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SUMMARY

Serum levels of a high molecular weight circulat-
ing antigen KL-6, which is detected by sandwich
assay using a monoclonal antibody KIL-6 against a
sialylated carbohydrate antigen, were examined for
usefulness in monitoring the activity of interstitial
pneumonitis.  Of the 59 interstitial pneumonitis
patients, 34 (58%) exhibited abnormally high levels
of KL-6 antigen in their sera and no significant
correlation between serum KL-6 values and lactic
dehydrogenase activities was noted.  Moreover,
KL-6 antigen levels showed a positive correlation
with the degree of clinical activity of the disease
as measured by 87 Ga-citrate scintigram and clinical
outcome over time. These data suggest that serum
KL-6 antigen may be a new useful indicator for
estimating the degree of activity of interstitial pneu-
monitis, although it cannot be used for differential
diagnosis of this disease from other malignant and
nonmalignant diseases showing abnormally high
levels of KL-6 antigen.
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INTRODUCTION

Interstitial pneumonitis is a fatal disease of many
different etiologies with histopathologically diffuse
alveolar damage associated with infiltration of in-
flammatory cells in the interstitium and degenera-
tion of pneumocytes and bronchiolar epithelia. In
cases of hypersensitivity pneumonitis of known eti-
ology, remission can be readily induced by remov-
ing the patient from the environment containing the
antigen. However, since there is no effective ther-
apy for interstitial lung diseases of unknown cause
[idiopathic interstitial pneumonia (ITP)] except for
adrenocortical hormones and immunosuppressive
drugs which are occasionally effective,™? the mean
survival period is reported to be as short as 4.5
years by Turner-Warwick et al® and 7.5 years by
Yamaoka et al.* Itis therefore important for clinical
treatment and care of the patients with the disease
to precisely evaluate the degree of clinical activity
of the disease.

However, there are only three kinds of examinations
which are considered to be reliable in determin-
ing the clinical activity of IIP.> The first, open
lung biopsy, is an invasive examination which
sometimes can induce acute exacerbation. The
second, ®7Ga-citrate scintigram, is possible only
in hospitals which have the facilities for using
radioisotopes. Frequent use of the scintigram in
patient should be avoided due to the damage by
radioactivity. The third, analysis of cell populations
in bronchoalveolar lavage fluid, sometimes inflicts
pain of patients. Since these examinations cannot
be frequently performed on the same patient, new
methods that are less traumatic and more convenient
should be developed.

Lactic dehydrogenase (LDH) activity, circulating
immune complexes (CIC), type IIT procollagen N-
terminal peptides, and fibronectin have been in-
vestigated as circulating markers for evaluating the
disease activity of interstitial pneumonitis. Though
serum LDH activity is reported to occasionally
increase during acute exacerbation of interstitial
pneumonitis,® it is not a sensitive marker. Serum
levels of CIC7~1% and type III procollagen N-
terminal peptides'®'? have been reported to be
useful for assessing clinical activity in IIP cases.
However, CIC levels are difficult to evaluate,
because values obtained for the same serum but with
different assay methods can vary considerably. CIC
levels are influenced by other conditions such as
collagen diseases. Examination of the fibronectin
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level in bronchoalveolar lavage fluid has been
reported to be clinically useful, but its level in
plasma is of little value as a parameter of clinical
activity in interstitial pneumonitis.!3

We have developed a monoclonal antibody KL-6
(IgG;),** which recognizes a sialylated carbohy-
drate antigen on the high-molecular-weight mucin-
like antigen (molecular weight >1,000 K), values
of which increase at a high rate in the sera of
interstitial pneumonitis patients. This antigen has
also been found to be markedly increased in the
sera of patients with pulmonary adenocarcinoma
and tuberculosis.!* This study describes the mea-
surement of KL-6 antigen levels in sera as a
potential indicator of disease activity in interstitial
pneumonilis patients.

METHODS AND MATERIALS
Immunoperoxidase staining

The results of immunoperoxidase staining of frozen
tissue sections with KL-6 monoclonal antibody
have been reported previously.!® In this report,
the distribution of KL-6 antigen on formalin-
fixed and paraffin-embedded tissues of normal lung
and lung tissue exhibiting interstitial pneumoni-
tis was examined. Immunoperoxidase staining
using Vectastain (Vectar Laboratory, Burlingame,
CA) was performed as previously reported.’® In
brief, the intrinsic peroxidase activity of tissues
was inactivated by treatment with 0.3% HyO4 in
methanol for 30 minutes after blocking nonspecific
binding with horse serum. After washing, the
specimens were reacted with 100-fold diluted KL-6
hybridoma culture supernatant at room lemperature
for 30 minutes. Culture supernatant of MOPC-21
cells, a mouse myeloma cell line secreting 1gG;
antibodies, was used as a negative control. After
washing, sections were treated with biotinylated
horse antimouse IgG for 30 minutes and then for
one hour with avidin-biotin-conjugated horseradish
peroxidase.  The immunohistochemical reaction
was developed for one hour with freshly pre-
pared color development solution [0.5 mg/ml 3,3°-
diaminobenzidine, tetrahydrochloride (Wako Fine
Chemical, Japan), 0.01% H;05, 50 mM Tris-HCI
buffer pH 7.0]. After washing, the sections were
counterstained with hematoxylin,

Quantification of KL-6 antigen in serum

Levels of KL-6 antigen in sera were quantified
by sandwich-type enzyme-linked immunosorbent
assay (ELISA) using KL-6 antibodies as previously
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reported.}* In brief, polystyrene beads coated with
KL-6 antibodies were incubated with 0.3 ml of
40-fold diluted serum at 37°C for three hours.
After washing with 0.85% NaCl, 0.3 ml of 1,000-
fold diluted horseradish peroxidase-conjugated KL-
6 antibody was added and incubated at 37°C for 16
hours. After washing, the beads were transferred
into a polystyrene tube. To the beads, 0.3 ml
of OPDA solution (0.3% o-phenylenediamine dihy-
drochloride, 0.02% H; 05, 0.15 M citrate-phosphate
buffer pH 4.9) was added and allowed to react at
room temperature for 30 minutes. To the tube,
1.0 ml of 2 N HCl was then added to inhibit
the peroxidase reaction and absorbance ODygq was
measured. Pleural effusion from a lung cancer
patient was serially diluted and used as standard
reference in each assay.

RESULTS

Distribution of KL-6 antigens in the tissues
of normal lung and lung exhibiting interstitial
pneumonitis

Immunoperoxidase staining of normal lung tissues
with KL-6 antibody showed that the antibody re-
acted strongly with type II pneumocytes and cells of
the respiratory bronchiolar epithelium and weakly
with basal cells of the terminal bronchiolar epithe-
lium, a portion of middle layer cells of the bronchial
epithelium and serous cells of the bronchial gland,
but did not react with type I pneumocytes, goblet
cells or mucous cells of the bronchial gland. The
distribution of KL-6 antigens was different from
those of sialomucin and sulfomucin stained by high
iron diamine-alcian blue.

On the TIP lung sections, KL-6 antibodies re-
acted with regenerating type II pneumocytes and
macrophages or type II pneumocytes present in
air spaces, but not with interstitial components or
hyalin membrane (Figure 1).

Levels of KL-6 antigen in sera

Figure 2 shows the levels of KL-6 antigen in sera
of healthy controls and patients with nonmalignant
diseases of the lung. As the level for 160 healthy
controls was 258 + 131 U/ml (mean 4 SD), the
cutoff point was set at 520 U/ml (mean -+ 25D).
The positive rates for nonmalignant diseases of
the lung were 14% (3/21) for alveolar pneumonia,
0% (0/15) for chronic bronchitis, 11% (1/9) for
bronchial asthma, 40% (4/10) for emphysema, 40%
(2/5) for bronchiectasis, 43% (9/21) for pulmonary
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Figure 1. Distribution of KL-6 antigen on tissue from idiopathic interstitial pneumonitis patients
was examined by immunoperoxidase staining (ABC method) and the sections were counterstained
with hematoxylin. A) Section of lung tissue exhibiting acute pneumonitis; KL-6 antibodies
reacted markedly with the apical region of regenerating type Il pneumocytes (large arrow) but
not with hyalin membrane (small arrow). B) Lung section of fibrotic change; KL-6 antibodies
reacted strongly with regencrating type Il pneumocytes (large arrow) and macrophages or type Il
pneumocytes existing in air spaces, bul did not react with interstitial components.
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Figure 2. Levels of KL-6 antigen in sera from healthy controls and patients with nonmalignant

lung diseases
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tuberculosis, 40% (4/10) for diffuse panbronchioli-
tis, and 58% (34/59) for interstitial pneumnonitis.

Figure 3 shows the levels of KL-6 antigen in the
sera of interstitial pneumonitis patients classified by
their etiology. The positive rates were 70% (19/27)
for 1IP, 100% (3/3) for hypersensitivity pneumoni-
tis, 50% (5/10) for interstitial pneumonilis as a
complication of collagen diseases, 60% (3/5) for
radiation pneumonitis, 43% (3/7) for sarcoidosis,
and 14% (1/7) for pneumoconiosis.

No significant correlation was observed between the
levels of KL-6 antigen and LDH activity in the sera
of 28 cases of interstitial pneumonilis, as shown in
Figure 4. The proportion of serum samples with
elevated LDH activity was only 11% (3/28), but
that with elevated KL-6 antigen was 61% (17/28).
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Figure 4. Serum levels of KL-6 antigen were compared with levels of serum LDH activity in

interstitial penumonitis palients
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A ®7Ga-citrate scintigram was examined in 15 of
the 27 IIP cases, whose KL-6 antigen levels were
measured. Figure 5 shows that the positive rate
of KL-6 antigen in the serum of 10 cases showing
radioisotope uptake in their lung fields was 90%
(9/10), while 5 cases, or 0% (0/5), showed no
radioisotope uptake.
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Figure 5. Levels of KL-6 antigen in sera from patients with idiopathic interstitial pneumonitis
were compared between cases of positive % Ga-citrate uptake (*) and those of negative uptake (t)
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Figure 6 shows changes in serum KL-6 antigen
levels for the 15 cases of interstitial pneumonitis
who were examined twice during a one-month
period. The changes in degree of clinical activity
were evaluated from their subjective symptoms
and objective signs including chest radiograph,
pulmonary function tests, and arlerial blood gas
analysis.  These cases were divided into three
groups; improved, unchanged, and exacerbated. In
the four improved cases, three cases of 1IP and one
case of pneumonitis complicated with rheumatoid
arthritis, all the levels of KL-6 antigen decreased
from abnormally high levels above 1,000 U/ml to
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examined over a period of one month and compared with their clinical outcome. In four improved
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lower levels. Six cases in the unchanged group
were diagnosed as IIP and their KL-6 antigen
levels changed only slightly. The five cases in the
exacerbated group were lung cancer patients whose
pneumonitis were caused by radiation therapy. In
three of the five cases, serum KL-6 antigen levels
were within the normal range before irradiation
but became abnormally high after pneumonitis
developed. In another of these exacerbated cases,
the serumn KL-6 antigen level was abnormally high
before irradiation and increased after pneumonitis
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developed. In the fifth case, the KL-6 antigen
level was within the normal range throughout the
period of observation, but did increase somewhat
after developing pneumonitis following irradiation.

DISCUSSION

We have shown in this report that serum KL-6
antigen may be a useful marker for estimating the
degree of clinical activity of interstitial pneumonitis.
It was observed that the positive rate of elevated
serum KL-6 antigen is very high in cases of intersti-
tial pneumonitis, especially in those of IIP showing
a positive uptake of 87Ga-citrate in their lung field,
and serum KL-6 antigen was clearly much more
sensitive than serum LDH activity among interstitial
pneumnonitis patients.  Furthermore, there was a
significant positive correlation between the changes
in serum KL-6 antigen levels and the subjective and
objective signs of interstitial pneumonitis activity in
patients whose clinical courses were followed.

This and previous!* studies showed that non-
malignant lung diseases showing high positive
rates of elevated serum KL-6 antigen included not
only interstitial pneumonitis but also emphysema,
bronchiectasis, pulmonary tuberculosis, and diffuse
panbronchiolitis. Exlensive damage to the periph-
eral lung tissue appears to be a common histological
change in these diseases. Since KL-6 antigens are
expressed in high density on type II pneumocytes
and cells of the respiratory bronchiolar epithelia,
elevated serum KL-6 antigen levels might be caused
by the release of KL-6 antigens from these two
kinds of cells during degeneration and destruction
of lung tissues and from type 1I pneumocytes during
regeneration.

Examination of the serum KL-6 antigen level, com-
bined with that of type III procollagen N-terminal
peptides, may be clinically more useful, because
the former, originating from type II pneumocytes
and bronchiolar epithelial cells, reflects the tissue
damage of parenchymal cells in the peripheral lung
and the latter, metabolized from type III procollagen
secreted by fibroblasts, reflects the proliferation
of interstitial cells. Moreover, since the damage
of parenchymal cells histologically precedes the
fibrotic change of the interstitium in interstitial
pneumonitis, KL-6 antigen may be elevated in an
carlier phase than type III procollagen N-terminal
peptides.
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However, it is still not clear how sensitive the serum
level of KL-6 antigen is in reflecting changes in
lung tissue. It is difficult to clarify this relationship
because repeated lung biopsies over a short time is
practically impossible. Therefore, we will attempt
to clarify the usefulness of serum KL-6 antigen as
an indicator of the degree of clinical activity of
interstitial pneumonitis by serial measurements in
more cases, especially cases of radiation pneumoni-
tis, the onset of which can be easily predicted.
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