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Abstract

Objectives: It has been reported that the type | interferon
receptor subunit, interferon (alpha, beta and omega) recep-
tor 2 (IFNAR2), is overexpressed in several malignancies, pri-
marily adenocarcinomas (ADCs); however, the biological sig-
nificance of IFNAR2 in human lung cancer has not yet been
studied. Methods: Immunohistochemical analysis of 113 sur-
gically resected lung specimens was performed, and the re-
sults were evaluated in association with clinical variables, in-
cluding survival, Serum concentrations of IFNAR2 were also
determined by an enzyme-linked immunosorbent assay in
157 lung cancer patients and 164 healthy volunteers. Re-
sults: IFNAR2 overexpression was observed in all histologi-
cal types of lung cancer examined. Furthermore, strong
IFNAR?2 expression was associated with shorter progres-
sion-free survival (PFS) and overall survival (OS) {p < 0.0001
and p = 0.0110, respectively) in non-small cell lung cancer
patients. Multivariate analyses confirmed its independent

prognostic value for PFS and OS (p < 0.0001 and p = 0.0222,
respectively). IFNAR2 serum levels were also significantly
higher in lung cancer patients than in healthy volunteers
{p < 0.000%). Conclusions: IFNAR2 overexpression was ob-
served in various histological types of lung cancer, and ap-
pears to be associated with lung cancers that behave aggres-
sively. The results of this study strongly support the potential
of IFNAR2 to be a prognostic biomarker for lung cancer.
Copyright © 2012 $. Karger AG, Basel

Introduction

Lung cancer is the leading cause of cancer death in the
world. Among various histological types of lung cancer,
approximately 80% of the cases are non-small cell lung
cancer (NSCLC), whereas small cell lung cancer (SCLC)
accounts for approximately 15% [1]. Regardless of histo-
logical subtype, the 5-year survival rate of lung cancer
patients is around 10-15% [2]. About 30% of NSCLC pa-
tients can undergo curative resection, and the remaining
patients are mainly treated with chemotherapy alone or
in combination with radiation therapy. Novel therapeutic
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strategies based on the biological characteristics of tumor
cells in addition to TNM staging are expected to improve
survival in lung cancer patients [3, 4].

Because cell surface proteins are considered more ac-
cessible to host immune response and drug intervention,
the identification of cancer-specitic cell surface and/or
secretory proteins is likely to be an effective approach for
discovering novel diagnostic markers and developing
therapeutic strategies [5]. Furthermore, if cancer-specific
proteins are in patient sera, they become easily accessible
molecular markers. We and other researchers have been
- screening for biomarkers, mainly concentrating on cell
surface and/or secretory proteins that are upregulated in
lung cancer. In the process, we have identified various
diagnostic and/or prognostic biomarkers for lung cancer
[5-9].

The type I interferons (IFNs), which have many bio-
logical functions, are mediated by the type I TFN receptor
[10-13]. This cell surface receptor is composed of two
functional transmembrane proteins, IFN [alpha, beta
and omega receptor 1 (IFNAR1)] and IFNAR2. IFNAR2
is the major binding receptor and IFNARI is necessary
for tight binding. Overexpression of IFNAR2 has been
reported in several types of malignancies, primarily ad-
enocarcinomas (ADCs) [14-25], but the biological signif-
icance of IFNAR2 in human lung cancer has not yet been
studied.

We hypothesized that IFNAR2 overexpression in lung
cancer might be associated with malignant potential.
IFNAR2 expression was examined in 113 human lung
cancer tissues and the results were evaluated in associa-
tion with clinical variables, including survival. IFNAR2
serum levels were determined in samples from 157 lung
cancer patients and 164 healthy volunteers, and the re-
sults were also evaluated in association with clinical vari-
ables.

Material and Methods

Clinical Tissue Samples

In this study, lung cancer tissue samples were obtained from
113 patients with NSCLC who underwent curative surgery at Hi-
roshima University (Hiroshima, Japan) between 2000 and 2008.
Patient inclusion criteria were similar to those described in previ-
ous studies [7-9]. In brief, they were as follows: (1) age =20 years,
(2) newly diagnosed, untreated NSCLC, (3) patients undergoing
curative surgery, (4) no significant abnormalities in liver or kid-
ney function and (3) absence of hepatitis C virus infection. The
final diagnosis of NSCLC was made histologically on surgically
excised tissues using WHO criteria [26]. Postsurgical pathologic
TNM staging was performed according to the guidelines of the
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American Joint Committee on Cancer {27, For postoperative ad-
juvant chemotherapy, oral administration of tegafur and uracil
was chosen for patients with pathelogic stage IB ADC, and plati-
num-based chemotherapy was chosen for patients with histologi-
cally confirmed lymph node metastases. Written informed pa-
tient consent and approval by the research ethics committees
from participating hospitals were obtained for this study.

Serum Samples and Patient Characteristics

Serum samples from 157 lung cancer patients and 164 healthy
volunteers admitted to Hiroshima University Hospital and its af-
filiated hospitals between 2000 and 2008 were obtained at the
time of diagnosis and stored at -80°C. Disease staging in all 157
cases included computed tomography scans of the chest and ab-
domen, bone scintigraphy, or *F flucrodeoxyglucose positron
emission tomography and magnetic resonance imaging of the
head. The healthy volunteers had no abnormalities in routine lab-
oratory tests and examinations, which included complete blood
cell counts, C-reactive protein level, erythrocyte sedimentation
rate, liver function tests, renal function tests, urinalysis, fecal ex-
amination, chest X-rays and an electrocardiogram.

Immunohistochemisiry

Immunohistochemical analysis of IFNAR2 expression was
performed on tissue sections from paraffin blocks of primary lung
tumors and normal human tissues as previously described [28-
32]. Antigens were retrieved by heating the sections in Target Re-
trieval Solution, Citrate pH 6 (DAKO Japan, Tokyo, Japan). ENVI-
SION+ kits/horseradish peroxidase (DAKO Japan) were used for
immunostaining according to the manufacturer’s instructions.
Mouse monoclonal anti-IFNAR2 antibodies (kindly provided by
Otsuka Pharmaceuticals, Tokushima, Japan)} or mouse isotype
control (Zymed Laboratories, San Francisco, Calif, USA) were
added to each slide after endogenous peroxidase and proteins had
been blocked. The sections were then incubated with HRP-labeled
anti-mouse IgG (DAKO Japan) followed by the reaction with a
DAB substrate-chromogen solution (DAKO Japan) for 10 min, and
were counterstained with hematoxylin. Three independent inves-
tigators assessed IFNAR2 staining patterns without prior knowl-
edge of the clinicopathological data. The expression of IFNAR2 in
cancer cells was certified when the staining of cytoplasm and/or
plasma membrane was observed. When less than 10% of the can-
cer cells were stained, the expression of IFNAR2 was considered
to be absent {score 0). When 10-75% and more than 75% of cancer
cells were stained, the expression of IFNAR2 was recognized as
weakly positive (score 1+) and strongly positive (score 2+), respec-
tively. The unmatched or equivocal cases were reexamined, and
the consensus category was decided by the three investigators.

ELISA
Serum levels of IENAR2 were measured by a sandwich ELISA
from akit kindly provided by Otsuka Pharmaceuticals {24, 25, 33].

Statistical Analysis

The data were analyzed using a statistical software package
(SPSS for Windows version 15.0, SPSS Inc., Chicago, IlL,, USA).
Contingency tables were used to analyze the relationship between
IFNAR?Z expression levels and clinicopathological variables. Pro-
gression-free survival (PES) was defined as the interval starting
{rom the date of the operation or the blood sampling and ending
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at the date of documented disease progression, death from any
cause or the last follow-up. Overall survival (OS) was defined as
the interval starting from the date of the operation or the blood
sampling and ending at the date of death from any cause or the
last follow-up. Survival data were analyzed, 95% confidence inter-
vals (CIs) were estimated by the Kaplan-Meier method and differ-
ences between groups were compared by a log-rank test, Risk fac-
tors associated with patient prognosis were evaluated using the
Cox proportional hazards regression model with a stepdown pro-
cedure. Univariate and multivariate analyses were performed
with the Cox proportional hazards regression model to determine
associations between clinicopathological variables and cancer-
related mortality. First, the associations between death and pos-
sible prognostic factors, including age, gender, histological type,
pT and pN classification, were analyzed, taking into consider-
ation one factor at a time. Second, multivariate Cox analysis was
applied in backward stepwise procedures that forced IFNARZ ex-
pression into the model, along with any and all variables that sat-
isfied an entry level of p < 0.05, As factors were added to the mod-
el, independent factors did not exceed an exit level of p < 0.05.

Resulis

IFNAR2 Expression in Lung Cancer Tissues and

Its Association with Clinical Characteristics

To determine whether IENAR2 is overexpressed in
NSCLC tissues and whether IFENAR2 expression is associ-
ated with clinical characteristics in NSCLC patients, an
immunohistochemical analysis of IFNAR2 expression was
performed on surgically resected tissues from 113 NSCLC
cases. As shown in figure 1a, the strong staining in the cy-
toplasm and the weak staining in the plasma membrane
were observed in cancer cells. In addition, a weak expres-
sion of IFNAR2 was also detected in both the lymphocytes
and stromal cells around the cancer tissue (fig. 1b). There
were 21 (18.6%), 40 (35.4%) and 52 (46.0%) cases scored as
0, 1 and 2, respectively (table 1). Positive staining (scored
as 1 and 2) was observed in 74.7% (62 of 83) of ADC cases
examined, 100% (21 of 21) of squamous cell carcinomas
(SCCs), 100% (1 of 1) of large-cell carcinomas and 100% (9
ot 9) of adenosquamous cell carcinomas, while no staining
was observed in any of the normal epithelial portions of
the same tissues. The association between IENAR2 status
and clinicopathological variables was evaluated. Histolog-
ical type (other histology vs. ADC; p = 0.0027 by the Fish-
er exact test) and pI’ classification (Il vs. pI2 + 3;p =
0.0245) were significantly associated with IFNAR2 status.

Association of Strong IFNAR2 Expression with Poor

Clinical Qutcomes for Patients with NSCLC

The PFS and OS of patients with strong INFNAR2
expression were significantly poorer than seen in the

26 Pathobiology 2012;79:24-33

Table 1. Association between characteristics and IFNAR2 posi-
tivity in patients with surgically resected NSCLC

Gender
Male 74 37 27 10 0.3211
Pemale 39 15 13 11
Age
<G5 years 49 22 18 9 0.8513
z65 years 64 30 22 12 :
Histological type
ADC 83 31 31 21 0.0027% %
SCC 20 13 7 0
Others 10 8 2 0
pT factor
T1 61 22 22 17 0.0245%
T2+3 52 30 18 4
pN factor
NO -+ 1 102 46 37 19 0.7518
N2 11 6 3 2
Smoking history
Never 38 16 13 9 0.6898"
Former 34 16 11 7
Current 4] 20 16 5

*p < 0.05 (by Fisher exact test). Others = Large-cell carcinoma
plus adenosquamous cell carcinoma; NS = no significance.

* ADC versus other histology.

b Never versus others.

cases with absent/weak IFNAR2 expression (p < 0.0001
and p = 0.0110, respectively, by a log-rank test) (fig. 2a, b).
Therefore, in order to determine the prognostic impor-
tance of the clinical characteristics and IFNAR2 expres-
sion status, a Cox proportional hazards regression analy-
sis of the parameters listed in tables 2 and 3 was per-
formed. Univariate analyses revealed that strong IFNAR2
expression (odds ratio 3.933, 95% Cl 1.937-7.986, p =
0.0002), histological type (odds ratio 1.434, 95% CI11.028~
2.000, p = 0.0339), pT stage (odds ratio 2.271, 95% CI
1.166-4.421, p = 0.0158) and pN stage (odds ratio 9.140,
95% CI 4.111-20.319, p < 0.0001) were significant prog-
nostic factors for PFS. Strong IFNAR2 expression (odds
ratio 3,286, 95% CI 1.244-8.679, p = 0.0164), histological
type (odds ratio 1.589, 95% CI 1.007-2.509, p = 0.0466)
and pN stage {odds ratio 11.743, 95% CI 3.963-34.791,
p < 0.0001) were significant prognostic factors for OS (ta-
ble 4). A multivariate analysis for PFS in NSCLC patients

Tanaka et al.
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Fig. 1. a Representative examples of IFNAR2 staining
patterns for strong, weak or absent IRNAR?2 expression
in lung cancer tissues and negative control staining are
shown (X200 and X400}, b Weak expression of IFNAR2
was detected in lymphocytes (arrows) and stromal cells
(arrowheads) around cancer tissue.

%400

demonstrated that strong IFNAR2 expression (odds ratio
4.659, 95% CI 2.208-9.830, p < 0.0001) and pN stage
(odds ratio 11.800, 95% CI 4.701-29.623, p < 0.0001) were
independent prognostic factors. Another multivariate
analysis revealed that strong IFNAR2 expression {odds
ratio 3.143, 95% CI 1.178-8.387, p = 0.0222) and pN stage
(odds ratio 12.357, 95% CI 4.134~36.933, p < 0.0001) were
independent prognostic factors for OS in these patients.
To further evaluate the prognostic value of TFNAR2
expression in cancer tissue, we conducted subgroup anal-
yses based on tumor stage and histological type. As
shown in figure 2¢ and d, strong IFNAR2 expression was
found to associate with shorter PES than absent/weak

IFNAR2 Is a Prognostic Biomarker for
Lung Cancer

IFNAR2 expression regardless of the tumor stage (stage
IA p=0.003, stage IB-IIIA p = 0.017 respectively). Strong
IFNAR?Z expression was also associated with shorter PFS
than absent/weak IFNAR2 expression in the patients
with ADC (p < 0.0001) but not in the patients with non-
ADC (fig. 2e, f).

Serum Levels of IENAR2 in Patients with Lung

Cancer

Whether or not IFNAR?2 was secreted into the sera of
patients with lung cancer was examined by IENAR2 ELI-
SAs of samples from 157 patients and 164 healthy volun-
teers (fig. 3a); the mean serum level of IFNAR2 in the
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Table 2. Cox proportional hazards model analysis of PES in patients with surgically resected NSCLC

Univariate analysis

IFNAR2 3.933 1.937-7.986 strong/weak or absent 0.0002%
Age (years) 0.986 0.514~1.890 265/<65 0.9652
Gender 1.095 0.776-1.545 male/female 0.6069
Histological type 1.434 1.028-2.000 others/ADC 0.0339*%
pT factor 2.271 1.166-4.421 pI2 +3/TL 0.0158%
pN factor 9.140 4.111-20.31% pN2/NO + 1 <0.0001*
Smoking history 1.060 0.751-1.495 smoker/never-smoker 0.7418
Multivariate analysis

IFNAR2 4.659 2.208-9.830 strong/weak or absent <0.0001%
Histological type 1.045 0.741~1.473 others/ADC 0.8025
pT factor 1.360 0.660-2.804 pT2+3/T1 04051
pN factor 11.800 4.701-29.623 pNZ/NO+ 1 <0.0001*
*p < 0.05.

Tabie 3. Cox proportional hazards model analysis of OS in patients with surgically resected NSCLC

Univariate analysis

IFNAR2 3.286 1.244-8.679 strong/weak or absent 0.0164*
Age (years) 1.473 0.579-3.747 265/<65 0.4165
Gender 1.173 0.722-1.905 male/female 0.5194

~ Histological type 1.589 1.007-2.509 others/ADC 0.0466*
pT factor 1.891 0.757~4.722 pT2 +3/TL 0.1723
pN factor 11.743 3.963-34.791 pN2/NO + 1 <0.0001*
Smoking history 1.125 0.693-1.826 smoker/never-smoker 0.6348

Multivariate analysis

TFNAR2 3.143 1.178-8.387 strong/weak or absent 0.0222*
Histological type 1.366 0.861-2.168 others/ADC 0.1854
pN factor 12.357 4.134-36.933 pN2/NO + 1 <0.0001%
*p < 0.05.

patients was 1.55 & 0.72 ng/ml (mean * SD) and in
healthy volunteers 1.09 * 0.44 ng/ml (p < 0.0001, by the
Mann-Whitney U test). When classified according to
histological type, the serum levels of IFNAR2 were 1.54
+ (.70 ng/ml in ADC patients, 1.54 * 0.79 ng/ml in
SCC patients and 1.59 & 0.71 ng/ml in SCLC patients
(fig. 3a). Differences were significant between ADC pa-
tients and healthy volunteers (p < 0.0001, Mann-Whit-
ney U test), between SCC patients and healthy volunteers
{p = 0.0025), and between SCLC patients and volunteers
{p = 0.0009).

Receiver-operating characteristic curve analysis of the
[FNAR2 data from these 157 lung cancer patientsand 164

IFNAR2 Is a Prognostic Biomarker for
Lung Cancer

healthy volunteers was performed to determine the ELI-
SA cutofflevel that provided optimal diagnostic accuracy
and likelihood ratios (minimal false-negative and false-
positive results). A value of 1.81 ng/mlhad a sensitivity of
25.4% (40 of 157 lung cancer patients) and a specificity of
93.3% (11 of 164 healthy volunteers). To evaluate the po-
tential of serum IFNAR?Z as a cancer-specific biomarker,
the relationships between serum IFNAR2 positivity and
patient characteristics were examined. As shown in ta-
ble 4, serum IFNAR2 positivity was significantly associ-
ated with age and distant organ metastases in hung cancer
patients (p = 0.0296 and p = 0.0107, respectively, by the
Fisher exact test).

Pathobiology 2012;79:24-33 29




Fig. 3. a Serum levels of IFNAR2 were determined by ELISA in
lung cancer patients and in healthy volunteers (normal). Distribu-
tion of IFNARZ in sera from patients with lung ADC, SCC and
SCLC. Averaged serum levels are shown as black lines. * p < 0.05;
% p < 0.01; ¥ p < 0,001 (vs. normal volunteers, Mann-Whitney
U test). b Comparison between the serum IFNAR2 level (ng/mi)
and the expression of IFNARZ in the tumor tissues from patients
with ADC and adenosquamous cell carcinoma (ASC),
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To determine whether there was a relationship be-
tween the serum and expression levels of IFNAR2 in a
tumor, the two levels were compared in 8 NSCLC patients
whose sera had been collected before surgery (4 patients
with IFNAR2-positive tumors and 4 with IFNAR2-neg-

Pathobiology 2012;79:24-33

ative tumors). Although the analysis was performed ina
limited mumber of patients, the serum levels of IFNAR2
showed a trend of correlating with the expression levels
of IFNAR2 in the tumors (fig. 3b).
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Table 4. Association between serum IFNARZ levels and clinical
characteristics in patients with NSCLC

Age 0.0296*
<65 years 69 12 7
265 years 88 29 59

Gender 0.8456
Male 107 29 78
Female 50 12 38

Histological type 0.2683%
ADC 93 21 72
SCC 35 9 26
SCLC 29 11 18

pT factor 0.3627
Ti+2 84 19 65
T34 4 73 22 51

pN factor 0.9999
NO+1 63 16 47
N2+3 94 25 69

pM factor 0.0107%
Mo 85 15 70
M1 72 26 46

Smoking history 0.4200°
Never 43 9 34
Former 28 8 20
Current 86 24 34

*p < 0.05 (by Fisher exact test).
* ADC versus others,
® Never versus others.

Discussion

In this study, we found that IFNAR2 was detectable by
immunohistochemistry in all histological types of lung
cancer specimens. Strong IFNARZ2 expression in lung can-
cer tissue was shown to correlate with poor prognosis. In
addition, serum levels of IFNAR2 were significant-
ly higher in patients with lung cancer than in healthy vol-
unteers. These results support the hypothesis that IFNAR2
can serve as a prognostic biomarker in lung cancer.

IFNAR?2 is a type I membrane protein that forms one
of the two chains of the receptor for alpha and beta inter-
ferons. When IFN binds to the receptors, IFNAR-associ-
ated JAK tyrosine kinases are activated, followed by the
phosphorylation of signal transducer and activation of

IENAR2 Is a Progunostic Biomarker for
Lung Cancer

transcription factors (STATS) 1, 2 and 3. Recent studies
have revealed that mutant epidermal growth factor re-
ceptor proteins selectively activate Akt and STAT path-
ways, which are important in NSCLC cell survival [34].
Furthermore, it was recently reported that nearly 50% of
early-stage NSCLCs exhibit phosphorylated STAT3 ex-
pression, which approximates the percentage of patients
experiencing clinical benefit from epidermal growth fac-
tor receptor tyrosine Kinase inhibitors [35). Considered
along with these results, JAK-STAT pathways that are ac-
tivated via IFNAR2 may play an important role in the
pathogenesis of lung cancer.

Expression of IFNAR2 has been studied in cancers in-
cluding hepatocellular and renal cell carcinoma, chronic
myelogenous leukemia, and pancreatic cancer [14-25};
however, the significance of IFNAR2 expression in the

“clinical outcomes of these cancers was variable. In addi-

tion, the association between the IFNAR2 expression lev-
els and the response to IFN therapy is still controversial
[18-21, 24, 33]. In this study, immunohistochemical anal-
ysis demonstrated that IFNAR2 expression was higher in
all histological types of lung cancer compared with nor-
mal tissues. With regard to the localization of IFNAR2 in
cancer cells, strong staining in the cytoplasm and weak
staining in the plasma membrane were observed. This ob-
servation is consistent with the result of a previous study
that demonstrated the localization of INFARZ in the he-
patocytes of chronic hepatitis C patients which utilized
the same monoclonal antibody as our study [13]. Further-
more, strong IFNAR2 expression in NSCLC tissues was
found to correlate with shorter cancer-specific survival
than seen in patients with tumers with weak or absent
IFNAR?2 expression. Even when the survival analysis was
restricted to those NSCLC patients with stage 1A, strong
IFNAR2 expression was found to correlate with shorter
PES than absent/weak IFNAR2 expression. This result
suggests that IFNAR2 expression levels in NSCLC tissues
may indicate the aggressiveness of disease and be useful
for selecting patients who should receive adjuvant chemo-
therapy. In addition, strong IFNAR2 expression was as-
sociated with shorter PFS than absent/weak IFNAR2 ex-
pression in the patients with ADC but not in the patients
with non-ADC. Taking all these observations into consid-
eration, an association between INFAR2 expression and
disease progression in lung cancer, particularly in patients
with ADC, is suggested. To our best knowledge, this is the
first report indicating that high IFNAR2 expression in
human lung cancer has a prognostic value.

Increased serum levels of IFNAR2 have been reported
in many malignancies and chronic viral infections, al-
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though the biological significance of IFNAR2 in these
diseases remains unclear [22-25, 33]. In this study, the
serum levels of IFNAR2 in patients with lung cancer were
significantly higher than in the healthy volunteers, Al-
though the analysis was performed in a limited number
of patients, the IFNAR2 serum levels showed a trend of
correlating with the expression levels in the tumor tis-
sues. Furthermore, the serum levels of IFNAR2 in pa-
tients with distant organ metastases (stage V) were sig-
nificantly higher than in patients with stage I-I1I disease.
These results suggest that IFNAR2 may accelerate metas-
tasis development in patients with tung cancer. However,
the sensitivity of IFNAR2 for the detection of lung cancer
was lower than that of conventional serum biomarkers,
such as carcinoembryonic antigen and the cytokeratin 19
fragment (data not shown). It is possible that the signifi-
cant difference between lung cancer patients and healthy
volunteers was observed because of the extremely high
serum levels of IFNAR2 in some of the patients. Further-
more, serum levels of IFNAR2 reflect the presence of in-
flammation and/or comorbidities. These results suggest
that serum IFNAR2 may not be valuable as a diagnostic
biomarker in lung cancer.

Inflammation plays an important role in various types
of carcinogenesis [36]. IFNs are important inflammatory
cytokines and can stimulate the proliferation, migration
and differentiation or apoptosis of various cancer cells
[37]. In this study, we found that IFNAR2 was also weak-
ly expressed in both lymphocytes and stromal cells
around cancer tissue. A similar observation was reported
in a previous publication [14] that studied the expression
of IFNAR?2 in a large series of liver tissues obtained from
patients with chronic hepatitis C. These results suggest
that IFNAR2 expression might be upregulated at the site
of inflammation. Additional studies investigating the

References

signaling pathways in cancer cells mediated by IFNAR2
should provide important information on the association
between inflammation and carcinogenesis.

Although promising results were obtained, we are
aware that this study has a number of limitations. First,
we could not evaluate the association between IFNAR2
expression and inflammatory markers such as high-sen-
sitivity C-reactive protein. Second, only Asian patients
were studied. Considering that ethnicity has an effect on
lung cancer treatment efficacy, we should carefully inter-
pret the results when this monitoring system is applied to
non-Asian lung cancer patients. Third, the association
between IFNAR2 and JAK-STAT pathway (including
pAkt or pSTAT) expression status was not evaluated. To
confirm the linkage of IFNAR2 expression to this signal
transduction pathway in cancer cells, another immuno-
histochemical study would be required. In addition, large
validation studies investigating the association between
IFNAR2 expression patterns in tumors and circulating
IFNAR?2 levels are also needed to confirm the usefulness
of TFNAR2 as a prognostic biomarker.

In conclusion, we observed an elevated expression of
IFNAR2 in lung cancer compared with normal tissues,
and our results indicated that this was associated with
aggressive lung cancer characteristics. The data reported
here strongly support the potential of IFNAR2 to be a di-
agnostic and prognostic marker for lung cancer.
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ABSTRACT

Interstitial lung diseases (ILDs) are a diverse group of pulmonary disorders characterized by
various patterns of inflammation and fibrosis in the interstitium of the lung. Because injury
and/or regeneration of type II pneumocytes are prominent histological features of ILDs,
substances derived from type II pneumocytes have been the focus of research investigating
potential biomarkers for ILD. One important biomarker for ILD is the high-molecular-weight
glycoprotein, Krebs von den Lungen-6 (KL-6). KL-6 is now classified as a human MUCT mucin

protein, and regenerating type I pneumocytes are the primary cellular source of KL-6/MUC1 in

Keywords:
KL}i 5 the affected lungs of patients with ILD. KL-6/MUC1 is detectable in the serum of patients with
MUCL ILD, and extensive investigations performed primarily in Japan have revealed that serum KL-6/

MUC1 is elevated in 70-100% of patients with various ILDs, including idiopathic interstitial
pneumonias, collagen vascular disease-associated interstitial pneumonia, hypersensitivity
pneumonia, radiation pneumonitis, drug-induced ILDs, acute respiratory distress syndrome,
pulmonary sarcoidosis, and pulmonary alveolar proteinosis. The results from these various
studies have supported the utility of KL-6/MUCL as a serum biomarker for detecting these
various ILDs. Moreover, KL-6/MUC1 serum levels have been demonstrated to be useful for
evaluating disease activity and predicting the clinical outcomes of various ILD types. Based on
these observations, we believe that KL-6/MUC1 is currently one of the best and most reliable
serum biomarkers available for ILD management.

© 2012 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
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Interstitial lung disease
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acute respiratory distress syndrome; IPF, idiopathic pulmonary fibrosis; UIP, usual interstitial pneumonia; NSIP, nonspecific
interstitial pneumonia; HRCT, high-resolution computed tomography; SLB, surgical lung biopsy; mAb, monoclonal antibody;
KL-6, Krebs von den Lungen-6; CEA, carcincembryonic antigen; ELISA, enzyme-linked immunosorbent assay; CLIEA,
chemiluminescent enzyme immunoassay; VNTR, variable number tandem repeat; TACE, TNF-« converting enzyme; ADAM17,
disintegrin and metalloproteinase 17; ELF, epithelial lining fluid; ECM, extracellular matrix; PAP, pulmonary alveolar proteinosis;
ROC, receiver operating characteristic; SSc, systemic sclerosis; PM/DM, polymyositis/dermatomyositis; EAA, extrinsic allergic
alveolitis; FLD, farmer’s lung disease; NSCLC, non-small cell lung cancer; EGFR-TKIs, epidermal growth factor receptor tyrosine
kinase inhibitors; SBRT, stereotactic body radiotherapy; DAD, diffuse alveolar damage; CIP, chronic interstitial pneumonia; BALF,
bronchoalveolar lavage fluid; AL acute lung injury; DIC, disseminated intravascular coagulation; AUC, area under the curve
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1. Introduction for ILDs in Japan; however, LDH serum levels are not specific for

Interstitial lung diseases (ILDs} are a diverse group of
pulmonary disorders characterized by various patterns of
inflammation and fibrosis in the interstiium of the lung,
including idiopathic interstitial pneumonias (IIPs), collagen
vascular disease-associated interstitial pneumonia (GVD-IP),
hypersensitivity pneumonia (HP), radiation pneumonitis (RP),
drug-induced ILDs (D-ILDs), acute respiratory distress syn-
drome (ARDS), and sarcoidosis [1-4]. Moreover, based on
histological features, IIPs have been further classified into
several types, including idiopathic pulmonary fibrosis (IPF}
with the histopathology of usual interstitial pneumonta (UIP)
and nonspecific interstitial pneumonia (NSIP).
High-resolution computed tomography (HRCT), broncho-
scopic examination, and/or surgical lung biopsy (SLB) are
fundamental steps required to make a definite diagnosis of
various ILDs, including IPs [4-6]. Furthermore, serial lung
function testing is generally used to monitor disease activity
and/or predict the prognosis in patients with ILDs [7]. However,
these examinations require specific medical facilities and may
result in considerable discomfort to patients. Thus, the
identification of serumn biomarkers for ILDs would greatly
improve current diagnostic methods. Serum biomarkers offer
several advantages over other methods, including being gen-
erally easy to perform, inexpensive, reproducible, and less
invasive. To date, various serum biomarkers have been tested
for their use in ILDs [8-13]. Among these, biomarkers derived
from type II pneumocytes have been of particular interest,
because ILDs show a common pathophysiological development,
ie., type I pneumocyte injury or remodeling [8]. The most
widely used biomarkers for ILDs derived from type II pneumo-
cytes are KL-6 and 2 surfactant proteins, SP-A and SP-D. These 3
biomarkers have been studied independently by 2 Japanese
research groups (Hiroshima University and Sapporo Medical
University) and are currently in wide clinical use in Japan.
Lactate dehydrogenase (LDH) has also been used as a biomarker

lung damage and have been superseded by KL-6, SP-A, and SP-D
[8]. This review, from the research group that discovered KL-6,
discusses the clinical application of KL-6 as one of the most
promising serum biomarkers for patients with various types
of ILDs.

2. From discovery to clinical application: the
novel glycoprotein, KL-6

A murine IgG1l monoclonal antibody (mAb) was developed to
recognize a sialylated sugar chain, designated as Krebs von
den Lungen-6 (KL-6), by immunizing a mouse with the human
lung adenocarcinoma cell line VMRC-LCR [14]. KL-6 was first
suggested as a serum tumor biomarker for pulmonary, breast,
and pancreatic cancers. However, the diagnostic accuracy of
KL-6 as a tumor marker was found to be inferior to that of
carcinoembryonic antigen {CEA) based on the high rate of
false positive cases in patients with pulmonary fibrosis.
Further investigations in our laboratory revealed the possibi-
lity of KL-6 as a biomarker for ILDs, because patients with
benign noninterstitial lung disease did not show a significant
elevation in the serum levels of KL-6 [15]. A cooperative study
on KL-6 as a serum biomarker was initiated with the
diagnostic division of Eidia Co., Ltd. (Tokyo, Japan) in 1992
The findings of this study led to the development of an
enzyme-linked immunosorbent assay (ELISA) that enabled
the determination of the absolute amount of KL-6 in samples
collected in clinical practice. KL-6 has been approved by
Japan’s Health Insurance Program as a diagnostic marker for
ILDs since 1999, and KL-6 levels are examined in more than
2,000,000 samples per year in Japan. A chemiluminescent
enzyme immunoassay (CLEIA) system has now been devel-
oped that can measure serum KL-6 levels within 1 h in
ordinary Japanese clinical settings. However, the measure-
ment of KL-6 is currently not possible for clinical practices in
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most countries. For instance, the KL-6 ELISA kit, available
from SCETI Bioscience Export Co,, Ltd. (Tokyo, Japan), under
contract with Edia Co,, Ltd,, is available for research purposes
only.

3. Biochemical and biological properties of K1-6

As described above, we developed an mAb to recognize an
undefined high-molecular-weight (200 kDa) glycoprotein de-
signated KL-6. Using this anti-KL-6 mAb, we purified KL-6
from the culture medium of human breast cancer YMB-S
cells. Because sialidase digestion or periodate oxidation of
KL-6 reduced the binding of anti-KL-6 mAb to KL-6, the
epitope on KI.-6 was suggested to be a carbohydrate-contain-
ing sialic acid [14]. Subsequently, KL-6 was classified as
“Cluster 9 (MUC1)” at the Third World International
‘Workshop of the International Association for the Study of
Lung Cancer on lung tumor and differentiation antigens
according to the results of immunochistochemical and flow
cytometry studies, although the precise epitope structure
recognized by the anti-KL-6 mAb was unclear [16,17]. A
previous study from our laboratory clearly demonstrated that
KL-6 was a submolecule of MUC1 based on the results
of a carbohydrate composition analysis [18]. In accordance
with these different observations, KL-6/MUC1 is commonly
used to denote the KL-6 molecule. Recently, the possible
carbohydrate epitopes of the anti-KL-6 mAb have been
reported to be novel O-linked glycans containing 6'sulfo-Gal/
GalNAc of MUC1 [19].

MUC1 (episialin, polymorphic epithelial mucin) is a large
glycoprotein containing 3 domains: (1) a cytoplasmic tail, (2) a
single transmembrane region, and (3) an extracellular domain
(Fig. 1a). The extracellular region of MUC1 contains sites of O-
and N-linked glycosylation and a variable number tandem
repeat (VNTR) domain with 20-100 repeats of a 20-amino acid
sequence [20,21]. MUC1 has an extended, rigid structure
protruding 200-500 nm above the plasma membrane and is
found on the apical surface of normal glandular epithelial
cells. The MUC1 extracellular domain can be shed into the
pulmonary epithelial lining fluid (ELF) through the action of
TNF-« converting enzyme (TACE; also called a disintegrin and
metalloproteinase 17 [ADAM17]) and potentially ADAMO
[21,22]. In addition, some soluble MUC1 may result from
alternative splicing. Transfection studies have revealed that
MUC1 reduces cell-cell and cell-extracellular matrix (ECM)
interactions, decreases cell aggregation, and prevents E-
cadherin-mediated cell-cell adhesion and integrin-mediated
cell-ECM adhesion. Previous studies have demonstrated that
E-cadherin can be functionally suppressed by MUC1 over-
expression [23] and that anti-KL-6/MUC1 mAb induces the
capping of MUC1 and facilitates E-cadherin-mediated cell-cell
interactions [24].

As described below in this review, the clinical importance of
KL-6/MUC1 in the management of ILD has been established.
However, very little is known about the pathophysiological
role of KL-6/MUC1 in patients with [LDs. Previous studies
from our laboratory demonstrated that purified KL-6/MUC1
has chemotactic and anti-apoptotic effects on fibroblasts and
that the proliferative and anti-apoptotic effects of KL-6/MUC1

are additive to those of transforming growth factor-f [18,25].
These results support the hypothesis that KL-6/MUC1 is one
of the key molecules involved in the intra-alveolar fibrotic
process and pulmonary fibrosis. Moreover, these results
indicate that KL-6/MUC1 may become a promising molecular
target for the treatment of pulmonary fibrosis.

4. Expression of KL-6/MUG1 in tissues

Several studies have evaluated the expression of KL-6/MUC1
using immunohistochemistry (Table 1) [14,15,26]. KL-6/MUC1
is moderately expressed in type Il pneumocytes and respira-
tory bronchiolar epithelial cells and only weakly expressed in
basal cells of the terminal bronchiolar epithelium of normal
lung tissues. On the other hand, type I pneumocytes, goblet
cells, and mucous cells of the bronchial glands do not express
KL-6/MUG1. Furthermore, KL-6/MUC1 is not expressed by the
epithelial cells of the stomach, small intestine, or large
intestine, with the exception of the fundic gland cells in the
stomach. In addition to strong expression in lung, pancreatic,
and breast cancer tissues, KL-6/MUC1 is strongly expressed by
atypical and/or regenerating type II pneumocytes in tissue
sections obtained from patients with ILDs [14,27,28]. Ohtsuki
et al. reported linear and continuous staining for KL-6/MUC1
on the cell surface of regenerating type II pneumocytes in
patients with IPF or NSIP, but only discontinuous staining in
normal lung tissues (Fig. 1b) [29,30]. KL-6/MUC1 is also
strongly expressed in areas of destruction in the pulmonary
structures, loose stroma, and endothelial cells of lymph
vessels, as well as the contents of these regions [31]. Weak
to moderate expression was also observed in several cancer
tissues, such as stomach, colon, and hepatocellular tumors
[32-34]. K1-6/MUC1 is also expressed in the premature lung
during the early weeks of pregnancy, and its expression
persists even after lung maturation {35,36].

5. Positive rates of KL-6/MUC1 serum levels
in various diseases

A clinical cut-off value of 500 U/mL has been established for
distinguishing patients with ILDs from healthy subjects and
patients with lung diseases other than ILDs [37]. KL-6/MUC1
serum levels higher than the cut-off value have been
observed in more than 70% of patients with ILDs, including
1IPs, CVD-IP, HP, RP, D-ILDs, ARDS, pulmonary sarcoidosis, and
pulmonary alveolar proteinosis (PAP, Table 2) [15,38-50].
Interestingly, less than 10% of patients with alveolar pneu-
monia tested positive for KL-6/MUC1. Meanwhile, 28% of
patients with active pulmonary tuberculosis and 2.6% of
patients with inactive pulmonary tuberculosis test positive
for KL-6/MUC1, with most positive patients showing wide-
spread involvement of the lungs [51]. Patients with advanced
stages of lung, pancreatic, and breast cancers showed an
almost 50% positive rate [14,27,52-54]. However, the positive
rate was low for gastric, hepatocellular, colon, and rectal
cancers, and for hepatitis, liver cirrhosis, and pancreatitis.
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Fig. 1 - {a) Structure of MUC1. MUC1 is a large glycoprotein that contains 3 domains: (1) a cytoplasmic tail, (2) a single
transmembrane region, and (3) an extracellular domain. The extracellular region contains sites of O- and N-linked glycosylation
and a variable number tandem repeat (VNTR) domain of 20~100 repeats of a 20-amino acid sequence, (b} KL-6/MUC1 expression
on the surface of type 1l pneumocytes. A discontinuous positive reaction {arrows) with anti-KL-6 antibody was observed in
presumably normal lung tissue from a case of pneumothorax (left panel; magnification, x 400). Note the distinct dome-shaped
positivity of the type Il alveclar cells on staining with K1-6 antibedy {(inset at left panel; magnification, x 800}, Linear and
continuous staining for KL-6/MUC1 was observed on the cell surface of regenerating type Il pneumocytes in patients with IPF
{middle panel; magnification, x 400). Immunoelectron microscopic findings revealed that the reaction with anti-KL-6 antibody
exhibits a linear pattern on the cell surface of type I pneumocytes in a patient with NSIP (right panel; magnification, x 400}. Note
that positive surface granular structures are approximately 100-200 nm in diameter. Scale bar = 0.5 pm. Modified from [29], with
permission from the publisher. () Mechanism for the blood uptake of KL-6/MUG1. The increased serum levels of KL-6 in patients
with ILDs may be due to an increase in KI.-6 production by regenerating alveolar type II pneumocytes and/or enhanced
permeability following the destruction of alveolar capillaries in the affected lung.
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Table 1 ~KL-6 expression in various tissues,
Modified from

Table 2 - Positive rate of KL-6 in various diseases.
Modified from
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6. Clinical evaluation of serum KL-6/MUC1
levels

More than 50 papers investigating the clinical significance of
KL-6 in various types of ILDs have been published from our
research groups, and more than 350 papers on KL-6/MUC1
can be found in PubMed, with an increasing number of
reports from international groups of researchers [8], The data
from these reports suggest that KL-6/MUC1 serum levels are
useful for (1) detecting the presence of disease, (2) evaluating
disease activity, and (3) predicting clinical outcomes in
various types of ILDs. The clinical utility of KL-6/MUC1 in
various types of ILDs is summarized in Table 3.

6.1. 11Ps

The first report from our laboratory describing KL-6/MUC1 serurn
levels demonstrated that KL-6/MUC1 serum levels in patients
with various types of ILDs were significantly higher than those of
healthy control subjects [15] KL-6/MUC1 serum levels were
found to be particularly high in IIP patients with a positive uptake
of ¥Ga-citrate in their diseased lung. Furthermore, a significant
positive correlation was observed between changes in KL-6/
MUC1 serum levels and the subjective and objective signs of
disease activity in patients whose clinical courses were followed.
In another study, the KL-6/MUC1 serum levels in 33 patients with
ILDs (21 patients with IPF and 12 with CVD-IP) were compared to
82 control subjects (70 healthy controls and 12 patients with
bacterial pneumonia) [46]. A receiver operating characteristic
(ROC} curve drawn in this study revealed the superiority of KL-6/
MUC1 to SP-A, SP-D, and MCP-1 as a diagnostic marker of ILDs, as
revealed by the diagnostic accuracy, sensitivity, specificity, and
likelihood ratios. Based on these data, KL-6/MUC1 is thought to
be useful for distinguishing most ILDs from other benign lung
diseases, such as alveolar pneumonia. However, KL-6/MUC1
serum levels are elevated in 70-100% of patients with ILDs and
therefore cannot be used to differentiate patients with IPF from
those with NSIPs [55]. A detailed analysis of the relationship
between KL-6/MUC1 serum levels and disease extent on HRCT in
patients with NSIP revealed that KL-6/MUC1 serum levels are
significantly correlated with the extent of interstitial disease
[25,56,57). Follow-up CT and changes in KL-6/MUC1 serum levels

after treatment showed that the percent change in disease extent
is reflected in the levels of KL-6/MUCL. Together, these observa-
tons indicate that KL-6/MUC1 serum levels may reflect the
presence of fibrotic lung lesions accompanied by regenerating
epithelial cells.

Acute exacerbation is a critical prognostic factor that
shortens the survival period of patients with IPF A small
study followed 14 patients with rapidly progressive IPF who
received weekly high-dose corticosteroid pulse therapy for at
least 3 weeks [43]. KL-6/MUC1 serum levels significantly
decreased in survivors, but tended to increase in nonsurvi-
vors, suggesting that changes in KL-6/MUC1 serum levels can
predict the efficacy of high-dose corticosteroid pulse therapy.
However, this study was conducted prior to the 2002 ATS/ERS
classification of ILDs; therefore, the diagnosis of some of
these patients may be different from what is now accepted.

Elevated serum KL-6/MUC1 {(KL-6/MUC1 levels =1000 U/mL})
in IPF patients at the initial visit were associated with
increased mortality [48]. Satoh et al. also reported that the
progression of the disease was significantly faster in patients
with ILDs whose KL-6/MUC1 levels were 1000 U/mL or more at
the initial measurement than in patients whose KL-6/MUC1
levels were less than 1000 U/mL {58].

6.2. CVD-IP

ILDs are common manifestations in patients with collagen
vascular disease (CVD), with an overall incidence estimated at
15% [59]. In a study conducted in our laboratory, KL-6/MUC1
serum levels were shown to be elevated in patients with CVD-
IP compared to those of control subjects (healthy subjects and
patients with bacterial pneumonia) [46]. In another study
from our laboratory, the serum levels of KL-6/MUC1 were
measured in 177 patients with rheumatoid arthritis. The
results showed that an increase in KL-6/MUC1 serum levels
was correlated with the presence of active CVD-IP [60].
Nakajima et al. evaluated the serum levels of KL-6/MUC1 in
patients with CVD with or without ILDs and demonstrated
that KL-6/MUC1 serum levels are useful markers in the
diagnosis and evaluation of CVD-IP disease activity [61]. The
utility of KL-6/MUC1 as a serum biomarker to detect ILDs and
evaluate disease activity in patients with systemic sclerosis

TaBlé 3 - Clinical utility of KL-6 in various types of ILDs.
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(SSc) and polymyositis/dermatomyositis (PM/DM) has also
been reported in several publications [62-69]. Furthermore,
the serum levels of KL-6/MUC1 in patients with SSc are
correlated with functional lung impairment, as expressed by
diffusing capacity for carbon monoxide (DLeo) reduction [69].

Glucocorticosteroids, immunosuppressants, and biclogical
agents are widely used for the treatment of CVD, particularly
in rheumatoid arthritis [70,71]. However, these therapies
sometimes cause adverse effects, such as the occurrence of
opportunistic infection. One such infection is Pneumocystis
jiroveci pneumonia (PCP). This infection results in the
appearance of ground-glass opacity on HRCT imaging and
resembles acute exacerbation of ILD. Several reports demon-
strate that KL-6/MUC1 serum levels are elevated in patients
with PCP [72-75]. However, -p-glucan may be more reliable as
a serum diagnostic marker for PCP than KL-6/MUC1, since
KL-6/MUC1 is too sensitive for underlying ILDs. Therefore,
KL-6/MUC1 can be used to determine the extent of damaged
alveolar epithelium and alveolar-capillary permeability,
whereas f-p-glucan is a marker for fungal volume.

6.3. HP

HP, also known as extrinsic allergic alveolitis (EAA), is an
immunologically mediated lung disease induced by the inhala-
tion of antigens present in various systemic organs [76]. The
clinical manifestation of HP can be divided into acute, subacute,
or chronic types [77]. In patients with summer-type acute HF,
KL-6/MUC1 serum levels are elevated [15,41]. Takahashi et al.
evaluated KL-6/MUCL serum levels in 272 farmers in a daily
farming community and showed that KL-6/MUC1 serum levels
were significantly higher in patients with farmer’s lung disease
(FLD) compared to farmers without FLD. In patients with FLD,
KL-6/MUC1 serum levels were correlated with the activity of the
disease [78]. Several reports demonstrate that KL-6/MUC1
serum levels are useful for evaluating disease activity in
patients with HP caused by spores of the Japanese mushroom
{79,80]. Inase et al. reported that KL-6/MUC1 serum levels were
also elevated in cases of chronic HP with the potental to
develop end-stage lung fibrosis similar to IPF [81].

6.4. RP

RP is a common complication that restricts the use of radio-
therapy against lung cancer and sometimes leads to progressive
respiratory failure or even death. The utility of XL-6/MUC1 in
distinguishing RP from lung cancer is limited. However, the
serum levels of KL-6/MUCI are useful for the early diagnosis of
RP in patients with lung cancer who receive radiation therapy
[38,39]. Goto et al. monitored KL-6/MUC1 serum levels in
patients with Jung cancer at multiple time points after the start
of radiation therapy and showed a correlation between the
changes in serum KL-6/MUCI levels and the clinical course of
RP [82]. Furthermore, patents whose KL-6/MUC1 serum levels
rose more than 1.5 times higher than baseline levels showed a
trend toward the development of severe life-threatening RP
[83,84]. Yamashita et al. retrospectively evaluated the incidence
rate and risk factors of severe RP after stereotactic body
radiotherapy (SBRT) for 117 patients with lung cancers. Grade
4-5 RP was observed in 9 patients (7.7%), and a correlation was

found between the incidence of grade 4-5 RP and higher serum
KL-6/MUC1 levels [84].

6.5. D-ILDs

Various agents can cause pulmonary toxicity, including ILDs,
which often results in a fatal outcome. Moreover, a high
incidence of ILDs is reported in patients with advanced non-
small cell lung cancer (NSCLC) treated with epidermal growth
factor receptor tyrosine kinase inhibitors (EGFR-TKIs), parti-
cularly in Japanese populations [85). The serum levels of KL-6/
MUC1 were examined in 30 patients with D-ILDs who were
classified into 4 different HRCT patterns [47]. The absolute KL-
6/MUC1 serum levels at the onset of D-ILDs increased only in
life-threatening disease types, such as those ILDs displaying
diffuse alveolar damage (DAD) and chronic interstitial pneu-
monia (CIP) patterns. Serum KL-6/MUC1 levels increased or
decreased in accordance with the clinical outcome of the
disease in patients with the DAD and CIP patterns, Recently,
the clinical records and radiographs of 341 patients with
advanced NSCLCs who were treated with EGFR-TKIs were
retrospectively reviewed, and changes in serum KL-6/MUC1
levels were also monitored in patients who developed D-ILDs
[86]. Although absolute KL-6/MUC1 serum levels could not
discriminate between life-threatening and non-life-threaten-
ing D-ILDs at either the baseline reading or the onset of
D-ILDs, the ratio of the serum KL-6/MUC1 level at the onset of
D-ILDs to that at the baseline could clearly discriminate
between the 2 outcomes.

6.6. ARDS

ARDS is characterized by the influx of protein-rich edema
fluid into air spaces, with the influx resulting from the
increased permeability of the alveolar-capillary barrier. A
previous study examined KL-6/MUC1 levels in the serum and
pulmonary ELF or bronchoalveolar lavage fluid (BALF) of
patients with ARDS or acute lung injury (ALI) [87,88]. These
studies reported that the KL-6/MUCL1 levels in these samples
were significantly higher in nonsurvivors than in survivors.
A recent study from our laboratory evaluated the levels of
KL-6/MUC1 in ELF and serum obtained at multiple time points
from patients with ARDS [50]. A comparison of the kinetics of
KL-6/MUC1 levels in ELF and serum between survivors and
nonsurvivors revealed that only the KL-6/MUC1 levels in ELF
on days 0-3 after the diagnosis of ARDS were significantly
higher in nonsurvivors than in survivors. In another study
from our laboratory, KL-6/MUC1 serum levels, serially mea-
sured in patients with ARDS, along with the indices of
respiratory failure, inflammation, coagulation, fibrinolysis,
and multiple organ dysfunctions were shown to be associated
with the development of disseminated intravascular coagula-
tion (DIC) [49].

The expression of MUC1-associated sialyl Lewis® has been
demonstrated in previous studies [89-91], and studies from
our laboratory have also found the presence of sialyl Lewis®
on KL-6/MUC1 [54,92]. This KL-6/MUC1 molecule containing
sialyl Lewis® was designated as SLAK, and an ELISA system
using both anti-sialyl Lewis® and anti-KL-6 antibodies was
developed to measure SLAK levels in samples. The serum
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levels of SLAK in patients with ARDS were found to be useful
in predicting future development of DIC [92].

6.7.  Pulmonary sarcoidosis

Sarcoidosis is a chronic systemic disorder characterized by
noncaseating epithelioid cell granulomas and the accumulation
of T-lymphocytes and macrophages in multiple organs [93}. The
serum levels of KL-6/MUC1 in patients with sarcoidosis are
increased and significantly influenced by the severity of lung
involvemnent and the positive uptake of “Ga-citrate in the
diseased lung [42]. Janssen et al. evaluated the ability of serum
KL-6/MUC1, SP-D, and Clara cell 16 (CC16) levels to discriminate
between patients with sarcoidosis and control subjects and
concluded that KL-6/MUC1 was the best discriminative biomar-
ker [94]. The investigators also observed a trend in which the
serum KL-6/MUC1 levels were associated with pulmonary
disease outcomes in the patients with sarcoidosis. In another
study evaluating the significance of various biomarkers in
patients with pulmonary sarcoidosis, Miyoshi et al. measured
the serum levels of KL-6/MUCL, serum amyloid A, soluble
interleukin 2 receptor, lysozyme, and angiotensin-converting
enzyme [95]. These researchers demonstrated that KL-6/MUC1
serum levels were significantly correlated with the number of
the total cells, lymphocytes, and CD4™ T lymphocytes in BALF
and were the single indicator of increased parenchymal
infiltration in chest radiographs.

7. Mechanism for blood uptake of KL-6/MUG1

The primary cellular source of KL-6/MUC1 in the affected
lungs of patients with ILDs is regenerating type II pneumo-
cytes [15,29], and KL-6/MUC1 is present at high concentra-
tions in BALF [40]. KL-6/MUC1 levels in BALF were
significantly correlated with the total cell number, lympho-
cytes, neutrophils, and albumin concentrations in BALF and
with serum KL-6/MUC1 levels in patients with ILDs. A
correlation between KL-6/MUC1 serum levels and albumin
levels in BALF was also found in patients with chronic
beryllium disease, suggesting the utility of serum KL-6/
MUC1 levels as a marker for the permeability of the
air-blood barrier [96]. Both the destruction of the
alveolar-capillary barrier and the enhancement of alveolar-

capillary permeability are thought to be necessary for the
leakage of KL-6/MUC1 into systemic circulation, since KL-6/
MUC1 is a high-molecular-weight glycoprotein. As shown in
Fig. 1c, the increase in serum KL-6/MUC1 levels in patients
with ILDs results from an increase in KL-6/MUC1 production
by regeneration of alveolar type II pneumocytes and/or
enhancement of permeability following destruction of the
alveolar-capillary barrier in the affected lung.

Simultaneous measurement of the serum levels of KL-6/
MUC1, SP-A, and SP-D in patients with ILDs sometimes
reveals a discrepancy between these serum markers. For
instance, a transient increase in the serum levels of SP-A and
SP-D following mild lung injury is frequently observed, while
serum KL-6/MUC1 levels remain unchanged [8]. This discre-
pancy suggests that increases in serum KL-6/MUC1 levels do
not reflect the intensity of inflammation, but rather indicate
the extent of damaged alveolar epithelium and alveolar-
capillary permeability (Table 4).

8. Association between serum KL-6/MUC1
levels and genetic variants in the MUC1 gene

Measurements of serum KL-6/MUC1 levels have been per-
formed primarily in Japanese populations, and therefore, the
data for non-japanese populations are rather limited. We
recently found that the levels of circulating KL-6/MUC1 were
higher in European populations than in Japanese populations
[97-100]. Another recent study evaluating the relationship
between the functional A-to-G polymorphism at nucleotide
position 568 (exon 2; rs4072037) in the MUC1 gene and serum
KL-6/MUC1 levels in Caucasian subjects revealed that the
genotype of this polymorphism affected serum KL-6/MUC1
levels. KL-6/MUC1 levels were highest for the GG genotype,
lowest for the AA genotype, and in an intermediate range for
the AG genotype [100]. The HapMap data (http://hapmap.
ncbinlm.nih.gov/) indicate that the distributions of the AA,
AG, and GG genotypes differ between European subjects
(30.1%, 55.8%, and 14.2%, respectively) and Japanese subjects
(69.8%, 25.6%, and 4.7%, respectively). These observations
suggest an ethnic difference in the serum levels of KL-6/MUC1
and imply that a different cut-off level for KL-6/MUCL1 is
needed in Caucasians to discriminate between patients with
ILDs and healthy subjects.

Acute phase reactant and serum KL-6 levels as serum
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9. Conclusions and future directions

In this review, we summarized the utility of KL-6/MUC1 in the
clinical management of patients with various types of ILDs.
Based on the results from a number of reports investigating
KL-6/MUC1, the serum levels of KL-6/MUC1 are thought to be
useful for (1) detecting the presence of disease, (2) evaluating
disease activity, and (3) predicting outcomes in various types
of ILDs. Because the measurement of serum KL-6/MUC1 levels
is rapid, inexpensive, reproducible, less invasive, and easier to
perform than SLB, HRCT, BAL, and pulmonary function tests,
we believe that this biomarker would provide a significant
benefit to the clinical management of patients with ILDs.

In Japan, KL-6/MUC1 has been used in clinical practice for
more than 10 years; however, evidence from clinical trials
validating the clinical efficacy of KL-6/MUC1 remains limited.
In addition, we are aware of ethnic differences in the
prevalence of pulmonary diséases such as D-ILDs and cystic
fibrosis [85,101,102] and in the serum levels of KL-6/MUC1
[97-100]. In order to establish KL-6/MUC1 as an internationally
useful serum biomarker, further prospective and international
studies to determine the clinical efficacy of KL-6/MUCT in the
management of patients with ILDs are necessary.
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