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CD45: a niche marker for
allotransplantation
Zhanzhuo Li and Philip M. Murphy | National Institutes of Health

In this issue of Blood, Saha et al1 have identified a CD45-targeted antibody-
drug conjugate (CD45 ADC) as a safe and highly effective conditioning agent
for hematopoietic stem cell transplantation (HSCT) in a mouse model. Broad
application of HSCT as curative treatment of blood disorders is limited by
both donor incompatibility and the damage caused by current protocols
using nonselective and genotoxic conditioning agents needed to make space
for donor cells in the recipient hematopoietic stem cell (HSC) niche. Success-
ful translation of this new CD45 ADC concept to the clinic has the potential
to flatten the risk-benefit ratio in allotransplantation, turning the fantasy of a
universal bone marrow donor into a reality and expanding transplantation
applications from malignancy and inherited diseases of the blood to acquired
diseases, including HIV/AIDS and autoimmunity. Possibly even solid organ
allotransplantation might be included, because establishing a state of bone
marrow chimerism has been known since the 1940s to establish a state of
donor-specific solid organ allograft tolerance.2 In sum, work in this area may
augur a second and even broader transformation of medical practice by
bone marrow transplantation.

The investigators tested a conditioning
concept that is both simple and logical
and builds on accomplishments in cancer:
to precisely deliver a cytotoxic but nonge-
notoxic drug payload once and as a single
agent to the cells that matter most in allo-
transplantation, HSCs, and T cells, using
the antigen specificity of a monoclonal
antibody (mAb) to which the drug has
been chemically conjugated. Untargeted
genotoxic agents may indiscriminately
kill any dividing cell and thereby drive
acute toxicity through cell loss and mas-
sive release of proinflammatory danger-
associated molecular patterns (DAMPs)
that promote rejection and graft-versus-
host disease. Genotoxic agents also
induce mutations that increase the risk
of posttransplantation malignancies. The
ADC used by Saha et al instead selectively
targets cells expressing the pan-leukocyte
and HSC marker CD45, thereby sparing
nonhematopoietic cells while hitting both
HSCs and T cells, obviating the need for
treatment with additional immunosup-
pressive agents after transplantation to
prevent graft rejection (see figure). The
antibody was designed to lack mouse Fc
receptor binding activity, which acceler-
ates in vivo clearance, thereby limiting

cytotoxicity to incoming donor cells. The
payload is tesirine, apyrrolobenzodiazepine
dimer that kills cells by its antimitotic activ-
ity.3 CD45 ADC builds on an earlier immu-
notoxin concept in which the plant-derived
ribosome-inactivating protein (RIP) saporin
was conjugated to a mouse CD45 mAb.4

This agent was highly effective for condi-
tioning congenic transplantation inmice.

Remarkably, in the current work, the
team identified a dose of CD45 ADC
that as a single agent without additional
immunosuppression allowed 100% donor
chimerism in a complete major histocom-
patibility complex (MHC) mismatched
strain combination (Balb/c!C57BL/6).
This punch line was sweetened by
demonstrations of efficacy and safety in
congenic transplantation, and in allo-
transplantation across both a minor MHC
mismatch and a major MHC mismatch at
lower (ie, subtherapeutic) doses of CD45
ADC that were augmented by combina-
tion with Jak inhibitors, anti-CD40L, rapa-
mycin, cyclophosphamide, or low doses
of X-irradiation. CD45 ADC was nonmye-
loablative at the doses used, causing only
transient leukopenia, including neutrope-
nia, but infections were not observed.

There are some limitations of the study
impacting the odds of successful transla-
tion to the clinic. Only 10 mice were stud-
ied in the marquee major MHC mismatch
part of the study, and all were very young.
Engraftment durability was not defined
beyond 22 weeks. A few mice died of
undefined causes. Although this level of
mortality may not have been greater than
for control transplants, future studies
need to be conducted through necrop-
sies of all animals dying during the study.
Clinical translation will require a new
agent that successfully targets human
CD45 without serious toxicity. Fortu-
nately, therapeutic antibodies are now a
boom industry driven by disease appli-
cations for naked antibodies in cancer
and autoimmune disease. Moreover,
there are now 11 ADCs approved by
the Food and Drug Administration
(FDA) for applications in cancer, so the
development path of this platform is
well traveled.

CD45 ADC is joined in the conditioning/
transplantation space race by mAbs to
CD117 (c-kit or stem cell factor receptor),
which is selectively expressed by hemato-
poietic stem and progenitor cells and
not by most mature leukocytes. This
approach has been successful in congenic
transplantation in immunodeficient but
not immunocompetent mice using a
naked antagonistic CD117 mAb as a sin-
gle agent,5 and in both congenic and
complete MHC mismatched allogeneic
transplantation in immunocompetent
mice using a CD117-saporin immuno-
toxin.6,7 Moreover, CD117-saporin condi-
tioning of bone marrow allotransplants
resulted in sufficient hematopoietic chi-
merism to allow robust donor-specific
skin allograft tolerance.7 A fourth condi-
tioning concept that has shown preclinical
promise is naked CD117 mAb in combi-
nation with anti-CD47 mAb.8 Anti-CD47
blocks a “don’t eat me” signal mediated
by CD47 binding to SIRPa (signal regula-
tory protein a) on macrophages, render-
ing anti-CD117–bound HSCs susceptible
to macrophage phagocytosis.

CD117 strategies have moved to the
clinic with Magenta Therapeutics open-
ing phase 1 clinical trials of a CD117
immunotoxin coupled to the RIP amani-
tin, first in acute myeloid leukemia and
myelodysplastic syndrome, and Gilead
testing magrolimab, a naked CD47 mAb,
first in multiple cancer indications. Naked
humanized CD117 mAb AMG 191/JSP
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191 (Amgen) is also being explored in tri-
als in various blood and immune
diseases.

The era of therapeutic antibodies was
launched in 1981 with the discovery
by Waldmann and colleagues at the
National Cancer Institute (NCI) of the
NIH of anti-Tac, an mAb specific for
the interleukin-2 receptor a.9 After 17
years of development by PDL Bio-
Pharma, anti-Tac was approved by the
FDA in 1997 as Daclizumab for the pre-
vention of renal transplant rejection, the
first approved humanized mAb. Starting
in the early 1980s, Pastan and colleagues
at the NCI developed the immunotoxin
concept over 3 decades to create Lumox-
iti (AstraZeneca and Medimmune), a
CD22 immunotoxin for the treatment of
relapsed/refractory hairy cell leukemia.10

In 2018, Lumoxiti became the first immu-
notoxin approved by the FDA. Given the
manifest utility of therapeutic antibodies
and the well-paved route from concept
through optimization to completed clini-
cal trials by these pioneers, the time for
successful translation of antibody-based
conditioning in HSC transplantation may
be sooner rather than later, unleashing
the full potential of this curative treat-
ment, limited only by cost.
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Conditioning approaches in bone marrow transplantation. The cell target area and mechanism of cytotoxicity are major determinants of safety. Toxicity is a function of
cell loss per se, the release of DAMPs from dying cells, and the introduction of mutations in cells that survive. DAMPs can drive unregulated immune responses and
facilitate graft-versus-host disease (GVHD). Antigen-targeted mAbs that deliver cytotoxic but nongenotoxic payloads to specific cell types important for engraftment of
donor cells after transplantation mitigate key safety concerns and have great potential for replacing X-irradiation and chemotherapeutic agents for bone marrow condi-
tioning. Additional therapeutic antibody strategies, for example, targeting CD47 to enhance phagocytosis of HSCs, have also been described. HPC, hematopoietic pro-
genitor cell. Professional illustration by Patrick Lane, ScEYEnce Studios.
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Mitochondrial function in
sickle cell disease
Laurent A. Messonnier | Universit�e Savoie Mont Blanc

Although related to a single point mutation, one central characteristic of
sickle cell disease (SCD) is the extreme variability in the clinical picture from
one patient to another. Genetic variants may account for part of this variabil-
ity. In this issue of Blood, Dosunmu-Ogunbi et al1 highlighted the importance
of a genetic variant affecting the mitochondrial function in the cardiovascular
pathophysiology of SCD. Their findings bring important insights and perspec-
tives for the management of patients.

Oxidative stress is a key factor in the
SCD pathophysiology. SCD is associated
with prooxidant enzyme activation, the
hemolysis-induced release of cell-free
hemoglobin and heme, red blood cell
autooxidation, and reduced nitric oxide
bioavailability, all of which promote oxi-
dative stress.2 At the vascular level (eg,
red blood cells, platelets, neutrophils,
and endothelial cells), oxidative stress
induces a proinflammatory state and a
cascade of damage and/or dysfunction
(eg, cell adhesion, hypercoagulability,
and hemorheological disturbances) lead-
ing to vasculopathy (eg, cerebral vascul-
opathy, pulmonary hypertension, and
retinopathy).3 To fight against oxidative
stress, nonenzymatic and enzymatic anti-
oxidant mechanisms exist, but unfor-
tunately, both pathways are defective
in SCD.3 Superoxide dismutase (SOD)
belongs to the enzymatic antioxidant
category, and its second isoform (SOD2)
is located in the mitochondrial matrix.4

In their study, Dosunmu-Ogunbi et al
investigated the role of a variant of
SOD2 (SOD2V16A) on mitochondrial func-
tion. The authors found both mitochon-
drial complex IV inhibition and higher

reactive oxygen species (ROS) produc-
tion with the variant. The authors also
investigated the impact of this variant on
different pulmonary and cardiovascular
markers in 410 patients with SCD (from
the walk-PHaSST trial) among whom 217
were heterozygous and 64 were homozy-
gous for the variant. Dosunmu-Ogunbi
et al found that SOD2V16A homozygous
patients with SCD displayed (i) increased
tricuspid regurgitant velocity, systolic
blood pressure, systolic right ventricular
area, and hemolytic index; (ii) a strong
trend toward decreased hemoglobin
concentration; and (iii) lower 6-minute
walk distance. Together, these results
suggest that the presence of the variant
reduces pulmonary and cardiovascular
functions, worsens anemia and hemoly-
sis, and decreases exercise capacity/
physical ability.

The results of Dosunmu-Ogunbi et al are
of paramount importance because, in
the classic picture of the role of oxidative
stress in SCD pathophysiology, the role
of mitochondria is often ignored or at
least underestimated, whereas mitochon-
drial respiration produces a significant
amount of ROS. During physical

activities, even those of everyday life (eg,
walking, climbing the stairs, and shop-
ping), which are already intensive for
patients with SCD,5 mitochondria are
prone to produce more ROS. Exercise
intensity is determinant in that matter.
Indeed, mitochondrial ROS production
rises with increasing exercise intensity.4

Given the low antioxidant defenses of
patients with SCD, extra exercise-related
mitochondrial ROS production may further
aggravate the prooxidant state of the
patients.6 The results of Dosunmu-Ogunbi
et al suggest that this situation could be
even worse in patients with the SOD2V16A

variant (see figure). From that point of
view, exercising patients with the
SOD2V16A variant may experience higher
oxidative stress and, consequently, more
severe complications or at least more
impact on pulmonary and cardiovascular
functions. Of note, oxidative stress can
also directly impact muscle function. In
their comprehensive review, Powers and
Jackson4 explored cellular mechanisms by
which an excessive oxidative stress may
have deleterious effects on muscle force
production and may favor muscle fatigue.
Therefore, the lower performance/distance
in the 6-minute walk test in patients homo-
zygous for the SOD2V16A variant is likely
related to the deleterious impact of oxida-
tive stress on the cardiopulmonary and
muscle functions.

Various antioxidant therapies (eg, L-gluta-
mine, L-arginine, and N-acetylcysteine
supplementations) have been tested in
SCD to reduced oxidative stress. There-
fore, one may expect that such therapies
might have a greater effect in patients
with the SOD2V16A variant, especially
during exercise. Nitrate supplementation
has been shown to improve exercise
capacity in a mice model of SCD.7

Because recent studies have reported
beneficial effects of endurance training in
patients with SCD,8 there has been grow-
ing interest in considering regular physi-
cal activity as part of the therapeutic
strategy for patients with SCD. Endurance
training improves antioxidant defenses,
including SOD2 activity.4 However, at the
present time (to my knowledge), it is not
known if endurance training changes
SOD2 activity in patients with SCD.
Determining this would be helpful for
patients with SCD, especially for those
with the SOD2V16A variant. On the other
hand, it has been suggested that too
much oxidative stress is deleterious for
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