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Key Points

•CD300f is expressed in
the majority of AML
patients and across
HSPCs; an anti-
CD300f ADC depletes
AML cells and HSPCs.

• In vitro and in vivo data
suggest targeted
CD300f therapy
enhances efficacy and
reduces toxicity of
HSCT in AML.

Allogeneic hematopoietic stem cell transplantation (allo-HSCT) significantly reduces the

rate of relapse in acute myeloid leukemia (AML) but comes at the cost of significant

treatment-related mortality. Despite the reduction in relapse overall, it remains common,

especially in high-risk groups. The outcomes for patients who relapse after transplant

remains very poor. A large proportion of the morbidity that prevents most patients from

accessing allo-HSCT is due to toxic nonspecific conditioning agents that are required to

remove recipient hematopoietic stem and progenitor cells (HSPCs), allowing for successful

donor engraftment. CD300f is expressed evenly across HSPC subtypes. CD300f has

transcription and protein expression equivalent to CD33 on AML. We have developed an

anti-CD300f antibody that efficiently internalizes into target cells. We have generated

a highly potent anti-CD300f antibody-drug conjugate (ADC) with a pyrrolobenzodiazepine

warhead that selectively depletes AML cell lines and colony forming units in vitro. The ADC

synergizes with fludarabine, making it a natural combination to use in a minimal toxicity

conditioning regimen. Our ADC prolongs the survival of mice engrafted with human cell

lines and depletes primary human AML engrafted with a single injection. In a humanized

mouse model, a single injection of the ADC depletes CD341 HSPCs and CD341CD382CD901

hematopoietic stem cells. This work establishes an anti-CD300f ADC as an attractive

potential therapeutic that, if validated in transplant models using a larger cohort of primary

AML samples, will reduce relapse rate and toxicity for patients with AML undergoing

allo-HSCT.

Introduction

Relapse after allogeneic hematopoietic stem cell transplant (allo-HSCT) for acute myeloid leukemia (AML)
occurs in 24% to 36% of patients, and the outcomes for these patients are poor.1 Disease genetic
characteristics can predict for relapse overall and impact post–allo-HSCT relapse rates.2 The rate of
relapse after allo-HSCT is higher in adverse-risk groups, particularly in some subgroups such as monosomal
karyotypes.3,4 Postinduction factors that predict relapse include the presence of residual disease. Minimal
residual disease (MRD) positivity prior to allo-HSCT, detected by flow cytometry, quantitative polymerase
chain reaction, or next-generation sequencing, correlates with relapse.5-7 Although allo-HSCT remains the
only potential curative option in patients with refractory disease, relapse rates remain high in that setting.8
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The role of the immune response and graft-versus-leukemia
effect is well established.9 Evidence demonstrates that the
intensity of conditioning plays a clear role in reducing relapse risk.
Myeloablative (MA) allo-HSCT conditioning regimens reduce
relapse more than reduced-intensity conditioning (RIC) and non-MA
regimens.10 The increased relapse rate seen in patients who are
MRD positive or undergo non-MA conditioning suggests that
reducing the burden of disease by the time of transplant is critical
to improving outcomes.

The advent of RIC and non-MA regimens has transformed trans-
plantation, making it accessible to older patients and those with
comorbidities. RIC regimens demonstrate significantly less treatment-
related mortality (TRM) than MA regimens.11 Despite the reduction
seen in RIC, TRM remains significant, especially in those.65 years.12

The development of antibody-based therapies depleting hematopoietic
stem and progenitor cells (HSPCs) as part of allo-HSCT conditioning
is expanding.13 Such therapies may reduce or eliminate tradi-
tional methods of depleting HSPC such as alkylating agents and
irradiation. Preclinical studies demonstrate that antibody-drug conju-
gate (ADC)–based conditioning limits damage to bone marrow
(BM) architecture and accelerates immune recovery compared
with traditional conditioning.14 The advent of targeted condition
has the potential to further reduce TRM.

The CD300f protein (encoded by theCD300LF gene) is an inhibitory
receptor found on healthy myeloid cells, including antigen-presenting
cells (APCs).15,16 CD300f is present on a high proportion of AML
cells as well as HSPCs.17,18 Its distribution makes CD300f an
excellent target in both AML therapy and targeted allo-HSCT
conditioning. We have completed proof-of-principle work demon-
strating how incorporating an anti-CD300f ADC into conditioning
for allo-HSCT in AML may decrease relapse and toxicity by
reducing/replacing traditional agents.

Methods

Preparation of tissue samples

Blood and BM samples from patients with AML or healthy individuals
were collected at Concord Repatriation General Hospital (CRGH)
or Royal Prince Alfred Hospital (Sydney, Australia). Patient and
sample demographics are provided in supplemental Table 1. Peripheral
blood (PB) or BM samples from healthy donors were collected at
CRGH. Cord blood (CB) samples were collected by the Sydney
CB Bank. Donors provided informed consent under ethical approval
obtained from the Sydney Local District Human Research Ethics
Committee (HREC/12/CRGH/59, HREC/11/CRGH/61 and 118).
Mononuclear cells (MCs) were isolated from samples using density
gradient centrifugation through Ficoll-Paque Plus (GE Healthcare)
according to the manufacturer’s protocols. Samples were passed
through a 22G needle to disrupt BM fragments and then filtered
prior to MC isolation as above. Human monocytes were purified
from MCs by CD14 MicroBeads selection using an AutoMACS Pro
(Miltenyi Biotec).

Cell lines

The AML cell lines HL-60 and THP-1 were obtained by Derek Hart
at the Christchurch School of Medicine, University of Otago. The
U973, Z-138, and Mino cell lines were from the American Type
Culture Collection. All cell lines were maintained in complete
RPMI 1640 (complete RPMI) containing 10% fetal calf serum,

2 mMGluta-MAX, 100 U/mL penicillin, and 100 mg/mL streptomycin
(ThermoFisher).

Gene expression

AML gene expression data were retrieved from the Gene Expression
Omnibus microarray dataset GSE14468.19 HSPC gene expression
was retrieved from GSE42519, GSE17054, and GSE19599.20-22

The series matrix files were parsed in R, and the probe ID and signal
values corresponding to CD300LF (1553043_a_at) and CD33
(206120_at) extracted. The human GTEx data were analyzed in
RStudio. Tissue type and transcription data in transcripts per million
CD300LF and CD33 were extracted from all experiments in this
data set.

Antibodies

Antibodies used for phenotyping can be found in the supplemental
Methods.

Internalization assays

Details of internalization assays can be found in the supplemental
Methods.

Generation of DCR-2-PBD and isotype-PBD

DCR-2 is a murine immunoglobulin G1 antibody that binds all
extracellular forms of CD300f. DCR-2 and an isotype control antibody
were conjugated to pyrrolobenzodiazepine (PBD) dimers by native
cysteine chemistry via a cathepsin B–cleavable linker, MA-PEG4-
VA-PBD (SET0212, Levena Biopharma). Briefly, monoclonal
antibody (mAb) was reduced with 10 mM dithioerythritol to expose
free thiols of interchain disulfides. The reduced antibody was
reacted with a 10-fold molar excess of PBD linker (MA-PEG4-PBD)
(10 mg/mL) for 3 hours before overnight dialysis into phosphate-
buffered saline (PBS). The final drug-to-antibody molar ratios were
3.3 for DCR-2-PBD and 4.6 for isotype-PBD.

Cytotoxicity assays

Details of cytotoxicity assays can be found in the supplemental
Methods.

CFU toxicity assay

Human CB or primary AML cells were plated at 2 3 104 cells/well
in semisolid methylcellulose medium (MethoCult Classic, Stemcell
Technologies) in a 24-well plate (Corning) were cultured at 37°C
in 5% CO2 for 14 days when colony-forming units (CFUs) were
scored. DCR-2-PBD or isotype-PBD was added to each well for
continuous exposure. Three CB samples were tested with duplicate
wells performed in each experiment. Primary AML cells were taken
from PB samples with .90% blasts and performed in duplicate.

Activation marker expression and MoDC

toxicity assays

Monocyte-derived dendritic cells (MoDCs) were derived from
CD141 monocytes as described previously.23 MoDC phenotyping
used accepted activation markers on dendritic cell populations.24

Details of the assays can be found in supplemental Methods.

Mouse xenograft assays

NOD.Cg-PrkdcscidIl2rgtm1Wjl/SzJ (NSG) mice (Australian BioRe-
sources) were housed under specific-pathogen-free conditions. In
the subcutaneous model, 23 106 U937 cells were injected under
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the skin on the right flank. Tumors were measured daily with electronic
calipers. When the mean volume of the tumors was .100 mm3,
DCR-2-PBD, isotype-PBD, or PBS was injected intraperitoneally
once. Mice were assigned so each cohort had a similar mean
starting tumor volume (range, 130.3-137.2 mm3). Tumor volume
was measured until .1000 mm3, when mice were euthanized.

For the BM HL-60 model, NSG mice were irradiated with 200 cGy
24 hours prior to IV administration of 53 106 HL-60 cells. On day 7,
mice were injected with DCR-2-PBD, isotype-PBD, or PBS and
monitored for disease progression and survival. Mice were euthanized
when their clinical score was $4 or on day 70.

The humanized mouse model used CD341 cells (.95% purity)
isolated by positive selection (Miltenyi 130-046-702) according to
the manufacturer’s instructions from 2 pooled CB samples. Each
NSG mouse was injected with 100000 CD341 cells 4 hours after
receiving a 150-cGy irradiation dose. Engraftment as determined by
percentage of human CD451 cells in venous blood was assessed
at 12 weeks. Mice were assigned to treatment groups to have
similar means of human CD451 percentage in the PB (10.16%
DCR-2-PBD cohort and 10.74% isotype-PBD cohort). Mice were
then injected with 300 mg/kg of DCR-2-PBD or isotype-PBD.
Mice were euthanized on day 7, and human CD451 cells from BM
(bilateral femurs and tibias) and 300 ml blood were enumerated
and phenotyped by flow cytometry.

For primary AML xenografts, NSGmice were irradiated with 150 cGy
24 hours before 8 3 106 AML cells from CRGH11 (sample 10,
supplemental Table 1) were injected IV. Once engraftment was
established (.1% human CD45-positive events in PB), mice
were given DCR-2-PBD or isotype-PBD. Mice were euthanized
6 days later, and the BM was harvested for enumeration and
surface marker analysis by flow cytometry.

Flow cytometry

CD300f expression on primary AML and BM samples was performed
on an Influx flow cytometer (BD Biosciences). AML cell line experiments
were performed on an Accuri flow cytometer (BD Biosciences).
Remaining assays were performed on a Fortessa LSR flow cytometer
(BD Biosciences). Analysis, including TiSNE, was performed using
FlowJo.

Statistical analysis

Statistical analysis was performed using Prism (GraphPad Software).
Error bars correspond to standard error. Differences in means
between 2 groups were assessed using Student t tests. Multiple-
group tests were performed using analysis of variance with posttest
comparisons. Differences in survival were assessed using a log-rank
(Mantel-Cox) test. The combination index was calculated using
Compusyn software.25

Results

CD300f is expressed on AML and HSPCs, but not

outside of the hematopoietic system

To assess the distribution of CD300f, gene expression data were
analyzed. As gentuzumab ozogamicin, which targets CD33, is the
only approved AML therapeutic that binds a surface molecule, we
compared expression of CD300f to CD33 in AML. We analyzed
expression array data from patients with AML (n5 460) to compare

CD33 and CD300LF (Figure 1A). The mean CD300LF expression
level was significantly higher than CD33 (8.39 log2 vs 7.89 log2,
P , .0001). There was a weak correlation in transcript expression
between CD300LF and CD33 (r 5 0.16, P 5 .004). There were
no significant differences in CD300LF expression across the
European LeukemiaNet risk groups (supplemental Figure 1A).

Protein expression of CD300f and CD33 was compared by flow
cytometry (Figure 1B). There was no significant difference in mean
fluorescence intensity (MFI) ratios, and there was a moderate to
strong correlation in expression (r 5 0.63, P 5 .0001). CD300f
protein expression on the CD341CD382 subset of primary AML
showed no significant correlation with CD33 protein expression
(supplemental Figure 1B). Single-cell expression was compared
on a set of 9 AMLs using TiSNE, with a similar distribution seen
for CD300f (supplemental Figure 1C) and CD33 (supplemental
Figure 1D). Gene expression array data demonstrated CD300f
expression across hematopoietic stem cells and myeloid hemato-
poietic progenitor cells (Figure 1C), with the lowest expression in
megakaryocyte/erythroid progenitors (P , .0001). Protein expres-
sion by flow cytometry did not reveal any significant differences in
MFI ratio across the groups of HSPCs. A standard gating strategy
(supplemental Figure 3) was used to determine HSPC subsets.
Protein expression on peripheral blood mononuclear cells showed
CD300f expression onmonocytes and neutrophils, but not lymphocytes
(supplemental Figure 2). RNA sequencing (RNA-seq) data from the
human GTx database of multiple organs were analyzed for potential
off-target effects of anti-CD300f–based therapy. Both CD33 and
CD300LF had significantly increased expression in the blood,
spleen, and lungs compared with all other organs (P , .0001)
(Figure 1E-F). Immunohistochemistry analysis by The Human
Protein Atlas (https://www.proteinatlas.org/) indicates that CD33
and CD300f are expressed on lung macrophages, but not on
pneumocytes.

Antibodies to CD300f are internalized upon binding

The mouse anti-human CD300f antibody, DCR-2 was assessed for
its ability to be internalized by flow cytometry. It rapidly internalizes
upon binding to HL-60 cells (Figure 2A). Internalization is significant
at 30 minutes and is .50% at 180 minutes. Internalization at
30 minutes was confirmed by fluorescence microscopy on
HL-60, CD141 monocytes and primary AML cells (Figure 2B).
The internalization data demonstrates that DCR-2 is a suitable
mAb for ADC development.

In vitro cytotoxicity of DCR-2-PBD

DCR-2 and an isotype control mAb were conjugated to a PBD toxin
to assess potential cytotoxicity. The cytotoxicity of DCR-2-PBD
and the isotype-PBD were tested against CD300f1 and CD300f2

cell lines (Figure 3A). DCR-2-PBD killed the CD300f1 AML cell
lines HL-60, U937, and THP-1 with 50% inhibitory concentrations
(IC50s) in the low picomolar range (5.44, 6.74, and 29.39 pM,
respectively). These IC50s are similar to those of other PBD-based
ADCs.26,27 DCR-2-PBD has .200 pM IC50 against the CD3002

lymphoma cell line Z-138. The isotype-PBD has an IC50 of.200 pM
against HL-60 and U937.

AML surface targets, including CD300f, can be heterogeneously
expressed within AML cases, and we considered bystander killing
advantageous for an effective ADC. We investigated bystander
killing by comparing the viability of the CD300f2 lymphoma cell line
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Mino cultured on its own with Mino cultured mixed with HL-60 in
the presence of DCR-2-PBD (Figure 3B). There was a significant
reduction in viability in the 75% Mino condition with DCR-2-PBD at
25 pM (P 5 .0002) compared with the Mino-only control. In the

50% Mino condition, there was a significant reduction in viability in
both the 25 pM (P , .0001) and 12.5 pM (P 5 .0004) DCR-2-PBD
concentrations. The reduction in Mino cells when combined with HL-60
confirms the ability of DCR-2-PBD to generate bystander killing.
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Figure 1. CD300f expression on AML cells,

HSPCs, and organ expression. (A) CD33 is

compared with CD300f by gene expression using

linear regression analysis. (B) MFI ratios of CD33

and CD300f on patient-derived AML cells (n 5 33)

are compared with linear regression. (C) CD300f

gene expression across HSPC subtypes

(****P , .0001 megakaryocyte/erythroid progenitors

vs all other subtypes). (D) MFI ratios of CD300f

on HSPC from healthy BM. (E) CD300f gene

expression by RNA-seq across multiple organ types

from the human GTEx dataset (****P , .0001 blood,

spleen or lung vs all organs). (F) CD33 gene

expression by RNA-seq across multiple organ types

(****P , .0001 blood, spleen, or lung vs all organs).

Red bars indicate hematopoietic organs. TPM,

transcripts per million.
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Fludarabine is used in many allo-HSCT regimens to facilitate
donor cell engraftment by depleting host lymphocytes. Fludar-
abine combined with PBD demonstrates synergistic cytotoxic
properties.28 An anti-CD300f therapeutic would deplete recipi-
ent HSPCs, but not host lymphocytes, as part of a conditioning
regimen. Given these complementary roles, we assessed a syner-
gistic relationship between DCR-2-PBD and fludarabine. Cytotoxicity
of HL-60 (Figure 3C) and THP-1 (data not shown) was greater in
the presence of both DCR-2-PBD and fludarabine than either
alone, confirming a synergistic relationship with a combination
index of 0.82 and 0.76, respectively. We assessed the exposure
time required for DCR-2-PBD to cause cytotoxicity on the
HL-60 cell line (Figure 3D). At 12 hours, .98% of HL-60
proliferation was inhibited, while at 24 and 96 hours, inhibition
was .99%.

We used a CFU assay to test DCR-2-PBD activity against HSPC
and primary AML. Significant reductions in total CFUs were seen
at 7.84 (P5 .0033), 39.21 (P, .0001), and 196.1 pM (P, .0001)
(Figure 3E). All major CFU subtypes were inhibited at the 32.9 and
196.1 pM concentrations by DCR-2-PBD (Figure 3F). Two primary
AML samples were tested: CRGH1 with low CD300f expression
(MFI ratio of 2.6) and CRGH9 with a high CD300f expression
(MFI 109.9) (Figure 3G). Significant toxicity was demonstrated
against CRGH1 at 196.1 pM (P 5 .036). Significant toxicity was
seen in CRGH9 at all dose levels (P , .001).

CD300f is expressed on myeloid APCs; therefore, depletion of
CD300f-expressing cells may impair recipient antigen presenta-
tion.29 We examined if DCR-2-PBD would reduce myeloid APC
cell numbers, prevent activation, or have a functional inhibitory
effect (supplemental Figure 4). MoDCs were used to test the
ability of DCR-2-PBD to deplete APCs. DCR-2-PBD did not
significantly reduce MoDC numbers. PBD has demonstrated cytotox-
icity against quiescent and dividing cells but to our knowledge has not
been previously trialed on terminally differentiated myeloid cells.30

The impact of DCR-2-PBD on myeloid APC activation was assessed
by incubating APCs with DCR-2-PBD followed by lipopolysaccha-
ride. DCR-2-PBD did not inhibit the expression of activation markers
on Lineage2 HLADR1 CD11c1 myeloid dendritic cells. DCR-2-PBD
did not prevent T-cell activation in a 1-way mixed lymphocyte
reaction.

DCR-2-PBD prolongs the survival of mouse AML cell

line models

DCR-2-PBD in vivo function was tested in subcutaneous and BM
cell line models. U937 was injected subcutaneously in NSG mice.
Mice were injected with a single dose of PBS, isotype-PBD (150 or
300 mg/kg) or DCR-2-PBD (150 or 300 mg/kg) (Figure 4A), and
mice were monitored for tumor growth. Tumor growth was delayed,
and survival was significantly increased in both the 150 mg/kg group
(P5 .0019) and 300 mg/kg (P5 .0017) of DCR-2-PBD compared
with the isotype-PBD (300 mg/kg) group. A second model used
irradiated mice that were IV injected with HL-60, which led to heavy
BM infiltration, met clinical end points at a median of day 23. A
single injection of DCR-2-PBD (300 mg/kg) significantly increased
survival (P5 .0058) compared with isotype-PBD (Figure 4B). Six of
8 animals treated with DCR-2-PBD survived to the experiment end
point. No human cells could be detected in mice surviving until
day 70, and the range of human CD451 cells in all other mice was
76% to 88% at the time of euthanasia.

DCR-2-PBD depleted both primary HSPCs and AML

cells in mouse xenografts

Further proof of principle for an anti-CD300f ADC to contribute to
allo-HSCT conditioning was demonstrated using DCR-2-PBD to
selectively deplete HSPCs and myeloid cells in a humanized mouse
model. Humanized mice injected with a single dose of DCR-2-PBD
(300 mg/kg) had a significant depletion in the mean of both total
CD341 (0.29 3 105 vs 9.42 3 105, P 5 .001) and total primitive
CD341CD382CD901 cells (0.053 104 vs 5.543 104, P5 .008)
compared with isotype-PBD–treated groups (Figure 5A). The
difference was also significant as a percentage of human CD451

cells for both the CD341 (3.09% vs 20.62%, P , .0001) and
CD341CD382CD901 populations (0.16% vs 2.17%, P 5 .008).
The selectivity of DCR-2-PBD compared with isotype-PBD was
demonstrated by depleting the myeloid cells (0.31 cells/mL vs
14.89 cells/mL, P 5 .0002), but not lymphocytes (208.5 cells/mL
vs 263 cells/mL), which are longer lived and do not express CD300f,
from PB samples (Figure 5B).

We demonstrated the efficacy of DCR-2-PBD against primary AML
by injecting mice with a single dose of 300 mg/kg DCR-2-PBD or
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**P , .01 CFU inhibition at 1.6 pM for CRGH9, ***P , .001 CFU inhibition at 39.2 pM and 196.2 pM for CRGH9). BFU, burst-forming unit; GEMM, granulocyte, erythroid,

macrophage, megakaryocyte; GM, granulocyte macrophage.
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isotype-PBD and enumerating BM engraftment on day 7. DCR-2-PBD
significantly depleted the human AML cells residing in the BM
compared with isotype control when measured by mean total
enumeration (0.37 3 106 vs 1.45 3 106 P 5 .019) (Figure 5C-E).
DCR-2-PBD significantly reduced the AML cells as amean percentage
of total cells (Figure 5F) compared with isotype-PBD (12.32% vs
38.92%, P 5 .03).

Discussion

The ideal way to use the next generation of surface-molecule–targeted
therapy remains unclear. Avoiding an allo-HSCT would be ideal, but
unless a true AML-specific antigen without expression on HSPCs is

validated, hematological toxicity will remain unacceptably high.
CD300f has been explored as an AML target, but a clear method
on how to best use an anti-CD300f therapeutic has been lacking.17,18

Our work has validated CD300f as an ideal target for a novel
conditioning agent in AML.

CD300f has an expression level and distribution comparable to
CD33 both between and within AML cases. It is also unlikely to have
significant expression outside the hematopoietic system. CD300f
efficiently internalizes upon antibody binding, making it an excel-
lent candidate for ADC development. DCR-2-PBD demonstrated
specific in vitro toxicity of AML cell lines and HSPCs. The PBD
component allows for rapid cytotoxicity and bystander killing.
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Figure 4. DCR-2-PBD prolongs survival in AML cell

line mouse models. (A) U937 subcutaneous tumor

volume of mice treated with a single injection on day 6 with

either PBS (n 5 8) or isotype-PBD (n 5 5 both groups) or

DCR-2-PBD (n 5 5 both groups). (B) Survival data from

mice injected with U937 subcutaneously (P 5 .0017

DCR-2-PBD 300 mg/kg compared with isotype-PBD

300 mg/kg). (C) Mice injected with HL-60 IV then

treated day 7 with PBS (n 5 6), isotype-PBD (n 5 8),

or DCR-2-PBD (n 5 8) (P 5 .0058 DCR-2-PBD vs

isotype-PBD).
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DCR-2-PBD prolonged survival in AML cell line models as well
as depleted primary AML cells and HSPCs in vivo.

Alternatives to traditional chemotherapy-based treatments for
AML include ADCs and chimeric antigen receptor T cells. As AML
is derived from HSPCs, these cells share many surface membrane
molecules, making the choice of a target difficult.31 Although
gentuzumab ozogamicin had setbacks prior to its current listing,
it provides evidence that an ADC may alter the course of AML in
some patients.32 Vadastuximab talirine is an ADC that targets
CD33 coupled to a PBD, which induced complete remission and
MRD negativity in older patients with AML, but the maximum
tolerated dose was limited by hematologic toxicity with BM aplasia.33

Nonhematologic toxicity was minimal. The marked hematologic toxicity
demonstrated suggests that vadastuximab talirine targeted both AML
and HSPCs. Vadastuximab talirine prior to allo-HSCT demonstrated
tolerability and good outcomes for the small number of patients
involved, suggesting no permanent effect of the PBD toxin limiting
engraftment.34 The development of vadastuximab talirine ceased
after an increased number of deaths due to infections were observed
in the phase 3 CASCADE study.35 Incorporating an ADC into
a transplant strategy may limit hematologic toxicity

We have shown that PBD, when internalized on an anti-CD300f
antibody, causes significant cytotoxicity even with a brief exposure,
which is ideal for a conditioning agent. A limitation with ADC-based

conditioning is that the half-lives of most antibodies would endanger
donor cells. Alternative strategies to shorten the half-life of an
antibody by removing the FcRn recognition site or using an
antibody fragment (ie, antigen-binding fragment) would address
these concerns.36,37 A DCR-2–based therapeutic modified in this
way will make such a conditioning approach possible.

CD300f has the potential to be variably expressed within a single
case of AML, as this is common for many target antigens, including
CD33.38 We have sought to mitigate this by employing a toxin with
a bystander effect. The bystander effect of ADCs can be seen with
brentuximab vedotin, which can induce a clinical response even
in tumors with minimal expression.39 The ability of a toxin to kill
bystander cells would enhance responses in heterogeneous tumors
but also increase the potential for off-target effects. Given the
inherent heterogeneity and plasticity of AML surface expression,
choosing a toxin with a bystander effect, like we have demonstrated
with DCR-2-PBD, will significantly increase efficacy. An immuno-
suppressive agent must combined with CD341 depletion to facilitate
engraftment. Fludarabine was found to be a natural partner to
DCR-2-PBD given its widespread use in conditioning and synergistic
properties with PBD.28

CD300f has some significant advantages to other molecules being
explored in targeted conditioning. ADCs targeting CD45 and CD117
have been investigated for AML conditioning.40 While CD45 may
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Figure 5. DCR-2-PBD depletes HSPCs in vivo.

(A) Total cell count of CD341 and CD341 CD382

CD901 cells in humanized NSG mouse BM 7 days

after injection of DCR-2-PBD (n 5 6) or isotype-

PBD (n 5 5) (**P , .01 reduction in CD341 and

CD341 CD382CD901 cells in the DCR-2-PBD

cohort compared with the isotype control cohort).

(B) Cell count per microliter of blood from

DCR-2-PBD and isotype-PBD treated humanized

mice (**P , .01 reduction in myeloid cells in PB of

DCR-2-PBD cohort compared with isotype-PBD

cohort). (C-D) Representative plots of human

CD451 cells in the BM of a control humanized

mouse (C) and a DCR-2-PBD treated humanized

mouse (D). (E) BM enumeration of primary AML

6 days after injection of mice treated with isotype-

PBD and DCR-2-PBD (n 5 6 DCR-2-PBD, n 5 5

isotype-PBD) (*P , .05 reduction of primary AML

cells in BM, DCR-2-PBD cohort compared with the

isotype-PBD cohort). (F-G) Representative plots

of mouse CD45 vs human CD45 cells in mice

engrafted with primary AML treated with

isotype-PBD (F) and DCR-2-PBD (G).
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contribute to both lymphodepletion and the reduction in healthy
CD341 cells and residual AML, it is expressed at low levels in AML
and is not efficiently internalized.41 A higher total dose of ADC may
overcome inefficient internalization, but this would increase the
prospect of free toxin causing nonspecific toxicity. Anti-CD117
ADCs significantly reduce HSPCs in animal models.42 A major
concern targeting CD117 with a potent ADC is its significant
expression outside of the hematopoietic system, which raises the
possibility of increased toxicity.43 The even distribution across the
major HSPC subtypes would likely make CD300f a more efficient
conditioning agent compared with current AML targets being
studied, which often have variable HSPC expression.

We have demonstrated that CD300f is expressed on AML cells
and HSPCs, and it is unlikely to be expressed significantly on
cells of nonhematopoietic origin. CD300f is expressed on mono-
cyte derived cells such as pulmonary macrophages and microglia in
non-hematopoietic tissue.44-46 While this may suggest the potential
for “off-target” toxicities, these same cells express CD33, and no
severe nonhematologic toxicities were noted with the development
of vadastuximab talirine.33 Despite this, a major limitation of this work
is the examination of off-target ADC effects. The mouse anti-human
CD300f ADC does not bind mouse CD300f, and therefore, mouse
xenogeneic models would not be appropriate to examine nonhemato-
poietic toxicity. Any depletion of HSPCsmay induce neutropenia given
the very short half-life of neutrophils, regardless of the expression of
the target on neutrophils themselves. We would expect an anti-
CD300f therapeutic to induce neutropenia, but other ADCs used in
transplant models have avoided neutropenia altogether while main-
taining immunity, even when the target is expressed on neutrophils.14

We also investigated the impact of an anti-CD300f ADCs on host
APCs. We predict the lack of reduction or effectiveness of myeloid
APCs is due to inherent resistance to PBD as they are terminally
differentiated. Tissue inflammation caused by nonspecific condi-
tioning agents has a role in the development of graft-versus-host
disease, and an ADC conditioning backbone may significantly alter
the posttransplant immune landscape.47 A DCR-2-PBD–based
therapeutic would still require a lymphodepleting agent, which may
mitigate any potential benefits of limiting tissue damage by removing
alkylating agents or radiation. There are now multiple groups develop-
ing targeted conditioning, and the impact on graft-versus-host
disease and graft-versus-leukemia needs to be studied further.

With the current range of AML targets, an allo-HSCT will be
required as part of novel AML treatments to allow the use of
highly potent therapies targeting myeloid antigens such as ADCs

and chimeric antigen receptor T cells. An advantage of adapting
these therapies to become part of transplant conditioning is that it
may allow for advancements in transplantation outside of AML. The
use of novel less toxic, specific conditioning agents will broaden
their application from AML into transplantation for MDS, with the
possibility of reducing toxicity in a cohort of patients that traditionally
suffer significant morbidity and mortality from allo-HSCT. Recent
advances in antibody-based therapeutics have presented the possibility
of targeted conditioning agents.13,48 Clinical trials have begun with
unconjugated antibodies as conditioning agents (NCT02963064).
The potent effect demonstrated by DCR-2-PBD against healthy
HSPCs suggests that therapeutic derivatives targeting CD300f
may be incorporated into conditioning for nonmalignant disorders of
erythropoiesis or immunodeficiency either as part of an allo-HSCT
or a gene-modified autologous HSCT.

This work validates CD300f as a specific target that merits further
exploration in targeted conditioning therapy. Testing across a greater
number of primary AML samples and implementation of transplant
models will be required.
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19. Wouters BJ, Löwenberg B, Erpelinck-Verschueren CA, van Putten WL, Valk PJ, Delwel R. Double CEBPA mutations, but not single CEBPA mutations,
define a subgroup of acute myeloid leukemia with a distinctive gene expression profile that is uniquely associated with a favorable outcome.Blood. 2009;
113(13):3088-3091.

20. Rapin N, Bagger FO, Jendholm J, et al. Comparing cancer vs normal gene expression profiles identifies new disease entities and common transcriptional
programs in AML patients. Blood. 2014;123(6):894-904.

21. Majeti R, Becker MW, Tian Q, et al. Dysregulated gene expression networks in human acute myelogenous leukemia stem cells. Proc Natl Acad Sci USA.
2009;106(9):3396-3401.

22. Andersson A, Edén P, Olofsson T, Fioretos T. Gene expression signatures in childhood acute leukemias are largely unique and distinct from those of
normal tissues and other malignancies. BMC Med Genomics. 2010;3(1):6.

23. Hsu JL, Bryant CE, Papadimitrious MS, et al. A blood dendritic cell vaccine for acute myeloid leukemia expands anti-tumor T cell responses at remission.
OncoImmunology. 2018;7(4):e1419114.

24. Fromm PD, Silveira PA, Hsu JL, et al. Distinguishing human peripheral blood CD16(1) myeloid cells based on phenotypic characteristics. J Leukoc Biol.
2020;107(2):323-339.

25. Chou TC. Drug combination studies and their synergy quantification using the Chou-Talalay method. Cancer Res. 2010;70(2):440-446.

26. Li F, Sutherland MK, Yu C, et al. Characterization of SGN-CD123A, a potent CD123-directed antibody–drug conjugate for acute myeloid leukemia.
Mol Cancer Ther. 2018;17(2):554-564.

27. Kung Sutherland MS, Walter RB, Jeffrey SC, et al. SGN-CD33A: a novel CD33-targeting antibody-drug conjugate using a pyrrolobenzodiazepine dimer
is active in models of drug-resistant AML. Blood. 2013;122(8):1455-1463.

28. Pepper C, Lowe H, Fegan C, et al. Fludarabine-mediated suppression of the excision repair enzyme ERCC1 contributes to the cytotoxic synergy with the
DNA minor groove crosslinking agent SJG-136 (NSC 694501) in chronic lymphocytic leukaemia cells. Br J Cancer. 2007;97(2):253-259.

29. Clark GJ, Ju X, Azlan M, Tate C, Ding Y, Hart DN. The CD300 molecules regulate monocyte and dendritic cell functions. Immunobiology. 2009;
214(9-10):730-736.

30. Marcucci F, Caserta CA, Romeo E, Rumio C. Antibody-drug conjugates (ADC) against cancer stem-like cells (CSC)–is there still room for optimism?
Front Oncol. 2019;9:167.

31. Gasiorowski RE, Clark GJ, Bradstock K, Hart DN. Antibody therapy for acute myeloid leukaemia. Br J Haematol. 2014;164(4):481-495.

32. Appelbaum FR, Bernstein ID. Gemtuzumab ozogamicin for acute myeloid leukemia. Blood. 2017;130(22):2373-2376.

33. Stein EM, Walter RB, Erba HP, et al. A phase 1 trial of vadastuximab talirine as monotherapy in patients with CD33-positive acute myeloid leukemia.
Blood. 2018;131(4):387-396.

34. Stein AS,Walter RB, Advani AS, Ho PA, Erba HP. SGN-CD33A (vadastuximab talirine) followed by allogeneic hematopoietic stem cell transplant (alloHSCT)
results in durable complete remissions (CRs) in patients with acute myeloid leukemia (AML). Biol Blood Marrow Transplant. 2016;22(3):S211-S212.

35. Cheung E, Perissinotti AJ, Bixby DL, et al. The leukemia strikes back: a review of pathogenesis and treatment of secondary AML. Ann Hematol. 2019;
98(3):541-559.

14 APRIL 2020 x VOLUME 4, NUMBER 7 CD300f-ADC AS CONDITIONING FOR HSCT IN AML 1215



36. Saxena A, Wu D. Advances in therapeutic Fc engineering–modulation of IgG-associated effector functions and serum half-life. Front Immunol. 2016;7:
580.

37. Baer M, Sawa T, Flynn P, et al. An engineered human antibody fab fragment specific for Pseudomonas aeruginosa PcrV antigen has potent antibacterial
activity. Infect Immun. 2009;77(3):1083-1090.

38. Olombel G, Guerin E, Guy J, et al. The level of blast CD33 expression positively impacts the effect of gemtuzumab ozogamicin in patients with acute
myeloid leukemia. Blood. 2016;127(17):2157-2160.

39. Blum KA. CD30: seeing is not always believing. Blood. 2015;125(9):1358-1359.

40. Proctor JL, Hyzy SL, Adams HL, et al. Single doses of antibody drug conjugates (ADCs) targeted to CD117 or CD45 have potent in vivo anti-leukemia
activity and survival benefit in patient derived AML models. Biol Blood Marrow Transplant. 2019;25(3):S100-S101.

41. Sieber T, Schoeler D, Ringel F, Pascu M, Schriever F. Selective internalization of monoclonal antibodies by B-cell chronic lymphocytic leukaemia cells.
Br J Haematol. 2003;121(3):458-461.

42. Czechowicz A, Palchaudhuri R, Scheck A, et al. Selective hematopoietic stem cell ablation using CD117-antibody-drug-conjugates enables safe and
effective transplantation with immunity preservation. Nat Commun. 2019;10(1):617.

43. Miettinen M, Lasota J. KIT (CD117): a review on expression in normal and neoplastic tissues, and mutations and their clinicopathologic correlation.
Appl Immunohistochem Mol Morphol. 2005;13(3):205-220.

44. Peluffo H, Solari-Saquieres P, Negro-Demontel ML, et al. CD300f immunoreceptor contributes to peripheral nerve regeneration by the modulation of
macrophage inflammatory phenotype. J Neuroinflammation. 2015;12(1):145.

45. Hoyer JD, Grogg KL, Hanson CA, Gamez JD, Dogan A. CD33 detection by immunohistochemistry in paraffin-embedded tissues: a new antibody shows
excellent specificity and sensitivity for cells of myelomonocytic lineage. Am J Clin Pathol. 2008;129(2):316-323.

46. ElAli A, Rivest S. Microglia ontology and signaling. Front Cell Dev Biol. 2016;4:72.

47. Hill GR. Inflammation and bone marrow transplantation. Biol Blood Marrow Transplant. 2009;15(1 suppl):139-141.

48. Pang WW, Czechowicz A, Logan AC, et al. Anti-CD117 antibody depletes normal and myelodysplastic syndrome human hematopoietic stem cells in
xenografted mice. Blood. 2019;133(19):2069-2078.

1216 ABADIR et al 14 APRIL 2020 x VOLUME 4, NUMBER 7


