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(phosphatase and tensin homologue), an
important regulator of HSC function and
a negative regulator of Akt is either
upregulated or more active during HSC
aging. However, because Akt activity
shortly after growth-factor stimulation is
also lower in young adult and aged
HSCs, future studies also should investi-
gate whether changes occur upstream of
Akt, such as age-related changes in
growth-factor receptor expression. If
such changes do occur, what regulates
the levels of PTEN and/or the growth-
factor receptors? One possibility is that
these changes are mediated by changes
in endosomal trafficking, recycling, and
degradation of receptors in lysosomes,
which are now recognized as important
regulators of signaling, cell fate, quies-
cence, and aging.6,7

Another avenue that requires further
investigation is the precise role of CDK6
during HSC aging. As expected based on
previous reports,8 aged HSCs with lower
CDK6 protein levels show a delayed G0
exit. However, young adult HSCs, despite
expressing more CDK6 than do cord
blood–derived HSCs, exit G0 with similar
kinetics, suggesting that additional
mechanisms are involved in regulating
the G0 exit in HSCs. Although no overt
differences in lineage output were found
by Hammond et al, future studies need to
clarify whether growth-factor desensitiza-
tion is a common feature of all HSCs or
rather is restricted to an HSC subpopu-
lation that expands with age and might
respond differently, as shown to be the
case in mice.9 Also important is to vali-
date that aged HSCs isolated from
“healthy” donors are free from mutations
associated with clonal hematopoiesis.

In general, more work on aged human
HSCs is needed to better understand
how aging affects HSC behavior. Future
studies need to determine whether the
sensitivity to growth-factor stimulation in
aged HSCs can be restored to rejuve-
nate HSCs. Studying signaling activity in
mutant HSCs from individuals with clonal
hematopoiesis might provide important
new insights into the early steps of dis-
ease initiation and progression.

Highly purified human HSCs are ex-
tremely are. Novel, sensitive, single-cell
approaches capable of multiplexing are
therefore crucial to learn more about these
precious samples. Recent developments
in single-cell dynamics quantification10
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and tracking will be instrumental moving
forward, because imaging requires very
few cells to make statistically sound con-
clusions, captures cellular heterogeneity,
and can deconvolute unsynchronized cell
behavior.7 Improving our understanding of
signaling dynamics, heterogeneity, and
crosstalk in young and aged HSCs will
guide the development of novel culturing
strategies to expand and rejuvenate HSCs
more efficiently.
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Boosting mAb therapy: CAR
T cells unblock macrophages
Rick Kapur | Sanquin Research and Landsteiner Laboratory

In this issue of Blood, Dacek et al present a novel strategy to enhance thera-
peutic antibody-dependent killing of tumors through additional infusion of
“Orexi” chimeric antigen receptor (CAR) T cells engineered to locally secrete a
small anti-CD47 blocking agent that disrupts antiphagocytic signaling induced
by tumor cell–CD47 binding to macrophage signal-regulatory protein (SIRP) α.1

This enabled reversal of the tumor immunosuppressive microenvironment,
thereby increasing macrophage-mediated antibody-dependent cellular phago-
cytosis (ADCP) or antibody-dependent cellular cytotoxicity (ADCC) and culmi-
nating in increased tumor cell lysis in a mouse model.
Therapeutic antibodies have revolution-
ized the field of cancer immunotherapy.
To date, >100 monoclonal antibodies
(mAbs) have been approved by the US
Food and Drug Administration for the
treatment of various human disorders,
including cancer.2 mAbs (IgG or in other
formats, such as fragments or bispecifics)
specifically bind to their target antigens
and elicit various effector mechanisms,
such as ADCP, ADCC, and complement-
dependent cytotoxicity (CDC).3

Another transformative immunothera-
peutic approach has been adoptive
transfer of CAR T cells targeting CD19.4

CAR T cells are T cells that have been
genetically altered to express a CAR,
which can target a tumor. A CAR is
composed of the antigen-binding
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domains of an antibody fused to T-cell
receptor signaling machinery. In 2010,
the first case was reported of a patient
with refractory lymphoma who was suc-
cessfully treated with anti-CD19 CAR
autologous T cells, resulting in regres-
sion of the lymphoma.5

High response rates have been
reported for both mAb and CAR T-cell
cancer therapy; however, treatment
refractoriness and disease relapses still
occur and pose an ongoing clinical
challenge. This can be due to several
antigen-escape mechanisms that are
utilized by the tumor.6 In addition, the
tumor microenvironment may be highly
immunosuppressive, restricting the
therapeutic efficacy of CAR T cells. The
tumor microenvironment consists of
immunosuppressive cytokines (eg,
interleukin 10 [IL-10]) and various cells,
including myeloid-derived suppressor
cells, regulatory T cells, and macro-
phages.7 Antibody-dependent killing of
tumor cells can also be limited by the
engagement of tumor cell–CD47
expression and the inhibitory SIRPα on
myeloid cells.8
SIRP

Anti-CD19 chimeric
antigen receptor (CAR)

Ther
monoclo

Macrophage

I
AD

3

Anti-CD19 Orexi CAR T cells, secreting a CD47-SIRPα c
macrophage-mediated ADCP/ADCC. On administration o
tumor cell surface (1). Local CV1 secretion by Orexi CAR T
tumor cells and blocks the signaling pathway between in
Overall, this synergistic approach of combining CAR T-ce
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In the current study, Dacek et al elegantly
address the issues of immunotherapy
refractoriness, disease relapse, and the
hurdle of an immunosuppressive tumor
microenvironment, by investigating the
additive effects of anti-CD19 CAR T cells
with an anti-CD20 mAb (rituximab), also
found on the cell surface of most cancer B
cells. Nonobese diabetic severe com-
bined immunodeficiency γ (NSG) mice
were engrafted with lymphoma tumor
cells (CD19+/CD20+) and infused with
anti-CD19 CAR T cells in combination
with rituximab. This resulted in regression
of the tumor and in a significantly
increased survival rate, compared with
CAR T cells with control mAb or rituximab
alone. Subsequently, the authors investi-
gated if the additive effects of CAR T cells
and rituximab could be further strength-
ened through engineering of CAR T cells
to secrete a CD47-SIRPα checkpoint
blocker. These CAR T cells were termed
“Orexi” CAR T cells, as they are designed
to improve cytotoxicity via enhanced
orexigenic activity through ADCP. Block-
ing the CD47-SIRPα signaling pathway
with anti-CD47 has previously been
shown to enable phagocytosis of human
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non-Hodgkin lymphoma cells in mice and
to synergize with rituximab, reducing the
lymphoma burden and improving sur-
vival.9 A CD47-SIRPα checkpoint blocker,
a truncated SIRPα mimic, CV1, was used
in the current study. Orexi CAR T cells did
not cause any detrimental effects or
impair activation, such as cytolytic activ-
ity, apoptosis, and signs of rejection. In
addition, CV1 secretion did not alter the
immune function and pharmacokinetics
of Orexi CAR T cells. CV1 secretion
by Orexi CAR T cells was shown to
increase in response to CAR stimulation
by antigen-positive tumor cells. Subse-
quently, Orexi CAR T-cell–treated mice
had a reduced tumor burden compared
with wild-type (WT) treated mice. On
the basis of previous studies, it was
postulated that this response may be
potentiated by mAb therapy. Indeed,
rituximab alone elicited a minor anti-
tumor response, but this was greatly
increased by combination treatment with
Orexi CAR T cells. More important, the
combination of Orexi CAR T cells and
rituximab significantly increased the
overall median survival of the mice
(86 days) compared with mice infused
Tumor cell lysis
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g increased macrophage-mediated ADCP/ADCC (3).
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with WT CAR T cells in combination with
soluble CV1 and rituximab (59 days) or
CV1 plus rituximab (47 days). These
experiments clearly demonstrated the
synergistic therapeutic effects of CAR T
cells and mAb therapy, which was further
enhanced by Orexi CAR T-cell secretion
of CV1. These effects were suggested to
be due to increased ADCP activity, as
in vivo depletion of macrophages with
clodronate abrogated the therapeutic
effect of rituximab treatment in the
tumor-engrafted NSG mice. In addition,
in vitro cellular coculture experiments
were performed with anti-inflammatory
M2 macrophages and CAR T cells,
which suggested that Orexi CAR T cells
may decrease the levels of immunosup-
pressive IL-10 and increase the levels of
interferon gamma, compared with WT
CAR T cells. This suggests that Orexi
CAR T cells are able to reverse the
immunosuppression of M2 macro-
phages, thereby enhancing immune
activation and tumor cell lysis. The
murine in vivo experiments were per-
formed in the intraperitoneal cavity,
which is enriched in macrophages,
supporting ADCP. Additional experi-
ments, however, are required to assess
the precise contribution of ADCP,
ADCC, and CDC in a more typical
in vivo setting, as NSG mice are defi-
cient in mature lymphocytes and natural
killer cells and are relatively deficient in
complement.

In summary, Dacek et al report a
potential breakthrough in the field by
presenting a novel strategy to enhance
the efficacy of therapeutic mAb cancer
immunotherapy by addition of Orexi
CAR T cells, which locally secrete the
CD47-SIRPα checkpoint blocker CV1,
which upends the immunosuppressive
tumor microenvironment by enabling
macrophage ADCP/ADCC (see figure).
More importantly, the strategy of local
secretion of CV1 bypasses the CD47 sink
present on all cells in the body and may,
thereby, prevent systemic toxicities.
Further preclinical validation is war-
ranted, followed by clinical trials investi-
gating this exciting and promising
approach, which has the potential to
overcome the limitations of mono-
therapy, thereby preventing therapy
refractoriness and disease relapse.
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Love’s labor’s lost? Fetal vs
maternal AIHA outcomes
Arielle L. Langer | Brigham and Women’s Hospital

In this issue of Blood, Fattizzo et al describe the results of a multicenter
cohort of patients with autoimmune hemolytic anemia (AIHA) during preg-
nancy that demonstrated good maternal outcomes despite severe hemolysis
and substantial relapse rates but also revealed an increased rate of serious
fetal and neonatal complications.1
Physicians caring for pregnant patients
are often limited by the paucity of data.
This is particularly true for conditions
such as AIHA that are already rare in the
general population, although rates are
higher in pregnancy.2 For the practicing
hematologist, this large cohort provides
much needed insight into the expected
course, therapeutic options, and out-
comes of AIHA in pregnancy.

Of the 20 patients with proceeding AIHA,
10 had a relapse during pregnancy. Given
that the hematologists and obstetricians
caring for these patients were likely
monitoring for signs of hemolysis, it is
noteworthy that this did not afford a win-
dow for early intervention. These cases
were included in the study’s median
hemoglobin of 6.4 g/dL with a range of
3.1 to 8.7 g/dL for the 45 total pregnan-
cies in 33 distinct patients, indicating even
those who were being surveilled still
developed severe hemolysis. In coun-
seling patients with prior AIHA who are
considering pregnancy, this provides an
understanding that treatment will be
required in many individuals and what
such treatment is likely to entail.

In accordance with guidelines,3 patients
with both relapsed and de novo AIHA
received corticosteroids as first-line ther-
apy, and this was sufficient for most
patients. Given its extensive safety record
in pregnancy, it is not surprising that IV
immunoglobulin (IVIG) was used as an
adjunct in many cases, despite being a
less effective therapy for AIHA than for
other autoimmune diseases.3 The high
rate of transfusion (58%), which is unim-
peachable in the setting of such severe
anemia, carries both general and
pregnancy-specific considerations, such as
alloimmunization increasing the risk of
hemolytic disease of the fetus and
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