7% of AML drugs successfully progress through all clinical trial 

phases to receive FDA approval62. This low success rate is largely attributed to the immune 

evasion of leukemic stem cells (LSCs) within the bone marrow (BM) niche, meaning 

treatments that show efficacy in preclinical research often fail to translate to human trials, 

hindering progression to later clinical phases. Common contributors to failed AML trials 

include patient heterogeneity, selection bias, absence of control groups and high drug 

development costs115. Optimizing trial design should be prioritized to improve the success 

of drug discovery efforts. 

Particularly when researchers utilized engineered scaffolds to support hematopoietic stem 

cell (HSC) survival co-cultured with stromal cells, the HSCs exhibited superior engraftment 

and long-term maintenance in vivo1. Similarly, a 3D scaffold derived from human bone 
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marrow stromal cells (BMSCs) was developed to replicate the BM microenvironment, 

allowing engrafted AML cells to be studied for leukemic cell development and progression 

within the niche4, demonstrating increased viability in cells on the scaffold. This alludes that 

altering culture platforms can help maintain the cells’ intrinsic characteristics and stem-like 

properties.  

These promising findings indicate that scaffolds present a more physiologically relevant ex 

vivo model for evaluating potential therapeutic strategies 15. For example, AML KG1 cells 

cultured on fibronectin coated scaffolds, a component of the ECM, revealed stronger 

adhesion and increased resistance to Cytarabine and Daunorubicin as observed in vivo in 

patients75.  Such models provide insight into mechanisms by which leukemia stem cells are 

protected within the BM niche and improve the development of strategies to enhance the 

cytotoxicity against AML cells. Importantly, scaffolds create a versatile platform for 

identifying these interactions while screening additional therapeutic candidates29, including 

those still in preclinical development or previously unsuccessful in clinical trials and serve 

as a preclinical test to evaluate their potential for future in vivo studies.  
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Acute myeloid leukemia (AML) cells, including leukemic stem cells (LSCs), interact 

dynamically with the bone marrow extracellular matrix (ECM), which has been implicated in 

disease progression, chemoresistance, and the persistence of therapy-resistant blasts 

leading to relapse109. The niche’s properties critically regulate cell survival, adhesion, 

mobilization, proliferation, lineage commitment, differentiation, and apoptosis50. Emerging 

evidence suggests that ECM components such as fibronectin and hyaluronan not only 

provide structural support but also actively maintain LSCs in a stem-like state, influencing 

drug resistance and cell morphology63. Despite these insights, most AML drug screening 

studies continue to rely on two-dimensional polystyrene cultures, which fail to recapitulate 

ECM-mediated protection and the complexity of the leukemic niche. 

To address this gap, ECM-enriched scaffold cultures provide a more physiologically relevant 

model, recreating structural and biochemical aspects of the niche and enabling closer 

examination of how ECM interactions influence leukemic cell survival and drug response. 

However, transitioning from conventional polystyrene to scaffold-based 2D cultures 

introduces technical challenges, particularly in drug screening and accurate cell 

quantification. It is proposed optimization of high-throughput screening approaches will 

enable precise measurement of AML drug responses in ECM-mimicking scaffold 

cultures and the identification of effective small-molecule chemotherapeutics, while 

capturing niche-mediated differences in chemoresistance. The overarching aim of this 

work is to optimize AML drug screening in ECM-relevant culture systems by:  

Aim 1: Design and Optimize an Effective Cell Quantification Assay 

The primary goal of the first aim is to develop a reliable and reproducible method for 

quantifying cells, which is critical for all subsequent analyses. To achieve this, we 

established a cell counting protocol using the Cytation C10, leveraging fluorescent staining 

for precise microscopy-based imaging. This allows accurate identification and enumeration 

of cells across different culture conditions. In parallel, we modified and optimized a cell 

viability procedure using the Cytation C10 in fluorescence plate reader mode, providing an 

alternative high-throughput approach. Together, these methods ensure that both cell 
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number and health can be assessed consistently, offering flexibility in experimental design 

and robustness in quantification across various conditions. 

Aim 2: Assessment of Cell Recovery and Baseline Viability in 2D Scaffold and 

Polystyrene Cultures 

The second aim addresses the challenge of efficiently recovering cells from engineered 

scaffolds while establishing baseline viability data across culture systems. By investigating 

different recovery agents and varying scaffold conditions, we aimed to optimize cell retrieval 

without compromising cell integrity. Establishing a baseline for cell viability on standard 

polystyrene plates and 2D scaffold cultures is equally important, as it provides reference 

points for evaluating the effects of drug treatments in subsequent experiments. This aim 

ensures that observed differences in cell response are reflective of treatment effects rather 

than technical variability in recovery or culture conditions. 

Aim 3: Evaluate the Efficacy of Selected Chemotherapeutic Compounds on OCI-

AML2 Leukemic Cells across Culture Conditions using Dose–Response 

Analysis  

The third aim focuses on assessing the effects of small molecule compounds on a human 

OCI-AML2 acute myeloid leukemia (AML) cell line. Using flow cytometry, we measure 

changes in cell viability and behavior in both 2D scaffold and polystyrene cultures, providing 

detailed insight into drug responses under different conditions. In addition, by comparing 

results obtained through flow cytometry with those from fluorescence plate reader assays, 

we aim to evaluate the consistency, sensitivity, and suitability of these screening 

approaches. This aim builds on the optimized quantification and recovery protocols from 

the first two aims, ensuring that observed responses accurately reflect cellular effects 

rather than technical variability as well identification of effective therapeutics. 
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3.1. Scaffold Fabrication 

To mimic the bone marrow niche, a physical structural scaffold is fabricated using collagen 

with the addition of extracellular matrix components as displayed in Figure 1. Collagen is 

identified as one of the extracellular matrix proteins that are abundant in the bone marrow 

niche and assist in the HSC adhesion to the bone surface, making it vital addition in creating 

the 2D scaffold37. 

A mixture of type I collagen (Cat.# C9879) was measured out in relation to a solution 

containing a dilution of acetic acid at a concentration of 0.05M. The mixture was sealed to 

swell the collagen for 8-48 hours at 4℃, which allows the collagen to rehydrate and form a 

thick gel-like slurry. The slurry was blended, over ice to prevent overheating and destroying 

the integrity of the collagen, removing any remaining collagen flakes. Using a bell jar, the 

slurry was degassed to eliminate air bubbles that may be present in the films. In the optimal 

scaffold used for the drug screen, a ratio of hydroxyapatite (mHA, 10 μm, Cat.# 900203) 

(mHA) and elastin (Cat.# E1625) (from Sigma-Aldrich Co.) were added. Hydroxyapatite and 

elastin were weighed out appropriately and added before titrating the mixture with glacial 

acetic acid. Blending was repeated before degassing the mixture once more, reassuring no 

air bubbles can persist in the films. 50 μL of the slurry were distributed into each well of a 

96-well plate. 

To produce 2D films, the 96-well plate containing the scaffold are left to evaporate for 24 

hours, which differs from the 3D scaffold that is freeze dried over the same course of time. 

Once the plate is dried, the plate is sterilized using x-ray technology in an x-ray irradiator for 

36 hours as seen in Figure 2.  
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Figure 2. 2D Scaffold Fabrication Process. Type I Collagen flakes are rehydrated for 8 hours in an acetic 

acid solution and homogenized by blending. ECM components: Elastin and Hydroxyapatite are mixed in 

and the mixture is degassed. The collagen slurry is dispensed into a 96-well flat bottom plates and spread 

evenly through centrifugation to produce films. In biosafety cabinets (BSCs), scaffolds are left to evaporate 

for 24-48 hours.  

3.2. Crosslinking of 2D Collagen Scaffolds  

Crosslinking is a significant process to improve the structural and mechanical stability of 

the collagen-based scaffold under cell culture conditions127. Prior to seeding scaffolds with 

cells, a crosslinking solution was prepared consisting of N-hydroxysuccinimide (NHS; Cat. 

#6066-82-6, Sigma-Aldrich Co. Ltd., UK) and 1-ethyl-3-(3-dimethylaminopropyl) 

carbodiimide hydrochloride (EDC; Cat. #161462, Sigma-Aldrich Co. Ltd., UK) at a molar ratio 

of 5:2:1 (EDC:NHS:collagen), where the crosslinking solution was prepared by dissolving 

1.15 mg EDC and 0.276 mg NHS in 80% (v/v) ethanol per 1 mg of collagen. The solution was 

dispensed onto 2D scaffolds to submerge them and incubated for 3 hours at room 

temperature while agitated on a microplate shaker (FisherBrand, USA) at 200 rpm. 

Following incubation, the scaffolds were washed 3 times with phosphate-buffered saline 

(PBS; Dulbecco’s phosphate-buffered saline powder, Cat. #D5652, Sigma-Aldrich Co. Ltd., 

UK, diluted in Milli-Q water and sterilized) to remove residual crosslinking reagents. After the 

final wash, scaffolds were stored in PBS at room temperature until further use. 

3.3 Cell Culture 

The leukemic cell line acute myeloid leukemia (AML) OCI-2 were obtained from Dr. Mark 

Minden’s laboratory. Cells were expanded and maintained in α-minimum essential medium 

without phenol (αMEM; Cat.# 41061029, Thermo Fisher Scientific) supplemented with 10% 
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fetal bovine serum (FBS; Cat. #12483-020, Thermo Fisher Scientific, USA), 1% penicillin–

streptomycin (Cat. #10378-016, Thermo Fisher Scientific, USA), and 1% L-glutamine (Cat. 

#25030164, Thermo Fisher Scientific, USA).  

3.4 CFU Assay  

A colony forming unit (CFU) assay assesses the clonogenic potential of cells by measuring 

their ability to proliferate, survive and form colonies. It is utilized in determining the 

progenitor function, differentiation and treatment response in leukemic and haemopoietic 

cells. OCI AML-2 cells cultured on polystyrene dishes were counted to suspend 500 cells in 

50µl of media mixed with 500µl of MethoCult (Cat.# 4434, Stem Cell Technologies) and 

dispensed into each of the inner wells of a 24-well plate. The remaining wells were filled with 

1 mL of PBS maintain hydration of the methylcellulose. The cells were incubated for 14 days, 

with images taken periodically throughout the growth period using a phase-contrast 

microscope to monitor and identify colony growth.  

3.5 Cell Counting using Automated Imaging 

For high-content screening (HCS), automated fluorescence imaging was used to assess 

cells cultured on polystyrene and scaffolds at multiple time points and dye concentrations. 

OCI AML-2 cells suspended in 1 mL of phenol-free OCI AML-2 media were counted with 

Trypan Blue using the Countess machine and a dilution to achieve 3.6x10^6 cells in 4 mL of 

media. Cells were seeded at volume of 100µL/well with a cell number of 10,000 cells/well. 

An DMSO-free cell tracking red dye (Cat.# ab269446, abcam) 1:20 labelling solution was 

made to be a 2X stock stain. This stain was further diluted to various stain concentrations —

1:100, 1:1,000, and 1:10,000. The total volume was brought up to 200 µL by adding 100 µL of 

the red dye stain concentrations.  

The 96-well plate was divided for the time intervals of T0 and T24, each column containing 2 

replicates had a differing stain concentration. Cells were seeded onto a standard 

polystyrene 96-well plate as well as a 96-well plate containing the 2D scaffold. Hoechst 

33342 (Cat.# H3570, Invitrogen) was added to the wells on the day they were imaged, a 5X 
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stock was made for a 1:10,000 stain concentration in a 50 µL volume to be added into each 

well bringing the total volume per well up to 250 µL.  

Confocal microscopy imaging was performed on the Agilent BioTek Cytation C10 Confocal 

Imaging Reader, confocal imaging was utilized to obtain clear images of the cells seeded. 

This experiment established a protocol that could be followed and further optimized to 

create a baseline for the best staining conditions as well as effectively imaging on the 

scaffolds, using imaging can quantify cells to cell count for the drug screen.  

3.6 Establishing Cell Counting Procedure via Plate Reader  

To determine a reliable cell counting method for a high-throughput drug screen (HTS), a 

plate reader was selected to perform a cell count by generating a standard curve and test 

various cell concentrations to assess accuracy. OCI-AML2 cells were seeded onto 96-well 

flat bottom plates, in standard polystyrene and scaffold conditions at varying 

concentrations of 12500, 25000, 50000 and 100000 cells per well. A standard curve in 

polystyrene was generated using cell concentrations ranging from 1,000,000 to 3,125 cells 

per well in a 96-well black plate with a clear bottom, plated in triplicate.  

The cells for the standard curve and cell concentrations samples were stained with 

AlamarBlue (cat. #DAL1025, Thermo Fisher Scientific), incubated for 1 hour and centrifuged 

to pellet the cells. The supernatant was collected and transferred to a 96-well black plate 

with a clear bottom for a plate read in the Agilent BioTek Cytation C10 Confocal Imaging 

Reader. The resulting cell pellets were resuspended in PEF (PBS, FBS, and EDTA) and stained 

with Hoechst 33342 (1:5,000 dilution in PEF; Cat. #H3570, Invitrogen) and 7-AAD (1:25 

dilution in PEF; Cat. #6996-50, Fisher Scientific). Following staining, cells used for the 

standard curve and varying cell concentrations were washed once with PEF, resuspended 

in fresh PEF and transferred to a 96-well (clear bottom) black plate for fluorescence 

measurement for total cell and dead cell counts.  

3.7 Cell Recovery Optimization  

As recovery is determined to be the primary method of harvesting cells from the scaffold, 

cell recovery methods are assessed with various recovery agents and testing this on the 
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control and with varying preparation of the scaffold, crosslinked versus non-crosslinked. 

Five recovery agents — PBS, EDTA (cat.# T9285,Sigma Aldrich), Cell Disassociation Buffer 

(Cat. # 100-0485, Stem Cell Technologies), Accutase and Trypsin (Figure 3) were dispensed 

at 20 uL per well in a 96-well flatbottom plate with cultured cells on polystyrene and 

scaffolds following 1 hour and 72 hours incubations. 60 uL of media/PBS were added on to 

all samples to deactivate enzyme activity for reagents requiring deactivation. Remaining 

solution is collected and transferred to a 96-well round bottom plate. The plate was 

centrifuged at 300X G for 5 minutes to collect a cell pellet, the supernatant is discarded for 

the cell pellet to be resuspended in 100 uL of PEF. Hoechst 33342 and 7-AAD were added 

for live/dead discrimination to assess which recovery agent resulted in the highest cell 

viability. 

 

Figure 3. Schematic overview of the experimental workflow used to evaluate cell viability in scaffolds 

vs. polystyrene in AML cells with various cell recovery agents. Cells are seeded at 50,000 cells per well 

in either standard polystyrene plates or ECM-mimetic scaffolds (crosslinked or non-crosslinked). Following 

treatment, cells are retrieved from scaffolds using recovery reagents (e.g., PBS, EDTA, Accutase, or 

trypsin). Recovered cells are stained with Hoechst 33342 to label nuclei and 7-AAD to assess cell viability. 
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3.8 Implementation of Flow Cytometry for Cell Quantification 

To obtain accurate and reliable cell counts, flow cytometry was applied as an alternative 

technique using the Agilent NovoCyte Opteon Spectral Flow Cytometer. OCI-AML2 cells 

were cultured in a 96-well plate for both polystyrene and in scaffolds, designed to mimic the 

bone marrow niche to assess potential differences between the two culture conditions on 

cell viability. Furthermore, establishing a baseline of the OCI-AML2 cell viability on 

polystyrene and scaffold without undergoing treatment is important in understanding how 

the cell populations behave in response to the two conditions and how interventions affect 

cell viability.  

Figure 4. displays culture conditions with standard media and media with 0.1% DMSO, 

which were tested to determine cell survival before adding any drug treatment through 

staining with membrane integrity dyes: Hoechst 33342 and 7-AAD. Media containing 0.1% 

DMSO was being evaluated due to DMSO being used to dissolve small-molecule drugs at 

this concentration and considered the standard in drug testing without compromising 

cells83. OCI-AML2 cells were seeded onto polystyrene and crosslinked 2D scaffolds and 

incubated over a period of 72 hours. Cells were recovered by washing three times with PBS, 

resuspended in PEF and stained with dyes to be quantified on the flow cytometer. 
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Figure 4. Protocol for baseline cell viability assay using OCI AML-2 cells following 72 hours 

incubation. OCI AML-2 cells are treated in two conditions: untreated and untreated with 0.1% DMSO 

concentration (standard in drug screening), following 72 hour incubation cells are recovered and stained 

with Hoechst 33342 and 7AAD for live/dead discrimination then analyzed on flow cytometer.  

3.9 High-Throughput Dose Response Drug Screen 

OCI-AML2 cells were utilized as a model to exhibit how chemotherapeutic drugs impact cell 

viability. 5-Flourouracil (Cat, # F6627-1G, Sigma Aldrich), Daunorubicin (Cat.# AAJ60224MA, 

Thermo Fisher Scientific), Sorafenib (Cat.# SML2653, Sigma Aldrich), Filanesib (Cat.# HY-

15187, MedChemexpress CO.,Ltd), Zosuquidar Hydrochloride (Cat.# SML1044, Sigma 

Aldrich), Cytarabine (Cat.# 449560010, Thermo Fisher Scientific), and Thioridazine (Cat. # 

T9025, Sigma Aldrich) were dissolved in DMSO to a 10 mM concentration (Fig. 5).  

For dose response assays, the 10 mM drug stocks were diluted further to concentrations of 

0.001 uM, 0.01 uM, 0.1uM, 1 uM, and 10 uM. OCI-AML2 cells with drug treatment were 

cultured on both a 96-well flatbottom plate for polystyrene and scaffold conditions by 

adding the 10x drug stocks to cell suspension and incubated over a period of 72 hours. 

Following the 72-hour incubation, cell suspension was recovered utilizing the optimized cell 

recovery method. PEF was used for resuspension and staining with our membrane integrity 

dyes — Hoechst 33342 and 7-AAD. Results were analyzed by flow cytometry to quantify live 

and dead cell counts, with gating and data interpretation carried out in the NovoExpress 

software. 
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To compare a high-throughput versus high-content drug screening, a parallel experiment 

was run simultaneously on the plate reader of the Agilent BioTek Cytation C10 Confocal 

Imaging Reader via AlamarBlue staining. The daughter plate produced from the master plate 

with drug treatment was stained with AlamarBlue alongside a standard curve covering the 

expected range of cells. Cells were incubated at 37℃ for 1 hour, following incubation cells 

were centrifuged and supernatant was transferred to a 96-well optical-bottom black plate 

for analysis on the plate read function.  

 

 

Figure 5. Flow cytometry–based dose–response drug screening of AML cells. AML cells were treated 

with increasing concentrations of 5-fluorouracil, daunorubicin, sorafenib, filanesib, zosuquidar, 

thioridazine and cytarabine to evaluate drug sensitivity across concentrations. Following treatment, 

cell viability was quantified using flow cytometry to determine the proportion of live and dead cells at each 

dose. Dose–response curves were generated to assess the relative cytotoxic effects of each compound and 

to enable comparison of drug efficacy across treatments. 
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3.10 Statistical Analysis 

Data represented through graphical visualization and statistical analyses were performed 

using GraphPad Prism (Version 10.0; GraphPad Software Inc., La Jolla, CA, USA). Data is 

presented as the mean ± standard error of the mean (SEM) and standard deviation (SD). 

Three technical replicates were used to determine statistical significance. A one-way 

ANOVA was applied in the cell recovery experiment to evaluate culture condition as the 

independent variable, while a two-way ANOVA was used in the dose–response assay to 

examine the effects of both culture condition and drug treatment as independent variables, 

with multiple comparisons performed using Tukey’s test.  

Dose–response curves were generated using nonlinear regression (four-parameter logistic 

model) to accurately model sigmoidal relationships and calculate IC₅₀ values; differences 

between polystyrene and scaffold conditions were assessed using an extra sum-of-squares 

F-test to determine whether separate curve fits significantly improved the model. 

Independent variables for the one-way ANOVA was culture condition while the independent 

variables for the two-way ANOVA were culture conditions and drug compounds.  

Statistical testing assumptions passed normality test (Shapiro-Wilk) for one-way and two-

way ANOVAS performed throughout experiments. Testing assumptions for linear and non-

linear regression curves using residual plot with confidence intervals determined a good fit 

for dose standard curve and dose-response curves, making for a reliable fit.  

The levels of statistical significance are indicated by asterisks, corresponding to P-values as 

follows: * for P < 0.05, ** for P < 0.01, and *** for P < 0.001. Error bars in the graphs indicate 

± SEM. 
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4.1 Design and Optimize an Effective Cell Quantification Procedure 

4.1.1 Microscopy Imaging–Based Cell Count 

To assess the stability of the Cell-Tracking Red fluorescent dye staining for visualizing over 

a 72 hour period, cells were cultured on polystyrene and scaffold across varying dilutions at 

two time periods on the Agilent BioTek Cytation C10 Confocal Imaging Reader. In 

polystyrene cultures, Cell Tracking Red Dye fluorescence intensity was higher at the 0-hour 

time point (Figure 6.1) compared with 24 hours, however cellular morphology was poorly 

resolved and less comparable to Hoechst nuclear staining. At the 0-hour timepoint for 

polystyrene, the 1:1,000 dilution fluorescence imaging demonstrated optimal clarity, 

characterized by prominent cellular signal and enhanced contrast relative to background. 

Greater colocalization between the Red Dye and Hoechst signal was observed at 24 hours 

in polystyrene (Figure 6.2), with the 1:1,000 dilution producing the most optimal imaging 

quality under these conditions. 
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Dual-Stain Signal Maintained at T0 Timepoint in Polystyrene 

 

 

 

 

Figure 6.1. T0 dual stain of cell of Hoechst and Cell Tracker dye in polystyrene. Confocal microscopy 

imaged obtained with stain dilutions of 1:100, 1:1,000 and 1:10,000 from cell tracking red dye cells and a 

1:10,000 dilution of Hoechst 33342 on T0 timepoint in polystyrene only. Images are taken in 20X 

magnification.  
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Dual-Stain Signal Remained Strong at T24 Timepoint in Polystyrene  

 

 

 

 

Figure 6.2. T24 dual stain of cell of Hoechst and Cell Tracker dye in polystyrene. Confocal microscopy 

imaged obtained with stain dilutions of 1:100, 1:1,000 and 1:10,000 from cell tracking red dye and a 

1:10,000 dilution of Hoechst 33342 on T24hr timepoint in polystyrene only. Images are taken in 20X 

magnification. 

 

In scaffold cultures, autofluorescence from scaffold components generated background 

interference, although dye signal remained detectable through the matrix. At the 0-hour 

scaffold condition (Figure 6.3), cells were most discernible at the 1:100 dilution, whereas 

after 24 hours (Figure 6.4) cells were visible at both 1:100 and 1:10,000 dilutions. Detecting 

the optimal concentration between 1:100 and 1:10,000 dilutions can be difficult to 

distinguish due to scaffold interference. 
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Autofluorescence in Scaffold Interferes with Hoechst and CellTracker Staining at T0 
Timepoint 

 

 

 

 

Figure 6.3. T0 dual stain of cell of Hoechst and Cell Tracker dye in scaffold. Confocal microscopy 

imaged obtained with stain dilutions of 1:100, 1:1,000 and 1:10,000 from cell tracking red dye and a 

1:10,000 dilution of Hoechst 33342 on T0 timepoint in scaffold. Images are taken in 20X magnification. 

 

Although OCI-AML2 cells cultured on scaffolds were successfully visualized by microscopy, 

automated image analysis using Agilent BioTek Gen5 software was not feasible as 

background scaffold components were detected as cells. Adjustment of cell size and 

morphology parameters did not improve discrimination between cells and scaffold. Manual 

counting in ImageJ was also impractical due to cell overlap and high cell density, precluding 

its use for high-throughput drug screening. Consequently, quantitative image-based cell 

counts and statistical analyses were not obtained, no significance testing was performed 

for microscopy-derived measurements. 
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Scaffold Artifacts Increase in Autoflourescence in Scaffold with Hoechst and 
CellTracker Staining at T24 Timepoint 

 

 

 

 

Figure 6.4. T24 dual stain of cell of Hoechst and Cell Tracker dye in scaffold. Confocal microscopy 

imaged obtained with stain dilutions of 1:100, 1:1,000 and 1:10,000 from cell tracking red dye and a 

1:10,000 dilution of Hoechst on T24hr timepoint in scaffold. Images are taken in 20X magnification. 

 

4.1.2 Plate Reader–Based Cell Quantification 

An AlamarBlue-based plate reader assay was developed and validated for fluorescence-

derived cell quantification, enabling comparison of metabolically active cell numbers 

between polystyrene and scaffold cultures. Fluorescence measurements were obtained 

using a plate reader to quantify cell densities of 50,000, 100,000, 200,000, and 400,000 cells 

(Figure 7B). A standard curve was generated with AlamarBlue to relate relative fluorescence 

units (RFU) to cell number across a range of 3,125–500,000 cells (Figure 7A) and the 
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resulting regression equation was used to convert sample RFU values into estimated cell 

counts. Both polystyrene and scaffold cultures were analyzed, with scaffold conditions 

demonstrating significantly greater metabolic activity than polystyrene. At each seeding 

density, scaffold cultures showed a statistically significant increase compared with 

polystyrene (P < 0.01). Statistical analyses were performed in GraphPad Prism using two-

way ANOVA followed by Tukey’s multiple comparisons test. 

Metabolic Activity for OCI AML-2 Cells Increased on Scaffold Versus Polystyrene 

 

Figure 7. A) An Alamar Blue standard curve to assess metabolic activity following 72 hours of 

incubation. Standard curve ranged from 3125-500,000 cells with replicates of three, the r2 value is 

0.09762. B) Metabolic assay of metabolically active cells following 72-hour incubation in PS and 

scaffold. Calculated based on equation from standard curve. Data represents n=3 independent samples per 

conditions. Values are mean ± SD. Statistical analysis by 2-way ANOVA with Tukey's multiple 

comparisons test. 

 

In Figure 8A, a Hoechst 33342 standard curve (3,125–500,000 cells) was generated for 

live/dead discrimination, the resulting regression equation was used to convert relative 

fluorescence units (RFU) from the standarve curve into estimated total cell counts. 

Fluorescence measurements were obtained by plate reader to quantify total cell numbers 

at seeding densities of 50,000, 100,000, 200,000 and 400,000 cells.  
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Through a two-way ANOVA with Tukey’s multiple comparisons test, comparison of 

polystyrene and scaffold cultures revealed no statistically significant differences, with a 

statistically significant difference determined as a P-value less than 0.05. Figure 7B 

illustrates that after 72 hours of incubation, polystyrene cultures exhibited higher total cell 

numbers at 50,000 and 400,000 seeding densities, whereas scaffold cultures showed 

greater cell numbers at 100,000 and 200,000 when looking at means of each replicate. 

Under typical growth conditions, higher initial seeding densities are expected to yield 

proportionally greater cell numbers however in this assay cell counts increased up to 

200,000 cells and then declined at the 400,000 seeding density. 

Reliable Viability Assessment Using Validated Hoechst Quantification 

 

Figure 8. A) A Hoechst 33342 standard curve to assess total cell number following 72 hours of 

incubation. Standard curve ranged from 3125-500,000 cells with replicates of three, the r2 value is 

0.09445. B) Cell viability assay of total cells following72 hour incubation in PS and scaffold. Calculated 

based on equation from standard curve. Data represents n=3 independent samples per condition. Values are 

mean ± SD. Statistical analysis by 2-way ANOVA with Tukey's multiple comparisons test. 

 

Plate reader fluorescence was used to estimate dead cell numbers at seeding densities of 

50,000, 100,000, 200,000 and 400,000 cells in Figure 9B. A propidium iodide (PI) standard 

curve spanning 3,125–500,000 cells (Figure 9A), was generated for viability discrimination 

and the derived regression model was applied to convert RFU values into dead cell counts. 

At the lowest seeding density (50,000 cells), higher levels of cell death were observed than 
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other seeding densities, scaffold cultures exhibit fewer dead cells than polystyrene at this 

density. In contrast at 200,000 cells, scaffold conditions showed increased cell death 

relative to polystyrene, other cell concentrations display a negligible difference between 

polystyrene and scaffold. 

Standardized Propidium Iodide Assay for Dead Cell Quantification in PS versus 
Scaffold 

 

Figure 9. A) A propidium iodide standard curve (via RFU) to assess dead cell number following 72 

hours of incubation. Standard curve ranged from 3125-500,000 cells with replicates of three, the r2 value 

is 0.9839. B) Cell viability assay of dead cells following72 hour incubation in PS and scaffold. 

Calculated based on equation from standard curve. Data represents n=3 independent samples per condition. 

Values are mean ± SD. Statistical analysis by 2-way ANOVA with Tukey's multiple comparisons test. 

 

4.2 Optimization of Scaffold Cell Recovery and Viability Assay Validation 

4.2.1 Evaluation of Cell Recovery from Scaffolds Across Varying Conditions 

Cell recovery efficiency was evaluated using an OCI-AML2 viability assay on the Agilent 

NovoCyte Opteon Spectral Flow Cytometer after 1 hour of incubation. Cells were stained 

with Hoechst 33342 and 7-AAD to distinguish live and dead populations and quantify 

recovered cell numbers. Recovery agents tested included PBS, EDTA, cell dissociation 

buffer (CDB), accutase, and trypsin across polystyrene (Figure 10), crosslinked scaffold, and 

non-crosslinked scaffold conditions. Through a two-way ANOVA statistical analysis with 

Tukey's multiple comparisons test, comparison of scaffold versus polystyrene cultures for 
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each reagent showed no significant differences overall, except between polystyrene and 

non-crosslinked scaffold in the CDB condition (Figure 10C) defined by a P-value less than 

0.05. Within scaffold conditions, non-crosslinked scaffolds consistently yielded higher 

recovered cell numbers than crosslinked scaffolds across all reagents (Figure 10A, B). 

Polystyrene cultures generally produced greater recovery than scaffold conditions for every 

reagent.  

Using PBS as the reference control (Figure 10), it produced the greatest recovery at 1 hour 

and was significantly higher than accutase and trypsin (P < 0.0001) (Figure 10H, I). The 

elevated PBS recovery at this early time point likely reflects limited cell embedding within 

the scaffold after only 1 hour of culture; therefore, experiments were repeated following 72 

hours of incubation. Statistical analyses were performed in GraphPad Prism using two-way 

ANOVA with Tukey’s multiple comparisons test. 
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Various Recovery Agents Tested on PS, Crosslinked and Non-Crosslinked Scaffolds 
following 1 Hour Incubation with Comparison to PBS 

Figure 10. Cell viability for various cell recovery methods: A) PBS, B) EDTA, C) CDB, D) Accutase 

and E) Trypsin, were assessed after 1 hour of incubation in PS, Crosslinked and Non-Crosslinked 

scaffolds by counting absolute live cell count conducted through flow cytometry using stains Hoechst 3342 

and 7AAD. Cell viability for various cell recovery methods: F) EDTA, G) CDB, H) Accutase and I) 

Trypsin, were compared to control PBS in PS, Crosslinked and Non-Crosslinked scaffolds by 

counting absolute live cell count conducted through flow cytometry using stains Hoechst 3342 and 7AAD. 

Values are mean ± SEM. Statistical analysis by 2-way ANOVA with Tukey's multiple comparisons test. 

 

In Figure 11, cell recovery was evaluated again after 72 hours of incubation. PBS, EDTA, cell 

dissociation buffer (CDB), accutase, and trypsin were applied as recovery agents across 

polystyrene, crosslinked scaffold, and non-crosslinked scaffold conditions. Overall, 

comparisons with three technical replicates between scaffold and polystyrene cultures for 

each reagent showed no significant differences, except for accutase and trypsin (statistical 

analysis via a two-way ANOVA with Tukey’s multiple comparisons test defined by a P≤ 0.01). 

Non-crosslinked scaffolds yielded higher cell recovery than crosslinked scaffolds with PBS, 

EDTA, and CDB, however with no statistical significance (Figure 11A, B, C). In contrast, with 
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accutase and trypsin (Figure 11D, E), crosslinked scaffolds produced significantly greater 

recovered cell numbers than non-crosslinked scaffolds (P ≤ 0.01). Polystyrene cultures 

exhibited the greatest recovery across all reagents (Figure 11). Using PBS as the reference 

control demonstrated the highest overall recovery (Figure 11F, G), with significant 

differences relative to accutase and trypsin (P ≤ 0.01) (Figure 11H, I). Consistent with the 1-

hour recovery experiment, PBS was identified as the most effective recovery agent. 

PBS Remains Most Effective Compared to Other Recovery Agents After 72 Hours 

Figure 11. Cell viability for various cell recovery methods: A) PBS, B) EDTA, C) CDB, D) Accutase 

and E) Trypsin, were assessed after 72 hours of incubation in PS, Crosslinked and Non-Crosslinked 

scaffolds by counting absolute live cell count conducted through flow cytometry using stains Hoechst 3342 

and 7AAD. Cell viability for various cell recovery methods: F) EDTA, G) CDB, H) Accutase and I) 

Trypsin, were compared after 72 hours of incubation to control PBS in PS, Crosslinked and Non-

Crosslinked scaffolds by counting absolute live cell count conducted through flow cytometry using stains 

Hoechst 3342 and 7AAD. Values are mean ± SEM. Statistical analysis by 2-way ANOVA with Tukey's 

multiple comparisons test. 
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4.2.2 Viability Assay Validation 

To establish a baseline of OCI-AML2 cell viability, OCI-AML2 were assessed by flow 

cytometry using Hoechst 33342 and 7-AAD staining to discriminate live and dead 

populations. Establishing baseline growth of leukemic cells enabled comparison with drug-

treated conditions to assess treatment effects on cell survival over 72 hours. Drug 

responses are commonly evaluated at 24 hours, extending the treatment duration allowed 

assessment of longer-term effects on cell survival. Leukemic cells were seeded at 50,000 

per condition in polystyrene (PS) and scaffold cultures under standard media or media 

containing 0.1% DMSO and incubated for 72 hours. 

In Figure 12A, scaffold cultures yields higher live cell recovery than PS in both untreated and 

0.1% DMSO conditions. Dead cell counts were lower in scaffold than PS under untreated 

media, whereas in 0.1% DMSO conditions scaffold cultures showed slightly higher dead cell 

numbers than PS (Figure 12B). These differences were not statistically significant for either 

live or dead cell counts assessed through a two-way ANOVA with Tukey’s multiple 

comparisons test.  

Live cell numbers were reduced in 0.1% DMSO relative to untreated conditions, while dead 

cell counts were higher in untreated media than in 0.1% DMSO. Figure 12C, percent viability 

showed a greater proportion of viable cells in scaffold cultures compared with PS. 
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Live Cells and Cell Viability Increased in Scaffold in both Media and Media (w/ 0.1% 
DMSO) 

 

Figure 12. A) Cell viability of total cells establish baseline of OCI-AML2 cells following 72 hour 

incubation on polystyrene and scaffold. Absolute cell counts from Hoechst 33342 staining determined 

total number of cells. B) Assessment of dead cells recovered from PS and scaffold are stained with 

dead cell stain 7-AAD. C) Percentage of viability analyzed through live/dead discrimination using 

formula and data acquired by gating live cell populations. Values in replicates of three and are mean ± 

minimum and maximum. Statistical analysis by 2-way ANOVA with Tukey's multiple comparisons test. 

 

4.3 Identification of Compounds Targeting OCI-AML2 Cells by Dose–Response 
Analysis 

4.3.1 AML OCI-2 Response to Chemotherapeutic Treatment on Polystyrene and 2D Scaffolds  

To evaluate a high-content flow cytometry–based approach for quantifying live cell numbers 

following chemotherapeutic treatment, OCI-AML2 cells were seeded in polystyrene and 

scaffold cultures to be treated for 72 hours with seven drugs (5-fluorouracil, daunorubicin, 

sorafenib, filanesib, zosuquidar, thioridazine, and cytarabine). Cell viability was 

subsequently assessed by live/dead gating using an Agilent NovoCyte Opteon 4-laser 

spectral flow cytometer and the NovoExpress software. Dose–response analyses were 

performed across three biological replicates to compare drug sensitivity of AML cells and if 

AML cells respond similarly over different time points. Biological replicates in this 

experiment are considered to be cells from different passage cycles and performed at 
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various time points. To determine statistical significance, nonlinear regression curves were  

compared between conditions along with an extra sum-of-squares F-test, where p value < 

0.05 to be considered a statistically significant difference between curves. Dose–response 

curves were generated using nonlinear regression (four-parameter logistic model) to 

accurately model sigmoidal relationships and calculate IC₅₀ values; differences between 

polystyrene and scaffold conditions were assessed using an extra sum-of-squares F-test to 

determine whether separate curve fits significantly improved the model. 

For 5-fluorouracil, IC₅₀ values varied between replicates but were generally higher in 

scaffold cultures than in polystyrene in two of three replicates (Replicate 1: 3.398 vs 1.047 

µM (Figure 13A); Replicate 2: 1.134 vs 0.00045 µM (Figure 13B), indicating reduced 

sensitivity on scaffold.  In Replicate 3 (Figure 13C) IC₅₀ values were similar between 

conditions (0.980 vs 0.807 µM), suggesting minimal effect. 

For Figure 13, daunorubicin IC₅₀ values were consistently low in both platforms across all 

replicates, reflecting high potency. Scaffold cultures exhibited slightly lower IC₅₀ values than 

polystyrene in each replicate (Replicate 1: 0.00041 vs 0.00172 µM (Figure 13D), Replicate 2: 

0.00228 vs 0.00429 µM (Figure 13E), Replicate 3: 0.00046 vs 0.00039 µM(Figure 13F)), 

indicating comparable or slightly increased sensitivity in scaffold conditions. 

For sorafenib in Figure 13, greater variability between conditions and replicates was 

observed. In replicate 1 (Figure 13G), scaffold IC₅₀ was markedly higher than polystyrene 

(4.524 vs 0.273 µM), indicating reduced sensitivity on scaffold. Replicate 2 (Figure 13H) 

showed a measurable IC₅₀ in polystyrene (0.381 µM) but an unstable fit in scaffold cultures. 

In Replicate 3 (Figure 13I), scaffold IC₅₀ was substantially higher than polystyrene (561.8 vs 

0.068 µM).  
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Differential Response Exhibited with Microenvironment-Dependent Resistance in 
Select Drugs and Condition-Insensitivity in High-Potency Drugs  
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Figure 13. Dose–response and IC₅₀ analysis of A-C) 5-Flourouracil, D-F) Daunorubicin, G-I) 

Sorafenib, J-L) Filanesib, M-O) Zosuquidar, P-R) Thioridazine and S-U) Cytarabine in AML cells 

cultured on polystyrene and crosslinked scaffold. Drug response after 72 hours of incubation in 

polystyrene (PS) and crosslinked scaffold conditions were evaluated at 0.001, 0.01, 0.1, 1, and 10 µM by 

quantifying absolute live cell counts using flow cytometry with Hoechst 33342 and 7-AAD staining. Values 

are normalized mean ± SEM, each graph representing a biological repeat. Dose–response curves were fitted 

by non-linear regression, and IC₅₀ values derived from the fitted curves are indicated. 
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For filanesib (Figure 13J, K, L), both culture systems exhibited near-complete loss of viability 

at low micromolar concentrations, with highly consistent IC₅₀ values across replicates (~2.9 

× 10⁻⁴ µM). The overlap of the polystyrene and scaffold curves and nearly identical IC₅₀ 

estimates indicate comparable drug sensitivity between the two culture conditions. 

In contrast, zosuquidar (Figure 13M, N, O) did not present typical IC₅₀ curves across all 

replicates. Cell viability remained relatively constant across the concentrations in both 

polystyrene and scaffold cultures, preventing reliable curve fitting and resulting in unstable 

IC₅₀ estimates. This was consistent between culture conditions, indicating a lack of 

measurable cytotoxic response within the tested doses.  

Thioridazine exhibited variable IC₅₀ curves across replicates and culture systems. In 

replicate 1(Figure 13P), both conditions showed dose–response behavior, with a rightward 

shift in the scaffold curve corresponding to a higher IC₅₀ (6.1 µM) compared with polystyrene 

(1.7 µM). Replicate 2 (Figure 13Q) demonstrated a clear dose–dependent decline in 

polystyrene viability (37.6 µM), whereas the scaffold data did not support stable IC₅₀ 

estimation. In replicate 3 (Figure 13R), both conditions produced measurable IC₅₀ values, 

again with greater sensitivity in polystyrene (7.9 × 10⁻⁴ µM) than scaffold (2.5 × 10⁻³ µM). A 

significant difference between culture conditions was observed at 10 µM, where cells in 

scaffold culture retained higher viability, whereas polystyrene cultures showed near-

complete loss of viable cells. However, results remained inconsistent across all replicates 

to draw conclusions. 

Cytarabine responses in Figure 13S, T, U were consistent across replicates and IC₅₀ curves 

in both culture conditions. Although scaffold cultures required slightly higher drug 

concentrations to achieve comparable effects, the differences were minimal. IC₅₀ values 

ranged from 0.00553–0.07086 µM in scaffold and 0.03728–0.07774 µM in polystyrene. 

Overall, cytarabine responses were comparable between scaffold and polystyrene 

conditions. 
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Table 2. Drug Effects Observed Summarized in Repeated Experiments. IC50 values on polystyrene 

and scaffold averages with ± 1 to summarize effective dosage. Statistical anaylsis was assessed through an 

extra sum-of-squares F-test for comparison as well as t-test where significance is defined as a p-value less 

than 0.05. Astericks (*) indicating large variability between biological repeats.  

 

4.3.2 Comparison of Drug Response Assays: Flow Cytometry Versus Plate Reader 

Across the tested chemotherapeutic compounds on the flow cytometer, AML cells cultured 

on the crosslinked scaffold exhibited drug responses that were comparable to those in 

polystyrene, with compound-specific shifts in IC₅₀ indicating condition-dependent 

differences in sensitivity (Figure 14). 

For 5-fluorouracil (Figure 14A), IC₅₀ values were similar between PS (1.249 µM) and scaffold 

(1.228 µM), indicating minimal effect of culture platform on sensitivity. Daunorubicin (Figure 

14B) and filanesib (Figure 14G) likewise showed nearly identical IC₅₀ values between 

conditions, suggesting preserved potency in scaffold culture as seen in figure 14.  

In contrast, sorafenib (Figure 14C) and zosuquidar (Figure 14D) exhibited significantly higher 

IC₅₀ values in scaffold relative to PS (sorafenib: 0.795 µM vs 0.135 µM, zosuquidar: 1.942 µM 

vs 0.151 µM). Cytarabine showed the opposite trend in figure 14F, with a lower IC₅₀ in 

scaffold than PS (0.018 µM vs 0.026 µM), suggesting increased sensitivity in scaffold culture. 
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Thioridazine dose–response curves in figure 14E did not reach a stable inhibitory range, 

precluding reliable IC₅₀ estimation in either condition. 

Significance was assessed by running a nonlinear regression curve to compare curves for 

an extra sum-of-squares F-test, where p-value < 0.05 to be considered a statistically 

significant difference between the curves.  

Consistent Drug Effects Observed in Replicated Experiments using Flow Cytometry 

 

Figure 14. Dose–response curves and IC₅₀ comparison of antileukemic compounds in AML cells 

cultured on polystyrene and crosslinked scaffold via Flow Cytometry. AML cells were treated for 72 

hours with A) 5-fluorouracil, B) daunorubicin, C) sorafenib, D) zosuquidar, E) thioridazine, F) 

cytarabine or G) filanesib across the indicated concentration ranges. Drug response was quantified as 

normalized live cell counts by flow cytometry using Hoechst 33342 and 7-AAD staining. Symbols represent 

mean ± SEM for polystyrene and scaffold cultures. Dose–response curves were fitted by non-linear 

regression, and IC₅₀ values derived from the fitted curves are shown for each condition; unstable fits are 

indicated where applicable. 
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A parallel AlamarBlue assay (Figure 15) was run alongside from the same samples on the 

Agilent Cytation C10 Imaging plate reader, AlamarBlue can assess the metabolic activity of 

cells though it is not a direct correlation to cell number. An AlamarBlue standard curve 

demonstrated a strong linear correlation between fluorescence intensity and cell number 

(R² = 0.9571), confirming the reliability of the assay for quantifying cell viability (Fig. 15A).  

IC₅₀ dose–response curves were generated using fluorescence reads from tested 

chemotherapeutic compounds, revealing differences to those generated via flow 

cytometry. Scaffold cultures were more sensitive to 5-fluorouracil (IC₅₀ = 0.01728 µM vs 

1.200 µM in polystyrene) (Figure 15B) and sorafenib (0.02523 µM vs 0.2868 µM) (Figure 15D). 

In contrast, daunorubicin showed greater potency in polystyrene (0.0004597 µM) than 

scaffold (0.002507 µM) in figure 15C. Filanesib exhibited nearly identical, highly potent IC₅₀ 

values in both systems (~3 × 10⁻⁴ µM), indicating minimal effect (Figure 15E). 

Zosuquidar (Figure 15F) and thioridazine (Figure 15G) displayed inconsistent or unstable 

IC₅₀ behavior between conditions, with limited dose-dependent responses in at least one 

condition. In figure 15H cytarabine showed similar sensitivity in both cultures, with a slightly 

lower IC₅₀ in scaffold (0.06935 µM) compared with polystyrene (0.09767 µM). 
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AlamarBlue Assay was Repeated Following Drug Treatment with Inaccurate Results 

 

Figure 15. Dose–response curves and IC₅₀ comparison of antileukemic compounds in AML cells 

cultured on polystyrene and crosslinked scaffold measured by alamarBlue assay. AML cells were 

treated for 72 hours with B) 5-fluorouracil, C) daunorubicin, D) sorafenib, E) Filanesib, F) zosuquidar, 

G) thioridazine or H) cytarabine across the indicated concentration ranges. Drug response was quantified 

as normalized metabolic activity using the A) alamarBlue plate readout. Symbols represent mean ± SEM 

for polystyrene and scaffold cultures. Dose–response curves were fitted by non-linear regression, and IC₅₀ 

values derived from the fitted curves are shown for each condition; unstable fits are indicated where 

applicable. 
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5.1 ECM-Mimicking Scaffold Fabrication and Niche Relevance 

The bone marrow microenvironment, a dynamic three-dimensional network composed of 

diverse cell populations, ECM proteins, biochemical and mineralized elements, harbors 

specialized niches that provides structural support and regulate hematopoietic and 

leukemic cell behavior. Therein lies the extracellular matrix, the non-cellular components of 

the bone marrow that functions as mechanical support, adhesion sites and emits 

biochemical signalling that influence hematopoietic homeostasis. Interactions between 

this complex framework and hematopoietic stems cells shape cell survival, migration and 

differentiation12 as well as malignant transformation. ECM can promote leukemic 

transformation and progression by enhancing survival signaling, altering differentiation 

pathways, and protecting emerging leukemic clones from apoptosis117. The remodeling by 

leukemic cells further reinforces these signals, contributing to the establishment of a 

permissive leukemic niche that supports malignant expansion and therapeutic resistance26. 

Understanding this complex microenvironment is crucial for gaining insight into the 

mechanisms that drive drug resistance in AML. However, a major limitation remains the 

ability to culture AML cells outside of their native bone marrow niche. Once removed from 

this environment, leukemic cells rapidly lose key cell–cell and cell–matrix interactions, 

soluble signaling cues and mechanical stimuli that regulate survival, proliferation and drug 

responsiveness as well failing to maintain phenotypic and functional characteristics32. 

While ex vivo drug screening on AML cells has been extensively researched, most studies 

rely on polystyrene culture systems. These conditions fail to mimic the native extracellular 

matrix, which may contribute to the poor translation of findings to in vivo outcomes 

observed in clinical trials20. Given the limited physiological relevance of polystyrene-based 

culture systems, previous work in our lab focused on developing a scaffold platform 

incorporating key components that fabricate the extracellular matrix. The optimized 

scaffold currently employed mimics the complex interplay between leukemic cells and their 

microenvironment. Due to its structural and material properties, conducting drug screening 

assays in a high-throughput format remains challenging. To overcome this limitation, 
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several techniques were explored to develop a scalable screening platform capable of 

testing large panels of compounds across different patient samples. 

5.2 Potential and Limitations of High-Content Microscopy Imaging for Cell 

Quantification 

Microscopy imaging, a form of high-content screening (HCS), is a fluorescence imaging 

technique that combines microscopy with quantitative image analysis to extract data at the 

single-cell level88. Unlike conventional high-throughput screening (HTS) methods such plate 

readouts based on metabolic activity or total fluorescence intensity, high-content imaging 

allows for direct visualization and quantification of individual cells within a culture system. 

High-content microscopy imaging (HCM) is able to consider cell number, viability, 

morphology and spatial organization through automated computational analysis with the 

appropriate set up parameters122.  

The use of the Agilent Cytation C10 Confocal Imaging Reader allowed for detailed 

visualization of cells stained with both the Abcam cell tracking red dye (Cat.# ab269446, 

Abcam) and Hoechst at 20X magnification. The cell tracking red dye effectively labeled the 

membranes of live cells through intracellular delivery via PolyNaut particles. This 

mechanism, which involves endocytosis and release of the dye from early endosomes into 

the cytosol, ensures that staining is largely restricted to the target cell, minimizing dye 

transfer between neighboring cells. Hoechst, being a nuclear-specific and cell-permeable 

dye, consistently stained all cell nuclei, providing a reliable marker for identifying cells in the 

imaging panels. Together, these dyes allowed for the differentiation of live and dead cells, 

with live cells exhibiting a combination of red and blue fluorescence and cells that were only 

Hoechst-positive likely representing dead or compromised cells. 

Fluorescence staining was evaluated under both polystyrene and scaffold conditions over 

time, with long-term staining considered in the context of drug screening experiments where 

cells are incubated for up to 72 hours. The cells were not exposed to any drug treatment, as 

this experiment was conducted solely to evaluate the efficiency of the system. While the red 

dye intensity remained relatively stable over 24 hours, the distribution of the stain after this 



 

60 
  

period improved the ability to distinguish individual cells, suggesting that the dye is suitable 

for extended observation periods. This stability is particularly important for drug efficacy 

studies, as it allows for reliable tracking of cell viability without repeated staining. 

The optimal stain concentration in polystyrene differed from that of the scaffold condition, 

at both T0 and T24 in polystyrene conditions the optimal stain concentration was 1:1000. 

Whereas in scaffold conditions, the optimal stain at T0 was 1:100 while at T24 was 1:100 or 

1:10,000. At the T24 timepoint, cells were visualized at both 1:100 and 1:10,000 

concentrations but lacked clear images of cells without background scaffold components 

auto fluorescing. Scaffold conditions may require a stronger concentration of the Abcam 

cell tracking red dye due to partial absorption by the scaffold though increasing the dye 

concentration may also lead to elevated background fluorescence, making cells less 

distinguishable. Scaffold artifacts cause autofluorescence from Hoechst 3342 absorption, 

therefore cells cannot be observed on the scaffold and quantitively measured using 

confocal imaging. Due to the difficulty in subtracting background fluorescence, automated 

image analysis could not be completed as the software could not accurately discriminate 

for cells despite setting up parameters based on cell shape and size therefore this technique 

was not best suited for accomplishing our objective.  

Microscopy imaging is the screening technique of choice because it provides a more 

nuanced understanding of drug response by taking into account the heterogeneity of AML 

and its manifestation. Observing morphology, viability and phenotypic change can identify 

resistant or surviving subpopulations as well as how cells interact with their surrounding 

microenvironment25. An ideal screening method would be observing cells in this scaffold 

composition while subjected to chemotherapeutic compounds as removing the cells from 

this environment may disrupt critical cell–matrix interactions, potentially missing important 

biological insights to obtain a more physiologically relevant assessment of drug response 

within complex culture systems. 

This can be further optimized to reduce background fluorescence or dampen it to the extent 

of quantifying cells in our scaffold. Autofluorescence dampening reagents for microscopy 
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imaging are commercially available however was not explored in the time frame of our 

experiment. While investigating other scaffold culturing systems, those studied do not 

present this unique challenge as their culture systems are either using a premanufactured 

scaffold such as Matrigels or has not yet attempted confocal imaging on scaffold for high-

throughput screening purposed. 

5.3 Plate Reader Approaches for High-Throughput Cell Quantification 

For high-throughput screening, plate reader assays are the most commonly used method 

for their rapid evaluation of cellular responses in large scale drug screens. This approach is 

typically dependent on assessing cell viability, metabolic activity and proliferation through 

colorimetric, fluorescent or luminescent readouts11. These assays are specifically selected 

for their speed and scalability, producing a quick evaluation of numerous drug conditions in 

a high-throughput manner where hits are required to be identified. As an initial drug 

screening procedure, plate reads can generate readouts based on a fluorescence signature. 

Although, this can generate bulk data it is important to note they may not provide the most 

accurate results as plate reader-based metabolic, or cell viability assays are indirect 

measure of cell number. Despite this, it is still employed to identify hit compounds in early-

stage drug discovery investigation and preclinical screening125.  

Implementing a plate reader in the context of our project, which utilizes a tissue-engineered 

scaffold designed to closely mimic the bone marrow microenvironment, presents several 

unique challenges. The scaffold’s structural and material properties can interfere with 

conventional plate reader measurements by scattering light, absorbing assay reagents, or 

generating background signals. Optimization of this system was attempted using a diverse 

number of techniques and various stains were tested such as Alamar blue, Hoechst, PI, and 

7-AAD as well measuring with and without scaffold and ensuring top and bottom reads.   

In an Alamar blue staining, a reliable indicator of metabolic activity, a redox reaction occurs 

when cells are exposed to the stain.  When active component resazurin, in the indicator dye, 

accepts electrons — it is reduced from its oxidized non-fluorescent blue form to a pink, 

fluorescent resorufin which occurs within the mitochondria to reflect cellular metabolic 
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activity. At an excitation/emission wavelength of 530/590, OCI-AML2 metabolic activity was 

measured in various cell seeding densities with a standard curve as a reference point for 

converting relative fluorescence units (RFU) into the ‘supposed’ cell number. The standard 

curve exhibited an R² value of 0.9762, ensuring the reliability of the cell count. OCI-AML2 

metabolic activity was significant with an increase on the scaffold, implying the scaffold may 

provide an environment for the cells to be better supported than on polystyrene. All seeding 

densities displayed an increase than polystyrene conditions.  

To further evaluate the accuracy of the plate reader Hoechst 33342, cell permeable nucleic 

acid stain, was utilized to quantify cell number. By binding to the to the minor groove of 

double-stranded DNA, there is fluorescent detection of nuclei and provides a more direct 

measurement of cell presence compared to metabolic assays. As the dye readily penetrates 

live cells and produces strong fluorescence upon binding DNA, it is commonly used for 

nuclear staining and cell counting applications61. To investigate the reliability and accuracy 

of the plate reader, we aimed to determine whether direct nuclei staining could provide a 

more reliable indicator of cell number within these two diverse culture conditions. This 

comparison was particularly important given that scaffold-based cultures can influence 

metabolic activity and may therefore confound metabolic viability assays.  

The resulting R² value of 0.9445 suggests that the staining approach produced a reasonably 

consistent signal across conditions, indicating that the dye was effectively detecting cellular 

DNA. Despite this correlation, the readout did not clearly reflect the expected seeded cell 

densities. No statistically significant differences were observed between polystyrene and 

scaffold conditions. Interestingly, polystyrene cultures showed higher detected cell 

numbers at the 50,000 and 400,000 seeding densities, whereas scaffold cultures displayed 

relatively higher signals at the intermediate densities of 100,000 and 200,000 cells. Although 

Hoechst staining demonstrated adequate fluorescence and absorption by cells, the 

variability in measured cell numbers suggests that plate reader–based cell quantification 

may still be influenced by the scaffold microenvironment, limiting its reliability as a 

standalone method for accurate cell quantification in this system. An alternative 
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interpretation is that differences in cell counts between scaffold and polystyrene conditions 

may reflect enhanced cell proliferation within the scaffold environment. 

To perform a differential stain, we assessed Propidium iodide (PI) staining as a membrane 

integrity dye that is membrane-impermeable and therefore cannot enter, viable cells. 

Instead, PI selectively penetrates cells with compromised plasma membranes, such as 

dead or late-stage apoptotic cells. Once inside the cell, PI binds to DNA and emits strong 

red fluorescence when excited, allowing these non-viable cells to be readily detected and 

quantified. While looking at our PI standard curve to detect dead cells, the same pattern is 

observed where our R² value remains in the standard range, but the cell quantity varies 

between polystyrene and scaffold conditions even in the negative range with no 

significance. In both conditions, few dead cells were detected, which may be attributed to 

the absence of drug treatment or potentially to inaccurate signal detection during 

measurement  

These inconsistencies may be attributed to the structural complexity of the scaffold 

environment. The three-dimensional architecture of the scaffold may influence dye 

penetration, fluorescence detection or signal distribution during plate reader 

measurements however this was also observed in polystyrene conditions indicating the 

plate reader analysis did not perform as expected.  

5.4 Optimization of Cell Recovery from Scaffold Cultures for Flow Cytometry 

Analysis 

As fluorescence plate reader assays are not well suited for screening within three-

dimensional matrices, the analysis was shifted toward a cell recovery approach with cells 

subsequently analyzed by flow cytometry following culture under polystyrene and scaffold 

conditions. Previous research has demonstrated that ECM scaffolds can influence stem cell 

fate through the combined effects of biochemical signals, biological components and 

biophysical properties of the matrix17.  

A study examining embryonic stem cell derived ECM scaffolds have exhibited that matrix 

modification such as crosslinking can alter cellular differentiation outcomes96. Crosslinking 
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is process that improves structural integrity of ECM-based scaffolds by linking ECM 

components together, enhancing scaffold mechanical strength and preventing degradation 

for the better support of cells over extended culture periods. Stiffness, porosity and binding 

availability shape how cells interact with their environment through the modulation of 

physical and biochemical cues95. Crosslinking was considered in our experimentation due 

to long term culturing for up to 72 hours, requiring our scaffold to remain intact and persist 

through the cell recovery process. Supporting evidence suggests crosslinking plays a critical 

role in modulating the dynamic interface between cells and the ECM, making it a useful 

strategy for evaluating scaffold composition and structure101 to determine how these factors 

influence cellular responses. 

As crosslinking strengthens cell–matrix interactions within the scaffold microenvironment, 

cells are likely to adhere more strongly to the matrix. Consequently, efficient cell recovery 

becomes critical for downstream analysis. In this study, various recovery agents were 

evaluated to determine the potential influence of altered cellular mechanical properties on 

adhesion and recovery efficiency, as these factors may affect how strongly cells interact 

with the scaffold matrix.  

In this study, recovery efficiency was assessed using OCI-AML2 cells stained with Hoechst 

33342 and 7-AAD to distinguish live and dead populations after 1 and 72 hours of incubation. 

Several commonly used recovery agents—PBS, EDTA, cell dissociation buffer (CDB), 

accutase, and trypsin—were tested across standard polystyrene plates, crosslinked 

scaffolds and non-crosslinked scaffolds to evaluate their effectiveness.  

Overall, recovery was similar between scaffold and polystyrene cultures. Notably, non-

crosslinked scaffolds consistently yielded higher recovered cell numbers than crosslinked 

scaffolds for most reagents, suggesting that the looser scaffold structure facilitates cell 

detachment. Polystyrene cultures generally produced higher recovery than scaffolds across 

reagents, with PBS providing the greatest recovery at 1 hour, significantly exceeding 

accutase and trypsin (P < 0.0001). The elevated PBS recovery likely reflects limited cell 
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embedding at this early time point. Recovery after longer culture periods (72 hours) was 

performed to account for increased cell-matrix interactions. 

Recovery following 72 hours, cell recovery across PBS, EDTA, CDB, accutase, and trypsin 

was generally similar between scaffold and polystyrene cultures, except for accutase and 

trypsin (P ≤ 0.01). Non-crosslinked scaffolds yielded higher recovery with PBS, EDTA, and 

CDB, suggesting that a looser matrix facilitates detachment. Accutase and trypsin 

recovered more cells from crosslinked scaffolds, indicating that enzymatic agents are more 

effective for denser matrices82. Polystyrene consistently gave the highest recovery, with PBS 

remaining the most effective agent overall. Greater cell recovery in polystyrene may be 

attributed to lower adhesion, whereas scaffold-based cultures promote integrin-mediated 

attachment to matrix proteins, reducing cell retrieval44. These findings highlight that scaffold 

structure and recovery method jointly influence cell retrieval, establishing an effective 

protocol and laying the foundation for future drug screening.  

5.5 Validating Scaffold Functionality via Cell Viability  

Although optimized recovery has been achieved, with polystyrene yielding the highest cell 

numbers, scaffold-based recovery will inherently be lower therefore assessing viability of 

recovered cells remains more significant. Before initiating the drug treatment experiment, 

control experiments were performed to establish a baseline of OCI-AML2 cell viability over 

the 72-hour treatment time frame. Extending the treatment period to 72 hours allowed 

assessment of longer-term effects on OCI-AML2 cell survival as early drug discovery 

experiments have a duration of 24 hours to capture initial cytotoxic or signalling effects 

observing for apoptosis markers and signaling pathway changes123.   

Cells seeded at 50,000 per condition in polystyrene (PS) and 2D scaffold cultures under 

standard media or 0.1% DMSO showed that scaffold cultures consistently yielded higher 

numbers of live cells compared with PS while dead cell counts were generally lower in 

scaffolds under untreated conditions, though it was not significant. Under 0.1% DMSO, 

dead cell numbers in scaffolds were slightly higher than PS but these differences were not 

statistically significant. Significance being defined as P ≤ 0.05. Viability percentage was 
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consistently higher in scaffold cultures compared with PS, suggesting that the 2D scaffold 

environment may provide enhanced support for cell survival over extended culture times.  

These findings, supported by past evidence, indicates that various AML cell lines (e.g. K-562, 

HL60 and Kasumi-6) work favourably in scaffolds by supporting leukemic growth, in 

particular scaffolds containing ECM proteins such as collagen and fibronectin78. Thus, 

highlighting scaffold-based systems can maintain cell viability comparable or slightly 

superior to conventional polystyrene, establishing a reliable baseline for subsequent drug 

treatment experiments. 

5.6 Flow Cytometry–Driven Drug Screening in Scaffold and Polystyrene AML 

Cultures 

A high-content flow cytometry approach was used to quantify OCI-AML2 cell survival 

following 72-hour treatment with multiple chemotherapeutic agents in both polystyrene and 

scaffold cultures. By distinguishing live and dead populations through viability gating, this 

method enabled reliable dose–response analysis across biological replicates derived from 

different passage cycles and experimental time points. Overall, the results demonstrate 

that flow cytometry can effectively quantify drug-induced changes in AML cell viability while 

allowing comparison between conventional culture systems and ECM-inspired scaffold 

environments. 

Drug sensitivity differed depending on the compound and culture platform. For 5-

fluorouracil, IC₅₀ values were generally higher in scaffold cultures in two of three replicates, 

suggesting reduced drug sensitivity when cells were cultured within the scaffold 

environment.  In colorectal cancer (CRC), increased expression of extracellular matrix 

protein 1 (ECM1) in patients resistant to 5-fluorouracil (5-FU) suggests that extracellular 

matrix–associated signaling can contribute to reduced chemotherapy sensitivity and poorer 

clinical outcomes65. Similarly, in AML, interactions between leukemic cells and the 

extracellular matrix within the bone marrow niche are known to promote survival and 

resistance to chemotherapeutic agents13. However, the difference observed in one replicate 
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indicates that this effect may vary depending on experimental conditions or biological 

differences between passages 

In contrast, daunorubicin showed consistently low IC₅₀ values across both platforms, 

highlighting its strong cytotoxic potency against AML cells. The slightly lower IC₅₀ values 

observed in scaffold cultures suggest that the scaffold environment does not confer 

resistance to this drug and may even modestly enhance sensitivity. These findings suggest 

that highly potent chemotherapeutic agents remain effective regardless of culture platform, 

consistent with clinical studies reporting significant improvements in complete remission 

(CR), overall survival (OS), and event-free survival (EFS)34. 

Responses to sorafenib were more variable. Scaffold cultures frequently displayed higher 

IC₅₀ values than polystyrene, indicating reduced sensitivity under scaffold conditions. Given 

that sorafenib targets multiple signaling pathways, these differences may reflect the 

influence of cell–matrix interactions on kinase signaling and survival pathways within the 

scaffold environment41. 

For filanesib, both culture systems demonstrated nearly identical dose–response curves 

and highly consistent IC₅₀ values, indicating that scaffold culture did not alter the drug’s 

cytotoxic activity and aligning with studies that outline the critical role of kinesin spindle 

protein (KSP) in AML cells. Filanesib inhibits cell cycle progression and induces apoptosis 

through the mitochondrial pathway, suggesting its activity may remain effective across 

different culture conditions since KSP function is not directly associated with the ECM. 

Alternatively, zosuquidar failed to produce clear dose–response relationships in either 

condition, as cell viability remained relatively stable across the tested concentrations. This 

suggests limited cytotoxic activity within the dose range examined. 

Thioridazine responses were more inconsistent across replicates. At higher concentrations 

(10 µM), scaffold cultures retained a significantly greater cell viability compared with 

polystyrene, suggesting potential protective effects of the scaffold environment. Although 

thioridazine targets DRD2 and shows selectivity for the MLL-AF6 variant9, variability between 

replicates limited definitive conclusions about potential scaffold-mediated protection and 
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its effects may not be scaffold-associated. Finally, cytarabine responses were largely 

comparable between platforms, with similar IC₅₀ ranges observed in both scaffold and 

polystyrene cultures, indicating that the scaffold environment did not substantially alter 

sensitivity to this commonly used AML therapeutic90. 

Drugs such as 5-fluorouracil and sorafenib, which target proliferative and signaling 

pathways, showed reduced sensitivity in scaffold cultures, suggesting that extracellular 

matrix-associated interactions may activate compensatory survival pathways that diminish 

drug efficacy. In contrast, the consistent potency of daunorubicin and filanesib across both 

platforms indicates that agents targeting fundamental intracellular processes, such as DNA 

integrity and mitotic machinery, are less susceptible to microenvironment-mediated 

resistance. Cytarabine’s comparable activity further supports the idea that certain standard 

chemotherapeutics remain effective regardless of extracellular context. The lack of 

response observed with zosuquidar suggests that inhibition of drug efflux alone is 

insufficient to induce cytotoxicity in this system, while the variability seen with thioridazine 

underscores the complexity of targeting stem-like or niche-dependent AML populations.  

Together, these results emphasize the importance of incorporating physiologically relevant 

models, such as ECM-mimicking scaffolds, to better capture microenvironment-driven drug 

resistance and improve the predictive value of preclinical drug screening. 

5.7 Flow Cytometry and Plate Reader Reveal Assay-Dependent Differences in 

AML Drug Response on Scaffolds 

Comparison of the two screening approaches highlighted important differences in how drug 

responses were captured, despite both assays being performed on the same treatment 

conditions and samples in parallel. Flow cytometry analysis indicated that AML cells 

cultured on the crosslinked scaffold generally exhibited drug sensitivities comparable to 

those observed in polystyrene, with compound-specific shifts in IC₅₀ reflecting condition-

dependent responses. For example, 5-fluorouracil showed nearly identical IC₅₀ values 

between polystyrene (1.249 µM) and scaffold (1.228 µM), while daunorubicin and filanesib 

also demonstrated consistent potency across both platforms. In contrast, sorafenib and 
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zosuquidar displayed higher IC₅₀ values in scaffold cultures relative to polystyrene, 

suggesting reduced sensitivity in the scaffold environment, whereas cytarabine showed 

slightly greater sensitivity in scaffold. Thioridazine dose–response curves did not reach a 

stable inhibitory range, preventing reliable IC₅₀ estimation. These measurements were 

derived from direct quantification of live and dead cell populations, allowing nonlinear 

regression analysis and statistical comparison of dose–response curves using an extra sum-

of-squares F-test. 

In parallel, the same treated samples were evaluated using an AlamarBlue assay on the 

Agilent Cytation C10 imaging plate reader to assess metabolic activity as a proxy for cell 

viability. Although the AlamarBlue standard curve demonstrated a strong linear correlation 

between fluorescence intensity and cell number (R² = 0.9571), IC₅₀ values generated from 

fluorescence readings showed greater variability compared with those obtained by flow 

cytometry. Scaffold cultures appeared markedly more sensitive to 5-fluorouracil and 

sorafenib in the AlamarBlue assay, while daunorubicin appeared more potent in 

polystyrene, trends that differed from those observed by flow cytometry. Filanesib remained 

consistently potent across both platforms, but compounds such as zosuquidar and 

thioridazine displayed unstable or inconsistent dose–response behaviour. These 

discrepancies likely reflect the indirect nature of metabolic assays, where fluorescence 

intensity represents cellular metabolic activity rather than a direct measurement of viable 

cell number. 

Although the plate reader assay indicated significant effects for all drugs except thioridazine 

and filanesib, these results are unreliable because the fluorescence readouts 

corresponded to negative metabolic activity in the figures. Significance was determined via 

nonlinear regression and comparison of dose–response curves using an extra sum-of-

squares F-test. However, these measurements do not provide a dependable assessment of 

drug response. Flow cytometry enables direct single-cell quantification of viability and 

population changes, providing more consistent and interpretable dose–response 

relationships.  
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Collectively, these results support the use of flow cytometry as a more reliable platform for 

drug screening in scaffold-based AML culture systems, particularly when evaluating 

compounds that may alter cellular metabolism independently of cell survival. 
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CHAPTER 6 

CONCLUDING REMARKS 
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6.1 Conclusion 

Acute myeloid leukemia (AML) progression and therapeutic resistance are profoundly 

shaped by interactions between leukemic cells and the extracellular matrix (ECM), which 

together form a protective niche within the bone marrow. These ECM-mediated signals 

enhance leukemic cell survival and diminish drug sensitivity, contributing to treatment 

failure and relapse. Traditional preclinical drug screening platforms, which predominantly 

use two-dimensional polystyrene cultures, fail to capture this microenvironmental 

complexity and may therefore underestimate niche-driven drug resistance.                                  

Scaffold-based culture systems offer a more physiologically relevant representation of ECM 

architecture and cell–matrix interactions, influencing leukemic cell behavior and 

therapeutic response. However, accurately quantifying drug effects in such complex 

environments remains challenging, as standard assays including plate-based viability 

measurements, flow cytometry and high-content microscopy, each present specific 

strengths and limitations.                                       

In this work, we addressed these challenges by optimizing and comparing complementary 

screening methods for assessing AML drug responses in both conventional polystyrene and 

ECM-mimicking scaffold cultures. Our results identified these constraints and guided the 

optimization of the experimental methodology, ultimately leading to the use of flow 

cytometry for more reliable assessment of AML cell responses.  

It was observed that crosslinking scaffold structure dictate cell–matrix interactions and 

recovery efficiency, influencing cell survival on 2D scaffold environments by supporting 

higher OCI-AML2 viability over extended culture periods compared with polystyrene. This 

approach not only enhanced cell viability but also confirmed the distinct responses of cells 

in the scaffold environment compared to conventional polystyrene cultures across varying 

drug treatment concentrations.  

We established a framework for evaluating drug sensitivity under microenvironment-

relevant conditions. Leukemic cells exhibited variable response under scaffold conditions, 

potent agents like daunorubicin, filanesib, and cytarabine maintained efficacy regardless of 
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culture platform while 5-fluorouracil, sorafenib, and thioridazine showed reduced 

sensitivity in scaffold cultures. Highlighting that the ECM functions as an active, 

mechanism-specific regulator of AML drug response, rather than a passive protective 

barrier capturing compound-specific and microenvironment-dependent effects.  

This approach enables more accurate assessment of ECM-associated drug resistance and 

provides a foundation for improving preclinical screening strategies, ultimately supporting 

the development of more effective AML therapeutics. 

6.2 Future Directions   

Building on the current findings, future studies will extend these experiments to primary 

patient AML samples to evaluate whether the methods established here yield consistent 

results in a clinically relevant context. Screening these samples will provide critical insight 

into the effects of therapeutics on leukemic stem cells including impacts on survival, 

proliferation, differentiation and underlying molecular mechanisms. To better understand 

the basis of differential drug responses, RNA sequencing can be employed to identify genes 

associated with resistance while complementary protein expression assays may reveal how 

specific therapeutics contribute to drug resistance mechanisms in AML cells. 

Additionally, a broader drug screening approach will be undertaken including compounds 

not FDA approved, still in development and those that failed clinical trials to identify 

therapies that may perform more effectively in physiologically relevant scaffold 

environments. This approach could serve as a preclinical screening platform, allowing 

clinical trials to advance more efficiently by progressing only compounds that demonstrate 

efficacy within the scaffold-based system. It will elucidate how genetic differences between 

patients influence treatment response, providing a foundation for personalized medicine 

approaches. Collectively, these studies aim to refine therapeutic strategies, improve 

targeting of leukemic stem cells, and enhance remission outcomes for AML patients. 
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APPENDIX 

Appendix 1. Sample CFU Results 
 

Supplemental Figure 1. Colony formation 

from 500 OCI-AML-2 cells cultured in 

MethoCult H4434. Representative images 

show colony development at different time 

points during incubation: A) day 0, immediately 

following cell plating, B) day 5, and C) day 7. 

Progressive colony growth and increased 

cellular clustering can be observed over time, 

reflecting the proliferative capacity of OCI-

AML-2 cells within the semisolid 

methylcellulose medium. All images were 

acquired using phase-contrast microscopy at 

10× magnification. 
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Appendix 2. 7AAD Standard Curve and Dead Cell Count 
 

 

Supplemental Figure 2. Evaluation of fluorescence-based cell quantification and cell death following 

72-hour incubation. (Left) Correlation between relative fluorescence units (RFU) and seeded cell 

number measured using a fluorescence-based assay. Linear regression analysis (Y = −9.542 × 10⁻⁵X + 

41.78, R² = 0.03108) indicates a weak relationship between fluorescence signal and cell number under the 

tested conditions. (Right) Quantification of dead OCI-AML-2 cells after 72 hours of incubation under two 

culture conditions: standard polystyrene (PS) and scaffold. Cells were seeded at increasing densities 

(12,500; 25,000; 50,000; and 100,000 cells). Bars represent mean values with error bars indicating 

variability between replicates. 

 

Appendix 3. Gating Strategy for Live/Dead Discrimination 
 

Supplemental Figure 3. Flow 

cytometry gating strategy for 

live/dead discrimination following 

drug treatment. Cells were first gated 

based on forward scatter area (FSC-A) 

versus side scatter area (SSC-A) to 

select the main cell population (P1). 

Within the P1 population, Hoechst 

(33342) staining was used to identify 

nucleated cells, while 7-AAD staining 

was used to discriminate dead cells. 

Sequential gating was applied to 

isolate Hoechst-positive events (M2-

1), followed by exclusion of 7-AAD–

positive cells (M3-2) to identify the 

live cell population. The final live cell 

gate (Hoechst⁺/7-AAD⁻) represents 

viable cells. 
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