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With an overall 5%−10% incidence rate in acute myeloid leukemia (AML), the occurrence of TP53mutations
is low compared with that in solid tumors. However, when focusing on high-risk groups including secondary
AML (sAML) and therapy-related AMLs, the frequency of mutations reaches up to 35%. Mutations may
include loss of heterozygosity (LOH) or deletion of the 17p allele, but are mostly missense substitutions that
are located in the DNA-binding domain. Despite elaborate research on the effects of TP53mutations in solid
tumors, in hematological malignancies, the effects of TP53 mutations versus loss of TP53 remain unclear
and under debate. Here, we compared the cellular effects of a TP53 mutant and loss of TP53 in human
hematopoietic stem and progenitor cells (HSPCs). We found that when expressing TP53 mutant or loss of
TP53 using siRNA, CD34+/CD38− cells have a significantly enhanced replating potential, which could not be
demonstrated for the CD34+/CD38+ population. Using RNA-sequencing analysis, we found a loss of expres-
sion of p53 target genes in cells with TP53 knockdown. In contrast, an increased expression of a large num-
ber of genes was observed when expressing TP53 mutant, resulting in an increase in expression of genes
involved in megakaryocytic differentiation, plasma membrane binding, and extracellular structure organiza-
tion. When binding of p53 wild type and p53 mutant was compared in cell lines, we found that mutant p53
binds to a large number of binding sites genomewide, contrary to wild-type p53, for which binding is
restricted to genes with a p53 binding motif. These findings were verified in primary AMLs with and without
mutated TP53. In conclusion, in our models, we identified overlapping effects of TP53 mutant and loss of
TP53 on in vitro stem cell properties but distinct effects on DNA binding and gene expression. © 2022 ISEH
– Society for Hematology and Stem Cells. Published by Elsevier Inc. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/)
HIGHLIGHTS

� TP53mutant or loss of TP53 results in enhanced replating poten-
tial in HSCs.

� Mutant p53 proteins have altered DNA binding patterns in primary
AML.

� P53 mutant leads to increased expression of a number of target
genes, suggesting “gain-of-function” effects.

INTRODUCTION

Disruption of p53 function can be caused by loss of the short arm
of chromosome 17 where TP53 is located or by the presence of
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TP53 mutations [1]. Most mutations are missense substitutions and
are located in the DNA-binding domain, which is home to the six
most commonly found “hotspot” mutations [2,3]. Several hotspot
mutations are more commonly found than others, suggesting that
not all mutant forms of p53 exert the same effects. These mutations
lead to loss of tumor-suppressive functions of wild-type p53, but
TP53 mutations have also been associated with oncogenic gain-of-
function (GOF), which is known to alter gene expression and is
probably related to altered protein stability [3−5]. Several genes that
have been previously described as being regulated by mutant p53—
but not by wild-type p53—include MYC and FOS [3]. In addition, it
has been determined that GOF p53 binds to the promoters of chro-
matin modifiers KMT2A (MLL1), KMT2D (MLL2), and KAT6A
(MOZ) and induces their expression [6]. Recently, Chen et al. [7]
described that TP53 mutations drive clonal hematopoiesis in
0301-472X/© 2022 ISEH – Society for Hematology and Stem Cells. Published by
Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/)
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response to cellular stressors in murine models. They found that
mutant p53 interacts with EZH2, which in turn enhances its associa-
tion with the chromatin, increasing the levels of H3K27me3 in
genes regulating HSC self-renewal and differentiation, suggesting
also a GOF effect. On the contrary, Boettcher et al. [8] suggested
that the effects of p53 are due mainly to a dominant negative activ-
ity by constructing isogenic acute myeloid leukemia (AML) cell lines
carrying different TP53 mutations.

In contrast to solid tumors, TP53 mutations are relatively rare in
AML and affect only 5% to 10% of de novo AML, but are more fre-
quently observed in high-risk groups [9−11]. In line with other can-
cers, in hematological malignancies TP53 mutations are often
heterozygous point mutations, but loss of heterozygosity (LOH) or
deletion of the second allele (17p) also is a frequent event [12].
Recent research in murine models has indicated that the combination
of a TP53 mutation with a 17p deletion results in an even more unfa-
vorable prognosis than the TP53 mutation alone [13]. Together, these
findings suggest that, at least in hematological malignancies, the
effects of TP53 mutations versus loss of TP53 remain unclear and
under debate. In the present study, we investigated the cellular effects
of TP53 mutant R273H, a mutational hotspot mutant, and loss of
TP53 in human hematopoietic stem and progenitor cells (HSPCs) in
conjunction with RNA sequencing to elucidate the differences in
gene expression. These findings were verified in AML cell lines and
patient AML samples by using chromatin immunoprecipitation
(ChIP) sequencing to identify differential binding of p53 mutant in
primary TP53mutant AMLs.
METHODS

Primary cells and cell lines

Umbilical cord blood (CB) was derived from healthy full-term
pregnancies from the obstetrics departments of the Martini Hospi-
tal and University Medical Center in Groningen, The Netherlands,
after patients provided informed consent. CD34+ cells were iso-
lated by MACS separation (Miltenyi, Leiden, Netherlands).
CD34+ cells were maintained in Stemline II (Sigma-Aldrich,
Amsterdam, Netherlands), supplemented with 100 ng/mL stem
cell factor (SCF, c-kit ligand), 100 ng/mL thyropoietin (TPO), and
100 ng/mL Fms-like tyrosine kinase receptor 3 (FLT3) ligand until
further use (24−48 hours). AML cells from peripheral blood or
bone marrow from AML patients was studied after informed
consent was obtained in accordance with the Declaration of Hel-
sinki. The protocol was approved by the Ethical Review Board of
the University Medical Center Groningen, Groningen, The Neth-
erlands. The mononuclear cell (MNC) fraction was obtained by
density gradient centrifugation using lymphoprep (PAA, C€olbe,
Germany) according to standard procedures. Two TP53 mutant
AMLs were selected to have a variant allele frequency (VAF) of
approximately ≥50% in bone marrow.

MOLM13, NB4, and OCI-AML3 were cultured in RPMI-1640
(Gibco, The Netherlands) supplemented with 10% fetal calf serum
(FCS) and 1% penicillin/streptomycin. Mono-Mac-6 cells were cul-
tured in RPMI-1640 supplemented with 10% FCS, 1% penicillin/
streptomycin (Gibco//Life Technologies Europe BV, Bleiswijk, Neth-
erlands), nonessential amino acids (NEAA, Sigma-Aldrich), and 10
mg/mL human insulin (Sigma-Aldrich).
Plasmid construction and lentiviral transduction

TP53 constructs were created by polymerase chain reaction (PCR)
from cDNA from TP53 mutant and wild-type cell lines (MDA-MB-
468 harbors TP53R273H; MOLM13 was used for wild-type TP53)
and subcloned into a pRRL−SFFV−iGFP vector, and the correct
insert was validated by sequencing. Lentiviral particle production was
performed using Fugene (Promega Benelux, Leiden, Netherlands),
and transduction of CB cells was performed using 2 mg/mL poly-
brene (Sigma-Aldrich). After 48−72 hours, cells were sorted on
GFP+ and/or CD34+CD38− cell fractions (CD34-BV421, CD38-
PE, BD Biosciences, Vianen, Netherlands) on MoFlo XDP or Astrios
(Dako Cytomation, Carpinteria, CA).

CFC assays, liquid cultures, MS5 stromal cocultures, and
LTC-IC

Colony-forming cell formation analysis was performed by plating
1,000 CD34+ cells in methylcellulose (H4230, StemCell Technolo-
gies, Saint-Egreve, France), supplemented with 20 ng/mL interleukin-
3 (IL-3), 20 ng/mL IL-6, 20 ng/mL colony-stimulating factor granulo-
cyte (G-CSF), 20 ng/mL stem cell factor (SCF), and 6 U/mL erythro-
poietin (EPO). CFU-G, CFU macrophage (CFU-M), and burst
forming units erythroid (BFU-E) colonies were scored after 10
−14 days of culture. Long-term culture-initiating cell assay (LTC-IC)
was performed by sorting transduced cord blood (CB CD34+) cells
in limiting dilutions in the range 6−1,458 cells per well on MS5 stro-
mal cells in a 96-well plate in Gartners LTC medium (a-modified Min-
imum Essential Medium [aMEM], Lonza, Basel, Switzerland)
supplemented with 12.5% heat-inactivated FCS, heat-inactivated
12.5% horse serum (Sigma-Aldrich), penicillin and streptomycin
(Gibco, The Netherlands), 57.2 mmol/L b−mercaptoethanol (Sigma-
Aldrich), and 1 mmol/L hydrocortisone (Sigma-Aldrich), and half of
the medium was replenished weekly. After 5 weeks, methylcellulose
was added to the wells. One to 1.5 weeks later, wells containing colo-
nies were scored as positive.

Protein stability assay and immunoblotting

Protein stability was determined by treating cells for different time
points with 0.1mg/mL cycloheximide (Sigma-Aldrich, No. C7698).
Whole-cell extracts were prepared by boiling an appropriate amount
of cells in Laemmli sample buffer for 5 min with subsequent separa-
tion on 10% sodium dodecyl sulfate (SDS)−acrylamide gels. Proteins
were transferred to polyvinyl difluoride (Millipore, Netherlands) using
wet transfer. p53 was detected with a-P53 DO-1 sc-126X antibody
(Santa Cruz, Germany).

RNA extraction and Illumina high-throughput sequencing

RNA was isolated by separation of the aqueous phase with TRIzol
Reagent (ThermoFisher, Bleiswijk, Netherlands) according to the
manufacturer’s protocol. The aqueous phase was mixed with 70%
ethanol (1:1), and isolation was continued using the RNeasy microkit
(Qiagen, Hilden, Germany) including on-column DNase I treatment.
RNA libraries were prepared using the KAPA RNA HyperPrep Kit
with RiboErase (HMR) according to the manufacturer’s protocol
(KR1351−v1.16, Roche Sequencing Solutions). In brief, 25 ng to 1
mg of input RNA was depleted from ribosomal RNA by oligohybrid-
ization, RNaseH treatment, and DNase digestion. rRNA-depleted
RNA was fragmented to »200-bp fragments, and first-strand
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synthesis was performed using random primers. The second strand
was synthesized using dUTP for strand specificity. After adapter liga-
tion, library amplification was performed, and the number of cycles
was dependent on the amount of starting material. A bioanalyzer
using a high-sensitivity DNA Chip (Agilent) was used to check frag-
ment size. Samples were sequenced on an Illumina NextSeq 500 sys-
tem with 2£43-bp paired-end sequencing (PE43).

Data retrieval

Differential gene expression of TP53mut AMLs was determined
from in-house samples (Blueprint, Supplementary Table E1, online
only, available at www.exphem.org) [14,15]. (n = 39, TP53mut = 6);
the TCGA data set [11,16] (n = 179, TP53mut = 20); and the Bea-
tAML data set [17] (n = 494, TP53mut = 26) [17].

Chromatin immunoprecipitation and sequencing

Primary AML cells and cell lines were crosslinked with 1% formalde-
hyde for 10 min at room temperature at a concentration of 30 £ 106

cells/mL. The fixed cells were sonicated 10−15 cycles (30 sec on, 30
sec off) to a size of 200−600 bp. Sonicated chromatin was incubated
overnight with either 5 mg TP53 antibody (Santa Cruz: DO-1, sc-
126X) or 2 mg of antibody against H3K4me3, H3K27me3, or
H3K27ac. The next day, antibody−protein complexes were bound
to magnetic Protein G beads (Invitrogen, ThermoFisher, Netherlands)
for »2 hours. Beads were washed with four different wash buffers,
and chromatin was eluted from the beads. DNA proteins were de-
crosslinked, and samples were purified using the Qiaquick MinElute
PCR purification kit. Sequencing samples were prepared according
to the manufacturer’s protocol (Illumina, Eindhoven, Netherlands).
End repair was performed using the precipitated DNA using Klenow
and T4 PNK, and subsequently a 30 protruding A base was generated
using Taq polymerase followed by adapter ligation. The DNA was
amplified by PCR and »300 bp (ChIP fragment + adapters). Sam-
ples were sequenced on an Illumina NextSeq 500 system with
2£43 bp paired-end sequencing (PE43).

Statistical analysis

A paired or unpaired two-sided Student t test was used to calculate
statistical differences. A p value < 0.05 was considered to indicate sta-
tistical significance. Error bars represent standard deviations: *p <
0.05, **p < 0.01, ***p < 0.001.

RESULTS

To understand how mutant p53 affects human hematopoietic cells
and contributes to malignant transformation we created an overex-
pression construct expressing the missense mutant R273H
(p53R273H), one of the six most common TP53 mutations in human
cancers (Supplementary Figure E1A, online only, available at www.
exphem.org). We confirmed the enhanced stability of p53R273H in
the cell line OCI-AML3 by expressing TP53wt or TP53R273H followed
by cycloheximide treatment, whereas p53wt was completely
degraded after 60 min of treatment, p53R273H remained stable within
this time frame (Supplementary Figure E1B, online only).

To understand the cellular programs induced by p53R273H, CD34+

umbilical CB cells were transduced with either a TP53R273H overex-
pression vector or control vector (control) (Figure 1A). In vitro colony
assays revealed that TP53R273H overexpression in CB CD34+ cells
provided a more than twofold loss of erythroid colony formation,
while the myeloid lineage exhibited a significantly enhanced replating
potential of granulocyte and macrophage colony formation (CFU-G/
M) (Figure 1B). To define the cell population that contributes to this
replating potential, we sorted CD34+/CD38− and CD34+/CD38+

and repeated this experiment. We found that the CD34+/CD38−

sorted TP53R273H cells did have a significantly enhanced replating
potential that could not be demonstrated in TP53R273H sorted
CD34+/CD38+ cells or control cells (Figure 1C). This suggests that
the stem cell−enriched fraction (CD34+/CD38−) is particularly
susceptible to the effects of mutant p53. These findings are in line
with the results of a long-term culture initiating colony (LTC-IC) assay,
which revealed a significantly enhanced stem cell frequency
(Figure 1D).

As the unfavorable prognosis of TP53-mutated AML is associated
not only with mutations, but also with loss of heterozygosity (LOH)
or deletion of the second allele (17p), we investigated whether loss of
TP53 yielded comparable phenotypes in HSPCs. CB CD34+ cells
were transduced with RNAi against TP53 (shTP53) or control
(shSCR), which causes a 95% reduction in TP53 expression
(Figure 2A). Similar to the TP53R273H, we observed that the loss of
TP53 resulted in a reduction in erythroid colony formation and an
enhanced replating potential of CFU-GMs compared with shSCR
(Figure 2B). In this context, the effect of TP53 reduction was also
linked to the immature stem cell−enriched CD34+/CD38− fraction
(Figure 2C), which is in line with the significantly higher stem cell fre-
quency on TP53 removal (Figure 2D).

Taken together, these findings indicate that loss of function or pres-
ence of TP53R273H provides improved preservation of the in vitro
stem cell potential that is restricted to the immature CD34+/CD38−

cell fraction, which is in line with murine data [18].
When comparing TP53R273H and shTP53, we find that the effects

on CB CD34+/CD38− colony formation are comparable, although
TP53 mutations have been associated with oncogenic gain-of-func-
tion, which is concluded mostly from studies in solid tumors [3]. To
study the induced alterations in HSPCs we performed RNA
sequencing from CB CD34+/CD38− cells to compare the transcrip-
tional programs induced by p53R273H and shTP53 (Figure 3A).
Forty-eight to 72 hours after transduction of CB CD34+ cells, we
sorted GFP+ CD34+/CD38− directly in RNA lysis buffer. Expres-
sion of either p53R273H or shTP53 did not visually alter CD34+/
CD38− percentages between samples (FACS data not shown, Ger-
ritsen, 2019). Compared with control transduced cells, we found
aberrant expression of 25 genes in shTP53 cells including classic
p53 targets CDKN1A and PHLDA3. Of these 25 differentially
expressed genes, 24 were downregulated. Also, when functionally
annotating these 24 downregulated genes, the most significantly
affected pathway caused by loss of TP53 (shTP53) was the p53
downstream pathway (Supplementary Figure E2A, online only,
available at www.exphem.org) and, in particular, decreased expres-
sion of pro-apoptotic genes. In contrast, expression of TP53R273H

was associated with decreased expression of genes involved in ribo-
some biogenesis and metabolism (n = 20) (Supplementary Figure
E2B, online only), but with increased expression of genes involved
in plasma membrane binding, extracellular structure organization,
and differentiation (n = 209) (Supplementary Figure E2C, online
only). Specifically, genes involved in differentiation include genes
involved in megakaryocyte differentiation but also negative

http://www.exphem.org
http://www.exphem.org
http://www.exphem.org
http://www.exphem.org


Figure 1 TP53mut cells have increased replating potential and stem cell frequency. (A) Expression of TP53 was determined by
reverse transcription quantitative polymerase chain reaction after TP53R273H overexpression (n = 2). (B) Colony formation and replat-
ing potential of CB transduced with control vector or TP53R273H overexpression vector. Red: Burst-forming units erythroid (BFU-E).
Blue: Colony-forming units granulocyte/macrophage (CFU-G/M) (n = 3). (C) Colony formation and replating potential of CB trans-
duced with control vector or TP53R273H overexpression vector sorted for more immature (CD34+/CD38−) or more mature populations
(CD34+/CD38+) (n = 3). (D) Long-term culture-initiating colony assay (LTC-IC) reveals increased stem cell frequency in CB trans-
duced with TP53R273H (n = 3). CB=cord blood.
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regulators of myeloid differentiation. Interestingly, these represented
mostly genes not annotated as p53 target before. Overlapping these
two groups revealed only an overlap of four genes, suggesting the
activation of different gene programs in response to TP53 deletion
as compared with the presence of TP53mut (Figure 3B).
Differential gene expression of genes on TP53R273H expression
may suggest alternative p53 mutant binding, which can be assessed
by chromatin immunoprecipitation sequencing. In view of the cell
numbers required for this assay, we determined p53 binding in three
cell lines: MOLM13 (TP53wt), NB4 (TP53R248Q), and Mono-Mac-6



Figure 2 Downmodulation of TP53 increases stem cell maintenance similarly to TP53mut. (A) Expression of TP53 was determined by
reverse transcription quantitative polymerase chain reaction after shTP53 (n = 2). (B) Colony formation and replating potential of CB
transduced with shSCR or shTP53. Red = burst-forming units−erythroid (BFU-E). Blue = colony-forming units granulocyte/macro-
phage (CFU-G/M) (n = 3). (C) Colony formation and replating potential of CB transduced with shSCR or shTP53 sorted for more
immature (CD34+/CD38−) or mature (CD34+/CD38+) populations (n = 3). (D) Long-term culture-initiating colony assay (LTC-IC)
reveals increased stem cell frequency in CB transduced with shTP53 (n = 3).
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(TP53R273H). The mutations in NB4 and Mono-Mac6 are located in
the DNA binding domain of TP53. In MOLM13 cells we identified
284 p53 binding sites representing classic p53 targets such as
CDKN1A (Figure 3C, top). For the TP53mut cell lines NB4 and
Mono-Mac-6, we detected 33,729 and 888 binding sites,
respectively, which consists mostly of previously unreported sites
(Figure 3C, bottom). P53 binding sites, in both TP53wt and TP53mut

cell lines, were very strongly associated with H3K4me3 and
H3K27ac, but not with H3K27me3 (Supplementary Figure E2D,
online only), suggesting binding at open and accessible chromatin



Figure 3 RNA sequencing of TP53R273H and shTP53 and p53 binding motif analysis. (A) Experimental setup of RNA-sequencing
experiments. (B) Overlap of differentially expressed genes in TP53mut and shTP53. (C) Screenshots of different genomic locations
where there is binding of TP53wt or TP53mut. (D) Left: Motif analysis by GimmeMotif in MOLM13 (wt) and NB4/Monomac-6 (mut).
Right: Percentage of peaks that contain a p53 binding motif.
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regions. Because of the heterogeneity between the different cell lines,
we explored the binding specificity of p53 within each of the cell
lines. Motif search using GimmeMotifs [19] verified the presence of
the full p53 motif (2 £ 10-bp motif, 50-PuPuPuC(A/T)(T/A)GPy-
PyPy-30, separated by 0−13 bp) [20] in 73% of MOLM13 binding
sites, while in NB4 and Mono-Mac-6, the ETS binding motif was
enriched and the p53 binding site motif was present in less than 1%
of the peaks (Figure 3D). This suggests that mutant p53 is likely to
bind a vast amount of DNA that does not have a p53 binding motif,
unlike wild-type (WT) p53.

Next, we verified whether the observed findings of mutant p53 in
HSPC and cell lines were also present in patient AML cells (which
have also additional mutations) with and without TP53 mutations.
Therefore, we used three large available data sets (Blueprint [14] sup-
plemented with five additional TP53 mutant AML [15], TCGA [16],
and BeatAML [17]) and identified the differentially expressed genes
between TP53mut and TP53wt AMLs for each database. Per data set,
we detected differential gene expression between TP53mut AMLs
and TP53wt AMLs. When overlapping the differentially expressed
genes for all data sets, only 41 genes were identified that overlap
between differentially expressed genes in all AML data sets studied
(Figure 4A; Supplementary Table E2, online only, available at www.
exphem.org). This suggests heterogeneity within TP53mut AMLs,
likely resulting from the heterogeneity in the genetic makeup of these
cells and the differential effects of the type of TP53 mutations (e.g.,
mutants in the DNA binding domain versus other domains). Further
assessment of these genes revealed that they are linked to megakaryo-
cyte differentiation and platelet formation (Figure 4B) and include
GATA1, TAL1, and CD82. This is in line with findings that CD34+

cells of TP53mut AMLs exhibit increased expression of genes involved
in megakaryocyte and erythroid differentiation [21,22]. To further
delineate the differential binding of p53, we studied primary AMLs
with and without TP53 mutation (n = 4) and performed ChIP
sequencing against endogenous p53 (Supplementary Table E3,
online only, available at www.exphem.org). We identified 1,356
peaks in TP53wt and 1,171 peaks in TP53mut primary AML samples,
among which 356 overlap (Figure 4C). Unbiased motif discovery
using GimmeMotifs [19] revealed enrichment for the p53 half-site
motif (Figure 4D,E) in binding sites detected in TP53wt AMLs, but
not in binding sites detected in TP53mut AMLs. This suggests altered
binding properties of p53 due to the mutation. The genes that are
associated with this decreased binding in TP53mut AMLs include

http://www.exphem.org
http://www.exphem.org
http://www.exphem.org


Figure 4 Chromatin immunoprecipitation (ChIP) sequencing and RNA sequencing data in primary acute myeloid leukemias (AMLs).
(A) Overlap of differentially expressed genes in three databases (Supplementary Table E1, online only, available at www.exphem.
org). (B) Go analysis of 41 commonly deregulated genes between three large cohorts. (C) Overlap of locations/genes that are bound
by TP53mut versus TP53wt primary AML. (D) Motif analysis of TP53wt and TP53mut binding sites in primary AML. (E) Percentage of
peaks in primary AMLs with a p53 motif.
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some classic p53 targets such as BAX and CDKN1A (Supplementary
Table E4, online only, available at www.exphem). All of these results
indicate that in primary AML, p53 mutant has decreased binding to
classic p53 targets, similar to the cell line models.
DISCUSSION

In our efforts to gain more insight into the mechanism of action of
mutant p53, we functionally studied hematopoietic stem cells expres-
singTP53R27 [3], a frequently observed mutation, and loss of TP53.
We observed that both loss of TP53 expression and the presence of
TP53R273H lead to increased stem cell frequency and replating poten-
tial in the stem cell−enriched fraction. This might be linked to
reduced p53-mediated apoptotic programming triggered by stress as
a consequence of the in vitro applied assays. Although we focused
on one specific mutation, our data are comparable to those from a
recent study in which serial transplantation of TP53mut HSPC in mice
was performed [18]. This might give TP53mut HSPCs a competitive
advantage over normal HSPCs in the context of clonal hematopoie-
sis, but could also be important for the maintenance of leukemic
stem cells. In addition to loss of function, the TP53R273H triggered a
number of additional programs in conjunction with an alteration of
p53 binding sites in TP53mut AMLs and TP53mut cell lines. Here, the
binding of p53 to the nonclassic binding sites may be linked to
increased protein stability and altered protein complex formation.
This could lead to a gain-of-function, as a large number of studies,
mostly in solid tumors, have reported [1,3,4,6,23]. However, a recent
study suggested that introduction of mutations into the TP53 gene in
TP53wt cell lines leads to dominant negative loss-of-function, but not
to gain-of-function [8]. Although we observed a loss of function, our
data suggest that, at least in part, there may be a gain-of-function

http://www.exphem
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effect of mutant p53, as we observed increased expression and
additional binding of several genes not previously described as p53
mutant targets, in both CB (p53R273H) and primary AMLs [24],
including TNS1 and CD82 (Supplementary Table 2).

By using large AML expression data sets with a large mix of
patients with concurrent molecular and genetic defects, a limited
gene set was identified that was consistently expressed differentially
in TP53mut AML. Remarkably, only a very small overlap was found
between the different data sets. This suggests that the transcrip-
tional effects conducted via the p53 pathway may be limited,
Alternatively, the relatively low number of TP53 mutant AMLs in
these data sets may be a limiting factor. Also, TP53 mutant cells
have more chromatin instability because of additional mutations,
which will contribute to the final program observed in gene
expression studies. Although some genes were linked to differentia-
tion and cell signaling pathways, the most prominent association
was the positive regulation of megakaryocytic development. We
did not have the same observation in our cord blood cells. This
might be due to how the heterogenous nature and different
genetic backgrounds of AMLs might contribute to the observed
differences. Also, previous studies had revealed an association
between TP53 mutations and erythroid development in leukemia.
In acute erythroid leukemia, a high incidence of loss of WT TP53
function is noted [21,25], and the presence of ring sideroblasts in
secondary AML is frequently associated with TP53 mutations [15].

In conclusion, in our models we were able to detect overlapping
effects between TP53mut and loss of TP53 on in vitro stem cell proper-
ties, but the effects on DNA binding and gene expression are distinct.
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