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ABSTRACT

In the present study we have generated four new monoclonal antibodies
(tnAbs), termed SNS, SNSa, SNSb, and SNSc, which are directed toward
the human common acute lymphoblastic leukemia antigen (CALLA).
SNS and SNSc were generated separately by immunizing two mice with
a leukemia antigen preparation isolated from uncultured non-T-/non-B-
acute lymphoblastic leukemia cells whereas SNSa and SNSb were gen
erated by immunizing a third mouse with intact KM-3 (a cultured non-
T-/non-B- acute lymphoblastic leukemia cell line) cells. It was found that
the binding activities of mAbs SNS and SNSc generated by using an
isolated leukemia antigen preparation were approximately twice as large
as those of mAbs SNSa and SNSb generated by using intact leukemia
cells. All four of the present mAbs induced antigenic modulation of
CALLA on the leukemia cells in vitro-,subclasses of mAbs appear to be

an important factor which influences the kinetics of antigenic modulation.
SNS, SNSa, and SNSc immunoprecipitated a distinct M, 100,000 com
ponent from detergent-solubilized cell membrane antigens but SNSb
failed to do so. These four mAbs together with JS, another anti-CALLA
inAh, were individually tested in a solid phase radioimmunoassay for
reactivity with the detergent extracts of various human tissues, i.e.,
kidney, lymph node, spleen, brain, liver, pancreas, lung, and heart. SNS,
SNSa, SNSc, and JS showed reaction only with kidney, whereas SNSb
did not show significant reaction with any tissues including kidney.
However, SNSb as well as SNS showed a significant reaction with kidney
in an immunoperoxidase-staining test. These results indicate that the
interaction of SNSb with a unique epitope on the CALLA molecule is
strongly disturbed by relatively mild detergents (deoxycholate, taurocho-
late, and Nonidet P-40). These detergents did not significantly disturb
the reaction between other mAbs (SNS, SNSa, and SNSc) and the
corresponding epitopes on the CALLA molecule. Competitive binding
experiments show that the three epitopes recognized by SNS, SNSb, and
SNSc are sufficiently close to each other to allow complete or nearly
complete reciprocal inhibition of binding to CALLA present on leukemia
cells. Peculiar inhibition patterns, however, were observed between SNSa
and the other three mAbs. SN5, SNSb, and SNSc inhibited only partially
the subsequent binding of SNSa to the leukemia cells. Conversely, SNSa
inhibited nearly fully the subsequent bindings of SNS, SNSb, and SNSc.
These results suggest another unique epitope defined by SNSa. Based on
the present observations, we propose a model illustrating a possible
topographic relationship among SNS, SNSa, SNSb, and SNSc epitopes
on the CALLA molecule.

INTRODUCTION

The common ALL" antigen, termed CALLA, is a cell surface

glycoprotein with an approximate molecular weight of 100,000
(1, 2). It was originally detected on leukemia cells from the
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majority of patients with non-T ALL and chronic myelocytic
leukemia in lymphoid blast crisis by Greaves et al. (3) using
rabbit antisera. It was also detected on a very small proportion
of cells in normal bone marrow and spleens and a variable
proportion of cells in fetal liver (3). However, more recent
studies by several investigators using rabbit antisera and mAbs
demonstrated that CALLA is also expressed on cells of other
malignancies such as B lymphomas, some of T lymphoblastic
lymphoma, and some of T ALL (4-6). Furthermore, it has been
also found on normal kidney and normal granulocytes (7, 8).
Despite the lack of absolute leukemic specificity and the unre
solved issue of its origin, CALLA and its antibody reagents
have been useful for the diagnosis and development of a clini
cally valuable subclassifkation of ALL. Furthermore, anti-
CALLA mAbs have a good potential for in vitro eradication of
tumor cells in bone marrow specimens from leukemia patients;
the tumor cell-free bone marrow specimens will be valuable in
autologous bone marrow transplantation of the leukemia pa
tients (9,10). Such a new approach to the treatment of leukemia
patients is important in view of the fact that a relapse is a major
problem for leukemia patients and conventional chemo-radio-
therapy is, in general, not effective in curing leukemia patients
with relapsed disease (11).

In the present paper we are reporting the generation and
characterization of four new anti-CALLA mAbs, termed SN5,
SNSa, SNSb, and SNSc. Various tests conducted in the present
study indicate the presence of two unique epitopes on the
CALLA molecule which are defined by SNSa and SNSb, re
spectively. Furthermore, mAbs SNS and SNSc which were
generated by using an isolated leukemia antigen preparation
demonstrate very high binding activities.

MATERIALS AND METHODS

Cells. Established human cell lines were cultured in RPMI 1640
medium supplemented with 4 to 10% fetal calf serum, penicillin (100
units/ml), and streptomycin (100 f/u/ml) (12). Various c:*cer cell
specimens were obtained and purified as described previously (13, 14).

Tissues. Various human normal tissues were obtained fresh from
cadavers at RPMI. The capsule and fat of the individual organs were
removed, and the individual tissues were cut into small pieces using
scissors. The tissue pieces were homogenized in 10 mM Tris-HCl buffer
(pH 7.4) using a Teflon pestle in a Dounce homogenizer. The Tris-HCl
buffer contained 0.15 M NaCI, 1 mM EOT A, aprotinin (100 kallikrein
units/ml), 0.5 mM phenylmethylsulfonyl fluoride, and 0.1 mM leupep-
tin. Large particles were removed by centrifugation at 40 x g for 1 min.
The homogenate was washed twice with the Tris-HCl buffer by sus
pending and centrifuging at 35,000 x g for 20 min. The washed pellet
was further homogenized with a Dounce homogenizer, divided among
several tubes, and stored at -76'C. The protein content of the homog

enate was estimated by a modification of the Lowry method as previ
ously described ( 12). Antigens of the tissue homogenate were extracted
with taurocholate, a detergent, as follows. The tissue homogenate was
centrifugated at 100,000 x g for 1 h, and an appropriate volume of 2%
taurocholate in 50 mM Tris-HCl buffer (pH 7.5) was added to achieve
approximately 10 mg protein/ml. The Tris-HCl buffer (Tris-TC) con
tained 0.13 M NaCI, 0.03% NaN3, 2 mM EDTA, aprotinin (200
kallikrein units/ml), 0.2 mM leupeptin, and 2% taurocholate. The tissue
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UNIQUE EPITOPES OF CALLA

suspension was homogenized in a Oounce homogenizer and shaken for
1 lir in ice-water in a gyratory shaker. The mixture was centrifuged at
100,000 x g for 1 h. and the supernatant was used for protein deter
mination (see above) and solid phase RIA (see below).

All procedures for the tissue homogenization and detergent treat
ment were carried out at 0 or 4Â°C.

JS and Control Mouse IgG. J5 (2) was purchased from Coulter
Immunology (Hialeah, FL). The following control mouse tumor ascites
were prepared in our laboratory: MOPC195 variant (IgGl); MOPC21
(IgGl); RPC5 (IgG2a); and J606 (IgG3).

Reagents. Taurocholate and Pansorbin were purchased from ( 'albi

ochem-Behring (San Diego, CA). Three different protease inhibitors,
i.e., leupeptin, aprotinin, and phenylmethylsulfonyl fluoride were pur
chased from Sigma Chemicals (St. Louis, MO).

Leukemia Antigen Preparation. This was prepared from cell mem
branes of uncultured leukemia cells from the patient (F. J.) with non-
T/non-B ALL. The procedures involved are based on modifications of
our earlier method for isolating human I cell leukemia antigen prepa
rations (12, 13, IS). A brief description of the present isolation system
is given as follows. Cell membranes were prepared from the leukemia
cells and the cell membrane antigens were solubilized by sodium de-
oxycholate treatment. The solubilized antigens were fractionated by
affinity chromatography on serially connected columns of Lens culinarii
and Ricinus communis lectins. /.. culinarii lectin- and R. communis
lectin-bound glycoproteins were individually eluted, combined, and

subjected to passive immunoaffinity chromatography (12). To this end,
the combined glycoproteins were passed through three serially con
nected immunoadsorbent columns. These immunoadsorbents consist
of affinity-purified rabbit anti-human /32-microglobulin antibodies cou
pled to Sepharose CL-4B, rabbit anti-human cultured normal B-cell
antibodies coupled to Sepharose CL-4B, and rabbit anti-human uncul
tured normal peripheral blood lymphocyte antibodies coupled to Seph
arose CL-4B. Materials in the pass-through fractions were pooled and
concentrated.

Generation of mAbs. Monoclonal anti-CALLA antibodies were gen
erated by immunizing two BALB/c mice (Mice 1 and 3) with the
isolated leukemia antigen preparation and by immunizing another
BALB/c mouse (Mouse 2) with intact cells of KM-3, a non-T-/non-B-
leukemia cell line. Immunization of Mice 1 and 3 was carried out
separately at different times following the procedure described previ
ously (14). Mouse 2 was immunized by the i.p. injection of 1 x 10"
KM-3 cells in Freund's complete adjuvant. Four booster immunizations

were carried out, and the spleen was taken for the fusion 3 days after
the last immunization. Cell fusion, hybridoma screening, cloning, and
mAb class determination were carried out as decribed before (13, 14).

Cellular RIA and Solid Phase RIA. Cellular RIA was used to deter
mine the reactivity of murine mAbs with various cultured and uncul
tured human target cells. Details of the RIA have been previously
described (13, 14). It should be noted that Fc receptors on the target
cells are blocked with human IgG during the assay (13, 14). A solid
phase RIA was utilized to determine the reactivity of mAbs with
detergent extract of various human tissues. Details of this assay were
recently reported (16).

Radioimntunoprecipitation and SDS-PAGE. CALLA was radiola
beled by two different procedures: (a) the leukemia antigen preparation
containing CALLA was labeled with I25I using IODO-GEN (Pierce
Chemical Co.) as previously described (12); and (b) CALLA-expressing
NALM-6 cells were cultured for 6 h at 37*C with [3H]leucine, [3H]-
tyrosine, and ["SJmethionine in RPMI 1640 medium containing 10%

fetal calf serum but no free amino acids. The labeled cells were washed
and lysed in the ice-cold 20 mM Tris-HCl buffer, pH 7.4, containing
0.5% Nonidet P-40, 0.15 M NaCl, 2 mM EDTA, 5 mM iodoacetamide
(recrystallized), aprotinin (200 kallikrein units/ml), 0.2 mM leupeptin,
and 0.05% NaN3. The cell lysate was centrifuged at 3000 x g and 4Â°C

for 20 min to remove the cell debris. The supernatant was further
centrifuged at 100,000 x g and 4'C for l h prior to using for inun u
noprecipitation. The '"(-labeled leukemia antigen preparation and the
3H- and -"S-labeled cell lysates were individually subjected to immu-

noprecipitation using mAbs (or control mouse IgG) and Pansorbin
coated with affinity-purified rabbit anti-mouse IgG antibodies as de

scribed before (14). The immunoprecipitates and control precipitates

were treated and analyzed by SDS-PAGE as previously described (14).
Antigen Modulation. Modulation of CALLA on human leukemia

cells was studied following a recently described procedure (17).
Competitive Antibody Binding to CALLA on the Cells. This assay was

carried out as previously described (18). Briefly, NALM-6 cells (2 x
105cells/10 til of HEPES buffer) were incubated at 4Â°Cfor l h with 20

fi\ of buffer (control) or 20 n\ of serial dilutions of purified mAb (SN5,
SN5a, SN5b, or SN5c) or of control purified mouse IgG in individual
wells of 96-well microtiter plates. The HEPES buffer (pH 7.3) consisted
of RPMI 1640 medium containing 25 mM HEPES, 0.1% NaN3, 0.1%
normal human IgG, 0.5% bovine serum albumin, and aprotinin (50
killikrein units/ml) (13). Ten jj (4 to 5 x 10" cpm) of '"I-labeled mAb

(SN5, SN5a, SN5b, or SN5c) solution were then added and the incu
bation continued for an additional 1 h. Cells were washed three times
and the radioactivity in the washed cell pellet determined in a -, ruy
spectrometer. In parallel control tests, NALM-6 cells were reacted with
serial dilutions of J5 followed by reaction with I25l-labeled SN5, SN5a,

SN5b, and SN5c. The percentage of inhibition of binding was calculated
from the mean of triplicate determinations according to the formula

blocking = ( l - - ) x 100

or % blocking =100 x 100

in which .I is radiolabeled antibody bound to cells preincubated with
buffer, and B is radiolabeled antibody bound to cells preincubated with
test antibody or control mouse IgG.

Competitive Antibody Binding to CALLA-like Substance of Normal
Kidney. Solid phase RIA (16) was utilized in this test. The assay was
carried out as described below. Fifty /Â¿I,in triplicate, of a 4-fold dilution
of taurocholate extract of kidney (see above under "Tissues") were
incubated at 4Â°Cin individual wells of 96-well microtiter plates. After

60 min, 50 n\ of a 3.2% BSA solution in Tris buffer were added and
the incubation continued overnight (15 to 16 h) at 4Â°C.The Tris buffer

consisted of 20 mM Tris-HCl, pH 7.0, containing 0.13 M NaCl, 2 mM
EDTA, 0.03% NaNj, and aprotinin (20 kallikrein units/ml). After the
overnight incubation, the wells were washed three times with Tris buffer
containing 0.2% BSA (Tris-BSA). The wash was followed by adding
100 n\ of Tris-BSA containing 0.1% normal human IgG (control), or
100 n\ of serial dilutions of a purified mAb or a purified control mouse
IgG to individual wells and by incubating at 4"( ' for 2 h with gentle

continuous shaking. Dilution of the mAb and control IgG was made
with Tris-BSA containing 0.1% normal human IgG; normal human
IgG was included in the buffer to minimize nonspecific binding of
mouse IgG antibodies to the microtiter plate wells. Ten p\ (1 to 10 x
IO4 cpm) of 125I-labeled mAb (SN5 or SN5a) were then added and
incubated for 2 h at 4Â°Cwith gentle shaking. The wells were then

washed as described above, cut out, and the radioactivity counted in a
7-ray spectrometer. The percentage of inhibition of binding was calcu
lated as described above.

Immunoperoxidase Staining. Sections of normal kidney were stained
using an indirect immunoperoxidase procedure (19). Briefly, sections
of frozen normal kidney were fixed in acetone at 4Â°Cfor 5 to 10 min,

washed in PBS, and preincubated with PBS containing 1% BSA. Then,
the pretreated tissue sections were incubated for 60 min at room
temperature with 1:500 diluted SN5 (IgGl-Â«),SN5b (IgGl-x), or con
trol MOPC 195 variant (IgG I-Â«)ascitic fluid. A second 60-min incu
bation was carried out with a 1:30 dilution of horseradish peroxidase-
conjugated goat anti-mouse IgG. Slides were developed by incubation
for 15 min with a solution of diaminobenzidine (1 mg/ml) and hydrogen
peroxide (0.003%) in PBS and were counterstained with hematoxylin.

RESULTS

Generation of mAbs and Initial Characterization. In the pres
ent study mAbs were generated in two different ways, i.e., by
immunizing two mice (Mice 1 and 3) with an isolated leukemia
antigen preparation and by immunizing another mouse (Mouse
2) with intact leukemia cells. Initial characterization of the
primary hybridoma cultures and the cloned hybridomas was
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UNIQUE EPITOPES OF CALLA

carried out using a cellular RIA with various cultured cell lines
as the target as described previously (13, 14). The results
suggested that hybridoma clone N6-5D2-F10 derived from
Mouse 1, hybridoma clones M6-2E3 and I3-3C2 from Mouse
2, and hybridoma clone L4-1 Al from Mouse 3 produced mAbs
specific for CALLA. These hybridomas were designated SN5,
SN5a, SN5b, and SN5c, respectively. Double diffusion agarose
plate tests showed that mAbs SN5, SN5b, and SN5c are IgGl
whereas mAb SN5a is IgG3. The reactivity of these mAbs and
J5, a well-characterized anti-CALLA mAb, with various cul
tured HLL cell lines and nonmalignant cell lines is summarized
in Table 1. The specificity of SN5, SN5a, SN5b, and SN5c is
consistent with that of J5. Among the present four mAbs, SN5
and SN5c showed much higher binding activity than did SN5a
and SN5b; SN5a and SN5b showed approximately the same
degree of binding activity to CALLA-expressing HLL cells.
These results were corroborated by an experiment in which the
reactivity of 10-fold serial dilutions of the culture fluids of
hybridomas SN5, SN5a, SN5b, and SN5c were determined as
described previously (13, 14).

In this test, when the maximum binding obtained at optimal
dilutions in the antibody excess region was compared, the
binding activities of the mAbs generated by using an isolated
leukemia antigen preparation were approximately twice as large
as those of the mAbs generated by using whole leukemia cells
(data not shown). The differences in the maximum binding

obtained at antibody saturation may be a reflection of the
differences in the binding affinity of the mAbs.

Reactivity with Uncultured Cell Specimens from Cancer Pa
tients. The reactivity of mAbs SN5, SN5a, SN5b, and SN5c
with uncultured cancer cell specimens was determined by a
cellular RIA (Table 2). Of the 63 specimens obtained from
patients with various neoplasms, SN5 reacted with 17 of 20
non-T/non-B ALL specimens tested, 1 of 3 T ALL specimens,
1 of l T lymphoma specimen, 1 of 5 hairy cell leukemia
specimens, 1 of 4 chronic myelocytic leukemia specimens, and
1 of 1 chronic myelocytic leukemia in blast crisis specimen.
The binding specificity of SN5a, SN5b, and SN5c with the
cancer cell specimens was the same as that of SN5 except that
fewer (i.e., 44, 44, and 40, respectively) specimens were tested
(Table 2).

Radioimmunoprecipitation and SDS-PAGE. In the initial test,
a I25l-labeled leukemia antigen preparation was used for im-

munoprecipitation with mAbs SN5, SN5a, and SN5b and con
trol mouse IgGl and IgG3. The immunoprecipitates were re
duced (Fig. 1, middle) or unreduced (Fig. 1, left) and analyzed
by SDS-PAGE. Both SN5 (lane C) and SN5a (lane E) immu-
noprecipitated a single component of approximately M,
100,000 which remained unchanged by reduction (Fig. 1). Con
trol IgGl (MOPC 21; lane A), control IgG3 (J606; lane D), and
SN5b (lane B) did not immunoprecipitate any measurable ra-
diolabeled component. In the next experiment, detergent lysate

Table 1 Reactivity of Hybridoma SNS, SNSa, SNSb, and SNSc culture fluids with HLL and normal cell lines
The properties of the HLL cell lines used are reviewed in Refs. 4 and 20. The reactivity of mAbs SN5, SNSa, SNSb, and SNSc was determined using 20 n\ of a

10-fold dilution of culture fluid of the corresponding hybridoma and 2 x 10* cells in each test by means of a cellular RIA (see "Materials and Methods"). Each test

was carried out in triplicate and the values given are the mean of triplicates Â±SD.

Reactivity, cpm

Control

CelllineHLL
non-T/non-BNALM-16KM-3REHHLL

pre-BNALM-1NALM-6HLL

BBALL-1BALM-2DaudiHLL

TMOLT-4JMCCRF-CEMCCRF-HSB-2REERDND-41IchikawaHPB-MLTHUT78HLL

myelomonocyticML-2HLL

undefinedSU-DHL-1Normal

BCCRF-SBRPMI8057Origin

of
celllineALLALLALLCML-BC*ALLALLALLBLALLALLALLALLALLALLALLLTLSSAMLHLSNS-7551

Â±5856300
Â±2575386
Â±3265699

Â±3398061
Â±829231

Â±10721
Â±1601518
Â±150271

Â±9247
Â±85077

Â±173328
Â±13123
Â±113119Â±

182222
Â±142827
Â±386269
Â±18170

Â±9220

Â±19289

Â±20537

Â±33SNSa4719

Â±2713213
Â±5082817
Â±1312479

Â±1454385
Â±340224

Â±21739
Â±411460

Â±97223

Â±90291
Â±104439
Â±550341

Â±21367
Â±321510
Â±106200
Â±11233
+49224
Â±33181

Â±3I17Â±

13188

Â±10511

Â±14SNSb4259

Â±253509
Â±1813140

Â±942385

Â±574692
Â±283250

Â±21675
Â±26885
Â±28337

Â±72124
Â±82770

Â±371288
Â±38279
Â±411477
+247251
Â±521360
Â±129343
Â±16217

Â±9203

Â±17303

Â±25471

Â±18SNSc7702

Â±5936930
Â±2614551
Â±3485144

Â±3788593
Â±639234

Â±10712
Â±771799

+43283+

15NT5042

Â±657335
Â±37150+333068

Â±71288
Â±282678
Â±205282

Â±2198

Â±16219Â±

17293

+21590

Â±73J5"4973

Â±5183687
+283187

Â±47NT5879

Â±326NT642

Â±14NTNTNTNT194

Â±32201
Â±111498
Â±158246
Â±32NT315

Â±40206

Â±19152

Â±22160

Â±11NTIgG*211

Â±48246
Â±27220
+31169

Â±32138
Â±19204

+14211
Â±49337

Â±13277

Â±11185
Â±28274
Â±29227
+ 11147
Â±16162
Â±17216

Â±73125
+12250
Â±23292

+38192

+18291

Â±36323

Â±7
â€¢J5 was purchased from Coulter Immunology.
* Normal mouse IgG, mouse plasmacytoma IgGl (MOPC 195 variant), or IgG3 (J606) dissolved in the hybridoma culture medium at a concentration of 1

ml. No significant difference among the three control IgG proteins was observed in the background binding. The values shown are for normal mouse IgG.
c CML-BC, chronic myelocytic leukemia in blast crisis; BL, Burkitt's lymphoma; LTL, leukemia phase of T-cell lymphoma; SS, Sezary syndrome; AML, acute

myelocytic leukemia; HL. histiocytic lymphoma; NT, not tested.
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UNIQUE EPITOPES OF CALLA

Table 2 Reactivity of SNS series monoclonal antibodies with uncultured
human malignant cells

Individual cell specimens were derived from peripheral blood, bone marrow,
or pleural effusion of different patients. Reactivity of the mAbs with different cell
specimens was determined by a cellular RIA. In the assay, three different controls
were included with each cell specimen. These were mouse plasmacytoma IgG 1 or
lgG3 (10 ftg/ml) in the hybridoma culture medium in place of the culture fluid of
the hybridoma; it should be noted that mAbs SNS, SNSb, and SNSc are IgGl
antibodies while mAb SNSa is an IgG3 antibody. The other two controls were
NALM-6 or KM-3 cells (a positive control) and CCRF-SB or RPMI 8057 (a
negative control) in place of the target cell specimens.

Reactivity

Disease ofpatientNon-T/non-B

ALLBALLTALLB

chronic lymphocyticleukemiaT
chronic lymphocyticleukemiaB

lymphomaT
lymphomaSezary
syndromeHodgkin's
diseaseHairy

cellleukemiaAcute
myelocyticleukemiaAcute
promyelocyticleukemiaAcute
monocyticleukemiaAcute
myelomonocyticleukemiaChronic

myelocyticleukemiaChronic
myelocytic leukemiainblast

crisisSNS17/20Â°0/11/30/80/40/11/10/20/21/50/50/10/20/31/41/1SN5a8/100/10/20/7NT*0/1I/I0/20/20/40/50/1NT0/31/41/1SNSb10/120/10/20/7NT0/11/10/10/20/30/50/1NT0/31/41/1SNSc12/160/12/40/5NTNTNTNTNTNT0/5NT0/20/31/31/1
" Number of reactive specimens per total number of specimens tested.
* NT, not tested.

of 3H- and 35S-labeled NALM-6 cells was used for immunopre-
cipitation (see "Materials and Methods" for details). SN5 and

SN5a immunoprecipitated an M, 100,000 component of a
single polypeptide chain whereas none of SNSb, MOPC 21
(control IgGl), or J606 (control IgG3) Â¡mmunoprecipitated
this component (data not shown). These results are consistent
with the results obtained using a I25l-labeled leukemia antigen

preparation (see Fig. 1). Finally, SNSc along with SNS and
control IgG (MOPC 195 variant) was used to immunoprecipi-
tate CALLA from a I25l-labeled leukemia antigen preparation.

Both SNS (Fig. 1, right, lane C) and SNSc (Fig. 1, right, lane
B) strongly immunoprecipitated CALLA, whereas control IgG
(Fig. 1, right, lane A) did not.

Competitive Antibody Binding. To gain information about the
epitopes recognized by the present mAbs, we carried out com
petitive binding assays (Fig. 2). In the assays, J5 was included
for comparison (Fig. 2, left). Preincubation of CALLA-express-

ing NALM-6 cells with J5 (IgG2a) blocked the subsequent
binding of '"I-labeled SNS, SNSa, SNSb, and SNSc almost

completely at the maximum. This blocking is specific since
control IgG2a (RPC5) showed no significant or only marginal
blocking.

The patterns of blocking between the present mAbs are more
complicated (Fig. 2, right). Preincubation of NALM-6 cells
with SNS, SNSa, SNSb, and SNSc blocks the subsequent bind
ing of ' "I-labeled SNS almost completely at the maximum (Fig.

2A, right). However, SNS, SNSb, and SNSc can block only up
to 25, 25, and 60%, respectively, of 125I-SN5a binding while

SNSa blocks completely (Fig. 25, right). On the other hand,
the binding of 125I-SN5bto NALM-6 cells is completely blocked

by preincubation of the cells with SNS, SNSb, and SNSc (Fig.
2C, right). However, it is blocked only up to 82% by preincu
bation with SNSa. Finally, binding of I25l-labeled SNSc to
NALM-6 cells was completely blocked by preincubation of the
cells with SN5 and SNSc, and almost completely (~90%)
blocked by preincubation with SNSa and SNSb (Fig. 2D, right).
Neither purified control mouse IgGl (MOPC 195 variant) nor
IgG3 (J606) showed any significant blocking (Fig. 2, right). The
results indicate four separate topographic locations of the epi
topes recognized by mAbs SN5, SNSa, SNSb, and SNSc (see
"Discussion").

Modulation of CALLA. Antigenic modulation of CALLA on
human leukemia cells was studied by incubating NALM-6 cells
with mAbs SNS, SNSa, SNSb, and SNSc as well as control
mouse IgG (Fig. 3). As a positive control, NALM-6 cells were
incubated with J5. It was previously reported that J5 induces
antigenic modulation of CALLA on the cells (21). CALLA on
the incubated cells was quantitated by cellular RIA. A signifi
cant decrease in the expression of CALLA was observed by
incubating the cells with SN5, SNSa, SNSb, and SNSc as well
as with J5, whereas no significant effect of the incubation with
control mouse IgG on the CALLA expression was observed
(Fig. 3). Therefore, all four mAbs SN5, SNSa, SNSb, and SNSc
as well as J5 induce antigenic modulation of CALLA on the
cells in vitro.

Among the five mAbs, SNSa (IgG3) and J5 (IgG2a) caused
the most and the second most rapid antigenic modulation,
respectively, whereas all three IgGl mAbs, SN5, SNSb, and
SNSc caused a slow antigenic modulation of approximately the
same degree. It should be noted that SNS and SNSc showed

A B C D E A B C D E ABC

IOOK
-IOOK

Fig. 1. SDS-PAGE of SN5, SNSa, SNSb, and SNSc immunoprecipitates from a '"I-labeled leukemia antigen preparation. Results obtained from an initial
experiment are shown at the left and in the middle. In this experiment, ascites samples of control mouse IgG (MOPC 21, lane A), SNSb (IgGl, lane B), SNS (IgGl,
lane C), control mouse lgG3 (J606, lane D). and SNSa (IgG3, lane E) were used. The immunoprecipitates were reduced with 2-mercaptoethanol (middle) or not
reduced (left) before analysis using 7% gels. In a subsequent experiment, ascites samples of control mouse IgGl (MOPC 195 variant, lane A, right) SNSc (IgGl, lane
B, right), and SNS (IgG 1. lane C, right) were used. The immunoprecipitates were either reduced or not reduced before analysis using 8% gels. Only the results of the
reduced samples are shown (right). As marker proteins, Bio-Rad high and low molecular weight marker proteins were labeled with '"I and run in parallel in the SDS-
PAGE ( 14). K. thousands.
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A.'"I-SN5

10Â°IO1 IO2 IO3 IO4 10"'10Â°IO1 IO2 IO3

Antibody

Fig. 2. Competitive binding between mAbs to CALLA on leukemia cells as
measured by a cellular RIA. NALM-6 cells were incubated with serial dilutions
of individual mAbs or control mouse IgGs for 1 h at 4'C. '"I-labeled SN5 (A),

SNSa (B), SNSb (C), or SN5c (D) was then added, and the incubation was
continued for an additional l h (see "Materials and Methods" for details). The

abscissa for the right is ng of the purified mAbs (SN5, SNSa, SNSb, and SN5c)
and purified mouse control IgG proteins (J606, IgG3; MOPC 195 variant, IgGl).
The abscissa for the left is relative concentrations derived from the reciprocals of
10-fold serial dilutions of commercial mAb JS (IgG2a) and control mouse
plasmacytoma ascites (RPC5, IgG2a).
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Fig. 3. Modulation of CALLA in vitro. CALLA-expressing NALM-6 cells

were incubated with mAb, SNS, SNSa, SNSb, SNSc, or JS (a positive control)
(see "Materials and Methods" for details). The cells were also treated with

appropriate control mouse IgG, i.e., MOPC 195 variant (IgGI). J606 (IgG3), or
RPC5 (lgG2a), in the same manner.

much higher binding activity than did SNSa and SNSb (see
Table 1 and text). Therefore, it appears that the kinetics of
antigenic modulation by mAbs is influenced by subclasses of
the mAbs but not by the binding activity of the mAbs.

Reactivity with Tissues. Reactivity of SNS, SNSa, SNSb, and
SNSc with detergent extracts of various human normal solid
tissues was determined by our recently developed solid phase
RIA (16). As a control, JS was included. The results are sum
marized in Table 3. Among kidney, lymph node, spleen, brain,
liver, pancreas, lung, and heart, only kidney showed significant
reactivity with SNS, SNSa, SNSc, and JS. It was previously
reported that JS reacts with normal kidney (7). Unexpectedly,
however, SNSb did not react with kidney. It did not react with
any of the three kidney specimens obtained from three different
donors.

To confirm the lack of reactivity of SNSb with detergent
extracts of kidney, competitive binding assays were carried out
(see "Materials and Methods" for details).

Binding of I25l-labeled SNS to kidney extract was blocked by

preincubation with SNS and SNSa but not with SNSb nor with
MOPC 195 variant (control IgG) (data not shown). Similarly,
binding of 125I-labeledSNSa was blocked by SNSa and SNS but

not by SNSb. Thus, both the competitive binding assay and the
direct binding assay (Table 3) show the lack of binding of SNSb
with detergent extracts of kidney.

Consistent with the results obtained by using NALM-6 cells
(Fig. 2), SNS only partially blocked the binding of I25l-labeled

SNSa to kidney extract (data not shown).
Immunoperoxidase Staining of Kidney. Reactivity of SNSb

with kidney was further investigated by using an immunoper-
oxidase staining method. SNS and MOPC 195 variant were
included in the staining as a positive and a negative control,
respectively. The results are shown in Fig. 4. Strong staining
was observed with SNS (Fig. 4A). Significant staining was also
observed with SNSb (Fig. 4Ã„)as compared to that with MOPC
195 variant (Fig. 4C). The observation that SNSb stains less
intensely than SN5 is consistent with the weaker reaction of
SNSb with CALLA-expressing leukemia cells in a cellular RIA
compared to SNS (see Table 1 and text).

DISCUSSION

Anti-CALLA mAbs are being widely used in the diagnosis of
HLL. Present results using our four new anti-CALLA mAbs
and various uncultured cancer specimens also indicate useful
ness of these mAbs in the diagnosis of HLL (Table 2).

Despite extensive utilization of anti-CALLA mAbs in sero-
logical tests by a great number of investigators and clinicians,
relatively little is known about the molecular properties of the
CALLA molecule and the epitopes defined by anti-CALLA

Table 3 Determination of common ALL antigen in the detergent extracts of
human tissues by a solid phase radioimmunoassay

Details of the detergent extraction of the tissues and the solid phase RIA are
described in "Materials and Methods."

ReactivityTissueKidney

Lymph node
Spleen
Brain
Liver
Pancreas
Lung
HeartSN53/3Â«

0/2
0/2
0/3
0/2
0/2
0/2
0/2SNSa3/3

0/2
0/2
0/3
0/2
0/2
0/2
0/2SNSb0/3

0/2
0/2
0/3
0/2
0/2
0/2
0/2SNSc2/2

0/2
0/2
NT
0/2
0/2
0/2
0/2JS

(control)3/3

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

1Number of reactive specimens per total number of specimens tested.
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Fig. 4. Sections of normal kidney stained by an immunoperoxidase procedure.
Individual sections were allowed to react with SN5 (A), SNSb (B), and control
mouse IgG (MOPC 195 variant. O before immunoperoxidase staining.

5d

Fig. 5. Simplified model illustrating a possible topographic relationship
among SN5, SN5a, SNSb, and SNSc epitopes on the CALLA molecule.

mAbs. In the present study, epitopes defined by four new anti-

CALLA mAbs SN5, SN5a, SNSb, and SNSc were investigated.
SNSb epitope is unique in that the interaction between SNSb
and its epitope is strongly perturbed by relatively mild deter
gents (deoxycholate, taurocholate, and NP40). Thus, SNSb
failed in immunoprecipitating CALLA in the presence of de
tergents (see Fig. I and text) and did not react with detergent
extracts of kidney (see Table 3 and text).

With regard to the relationship among the epitopes defined
by the present four new mAbs, SN5, SNSb, and SNSc epitopes
on the CALLA molecule are sufficiently close to one another
to allow complete or nearly complete reciprocal inhibition of
binding whereas the relationship between SNSa epitope and the
others is more complicated (Fig. 2). Preincubation of CALLA-
expressing NALM-6 cells with SNSa blocks the subsequent
binding of '"I-labeled SN5, '"I-labeled SNSb, and I25l-labeled

SNSc up to 92, 82, and 90%, respectively (Fig. 2, A, C, and D).
However, preincubation with SN5, SNSb, and SNSc blocks the
subsequent binding of I25l-labeled SNSa only up to 25, 25, and

60%, respectively (Fig. 2B). These findings may be explained if
we assume that SN5, SNSa, SNSb, and SNSc epitopes are
located on the CALLA molecule as illustrated in Fig. 5. We
are aware that this type of model is a simplified version of a
much more complex three-dimensional structure of antigenic
determinants. Nevertheless, this model may provide some idea
concerning the relative location of SN5, SNSa, SNSb, and SNSc
epitopes (5, 5a, 5b, and 5c epitopes) on the CALLA molecule.
In this model, 5 and 5b epitopes are located near the bottom of
a trough on the surface of the CALLA molecule whereas Sa
epitope is located near the mouth of the trough and 5c epitope
is located between 5 and 5a epitopes. The 5, 5b, and 5c epitopes
are sufficiently close to each other to allow complete or nearly
complete reciprocal inhibition of binding. Binding of mAb
SNSa blocks the entrance of the trough nearly completely and
consequently the subsequent binding of mAbs SN5, SNSb, and
SNSc. However, initial binding of SN5, SNSb, or SNSc blocks
only partially the subsequent binding of SNSa. Alternatively,
binding of SN5, SN5b, or SNSc to CALLA induces confor-
mational change of the CALLA molecule in such a way that Sa
epitope is exposed for the subsequent binding of mAb SNSa.
The microevironment around 5b epitope is probably strongly
perturbed by deoxycholate, taurocholate, and nonionic deter
gents whereas those around 5, Sa, and 5c epitopes are not
significantly perturbed by these deterents.

In the model in Fig. 5,35 epitope is probably located between
5a and 5c since mAb 35 blocks nearly completely the subsequent
binding of SN5, SNSa, SN5b, and SNSc (Fig. 2).

Regardless of the validity of the proposed model, the present
findings may have practical use; treatment of CALLA-express-

ing HLL cells with mAb SNSa following the initial treatment
with SN5 or SNSb will significantly increase the total amount
of anti-CALLA mAb bound to the HLL cells compared to a

single treatment. Thus, such treatments may result in more
specific diagnosis and effective therapy of HLL patients.
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