
pathogenesis will accelerate preclinical
exploitation of novel therapeutic
concepts.5,9
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Evading eviction: leukemic
stem cell squatters
Daniela S. Krause | Goethe University

In this issue of Blood, Yu et al report a novel CD44-CXCL12–mediated signaling
pathway that leads to resistance to venetoclax, an increase in stem cell fea-
tures, and a decrease in apoptosis in acute myeloid leukemia (AML).

The painting The Squatter, by the Ameri-
can painter George Caleb Bingham
(1811-1879), beautifully depicts a group
of squatters, sitting outside their log cabin
by a campfire overlooking the North
American prairie. While the squatters
claimed new territory and took up resi-
dence in remote parts of the land, they
eventually relinquished them, leaving their
abodes to new settlers. The squatters
were pioneers, instrumental in pushing
the frontier to the West and were
renowned for their independence.

Leukemic stem cells (LSCs) may also be
considered squatters in their niche in the
bone marrow microenvironment (BMM),
which is the usual home of normal hemato-
poietic stem and progenitor cells. There,
the LSCs roam, while interacting with
neighboring cells, matrices, and soluble

factors. Leukemia cells modify this niche
in a fashion most conducive to their own
survival, allowing their progeny to expand
their borders beyond the bone marrow
and into the peripheral blood.2 Lodging
in this niche also provides a shelter from
external threats such as radiation, chemo-
therapy, or other destructive treatments.3,4

Another external threat to leukemia cells is
venetoclax, which belongs to the novel
class of BH3-mimetics, which inhibits the
anti-apoptoticmachinery of (cancer) cells.5

Venetoclax specifically and selectively
inhibits the B-cell lymphoma 2 (Bcl-2) pro-
tein, leading to programmed death of
chronic lymphocytic leukemia and AML
cells with good clinical results. In elderly
patients with AML, treatment with veneto-
clax is frequently combined with azacyti-
dine.5 Favorable outcomes have also

been reported in preclinical or clinical tri-
als in non-Hodgkin lymphoma, B-cell
acute lymphoblastic leukemia, and multi-
ple myeloma.6

As with most successful novel therapies7

much effort is now being placed on under-
standing mechanisms leading to resis-
tance to venetoclax. Indeed, gene and
protein expression studies have revealed
that overexpression of the antiapoptotic
proteins BCL-XL and MCL-1, either alone
or in combination, where neither is tar-
geted by venetoclax, results in resistance.
Concomitantly or exclusively, a decrease
in proapoptotic proteins or a mutation in
the BH3-binding domain (F104L), which
may interfere with venetoclax binding,
has also been observed,8 but the search
for further mechanisms of resistance to
such a promising and widely applicable
form of treatment is far from over.

In fact,�20%ofpatientswithAML treated
with a combination of venetoclax and
hypomethylating agents are refractory,
and other patients, even those achieving
a complete remission, may relapse
because of the presence ofminimal resid-
ual disease (MRD). MRD is attributed to a
population of leukemia cells that are resis-
tant to specific therapies because of the
acquisition of survival advantages with
the development of stem cell characteris-
tics and which are usually maintained in
the protective BMM. Several pathways,
including the integrins, but also the glyco-
protein adhesionmolecule CD44 on AML
cells,9 which binds to the extracellular
matrix protein hyaluronan and other
ligands, as well as the CXCR4-CXCL12
(stromal-derived factor 1a [SDF1a]) axis,
have been shown to mediate the BMM
resistance of AML cells to conventional
therapies.2

In this study, Yu et al unravel a novel path-
way involving the cooperative function of
CD44 and CXCR4 (the receptor for BMM-
derivedCXCL12) that resulted inpromotion
of stemness features in AML cells and
resistance to venetoclax (see figure). Using
elegantbiomolecularfluorescence technol-
ogy, they demonstrate that CD44 and
CXCR4 form a complex on the cell mem-
brane after stimulation with CXCL12 and
that reducedexpressionofCD44abrogates
CXCL12-mediated induction of the embry-
onic stem cell core transcription factors
Sox2, Oct4, and Nanog in venetoclax-
resistant AML cell lines. Venetoclax treat-
ment selected for these stemlike AML cells,

blood® 23 SEPTEMBER 2021 | VOLUME 138, NUMBER 12 1007

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/138/12/1007/1823647/bloodbld2021012623c.pdf by guest on 04 June 2024

http://www.bloodjournal.org/content/138/12/1067
http://www.bloodjournal.org/content/138/12/1067
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2021012623&domain=pdf&date_stamp=2021-09-23


which highly express CD44 and are charac-
terized by increased resistance to apopto-
sis. With the help of a novel xenograft
model of AML in zebrafish, Yu et al show
in vivo that deficiency of CD44may restore
sensitivity of AML cells to venetoclax, sug-
gesting that CD44-blocking strategies,
which have been attempted in the past in
preclinical studies for AML9 and chronic
myeloid leukemia,10 may be a beneficial
tool to circumvent or ameliorate resistance
to venetoclax.

In sum, Yu et al elucidate a novel AML
cell–extrinsic mechanism of resistance to
venetoclax, leading to the promotion of
AML cells with stem cell properties related
to CD44 expression. Although CD44
deficiency can affect MCL-1 expression

and inhibition of MCL-1 sensitizes AML
cells to venetoclax, synergistic effects of
this three-pronged approach, meaning
inhibition of CD44, MCL-1, and veneto-
clax, must be tested in future studies. It is
a daunting thought that the cancer stem
cell marker CD44 may also be involved in
resistance to treatments for solid cancers
via its binding to hyaluronan, osteopontin,
or E-selectin. Similarly, how hyaluronan,
which can also bind to CXCL12 directly or
how other extracellular matrix proteins
may participate in the induction of stem-
ness features viaCD44and/orother recep-
tors on AML cells, remains to be clarified.
Insight into and, eventually, perturbation
of BMM-usurping mechanisms would
surely hand the squatters their final evic-
tion notice.

Conflict-of-interest disclosure: The author
declares no competing financial interests. n

REFERENCES
1. Yu X, Munoz-Sagredo L, Streule K, et al.

CD44 loss of function sensitizes AML cells to
the BCL-2 inhibitor venetoclax by decreasing
CXCL12-driven survival cues. Blood.
2021;138(12):1069-1082.

2. M�endez-Ferrer S, Bonnet D, Steensma DP, et
al. Bone marrow niches in haematological
malignancies. Nat Rev Cancer. 2020;20(5):
285-298.

3. Ishikawa F, Yoshida S, Saito Y, et al.
Chemotherapy-resistant human AML stem
cells home to and engraft within the bone-
marrow endosteal region. Nat Biotechnol.
2007;25(11):1315-1321.

4. Jacamo R, Chen Y, Wang Z, et al. Reciprocal
leukemia-stroma VCAM-1/VLA-4-dependent
activation of NF-kB mediates chemoresist-
ance. Blood. 2014;123(17):2691-2702.

5. Roberts AW, Huang D. Targeting BCL2 with
BH3 mimetics: basic science and clinical
application of venetoclax in chronic
lymphocytic leukemia and related B cell
malignancies. Clin Pharmacol Ther. 2017;
101(1):89-98.

6. Ju�arez-Salcedo LM, Desai V, Dalia S.
Venetoclax: evidence to date and clinical
potential. Drugs Context. 2019;8:212574.

7. Braun TP, Eide CA, Druker BJ. Response and
resistance to BCR-ABL1-targeted therapies.
Cancer Cell. 2020;37(4):530-542.

8. Tahir SK, Smith ML, Hessler P, et al. Potential
mechanisms of resistance to venetoclax and
strategies to circumvent it. BMC Cancer.
2017;17(1):399.

9. Jin L, Hope KJ, Zhai Q, Smadja-Joffe F, Dick
JE. Targeting of CD44 eradicates human
acute myeloid leukemic stem cells. Nat Med.
2006;12(10):1167-1174.

10. Krause DS, Lazarides K, von Andrian UH, Van
Etten RA. Requirement for CD44 in homing
and engraftment of BCR-ABL-expressing
leukemic stem cells. Nat Med. 2006;12(10):
1175-1180.

DOI 10.1182/blood.2021012623

© 2021 by The American Society of Hematology

BMM-derived CXCL12 leading to cooperativity between CXCR4 and CD44 on the leukemic stem cell in acute
myeloid leukemia (AML) and resistance to venetoclax by an increase in expression of CD44 and the embryonic
stem cell core transcription factors Sox2, Oct4, and Nanog. Professional illustration by Patrick Lane, ScEYEnce
Studios.
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