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ARTICLE - Acute Myeloid Leukemia
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Abstract

Less than a third of patients with acute myeloid leukemia (AML) are cured by chemotherapy and/or hematopoietic stem
cell transplantation, highlighting the need to develop more efficient drugs. The low efficacy of standard treatments is as-
sociated with inadequate depletion of CD34* blasts and leukemic stem cells, the latter a drug-resistant subpopulation of
leukemia cells characterized by the CD34*CD38" phenotype. To target these drug-resistant primitive leukemic cells better,
we have designed a CD34/CD3 bi-specific T-cell engager (BTE) and characterized its anti-leukemia potential in vitro, ex
vivo and in vivo. Our results show that this CD34-specific BTE induces CD34-dependent T-cell activation and subsequent
leukemia cell killing in a dose-dependent manner, further corroborated by enhanced T-cell-mediated killing at the single-
cell level. Additionally, the BTE triggered efficient T-cell-mediated depletion of CD34* hematopoietic stem cells from pe-
ripheral blood stem cell grafts and CD34* blasts from AML patients. Using a humanized AML xenograft model, we confirmed
that the CD34-specific BTE had in vivo efficacy by depleting CD34* blasts and leukemic stem cells without side effects.
Taken together, these data demonstrate that the CD34-specific BTE has robust antitumor effects, supporting development
of a novel treatment modality with the aim of improving outcomes of patients with AML and myelodysplastic syndromes.

leukemic cell progenitors characterized, typically but not
exclusively, by the CD34*CD38 - phenotype.*® Relapse-
fated LSC have been identified in combined stem

Introduction

Acute myeloid leukemia (AML) and high-risk myelodys-

plastic syndromes (MDS) are poor prognosis hematologic
malignancies characterized by abnormal hematopoiesis
and dysfunctions of the hematopoietic stem cell (HSC)
system.?2Chemotherapy remains the standard of care but
is associated with side effects and often high rates of re-
lapse. At present, less than a third of patients diagnosed
with AML are cured.® Resistance to standard treatment
has recently been attributed to inadequate depletion of
leukemic stem cells (LSC), a self-renewing population of

cell/clonal evolution studies of paired diagnosis-relapse
samples’ and the survival of phenotypic LSC after chemo-
therapy is associated with minimal residual disease and
subsequent relapse.? LSC-specific gene expression signa-
tures® and high LSC burden are associated with high risk
of relapse and death.”™ Hence, LSC represent optimal
targets for new therapies aimed at improving the outcome
of patients with AML/MDS.*

Bi-specific T-cell engagers (BTE) are promising immuno-
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therapeutic agents intended for cancer treatment. BTE are
small molecules constructed of two single chain variable
fragments (scFv) connected in tandem by a flexible linker
that acts by retargeting T cells against tumor cells.® One
scFv binds to CD3, while the second scFv binds to a
tumor-associated antigen.® This structure and specificity
allow a BTE construct to physically link a T cell to a tumor
cell, stimulating effector cell activation and ultimately
leading to cytokine production and tumor killing.” The ar-
rangement of antigen-binding sites and the flexible linker
forces target and effector cells into very close proximity,
leading to the formation of a cytolytic immune synapse
that can counteract the multiple mechanisms of immune
evasion presented by cancer cells, such as MHC down-
regulation.”® Several studies have shown that LSC are re-
sistant to conventional chemotherapy and radiation-based
therapies and to NK-/T-cell-mediated cytotoxicity™®2° due
to drug extrusion® and low immunogenicity, resulting from
low expression of major immune response molecules.® A
LSC-targeting BTE could efficiently bypass this and me-
diate immune activation towards LSC, thereby being a
more specific and less toxic treatment than those cur-
rently available™ The CD19/CD3 BTE blinatumomab has
been used to treat B-cell acute lymphoblastic leukemia
with great success,??® representing a great advance on
the use of BTE to treat blood cancers.

Leukemic cells express several antigens that are under in-
vestigation for targeted immunotherapies, such as CD33.
Gemtuzumab (an anti-CD33 monoclonal antibody) was re-
cently approved by the Food and Drug Administration for
the treatment of relapsed/refractory CD33* AML,** being
a very significant step toward defining new immunothera-
peutic treatment regimens in AML. Several BTE have been
investigated to treat AML and MDS, targeting CD33,®
CD123 %¢ and WT1,% but no CD34-specific BTE has been
developed. CD34 is a molecule expressed almost exclus-
ively by normal stem and progenitor cells but is also
found in AML/MDS blasts, and to a lesser degree on renal
vessel walls. CD34 is highly expressed by AML blasts and
is associated with several genetic aberrancies character-
istic of the development of AML.?® CD34 expression has
been linked to increased resistance to apoptosis and to
multidrug resistance,?® protecting CD34" blasts from the
immune system and chemotherapeutic drugs. Because of
such characteristics, CD34 expression is associated with
low survival and high relapse rates."#2% Indeed, the pres-
ence of CD34" leukemic cells was associated with an ap-
proximately 4-fold lower event-free survival than in
patients with absence of CD34* leukemic cells,?® indicating
that this molecule is a promising target to improve AML
treatment.

Here, we demonstrate the preclinical efficacy of a CD34-
specific BTE to target CD34* AML cells in vitro and in vivo.
We observed that the BTE promoted specific killing of
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AML cell lines and AML blasts by T-cell-dependent mech-
anisms. The antibody showed no toxicity in AML-bearing
immune-deficient mice infused with human T cells, mak-
ing this bi-specific antibody a very attractive clinical can-
didate with potential to improve the outcome of patients
with AML and MDS.

Methods

T-cell isolation and in vitro killing assay

T-cell cytotoxicity was assessed by fluorescence activated
cell sorting (FACS) using purified T cells from peripheral
blood mononuclear cells as effector cells and cancer cell
lines (KG1a, Kasumi 1, NALM-6), primary AML blasts or
hCMEC/D3 as target cells. Cells were co-cultured at an
effector-to-target ratio (E.T) of 3:1 for 48 h (cancer cell
lines and hCMEC/D3) and 72 h (primary AML samples), and
serial dilutions of aCD34, CD34/CD3 and RSV/CD3 BTE.
Target cell killing was assessed by gating on the CellTrace*
fraction and evaluating the annexin V and 7-amino-
actinomysin D staining.’®*' For more information see the
Online Supplementary Appendix.

Proliferation assay

Purified T cells were stained with 2 uM of CellTrace violet
(ThermoFisher) according to the manufacturer’s instruc-
tions and incubated with target cells (KG1a, Kasumi 1,
NALM-6) and serial dilutions of a«CD34, CD34/CD3 and
RSV/CD3 BTE for 5 days at 37°C in complete RPMI
medium. The fraction of CellTrace'*” proliferating T cells
was assessed by FACS.

Single-cell killing assay

Time-lapse live single-cell imaging was performed as pre-
viously described.??33 A detailed description is provided in
the Online Supplementary Appendix.

Human primary acute myeloid leukemia samples

The blood samples from AML patients were collected at
Princess Margaret Cancer Center (Toronto, Canada) and
CD34* AML blasts were used as target cells in the killing as-
says. Purified T cells from donor lymphocyte infusions were
used as effector cells. Bone marrow samples from three
AML patients were collected at Karolinska University Hos-
pital (Huddinge, Sweden). Cells were co-cultured with T
cells (n=5) isolated from heathy donor buffy coats in an E:T
of 3:1 for 72 h in the presence of serial dilutions of
CD34/CD3 BTE. All patients provided informed consent in
accordance with the Declaration of Helsinki and with ap-
proval of the ethics committees in the respective centers
(ethical approval 2010-1496-31-3). After incubation, AML
blast cell depletion and T-cell activation were assessed by
FACS. See the Online Supplementary Appendix for details.
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Human hematopoietic stem cell depletion assay
Unmanipulated peripheral blood stem cell samples
were collected during preparation of grafts for hema-
topoietic stem cell transplantation (HSCT) and pro-
cessed as previously described.** HSC were purified by
positive selection of CD34" cells using the CD34 Micro-
Bead Kit UltraPure (Miltenyi Biotec). T cells were puri-
fied from the same graft using negative selection (Pan
T-Cell Isolation Kit; Miltenyi Biotec). Immediately after
purification, T cells and HSC were seeded at a 3:1 ratio
and cultured for 48 h with serial dilutions of aCD34,
CD34/CD3 and RSV/CD3 BTE. T-cell activation was as-
sessed by CD25 and CD69 expression and depletion of
CD34* HSC by gating the CD459™CD34* population. See
the Online Supplementary Appendix for details.

In vivo xenograft model

The antitumor efficacy and safety of a CD34-specific
BTE were evaluated in 6- to 8-week-old NOD.Cg-
Prkdcscdj(2rgtm™i'Tg(CMV-1L3,CSF2,KITLG)1Eav/MloySzJ
(NSG-SGM3) mice (Taconic). All the experiments were
performed according to the Swedish Animal Welfare
Ordinance and approved by the local animal ethics
committee (ethical approval I1D1533). See the Online
Supplementary Appendix for details.

Statistical analysis

In vitro data were analyzed using the Wilcoxon matched
pairs signed rank-test. /n vivo data from mice were
compared using an unpaired Student t-test. Correla-
tions were assessed using a non-parametric Spearman
rank correlation coefficient. GraphPad Prism 9.0 was
used, with significance set at P<0.05.

Results

Design and expression of CD34/CD3 bi-specific T-cell
engagers and controls

CD34/CD3 and RSV/CD3 BTE were assembled from two
scFv domains by recombinant DNA technology (Online
Supplementary Figure S1A, B). The scFv domain binding
to CD34 is positioned N-terminally, and the scFv bind-
ing to CD3e C-terminally, followed by a hexa-histidine
sequence. FACS analysis demonstrated that the
CD34/CD3 BTE is capable of binding to the CD34* AML
cell lines KG1la and Kasumi 1 as well as to purified
human T cells (Online Supplementary Figure S1C, D). We
found no cross-reactivity against mouse CD34 (Online
Supplementary Figure S1E). The RSV/CD3 control BTE
have exactly the same CD3¢ scFv binding domain as
that of the CD34/CD3 BTE in addition to the RSV-spe-
cific scFv domain, allowing us to assess whether target
specificity is required for the T-cell activation. The
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aCD34 unit, which binds to the target protein but does
not trigger CD3 activation, was also developed as a
control.

The CD34-specific bi-specific T-cell engager
redirects T-cell effector function towards acute
myeloid leukemia cell lines

We next addressed whether the CD34/CD3 BTE was
able to redirect primary human T cells to deplete CD34*
human AML cell lines. Initially, we assessed the T-cell
activation and killing dynamics by co-culturing effector
T cells and target AML/acute lymphoblastic leukemia
cell lines at an E:T ratio of 3:1 for a time range between
24 h and 120 h (Online Supplementary Figure S2). We
observed that 48 h was the optimal timing to assess T-
cell effector function and the earliest timepoint at
which maximum Killing is observed, being adopted
thereafter. By co-culturing T cells and target cell lines
for 48 h in the presence of increasing concentrations
of BTE or controls, we observed that CD34-BTE effi-
ciently triggered T-cell-mediated depletion of the
CD34" KG1a and CD34%" Kasumi 1 cell lines, while both
RSV/CD3 and aCD34 controls killed none of the target
cell lines (Figure 1A, B). The CD34/CD3 BTE did not
trigger any unspecific killing of CD34" cells as shown
using the CD34- human cell line NALM-6 (Figure 1C), in-
dicating that CD34/CD3 BTE Killing is specific to CD34*
cells.

The CD34 bi-specific T-cell engager mediates cell-
cell interactions and target cell killing

In order to understand better how the CD34 BTE affects
T-cell dynamics we used a single-cell microchip-based
method for live cell imaging (Online Supplementary Fig-
ure S3).3233 Effector T cells and target KG1a cells were
stained with distinct dyes and seeded into a silicon-
glass microchip containing thousands of wells, in which
interactions between effector and target cells can be
followed by live imaging (Online Supplementary Figure
S3). T-cell interaction dynamics and target cell lysis
were assessed without or in the presence of CD34/CD3
or RSV/CD3. The presence of the CD34/CD3 BTE led to
significant increases in cytotoxicity (Figure 2A) and frac-
tion of lytic contacts (Figure 2B) as compared to
RSV/CD3 or untreated conditions. The CD34/CD3 BTE
also resulted in longer lytic and non-lytic contacts be-
tween T cells and target cells as compared to the other
conditions (Figure 2C). The BTE also resulted in fewer
contacts being formed (Figure 2D), which is a sign of
the BTE mediating more stable contacts, and a shorter
time until the T cell makes the first contact with target
cells (Figure 2E). Taken together, our data show that the
BTE led to formation of stable contacts between T cells
and target cells often resulting in target cell lysis.
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Figure 2. CD34-specific bi-specific T-cell engager mediates stronger cell-cell contact and T-cell killing. Primary T cells were
purified and seeded with KG1a target cells onto a silicon-glass microchip containing CD34-specific (bi-specific T-cell engager,
BTE) or RSV-specific antibodies (RSV) or left untreated (none). Images were acquired every 5 minutes over 21 hours. (A) Percentage
of cytotoxic T cells (n=6; mean * standard error of mean [SEM]). (B) Percentage of all contacts that led to target cell death (n=6;
mean + SEM). (C) Duration of the contacts for the different treatments (none, RSV, BTE). For the BTE condition contacts have
been divided into non-lytic (no target cell death) and lytic (target cell death). Individual dots of the same color represent single
contact events from one donor, and the bigger circles of the same color represent the median time for that donor (n=6; mean *
SEM), differences between conditions were evaluated by a paired t-test using the median values. (D) Number of contacts per T
cell (each circle depicts the median number of events per donor, n=6; mean * SEM). (E) Time from the beginning of the experiment
until the T cell makes the first contact with the target cell (individual dots of the same color represent the first contact in a spe-
cific well from one donor, and the bigger circles of the same color represent the median time for that donor (n=6; mean * SEM),
differences between conditions were evaluated by a paired t-test using the median values). Each color represents a different

donor (n=6), and color coding is maintained in all figures. Statistical significance: *P< 0.05. **P< 0.01. ns: non-significant (paired
t-test).
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Figure 3. Bi-specific T-cell engager-induced interaction and killing leads to T-cell activation and proliferation. Purified T cells
were co-cultured with KG1a, Kasumil and NALM®6 in the presence of anti-CD34 antibody, RSV/CD3 or CD34/CD3 bi-specific T-
cell engager (BTE) at the concentration of 100 ng/mL. (A) CD3*CD4*(CD8*)CD25*CD69" activated T cells were assessed after 48 h
of co-culture (mean * standard error of mean [SEM], n=3). (B) Representative histogram overlays of proliferation-induced CellTrace
dilution on CD3* T cells after 5 days of co-culture. (C) Proliferation quantification gated as CellTrace'" T cells (mean * SEM, n=3).

*P<0.05, **P<0.01, ***P<0.001 (Wilcoxon test).

Bi-specific T-cell engager-mediated T-cell activation
and proliferation are CD34-dependent

Next, we examined T-cell activation and proliferation. We
observed that both CD4* and CD8* T cells presented high
levels of CD25/CD69 expression when the CD34" cell lines
KG1a and Kasumi-1 were co-cultured with T cells in the
presence of CD34/CD3 BTE (Figure 3A). No unspecific ac-
tivation was found when the CD34- NALM6 cell line was
used as target cells. In the same way, T cells only pres-
ented significant expansion when cultured with CD34-ex-
pressing target cells with CD34/CD3 BTE (Figure 3B, C),
indicating that the T-cell activation is CD34-dependent.

The CD34-bi-specific T-cell engager depletes
hematopoietic stem cells

Since CD34 is constitutively expressed by HSC, the CD34-
specific BTE may deplete not only CD34*AML blasts but
also healthy HSC. To test this, effector T cells and HSC
were purified from the same peripheral blood stem cell
grafts and co-cultured in the presence of either the
aCD34 antibody, RSV/CD3 BTE or the CD34/CD3 BTE. After
co-culture, a significant depletion of CD34* HSC was ob-
served for the CD34/CD3 BTE, while no significant killing
was observed in the presence of the aCD34 antibody or
the RSV/CD3 BTE (Figure 4A, B). This was accompanied by
a dose-dependent increase of activated CD4*CD25*CD69*
and CD8*CD25*CD69* T cells in the CD34-BTE-treated
conditions, while no activation was observed in the con-
trols (Figure 4C, D). These data indicate that the
CD3/CD34 BTE induces T-cell-mediated HSC killing.

The CD34-bi-specific T-cell engager depletes human
CD34* blast cells from acute myeloid leukemia patients
ex vivo

CD34" blast count in the peripheral blood and bone mar-
row is used for diagnosis and prognosis of AML." In order
to test the ability of the CD34-specific BTE to deplete
CD34* blasts, we co-cultured effector T cells isolated
from donor lymphocyte infusions with target CD34* AML
blasts from primary patients’ samples. We initially com-
pared an incubation time of 48 h versus 72 h in the pres-
ence of several concentrations of CD34 BTE and
corresponding controls, with the later timepoint pres-
enting clearer results regarding T-cell activation and blast
killing, being adopted thereafter (Online Supplementary
Figure S4). We observed no CD34" blast depletion in either
the aCD34- or RSV/CD3-treated group (Figure 5A), despite
the increase of activated T cells in the RSV/CD3 control
group (Figure 5B). The CD34/CD3 BTE triggered both sig-
nificant T-cell activation and killing of CD34* blasts (Figure
5A, B), resulting in significant blast reduction (Figure 5C).
No correlation was observed between blast reduction and
CD34 expression (Figure 5D). Dose-dependent T-cell ac-
tivation and blast depletion were observed when T cells
from five different donors were cultured with bone mar-
row-derived CD34" blasts from AML patients (Online Sup-
plementary Figure S5), together suggesting that the BTE
can trigger efficient T-cell-mediated depletion of primary
CD34* AML blasts ex vivo.

Next, we used the cell line hCMEC/D3 as the target to test
whether the developed CD34 BTE can promote the killing
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Figure 4. The CD34-specific bi-specific T-cell engager efficiently depletes hematopoietic stem cells. T cells and CD34* hema-
topoietic stem cells (HSC) were isolated from the same peripheral blood stem cell grafts and co-cultured at an effector:target
ratio of 3:1in the presence of anti-CD34 antibody, RSV/CD3, CD34/CD3 from 10% to 10* ng/mL or left untreated. (A) Representative

plot of CD459mCD34* HSC quantification after 48 h of co-culture. (B) Quantification of CD4549m™CD34* HSC depletion (mean

+

standard error of mean [SEM], n=6). (C) CD3*CD4*CD25*CD69* and (D) CD3*CD8*CD25*CD69* activated T cells separated by flu-
orescence activated cell sorting (mean + SEM, n=6). *P<0.05, **P<0.01, ***P<0.001 (Wilcoxon test).

of human CD34* endothelial cells. We found that, even at
high concentrations (10° ng/mL), the CD34 BTE was not
able to deplete the endothelial cells (Online Supplemen-
tary Figure S6), indicating that the BTE does not cross-
react with CD34 protein expressed by endothelial cells.

In vivo efficacy of the bi-specific T-cell engager

To address the potential of the anti-CD34 BTE in vivo, we
next established the hCD34* KG1a cell line in NSG-SGM3
mice via intravenous injection and then randomized them
into three different groups. Two groups of mice received
two consecutive cycles of one intraperitoneal injection of
freshly isolated human T cells followed by daily intra-
venous injections of either BTE or phosphate-buffered sa-
line (PBS) (Figure 6A). One group only received daily
intravenous injections of PBS, at the time point cor-
responding to that of BTE, but no T cells. The mice were

euthanized at the predetermined time on day 21, at which
point the AML burden was measured, and the T cells
quantified. No side effects of the treatment, including
after BTE administration, were observed.

At day 21 there were statistically significant reductions of
leukemia burden in both bone marrow (Figure 6B) and
spleen (Figure 6C) in mice receiving T cells and BTE com-
pared to those that received T cells only and PBS control.
Of note, the leukemia clearance was near complete in the
bone marrow of mice receiving the combination of T cells
and BTE (Figure 6B). As we had observed tumor reduction
in both these groups compared to the tumor burden in
the group given PBS only, we hypothesized that this was
primarily attributed to the presence of T cells. To address
this, we next analyzed the T-cell compartment in the har-
vested organs by flow cytometry. The data revealed per-
sistence of T cells in mice treated with the CD34/CD3 BTE,
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Figure 5. Bi-specific T-cell engager treatment leads to depletion of patients’ CD34* acute myeloid leukemia blasts. (A) Purified
T cells from donor lymphocyte infusions were co-cultured with CD34* blasts isolated from patients with acute myeloid leukemia
in the presence of anti-CD34 antibody, RSV/CD3 or CD34/CD3 bi-specific T-cell engagers (BTE) at a concentration of 2.5 ug/mL
for 72 h (n=14). (B) Quantification of CD3*CD25*CD69* activated T cells (n=14). (C) Percentage CD34* blast reduction as compared
to untreated (No Ab) control. (D) Correlation between blast reduction and CD34 expression (Spearman rank correlation coef-
ficient). Dots represent individual patients and the connecting lines the paired samples. *P<0.05, ***P<0.001 (Wilcoxon test).

while the PBS-treated mice had a very low T-cell fre-
quency (<1% in all mice) but, in contrast, high counts of
CD34* blasts (Figure 6C, D).

Collectively, these data show that hCD34* AML-engrafted
mice treated with the combination of primary human T
cells and the CD3/CD34 BTE have significantly reduced
tumor burden associated with T-cell persistence, without
any side effects in the mice.

Discussion

Leukemia-specific BTE have been developed intensively
in the last years with prominent in vitro and in vivo effects
by targeting CD33,2° CD1232% and WT1?" in AML and CD19 in
B-cell acute lymphoblastic leukemia.?' We have developed
a CD34-specific BTE aiming to deplete both CD34-ex-
pressing HSC and leukemic blasts, including LSC. Here we
have shown that the CD34/CD3 BTE is able to promote T-
cell activation and killing of CD34-expressing target cells
with high efficacy in vitro and in vivo, supporting the trans-
lation of this drug into clinical trials.

In patients with high-risk MDS/AML, HSCT is the only
curative treatment. Disease relapse, infections and graft-
versus-host disease are still the major causes of treat-
ment failure, with few improvements in the last years.*
This indicates that adjuvant therapies are necessary to
make HSCT safer and new approaches are required to
treat relapsed patients after HSCT. CD34* leukemic cell
frequency has been associated with high relapse rates, "
implying that the use of leukemia-depleting drugs in HSCT
protocols could be beneficial to reduce the tumor burden.
In this scenario, treatment with CD34-targeting BTE prior
to HSCT would trigger the patient’s T cells to deplete
CD34"* leukemic blasts, LSC and HSC. As a consequence,
this adjuvant treatment would decrease the use of cyto-
toxic and cytostatic conditioning drugs before HSCT, re-
ducing life-threatening complications such as infections.
Recently, an anti-CD117 monoclonal antibody has been
used with non-myeloablative conditioning in patients with
minimal residual disease-positive MDS/AML undergoing
allogeneic HSCT.?® The treatment has been shown to be
safe, well-tolerated and efficient in clearing MDS/AML
minimal residual disease, promoting complete donor
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Figure 6. In vivo efficacy of the bi-specific T-cell engager against acute myeloid leukemia in a xenograft mouse model. (A) Sche-
matic overview of the protocol, in which NSG-SGM3 mice were inoculated with the hCD34* acute myeloid leukemia (AML) cell
line KG1a intravenously before receiving two cycles of freshly isolated human T cells intraperitoneally (days 3 and 10) and either
1 mg/kg of bi-specific T-cell engager (BTE) or phosphate-buffered saline (PBS) daily intravenously (day 3 to 21). AML burden and
T-cell persistence were assessed by organ harvest and flow cytometry at the predetermined termination day 21. Quantification
of hCD34* leukemia cells in (B) bone marrow and (C) spleen. (D) Quantification on hCD3* T cells in spleen. Five mice per group
were analyzed. **P<0.01, ***P<0.001, ****P<0.0001 (unpaired t-test).

chimerism.*® Less than 25% of patients who could benefit
from HSCT actually undergo transplantation because of
the high toxicity associated with conditioning regimens.®’
There are indications that adjuvant antibody-based ther-
apies, such as the here presented CD34 BTE, can reduce
conditioning toxicities and expand the use of HSCT to
older and more fragile patients.

CD34 is expressed in other tissues besides HSC and
blasts, and a potential side effect of targeting CD34 is the
recognition of CD34" endothelial cells.*® Considering that
BTE have a relatively short half-life (=2h), possible side ef-
fects could be circumvented by halting drug administra-
tion. Moreover, we show here that the BTE developed did
not present significant activity against a human CD34*en-
dothelial cell line even at high concentrations, indicating
that our CD34-specific BTE is specific for CD34 expressed
by cells from the hematologic lineage rather than from
the endothelial lineage. More studies, including patient-
derived xenograft models, humanized mice models
(hCD34*) and non-human primates are necessary to con-
firm these observations. This lack of reactivity could be
explained by the presence of several CD34 epitopes that
are differentially expressed in specific tissues as results
of heavy glycosylation,**“° and therefore can be targeted
by specific antibodies.*” Additionally, further engineering
of the CD34-specific scFv might improve BTE affinity to
CD34 expressed by leukemic blasts and HSC rather than
endothelial CD34.

The CD34-specific BTE developed could also be used in
the treatment of a wide range of non-malignant diseases
as an HSC-specific depleting agent in a non-myeloab-
lative conditioning treatment regimen, as shown by the
use of anti-CD117 antibodies.**>** This would be of particu-
lar interest in cases of inborn mutations that can be cured
by gene therapy or HSCT in which reduced intensity

chemotherapy is desired. In this case, the CD34-specific
BTE could be used as adjuvant therapy prior to HSC, and
combined with anti-T-cell antibodies, it may be possible
to significantly reduce chemotherapy intensity during
conditioning therapy. This would result in significantly re-
duced short- and long-term side effects of chemotherapy
following HSCT. In this regard, there are recent reports
that the use of anti-CD117 as non-toxic single-agent
transplant conditioning may supplant conventional con-
ditioning for newly diagnosed infants with severe com-
bined immunodeficiency, thereby avoiding the toxicities of
chemotherapy.**4®

Currently, HSCT is still restricted to patients with other-
wise incurable malignant diseases and it is not indicated
for most of the patients who could benefit from it be-
cause of its high risks and toxicity.* This is largely due to
the use of non-specific cytotoxic chemotherapy and the
irradiation conditioning necessary to enable engraftment
of donor HSC. Regular conditioning regimens lead to long-
term immune deficiency and multi-organ damage, which
is associated with a high risk of infections.*® This is par-
ticularly severe in children, in whom conditioning
regimens are associated with infertility, hormonal dys-
function and growth problems.*” The developed CD34-
specific BTE could help to eliminate such severe
conditioning regimens and dramatically improve HSCT and
expand its use.
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