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SUMMARY

In the presence of a characterized monoclonal
antibody recognizing a soluble molecule, additional
monoclonal antibodies reactive with unknown anti-
genic determinants on the molecule can be easily
selected by reversed indirect enzyme-linked im-
munosorbent assay (RI-ELISA). A novel murine
monoclonal antibody LISA 101 was selected by
RI-ELISA against soluble antigens, which exist in
sera and in pleural effusions derived from lung ade-
nocarcinoma patients and which bear determinants
recognized by the previously characterized murine
monoclonal antibody KL-6. Antigenic determinants
recognized by the LISA 101 antibody appear to be
sialylated carbohydrate in nature and different from
those recognized by previously reported monoclonal
antibodies against sialylated carbohydrates, such as
NS 19-9, FH 6, KL-6, C 50, CSLEX-1, and KM-
93, suggested by competitive inhibition assay and
immunostaining of tissues. A circulating antigen
LISA 1-6 was detected by a bimonoclonal bideter-
minant assay using immobilized LISA 101 antibody
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and enzyme-labeled KL-6 antibody. It was found
that serum LISA 1-6 levels were elevated in 63%
(25/40) of patients with lung adenocarcinoma and in
92% (11/12) of patients with pancreatic carcinoma,
but only in 6.5% (2/31) of patients with benign
lung diseases and in 7.1% (1/14) of patients with
pancreatitis.

The present observations indicate that the LISA
1-6 antigen may serve as a new tumor marker
for adenocarcinomas of the lung and the pancreas.
Additionally, the RI-ELISA may be a widely appli-
cable method for selecting new monoclonal antibod-
ies against as yet unknown antigenic determinants
on soluble molecules.

INTRODUCTION

Similar to other biological molecules, tumor-
associated mucing have been shown Lo possess mul-
tiple epitopes on their molecules.! In our previous
study,?2 we showed that the murine monoclonal
antibody KL-6 recognizes sialylated carbohydrate
of the mucin and that the antigen level appeared to
increase in sera from patients having a malignant
disease, such as lung adenocarcinoma or pancreatic
and breast cancers. We suspected that the mucin
recognized by KL-6 antibody might also bear other
different epitopes, and so we started to screen a
new series of monoclonal antibodies which can
be used in conjugation with KL-6 antibody by
means of the indirect-ELISA method. For this
purpose, we employed one modification which uses
goat antimouse immunoglobulin antibodies as the

primary immobilized antibody, termed "reversed -

indirect enzyme-linked immunosorbent assay (RI-
ELISA)>." This RI-ELISA was shown to increase
the antigen specificity somewhat as compared to the
ordinary indirect-ELISA.3

Current techniques to develop monoclonal anti-
bodies reactive to circulating tumor antigens consist
of screening hybridoma supernatants which are
specifically reactive to tumor cells as a first step
and later selecting from among these the ones that
are reactive to the sera of cancer patients, In
contrast, RI-ELISA uses sera or fluid from cancer
patients directly at the time of selecting hybridoma
supernatants. Thus, RI-ELISA is quite effective
and superior to ordinary methods for screening
monoclonal antibodies that are specific lo circu-
lating tumor antigens. This report describes the

[
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results of screening for a new monoclonal antibody
(LISA 101) using RI-ELISA in conjunction with
KL-6 antibody.

MATERIALS AND METHODS

Reversed Indirect Enzyme-Linked Immunosor-
bent Assay. RI-ELISA was performed according
to the procedures described previously.® In brief,
each well of a 96-well microtest plate (Costar,
Cambridge, Mass) for enzyme immunoassay (EIA)
was sensitized overnight at 4°C with 100 gl of
10 pg/ml goat antimouse immunoglobulin anti-
bodies (Cappel Laboratories, Cochramville, Penn).
After successive washing with buffer A (0.05%
Tween 20, 0.1% BSA and PBS; 0.01 M phosphate,
0.14 M NaCl, pH 7.4), 100 ul of hybridoma
culture supernatant was added and incubated for
one hour at room temperature. Then, 100 ul of
an antigen solution diluted fivefold with mouse
serum buffer (1% normal mouse serum, 10% FCS,
PBS) was added and incubated for one hour.
The wells were washed, followed by addition of
100 pl of horseradish peroxidase (HRP)-labeled
KL-6 (HRP-KL-6) antibody diluted 100-fold with
mouse serum buffer and incubated for one hour.
After washing, 100 ul of OPDA solution (0.3%
o-phenylenediamine dihydrochloride, 0.02% H, 05,
0.15 M citrate-phosphate buffer, pH 4.9) was added
and was allowed to react for 30 minutes, after which
the reaction was stopped by adding 100 ul of 1N
H,80,. Then absorbance (OD,44) was determined.

Hybridoma Selection with RI-ELISA. Seventy-
one culture supernatants from uncloned hybridomas
were examined for their reactivities to the KL-6
antigen by means of RI-ELISA. The hybridomas
were produced by fusing NS-1 cells and splenocytes
from mice immunized with pulmonary adenocar-
cinoma cell line VMRC-LCR.? KL-6 monoclonal
antibody, recognizing mucinlike glycoprotein, had
been established from one of these hybridomas,
as described previously.? Two sets of specimens
were used as antigens: pleural effusions which were
pooled from 15 lung adenocarcinoma patients or
from 10 patients who had pulmonary tuberculosis,
and sera obtained from either lung adenocarcinoma
patients (pooled from 20 patients at stages III
and IV) or from healthy persons (pooled from
30 individuals). Antigen levels, measured with
the sandwich-type ELISA technique, usign KL-6
antibody? in these specimens, were 3,450, 270,
1,300, and 390 U/ml, respectively. A culture
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supemnatant of MOPC-21 cells, which consists of
mouse myeloma cells secreting IgG, antibody, was
used as a negative control.

Determination of Cross-Reactivity of Monoclonal
Antibodies. Newly selected monoclonal anti-
bodies could possibly cross-react with the same
antigenic determinant that is recognized by the
KL-6 antibody. Competitive inhibition assays were
performed to test this possibility. A standard
solution of KL-6 antigen (256 U/ml)? was incubated
with immobilized KL-6 antibody in wells of an
EIA plate. After washing, several concentrations of
newly selected monoclonal antibodies were added to
each well, together with 100-fold diluted HRP-KL-6
antibody. The binding of HRP-KL-6 antibody was
measured with OPDA as the percentage exhibiting
binding as compared to the percentage of the control
MOPC-21 (IgG;) antibody.

Cross-reactivity of these monoclonal antibodies
with NS 19-9%5 and FH 657 antibodies, which
recognize sialylated Lewis® antigen and sialylated
Lewis” i antigen, respectively, was examined using
a kit of CA 19-9 (Fuji Rebio Inc., Tokyo, Japan) and
SLX "Otsuka" (Otsuka Assay Institute, Tokushima,
Japan), respectively.

Conjugation of Monoclonal Antibodies with
HRP. KL-6 antibody was conjugated with HRP us-
ing the method of Nakane and Kawaoi® as described
elsewhere.? On the other hand, one of the above-
mentioned newly selected monoclonal antibodies,
LISA 101, was conjugated with HRP using the
method of Carlsson et al? because this method
induces increased sensitivity when compared with
the method of Nakane and Kawaoi. Two differ-
ent cross-linking agents are used in this method,
one being N- (e-maleimidocaproyloxy) succinimide
(EMCS, Dojindo Lab., Kumamoto, Japan) and
the other being N-succinimidyl 3-(2-pridyldithio)
propionate (SPDP, Sigma Chemical Co., St. Louis,
MO). Briefly, 4 mg of LISA 101 antibody was
dissolved in 1.0 ml of phosphate-buffered saline
(PBS, 0.1 M phosphate, 0.1 M NaCl, pH 7.5).
After adding 0.1 ml of 0.02 m SPDP ethanol
solution, the mixture was incubated for 30 minutes
at room temperature, desalinated and equilibrated
with acetate buffer (0.02 M acetate, 0.1 M NaCl,
pH 4.5) by passing through a Sephadex G-25
column. To the solution was added 0.15 ml of
1 M dithiothreitol, followed by incubation for 30
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DL L AR L TR
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minutes at room lemperature. The solution was then
desalinated and equilibrated with PBS containing
0.001 M ethylenediaminetetraacetic acid (EDTA)
by passing through a Sephadex G-25 column. The
effluent solution contained SPDP-conjugated LISA
101 antibodies. Simultaneously, 1.0 mg of HRP was
dissolved in 0.15 ml of PBS. Afier adding 15 pul
of 50 pmol EMCS in a N, N-dimethylformamide
solution, the mixture was incubated for 30 minutes
at 30°C. The solution was desalinated and equili-
brated with PBS passing through a Sephadex G-25
column, and it was mixed with SPDP-conjugated
LISA 101 antibodies. The mixture was incubated
for 20 hours at 23°C, and the [irst peak obtained
upon gel filtration in the Sephadex G-200 column
was used as the HRP-LISA 101 antibody.

Quantification of Circulating Antigens LISA 1-6
and LISA 101. A soluble antigen, termed “LISA 1-
6", is measured with the sandwich-type ELISA us-
ing immobilized LISA 101 antibody on polystyrene
beads and HRP-KL-6 antibody. On the other
hand, a soluble antigen, LISA 101, is detected by
sandwich-type ELISA using LISA 101 antibody as
both the immobilized antibody and HRP-labeled
antibody.

Polystyrene beads were sensitized with puri-
fied LISA 101 antibodies as will be described.
Polystyrene beads (6.4 mm, Wako, Osaka, Japan)
were incubated at 4°C for 48 hours in a LISA 101
antibody solution (50 pg/ml LISA 101 antibody,
0.1 M NaHCOg3, pH 8.4) and were stored at 4°C
for later use.

The antibody-sensitized beads were allowed to react
overnight with 0.3 ml of the antigen specimen at
37°C in a plastic tube, after which they were washed
three times with a saline solution. Thereafter, 0.3 ml
of HRP-labeled antibodies diluted 100-fold with a
buffer B (0.1% normal mouse serum, 10% FCS,
PBS) was added and incubated for 3 hours. After
washing, the beads were transferred to a polystyrene
tube (Elkay Products Inc., boston, Mass) and 0.3 ml
of OPDA solution was added and incubated for 30
minutes. Enzyme reaction was stopped by adding
1.0 ml of 2N hydrochloric acid and absorbance
(ODy92) was measured.

For quantification of both the soluble antigens LISA
1-6 and LISA 101, a pleural effusion from a lung
cancer patient was used as a standard reference
sample in every assay. This reference pleural
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effusion had 16,000 U/ml of both antigens. Clinical
specimens were treated with a buffered diluent,
ninefold for LISA 1-6 and fivefold for LISA 101
antigen quantification.

Clinical Materials. Sera from 99 healthy con-
trols were provided by Dr.K. Kiyosada, Nippon
Telegraph and Telephone Corporation Health Care
Center, Hiroshima, Japan. They reported no re-
markable past clinical histories and showed no
abnormalities in follow-up examinations, including
analysis of peripheral blood cells, urinalysis, fecal
examinations, serological tests, chest X ray, and
upper gastrointestinal tract examination. Sera from
patients with several types of malignancies and
benign diseases were provided by several hospitals.
These patients were diagnosed by pathological or
other clinical examinations.

Antigen Biochemical Studies

Test of sensitivity to proteinase, periodic acid,
and neuraminidase.  Sensitivities of antigens
to trypsin, pronase, periodic acid, and neu-
raminidase were determined by the methods de-
scribed elsewhere.l® Colorectal cancer cell line
SW122210 was used as a target cell for monoclonal
antibodies 7R1-25-12-3, 7R1-110-9-7, and LISA
101. A small-cell lung carcinoma cell line SBC-
510 was used as a target cell for monoclonal
antibody 7R1-93-19-12. These cell lines were
employed because they were found to express more
of the antigens recognized by the corresponding
monoclonal antibodies than the VMRC-LCR cell
line which was originally used as an immunogen
to produce the hybridomas.

Determination of soluble antigen molecular
weights. A pleural effusion derived from a case of
pulmonary adenocarcinoma was fractionated upon
gel filiration in TSK gel G 5,000 PWXL (Toyo
Soda, Yamaguchi, Japan). The antigen content in
the eluate fractions was measured by the sandwich-
type ELISA technique described previously in this
report.

Staining of Tissue Sections. Formalin-fixed and
paraffin-embedded tissue sections of a variety of
cancer and normal tissues were stained with LISA
101 antibody using the indirect immunoperoxidase
method (the avidin-biotin complex method), as
previously described.?
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RESULTS

Comparison of the Sensitivities between RI-
ELISA and the Usual Sandwich-type ELISA.
Shown in Figure 1 is the dilution curve of KL-
6 antigen in RI-ELISA using unpurified KL-6
antibody in the KL-6 hybridoma culture supernatant
as the immobilized antibody, as well as the dilu-
tion curve of a usual sandwich-type ELISA using
directly purified KL-6 antibody. In both assays,
specific reactions were observed at concentrations of
16 U/ml or more of KL-6 antigen. All the specific
reaclions al concentrations of 16, 32, and 64 U/ml
were slightly higher in the RI-ELISA than in the
usual sandwich-type ELISA.
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Figure 1. The sensitivity of RI-ELISA using the KL-6 antibody (o) was compared with that of the usual
sandwich-type ELISA in which purified KL-6 antibody was directly used as the immobilized antibody (e).
The nonspecific reactions observed at antigen concentrations of 8 Ulml or less were almost the same in both
of the assays. However, the absorbances at antigen concentrations of 16, 32, and 64 Uiml were slightly
higher in RI-ELISA than in the usual sandwich-type ELISA.
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Selection of Hybridomas by RI-ELISA Using the
HRP-KL-6 Antibody. Figure 2 shows some of
the results of selecting hybridomas by means of RI-
ELISA. The KL-6 hybridoma culture supernatant
was used as a positive control and that of the
MOPC-21 myeloma cell was used as a negalive
control. The absorbance difference between the
test culture supernatant and the negative control
is AODy4gs. The relative index is the ratio of
AOD4g3, developed against the adenocarcinoma
antigens (from pleural effusions and sera), to that
developed against control antigens (from tuber-
culosis inflammatory effusions and healthy sera),
respectively.

In RI-ELISA of the KL-6 hybridoma culture su-
pernatant, the relative index for the pleural effusion
was more than 47.0 and that for the serum was more
than 3.4. In the majority of the culture supernatants
from 71 uncloned hybridomas, the relative indices
were more than 1.2 for both the pleural effusion and
serum as were indices of the 7R1-25, 7R1-93, and
7R1-110 hybridomas; but in only a few the relative
index was about 1.0, similar to that of 7R1-103.
Three uncloned hybridomas, whose relative indices
were more than 1.5, were selecled and cloned by
the limiting dilution method followed by recloning.
Eventually four hybridomas [7R1-25-12-3 (IgM),
7R1-93-19-12 (IgM), 7R1-110-9-7 (IgM), and 7R1-
110-24-2 (LISA 101, IgG,)] were established. All
of them had relative indices of more than 2.5 for
both pleural effusion and serum antigens. Since
only the LISA 101 antibody belonged to IgGq
and the others to IgM, the LISA 101 antibody
was initially selected for further studies because
purification of the IgG, antibody is usually easier
than that of the IgM antibody. In addition, the
conjugation of HRP is more effective in the IgG,
antibody than in the IgM antibody.

Antigen Biochemical Properties. As shown in
Table 1, the expression of he antigens on the
cell surface of cell lines, as determined with the
four mono-clonal antibodies was not changed by
treatment of the cells with proteinases but was
changed via degradation with periodic acid treat-
ment. Both the antigens recognized with the 7R1-
25-12-3 antibody and the LISA 101 antibody were
sensitive to the treatment of neuraminidase, but
those recognized with antibodies 7R1-93-19-12 and
7R1-110-9-7 were resistant. These results indicate
that both 7R1-25-12-3 and LISA 101 antibodies
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Figure 2. Selections of hybridomas were done by means of RI-ELISA. KL-6 hybridoma culture supernatant
was used as a positive control and that of the MOPC-21 myeloma cells was used as a negative control. The
absorbance difference between the test culture supernatant and the negative control is shown as AOD 5.,
The relative index is the ratio of AODq,, developed against the adenocarcinoma antigens (from pleural
effusions and sera) 1o that developed against control antigens (from tuberculosis inflammatory effusions
and healthy sera), respectively. OD o, developed during RI-ERISA, using the HPR-KL-6 antibody, and the
relative indices for pleural effusion antigens and serum antigens are shown. The highest values of OD 4,
were observed during RI-ELISA, when the KL-6 hybridoma culture supernatant and the antigen solutions of
the adenocarcinoma effusion antigen or the adenocarcinoma serum antigen were examined. The hybridomas
7R1-25, R1-93, and 7R1-110 (all of which exhibited a relative index greater than 1.5) were cloned by means
of the limiting dilution method. Afterwards, four cloned hybridomas, 7R1-25-12-3, 7R1-93-19-12, 7RI-110-
9-7, and LISA 101 (7R1-100-24-2), were established, all of which exhibited relative indices greater than 2.5.
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TABLE 1 ANTIGEN BIOCHEMICAL PROPERTIES

#1  HEOE(FERRE
Treatment with
Trypsin* Pronase** NalO, f Neuraminidase?

7R1-25-12-3 R ND S S
7R1-93-19-12 R ND 5 R
7R1-110-9-7 R ND S R
LISA 101 R R S S
R:resistant, ND: not determined, S:sensitive

Effects of enzymatic and chemical treatments on the bindings of monoclonal antibod-
ies to target cells were examined. After living cells were treated with either 0.25%
trypsin® or 0.25% pronase™*, the cells were stained by means of the indirect fluores-
cent antibody method. After fixed cells were treated with several concentrations of
either NalO4 ! or neuraminidase!, the cells were stained by means of indirect enzyme
1mmunoassay.

T/ 40T APHGOBNMIELOBFIRETRER L ERBORBEEM L, R
WMEED. 5% )T v Li30.255% 7o+ — £ TRELA#IZ, M iEEicss Tika

L.
BEEHREECE>THREL .

react with sialylated carbohydrate antigenic determi-
nant and the others with nonsialylated carbohydrate
antigenic determinants.

Cross-Reactivity of Monoclonal Antibodies.
Since two of the four monoclonal antibodies, LISA
101 and 7R1-25-12-3, appeared to react with sialy-
lated carbohydrate antigens, their cross-reactivities
were examined against antigenic determinants rec-
ognized by monoclonal antibodies, such as KL-6,
NS 1995 FH 6,° and LISA 101. While the LISA
101 antibody did not inhibit the binding of the NS
19-9 antibody, the 7R1-25-12-3 antibody inhibited
NS 19-9 binding (Figure 3B). The 7R1-25-12-3 an-
tibody, however, also inhibited binding of the LISA
101 antibody (Figure 3D). These antibodies failed
to inhibit the binding of both the KL-6 antibody
(Figure 3A) and the FH 6 antibody (Figure 3C).
These results indicated that LISA 101, KL-6, and
NS 19-9 antibodies reacted with different antigenic
determinants, and the 7R1-25-12-3 antibody reacted
with the determinants recognized by the LISA 101
and NS 19-9 antibodies.

Levels of LISA 1-6 in Sera. The levels of
LISA 1-6 in sera are shown in Figure 4. The
level was 8.5 £ 5.6 U/ml (mean £+ SD) in 99
normal individuals. A cutoff level of 30 U/ml
was established, at which only one of the normal
individuals was considered to be positive at 1.0%

10

EEdi ks roRED NJIO T Rz s 47 sy - ommu ko, W%

e RmL, tofifEidiEr 7 v E R E
WrEBT AL 2R LT WA,

E/yO—FAMFEOTERBGE. M>DE/ 70—
TAHARO Y b oo Hik LISA 101 R U TR1-
25-12-3 3 7T VEbESME L RIs Lk 312
Bz0T, KL-6,2 NS19-9,% FH 6 &8 XU LISA
101 ZEOE/ 70—+ 4RI L0 Bk E R
REROEERIEM AP, LISA 101 i
NS 19-9 i ik D&k G &ML L 24 - 2 4, TRI-
25-12-3 FifkiE NS 19-9 &4 &bk L 2= (A3 B).
LAaL, TR1-25-12-3 Hifkld LISA 101 $ifFO8E 4
LEELA(HAID), ZhsoHkis KL-6 ik
(3 A) & FH 6 fiitk (B13 C) OmifLik 4 ik ¢ &
Ghol, ChsOFFEE, LISALOL, KL-6 RU
NS 19-9 Hifk x4 A HEREMLRIGL, 7R1-
25-12-3 FifRiE LISA 101 & P NS 19-9 ki LY
Wl E N R EELRBT A EERL L

Mo LISA 1 -6 fEMl. (L h o LISA 1-6
VEMAR 4 2R L, 994 ORI AL
8.5--5.6 U/ml (b= BMUME) Thort. HE
EDILLEEEALO% (9% 1 %) THIET
# 530 U/ml & cutoff il 123k L 2. ik F Lk



RERF TR 17-88

A. HRP-KL-6 B. 125|-NS 19-9
100 Q\Lifiy L. ;if‘g_/o\o
oL
7R1-256-12-3
50 |- L
KL-6
7R1-25-12-3
0l L
o 1 L 1 1 1 1 1 1
1=
2 C. '25|-FH 6 D. HRP-LISA 101
o
a2 LISA 101
O——O—0—0
100 | ¥ KL-6

7R1-25-12-3

50 LISA 101

T
T

FHB

7R1-25-12-3
0+ B

0.01 0.1 1 10 0.01 0.1 1 10 (ug/ml)

Concentration of
Monoclonal Antibodies

Figure 3. Cross-reactivities of monoclonal antibodies were examined by compelitive inhibition assays.
Both LISA 101 and 7R1-25-12-3 antibodies neither inhibited the binding action of the HRP-KL-6 antibody
(A) nor the 123 -FH 6 antibody (C). Though the 7R1-25-12-3 antibody competitively inhibited the binding
of botk the 151-NS 19-9 (B} and the HRP-LISA 101 (D) antibodies, the LISA 101 antibody failed to inhibit
the binding of the 125[.NS 19-9 antibody (B).
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Figure 4. Levels of LISA 1-6 in the sera of healthy controls, cases of malignancies and benign diseases.
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(1/99). Patients with lung adenocarcinoma [63%
(25/40)] were positive, as were 37% (11/30) of
patients with lung squamous cell carcinoma, 50%
(10/20) of patients with small-cell lung carcinoma,
25% (3/12) of patients with gastric cancer, 10%
(1/10) of patients with colorectal cancer, 29% (4/14)
of patients with hepatocellular cancer, 92% (11/12)
of patients with pancreatic cancer, and 29% (4/14)
of patients with breast cancer. At the clinical
stage of lung adenocarcinoma, the percentage of
those with elevated LISA 1-6 levels in sera was
62% (8/13) for clinical stages I and 11, 54% (7/13)
for clinical stage III, and 71% (10/14) for clinical
stage 1V.

In contrast, only 6.5% (2/31) of patients with benign
lung diseases, including acute pneumonia, chronic
bronchitis, and tuberculosis, were considered to be
positive, and less than 15% of the patients with liver
cirrhosis, pancreatitis, and mastopathy exhibited
positive levels of LISA 1-6.

Levels of LISA 101 in Sera. As shown in Figure 5,
serum levels of the LISA 101 antigen were exam-
ined in sera from healthy controls and from patients
with malignancies whose levels of LISA 1-6 antigen
had already been tested, as mentioned above. The
level was 1.0 & 0.95 U/ml in 44 normal individuals.
Using a cutoff level 3.5 U/ml, one of the normal
individuals was positive at 2.3% (1/44), as were
32% (10/31) of patients with lung adenocarcinoma,
27% (6/22) of patients with squamous-cell lung
carcinoma, 22% (2/9) of patients with small-cell
lung carcinoma, 40% (4/10) of patients with breast
cancer, 36% (4/11) of patients with gastric cancer,
17% (2/12) of patients with colorectal cancer, 63%
(5/8) of patients with pancreatic cancer, and 50%
(5/10) of patients with hepatocellular cancer. Since
the positive rate of the LISA 101 assay for lung
cancer was much less than that of the LISA 1-
6 assay, the clinical usefulness of the LISA 101
antigen might be less than that of the LISA 1-6
antigen.

Molecular Weights of Soluble Antigens. Upon
gel filtration of a malignant pleural effusion, LISA
101 antigens appeared as three peaks in the 18th,
21st, and 24th fractions (Figure 6), while the KL-6
antigens appeared as two peaks in the 18th and 25th
fractions. LISA 1-6 antigens also appeared as only
two peaks in the 18th and 24th fractions. Mouse
monoclonal IgM (900 K), ferritin (450 K), and
BSA (67 K) were gel-filtrated as standard markers

13

RERF TR 17-88

BB EHETEIT% (308PILA), B # T L
TI350% (20%P104 ), WHEE TIE5% (124
3%), HHEBEEETHELS (10%EHPLH),
FEA R vE @ b 5 ©1220% (M4%tha &), IR
ETIL2% (1281 E) R OB EEO29%
(1A% 4 %) & EHkC, RS HE TlE63% (W
258 ) ATPEE T b o Ao Tl RS o B A A AR I
M eh o) LISA 1-6 iR D LR LTuLLED
HEELAL, BEBHTECTTE2% (134
8% ), HEMWMMNT4% (13£h7 %), HE
RN T71% (148H10%) Th - /-

B EER R RBUEREXRRUVEEL2ED
BYEMSEBREEODLT26.5% 3LAHh28)
EEZON, MFWIZERE, IHEEEERCILRE
BFETIELISA 1-6 MBEEFFHEEERL ZDI315%
UTFThoiz.

MmiFeh® LISA 1013 EME. BSR4 k900, f
WEHERU FL ALK Dz LISA 1-6 1[5 1 #7 8% 12
E & oz SEPE B F oM i & o LISA 101 #1
AWM UEOREHFIZLVTZEOMIEL.0%
0.95U/ml ©Hor. Cutoff fi3.5U/ml %3
L BN I DL RATEIET2.3% (4B HR1A)
DR ERL LA, B LEH C32% (314
108), HT k@b HT2% (22506 4%),
Hili - 40 B 48 % v22% (9 b2 4, Ll ET
10% (0% 4 ), WEEHETH% (LHEH4H),
REBMEmBELE T17% (1282 8), HEEEEGDR
FT63% (8 Fh 5 %) B (FRFHFa s il & ©650%
(L0&H5 %) OBM#EARL A LISAL0 ik
BIlHE o AR 12 LISA 1-6 I L ABMER LN &
N0, LISA 101 HIE OFEEM A R
£ LISA 1-6# B LD b B VTHS I,

AEHREOSFR. EiEkO s ViEiE T, LISA
101 PUGIZE I8 FHE, H215E Rk U245 TH& 4
V= 7 &R LAA (K6), KL-6 JI2518 5 & of
FAGETE LY~ 2 &R LA LISA 1-6 4L
BB E A UBAGM THRAY— Y &R LA
E/7O—F N IgM(900K), 72VF> (450K) B 1F
BSA(G7TK) &4 FROBHE~v—H— = L TH e

<A



RERF TR 17-88

NUMBER
POSITIVE LEVEL OF LISA 101 (U/ml)
% POSITIVE ['T'E"s“rﬁ]
0 3556 10 15 =20
‘l L T T 1
|
HEALTHY 2.3 ( 1/44) GD:'T
ADENOCARCINOMA 32 (10/31) 'i"" . LI |
STAGE I +1I 20 ( 3/15) oy e e o
i 50 ( 5/10) pe --lp a :
|
v 33 2/ 6) |eso c: ° °
= | SQUAMOUS CELLCA. 27 ( 6/22) e o ® .
T e I I I T B N T T
Z STAGE | + 1) 43 ( 3/ 7) 1{- h B
& n 0( 0/ 9) o
% v 50( 3/ 6) pe i- ® .
SMALLCELLCA. 29 ( 2/ 9) g
S it -1 ([ - 0 o e S,
STAGE I +11 0(0/ 1) .:
1 40( 2/ 5) pee :iu
I
v 0(0/3) L 1
1
BREAST CANCER 40 ( 4/10) }-of o0 °
I
I
GASTRIC CANCER 36 ( 4/11) .—dl. ®
1
I
COLORECTAL CANCER 17 ( 2/12) '-u-al- °
]
PANCREATIC CANCER 63( 5/ 8) |ee .i.. . $
|
HEPATOCELLULAR CANCER 50 ( 5/10) .-il.. o .

Figure 5. Levels of LISA 101 in the sera of healthy controls and cases of malignancies.
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(A) Elution Curve of Protein
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Figure 6. A pleural effusion derived from a pulmonary adenocarcinoma patient was gel-filtrated in TSK
gel G 5,000 PWXL. A: The peaks of the protein elution curves of molecular weight standards, mouse [ghf
(900 K}, ferritin (450 K}, and BSA (67 K), were observed in the 27th, 30th, and 34th fractions, respectively.
B: The levels of KL-6 antigen, LISA 101, and LISA 1-6 in each fraction of the eluted pleural effusion were
measured by sandwich-type ELISA. KL-6 antigen exhibited two peaks in the void (18th) and 25th fractions.
LISA 101 exhibited three peaks in the void, 2151, and 24th fractions. LISA I-6 exhibited two peaks in the
veoid and 24th fractions.

6. Midpsded HmHIGA S TSK gel G 5,000 PWXL T4 L @ L 22, Ar ST RBG~—d—-7T5H3
7 A IgMIGO0K), 7= F (450 K) R 0f BSA(BTK) O & 4 Wi B 48 0 ¥ — » AUH27 5010, 5530 %51
BROUEMDM CFAFTHED SN, B sandwich B ELISA 12 & - TE A @ & 50 0 KL-6,
LISA 101 & ¢F LISA 1-6 HUE A 2805 L &, KL-6 HUE (£ void (18} @A FHEB MW T 20— v &
AvL 7z. LISA 101 HUBiid void 3l H2l @R U'FEAZMT=Z20 -7 &7 L L. LISA 1-6 #(RI13
void S B P24 Gl T o0 ¥ -2 &L 2.
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of molecular weight. These standard markers
were eluted in the 27th, 30th, and 33rd fractions,
respectively.

Reactivity of Monoclonal Antibodies with Tissue
Sections. Reactivity with lissue sections of the
monoclonal antibodies LISA 101, 7R1-25-12-3, and
KL-6 is shown in Tables 2 and 3. The LISA
101 antibody stained five out of nine adenocar-
cinoma tissue sections (Figure 7A), five of seven
squamous-cell carcinomas, and three of three small-
cell lung carcinomas. The antigens were negative
on tissue sections of type I and type Il pneumocytes
and bronchial epithelia, but they were positive on
mucous cells (Figure 7D), and on mucus of the
bronchial glands and apical border of the bronchio-
lar epithelia. It is interesting that the KL-6 antibody
strongly stained all cancer tissue sections (Figure
7B) and serous cells and mucus of bronchial glands,
but did not stain mucous cells of the bronchial
glands (Figure 7F). The LISA 101 antibody strongly
stained tissue sections of pancreatic cancer, breast
cancer, gastric cancer, and colorectal cancer. It
only slightly stained tissue sections of hepatocellular
cancer.

LA, ohbsofliv—H— 3 FhFNE20 rH,
730 5y B O3B E CEL S h

HSEACHTAE/ 70— T LAEORIGE.
£/ ou—F Lk LISA 0L, TR1-25-12-3 R U
KL-8 O#fBA L ORGEE&#2 A U3 1ZmL L,
9 18 O AL HERE AR O 5 & 5 @ A LISA 101 $ifk T
@Efax i (F7TA), 7THORTE EEEEME4S O
Gk 5 A, 3 E oMl O S L el
Aigefmx . LISA 101 HlEE T BUR O 11 50k 2
FHREREE LHOEMEFRTHE®RTH» 2,
AR O A (7 D) & MR o/l U X
b P s ) e s TR Th - A2 KL-6 PUikiE
T AT OB A (X7 B) &R IR OB
T Uik &0 < Heta Lo, SRR IR O Rk ik e
(HA7F) 2L a2 EFBRENZETHA.
LISA 101 Hifk (g Beaie, FLAEE, 75 B U# 1B IE05
W ORI A & 8 < et L AL [ald iR R AT R IE R
Bk 2 BE DL L hho k.

TABLE 2 REACTIVITY OF MONOCLONAL ANTIBODIES WITH MALIGNANT TISSUES
#£2 £/ r7u—FHAHEO BRI ORI

Monoclonal Antibodies

Tissues LISA 101 TR1-25-12-3 KL-6
Lung Adenocarcinoma + 42 (590 +~t (4)9) + e 444 (9/9)
Squamous-cell carcinoma +~++ (577) +re++ (4T) + ~ 4+ (1T
Small-cell carcinoma 4~ 44 (33) +re4+ (3/3) 4~ -+ (313)
Pancreatic cancer + mo 4 (6/6) + ~ +++ (5/6) ++ ~ -+ (6/6)
Breast cancer 4 o 4+ (2/3) +++  (2/3) +++  (3/3)
Gastric cancer 4 (2/2) ot (2/2) oot (212)
Colorectal cancer +++  (2/3) 4~ -+ (2/3) o+ (2/3)
Hepatocellular cancer + (1/1) ++ (1/1) + an

apsitive reactivity was scored based on the intensity of positively stained tissue sections as follows:
+, weakly posifive; ++, positive; +++, strongly positive.

PIF Ok &0 M s defs & h ol A0S E kT T RS2 ML 2. 1+

bt B
bpositive number / tested number,
Py 0/ o

Bl . EBE
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TABLE 3 REACTIVITY OF MONOCLONAL ANTIBODIES WITH NORMAL
TISSUES AND CELLS

%3

£/ 70—+ LHEOESEER ML O RGHE

Monoclonal Antibodics

Tissues
LISA 101  7R1-25-12-3 KL-6
Lung Type I pneumocyte — (0/5)* — (0/5) — (0/5)
Type II pneumocyte — (0/5) — (0/5) ++"(5/5)
Bronchioles + (5/5) + (5/5) ++ (5/5)
Bronchus — (0/2) — (0/2) + (2/2)
Bronchial gland serous cell — {0/2) — (0/2) +  (2/2)
mucous cell  ++(2/2) + (2/2) — (0f2)
Stomach Surface mucous cell ++(2/2) ++(2/2) — (0/2)
Fundic gland — (0/1) — (0/1) ++ (1)
Pyloric gland — (/M — (0/1) — (/)
Colonic epithelium + (13 + (2/3) — (0/3)
Pancreas Acinus cell — (0/2) — (0/2) — (0/2)
Duct ++(2/2) ++(2/2) ++ (2/2)
Islet cell — (0/2) — (0/2) — (0/2)
Liver Hepatocyte — (0/2) — (0/2) — (0/2)
Intrahepatic bile duct ++(2/2) ++(2/2) +  (2/2)
Blood cells®  Granulocyte — (0/2) — (0f2) — (0/2)
Lymphocyte — (0/5) — (0/5) — (0/5)
Monocyte — (0/2) — (0/2) — (0/2)

* Positive number / lested number.,

PR S/ e 2

b positive reactivity was scored based on the intensity of positively stained tissue sections

as follows: +, weakly positive; ++, positive.

FIF oL DRI - ge@ S h A HMS A O C3E-T v TSRS S ML 2. +, Bl ++,

FE

© Reactivity to blood cells were tested by means of indirect immunofluorescence staining.
A AN - B R A N R Tk 0 E L A

Though the 7R1-25-12-3 antibody stained serial
tissue sections similarly to the LISA 101 antibody,
some discrepancies were noted. For some cancer
tissues, the regions of the cells that were positively
stained by the 7R1-25-12-3 antibody differed from
those marked by the LISA 101 antibody. Differ-
ences in staining patterns were also observed in
normal tissues, such as gastric surface mucous cells
and colenic epithelium. Furthermore, the 7R1-25-
12-3 antibody stained more weakly the mucous cells
of the bronchial glands than did the LISA 101
antibody (Figure 7E). Peripheral blood mononuclear
cells and granulocytes were not stained by any of
these antibodies via the indirect immunofluorescent
method.
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LISA 101 47 fk & [a4$127 R1-25-12-3 fff (4 76 5%
HMEE e L 2, Eo00MBEH T 6 R
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2 MR e fa S h iR 08, LISA 101 #i
FizErnip@E s MO ®BE Tk,
Rl EpcdilaP#Em k4 FoIEE#EEIIe T,
By —rozbBE R, W, TR1-25-
12-3 HifkiE LISA 101 ik OBIE LY HAF Lo
Bl o @m A RE TR - 2 (MTE) . [k
PR Z L 2T T, SRR MR ek A MR ER S
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Figure 7. Immunoperoxidase staining (avidin-biotin complex method) of tissue sections with monoclonal
antibodies. Both the LISA 101 (A) and KL-6 (B) antibodies stain the cell membrane and cytoplasm of lung
adenocarcinoma, Both the LISA 101 antibody (D) and the 7R1-25-12-3 antibody (E) react with mucous
cells, producing acidic mucin which is stained with alcian-blue on serial tissue sections (C). KL-6 antibody,
on the other hand, reacts with serous cells of the bronchial gland, but not with mucous cells (F).

M7. 2/ 7a—FurbikbAosl@BADREALEF I Y- ¥REA (TEF -E4F MBHE).
LISA 101(A) & KL-6 (B) 0 i U 3 I 1508 0 # Ha ik B O Ml B0 & Sea + 5. LISA 101 4ftik (D) & TR1-25-
12-3 Hifk (B) &bk (C) ko s 7y 7h— CHREShZMELT Y 2EINT 5 i A i 1z
KR 5. —75, KL-6 #iid: A2 oSt il fa 12 BIG + 3 40 Rideilila (1) CRIG L & 0.
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DISCUSSION

A new screening method, RI-ELISA, was applied
to select monoclonal antibodies capable of de-
tecting circulating cancer-associated antigens. In
RI-ELISA, since normal mouse serum contained
in a buffered solution occupies the free reactive
sites of the immobilized antimouse immunoglobulin
antibody, the HRP-labeled antibody can effectively
bind only to soluble anligen molecules, resulting
in a high sensitivity. The sensitivity of RI-ELISA
using the culture supernatant of the KL-6 hybridoma
was nearly identical to that of the usual sandwich-
type ELISA which uses purified KL-6 antibody as
the immobilized antibody. Therefore, we assumed
that RI-ELISA is a useful method for selecting new
monoclonal antibodies reactive with soluble tumor
antigens.

As a result of screening the hybridoma culture
supernatants, four monoclonal antibodies were
selected. Two of them, the 7R1-93-19-12 anti-
body (IgM) and the 7R1-110-9-7 antibody (IgM),
appeared 1o react with nonsialylated carbohydrate
antigens and the others, the TR1-25-12-3 antibody
(IgM) and the LISA 101 antibody (IgG,), with
sialylated carbohydrate antigens. From observations
of cross-reactivities and lissue-staining patterns,
both the 7R1-25-12-3 antibody and the LISA 101
antibody appeared to differ from previously reported
monoclonal antibodies, such as KL-6,2 FH 6,¢ C
50,'* CSLEX-1,'% and KM-93.13

However, the 7R1-25-12-3 (LISA 303) antibody
inhibited the bindings of both the NS 19-9%% and
LISA 101 antibodies. The LISA 101 antibody, on
the other hand, failed to inhibit the binding of the
NS 19-9 antibody. These results indicate that the
binding of the LISA 101 antibody and the NS 19-9
antibody takes place at different locations, regard-
less of whether the antigen determinants recognizing
these antibodies exist on the same antigen. In
contrast, the 7R1-25-12-3 antibody, cross-reacted
with antigenic determinants which react with both
the NS 19-9 and LISA 101 antibodies. Accordingly,
one may consider two possible views of antigen
recognition by these antibodies. Firstly, the anti-
genic determinants with which LISA 101, 7R1-25-
12-3, and NS 19-9 antibodies react may exist on the
same antigen, viz, the sialylated Le® antigen. Or
the LISA 101 antibody may react with sialylated
carbohydrate antigens other than the sialylated Le?
antigens, whereas the 7R1-25-12-3 antibody may
react with both sialylated carbohydrate antigens and
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1 s B ORI AT E B E S/ s o —F Lk &
BT A0, LA -2 7iETHS RI-
ELISA B &M L 2. RI-ELISA It nTI, &
fit 2 A & AL B IE W v 7 A M A EFAB Y A R
ya7) »HEogBRIGE M E A 50T, HRP
B AR ISR E T E AOETEERE S F
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i @ sandwich B ELISA 3 0 82 % & 1258 %
Thot. LT, RI-ELISA it o] iz b
BB SR T A8 LWE/ 70—+ K FRIRT 5
FRHaHETHIEFE L.

nA T F—=iEREHODAZ) =2 T ORBR,
MWomEs sa—FiLfiks@gilans 205350
—2¢ 7R1-93-19-12%ifk (IgM} & 7R1- 110-9-7
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BE it B oA it s v — v OREE A 5, TR1-25-
12-3 PufF B UF LISA 101 Hifk o iy fi {412 KL-6, ¢
FH 6,6 C50," CSLEX-1" B U'KM-93"2 % &0
PiffE xhA~TEs 70—+ ik aRL L L
i o e M i

LA&»L, 7R1-25-12-3 (LISA 303) fifkik, NS
19-9 45 & LISA 101 OWHAOE & %0k L £
—7, LISA 101 #ifk1t NS 19-0 HifhkD#s & 4H 1k
Ladas., 2860855, LISALL Hk &
NS19-9 Hifk &G4, ZhoOWiELRET 5
MEREXRYFF MR LIH 230Gl bh6 T,
RESBATHIAZELR LTRSS, MEMI
7R1-25-12-3 itk 1%, NS19-9 B¢ LISA101 @
AL RIGT SMEREREE ZERB LA, L
HoT, ChelkEOEEMIIOVT Z2OREH
E2ENBTHHI. H—Iz, LISA101, 7R1-25-
12-3 R UPNS19-9 Hi iR ARG+ 2 $U M i a2 27
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TarELA® v, £33 LISA10] HiklEL T
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TR1-25-12-3 Hifkid & 7 LB LI BRI R 05 7 1
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sialylatead Le? antigens. Despite these possibilities,
LISA 101 was selected for further study since it
has been suggested that the 7R1-25-12-3 antibody
possesses Teactivity quite similar to that of the NS
19-9 antibody, which detects CA 19-9 and is known
as to be a useful tumor marker for pancreatic cancer.
Although the 7R1-25-12-3 antibody inhibited the
binding of the LISA 101 antibody, staining of
a small number of serial sections suggested the
following three possibilities for differences in re-
activity: firstly, binding to different antigenic de-
terminants; secondly, dilferences in binding affinity
to the same antigenic determinant; and thirdly,
the so-called masking phenomenon, during which
the reaction of 7R1-25-12-3 antibodies — even
though they are reactive lo the same antigen — is
inhibited by surrounding carbohydrate antigens due
to binding at sites which are not exactly the same.

Bimonoclonal bideterminant assays, using the KL-
6 antibody as the HRP-labeled antibody and the
7R1-93-19-12 or 7R1-110-9-7 antibodies as the
immobilized antibodies were also assessed for their
usefulness in clinical application (data not shown).
Sera were derived from 30 healthy controls and 20
patients with lung adenocarcinoma whose LISA 1-
6 antigen values were tesied. Positive rates of lung
adenocarcinoma were 20% (4/20) and 35% (7/20),
respectively, when the cutoff values were set at the
level of the mean % 2 standard deviations of healthy
controls. These data suggested that this assay was
less useful when compared with LISA 1-6 antigen,
so further study was not made.

The LISA 101 antibody was able to detect at
high rates circulating cancer-associated antigens, the
molecular weight of which was more than 1,000 K.
The positive rate of circulating antigens in patients
with lung cancer was higher in a bimonoclonal
bideterminant assay using the LISA 101 antibody
together with the KL-6 antibody than in monoclonal
bideterminant assays using the LISA 101 antibody
or the KL-6 antibody alone.? Elevated serum levels
of the LISA 1-6 antigen were observed in as many
as 92% (11/12) of patients with pancreatic cancer,
while the postive rate of CA 19-9 was only 75%
(9/12) in the same patients. Moreover, only 7.1%
(1/14) of patients with pancreatitis showed abnormal
elevation of that antigen. Furthermore, the maximal
value of pancreatitis was lower than the minimal
level of the positive case with pancreatic cancer.
The positive rate in 63% (25/40) of patients with
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lung adenocarcinoma was lower than that in patients
with pancreatic cancer. This rate may be great
enough to consider this antigen as a new marker for
that disease, because a positive rate for patients with
benign lung diseases was observed in only 6.5%
(2/31) and abnormal levels were observed in 62%
(8/13) of patients exhibiting clinical stages I and
II of lung adenocarcinoma. Though these data are
preliminary, the LISA 1-6 antigen may be promising
for serological detection of adenocarcinomas of the
lung and the pancreas.

The distribution patterns of antigens recognized by
LISA 101 and KL-6 antibodies are noteworthy. The
LISA 101 antibody stained only mucous cells but
nol serous cells from the normal bronchial gland
which is the main organ secreting mucin in the lung.
KL-6 antibody, on the other hand, stained only
serous cells but not mucous cells. Despite this par-
ticular staining discrepancy, KL-6 antibody stained
all cancer tissues that were positively stained by
the LISA 101 antibody. These observations suggest
that the two different carbohydrate antigens, most
of which are originally produced by functionally
different cells in the normal bronchial gland and
form different mucins, are both produced in large
quantitics by transformed cells and may form an
additional mucin molecule. The mucin molecule
LISA 1-6 antigen may eventually increase in the
sera of cancer patients. Furthermore, among various
normal tissues, only the epithelia of bronchioles,
pancreatic ducts, and bile ducts expressed both
antigens simultaneously. These normal epithelia
may produce and secrete a small quantity of LISA
1-6 antigen detected in the sera of healthy controls.

The usefulness of bimonoclonal bideterminant assay
has already been demonsirated in a system for
detecting a breast cancer-associated antigen, CA
15-3,'* in which two monoclonal antibodies 115-
D-8'5% and DF-3C are used against carbohydrate
antigens. Our data also suggesl that a bimonoclonal
bidelerminant assay using an appropriate pair of
antibodies can increase both the specificity and
sensitivily when compared with assays only using
either of the other monoclonal antibodies. Since RI-
ELISA is based on the principle of the bimonoclonal
bideterminant assay, this method must be adequate
for selecting new monoclonal antibodies as a suit-
able partner of already characterized monoclonal
antibodies which detect circulating caner-associated
carbohydrate antigens.
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It should be emphasized, furthermore, that RI-
ELISA can be applied to the selection of mono-
clonal antibodies not only for use against cancer-
associated carbohydrate antigens, but also for use
against other soluble and solubilized antigens, such
as other types of cancer-associated antigens, onco-
gene products, and plasma and membrane proteins.
This is because a lot of numerous monoclonal
antibodies, which exhibit high sensitivity, can be
selected in a short time for use against additional
antigenic determinants on a soluble molecule rec-
ognized by an already characterized monoclonal
antibody.

B, WA IS AT ru—F ik O
MR RT3 EDTa L, o8N E
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