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Abstract

7P53, which encodes the tumor suppressor p53, is the most frequently mutated gene in human
cancer. The selective pressures shaping its mutational spectrum, dominated by missense mutations,
are enigmatic, and neomorphic gain-of-function (GOF) activities have been implicated. We used
CRISPR/Cas9 to generate isogenic human leukemia cell lines of the most common 7P53 missense
mutations. Functional, DNA binding, and transcriptional analyses revealed loss-of-function (LOF)
but no GOF effects. Comprehensive mutational scanning of p53 single amino acid variants
demonstrated that missense variants in the DNA-binding domain exert dominant-negative effects
(DNE). In mice, the DNE of p53 missense variants confer a selective advantage to hematopoietic
cells upon DNA damage. Analysis of clinical outcomes in acute myeloid leukemia patients
showed no evidence of GOF for 7P53 missense mutations. Thus, dominant-negative effects are the
primary unit of selection for 7P53 missense mutations in myeloid malignancies.

The transcription factor p53, encoded by its gene 7P53, is a tumor suppressor involved in
the response to pathogenic stimuli such as DNA damage, oxidative stress, and oncogenic
hyperproliferation (1). 7P53is the most frequently mutated gene in human cancer. 7P53
mutant acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS) have an
extremely poor prognosis (2), are often refractory to chemotherapy (3) and have a high rate
of relapse after allogeneic hematopoietic stem cell transplantation (4).

About 80% of mutations in 7P53 across all cancer subtypes are protein-altering missense
mutations that occur within its DNA-binding domain, clustering at several hotspot amino
acid residues (5). Loss of heterozygosity is a common but not mandatory event during clonal
evolution of tumors with 7P53 missense mutations (6). This unusual mutational spectrum
for a tumor suppressor gene, which normally undergo biallelic inactivation, has led to the
hypothesis that p53 missense mutants may be selected for due to an oncogenic gain-of-
function (GOF) (7, 8). Supporting evidence comes from /n vitroand /n vivo studies in mice
that have demonstrated higher oncogenic potential of p53Missense tymors as compared to
p53"!l tumors (9, 10). Mutant p53 has been shown to engage in novel protein-protein
interactions with other transcription factors resulting in abnormal tumor-promoting
transcriptional programs (11-15). An alternative hypothesis is that selection for 7P53
missense mutations may be due to dominant-negative effects (DNE), leading to non-
mutational impairment of the remaining wild-type allele (16-19). While mutant p53
pathophysiology has largely been studied in epithelial cancers, with a focus on solid tumor
phenotypes such as migration, invasion, and metastasis, the effects of 7253 missense
mutations within the hematopoietic system have been investigated less thoroughly. The
selective forces shaping the mutational spectrum of 7P53in myeloid malignancies have
remained elusive but may be relevant for rational design of therapies aimed at preventing
clonal selection of 7P53-mutant clones. We sought to elucidate the functional consequences
of 7P53 missense mutations in myeloid malignancies using a series of isogenic cellular
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models, facilitated by advances in genome editing that enable systematic examination of
mutant alleles.

We identified the six most frequent 7P53 missense mutations (Fig. S1) in the largest cohort
of high-risk MDS patients analyzed to date (4) and introduced these mutations, along with
null alleles, into two independent human AML cell line models using CRISPR/Cas9
genome-editing (Fig. 1A, Fig. S2A, Fig. S3A). These isogenic cell lines allow comparison
of mutant, wild-type and null alleles expressed from the endogenous locus, leaving the full
complexity of p53 feedback mechanisms intact. We generated K562- 7P53 isogenic cells by
repairing the hemizygous 7/P53R136% mutation in parental K562, which reactivated wild-
type p53 activity in the K562 cells, and then introducing 7P53 missense and null mutations
(Fig. S2A-C, table S1). In the AML cell line MOLM13 that carries two wild-type 7P53
copies, missense and null mutations were introduced into one or both endogenous loci (Fig.
S3A, table S2).

We characterized these isogenic cell lines with allelic series of 7P53 genotypes in various
functional assays. Assessment of cell cycle status and apoptosis after DNA damage revealed
intact functionality of these p53-regulated pathways in wild-type 7P53 K562 and MOLM13
isogenic cells (Fig. 1B, Fig. S2D, Fig. S3B) with the exception of a previously described
(20) intrinsic apoptotic defect in parental K562 cells (Fig. S2E, F). TP53mutant MOLM13
isogenic cells were relatively resistant to apoptosis (Fig. 1B), and both 7P53-mutant
MOLM13 and K562 isogenic cells failed to arrest in G1 (Fig. S2D, Fig. S3B). In both
isogenic cell line models, the abundance of p53 protein, in steady-state and upon
daunorubicin-induced DNA damage, was influenced by specific mutations (Fig. 1C, Fig.
S2G). Furthermore, in contrast with previous studies in which overexpression of wild-type
p53 in 7P53! cancer cell lines resulted in decreased proliferation (21-23), expression of
wild-type or mutant p53 from the endogenous locus did not affect cell proliferation under
steady-state conditions in either cell line model (Fig. 1D, Fig. S2H).

MOLM13-TP53 cells with either missense or null alleles were equally resistant to
daunorubicin-induced apoptosis (Fig. 1B), and accordingly, both 7/P53missense/~ and 7P53 7/~
cells were equally more resistant to chemotherapeutics than 7253 cells (Fig. 1E). This
translated into a sustained competitive advantage over 7P53"* cells, as determined by /n
vitro mixing experiments (Fig. S4A-C). Consequently, no competitive fitness difference was
observed when 7P53 missense mutant cells were co-cultured with 7253 null cells in the
presence of dimethyl sulfoxide (DMSQO) or daunorubicin (Fig. SSA-C). The slight increase
in percentage of 7P53Y220C/- and 7P5M237V- cells relative to 7P537~ cells in MOLM13
isogenic cells (Fig. S5B) but not K562 isogenic cells (Fig. S5C) was therefore considered to
be due to subtle differences in proliferative capacities between isogenic MOLM13 lines.
Collectively, 7P53isogenic AML cell lines generated by CRISPR/Cas9 genome-editing not
only faithfully recapitulate p53 biology, but also revealed that cells with 7P53 missense and
null alleles show the same oncogenic phenotypes /n vitro with respect to proliferative
capacity, decreased apoptotic potential, lack of G1 cell cycle arrest, and resistance to
cytotoxic agents.
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The vast majority of 7P53 missense mutations affect p53’s DNA-binding domain, which
raises the possibility that they result in activation of de novo transcriptional programs. We
therefore performed chromatin immunoprecipitation sequencing (ChlP-seq) and RNA-seq
analyses in both isogenic cell line models in steady-state and after DNA damage. First, we
determined enrichment of wild-type or missense mutant p53 binding relative to the p53 null
state, which served as control. As expected, we observed strong enrichment of wild-type p53
binding to promoter regions in both DMSO- and daunorubicin-treated samples (Fig. 2A, Fig.
S6A). In contrast, three of six missense mutants (R175H, R248Q, R273H) lost nearly all
DNA-binding activity. Two mutants (Y220C and M2371) had decreased but residual DNA
binding, with the target sites almost completely overlapping those found in cells with wild-
type p53 and with no evidence for novel binding sites (Fig. 2A, Fig. S6A-C). The R282W
mutant had increased promoter occupancy, maintaining wild-type-like DNA-binding activity
while also acquiring novel binding sites (Fig. 2A, Fig. S6A-C).

Since promoter occupancy is necessary but not sufficient to transactivate expression of p53
target genes, we examined whether promoter binding of wild-type or mutant p53 results in
expression of the associated genes (Fig. 2B, Fig. STA-C). As expected, genes associated
with wild-type-specific ChIP-seq peaks were expressed at higher levels in cells with wild-
type 7P53compared to cells with missense mutant or null alleles (Fig. 2B left, Fig. S7C
left). Even genes associated with ChlP-seq peaks shared between wild-type and missense
mutant p53 were expressed at much higher levels in cells with wild-type 7P53as compared
to cells with missense mutant or null alleles (Fig. 2B middle, Fig. S7C middle). In contrast,
genes associated with missense mutant-specific ChlP-seq peaks, most of which were
contributed by R282W mutant, were not differentially expressed between cells with 7P53
missense mutant, null or wild-type alleles (Fig. 2B right, Fig. S7C right). These data indicate
that p53 missense mutants are not capable of activating gene expression, including at de
novo sites of p53 R282W mutant binding, even upon exposure to chemotherapy.

To examine the possibility that missense mutant p53 drives an oncogenic GOF
transcriptional program independent of its ability to directly act as a transcriptional activator
or repressor, we analyzed our RNA-seq data without considering results from the ChlP-seq
experiments. In contrast to prior reports that common p53 missense variants exert a universal
transcriptional GOF (14, 15), we found no indication of a common p53 missense mutant-
driven GOF transcriptional program in either isogenic model, in steady-state or upon
daunorubicin-induced DNA damage (Fig. 2C, Fig. S8A-C). We did, however, identify a
strong transcriptional signature of genes that have increased expression in 7P53wild-type
cells after DNA damage and that have lower expression in 7P53-mutant cells. Notably, this
signature was shared by all 7253 missense and null mutant cells but not by 7P53 wild-type
cells (Fig. 2C, Fig. S8A-C). This result emphasizes that the dominant gene expression
signature of cells carrying 7P53 missense mutations is the signature of 7P53inactivation, as
demonstrated by equivalency to the transcriptional state of 7253 cells. Accordingly, gene
ontology analysis performed on the 30 most differentially expressed genes revealed
biological processes closely associated with p53-regulated pathways, such as apoptosis and
cell cycle regulation, to be the most altered in cells with 7253 missense mutant or null
alleles (Fig. S8D, Fig. S9A, B).
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As noted above, dominant-negative effects (DNE) provide an alternative explanation to GOF
mechanisms as a biological basis for the selective pressure for specific missense mutations
(16-19). To test for DNE, we used CRISPR/Cas9 genome editing to generate isogenic
MOLM13 cell lines with an allelic series that comprises 7TP53*, TP53"~, TP53!-,
TP53R248Q/* and 7P53R248Q1~ \We used CDKN1A and p21 expression as a surrogate
marker for p53 functionality. Daunorubicin treatment led to an increase in CDKN1A mRNA
and p21 protein levels in 7P53* and 7P53"~ cells but not in 7P537/~, TP55R248Q/* and
TP53R248Q1= cells (Fig. 3A, Fig. S10A). These results demonstrate that in heterozygous cells
with endogenous expression of p53R248Q from one allele and endogenous p53Wild-tyPe from
the other allele, the missense variant inhibits transcriptional activity of the wild-type p53
protein in a dominant-negative manner. Consequently, 7P53R248Q/* cells showed a greater
functional impairment of p53-dependent G1 cell cycle arrest and apoptosis upon
daunorubicin treatment than 7P53"/~ cells (Fig. 3B, Fig. S10B). Moreover, 7P53 -,
TP53R248Q/+ and TP53R248Q/- cells were functionally equivalent as demonstrated by an
equal degree of resistance to daunorubicin or nutlin-3a, an inhibitor of MDM2-mediated
proteasomal degradation of p53, compared to 7P53"* and 7P53*" cells (Fig. 3C).
Similarly, both 7/P53R248Q/* and 7P55R248Q/~ cells rapidly outcompeted 7P53* cells in co-
culture assays in the presence of nutlin-3a (Fig. S10C). Collectively, these data demonstrate
that p53R248Q exerts a DNE on the functionality of p53Wild-tyPe in heterozygous AML cells,
leading to enhanced competitive fitness of 7P53%248Q/* compared to 7P53+/- cells after
DNA damage.

We next sought to examine all potential 7”53 missense mutations in an unbiased fashion. To
this end, we performed a saturation mutagenesis screen in which each amino acid in p53 was
systematically mutated to all other possible amino acids and a stop codon, as previously
described (24). We introduced this pool of 7P53-mutant cDNAs into a novel reporter AML
cell line with wild-type p53 activity that was engineered to express a p21-green fluorescent
protein (GFP) fusion protein from the endogenous CDKNI1A locus. This enabled us to
monitor by flow cytometry the biochemical consequences of p53 missense variants on wild-
type p53’s transcriptional activity (Fig. S11A, B). Reporter cells expressing the mutant
cDNAs were treated with nutlin-3a to induce p53, and cells were sorted and sequenced on
the basis of p21-GFP expression (Fig. S11C). Amino acid substitutions at residues 100-300,
encompassing the DNA-binding domain, were powerfully enriched for dominant-negative
activity both in DMSO- and nutlin-3a-treated reporter cells (Fig. 3D, Fig. S11D). The amino
acid substitutions resulting in DNE in our functional screen are highly concordant with
missense 7P53 mutations in a cohort of 1,040 patients with myeloid malignancies (Fig. 3D).
Two saturation mutagenesis studies conducted in solid tumor models have recently reported
conflicting results supportive of DNE (24) or LOF and GOF effects (25). This discrepancy is
most likely due to the lack of intrinsic wild-type p53 expression in the cell lines used by
Kotler et al. (25) compared to our study. Collectively, our findings demonstrate that the vast
majority of 7P53 missense mutations occurring within its DNA-binding domain, including
those recurrently found in myeloid malignancies, exert a strong DNE on wild-type p53’s
transcriptional activity, whereas missense mutations outside of the DNA-binding domain
have either LOF or neutral effects.
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Having studied the functional consequences of 7253 missense mutations in isogenic AML
cell line models /n vitro, we sought to investigate the role of initiating 7253 missense
mutations on the response to DNA damage in hematopoietic stem and progenitor cells
(HSPCs) /n vivo, Pre-leukemic HSPCs carrying 7P53 mutations, including the missense
mutations investigated in this study, undergo clonal selection after exposure to DNA-
damaging chemotherapeutics (26) but the relative impact of specific 7253 mutations is
unknown. We generated mixed chimeric mice by transplanting HSPCs of various
combinatorial genotypes derived from 7rp53 (gene nomenclature in mice is 7rp53as
opposed to 7P53in humans) wild-type, 7rp53knock-out and 7rp53 knock-in mice
expressing the mouse homologs of R175H (R172H in mice) and R273H (R270H in mice)
(10). We followed peripheral blood chimerism in sublethally irradiated and control mice
over time to determine the 77053 genotype-specific relative competitive fitness upon DNA
damage (Fig. 4A). As expected, 77p537~ HSPCs had a strong competitive advantage over
Trp53* or Trp53~ HSPCs following sublethal irradiation, whereas 77053~ HSPCs
expanded only modestly relative to 77p53"* HSPCs (Fig. 4B). Trp53'* HSPCs expressing
congenic markers CD45.1 or CD45.2 had no competitive difference (Fig 4B, rightmost
panel). The competitive advantage of 7rp5R172H* or Trp53R210H over Trp53* HSPCs
was similar in magnitude to the competitive advantage of 77p53 7~ over Trp53* HSPCs
(Fig. 4B, C, D leftmost). Importantly, 7rp53R172H/* or Trp53R270H* gutcompeted 77053/~
HSPCs (Fig. 4C, D second from left). In contrast, 7rp5R172H/~ or 77p53R270H- HSpCs
displayed no competitive advantage over 77053/~ HSPCs (Fig. 4C, D rightmost). These
results demonstrate that these p53 missense variants exert a DNE on wild-type p53 upon
DNA damage, leading to expansion of HSPCs /n7 vivo in mice. We noted slight increases in
chimerism even in non-irradiated control mice. However, these reached plateaus and were
therefore interpreted as post-transplant fluctuations. Importantly, the results do not support a
model in which the missense variants confer a GOF on p53 in mice. Interestingly,
Tro53R112H1+ or Trp53R210H+ HSPCs had a competitive disadvantage relative to 77p53 7~
HSPCs (Fig. 4C, D second from right), which reveals that the DNE is incomplete /n vivo,
leading to residual wild-type p53 activity. This finding is consistent with the ongoing
selective pressure to inactivate the remaining wild-type allele in patients with heterozygous
missense mutations (6). Collectively, the various possible configurations of 7rp53alleles in
biallelic HSPCs result in a graded decrease in p53 activity that is paralleled by an increased
resistance to genotoxic stress (Fig. 4E).

To examine whether our results are consistent with clinical observations, we investigated the
association of 7P53 mutation type on clinical outcomes in AML patients. We analyzed a
cohort of 164 patients with 7P53mutant AML from the German-Austrian AML Study
Group (AMLSG) that had received intensive, anthracycline-/cytarabine-based chemotherapy.
Consistent with the well-known 7P53 mutational spectrum, the vast majority of patients
(n=137) had missense mutations, most of which (95.3%) were located within the DNA-
binding domain (Fig. S12A). A small number of patients (n=27) had truncating mutations
comprising frame-shift, nonsense, or splice mutations and these mutations were evenly
distributed across the gene (Fig. S12A). An oncogenic p53 GOF in AML would be predicted
to result in a more aggressive disease and worse survival outcomes in patients with missense
mutations compared with patients who harbor truncating mutations. We found that AML
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patients with missense mutations did not have a more aggressive disease than those with
truncating mutations (Fig. S12B) and observed no significant difference in event-free
(p=0.35) or overall (p=0.92) survival in patients bearing 753 missense or truncation
mutations (Fig. 4F, G). In the subset of 101 patients (=87 missense mutations, n=14
truncating mutations) for which co-mutation data were available (Fig. S13A), we did not
observe statistically significant differences in the number of co-mutations per patient. Co-
mutations were present in 7/14 (50%) and 42/87 (48.3%) of AML patients with 7P53
truncating or missense mutations, respectively (p=0.9999, Fisher’s exact test). There was no
evidence for a more aggressive co-mutational pattern in AML patients with 7P53and the
frequency of complex karyotype was not significantly different in patients with 7P53
missense mutations or truncating mutations. Overall, the outcomes of AML patients with
TP53mutations in this dataset do not support the hypothesis that a putative mutant p53-
mediated GOF causes a worse outcome in patients with 7P53 missense mutations.

In aggregate, phenotypic and functional analyses in isogenic human AML cell line models,
in vivo functional studies in mice, and analysis of clinicogenomic data from AML patients
consistently indicate that 7253 missense mutations have dominant-negative activity without
evidence of GOF capacity. We therefore propose a model in which missense variants exert a
DNE that shapes the mutational spectrum early in the development of myeloid malignancies,
often still at the pre-malignant stage (27-30), thereby providing a clonal reservoir of cells
that are prone to expand and acquire secondary mutations resulting in development of
myeloid malignancies. The concordance of the 7P53 mutational spectrum between pre-
malignant clonal hematopoiesis of indeterminate potential (CHIP) and AML (Fig. S12A)
suggests no major selective pressures for specific 7253 mutations during disease progression
into AML. Similar observations have been made in studies comparing pre-malignant lesions
and overt cancer of the skin and esophagus (31, 32). Notably, the nearly identical 7P53
mutational spectrum in myeloid malignancies and solid tumors strongly suggest similar
selection processes in many if not most cancers. Previous studies have demonstrated mutant
p53 GOF mechanisms in epithelial cancers, implicating novel protein- protein interactions
with other transcription factors including p63, NF-Y, NRF2 and ETS2 (11, 14, 15, 33). The
discrepancy between our study and prior studies may be explained by distinct expression
levels of these transcription factors in epithelial as compared to hematopoietic cells. For p63,
a p53 family member, variable expression predominantly in epithelial tissues has indeed
been reported (34), suggesting that GOF may be context-dependent (35).

In summary, our studies demonstrate that in myeloid malignancies 7P53 missense mutations
do not lead to novel GOF activities but instead drive clonal selection through dominant-
negative effects. Future studies aimed at elucidating the molecular mechanisms of the DNE
may lead to therapeutic strategies that prevent outgrowth of 7P53mutant clones and
progression into AML and MDS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. TP53 hotspot missense and null mutations in isogenic AML cell lines show similar

oncogenic phenotypes.

(A) Schematic of the experimental workflow for generating K562-7P53 and MOLM13-

TP53isogenic AML cell lines. CRISPR-HDR, CRISPR-Cas9-mediated homology-directed
repair; CRISPR-KO, CRISPR-Cas9-mediated gene knock-out (B) MOLM13- 7P53 isogenic
AML cell lines were treated with 100nM daunorubicin for up to 72 hours. At the indicated
time points, cells were stained with Annexin V and analyzed by flow cytometry to assess
total apoptotic cells (replicates n=3, symbols represent averages of experimental replicates,
error bars indicate s.e.m., *** p<0.001, **** p<0.0001, two-tailed Student’s #test). (C)
MOLM13- 7P53isogenic AML cell lines were treated with DMSO (=) or 100nM
daunorubicin (+) for 6 hours, after which whole cell protein lysates were collected, run on a
polyacrylamide gel, and immunoblotted for p53, p21 and actin (replicates n=3,
representative images are shown). (D) Growth kinetics of MOLM13- 7P53isogenic AML
cell lines (replicates n=3, symbols represent averages of experimental replicates, error bars
indicate s.e.m.). (E) MOLM13-7P53isogenic AML cell lines were treated with DMSO or
indicated drugs at increasing concentrations for 72 hours, after which cell viability was
assessed using CellTiter-Glo® luminescent assay, (replicates n=3, symbols represent
averages of experimental replicates, error bars indicate s.e.m.).
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Fig. 2. Transcriptional consequences of TP53 hotspot missense mutations in isogenic AML cell
lines.

(A) Genome-wide relative enrichment of wildtype and missense mutant p53 variants (ChlP
for wild-type or missense mutant p53 over ChlP in p53~/~ cells) over transcriptional start
site (TSS)-proximal regions (=10kb — first intron) in K562- 7P53 isogenic cell lines upon
treatment with DMSO or 100nM daunorubicin for 24 or 6 hours, respectively. (B) Heatmap
depicting normalized expression of genes associated with WT-specific (left), shared
(middle), and p53 mutant-specific (right) ChlP-seq peaks in K562- 7P53 isogenic cell lines
treated with 100nM daunorubicin for 24 hours (experimental replicates n=3). (C) Heatmap
of the pooled top 30 (left) and pooled bottom 30 (right) genes relative to wild-type p53 in
K562- TP53isogenic cell lines treated with 100nM daunorubicin for 24 hours (RNA-seq
experimental replicates n=3).
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Fig. 3. TP53 missense mutations within the DNA-binding domain confer dominant-negative
effects.

(A) MOLM13- 7P53isogenic AML cell lines with p53*/*, p53*/~, p53~/~ as well as
p53R248Q/+ and p53R248Q/~ \yere treated with DMSO (-) or 100nM daunorubicin (+) for 6
hours, after which whole cell protein lysates were collected, run on a polyacrylamide gel,
and immunoblotted for p53, p21 and actin (replicates n=3, representative images are shown).
(B) MOLM13- 7P53isogenic AML cell lines were treated 100nM daunorubicin for up to 72
hours. At the indicated time points, cells were stained with Annexin V and analyzed by flow
cytometry to assess total apoptotic cells (replicates n=3, symbols represent averages of
experimental replicates, error bars indicate s.e.m., * p,0.05, **p,0.01, ***p<0.001, ****
p<0.0001, two-tailed Student’s £test). (C) MOLM13- 7P53isogenic AML cell lines were
treated with DMSO, nutlin-3a or daunorubicin at increasing concentrations for 72 hours,
after which cell viability was assessed using CellTiter-Glo® luminescent assay. (replicates
n=3, symbols represent averages of experimental replicates, error bars indicate s.e.m.). (D)
Heatmap depicting the 7/P53 saturation mutagenesis screen results after nutlin-3a treatment
shown as log10 of the ratio of normalized read counts in GFP!® over GFPN cells per 7P53
variant (top panel) overlaid on a lollipop plot demonstrating 7253 mutational data from
1,040 patients with myelodysplastic syndromes (MDS), myeloproliferative neoplasms
(MPN), and AML (bottom panel). Missense mutations (green circles) and truncating
mutations (black circles) comprising frame-shift, nonsense, and splice mutations are shown.
TAD, transactivation domain; PRD, proline-rich domain; OD, oligomerization domain;
CTD, C-terminal domain.
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Fig. 4. Heterozygous Trp53 missense mutations confer a competitive advantage over Trp53+/ -
HSPCs upon sublethal gamma-irradiation.

(A) Schematic of the experimental workflow for hematopoietic competition assays in mixed
chimeric mice to assess the relative competitive fitness of 7rp53 genotypes upon sublethal
gamma-irradiation. 77p53t*-CD45.1/2 recipient mice were engrafted with a 1:1 mixture of
Trp53 genotypes from either CD45.1 or CD45.2 mice. Following hematopoietic
reconstitution, mixed chimeric mice were sublethally gamma-irradiated (single dose of 2.5
Gy), and thereafter, peripheral blood (PB) chimerism was assessed by flow-cytometry every
4 weeks. (B-D) PB chimerism in mixed chimeric mice of the indicated genotypes in non-
irradiated control mice (black squares) and mice treated with a single dose of 2.5 Gy
gamma-irradiation (red squares). (experimental replicates n=2-3 per group, n=14-20 mice
per group, symbols represent averages of individual mice across experimental replicates,
error bars indicate s.e.m., * p<0.05, ** p<0.01, *** p<0.001, **** p<0.0001, Mann-
Whitney test) (E) Schematic summary of the results obtained from hematopoietic
competition assays depicting the relative competitive fitness of the indicated 7rp53
genotypes towards sublethal DNA damage. (F) Kaplan-Meier analysis for event-free and
(G) overall survival in AML patients according to 7P53 mutational status (missense
mutations, blue line or truncating mutations comprising frame-shift, nonsense, and splice
mutation, red line, log-rank (Mantel-Cox) test).
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