
In Advani et al, the biomarker experiments
did not clearly delineate which patients
were most likely to benefit or have treat-
ment failure. Identifying predictive bio-
markers of brentuximab-nivolumab and
other novel targeted and immunotherapy
combinations is vital for tailoring thera-
peutic intensity to risk and should be an
integral component of any large study
going forward.

In summary, Advani et al demonstrate tol-
erability and a high response rate of the
brentuximab-nivolumab combination as
salvage therapy before autologous SCT
without compromising stem cell mobiliza-
tion or engraftment. This regimen has the
potential to provide an alternative to cyto-
toxic chemotherapy regimens such as ifos-
famide, carboplatin and etoposide as a
first salvage therapy, if the findings are
confirmed in a randomized study. Optimal
sequencing of the brentuximab-
nivolumab regimen with standard salvage
chemotherapy and other immunothera-
pies and the evolving role for SCT as a
function of highly active second-line sal-
vage regimens remain important ques-
tions for future studies.
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Mining old transcriptomes
to predict HSC age
Mathilde Poplineau and Estelle Duprez | Aix Marseille University

In this issue of Blood, Flohr Svendsen et al propose to the research community a
newand robust transcriptomic signature of aging andprovide an online resource
to help assess and understand the aging of hematopoietic stem cells (HSCs).1

What causes our hematopoietic system to
age? Is aging of the hematopoietic system
due to intrinsic changes in HSCs? To
answer these burning questions about
the immunosenescence of the elderly,
many groups have used transcriptome
profiling of HSCs from mice of different
ages, a strategy with great potential. After
almost 2 decades, we have discovered a
plethora of age-associated genes and
almost as many potential mechanisms to
explain HSC aging.2,3 However, due to
the quantity and divergence of results,
probably because of differences in exper-
imental parameters (ages, aging condi-
tions, mouse strains, and platforms), we
still lack a complete understanding of
HSC aging.2,3

In an attempt to reconciliate these studies,
Flohr Svendsen et al took advantage of
computational biology to revisit 16 tran-
scriptomic datasets of aged HSCs that
used a variety of designs and platforms,
ranging from the first microarray study4

to their latest RNA-sequencing study.5

To overcome the complexity of interex-
perimental variations, the authors

developed tools for calculating and flat-
tening transcriptomic data, without losing
key information. The strength of this strat-
egy lies in using different approaches to
validate the robustness of their age-related
gene list and smooth out the platform-
dependent bias of each platform. They
succeeded in providing a list of �100
genes whose expression indicates aged
HSCs, thus defining a unique and robust
aging signature (AS) in mouse HSCs.

The benefits of developing a consensual
AS are multifaceted. The AS can serve
as an “aging fingerprint” in searching
for an aging phenotype in any mutant
HSCs. To assist in this, they provide a
user-friendly online resource (https://
agingsignature.webhosting.rug.nl/) that
allows any biologist to easily query their
transcriptomic signature in relation to
aging. As an extension, by testing the
robustness of their AS on “rejuvenated
HSCs” treated with b adrenaline, the
authors opened an interesting applica-
tion of their resource. They demonstrated
the possibility of using it to test the effi-
cacy of rejuvenation strategies, such as
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bone marrow niche change or pharmaco-
logical intervention, which are under
development.6

A limitation of this type of signature is that
it reflects the total cell population and fails
to capture individual cellular differences.
Single-cell approaches have highlighted
the heterogeneity of the HSC population,
and we can expect that most future tran-
scriptomic analyses will be performed at
single-cell resolution.7 The authors were
aware of this and, using machine learning
algorithms, managed to extract from their
global AS a shortened list of 20 genes
that can predict whether an individual
HSC is young or old. This age predictor
list is unique and will be very important in
assessing the aging heterogeneity of an
HSC population after different treatments
or stresses. Considering that this predictor
indicates the biological age of a cell, it may
be useful as a biomarker when evaluating
the age of HSCs in relation to the clonal
evolution of age-related myeloid diseases.

Beyond being a useful predictor of age,
the AS is a goldmine for shedding light
on functional changes in aged HSCs.
Looking at gene enrichment, Flohr Svend-
sen et al pointed out that 20% of the AS
genes encode membrane proteins. This
implies that age-related changes impact
the way an old HSC perceives its microen-
vironment.8 The authors functionally vali-
dated one of their top genes, the Selp
gene, encoding P-selectin, a platelet sur-
facemarker. They showed that re-express-
ing this aging marker on the surface of
young HSCs blocked their erythroid differ-
entiation potential. Altogether, these data
demonstrate that the AS identifies genes
that regulate aging-related processes.
Their list certainly contains other nuggets,
including the stress gene Nupr1, an inter-
esting HSC aging candidate that has
recently been described as an HSC quies-
cence regulator.9

By reanalyzing all these transcriptomic
studies, Svendsen et al also made the
interesting and surprising observation
that the RNA content is higher and RNA
polymerase II more active in aged HSCs.
Do aged HSCs increase their transcrip-
tional rate to compensate for altered pro-
teolysis? Is it associatedwith an epigenetic
drift toward an opening of the chromatin
that occurs with aging?10 The authors pre-
sent convincing data in this direction. By
assessing the relaxed state of chromatin
as a function of age, they demonstrate

that aged HSCs have many more accessi-
ble and, thus, open sites than young cells.
It is therefore tempting to look for a corre-
lation between the high RNA content and
the relaxed chromatin state of aged HSCs.
Although this certainly needs to be stud-
ied further, it may suggest that older cells
are more transcriptionally active.

In an effort to reconcile years of transcrip-
tomics, the authors have developed a
powerful resource that will be very useful
to the hematology community for not
only understanding the mechanisms of
aging but also assessing the biological
age of our stem cells.
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Hepatocyte neogenin,
another key actor in iron
homeostasis
Marie-Paule Roth | Institut National de la Sant�e et de la Recherche M�edicale

In this issue of Blood, Enns et al1 provide compelling evidence that hepatocyte
neogenin (NEO1) is essential for systemic iron homeostasis. NEO1 function in
bone morphogenetic protein (BMP) signaling and the regulation of hepcidin
expression requires its association with hemojuvelin (HJV), the protein
mutated in juvenile hemochromatosis.

Neogenin is a transmembrane receptor
belonging to the immunoglobulin super-
family (see figure). It has crucial functions
in diverse cellular processes ranging from
cell motility and adhesion to survival and
differentiation. To mediate these func-
tions, neogenin binds different ligands
such as repulsive guidance molecules
(RGM) and Netrin-1.2

HJV (or RGMC) is 1 of the 3 members of
the RGM family, and thus is a ligand for
NEO1. It is also coreceptor for BMP
ligands. In mice, hemojuvelin is indispens-
able for hepcidin expression and iron
homeostasis.3 Mutations in the HJV gene
in humans reduce hepcidin expression in
the liver and cause juvenile hemochroma-
tosis.4 Interestingly, the most common
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