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TP53 mutations: the dawn
of Shwachman clones
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In this issue of Blood, Xia et al1 screened for an early onset of clonal hema-
topoiesis in 2 rare genetic syndromes characterized by chronic neutropenia
and a high risk of leukemia, ELANE neutropenia and Shwachman-Diamond
syndrome (SDS), and found acquired TP53 mutations in SDS.

Revealing the steps in the divide between
birth (the naive germ line situation) and
leukemia (a clonal catastrophe) is the goal
of many hematologists. Nobody reason-
ably thinks that a clonal catastrophe occurs
in a single day, and we all think that it has
to be preceded by a multistep mutational
process.2 Studying genetic diseases with a
high risk of leukemia may offer both help
for patients with such conditions and a
better understanding of leukemogenesis.
ELANE neutropenia3 is an autosomal-
dominant neutropenia caused by muta-
tions in the ELANE gene. It is usually not

associated with organ dysfunction. Neu-
tropenia may be permanent (severe
congenital neutropenia) or intermittent
(cyclic neutropenia), requiring granulocyte
colony-stimulating factor (G-CSF) to treat
or to prevent infection. ELANE neu-
tropenia exhibits a high risk of leukemia.
SDS is an autosomal-recessive multisys-
tem disorder characterized by exocrine
pancreatic dysfunction, mild neutropenia,
and various other organ dysfunctions.4

SDS is caused by compound heterozy-
gous mutations of the SBDS gene. The
SBDS protein is an essential cofactor for

elongation factor 1. Together they directly
catalyze eIF6 release from nascent 60S
subunits of the ribosome by a mechanism
requiring both guanosine triphosphate
binding and hydrolysis.5 Mouse models
have identified overstimulation of the p53
pathway6 as a consequence of ribosomal
stress.7

Approximately 40% of patients develop
major hematological complications.8

Myelodysplastic syndrome (MDS) and
acute myeloid leukemia (AML) are the
main causes of early death in SDS. Al-
though often treated by hematopoietic
stem cell transplantation (HSCT), HSCT is
often proposed too late in the course of
the disease. So far, no risk factors for MDS/
AML evolution have been clearly identified
apart from the early diagnosis of clinical
manifestations and mild chronic multi-
lineage hematological abnormalities.8

The identification of initial clonal events is
therefore a very important issue, because
it may offer both a better understanding
of leukemogenesis and tools for early
monitoring of the preleukemic phase. By
comparing the exomes of individual
colonies grown from ELANE neutropenia
and SDS patients, Xia et al show that
there was no increase in somatic muta-
tion burden compared with healthy cord
blood or age-matched controls. This
virtually excludes any “mutator” pheno-
type in the 2 diseases. Rather, this strongly
suggests that in these patients, the ob-
served somaticmutations and subsequent
clonal hematopoiesis are the result of
natural selection processes in a disease-
specific hematopoietic context. In line
with this, they show striking associations of
specific mutations in each disease; ie,
CSF3R mutations in ELANE neutropenia,
which was previously established, and
TP53 mutations in SDS, which is a new
observation. The remainder of this com-
mentary will focus on this new observation
of SDS and TP53.

It is important to recall that no early so-
matic mutations have been identified in
SDS between the germ line mutation (the
initial event putting patients at risk of
malignancy) and the catastrophic clonal
events (ie, MDS or AML). This gap was
examined on one side (the malignant
stage) in a recent study by Lindsley et al,9

who screened 1514 patients with MDS
who underwent HSCT. TP53 mutations
were found in 289 patients (19%). Among
them, 7 young patients with a particularly
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From germ line defects to clonal catastrophe in congenital neutropenia. Distinct germ line mutations induce
specific hematopoiesis stresses, specific early somatic lesions in preleukemic clones, and specific MDS/AML.
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poor response after HSCT had SDS with
compound SBDS mutations.3 This study
clearly pointed that in SDS patients,
MDS/AML with TP53 acquired mutations
was significant. The present paper ex-
amines the other end of the problem
(the early stage). They report a cross-
sectional appraisal of the prevalence of
TP53mutations in their cohort that includes
27 patients with SDS. None of the patients
with SDS had evidence of MDS at time of
sampling. In this analysis, clonal hema-
topoiesis due to one or several mutations
in TP53 was observed in 48% (13/27) of
patients with SDS. By contrast, no TP53
mutations were observed in the ELANE
neutropenia cases. Despite the lack of
longitudinal follow-up (only 1 patient had
.1 evaluation), the study shows that the
prevalence of TP53 mutations increases
with age. The allelic frequency of TP53
mutants was mostly very low (between
0.1% and 7% [mean, 0.1%]), meaning that
only a small proportion of cells carry the
mutations without evidence of MDS, and
no correlation between hematological
parameters and somatic status could be
drawn.

The involvement of TP53mutations at the
onset of clonal hematopoiesis and at time
before evidence of MDS strongly sug-
gests that hematopoietic stem cells with
such somatic mutations have a fitness
advantage over their nonmutated coun-
terparts in the SDS bone marrow. The
precise mechanisms of this selection pro-
cess need to be elucidated, but the mu-
tations may attenuate a TP53-mediated
impairment of hematopoietic stem cell
function induced by ribosomal stress and
microenvironment defects.6 Likewise, the

initiation of the clonal preleukemic state in
ELANE neutropenia may also result from a
natural selection process where G-CSF
signal addiction would provide a fitness
advantage to CSF3R mutant hematopoi-
etic stem cells (see figure).

Do these findings have implications for
the monitoring of patients with SDS in
clinical practice? The detection of TP53
mutations as an early sign of clonal he-
matopoiesis may become a useful tool. In
the present paper, the authors claimed to
detect TP53 mutations at similar fre-
quencies in blood and bone marrow
samples from distinct patients with SDS.
It would be premature to state, on this
basis, that the evaluation of TP53 muta-
tion burden is equivalent in the blood
and bone marrow. This must be dem-
onstrated by the comparison of paired
bone marrow and blood samples.

In the future, it will be crucial to develop
not only cross-sectional studies but
also longitudinal studies10 to unravel the
missing steps between the initial faulty
but benign hematopoiesis in SDS and the
hematological malignancy. Deciphering
the mechanisms of the natural selection
processes and understanding clonal dy-
namics will offer powerful tools to pre-
vent catastrophic complications in such
patients.
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