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The oncofetal antigen – immature laminin receptor protein (OFA/iLRP) has been linked to metastatic tumor spread
for several years. The present study, in which 2 highly-specific, high-affinity OFA/iLRP-reactive mouse monoclonal
antibodies were examined for ability to suppress tumor cell growth and metastatic spread in the A20 B-cell leukemia
model and the B16 melanoma model, provides the first direct evidence that targeting OFA/iLRP with exogenous
antibodies can have therapeutic benefit. While the antibodies were modestly effective at preventing tumor growth at
the primary injection site, both antibodies strongly suppressed end-organ tumor formation following intravenous
tumor cell injection. Capacity of anti-OFA/iLRP antibodies to suppress tumor spread through the blood in the leukemia
model suggests their use as a therapy for individuals with leukemic disease (either for patients in remission or even as
part of an induction therapy). The results also suggest use against metastatic spread with solid tumors.

Introduction

In 1983, 3 different groups reported the isolation of a 67 kD
laminin receptor protein (LRP) on the surface of human and
murine tumor cells and a mouse muscle cell line.1-4

Eventually, it was demonstrated that the protein was
expressed on a number of different tumor types. Several stud-
ies concluded that the protein was over-expressed at both the
protein and mRNA levels on malignant tissues and cells as
compared to their normal counterparts (reviewed in 5).
Expression levels correlated with tumor progression – i.e.,
increased expression correlated with tumor stage and/or grade
and with poorer prognosis.5 While the consensus of the pub-
lished work was that expression level in cancer tissues and
cells was higher, reactivity with normal tissues and cells was
acknowledged.

Rao et al 6 used a monoclonal antibody to the 67 kD LRP to
isolate a full-length cDNA. The encoded protein had a molecular
size of 32 kD. The authors assumed that the 32 kD protein was
the precursor of the 67 kD mature LRP. Subsequent pulse-chase
experiments established the relationship between the 2 entities.7

Eventually, preparatory amounts of the 67 kD protein were iso-
lated and characterized. The protein was found to be covalently
bound to fatty acids, presumably membrane components, and
had an amino acid profile consistent with it being a dimer of the
32 kD precursor.8 Other studies confirmed acylation with mem-
brane fatty acids, but suggested that the membrane-bound mate-
rial consisted of a heterodimer between the 32-kD protein and
another moiety.9

During this same period in which the LRP was being inten-
sively investigated, Coggin and his colleagues began a series of
studies that culminated in the identification of a 37–44 kD
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protein they termed oncofetal antigen (OFA). This protein was
widely expressed through early fetal growth, lost from the cell
surface at later stages of development, and then re-expressed in a
variety of malignant tumors.10-15 It was eventually confirmed by
sequence analysis that the 37 kD protein referred to as OFA and
the immature form of the laminin receptor were identical pro-
teins,16 and now commonly referred to as OFA/iLRP.

There is evidence that targeting OFA/iLRP can influence
tumor growth and/or metastatic spread. Specifically, it has been
shown that dendritic cells primed with OFA/iLRP or transfected
with RNA specific to OFA/iLRP can induce a T-cell immune
response against OFA/iLRP – positive hematological
malignancies.17,18

There is also evidence (albeit indirect) of a humoral response
when OFA/iLRP is re-expressed in cancer. Friedrichs et al 19–21

detected the presence of pre-existing antibodies to OFA/iLRP in
the serum of some leukemia patients. Serum from patients with
auto-antibodies to OFA/iLRP was cytotoxic for OFA/iLRP-posi-
tive tumor cells in vitro, while serum from subjects without
detectable antibody was not. Most importantly, individuals who
mounted a humoral response had a more favorable prognosis
than those who did not. These findings are consistent with a role
for antibody-mediated anti-tumor activity. In spite of this, how-
ever, there is still no direct evidence in the scientific literature
that targeting OFA/iLRP with exogenous antibody has therapeu-
tic potential. To begin addressing this question, we developed a
series of monoclonal antibodies to a recombinant form of OFA/
iLRP and characterized these antibodies with respect to in vivo
activities in 2 tumor models. Anti-metastatic activity was
observed in both the A20 B-cell leukemia model and the B16
melanoma model.

Results

Characteristics of anti-OFA/iLRP antibodies
Affinity data for 5 anti-OFA/iLRP monoclonal antibodies are

shown in Table 1. All five antibodies demonstrate Kd values in
the picomolar range. Figure 1A demonstrates reactivity of the
same 5 monoclonal antibodies against epitopes in overlapping
12-amino acid peptides from the C-terminal region of the OFA/
iLRP molecule. It can be seen that BV-15 reacts with a peptide
sequence that is distinct from the peptide sequence in which epit-
opes for BV-27, BV-06 and BV-12 are located. It can also be seen
from the figure, that unlike each of the other antibodies, BV-19

demonstrates reactivity with multiple distinct amino acid
sequences.

Confocal immunofluorescence microscopy was used to assess
antibody binding by HCC38 (human breast cancer cells) as well
as normal human epidermal keratinocytes and dermal fibroblasts.
All five antibodies react with the tumor cells (Fig. 1B, upper pan-
els), but of the 5 antibodies, only BV-19 demonstrates strong
staining of normal keratinocytes and fibroblasts (Fig. 1B, middle
and lower panels). In additional studies (not shown), a number
of other human tumor cell lines were also shown to react with
these antibodies. Among these were K562 and HL60 (myeloid
leukemia), HCC1937, MCF-7 and MDA-MB-468 (breast carci-
noma), NCI-N87 and SNU-5 (gastric carcinoma), SNU-398
and Hep3B2.1-7 (hepatocellular carcinoma) and OE33 (esoph-
ageal adenocarcinoma).

Western blotting was used to characterize antibody reactivity
with cell lysates. All five antibodies react strongly with moieties
in the 37 kD region of the gel while only BV-19 shows reactivity
with moieties in both the 37 kD and 67 kD regions (Fig. 1C).
Based on these findings (i.e, high-affinity, specificity for tumor
cells, reactivity with 37 kD OFA/iLRP but not 67 kD mature
LRP and non-overlapping epitopes on the OFA/iLRP moledule),
2 antibodies – i.e., BV-15 and BV-27 – were chosen for in vivo
experiments.

In vivo anti-tumor activity in the A20 (B cell leukemia)
model

In the first series of studies, BV-15 and BV-27 were assessed
for capacity to suppress growth of intramuscular A20 tumor
growth in syngeneic (BALB/c) mice. Both antibodies partially
inhibited primary tumor growth (Fig. 2). When tumor tissue
obtained at the time of sacrifice was examined histologically, tis-
sue sections from both control antibody-treated mice and mice
treated with either anti-OFA/iLRP antibody were characterized
as sheets of undifferentiated tumor cells with areas of necrosis
(Fig. 2, insert). Invasion of tumor cells into the surrounding fas-
cia at the margins was observed in mice treated with IgG2a or
either of the therapeutic antibodies. Other than size, there was
nothing that distinguished tumors from control and treated
animals.

Figure 3A demonstrates effects of BV-15 and BV-27 on liver
tumor formation following intravenous tumor cell injection.
Both BV-15 and BV-27 antibody decreased liver tumor numbers
relative to control IgG2a. Tumor size was also reduced by treat-
ment with either of the 2 antibodies (not shown), although the

Table 1. Affinity values of 5 anti-OFA/iLRP monoclonal antibodies

Antibody ELISA (OFA/iLRP) Bioacore (OFA/iLRP) Biacore (100-AA peptide)

BV-06 6.3 £ 10¡11 1.7£ 10¡10 3.2£ 10¡10

BV-12 3.0 £ 10¡10 6.6£ 10¡10 1.7£ 10¡10

BV-15 7.9 £ 10¡11 1.3£ 10¡10 4.6£ 10¡10

BV-19 1.7 £ 10¡10 Not done Not done
BV-27 7.6 £ 10¡11 1.9£ 10¡10 4.0£ 10¡10

Affinity values expressed as Kd (M).

www.tandfonline.com 725Cancer Biology & Therapy



size of individual liver tumors varied widely in all treatment
groups. When examined histologically after staining with hema-
toxylin and eosin (Fig. 3A insert, upper panels), liver tumors
were seen to consist of discrete tumor nodules (arrows) sur-
rounded by healthy liver tissue. Invasion into the surrounding
liver tissue was apparent in places, and
infiltrating leukocytes could be seen in
the tumor sections. Staining with anti-
bodies to T-cells, macrophage/den-
dritic cells and granulocytes was done
in order to identify the infiltrating
white blood cells observed in the
hematoxylin and eosin-stained sec-
tions. There were few granulocytes in
any of the sections, but T-cells and
macrophage/dendritic cells were pres-
ent in large numbers. T-cells were
seen scattered throughout the tumor
(Fig. 3A insert, middle panels) while
most of the macrophages/dendritic
cells were at the boundary between the
tumor cells and the surrounding nor-
mal liver tissue (Fig. 3A, insert, lower
panels). There appeared to be no
major difference between tumors from
control and antibody-treated mice in

regard to either the type of infiltrating cell, pattern of distri-
bution or relative numbers.

Tumor cell levels in blood obtained from individual mice at
the time of sacrifice are shown in Figure 3B. Shown along the x-
axis is the blood tumor level based on the limiting dilution

Figure 1. (A) Binding of anti-OFA/iLRP antibodies to 12-amino acid peptides from OFA/iLRP. The overlapping 12-AA sequences are shown at left and
antibody reactivity by ELISA is shown in the bar graphs to the right. (B) Interaction of anti-OFA/iLRP monoclonal antibodies with cells by confocal fluores-
cence microscopy. Top row: HCC38 triple-negative human breast carcinoma; Middle row: human epidermal keratinocytes; Bottom row: human dermal
fibroblasts. Cells were fixed in 2% paraformaldehyde but not permeabilized prior to addition of the primary antibody. (C) Interaction of anti-OFA/iLRP
monoclonal antibodies with cell lysates by protein gel blotting (lower panels). In each panel: Lane a: K562; Lane b: HL60; Lane c: HCC38 Breast carcinoma;
Lane d: Normal fibroblasts; Lane e: Normal keratinocytes; Lane f: Immortalized keratinocytes (HaCat).

Figure 2. Effects of anti-OFA/iLRP antibodies on Primary A20 tumor growth. Syngeneic BALB/c mice
were treated with monoclonal antibody BV-15 vs. IgG2a (n D 15 and n D 12, respectively) and BV-27
versus IgG2a (n D 15 and n D 14, respectively). Values are tumor volume means and standard devia-
tions based on diameter measurements in 2 dimensions. Asterisks denote significance from control
at the P < 0.05 level, based on Student t-test. Insert. Histological features of A20 tumor in syngeneic
BALB/c mice treated with control IgG2a or BV-27. No significant difference in tumor appearance is
noted (Hematoxylin and eosin – stained sections, magnification 66x).

726 Volume 16 Issue 5Cancer Biology & Therapy



endpoint. The percentage of mice is shown in the y-axis. Of the
55 animals receiving control antibody (open bars), 35 animals
had >50,000 cells per mL (64%) and the remaining animals had
5000 – 50,000 cells per mL. In contrast, of the mice receiving
either of the 2 therapeutic antibodies, in only 3 of 28 mice
(11%) did we recover >50,000 viable tumor cells per mL of
blood and in 10 of 28 mice (36%) there were 5000–50,000 via-
ble cells. The remaining mice were distributed as follows: 9 of 28
(32%) between 500 and 5000, 1 of 28 (4%) at 50–500 and 2 of
28 (8%) with <50 cells per mL of blood. Each antibody was
compared separately to control IgG2a using Fisher’s Exact Test
and found to be statistically significant (P < 0.001). The two

mice in the BV-27 – treatment group with blood tumor levels of
less than 50 cells per mL represent mice from which no tumor
colonies were established at the highest concentration of blood
analyzed (20 mL in 1 mL). These two mice also had no grossly
detectable tumor nodules in the liver and no evidence of liver
tumors upon microscopic analysis.

In vitro anti-tumor activity in the A20 (B cell leukemia)
model

Figure 4A compares the effects of BV-15 and BV-27 on in
vitro growth of A20 cells. BV-27 was growth suppressive over the
range of antibody concentrations from 5 to 50 mg per mL. Maxi-
mal inhibition was approximately 75%. In contrast, BV-15 had
no significant effect on A20 proliferation in vitro at concentra-
tions up to 50 mg/mL (highest concentration evaluated). In par-
allel, the 2 antibodies were examined for effects on A20

Figure 3. Effects of anti-OFA/iLRP antibodies on A20 tumor growth fol-
lowing intravenous tumor cell injection. (A) Liver tumor formation in
BALB/c mice injected with A20 cells by the intravenous route and treated
with BV-15 vs. IgG2a (n D 15 and n D 14, respectively) and BV-27 versus
IgG2a (n D 13 and n D 12, respectively). Values shown are means and
standard deviations. Asterisks denote significance from control at the P
< 0.05 level based on Student t-test. Insert. Histological and immuno-his-
tological features of liver tumors in BALB/c mice treated with IgG2a or
BV-27. Upper panels; Hematoxylin and eosin stained: Tumors are well-
defined nodules surrounded by normal liver tissue (arrows). Middle pan-
els: T-cell infiltrate: Tumors from both groups demonstrate infiltrating
T-cells in comparable numbers. Lower panels: Macrophages/dendritic
cells: These cells are present in liver tissue from both groups, mostly con-
fined to the border between the tumor and the normal tissue surround-
ing the tumor (arrows). Magnification: Upper panels and lower panels,
66x; middle panels, 130x. (B) Blood tumor levels in BALB/c mice treated
with BV-15 (n D 15) and BV-27 (n D 13) vs. IgG2a (n D 55) animals per
group. Bars represent the percentage of mice in each group with the
blood tumor level shown on the x-axis. Therapeutic antibody and control
IgG2a were compared by the Fisher Exact Test for statistical significance.
Results with both therapeutic antibodies were statistically different from
control at P < 0.001.

Figure 4. Effects of anti-OFA/iLRP antibodies on A20 cells in vitro. (A) In
vitro growth of A20 cells: Effects of BV-15 and BV-27 versus IgG2a. Values
shown are means and standard errors (percent inhibition of growth)
based on n D 4 separate studies with duplicate samples per data point.
Asterisks denote significance from control at P < 0.05, determined by
ANOVA followed by paired group comparisons. (B) Attachment to lami-
nin and fibronectin. Values shown are means and standard errors (per-
cent inhibition of attachment). Laminin data are based on n D 5
separate experiments with duplicate samples per data point. Results
with fibronectin are based on n D 4 experiments with duplicate samples
per data point. Asterisks indicate statistical difference from control at
P< 0.05 based on ANOVA followed by paired group comparison.
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attachment to laminin and fibronectin. Both antibodies reduced
cell attachment to laminin (Fig. 4B). In contrast, neither anti-
body reduced attachment to fibronectin (not statistically different
from control). IgG2a did not affect A20 cell proliferation or
attachment to either substrate at concentrations as high as 50 mg
per mL (not shown).

In vivo anti-tumor activity in the B16 (melanoma) model
In an effort to demonstrate that findings with A20 cells were

not unique to one particular tumor, studies were conducted in
which BV-15 and BV-27 were examined for effects on B16 mela-
noma growth in syngeneic (C57BL/6) mice. Results from the
primary tumor growth studies are shown in Figure 5A. In the
primary tumor growth model, BV-27 reduced tumor growth
modestly (approximately 22% reduction in volume at day-24).
As was the case with A20 leukemic cells, histological examination
of primary B16 melanoma tumors revealed no apparent differen-
ces between IgG2a control- and anti-OFA/iLRP antibody-treated
mice (not shown).

Both antibodies suppressed lung colony formation after intra-
venous tumor cell injection. The average number of lung tumors
per mouse was reduced by either BV-15 or BV-27 relative to con-
trol (Fig. 5B). In addition, the average size of the tumors was also
reduced. In the IgG2a – treated mice, the average tumor size was
approximately 1.77 C 1.33 mm (diameter) compared to 1.03 C
0.64 mm and 1.08 C 0.21 mm for animals treated with BV-15
and BV-27, respectively. The differences in average lung tumor
size primarily reflected a reduction in the number of larger
(greater than 3 mm) tumors in the antibody-treated mice.

Discussion

OFA/iLRP is expressed on a variety of tumor cells, and studies
going back to the 1980s have linked expression with metastatic
potential.5 Until now, however, there has been no direct evidence
to show that targeting this tumor cell surface protein with mono-
clonal antibodies has therapeutic potential. In the present study,
we show that 2 different murine monoclonal antibodies (reactive
with 2 different epitopes in the extracellular region of the OFA/
iLRP molecule) have anti-tumor efficacy in a highly aggressive,
syngeneic, murine model of B-cell leukemia. In this study, both
high-affinity IgG antibodies modestly suppressed primary tumor
growth. More importantly, both antibodies strongly reduced liver
colonization following intravenous injection of the A20 cells.
Inhibition of liver tumor formation was associated with clearing
of tumor cells from the blood. In addition to studies conducted
with a B-cell leukemia line, additional experiments demonstrated
that efficacy was not limited to this tumor. In studies with highly
aggressive B16 melanoma, both BV-15 and BV-27 suppressed
metastasis formation in the lungs. These data provide proof-of-
concept that OFA/iLRP can be used as a target for anti-cancer
therapy with the appropriate monoclonal antibody. While tumor
growth was not completely suppressed with either antibody
(except in the case of 2 animals receiving BV-27 in the intrave-
nous model), the conditions of treatment (6 injections with

Figure 5. Effects of anti-OFA/iLRP antibodies on B16 melanoma tumor
growth in vivo. (A) Primary B16 melanoma tumor volume in syngeneic
C57BL/6 mice treated with monoclonal antibody BV-15 and BV-27 vs.
IgG2a (n D 9, n D 10 and n D 9 mice, respectively). Values are tumor vol-
ume means and standard deviations based on diameter measurements
in 2 dimensions. (B) Lung tumor formation in C57BL/6 mice injected
with B16 melanoma cells by the intravenous route and treated with BV-
15 and BV27 versus IgG2a (n D 15, nD 14 and nD 13 mice, respectively).
Values shown are means and standard deviations. Asterisks denote sig-
nificance from control at the P < 0.05 level, based on ANOVA followed
by paired-group comparisons. Insert: Hematoxylin and eosin stained
lung tissue: Tumors were well-defined nodules on the lung surface or
within the parenchyma (arrows) (Magnification, 66x).
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100 mg of antibody per mouse) were far below levels that can be
employed clinically.

Chronic (B cell) lymphocytic leukemia may go untreated for
years, but when the disease progresses into an acute form, it has
to be treated aggressively. Chemotherapeutic agents and small
molecule inhibitors or antibodies targeted to specific signaling
pathways (often in combination) are most often used,22,23 as
they are in other forms of acute leukemic disease.24-28 A mono-
clonal antibody that reduces circulating tumor cells could find
clinical utility, e.g., as an adjuvant therapy in leukemia/lym-
phoma patients during acute disease. Alternatively, such an anti-
body might find use in a regimen for preventing tumor
recurrence with patients in remission. Controlled clinical studies
will be needed to determine how, and to what extent, BV-15 and
BV-27 might be useful in treatment of leukemic disease. While
the in vivo studies described here made use of a single line of
B-cell leukemia, other B-cell lines, as well as cell lines originating
from T-cells and myeloid cells, express surface OFA/iLRP.18 Pos-
sible utility against blood-borne spread of solid tumors is also
suggested. It is of interest in regard to these animal studies that
murine and human OFA/iLRP protein sequences are virtually
identical.16 Therefore, the in vivo findings in the syngeneic
mouse models are likely to be more predictive of what will be
seen in humans than is typically the case where the mouse and
human proteins are homologous but structurally and antigeni-
cally distinct.

Mechanism(s) underlying efficacy in the animal models is/are
not understood. For instance, we observed no significant histo-
logical differences in either primary or metastatic tumors that
would suggest a mechanism. Furthermore, when liver tumor sec-
tions (A20 model) were examined for the presence of infiltrating
leukocytes, tumors from control mice (IgG2a – treated) and
mice treated with either anti-OFA/iLRP antibody had T cell
infiltrates, but the level of infiltrating cells did not appear to be
significantly different. Likewise, large numbers of macrophages/
dendritic cells were seen at the boundary between liver tumor
nodules and normal liver tissue but again, there was no signifi-
cant difference between livers from IgG2a control and therapeu-
tic antibody-treated animals. In another set of tissue slides (not
shown), we stained for activated caspase-3 in both the primary
A20 tumors and the liver metastases. Positive (apoptotic) cells
were observed scattered throughout the tumor but mice treated
with the control antibody and mice treated with either of the
therapeutic reagents were not distinguishable in this respect.

In vitro studies also provide no clear understanding of
mechanism. A direct growth suppressive effect is not likely to
be critical since only one of the 2 antibodies (BV-27) was
growth-suppressive in vitro. Alternatively, both antibodies
suppressed A20 cell attachment to components of the extra-
cellular matrix especially laminin. Inhibition of laminin
attachment is consistent with what has been reported previ-
ously with antibodies that targets both the immature and
mature forms of the laminin receptor protein 29–31 or with
treatments that down-regulate expression of the 37 kD/67 kD
laminin receptor.30 If such inhibition occurred in the circula-
tion, it might delay tumor cell egress from the blood stream

and as a consequence, lead to more efficient intravascular cell
killing (by whatever mechanisms).

As BV-15 and BV-27 are mouse IgG2a antibodies, upon binding
to tumor cells expressing sufficient levels of plasma membrane-asso-
ciated OFA/iLRP, both are likely to elicit antibody-dependent cellu-
lar cytotoxicity (ADCC) and/or complement-dependent
cytotoxicity (CDC). Immune cell-mediated killing of laminin recep-
tor-positive cells in vitro has been described,32 so it is not unreason-
able to suggest that antibody-dependent immune cell killing of the
tumor cells (with or without CDC) will occur in the circulation, and
contribute to the decrease in blood tumor cell levels observed with
either of the 2 antibodies. If immune cell killing is a major contribu-
tor to the reduced circulating tumor burden, very different results
might be observed if in vivo studies of the type conducted here were
repeated in immune-compromised animals. Ideally, such studies
would make use of beige-SCID mice on a BALB/c background.
While beige-SCID mice are commercially available, they are from
an unrelated strain. Thus, even a strong response to the antibodies in
these mice would not definitively rule out some contribution from
the residual host immune system. In addition to carrying out studies
in fully immune-compromised mice, studies to assess cell killing in
vitro could also be done. Such studies, utilizing unfractionated cells
initially and targeted immune populations later (with and without
added complement) could help to distinguish between a direct anti-
tumor effect versus host immune contribution. In vitro studies on
their own, however, are not likely to be definitive, since in vitro anti-
tumor activity might not reflect events occurring in vivo.

Nonetheless, even if the mechanism(s) of anti-tumor activity
with the naked antibodies were fully understood, the information
might not be relevant to how the antibodies are used therapeuti-
cally. There are multiple ways in which such antibodies could be
used. Currently, there is much interest in antibody – drug conju-
gates (ADC). As part of our characterization studies, we found
that both BV-15 and BV-27 were capable of being internalized
after binding to the target cells, and that antibody binding could
carry a toxin into the cells (Fig. S1 and Table S1). The demon-
strated antibody mediated antigen internalization activity in con-
junction with high affinity and tumor specificity makes the ADC
therapeutic modality a potential option for both BV-15 and BV-
27. As an ADC, both anti-OFA/iLRP antibodies would retain
their intrinsic anti-tumor activity through effector function
including antibody-dependent cellular cytotoxicity ADCC) and
complement-dependent cytotoxicity (CDC) as well as through
their respective modes of action, including inhibition of laminin
binding, and reduced tumor cell proliferation (BV-27 only).
Even further, the finding that BV-15 and BV-27 bind to differ-
ent, distinct epitopes on the OFA/iLRP molecule (Fig. 1) raises
the potential to use the 2 antibodies in combination.

Significantly, both BV-15 and BV-27 have specificity for the
37 kD OFA/iLRP – i.e., they do not demonstrably react with the
related 67 kD mature LRP (Fig. 1). Consistent with this, neither
of the 2 antibodies demonstrated significant reactivity with either
normal human epithelial cells or fibroblasts (Fig. 1). This speci-
ficity is important because although the 67 kD mature laminin
receptor is overexpressed on a variety of tumor cells, it is also
expressed on normal cells.5 Reactivity with only the immature
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form of the receptor would likely provide the requisite measure of
selectivity for development as an anti-cancer therapeutic. This is
especially important in the context of ADCs.

In summary, OFA/iLRP and the related mature LRP have
been associated with malignant disease since they were first
described in the 1980s. While anti-tumor activity has been previ-
ously demonstrated with a T-cell response to OFA/iLRP, the cur-
rent study provides the first direct evidence that monoclonal
antibodies specific for OFA/iLRP can be utilized to suppress
tumor growth and spread. Use as an adjuvant therapy for elimi-
nation of OFA/iLRP – positive cells from the blood is yet
another potential way in which such a therapeutic may be
employed.

Materials and Methods

Mouse monoclonal antibody characteristics
A series of mouse monoclonal antibodies were produced

against a recombinant form of OFA/iLRP 33 and 5 were chosen
for study. Four of the 5 antibodies (designated as BV-06, BV-12,
BV-15 and BV-27) were characterized as IgG2a with the fifth
antibody (BV-19) identified as IgG2b. The antibodies were
screened for reactivity with recombinant OFA/iLRP using a
direct ELISA.34 The antibodies were also screened against both
the recombinant OFA/iLRP molecule and a recombinant 100-
amino acid peptide from the C-terminal end of the OFA/iLRP
molecule (Abcam; ab112316) by a surface plasmon resonance
biosensor (biacore).35

A series of overlapping 12-amino acid peptides covering the C-
terminal region of OFA/iLRP was used to assess epitope specificity.
Antibody binding to individual peptides was assessed using a direct
ELISA optimized for binding to small peptides as target.36 Briefly,
in this procedure, poly-L-lysine was coated onto the surface of the
plate and activated with glutaraldehyde. Individual peptides were
then added and bound to the activated poly-L-lysine. From this
point on, the ELISA was carried out as a direct ELISA.34

Using a combination of flow cytometry, confocal fluorescence
microscopy and western blotting, the 5 antibodies were assessed
for binding to a wide range of human tumor cell lines. These
included K562 and HL60 (myeloid leukemia), HCC38,
HCC1937, MCF-7 and MDA-MB-468 (breast carcinoma),
NCI-N87 and SNU-5 (gastric carcinoma), SNU-398 and
Hep3B2.1-7 (hepatocellular carcinoma) and OE33 (esophageal
adenocarcinoma). The tumor cell lines were obtained from the
American Type Culture Collection or (OE33) from the Euro-
pean Collection of Cell Cultures. Human epidermal keratino-
cytes and human dermal fibroblasts served as controls. These
cells were prepared freshly as needed from human foreskin tissue
(under an exemption from IRB oversight) and used in first-pas-
sage culture as described previously.37

Assessment of anti-tumor activity: Primary tumor model
Two of the high affinity antibodies with non-overlapping pep-

tide specificities (BV-15 and BV-27) were chosen for assessment
of anti-tumor activity in 2 syngeneic murine tumor models. The

murine tumor cell lines (A20 B-cell leukemia and B16 mela-
noma) were obtained from the ATCC. The A20 cells were main-
tained in suspension culture using RPMI-1640 culture medium
supplemented with 10% fetal bovine serum (FBS) and 0.05 mM
2-mercaptoethanol. Anchorage-dependent B16 cells were grown
using the same culture medium as A20 (but without 2-mercap-
toethanol). Growth of both cell types was at 37�C in an atmo-
sphere of 95% air and 5% CO2. Past studies have demonstrated
that the murine cells used here are positive for OFA/iLRP expres-
sion by immunostaining and Western blotting,11 and the present
studies confirmed this.

Using a dose of A20 cells that was found in preliminary,
range-finding studies to produce tumors in virtually 100% of the
injected mice (5 £ 105 cells per BALB/c mouse), we carried out
tumor growth inhibition studies with BV-15 and BV-27. Mice
were injected with tumor cells in log-phase growth by the intra-
muscular route on day-zero. Tumor-bearing mice were then
treated with each of BV-15 and BV-27 or with isotype-matched
(IgG2a) control antibody. One hundred micrograms of antibody
per mouse (approximately 4 mg/kg) was injected via the intra-
peritoneal route on days 1, 4, 8, 11, 15 and 18 after tumor injec-
tion. Tumor size was measured twice weekly and the animals
were euthanized on day-25. Tumors with surrounding normal
tissue were fixed in 10% buffered formalin and examined histo-
logically after staining with hematoxylin and eosin.

Anti-tumor activity against B16 melanoma was determined in
the same manner except that C57BL/6 (syngeneic) mice were
used and 1 £ 104 cells per mouse was given as inoculum (based
on preliminary range-finding studies).

Assessment of anti-tumor activity: Intravenous tumor model
For the intravenous tumor model, BALB/c mice were injected

with 5 £ 105 A20 cells and C57BL/6 mice were injected with 1
£ 104 B16 melanoma cells via the tail vein on day-zero. The
treatment schedule consisted of one hundred micrograms of anti-
body per mouse injected via the intra-peritoneal route on days -1
(one day before tumor injection) and days 1, 5, 8, 12 and 14 after
tumor injection. In the intravenous tumor studies, animals were
monitored daily for signs of illness and euthanized on day-25 or
earlier when signs of illness became apparent (which occurred in
2 control BALB/c mice which were injected with A20 tumor
cells).

For the A20 model, livers were removed from animals at
euthanasia and examined grossly for the presence of tumors. After
formalin-fixation and separation of the 6 liver lobes, the number
of tumors per liver was determined by direct counting. Following
this, tissue was processed for histology. Blood was obtained via
heart puncture at the time of euthanasia. Twenty microliters of
blood was immediately mixed with 1 mL of culture medium
(RPMI-1640 medium with 10% FBS). Four 10-fold serial dilu-
tions were prepared and wells of a 24-well culture dish were
seeded with 1 mL of each dilution. The blood - cell culture
medium was incubated at 37�C in an atmosphere of 95% air and
5% CO2. Over the ensuing 2-week period, the cultures were
examined microscopically for viable tumor cells, which were
established by the formation of a continuously growing/
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expanding (suspension) culture of A20 tumor cells. Cultures that
were sterile after 2-weeks were discarded and scored as containing
<50 viable tumor cells per mL. Correspondingly, blood samples
were determined to contain 50–500, 500–5000, 5000–50,000
and >50,000 viable cells per mL depending on the limiting dilu-
tion from which viable cells were recovered.

B16 melanoma studies were conducted in a similar fashion
except that since virtually all of the metastatic tumors were in the
lung rather than liver, we counted lung metastatic nodules rather
than liver nodules. For this, lungs were formalin-fixed and lobes
of individual lungs separated. Individual tumor nodules were
then counted and the tissue processed for histology.

All of the procedures involving vertebrate animals were
approved by the Committee on Use and Care of Animals.

Immunohistology
Formalin-fixed tissue from tumor-bearing mice was stained by

the immunoperoxidase method for presence of T-cells, mononu-
clear cells and granulocytes. Antibodies used included the follow-
ing: anti-CD3 as a T-cell marker (#RM9107-s; Thermo
Scientific); antibody to F480 as a macrophage/dendritic cell
marker (ab6640, Abcam) and antibody to the neutrophil protein
Nimp14 for granulocytes (NKp46, Abcam). Evaluation was per-
formed using an Olympus BX45 light microscope at total magni-
fications ranging from x40 to x600.

In vitro proliferation assay
A20 cells were examined for in vitro proliferation under con-

trol conditions and in the presence of each antibody. For these
studies, 5 £ 104 cells were plated in 0.5 mL of growth medium
(RPMI-1640 medium with 10% FBS) in wells of a 24-well dish.
Antibodies were added to the wells at desired concentrations.

Cells were then incubated at 37�C in an atmosphere of 95% air
and 5% CO2 for 2 d and then counted.

Cell attachment to laminin and fibronectin
Laminin from the EHS sarcoma was obtained from Sigma

(L2020) and human plasma fibronectin was obtained from Life
Technologies (cat # 33016-015. Wells of a 24-well dish were
incubated overnight with murine laminin (0.25 mg per well) or
fibronectin (1.0 mg per well) diluted in phosphate-buffered
saline. The next day, after washing to remove unbound protein,
A20 cells (4 £ 104 per well) were added to each well in serum-
free RPMI-1640 culture medium containing 200 mg per mL
bovine serum albumin. Non-attached cells were harvested and
counted after incubation for 4 hours at 37�C in an atmosphere
of 95% air and 5% CO2. From this, the percentage of cells that
attached under each condition was calculated.
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