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Anti-MY9-Blocked-Ricin: An Immunotoxin for Selective Targeting of Acute
Myeloid Leukemia Cells

By Denis C. Roy, James D. Griffin, Marcia Belvin, Walter A, Blattler, John M. Lambert, and Jerome Ritz

The use of immunotoxins {IT) to selectively destroy acute
myeloid leukemia {AML) cells in vivo or in vitro is compli-
cated by both the antigenic similarity of AML cells to normat
progenitor cells and the difficulty of producing a sufficiently
toxic conjugate. The monoclonal antibody (MoAb) anti-MY9
is potentially ideal for selective recognition of AML cells
because it reacts with an antigen (CD33) found on clonogenic
AML cells from greater than 80% of cases and does not react
with normal pluripotent stem cells. In this study, we describe
an immunotoxin that is selectively active against CD33+
AML cells: Anti-MY9-blocked-Ricin (Anti-MY9-bR}, com-
prised of anti-MY9 conjugated to a modified whole ricin that
has its nonspecific binding eliminated by chemical blockage
of the galactose binding domains of the B-chain. A limiting
dilution assay was used to measure elimination of HL-60
leukemic cells from a 20-fold excess of normal bone marrow
cells. Depletion of CD33+ HL-60 cells was found to be
dependent on the concentration of Anti-MY9-bR and on the
duration of incubation with IT at 37°C. More than 4 logs of
these leukemic cells were specifically depleted following
short exposure to high concentrations (10°® moli/L) of Anti-
MY9-bR. Incubation with much lower concentrations of Anti-
MY9-bR {10-'° mol/L), as compatible with in vivo administra-

MMUNOTOXINS (IT) are hybrid molecules consisting
of a monoclonal antibody (MoAb) covalently linked to
a toxin. IT have several theoretical advantages over conven-
tional therapeutic agents including selectivity for tumor
cells' and potential delivery of extremely potent toxins.>
However, there have been several obstacles to the use of IT
in leukemia therapy. First, it has been difficult to find
MoAbs directed specifically against antigens found on
clonogenic leukemia cells and absent from most normal
hematopoietic precursor cells. Second, it has been difficult
to find a highly potent toxin without significant nonspecific
toxicity. Most single chain toxins, like pokeweed antiviral
protein (PAP), saporin, and gelonin, have shown little
toxicity against leukemic targets when linked to MoAbs.*
Similar results were obtained with immunotoxins contain-
ing ricin A-chain alone.
In this study, we report the development of a novel IT
that is composed of the MoAb anti-MY9 and a modified
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tion, resulted in 2 logs of depletion of HL-60 cells, but 48 to 72
hours of continuous exposure were required. Anti-MY9-bR
was also shown to be toxic to primary AML cells, with
depletion of greater than 2 logs of clonogenic cells following
incubation with Anti-MY9-bR 107 mol/L at 37°C for 5 hours.
Activity of Anti-MY9-bR could be blocked by unconjugated
Anti-MY9 but not by galactose. As expected, Anti-MY9-bR
was toxic to normal colony-forming unit granulocyte-
monocyte (CFU-GM), which expresses CD33, in a concentra-
tion- and time-dependent manner, and also to burst-forming
unit-erythroid and CFU-granulocyte, erythroid, monocyte,
megakaryocyte, although to a lesser extent. When compared
with anti-MY9 and complement {(C’), Anti-MY9-bR could be
used in conditions that provided more effective depletion of
AML cells with substantially less depletion of normal CFU-
GM. Therefore, Anti-MY9-bR may have clinical utility for in
vitro purging of AML cells from autologous marrow when
used at high IT concentrations for short incubation periods.
Much lower concentrations of Anti-MY9-bR that can be
maintained for longer periods may be useful for elimination
of AML cells in vivo.

© 1991 by The American Society of Hematology.

whole ricin toxin. The MoAb anti-MY9 (anti-CD33) is
potentially ideal for targeting of acute myeloid leukemia
(AML) cells because it reacts with clonogenic AML cells
from greater than 80% of cases.” Previous studies have
shown that CD33 antigen is present on normal colony-
forming unit granulocyte-monocyte (CFU-GM), on a frac-
tion of burst-forming unit-erythroid (BFU-E) and CFU-
granulocyte, erythroid, monocyte, megakaryocyte (CFU-
GEMM),** and absent from normal pluripotent stem cells.”
One of the most powerful natural toxins, whole ricin,
consists of two chains: an A-chain that inactivates 60S
ribosomes and a B-chain that binds to galactose moieties
found on the surface of all eukaryotic cells. We have
devised a strategy to irreversibly block the binding sites of
whole ricin, effectively blocking nonspecific binding to
normal cells, while leaving both chains for increased intra-
cellular toxicity.” This “blocked-Ricin’ has been covalently
linked to anti-MY9 forming an IT with increased cytotoxic
activity.

We evaluated the capacity of Anti-MY9-blocked-Ricin
(Anti-MY9-bR) to selectively eliminate AML cells under
conditions compatible with both in vitro and in vivo use. We
found that Anti-MY9-bR was highly toxic against AML
cells when used under conditions simulating marrow purg-
ing (high concentrations of IT for short incubation periods)
or in conditions simulating in vivo infusions (lower concen-
trations of IT for longer exposures). Compared with anti-
MY9 and rabbit complement (C'), Anti-MY9-bR induced
more depletion of leukemic cells and was less toxic to
CFU-GM. These findings suggest that this IT may have
clinical utility as both a purging agent for autologous bone
marrow transplantation (BMT) and as a direct therapeutic
agent.

Blood, Vol 77, No 11 (June 1}, 1991: pp 2404-2412
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IMMUNOTOXIN TARGETING CD38+ AML CELLS

MATERIALS AND METHODS
Bone Marrow (BM) Cells

After obtaining informed consent under protocols approved by
the Human Subjects Protection Committee of the Dana-Farber
Cancer Institute, BM was obtained from healthy volunteer donors.
BM mononuclear cells (BMMC) were isolated by Ficoll-Hypaque
density gradient centrifugation. BMMC received 40 Gy of irradia-
tion at 11.1 Gy/min (*’Cs; Gamma Cell, Atomic Energy of Canada,
Ottawa) before they were mixed with leukemia cells in purging
experiments. -

Leukemic Cell Line

The cell line HL-60 is a human promyelocytic leukemia cell line
expressing MY9 (CD33). Cells were grown in RPMI 1640 medium
(GIBCO Labs, Grand Island, NY) containing 10% heat-inacti-
vated fetal bovine serum (FBS; Hyclone Lab, Logan, UT), 2%
L-glutamine, 1% sodium pyruvate, and 1% penicillin and strepto-
mycin.

Primary Leukemic Cells

Clonogenic AML cells were obtained from diagnostic specimens
of 12 untreated patients originating from peripheral blood and,
rarely, BM (two patients) samples. AML was diagnosed according
to French-American-British (FAB) classification.”” Mononuclear
cells were prepared by Ficoll-Hypaque sedimentation and cryopre-
served in 10% dimethyl sulfoxide (DMSO) in the vapor phase of
liquid nitrogen. All leukemia samples contained greater than 75%
blasts. The percentage of blasts expressing MY9 antigen varied
from 60% to 91%.

MoAbs and Immunoconjugates

Both Anti-MY9-bR and Anti-B4-bR were supplied by Immuno-
Gen Inc (Cambridge, MA). These IT were prepared in several
steps as described by Lambert et al.’ First, a triantennary N-linked
oligosaccharide from fetuin was modified to afford a reagent that
contained a terminal residue of 6-N-methylamino-6-deoxy-D-
galactose on one branch of the triantennary structure and terminal
galactose residues on the other two branches. The ligand was
activated with cyanuric chloride and the resulting dichloro-triazine
derivative of the ligand reacted with ricin, forming a stable covalent
linkage. Anti-MY9-bR was made by covalently linking a single
molecule of this irreversibly blocked ricin to anti-MY9, an IgG2a
MoAb with anti-CD33 specificity’ developed at ImmunoGen.
Anti-B4-bR (anti-CD19-bR) consisted of an anti-B4 IgG1 antibody
with specificity against a 95-Kd glycoprotein absent from AML
cells" that was linked covalently to blocked-Ricin. Each IT had less
than 0.1% free ricin and was pyrogen-free. Stable linkage of the
MoAb to the blocked-Ricin was maintained for a period of at least
6 months when kept at 4°C. Anti-J5 was an IgG2a anti-CD10
MoAb (Coulter Immunology, Hialeah, FL).

Treatment of Cells

Immunoconjugates. Suspensions of leukemic cells with a 20-
fold excess of irradiated BMMC were treated at 1 x 107 cells/mL
with IT. Treatments were performed in RPMI 1640 supplemented
with 2.5% FBS for high concentrations of IT (as compatible with in
vitro marrow purging) and with 2.5% human AB serum (HAB) for
low concentrations of IT (as compatible with in vivo administra-
tion). IT concentrations varied from 2.5 x 10" mol/L to 5 x 107"
mol/L and the incubation period at 37°C ranged from 15 minutes to
72 hours.
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Complements. Suspensions of leukemic cells with a 20-fold
excess of irradiated BMMC were incubated at 1 x 107 cells/mL
with MoAb at saturating concentrations for 15 minutes at 4°C
followed by incubation with C' (3- to 4-week-old rabbit serum;
Pel-Freeze Inc, Brown Deer, WI) at 37°C for 30 minutes. Treat-
ment with antibody and C’ was repeated twice.

Limiting Dilution Assay

After treatment with either IT or antibody and C', cells were
washed three times and plated in a limiting dilution assay (LDA) as
described previously.” Briefly, each treatment sample was serially
diluted from 5 x 10° to 0.5 cells per 100 wL in RPMI 1640
supplemented with 10% FBS. From 24 to 48 aliquots of each
dilution were plated in flat bottom microculture plates (Nunclon,
Nunc, Denmark). Cells were fed every 4 days and incubated at
37°C for 14 to 18 days. Growth at each serial dilution was assessed
in an “all-or-nothing™ (positive or negative) fashion under an
inverted phase microscope. Frequency of clonogenic cells within
the test population was estimated using x* minimization, which was
shown to provide maximum accuracy and precision.” This LDA
allowed detection of a maximum of 4.4 + 0.3 logs depletion of
HL-60 cells in a 20-fold excess of normal BMMC.

CFU-GM and Leukemic Blast Colony Assay

BMMC or primary AML cells were treated with either IT or
MoAb and C’. CFU-GM and leukemic blast colonies (CFU-L)
were assayed in semi-solid agar (Agar Noble; Difco Laboratories,
Detroit, MI) by a modification of the method of Pike and
Robinson." Underlayers (0.5 mL) were composed of 0.5% agar in
Iscoves modified Dulbecco’s minimum essential medium (IMDM)
with 20% FBS. As a source of colony-stimulating factor, 20%
conditioned medium from the bladder carcinoma 5637 cell line was
added to the underlayer. The overlayer (0.5 mL of 0.3% agar)
contained 0.5 to 3.0 x 10° normal BMMC or AML celis. The
cultures were set up in quadruplicate in 24-well plastic culture
plates (Linbro; Flow Laboratories Inc, McLean, VA) and incu-
bated at 37°C in 5% CO, and humidified air. After 7 and 14 days of
culture, overlayers were removed, dried onto glass slides, and
stained with Gill's hematoxylin (Fisher Scientific, Orangeburg,
NY). CFU-GM colonies were considered as aggregates of greater
than 40 cells, clusters as aggregates of 8 to 40 cells. All primary
AML colonies stained positively for either specific or nonspecific
esterase, or both. CFU-L colonies were considered as aggregates of
greater than 20 blast cells.

BFU-E and CFU-GEMM Assay

Erythroid colonies were grown in IMDM containing 0.9%
methylcellulose, 30% FBS, 0.9% bovine serum albumin (BSA), 2 x
107" mol/L 2-mercaptoethanol, 2 U/mL erythropoietin (Amgen
Biologicals, Thousand Oaks, CA), and 10% Mo cell-conditioned
medium.” Cells were plated at 10°/mL and the large, multicentric,
and late hemoglobinizing bursts scored as BFU-E at 14 days. In
other replicate cultures, the addition of erythropoietin was delayed
for 3 to 5 days, and CFU-GEMM were enumerated in these
cultures after 14 days.’

RESULTS

Effect of Concentration and Length of Incubation With
Anti-MY9-bR on Leukemic Cell Depletion Using a Limiting
Dilution Assay

High Anti-MY9-bR concentrations. To determine the
effectiveness of Anti-MY9-bR for depletion of leukemic


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From bloodjournal.hematologylibrary.org by guest on July 10, 2011. For personal use only.

2406

cells from a marrow graft, we used an in vitro model in
which HL-60 cells (CD33+) were mixed with a 20-fold
excess of normal irradiated BMMC. This mixture was
treated with various concentrations of Anti-MY9-bR for 2
hours and plated in a limiting dilution assay. As controls,
cells were treated with either anti-MY9 (CD33) antibody
alone or Anti-B4-bR, an IT recognizing CD19, an antigen
present on B cells but absent from HL-60 cells. Anti-
MYO9-bR depleted HL-60 cells in a concentration-depen-
dent manner (Fig 1A). Treatment with 5 x 107" mol/L
Anti-MY9-bR depleted less than 1 log of leukemic cells,
while treatment with 10~ mol/L. Anti-MY9-bR eliminated
4.4 logs of HL-60 cells. Treatment with Anti-B4-bR was not
significantly more toxic than media control, even at the
highest concentration (107 mol/L). When Anti-MY9-bR
107" mol/L was incubated for 2 hours with Nalm-6 cells, a
cell line not expressing CD33, no cytotoxicity was detected
(data not shown).

The cytotoxic activity of Anti-MY9-bR was also found to
be dependent on time of exposure (Fig 1B). Anti-MY9-bR
(5 x 10" mol/L) destroyed 1 log of leukemia cells after 15
minutes, and up to 3.6 logs after 6 hours. Under these
conditions, Anti-B4-bR was not toxic to HL-60 cells.

Low Anti-MY9-bR concentrations. To simulate condi-
tions compatible with in vivo administration of Anti-MY9-
bR, HL-60 cells were treated with lower concentrations of

Ireatment
MY9 1x10-8M

B4BR 1x10-8M
B4BR 5x10-9M
MY9BR 1x10-8M
MYSBR 5x10-9M

MY9BR 1x10-9M

MY9BR 5x10-10M

107 10°® 10°5 10°4 103 10°2 10°
Media OH
B4BR 2H
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MY9BR 50min
MYSBR  2H
MY9BR  4H
MYSBR  6H
B4BR  6H

10°¢  10°5 104 103 102 L

Fraction of Post-Tx Clonogenic Cells
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Fig 1. Effectiveness of Anti-MY9-bR for depletion of leukemia cells
using limiting-dilution analysis. (A) HL-60 cells in a 20-fold excess of
irradiated normal BMMC were incubated for 2 hours with unconju-
gated anti-MY9 (MY9), Anti-B4-bR (B4BR), and Anti-MY9-bR (MY9BR)
at concentrations varying from 10 * mol/L to 5 x 10 ' mol/L. (B)
HL-60 + BMMC were incubated with Anti-MY9-bR 5 x 10 * mol/L for
up to 6 hours. The number of post-Tx clonogenic cells is expressed as
afraction (mean + SE of two experiments) of the total number of cells
plated (HL-60 + BMMC).
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Fig 2. Effect of Anti-MY9-bR used at low concentrations for
prolonged incubation periods. HL-60 cells were incubated for 48 and
72 hours with Anti-MY9-bR at concentrations of 10 * mol/L to 10 "
mol/L and clonogenic growth (mean + SE) evaluated in semisolid
agar.

Anti-MY9-bR for more prolonged periods of time. As
shown in Fig 2, incubation for 48 hours with Anti-MY9-bR
at 107" mol/L, 107" mol/L, and 10~* mol/L eliminated 0.33,
1.4, and 2.4 logs of clonogenic cells, respectively, as assayed
in semisolid agar. Leukemic cells incubated in media for 72
hours grew more than cells incubated in media for 48 hours,
but the extent of depletion nevertheless depended on the
period of incubation with Anti-MY9-bR (Fig 2). Anti-
MY9-bR at 107" mol/L for 72 hours destroyed 1.7 logs of
these cells and at 107" mol/L induced depletion of at least
2.6 logs of clonogenic cells (the lower limit of detection of
this assay).

Mechanism of Anti-MY9-bR Toxicity

To evaluate if the B-chain binding sites of blocked-ricin
in Anti-MY9-bR were completely blocked, we used our
LDA assay to measure cytotoxicity towards CD33+ target
cells in the presence and absence of galactose (Fig 3A).
Incubation of Anti-MY9-bR (5 x 107" mol/L) with galac-
tose (0.1 mol/L) for 90 minutes depleted the same number
(1.5 = 0.1 log) of HL-60 cells in BMMC as incubation with
Anti-MY9-bR alone. In contrast, after addition of a 100-
fold excess of unconjugated anti-MY9 MoAb, depletion of
HL-60 cells by Anti-MY9-bR decreased dramatically. Addi-
tion of both galactose and anti-MY9 to Anti-MY9-bR did
not inhibit further the activity of Anti-MY9-bR, confirming
specific targeting of leukemia cells through the MoAb
moiety.
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Ireatment
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Fig 3. Specificity of the anti-leukemia activity of Anti-MY9-bR.
HL-60 + BMMC were incubated with (A) Anti-MY9-bR 5 < 10~° mol/L
for 90 minutes in the presence of galactose 0.1 mol/L {Gal) and/or a
100-fold excess of anti-MY9 MoAb {CD33). The possibility of Fc
binding was evaluated by incubating HL-60 + BMMC with (B) Anti-
MY9-bR 5 x 10~° mol/L for 2 hours with or without adding an MoAb of
the same IgG2a isotype (J5).

Anti-MY9-bR could still have bound to targets through
the Fc portion instead of the Fab portion of its anti-MY9
MoAb moiety. To examine this possibility, a 100-fold excess
of an irrelevant MoAbD of the same IgG2a isotype, anti-J5
(CD10), was added to Anti-MY9-bR. Anti-J5 does not
react specifically with target cells but Fc binding does occur
and competes with Fc binding of anti-MY9. Incubation of
HIL-60 cells alone with Anti-MY9-bR (5 X 10~° mol/L for 2
hours) inhibited growth of 98.6% =+ 0.1% (mean * SE) of
HL-60 cells as measured with the same LDA, while the
addition of anti-J5 to Anti-MY9-bR caused 91.9% = 1.1%
inhibition of growth. This 6.7% difference in the elimina-
tion of HL-60 cells may be attributable to Fc binding. When
HL-60 cells were treated in the presence of BM (Fig 3B),
Anti-MY9-bR eliminated 99.5% =+ 0.1% of leukemic cells,
and after addition of anti-J5, 98.3% * 0.2% of HL-60 cells
was inhibited. Thus, the activity of Anti-MY9-bR decreased
only slightly in the presence of anti-J5, especially in the
presence of BM, suggesting that little Fc binding was
occurring and that binding through the antigen-binding
sites of anti-M'Y9 mediated killing by Anti-MY9-bR.

Effect of Cell Concentration on Leukemic Cell Depletion
With Anti-MY9-bR

To determine the optimal conditions for in vitro treat-
ment of BM with Anti-MY9-bR, we evaluated the effect of
cell density on depletion of HL-60 cells in a 20-fold excess
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of BMMC. Five different concentrations of HL-60 +
BMMC (ranging from 1 x 107 to 1 x 10° total cells/mL)
were treated with either unconjugated anti-MY9 or Anti-
MY9-bR at 5 x 10° mol/L for 2 hours at 37°C. For each cell
concentration evaluated, the ratio of HL-60 cells to BM
cells was constant. Over the range tested, concentration did
not affect Anti-MY9-bR toxicity, which was 2.1 = 0.2 logs.

Anti-MY9-bR Is Toxic to Primary Clonogeneic AML Cells

The cytotoxic activity of Anti-MY9-bR was subsequently
measured against clonogenic AML cells obtained from 12
different patients. At high concentrations of Anti-MY9-bR
(10™° mol/L to 107® mol/L), elimination of AML cells was
dose- (Fig 4A) and time-dependent (Fig 4B). Depletion of
94.7% of AML cells occurred after 2 hours of incubation
with Anti-MY9-bR 10°* mol/L. With this short incubation
period, very low concéntrations (2 x 107 mol/L) of Anti-
MY9-bR were not toxic. Anti-B4-bR was nontoxic under
identical conditions. Elimination of primary AML cells with
lower concentrations of Anti-MY9-bR for longer incuba-
tion periods was also evaluated. At these lower concentra-
tions (5 x 107" mol/L to 10~° mol/L), increasing the incuba-
tion period with Anti-MY9-bR again showed elimination of
AML cells in a dose- and time-dependent manner. Thus,
46% of AML cells were depleted after 24 hours of incuba-
tion with Anti-MY9-bR (5 x 10" mol/L) (data not shown)
and prolonging the incubation to 48 hours increased deple-
tion of primary AML cells to 78% (Fig 4C). Even concentra-
tions of Anti-MY9-bR as low as 5 x 10" mol/L eliminated
28% of leukemic cells when the incubation period was
extended to 48 hours.

Comparison of Anti-MY9-bR and Anti-MY9 Plus Rabbit
Complement

The efficacy of in vitro treatment with Anti-MY9-bR IT
used in conditions simulating autologous tumor cell purging
was compared with that of treatment with anti-MY9 MoAb
and baby rabbit complement. Three sequential treatments
with anti-MY9 + C' depleted 3.6 + 0.3 logs of clonogenic
HL-60 cells in a 20-fold excess of normal irradiated BMMC
while anti-MY9 alone or complement alone did not cause
significant killing. Treatment with Anti-MY9-bR 10~® mol/L
for 5 hours eliminated all detectable leukemic cells (LDA
detection threshold = 4.4 = 0.3 logs of HL-60 cells).

Effect of Anti-MY9-bR on Normal Hematopoietic Progenitor
Cells

Because some normal hematopoietic progenitors express
CD33 (MY9) antigen, we evaluated the toxicity of Anti-
MY9-bR against CFU-GM, BFU-E, and CFU-GEMM.
With a 2-hour incubation period, elimination of CFU-GM
by Anti-MY9-bR (10® mol/L) was concentration-depen-
dent (Fig 5A). Longer periods of exposure to Anti-MY9-bR
(2.5 x 107" to 107® mol/L) resulted in increased toxicity
(Fig 5B). Incubation of BMMC with 2.5 x 10~° mol/L
Anti-MY9-bR for 14 and 24 hours destroyed 76.3% and
89.3% of CFU-GM, respectively. Normal BM was also
incubated with anti-MY9 or Anti-MY9-bR at the highest
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Fig 4. Activity of Anti-MY9-bR on primary AML cells. Clonogenic
growth of primary AML cells after incubation with (A) high concentra-
tions {10 ®* mol/L to 2 x 10 ™ mol/L) of unconjugated anti-MY9,
Anti-B4-bR, or Anti-MY9-bR for 2 hours (mean = SEM of AML cells
from three patients), (B) unconjugated anti-MY9 or Anti-MY9-bR (10 *
mol/L) for incubation periods varying from 0 to 18 hours (mean + SEM
of AML cells from three patients), and (C) low concentrations of
Anti-MY9-bR (5 x 10 ""to 5 x 10 " mol/L) for 48 hours (mean = SEM
of AML cells from six patients).

concentration (107" mol/L) for periods up to 18 hours.
Recovery of CFU-GM, BFU-E, and CFU-GEMM was
identical after treatment with anti-MY9 MoAb or media
alone. As shown in Table 1, increasing the incubation
period with Anti-MY9-bR gradually decreased recovery of
day 7 and 14 CFU-GM. After 5 hours of incubation with
Anti-MY9-bR 10"* mol/L, 70.7% and 77.3% of day 7 and 14
CFU-GM were depleted, respectively. After 18 hours, the
same concentration of IT inhibited growth of more than
99% of CFU-GM.

The effect of different incubation periods with Anti-
MY9-bR 10°* mol/L. on BFU-E and CFU-GEMM is also

ROY ET AL

detailed in Table 1. Inhibition of BFU-E and CFU-GEMM
clonogenic cells increased progressively with the length of
the incubation period with Anti-MY9-bR. After 18 hours of
incubation, Anti-MY9-bR inhibited growth of BFU-E by
46.1% and CFU-GEMM by 76.9%.

Comparison of Anti-MY9-bR Versus Anti-MY9 + C" Toxicity
Against Normal Hematopoietic Progenitors

The number of normal hematopoietic progenitors remain-
ing after treatment with unconjugated anti-MY9 and C” for
three cycles was compared with that after treatment with

240

cells

CFU-GM/10*5

cells

CFU-GM/10*5

14 H

Incubation period

Fig 5. Toxicity of Anti-MY9-bR on CFU-GM progenitors. Normal
BMMC were incubated for (A) 2 hours and (B) 14 and 24 hours with
media alone, Anti-MY9-bR, or Anti-B4-bR at concentrations ranging
from 10 * mol/L to 2.5 x 10 ' mol/L and the number of CFU-GM
colonies and clusters (mean + SEM) scored after 14 days. Concentra-
tions are as follows: (A) (M) Media. MY9BR: (Z) 1 x 10 °, (£3) 5 x 10 °,
(Z2) 1 x 10 * mol/L. (7)) B4BR 1 x 10 * mol/L. (B) (W) Media. MY9BR:
(Z) 2.5 x 10 ™, (3) 2.5 x 10°°, (2) 2.5 x 10 * mol/L.
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Table 1. Effect of Anti-MY3-bR Incubation Times on Hematopoietic Progenitors

Progenitor Anti-MY9- Anti-MY9- Anti-MY9- Anti-MY9-

Cells Control* bR 1 ht bR3h bR5h bR 18 ht

CFU-GM 126.8 + 334 79.8 = 30.5 66.2 + 17.7 37.2+16.3 0805
Day 7 [(1)] (37.1) (47.8) (70.7) (99.1)

CFU-GM 69.7 £ 22.2 322 +139 23.2 + 9.1 15.8 + 6.6 0.3+0.3
Day 14 0) (563.8) (66.7) (77.3) (99.4)

BFU-E 326 = 5.1 246 + 3.8 19.5 £ 3.0 18.9 + 2.7 6.9+09
0) (24.5) {40.2) (42.0) (46.1)

CFU-GEMM 23+0.4 2205 1.6 04 1303 03+02
(0) (4.3) {30.9) (43.5) (76.9)

Mean x SD (% inhibition of growth calculated as compared with control} of three experiments with each count in quadruplicate.
*Anti-MY$ unconjugated antibody {10~ mol/L) incubated at 37°C for 5 hours.

tAnti-MY8-bR {10-® mol/L) incubated at 37°C for all incubation periods.

$(% inhibition of growth) for Anti-MY9-bR 18 hours is calculated as compared with BMMC cultured in anti-MY9 unconjugated MoAb for 18 hours.

Anti-MY9-bR 107 mol/L for 5 hours. As shown in Table 2,
CFU-GM were decreased after both types of marrow
treatments, but while anti-MY9 + C’ treatment eliminated
all day 7 and 14 CFU-GM, Anti-MY9-bR preserved some
CFU-GM (P < .005). Although there was large variability
in the number of BFU-E and CFU-GEMM remaining in
different patient samples, we found no difference in the
inhibition of BFU-E and CFU-GEMM after treatment with
either anti-MY9 + C’ or anti-MY9-bR.

Comparative Activities of Anti-MY9-bR Activity Against
Various Targets

The overall effect of Anti-MY9-bR concentration on
depletion of different MY9+ cell populations was evalu-
ated in conditions simulating in vitro and in vivo administra-
tion. Results following incubation of HL-60, primary AML,
and normal BM cells with Anti-MY9-bR at relatively high
concentrations (5 X 107" mol/L to 10~® mol/L) for short
(2-hour) incubation periods are compiled in Fig 6A. HL-60
cells were more sensitive to Anti-MY9-bR than primary
AML cells. Interestingly, primary AML cells were more
sensitive to Anti-MY9-bR than CFU-GM. When the incu-
bation period was prolonged to 24 hours, lower concentra-
tions of Anti-MY9-bR were found to exhibit significant
cytotoxicity. As shown in Fig 6B, HL-60 cells were more
sensitive to Anti-MY9-bR than primary AML cells. In
contrast to short incubations, primary AML cells and
CFU-GM cells were similarly sensitive to long (24-hour)
incubations with Anti-MY9-bR. For comparison, the same
concentrations of Anti-MY9-bR caused little toxicity to
CD33— Namalwa target cells.

DISCUSSION

We report here an IT that is highly toxic to AML cells in
vitro. The first feature differentiating Anti-MY9-bR from
other IT is its toxin moiety, which consists of both ricin
A-chain and a modified B-chain that has its galactose
binding sites blocked. Previous experiments with conjugates
of anti-MY?9 linked to purified ricin A-chain showed little
cytotoxicity (J.D. Griffin, unpublished results), suggesting
that the functions of the B-chain could not be entirely
replaced by a MoAb. When free B-chains were added to
single ricin A-chain IT, the cytotoxicity was markedly
enhanced,” and it was suggested that the B-chain possibly
facilitated transport of the IT into target cells.”® In this
study, whole “blocked” ricin conjugate displayed high levels
of toxicity against CD33+ cells, providing support to the
hypothesis that both chains, and possibly linkage of these
chains, play an important role in generating cytotoxicity.

Several IT have been developed, mostly against T- and
B-cell surface receptors,” but Anti-MY9-bR is one of the
few reported IT with selective activity against myeloid
cells” and the first IT against AML cells with potential for
in vivo therapy. The specificity of Anti-MY9-bR for CD33+
cells was shown by demonstrating that galactose, the
natural ligand of ricin, did not inhibit cytotoxicity, suggest-
ing that unblocked ricin was not mediating the observed
cytotoxicity. Further, Anti-MY9-bR was greater than 3 logs
more toxic for CD33+ cells than CD33— cells and the
cytotoxicity could be blocked by an excess of unconjugated
anti-MY9 MoAb. Finally, addition of an isotype-specific
MoAb did not inhibit Anti-MY9-bR from killing HL-60

Table 2. Inhibition of Normal Hematopoietic Progenitors by Anti-MY9 + C’ and Anti-MY9-bR

CFU-GM D7 CFU-GM D14 BFU-E CFU-GEMM
Anti-MY9 + C'* 99.0 = 1.2 99.0+ 15 39.6 + 32.2 52,5 x 46.2
Anti-MY9-bRt 77.8 = 13.3% 87.6 + 8.0¢ 33.2 = 46.0 34.5 + 59.2

Mean + SD of % inhibition of colony formation of at least three separate experiments with each measurement performed in duplicate or

quadruplicate. ]
*Treatment with anti-MY9 + C’ repeated for a total of three ¢ycles.

1Treatment with Anti-MY9-bR (10~ mol/L) incubated at 37°C for 5 hours.

F#Anti-MY9 + C’ versus Anti-MY9-bR: P < .005.
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Fig 6. Comparative activities of Anti-MY9-bR on leukemia cells
and normal hematopoietic progenitors. Percentage of depletion of
HL-80 {—{1—1], primary AML (--O--), CFU-GM {~—@-), and Namalwa
cells {(—/\-—) after (A) 2 hours and {B) 24 hours of incubation with
Anti-MY9-bR at various concentrations.

cells, excluding the possibility that nonspecific Fc binding
mediated the cytotoxicity of Anti-MY9-bR.

There is clinical evidence that patients with leukemia
transplanted with autologous marrows in second or subse-
quent remission without purging of their marrow grafts do
relatively poorly.** Thus, a number of studies have evalu-
ated marrow purging to improve patient outcome. These
studies have shown that autologous BMT was not only a
feasible alternative for patients with ALL in second or
subsequent complete remission who did not have an HLA-
compatible donor,”® but that the disease-free survival of
patients transplanted with such purged marrows was not
significantly different from that of patients treated by
allogeneic BMT.* Similarly, purging methods, consisting
mainly of 4-hydroperoxycyclophosphamide and MoAb +
C’, were developed to eliminate residual AML cells before
autologous BMT.®* In this study, we showed that an IT,
Anti-MY9-bR, was effective for purging of autologous BM,
depleting more than 4.4 logs of leukemic cells. Interest-
ingly, when Anti-MY9-bR was compared with anti-MY9 +
C’, the IT could be used in conditions that eliminated more
leukemia cells than anti-MY9 + C'. Compared with other
purging methods, Anti-MY9-bR also provided the added
benefit of not necessitating the complicated standardiza-
tion procedures associated with complement use, or the
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sophisticated apparatus required for magnetic or laser
purging methods. These observations suggest that Anti-
MY9-bR is a potentially ideal agent for purging of AML
cells.

The cytotoxic activity of Anti-MY9-bR against patient
AML cells was evaluated using CFU-L as targets. More
than 2 logs of these in vitro clonogenic AML cells, which are
thought to represent the in vivo clonogenic AML cells,’
were eliminated by this IT. In this study, the high levels of
depletion of CFU-L exceeded the percentages (60% to
91%) of MY9-positive AML cells. This finding could be
explained by the fact that some AML cells express few
molecules of MY9 on their surface and escape detection by
flow cytometry. In addition, it is also known that AML cells
form a heterogeneous population of clonogenic and nonclo-
nogenic cells. Previous studies have shown that these two
populations of cells can be differentiated phenotypi-
cally.*”* Ja and MY9 antigens were found to be expressed
on a significantly higher percentage of CFU-L than on the
total AML cell population. In contrast, few CFU-L ex-
pressed Mol (CD11b) and Mo2 (CD14) and these antigens
were found on a lower percentage of CFU-L than total
AML cells.” These studies suggest that although AML cells
have heteregeneous phenotypes, AML colony-forming cells
are less heterogeneous and that the MY9 (CD33) antigen is
expressed preferentially on the AML CFU-L.

One concern with using Anti-MY9-bR for purging is that
it eliminates the majority of myeloid progenitors and could
therefore prevent hematologic engraftment. At our institu-
tion, 11 patients have undergone autologous BMT with
purging of the marrow graft using anti-MY9 + C’ treat-
ment.” All patients engrafted, with a median time to
absolute neutrophil count greater than 500/uL of 45 days
after BMT (range 16 to 75). Time to white blood cell
(WBC) engraftment was longer in these patients than in
patients transplanted with autologous MoAb + C’ purged
marrows for acute lymphoblastic leukemia® or lymphoma.*
Although patients with AML had delayed engraftment,
which correlated with total elimination of CFU-GM progen-
itors after anti-MY9 + C’ treatment, all these patients
engrafted. Hematologic reconstitution thus probably origi-
nated from CFU-GEMM progenitors, which were only
partially eliminated by such treatment, and from the he-
matopoietic stem cells that do not express CD33. The fact
that all patients engrafted after anti-MY9 + C’' marrow
treatment suggests that marrow treatment with Anti-MY9-
bR, which targets the same MY9+ cells, will not prevent
engraftment. In addition, Anti-MY9-bR, used in conditions
for in vitro purging, depleted significantly less CFU-GM
than anti-MY9 + C’. This finding suggests that patients
receiving a marrow treated with Anti-MY9-bR might en-
graft more rapidly than after anti-MY9 + C’' treatment of
the marrow, decreasing risks for infections and improving
patient prognosis.

Surprisingly, when we compared the effect of Anti-
MY9-bR on CFU-L and CFU-GM, we found that, for short
incubation periods, leukemia cells were more sensitive to
Anti-MY9-bR than normal hematopoietic progenitors. This
difference in sensitivity between primary AML cells and
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CFU-GM is difficult to explain because both types of cells
express high levels of CD33 antigen.** It is possible that
normal and leukemic cells have different internalization
rates of IT, different sensitivities to intracellular IT, or
different intracellular metabolism of IT. Purging of BM
grafts provides an opportunity to take advantage of these
different sensitivities of normal and leukemic cells to short
incubations of Anti-MY9-bR.

An important aspect of IT is their potential for in vivo
use. Early trials in which MoAb only were given intrave-
nously to patients with leukemia showed that antibodies
were effectively delivered to leukemic cells in both periph-
eral blood and BM, yet the clearance of circulating cells was
transient and BM blasts were not affected.” These transient
responses were primarily due to the limited host mecha-
nisms available to kill antibody-coated leukemia cells.”
Linking a toxic molecule to the MoAb could solve many of
the problems of low leukemic toxicity, but covalent conjuga-
tion of MoAb with toxins has often been complicated by
loss of activity.” In this study, we showed that blockage of
galactose binding sites and coupling with anti-MY9 was
achieved while preserving the cytotoxic potential of Anti-
MY9-bR.

In vivo administration of IT is also very difficult because
of the large distribution volume of the patient, IT metabo-
lism, and an environment at 37°C that all contribute to
decrease IT serum concentrations. In addition, enhancers
like lysosomotropic amines or carboxylic ionophores,™*
that can be used in vitro to potentiate the toxicity of IT, are
only active at very high concentrations that cannot be
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achieved in vivo. Thus, IT with potential for in vivo
administration must be capable of maximal efficacy at low
serum concentrations. A phase I study evaluating Anti-B4-
bR, a-very similar IT, for in vivo administration is presently
ongoing at our institution. In these patients, doses of IT
ranging from 10 to 30 pg/kg/d administered by continuous
infusion were minimally toxic and achieved stable serum
levels of 1to 4 x 107" mol/L of Anti-B4-bR.* In the present
study, Anti-MY9-bR at 107" mol/L depleted 1.7 logs of
HL-60 cells after only 72 hours of incubation and even
concentrations as low as 5 x 107" mol/L were able to
eliminate 55% of primary AML cells after 48 hours without
addition of enhancers. If we can extrapolate from these
observations, Anti-MY9-bR should be a most active agent
for in vivo treatment of patients with AML. A potential
problem with prolonged infusions of Anti-MY9-bR is the
depletion of MY9+ progenitors. In similar in vitro condi-
tions, we found that CFU-GM were as sensitive to Anti-
MY9-bR as AML cells. Thus, we would expect that doses of
Anti-MY9-bR active against AML cells in vivo will also
cause neutropenia. The fact that MY9 is absent from the
surface of the hematopoietic stem cell combined with our
previous experience with anti-MY9 + C’ purging of marrow
grafts suggest that this toxicity will only be transient.

ACKNOWLEDGMENT

The authors thank J.W. Anderson for her help in the statistical
analysis of the limiting dilution assays, and J. Webb for technical
assistance.

REFERENCES

1. Letvin NL, Chalifoux LV, Reimann KA, Ritz J, Schlossman
SF, Lambert JM: In vivo administration of lymphocyte-specific
monoclonal antibodies in nonhuman primates. J Clin Invest 78:666,
1986

2. Vitetta ES, Fulton RJ, May RD, Till M, Uhr JW: Redesigning
nature’s poisons to create anti-tumor reagents. Science 238:1098,
1987

3. Blakely DC, Thorpe PE: An overview of therapy with immu-
notoxins containing ricin or its A-chain. Antibody Immunoconju-
gates Radiopharm 1:1, 1988

4, Blittler WA, Lambert JM, Goldmacher VS: Realizing the full
potential of immunotoxins. Cancer Cells 1:50, 1989

5. Griffin JD, Linch D, Sabbath K, Larcom P, Schlossman SF: A
monoclonal antibody reactive with normal and leukemic progeni-
tor cells. Leuk Res 8:521, 1984

6. Griffin JD, Lowenberg B: Clonogenic cells in acute myeloblas-
tic leukemia. Blood 68:1185, 1986

7. Griffin JD: The use of monoclonal antibodies in the character-
ization of myeloid leukemias. Hematol Pathol 1:81, 1987

8. Leary AG, Ogawa M: Blast cell colony assay for umbilical
cord blood and adult bone marrow progenitors. Blood 69:953, 1987

9. Lambert JM, McIntyre GM, Gauthier MN, Zullo D, Rao V,
Goldmacher VS, Blattler WA: The galactose binding sites of the
cytotoxic lectin ricin can be chemically blocked by modification
with reactive ligands prepared by chemical modification of trianten-
nary N-linked oligosaccharides. Biochemistry 30:3234, 1991

10. Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton
DAG, Gralnick HR, Sultan C: Proposed revised criteria for the
classification of acute myeloid leukemia. Ann Intern Med 103:620,

1985

11. Nadler LM: B cell/leukemia panel workshop: Summary and
comments, in Reinherz EL, Haynes FB, Nadler L, Bernstein ID
(eds): Leukocyte Typing II, vol 2. New York, NY, Springer-Verlag,
1986,p 3

12. Roy DC, Felix M, Cannady WG, Cannistra S, Ritz I:
Comparative activities of rabbit complements of different ages
using an in vitro marrow purging model. Leuk Res 14:407, 1990

13. Taswell C: Limiting dilution assays for the determination of
immunocompetent cell frequencies. 1. Data analysis. J Immunol
126:1614, 1981

14. Pike BL, Robinson WA: Human bone marrow colony
growth in agar-gel. J Cell Physiol 76:77, 1970

15. Iscove NN, Seiber F, Winterhalter KH: Erythroid colony
formation in cultures of mouse and human bone marrow: Analysis
of the requirements for erythropoietin by gel filtration and affinity
chromatography on agarose-concanavalin A. I Cell Physiol 83:309,
1974

16. Messner HA, Fauser AA: Culture studies of human pluripo-
tent hemopoietic progenitors. Blut 41:327, 1980

17. Youle RJ, Neville DM Jr: Kinetics of protein synthesis
inactivation by ricin anti-Thy 1.1 monoclonal antibody hybrids. J
Biol Chem 257:1598, 1982 .

18. Vallera DA, Quinones RR, Azemove SM, Soderling CC:
Monoclonal antibody toxin conjugates reactive against human T
lymphocytes: A comparison of antibody linked to intact ricin toxin
and antibody linked to ricin A-chain. Transplantation 37:387, 1984

19. Myers DE, Uckun FM, Ball ED, Vallera DA: Immunotoxins


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

From bloodjournal.hematologylibrary.org by guest on July 10, 2011. For personal use only.

2412

for ex vivo marrow purging in autologous bone marrow transplanta-
tion for acute nonlymphocytic leukemia. Transplantation 46:240,
1988

20. Zander AR, Dicke KA, Vellekoop L, Verma DS, Kanojia M,
Jagannath S, Reading CL, Poynton C, Spitzer G: Autografting in
acute leukemia, in Gale RP (ed): Recent Advances in Bone
Marrow Transplantation-Proceedings of the UCLA Symposia.
New York, NY, Liss, 1983, p 69

21. Dicke KA, Jagannath S, Horwitz LJ, Spitzer G, McCredie
KB: A study design to determine the role of transplantation in
acute leukemia, in Dicke KA, Spitzer G, Jagannath S (eds):
Autologous Bone Marrow Transplantation-Proceedings of the
Third International Symposium. The University of Texas, M.D.
Anderson Hospital and Tumor Institute at Houston, 1987, p 55

22. Sallan SE, Niemeyer CM, Billet AL, Lipton JM, Tarbell NJ,
Gelber RD, Murray C, Pittinger TP, Wolfe LC, Bast RC Jr, Ritz J:
Autologous bone marrow transplantation for acute lymphoblastic
leukemia. J Clin Oncol 7:1594, 1989

23. Roy DC, Soiffer RJ, Anderson KC, Freedman AS, Nadier
LM, Sallan SE, Ritz J: Autologous bone marrow transplantation
with CD9/CD10 depleted marrow for adult patients with relapsed
ALL. Blood 74:196a, 1989 (abstr, suppl)

24. Kersey JH, Weisdorf D, Nesbit ME, LeBien TW, Woods
WG, McGlave PB, Kim T, Vallera DA, Goldman Al, Bostrom B,
Hurd D, Ramsey NKC: Comparison of autologous. and allogeneic
bone marrow transplantation for treatment of high-risk refractory
acute lymphoblastic leukemia. N Engl J Med 317:461, 1987

25. Yeager AM, Kaizer H, Santos GW, Saral R, Colvin OM,
Stuart RK, Braine HG, Burke PJ, Ambiner RF, Burns WH, Fuller
DJ, Davis JM, Karp JE, May WS, Rowley SD, Sensenbrenner LL,
Vogelsang GB, Wingard JR: Autologous bone marrow transplanta-
tion in patients with acute nonlymphocytic leukemia, using ex vivo
marrow treatment with 4-hydroperoxycyclophosphamide. N Engl J
Med 315:141, 1986

ROY ET AL

26. Ball ED, Mills LE, Coughlin CT, Beck JR, Cornwell GG III:
Autologous bone marrow transplantation in acute myelogenous
leukemia: In vitro treatment with myeloid cell-specific monoclonal
antibodies. Blood 68:1311, 1986

27. Griffin JD, Ritz J, Nadler LM, Schlossman SF: Expression of
myeloid differentiation antigens on normal and malignant myeloid
cells. J Clin Invest 68:932, 1981

28. Sabbath KD, Bali EF, Larcom P, Davis RB, Griffin JD:
Heterogeneity of clonogenic cells in acute myeloblastic leukemia. J
Clin Invest 75:746, 1985

29, Robertson MJ, Griffin J, Soiffer R, Anderson K, Freedman
AS, Nadler LM, Ervin T, Ritz J: Hematologic engraftment in
patients with AML after ablative therapy and reinfusion of
anti-MY9 (anti-CD33) antibody purged autologous bone marrow.
Blood 74:1072a, 1989 (abstr, suppl)

30. Takvorian T, Canellos GP, Ritz J, Freedman A, Anderson
KC, Mauch P, Tarbell N, Coral F, Daley H, Yeap B, Schlossman
SF, Nadler LM: Prolonged disease-free survival in patients with
poor prognosis non-Hodgkin’s lymphoma following autologous
bone marrow transplantation. N Engl ] Med 316:1499, 1987

31. Ritz J, Pesando JM, Sallan SE, Clavell LA, Notis-McCo-
narty J, Rosenthal P, Schlossman SF: Serotherapy of acute lympho-
blastic leukemia with monoclonal antibody. Blood 58:141, 1981

32. Ritz J, Schlossman SF: Utilization of monoclonal antibodies
in the treatment of leukemia and lymphoma. Blood 59:1, 1982

33. Raso V, Lawrence J: Carboxylic ionophores enhance the
cytotoxic potency of ligand- and antibody-delivered ricin A chain. J
Exp Med 160:1234, 1984

34. Casellas P, Jansen FK: Immunotoxin enhancers, in Frankel
AE (ed): Immunotoxins. Boston, MA, Kluwer Academic, 1988, p
351

35. Nadler LM, Breitmeyer J, Coral F, Spector N, Schlossman
SF: Anti-B4 blocked ricin immunotherapy for patients with B cell
malignancies: Phase I trial of bolus infusions. Blood 74:121a, 1989
(abstr, suppl)


http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl

