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“Breaking down” the
mechanisms of expansion
Heather A. O’Leary | Indiana University School of Medicine

In this issue of Blood, Subramaniam et al reveals that UM171 mechanistically
facilitates expansion of human umbilical cord blood (UCB) hematopoietic stem
cells (HSCs) by targeting the proteo-degradation of lysine-specific histone
demethylase 1A (LSD1) and also targeting the RCOR1 subunit of CoREST.1

Throughout life, HSCs provide multi-
potent differentiation leading to pro-
duction of functional immune cells and
self-renewal of the blood cell pool. Al-
logeneic transplantation of HSCs has
been used since the 1960s to provide
long-term reconstitution of the marrow
for recipients. Multiple sources of HSCs
are used, including bone marrow aspi-
rates, mobilized peripheral stem cells,
and UCB. Each stem cell source has

different limitations, including prolonged
time to neutrophil/platelet recovery and
limited number of hematopoietic stem
and progenitor cells (HSPCs) for trans-
plant, especially in the case of UCB. In
addition, the number of HSCs/HSPCs
(CD341) transplanted has been directly
correlated with engraftment and, con-
sequently, long-term patient survival.
Due to these clinical difficulties, the field
of HSC expansion was born. The ability to

ex vivo expand these cells for clinical use
is important, and multiple methods have
been extensively investigated. However,
the mechanisms by which ex vivo expan-
sion occurs are often unclear or completely
unknown.

Regulation of HSC self-renewal and dif-
ferentiation is tightly regulated under a
complex interplay of both intrinsic and
extrinsic factors. As UCB units are limited,
strategies to ex vivo expand progenitors
available for initial engraftment, short-
term multilineage reconstitution, platelet/
neutrophil recovery, and enhancing the
number of long-term HSCs to establish
long-term engraftment are needed.
Many different strategies in ex vivo cul-
ture systems have been shown to pro-
mote HSC expansion. These include
small molecules, such as UM171 and SR1,
cytokines/growth factors (Flt3, SCF, TPO),
extracellular matrices/cell cocultures, and
alterations to transgene overexpression,
such as HOXB4.2 With small-molecule in-
hibitors, many different drugs targeting
p38, histone deactylase signaling, Notch,
prostaglandin E2, aryl hydrocarbon re-
ceptor, and pyrimidoindole derivatives,
etc, have been shown to promote expan-
sion. However, in many cases, they only ex-
pand human, not murine, HSCs. There is
often little mechanistic insight into their
function or to the targets that lead to mod-
ified self-renewal or differentiation blocks.

The pyrimidoindole derivative UM171
was initially identified as a potent ex vivo
expander of HSCs that did not suppress
the aryl hydrocarbon receptor.3,4 Sub-
sequent studies have shown that UM171
expands distinct myeloid/lymphoid pro-
genitors, enhances derivation of HSPCs
from human pluripotent stem cells, and
increases lentiviral gene transfer and re-
covery of HSCs.5-7 Clinically, feasibility of
engraftment of single-unit CB expanded
with UM171 was demonstrated, thus
overcoming the shortcomings of UCB as
a stem cell source while maintaining the
benefit of a low incidence of graft-versus-
host disease.8 Despite the numerous
scientific studies and evident clinical relevance
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LSD1 and CoREST restrict ex vivo propagation of human HSCs and are targets of UM171. (A) LSD and/or the
CoREST complex inhibit ex vivo expansion of HSCs. (B) Inhibition of LSD1 (pharmacological or CRISPR/Cas9) or
inhibition of the CoREST coremember, RCOR1 (via CRISPR/Cas9), resulted in ex vivo expansion of HSCs. (C) UM171
treatment results in polyubiquitination and degradation of LSD1 and CoREST leading to ex vivo expansion of HSCs.

blood® 5 NOVEMBER 2020 | VOLUME 136, NUMBER 19 2095

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/136/19/2095/1780419/bloodbld2020007600c.pdf by guest on 19 M

ay 2023

http://www.bloodjournal.org/content/136/19/2151
http://www.bloodjournal.org/content/136/19/2151
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2020007600&domain=pdf&date_stamp=2020-11-05


of UM171, the specificmechanism(s) bywhich
it functions to ex vivo expand UCB and
maintain HSCs self-renewal and function
remained uncertain. UM171 influences
the balance between pro- and anti-
inflammatory regulation via NF-kB activa-
tion and protein C receptor–dependent
reactive oxygen species (ROS) detoxifica-
tion, which could potentially explain some
of its effects.9

The elegantly direct studyby Subramaniam
et al investigated the interactive mecha-
nisms of UM171 enhancement of HSC
expansion. The authors implemented both
inhibitor and CRISPR/Cas9 techniques and
focused on LSD1 and CoREST as the
primary targets of UM171. LSD1, when
integrated in the CoREST/Rcor1 com-
plex, regulates gene expression via
elimination of mono-/dimethyl groups on
H3 lysine K4 and K9 residues. The au-
thors chose to explore LSD1 because
LSD1 has been shown to expand murine
HSPC in vivo, and LSD1 conditional
knockout results in expansion of HSPC in
the marrow and restriction of hemato-
poietic differentiation.1,10 In this study by
Subramaniam et al, inhibition of LSD1 via
(1) chemical inhibition (2-PCPA), (2)
CRISPR/Cas9 knockout of LSD1, or the
CoREST core member RCOR1, resulted
in expansion of frequency and number of
CD341EPCR1 cells in both UCB and adult
human bone marrow, with strong en-
hancement of HSC-associated genes (UCB).
Transplantation analysis of both LSD1 in-
hibition and UM171 pretreated/expanded
UCB resulted in enhanced chimerism and
numbers of SCID-repopulating cells com-
paredwith dimethyl sulfoxide control.Most
importantly, they detected that UM171
induced abrupt and proficient proteasomal-
mediated degradation of LSD1 and the
CoREST complex, especially RCOR1.

Altogether, this study is the first-of-its-
kind, in-depth investigation of the mech-
anistic regulation, and balance, of HSC/
HSPC expansion, propagation, fate, and
engraftment of HSC/HSPC via UM171
(see figure). Furthermore, these data pro-
vide a foundation for future studies of
mechanistic targets to increase expansion
and clinical manipulation of normal and
malignant stem cells. The potential long-
term, clinical, and vast cell-type implica-
tions of these responses will be important
avenues for future investigations.
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The perfect storm
Edward M. Behrens | The Children’s Hospital of Philadelphia

In this issue of Blood, Tsoukas et al report that 2 distinct defects in immune
pathways, cytotoxicity, and autoinflammation can synergize to produce a
spontaneous hemophagocytic lymphohistiocytosis (HLH). This observation
significantly advances our pathogenic model for understanding how and why
HLH presents in certain patients. This in turn opens new avenues for
addressing these pathways diagnostically and therapeutically.1

HLH is a clinical syndrome that results in
severe inflammation, multiorgan failure,
and often death; it is characterized by
excessive production of inflammatory
cytokines, such as interferon g. Our un-
derstanding of the pathophysiology of
HLH, a prototypical cytokine storm, has
allowed for the development of rational
treatment protocols that have made
dramatic advances in improving patient
outcomes. In 1999, it was recognized that
HLH was associated with defects in per-
forin function in hematopoietic cells.2

Thus, bone marrow transplantation be-
came the obvious path to effecting a
clinical cure. Subsequently, other genetic
defects were discovered, with the com-
mon theme that they all affect perforin
function, leading to defective killing. In
2004, it was first reported in Blood that
defective perforin cytotoxicity resulted in

the inability of CD8 T cells to kill their
targets.3 This leads to excessive activa-
tion of CD8 T cells and causes them to
overproduce interferon g, which in turns
leads to the cytokine toxicity. Fifteen years
later, the first anti–interferon g neutralizing
antibody was approved for use in HLH.

At the same time that perforin deficiency
was being recognized as a driver of HLH
in the world of hematology/oncology,
rheumatologists were seeing a similar
cytokine storm syndrome they labeled
macrophage activation syndrome (MAS).
MAS bears a striking similarity to HLH,
but these patients did not have the pro-
found genetic defects in perforin pathways
associated with HLH. Instead, the disease
seemed to be associated with auto-
inflammation, particularly with elevations
in the interleukin-1 (IL-1) family member
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