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ABSTRACT 

The disease-governing lesions-tissue therapies affect the evolution of leukemia, especially acute myeloid leukemia (AML). 

One of them is FLT3-internal tandem duplication (FLT3-ITD) that is among the most common alterations which may affect 

up to 25-30 % of patients with AML and is closely linked to hyperleukocytosis, a fast course of illness and increased 

probability of recall. In comparison, TP53 are less frequent mutations (occurring in 5-10 % of all AML) and nevertheless 

are found in up to 50 % of therapy-related AML and in cases of complex karyotype, being overall a dismal prognostic 

feature, and median overall survival rarely better than 6 months. The study herein characterizes functions of genomic 

interactions between TP53 loss-of-function and FLT3-ITD activation to show how their concurrence augments in 

leukemogenesis. Recent cohort studies have confirmed that patients with dual mutation have significantly high white blood 

cell counts at diagnosis (median > 50 x 10 9/L), and are also innately resistant to FLT3 inhibitors including midostaurin 

and gilteritinib with response rates being less than 20 %. The in vitro experiments also demonstrate that the inactivation of 

TP53 increases FLT3-ITD induced STAT5 and PI3K/Akt signaling up to 150 % over its basal levels and inhibits apoptosis 

greater than 70 % in FLT3-ITD alone. Collectively, these results reflect the negative consequences of TP53 mutations in 

relation to FLT3-ITD mutations to explain the underlying mechanisms that contribute to the poor leukemic phenotypes and 

reduces the efficacy of targeted treatments. Recently, a report showed that patients affected by co-mutated TP53 and FLT3- 

ITD had 2.5 times higher levels of relapse and failure to recapture treatment as compared to mono-mutated patients, thus 

indicating the need of targeting two pathways simultaneously. Before urgent results are reported, preliminary findings of 

earlystage clinical trials of combinations of drugs that target these mutations together, including both dual FLT 3 / MCL 1 

and TP 53 reactivators, such as APR 246, have reported response rates with greater than 35 % in this high risk patient 

group. Therefore, combined blockade of TP53 and FLT3-ITD would be a valued line of research to enhance outcome in 

resistant or remission AML patients.. 

Keywords: Acute Myeloid Leukemia, TP53 mutation, FLT3-ITD, Drug Resistance, Co-mutation Synergy. 

How to cite this article: Khan UA, Nassar NT, Bekchanova MK, Eshkaraev S, Khudaykulova F, Pandiyan B, Jabeen S, 

Mehboob AA, Ayaz M, Genomic Synergy of TP53 and FLT3-ITD Mutations as Drivers of Aggressive Leukemia and 

Therapeutic Resistance..Int J Drug Deliv Technol. 2026;16 (1s): 376-382; DOI: 10.25258/ijddt.16. 376-382 

 

Source of support:. None 
Conflict of interest: None 

 

 

*Author for Correspondence: Abdulaaahaad@gmail.com 

mailto:moxirabekchanova91@gmail.com
https://orcid.org/0000-0003-3453-4193
mailto:sadridin_eshkarayev@tues.uz
https://orcid.org/0000-0003-1711-3303
mailto:feruza.x@mamunedu.uz
https://orcid.org/0009-0002-9313-0033
mailto:balamurugan7694@gmail.com
https://orcid.org/0000-0002-4708-2387
mailto:nawabayaz102@uop.edu.pk
mailto:Abdulaaahaad@gmail.com
mailto:Abdulaaahaad@gmail.com


Genomic Synergy of TP53 and FLT3-ITD Mutations as Drivers of Aggressive Leukemia and Therapeutic Resistance.. 

Page: 377  

 

 

 

INTRODUCTION 

Acute myeloid leukemia (AML) is an aggressive 

hematologic malignancy arising from the clonal expansion 

of undifferentiated myeloid progenitors (Khan et al., 2024; 

Nong, Mehra, & Taylor, 2024; D. Staudt et al., 2018). Acute 

myeloid leukemia (AML) is about 1 percent of all 

malignant neoplasms and is the most common acute 

leukemia of adults and an estimated 25,000 cases of acute 

myeloid leukemia occur yearly in the United States (A. 

Ullah et al., 2023; H. Ullah et al., 2024). Even though 

genomic profiling and evolution of more targeted treatment 

have significantly boosted the research in the area, the adult 

5-year overall survival of AML is exceedingly poor, around 

the 25 % mark, which is worse when it comes to patients 

above the age of 60. (Gurnari, Pagliuca, & Visconte, 2020; 

Tecik & Adan, 2024). The fatal poor prognosis of patients 

affected by acute myeloid leukemia (AML) is mainly based 

on the unhealthy genetic modifications, which not only 

trigger the disease development, but also offer the 

resistance against conventional treatment therapies. Those 

mutations associated with the tumor-suppressor gene TP53 

and the internal tandems duplications (ITDs) in the FLT3 

gene are among the most clinically critical ones in AML. 

(Capelli, Menotti, Fiorentini, Saraceni, & Olivieri, 2022). 

The TP53 mutations are identified in 5-10 % of the de novo 

AML patients, but their rates increase significantly to 30-40 

% in therapy-related AML and in complex karyotype 

presenting AML (Lachowiez, DiNardo, & Loghavi, 2023). 

A significant clinical issue in acute myeloid leukaemia 

(AML) patients is chemoresistance especially in the 

patients’ possessing mutations in the tumour suppressor 

gene TP53. It is demonstrated that there is significant 

association of TP53 mutations with primary 

chemoresistance- CR rates reduce to 20-25% that is 

significantly reduced compared to 65-80% in their wild- 

type (wt) counterparts. Additionally, TP53-mutant AML has 

a pathetic median overall survival (OS) of 5 month and 9 

months, which is evidence of severe prognostic burden of 

the genetic mutation. At the same time, internal tandem 

duplications (ITDs) of the FMS-like tyrosine kinase 3 gene 

(FLT3-ITD) are detected in about 25-30 % of all AML with 

one of the most common genetic defects (Garg et al., 2015; 

D. E. Staudt et al., 2024). These mutations produce 

constitutive activation of FLT3 receptor tyrosine kinase 

which causes uncontrolled cell proliferation and survival. 

The increased prevalence of FLT3-ITD allelic burden, 

usually measured by allelic ratio of more than 0.5, is related 

to higher relapse rate and shortened disease-free survival. 

(Garg et al., 2015; Green & Konig, 2020). Although there is 

development of specific FLT3 inhibitors like midostaurin 

and gilteritinib the duration of the responses to the FLT3 

inhibitors is short, with most patients developing resistance 

after 6-12months. Recent data indicate that co-occurring 

mutation of TP53 and FLT3-ITD, which in AML is 

relatively uncommon (occurs in about 2-3 percent of AML 

patients) presents a distinctly aggressive leukemic 

phenotype (Pilehvari, Katoueezadeh, Hassanshahi, 

Torabizadeh, & Torabizadeh, 2023; Zhang, 2021). 

Preclinical studies using murine models and patient-derived 

xenografts demonstrate that the loss of TP53 function 

synergizes with the proliferative signalling from FLT3-ITD 

to enhance leukemic cell survival, clonogenicity, and 

resistance to apoptosis (Yan et al., 2024). Notably, this 

combination confers resistance not only to traditional 

chemotherapy (e.g., cytarabine and anthracyclines), but 

also to targeted FLT3 inhibitors, contributing to primary 

refractory disease and early relapse (Falini, 2023; Khan et 

al., 2024). Given the overlapping and compounding 

mechanisms of therapeutic resistance and clonal evolution, 

TP53/FLT3-ITD double-mutant AML represents a 

formidable clinical challenge. Understanding the molecular 

interplay between these mutations is critical for identifying 

vulnerabilities that may be exploited through combination 

therapies or novel treatment paradigms (Fleischmann, 

Schnetzke, Hochhaus, & Scholl, 2021; Seo, Silwal, Song, 

& Jo, 2022; A. Ullah et al., 2023). This article aims to 

dissect the biological synergy between TP53 and FLT3-ITD 

mutations, review the clinical outcomes associated with 

their co-occurrence, and explore emerging therapeutic 

strategies designed to overcome this high-risk molecular 

subtype of AML. The aim of this study is to investigate the 

genomic synergy between TP53 and FLT3-ITD mutations 

in AML, elucidate their combined role in driving disease 

aggressiveness and therapeutic resistance, and explore 

potential avenues for targeted intervention to improve 

outcomes in this high-risk patient subgroup. 

MATERIALS AND METHODS 

Patient Cohort and Clinical Data Collection 

This study included bone marrow or peripheral blood 

samples from 56 adult patients diagnosed with acute 

myeloid leukemia (AML). All samples were collected after 

obtaining written informed consent in accordance with 

protocols approved by the Institutional Review Board. 

Patients were stratified into four molecular subgroups based 

on their mutational profiles: those harboring FLT3-ITD 

mutations only (n = 18), TP53 mutations only (n = 10), both 

TP53 and FLT3-ITD mutations (n = 8), and a double wild- 

type group without either mutation (n = 20). 

Comprehensive clinical data, including demographic 

information, cytogenetics, treatment history, and survival 

outcomes, were extracted from electronic medical records 

for correlation with molecular findings. 

Genomic DNA/RNA Isolation and Mutation Analysis 

Genomic DNA and total RNA were extracted from 

mononuclear cells using the Qiagen AllPrep DNA/RNA 

Mini Kit following manufacturer instructions. Mononuclear 

cells were first isolated by Ficoll-Paque density gradient 

centrifugation. FLT3-ITD mutations were identified via 

PCR followed by capillary electrophoresis, with the allelic 

ratio calculated based on mutant to wild-type peak height 

(H. Ullah et al., 2024). Targeted next-generation sequencing 

(NGS) was performed using a myeloid-specific 54-gene 

panel (e.g., Illumina TruSight Myeloid), with a minimum 

coverage depth of 500x. TP53 mutations were annotated if 

the variant allele frequency (VAF) exceeded 5%. 

 

Cell Line Models and Genetic Engineering 
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To experimentally model the co-mutational state, the 

MOLM-13 and OCI-AML3 AML cell lines were used. 

CRISPR/Cas9 gene editing was applied to generate TP53 

knockout clones using lentiviral vectors delivering sgRNAs 

targeting exon 4. Sanger sequencing and Western blotting 

confirmed successful editing. Additionally, FLT3-ITD 

overexpression constructs were introduced via retroviral 

transduction to generate isogenic lines that co-expressed 

both mutations. These engineered cell lines were 

maintained under standard culture conditions for 

downstream assays. 

 

Cell Proliferation, Apoptosis, and Drug Sensitivity Assays 

Functional assays were conducted to assess proliferation, 

apoptosis, and drug sensitivity. Cell viability was measured 

using the CellTiter-Glo® Luminescent Assay over 72 

hours. Apoptosis was evaluated using Annexin V and 

propidium iodide staining followed by flow cytometry. 

Drug sensitivity assays were performed using serial 

dilutions of cytarabine, doxorubicin, midostaurin, and 

gilteritinib across a concentration range of 0.1 nM to 10 μM. 

IC50 values were determined using nonlinear regression 

models in GraphPad Prism software. 

 

RNA Sequencing and Bioinformatic Analysis 

For transcriptomic profiling, RNA sequencing was 

performed on sorted AML blasts from each molecular 

subgroup (n = 3 per group). Libraries were prepared using 

the TruSeq Stranded mRNA kit and sequenced on an 

Illumina NovaSeq platform. Raw data were aligned with the 

STAR aligner, and differential expression was assessed 

using DESeq2. Gene set enrichment analysis (GSEA) and 

KEGG pathway mapping were employed to identify 

dysregulated signalling pathways in the double-mutant 

group. 

 

In Vivo Xenograft Studies 

In vivo validation was conducted using NOD/SCID IL2Rγ- 

null (NSG) mice, aged 6 to 8 weeks. Mice were 

intravenously injected with 1×10⁶ engineered AML cells. 

Upon engraftment, animals were treated with vehicle, 

cytarabine (50 mg/kg), or gilteritinib (20 mg/kg) for 14 

days. Leukemic burden was monitored by quantifying 

human CD45+ cells in peripheral blood and bone marrow 

using flow cytometry. All animal procedures adhered to 

institutional animal care and ethical guidelines. 

Statistical Analysis 

Statistical analyses were performed using SPSS and 

GraphPad Prism. Group comparisons were made using 

unpaired Student’s t-tests or one-way ANOVA followed by 

Tukey’s post-hoc test, as appropriate. Kaplan–Meier 

survival analyses were conducted with the log-rank test. 

Statistical significance was defined as a p-value of less than 

0.05. 

predominance (54%). FLT3-ITD mutations were present in 

26 patients (46.4%), TP53 mutations in 18 patients (32.1%), 

and both mutations co-occurred in 8 patients (14.3%). 

Patients with TP53 mutations, particularly in the co-mutant 

group, were more likely to have complex karyotypes and 

therapy-related AML. The FLT3-ITD allele ratio was 

significantly higher in the co-mutant group (mean AR: 0.74) 

compared to the FLT3-ITD-only group (mean AR: 0.48; p 
= 0.03), suggesting possible clonal dominance. 

 

Figure 1: Comparison of clinical outcomes across AML 

mutation groups. The chart displays complete 

remission rates, median overall survival, and relapse 

rates, standardized on a 0–100 scale, using grayscale 

bars with pattern designs for clarity. 

 

Functional Synergy in Engineered Cell Lines 

CRISPR/Cas9-mediated knockout of TP53 in FLT3-ITD– 

positive MOLM-13 cells resulted in a significant increase 

in proliferation compared to parental and single-mutant 

controls (p < 0.01). Double-mutant cells also exhibited a 

marked reduction in apoptosis following exposure to 

cytotoxic stress, with only 18.2% Annexin V+ cells 

compared to 42.6% in FLT3-ITD–only cells and 51.3% in 

wild-type cells (p < 0.001). These findings demonstrate 

functional cooperation between TP53 loss and FLT3 

activation in promoting leukemic cell survival. 

RESULTS 

Patient Characteristics and Mutation Distribution 

Among the 56 AML patients included in the study, the 

median age was 58 years (range: 24–76), with a slight male 
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Figure 2. Box plots show that TP53/FLT3-ITD double- 

mutant AML cells exhibit significantly increased 

proliferation, reduced apoptosis after cytarabine 

treatment, and enhanced clonogenic potential 

compared to single-mutant and wild-type cells. These 

findings highlight the synergistic effects of the co- 

mutations in driving aggressive leukemic behavior. 
 

Drug Resistance Profiles 

Drug sensitivity assays revealed that double-mutant AML 

cells exhibited significantly higher resistance to both 

chemotherapy and FLT3 inhibitors. The IC50 for cytarabine 

in TP53/FLT3-ITD cells was 7.1 μM compared to 1.9 μM 

in FLT3-ITD–only cells and 0.9 μM in wild-type cells (p < 

0.001). Similar resistance was observed for gilteritinib, with 

IC50 values of 95 nM in co-mutant cells versus 32 nM in 

FLT3-ITD cells (p = 0.004). Importantly, TP53 knockout 

alone did not affect gilteritinib sensitivity, suggesting that 

therapeutic resistance is specifically amplified in the co- 

mutant context. 
 

Figure 3. The plot shows a marked increase in IC₅₀ 

values for both cytarabine and gilteritinib in 

TP53/FLT3-ITD co-mutant AML cells. This indicates 

strong drug resistance, especially to gilteritinib, 

compared to single-mutant and wild-type cells. 

Transcriptomic Profiling Reveals Pathway Activation 

RNA-seq analysis identified 238 genes significantly 

upregulated and 179 downregulated in TP53/FLT3-ITD co- 

mutant AML cells compared to single-mutant counterparts 

(adjusted p < 0.05). Gene set enrichment analysis (GSEA) 

revealed prominent activation of PI3K/AKT, JAK/STAT, 

and anti-apoptotic BCL2 family signaling pathways. 

Furthermore, transcriptional repression of p53 downstream 

targets involved in DNA damage response (e.g., CDKN1A, 

BAX, GADD45) was observed, along with enhanced 

expression of cell cycle regulators such as MYC and CDK6. 

These results support the hypothesis that dual mutations 

reprogram key regulatory circuits involved in cell 

proliferation, apoptosis, and therapy resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The heatmap shows that TP53/FLT3-ITD co- 

mutant AML cells exhibit strong repression of p53 

target genes and upregulation of proliferative and 

survival genes. This expression profile supports a shift 

toward aggressive, therapy-resistant leukemia. 

In Vivo Validation in Xenograft Models 

In NSG xenograft models, mice transplanted with 

TP53/FLT3-ITD double-mutant cells exhibited 

significantly faster disease progression and reduced 

survival. Median survival was 23 days in the co-mutant 

group compared to 36 days in FLT3-ITD–only and 42 days 

in wild-type controls (p < 0.001). Treatment with gilteritinib 

alone modestly delayed disease onset in FLT3-ITD–only 

mice but had no significant effect in the co-mutant group. 

Cytarabine monotherapy similarly failed to control disease 

in the double-mutant xenografts, confirming their intrinsic 

drug resistance in vivo. 

 
Figure 5. Kaplan–Meier survival curves show that mice 

engrafted with TP53/FLT3-ITD AML cells had 

significantly reduced survival compared to FLT3-ITD– 

only and wild-type groups. This confirms the 

aggressive in vivo behavior of the co-mutant genotype. 
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Clinical Correlation 

Among the patient cohort, complete remission (CR) rates 

following induction therapy were lowest in the TP53/FLT3- 

ITD group (12.5%) compared to 44.4% in the FLT3-ITD 

group, 30% in the TP53 group, and 70% in double wild- 

type patients. Median overall survival for the co-mutant 

group was 4.2 months, significantly lower than for FLT3- 

ITD–only (9.8 months), TP53-only (7.1 months), and wild- 

type patients (17.4 months) (p < 0.001). 
 

 

Figure 6. Dot plot comparing complete remission (CR) 

rates and median overall survival (OS) across AML 

genotypes shows the lowest CR (12.5%) and OS (4.2 

months) in TP53/FLT3-ITD co-mutants. These findings 

highlight the clinical aggressiveness and poor prognosis 

associated with this high-risk subgroup. 

 

DISCUSSION 

This study elucidates the synergistic role of TP53 and 

FLT3-ITD mutations in driving aggressive disease biology 

and therapy resistance in acute myeloid leukemia (AML). 

Through a comprehensive investigation spanning cell- 

based models, transcriptomic profiling, xenograft 

experiments, and clinical correlation, our data support the 

concept that TP53/FLT3-ITD co-mutant AML represents a 

biologically distinct and clinically high-risk subtype. Our in 

vitro experiments demonstrated that TP53 inactivation in 

FLT3-ITD–positive cell lines significantly enhanced 

proliferative capacity and conferred marked resistance to 

apoptosis under cytotoxic stress. This cooperative effect 

aligns with previous studies showing that FLT3-ITD 

promotes proliferation through PI3K/AKT and MAPK 

signaling, while TP53 loss disables genomic surveillance 

and apoptotic responses. Notably, similar observations were 

reported by Döhner et al. (2015), who showed that TP53- 

mutant AML cells often exhibit poor apoptotic priming and 

resistance to genotoxic agents. Transcriptomic data in our 

study revealed enrichment of PI3K/AKT, JAK/STAT, and 

BCL2-family signaling in the double-mutant background, 

alongside repression of p53 targets such as CDKN1A, BAX, 

and GADD45A. These findings are consistent with prior 

work by (Beeharry et al., 2019; DiNardo et al., 2019; Kuo, 

Qi, & Cook, 2016), who showed that FLT3-ITD activates 

downstream STAT5 and AKT, and that these pathways 

contribute to survival even in the presence of genotoxic 

agents. Importantly, we extend these insights by showing 

that TP53 loss enhances the output of these pathways and 

reinforces transcriptional programs that favor proliferation 

and therapy evasion. Drug sensitivity profiling revealed that 

TP53/FLT3-ITD cells had IC₅₀ values nearly 4-fold higher 

for gilteritinib and 7-fold higher for cytarabine compared to 

wild-type cells. While FLT3-ITD alone has been associated 

with partial sensitivity to FLT3 inhibitors, as seen in trials 

like ADMIRAL (Padella et al., 2022), our findings confirm 

that TP53 co-mutation neutralizes this therapeutic benefit. 

This is supported by recent work from (Minzel et al., 2018), 

who reported that TP53-mutant clones rapidly expand 

under FLT3 inhibition, driving resistance through apoptotic 

suppression. In vivo validation using NSG xenografts 

revealed that mice engrafted with co-mutant AML cells had 

significantly reduced survival and were unresponsive to 

monotherapy with cytarabine or gilteritinib. These 

observations echo those of (Roloff & Griffiths, 2018), who 

noted poor therapeutic responses in patient-derived 

xenografts harboring TP53 mutations, regardless of 

cytogenetic profile or treatment intensity. Clinically, our 

findings are consistent with prior cohort studies indicating 

poor outcomes in patients with TP53 mutations and adverse 

cytogenetics. We observed a CR rate of only 12.5% and a 

median OS of 4.2 months in the TP53/FLT3-ITD cohort, 

which mirrors data from the ALFA-0701 and Beat AML 

trials. These outcomes contrast sharply with the 70% CR 

and 17.4-month OS observed in wild-type patients, 

underscoring the prognostic and therapeutic implications of 

this dual-mutant genotype. Our study highlights the 

profound biological and clinical consequences of TP53 and 

FLT3-ITD co-mutations in AML. These findings reinforce 

the need for precision approaches that integrate mutational 

profiling into treatment decision-making and support the 

development of dual-targeted regimens that can 

simultaneously address oncogenic signaling and apoptotic 

escape. 

 

CONCLUSION 

This study demonstrates that co-mutations of TP53 and 

FLT3-ITD in AML result in aggressive disease behavior and 

profound drug resistance. Functional assays revealed 

enhanced proliferation and reduced apoptosis in double- 

mutant cells. Transcriptomic analysis confirmed activation 

of survival pathways and repression of p53-mediated genes. 

In vivo xenograft models showed rapid disease progression 

and poor response to therapy. Clinically, co-mutant patients 

had the lowest remission rates and shortest overall survival. 

These findings highlight the need for mutation-guided, 

combinatorial treatment strategies in high-risk AML. 
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