
www.manaraa.com

Plant-derived anti-Lewis Y mAb exhibits biological
activities for efficient immunotherapy against
human cancer cells
Robert Brodzik*, Magdalena Glogowska*, Katarzyna Bandurska*, Monika Okulicz*, Deepali Deka*, Kisung Ko*,
Joke van der Linden†, Jeanette H. W. Leusen†, Natalia Pogrebnyak*, Maxim Golovkin*, Zenon Steplewski*,
and Hilary Koprowski*‡

*Biotechnology Foundation Laboratories, Thomas Jefferson University, Philadelphia, PA 19107; and †Immunotherapy Laboratory, Department of
Immunology, University Medical Center Utrecht, 3508 GA, Utrecht, The Netherlands

Contributed by Hilary Koprowski, April 16, 2006

Although current demands for therapeutic mAbs are growing
quickly, production methods to date, including in vitro mammalian
tissue culture and transgenic animals, provide only limited quan-
tities at high cost. Several tumor-associated antigens in tumor cells
have been identified as targets for therapeutic mAbs. Here we
describe the production of mAb BR55-2 (IgG2a) in transgenic plants
that recognizes the nonprotein tumor-associated antigen Lewis Y
oligosaccharide overexpressed in human carcinomas, particularly
breast and colorectal cancers. Heavy and light chains of mAb
BR55-2 were expressed separately and assembled in plant cells of
low-alkaloid tobacco transgenic plants (Nicotiana tabacum cv.
LAMD609). Expression levels of plant-derived mAb (mAbP) were
high (30 mg�kg of fresh leaves) in T1 generation plants. Like the
mammalian-derived mAbM, the plant mAbP bound specifically to
both SK-BR3 breast cancer cells and SW948 colorectal cancer cells.
The Fc domain of both mAbP and mAbM showed the similar binding
to Fc�RI receptor (CD64). Comparable levels of cytotoxicity against
SK-BR3 cells were also shown for both mAbs in antibody-depen-
dent cell-mediated cytotoxicity assay. Furthermore, plant-derived
BR55-2 efficiently inhibited SW948 tumor growth xenografted in
nude mice. Altogether, these findings suggest that mAbP originat-
ing from low-alkaloid tobacco exhibit biological activities suitable
for efficient immunotherapy.

breast and colorectal cancer � plant biotechnology � transgenic
low-alkaloid tobacco � tumor growth inhibition

A lthough current demands for therapeutic mAbs are growing
quickly, production methods to date, including in vitro

mammalian tissue culture and transgenic animals, provide only
limited quantities at high cost. Other available systems, such as
bacterial and yeast, do not provide specific machinery for protein
posttranslational modifications required for an active or partially
active mAb.

The use of mAbs in diagnosis and treatment of various
carcinomas has increased in recent years. mAbs against tumor-
associated antigens have proven effective in cancer treatment,
especially in conjunction with classical chemotherapy and
radiotherapy (1, 2). By binding to antigen expressed on the
surface of cancer cells, mAbs trigger antibody-dependent
cell-mediated cytotoxicity (ADCC) or complement-dependent
cytotoxicity, which kills abnormal cells (3–5). ADCC requires
the presence of tumor cells overexpressing the tumor-
associated antigen, efficient binding of the mAb to this anti-
gen, and effector cells, e.g., macrophages that recognize mAbs
through their Fc receptors. mAb BR55-2 recognizes the Lewis
Y oligosaccharide antigen (LeY), which is overexpressed
predominantly on breast, lung, ovary, and colon cancers (6–8).
Murine mAb BR55-2 (IgG2a) inhibits tumor growth and kills
human cancer cells xenotransplanted in nude mice (9). Under
physiological conditions, LeY is expressed predominantly dur-

ing embryogenesis but is restricted to granulocytes and epi-
thelial surfaces in adult tissue (10).

Recently plants have become a prospective replacement bio-
reactor for currently available production systems to manufac-
ture biopharmaceuticals (11, 12). Moreover, plants offer several
advantages as a mAb production system, such as the lack of
human pathogens, relatively low-cost manufacturing, and ease of
production scale-up. Our group has recently shown that recom-
binant mAb can be safely purified from tobacco plants (13).

Previously we successfully expressed the human rabies virus-
neutralizing mAb SO57 (14) and the murine anticancer mAb
C017-1A (15) in planta. Both plant-derived mAbs (mAbP)
showed excellent in vivo activity similar to that of the parental
mAb produced in the mammalian system. However, whereas
efficacy of the virus-neutralizing mAb SO57 depends mainly on
its activity in binding to virus antigens (16), mAbs for use in
cancer immunotherapy require both tumor-associated antigen
binding activity and interaction with Fc receptors to exert ADCC
effector functions.

Here we report the successful expression and assembly of
functional LeY oligosaccharide-specific mAb BR55-2 in trans-
genic tobacco plants with low alkaloid content (LAMD609). The
mAb fusion to the KDEL signal sequence helped to retain the
protein inside the endoplasmic reticulum (ER), thus enhancing
mAb assembly in plant cells (17). Consequently, it helped to
increase the final mAb yields from the plant production system.
No significant differences in biological activities suitable for
efficient immunotherapy were observed between the mAbP and
the mAb BR55-2 obtained from the mammalian system (mAbM).
Our results clearly indicate that plants can be used as an excellent
source of fully active mAbs.

Results
Generation of Transgenic Plants Expressing Lewis Y-Specific mAb
BR55-2. cDNA of heavy chain (HC) � and light chain (LC) � of
mAb BR55-2 (9) were cloned from the hybridoma-producing
murine IgG2a LeY oligosaccharide-specific antibody and placed
into the pBI121 binary vector (Clontech), yielding pRB59-2 (Fig.
1A). The direction of LC and HC expression cassettes using the
caulif lower mosaic virus 35S promoter (35SPro) containing a
duplicated upstream enhancer region (18) for both genes was
inverted. The untranslated region from alfalfa mosaic virus
RNA4 (E1) or tobacco etch virus (E2) was placed before the LC
and HC coding sequences, respectively. Of 36 putative tobacco
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transformants regenerated on medium with kanamycin, 16
showed integration of HC and LC genes in the genomic DNA
(data not shown) and the presence of both proteins in leaf extract
(Fig. 1B), as confirmed by PCR and Western blot analyses.
Quantitative ELISA indicated expression levels of assembled
mAb at 16 and 17 mg�kg of fresh leaves in lines 8 and 6,
respectively (data not shown). Line 8, which expressed among
the highest detectable amounts of mAb, was self-crossed to
obtain homozygous line. Expression and assembly of full-size
mAb in randomly selected T1 progeny of line 8 were confirmed
by Western blot and quantitative ELISA (data not shown).
Average mAb expression levels in this line were similar to those
observed in the parental plant (T0 generation), except for plant
line 15, which expressed more (31 mg�kg) in fresh leaves.

Purification of Plant-Expressed mAb BR55-2. Antibody was purified
from leaves harvested from 10- to 12-week-old T0 plants grown
in a greenhouse. Protein A column purification yielded an
average of 3 mg of mAb BR55-2 per kilogram of fresh leaves.
SDS�PAGE analysis of the purified antibody revealed two major
bands in the eluate (50-kDa HC and 25-kDa LC) (Fig. 2) and a
few additional faint bands, which were of plant origin as con-
firmed by immunostaining analysis (data not shown). The purity
of mAbP was at least 90%.

Specific Binding of mAbP BR55-2 to LeY-Overexpressing Cancer Cells.
SK-BR3 human breast cancer and SW948 colorectal carcinoma
cells, which both overexpress LeY, were used as target cells in an
ELISA to assess the ability of mAbP BR55-2 to recognize the
LeY. A431 human adenocarcinoma and WM115 human mela-
noma cells were used as negative controls. Like the mAbM, mAbP

BR55-2 had significantly higher absorbance to SK-BR3 and
SW948 cells as compared with controls (Fig. 3). Absorbance was
low in all cancer cells incubated with protein extract from
nontransgenic plant (WT) or with PBS. EpCAM-specific anti-
body CO17-1A (19) showed high absorbance only on SW948
cells (Fig. 3).

Interaction of mAb BR55-2 Fc with Fc�RI Receptor (CD64). Binding of
mAbP and mAbM BR55-2 to U937 cells expressing Fc receptors
was analyzed by flow cytometric assay and found to be very
similar for both mAbs (Fig. 4). Use of normal human serum to
block the interaction between CD64 and the Fc domain of IgGs
reduced the number of cells bound by both mAbP and mAbM

(Fig. 4A, gray line). mAb m22-FITC bound the IFN-�-treated
U937 cells, indicating that the cells express CD64, whereas the
isotype-matched negative control mAb did not (Fig. 4A Right,
black and gray lines, respectively). Similar analysis using 3T3
cells transfected to express CD64 revealed comparable binding
by mAbP and mAbM (Fig. 4B Left and Center, black line). The
wide distribution pattern with two main peaks of bound cells was
observed for both mAbP and mAbM (Fig. 4B, black lines), with
the second peak for mAbP BR55-2 slightly more shifted to the
right compared with mAbM BR55-2 (Fig. 4B Left and Center,
black line). The two-peak pattern was similar to that of the
m22-FITC mAb CD64-specific positive control (Fig. 4B Right).
None of the mAbs bound to mock-transfected cells (Fig. 4B, gray
line).

In Vitro Cytotoxicity of mAbP BR55-2. ADCC assay revealed similar
cytotoxic activity of both mAbP and mAbM BR55-2 against
SK-BR3 breast cancer cells (16.8 � 4.0% and 20.2 � 3.1%
specific lysis, respectively) but no significant killing of WM115
melanoma cells (3.8 � 2.2% and 1.7 � 2.1% specific lysis,
respectively), which do not overexpress LeY on the surface (Fig.
5). Melanoma-specific control mAb ME3.61 showed cytotoxicity
against WM115 cells but not against SK-BR3 cells (13.3 � 2.2%
and 1.1 � 1.0% specific lysis, respectively).

Fig. 1. Expression of mAb BR55-2 in T0 transgenic tobacco plants. (A) Schematic representation of pRB59-2 plant expression plasmid. The region between RB
and LB (RB and LB, right and left borders of Agrobacterium Ti plasmid, respectively) was transferred into tobacco genomic DNA by A. tumefaciens. 35SPro, the
cauliflower mosaic virus 35S promoter with duplicated enhancer region; E1 and E2, untranslated leader sequence of alfalfa mosaic virus RNA4 or tobacco etch
virus, respectively; LC and HC, coding sequence of LC and HC of BR55-2 murine IgG2a, respectively; 35ST and NosT, terminator of cauliflower mosaic virus 35S
gene and nopaline synthase, respectively; kdel, ER retention signal; nptII, nopaline synthase cassette conferring resistance to the antibiotic kanamycin. (B)
Western blot of total protein extract from regenerated tobacco plants transformed with pRB59-2 plasmid (lanes 1–15). Blots were detected with anti-mouse
HC�LC-specific antibodies conjugated with horseradish peroxidase. Lane C, 20 ng of mAb BR55-2 purified from hybridoma; lane WT, protein extract from
nontransgenic tobacco. Filled and open arrows indicate HC and LC of mAb BR55-2, respectively.

Fig. 2. SDS�PAGE of the mAb BR55-2 purified from plants. Two amounts of
purified mAbs (1 and 10 �g) of mAbM or mAbP were loaded on the gel and
stained with Coomassie brilliant blue R250. Filled and open arrows indicate HC
and LC of mAb BR55-2, respectively. TP indicates total protein extract from
plant leaf.
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Suppression of Tumor Growth in Mice by mAbP BR55-2. Nude mice
were xenografted with SW948 colorectal cancer cells and in-
jected with mAbM BR55-2 or mAb ME3.61 (positive and neg-
ative controls, respectively) or with mAbP BR55-2 (Fig. 6). No
visible tumor growth was observed up to 25 days after injection
of cancer cells in any mouse that received either mAbP or mAbM

BR55-2. In mice treated with control mAb ME3.61 the first signs
of tumor development appeared at 10 days after tumor cell
injection and grew rapidly thereafter, with a mean of 607 mm3

by 35 days. At 28 days, a slightly higher mean tumor volume was
detected in the mAbP-treated mice group compared with that of
mAbM-treated mice. At 35 days, mean tumor volumes of both
mAbP- and mAbM-treated mice were significantly less (P � 0.002
and P � 0.001, respectively) than that of the control group.

Discussion
In this study we explored the possibility of producing in planta
a fully functional mAb that recognizes LeY present on a certain
type of cancer cells. Our data clearly indicate that the plant-
derived anti-LeY mAb BR55-2 (mAbP) has similar biological
activities suitable for efficient cancer immunotherapy (including

in vitro binding specificity of cancer cells, Fc�RI receptor binding
activity, ADCC activity, and in vivo efficacy in tumor inhibition)
to that of the mAbM. Both genes for the HC and LC were
organized in a binary plasmid as inverted expression cassettes to
reduce the chance of recombination and�or silencing from the
repeated promoter sequence. The mAb was expressed in tobacco
(Nicotiana tabacum cv. LAMD609) with low alkaloid content to
facilitate purification of the mAb. More than 50% of T0 trans-
genic plants contained both HC and LC genes and correspon-
dent proteins (HC and LC) as confirmed by Western blot
analysis. The expression levels of mAb in these plants reached
16–17 mg�kg in fresh leaf material. Some plants of T1 progeny
produce an even higher amount, reaching up to 31 mg�kg of
fresh tissue as confirmed by quantities sandwich ELISA. This is
the highest expression level we have obtained in comparison to
the one reported previously for antiviral (14) or colorectal
cancer-specific mAbs (15.) That might be because of the use of
strong 35S promoter containing a duplicated upstream enhancer
region (18) to drive the expression of both HC and LC genes
and�or insertion of nontranslated viral leaders (tobacco etch
virus and alfalfa mosaic virus) in front of the corresponding

Fig. 3. Specific binding of mAbP and mAbM BR55-2 to LeY-overexpressing cancer cells. A total of 1 �g�ml purified mAbM and mAbP BR55 was incubated on
96-well ELISA plates seeded with LeY-positive SK-BR3 and SW948 cells or LeY-negative A431 and WM115 cells (106 per well). CO17-1A, EpCAM antigen-specific
mAb; WT, 1 �g of total protein extract from nontransgenic tobacco.

Fig. 4. Flow cytometric analysis of binding activity of mAbP and mAbM BR55-2 to the Fc�RI receptor. (A) U937 cells treated with IFN-� to stimulate Fc receptor
expression were incubated with mAbP or mAbM BR55-2 or CD64-specific mAb m22-FITC. Binding activity of mAbP (Left), mAbM (Center), and m22-FITC (Right)
to the activated cells expressing CD64 were analyzed by flow cytometry. Black and gray lines indicate binding of mAbs before or after blocking treatment of
human serum, respectively (Left and Center) or indicate cells treated with m22-FITC or an mAb isotype control (Right). (B) 3T3 cells were transfected with CD64
cDNA and treated with mAbP BR55 (Left), mAbM BR55 (Center), or mAb m22-FITC (Right). Black and gray lines indicate transfected or mock-transfected cells bound
by each mAb, respectively.
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coding sequences. In addition, the ER retention signal KDEL
(Lys–Asp–Glu–Leu) peptide was fused at the C terminus of the
HC to enhance stability and increase overall accumulation of the
protein (17, 20).

The assembled mAb BR55-2 was isolated from pooled leaf
material of all T0 plants with a simple two-step purification
process and was used for subsequent biological functional anal-
yses. Based on the mean expression levels of mAb in primary
transformants (6 mg�kg of fresh leaf), we obtained 50% recovery
of recombinant mAb from plant tissue. These results show that
regulatory elements in expression cassettes can significantly
improve the overall yields. The use of low-alkaloid tobacco
plants is feasible for efficient mAb production.

A binding assay of plant and mAbM BR55-2 with four different
cancer cell lines (SK-BR3, SW948, A431, and WM115) showed
similar specificity in recognizing the LeY oligosaccharide anti-
gen present on SK-BR3 (breast cancer) and SW948 (colorectal
cancer), whereas mAb CO17-1A specific for the GA733-2 anti-
gen recognized only SW948 cells. These results are consistent

and correlate with the abundant presence of LeY on both
SK-BR3 and SW948 cells (6–8), whereas GA733-2 antigen was
present at high density on SW948 but not on SK-BR3 or other
cell lines studied (21, 22). These data indicate that mAbP BR55-2
is highly specific in recognizing LeY.

In vitro binding activity of the Fc�RI receptor (CD64) to
mAbP and mAbM indicated that the Fc binding activity was
similar for both mAbs. The interaction between CD64 and the
Fc of the mAbP and mAbM was blocked by human IgG to almost
the same extent, suggesting that mAb BR55-2 specifically bound
the Fc receptors expressed on U937 cells. The binding assay with
3T3 cells expressing only CD64 further confirmed that both
mammalian and plant mAbs bind specifically to CD64. The wide
distribution of cell number bound by mAb m22-FITC (Fig. 4B
Right) to 3T3 cells showed that the CD64 expression level was
somewhat heterogeneous among the transfected cells. The pat-
tern of cell distribution was quite similar among all three mAbs
(Fig. 4B). We did not observe any differences between mAbP and
mAbM in binding to CD64, which is consistent with the results
of the experiment using human serum to block mAbP and mAbM

binding to U937 cells. The similar specific binding activity of the
mAbP and mAbM BR55-2 to CD64 (FC�RI) assumes impor-
tance because CD64 interaction with Fc of the mAb is essential
for IgG-dependent phagocytic and ADCC activities (23–25).
Moreover, it is known that Fc�RI is the essential receptor for
antibody therapy in a mouse melanoma model (26).

As expected from the Fc receptor binding experiment results,
mAbP BR55-2 activity in ADCC was not significantly different
from parental mAbM, suggesting that murine macrophages used
as effector cells could bind both antibodies with similar effi-
ciency. In the nude mice experiment, both mAbP and mAbM fully
protected mice from tumor growth up to 25 days. However, after
25 days the mAbP-treated mice showed some increase in tumor
growth, which could be the result of a shorter half-life of plant
mAbP, which itself could be due to the type of glycosylation
(high-mannose) associated with the addition of the ER retention
KDEL motif (13). On the other hand, this fucose-deficient type
of glycosylation of mAbP BR55-2 did not perturb the in vitro
interaction between the Fc of the mAb and the Fc receptor (27,
28). This change in glycosylation also did not alter ADCC with
murine effector cells of mAbP, which is in agreement with
reports from other groups who showed that lack of fucose on the
human IgG1 had no effect on binding to human Fc�RI (28).
Moreover, the removal of carbohydrates resulted in a 15- to
20-fold reduction of the IgG1 binding to Fc�RIII receptor (27),
suggesting that the carbohydrates are important in the function
of the Fc�RIII.

In this article we have presented a complex, well defined
approach to elucidate the biological functions of mAbM and
mAbP. The differences in glycosylation pattern between mAbM

and mAbP remain to be further resolved.
Altogether, our data clearly demonstrate that plant mAbP

BR55-2 shows excellent biological activity similar to that of the
parental mAbM isolated from the hybridoma system. mAbP

recognizes the LeY on both SK-BR3 and SW948 cancer cells and
displays comparable activity in activating macrophages in
ADCC. Comparison of mAb Fc receptor interaction confirmed
equal specificity of the mAbP and mAbM. Plant-derived BR55-2
antibody exhibits biological activities suitable for efficient cancer
immunotherapy.

Materials and Methods
Cell Culture. SK-BR3 human breast cancer, SW948 colorectal
carcinoma, A431 human epidermal carcinoma, WM115 human
melanoma, U937 human lymphoma, and 3T3 mouse fibroblast
cells were obtained from the American Type Culture Collection
and maintained according to the supplier’s instructions. The
hybridoma producing mAb BR55-2 (our laboratory collection)

Fig. 5. ADCC of SK-BR3 human breast adenocarcinoma or WM115 human
melanoma cells mediated by mAbP or mAbM BR55-2. mAb ME3.61 specific for
WM115 cells was used as a control. Percent specific lysis of cancer cells was
calculated as described in Materials and Methods.

Fig. 6. Tumor growth suppression in nude mice by mAbP BR55-2. BALB�c nu�nu
mice were inoculated with 106 SW948 colorectal cancer cells and one dose (100
�g) of mAbP or mAbM BR55-2. The control group received melanoma-specific
murine mAb ME3.61. Thereafter all mice were injected with three additional
doses of each mAb every 3 days for a total mAb dose of 400 �g. Arrows indicate
the day of mAb treatment. Tumor volumes were recorded at 10, 15, 21, 25, 28, 32,
and 35 days after initial inoculation with cancer cells. Data are given as
mean � SD.
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was maintained in DMEM supplemented with 10% FBS. Mouse
macrophages were isolated from CBA mice (The Jackson Lab-
oratory) and cultured as described (29).

Cloning of LC and HC of mAb BR55-2 into the Plant Vector. Cloning
and other DNA manipulations were carried out according to
standard methods (30). Escherichia coli JM109 competent cells
(Promega) were used for plasmid transformation.

Total RNA was extracted from hybridoma cells producing
murine IgG2a mAb BR55-2 (anti-LeY) by using an RNeasy Mini
kit (Qiagen, Valencia, CA). mRNA was reverse-transcribed into
cDNA by using oligo(dT) primers and avian myeloblastosis virus
reverse transcriptase (Promega). cDNA encoding LC and HC
genes of mAb BR55-2 were amplified from the cDNA by PCR
by using murine � and IgG2a-specific primers, respectively. The
LC gene was amplified by using BR55L forward (5�-
TCATGAAGTTGCCTGTTAGGCTTTTGGTGCTGAT-3�)
and BR55L reverse (5�-TCTAGACTAACACTCATTCCTGT-
TGAAGCT-3�) oligonucleotides containing BspHI and XbaI
sites in the 5� region, respectively. The HC gene was amplified
by using BR55H forward (5�-ACCATGGACTTGGGGCT-
CAGCTTGATT-3�) and BR55H reverse (5�-TCTAGAT-
CAAAGTTCATCTTTACCCGGAGTCCGGGAGAAGCT-
3�) oligonucleotides containing NcoI and XbaI sites in the 5�
region, respectively. The BR55H reverse primer contains
sequence-encoding KDEL amino acids as an ER retention signal
in the 5� region. The LC and HC genes were cloned under the
control of the 35S promoter from caulif lower mosaic virus with
a duplicated upstream enhancer region (18) into plasmid pBI525
(31) or pRTL2 (32), respectively. The LC and HC expression
cassettes were transferred as HindIII–EcoRI and HindIII frag-
ments, respectively, into the plant binary vector pBI121 (Clon-
tech), yielding plasmid pRB59-2. The binary plasmid obtained
was transferred to Agrobacterium tumefaciens strain LAB4404.

Plant Transformation. Low-alkaloid tobacco, N. tabacum cv.
LAMD609 (Oxford Tobacco Research Station, Oxford, NC),
was used for Agrobacterium-mediated transformation according
to a published protocol (33) with some modifications. Tobacco
leaf explants from in vitro culture were infiltrated with fresh
overnight culture of Agrobacterium containing pRB59-2 plasmid.
Transformants were regenerated on the plant medium contain-
ing kanamycin (100 mg�liter).

Western Blot Assay. Samples from transgenic plants were collected
and analyzed for mAb content. Briefly, two leaf discs (30 mg) of
plants were homogenized in PBS supplemented with 0.05%
Tween 20 (PBST). Proteins were resolved by SDS�PAGE and
either stained by using Coomassie brilliant blue R250 or trans-
ferred to a nitrocellulose membrane (Bio-Rad). The membrane
was blocked with 5% nonfat milk in PBS and incubated for 1 h
at room temperature with goat anti-mouse Fc� and F(ab�)2
fragment-specific antibodies conjugated to horseradish peroxi-
dase (Sigma) diluted 1:10,000. After washing, reactive protein
bands were visualized with chemiluminescent substrate for per-
oxidase (Pierce).

Purification of Antibody from Plants. For purification of plant
BR55-2 antibody, frozen tobacco plant leaves were homogenized
with PBS buffer containing 0.5% Tween 20 and centrifuged at
15,000 � g for 30 min. The supernatant was filtered through a
Miracloth (Calbiochem), and solid ammonium sulfate was added
to 25% of saturated solution. After 1 h of incubation at 4°C the
solution was centrifuged at 15,000 � g for 30 min at 4°C, the
precipitate was discarded, and ammonium sulfate was added to
the supernatant to 50% saturation. After another 2 h of incu-
bation at 4°C, the solution was centrifuged as before and the
pellet was resuspended in PBS to one-fourth of the original

volume. Soluble proteins were applied to a protein A column
(Amersham Pharmacia), and mAb was eluted according to the
manufacturer’s recommendations. After overnight dialysis
against PBS, mAb was concentrated to 1 mg�ml by using an
Amicon Ultra spin column with a 35-kDa cutoff (Millipore,
Bedford, MA) and stored at �80°C.

Binding of mAbP BR55-2 to Cancer Cells. mAbP was analyzed for
binding activity to SK-BR3 human breast cancer, SW948 colo-
rectal carcinoma, A431 human epidermal carcinoma, or WM115
human melanoma cells. A total of 106 cells were seeded over-
night in 96-well f lat-bottom plates (Nalge Nunc International,
Rochester, NY). Plates containing cell monolayers were washed
twice with PBS and fixed with 0.05% glutaraldehyde in PBS for
20 min at room temperature, and the PBS-washed plate was
stored at 4°C in 50 �l of 0.7% glycine or blocked with 1% BSA
in PBS for immediate use. After washing with PBS, 100 �l of
mAbP, mAbM BR55-2, or melanoma-specific murine mAb
ME3.61 (negative control) at a concentration of 1 �g�ml in PBS
was applied to the plate, followed by four washes with PBST and
addition of 100 �l of anti-mouse Fc�-specific horseradish per-
oxidase-conjugated secondary antibody (Sigma) (1:10,000 in
PBST). After incubation for 1 h at 37°C, plates were washed four
times with PBST and developed with OPD peroxidase substrate
(Sigma), and absorbance at 490 nm was determined by using a
SpectraMAX 340PC microplate reader (Molecular Devices).

Flow Cytometric Analysis of mAbP BR55-2 Binding to CD64�Fc�RI.
U937 human lymphoma cells were treated overnight with 300
units�ml IFN-� (Boehringer Ingelheim, Biberach, Germany)
and incubated for 30 min at 4°C with mAbP or mAbM BR55-2 (10
�g�ml) in PBS containing 1% BSA and 0.02% sodium azide
(immunofluorescence buffer, IFB). Goat anti-mouse antibody
conjugated to FITC was used to stain the murine mAbs bound
to CD64. Cells were washed twice with IFB and analyzed with
a FACSCalibur (BD Biosciences). To confirm the specific
interaction between Fc of mAbs and CD64, 3T3 fibroblasts were
stably transfected as previously described (34) with CD64 cDNA
or mock-transfected and incubated for 30 min at 4°C with mAbP

or mAbM BR55-2 (10 �g�ml) in IFB buffer. Goat anti-mouse
Ab-FITC was then used to detect mAb bound to CD64. After
two washes with IFB, cells were analyzed with a FACSCalibur
(BD Biosciences). mAb m22-FITC (Medarex, Annandale, NY)
was used to confirm CD64 surface expression on both U937 and
transfected 3T3 cells.

ADCC. ADCC assay was performed as described in ref. 35 with
modifications. Briefly, macrophages from 8-week-old CBA mice
(The Jackson Laboratory) as effector cells (5 � 105 cells per
well) were incubated in flat-bottom 96-well ELISA plates (Nalge
Nunc International) for 2 h at 37°C in a 5% CO2 atmosphere in
1� MEM (Cellgro, Herndon, VA) supplemented with 10% FBS.
Cells were washed twice with warm PBS and incubated with 100
�l of SK-BR3 target cells (104 cells per well), which express high
levels of LeY oligosaccharide on the cell surface, and 100 �l of
mAbP or mAbM BR55-2, or mAb ME3.61 (50 �g�ml) as a
control. Cells on plates were spun down at 400 � g for 5 min and
grown for 24 h at 37°C in a 5% CO2 atmosphere. A total of 100
�l of supernatant from each well was moved to a fresh 96-well
plate and tested by using the Cytotoxicity Detection kit (Roche,
Indianapolis) for lactate dehydrogenase activity released from
damaged cells. Absorbance at 492 nm was determined by using
a microplate reader (Molecular Devices). Percentage of specific
lysis was calculated as follows: [(mAb�effectors�target cell mix �
effector cell control) � target cell control]�(high control �
target cell control) � 100. Target and effector cell controls were
determined as an absorbance from cells incubated with medium

8808 � www.pnas.org�cgi�doi�10.1073�pnas.0603043103 Brodzik et al.
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alone. High control was assessed in target cells treated with 1%
Triton X-100 in medium.

Tumor Growth Inhibition in Vivo. Colorectal carcinoma SW948
cells (106 cells) were inoculated s.c. into the necks of 6- to
8-week-old BALB�c nu�nu mice (Charles River Laboratories,
Wilmington, MA). Three groups of tumor-injected mice (five
mice per group) were immediately injected i.p. with 100 �g of
mAbP or mAbM BR55-2 or mAb ME3.61 (negative control),
followed by three injections of the appropriate mAb every 3
days for a total of 400 �g during 9 days. Tumor growth was

recorded at 10, 15, 21, 25, 28, and 35 days after initial injection
and calculated based on the three major diameters measured
with graduated calipers. At the end of the experiment, mice
were killed by CO2 inhalation.
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