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ABSTRACT

Two new monoclonal antibodies (Lym-1 and Lym-2), reactive with the
cell surface of B-lymphocytes and derived tumors, have been produced
using tumor cell nuclei preparations as immunogens. Specificity screens
using live cell radioimmunoassay techniques with 52 well-characterized
human lymphoma and leukemia cell lines showed that both Lym-1 and
Lym-2 bound to cell lines of B-cell lineage but were unreactive with those
of T-cell, myeloid, or erythroid derivation. The B-cell specificity of these
reagents was confirmed on 36 lymphoma and IS leukemia biopsy speci
mens by using immunoperoxidase or immunofluorescence techniques.
Additionally, flow cytometric analysis of 22 lymphoma biopsies showed
that the majority of B-cell tumors were Lym-1 and/or Lym-2 positive
and that within a given biopsy, a high percentage of the malignant cell
population was stained. In both the immunoperoxidase and flow cyto
metric studies, reactive T-cells or T-cell lymphomas were consistently
negative with the exception of Hodgkin's disease tissues which, in some
instances, showed a higher than expected positivity with Lym-1 and I yin-
2. Approximately 40% of B-cell chronic lymphocytic leukemias were
found to be positive with Lym-1 while 80% were positive with Lym-2.
Immunoperoxidase staining of frozen sections of human lymphoid tissues
showed that both Lym-1 and Lym-2 stained germinal center and mantle
zone B-lymphocytes as well as interfollicular histiocytes. Flow cytometric
analysis of normal peripheral blood demonstrated specific staining of B-
cells which comprised approximately 8% of circulating lymphocytes.
Immunoperoxidase staining of nonlymphoid human organs and tissues
revealed weak reactivity of Lym-1 with surface colonie epithelium only.
Consistent with these findings, 35 solid tumor cell lines of diverse nature
were found unreactive with both Lym-1 and Lym-2. Although standard
techniques have thus far failed to identify the antigen recognized by Lym-
2, the membrane antigen which binds Lym-1 has been shown by iminu-
noprecipitation and competitive radioimmunoassay studies to be a poly
morphic variant of the HLA-Dr antigen. Solid-phase radioimmunoassay
techniques have shown that the antigens recognized by Lym-1 and Lym-
2 are not significantly modulated after antibody exposure nor shed into
the circulation of lymphoma patients. Finally, using iodine-125 labeled
preparations of purified Lym-1 and Lym-2, we have determined that both
reagents have a relatively large number of antibody binding sites per
tumor cell and increased avidity for lymphoma cells when compared to
normal and reactive lymph node B-cells. Because of the B-cell specificity
of these reagents, their increased avidity for lymphoma cells, and their
chemical stability after radiolabeling procedures, Lym-1 and Lym-2
appear to be promising reagents for the immunodiagnosis and therapy of
the human malignant lymphomas.

INTRODUCTION

Monoclonal antibodies to human B-cell antigens have been
developed by a number of laboratories in the last several years.
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The majority of these reagents identify B-cell lineage-specific
differentiation antigens such as CB2 (1); BL1, BL2, and BL3
(2, 3); BL7 (4); L22, L23, and L24 (5); HLB-1 (6); H-76 (7);
Bl (8, 9); B2 (10); B4 (11); B5 (12); 4G7 (13); BAI (14); HB-4
(15); anti-Y 29/55 (16); B532 (17); OKB1, OKB2, OKB4, and
OKB7 (18); 41 H.I6 (19); and FMC7 (20). Others appear to be
directed against lymphoma-specific antigens such as LM-26
and LM-155(21), against Burkitt's lymphoma cells, or Epstein-

Barr virus-transformed cell lines such as BB-1 (22) and BLA
(23, 24) or against blast-associated antigens such as B-LAST-1
(25) and BLAST-2 (26). In addition, our laboratory has re
ported on three monoclonal antibodies, designated LN-1, LN-
2, and LN-3 which are directed against B-cell antigens, but
unlike similar reagents, retain their reactivity in B5-fixed, par
affin-embedded tissues and are therefore useful reagents for the
immunodiagnosis of human lymphomas (27-29).

Most of these B-cell reagents have been shown by immuno
peroxidase techniques to stain normal B-cells of reactive lymph
oid tissues as well as lymphomas of B-cell derivation. Compar
ison studies by Hofman et al. (30), LeBien et al. (31), Marder
et al. (28), Knowles et al. (32), and Gobbi et al. (33) have clearly
shown that these monoclonal antibodies identify different an
tigens that are expressed on topographically distinct subsets of
B-cells in human lymphoid tissues. Although originally thought
to be B-cell specific, many of these reagents have now been
shown to have reactivities in nonlymphoid tissues attributable
to the presence of similar, if not identical, epitopes in related
or different molecules (34). Furthermore, a thorough analysis
of these monoclonal antibodies to determine their clinical utility
has not been performed to date. Evaluation of these reagents
with respect to their binding reactivity with a wide spectrum of
human tumor cell lines and biopsy specimens, avidity constants
and antibody binding site number, presence or absence of
antigenic modulation and antigen shedding, antibody stability
after purification and chemical conjugation procedures, and
biodistribution in tumor-bearing hosts are required to identify
those monoclonal antibodies destined for clinical trial. Despite
the large number of anti-B-cell monoclonal antibodies described
thus far, a single monoclonal antibody with immunotherapeutic
potential has not been identified.

In this report, we describe the development and characteri
zation of two new B-cell specific monoclonal antibodies, des
ignated Lym-1 and Lym-2, which after careful analysis, appear
to have the necessary properties to be successful in vivo immu-
nodiagnostic and immunotherapeutic reagents. Other related
studies describing the biodistribution of Lym-1 and Lym-2 in
tumor-bearing nude mice and volunteer lymphoma patients,
the enhancement of NMR3 spin echo imaging of tumors in

animal hosts, and the results of clinical trials involving the
immunotherapy and radioimmunotherapy of end-stage lym-

3The abbreviations used are: NMR, nuclear magnetic resonance; PBS, phos
phate buffered saline; cpm, counts per minute; BSA, bovine serum albumin.
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photna patients are being completed and will be presented
elsewhere.

MATERIALS AND METHODS

Cell Lines and Tissues

A complete list of the cell lines used in these experiments is shown
in Tables 1-3. Tumor cell lines designated with the SW prefix were
obtained from Dr. William B. McCombs, III, at the Scott and White
Memorial Hospital and Scott, Sherwood, and Brinkley Foundation,
Temple, TX. All of the cell lines were grown in RPMI 1640 medium
containing 15% fetal calf serum, penicillin G (100 U/ml), and strepto
mycin sulfate (100 Â¿ig/ml).The cell lines were cultured in a well-
humidified 5% CO2 incubator and were routinely passaged twice
weekly.

For the immunohistochemical and flow cytometric studies, human
tissues were obtained from biopsies performed on patients for diagnos
tic procedures at Northwestern University Memorial Hospital, Chi
cago, IL, and Los Angeles County-University of Southern California
Medical Center, CA. Tissues for the frozen section studies were im
mediately snap frozen in liquid nitrogen and stored at -70Â°C until

sectioning. Tissues for paraffin embedding were fixed in 10% buffered
formalin or B5 formalin by using standard procedures. Tissues for flow
cytometry were obtained either from normal volunteers for the periph
eral blood experiments or from lymphoma patients undergoing diag
nostic procedures.

Generation and Characterization of Hybridoma Clones

The methods for antigen preparation, immunization, cell fusion and
cloning, and serological characterization of monoclonal antibody iso
types have been previously described in detail (27).

Immunofluorescence Techniques

Live cell indirect immunofluorescence techniques used in these ex
periments have been described previously (27).

Immunoperoxidase Staining Methods

Frozen and paraffin sections were prepared for immunoperoxidase
staining procedures as described previously (27). For these experiments,
a 1/2 dilution of Lym-1 and Lym-2 supernatants were used.

Flow Cytometric Studies

Lym-1 and Lym-2 were studied for their binding reactivity to human
peripheral blood and malignant lymph node mononuclear cells by flow
cytometric techniques. Lym-1 and Lym-2 binding to peripheral blood
lymphocytes was assessed using indirect immunofluorescence staining
with biotinylated anti-mouse IgG followed by phycoerythrin-conjugated
avidin staining. Identification of B- and T-Iymphocytes was performed
using fluorescein isothiocyanate-conjugated Bl and OKI 11 (Ortho)
monoclonal antibodies, respectively, after completion of the phycoery-
thrin indirect labeling procedures with Lym-1 and Lym-2. This allowed
the simultaneous assessment of Lym-1 and Lym-2 staining with anti-B
(Bl) or anti-T (OKT11) reagents with known reactivity (8, 35). The
results were obtained using dual color flow cytometric techniques with
a 525-nm band pass filter for the green photomultiplier tube and a 590-
nm long pass filter for the red photomultiplier tube. Monocytes were
assessed using phycoerythrin-conjugated Leu M3 (Becton Dickinson)
(36) to establish the number of monocytes in the lymphocyte gate as
well as the location of the monocyte population on forward angle and
Iog90* light scatter modes. Lym-1 and Lym-2 binding reactivity was

determined on both the monocyte and lymphocyte gates independently.
Malignant lymph nodes obtained at the time of surgery from 22

adult patients were prepared into single cell suspensions by passing the
gently minced tissue through a stainless steel mesh screen. After Ficoll-
Hypaque gradient centrifugation separation, the cells were stained by
live cell indirect immunofluorescence techniques as previously de

scribed (37). The cells were analyzed cytofluorometrically by using an
EPICS C (Coulter Corp., Hialeah, FL) flow cytometer.

Purificationof Lym-1andLym-2for lodinationProcedures

For the radioimmunoassay studies described below, it was necessary
to obtain microgram quantities of both Lym-1 and Lym-2. Since highly
purified reagent was necessary for the iodination procedures, it was
decided to use tissue culture supernatant instead of ascites fluid as the
source of Lym-1 and Lym-2. For Lym-1, Protein A-Sepharose affinity
chromatography was the method of choice since Protein A has been
shown to bind well to mouse IgG2. (38). Consequently, 1 liter of filtered
spent supernatant was mixed continuously overnight at 4"( ' with l g of

preswollen Protein A-Sepharose CL-4B (Pharmacia, Inc., Piscataway,
NJ). The beads were then washed extensively with phosphate buffered
saline (8.0 g NaCl, 0.2 g KC1, 1.15g Na2HPO4, 0.2 g KH2PO4, 0.1 g
CaCl2-2H2O, and 0.1 g MgCl2-6H2O/liter of distilled water) by cen
trifugation and aspiration to remove unbound material. After next
placing the beads into a small column, the Lym-1 antibody was eluted
into 1-ml fractions with 0.05 M sodium acetate and 0.15 M NaCl, pH
4.3. Fractions containing eluted antibody were determined by optical
density at 280 nm. After pooling the fractions containing antibody, the
preparation was dialyzed overnight against a xlOOO volume of PBS3 at
4"( '. The antibody was then sterile filtered and stored in aliquots (1
mg/ml) at 4Â°C.

The IgGi Lym-2 monoclonal antibody was purified from 1 liter of
filtered spent supernatant batchwise as described above but with l g of
Affi-gel Protein A and MAPS buffers as described by Biorad, Inc. After
elution, the Lym-2 monoclonal antibody was dialyzed overnight at 4*C

against a xlOOO volume of PBS, sterile filtered, and stored in aliquots
(1 mg/ml) at 4'C.

The purity of the Lym-1 and Lym-2 preparations was checked by
10% polyacrylamide gel electrophoresis and by Ouchterlony immuno-
diffusion using immunoglobulin heavy chain specific antisera (Miles,
Elkhart, IN). Protein concentrations of the purified preparations were
determined by optical density at 280 nm and by the Biorad Protein
Assay Kit (Biorad).

Radioimmunoassay Methods

Live Cell Radioimmunoassay. Human malignant lymphoma, leuke
mia, and solid tumor cell lines were assessed for Lym-1 and Lym-2
binding using a live cell radioimmunoassay method. Briefly, suspension
cultures and solid tumor cell lines which were dislodged from their
flasks with EDTA-trypsin (Grand Island Biological Co., Grand Island,
NY), were washed twice in cold buffer consisting of PBS, bovine serum
albumin (1 mg/ml, radioimmunoassay grade; Sigma Chemical Co., St.
Louis, MO), and 0.02% sodium azide. Cells (5 x IO5) resuspended in

100 fL\of wash buffer were pipeted into microtiter wells (Immulon
Removawell Strips; Dynatech Laboratories, Inc., Alexandria, VA). The
microtiter plates were pretreated the previous night with bovine serum
albumin (10 mg/ml) in PBS with azide in order to prevent the antibody
solutions from binding to the wells. Hybridoma supernatant (100 n\)
was added to each well, and the plates were incubated for 30 min at
room temperature with continuous mixing using a microshaker appa
ratus (Dynatech) set at low speed. After incubation, the cells were
washed 4 times with cold wash buffer by spinning the plates at 1,000
rpin for 5 min, aspirating the supernatants with a 12-lip micromatic
manifold (Popper and Sons, Inc., New Hyde Park, NY), and resus-
pending the cells in 200 v\ of wash buffer using a Titertek Multichannel
pipet (Flow Laboratories, Inc., McLean, VA) and the microshaker
apparatus. After completion of the washes, 100,000 cpm of ['"I]goat
anti-mouse serum (Amersham Corp., Arlington Heights, IL) in a vol
ume of 100 /il, were added to each well for an additional 30-min
incubation period with continuous shaking. Finally, the cells were
washed 4 times as above and the wells were counted in a gamma counter
at 1 min intervals. All data were expressed as the mean cpm of triplicate
samples minus that of the NS-1 supernatant control wells. For each
test, the standard deviation of the triplicate cpm was calculated and, if
found to be greater than 10% of the mean cpm, the assay was repeated.

Detection of Shed Antigen. The presence of shed antigen was detected
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using a sensitive sandwich solid-phase radioimmunoassay developed in
our laboratory. Purified Lym-1 or Lym-2 at a concentration of 1 mg/
ml in PBS was added to flat-well Immulon plates using a 50-^1 volume
per well. After a 1-h incubation at room temperature, the wells were
washed once to remove unbound antibody. All washes were performed
with 200 /-I of BSA (1 mg/ml) in PBS containing 0.02% sodium azide.
The wells were then blocked for 30 min with BSA (10 mg/ml) in PBS,
washed twice, and incubated with SO ><I of either target cell membrane
preparations, target cell supernatant concentrated x25 in BIS Minicon
Concentrators (Amicon Corp., Danvers, MA), or serum samples from
h nipiloni a patients. The target cell lines used were Raji for Lym-1,
ARH-77 for Lym-2, and CEM T-acute lymphoblastic leukemia as the
negative control. After a 1-h incubation at room temperature, the wells
were washed 3 times and 100,000 cpm/well of [125I]sheepanti-mouse

reagent were added to each well in a volume of 50 /Â¿I/well.After a final
1-h incubation period at room temperature, the wells were washed S
times and counted in a gamma counter.

Antigenic Modulation. One million Raji cells (for Lym-1) or ARH-
77 cells (for Lym-2) were incubated at time 0 with 100 n\ of increasing
concentrations of purified unlabeled Lym-1 or Cym-2 for 30 min at
room temperature with continuous mixing. After removing unbound
antibody by centrifugation, the cells were incubated for 24 and 48 h in
complete RPMI 1640 medium at 37Â°Cin a 5% CO2 humidified incu
bator at which time 100 fil of IO5 cpm of [125I]Lym-l or [125I]Lym-2

were incubated with the cells for 30 min at room temperature with
continuous mixing. After three washes, to remove unbound reagent,
the cells were counted in a gamma counter. Iodine- 125-labeled Lym-1
and Lym-2 monoclonal antibodies were prepared by a modified chlor-
amine-T method as described below.

Quantitation of Antibody Avidity and Binding Site Number

In order to determine the avidity constant and binding site number
of Lym-1 and Lym-2, a live cell radioimmunoassay was performed
using directly labeled antibody preparations. The binding constants and
number of antibody binding sites were determined by the methods and
equations described by Frankel and Gerhard (39). Purified Lym-1 and
Lym-2 were radioiodinated using a modified chloramine-T method
(40). Briefly, 50-100 /ig of antibody in 50-100 ^1 was added to 400 /tCi
of iodine-125 (4 /il) (New England Nuclear Research Products, Boston,
MA) in a test tube. Chloramine-T was then added to the mixture and
the reaction vessel was covered and incubated at room temperature for
90 s with constant shaking. The ratios of chloramine-T:Lym-l and
chloramine-T:Lym-2 were 1:4.0 and 1:4.6 (w:w), respectively. At the
end of the incubation, the reaction was terminated by adding sodium
metabisulfate at a 2:1 molar ratio to chloramine-T. The iodinated
antibody was then separated from free iodine by standard methods
using gel filtration. Fractions of labeled product were stored at 4Â°O

until use. The protein concentration of the radiolabeled antibodies were
determined by the BioRad Protein Assay using bovine serum albumin
as the standard. Immunoreactivity defined as the percentage of labeled
antibody still capable of binding to the target cell lines was assessed by
live cell radioimmunoassay described above.

For the binding constant experiments, the concentration of antibody
was varied by dilution with PBS. Each experimental variable was run
in triplicate. Washed target cell suspensions containing 5 x 10* cells
were added to each well of a 96-weIl Immulon microtiter plate which
was previously blocked overnight with BSA (10 mg/ml) in PBS. The
cells were incubated with 200 n\ of PBS containing 0.5-500 ng of
radiolabeled Lym-1 or Lym-2 for l h at room temperature with constant
shaking. Cells were then washed x3 with PBS containing bovine serum
albumin (1 mg/ml) to remove unbound antibody and counted in a
gamma counter. The amount of bound antibody was then determined
by the radioactivity (cpm) in each well and the specific activity (cpm/
ng) of the radiolabeled monoclonal antibody. For comparative pur
poses, parallel experiments using freshly prepared tonsil lymphocytes
were also performed. The tonsil mononuclear cell preparation was
prepared in the same manner as the malignant lymph nodes described
above.

Live Cell Competition Studies. Competitive live cell radioimmunoas
say procedures were performed with Lym-1 and anti-Dr and anti-Ds

monoclonal antibodies (Mallinckrodt, Inc., St. Louis, MO) in order to
determine the relationship of Lym-1 to HLA class II-related antigens
expressed on human lymphoma cells. For these studies, 10'' Raji cells

per tube were washed twice with BSA (1 mg/ml) in PBS containing
0.02% sodium azide. The cells were then incubated at 4Â°Cwith 200 n\/

tube of serial dilutions of anti-Dr and -Ds monoclonal antibodies for
30 min with constant mixing. After incubation, the cells were washed
twice and 100,000 cpm/tube of [125I]Lym-l in a volume of 100 Ml/tube
were added for an additional 30-min incubation period. The cells were
then washed twice and counted in a gamma counter.-

Immunoprecipitation and Immunoblot Studies

Raji cells and ARH-77 myeloma cells were used in immunoprecipi-
tation and immunoblot studies as previously described (27, 41) in order
to identify the molecular weight of the antigens recognized by Lym-1
and Lym-2.

RESULTS

Generation of Monoclonal Antibodies Lym-1 and Lym-2. Hy
brido ma clone Lym-1 was produced by the fusion of mouse
myeloma NS-1 cells and BALB/c splenocytes obtained from a
mouse hyperimmunized with nuclei from Raji Burkitt's lym

phoma cells. Isotypic analysis revealed that monoclonal anti
body Lym-1 is of the IgG2a heavy chain subclass. Hybridoma
clone Lym-2 was produced as above from a mouse hyperim
munized with chronic lymphocytic leukemia cell nuclei. Iso
typic analysis of supernatant revealed that Lym-2 is of the IgGr
heavy chain subclass. Both monoclonal antibodies were initially
identified by indirect immunofluorescence techniques with the
use of paraformaldehyde-acetone-fixed cell preparations where
they gave a speckled membrane (Lym-1) or membrane ring
(Lym-2) pattern of staining. Both Lym-1 and Lym-2 have been
subcloned on agar plates and have retained their ability to
secrete antibody (2-10 Mg/ml) in a stable manner for more than
2 yr. Both hybridomas have been adapted to grow exponentially
in serum-free medium (Nutraclone-M; Techniclone Interna
tional, Inc., Santa Ana, CA) with the same (Lym-1) or slightly
slower (Lym-2) growth rates as cultures grown in 10% fetal calf
serum facilitating their use in fermentation or hollow fiber
culture equipment.

Binding Reactivity of Lym-1 and Lym-2 with Established
Human Neoplastic Cell Lines by Live Cell Radioimmunoassay.
The binding reactivities of monoclonal antibodies with estab
lished human malignant lymphoma, leukemia, and solid tumor
cell lines are shown in Tables 1, 2, and 3, respectively. For
these studies, a live cell radioimmunoassay method was used in
order to directly assess the cell surface binding reactivity of
these monoclonal antibodies with a wide spectrum of tumor
cell lines. Both monoclonal antibodies appear unrestricted in
their reactivity to human lymphomas and leukemias of B-cell
origin.

Immunoperoxidase Staining Reactivity of Lym-1 and Lym-2
with Human Lymphoid and Non-Lymphoid Tissues. In order to
assess the binding reactivity of Lym-1 and Lym-2 with normal
human tissues, frozen sections of lymphoid and nonlymphoid
organs from surgical biopsy material were stained with Lym-1
and Lym-2 supernatants by the avidin-biotin immunoperoxi-
dase technique. As shown in Table 4 and in Fig. 1, both
monoclonal antibodies reacted with the cell membrane of B-
lymphocytes in human lymph node sections. Lym-1 showed a
speckled membrane pattern and reacted principally with ger
minal center and mantle zone B-cells and interdigitating histio-
cytes scattered in the T-cell zones. Lym-2 gave a membrane
ring pattern of staining and was positive on both germinal
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Table 1 Reactivity of Lym-1 and Lym-2 with human malignant lymphoma cell
lines by live cell radioimmunoassay

Table 2 Reactivity of Lym-1 and Lym-2 with human leukemia and
lymphoblastoid cell lines by live cell radioimmunoassay

Cell line Lym-1 Lym-2 Cell line Lym-1 Lym-2

Burkitt's lymphoma
Raji ++++" ++

EB3
DG-75 ++++ ++++
NK-9 ++ ++++
AL-1 +
Daudi + +++
NU-AmB-1 + ++
SU-AmB-1 - +
SU-AmB-2
RAMOS
Chevallier ++++
B46M + +
B35M ++++ ++++
DND-39 +
U-698-M + ++
HRIK +

Large cell lymphoma
SU-DHL-1
SU-DHL-2
SU-DHL-4 - ++++
SU-DHL-5 + ++
SU-DHL-6 -M-+ +++
SU-DHL-7 +
SU-DHL-8 +
SU-DHL-9 + +
SU-DHL-10 - ++++
SU-DHL-16
NU-DHL-1 ++++
U-937

Undifferentiated lymphomaNU-DUL-1 - +

' -, <2,000 cpm; +, 2,000-6,000 cpm; ++, 6,000-10,000 cpm; +++, 10,000-

15,000 cpm; ++++, >15,000cpm.

center and mantle zone B-lymphocytes. T-lymphocytes, sinus
histiocytes, and endothelial cells of reactive lymph nodes and
tonsils were not stained by both Lym-1 and Lym-2. In the
thymus, Lym-1 was found to react with medullary dendritic
cells, and in the spleen, both reagents stained B-cells of the
white pulp. In multiple samples of normal bone marrow, both
Lym-1 and Lym-2 were negative with myeloid, erythroid, and
megakaryocyte precursor and mature cells.

As shown in Table 5, both Lym-1 and Lym-2 did not dem
onstrate significant binding reactivity with a large panel of
normal human tissues obtained at biopsy. On some but not all
specimens of human colon, Lym-1 did show weak staining
reactivity with the epithelium of the luminal surface. Lym-1
was also positive with macrophages in the skin. Lym-2 was
found completely unreactive with all tissues tested to date.

Staining Reactivity of Lym-1 and Lym-2 with Human Malig
nant Lymphoma and Leukemia Biopsy Specimens. As shown in
Table 6, Lym-1 and Lym-2 were reacted with frozen sections
from 36 lymphomas obtained at biopsy. Immunoperoxidase
staining with Lym-1 and Lym-2 demonstrated significant and
strong positivity with the majority of B-lymphomas. The T-cell
lymphomas were unreactive with both antibodies even though
they both were positive for the HLA-Dr antigen (data not
shown). Lym-1 showed greater positivity with the large cell
lymphomas and less reactivity with the small lymphocytic lym
phomas while Lym-2 was found to react equally well with all
types of B-lymphomas. An example of the immunoperoxidase
staining reactivities of Lym-1 and Lym-2 on lymphoma tissue
is presented in Fig. 2. As shown, this intermediate-grade lym
phoma biopsy specimen had stronger reactivity with Lym-2
than Lym-1.

Lym-1 and Lym-2 were also reacted with 15 cases of chronic
lymphocytic leukemia. As shown in Table 6, Lym-1 had a 40%

Acute lymphoblastic leukemia
T-cell

MOLT-4 -'

CEM
HSB-2
HPB-ALL
JM

Null cell
REH +
NALL-1
KM-3
L92-221

Pre-B-cell
NALM-I (from CML)
NALM-6 +
BALM-2 +++
BALM-5

B cell
BALL-1 +++

Myeloid leukemia
HL-60 (promyelocytic)
ML-2 (myeloid)
KG-1 (myeloid)
TPH-l-O(monocytic)
K562 (erythroid CML)
HEL 92.1.7 (erythroid)

Myeloma
U-266
ARH-77 +++
HS Sultan +++

Lymphoblastoid
BL-1
NU-LB-1 +++
NU-LB-2 ++
ERIC-LB-2 +++
ERIC-LB-3 +

â€¢-, <2,000 cpm; +, 2,000-6,000 cpm; ++, 6,000-10,000 cpm; +++, 10,000-

15,000 cpm; ++++,>! 5,000 cpm.

reactivity with B-cell cases and no reactivity with all five T-cell
chronic lymphocytic leukemias. Lym-2 showed an 80% reactiv
ity with B-cell cases and likewise was unreactive with T-cell
leukemias. These results indicate that both Lym-1 and Lym-2
are reactive with the majority of B-cell lymphomas and leuke
mias and are restricted in their binding to B-cell derived tumors.

Flow Cytometric Analysis of Lym-1 and Lym-2 Reactivity with
Peripheral Blood Cells and Malignant Lymph Node Biopsy
Specimens. In order to assess in a quantitative manner the type
and percentage of Lym-1 and Lym-2 positive cells in normal
peripheral blood mononuclear cells, flow cytometric studies
were performed. In all cases studied, Lym-1 and Lym-2 were
found unreactive with T-cells, Leu M3 positive monocytes,
granulocytes, red blood cells, and platelets. B-lymphocytes,
however, were found reactive with both Lym-1 and Lym-2 as
demonstrated in Fig. 3 where dual labeling studies with the
pan-B monoclonal antibody Bl showed simultaneous Bl and
Lym-1 (Fig. 3C) and Bl and Lym-2 (Fig. 3F) reactivity. Quan-
titation of these results shows that for Lym-1, 90% of Bl+ cells
are Lym-T while 10% of Bl+ cells are Lym-P. For Lym-2,
86% of Bl+ cells are Lym-2+ while 14% of Bl+ cells are Lym-
T. Conversely, 10% of Br cells are Lym-1+ and 1% of Bl"
cells are Lym-2+. These results indicate that roughly 8% of
circulating B-lymphocytes found in normal peripheral blood
samples are both Lym-1 and Lym-2 positive. The reactivities
of monoclonal antibodies Bl, Lym-1, and Lym-2, however, do
show some differences indicating that small subpopulations of
B-cells have varying reactivities with these B-cell reagents. As
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Table 3 Reactivity of Lym-1 and Lym-2 with 35 human solid tumor cell lines by-
live cell radioimmunoassay

Cell line Derivation Lym-1 Lym-2

734B Breast carcinoma
578T Breast carcinoma
C-399 Colon carcinoma
I luiu si) Colon carcinoma
HT-29 Colon carcinoma
HeLa Cervical carcinoma
SW 733 Papillary carcinoma of bladder
S\\ 780 Transitional cell carcinoma of

bladder
SW 451 Squamous cell carcinoma of

esophagus
SW 579 Squamous cell carcinoma of

thyroid
SW 156 Hypernephroma
60 Small cell carcinoma of lung
464 Small cell carcinoma of lung
NCI-H69 Small cell carcinoma of lung
125 Adenocarcinoma of lung
A427 Adenocarcinoma of lung
A549 Adenocarcinoma of lung
SW 1503 Mesothelioma
BM 166 Neuroblastoma
IMR-5 Neuroblastoma
Y79 Retinoblastoma
A172 Astrocytoma
SW 608 Astrocytoma
UI18MG Glioblastoma
M 04 Glioblastoma
CaCI 74-36 Melanoma
Colo 38 Melanoma
SW 872 Liposarcoma
HS919 Liposarcoma
SW 1045 Synovial sarcoma
SW 80 Rhabdomyosarcoma
SW 1353 Chondrosarcoma
4-998 Osteogenic sarcoma
4-906 Osteogenic sarcoma
SU-CCS-1 Clear cell sarcoma

Â°-, <2,000 cpm; +, 2,000-6,000 cpm; ++, 6,000-10,000 cpm; +++, 10,000-

15,000 cpm; ++++,> 15,000 cpm.

Table 4 Reactivity of Lym-1 and Lym-2 with Â¡ymphoidand hematopoietic tissues
in frozen sections or cytospins

Organ Lym-1 Lym-2

Lymph node
Germinal center
Mantle zone
T-cell zones
Interdigitating histiocytes
Sinus histiocytes
Endothelium

Thymus
Cortex
Medulla

Spleen
White pulp
Red pulp

Bone marrow
Myeloid
Erythroid
Megakaryocytes

++ Dendritic cells

++ B-cell zones ++ B-cell zones

* Intensity of immunoperoxidase staining ranging from â€”to +++.

shown in Table 7, flow cytometric analysis of 22 consecutive
malignant lymphoma biopsy specimens revealed that Lym-1
and Lym-2 stained the majority of B-cell cases. OKT11 positive
T-cell lymphomas (cases 7 and 16) were negative with both
reagents. Lym-1 and Lym-2 showed similar but not identical
staining reactivity and for individual cases, Lym-2 usually had
a higher percentage of positive cells. For some of the Hodgkin's

disease cases, such as case 22, there was an unusual overlapping
of positivity with both Lym-1 and Lym-2 and OKT11, indicat
ing that some T-cell marker positive cells were also expressing
B-cell antigens. Further Hodgkin's disease cases need to be

Â¿Kfi
*H- -* *v

-, * Â». â€¢.â€¢ 4 â€¢â€¢ B^B
Fig. 1. Immunoperoxidase staining of Lym-I and Lym-2 monoclonal antibod

ies with germinal center and mantle zone B lymphocytes in frozen sections of
human tonsil. A, Lym-1; B, Lym-2 (X 325).

Table 5 Reactivity of Lym-I and Lym-2 with normal nonlymphoid tissues in
frozen sections

Reactivity

Tissue Lym-1 Lym-2

Adrenal
Brain
Breast
Cervix
Colon
Duodenum
Heart
Kidney
Liver
Lung
Ovary
Pancreas
Salivary glands
Skin
Skeletal muscle
Smooth muscle
Stomach
Testis
Thyroid

+ surface epithelium

+ macrophages only

" Intensity of immunoperoxidase staining ranging from â€”to +++.

studied in order to determine the significance of these findings.
In general, these data confirm the immunoperoxidase results
reported above.

Radioimmunoassay Results of Antigen Shedding and Antigenic
Modulation. The results of the antigen shedding and antigenic
modulation studies are presented in Tables 8 and 9, respectively.
These studies demonstrated that the antigen recognized by
Lym-1 on human lymphoma cells is neither shed nor modulated
after antibody binding. Sensitive solid-phase radioimmunoassay
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Table 6 Reactivity of Lym-1 and Lym-2 with human malignant lymphoma and
leukemia biopsy specimens

Diagnosis Lym-1" Lym-20

Lymphomas* (frozen sections of lymph
node biopsies')

Well-differentiated lymphocytic 1/3 3/3
Poorly differentiated lymphocytic, nodular 0/2 2/2
Poorly differentiated lymphocytic, diffuse 1/3 3/3
Mixed lymphocytic and histiocytic 8/9 7/9
Histiocytic (B-<:ell) 12/17 12/17
T-cell 0/2 0/2

Leukemias (cytospins of peripheral blood1*)

Chronic lymphocytic
B-celltype 4/10 8/10
T-cell type 0/5 0/5

Â°Positive/total.
* Rappaport classification.
' Immunoperoxidase technique.
d Indirect immunofluorescence.

-

v1
_- fc.-'

'r- ;;'

. \ .' ' ,^^*
f^1â€¢

â€¢.

Fig. 2. Immunoperoxidase staining of Lym-1 and Lym-2 monoclonal antibod
ies with an intermediate grade lymphoma. A, Lym-1; li. Lym-2 (x 720).

methods also failed to detect circulating antigen in the serum
of antigen positive lymphoma patients at the time of diagnosis.
Although no antigen shedding was observed with Lym-2, partial
modulation of the Lym-2 antigen was observed at high antibody
concentrations (0.01 mg and higher).

Avidity Constant and Binding Site Number of Lym-1 and 1,ym-
2 on Target Lymphoma Cell Lines and Reactive Tonsil B Lym
phocytes. In Fig. 4, the binding profiles of radiolabeled Lym-1
and Lym-2 with Raji and ARH-77 tumor cells, respectively, are
shown. With a large excess of antibody present, the equilibrium
of the antigen-antibody reaction is expected to be driven in the
direction of the antigen-antibody complex. Therefore, it is

assumed that each determinant of antigen on the cell surface
has bound with antibody at saturation. By this assumption, the
number of binding sites per cell can be calculated by Equation
A:

(ngof Ab) x 10" x N

Molecular weight of Ab x number of cells
(A)

where N is Avogadro's Number and "ng of Ab" is the amount

of antibody bound to the cell at saturation. The latter value was
calculated from the cpm per well obtained by radioimmunoas-
say and the specific activity (cpm/ng) of the radiolabeled mono
clonal antibody. Based upon these experiments, the number of
binding sites per Raji Burkitt's lymphoma cell with Lym-1 was
found to be 1.1 x IO6, while the number of binding sites per
ARH-77 cell with Lym-2 was 2.0 x 10s.

As shown in Figs. 5 and 6, a Scatchard plot analysis of the
radioimmunoassay data for Lym-1 and Lym-2 using Raji and
ARH-77 cells, respectively, was used to obtain linear regression
curves in order to calculate the slope. From the slope, the
equilibrium or avidity constant K was calculated by the equa
tion, K = -(slope/Â«).

In Table 10 the avidity constants for Lym-1 and Lym-2 on
target tumor cells lines and reactive tonsil lymphocytes are
shown. A greater than 4-fold difference in K value for Lym-1
and approximately a 2-fold difference in K value for Lym-2 was
obtained when tumor cell and tonsil lymphocytes were com
pared. These data indicate that both monoclonal antibodies
have an increased avidity of binding for lymphoma cells as
compared to normal B-lymphocytes.

Immunobiochemical Characterization of Lym-1 and Lym-2
Antigens. Immunoblot methods using denatured protein prep
arations failed to identify the molecular weight of the antigens
recognized by Lym-1 and Lym-2. Immunoprecipitation tech
niques with metabolically labeled protein lysates did, however,
identify the antigen recognized by Lym-1 as shown in Fig. 7.
Using Raji cells as the source of radiolabeled proteins, 4 poly-
peptide bands with molecular weights of 31,000, 32,000,
34,000, and 35,000 were immunoprecipitated in a consistent
manner by Lym-1 supernatant. Since this protein was so similar
in molecular weight to the HLA-Dr antigen, side-by-side im-
munoprecipitation studies with Lym-1 and the anti-HLA-Dr
monoclonal antibody SC2 (gift of Dr. Robert Fox, Scripps
Clinic and Research Foundation) were performed. In Fig. 7,
these immunoprecipitation results are shown with Raji cell
lysates. The immunoprecipitation pattern obtained with Lym-
1 was quite similar to that obtained with SC2 but differed in
two respects. First, all of the bands identified in the SC2
immunoprecipitate are not seen in the Lym-1 immunoprecipi-
tate indicating that Lym-1 only recognizes part of the HLA-Dr
antigen or recognizes a polymorphic variant of the molecule.
Second, a 3-week exposure for Lym-1 compared to a 10-day
exposure for SC2 was required for the autoradiographs to be
adequately visualized. These results may indicate that Lym-1 is
seeing only a less abundant variant of the HLA-Dr molecule.
To further test the relationship of Lym-1 to the HLA-Dr
antigen, competition studies with Lym-1 and monoclonal anti-
HLA-Dr and -Ds reagents were performed. As shown in Table
11, the anti-HLA-Ds monoclonal antibody was not able to
block Lym-1 binding but the anti-HLA-Dr reagent successfully
blocked Lym-1 binding to Raji cells even at low concentrations.
These results confirm the immunoprecipitation results and
suggest that Lym-1 is recognizing the HLA-Dr antigen or a
closely related variant of this molecule.
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Fig. 3. Flow cytometric analysis of Lym-1 and Lym-2 staining reactivity with normal peripheral blood lymphocytes. A, negative control; B, Lym-1; C, Lym-1 and
Bl; D, Bl; Â£,Lym-2, and F, Lym-2 and Bl.

Table 7 Flow cytometric analysis of malignant lymphoma biopsy specimens using Lym-1 and Lym-2 and lymphocyte markers

Case Sex
Age
(yr)

Diagnosis (working
formulation) Biopsy site OKT11 SIg Lym-1 Lym-2

High grade lymphomas
1 F 41 Small noncleaved, diffuse
2 M 60 Small noncleaved, diffuse
3 F 86 Small noncleaved, diffuse
4 M 47 Small noncleaved, diffuse
5 F 54 Immunoblastic
6 M SO Immunoblastic
7 F 89 Immunoblastic

Intermediate grade lymphomas
8 F 73 Follicular, large cell
9 F 31 Small cleaved, diffuse

10 M 87 Large cell, diffuse

Low grade lymphomas
11 F 69 Follicular, small cleaved
12 M 53 Follicular, small cleaved
13 F 56 Follicular, small cleaved
14 F 39 Follicular, small cleaved
15 F 76 Follicular, mixed
16 M 70 Follicular, large cell
17 M 55 Small lymphocytic (CLL)

L inguinal LNÂ°

R cervical LN
Chest wall
R inguinal LN
L submental LN
R axillary LN
L subclavian LN

L axillary LN
Conjunctiva
R inguinal LN

L inguinal LN
Small bowel
L inguinal LN
L inguinal LN
R ovary
L inguinal LN
Spleen

3
11
26
6

62
55
96

18
8

14

16
22
26

4
27
61

2

5
46
67
96
12
82
25

87
95
23

38
83

100
88
67
10
95

1
2

36
1
8

18
21

87
7
9

2
81
79

2
60

7
95

0
65

0
96

3
18

1

7
85

1

34
2
2

83
9
5
1

26
36
2

20
38
80
12

57
51
86

76
78
85
30
23
8

32

43
37
0

28
30
70
17

84
75
61

80
83
90
59
47
31
77

Hodgkin'sdisease1819202122MFFMM3815186635HD/L-HNSHDNSHDNSHDHD/mixed

cellularityCervical

LNR
cervicalLNL
inguinalLNL
cervicalLNR
cervical LN39819459977220631363174201648210169772148862493749

" LN, lymph node; HD, Hodgkin's disease; NSHD, nodular sclerosis Hodgkin's disease; HD/LH: Hodgkin's disease, lymphocytic-histiocytic type; L, left; R, right.

CLL, chronic lymphocytic leukemia.

Immunoprecipitation studies with Lym-2 using ARH-77 ra-
diolabeled lysates have to date yielded negative results. Addi
tional experiments to identify the antigen recognized by Lym-
2 are being conducted.

DISCUSSION

Two new monoclonal antibodies, Lym-1 and Lym-2, specific
to normal and malignant human B-cells have been produced.
The salient features of these antibodies are summarized in Table
12. Both monoclonal antibodies were developed from mice
hyperimmunized with tumor cell nuclei as part of other exper
iments. Although these experiments were directed at producing
reagents specific for nuclear constituents, we identified a hand
ful of monoclonal antibodies with high avidity for the cell
surface, which we assume recognized small remnants of cell

Table 8 Detection of shed antigen by radioimmunoassay

AntigensourceTarget
cells (1 xIO6)CEM

cells (1 x10')Target

membranesTarget
membranesTarget

cellsupernatant"Lymphoma

patientsera(no.)12345RadioimmunoassayLive

cellLive
cellSolid

phase,directSolid
phase,indirectSolid
phase,indirectSolid

phase,indirectSolid
phase,indirectSolid
phase,indirectSolid
phase,indirectSolid
phase, indirect(cpm)51,5822146,06019,274619115111168385269[125I]Lym-2

(cpm)40,1054562,4185,350621291263195280256

" Concentrated x 25.
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Table 9 Antigenic modulation studies with Lym-1 and Lym-2^

50
CM

C
K

<

Ul
Ul
U. 30

Concentration of
Lym-1 and Lym-

2 used to bind
1()" target cells

atOh0.1

mg
O.OSmg
0.01 mg
0.005 mg
0.001 mg
PBS control[125I]Lym-l

(cpm)24

h 48h18,444

32,938
26,715 33,475
31,502 40,169
31,636 43,463
37,665 46,928
43,946 47,600[1I5I]Lym-2

(cpm)24

h3,662

7,515
11,008
14,240
19,776
33,15248

h4,850

10,237
17,105
25,967
27,116
32,216

LVM 1

LYM 2

ISO 300 390

NANOGRAMS

Fig. 4. Binding profiles of radiolabeled Lym-1 and Lym-2 reagents with Raji
and ARH-77 cells, respectively.

O 20

io.

r=0.973 9..-1
slope = -0.47x10 M

10 12 14 16

NANOGRAMS

18 20 22 24

Fig. 6. Scatchard plot analysis of Lym-2 binding data with ARH-77 cells.

Table 10 Avidity constants of Lym-1 and Lym-2 using target tumor cell lines and
tonsil lymphocytes

Monoclonal
antibodyLym-1

Lym-2Tumor

cell
line4.02

x 10Â»NT'
2.33 x 10s M-'Tonsil0.88

x 10Â«M'1
1.23 x 10Â«M'1

A B

-

r= -0.958 .8..-1
stope-- -8.04 x 10 M

0 10 20 30 40 SO 60 70 80 90 100 110

NANOGRAMS

Fig. 5. Scatchard plot analysis of Lym-1 binding data with Raji cells.

membrane material in the nuclear preparations. Both Lym-1
and Lym-2 were such reagents and were initially identified
using indirect immunofluorescence techniques using paraform-
aldehyde-acetone fixed cell preparations. In general, both
monoclonal antibodies are reactive with circulating B lympho
cytes and germinal center and mantle zone B cells in reactive
lymphoid tissues. Bone marrow and nonlymphoid tissues do
not appear to be reactive with Lym-1 or Lym-2, with the
exception of surface colonie epithelium which reacts weakly
and variably with Lym-1 (Tables 4 and 5). Medullary dendritic
cells of the thymus are also positive with Lym-1 but not with
Lym-2. Both monoclonal antibodies react with surface mem
brane antigens which, in the case on Lym-1, has been shown by
immunoprecipitation studies and competitive radioimmunoas-

-92,500

-69,000

-46,000

*â€¢
-30,000

Fig. 7. Immunoprecipitation of ["S]methionine- and ["Cjleucine-labeled Raji
proteins by Lym-1 (lane A) and SC-2 anti-HLA-Dr (lane B) monoclonal antibod-

say procedures to be related to the HLA-Dr antigen. Standard
immunoprecipitation and immunoblot methods to identify the
membrane antigen recognized by Lym-2 have thus far not been
successful. Enzyme studies, however, have shown this antigen
to be sensitive to proteases (data not shown) and further studies
to identify its molecular weight are being conducted.

Lym-1 and Lym-2 are strongly reactive with the majority of
B-cell derived malignancies, as demonstrated by their positive
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Table 11 Lym-1 competition studies with anti-HLA-Dr and -Ds monoclonal
antibodies

Competitive Dilution [from
monoclonal stock solution (1

antibodymg/ml)]Anti-HLA-Ds

None (PBSonly)1:41:81:161:321:64:128:256:512:

1,024:2,048:4,096Anti-HLA-Dr

None (PBSonly)1:41:81:161:321:64:128:256:512:

1,024:2,0481:4,096Bound

['"I]Lym-I to IO6

Raji cells
(cpm)3,4643,5853,1014,1262,9013,4513,3973,3123,4963,2223,9463,1913,1914533905314264434691,1091,8122,3042,9704,061

binding to Burkitt's lymphoma, large cell lymphoma, B-cell
acute lymphoblastic leukemia, and Epstein-Barr virus-trans
formed lymphoblastoid cell lines (Tables 1 and 2). T-cell acute
lymphoblastic and myeloid leukemia cell lines as well as a wide
spectrum of solid tumor cell lines (Table 3) were consistently
negative by live cell radioimmunoassay procedures. Further
studies using immunoperoxidase staining of frozen sections
(Table 6) or immunofluorescence staining of dissociated lym
phoma and leukemia biopsies using quantitative flow cytome-
tric techniques confirmed the B-cell specificity of Lym-1 and
Lym-2 (Table 7). Although Lym-1 was shown to be related to
the HLA-Dr antigen, it did not bind to HLA-Dr-positive T-cell
lymphomas or to activated endothelial cells and showed differ
ent, albeit similar, binding reactivities with lymphoma and
leukemia cell lines when compared to standard HLA-Dr mono
clonal antibody reagents. Because of these data, it is probable
that Lym-1 recognizes a polymorphic variant of the HLA-Dr
molecule which confers upon Lym-1 greater specificity to nor
mal and malignant human B-cells. The binding reactivities of
Lym-1 and Lym-2 shown in Tables 1 and 2 are significantly
different for each other and for other published B-cell specific
monoclonal antibodies, providing preliminary evidence that

they recognize unique antigens expressed on human B-cells and
derived malignancies. Direct comparison studies would be re
quired to verify this point.

Radioimmunoassay methods using iodine-125-labeled Lym-
1 and Lym-2 have demonstrated the presence of relatively high
numbers of binding sites on target tumor cell lines. These data
suggest that Lym-1 or Lym-2 conjugated to cytotoxic drugs
may be effective as an alternative form of therapy since the
number of binding sites per tumor cell is a critical factor in
achieving significant drug concentrations at the tumor site (42).
In addition, both monoclonal antibodies were shown to have
high avidity binding constants in excess of IO8 M~'. Compara

tive studies with reactive B-cells from tonsil biopsies showed
avidity binding constants with 4-fold and 2-fold lower values
for Lym-1 and Lym-2, respectively, than those obtained with
lymphoma target cell lines (Table 10). These data, which were
obtained from measurements made independently of the bind
ing site number, indicate that both Lym-1 and Lym-2 bind
preferentially to lymphoma cells rather than to normal or
reactive lymph node B-cells. The number of antibody binding
sites per cell as anticipated was also higher on lymphoma cells
(data not shown) which are generally larger and more homo
geneous in size than reactive tonsil B-cells which range from
small to large depending on their state of differentiation.

Sensitive solid-phase radioimmunoassay techniques revealed
that both Lym-1 and Lym-2 recognize membrane antigens
which are not shed from malignant cells grown in culture nor
present free in the circulation of lymphoma patients (Table 8).
Furthermore, the antigens recognized by Lym-1 and Lym-2
were not found to modulate significantly on the surface of
target tumor cell lines after exposure to purified antibody
preparations (Table 9).

As summarized in Table 13, Lym-1 and Lym-2 appear to
have several advantages as immunodiagnostic and inumino
therapeutic reagents. The data presented here suggest that these
monoclonal antibodies would be useful imaging agents after
conjugation with radioisotopes. As set forth by DeNardo et al.
(43), cancer-seeking monoclonal antibodies carrying radio
nuclides can, in theory, be very powerful reagents for the
radioimaging and radiotherapy of cancer. Optimization of this
type of therapy requires dynamic modeling of physiological
parameters which govern radionuclide distribution in the pa
tient. Certain critical properties of the radiolabeled antibody
must also be present in order for the target-to-nontarget uptake
ratio to equate to favorable imaging and therapy. For Lym-1,
the parameters for radioconjugation with radioactive iodine
have been identified and experiments with this monoclonal

Table 12 Characterization of monoclonal antibodies Lym-1 and Lym-2

Lym-1" Lym-2*

Immunogen
Isotype
Antigen
Antigen site
Number of antibody binding sites
Antibody avidity constant
Lymphoid reactivity

Lymph node and tonsil
Bone marrow
Blood
Thymus
Spleen

Nonlymphoid reactivity
Tumor specificity

Raji nuclei

Protein'

Cell surface
1.1 x lO'sites/Rajicell
4.02 x 10' NT'

B-cell zones and histiocytes
None
B-cells''

Medullary dendritic cells
B-cells
Surface colonie epithelium
B-cell lymphomas and leukemias

CLL biopsy nuclei
IgG,
Unknown
Cell surface
2x10* sites/ARH-77 cell
2.33 x 10" M"'

B-cell zones and histiocytes
None
B-cells''

None
B-cells
None
B-cell lymphomas and leukemias

" Studies performed with Raji Burkitt's lymphoma cells.
* Studies performed with ARH-77 myeloma cells.
' M, 31,000, 32,000, 34,000, and 35,000.
'' Represents 8% of total peripheral blood mononuclear cells.
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Table 13 Advantages of Lym-1 and Lym-2 as in vivo immunodiagnostic and
immunotherapeutic reagents

Antigen
Small antigen reservoir.
Not shed nor modulated.
High number of antigenic sites per tumor cell.
Expressed on majority of human lymphomas.

Antibody
Highly stable after chemical or isotope conjugation procedures.
High avidity binding constants.
2-4-fold increase in avidity binding constants with tumor cells compared to

normal B-lymphocytes.
Favorable isotype (IgGj. for Lym-1) for interaction with patient immune

response.

antibody indicate high retention of label and immunoreactivity
after conjugation procedures (44,45). Based upon these studies,
Lym-1 has been used successfully to image lymphoma lesions
in the nude mouse and in volunteer patients after iodine-123
conjugation (46). Successful radioimmunotherapy has also been
achieved in lymphoma-bearing nude mice treated with single
doses of [13lI]Lym-l preparations (47). Because of these results,
radioimmunotherapeutic trials using [13lI]Lym-l have been ini

tiated at the University of California at Davis under the guid
ance of Drs. Sally and Gerald DeNardo. Early results from
these trials suggest that this reagent may be a powerful radioim
munotherapeutic and imaging agent. Clinical trials with unla-
beled Lym-1 and Lym-2 have also been initiated at the Univer
sity of Southern California to test the effectiveness and toxicity,
if any, of these reagents. Finally, Lym-1 has been used to
enhance NMR spin echo imaging of lymphoma-bearing nude
mice after conjugation with gadolinium.4 All of these studies
emphasize the possible utility of Lym-1 and Lym-2 for the
radioimmunodetection and therapy of human lymphomas. Be
cause of their B cell specificity, high binding avidities for human
lymphomas, and stability after chemical conjugation proce
dures, these reagents can play an important role in delineating
the necessary parameters for the successful immunodiagnosis
and immunotherapy of the human malignant lymphomas after
linkage with radionuclides, NMR-enhancing agents, cytotoxic
drugs and toxins, or immunologically reactive peptides.
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