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SUMMARY

Two monoclonal antibodies, K1-3 and KL-6,
were produced by immmunization with the human
pulmonary adenocarcinoma cell line VMRC-
LCR. Both antigen determinants recognized by
KL-3 and KL-6 antibodies appear to be carbo-
hydrate in nature. The molecular weights of
both soluble antigens in pleural effusions were
found to be greater than 1,000 K. While elevated
levels of KL-3 antigen in sera were found only
in those patients with gastric and pancreatic
cancer, KL-6 antigen levels were above normal
in sera of patients with lung cancer, especially
advanced adenocarcinoma, and pancreatic cancer
and breast cancer. In benign diseases of the lung
and other organs, only sera from patients with
active pulmonary tuberculosis who had extensive
lung damage had notably elevated KL-6 antigen
levels. Serum levels of KL-6 antigen also bore
no relationship to those of CEA, CA19-9, CRP,
and to BSR. In pleural effusions, the prevalence
of lung adenocarcinoma cases with elevated
levels of KL-3 and KL-6 antigens was 76% and
82 %, respectively, whereas nonmalignant pleural
effusions, including those from tuberculosis and
cholesterin pleuritis, were mostly shown to have
normal levels of these antigens.

These monoclonal antibodies define soluble
antigens that, in combinaticn with other tumor
markers, may be clinically useful for tumor
diagnosis and monitoring tumor progression.
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INTRODUCTION

Development of methods for early diagnosis
and more effective therapy for lung cancer
are needed because there is a rising incidence of
this disease and its prognosis is poor. Detection
of tumor markers in the blood would be a useful
method of diagnosis. Tumor markers such as
CEA, TPA, NSE, and ferritin are used clinically
at present. However, these markers have
inadequate sensitivity and specificity and thus,
are not quite satisfactory for use in early
diagnosis. Therefore, numerous monoclonal
antibodies (MoAbs) to tumors have been pro-
duced in an attempt to find new tumor
markers.! 1% Antibodies to tumor markers in
the sera of lung cancer patients which have been
produced and whose clinical usefulness have
been reported, such as the CSLEX-1 antibody
produced with stomach cancer as the immuno-
gen'! and the YH 206 antibody produced with
lung cancer as the irrlmunoge:n,12 however, are
extremely few.

We have produced MoAbs KL-3 and KL-6
against the pulmonary adenocarcinoma cell line
VMRC-LCR,!® and these MoAbs appear useful
for detecting soluble cancer antigens in sera and
pleural effusions.

MATERIALS AND METHODS

Determination of Molecular Weights of the
Soluble Antigens

The antigen content in the fractions of malignant
pleural effusions gel-filtrated using Sepharose
4B was measured by Sandwich enzyme-linked
immunosorbent assay (ELISA) using a 96-well
EIA plate which is mentioned later.

Antibody Purification and Sandwich ELISA

Ascites forming after intraperitoneal injection
of 5x10°% hybridoma cells into BALB/c mouse
was collected. After ammonium sulfate precipi-
tation of the ascites, KL-3 antibodies were
refined using Sephadex G-200 and KL-6 anti-
bodies, using DE52. The purified antibodies
were peroxidase-labeled by the method of
Nakane and Kawaoi.'* Briefly, 5 mg horseradish
peroxidase Grade I (Boehringer Mannheim,
West Germany) was dissolved in 0.3 M carbonate
buffer solution, pH8.1, and then after adding
1% 1-fluoro 2, 4-dinitrobenzene ethanol solution,
the solution was dialyzed in 0.01 M carbonate
buffer solution, pH9.5. One milliliter of 0.06 M

i
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sodium periodate was added to the dialysate,
which was incubated for 30 minutes and then
1.0ml of 0.16 M ethylene glycol was added to
the solution, which was incubated for 60 minutes
and then dialyzed in 0.01 M carbonate buffer
solution again and mixed with 5mg of the
purified antibodies. Three hours later, 5 mg
of NaBHs; was added and after being left to
stand overnight at 4°C, the solution was dialyzed
in phosphate-buffered saline (PBS), and the first
peak obtained on gel filtration in a Sephadex
G-200 column was defined as peroxidase-
conjugated antibody.

In the Sandwich ELISA using a 96-well EIA
plate (Costar, Cambridge, Mass), 100ul of
10 ug/ml purified antibodies was dispensed into
each well and left standing for one hour at room
temperature, after which they were washed
with TB-PBS (0.05% Tween 20, 0.1% bovine
serum albumin [BSA], PBS). Next, 100 ul of
specimen was added and allowed to react for
three hours, after which they were washed,
followed by the addition of 100 ul of peroxidase-
conjugated MoAbs diluted 10-fold with buffered
diluent (0.15M PBS, pH 6.4, 10% normal rabbit
serum, and 0.1% BSA) and incubated for
16 hours. Then, after washing, 100 ul of OPDA
solution (0.3% o-phenylenediamine dihydro-
chloride, 0.02% H;02, and 0.15M citrate
buffer, pH4.9) was added and allowed to react
for 30 minutes, after which reaction was stopped
by the addition of 100ul of IN H,S50,4 and
absorbance (ODagz) was determined. For the
purpose of quantitative determination of antigens
in sera and pleural effusions, polystyrene beads
were used instead of the plate. Polystyrene
beads (1/4 inch, Wako, Japan) were incubated
at 37°C for one hour in 100 ug/ml MoAb solution
(0.25 M phosphate buffer, pH7.5) and then
cooled in ice water for 10 minutes. The antibody-
sensitized beads were allowed to react with
0.3 ml of the specimen at 37°C for three hours
in a glass tube. They were then washed three
times with physiological saline, and, after adding
0.3 ml of peroxidase-labeled antibodies, diluted
1000-fold with a buffered diluent, were incubated
for 16 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 allowed to react for 30 minutes,
after which 1 ml of 2N hydrochloric acid was
added and absorbance (OD4q,) was measured.
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For quantification of KL-3 and KL-6 antigens,
serial dilution was made of pleural effusions
having a large content of either antigen, and
several concentrations showing linearity of absor-
bance were selected and used as standards.
Clinical specimens were diluted with a buffered
diluent. KUL-3 antigens were diluted twofold
and KL-6 antigens 40-fold before use.

RESULTS

Molecular Weights of Soluble Antigens

As shown in Figure 1, the molecular weight of
KL-3 antigens was estimated to be more than
1,000 K because the peak of the antigen content
in malignant mesothelioma-derived pleural
effusions, as determined by Sandwich ELISA
after gel filtration, was seen in only the void
fraction. In the case of pleural effusions derived
from lung metastasis of pancreatic cancer, the
content of KL-3 antigens had peaks not only in
the void fraction but also in the 45th and 57th
fractions.

KL-3 R UFKL-6fiE D@ ftfkicid, wihbdo
PURR 7 & RIICEE T 3 ik 2 MiHaR L, ik
FEAEMERL 2 EELERNL, BHEREL LT
v 7. BRRRAEEAR I AP AR L 2. @A
12, KL-3$HiE I 2512, KL-6 405 1k 4015 12 35 ]
L 2.

m R

AlEMERRO S T8’

H1izmdesn, YLii@o#k, Sandwich ELISA
AT & o T U A B A e IR ER A i 7k o0 BRI R 4
O — 71k, void FHEIZOAR S50 T, KL-3
P @42 7 8E 1,000K L E & HEw L 2. e o
B Iz hE 4 3 Ak o84a, KL-3 BB O3,
void Zr 7207 T4 { 45 R P57 T ¥ — 712
EL L.

FIGURE1 ANALYSIS OF MOLECULAR WEIGHTS OF KL-3 AND KL-6 ANTIGENS
WITH SEPHAROSE 4B GEL CHROMATOGRAPHY
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KL-6 antigens showed two peaks, in the void
fraction and the 53rd fraction, in a malignant
mesothelioma case and two peaks, in the void
fraction and the 49th fraction, in pleural effusion
from a pancreatic cancer patient.

Quantitation of Soluble KL-3 Antigens

The six standard points were used: 0, 2.5, 5.0,
10, 20, and 40 u/ml, where 40 u/ml is an 80-fold
dilution of a certain malignant pleural effusions
with a buffered diluent. The standard curve,
as shown in Figure 2, was nearly linear. The
percent coefficient of variation at each point
was less than 10%.
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KL-6 HUE 3, i3, void 5K o
B3N E T H A — 72 L, NERS R & ok
Tk, void FEI & FHA9F W THA Y — 7 &3 L 7=,

AN KL-3MEOTE R

fdmfk s LTeni, ¥4b50, 2.5 5.0, 10,
20 U40 u/ml # ATV 7=, 40w/ ml (3 IRER TG L & -
THLSEMMAKEZBOME AR LZLDTHE, M2
AT LS, HEiIEEEER L, BETO
percent coefficient of variation (% CV) 1 10% A i
Thoik.

FIGURE2 STANDARD CURVE OF KL-3 ANTIGEN
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Serum KL-3 antigen levels are shown in Figure 3.
The serum KIL-3 antigen level of 60 normal
individuals was 4.5 65 u/ml (mean= SD), the
cut-off level being 17.5u/ml (mean +2 SD).
Among 63 cases of lung cancer, only one case
showed an abnormally elevated level, and
abnormally elevated levels were seen in 11%
(2/19) of stomach cancer cases and in 36%
(4/11) of pancreatic cancer cases, but all colon
cancer cases were negative.

M KL-3MEMEK3IZRL Twd, R H0A
O KL-33E#12 4.5565u/ml (FH+ SD) T
H 1, cut off il 1217.5u/ml (F¥+28D) & L .
Ml 63l > b1l s REIISVEERL,
B ARG T2 11% (2/19), % B 4 7 T1236%
(4 /10) APEHT @ ORI &0 L 22 AT, 5 I A 13
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FIGURE 3 LEVELS OF KL-3 ANTIGEN IN SERA
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The results of determination of KL-3 antigen
levels in pleural effusions are shown in Figure 4.
Because the mean value for tuberculous pleuritis
and cholesterin pleuritis (tuberculosis group) was
1.0+x2.2u/ml (mean * SD), the cut-off value of
KL-3 antigen levels in pleural effusion was
determined to be 5.4u/ml (mean +2 SD);
abnormally elevated levels were present in the
pleural effusions of 79% (15/19) of lung adeno-
carcinoma cases. Positive rates of 13% (1/8)
and 20% (1/5) were found in pleural effusions
derived from lung squamous cell carcinoma and
lung small cell carcinoma, respectively. KL-3
antigen levels in pleural effusions derived from
mesothelioma and metastatic lung tumors from
gastric and pancreatic cancers had markedly

Maizhkdmo KL-3#E 0@ ES R 4RL T
WA, SRR S B 0TI L AT R g (RERE )
OFEHMEIE1.02 2.2u/ml (EHESD) ThH-AED
T, Bk @ KL-34E D cut off fillld 5.4 u/ml
(F#9+28D) & L 7. WilR#4EM @ 79% (15/19)
D WA S AR L . il E R R U
ASK s B ok D Wk T, &4 BRE# 513% (1/8)
BRU20% (1/5) Th-or=. PR PEE XL
ik i s 0 W R L2 o+ B ek o KL -3 470 5 i 13
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elevated levels with some higher than 3,000 u/ml, LA, 3,000u/ml 2HIBALDEH N,

but low levels were present in pleural effusions S L o )
derived from metastatic lung cancers of hepato- AT A B B OF 7 b P b O A 5 RS L A i 1
cellular carcinoma and uterine squamous cell BT 3 Ak CHIEVETH - 7.

carcinoma.

FIGURE 4 LEVELS OF KL-3 ANTIGEN IN PLEURAL EFFUSIONS
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Quantitation of Soluble KL-6 Antigens

Five points, i.e., 0, 4, 8, 16, and 32 u/ml, where
32u/ml is a 320-fold dilution of malignant
pleural effusion, were established as standards
for determination of the levels of KL-6 antigens.
The standard curve, as shown in Figure 5, was
nearly linear. The percent coefficient of variation
was less than 10%.

AlEME KL-6 iR O ERE

KL-6 {5l & ML LTS5, ¥4bb,
0, 4, 8, 16K U32u/ml £/, 32u/mlif, b3
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The KIL-6 antigen level in sera is shown in
Figure 6. The level was 258 £131 u/ml (mean+
SD) in 160 normal individuals; 520 u/ml (mean
+2 SD) was the cut-off level. The positive rate
was 52% (17/33) in lung adenocarcinoma cases,
18% (4/22) in lung squamous cell carcinoma
cases, 8% (1/13) in lung small cell carcinoma
cases, 13% (1/8) in hepatocellular carcinoma
cases, 44% (4/9) in pancreatic carcinoma cases,
and 40% (8/20) in breast cancer cases, but the
rate was zero in 19 cases of gastric cancer and in
eight cases of colon cancer.

In benign diseases of the lung, the positive
rate was 14% (3/21) in acute pneumonia, 0%
(0/15) in chronic bronchitis, and 43% (9/21)
in pulmonary tuberculosis. The positive levels
in acute pneumonia were very mildly elevated,
and the pulmonary tuberculosis patients who
were positive were limited to those who were
clinically active and had extensive foci. As
regards positive rates in inflammatory diseases

Mo KL-6 SR 1% 6 125 L 2. f % % 160 A
D13 258 + 131 u/ml (F¥HESD) Th - 2. cut
off il 13 520 u/ml (¥ +2SD) & U7, P
Fifi B A8 AE 17 C1352% (17/33) , ik T~ | He 486 5 ) ©
1318% (4/22), M/ IR T1E 8 % (1/13),
RF A e A ) C 12 13% (1/8), DDA S0 T 1$
44% (4/9), FLEFER TI240% (8/20) T &7
A TR R R ST 0% Th - 72,

il > BYESR B DPFMER I DT, AMEmAs14%
(3/21), WHEREZRL2 0% (0/15), MiksrEH
43% (9/21) Th - 7. 2PENN % T OB IS
ThTFPERLTOEDBRTH - 14, [BEL5L
PR EE R R IR TA Y, oA
B ERTIE IR TwAL HiLLA o Ik 2
DRIEMEFEBOBERIZon T, MM E»



of organs other than the lung, the rate was
11% (1/9) in chronic hepatitis, 45% (5/11)
in liver cirrhosis, 14% (2/14) in pancreatitis,
and 0% (0/7) in cholecystitis, and the positive
levels in these diseases were all very mildly
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FIGURE 6 LEVELS OF KL-6 ANTIGEN IN SERA
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By clinical stage of lung cancer, as the cases
of adenocarcinoma and squamous cell carcinoma
exhibiting abnormal levels of KL-6 antigens
in sera increased with progression of the clinical
stage and especially in the cases of lung adeno-
carcinoma, the positive rate of stage III and
stage IV was 70% (7/10) and 80% (8/10),
respectively.

Though the data is not shown, no significant
correlation of KL-6 antigen levels in sera with
CEA, CA19-9, CRP, and BSR values was
observed.

KL-6 antigen levels in pleural effusions are shown
in Figure 7. The level in pleural effusion derived
from pulmonary adenocarcinoma was 2,165*
2,574 u/ml, a notably elevated level compared
with 381x547 u/ml in pleural effusions of the
tuberculosis group, 309 £ 237 u/ml in pulmonary
squamous cell carcinoma, and 254%223ufml
in pulmonary small cell carcinoma. Although
a very high level of KL-6 antigens was present
in the pleural effusion from malignant meso-
thelioma, the levels in the pleural effusions
derived from metastatic lung tumors from
pancreatic cancer, gastric cancer, and hepato-
cellular carcinoma were not so high.
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FIGURE 7 LEVELS OF KL-6 ANTIGEN IN PLEURAL EFFUSIONS
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Combination Assay of KL-3 Antigens and KL-6
Antigens for Detection of Soluble Antigens in
Pleural Effusions

The correlation of KL-3 antigen level and KL-6
antigen level in pleural effusions was studied in
33 cases in total, 17 cases of pulmonary adeno-
carcinoma and 16 cases of the pulmonary
tuberculosis group. As shown in Figure 8,
the correlation coefficient was 0.18 and not
significant.
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Among pulmonary adenocarcinoma cases, 76%
(13/17) had a KL-3 antigen level higher than
5.4uf/ml in the pleural effusions, and 82%
(14/17) had a KL-6 antigen level higher than
520 u/ml. At least one of the two antigens was
positive in 94% (16/17) of the cases, thus the
positive rate improved remarkably by combining
the two. On the other hand, in the pleural
effusions of the pulmonary tuberculosis group,
one of the two was positive in only 19% (3/16)
of the cases, but there were no cases positive
for both antigens.
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DISCUSSION

KL-3 and KL-6 antibodies are MoAbs produced
by immunization with the human pulmonary
adenocarcinoma cell line VMRC-LCR. It was
found that both of these antibodies recognize
carbohydrate antigens'> and detect soluble
antigens in blood and pleural effusions. The
molecular weights of the soluble antigens were
all more than 1,000K. Because the pattern of
elution of the soluble antigens by gel filtration
very closely resembles the pattern of CA19-9
and ST-439 antigens,ls’16 which are reportedly
mucin antigens, the soluble antigens which
recognize KL-3 and KL-6 antibodies are assumed
to be mucin-type glycoprotein antigens.

The KL-3 antigen content in the sera of lung
cancer patients was found not to be different
from that in normal individuals. This antigen,
however, showed a positive rate of 11% in
gastric cancer and 36% in pancreatic cancer
indicating that it might be a marker for these
tumors. The content of antigen was also
observed to be increased in many malignant
pleural effusions, and it was abnormally elevated
in 79% of pleural effusions from lung adeno-
carcinoma cases. Determination of KL-3 antigens
in pleural effusions therefore may be useful
clinically as a method of differential diagnosis of
the pleural effusicns due to malignant pleuritis
and those due to benign disease such as tuber-
culosis pleuritis.

On the other hand, KL-6 antigens showed
abnormal elevation in the sera in lung cancer
cases. The positive cases were mostly adeno-
carcinoma and squamous cell carcinoma, with
52% of adenocarcinoma cases and 18% of
squamous cell carcinoma cases being positive.
Also, the percentage of cases with high KL-6
antigen levels tended to increse with progression
of the clinical stage of the disease. KL-6 antigens
showed high rates of positivity in the sera of
pancreatic cancer and breast cancer cases as
well as in the sera of lung cancer cases, and
these antigens might be of clinical use as new
tumor markers for these malignancies because
they showed no correlation with CEA and
CA19-9 levles. No case of gastric cancer or
colon cancer was positive for KL-6 antigens;
only pancreatic cancer showed a high positive
rate among abdominal organ malignant tumors.
Since not even CA19-9 antigen nor pancreatic
oncofetal antigen,!™® which are excellent
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pancreatic cancer markers, distinguish pancreatic
cancer so selectively from other abdominal
cancers, KL-6 antigens might be very useful
in differential diagnosis of abdominal tumors.

Though it has the characteristics of a tumor
marker, KL-6 antigen in sera also was elevated
in pulmonary tuberculosis. However, no cases of
inflammatory lung diseases such as acute
pneumonia and chronic bronchitis nor chronic
hepatitis, liver cirrhosis or cholecystitis have
shown any notably elevated levels of this antigen,
and no correlation with inflammatory parameters
such as CRP level and BSR level was observed.
Hence, the KL-6 antigen was considered to be
a marker of not just inflammation in general
but of that due to specific pathological types of
inflammatory lung disease. Because pulmonary
tuberculosis cases positive for this antigen
were confined to those who were in the active
stage with extensive lung damage and not to
carly TB, the antigen might be useful in the
differential diagnosis of lung cancer and
tuberculoma which present as coin lesions on
chest X ray.

KL-6 antigens were markedly elevated in many
pleural effusions derived from Iung adeno-
carcinoma, but these antigens were not so
elevated in pleural effusions derived from
metastatic lung tumors of gastric cancer and
pancreatic cancer and this differed altogether
from the pattern of KL-3 antigens. Comparison
of KL-3 antigens and KL-6 antigens in pleural
effusions showed no correlation between the
two, and a combination assay of the two antigens
might be useful as tumor markers in pleural
effusions because it increased the diagnosis rate.

KL-3 and KL-6 antibodies, both of which were
produced against the pulmonary adenocarcinoma
cell line, reacted with normal lung tissues. Since
we conducted our screening with the major aim
of establishing MoAbs with which to detect
soluble antigens and then analyze their clinical
usefulness, we did not necessarily consider that
MoAbs reactive with normal lung tissues would
be a drawback. It is only necessary that the
reaction to lung cancer tissues be stronger than
the reaction to normal lung tissues and that these
antigens be present in the sera and pleural
effusions during specific disease states.
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