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ABSTRACT

Two monoclonal antibodies to human lung adenocarcinoma, KM-52
and KM-93, were generated by the novel immunizing procedure using
mice rendered tolerant to the normal human lung (N. Hanai et al., Cancer
Res., 46:4438^1443, 1986). KM-93 recognized sialylated carbohydrate
epitope on the antigen different from CA19-9 and DU-PAN-2, while
KM-52 recognized the protein antigen. Both antigens were different from
carcinoembryonic antigen, a-fetoprotein, and ft-microglobulin.

Distribution of KA-52 and KA-93, the antigens recognized by KM-52
and KM-93, respectively, in various tissues and sera was investigated.

In immunoperoxidase staining, KM-93 reacted strongly and frequently
with tumor cells of lung adenocarcinoma and partially with those of lung
squamous cell carcinoma, large cell carcinoma, and small cell carcinoma.
In normal adult and fetal tissues, KA-93 was expressed on the surface of
a small number of cells of the lung, pancreas, liver, kidney, and bone
marrow. KM-52 reacted selectively with tumor cells of adenocarcinoma
among four different histolÃ³gica) types of lung carcinoma. In normal
adult and fetal tissues, KA-52 was distributed on a small number of cells
of the lung, stomach, intestine, and pancreas.

Of the two monoclonal antibodies, KM-93 could be used in detecting
the antigen in sera of patients with lung cancer. The KA-93 level in sera
was determined by the sandwich-type enzyme-linked immunosorbent
assay. Serum with a high KA-93 level was found in 34 of 70 patients
with lung adenocarcinoma (48.6%), one of 67 healthy adults (1.5%), and
none of 32 patients with benign diseases (0%). Combined detection by
KA-93 with KA-32, a new tumor marker of lung squamous cell carcinoma
(N. Hanai et al., Cancer Res., 46:5206-5210,1986), elevated the positive
percentage in patients with lung squamous cell carcinoma (52.7%) and
with lung adenocarcinoma (59.5%).

These results suggested that KM-52 and KM-93 would be potential
monoclonal antibodies in immunohistological diagnosis and serum diag
nosis of lung adenocarcinoma, respectively.

INTRODUCTION

Since hybridoma technology was established by KÃ¶hlerand
Milstein (1), a large number of MoAbs2 against tumor cells

have been generated. Some of them detected new tumor markers
and will be useful for diagnosis of cancer. For example, MoAbs
which detected CAI9-9, DU-PAN-2, or CAI25 are expected to
be used for serum diagnosis of pancreatic cancer and ovarian
cancer (2-4). In immunocytochemical diagnosis, MoAb B72.3
was reported to be useful for the detection of adenocarcinoma
(5).

Recently, a few MoAbs were reported to be useful for diag
nosis of lung cancer. MoAbs CSLEX1 and FH6, which recog
nized sialyl Lewis" and sialyl dimeric Lewis", respectively, de

tected successfully patients with lung adenocarcinoma in serum
diagnosis (6-9). Most patients with lung carcinoma were also
positive in serum diagnosis by the reversed hemagglutination
assay using MoAb YH206 (10). MoAbs LuCa3 and LuCa4
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were reported to be applicable to immunohistochemical diag
nosis, since these MoAbs reacted selectively with tumor cells
of lung squamous cell carcinoma in both cancer tissues and
pleural perfusions (11).

We previously reported on the generation of anti-human lung
squamous cell carcinoma MoAbs, KM-32 and KM-34, as well
as anti-human lung adenocarcinoma MoAbs, KM-52 and KM-
93, using mice rendered tolerant to the normal human lung
(12). The specificities of these MoAbs using various cell lines
and membrane fractions prepared from various tissues were
also described in the previous paper (12). In this paper, we
describe immunohistochemical characterization of KM-52 and
KM-93 and application of KM-93 to serum diagnosis of lung
carcinoma by the sandwich ELISA.

MATERIALS AND METHODS

Antibodies

Murine MoAbs, KM-52 (IgM), KM-93 (IgM), and KM-32 (IgM),
were developed in our laboratories (12). Purification of these MoAbs
was performed by precipitation with 50% ammonium sulfate and gel
filtration chromatography using Cellulofine GCL-2000-sf (Seikagaku
Kogyo, Tokyo, Japan). DU-PAN-2, a murine MoAb (IgM), was pro
vided from Dr. Metzgar (13). Another murine MoAb, NS19-9 (IgGl),
was obtained from Kyowa Medex, Tokyo, Japan (14). Rabbit anti-
human carcinoembryonic antigen antibody (RÃ¤-CEAAb), rabbit anti-
human a-fetoprotein antibody (RÃ¤-AFPAb), and rabbit anti-human /ir
microglobulin antibody (Ra-/32MG Ab) were purchased from Dako-
patts, Glostrup, Denmark.

Biotinylation of MoAbs

Biotinylation of MoAbs was performed by the method described by
Guesdon et al. (15). Briefly, a purified MoAb was dialyzed against 0.1
M NaHCO3 (pH 8.0) containing 0.5 M NaCl overnight at 4Â°C.One ml

of the dialyzed MoAb (1 mg/ml) was mixed with 100 Â¿tlof TV-hydrox-
ysuccinimidobiotin (Sigma) dissolved in AyV-dimethylformamide (1
mg/ml). The mixture was incubated for 4 h at room temperature and
then extensively dialyzed against 10 HIM phosphate buffer (pH 7.2)
containing 0.5 M NaCl.

Specimens

Paraffin-embedded blocks of tissues were kindly provided by Dr. T.
Kamei, Yamaguchi Prefectura! Central Hospital (Yamaguchi, Japan).
Freshly obtained tissues from surgical operation or autopsy were usually
fixed immediately in 10% buffered formalin. Blocks were cut into 5-
,uin sections and mounted on slides precoated with ovalbumin.

ImmunoperoxidaseStaining

Paraffin sections were dewaxed in xylene, dehydrated through graded
alcohol, and washed with distilled water. Endogenous peroxidase was
blocked by immersion in 0.3% (wt/vol) hydrogen peroxide in absolute
methanol for 30 min. The following steps were carried out using a
Vectastain ABC kit (Vector Laboratories) by the procedure recom
mended in the text of Vector Laboratories. Briefly, after treatment with
normal horse serum, the MoAb (20 Mg/ml) was incubated on each
section for 30 min and rinsed off with PBS. The biotinylated anti-
mouse immunoglobulin horse antibody was incubated on each section
for 30 min and washed with PBS. Then, avidin-biotinylated horseradish
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peroxidase was applied for 30 min and washed with PBS. Sections were
incubated for 1 to 5 min in peroxidase substrate solution (mixture of
0.02% hydrogen peroxide and 0.1 % diaminobenzidine tetrahydrochlo-
ride in 0.1 M Tris buffer, pH 7.2). After being washed with distilled
water, the sections were counterstained with hematoxylin, dehydrated
in ethanol, washed in xylene, and mounted.

ELISA for Binding Assay

ELISA was performed by the method described previously (12).
Briefly, wells of the 96-well ELISA plate were coated overnight at 4Â°C

with a crude membrane fraction prepared from tissues in PBS at 100
/ig/ml. After being washed 3 times with PBS, the wells were flooded
with 1% bovine serum albumin in PBS (1% BSA-PBS) for l h at room
temperature. Fifty-^l samples were added to each well and incubated at
room temperature for 2 h or overnight at 4Â°C.After washing with

0.05% Tween 20 in PBS, 50 Â¿ilof peroxidase-labeled rabbit anti-mouse
immunoglobulin antibody (Dakopatts) were allowed to react at room
temperature for 1 h. After washing with 0.05% Tween 20 in PBS, 100
//I of ABTS solution were added to each well and incubated at room
temperature for 10 min. The reaction was stopped with 5% sodium
dodecyl sulfate solution, and the absorbance at 415 inn (.\,,<) was
measured by a microtiter plate analyzer (N.I 2000: Japan Intermed,
Tokyo, Japan).

Competitive Inhibition Assay

Fifty u\ of RÃ¤-CEAAb, RÃ¤-AFPAb, RÃ¤-/32MGAb, or KM-93 (10
Mg/ml) in 1% BSA-PBS were added to each well of the 96-well ELISA
plate coated with membrane fraction prepared from lung adenocarci-
noma tissues and incubated at room temperature for 2 h. After washing
with 0.05% Tween 20 in PBS, 50 pi of biotinylated KM-93 (10 pg/ml)
were added to each well and incubated at room temperature for 2 h.
Each well was washed with 0.05% Tween 20 in PBS, and 50 Â¿ilof
avidin-biotin-peroxidase complex (ABC kit) were added and allowed to
react at room temperature for 1 h. Following the same wash procedure
as mentioned above, 100 //I of ABTS solution were added, and the
absorbance at 415 inn was measured.

Enzyme and Reagent Treatment

Wells of the 96-well ELISA plate were coated with membrane
fraction prepared from lung adenocarcinoma tissues and were blocked
by 1% BSA-PBS. After washing, enzyme treatment or reagent treat
ment of the membrane fraction was carried out at 37Â°Cfor 1 h using

protease (Sigma) in 0.1 M phosphate buffer (pH 7.2), trypsin (Nakarai
Chemicals, Tokyo, Japan) in 10 mM phosphate buffer (pH 7.2) con
taining 0.15 M NaCI, a-L-fucosidase (Boehringer Mannheim, Federal
Republic of Germany) in 0.1 M phosphate buffer (pH 6.3), neuramini-
dase (Sigma) in 0.1 M acetate buffer (pH 4.5) containing 3 mM < aC I>
and NaIO4 (Wako Pure Chemical, Tokyo, Japan) in 10 mM phosphate
buffer containing 0.15 M NaCI. After washing with PBS, reactivities of
the MoAbs with the antigens were determined by the ELISA.

Sera and Pleural Perfusions

Samples of serum from patients were kindly supplied by Dr. Y.
Ariyoshi, Department of Clinical Laboratory, Aichi Cancer Center,
Nagoya, Japan, and Dr. H. Niitani, Department of Clinical Pathology,
Nippon Medical School, Tokyo, Japan. Sera of healthy volunteers were
obtained in our laboratories. Pleural perfusions from patients with lung
carcinoma were kindly provided by Dr. T. Kamei, Yamaguchi Prefec
tura! Central Hospital. The sera and pleura! perfusions were stored at
-80Â°Cuntil use.

Sandwich ELISA for Serum Diagnosis

Detection of KA-93 in Sera. KA-93 levels in sera were determined by
the sandwich ELISA in the following manner. Fifty /il of KM-93 (10
pg/ml) in PBS was added into each well of the 96-well ELISA plate
and incubated overnight at 4Â°C,and the wells were flooded with 1%

BSA-PBS for 1 h at room temperature. Then, 40 M'of serum, obtained
from healthy persons and patients and diluted 4-fold in 1% BSA-PBS,

were added to the wells and incubated overnight at 4Â°C.The serum was

then aspirated, and the wells were washed with 0.05% Tween 20 in
PBS. Fifty ii\ of biotinylated KM-93 (10 Â¿ig/ml)in 1% BSA-PBS were
added and incubated for 2 h at room temperature. After the wells were
thoroughly washed again, 50 n\ of avidin-biotin-peroxidase complex
(ABC kit) were added and incubated for 1 h at room temperature. After
washing with 0.05% Tween 20 in PBS, 100 Â¡Aof ABTS solution were
applied for 10 min at room temperature, and the absorbance at 415 nm
was measured. A sample was regarded as positive, when its value of
A415was greater than the mean + 2 SD of A4,5values of all the normal
samples tested.

Detection of KA-32 in Sera. KA-32, the antigen recognized by MoAb
KM 32. was reported as a new tumor marker for lung squamous cell
carcinoma (16). The serum level of KA-32 was determined by the
inhibition assay described previously (16).

RESULTS

Reactivities of KM-52 and KM-93 with Various Tissues. The
reactivity of KM-93 with various tumor tissues was studied by
immunoperoxidase staining (Table 1). Among various types of
lung carcinoma tissues, 11 of 13 specimens (89.6%) of lung
adenocarcinoma were stained with KM-93. KM-93 reacted with
most of the tumor cells existing in 6 specimens of lung adeno
carcinoma. The immunoreaction of KM-93 occurred at the cell
membrane and/or in the cytoplasm. In some specimens, secreta
in lumens consisting of tumor cells showed a positive staining
with KM-93. A part of the tumor cells was stained with KM-
93 in 7 of 9 specimens (77.8%) of lung squamous cell carci
noma, 3 of 5 specimens (60.0%) of lung large cell carcinoma,
and 4 of 6 specimens (66.7%) of lung small cell carcinoma. In
addition to lung carcinoma tissues, positively stained tumor
cells were observed in 25 of 27 specimens of various tumor
tissues. KM-93 reacted with almost all tumor cells existing in
some specimens of gastric carcinoma, pancreatic carcinoma,
and breast carcinoma. The results of immunoperoxidase stain
ing of various normal tissues were summarized in Table 2. In
most lung tissues examined, the bronchiolar epithelium and
bronchial glands were stained with KM-93. In normal tissues
derived from adults without malignancy and a patient with lung
squamous cell carcinoma, KM-93 reacted with the epithelium
of the pancreatic duct, acinar cells of the pancreas, epithelium
of the gallbladder duct, hepatocytes, and convoluted tubule of
the kidney. Bone marrow cells, intestinal glands, and goblet

Table 1 Reactivity of KM-52 and KM-93 by immunoperoxidase staining
of various tumor tissues

KM-52CarcinomaLung

Adeno
Squamous
Small cell
Large cell

Gastric
ColorectalPancreaticBile

ductHepaticBladderBreastOvaryCervicalNeuroblastomaNo.

of
samples9

97

5
6121210211KM-93Reactivity"

ReactivityMÂ«
t\f++7

1
0
0
000000000+0

0
0
02

000100000+2

0
0
0020100000â€”

samples++0

13 6
890
760
550
3 10 4
0200

311010211000S

21
000+2

5
1
3
210102000Â±

-3

2
2 2
3 2
0 2
3 1
011
01
00

000100

* ++, more than 40% of tumor cells were positive; +, 10 to 40% of tumor cells
were positive; Â±,1 to 10% of tumor cells were positive; â€”,no tumor cells were
positive.
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Table 2 Reactivity ofKM-52 and KM-93 by immunoperoxidase staining of various normal tissues

TissueLungStomachIntestinePancreasLiverKidneySpleenThyroidHeartBone

marrowBrainSpinal

cordNo.

positive/no.
examined31/312/24/53/30/44/43/51/31/41/13/40/1KM-52PredominantlocalizationAlveolar

macrophages, type IIcellsGastric
glands"Histiocytes,

inflammatorycellsIslets
of Langerhans,histiocytesConvoluted

tubule"MacrophagesParafollicular

cells,histiocytesHistiocytesBone

marrowcells"Glial

cellsNo.

positive/no.
examined18/221/21/52/34/44/44/50/30/41/10/30/0KM-93PredominantlocalizationBronchiolar

epithelium, bronchialglandsGastric
glands"Intestinal

glands," gobletcells"Epithelium

of pancreatic duct, acinarcellsEpithelium
of gallbladder duct,hepatocyteConvoluted

tubuleGranulocyteBone

marrow cells"

" Stained partially.

Table 3 Reactivity of KM-52 and KM-93 by immunoperoxidase staining of various tissues ofneonates and a 39-wk fetus

TissueLungStomachSmall

intestineLarge
intestineLiverKidneySpleenAdrenal

glandBone
marrowAortaSkinBrainNo.

positive/no.
examined2/31/12/21/30/41/30/30/21/10/10/30/1KM-52PredominantlocalizationBronchial

glands, type IIcellsHistiocytesHistiocytesHistiocytesBone

marrow cells"No.

positive/no.
examined1/30/12/31/33/32/41/10/20/10/12/30/1KM-93PredominantlocalizationBronchial

glands, bronchiolarepitheliumSuperficial

epitheliumSuperficial
epitheliumEpithelium

of gallbladder,hepatocyteConvoluted
tubuleGranulocyteSebaceous

gland, stratified squamous epithelium

" Stained partially.

cells were partially stained with KM-93. Among hematopoietic
cells, granulocytes showed a positive staining with KM-93. As
shown in Table 3, KM-93 reacted with the bronchial glands
and bronchiolar epithelium of the lung, the superficial epithe
lium of the intestine, the epithelium of the gallbladder, hepa-
tocytes, convoluted tubule of the kidney, the sebaceous gland,
and the stratified squamous epithelium of the skin among
various normal tissues from neonates and a fetus (39 wk).

KM-52 reacted with all of 9 specimens (100%) of lung
adenocarcinoma, but not with almost any examined specimens
of squamous cell carcinoma, large cell carcinoma, and small
cell carcinoma (Table 1). Adenocarcinoma exhibited predomi
nantly a cytoplasmic staining with KM-52. In normal adult
tissues, alveolar macrophages, type II cells of the alveolar
epithelium, and islet cells of the pancreas showed predominant
staining with KM-52 (Table 2). In fetal tissues, KM-52 reacted
with the bronchial glands, type II cells of the alveolar epithe
lium, and histiocytes of the stomach and intestine (Table 3).

Enzyme or Reagent Treatment of Antigens. As shown in Fig.
1, treatment of the membrane fraction including KA-93 with
NaIO4, neuraminidase, or protease completely diminished an-
tigenicity for KM-93. Treatment with trypsin partly decreased
the binding activity of KM-93. On the other hand, the binding
activity of KM-52 with the membrane fraction including KA-
52 was completely diminished by treatment of the antigen with
trypsin or protease. These results indicated that the antigens
recognized by KM-52 and KM-93 on the membrane fraction
might be protein and sialylated glycoprotein, respectively.

Comparison of KA-52and KA-93with Other Tumor Markers.
The reactivity of KM-93 was compared with those of MoAbs,
NS19-9 and DU-PAN-2, that recognized the sialylated Lewis'

antigen and the sialylated carbohydrate antigen, respectively

(17, 18). As shown in Fig. 2, NS19-9 and DU-PAN-2 did not
react with the lung adenocarcinoma-crude membrane fraction
which was used as the immunogen in the generation of KM-
93. In immunoperoxidase staining, reactivity patterns of KM-
93 with tumor cells of lung adenocarcinoma were different from
those of NS19-9 and DU-PAN-2 (data not shown).

As shown in Fig. 3, the binding activity of biotinylated KM-
93 to the membrane fraction used as the immunogen was
completely inhibited by pretreatment of the membrane fraction
with KM-93, while pretreatment with Ra-CEA Ab, RÃ¤-AFP
Ab, or RÃ¤-ftMGAb did not affect the binding activity to the
antigen of biotinylated KM-93. The binding activity of KM-52
to KA-52 was not inhibited by RÃ¤-CEAAb, RÃ¤-AFPAb, or
RÃ¤-|82MGAb, either (data not shown). In addition, RÃ¤-CEA
Ab, RÃ¤-AFPAb, or RÃ¤-02MGAb showed reactivities different
from those of KM-52 and KM-93 toward tumor cells of lung
adenocarcinoma in immunohistochemical staining (data not
shown).

Standard Curve of Sandwich ELISA Using KM-93. Pleural
perfusion from a patient with lung adenocarcinoma was serially
diluted, and the levelof KA-93 was determined by the sandwich
ELISA using KM-93. As shown in Fig. 4, the value of A4,5
corresponded well to the dilution rate of the pleural perfusion.
These results showed that KA-93 levels of pleural perfusions
and sera could be quantitatively measured by this sandwich
ELISA.

Detection of KA-93 in Serum. KA-93 levels in sera of healthy
adults, patients with lung carcinoma, and patients with various
benign diseases were determined by the sandwich ELISA using
KM-93 (Fig. 5). Sera from 211 lung carcinoma patients were
positive in the following percentages: adenocarcinoma, 48.6%
(34 of 69 cases); squamous cell carcinoma, 13.0% (9 of 69
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Fig. 1. Enzyme or reagent treatment of KM-52 and KM-93 reactive antigen.
A, KM-52; fi, KM-93. Experimental details are given in the text. Serially diluted
0.25% trypsin (I.I), 10 units/ml protease (â€¢).0.1 unit/ml a-L-fucosidase (A), 0.1
unit/ml neuraminidase (â€¢),and 50 mM NaIO4 (O) were added to wells of the 96-
well ELISA plate coated with lung adenocarcinoma-crude membrane fraction.
PBS was used as control (C). The reactivities of KM-52 or KM-93 to the
membrane fractions thus treated were determined by ELISA.
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Fig. 2. Reactivity of MoAbs, KM-93, NS19-9, and DU-PAN-2, with a lung

adenocarcinoma-crude membrane fraction by ELISA. Experimental details are
given in the text. Serially diluted KM-93 (O), NS19-9 (â€¢),DU-PAN-2 (D), and
normal mouse serum (â€¢)were added to wells of the 96-well ELISA plate coated
with lung adenocarcinoma-crude membrane fraction, and the reactivity of MoAbs
was determined by ELISA.

cases); small cell carcinoma, 8.9% (4 of 45 cases); and large cell
carcinoma, 22.2% (6 of 27 cases). Among 67 sera from healthy
adults, only one (1.5%) was positive. The elevated level of KA-
93 was not found in sera of 32 patients with benign lung
diseases, gastric ulcer, liver cirrhosis, and pancreatitis.

Combined Detection by Two Tumor Markers, KA-93 and KA-
32, in Sera. Serum levels of KA-93 and KA-32 in 40 healthy
adults and 119 patients with lung carcinoma were determined
simultaneously. As shown in Fig. 6, the combined detection by
these two tumor markers gave higher positive percentages in
patients with lung carcinoma than the detection by either
marker alone. The following positive percentages were obtained
by the combined detection: 59.5% in adenocarcinoma; 52.7%
in NCIua 11Hnis cell carcinoma; and 42.8% in all patients with lung
carcinoma.

t

DISCUSSION

We generated anti-human lung adenocarcinoma MoAbs,
KM-52 and KM-93, using mice rendered tolerant to the normal
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Fig. 3. Reactivity of biotinylated KM-93 with a lung adenocarcinoma-crude

membrane fraction pretreated by KM-93, Ra-CEA Ab, RÃ¤-AFPAb, and RÃ¢-
,Â¡,MGAb. Wells of the % udÃ¬ELISA plate coated with lung adenocarcinoma-
crude membrane fraction were pretreated with serially diluted KM-93 (D), RÃ¤-
CEA Ab (O), RÃ -AFP Ab (â€¢),and RÃ¤-feMGAb (â€¢).Normal mouse serum (O)
and normal rabbit serum (9) were used as control. Then, reactivity of biotinylated
KM-93 was examined. Experimental details are given in the text
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Reciprocals of Pleural Perfusion Dilution
Fig. 4. Standard curve of sandwich ELISA using KM-93 for serum diagnosis.

KA-93 levels of serially diluted pleural perfusion from a patient with lung
adenocarcinoma were determined by the sandwich ELISA described in "Materials
and Methods."

human lung. Among various cell lines and membrane fractions
prepared from various tissues, KM-93 showed predominant
reactivity with lung adenocarcinoma. KM-52 also reacted with
lung adenocarcinoma, but it had wide reactivity to various cell
lines and membrane fractions (12). In the present study, the
localization of KA-52 and KA-93 in tumor tissues, normal adult
tissues, and fetal tissues was examined by immunoperoxidase
staining. Among a number of lung carcinoma tissues tested,
KM-52 was found to react with almost all lung adenocarcino-
mas, but not with other types of lung carcinoma. Although
further studies would be required, KM-52 might be a useful
MoAb as an immunohistological reagent to distinguish lung
adenocarcinoma from other types of lung carcinoma. Several
MoAbs have been expected to be applied to immunohistological
diagnosis of lung carcinoma. VarId et al. (19) reported that
MoAb KS1/9, which recognized the glycolipid antigen, reacted
with lung adenocarcinoma but not with squamous cell carci
noma, large cell carcinoma, or normal tissues. KM-52 was
different from KS1/9, because KM-52 recognized the protein
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22.3 *)0/16(OX)0/10(OX)0/3

(OX)0/3

(0X1

( Mean + 2SO )

Fig. 5. Levels of KA-93 in sera of healthy adults, patients with lung carcinoma,
and patients with various benign diseases. Experimental details are given in the
text. CA, carcinoma. Hinkt ordinate, number positive/number tested (positive
ratio).

X Positive

10O

Normol ( 40 )

Adeno CA ( 37 )

Squomous CA ( 36 )

Lorge cell CA ( 23 )

Small cell CA ( 23 )

Lung CA ( Â»9)

Fig. 6. Percentage of patients with lung carcinoma showing the positive level
of KA-32 or KA-93. a, number tested; b, positive percentage for KA-32 which
coincides with the shaded portion of the upper column; c, positive percentage for
KA-93 which coincides with the shaded portion of the lower column; d, positive
percentage for KA-32 or KA-93 which coincides with the shaded portion of the
upper column or the lower column. The hatched portion of the column shows a
positive percentage for KA-32 and KA-93. CA, carcinoma.

antigen. MoAbs LuCa3 and LuCa4 established by Kyoizumi et
al. reacted selectively with tumor cells of lung squamous cell
carcinoma in both cancer tissues and pleural perfusions (11).
MoAb B72.3 raised against the membrane fraction of human
breast carcinoma, which recognized glycoprotein with a molec
ular weight of 220,000 to 400,000, detected some tumor cells
in perfusions from all patients with adenocarcinoma of the
breast, the ovary, or the lung, but did not react with any other
cells, such as macrophages and mesothelial cells (5). KM-52

was distinguishable from B72.3, because KM-52 reacted with
alveolar macrophages.

KM-93 reacted strongly and frequently with tumor cells of
lung adenocarcinoma and also with a variety of tumors of other
organs. Among normal adult and fetal tissues, KA-93 was
distributed restrictedly, for example, to the bronchiolar epithe
lium, bronchi olar glands of the lung, epithelium of the gallblad
der duct, and epithelium of the pancreatic duct. KM-93 recog
nized the sialylated carbohydrate antigen that was different
from CAI9-9 and DU-PAN-2 (17, 18). The pattern of immu-
nohistochemical reactivity of KM-93 is similar to those of
MoAbs CSLEX1 and FH6 which recognized sialyl Lewis" and
sialyl dimeric Lewis", respectively (7-9). However, reactivity of
KM-93 showed slight differences from those of CSLEX1 and
FH6. For example, KM-93 reacted with the epithelium of
pancreatic duct and gallbladder duct, while CSLEX1 did not
(7). Moreover, KM-93 was different from CSLEX1 and FH6
in reactivity with various lung cancer cell lines. Among lung
cancer cell lines tested, PC-7 was recognized by KM-93 (12),
but not by CSLEX1 (7), while FH6 reacted with PC-10 (8), but
KM-93 did not (12). Further studies would be required to
distinguish KM-93 from CSLEX1 and FH6.

Magnani et al. reported that CAI9-9 in the sera of patients
existed mainly as a sialomucin (20). Preliminary studies on the
molecular properties of KA-93 in sera and pleural perfusions
from patients with lung adenocarcinoma indicated that KA-93
existed also as a sialomucin with a molecular weight of over
1 million. The epitope of KA-93 was also suggested to be a
serin-, threonine-type carbohydrate chain sensitive to alkaline
reduction.

The sandwich ELISA for KA-93 in sera using KM-93 and
biotinylated KM-93 was established in the present study. Most
sera obtained from patients with lung adenocarcinoma showed
the elevated level of KA-93. Particularly high KA-93 levels were
observed in sera from patients at an advanced or late stage (data
not shown). In a preliminary experiment, the elevated level of
KA-93 was also found in the sera of some patients with pan
creatic carcinoma (15 of 31), bile duct carcinoma (2 of 4), and
gallbladder carcinoma (6 of 11). The false-positive rate in
healthy adults and patients with benign diseases was very low.

Recently, several MoAbs which react with the carbohydrate
chain have been found useful for serum diagnosis of lung
carcinoma. By the sandwich radioimmunoassay using MoAbs
CSLEX1 or FH6, most patients with lung carcinoma proved
to be positive (6, 9). The antigen in sera recognized by MoAb
YH206 is expected to be a tumor marker of lung cancer. The
YH206 antigen was high-molecular-weight glycoprotein of over
330,000 and was resistant to the neuraminidase treatment (10).
The positive rate of patients with lung adenocarcinoma detected
by KM-93 is not inferior to that by CSLEX1, FH6, or YH206.

Lung carcinomas are classified into 4 different histolÃ³gica!
types, i.e., squamous cell carcinoma, adenocarcinoma, large cell
carcinoma, and small cell carcinoma. The combined use of
multiple MoAbs which show different positive patterns in
serum diagnosis of lung carcinoma is efficient, since it is diffi
cult to detect all histolÃ³gica! types of lung carcinoma by using
only one MoAb. Chia et al. (21) reported that the positive
percentage in cancer patients was elevated by the combination
assay using two MoAbs, CSLEA1 and CSLEX1. We reported
previously that the level of KA-32 was significantly higher in
sera of some patients with lung squamous cell carcinoma. In
the present study, the combined detection of KA-93 and KA-
32 resulted in a higher positive percentage in serum diagnosis
of lung carcinoma patients than the detection of each marker
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alone. As described above, KA-93 would become a useful
marker for serum diagnosis of lung adenocarcinoma. Moreover,
we concluded that the clinical applicability of KA-93 was en
hanced by the combination use with KA-32.
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