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Syndecan-2 identifies and
regulates HSCs
Rong Lu | University of Southern California

In this issue of Blood, Termini et al have identified syndecan-2 as a new cell
surface marker that can enrich functional hematopoietic stem cells (HSCs) in
mice, and regulate HSC quiescence through Cdkn1c (p57).1

HSCs are the key components of bone
marrow transplantation, the renowned
therapy that has been successfully used to
treat many blood and immune diseases
and that possesses the immense potential
to treat many more.2,3 HSCs are rare. Iden-
tifying them from other cells in the bone
marrow is essential for evaluating the
donor cell population and for discovering
their regulatory mechanism. Understand-
ing how HSCs are regulated can help
improve bone marrow transplantation
and develop new treatment strategies
independent of transplantation.

Over the past decades, several HSC
markers have been identified, most of
which have no regulatory role in
HSCs.2,4-6 Here, Termini et al have identi-
fied syndecan-2, a heparan sulfate prote-
oglycan, as a novel marker for identifying
and isolating mouse HSCs. Furthermore,

they have revealed its roles in regulating
mouse HSC functions during bone mar-
row transplantation (see figure).

Based on previous transcriptome studies,
Termini et al identified and verified that
the expression of syndecan-2 is elevated
in phenotypic HSCs compared with other
hematopoietic progenitor cells including
multipotent progenitor cells. They also
showed that this unique expression pat-
tern holds true in human HSCs and hema-
topoietic progenitor cells. In addition, it is
not displayed by other syndecan family
proteins such as syndecan-1, syndecan-3,
and syndecan-4. More importantly, using
competitive transplantation assays, Ter-
mini et al showed that syndecan-2 can be
used to sort for functional HSCs with
enhanced self-renewal and differentiation
capacities: (1) syndecan-2 alone was sig-
nificantly better than CD150 alone for

enriching functional HSCs from lineage
negative bone marrow cells; (2) synde-
can-21CD342KSL cells exhibited better
long-term multilineage blood repopula-
tion and increased contribution to
phenotypic HSCs compared with synde-
can-22CD342KSL cells and CD342KSL
cells in both primary and secondary
recipients; (3) a limiting dilution assay
revealed that the functional HSC fre-
quency of syndecan-21CD342KSL cells is
comparable to that of CD1501

CD342KSL cells, which is 17-fold higher
compared with syndecan-22CD342KSL
cells; and (4) mice transplanted with
syndecan21CD1501CD342KSL cells ex-
hibited 15-fold increased multilineage
hematopoietic repopulation compared
with mice transplanted with syndecan-
22CD1501CD342KSL cells. These data
demonstrated that syndecan-2 marks
functional HSCs with comparable effi-
ciency as other commonly used HSC
markers such as CD150.6 Furthermore,
nearly all of the in vivo repopulating
capacity of CD1501CD342KSL cells
was contained within the syndecan-
21CD1501CD342KSL cell population,
suggesting that syndecan-2 can resolve
the heterogeneity of the CD1501

CD342KSL cell population. The study
from Termini et al adds to the accumulat-
ing literature helping investigators to bet-
ter identify and study HSCs.

In addition to the enhanced self-renewal
and differentiation capacities, syndecan-
21CD342KSL cells also exhibited in-
creased frequency in the G0 phase and
decreased frequency in the G1 phase
compared with syndecan-22CD342KSL
cells andCD342KSL cells. Despite the qui-
escence of syndecan-21CD342KSL cells,
these cells could enter the cell cycle and
produce significantly more CD342KSL
cells in vitro compared with syndecan-
22CD342KSL cells. In competitive primary
and secondary transplantations, the prog-
eny of cultured syndecan-21CD342KSL
cells showed increased capacities for self-
renewal and multilineage hematopoieti-
crepopulation comparedwith the progeny
of syndecan-22CD342KSL cells and
CD342KSL cells. HSC quiescence is
thought to underly their self-renewal and
differentiation potentials as disturbing the
quiescence would cause HSCs to lose
their long-term blood repopulation capac-
ity.7 Therefore, the findings of Termini et al
suggest that syndecan-2 may regulate
HSC self-renewal and differentiation
throughmodulating their quiescence.
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Termini et al showed that syndecan-2 is expressed on the cell surface of HSCs that exhibit enhanced self-
renewal and blood repopulation capacities. Their study also suggests that syndecan-2 regulates HSC quies-
cence through modulating the expression of Cdkn1c (p57). Professional illustration by Somersault18:24.
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To determine the functional role of
syndecan-2 in HSCs, Termini et al used
lentiviral short hairpin RNAs to knock
down syndecan-2 expression in HSCs and
showed reduced myeloid repopulation in
primary recipients and reduced multiline-
age repopulation in secondary recipients.
Furthermore, syndecan-2 knockdown
reduced the fraction of phenotypic HSCs
in the G0 phase and suppressed
the expression of Cdkn1c, whereas
syndecan-2 overexpression produced the
opposite effects. Downregulation of
Cdkn1c in combination with downregula-
tion of syndecan-2 did not further reduce
HSC quiescence, suggesting that
syndecan-2 regulates HSC quiescence
through its control of Cdkn1c expression.

Nonetheless, it is worth noting that not
all functional HSCs express syndecan-2.
The limiting dilution transplantation
results from Termini et al indicate that
approximately one-third of functional
HSCs do not express syndecan-2. More-
over, syndecan-2 expression in HSCs can
be turned on and off in vitro, suggesting
that syndecan-2 marks 2 interchangeable
states of HSCs instead of 2 distinct
subtypes of HSCs. However, 8 weeks
after transplantation, donor syndecan-
21CD342KSL cells gave rise to signifi-
cantly more syndecan-21CD342KSL cells
compared with donor syndecan-
22CD342KSL cells. And donor synde-
can-22CD342KSL cells rarely produced
any syndecan-21CD342KSL cells. There-
fore, HSCs do not appear to freely alter-
nate between the syndecan-2 positive
and negative states. Further investigation
on how HSCs switch between the synde-
can-21 and syndecan-22 states can pro-
vide more insights into the regulatory
mechanism of HSC quiescence.

Syndecan-2 is a member of the syndecan
family, consisting of 4 transmembrane
heparan sulfate proteoglycans in mam-
mals.8 Syndecans interact with other cell
surface receptors, such as growth factor
receptors and integrins, and play key
roles in regulating many cellular behav-
iors and diseases.8 Inhibition of heparan
sulfate synthesis and adding heparan sul-
fate mimetics can mobilize HSCs,9,10 sug-
gesting the role of heparan sulfates in
the retention of HSCs in their bone mar-
row niche. Therefore, the discovery of
syndecan-2’s regulatory role in HSCs may
lead to potential applications for improv-
ing HSC functions during bone marrow
transplantation. Future investigation of

syndecan-2 in human HSCs can eluci-
date its translational potential because
syndecan-2 expression is also elevated in
human HSCs as reported by Termini et al.
However, the authors also showed that
bone marrow cells from the syndecan-2
knockout mice exhibited modest
decrease in hematopoietic repopulation
after bone marrow transplantation. This
suggests the existence of a compensa-
tory mechanism that was absent in the
acute knockdown of syndecan-2 as dem-
onstrated by Termini et al. The study from
Termini et al could lead to future investi-
gations on the translational potential and
regulatory mechanism of syndecan-2 in
HSCs, which could help improve HSC-
based cell and gene therapies.
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PET imaging: back in the
game for gastric EMZL?
Anne-S�egol�ene Cottereau | University of Paris

In this issue of Blood, Mayerhoefer et al1 report the use of a novel PET radio-
tracer targeting the G-protein–coupled C-X-C chemokine receptor type 4
(CXCR4), for assessment of residual disease in gastric mucosa–associated lym-
phoid tissue (MALT) lymphoma after first-line Helicobacter pylori eradication.

Positron emission tomography-computed
tomography (PET-CT), using 18F-fluoro-
deoxyglucose (18F-FDG) has generally
been considered to be of little clinical
utility for assessing extranodular marginal
zone B-cell lymphoma (EMZL),2 because
of globally lower FDG avidity compared
with aggressive lymphomas. Specifically,
gastric primary MALT lymphoma has
shown a low detection rate by FDG PET
compared with other localizations, such
as primary head-and-neck or bronchial

lesions.3 This difference in detection rates
was thought to be related to the thick-
ness of the lesion. Thus, after eradication
of H pylori, the follow-up is based on
findings in pan upper gastrointestinal
endoscopy, including multiple biopsy
specimens obtained 3 months after
treatment to rule out tumor progression
with follow-up endoscopies (twice per
year for 2 years, then every 12 to 18
months), to monitor the histological
regression of the lymphoma.
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