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ABSTRACT

An IgG3 monoclonal antibody (CU-1) directed to the Tn glycoprotein
antigen, which does not cross-react with blood group A antigen, has been
established after immunization of mice with a purified Tn antigen, fol
lowed by selection of hybridomas secreting antibodies with the desired
specificity. The antibody binding with Tn antigen was inhibited by
monosaccharide /V-acetylgalactosamine (a mixture of a and ÃŸanomers)
and specifically by p-nitrophenyl-a-D-A'-acetylgalactosaminide but not
by />-nitrophenyl-/S-D-JV-acetylgalactosaminide, and the antibody binding
was competitively inhibited by an IgM anti-Tn antibody NCC-LU-81.
The antibody was not reactive with blood group A antigen, in contrast to
previously reported anti-Tn antibodies which showed various degrees of
cross-reactivity. Immunoperoxidase staining of various tumors and nor
mal tissues with CU-1 showed a strong preferential or specific staining
of sections from various cancer tissues over normal counterpart tissues,
except for goblet cells in colon and some mammary gland epithelia. The
positive staining in cancer and normal tissues was independent of the
blood group ABH status of the host. Among various human cell lines
tested, a number of cancer cell lines showed various degrees of antibody
binding activity, although the binding did not correlate with the patho-
histological type of the tumor cell lines. The intensity of antibody binding
to cells was not proportional to the susceptibility of cells to the antibody-
dependent cytotoxicity.

INTRODUCTION

The blood group A cross-reacting antigenicity of a-GalNAc4

residue linked to serine or threonine of glycoprotein has been
described by Uhlenbruck and coworkers as the Tn antigen
detectable by various GalNAc lectins (Helix pomatia, Soja
hispida, and Sarothamnus scoparius) that preferentially agglu
tinate blood group A erythrocytes. The epitope represents the
innermost a-GalNAc residue of O-linked carbohydrate chains
present in transmembrane glycoproteins as well as mucin-type
glycoproteins. Therefore, the antigen is cryptic in normal cells
and secretions, but becomes exposed after desialylation fol
lowed by Smith degradation (1). The Tn antigen has also been
described by Springer and coworkers as the precursor of the
Thomsen-Friedenreich antigen (T antigen), and both Tn and T
antigens are expressed in breast cancer (2) and various other
cancers (3). However, the wide occurrence of the antigen in
various types of human cancer and its restricted distribution in
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normal tissues were not well recognized until monoclonal an
tibodies specific to this epitope were recently established (4).
The IgM antibodies NCC-LU-35 and NCC-LU-81 were origi
nally established after immunization of mice with human lung
squamous cell carcinoma Lu65 and selected by specific reactiv
ity with non-A tumors. These antibodies were identified as
being directed to Tn antigen (4). Although a great deal of cross-
reactivity with blood group A antigen was demonstrated for
NCC-LU-35 and to a lesser extent for NCC-LU-81, these
antibodies are capable of defining Tn antigen specifically in
tumors of blood group O and B individuals. Since the reactivity
of these anti-Tn antibodies was found to be highly restricted to
non-A tumor tissues (4), it seemed highly desirable to obtain
an anti-Tn antibody without A cross-reactivity. It is also more
desirable to obtain IgG3 antibodies, which are capable of pro
voking antibody-dependent cytotoxic effects on tumor cells (5-
8). IgG3 antibodies are also more suitable than IgM in prepa
ration of conjugates with toxins, other antitumor reagents, and
radioactive or paramagnetic markers for therapeutics as well as
for imaging of tumors. This paper describes the preparation
and characterization of such an IgG3 anti-Tn antibody.

MATERIALS AND METHODS

Preparation of Tn Antigen

The Tn antigen was prepared from the culture supernatant of human
lung squamous cell carcinoma Lu65 as described by Hirohashi et al.
(4) but using two consequent gel nitrations as shown in Fig. 1 and its
legend. Only the highly active fractions at the void volume (V0) were
taken (see Fig. IB), dialyzed extensively against distilled water, lyoph-
ilized, weighed, and used for immunization.

Immunization and Establishment of Monoclonal Antibodies

The high-molecular-weight glycoprotein Tn antigen as above, weigh
ing 4.0 mg, was dissolved in 4 ml of distilled water mixed with 16 mg
of acid-treated Salmonella Minnesota, thoroughly mixed for l h at
57Â°C,and lyophilized. The dried mixture was then suspended in 4.0 ml

of PBS, and aliquots of 100 n\ (i.e., 100 Mgof the glycoprotein and 400
Mgof bacteria) were injected i.v. through the caudal vein in five BALB/
c mice. Injection was made once a wk for 5 wk, and after 1 mo of
intermission, the mice were boosted with 200 M'of the antigen suspen
sion (i.e., 200 Mgof glycoprotein and 800 Mgof the bacteria). Three
days after the booster injection, the animals were sacrificed, and the
spleen cells were fused with mouse myeloma SP-2 cells as previously
described (4, 10). Hybridoma grown after limited dilution in 96-welI
plates (Falcon Microtest III flexible assay plates; Falcon Labware,
Oxnard, CA) was selected by positive reactivity with Tn antigen used
for immunization, which was coated on Falcon 96-well plates. The
hybridoma selection was also based on negative reaction with native
glycophorin A from human erythrocytes. The coating of Falcon plates
with Tn antigen or glycophorin A was made by incubating each well
with the antigen solution in PBS, 5 Mg/50 //'/well. The hybridoma
giving a positive reaction with the immunogen was expanded, and the
reactivity was reexamined with Tn antigen, blood group A glycolipids,
and glycophorin A. Only the hybridoma showing positive reactivity

4361

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432010/cr0480154361.pdf by guest on 19 M

ay 2023



IgC3 MONOCLONAL ANTIBODY DIRECTED TO Tn ANTIGEN

5

O 4
rO

O

A
BD

Fraction No. O 10 20 30

0.150

0.100

O
00
OJ

0.50

O

rO
4b

2 el
o

O
Fraction No. 0

ml O
10 20 30 40 50 60 70

40 80 140
Fig. 1. Gel nitration pattern of glycoprotein present in the culture supernatant

of human squamous cell carcinoma 11-65. In .I. 500 ml of supernatant lyophi-
lized to one-tenth of its original volume were dialyzed against distilled water and
lyophilized. The residue was dissolved in 10 ml of PBS and applied onto a
Sepharose CL4B column preequilibrated with PBS containing 0.1 % sodium azide.
Fractions (5.0 ml) were collected, and 100-^1 aliquots of each fraction were placed
in 96-well plates (Microtest III; Falcon, Oxnard, CA), incubated at 4'C overnight,

and tested for Tn activity with NCC-LU-81 diluted 1:1000, as previously described
(4). The active fractions (Fractions 8 to 15; solid bar in A, excluding dolled bar
fractions showing weak Tn activity) were pooled and lyophilized to one-fifth the
original volume. In lÃ¬.the active, concentrated fraction was applied to a Sephacryl
S200 column (dimensions, 1.5 x 110 cm) and eluted with PBS, and fractions (2
ml) were collected. One-hundred-*il aliquots were analyzed for UV absorption at
A;MUand solid-phase Tn antibody binding. The left ordinate indicates UV absorp
tion at 280 TIin, and the right ordinate indicates Tn antibody binding activity. The
abscissa indicates the fraction number and total volume ( V,) of eluant. O, Tn
antibody activity; â€¢,protein concentration indicated by absorption at 280 nm.
Only the void volume du) was taken for immunization and selection of hybrido-

with Tn antigen and negative reactivity with the other antigens was
recloned.

Characterization of Antibody Specificity

The antibody isotype was determined as described previously (4, 10)
using anti-mouse IgM, IgG, IgGl, IgG2a, IgG2b, and IgG3 antibodies
(Miles Scientific, Elkhart, IN). The specificity of CU-1 was determined
by (a) competitive binding of CU-1 to Tn antigen with NCC-LU-81,
which was previously established as an anti-Tn antibody (4); (b) inhi
bition of antibody binding with various monosaccharides; (c) inhibition
of antibody binding withp-nitrophenyl a- or /3-D-W-acetylgalactosamin-
ide; and (d) reactivity with various A glycolipids. Each procedure is
described below.

Competitive Binding Assay. A solid-phase RIA competition assay
was developed by incubating one monoclonal antibody in constant
amount and increasing amounts of the challenging one. Initially, in a
separate plate, different ratios of LU-81 and CU-1 were mixed together

prior to incubation on a Tn antigen-coated plate. Briefly, serial dilutions
of LU-81 (1.5 Mgto 60 ng) were added to 100 v\ (1.5 ^g) of CU-1 (12
wells); or conversely, serial dilutions of CU-1 (1.5 jig to 15 ng) were
added to 100 nl (1.5 Â¿ig)of LU-81 (12 wells). The volume of each well
was then adjusted to 200 n\ with PBS, and aliquots of 100 n\ of the
mixture of the two antibodies were transferred to 96-well plates (Falcon
Microtest III flexible assay plate) previously coated with Tn antigen (5
Mg/well) and blocked with 1% BSA in PBS. After incubation overnight
at 4Â°C,the plates were washed 3 times with PBS. The quantity of LU-

81 or CU-1 antibody still bound to Tn antigen after the challenge was
determined, followed by reaction for 2 h at room temperature with
subclass specific antibodiesâ€”rabbit anti-mouse IgM for the LU-81, or
rabbit anti-mouse IgG3 for the CU-1. After washing the plate 3 times
with PBS, approximately 10s cpm (50 n\) of I25l-labeled Protein A with

1% BSA in PBS were added, and after 1.5 h the plates were washed 5
times with PBS and the wells were counted in a gamma counter.

Inhibition of Antibody Binding by Monosaccharides. Initially, 200 n\
of a 500 mM solution of each of the following monosaccharidesâ€”
GalNAc, GlcNAc, Gal, and Glc (all D-isomers; Sigma Chemical Co.,
St. Louis, MO)â€”were double-diluted down to 0.24 mM with PBS, and
100 Â¿/Iof each monosaccharide solution were added to 100 fi\ of 1.5
Mg/100 fil of CU-1 or LU-81 and incubated at room temperature. After
1 h, aliquots of 100 n\ of the monoclonal antibody /monosaccharide
mixtures were taken and incubated overnight at 4"( ' in 96-well plates

(Falcon Microtest III flexible assay plate) previously coated with Tn
antigen and blocked with 1% BSA in PBS. The inhibitory effect of the
different monosaccharides upon the binding of either CU-1 or LU-81
to Tn antigen was determined by solid-phase RIA as described above.

Inhibition of Antibody Binding by p-Nitrophenyl Â«-Â»-or 0-D-GalNAc.
In order to ascertain whether a-D-GalNAc is the actual epitope of CU-
1 antibody, a- and /3-/>-nitrophenyl GalNAc (Sigma Co.) were used.
The a- and /3-/Â»-nitrophenylderivatives were dissolved in 200 n\ of
dioxane/PBS (50/50, v/v) and serially diluted from 75 mM to 0.03 mM
in PBS. One hundred /Â¿Iof this solution were then added to 100 p\ of
either CU-1 or LU-81 and incubated at room temperature. After 1 h,
100 p\ of the monoclonal antibody/monosaccharide mixture were taken
and incubated in plates coated with Tn antigen, and the inhibitory
effect of a- and /3-p-nitrophenyl glycosides on antibody binding to Tn
antigen was determined by solid-phase RIA as described as above. One
hundred Â¿ilof dioxane/PBS (50/50, v/v) were incubated with 100 M'of
both CU-1 and LU-81 as control for the denaturing effect of the dioxane
on proteins.

Reactivity with Glycolipids. This was determined using Baker
HPTLC plates (J. T. Baker Chemical Co., Phillipsburg, NJ) immuno-

stained with the antibodies according to a modified procedure (11) of
Magnani et al. (12). The reactivity was also determined by solid-phase
RIA on vinyl strip plates (Falcon Microtest III), as previously described
(13).

Reactivity of CU-1 Monoclonal Antibody with Different Cell Lines

The antibody binding activity to various cell lines was determined as
previously described (10), and the reactivity was expressed as the
percentage of the highest reactivity, which was displayed by human
squamous cell lung carcinoma QG-56. Human fibroblast Brasch, eryth-
roleukemia K562, human melanoma 78-2, and human colonie carci
noma HRT10 cells were donated by Dr. C. Berglund, Fred Hutchinson
Cancer Research Center. Lung cancer cell line Lu65 (14) was donated
by Dr. S. Hirohashi, National Cancer Center Institute, Tokyo, Japan.
Gastric cancer MKN cell lines (MKN1, 24, 45, and 74) (15) were
donated by Dr. Toshimitsu Suzuki, Niigata University, Niigata, Japan.
Lung cancer cell lines QG-56 and PC-9 (16) were donated by S. Adachi,
Japan Immunoresearch Laboratories, Takasaki, Japan. Ovarian ade-
nocarcinoma SK.OV3 (17) was donated by Dr. J. Fogh, Sloan-Kettering
Institute, New York, NY. Monocytic leukemia cell line THP-1 (18)
was donated by Dr. S. Tsuchiya, Department of Pediatrics, Tohoku
University School of Medicine, Sendai, Japan. Human endometrial
cancer cell line Ishikawa was donated by Dr. Y. Tsuji, Hyogo Medical
College, Japan. Human diploid fibroblast WI-38 and IMR-90, human
breast adenocarcinoma HTB-19, human breast carcinoma BT-20, hu
man fibrosarcoma HT-1080, human metastatic pancreas adenocarci-

4362

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2432010/cr0480154361.pdf by guest on 19 M

ay 2023



IgC3 MONOCLONAL ANTIBODY DIRECTED TO Tn ANTIGEN

noma ASPC-1, and human pancreas primary adenocarcinoma BxPC-3
cell lines were purchased from American Type Culture Collection
(Rockville, MD). Lu65, PC-9, HL60, K562, and THP-1 were cultured
in suspension in RPMI 1640 supplemented with 10% FCS. All other
cell lines were grown in Dulbecco's modified Eagle's minimal essential

medium supplemented with 10% FCS. Detached cells were washed and
resuspended in PBS. About 5 x IO4cells of each cell line were seeded

per well in Falcon Microtest III plates, which were precoated with 0.5
mg/ml of polylysine. Plates were centrifuged for 5 min at 500 x g, the
supernatant was removed gently, and cells were fixed with 0.1 % glutar-
aldehyde (Sigma Chemical, St. Louis, MO) in PBS for l h at room
temperature. The plates were again centrifuged for 5 min at 500 x g
and washed gently twice with PBS. The plates were then stored at
-70Â°Cuntil use. Binding of CU-1 to different cell lines was determined

by solid-phase RIA. Briefly, the plates coated with cells were blocked
with 1% BSA in PBS for 2 h at room temperature; next, 100 nl of CU-
1 (2.5 Mg)were placed in the wells and left for 2 h at 4Â°C.The plates

were then washed 3 times with PBS and incubated with 50 pi of
secondary antibody, rabbit anti-mouse IgG diluted 1:1000 with 1%
BSA in PBS at room temperature for 2 h. The plates were then washed
3 times with PBS, and about 10' cpm (50 fi\) of IP A.in PBS containing

1% BSA were added. After l h at room temperature, the plates were
washed 5 times with PBS and the wells counted.

Purification of Monoclonal Antibody CU-1

Monoclonal antibody CU-1 was purified from usciiic fluid by affinity
chromatography in a silica-Protein A column (donated by Dr. A.
Singhal, Imre Corporation, Seattle, WA) and eluted with 3.0 M sodium
thiocyanate. Fractions (1.0 ml) with activity against Tn antigen were
pooled and dialyzed, and protein was quantitated by A3mi.

Antibody-dependent Cytotoxicity Assay

A 4-h 5lCr release test was used (19). Peripheral blood lymphocytes

from two healthy human donors were separated in Ficoll-Hypaque to
provide effector cells. The effector:target cell ratios were 100:1, 50:1,
25:1, and 12.5:1.

Target cells (IO6)were labeled by incubating 100 /Â¿Ciof "Cr in RPMI
medium supplemented with 3% FCS for l h at 37Â°Cin a CO2 incubator,

washed, and incubated with 50 Â¿ig/mlof CU-1 antibody, after which
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Fig. 2. Competitive binding of CU-1 and NCC-LU-81 on solid-phase Tn
glycoprotein antigen. A, inhibition of antibody NCC-LU-81 binding to Tn antigen
by increasing concentration of CU-1 (in which the amount of NCC-LU-81
antibody is kept constant). It, antibody CU-1 binding to Tn antigen by increasing
concentration of antibody NCC-LU-81 (in which the amount of CU-1 antibody
was constant). Each well in a 96-well plate was coated with Tn glycoprotein by
incubating plates with Tn glycoprotein in PBS (10 ng/ml, 200 pi/well, incubated
overnight at room temperature). Each well was washed with PBS, and antibody
binding to each well was determined. Briefly, 15 ng (0.23 Â»/!)to 1.5 jig (50 *il)of
CU-1 antibody were incubated with 1.5 n% of NCC-LU-81 and placed in each
well. The binding of NCC-LU-81 (O) and CU-1 (â€¢)to solid-phase Tn antigen
was determined by anti-mouse IgM rabbit antibody and anti-mouse IgG3 rabbit
antibody, respectively, as shown in A. Sixty ng (approximately 0.23 nl) to 1.5 >ig
(100 >il)of NCC-LU-81 in each well were incubated with 1.5 jig of CU-1 added
to each well. The binding of CU-1 (â€¢)and NCC-LU-81 (O) to solid-phase Tn
antigen was determined by anti-mouse IgG3 rabbit antibody and anti-mouse IgM
antibody, respectively, as shown in B.
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Fig. 3. Inhibition of CU-1 antibody binding on solid-phase Tn antigen by

monosaccharide and by glycosides. .â€¢(,inhibition of the antibody binding by
monosaccharides. The ordinate indicates antibody binding activity, and the ab
scissa indicates sugar concentration added in HIM.â€¢,inhibition by GalNAc; â€¢
inhibition by GlcNAc; D, inhibition by Gal. H, inhibition of CU-1 antibody
binding to solid-phase Tn antigen by p-nitrophenyl a- and .)-(Â¡alNAc.Ordinale
indicates antibody binding, and abscissa, the sugar concentration. â€¢,inhibition
by p-nitrophenyl a-GalNAc; A, inhibition by p-nitrophenyl-/3-GalNAc; D, inhi
bition by GalNAc (mixture of a and ,1);â€¢inhibition by GlcNAc. C, inhibition of
1,1' 81 antibody binding to solid-phase Tn antigen by p-nitrophenyl a- and /Â¡-
GlcNAc. O, p-nitrophenyl a-GalNAc; A, GalNAc; A, p-nitrophenyl-/3-GalNAc;
â€¢,GlcNAc.
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Fig. 4. Reactivity of Tn antigen extracted from Lu-65 cells and that of blood

group A antigens with various antibodies. The binding on solid-phase RIA of
CU-1 (A), NCC-LU-35 (B), and NCC-LU-81 (O was determined with various
concentrations of Tn antigen (â€¢),upper neutral A, glycolipid (â€¢),upper neutral
AB glycolipid (O), and a mixture of type 2 and type 3 chain A1'glycolipids (O).

Undiluted concentration of Tn antigen was 250 ng per well, and the undiluted
concentration of the glycolipids was 300 ng per well.

the cells were washed 3 times and resuspended in medium. Some "Cr-
labeled cells not incubated with CU-1 antibody were used for direct
effector cell lysis. The labeled target cells (5 x IO3)in 15 n\ of medium

were placed in each well, and varying numbers of effector cells (5 x
10s, 2.5 x 10', 1.25 x 10s, and 6.25 x 10") were added per well. The

mixtures were incubated for 4 h, after which the plates were centrifuged
at 500 x g. The supernatants were removed, and the radioactivity in
125-jil samples was measured in a gamma counter. There were three
replicates per group. Experimental release is based on the cpm differ-
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Fig. 5. HPTLC pattern of Blood Group A
glycolipids and immunostaining with CU-1,
NCC-LU-35, and NCC-LU-81. A, orcinol/
H2SO4; B, CU-1; C NCC-LU-35; D, NCC-
LU-81. Approximately 5 /jg of the upper neu
tral glycolipid from Blood Group AI erythro-
cytes (Lanes I, 4, 7, and 10), upper neutral
glycolipid from Blood Group AB erythrocytes
(Lanes 2, 5, 8, and //), and a mixture of type
2 and type 3 chain Ab, which was not separated

and showed a single band (Lanes 3, 6, 9, and
12) were applied on each plate. The plates
were developed in chloroform:methanol:water
(50:40:10, v/v/v). Immunostaining (B, C, and
D) was performed as described in "Materials
and Methods." a, A'; 6, A"; c, Ac; d. A".
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Table 1 Distribution of Tn antigen in various human cancers and normaltissuesTissueStomachCancer"ColonCancerNormal

tissueLungCancerNormal

tissueBreastCancerNormal

tissueMelanomaOvaryCancer"TotalCancerNormal

tissuePositive7(1)*7(4)2(Tf7(4)013(9)2(1)33370(18)4(3)Negative1(0)1(1)4(4)3(2)7(4)2(1)4(2)71024(4)15(10)%87.587.533.370.0086.733.330.076.774.521.0
Â°Only cancer tissue from stomach and ovary was tested.
* Numbers in parentheses, number of frozen samples.
' Only goblet cells are positive.

enee between the release from target cells treated with CU-1 antibody
and that from cells not treated with CU-1 antibody when mixed with
effector cells. Spontaneous release was defined as the cpm released to
medium from target cells exposed to neither antibody nor lymphocytes,
and total release as the number of counts released from target cells
lysed by addition of 2.0% Triton X-100 at the end of the assay.
Calculation was as follows.

% of cytotoxicity

_ experimental release â€”spontaneous release
total release - spontaneous release

Immunohistology of Various Tissue Sections

Both frozen and paraffin-embedded tissues were obtained from sur
gical operations and donated by the courtesy of Dr. Bruce Kulander
and Dr. Morningstar of the Department of Pathology, Swedish Hos
pital, Seattle, WA. Both frozen sections and paraffin-embedded sections
were then treated with 100% methanol containing 0.03% hydrogen
peroxide for 30 min at room temperature in order to block the endog
enous peroxidase. After washing 3 times with PBS, the sections were
blocked by incubation with normal horse serum for 30 min at room
temperature. Subsequently, sections were washed 3 times with PBS and
incubated with primary antibody solution (CU-1 culture supernatant;
antibody concentration, 50 Mg/ml) overnight at 4Â°Cin a moist chamber.

After washing 3 times with PBS, sections were incubated with the
biotinylated second antibody, diluted 1:100 (biotinylated horse anti-
mouse IgG; Vector Lab., Inc., Burlingame, CA) for l h at room
temperature in a moist chamber. After washing 3 times with PBS,
sections were incubated with a 1:100 diluted solution of preformed

avidin-biotinylated peroxidase complex (Vector Lab.) for l h at room
temperature in a moist chamber. After rinsing 3 times with PBS and
50 mM Tris/HCl buffer (pH 7.6), the sections were incubated in 50 mM
Tris/HCl buffer, pH 7.6, containing 0.05% 3,3'-diaminobenzidine

(Sigma Chemical Co., St. Louis, MO) and 0.03% hydrogen peroxidase
for 10 min, followed by counterstaining in methyl green. The sections
were then dehydrated in graded ethanol and xylene and mounted.

RESULTS

Specificity of the Antibody CU-1. Among a few clones show
ing reactivity with Tn antigen, a clone secreting an antibody
with IgG3 isotype was established after repeated cloning and
termed CU-1. The CU-1 antibody reacts with a purified Tn
antigen isolated from Lu-65 carcinoma and with Tn antigen
derived from glycophorin A and from ovine submaxillary mucin
(desialylated sample) (data not shown). The specificity of the
antibody was further assessed by competitive binding assay with
IgM monoclonal antibody NCC-LU-81. The binding of CU-1
antibody to Tn antigen was competitively inhibited by NCC-
LU-81, as shown in Fig. 2, and the antibody binding to Tn
antigen was effectively inhibited only by GalNAc, but not by
GlcNAc, Glc, or Gal (see Fig. 3A). The antibody binding to Tn
antigen was also inhibited specifically by p-nitrophenyl-a-D-
GalNAc, but not by p-nitrophenyl-ÃŸ-D-GalNAc, as shown in
Fig. 35.

Reactivity of Blood Group A Glycolipids with CU-1 Antibody.
To verify whether CU-1 showed cross-reactivity with Blood
Group A determinants, both solid-phase RIA and HPTLC
immunostaining were used. Regardless of the assay used, CU-
1 did not cross-react with any of the blood group A glycolipids
tested, as shown in Figs. 4A and 5B. On the other hand, both
NCC-LU-35 (Figs. 4B and 5C) and NCC-LU-81 (Figs. 4Cand
5D) showed strong cross-reactivity with blood group A glyco
lipids as determined by both solid-phase RIA and HPTLC
immunostaining. It was also observed that the cross-reactivity
of NCC-LU-81 was more restricted than that of NCC-LU-35,
in agreement with our previous study (4).

Tn Antigen Distribution in Various Tissues by Immunohistol
ogy Studies with CU-1 Antibody. Tn antigen was not expressed
in various normal tissues, except a few loci (see below), in
contrast to a high incidence of expression in lung carcinoma
and colon carcinoma, irrespective of the pathohistological type
of the carcinoma. However, the antigen was expressed in goblet
cells in two of six cases of normal colon. The antigen was also
expressed weakly in a few cases of acinal cells of normal breast
tissue, although breast carcinoma cells showed a high incidence
of strong expression of the antigen. The incidence of expression
in melanoma was much lower than in carcinoma of lung, colon,
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Fig. 6. Immunohistological staining pat
tern of various cancer and normal tissues ob
tained from surgical operations. Tissues were
incubated with CU-1, followed by incubation
with second antibody and avidin-biotinylated
peroxidase complex. All cancer cells are
strongly positive, and some of the normal cells
are slightly positive, as mentioned below. A,
adenocarcinoma of lung. Blood Group O. Can
cer cells are strongly positive (arrow), sur
rounded by peroxidase-negative lymphocytes.
B, normal lung tissue, Blood Group A. None
of the cells is positive. C, ductal adenocarci
noma of breast. Blood Group B. Cancer cells
are strongly positive (arrow). D, normal breast
tissue. Blood Group A. Some of the ductal
cells are slightly positive (arrow). E, adenocar
cinoma of colon, Blood Group G. Positive
cancer cells are invading in connective tissue
(arrow). F, normal colon tissue, Blood Group
A. Only goblet cells are positive (arrow). G,
mucinous adenocarcinoma of ovary, Blood
Group B. Well-differentiated cancer cells are
positive. //. normal ovarian tissue. Blood
Group A. Both colonie and follicular epithelial
cells are negative.
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breast, and ovary. The incidence and intensity of staining of Tn
antigen by CU-1 were higher than staining by NCC-LU-81.
The intensity and the incidence of positive staining were ap
proximately the same between frozen sections and paraffin-
embedded sections. The incidence of positive staining in various
cancers and normal tissues is summarized in Table 1. A typical
example of immunohistological staining with peroxidase-di-

aminobenzidine is shown in Fig. 6.
Although the incidence of positive staining with CU-1 anti

body in various tumor sections was quite high, as shown in
Table 1, there was no correlation between positive staining and
blood group ABO status. The incidence of positive staining in
tumors of blood group A patients was even slightly lower than
the incidence in tumors of blood group B or AB patients in
ovarian cancer tissue. Classification of tumors according to
host blood group status was only made for ovarian tumor cases;
however, tumors from stomach, colon, and lung from Blood
Group A patients showed the same intensity of staining as those

derived from tumors of Blood Group O patients (data not
shown). These results clearly indicate that positive staining by
the IgG3 CU-1 antibody did not show any degree of cross-
reactivity with Blood Group A antigen.

Reactivity of Various Cell Lines with CU-1 Antibody. The
antibody binding to various cell lines is shown in Fig. 7. Of
various cell lines tested, human squamous cell carcinoma cell
line QG-56 showed the highest reactivity, and human fibro-
blasts Brasch and WI-38 did not show any reactivity. It is
important to note that the majority of human cancer cell lines
from gastric, colonie, breast, and lung carcinoma as well as
various leukemia cell lines showed various degrees of positive
reactivity. The binding of CU-1 to QG-56 cells was inhibited
by 100 IÃŽIMa-GalNAc as well as 10 //g/ml of desialylated ovine
submaxillary mucin, which has Tn activity.

Susceptibility of Various Human Cell Lines to Antibody-
dependent Cytotoxicity. The antibody-dependent cytotoxicity of
various cell lines induced by CU-1 is shown in Fig. 8. Human
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CELL BINDING ASSAY

120

Fig. 7. CU-I antibody binding to various cell lines fixed on 96-well culture
plates. Cell lines are indicated in each bar. Antibody binding was expressed as the
percentage of activity of QG-56 (100%). The source of each cell line and the
method for determination of antibody binding are described in "Materials and
Methods."
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Fig. 8. Antibody-dependent cytotoxicity of various cell lines induced by CU-1
antibody. Four panels indicate the tumor cell lysis occurring at different effec-
tontarget cell ratios, i.e., 100:1 to 12.5:1 from top to bottom.

squamous cell lung carcinoma Lu-65 showed a high suscepti
bility to the antibody-dependent cytotoxicity induced by CU-1
antibody but was resistant to effector cells alone. Only human
K562 cells but not other types of cells tested (as shown in Fig.
8) showed a significant lysis (approximately 40% lysis) by the
effector cell alone (natural killer cell killing), yet the lysis
increased greatly in the presence of CU-1 antibody, and the
value in Fig. 8 is based on the "experimental release" as defined
in "Materials and Methods." In contrast, human fibroblasts

Brasch, WI-38, and HEL299 were not susceptible to CU-1-
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dependent cytotoxicity. Interestingly, human squamous cell
lung carcinoma QG-S6 and human gastric cancer cell line
MKN-45 had a relatively low susceptibility to the CU-1 anti
body-dependent cytotoxicity, although these cell lines showed
the strongest binding activity to CU-1 antibody.

DISCUSSION

The presence of A-like or A-cross-reacting antigen in tumors
of Blood Group O or B individuals has been known for many
years (20-25). The antigen may not be a single structure, but
may represent various structures containing a-GalNAc residue,
such as Forssman antigen (26), fucose-less A (24), and difucosyl
A (27). The A-like antigenicity of Tn antigen, i.e., a-GalNAc
residue linked to serine or threonine, is cryptic in normal
glycoprotein and is only exposed after desialylation followed by
Smith degradation (1). The Tn antigen, which is cryptic in
normal cells, can be exposed due to incomplete synthesis of O-
linked sugar chains associated with human oncogenesis (2, 4).
Therefore, it can be recognized as a tumor-associated antigen
and implicated as being closely related to the malignancy of the
tumor (3). However, these classical studies on A-like antigen
were based on chemical analysis with rabbit polyclonal antibod
ies and did not clearly define its exact chemical nature.

More recently, monoclonal antibodies that distinguish var
ious types of A determinants, such as monofucosyl type 1 chain
A (ALed) (28), difucosyl type 1 chain A (ALeb), monofucosyl
type 2 chain A, difucosyl type 2 chain A (ALey), and type 3

chain A (repetitive A or AI antigen), have been established (29,
30). These antibodies have been applied to determine the chem
ical nature of the A determinant expressed in O and B tumors
(28, 29, 31). The presence of ALed and ALeb antigen but not
ALey antigen in tumors of Blood Group O and B individuals
has been identified (30). On the other hand, the A-cross-reacting
monoclonal antibodies NCC-LU-35 and NCC-LU-81 were es
tablished which detect an A-like antigen in 70 to 80% of various
types of human cancer, particularly squamous cell lung carci
noma (4). The antibody NCC-LU-35 showed higher cross-
reactivity with A antigen and showed stronger reactivity with
the antigen in tissue than NCC-LU-81 (4). Both antibodies
were identified as being directed to Tn antigen, and both were
identified as IgM isotype (4). In contrast to IgG antibody, which
induces antibody-dependent cytotoxicity in vitro and suppresses
tumor growth in vivo, antibodies with IgM isotype are incapable
of doing so (5-8).

The association of Tn antigen with a large variety of tumor
cells and its absence in normal tissue are more striking than
those of other tumor-associated antigens. It is highly desirable,
therefore, to obtain an unti In antibody with IgG 3 isotype that
has no cross-reactivity with Blood Group A antigen. In this
paper, we have described the establishment of an IgG3 anti-Tn
antibody that does not cross-react with A antigen. The antibody,
CU-1, clearly defines the Tn antigen structure and is selectively
inhibited by a-GalNAc, but not 0-GalNAc, but does not cross-
react with purified blood group A glycolipids. The antibody
binding was competitively inhibited by NCC-LU-81, which was
previously identified as anti-Tn antibody. The antibody CU-1
showed higher and stronger immunostaining ability than NCC-
LU-81 and showed no reactivity with A antigen in tissues of
blood group A individuals. The antibody does induce remark
able cytotoxicity towards human erythroleukemia K562 (35 to
41%) and human squamous cell lung carcinoma Lu-65 (13 to
18%). The susceptibility of tumor cells to antibody-dependent
cytotoxicity is not correlated with the extent of antibody binding
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at the cell surface, since human squamous cell lung carcinoma
QG-56, which binds strongly with CU-1 antibody, was less
susceptible to antibody-induced cytotoxicity.
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