
could allow for greater cross-trial com-
parisons and eventually improved preci-
sion in treatment selection.

In conclusion, the combination of bren-
tuximab vedotin and lenalidomide is
impressive in this phase 1 trial, and a
confirmatory randomized phase 3 trial is
now ongoing. The results of this and
other similar trials highlight a large and
increasingly urgent need: let’s prepare
for success.
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Asymmetric division: the
choice of fate for huHSCs
Marie-Dominique Filippi | Cincinnati Children's Hospital Research Founda-
tion and University of Cincinnati College of Medicine

In this issue of Blood, Loeffler et al1 provide evidence that human hematopoi-
etic stem cells (hHSCs) can undergo asymmetric cell division (ACD) to generate
2 cells with distinct functional fates, and that lysosome asymmetric inheritance
determines these fates. These findings answer the long-standing question of
ACD in HSC biology and uncover unexpected factors that determine cell fate
that may be used for developing new protocols for HSC expansion.

Remaining a stem cell or committing to
differentiation is the most important fate-
determining event in the lifetime of the
HSC. This process maintains the balance
between the pool of HSCs and progeni-
tors and ensures homeostasis of the
hematopoietic system. During develop-
ment, stem cells use ACD to create cellu-
lar diversity and maintain adequate
numbers of both stem cells and differen-
tiated cells. Stem cells can adapt their
mode of division and divide symmetri-
cally (generating 2 stem cells or 2 pro-
genitors) or asymmetrically, to meet the
regenerative need of tissues,2 the failure
of which can cause long-term tissue
exhaustion or tumor development (see
figure panel A). Although hHSC are
believed to divide asymmetrically, defi-
nite evidence has been lacking.

ACD is the unequal partitioning of cellu-
lar components during cell division that
enables daughter cells to have distinct
fates. ACD is controlled by the asymmet-
ric reorganization of the cytoskeleton,
which results in cellular polarity, with an
asymmetric accumulation of factors that
determine the fate of the cell. The orien-
tation of the mitotic spindle along the
polarity axis ensures unequal partitioning
of these factors between daughter cells,
with the level of fate-determining factors
received deciding the future identity of
each daughter cell (see figure panel B).2

Demonstrating ACD requires the linking
of factors that alter cell fate to their
asymmetric distribution. Identifying these
linking factors has been a challenging
task in HSCs because of the limited
knowledge of the factors that determine
HSC identity. HSCs are retrospectively
defined by their ability to generate
mature cells, making assessment of HSC
fate dependent on the behavior of the
progeny. ACD was first suggested in
HSCs when paired daughter cells gener-
ated clones of distinct size and myeloid
lineage potential in vitro.3 In murine
HSCs, cellular factors, including lyso-
somes, can asymmetrically segregate and
alter HSC fate.4,5 In hHSCs, studies have
shown that the surface markers CD53 and
CD62L are unequally partitioned, which
can correlate with the potential lineage of
daughter cells.6 The endosomal protein
Ap2a27 and myosin II8 can both alter
hHSC fate and may be asymmetrically
inherited. None of the aforementioned
studies linked asymmetric inheritance of
these components to hHSC fate.

In a tour de force, Loeffler et al were
able to link asymmetric lysosomal inheri-
tance to hHSC fate ex vivo, demonstrat-
ing that hHSCs can use ACD to generate
daughter cells with distinct fates. They
used a long-term quantitative single-cell
imaging technique to quantify factors
inherited by paired daughter cells during

1930 blood® 31 MARCH 2022 | VOLUME 139, NUMBER 13

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/139/13/1930/1884246/bloodbld2021012726c.pdf by guest on 10 M

ay 2024

https://ascopost.com/issues/february-25-2021/oncology-community-mourns-the-death-of-chemotherapy-pioneer-emil-j-freireich/
https://ascopost.com/issues/february-25-2021/oncology-community-mourns-the-death-of-chemotherapy-pioneer-emil-j-freireich/
https://ascopost.com/issues/february-25-2021/oncology-community-mourns-the-death-of-chemotherapy-pioneer-emil-j-freireich/
https://ascopost.com/issues/february-25-2021/oncology-community-mourns-the-death-of-chemotherapy-pioneer-emil-j-freireich/
http://www.bloodjournal.org/content/139/13/2011
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021012726&domain=pdf&date_stamp=2022-03-31


hHSC division and to trace the offspring
of each daughter cell until the potential
lineage was revealed. In a highly purified
CD49f1 hHSC population, they first
showed that lysosomes are asymmetri-
cally inherited during hHSC division.
Importantly, asymmetric lysosomal inheri-
tance correlates with asymmetric segre-
gation of different stem cell markers. The
group created real-time differentiation
landscapes of different cellular states dur-
ing culture, by using surface markers
enriched for stem cell potential (CD201
and CD49c). Cells receiving more lyso-
somes preferentially produced cells
expressing high levels of CD49c that
divided slower, an indicator of stem cell
potential. Daughter cells receiving fewer
lysosomes were prone to give rise to
CD33-expressing cells, indicative of mye-
loid differentiation. Hence, the absolute
quantity of inherited lysosomes corre-
lated with daughter cell fate, predicting
the cell cycle length and differentiation
potential of the daughter cells in vitro
(see figure panel C). It will be interesting
to confirm that hHSCs receiving more
lysosomes retain long-term repopulating
activity in vivo. Loeffler et al observed
other types of hHSC division, implying

that ACD is regulated and can be modu-
lated to meet the demand. ACD is most
likely not limited to lysosome distribu-
tion. They showed that endosomes,
active mitochondria, and mitophago-
somes can all be asymmetrically parti-
tioned. Interestingly, daughter cells
receiving more lysosomes inherited fewer
active mitochondria during hHSC divi-
sion, although the impact on hHSC fate
was less clear (see figure panel D), per-
haps because mitochondria are known to
permanently remodel during and after
HSC division.9 These findings imply that
lysosomes are bona fide hHSC fate-
determining factors and that organelles
and metabolic functions are integral parts
of ACD in hHSCs.

Although these findings provide remark-
able insights into one of the biggest mys-
teries of stem cell biology, much remains
to be learned about the regulatory path-
ways that determine how stemness is
inherited by daughter cells. How are
lysosomes asymmetrically partitioned?
How do lysosomes dictate HSC fate?
Lysosomes are major components of the
cellular degradative machinery, but they
also serve as signaling hubs for anabolic

processes and thus have both progrowth
and antigrowth functions. HSCs possess
large lysosomes that degrade slowly and
act as reservoirs of cargo, including mito-
chondria, to maintain HSC quiescence.10

It is possible that lysosomes terminate
the activity of HSCs to enable daughter
cells to return to quiescence. Conversely,
do lysosomes provide building blocks for
biomass and progrowth signals for HSC
activation? If so, how is lysosomal
activity regulated throughout HSC divi-
sion? Likewise, the exact role of active
mitochondria in hHSC fate requires fur-
ther investigation.

Ingeneral, there is a need to examine
HSC behavior and understand organelle
biology and metabolic requirements dur-
ing active HSC division when fate is
determined. The development of the
metabolomics of a small number of cells
integrated with sophisticated RNA
sequencing and assay for transposase-
accessible chromatin sequencing at the
single-cell level will help in dissecting the
regulatory pathways of ACD in HSCs.
Influencing HSC division modes can be a
powerful way to amplify HSCs, as it
would enable doing so in only a few

Lysosomes dictate hHSC fate
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The principles of asymmetric cell division. (A) Different modes of cell division. (B) Steps leading to the asymmetric partitioning of fate-determining factors. (C) Asymmet-
ric inheritance of lysosomes is linked to asymmetric hHSC fate. (D) Daughter cells receiving more lysosomes inherit fewer active mitochondria in hHSCs, the function of
which is unknown.
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divisions. This knowledge will guide the
development of culture protocols for
HSC-based therapies. Future research
should examine how HSCs use ACD,
whether ACD contributes to HSC hetero-
geneity, and how ACD is modulated in
response to stress or contributes to clonal
hematopoiesis and hematopoietic neo-
plasms if deregulated. Answering these
questions is critical to exploiting the
regenerative potential of HSCs for clinical
purposes or for antitumor therapies.
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Targeting IMiD-resistant
T-cell lymphoma
Huan-Chang Liang and Kojo S. J. Elenitoba-Johnson | University of
Pennsylvania

In this issue of Blood, Wu et al1 describe a novel yet critical transcriptional factor
network that confers resistance to immunomodulatory imide drugs (IMiDs) in
T-cell lymphomas (TCLs). They identify a pivotal codependence of Ikaros (IKZF1)
and zinc finger protein 91 (ZFP91) in IMiD-resistant TCLs, thereby revealing an
acquired mechanism of resistance to IMiD treatment. Furthermore, their study
provides an attractive therapeutic strategy that uses more potent next-
generation degraders targeting IKZF1 and ZFP91 for treating patients with TCL.

TCLs are a group of heterogeneous lym-
phoid malignancies of T-cell origin with
diverse clinical presentations and thera-
peutic responses. Many TCLs have a poor
prognosis with a ,30% 5-year overall sur-
vival in some subtypes.2 To date, 29 differ-
ent subtypes have been recognized by the
World Health Organization on the basis of
their histological and molecular features.3

Therapy for TCLs, however, has generally
been extrapolated from trials of B-cell lym-
phomas that use multiagent chemotherapy
such as cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP). Given
the poor outcomes with standard therapy,
there remains a dire need to identify novel
vulnerabilities for effective treatment strate-
gies in patients with TCL.
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CC-92480, a cereblon (CRBN) E3 ligase-modulating drug (CELMoD), overcomes IMiD resistance in T-cell
lymphomas. IMiD-resistant T-cell lymphomas show crucial co-dependence of IKZF1 and ZFP91 transcription
factors. Binding of CC-92480 to CRBN leads to selective and potent degradation of IKZF1 and ZFP91,
overcoming IMiD resistance in multiple subtypes of T-cell lymphoma. Ub, ubiquitin.
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