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Serum marker KL-6/MUC1 for the diagnosis and man-
agement of interstitial pneumonitis
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Abstract: Interstitial pneumonitis includes more than a hundred diseases in which
alveolitis is the main manifestation of the affected lung. Symptoms such as dry cough
and exertional dyspnea, fine crackles on chest auscultation, interstitial infiltrates on
chest X-ray films and CT scans, respiratory function tests, and Ga-67 scintigraphy have
been used for the diagnosis and the evaluation of disease activity. However, the poor
prognosis of some types of interstitial pneumonitis has not been improved . We discov-
ered a high molecular weight mucin-like antigen, designated KL-6, which is also known
as MUCL1. The serum level of KL-6/MUC1 was elevated in 70-100% of patients with inter-
stitial pneumonitis, such as pulmonary fibrosis (either idiopathic or related to collagen-
vascular disorders), hypersensitivity pneumonitis, sarcoidosis, and radiation pneumonitis.
The levels were significantly higher in patients with active disease than in those with
inactive disease. In contrast, patients with noninterstitial lung disease did not show a
significant elevation of KL-6/MUCL1. Furthermore, the serum KL-6/MUC1 level was found
to be an early predictive marker of the therapeutic effect of high-dose corticosteroids in
patients with rapidly progressing idiopathic pulmonary fibrosis. These results indicate
that KL-6/MUCL1 may be a useful serum marker for the diagnosis and monitoring of
patients with interstitial pneumonitis. J. Med. Invest. 46 : 151-158, 1999

Key words : KL-6, KL-6/MUC1], interstitial pneumonitis, serum marker

INTRODUCTION

Interstitial lung disease includes a variety of pul-
monary diseases, which can be classified into the
following five groups ; collagen vascular disease-associated
interstitial pneumonitis (IP), drug and treatment-induced
IP, primary or unclassified disease-related IP, oc-
cupational and environmental IP, and idiopathic
fibrotic disease. In all these diseases, disruption of
the distal lung parenchyma is the leading morpho-
logical change (1). Most of the diseases feature
progressive alveolitis that results in fibrotic remodeling
of alveolar spaces. In idiopathic pulmonary fibrosis
(IPF), which is a representative type of IP, no im-
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provement of survival has been achieved over the
last two decades. Almost half of the patients die
within 5 years of the onset of dyspnea, and only
20% respond to therapy. These poor outcome sta-
tistics have engendered a certain negative attitude
to the management of IP. Most patients receive
little intensive therapy early in the disease and
obtain little benefit from more intensive therapy
when their disease is advanced. As Wells and du
Bois stated, something needs to be done about
this situation (2).

We should place a high value on both the use of
video-assisted thoracoscopic surgery (VATS) as a
less invasive approach for lung biopsy (3) and on a
recently advocated histological classification that
describes nonspecific interstitial pneumonia (NSIP)’
as one of the histological manifestations of IPF
(4). The former will increase the willingness of
practitioners to utilize invasive diagnostic pro-
cedures. The latter provides notice of the pres-
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ence of a pathological entity that might respond to
therapy more readily than usual interstitial pneu-
monia (UIP). However, only a small proportion of
patients with UIP respond to therapy. Such re-
sponders are believed to have relatively more re-
versible changes than non-responders. The revers-
ible changes are mainly inflammatory, while the ir-
reversible changes are fibrotic. A prominent ground-glass
pattern on CT (5) and lymphocytosis in bronchoalveolar
lavage fluid are indicative of potential reversibility
(6). Most IPF patients, however, have irreversible
manifestations and a predominant reticular pattern
on CT. Also, the rate of progression of IPF is
highly variable, so practitioners need markers of
progressive disease. The carbon monoxide diffusing
capacity (DLco) (7), oxygen desaturation on exercise
(7), and clearance of inhaled Tc-99 m diethylenetriamine
pentacetate (DTPA) (8) are currently the most re-
liable predictors of disease progression, although
a large number of other functional and clinical in-
dices are not reliable. However, these examina-
tions require specific facilities and can cause con-
siderable discomfort to the patient.

We found a circulating high molecular weight
mucin-like glycoprotein, KL-6 (9), which is classi-
fied in human MUC1 mucin (10). KL-6/MUCL1 has
been evaluated as a marker of disease activity for
IP and is common to most IP (11-16). As the result
of such clinical studies, KL-6 was approved as a se-
rum diagnostic marker for IP in Japan on June 1,
1999. This review summarizes the clinical role of
KL-6/MUC1 for IP.

BIOCHEMICAL AND BIOLOGIC PROPER-
TIES OF KL-6/MUC1

KL-6 was originally found using a murine monoclonal
antibody, KL-6 antibody, which was obtained from
a hybridoma established from the splenocytes of a
BALB/c mouse immunized with a human pulmo-
nary adenocarcinoma cell line, VMRC-LCR (9). The
hybridoma was selected because it produced a
monoclonal antibody which reacted with pulmo-
nary adenocarcinoma cell lines and pulmonary epi-
thelial cells, but not with fibroblast cell lines, endo-
thelial cells, or pulmonary interstitium. KL-6 antibody
recognized an undefined sialylated carbohydrate
chain on a high molecular weight mucin-like
glycoprotein (9). The molecule bearing the sialylated
carbohydrate was later defined as MUC1 (10).
MUC1 (episialin, polymorphic epithelial mucin) is

a large glycoprotein (>200 kDa) that has three do-
mains : (i) a cytoplasmic tail ; (ii) a single transmembrane
region, and (iii) an extracellular domain. The
extracellular domain contains repeating sequences
of 20 amino acids. MUC1 has an extended and
rigid structure protruding 200-500 nm above the
plasma membrane, and is found at the apical sur-
face of normal glandular epithelial cells. However,
it often covers the entire cell surface in carcino-
mas and its level of expression is more than 10
times higher in carcinoma cells than in normal
cells. Transfection studies have revealed that MUC1
reduces cell-cell and cell-extracellular matrix
interactions, decreases cell aggregation, and pre-
vents E-cadherin-mediated cell-cell adhesion and
integrin-mediated cell-extracellular matrix adhe-
sion (17-19). We have also shown that decreased
MUCL1 expression induces E-cadherin-mediated
cell adhesion of breast cancer cell lines in suspen-
sion culture (20). These results indicate that mem-
brane MUCL1 regulates cell adhesion properties. In
several malignancies, MUCL expression has been
shown to be correlated with the metastatic poten-
tial of the primary tumor and with a poor progno-
sis (21-26).

Soluble MUC1 molecules bear sialyl Le? and
sialyl Le* carbohydrate epitopes that regulate cell-cell
interactions (27). KL-6/MUC1 is also chemotactic
for human fibroblasts (28). Since this chemotactic
activity is completely inhibited by anti-KL- 6 monoclonal
antibody, the epitope recognized by this antibody
may be crucial for such activity.

TISSUE DISTRIBUTION OF KL-6/MUC1

The distribution of KL-6/MUC1 was examined
using an indirect immunostaining method (9, 11).
As shown in Table 1, KL-6/MUC1 was expressed
by atypical and/or regenerating type Il pneumocytes
in tissue sections from patients with interstitial
pneumonitis as strongly as in adenocarcinoma of
the lung, pancreas and breast. However, cells in
granulomas were not positive. In the normal lung
tissue, type Il pneumocytes, respiratory bronchiolar
epithelial cells, and serous cells of the bronchial
glands showed positive expression of KL-6/MUC 1.
On the other hand, type | pneumocytes, goblet
cells, and mucous cells of the bronchial glands did
not. In the gastro-intestinal tract, KL-6/MUC1 was
not expressed by epithelial cells of the stomach,
small intestine and large intestine a part from
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Table 1. Expression of KL-6 in tissues

Positive

Negative

Weak

Moderate Strong

Normal Lung Type | pneumocytes

Ciliated bronchial cells ~ °ronchioli
Goblet cells

Mucous cells of the bronchial
gland

Basal cells of terminal Type Il pneumocytes

Respiratory bonchiolar epithelial
cells

Serous cells of the bronchial
glands

Others Surface mucous cells of

the stomach

Pyloric gland cells
Epithelial cells of the duodenum
Epithelial cells of the rectum

Epithelial cells of the colon

Fundic gland cells

Ductal epithelial cells of the
mammary glands

Ductal epithelial cells of the

Acinar cells of the pancreas pancreas
Leukocytes
Red blood cell
(Ijr]terstitial lung Granuloma Regenerating pneumocytes
isease Giant cells

Malignant cells Some malignant cells

Pulmonary adenocarcinoma
Most malignant cells ————— Pancreatic adenocarcinoma
Breast adenocarcinoma

fundic gland cells. Weak to moderate expression
was observed in most malignant cells.

SERUM LEVELS OF KL-6/MUC1 IN VARI-
OUS DISEASES

The KL-6/MUC1 level was measured by a sand-
wich enzyme immunoassay using KL-6 antibody
as both the capture and tracer antibody (9). From
the results in healthy individuals, the cut-off value
of serum KL-6/MUCL1 was set at 500 or 520 U/ml
(9, 15). In benign lung diseases, abnormally high
serum levels of KL-6/MUC1 were observed in more
than 70% of patients with interstitial pneumonitis,
such as IPF, hypersensitivity pneumonitis, radia-
tion pneumonitis, pulmonary sarcoidosis, collagen
vascular disease-associated interstitial pneumonitis
(CVD-IP), and pulmonary alveolar proteinosis (29,
30), as shown in Table 2 (11-13). Interestingly,
KL-6/MUC1 was positive in less than 10% of pa-
tients with alveolar pneumonia, including mycoplasma
pneumonia. These results indicated that elevation
of the serum KL-6/MUC1 level was not influ-
enced by the intensity of inflammation in the pe-
ripheral lung tussue. Pulmonary tuberculosis showed

a 10-30% positive rate and most positive patients
had widespread involvement of the lungs. The
KL-6/MUCL1 level might be influenced by the se-
verity of pulmonary fibrotic lesions, because there
was a significant negative correlation between
KL-6/MUC1 and % vital capacity (31). In granulomatous
lung diseases, such as pulmonary tuberculosis and
sarcoidosis, the increased level of serum KL-6
might originate from the enhanced production of
the antigen from proliferated regenerating type 1l
pneumocytes, not from cells in the granuloma.

Adenocarcinoma of the lung, pancreas and breast
showed an almost 50% positive rate. However, the
positive rate was low for gastric, colon and rectal
cancer. Furthermore, the false-positive rate was low
for hepatitis, liver cirrhosis, and pancreatitis. These
characteristics were different from those of other
serum markers, such as CA19-9 and carcinoembrionic
antigen (CEA).

CLINICAL USEFULNESS OF KL 6/MUC1
IN INTERSTITIAL PNEUMONITIS

There had been only a small number of studies
about the serological evaluation of interstitial pneumonitis
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Table 2. Abnormal serum KL-6 level in various diseases

Positive rate

0-10%

10-30%

30-70% 70-100%

Benign diseases Lung
Bronchial asthma
Chronic bronchitis
Emphysema
Bronchiectasis

Pneumoconiosis

Alveolar pneumonia Pulmonary
tuberculosis

Diffuse panbronchiolitis Idiopathic pulmonary fibrosis

Sarcoidosis Hypersensitivity pneumonitis

Pulmonary tuberculosis with Radiation pneumonitis

widespread involvement of
the lungs

Collagen vascular disease-
associated interstitial pneumonitis

Pulmonary sarcoidosis
Drug-induced pneumonitis

Pulmonary alveolar proteinosis

Others Hepatitis
Liver cirrhosis
Pancreatitis

Cholecystitis

Malignant diseases Gastric cancer

Colon cancer
the lung
Rectal cancer

Hepatic cell cancer

Squamous cell
carcinoma of

Pulmonary adenocarcinoma
Pancreatic adenocarcinoma

Breast adenocarcinoma

until we reported on KL-6 in 1989 (11). DeRemee
first reported that serum lactate dehydrogenase
(LDH) activity might give useful clinical informa-
tion for the management of patients with diffuse IP
in 1968 (32). However, LDH activity has no speci-
ficity for IP, i.e., hepatic damage caused by the
treatment of IP and collagen vascular disease in
the absence of IP frequently leads to increased
LDH activity. Furthermore, the sensitivity is not
high. Practitioners see many patients with IPF
whose fibrosis progresses slowly and surely, al-
though LDH is always in the normal range. In the
assessment of the clinical usefulness of serum
markers, we should evaluate their effectiveness for
the following ; (i) differential diagnosis, (ii) evalu-
ation of disease activity, (iii) prediction of the
prognosis, and (iv) monitoring.

KL-6/MUC1 is useful for distinguishing most
IP from other benign lung diseases, such as alveo-
lar pneumonia, and from benign diseases of other
organs (11, 15). KL-6/MUCL1 can not be used to
distinguish a specific IP from the others or to dif-
ferentiate IP from adenocarcinoma of the lung,
pancreas, and breast. However, serum KL-6/MUC1
is useful for the early diagnosis of radiation pneumonitis
in patients with lung cancer who are receiving ra-
diation therapy (12, 13).

The levels are significantly higher in patients
with active interstitial pneumonitis, such as IPF,

hypersensitivity pneumonitis, and CVD-IP, than in
those with inactive disease (11, 15). In sarcoidosis,
the KL-6/MUCI1 level is increased and is signif-
icantly influenced by the severity of lung involve-
ment (16). In chronic pulmonary berylliosis, the
increase of serum KL-6/MUC1 is correlated with
functional and radiologic abnormalities (33).

The progression of IPF in patients who showed
KL-6/MUCI1 levels 2 415 U/ml at first diagnosis
was significantly faster than that of patients with
KL-6/MUCL1 levels < 415 U/ml (34).

In patients with rapidly progressing IPF who
received high-dose corticosteroid therapy, the de-
crease of KL-6/MUC1 but not LDH levels was
significantly related to a favorable outcome and an
increase was related to a poor outcome in the first
cycle of treatment when a clinical effect might not
be evident (35). These characteristics mean that
KL-6/MUC1 is a useful serum indicator for moni-
toring IP patients.

MECHANISM OF BLOOD UPTAKE FOR
KL-6/MUC1

KL-6/MUCL is present at a high concentration
in bronchoalveolar lavage fluid (BALF) (33, 36).
The average KL-6/MUC1 level in BALF was re-
ported to be 207+ 66 U/ml in nine healthy volun-
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teers. In most patients with IP, the levels are
increased in BALF, and there is a significant posi-
tive correlation between the KL-6/MUCL levels in
serum and BALF. In three healthy volunteers, two
patients with IPF, two patients with sarcoidosis,
and one patient with hypersensitivity pneumonitis,
the KL-6/MUC1 level was estimated in epithelial
lining fluid (ELF), which is alveolar fluid from the
distal airways and alveoli lavaged by BAL. The
average levels in serum, BALF, and ELF were 853
+ 1,161,493+ 457, and 33,683+ 18,513 U/ml, re-
spectively, and the ELF/serum and ELF/BALF
ratios were 231+ 334 and 104+ 87, respectively. Since
immunohistochemical studies have shown that atypi-
cal and/or regenerating pneumocytes in patients
with IP express high levels of KL-6/MUCL1 (11),
the increased KL-6/MUC1 level in ELF may be
related to regenerating pneumocytes in the pe-
ripheral lung tissue.

In many lung diseases, there is evidence that
lung-specific epithelial proteins secreted at high
levels into ELF are transferred into the circulation
across the air-blood barrier (37, 38). Among pa-
tients with chronic beryllium disease, the serum
level of KL-6/MUCL is correlated with albumin in
BALF (33). These results suggest that serum
KL-6/MUCL1 is a useful marker of the permeability
of the air-blood barrier, as shown in Fig. 1.

COMPARISON WITH OTHER MARKERS

Sialylated carbohydrate antigens such as CA19-9
(39, 40) and SLX (41, 42), which are sialyl Le* and
sialyl Le*, respectively, are ligands for E-selectin
that have been used as serum markers for IP. However,
their diagnostic value was reported to be less than
that of KL-6/MUC1 (43).

Table 3. Serum markers for interstitial pneumonitis

alveolus .
capillary

albumin

Figure 1. Flux of molecules following an increase in the per-
meability of the air-blood barrier.

There are reports that the serum levels of pro-
tein markers procollagen N-terminal peptide (44)
and type 1V collagen 7S (45), indicating collagen
synthesis and destruction, respectively, are in-
creased in patients with IP. However, these markers
were also of less diagnostic value in the diagnosis
of IP than KL-6/MUC1 (46).

IP may be pathophysiologically controlled by
cell-cell interactions among immunocytes, fibroblasts,
and epithelial and endothelial cells involving cytokines,
such as tumor necrosis factor-o. (47), basic fibroblast
growth factor (48), monocyte chemoattractant protein-1
(MCP-1) (49, 50), and interleukin 8 (51). However,
since the serum levels of cytokines may be influ-
enced by the existence of systemic inflammations,
the diagnostic value of such cytokines may be
lower than that of lung epithelium-specific pro-
teins such as KL-6/MUCL1 and surfactant pro-
teins. There are several reports that the serum
levels of surfactant proteins A and D (SP-A and
SP-D) are useful disease markers for IP (52, 53).
As shown in Table 3, it is interesting that KL-6/MUC1
is increased in ELF from a patient with IP (36),

Interstitial pneumonitis

Alveolar pneumonia

Marker Expression Other diseases causing abnormal levels
ELF Serum Serum

LDH Cell lysis 1 1 001+ 0 Any type of tissue damage

KL-6 Constitutive & 1 1 - Pulmonary adenocarcinoma, Pancreatic
inducible cancer, breast cancer, primary alveolar

proteinosis

SP-A/SP-D  Constitutive l i - Pulmonary adenocarcinoma, primary
& inducible alveolar proteinosis

MCP-1 Inducible 1 1 - Inflammatory diseases
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while both SP-A and SP-D are decreased (54). The
increase of both KL-6/MUC1 and surfactant pro-
tein levels in serum is thought to be caused by
enhanced permeability of the air-blood barrier in
the peripheral lungs. The clinical values of these
lung-epithelium specific proteins in the diagnosis
and the management of IP should be clarified by
comparative prospective studies in the future.

ACKNOWLEDGMENT

This work was supported in part by a Grant-in-Aid
for Scientific Research (No. 10670548) from the
Ministry of Education, Science, Sports and Culture,
Japan.

REFERENCES

1. Schwarz Ml : Approach to the understanding,
diagnosis, and management of interstitial lung
disease. In : Schwarz MI, King TEJr, eds. In-
terstitial Lung Disease. 3" ed. B.C. Decker Inc,
Hamilton, pp3-30

2.  Wells AU, du Bois RM : Prediction of disease
progression in idiopathic pulmonary fibrosis.
Eur Respir J 7 : 637-639, 1994

3. Bensard DD, Mclntyre RC Jr, Waring BJ, Simon
JS : Comparison of video thoracoscopic lung
biopsy to open lung biopsy in the diagnosis of
interstitial lung disease. Chest 103 : 765-770,
1993

4. Katzenstein AL, Myers JL : Idiopathic pulmo-
nary fibrosis : clinical relevance of pathologic
classification. Am J Respir Crit Care Med
157 : 1301-15, 1998

5. Leung AN, Miller RR, Muller NL : Parenchymal
opacification in chronic infiltrative lung dis-
eases : CT-pathologic correlation. Radiology 188 :
209-214, 1993

6. Watters LC, Schwarz MI, Cherniack RM,
Waldron JA, Dunn TL, Stanford RE, King TE :
Idiopathic pulmonary fibrosis. Pretreatment
bronchoalveolar lavage cellular constituents
and their relationships with lung histopathology
and clinical response to therapy. Am Rev Respir
Dis 135 : 696-704, 1987

7. Agusti C, Xaubet A, Agusti AG, Roca J, Ramirez
J, Rodriguez-Roisin R : Clinical and functional
assessment of patients with idiopathic pulmo-
nary fibrosis : results of a 3 year follow-up.

10.

11.

12.

13.

14.

15.

16.

17.

18.

N. Kohno. KL-6/MUC1 for interstitial pneumonitis

Eur Respir J 7 : 643-650, 1994

Wells AU, Hansell DM, Harrison NK, Lawrence
R, Black CM, du Bois RM : Clearance of in-
haled 99mTc-DTPA predicts the clinical course
of fibrosing alveolitis. Eur Respir J 6 : 797-802,
1993

Kohno N, Akiyama M, Kyoizumi S, Hakoda
M, Kobuke K, Yamakido M : Detection of sol-
uble tumor-associated antigens in sera and ef-
fusions using novel monoclonal antibodies,
KL-3 and KL-6, against lung adenocarcinoma.
Jpn J Clin Oncol 18 : 203-216, 1988

Stahel RA, Gilks WR, Lehmann H-P, Schenker
T : Third international workshop on lung tumor
and differentiation antigens : overview of the
results of the central data analysis. Int J Cancer
Suppl 8: 6-26, 1994

Kohno N, Kyoizumi S, Awaya Y, Fukuhara H,
Yamakido M, Akiyama M : New serum indica-
tor of interstitial pneumonitis activity : sialylated
carbohydrate antigen KL-6. Chest 96 : 68-73,
1989

Hamada H, Kohno N, Akiyama M, Hiwada K :
Monitoring of serum KL-6 antigen in a patient
with radiation pneumonia. Chest 101 : 858-
860, 1992

Kohno N, Hamada H, Fujioka S, Hiwada K,
Yamakido M, Akiyama M : Circulating antigen
KL-6 and lactate dehydrogenase for monitor-
ing irradiated patients with lung cancer. Chest
102 :117-122, 1992

Kohno N, Inoue Y, Hamada H, Fujioka S, Fujino
S, Yokoyama A, Hiwada K, Ueda N, Akiyama
M : Difference in sero-diagnostic values among
KL-6-associated mucins classified as cluster 9.
Int J Cancer Suppl. 8 : 81-83, 1994

Kobayashi J, Kitamura S : KL-6 : a serum marker
for interstitial pneumonia. Chest 108 : 311-315,
1995

Kobayashi J, Kitamura S : Serum KL-6 for the
evaluation of active pneumonitis in pulmonary
sarcoidosis. Chest 109 : 1276-1282, 1996
Wesseling J, van der Valk SW, Vos HL, Sonnenberg
A, Hilkens J: Episialin (MUC1) overexpression
inhibits integrin-mediated cell adhesion to
extracellular matrix components. J Cell Biol
129 : 255-265, 1995

Wesseling J, van der Valk SW, Hilkens J: A
mechanism for inhibition of E-cadherin-mediated
cell-cell adhesion by the membrane-associated
mucin episialin/MUCL1. Mol Biol Cell 7 : 565-
577, 1996



19.

20.

21.

22.

23.

24,

25.

26.

27.

The Journal of Medical Investigation Vol.46 1999

Guddo F, Giatromanolaki A, Patriarca C, Hilkens
J, Reina C, Alfano RM, Vignola AM, Koukourakis
M, Gambacorta M, Pruneri G, Coggi G, Bonsignore
G : Depolarized expression of episialin (EMA,
MUC1) in lung adenocarcinoma is associated
with tumor progression. Anticancer Res 18:
1915-20, 1998

Kondo K, Kohno N, Yokoyama A, Hiwada
K: Decreased MUCL1 expression induces
E-cadherin-mediated cell adhesion of breast
cancer cell lines. Cancer Res 58 : 2014-2019,
1998

Guddo F, Giatromanolaki A, Koukourakis Ml,
Reina C, Vignola AM, Chlouverakis G, Hilkens
J, Gatter KC, Harris AL, Bonsignore G : MUCL1
(episialin) expression in non-small cell lung
cancer is independent of EGFR and c-erbB-2
expression and correlates with poor survival
in node positive patients. J Clin Pathol 51:
667-671, 1998

Sagara M, Yonezawa S, Nagata K, Tezuka Y,
Natsugoe S, Xing PX, McKenzie IF, Aikou T,
Sato E : Expression of mucin 1 (MUC1) in
esophageal squamous-cell carcinoma : its re-
lationship with prognosis. IntJ Cancer 84:
251-257, 1999

Hiraga Y, Tanaka S, Haruma K, Yoshihara M,
Sumii K, Kajiyama G, Shimamoto F, Kohno
N : Immunoreactive MUCL1 expression at the
deepest invasive portion correlates with prog-
nosis of colorectal cancer. Oncology 55 : 307-
319, 1998

Utsunomiya T, Yonezawa S, Sakamoto H, Kitamura
H, Hokita S, Aiko T, Tanaka S, Irimura T, Kim
YS, Sato E : Expression of MUC1 and MUC2
mucins in gastric carcinomas : its relationship
with the prognosis of the patients. Clin Cancer
Res 4 : 2605-2614, 1998

Aoki R, Tanaka S, Haruma K, Yoshihara M,
Sumii K, Kajiyama G, Shimamoto F, Kohno
N : MUC-1 expression as a predictor of the
curative endoscopic treatment of submucosally
invasive colorectal carcinoma. Dis Colon Rectum
41:1262-1272, 1998

Tanimoto T, Tanaka S, Haruma K, Yoshihara
M, Sumii K, Kajiyama G, Shimamoto F, Kohno
N : MUC1 expression in intramucosal colorectal
neoplasms. Possible involvement in histogenesis
and progression. Oncology 56 : 223-231, 1999

Zhang K, Baeckstrom D, Brevinge H, Hansson
GC : Secreted MUC1 mucins lacking their
cytoplasmic part and carrying sialyl-Lewis a

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

HEN

and x epitopes from a tumor cell line and sera
of colon carcinoma patients can inhibit HL-60
leukocyte adhesion to E-selectin-expressing
endothelial cells. J Cell Biochem 60 : 538-549,
1996

Hirasawa Y, Kohno N, Yokoyama A, Inoue Y,
Abe M, Hiwada K : KL-6, a human MUC1 mucin,
is chemotactic for human fibroblasts. AmJ
Respir Cell Mol Biol 17 : 501-507, 1997
Nakajima M, Manabe T, Niki Y, Matsushima
T : Serum KL-6 level as a monitoring marker
in a patient with pulmonary alveolar proteinosis.
Thorax 53 : 809-811, 1998

Takahashi T, Munakata M, Suzuki |, Kawakami
Y : Serum and bronchoalveolar fluid KL-6 levels
in patients with pulmonary alveolar proteinosis.
Am J Respir Crit Care Med 158 : 1294-1298,
1998

Inoue Y, Nishimura K, Shiode M, Akutsu H,
Hamada H, Fujioka S, Fujino S, Yokoyama A,
Kohno N, Hiwada K : Evaluation of serum KL-6
levels in patients with pulmonary tuberculo-
sis. Tuber Lung Dis 76 : 230-233, 1995
DeRemee RA : Serum lactic dehydrogenase
activity and diffuse interstitial pneumonitis.
JAMA 204 : 1193-1195, 1968

Inoue Y, Barker E, Daniloff E, Kohno N, Hiwada
K, Newman LS : Pulmonary epithelial cell in-
jury and alveolar-capillary permeability in
berylliosis. Am J Respir Crit Care Med 156 :
109-115, 1997

Koshimizu N, Satoh J, Tsukamoto K, Todate
A, Toyoshima M, Segawa S, Hayakawa K, Chida
K, Satoh A : The clinical usefulness of KL-6 in
the evaluation of disease activity of idiopathic
interstitial pneumonia. Nippon Kyobu Shikkan
Gakkai Zasshi 34 Suppl : A189, 1996 (in Japanese)
Yokoyama A, Kohno N, Hamada H, Sakatani
M, Ueda E, Kondo K, Hirasawa Y, Hiwada K :
Circulating KL-6 predicts the outcome of rap-
idly progressive idiopathic pulmonary fibro-
sis. Am J Respir Crit Care 158 :1680-1684,
1998

Kohno N, Awaya Y, Oyama T, Yamakido M,
Akiyama M, Inoue Y, Yokoyama A, Hamada
H, Fujioka S, Hiwada K : KL-6, a mucin-like
glycoprotein, in bronchoalveolar lavage fluid
from patients with interstitial lung disease.
Am Rev Respir Dis 148 : 637-642, 1993

Holter JF, Weiland JE, Pacht ER, Gadek JE,
Davis WB : Protein permeability in the adult
respiratory distress syndrome. Loss of size



38.

39.

40.

41.

42.

43.

44,

45.

46.

[

selectivity of the alveolar epithelium. J Clin
Invest 78 : 1513-1522, 1986

Hansson L, Folkesson HG, Andersson R, Jeppsson
B, Holst E, Westrom BR, Ahren B : Increased
passage of bovine serum albumin over the
respiratory tract after intratracheal instillation
during septic shock in rats. Eur Surg Res 24 :
45-53, 1992

Shiota Y, Furuya K, Kitade M, Ueda N : CEA
and CA19-9 in BALF from patients with idio-
pathic interstitial pneumonia. Nippon Kyobu
Shikkan Gakkai Zasshi 27 : 887-893, 1989 (in
Japanese)

Fujita J, Obayashi Y, Yamadori I, Ohtsuki Y,
Miyawaki H, Hojo S, Furukawa Y, Takahara J :
Marked elevation of CA 19-9 in a patient with
idiopathic pulmonary fibrosis : CA19-9 as a bad
prognostic factor. Respirology 3 : 211-214, 1998
Satoh H, Kamma H, Ogata T, Yano H, Ohtsuka
M, Hasegawa S : Clinical significance of serum
levels of a carbohydrate antigen, sialyl SSEA-1,
in patients with fibrosing lung disease. Am
Rev Respir Dis 144 : 1177-1181, 1991

Mukae H, Hirota M, Kohno S, Komori K, Fukushima
K, Hiratani K, Kadota J, Hara K : Elevation of
tumor-associated carbohydrate antigens in pa-
tients with diffuse panbronchiolitis. Am Rev
Respir Dis 148 : 744-751, 1993

Yokoyama A, Kohno N, Kondo K, Ueda S,
Hirasawa Y, Watanabe K, Takada Y, Hiwada K :
Comparative evaluation of sialylated carbohy-
drate antigens, KL-6, CA19-9 and SLX as serum
markers for interstitial pneumonia. Respirology
3:199-202, 1998

Kirk JM, Bateman ED, Haslam PL, Laurent
GJ, Turner-Warwick M : Serum type Il procollagen
peptide concentration in cryptogenic fibrosing
alveolitis and its clinical relevance. Thorax
39 :726-732, 1984

Tamura A, Matsubara O, Akagawa S, Nagai
H, Kurashima A, Yoshimura N, Ichioka M,
Kasuga T : Serum 7S collagen levels in diffuse
interstitial lung diseases--an index of the de-
struction of alveolar structure. Nippon Kyobu
Shikkan Gakkai Zasshi 30 : 2089-2097, 1992
(in Japanese)

Kohno N, Yokoyama A, Hirasawa Y, Kondo

47.

48.

49.

50.

51.

52.

53.

54,

N. Kohno. KL-6/MUC1 for interstitial pneumonitis

K, Fujino S, Abe M, Hiwada K : Comparative
studies of circulating KL-6, type 111 procollagen
N-terminal peptide and type IV collagen 7S in
patients with interstitial pneumonitis and al-
veolar pneumonia. Respir Med 91 : 558 -561, 1997
Hasegawa M, Fujimoto M, Kikuchi K, Takehara
K : Elevated serum tumor necrosis factor-alpha
levels in patients with systemic sclerosis : as-
sociation with pulmonary fibrosis. J Rheumatol
24 : 663-665, 1997

Kadono T, Kikuchi K, Kubo M, Fujimoto M,
Tamaki K : Serum concentrations of basic fibroblast
growth factor in collagen diseases. J Am Acad
Dermatol 35 : 392-397, 1996

Antoniades HN, Neville-Golden J, Galanopoulos
T, Kradin RL, Valente AJ, Graves DT : Ex-
pression of monocyte chemoattractant protein 1
mMRNA in human idiopathic pulmonary fibro-
sis. Proc Natl Acad Sci USA 89 :5371-5375,
1992

lyonaga K, Takeya M, Saita N, Sakamoto O,
Yoshimura T, Ando M, Takahashi K : Monocyte
chemoattractant protein-1 in idiopathic pul-
monary fibrosis and other interstitial lung
diseases. Hum Pathol 25 : 455-463, 1994
Ziegenhagen MW, Zabel P, Zissel G, Schlaak
M, Muller-Quernheim J : Serum level of interleukin
8 is elevated in idiopathic pulmonary fibrosis
and indicates disease activity. Am J Respir
Crit Care Med 157 : 762-768, 1998

Honda Y, Kuroki Y, Shijubo N, Fujishima T,
Takahashi H, Hosoda K, Akino T, Abe S : Ab-
errant appearance of lung surfactant protein A
in sera of patients with idiopathic pulmonary
fibrosis and its clinical significance. Respira-
tion 62 : 64-69, 1995

Honda Y, Kuroki Y, Matsuura E, Nagae H,
Takahashi H, Akino T, Abe S: Pulmonary
surfactant protein D in sera and bronchoalveolar
lavage fluids. Am J Respir Crit Care Med 152 :
1860-1866, 1995

McCormack FX, King TE Jr, Voelker DR, Robinson
PC, Mason RJ : Idiopathic pulmonary fibrosis.
Abnormalities in the bronchoalveolar lavage
content of surfactant protein A. Am Rev Respir
Dis 144 : 160-166, 1991



