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[CANCER RESEARCH 52, 6761-6767, December 15, 1992]

Biological and Immunological Features of Humanized M195 (Anti-CD33)

Monoclonal Antibodies!

Philip C. Caron, Man Sung Co, Marcia K. Bull, Nevenka M. Avdalovic, Cary Queen, and David A. Scheinberg?
Memorial Sloan-Kettering Cancer Center, New York, New York 10021 [P. C. C., M. K. B., D. A. S.], and Protein Design Laboratories, Mountain View,

California 94043 [M. S. C, N.M. A., C. Q.]

ABSTRACT

Human-mouse chimeric immunoglobulins G1 and G3 (IgG1 and
IgG3) (ChG1, ChG3) and “complementarity-determining region”-graft-
ed, humanized IgG1 and IgG3 (HuG1, HuG3) constructs of the mouse
monoclonal antibody (mAb) M195 were characterized. M195 is a mu-
rine immunoglobulin G2a (IgG2a), anti-CD33 mAb, specifically reac-
tive with acute myelogenous leukemia cells, that is active as an antileu-
kemia agent in humans. The new mAb constructs maintained specificity
and biological function, including rapid internalization after binding to
the cell surface, which has been important for delivery of therapeutic
isotopes in patients. Although previously reported complementarity-
determining region-grafted mAbs had reduced avidities, the HuG1 and
HuG3 M195 showed up to an 8.6- and 4-fold higher binding avidity,
respectively, than the original murine mAb. All constructs were effective
at mediating rabbit complement-mediated cytotoxicity against HL60
targets. Fibroblasts transfected with CD33 genes and expressing high
levels of CD33 antigen were also lysed in the presence of human com-
plement, but HL60 cells or fibroblasts with lower CD33 levels were not
killed. Thus, the inability of M195 and constructs to kill HL60 targets
with human complement is due to the much lower antigen density on
HL60 cells compared to CD33" fibroblasts. Unlike the murine M195,
the chimeric and humanized M195 demonstrated antibody-dependent
cell-mediated cytotoxicity using human peripheral blood mononuclear
cells as effectors. Because the chimeric and humanized M195 have
improved avidities as compared to the original M195 and have, in ad-
dition, the potential to avoid human anti-mouse antibody responses and
to recruit human effector functions, these new constructs may be useful
therapeutically, either alone or conjugated to toxins or isotopes, in the
treatment of acute myelogenous leukemia.

INTRODUCTION

Mouse monoclonal 1gG2a® antibody M195 (mAb M195) is
specifically reactive with the CD33 antigen on AML cells and
early myeloid progenitor cells, but not with normal tissues or
hematopoietic stem cells (1-5). This sparing of normal stem
cells makes it an ideal candidate for leukemia therapy and for ex
vivo bone marrow purging of AML cells (6-8). M195 reacts
with the CD33 antigen, a M, 67,000 glycoprotein, and is rapidly
internalized into target cells upon binding. M 195 is not intrin-
sically cytotoxic in vitro. Although M195 kills target cells with
guinea pig and rabbit complement, it is not effective with hu-
man complement or effector cells. However, the efficient bind-
ing and internalization of M195 have allowed the use of rad-
iolabeled mAb in trials for AML therapy (9, 10). These trials
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have demonstrated that specific targeting of 13'I-M195 can
result in marked leukemia cytoreduction, therapeutic re-
sponses, or marrow ablation with no toxicity.

Genetic engineering techniques are now available to produce
new human-mouse chimeric mAbs that combine mouse variable
regions with human constant regions (Fig. 1) or more fully
humanized mAbs that have human framework and constant
regions. These humanized mAbs have been “CDR-grafted” so
that only the original mouse antigen binding sites are retained.
The new constructs offer advantages over murine mAbs in be-
ing more effective in recruiting human effector functions and in
avoiding neutralizing HAMA responses. Avoidance of HAMA
may allow for repeated treatments without loss of effectiveness
and a longer circulating time for the mAb. The added features
may allow us to avoid the use of radiolabels and toxins in
clinical therapeutic trials (11-16).

One humanized IgG1 mAb, CAMPATH-1H, derived from
CDRs from a rat mAb together with human framework regions,
has been used in a clinical situation (15). CAMPATH-1H pro-
duced remissions in two patients with refractory non-Hodgkin’s
lymphoma. Mathieson et al. (16) have also used CAM-
PATH-1H in one patient with systemic vasculitis.

A second humanized mAb, anti-Tac-H, reactive with the IL-2
receptor, has recently been constructed using computer-aided
three-dimensional structural design to maintain avidity at its
binding site (17). Humanized anti-Tac, as well as the chimeric
version, blocks T-cell activation and has the added advantage
over the original murine mAb of performing ADCC against
human tumor targets (18). More recently, humanized versions
of two murine mAbs against herpes simplex virus gB and
gD glycoproteins have resulted in similar binding, virus neu-
tralization, and cell protection as seen with the original murine
mADb (19).

This paper describes four new reconstructed M195 mAbs in
comparison to the original mouse M195. The four new con-
structs compare favorably to the parental M 195 with respect to
their specificity, immunoreactivity, and internalization, and
they showed increased avidity of binding and improved immu-
nological functions, such as ADCC. Therefore, these constructs
hold potential promise for a new approach to the treatment of
AML.

MATERIALS AND METHODS

MAb. Mab M195 (anti-CD33) originated in BALB/c mice immu-
nized with leukemia cells from a patient with AML and was produced
from hybridomas and purified as described previously (4, 5). Human-
mouse chimeric IgG, with human-derived constant regions for IgG1
and IgG3 (ChG1, ChG3), and CDR-grafted humanized M 195, retain-
ing only the CDRs and other sterically important amino acids from the
mouse IgG (HuG1, HuG3), were constructed as described (20). Sp2/0
hybridoma cell lines secreting the chimeric and humanized M195 were
grown in vitro, and the mAbs were purified on PA-Sepharose (Pharma-
cia, Piscataway, NJ) by affinity chromatography using sequential pH
step elutions (4). Purity was determined on SDS-polyacrylamide gels
stained with Coomassie brilliant blue.
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Cells and Cell Lines. Hematopoietic cell lines, including SKLy16,
RAJI, HL60, and U937 cells, were obtained from the human tumor
banks of the Cancer Immunology Laboratory at Sloan-Kettering Insti-
tute. Hematopoietic cell lines were grown in RPMI 1640/5% newborn
calf serum/10% serum-plus (Hazelton Biologics, Inc., Lenexa, KS).
Mouse NIH-3T3 fibroblasts transfected with the ras gene to enhance
growth rate and AL67 cells, which were NIH3T3 cells transfected with
the ras and CD33 genes and expressing cell surface CD33 (21), were the
generous gift of Dr. Look, Dr. Ashman, and Dr. Peiper (St. Jude’s
Children Research Hospital, Memphis, TN). Fibroblasts were grown
in RPMI 1640/10% serum-plus/10% fetal calf serum with 2 mm
glutamine.

Heparinized peripheral blood samples were obtained from healthy
volunteers and patients on the Leukemia Service at Memorial Hospital
on institutional review board-approved protocols. PBMC were sepa-
rated on Ficoll-Paque (Pharmacia, Piscataway, NJ) gradient centrifu-
gation.

Direct and indirect flow cytometry was conducted as described (5).

Radioiodination and Radioimmunoassay. Purified mAbs were la-
beled with Na-125] (New England Nuclear, Boston, MA) using chloram-
ine-T to start and sodium metabisulfite to stop the reaction. MAbs were
labeled to 2 to 10 xCi/ug of protein. Immunoreactivity was determined
by incubating 3 to 5 ng of radiolabeled mAb with an excess of antigen
(5 % 10%) HL60 cells for 1 h at 4°C. Immunoreactivity of the four
radiolabeled constructs and the original M195 mAb was determined to
be about 50%. Specific binding in these radiobinding assays was deter-
mined by subtracting the amount of radiolabeled mAb bound in the
presence of an excess of unlabeled mAb as previously described (4).

Competition Radioimmunoassay. Comparison of antigen-antibody
avidity between different M195 constructs was done in competition
with 1251-M 195 and !?5I-HuG 1. Increasing amounts of cold mAb were
incubated with 2 X 105 HL60 cells and 50 ng of '25I-mAb in 200 ul of
RPMI for 1 h at 0°C. Cells were washed 3 times in RPMI and counted.
To avoid nonspecific and Fe-receptor binding, competition assays were
done in the presence of human serum. Samples were run in duplicate,
and the avidity of binding was measured by comparing the concentra-
tions of unlabeled competitor where 50% reduction of binding was
achieved as described (18). Experiments were repeated 2 to 3 times
each, and arithmetic means of the data are presented.

Modulation of Cell Surface Antigen. Internalization of the cell sur-
face antigen was measured by incubating 0.5 ug/ml of radiolabeled mAb
with 5 X 105 HL60 cells over time at 0° and 37°C. Cell pellets were
washed twice in RPMI, and then surface-bound M195 was stripped
with 1 ml of 50 mm glycine/150 mm NaCl, pH 2.8, at 24°C for 10 min.
Total cell-associated radioactivity and acid-resistant (internalized) ra-
dioactivity were determined.

CMC. Twenty-five ul of HL60 cells (5 X 106 cells/ml) or fresh
leukemia samples were incubated with 25 ul of diluted rabbit or human
complement and 25 ul of serial dilutions of mAb at 37°C for 60 min.
MADb M31 (IgM anti-CD15) was used as a positive control. Live and
dead cells were enumerated using trypan blue or propidium iodide
exclusion.

Rabbit serum was purchased from PelFreeze (Rogers, AK); human
sera were obtained from volunteers. All complement sources were
stored at —70°C until use and not reused. Complement was used at the

Fig. 1. Diagram of chimeric and
humanized M195 constructs. 4, pa-
rental IgG2a murine mAb. In B, chi-
meric IgGl (ChGl) and IgG3
(ChG3) were made by combining
mouse M195 variable regions with
human constant regions. In C, hu-
manized IgGl (HuGl) and IgG3
(HuG3) are entirely human except
for CDR-grafted murine-derived an-
tigen binding sites and other selected
amino acids. O, sequences of mouse
origin; @, sequences of human ori-

gin. A. M195

maximum concentrations not showing nonspecific lysis of the target
cells, usually from 1:6 to 1:10 final dilution.

Alternately, CMC was determined using the MTT (Sigma Co., St.
Louis, MO) assay as described previously (22). MTT measures cell
viability and correlates well with the trypan blue method. AL67 fibro-
blasts are incubated with MTT together with mAb and human comple-
ment for 4 h, and the metabolized MTT (blue formazon precipitate) is
solubilized with 0.04 m HCI in 2-propanol. The assay is then quantified
using an enzyme-linked immunosorbent assay at 570 nm (BT2000
Microkinetics Reader, Fisher Biotech, Springfield, NJ).

Measurement of CD33 Density on AL67 Cells. The antigen density
of CD33 on HL60 cells versus AL67 fibroblasts was estimated by de-
termining antigen levels and dividing by cell surface area. Cell diameter
was measured both by forward light scatter on flow cytometry and by
direct microscopy. The surface area of nonadherent AL67 fibroblast
cells was calculated to be 1.6 times that of HL60 cells. Radiobinding
experiments showed that the number of M195 antigen sites was 42
times greater for AL67 fibroblasts than HL60 cells (420,000 versus
10,000). The relative increase in the number of sites was confirmed by
measuring mean peak fluorescence using a flow cytometer. Assuming a
spherical shape for AL67 cells when in suspension, a calculation of the
surface area yielded an average antigen density of CD33 epitopes that
was 27-fold greater for AL67 fibroblasts than HL60 cells.

Enzymatic Cleavage of CD33 from the Cell Surface. CD33+ AL67
fibroblasts were incubated with 0.35 units of proteinase K (Bethesda
Research Labs, Gaithersburg, MD) at 37°C. At various time intervals,
an aliquot was washed twice with medium and split in half, and cells
were tested as a target for CMC with human complement and HuG1 as
described above. The number of antigen binding sites was quantified
using direct radioimmunobinding and also by indirect flow cytometry
on the second aliquot.

ADCC. Chromium release assays to determine if chimeric or hu-
manized M195 mAbs were capable of mediating ADCC were conducted
as described previously (4). PBMCs from human volunteers were used
as effector cells, and either HL60 cells or CD33+ AL67 fibroblasts were
used as positive targets. Assays were conducted at 37°C for 5 h and
harvested using a Skatron press, and released 5!Cr was counted in a
Packard gamma counter. Detergent lysed cells were used as a 100%
control. Effector cell only and mAb only treated target cells were used
as negative controls. CD33-negative RAJI and NIH-3T3 cells and a
control HuG1 mAb (Fd 79) (19) were used as controls. Samples were
done in quadruplicate, and the mean was presented. Experiments were
repeated 3 to S times. Standard deviations were always less than 10% of
the mean value.

RESULTS

Specificity. Four new M 195 mAb constructs were made (Fig.
1) as described (20). Specificity was first confirmed against a
panel of CD33* and CD33 cell lines by radioimmunoassay
and then against fresh hematopoietic samples from 47 patients
using a direct fluorescein conjugate of HuG1 M195. The spec-
ificity for myeloid leukemia cells and monocytes in direct com-
parison with other anti-CD33 antibodies and the absence of

%

Human
Framework
Human Regions
Constant Added
Regions
Added

B. Chimeric M195 C. Humanized M195
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Fig. 2. Competition binding assays with murine M195 and HuG1. HL60 cells
(2 X 105) were incubated with increasing amounts of cold murine M195 (@) and
HuG1 (0) and 50 ng of mouse 125I-M195 (4) or 125]-HuGl1 (B) for 1 h at 4°C in
the presence of 2% human AB serum. Cells were then washed, and cell-associated
radioactivity was measured. The HuG1 showed an increased binding avidity to
HL60 cells compared to the parental murine mAb. Regression analysis showed

the linear portions of the two curves to be significantly different (P < 0.0001 for
both figures).

reactivity with cells of other lineages were confirmed in these
assays. The analysis included blasts, lymphocytes, monocytes,
and myeloid cells, separately gated. Immunohistochemistry
confirmed lack of reactivity with normal tissues as well.
Competition Radiobinding Assays. Initial binding curves had
suggested that the CDR-grafted constructs had similar or per-
haps improved binding avidity as compared to the mouse M195
(20). To accurately compare the avidity of binding of the human
constructs to mouse M195, unlabeled mouse M195 and con-
structs were allowed to compete with radiolabeled murine
M 195 for antigen sites on HL60 cells. Human serum was added
to prevent potential artifacts attributable to nonspecific and
human Fc receptor binding. Murine M195 has an avidity of
2.2 x 10° m~! (20). This value was fixed, and the avidity of the
new constructs was computed relative to it. These experiments
showed that the binding avidity of ChG1 was comparable to
that of the mouse M195 (K, = 2.2 X 10° m~!), while ChG3
showed slightly less binding avidity than the original mAb
(K, = 1.5 X 10° m~!). Similar competition experiments using
unlabeled constructs in competition with radioiodinated mouse
M195 or unlabeled constructs in competition with radio-
iodinated HuG1 showed a statistically significant 8.6- (K, =1.9
X 10'° M~1) and 5- (K, = 1.1 X 100 1) fold, respectively,
greater calculated avidity of binding for the HuG1 as compared
to the mouse M 195 (Fig. 2). HuG3 also showed a 4-fold greater
avidity than the murine M195 (K, = 8.8 X 10° m~1). The
increased avidities of the humanized mAbs as measured by

these more accurate competition experiments were consistent
with, but greater in magnitude than, the increased avidities
suggested by Scatchard analysis (20).

Internalization of Bound M195. Studies in vitro and in hu-
mans in vivo have shown that M195 is capable of rapidly inter-
nalizing into target cells upon binding to antigen (4, 9). Direct
radioimmunobinding studies at 37°C showed that the radiola-
beled mouse mAb became associated with HL60 cells over time
in an acid-resistant compartment, i.e., not on the cell surface
(Fig. 34). Both HuG1 (Fig. 3B) and HuG3 (not shown) behaved
with similar kinetics. At 0°C, no radioactivity entered the cell
above a baseline level less than 10% of the total cpm. However,
at 37°C the amount of radiolabel inside the cell steadily in-
creased. By 4 h, 25% of the cell-associated radiolabel was in-
ternalized into the cell.

CMC. Assays were performed to determine whether M195
constructs were capable of killing cells in the presence of rabbit
and human complement. All four mAbs were capable of CMC
of HL60 cells with rabbit complement (Fig. 4). Murine M195,

=
o.
(3]

20000

1 -

0000 e O O- O
o Al L] T o
0 100 200 300
TIME (min)

Fig. 3. Internalization of mouse or humanized 1251-M195 over time. HL60
cells were incubated with murine 1251-M 195 (specific activity, 1.2 X 103 cpm/ng)
(4) or '25I-HuG1 M195 (specific activity, 8 X 10° cpm/ng) (B) for the times
shown along the abscissa. Total cell-associated cpm were determined at 0°C (@®- -
-@) and 37°C (@——@). Cell surface-bound IgG was then stripped using 50 mm
glycine-HCI, 150 mm NaCl, pH 2.8, and internalized cpm were measured at 0°C
(O- - -0) and 37°C (O——0).At 37°C, both the mouse and humanized mAb
showed that 25% of the label entered the cell by 4 h.
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Fig. 4. CMC on HL60 cells with M195 constructs using rabbit complement.
Twenty five ul of HL60 cells (5 X 105 cells/ml) were incubated for 1 h at 37°C with
equal volumes of diluted rabbit complement and serial dilutions of mAb. Trypan
blue exclusion or propidium iodide was used as an indicator. Murine M195 (A)
(4), ChG1 (O—0) and ChG3 (@—@) (B), and HuG1 (0) and HuG3 (W) (C) were
all effective at lysing the HL60 cells with rabbit complement. All constructs
showed a prozone effect at the highest concentrations of mAb.

ChG1, ChG3, and HuG1 yielded 50% cell lysis at a concentra-
tion of 0.1 to 0.5 ug/ml. However, HuG3 was consistently less
efficient at CMC with rabbit complement, achieving less than
50% maximum cell killing. All four constructs showed a pro-
zone effect, with a decline in activity at the highest concentra-
tions of mAb. None of the mAbs was effective in lysing HL60
cells when human serum from several normal individuals at
varying concertrations was used as a source of complement.
AL67 fibroblasts, which are mouse NIH3T3 cells that ex-
press high levels of human CD33* antigen, were studied to
determine whether an increased antigen density would permit
M195 and its constructs to kill by activation of the complement
cascade using human complement. Assayed by trypan blue ex-
clusion, M195 and all four constructs were cytotoxic to the

ALG67 fibroblasts with both rabbit and human complement.
Control NIH3T3 fibroblasts did not bind mAb and were not
killed by M195 or the constructs in the presence of either com-
plement. To quantitate the titer of the constructs for human
CMC against the adherent AL67 fibroblasts, an MTT assay,
which measures cellular metabolism, was used (Fig. 5). Human
CMC was antibody concentration dependent. Murine M195,
ChG1, and HuG1 demonstrated cytotoxicity curves with 50%
cell lysis seen at 1 to 3 ug/ml (Fig. 5). HuG3 was also similar to
murine M195, while ChG3 was less effective at cell killing with
human complement, even at high concentrations of antibody
(results not shown).

Correlation of CD33 Antigen Density and CMC. To deter-
mine a relationship between the number of antigen sites and
CMC activity using the HuG1 and human complement, AL67
fibroblasts were incubated with proteinase K at varying time
intervals to cleave CD33 sites. The number of remaining CD33
sites correlated with the ability of HuG1 to cause cell killing
using human complement. As shown in Fig. 6, a critical number
of CD33 sites was needed for CMC to occur. When fewer than
150,000 sites were present, CMC was minimal. Above this
critical level, the amount of CMC linearly increased with the
number of CD33 antigen sites.

Antibody-dependent Cellular Cytotoxicity. The capabilities
of M195 constructs at mediating ADCC were determined in
chromium release assays. Mouse M195 did not show evidence
of ADCC using PBMCs as effector cells. In contrast, experi-
ments with ChG1 and ChG3, as well as HuG1 and HuG3,
demonstrated a dose and effector cell-dependent activity
against HL60 targets. ChG1 and ChG3 showed a maximum
killing of 20 to 30% in 5-h assays at high effector:target ratios
(100:1) and increasing antibody concentrations (1 to 10 ug/ml)
(results not shown). The CDR-grafted HuG1 showed slightly
lower levels of ADCC, with a maximum killing of 10 to 20% at
5 h of incubation with HL60 target cells as shown in a repre-
sentative experiment (Fig. 74). HuG3 also showed similar lev-
els of ADCC. No additional killing was seen with any construct
at concentrations above 10 pg/ml and, in some cases, reduced
effects were seen with increasing antibody, possibly due to in-
creased modulation. When CD33+ AL67 fibroblasts were used
as target cells, HuG1 showed high levels of killing (40 to 70%)

0.51
0.4

0.31

OD 570 nm

0.2 1

0.1
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.01 1 1 10
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Fig. 5. CMC on CD33* AL67 fibroblasts with M195 constructs using human
complement. An MTT assay (see text) was used to quantitate the titer of mAb for
human CMC on AL67 fibroblasts that have been transfected with the ras gene and
express high levels of human CD33 antigen. Cells are incubated with human
complement and then MTT for 4 h. The assay is then quantified using an ELISA
at 570 nm. M195 (@), ChG1 (M), and HuG1 (O), as well as HuG3 (results not
shown), all demonstrated a similar dose-dependent cytotoxicity curve. The ability
of M195 mAbs to perform human CMC with CD33* fibroblasts may be ex-
plained by their higher antigen density compared to HL60 cells.

100
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Fig. 6. Correlation of CD33 antigen density and CMC using HuG1 and human
complement. CD33+ AL67 fibroblasts were incubated with 0.35 units of protein-
ase K at varying time intervals. The number of sites was determined by direct
radioimmunoassay and was plotted against the percentage of cells killed after
CMC in the same aliquot. Above a critical number of CD33 sites, the ability of
HuG1 to mediate CMC using human complement linearly increased with the
antigen density.
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Fig. 7. ADCC of humanized M 195 as a function of concentration and effector:
target ratio at 5 h of incubation. Chromium release assays were conducted as
described in “Materials and Methods” using either HL60 or CD33+ AL67 fibro-
blasts as target cells and PBMCs as effector cells. 4, HuG1 at 1 ug/ml (M) and 10
ug/ml (&) against HL60 cells; B, HuG1 at 0.1 ug/ml (M), 0.33 pg/ml (), and 3.3
ug/ml (&) against AL67 fibroblasts. HuG1 demonstrated dose-dependent and
effector cell-dependent increases in ADCC against HL60 cells. When tested
against CD33* AL67 fibroblasts, HuG1 showed higher levels of killing than
against HL60 cells at a log lower concentration. Columns, mean; base, SD.

at a log lower concentration. This high level of killing was
independent of effector:target ratio (Fig. 7B).

These results for ADCC varied, depending on the source of
effector cells, largely because of variations in nonspecific effec-
tor cell killing of targets in the absence of mAb. No killing was

seen with a control HuG1 mAb (FD79) (19) and HL60 cells or
with HuG1 M195 and CD33-negative RAJI cells or NIH3T3
cells. In other experiments (not shown), killing was seen at mAb
concentrations ranging from 1 to 100 ug/ml and at effector:tar-
get ratios of 10 to 100:1, but not at 5:1.

DISCUSSION

Techniques are now available to genetically graft the mouse
IgG CDR regions onto human IgG framework regions, result-
ing in new humanized IgG that are entirely human except for
the hypervariable regions involved in antigen binding (12-14).
The two major aims in developing a humanized M195 mAb are
to take advantage of natural immune effector functions to de-
stroy leukemic cells and to avoid neutralizing HAMA respons-
es. In this way, an unmodified M195 may be used rather than
relying on conjugation to radiolabels or toxins. Newly geneti-
cally engineered chimeric and humanized versions of M195, a
mouse IgG2a mADb reactive with the CD33 antigen of early
myeloid cells, show improvements over the murine mAb in both
avidity and recruitment of host effector cells.

ChG1 and ChG3 bound to HL60 cells with similar or slightly
less avidity than that of the original murine mAb. Other chi-
meric mAbs have shown similar avidities to the mouse immu-
noglobulin from which they were derived (23-25). In contrast,
the complete reengineering of the humanized IgG did modify
the avidity, in this case toward increased avidity. The HuG1 and
HuG3 showed a markedly higher avidity, respectively, than the
original mouse M195, in competition with radiolabeled M195
for binding to HL60 cells. Since competition experiments for
HuG1 were done using either '25I-HuG1 or '?5I-M195, it is
unclear which result is more accurate and may relate to radio-
iodination damage. Since radioiodination would decrease avid-
ity, the higher avidity is the more accurate description. These
results corroborated the suggested higher binding avidities of
the human mAb, compared to the murine and chimeric M195,
as calculated from the Scatchard plots (20).

Direct radiobinding experiments to determine avidities as are
done for Scatchard analysis may be affected by artifacts gener-
ated in the radioiodination of the immunoglobulin either due to
radioiodination in the binding site or denaturation during the
process. There are five tyrosine residues in the heavy chain
CDR and one tyrosine residue in the light chain CDR of M195
that could be attacked in the radioiodination procedure.

This is the first reported instance of a newly constructed
humanized mAb having a higher avidity than the parental mu-
rine mAb. Other humanized mAbs, anti-Tac-H (18) and mAbs
against herpes simplex virus gB and gD glycoproteins (19),
showed comparable to slightly lower, but not improved, avid-
ities compared to the original mouse mAb in competition bind-
ing experiments. Comparisons of the variable region sequences
of M195 (20) have revealed a loss of a carbohydrate binding site
in the variable region from the CDR-grafted M195 antibodies.
Thus, the mechanism for the increased avidity involves a
change in a carbohydrate content in the humanized V region
relative to the mouse V region. This hypothesis has now been
confirmed by construction and analysis of new variable regions
with and without the carbohydrate site.*

The ability to internalize and carry radioactivity into target
cells has been important in the in vivo therapeutic effects of
M195 (9, 10), or for the use of toxins to purge bone marrows of

4 Manuscript in preparation.
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AML cells in vitro (26). Here we show that the HuG1 and
HuG3 were also capable of internalizing into HL60 cells over
time at 37°C. Antigenic modulation may pose specific problems
for future mAb trials. Although a rapid decrease of mAb from
the cell surface allows for radiolabel and toxins to enter the cell
and cause killing, a disadvantage of this process would be lim-
ited access of the mAb for CMC and ADCC (14, 27).

One of the advantages of chimeric and human mAbs over
murine mAbs is their ability to mediate ADCC (18, 28, 29) with
human PBMC. It is surprising that the humanized M 195 mAbs
were slightly less effective at ADCC than the chimeric mAbs.
One possible explanation is the change in a carbohydrate moi-
ety attachment site on the IgG framework region that occurred
during reconstruction increased avidity and rates of modulation
(not shown). This alteration may be responsible for the de-
creased activity.

Isotype is of importance in determining the level of ADCC.
Junghans et al. (18) reported that only the human G1 isotype
(chimeric and humanized variants) of anti-Tac-H promoted
ADCC. Briiggemann et al. (30) also found that chimeric IgG1
was the most effective isotype in mediating ADCC against a
hapten-derivatized human T-cell line. Among the CAM-
PATH-1 family of mAb, only rat IgG2b was active in ADCC
(31). Others have found higher levels of macrophage ADCC
when IgG mAbs of different isotypes and recognizing different
antigens were used in combination against lymphoma targets
(32).

Cytokines may be necessary to optimize ADCC activity by
increasing various effector cell functions and numbers. IL-2 has
been shown to potentiate ADCC of human effector cells with
mouse anti-melanoma mAb (33, 34), against malignant B-cell
lines using the murine Lym-1 mAb (35), and against the IL-2
receptor using chimeric and humanized anti-Tac mAb (18). In
addition, vy- interferon (36) and granulocyte-macrophage (37)
and macrophage colony-stimulating factor (38) have also been
shown to augment ADCC against human tumor cells using
human effector cells. Combining IL-2 and PBMCs as effector
cells to augment chimeric and humanized M195-mediated
ADCC showed that similar enhancement occurred against
HL60 target cells (data not shown).

Murine, ChG1, ChG3, HuGl1, and HuG3 all killed HL60
cells at low concentrations in the presence of rabbit comple-
ment. This shows that M 195 is capable of binding rabbit Clq
and initiating the complement cascade. Although HuG3 was
the least effective mAb in this regard, this cannot be explained
by differences in isotype alone, since ChG3 was as efficient at
rabbit CMC. The ChG3 showed decreased avidity, as well as
increased instability in solution over time (months), as evi-
denced by progressive precipitation and breakdown on SDS-
gels. This subtle instability may result from the long hinge
region of the IgG3 and may account for the reduced activities
seen (30).

None of the M195 constructs showed any killing of HL60
cells with human complement. The ability to kill AL67 cells
with M 195 constructs was a function of CD33 antigen density,
since effective killing of AL67 fibroblasts, but not HL60 cells
with a 27-fold lower antigen density, was seen with dilute hu-
man serum as a complement source. The lack of killing of
HL60 cells could not be solely attributed to homologous re-
striction factors on HL60 cells (39), since reduction of the
number of CD33 sites on AL67 cells by enzymatic cleavage also
rendered them insusceptible to CMC. Others have found that
the tumoricidal effects of an IgG2a mAb correlated with anti-

body density on the tumor cells (40, 41). Because more efficient
killing of AL67 cells was seen, this suggested, as with CMC,
that ADCC was also dependent on antigen density. Marked
killing (80%) was seen against AL67 targets at low effector:tar-
get ratios and low humanized M195 concentrations. We are
currently investigating drugs to up-regulate the CD33 antigen
density on HL60 cells. This might permit adequate C1q binding
and, hence, enhancement of CMC with human complement
using M195 constructs. MAbs which have potent CMC in vitro
have shown tumoricidal effects in vivo, but whether lack of these
effects in vitro will correlate with a lack of effect in humans in
vivo is not known (14).

The mouse M195 alone has shown no immunological effec-
tor functions in humans in human trials (9). Thus, the evidence
that the engineered M195 constructs demonstrate ADCC and
the ability to fix human complement in vitro is encouraging.
Although not directly cytoxic via human CMC with the ex-
pected numbers of CD33 sites for a typical leukemia cell, op-
sonization via complement receptors may be possible. It is
therefore possible that immunological functions in vivo will also
be enhanced. Clinical trials using humanized M195 are planned
to see whether they will be effective antileukemic agents.

Although chimeric mAbs are the most effective mediators of
ADCC in vitro, they are still capable of generating HAMA and
human antichimeric antibodies that might limit their usefulness
in vivo (14). Hence, a humanized version of M 195 may still be
favored over the murine and chimeric mAbs, regardless of their
biological functions, especially as carriers of toxins or radioiso-
topes. The increased avidity of HuG1 may allow us to use
significantly smaller doses in vivo to achieve saturation of target
cells. We have already shown therapeutic activity with 131]-
M195 in patients with refractory and relapsed leukemias, but
retreatments have been limited by the development of HAMA
(10). '3'I-HuG1 or 3'I-HuG3 may avoid vhis problem. Indeed,
repeated doses of humanized M195 may potentially be given
with the avoidance of HAMA responses, which have previously
resulted in shortened serum half lives in vivo and in limited
treatment efficacy of the mouse M195 mAb (10).
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