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Background: The development of immunotoxins has been
hampered by difficulties, particularly in solid tumors, of
finding appropriate target antigens and of linking sufficient-
ly potent toxins. Purpose: We evaluated the tissue specificity
of an immunotoxin, N901-blocked ricin (N901-bR), and as-
sessed its potential for eliminating neural cell adhesion
molecule (NCAM)-positive tumor cells in conditions ap-
propriate for in vitro purging, prior to autologous stem cell
transplantation, and its potential for myelosuppression.
N901-bR consists of a monoclonal antibody (MAb), N901,
directed against CD56, an antigen of the family of NCAMs,
covalently linked to blocked ricin as the cytotoxic effector
moiety. Methods: The tissue specificity of the N901 MAb and
the N901-bR immunotoxin was tested against a wide array
of human tumor tissues and normal human tissues by im-
munohistochemical staining. The cytotoxic activity of N901-
bR was tested against both small-cell lung cancer (SCLC)
cells and neuroblastoma cells, either alone or among normal
bone marrow mononuclear cells, and the efficacy of this
treatment to specifically eliminate these cells was evaluated
in a limiting dilution assay. In addition, normal bone mar-
row mononuclear cells were incubated with N901-bR, and
the toxic effects of the immunotoxin on normal hema-
topoietic progenitors was evaluated. Results: N901 and
N901-bR exhibited specificity for several neoplasms of
neuroectodermal origin, including SCLC and neuroblas-
toma. Staining of normal tissues was essentially limited to
various neuroendocrine cells, cardiac muscle cells, and cells
in peripheral nerve tissue. We observed a time- and dose-de-
pendent elimination of tumor cells in vitro, with three logs
(i.e., >99.9%) of malignant cells being killed following only 5
hours of exposure to 10 nAf N901-bR. Unconjugated N901
MAb specifically blocked the elimination of NCAM-positive
cells by N901-bR, whereas neither an isotype-matched con-
trol MAb nor galactose (the ligand of native ricin) had any
effect on the activity of the immunotoxin, confirming the
specificity of its cytotoxic activity. Importantly, N901-bR
used under optimal conditions for in vitro tumor cell deple-
tion was not toxic to hematopoietic precursors. Conclusions:
N901-bR has the properties required to target CD56, an
antigen present not only on cells from a large number of
cancers of neuroendocrine origin, but also on some impor-
tant normal tissues. In addition, treatment with this
immunotoxin results in the highly effective and specific
elimination of neuroblastoma and SCLC cells and does not

affect normal hematopoietic progenitors. Implications:
N901-bR may have clinical utility for purging of neuroblas-
toma cells and SCLC cells before autologous stem cell
transplantation. Further toxicology studies are warranted to
assess the potential of N901-bR for in vivo administration. [J
Natl Cancer Inst 1996;88:1136-45]

Several developments in the field of immunotoxins have
enabled the use of new ligands and of highly cytotoxic toxins,
resulting in the generation of potent immunotoxins (12). How-
ever, the few immunoconjugates developed successfully for
clinical use were mostly designed for the purpose of eliminating
hematologic cancers and normal T cells (12)- One factor
hampering the development of immunotoxins directed against
solid tumors has been the difficulty in obtaining monoclonal an-
tibodies (MAbs) capable of recognizing cancer cells with high
levels of specificity. In addition, most tumors are heterogeneous,
and a large proportion of the antibodies developed against solid
tumors may target only a fraction of the tumor cells. In small-
cell lung cancer (SCLC), the identification of neural cell ad-
hesion molecules (NCAMs) on the surface of tumor cells has
provided an appealing target structure for the detection and
treatment of SCLC (3-5). Indeed, expression of NCAMs was
consistently documented on almost all SCLC cells, including
surgical explants, cell lines, and xenografts (3-5).

NCAMs, which are members of the immunoglobulin super-
family, are found very occasionally on other lung cancer cell
types (3^5); yet, in such cases, expression of NCAMs is as-
sociated with a neuroendocrine phenotype (6). NCAMs are also
expressed on numerous tumor cells thought to be of neuroen-
docrine origin; these tumor cells include neuroblastoma, brain
tumor, rhabdomyosarcoma, nephroblastoma (Wilms' tumor),
carcinoid, and pituitary tumor cells (6-9). Thus, this cell surface
structure not only is highly expressed on SCLC cells, but also is
shared by a wide range of neoplasms. NCAM is thus an ideal
target for MAb-mediated therapy against these different tumors.
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Moreover, the fact that a single immunotherapeutic agent could
be used against numerous cancers is most welcome, particularly
in terms of production, standardization, and availability.

N901 is an immunoglobulin Gl (IgGl) murine MAb that is
directed against an epitope of NCAM and was first described as
a MAb with specificity for CD56 (an antigen characteristic of
natural killer cells and a member of the NCAM family) {10).
Later, it was found that N901 MAb binds to an antigen that is
also recognized by a number of antibodies of the SCLC cluster 1
group (77,72). While it is known that several isoforms of
NCAM can be generated by alternative splicing of messenger
RNA, N901 nevertheless reacts with the majority of SCLC cells
(6,12). In order to confer cytotoxic activity to N901, blocked
ricin was linked to this MAb, forming the N901 -blocked ricin
(N901-bR) immunotoxin (13-15). The toxin moiety consists of a
ricin molecule that has its galactose-binding sites blocked by
stable covalent modification (13). This procedure abrogates the
nonspecific binding capacity of native ricin but maintains its
high cytotoxic potential that can be delivered to a cell via a
specific antibody (14).

In this study, we have evaluated the specificity and selectivity
of the N901-bR immunotoxin to determine its potential for
eliminating tumor cells, particularly under conditions used for in
vitro purging of hematopoietic stem cells.

Materials and Methods

Cancer Cell Lines

A panel of three human SCLC lines (H69, HI28, and HT82) and two human
neuroblastoma cell lines (IMR-32 and SK-N-SH) was obtained from the
American Type Culture Collection (ATCQ, Rockville, MD. The human SCLC
cell line SW2 was obtained from the laboratory of Dr. S. Bernal (Dana-Farber
Cancer Institute, Boston, MA) (16). The human Burkitt's lymphoma cell line
Namalwa (ATCC), which has previously been shown to be sensitive to ricin
(17), was used as a negative control. Cells were grown in RPMI-1640 medium
(Life Technologies, Inc. [GIBCO BRL], Gaithersburg, MD) containing 10%
heat-inactivated fetal calf serum (FCS) (HyClone Laboratories, Inc., Logan, UT)
and 2 mM L-glutamine, 1 mM sodium pyruvate, 100 U/mL penicillin, and 100
Hg/mL streptomycin (all from Life Technologies, Inc.). The neuroblastoma cell
lines grew as adherent monolayers, and the SCLC cell lines HT82 and H69 grew
as aggregates in suspension; before being used in experiments, they were disag-
gregated into a single-cell suspension with a solution of trypsin (0.25%)-EDTA
(0.02%). Neither the percentage of antigen-positive cells nor the intensity of
CD56 expression was affected by treatment with trypsin (data not shown). The
SCLC cell lines SW2 and H128 grew as single-cell suspensions.

Bone Marrow Cells

After obtaining informed consent under protocols approved by the Human
Subjects Protection Committee of the Maisonneuve-Rosemont Hospital Re-
search Center, we took bone marrow from healthy volunteer donors. Bone mar-
row mononuclear cells were isolated by Ficoll—Hypaque density-gradient
centrifugation at 3000g for 20 minutes at 4 *C. Before being mixed with SCLC
cells or neuroblastoma cells, these cells received 25 Gy of radiation at 4
Gy/minute (l37Cs; Gamma Cell, Atomic Energy of Canada, Ottawa, ON).

MAb and Immunoconjugate

N901-bR, anti-B4-blccked ricin (anti-B4-bR), and the unconjugated MAbs
were supplied by ImmunoGen Inc., Cambridge, MA. N901 is a murine IgGl
with anti-CD56 specificity (10), whereas anti-B4 (also a murine IgGl) has
specificity for CD19 (a B-cell antigen that is absent from SCLC and neuroblas-
toma cells) (17).

Immunohistochemistry

The reactivities of both N901 MAb and N901-bR were tested on tissue sec-
tions from a panel of normal human tissues, and the reactivity of N901 MAb was
tested on sections of human tumor tissue by use of the avidin-biotin im-
munoperoxidase technique (18). The concentrations used for optimal staining
were 5 Jig/mL for N901 MAb and 10 u.g/mL for N901-bR. Negative controls for
N901 MAb included substitution of the primary antibody with phosphate-buf-
fered saline and with nonspecific, purified murine IgGl (Coulter Immunology,
Hialeah, FL) on serial sections of all tissues. As a negative control for N901-bR,
serial sections of all tissues were stained with nonspecific murine IgGl (Coulter
Immunology) conjugated to blocked ricin by ImmunoGen Inc. Control an-
tibodies were used at the same working concentration as employed for the test
antibodies. Using an arbitrary scale, we scored the intensity of staining as fol-
lows: 0 = no staining, 1 = weak staining, 2 = moderate staining, and 3 = strong
or maximum staining. The homogeneity or heterogeneity of staining was scored
according to the percentage of positively stained cells as follows: a = homo-
geneous staining (i.e., approximately 100% of the cells were positively stained),
b = slightly heterogeneous staining (i.e., >75% of the cells were positively
stained), c = moderately heterogeneous staining (i.e., approximately 50% of the
cells were positively stained), d = very heterogeneous staining (i.e., <25% of the
cells were positively stained), and f = focal staining (i.e., few scattered cells
were positively stained). Sections of a frozen pellet of SW2 cells were used as a
positive control (intensity of staining = 3).

Immunophenotypic Analysis

Expression of CD56 on each cell line was evaluated by direct immuno-
fluorescence by use of standard techniques (19). Briefly, 106 cells were in-
cubated with N901 or with an isotype-matched IgGl control; both N901 and the
isotype-matched IgGl control were conjugated with phycoerythrin (Coulter Im-
munology). Immunofluorescence reactivity was determined by automated flow
cytometry analyzing 104 cells in each sample (FACStar Plus; Becton Dickinson,
Mountain View, CA).

The binding characteristics of N901-bR were determined in a competition
binding assay (14J0). SW2 cells were incubated with fluorescein isothiocyanate
(FTTC)-conjugated N901 together with various concentrations of unconjugated
N901 MAb or N901-bR. Positive controls lacked competing antibody, whereas
negative controls lacked FTTC-labeled N901. Isotype-matched, IgG 1-negative
controls were also used as described above.

Treatment of Cells

Suspensions of cancer cells with a 20-fold excess of irradiated bone marrow
mononuclear cells were treated with N901-bR at 1 x 107 cells/mL. Treatments
were performed in RPMI-1640 medium supplemented with 2.5% FCS. Im-
munotoxin concentrations varied from 1 x 10"4 M to 1 x 10~" M, and the incuba-
tion period at 37 'C ranged from 1 hour to 24 hours.

Limiting Dilution Assay

After treatment with immunotoxin, cells were washed three times and plated
in a limiting dilution assay, as described previously (1721). Briefly, each treat-
ment sample was serially diluted from 5 x 103 to 0.5 cells per 100 uX in RPMI-
1640 medium supplemented with 10% fetal bovine serum (FBS). Then, 24
aliquots of each dilution were plated in flat-bottomed microculture plates
(Nunclon; Nunc, Naperville, IL). Cells were fed every 4 days and incubated at
37 'C for 12-14 days. Growth at each serial dilution was assessed in an "all-or-
nothing" (positive or negative) fashion under an inverted phase microscope. The
frequency of clonogenic cells within the test population was estimated by use of
chi-square minimization (22). This limiting dilution assay allowed detection of a
minimum of one SCLC or neuroblastoma cell in a total of 106 normal bone mar-
row mononuclear cells.

Normal Hematopoietic Progenitor Assay

The colonies were grown in Iscove's modified Dulbecco's medium (Life
Technologies, Inc.) containing 0.9% methylcellulose (Dow Chemical Co., Mid-
land, MI), 30% FCS, 0.9% bovine serum albumin (Sigma Chemical Co., Missis-
sauga, ON, Canada), and 2 x 10"** M 2-mercaptoethanol (Sigma Chemical Co.).
Erythropoietin (Amgen Biologicals, Thousand Oaks, CA) at 2 U/mL was added
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in order to favor the growth of erythroid colonies, and Mo cell-conditioned
medium (10%) was used under conditions employed for the growth of colony-
forming units—granulocyte-monocyte (CFU-GM) colonies (23). Mo cells were
from ATCC. Cells were plated at a concentration of lOVmL: Colony-forming
units—erythroid (CFU-E) colonies were evaluated after 7 days of culture, and
large, multicentric erythroid progenitors were scored as burst-forming units—
erythroid (BFU-E) colonies at 14 days. CFU-GM colonies were considered as
aggregates of greater than 40 cells; clusters were considered as aggregates of
eight to 40 cells.

Statistical Analysis

Statistical significance between the experimental and control groups was
determined by use of two-sided Student's t test. The level for a statistically sig-
nificant difference was set at /3<.O5.

Results

Tissue Specificity of N901 and N901-bR

N901 MAb (anti-CD56) was originally generated as an an-
tibody that specifically binds natural killer cells and CD56-posi-
tive T cells and is nonreactive with monocytes, granulocytes, B
cells, CD56-negative T cells, erythrocytes, and platelets (10). A
panel of normal human tissues was tested for binding of N901
and N901-bR by immunoperoxidase-staining techniques. N901-
bR staining was negative on bladder, bone marrow, cervix,
colon, esophagus, kidney, liver hepatocytes and Kupffer cells,
lung, skeletal muscle, pancreatic ducts, prostate glands, skin,
small intestine, seminiferous tubules in the testis, and the en-
dometrium of the uterus (Table 1). N901-bR was strongly posi-
tive on cardiac muscle cells, on neuroectodermal cells such as
astrocytes, neurons, and neuropil in the central nervous system,
and on neuroendocrine cells of the adrenal gland, pancreas, and
thyroid gland. Peripheral nerve axons were negative, whereas
adjacent cells (possibly Schwann cells) were positive, which
accounted for the strong staining of peripheral nerve tissue.
While N901-bR reacted with epithelial cells in several types of
tissue, the staining was heterogeneous; in most cases, the inten-
sity of the staining was not consistent within each group of tis-
sues and ranged from strong staining to no staining. This
variable staining of epithelial cells was seen in breast acini and
ducts, in liver bile ducts, in pancreatic exocrine cells, in lining
cells in the prostate gland, and in epithelium in the crypts and
mucosa of the stomach. Smooth muscle also showed variable
reactivity; homogeneous staining ranged from weak to strong in
some cases and was negative in other cases. In the testis,
moderate to strong staining was restricted to Leydig cells.
N901-bR was strongly positive on ovarian stroma. Strongly
positive staining was also seen on a subset of lymphocytes in
lymph node, spleen, and thymus that was thought likely to be
natural killer cells or CD56-positive T lymphocytes.

N901-bR was found to bind with essentially the same tissue-
staining pattern and intensity as was found with the N901 MAb
(Table 1). To confirm that the binding specificity of N901 was
unaltered by conjugation to blocked ricin, we compared the
binding of N901-bR with that of N901 MAb in a competition
binding assay. N901-bR was able to displace completely the
fluorescently labeled N901 MAb from SW2 SCLC cells (data
not shown), although the affinity of the immunotoxin was
decreased by a factor of about 2.5-fold (range, twofold to

threefold), as has been described previously (1420) for im-
munotoxins containing blocked ricin.

Staining Pattern of N901 on Human Tumor Tissue

N901 MAb or N901-bR binding to a panel of 94 fresh frozen
human tumor tissue sections, obtained after surgery or autopsy,
was evaluated by immunoperoxidase-staining techniques (Table
2). Binding of N901 and/or N901-bR was strongly positive on
small-cell carcinoma of the lung and uterine cervix, metastatic
neuroendocrine carcinoma of the liver, astrocytoma, carcinoid
tumor of the colon or the lung, and pheochromocytoma. The in-
tensity of staining was of the same level as that of the SCLC cell
line SW2 that was used as a positive control. In all cases, the
staining pattern was homogeneous (i.e., about 100% of the cells
were positively stained). Neuroblastoma showed strong homo-
geneous staining in 12 of 15 cases and was weakly positive in
the remaining three cases (Heung R, Yu AL: personal com-
munication). In two cases of Wilms' tumor (nephroblastoma),
staining was also strong; the staining pattern was homogeneous
in one case and slightly heterogeneous (i.e., >75% of the cells
were positively stained) in the other case. Two cases of mixed
miillerian tumor also showed strong staining; again, the staining
pattern was homogeneous in one case and slightly hetero-
geneous in the other case. Variable reactivity, ranging from
homogeneous to negative staining, was seen in several tumors,
including renal carcinoma, sarcoma, carcinosarcoma, malignant
histiocytoma, mixed seminoma, embryonal cell carcinoma of
the testis, and adenosquamous carcinoma of the lung.

N901 MAb was not significantly reactive with peripheral
neuroectodermal tumor (Heung R, Yu AL: personal com-
munication), lymphoma, melanoma, endometrial or ovarian car-
cinoma, tumors of the breast or gastrointestinal tract, or most
non-small-cell lung cancers. Other screened tumors that were
also negative included a bile duct adenocarcinoma, a fibrous
mesothelioma, a liposarcoma, an osteosarcoma, a poorly dif-
ferentiated metastatic carcinoma in an axillary lymph node, and
a renal clear-cell carcinoma.

Effect of Incubation Period With N901-bR on Depletion of
Neuroblastoma and SCLC Evaluated by Use of a Limiting
Dilution Assay

SCLC and neuroblastoma cells have a propensity to dissemi-
nate and particularly to infiltrate the bone marrow. In order to
assess the activity of the immunotoxin in a model for in vitro
bone marrow purging (17), all cytotoxicity experiments were
performed under conditions in which target cells were mixed
with a 20-fold excess of normal irradiated bone marrow
mononuclear cells. The bone marrow mononuclear cells contain
cells (e.g., natural killer and CD56-positive T cells and Fc
receptor-positive cells [monocytes and histiocytes]) that could
affect the degree of killing by the immunotoxin.

To determine the impact of the duration of the incubation
period with the immunotoxin on the elimination of tumor cells,
we incubated SW2 SCLC cells and IMR-32 neuroblastoma
cells, admixed with normal bone marrow mononuclear cells, for
1 hour to 24 hours with 10"9 M N901-bR. Higher levels of
cytotoxic activity mediated by N901-bR were found with in-
creasing times of incubation (Fig. 1). A marked effect of N901-

1138 ARTICLES Journal of the National Cancer Institute, Vol. 88, No. 16. August 21. 1996



Table 1. Summary of N901 and N901-blocked ricin (N901-bR) reactivity on normal human tissues

Organ

Adrenal gland

Bladder

Bone marrow

Brain cortex

Breast

Cervix

Colon

Esophagus

Heart

Kidney

Liver

Lung

Lymph node

Muscle^

Ovary

Pancreas

Peripheral nerve

Prostate

Skin

Small intestine

Spinal cord

Spleen

Stomach

Testis

Thymus

Thyroid gland

Uterus

Tissue components

Cortex
Medulla

Urothehum

Hematopoietic cells

Astrocytes
Neuropil

Acini
Ducts

Endocervix
Exocervix

Epithelium

Epithelium
Glands

Cardiac muscle

Glomerulus
Tubules
Collecting tubules

Hepatocytes
Bile ducts
Kupffer cells

Bronchial cells
Alveolar cells

Lymphocytes

Skeletal

Ovarian stroma

Endocrine cells
Exocrine cells
Ducts

—

Lining cells
Glands

Epidermis
Adnexa

Epithelium

Neuropil
Neurons

Lymphocytes

Epithelium

Leydig cells
Seminiferous tubules

Lymphocytes

Follicles

Endometrium

N901

No. positive*/
total No. tested

3/3
2/2

0/3

0/1

3/3
3/3

1/3
2/3

0/3
1/2

2/3

0/3
0/3

3/3

0/3
0/3
0/3

0/3
2/3
0/3

2/3
0/3

3/3

3/3

3/3

3/3
1/3
1/3

xll

Not done
3/3

0/3
0/3

3/3

3/3
3/3

3/3

3/3

3/3
0/3

2/3

3/3

0/3

monoclonal antibody

Reactivity!

2-3
3

0

0

3
3

0-2/f
0-3

0
0-1/f

0-1 (mucosa)

0
0

1-3

0
0
0

0
0-1/f
0

0-1/f
0

1

i-3/fi

2-3

1-3
0-1/f
0-3

3

1-2 (single cells)

0
0

1-2/f

3
3

l-2(subpopulation)

1-2/f

3
0

0-3 (subpopulation)

3

0

N901-bR

No. positive*/
total No. tested

3/3
2/2

0/3

0/3

3/3
3/3

1/2
in
0/3
0/3

0/3

0/3
0/3

3/3

0/2
0/3
0/3

0/3
2/3
0/3

0/3
0/3

2/2

0/2

3/3

3/3
1/3
0/3

3/31

2/3
0/3

0/3
0/3

0/3

2/2
2/2

3/3

2/2

3/3
0/3

3/3

3/3

0/2

Reactivity!

2-3/a
3/a

0

0

2-3/a
2-3/a

0-2/d
1-2/bd

0
0

0

0
0

2-3/a

0
0
0

0
0-3/ac
0

0
0

1-2/d

0

2-3/a

1-3/a
0-1 /d
0

2/b

0-2/d
0

0
0

0

2-3/a
2-3/a

1-2/d

1-3/b

2-3/a
0

1-2/d

3/a

0

•Positive tissues were any tissues that had observable staining.
tThe intensity of staining was scored with the use of the following arbitrary scale: 0 = no staining, 1 = weak staining, 2 = moderate staining, and 3 = strong or

maximum staining. The homogeneity/heterogeneity of staining was scored as follows: a = homogeneous staining (approximately 100% of the cells were positively
stained), b = slightly heterogeneous staining (>75% of the cells were positively stained), c = moderately heterogeneous staining (approximately 50% of the
cells were positively stained), d = very heterogeneous staining (<25% of the cells were positively stained), and f = focal staining (few scattered cells were posi-
tively stained).

^Smooth-muscle staining was variable, homogeneously positive in some cases and negative in other cases.
§In two additional cases, analyzed by Dr. David Dorfman, staining of skeletal muscle tissue with N901 was weak and very heterogeneous.
NPeripheral nerve was strongly positive (3+) in all cases where seen.
^Peripheral nerve axons were negative, while adjacent cells (possibly Schwann cells) were positive.
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Table 2. Summary of N901 reactivity on tumor tissues*

Tumor Classification
No. positivef/
total No. tested Reactivity^

Brain

Breast

Endocrine (or neural)

Female reproductive tract

Gastrointestinal tract

Lung

Lymphoid system

Male reproductive tract

Melanoma

Miscellaneous

Urinary tract

Astrocytoma§

Infiltrating ductal adenocarcinomall

Carcinoid (colon)
Carcinoid (lung)
Neuroblastomai
Neuroendocrine carcinoma (liver)
Peripheral neuroectodermal tumorf
Pheochromocytoma (adrenal)

Cervical squamous cell carcinoma (lung)
Carcinosarcoma (omentum)
Endometrial adenocarcinoma (uterus)
Mixed miillerian tumor (uterus)
Ovarian adenocarcinoma
Small-cell carcinoma (uterine cervix)

Adenocarcinoma of colonll
Adenocarcinoma of colon (omentum)
Gastric adenocarcinoma
Signet-ring cell carcinoma (stomach)
Signet-ring cell carcinoma (perineurium)

Adenocarcinoma
Adenosquamous carcinoma§
Mesothelioma (pleura)
Metastatic small-cell lung carcinoma (liver)
Neuroendocrine (intermediate cell)§
Small-cell lung carcinomall
Squamous cell carcinoma§

Lymphoma§

Mixed seminoma and embryonal cell carcinoma (testis)
Prostate carcinoma§

Melanomall
Metastatic melanoma (lymph node)

Adenocarcinoma (bile duct)
Fibrous mesothelioma (diaphragm)
Liposarcoma
Malignant histiocytoma (soft tissue)
Osteosarcoma (bone)
Poorly differentiated metastatic tumor (lymph node)
Sarcoma§
Squamous cell carcinoma (lymph node)
Undifferentiated sarcoma (liver)

Bladder§
Renal carcinoma§
Renal clear-cell carcinoma (kidney)
Wilms' tumor (nephroblastoma)

2/2

0/4

1/1
1/1

15/15
2/2
0/2
1/1

0/1
1/1
0/4
2/2
0/1
1/1

0/10
0/1
0/1
0/2
0/1

0/3
1/2
0/2
1/1
1/1
2/2
0/1

0/3

1/1
0/2

0/2
0/2

0/1
0/1
0/1
1/1
0/1
0/1
2/3
0/1
1/1

0/3
1/2
0/1
2/2

2-3/a

0

2-3/a
3/a

1-3/a
3/a
0

3/a

0
2/c
0

3/ab
0

3/a

0
0
0
0
0

0
0-2/c

0
3/a

2-3/a
2-3/a

0

0

1/d
0

0
0

0
0
0

1-2/d
0
0

0-3/ad
0

2/c

0
0-2/b

0
3/ab

*The results of this table summarize a study with N901 monoclonal antibody, unless otherwise indicated.
tPositive tissues were any tissues that had observable staining.
JThe intensity of staining was scored with the use of the following arbitrary scale: 0 = no staining, 1 = weak staining, 2 = moderate staining, and 3 = strong or

maximum staining. The homogeneity/heterogeneity of staining was scored as follows: a = homogeneous staining (approximately 100% of the cells were positively
stained), b = slightly heterogeneous staining (>75% of cells were positively stained), c = moderately heterogeneous staining (approximately 50% of the cells were
positively stained), and d = very heterogeneous staining (<25% of the cells were positively stained).

§The results of a study done with N901-blocked ricin (N901-bR).
IIThe results of studies done with either N901 or N901-bR.
^Personal communication with Drs. Raymond Heung and Alice L. Yu.

bR was observed after only 1 hour of incubation, which resulted
in the killing of approximately 2 logs (i.e., 99%) of SW2 and
IMR-32 cells. Three logs (i.e., 99.9%) of tumor cell elimination
were reached at 5 hours, and tumor cells continued to be killed
during subsequent hours of treatment, but at a much slower rate.
Thus, most of the toxic activity against malignant cells was
detectable in the first hours of exposure to the immunotoxin.

Effect of N901-bR Concentration

Four SCLC cell lines and two neuroblastoma cell lines ad-
mixed with bone marrow mononuclear cells were treated with
various concentrations of N901-bR and plated in a limiting dilu-
tion assay. N901-bR eliminated in a concentration-dependent
fashion all the different CD56-positive malignant cells (Fig. 2).
Treatment with N901-bR at concentrations of 10"8 M for only 5
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Fig. 1. Effect of incubation period with N901-blocked ncin (N901-bR) on the
elimination of small-cell lung cancer (SCLQ and neuroblastoma cells evaluated
by use of a limiting dilution assay. SW2 SCLC cells (A) and IMR-32 neuroblas-
toma cells (B) + irradiated normal bone marrow mononuclear cells (BMMC)
were incubated with 10** M N901-bR or with media as control for 1 hour to 24
hours. The number of post-treatment clonogenic cells is expressed as a fraction
of the total number of cells plated (SW2 or IMR-32 + BMMQ (mean ± standard
error of two experiments).

hours (consistent with stem cell purging conditions) eliminated
more than 3 logs of SCLC cells (Fig. 2, A). Even at a concentra-
tion as low as 10"" M, N901-bR depleted approximately 1 log
of tumor cells. Depletion of neuroblastoma cells with N901-bR
at 1CT8 M varied from 2 to more than 3 logs, depending on the
cell line (Fig. 2, B). However, when Namalwa cells, a human
Burkitt's lymphoma cell line lacking CD56 on its surface but
sensitive to a blocked ricin-containing immunotoxin (77), were
incubated with either medium or N901-bR, there was no dif-
ference in the surviving fraction of clonogenic cells. Thus,
N901-bR depleted several logs of CD56-positive malignant cells in
only a few hours, but it was not toxic to CD56-negative cells.

Several control experiments were performed to confirm that
cytotoxicity was specifically targeted via the N901 MAb portion
of the immunotoxin. We exposed SW2 and IMR-32 cells to
either medium, unconjugated N901 MAb, N901-bR, or a com-
bination of N901 and N901-bR. As shown in Fig. 3, neither
medium nor N901 alone had any toxic effect on tumor cells.
After 3 hours of incubation, N901-bR eliminated more than 2
logs of SW2 and IMR-32 cells, but the addition of a 100-fold
excess of unconjugated N901 MAb prevented most of the
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Fig. 2. Effect of concentration of N90l-blocked ricin (N901-bR) on tumor cell
depletion. Small-cell lung cancer cells (A) and neuroblastoma cells (B) in a 20-
fold excess of normal bone marrow mononuclear cells (BMMC) were incubated
for 5 hours with increasing concentrations of N90l-bR or with medum as con-
trol. Namalwa cells in BMMC were used as antigen-negative (CD56-negative)
controls. The number of post-treatment clonogenic cells is expressed as a frac-
tion of the total number of cells plated (two experiments).

elimination of both target cells by the immunotoxin, showing
that the activity of N901-bR depended specifically on its MAb
moiety.

To ensure that the cytotoxic activity of N901-bR was not
mediated through Fc fragment binding, we also tried to block
N901-bR killing with a 100-fold excess of an isotype-matched
IgGl MAb directed against CD 19 (anti-B4), an antigen absent
from SW2 cells. Anti-B4 had no effect on spontaneous growth
of SW2 cells and did not block the activity of N901-bR (Fig. 3,
C). Furthermore, SW2 cells were not affected by incubation
with anti-B4-bR. Finally, the addition of galactose (0.01 M), the
natural ligand for native ricin, to the solution containing N901-
bR had no effect on the elimination of SW2 cells by this im-
munotoxin (P - .5) (data not shown). These results demonstrate
that the toxic effect of N901-bR against malignant cells is not
secondary to nonspecific binding of the blocked ricin moiety,
but rather that it is specifically mediated by the Fab portion of
the immunotoxin complex.

Effect of Antigen Density on N901-bR Efficacy

Different target cells express different levels of CD56 antigen
on their surface. We thus tried to determine if the degree of an-
tigen expression had an impact on target cell elimination by

Journal of the National Cancer Institute, Vol. 88, No. 16, August 21, 1996 ARTICLES 1141


